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1 Introduction

1.1

1.2

This document summarizes the results of a Remedial Investigation and Feasibility Study
(RIFS) performed by ThermoRetec for the Roeder Avenue Landfill site (Landfill) in
Bellingham. This RI/FS is being performed jointly on behalf of the Port of Bellingham and
the City of Bellingham (City) to determine what remedial measures are required under the
Model Toxics Control Act (MTCA) for cleanup of the Landfill. Review of the RIFS is being
provided by Ecology under the Voluntary Cleanup Program.

Site Description and Ownership

Figure 1-1 shows the location of the Roeder Avenue Landfill. The Landfill is located within
Bellingham's Central Waterfront area, between the 1&J Street Waterway and the Whatcom
Waterway.

The landfill was constructed in 1965 in compliance with Army Corps of Engineers and City
of Bellingham permits, and under lease agreements between the City of Bellingham and the
area property owners. At the time the landfill was constructed, the landfill properties
(excluding certain City of Bellingham right-of-ways) were owned by Georgia Pacific and the
Port of Bellingham. Between 1965 and 1974 the landfill operated as the main disposal site
for municipal refuse in the City. Municipal use of the site was terminated in 1974. Since that
time, portions of the site have been acquired by Sanitary Services and by Puget Sound
Energy. Current property ownership is summarized in Section 2.1, and Section 2.2 provides
a detailed history of the Landfill and the surrounding properties.

Project Regulatory Context

The Landfill site has been evaluated by EPA, the Department of Ecology and the Whatcom
County Department of Public Health (Health Department). No further actions have been
required by EPA or the Health Department. Ecology remains the lead agency for site cleanup.

Ecology has identified the Landfill as a contaminated site subject to MTCA investigation and
cleanup requirements. Ecology conducted a site hazard ranking in 1995. As a result of the
site hazard assessment, Ecology concluded that further actions were necessary at the site, but
the site was given a low priority ranking of 5 (on a scale of 1 to 5, with a rank of 1 indicating
the highest priority.sites). Ecology also issued a sampling report for the Landfill in 1996
(Ecology, 1996).

Ecology has issued early notice letters to Georgia Pacific, the City of Bellingham and
Sanitary Services. To date, Ecology has not issued Potentially Liable Party (PLP) notices for
the site, or initiated formal enforcement actions under MTCA.

The decision-making process for the Landfill and associated properties has been complicated
by its central location, its multi-party ownership, and the proximity of the site to other
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contaminated properties. In response GP, the City and the Port have initiated coordinated
actions at the site. These have included the Roeder Avenue Warehouse Feasibility Analysis
(described in Section 2.3) and this RI/FS. Completion of the current RI/FS in advance of
formal Ecology enforcement action addresses the following concerns:

» Timely investigation and resolution of any potential impacts of the Landfill to human
health or the environment, through completion of site investigation and cleanup actions
required under MTCA. '

» Verification that the Landfill does not represent a potential source of sediment
contamination for the Bellingham Bay area, as necessary to support coordinated sediment
cleanup, source control and restoration actions being conducted under the Bellingham
Bay Demonstration Pilot.

» Differentiation of Landfill and non-Landfill contaminants at neighboring properties with
MTCA cleanup liabilities (including the Olivine site, the Chevron site and the Colony
Wharf site) as necessary to facilitate cleanup decision-making at these higher-ranked
MTCA cleanup sites.

* Definition of cleanup requirements for the Landfill site, including required use
restrictions or institutional controls that must be incorporated into area-wide land use
planning.

The RI/FS was initiated in 1998 after completion of a Scoping Memorandum (RETEC,
1998a) and a project Work Plan (RETEC, 1998b). The Work Plan included a public
participation plan. Ecology has provided technical assistance and oversight during the RI/FS
project under Ecology’s Voluntary Cleanup Program.

After finalization of the RIFS, final cleanup actions for the Landfill are expected to be
conducted pursuant to a Cleanup Action Plan and Consent Decree. The development of these
documents will be completed after Ecology and public review of this RI/FS document.

1.3 Previous Project Reports

The objectives and methods for the RI/FS were defined in the Work Plan (RETEC, 1998b)
submitted previously to Ecology. The results of the RI/FS are being communicated to
Ecology in a series of Progress Memoranda and in this RI/FS report.

The first Progress Memorandum for the project (ThermoRetec, 1999) was submitted to
Ecology in June of 1999. That memorandum was used to communicate information
regarding well installations at the site, the results of a tidal study and hydrogeologic testing
performed in November of 1998 and the results of the first quarter of groundwater
monitoring conducted in February of 1999. That document also explained how Ecology
comments on the Work Plan were incorporated into the RI/FS process, and finalized the
monitoring plan for subsequent quarters of groundwater monitoring.

Introduction 1-2



Remedial Investigation and Feasibility Study for the Roeder Avenue Landfill

The Second Progress Memorandum (ThermoRetec, 2000) for the project was submitted in
March of 2000. That memorandum presented the final results of site groundwater
monitoring, and identified the methods for groundwater modeling to be conducted as part of
the RI/FS.

Coordinated Land Use Planning was conducted by the Port in parallel with this RI/FS. That
work was funded under an EPA Brownfields grant and was performed by Makers during
1999 and 2000. That planning included extensive public comment and participation. The
findings of the planning effort have been summarized in Section 5 of this RI/FS document.
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28ite Background |
¢ "

2.
J

This section provides site history and background information relevant to the scope and
objectives of the RI/FS. The objectives and methods of the RI/FS are then described in
Section 3. '

2.1 Site Features

Figures 1-1 and 2-1 show the location of the Landfill with respect to the surface waters of
Bellingham Bay and the adjacent upland properties. Characteristics of the Landfill and the
adjacent areas are described below.

Ownership

Figure 2-1 shows current parcel boundaries as specified during a 1998 Record of Suﬁrey
(Steele, 1998). The location of -the Landfill refuse is shown based on the results of
Warehouse Pre-Design Testing (RETEC, 1997). :

The Landfill area as shown in Figure 2-1 represents approximately 21.4 acres. Current land
ownership for the Landfill area is shown in Table 2-1.

- Table 2-1 Property Ownership within the Landfill Boundary

Owner Landfill Acreage Percent of Total

Landfill
City of Bellingham 0.5 2%
Puget Sound Energy 0.9 4%
Port of Bellingham 2.3 11%
~ Sanitary Services - 42 20%
Georgia Pacific 13.5 63%

Total Landfill Area 21.4 100%

Properties located adjacent to the Landfill include those within the Colony Wharf site, the
Olivine site, the Chevron site, as well as City streets and right-of-ways (see Figure 2-1).

Ownership changes during performance of the RI/FS have been minimal, and ownership of
the Landfill itself has not been impacted. In 1999, Georgia Pacific acquired a small section
of land from the B. C. Investments. The adjusted property boundary is shown in Figure 2-1.
This change did not affect the distribution of Landfill ownership. Also during 1999 the Port

[
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of Bellingham acquired the Golden property located to the southeast of the Landfill (see
Figure 2-1).

Adjacent Contaminated Sites

Four sites adjacent to the Landfill were listed on Ecology’s Confirmed and Suspected
Contaminated Sites List at the time the RI/FS was initiated. These sites include the Hawley’s
Hilton Terminal, Olivine, Colony Wharf (a.k.a., Bellingham Marine Industries or BMI) and
Chevron Terminal sites. Ecology has issued a No Further Action Letter for the Hawley’s
Hilton Terminal site. The other sites have been placed on Ecology’s Hazardous Sites List.
The Olivine, Colony Wharf/BMI and Chevron sites have been given priority rankings of 3,
4 and 2, respectively (on a scale of 1 to 5, with a ranking of 1 indicating the highest cleanup

priority).

Based on the groundwater gradients reported in studies prior to the RI/FS (Figure 2-2),
groundwater from the Landfill was known to flow toward the I&J and Whatcom Waterways.
As aresult, the scope of the RI/FS included focused testing to assess the presence and extent
of Landfill associated-contaminant migration onto or across these adjacent sites. Section 2.2
below includes a history of site uses and investigation and cleanup actions at each of these
properties.

Zoning and Land Use

The properties along C-street and the main properties comprising the Landfill are zoned for
industrial uses. This zoning is consistent with the City’s Shoreline Master Plan and with
historic, existing and reasonably forseeable land use within the area. The properties along
Hiiton Avenue are currently zoned for commercial uses. The findings of recent Land Use
planning efforts for both groups of properties are summarized in Section 5. None of the
properties within the Central Waterfront area are currently zoned for residential uses. No
future residential uses are currently anticipated.

Site Topography

A topographic survey and utility locate was performed in 1997 and 1998 (Steele, 1998) on
behalf of the Port. The results of that survey were presented in the RI/FS Work Plan.

The measured ground surface elevations within the Landfill boundary at the time the RI/FS
was initiated ranged from 14 to over 40 feet above Mean Lower Low Water (MLLW). As
described in Section 2.2, the Landfill was initially constructed to a grade of 15 feet MLLW,
consistent with the average elevation for the surrounding industrial properties along C-street
and along Hilton Avenue. The portion of the Landfill owned by the Port of Bellingham
along Hilton Avenue remains at approximately this elevation.

The GP-owned portion of the Landfill was completed at a final refuse elevation of 20 feet
MLLW. The Landfill was then covered with 2 feet of soil cover as part of Landfill closure.
Much of the Landfill surface is consistent with this elevation, averaging roughly 22 feet
above MLLW.

Site Background )
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A crest in the center of the Landfill had an elevation of up to 29 feet MLLW prior to
subsequent grading, capping and development by GP as part of the Warehouse project.
Cover soils in this area included dredged sediments, bark, limestone and gravel which had
been placed on site by GP subsequent to the 1974 Landfill closure.

In the eastern corner of the Landfill, adjacent to the PSE electrical substation was a large pile
of soil. These clean soils were obtained from a previous Chestnut Street realignment project.
The soils were stockpiled on site by G.P. for later reuse. The stockpile extended from
elevation 26 feet to approximately 40 feet MLLW. These soils were reused during
completion of the Warehouse project.

Shoreline Features

During preparation of this Work Plan, RETEC conducted an inspection of shoreline
conditions along the 1&J and Whatcom Waterways. This inspection was performed to
identify factors which could influence the direction or flow rate for groundwater in the
Landfill area (e.g., sheet pile bulkheads can significantly retard or divert the flow of
groundwater in comparison to more-permeable armored soil slopes).

Descriptions of observed shoreline features are shown in Figure 2-2. Also shown in the
figure are bathymetric contours for the existing sediments (Hart Crowser, 1997) and Corps-
authorized project depths for the 1&J and Whatcom Waterways.

Current shoreline conditions consist of a mix of bulkheads and armored slopes.  Excluding
the G.P. stabilization basin (GP Lagoon -- approximately 1,000 feet along the Laurel street
alignment), the total shoreline between the head of the 1&J Waterway and Roeder Avenue
has a length of 2,930 feet. Observed shoreline conditions (0 to +15 feet MLLW) are
summarized in Table 2-2. '

Shoreline features of the project area were incorporated into the groundwater modeling
activities performed during the RI/FS. This incorporation is described in Section 6 of this
report.

Development Features

Figures 2-1 through 2-3 show the locations of existing buildings and paved surfaces. Prior
to completion of the Warchouse project by GP, the vast majority of the Landfill surface
consisted of ungraded soil or gravel cover. Buildings and paved areas comprised Iess than
10 percent of the total area.
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Table 2-2 Observed Shoreline Features

Shoreline Types Observed Loecations l Total Estimated Length
Uhprotected Soil Slope Chevron (Damaged bulkhead) 60 feet
Ammored Slope Olivine Site (Bulkhead Gap) 30
(Anmor Stone, or Concrete Port (Bornstein’s Seafoods) 90
Rubble) Portions of Colony Wharf Site 540
Armored Slope with Beach Laurel Street at Hawley’s Hilton 270

Laurel Street along Chevron 300

Wooden Bulkhead Olivine Site 280

(Well Maintained) Port (Bornstein’s Seafoods) 320

Wooden Bulkhead Chevron Site 160

(Poorly Maintained)

Concrete or Steel Sheetpile Colony Wharf Site 480

Bulkhead Hawley’s at Hilton 400

G.P. Aerated Stabilization Laurel Street alignment ** 1,000

Basin

Total CWRP Area 3,930 feet
Notes:

** The shoreline lengths were estimated for the area between the head of the 1&J Waterway and the head
of the Whatcom Waterway at Roeder Avenue. The shoreline at the heads of the two Waterways was
excluded in the length calculations. For the stabilization basin, only the length along the Laurel street
alignment was included.

Buildings initially located on the Landfill included the GP compressor building (part of the
GP wastewater treatment system), a GP Salvage Building, the Sanitary Services building and
the Puget Sound Energy Substation. The Sanitary Services building and the GP compressor
building are pile-supported structures.

Small paved areas of the Landfill were initially located adjacent to the buildings owned by
GP and Sanitary Services. Some asphalt paving was located in the western corner of the
Landfill, within the Hawley’s Hilton Terminal site. The Hawley’s paved areas were paved
for use as boat storage. An additional asphalt-paved area is located adjacent to the GP
stabilization basin. This area was paved as part of GP drainage improvements in this area.

As described in Section 5, GP completed construction of a 250,000 square foot Warehouse
over a portion of the landfill (Figure 2-1). The building is a pile-supported structure. GP
coordinated with the Department of Ecology during the building design process, including
provisions for soil capping, gas collection and site drainage. Because of the site geologic
conditions (i.e., lack of a hydrogeologic confining layer between the Landfill refuse and the
underlying layer of permeable soils) the foundation piles installed as part of the Warehouse
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project were determined to pose no risk of exacerbation of site conditions. Surrounding areas
that were paved as part of the Warehouse project are shown in Figure 2-1. Together, the
Warehouse project resulted in capping and infiltration control of approximately 60 percent
of the GP property, or 40 percent of the total Landfill refuse area.

Access to the majority of the Landfill is controlled by permanent site fencing. The fencing
includes sections owned by the Port, Sanitary Services, G.P., Puget Sound Energy, Chevron
and Colony Wharf (BMI). Fence locations that existed prior to the RIFS are shown on
Figures 2-1 and 2-2. Fence locations on the GP property were modified during the
Warehouse project.

. Utilities

2.2

Utilities in the vicinity of the Landfill were documented in the RI/FS Work Plan. Few
underground utilities were identified within the Landfill, but a significant network of utilities
exists at the adjacent properties. In some circumstances, utility corridors can act as
preferential flow pathways for the flow of groundwater. Utility locations and depths were
reviewed to determine which utility locations could be of potential significance to
groundwater flow patterns. Utilities identified in the 1997 survey included the following:'

» Sanitary sewer lines, pump stations and force mains (City)
» Storm drains and catch basins (City and private)

» C-street outfall tunnel (City)

» Abandoned F-street stormwater outfall (City)

* Underground and overhead electric service (Puget Sound Energy and private)
» Overhead telephone and electric service

*  Underground fiber-optics (Starcom and US West)

» Natural gas lines

»  Water lines for the GP Lagoon

e Water supply lines

» Steam lines (BMI and Colony Wharf)

The potential significance of area underground utilities to groundwater flow patterns was
evaluated during groundwater modeling efforts as described in Section 6 of this report. These
utilities were determined to have little or no affect on groundwater gradients and discharge
patterns relevant to the RI/FS and MTCA remedy selection.

Site History

The history of the Landfill was described in the Warehouse Feasibility Analysis (RETEC,
1996) and in the RUFS Work Plan. That history is briefly revisited below. The history of
adjacent sites are summarized below where relevant to interpretation of potential
groundwater contaminants and source areas adjacent to the Landfill.

As aresult of the previous environmental and geotechnical studies at the Landfill and at these
adjacent properties, the entire Central Waterfront area has beén extensively investigated.
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Figure 2-2 shows the locations of previous test pits, soil borings and groundwater monitoring
wells which were installed during previous environmental and geotechnical investigations
at the Landfill and at adjacent properties.

Regional History

The pre-settlement shoreline in the vicinity of the Landfill was located north and east of
Roeder Avenue. The original shoreline location, as approximated from Department of
Natural Resources maps from 1907 is shown on Figure 2-1.

Original development within the Landfill area consisted of lumber mills located on pilings
above the tidelands. Infill development of the C-street and Hilton Avenue areas began in
earnest circa 1910 with the initial dredging of the Whatcom Waterway. Fill areas were
created by sidecasting the dredged sediments behind bulkheads constructed along the edges
of the waterway. Much of the current C-street land mass was initially created in this way.

The soil area located between C-street and the Landfill was filled in subsequent projects
during the 1940s and 1950s. Additional fill projects added to the area along Hilton Avenue
in the 1960s. ' ‘

While the 1&] Waterway has been platted on DNR harbor maps since at least 1891, the first
recorded dredging of the waterway was performed in 1947 when the Navy dredged a channel
to a depth of 15 feet below MLLW to provide access to a Naval Reserve facility. The current
federal channel of the I1&J Waterway was not authorized until 1965. That channel was
initially dredged in 1966. According to the Corps of Engineers dredging history records,
neither the waterway nor the berth areas were dredged bétween 1966 and the first
maintenance dredge in 1992.

Landfill Operation & Closure

The Roeder Avenue Landfill was constructed in 1965 to serve as a municipal landfill for the
City of Bellingham. The Landfill was placed on tidelands located between the C-Street and
Hilton Avenue infill development areas.

Permitting and Operation

In 1965 G.P. was the primary owner of the lands to be filled. The City and G.P. signed an

agreement granting the City permission to conduct the fill. G.P. retained the right under the

agreement to use the Landfill for G.P. wastes during its operation. The Landfill also

involved Port-owned properties along Hilton Avenue which were provided for use under a
~ lease agreement between the Port and the City’s contractor, Sanitary Services.

Properties currently owned by Puget Sound Energy and Sanitary Servicés, as well as portions
of F-Street and G-Street were also filled. The properties within the Colony Wharf and
Chevron sites were not.
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As a condition of the Ammy Corps of Engineers permit under which the Landfill was
constructed, a berm was constructed across the gap between the C-Street and Hilton Avenue
areas. The berm was used to contain the refuse during Landfill operation. The tideflat area
enclosed by the berm was subsequently filled with municipal solid wastes and GP wastes
between 1965 and 1974.

The original height of the fill was to be terminated at 15 feet above mean lower low water
(MLLW). However, the facility was filled earlier than had been anticipated by the City. In
response, the City obtained permission from GP to raise the permitted final height to 22 feet
above MLLW. GP granted this request, and additional fill was placed in the facility.

The Landfill operation contract required placement of 2 feet of soil cover over the refuse
upon Landfill closure. The final height at which municipal refuse was placed was 20 feet
above MLLW in most of the Landfill, with soil cover bemg applied between elevations 20
and 22 feet above MLLW.

During Pre-Design Testing conducted in 1997, RETEC confirmed that municipal wastes are
largely restricted to elevations below 20 feet above MLLW. The soils between elevations
of 22 -and 29 feet in the northern portion of the Landfill were determined to contain
additional materials placed on the Landfill by G.P. subsequent to the Landfill closure.

Waste Volumes

During the Warchouse Feasibility Analysis, the total volumes of waste within the Landfill
were estimated by RETEC to be between 340,000 and 470,000 cubic yards. Based on
available information, approximately half of this volume consisted of municipal solid wastes.
The balance consisted of wood waste from the G.P. mill operations. During its 1987 site
investigation, the EPA noted that no hazardous materials from the G.P. mill operations had
been reportedly disposed of in the Landfill.

After termination of Landfiil activities, the Landfill area was used by GP for log storage.
Between 1974 and 1996, GP placed additional materials on top of the Landfill. These
materials included dredged sediments from the GP lagoon construction area, log yard soils
and wood waste, soil fill from the Chestnut Street construction project, and other materials
including spent limestone. The total volume of these non-refuse materials was estimated by
RETEC during the Warchouse Pre-Design Testing (RETEC, 1997) to be 90,000 cubic yards.
The Chestnut Street soils were estimated by RETEC to account for 20,000 cubic yards of this
total. Army Corps permit records from construction of the GP biotreatment lagoon indicated
that the volume of dredged sediments from the lagoon area which was placed on the Landfill
was 35,000 cubic yards.

Leachate Seepage

The construction of the GP Lagoon was initiated in 1978 immediately offshore of the Laurel
street dike. Construction of the GP Lagoon required that a stormwater outfall previously
located along the F-Street alignment be rerouted. GP notified the City of this need during
the Environmental Impact Statement process for the basin. After obtaining permission from
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the City, GP proceeded to weld shut the tidal gate at the end of the outfall. GP notified the
City in October of 1978 that this had been completed.

Shortly thereafter, leachate from the Landfill seeped out of the slope of the Landfill and onto
Port properties along Hilton Avenue. This occurred on the properties of the Olivine site.
Port and Ecology correspondence from June and September of 1980 indicate that the leachate
discharged to stormwater lines that ultimately drained to the 1&J waterway.

In 1980, EPA received an anonymous complaint about the discharge of "black odorous"
water to the waterway. EPA inspected the site and sampled the leachate. EPA inspection
notes reported the volume to be 5 gallons per minute. The results of the leachate sampling
were summarized in the Warehouse Feasibility Study (RETEC, 1996). The data indicated
elevated levels of chromium and some other metals.

The City subsequently conducted utility improvements in the F-street area to correct the
leachate discharge problem. These improvements included rerouting of area stormwater
drains, and plugging of a storm drain that formerly discharged into the Landfill area. There
have been no reports since these corrections of leachate discharge from the Landfill to
surface waters.

Other than for storage of logs and limestone by G.P., the majority of the Landfill area
received little use between1980 and the mid 1990s. The portions owned by Sanitary Services
have been developed for operation of a solid waste transfer station and truck shop. The Puget
Sound Energy property was developed in the 1970s for the operation of an electrical
substation.

In 1994 the Port, the City and G.P. began evaluating the potential for redevelopment of the
Central Waterfront Area including the Landfill. This process led to the initiation of the
Warehouse Feasibility Analysis which was conducted under an EPA Brownfields Pilot as
described below in Section 2.3. That process culminated in the construction of the GP
Warehouse shown in Figure 2-1.

History of Adjacent Propertiés

The history of adjacent properties was evaluated using previous environmental reports and
historical resources including Sanborn fire insurance maps, historical Port maps and files,
old newspaper clippings and other resources.

Olivine Site

The Olivine site was originally used for operation of a lumber mill. Earliest activities at the
site included construction of a saw mill on the site. The mill operated between 1892 and the-
early 1900s as the Lottie saw mill. By 1904, as recorded in Sanborn Maps, the mill was
operated as the Whatcom Falls Mill Company which manufactured shingles and planed
lumber. No petroleum product use has been defined for the early mill operations. Wood
refuse was used as fuel according to the Sanborn maps. The mill was constructed on pilings
over the tideflats.
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Later aerial photographs show continued operation of the Whatcom Falls Mill Company after
soil fills were constructed along Hilton Avenue.. The Whatcom Falls mill Company
terminated operations by 1944, based on a Sanborn map of that date. The Port of Bellingham
purchased the properties along Hilton Avenue in 1944 from SeaFirst Bank. The Olivine site
‘properties were included in that acquisition.

Between the 1940s and the 1980s, the U.S. Naval Reserve operated a training facility in
between the Olivine site and Roeder Avenue. A separate lumber mill operated at the head
of the I&J Waterway between 1950 and the early 1960s. This mill was operated by Bayshore
Lumber and then by H&H Products under separate leases from the Port of Bellingham.

In 1963, the Olivine Corporation initially leased a portion of the site. The main activity
conducted by Olivine Corporation was the manufacturing of foundry sands and refractory
materials for incinerators. Ores were imported to the site by truck and by barge. Olivine ore
consists of a complex of silica, magnesium and iron. The manufacturing process conducted
at the site consisted of crushing and grinding the ores into various grades, drying them and
packing them in large bags for shipment. The products were generally shipped by truck or
rail.

The Olivine Corporation’s lease was terminated in July of 1992. Buildings and equipment
were removed from the site in 1993.

Environmental testing was performed at the Olivine site in 1994 (Landau, 1994) and 1995
(Harding Lawson, 1995) by the Coast Guard. The Coast Guard was considering lease of the
site at that ttme from the Port. Groundwater testing performed at that time indicated low
levels of barium, chromium, mercury and zinc in site groundwater. The water samples were
described as turbid in the sampling report. Other contaminants, including petroleum, volatile
organics, semivolatile organics and PCBs were not detected in groundwater.

An underground storage tank was removed from the Olivine site in 1998 by the Port of
Bellingham (Pinner, 1998). Diesel contamination was detected in soils and in excavation pit
water at that time. The tank installation date was not known, but it is believed to have been
used as part of the Olivine Corporation operations at the site.

Ecology has added the Olivine site to the hazardous sites list and has given the site a MTCA
priority ranking of 3 (on a scale of 1 to 5). The Port has initiated an RI/FS for the site, with
technical assistance and oversight provided by Ecology under the Voluntary Cleanup
Program. That RI/FS is scheduled for completion during 2001.

Colony Wharf Site

The Colony Wharf site is currently the location of both Colony Wharf and Bellingham
Marine Industries (see Figure 2-1). The site has been used for a variety of industrial
activities . since the early 1900s. . Historical land uses are described in a Phase 1
Environmental Assessment report prepared for the site (GeoEngineers, 1990). These
reported uses included the following:
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e sales of building products (coal, lime, cement, plaster, brick & tile)
+ former steel casting company foundry operations

» truck garage

» manufacture of cement products

¢ boat repair and maintenance

« machine shops and welding

» fish and seafood distribution

» electrical equipment manufacturing, sales and repair

Subsequent to completion of the Phase 1 Assessment, sampling of soils and groundwater
were performed (GeoEngineers, 1992a, GeoEngineers, 1992b). That sampling detected
elevated concentrations of petroleum, benzene, cyanide, chromium and other contaminants
in site groundwater. The sources of petroleum and benzene were assumed to be associated
with former underground storage tanks located at the site, and possibly with contamination
from the adjacent Chevron site. Elevated concentrations of chromium and cyanide were
attributed by GeoEngineers to the adjacent Roeder Avenue Landfill.

No cleanup actions other than UST removals have been performed at the Colony wharf site
to date. The site has been added to Ecology’s Hazardous Sites List and has been given a
priority ranking of 4.

Chevron Site

The Chevron Site was operated as a bulk petroleum terminal from 1913 through 1987 (AGI,
1993). Petroleum was received from tankers or barges at docks along the Whatcom

- Waterway or by rail car. The products were stored on site in above-ground storage tanks and
were then distributed by rail or truck, or were used to fuel ships. The facility was originally
owned by Standard Oil. The facility became the Chevron terminal after the separation of
Chevron from the other Standard Oil companies.

Two tank farms were located on site, one on either side of C-street. The tank farm on the
Whatcom Waterway side was the oldest of the two. A warehouse building was constructed
for storage and shipment of drummed products.

Rail car loading facilities were located along the southeast side of the warehouse. The rail
spur on which these facilities were located has been removed. Two truck-loading racks were
located northeast of the warehouse, and a third was located across C-street, northeast of the
second tank farm.

Operation of the Chevron terminal ceased in 1987. The tank farm was subsequently
demolished and most above-ground structures were removed. The first environmental
investigations at the site were initiated in 1986 after a 4,800 gallon diesel fuel spill in the
northeast tank farm. Subsequent investigations indicated the presence of soil and
groundwater contamination beneath the facility, including within the other tank farm area.
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2.3

Chevron has conducted several remediation activities at the site as part of an independent
remedial action under MTCA. Activities conducted to date include the excavation and on-
site biotreatment of soils from the old tank farm, the removal of all of the storage tanks and
some of the underground and above-ground piping, the recovery of free-phase hydrocarbons
and the evaluation of treatment alternatives for residual soil and groundwater contamination.

A wooden bulkhead used to contain soils along the Whatcom Waterway is in a state of poor
disrepair (see Figure 2-2). Portions of the bulkhead have collapsed. Absorbent booms have
been used to control seepage of petroleum sheen from the shoreline into the Whatcom
Waterway. Product thicknesses in the shoreline recovery wells have decreased over time and
active product recovery efforts have been terminated except for occasional placement of
absorbents in wells where sheen is noted. Residual product remains in the former northern
tank farm.

Previous Landfill Investigations

The scope of this RI/FS builds on the information generated during previous environmental
and geotechnical investigations at the Landfill and in the vicinity. Figure 2-2 shows the
locations of test pits, soil borings and monitoring wells from these previous investigations.

The findings of previous investigations were reviewed with Ecology during the RI/FS
Scoping and Work Plan development process. A synopsis of those prior activities is provided
below.

Previous Environmental Studies

Prior to initiation of the Warehouse Feasibility Analys1s the Landfill had been evaluated by
EPA, Ecology and the Whatcom County Department of Health.

EPA Site Investigation

The Landfill was reviewed by EPA for inclusion on the National Priority List for Superfund
Cleanup. Ecology & Environment (EPA's contractor) concluded after a preliminary site
inspection conducted in 1987 that there were no records indicating the disposal of hazardous
materials at the site. Ecology and Environment recommended no further action at the site
at that time under CERCLA.

Ecology Site Investigation and Ranking

The Department of Ecology conducted a preliminary site inspection in 1994 and 1995. That
inspection included the installation of 4 groundwater monitoring wells along the Hilton-
Avenue side of the Landfill. These wells were installed to a depth of 17 feet below ground
surface, within the shallow sand zone adjacent to the Landfill.

The groundwater data collected by Ecology were summarized in.a sampling report (Ecology,
1996). The groundwater data indicated the presence of low levels of heavy metals including
chromium. After completing the groundwater sampling effort, Ecology performed a hazard
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ranking for the Landfill. The site was ranked as a "5," indicating a need for further
investigation and cleanup actions, but with a low priority ranking relative to other MTCA
sites.

Department of Health Site Survey

Ecology forwarded their groundwater sampling data to the Whatcom County Department of
Health. The Health Department performed an independent evaluation of the Landfill at that

* time. The Department concluded in their 1996 report the following: “Although this site has
the potential to impact public health, it is not of immediate concern because of the lack of
a current completed exposure pathway. 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.” No additional evaluations have been
performed for the Landfill by the Department of Health since that time.

Warehouse Feasibility Study and Pre-Design Testing

In 1996, the Port of Bellingham was awarded a Brownfields grant from the EPA. The grant
was used for a Pilot Project to evaluate the potential for cleanup and redevelopment of the
Central Waterfront Area, including the Landfill. The Warehouse Feasibility Analysis
(RETEC, 1996) and Pre-Design Testing Report (RETEC, 1997) were performed under this
grant.

During the Warehouse Feasibility Analysis, a summary of available environmental and
geotechnical data was compiled. These data were used to develop conceptual design
recommendations for construction of buildings and infrastructure on the Landfill. An
analysis of economic factors was also performed. The conclusion of the study was that a
properly designed development action could be performed safely and economically on the
Landfill. Furthermore, such development could be integrated with the Landfill cleanup
actions to maximize the efficiency of environmental cleanup. '

Pre-Design Testing was performed during 1997 to fill critical design gaps for the design and
construction of the warehouse project. Testing included the following elements:

*  Geotechnical investigations at multiple locations within the Landfill to evaluate deep soil
properties and determine foundation requirements for the warehouse

» Test pit investigations to verify the boundaries of the Landfill refuse and assess the
characteristics of the soil cover

» Installation and monitoring of four gas probes within the Landfill refuse to assess the
characteristics and quantity of gasses generated in the Landfill. These gas probes were
completed as dual purpose monitoring wells so that they could also be used to monitor
groundwater quality.

* Use of temporary piezometers to evaluate the depth to groundwater within the Landfill
for use in design of Landfill cap and building foundations. A preliminary piezometric
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map and evaluation of tidal influences within the Landfill refuse layer was also
performed.

The results of Pre-Design testing generally confirmed the assumptions made during the
Warehouse Feasibility Analysis. However, changes were made to the recommended
foundation piling lengths and to the site grading and capping assumptions. The gas probes
installed during Pre-Design Testing were later used during development of the RVFS Work
Plan to assess Landfill groundwater quality as described in Section 2.4 below,

Additional design studies were performed by GP during 1998 and 1999 prior to their
construction of the Warehouse. These studies were summarized in a Golder Associates report
(Golder, 1999). The final design for the Warehouse project included the construction of a
passive venting system beneath the Warehouse building, management of precipitation runoff
generated from the building roof and paved surfaces, and detailed recommendations
regarding foundation piles and other geotechnical considerations. GP provided copies of the
design report and related information to Ecology and obtained technical review and
assistance from Ecology under the VCP.

2.4 Work Plan Sampling and Area-Wide Data Review

As part of the Work Plan development process, available groundwater contaminant data from
previous investigations were compiled and were reviewed by RETEC. The data included
groundwater contaminant concentrations as reported in the following investigations:

* Olivine Site Investigations (Harding Lawson, 1995)
» Ecology sampling of wells along Hilton Avenue (Ecology, 1996)
*  Groundwater Sampling at the Colony Wharf property (GeoEngineers 1992a and 1992b)

*  Groundwater sampling at the Chevron Site (AGRA, 1993, Pacific Environmental Group,
1998) _

In addition, groundwater samples were collected by RETEC during July of 1998 from the
four landfill gas probes installed during Warehouse Project Pre-Design Testing. Those
groundwater samples were analyzed for a broad range of constituents including volatile
organics, heavy metals, cyanide, semivolatile organics and petroleum hydrocarbons. The
Landfill groundwater data were then reviewed in conjunction with the groundwater data from
previous investigations. This review was conducted within the context of MTCA cleanup
levels and other applicable relevant and appropriate requirements (ARARs) that could
ultimately drive cleanup decisions at the site.

The data were used to develop, in coordination with Ecology, the groundwater investigation
program for use during the RI/FS. The final groundwater monitoring program is described
in Section 3 and the results of groundwater testing are defined in Section 4. The following
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paragraphs revisit the regulatory factors evaluated and the findings of the data review on
which the RI/FS sampling program was developed.

Analysis of Potentially Applicable Cleanup Standards

At most upland MTCA sites, groundwater cleanup levels are established using Method A,
B or C cleanup levels. These values are based on the assumption that groundwater at the site
constitutes a current or potential future source of drinking water. However, at the Roeder
Avenue Landfill site and within the Central Waterfront Area as a whole, the groundwater
does not constitute a source of drinking water as defined under MTCA. The main factor on
which this conclusion is based is that the presence of the Landfill effectively prohibits use
of the groundwater for drinking water production, now or in the future. Under Washington’s
water supply regulations (WAC 173-160-205) groundwater supply wells may not be installed
within 1,000 feet of a sanitary Landfill. All portions of the Central Waterfront Area are
within 1,000 feet of the Roeder Avenue Landfill, effectively prohibiting by law the use of the
groundwater as a drinking water source.

Under MTCA, cleanup levels for groundwater must be protective of other media. Based on
work conducted at the Chevron, Colony Wharf and Olivine sites, as well as information
collected during Warehouse Pre-Design testing and this RI/FS, groundwater in the vicinity
of the Landfill has been shown to discharge to surface waters of Bellingham Bay. As a
result, the cleanup levels derived for the Roeder Avenue Landfill must be sufficiently
protective to prevent degradation of surface water quality in the Bay. The location at which
surface water cleanup levels must be met under MTCA requirements is defined as the “point-
of-exposure”.

The point-of-exposure for the Landfill area is where groundwater from the Landfill
discharges into the sediment biocactive zone beneath Bellingham Bay. Because MTCA does
not permit the use of a mixing zone within the surface water in evaluating compliance with
surface water cleanup levels (WAC 173-340-730(G6)), surface water cleanup levels must be
met by the groundwater discharging into the base of the sediment bioactive zone. Previous
studies (Hart Crowser, 1997) have demonstrated that the bioactive zone consists of the top
12 centimeters of marine sediments. The point-of-exposure is therefore specifically the
groundwater discharging into the base of the 12-centimeter bioactive zone of marine
sediments beneath Bellingham Bay.

Cleanup levels applicable to groundwater discharging at the point-of-exposure include
ambient water quality criteria (AWQC as promulgated in WAC 173-201A-040 and 40 CFR
131.36) as well as MTCA Method B surface water criteria (WAC 173-340-730). These
criteria were tabulated in the Work Plan, and are included in this RI/FS in Table 4-6 and in
the groundwater data tables in Appendix B. Criteria were developed from each of the
following;:

= Washington State surface water criteria for the protection of aquatic life
as established in WAC 173-201A-040 (chronic exposure to marine
organisms)
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» Federal Ambient Water Quality Criteria (AWQC) for continuous
exposure to salt water organisms (40 CFR 131.36 - 7-1-97 Edition)

* Model Toxics Control Act (MTCA) Method B Criteria for surface water
exposure

* Federal AWQC for protection of human health through consumption of
organisms only (40 CFR 131.36 - 7-1-97 Edition)

Data evaluations conducted during the Work Plan development process and as part of the
RI/FS have used the most stringent of these criteria. During the Work Plan development
process, the MTCA Method A groundwater cleanup level was used in the analysis of
groundwater data and applicable regulations. At the initiation of the RI/FS, section WAC
173-340-720(2) of the MTCA regulations defined the Method A groundwater cleanup
standard as 1.0 mg/L for all petroleum fractions. Subsequent amendments to the MTCA
regulations have modified the Method A cleanup levels for petroleum (WAC 173-340-900;
Table 720-1). For diesel-range organics, the only petroleum mixture detected in landfill
groundwater samples, the amended regulations stipulate a Method A cleanup level of 0.5
mg/L. After review of available aquatic toxicity data for diesel-range petroleum
hydrocarbons, the amended Method A value for diesel-range hydrocarbons has been adopted
for use during the RI/FS.

Federal and state water quality criteria have not yet identified ambient water quality criteria
for petroleum mixtures. A total oil and grease concentration of 10 mg/L has been used for
many years in the regulation of point-source surface water discharges. However, this criterion
may not be protective for all petroleum hydrocarbon mixtures. Recent literature surveys
(Markarian, 1994) for the toxicity of diesel fuel oils to invertebrates, fish and algae have
identified median concentration criteria of 2.35 to 4.3 mg/L. Recent studies have focused on
additional exposure scenarios and have yielded lower toxicity thresholds in some instances.
A number of recent studies (Carls, 1999; Carls, 2000; Heintz, 1999) have documented lower
toxicity thresholds for fish eggs or embryos than to adult fish. These studies have yielded
total PAH toxicity values (EC50s) of 18 to 34 ug/L in tests with weathered crude oils.
Assuming that the PAH constituents are responsible for the toxic effects (this is subject to
debate - see Neff et al, 2000), and based on a 5 percent typical PAH composition in diesel
fuels (Millner and Nye, 1992) and similar TPAH/TPH ratios observed during the RI/FS (see
data tables in Appendix B), these values suggest that TPH concentrations of between 0.36
to 0.68 mg/L would be protective for these exposure scenarios. Other experimenters (Little
et al, 2000) have focused on toxicity of petroleum-associated PAH in the presence of
ultraviolet light and have detected toxicity of diesel-range petroleum at concentrations
between 0.51 and 2.84 mg/L. Finally, other researchers (Croce and Stagg, 1997) have
detected additive sublethal toxicity of petroleum and other compounds for TPH
concentrations of 2 mg/L. After review of available toxicological data, a site-specific
screening level of 0.5 mg/L has been adopted for use during the RI/FS. A higher cleanup
level is likely appropriate, but would be subject to additional verification testing. The site-
specific screening level of 0.5 mg/L will be used as a cleanup level for groundwater
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discharging to the point-of-exposure unless other site-specific data are collected to
demonstrate the protectiveness of a higher value. The 0.5 mg/L screening level is consistent
with the MTCA Method A groundwater cleanup level, and ensures that aesthetic
characteristics of surface waters are not adversely impacted (required under WAC 173-
201A).

MTCA provides for comparison of cleanup levels to natural background levels. In the
amended MTCA regulations (Ecology, February 2001) natural background levels are
discussed in WAC 173-340-720(7)(c). That section states that cleanup levels shall not be set
below the natural background concentrations. In cases where metals criteria specified above
are lower than natural background concentrations of metals in sea water, ARARs were
established at a concentration equal to the natural background concentration. Natural
background concentrations for several inorganic parameters in uncontaminated seawater
were obtained from Davis (1977). For arsenic, natural background concentrations of 0.005

- to .015 mg/L are common in western Washington groundwater. The MTCA Method A
cleanup level for arsenic (0.005 mg/L - based on natural background concentrations) was
adopted for use during the RI/FS).

Two additional regulatory considerations applicable to the protection of surface water quality
have been incorporated into the scope of the RI/FS. The first is the prevention of sediment
contamination as a result of groundwater contaminant discharges. The analysis of sediment
source control issues requires quantitative groundwater analysis and was incorporated into
the contaminant fate and transport analyses conducted during the RI/FS (Section 7). The
second additional regulatory consideration is the establishment of a groundwater point of
compliance. Point of compliance issues applicable to sites such as the Landfill that are near
but not abutting surface water are specifically defined in the amended MTCA regulations
under WAC 173-340-730(8)(d)(ii). Point of compliance issues are discussed further in
Sections 6 and 7 of this document.

Findings of Land(fill Well Sampling Data

During Pre-Design Testing for the Roeder Avenue Warehouse project, four monitoring wells
were installed within the refuse layer of the Landfill. In July of 1998, these wells were
sampled for a broad suite of contaminants and geochemical parameters.

The results of contaminant analyses for the refuse wells were compared to potentially
applicable surface water cleanup levels as described above. Table 2-3 summarizes the
maximum detected concentrations of contaminants from the Landfill wells. For each of these
contaminants, the range of concentrations detected in the Landfill refuse is shown, along with
the range of concentrations demonstrated at the adjacent Olivine, Colony Wharf and Chevron
properties. -

» Arsenic, lead, mercury, copper, nickel and cyanide were detected at concentrations
between two and six times the applicable reference values for surface water.
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» Total chromium concentrations ranged up to 10.1 mg/L in the Landfill wells, Applicable
surface water cleanup levels are 0.05 mg/L for Cr*® and 162 mg/L for Cr*>. Landfill well
testing confirmed that the chromium was present as the less-toxic Cr™. No exceedences
of the Cr™ cleanup levels were noted. Concentrations of chromium have been shown to
be elevated within the Landfill refuse and in several immediately adjacent locations on
the Colony Wharf and Olivine parcels (Figure 2-3). Chromium was retained as a
contaminant of concern for the RUFS, and extensive chromium speciation data were
collected during the RI/FS for both the off-Landfill and Landfill areas.

» Diesel-range petroleum was detected in some of the wells at a concentration in excess
of the MTCA Method A cleanup levels. Diesel hydrocarbons were detected both within
the Landfill and at the adjacent Colony Wharf and Chevron properties. Diesel
concentration data were not available for the Olivine property at the time of Work Plan
preparation. Relative to the concentrations measured at the Chevron (25 mg/L) and
Colony Wharf properties (8 mg/L), the diesel concentrations measured in the Landfill

. wells (non-detect to 2.4 mg/L) were relatively low. Diesel was retained as a contaminant
of concern for the Landfill, with the recognition that additional off-Landfill sources of
petroleum contamination exist at the Colony-Wharf and Chevron sites.

* No semivolatile organics were detected above the reference values other than bis(2-
ethylhexyl)phthalate. This compound was detected above the reference values in one of
the four samples. After discussion with Ecology, semivolatile organics testing was
incorporated into the RI/FS sampling and analysis program.

* No volatile organic compounds were detected above the surface water criteria, However,
Ecology requested that some sampling be performed for these compounds as part of the
RI/FS testing. That sampling was performed as described in Section 3.

Analysis of Groundwater Data from Other Sites

The data review identified several contaminants that had been detected previously on
adjacent properties, but that were either not detected in the Landfill wells or were detected
at much lower concentrations. These other contaminants included benzene, barium, zinc,
gasoline hydrocarbons and N-Nitroso-Di-N-Propylamine.

Gasoline hydrocarbons were not detected in the Landfill wells. In contrast, at the Colony
Wharf and Chevron properties gasoline concentrations of over 10 mg/L have been measured.
Elevated benzene concentrations were also noted at the Colony Wharf and Chevron sites.
The gasoline and benzene concentrations are attributable to past hydrocarbon releases at
these two properties.

-N-Nitroso-Di-N-Propylamine were also elevated at the Colony Wharf site. The potential
source of N-Nitroso-Di-N-Propylamine, which was detected just above the method detection
limit, was not defined in the Colony Wharf site documents.
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At the Olivine property, two metals were detected above surface water cleanup levels,
including barium and zinc. Because barium concentrations were not tested in the Landfill
wells, barium testing was included in initial sampling for the RI/FS, to verify that the barium
concentrations were not derived from the Landfill refuse. Zinc was included in the RI/FS
testing program.

Geochemical Parameters

The availability and quality of geochemical monitoring data for the Landfill area was
extremely limited prior to initiation of the RI/FS. For the most part, the previously available
data were limited to testing for groundwater pH and electrical conductivity.

Limited geochemical monitoring data were collected as part of the Landfill well sampling
conducted by RETEC during development of the project Work Plan. The results of that
testing indicated the presence of reducing conditions, with low redox potential and the
presence of elevated levels of dissolved manganese and iron. Additional geochemical testing
was performed as part of the Landfill RI/FS.

| Landfill Gas

Previous testing data for landfill gas (predominantly methane) was available from work
conducted as part of the Warehouse project. Pre-Design Testing performed in 1997 included
testing of the four gas probes installed by RETEC. Gas sampling indicated the presence of
significant gas production in one of the four wells, but little or no gas production in the other
wells. '

During subsequent design activities G.P.’s consultant, Golder & Associates, conducted
additional methane tests within the Landfill. These results confirmed the presence of methane
in the Landfill area. Golder used the sampling results in the design of the final gas collection
and venting system for the Warehouse building.
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Table 2-3. Comparison of Initial Landfill Well Data and Data with Prior Data from Adjacent Sites

o

A}

Groundwater Contaminant

Surface Water

Max, Detected Concentration

GeoEngineers Data

Reference Values RETEC Sampling of Ecology Data for Wells Harding Lawsan Data Available Data for
Landfill Refuse Wells Along Hilton Avenue for Olivine Site Wells for Colany Wharf Wells Chevron Site Wells
Total Dissolved Total Dissolved Total Disaclved Total Dissolved Total | Dissolved

HEAVY METALS

Arsenic 0.005 0.016 0.014 nd - nd - 0.046 — — -

Barium 0.03 - - 0.33 - g - — o

——

Chromium 162 9.78 10.1 0.32 - 0.076 = 1.1 - - -—

Hexavalent Chrome Q.05 0.1 < 0.1 - - --- - — - — —

Copper 0.003 0.005 0.004 0.014 - - — 6.02 - - o

Lead 0.0081 0.045 0.022 0.0019 P nd - 0.0067 - nd —

Mercury 0.00005 0.0001 0.0001 0.00007 - 0,00068 - nd — - -

Nickel 0.0082 0.01 0.02 - 0.011 - - - 0.0073 - - -

Zinc 0.081 0.064 0.027 0.035 - 0.21 — 0.05 - o -
CYANIDES

Total Cyanide 0.0028 0.007 — — - er - 043 . - —
PETROLEUM HYDROCARBONS

Gasoline Range Hydrocarbons 0.8 1.2 - - - - - 10 -— 10.4 —
h Diesel Range Hydrocarbons 0.5 2.4 — —_ — nd ** - 8 —_ ? —

Motor Ol 0.5 0.5 - - - - — — - 62 -

TPH by EPA 418.1 05 - - — - - — 42 - =
VOLATILE ORGANICS

Benzene 0.043 0.0081 - nd — nd —_ L4 - 0.02 —
SEMIVOLATILE ORGANICS

bis(2-Ethylhexyl)phthalate 0.00356 0.0078 B 0.0018 B 0.0042 - - —_— — - — —-

N-Nitroso-Di-N-Propylamine 0.000819 0.002 < 0.002 nd — nd — 0.0028 —_ - -—

Notes:

All concentration data are reported as ma/L.

Values which represent the highest concentrations reported for the Landfill area have been underlined.
Values in excess of the listed reference value have been bolded,
-—-: This parameter not analyzed.

nd: Contaminant not detected.

**. At the Olivine site, diesel had not been detected in groundwater in 1998. However, recent testing performed during the Olivine RI/FS documented low levels of diese! in groundwater.
B: Contaminant detected at similar concentrations in the method blank or trip blank.
P: Compound detected above detection limit but below the quantitation limit.
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| 3Remedia| Investigation Methods

3.1

3.2

The scope and methods for the RI/FS were presented in the RI/FS Work Plan (RETEC,
1998). Adjustments to the sampling and analysis schedule were made in the First Progress
Memorandum (ThermoRetec, 1999). This section provides a summary of those methods.

Remedial Investigation Objectives

The objectives of the RI/FS were defined in the RI/FS Work Plan. of remediation systems
in the event that such containment is not being achieved. Specific data requirements to be
assessed during the RI/FS process include the following:

« Installation and development of additional groundwater wells and piezometers

* Performance of hydrologic testing includihg aquifer slug tésts, preliminary well gauging
and a tidal study

e Quarterly gauging and analytical sampling of selected wells and piezometers

» Definition of the rate and patterns of groundwater movement from the Landfill toward
the surface waters of Bellingham Bay

¢+ Collection of the information necessary to quantify the extent of groundwater mixing and
flow-based attenuation that occurs in between the Landfill and the shoreline point-of-
exposure

» Assessment of relevant biological and "geochemical factors affecting the mobility and/or
toxicity of the Landfill contaminants in groundwater, as necessary for assessing site
conditions and porentially-required remedial actions

» Definition of groundwater cleanup levels and optimum points of compliance for the
. Landfill site, including prevention of cross-media contamination risks (e.g., sediment
recontamination)

» Measurement of Landfil]l gas distribution in areas adjacent to the Landfill as necessary
to estimate the lateral extent of potential impacts

Well and Piezometer Installation

Twenty-two monitoring wells were installed during October and November 1998 in
accordance with the Work Plan (RETEC, 1998). The newly installed monitoring wells were
installed to provide data on geochemical parameters, groundwater flow patterns, the
influence of tidal fluctuations on groundwater elevations and chemistry, and concentrations
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of contaminants of concern at the site. These data are used to further characterize the site and
to provide input data for groundwater flow and contaminant transport modeling described
in the Work Plan.

The newly installed monitor wells are located along four transects described in the Work
Plan. The transects and monitoring well locations are shown on Figure 3-1. These transects
are located in areas of the shortest distance between the refuse layer and Bellingham Bay
(Transects A and B), or in areas where elevated concentrations of chromium and other
landfill contaminants have been noted in groundwater at adjacent sites (Transects C and D).

Monitor wells were installed to two discrete depth intervals classified as "shallow" and
"deep"” for the purpose of discussion. The depth intervals are screened to characterize
hydraulic and groundwater chemistry variations with depth. Shallow wells are screened
across the water table and the well screen is located in the refuse layer or soil fill depending
on well location. Shallow well screens extend a few feet into the underlaying sand layer at
some monitoring well locations. Deep wells screen a sand bed located across the entire site.
Most deep well screen intervals extend 10 feet upward from the bottom of the sand bed. The
10-foot screen length is a variable percentage of the sand bed thickness, depending on the
thickness of the sand bed at a given deep monitoring well location. A detailed discussion of
site geology is presented in Section 4. Well construction details are provided in Appendix
A.

The classification of shallow and deep monitoring wells applies to monitoring wells
completed along transects A, B, and D. The classification is more difficult to apply to
monitoring wells completed along transect C because both the soil fill and sand bed units are
thinner northwest of the landfill along transect C (less than 10 feet thick) than along any of
the other three transects. Monitoring wells completed along transect C screen both the sand
bed and the overlying fill or refuse material and are not classified as shallow or deep.

3.2 Hydrologic Testing

Hydrogeologic site characterization data were collected using slug tests, tidal studies, and by
contouring of measured groundwater elevations. Slug tests were conducted to provide point
estimates of hydraulic conductivity at the site. Results of slug testing are described in
Section 4 and slug test methodology is described in Appendix C.

Tidal studies were conducted to determine the effects of tidal fluctuations on groundwater
flow elevations, flow patterns, and chemistry. An understanding of these tidal effects is an
important consideration in planning a monitoring program and in interpreting results of the -
sampling. Tidal study results are described in Section 4 and tidal study methodologies and
data are presented in Appendix C.

Groundwater elevation data were contoured to provide information on groundwater flow
directions and gradient. Groundwater contour maps are presented in Section 4 along with
a discussion of groundwater flow paths and gradients.
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. 3.3 Analytical Testing

Seventeen monitor wells were sampled on February 9 and 10, 1999, in accordance with the
Work Plan. The February sampling event is hereafter referred to as the first quarter 1999
sampling event. Locations of sampled wells are shown on Figure 3-1. All water samples
were collected using low-flow procedures and analtyical methods described in the First
Progress Memorandum. Analytical testing was performed by Analytical Resources Inc.
(Seattle, Washington). All analytical results were validated, with raw analytical laboratory
reports and data validation summaries presented in the First and Second Progress
Memoranda.

3.4 Land Use Analysis

A land use analysis for the Landfill and adjacent properties was conducted by the Port of
Bellingham in parallel with the Landfill RUFS. That study was funded by an EPA
Brownfields Grant. The scope of the analysis is summarized in Section 5 of this report.

3.5 Groundwater Flow Modeling

Groundwater flow modeling was performed using a 3-dimensional flow model. That model

was developed in accordance with Ecology expectations. The modeling approach was

presented in the Second Progress Memorandum. Section 6 of this report summarizes the
‘ detailed methods by which that modeling was performed.

The groundwater flow model takes into account upland groundwater flow characteristics as
well as the effects of idal influences occurring near the shoreline. Tidal influences at
shorelines have been well defined in the literature including Jacob (1950), Ferris (1951), Carr
and van der Kamp (1969), Yim and Mohsen (1992), and Farrell (1994) to name a few. The
work by Farrell was used in the design of the slurry wall at the PSR Superfund site in Seattle,
Washington. The work by Yim and Moshen has also been used on some relatively simple
sites in the Puget Sound area. Both of these methods are 1-dimensional analyses that were
not appropriate for the present project due to complexities of the the Roeder Avenue Landfill
site area.

Tidal effects on flow and mass balance between tidal inflow and ambient groundwater flow
were explicitly investigated in the modeling effort. Incorporating tidal effects explicitly in
the modeling has not been done for most previous modeling efforts in the Puget Sound area.
However, tidal effects were an integral part of the modeling effort for the PSR Superfund
Site (Papadopulos & RETEC, 1997). Tidal effects are important when the concentration in

- groundwater discharge is estimated in the model analysis, since tidal inflow mixes with the
ambient groundwater flow. In cases where the ambient groundwater flow is weak and the
tide range is large, tidal inflows may be the dominant mechanism for transport, but at much
lower concentrations than observed in the ambient groundwater.

Remedial Investigation Methods 3-3
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The groundwater modeling results were used both to characterize existing site conditions,
as well as to evaluate the benefits/limitations of remedial alternatives for the Landfill.
Modeling methods and results are described in detail in Section 6.

3.6 Contaminant Fate & Transport Analysis

The final data analysis step for the remedial investigation was the evaluation of additional
factors (other than groundwater flow and mixing) that impact contaminant fate and transport
and that would impact the RI/FS decision-making process. This analysis was performed
using the output from groundwater flow modeling and reliable information from scientific
literature. The methods, results and conclusions of fate and trasnport modeling are described
in Section 7 of this document.

Remedial Investigation Methods 3-4
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4Findings of Field Investigations

4.1

This section summarizes the results of field activities performed as part of the field
investigation. Site geologic and hydrogeologic data are described, followed by groundwater
analytical data. The groundwater analytical data are compared to surface water cleanup levels
applicable to the point-of-exposure. Sections 6 and 7 subsequently present the groundwater
modeling and fate and transport evaluations necessary to interpret overall site conditions.

Site Geology and Hydrogeology

- The findings of geologic and hydrogeologic testing were summarized in the First and Second

Progress Memoranda (ThermoRetec, 1999; ThermoRetec, 2000). Completed testing included
the installation of groundwater wells in and around the landfill, completion of a tidal study,
slug testing of area wells, and completion of quarterly well gauging in November of 1998,
and February, April, August and November of 1999.

Site Geologic Characteristics

Figure 3-2 provides geologic cross-sections for the Landfill area. These cross sections were
compiled from RI/FS investigation findings, as well as the results of previous studies
performed or reviewed by ThermoRetec. From the new and existing data, a site geologic
conceptual model was developed. That model defined the following primary geologic units:

« Landfill Cover Soils: These soils are located above the refuse unit and are generaily
not saturated. The cover soils have some effect on the chemistry of precipitation
infiltrating into the landfill,with some increases in the pH of the mﬁltratlng water
through contact with limestone cobbles in localized areas.

» Refuse Unit: The refuse unit consists of the buried landfill refuse. The unit is highly
permeable and is the source of contamination through leaching of contaminants.

*  Soil Fill Unit: The soil fill unit is located north and south of the Landfill and extends
from the Landfill to the waterways. This unit serves as the porous media in which
some of the groundwater contaminant transport pathways occur.

» Sand Unit: The native sand unit is located across the entire site area, except where

~ it has been locally removed by excavation of the Landfill depression. The primary

groundwater contaminant transport pathways between the landfill and the waterways
occur in the Sand Umt

* Glacial Marine Drift: The Glacial Marine Drift is the bottom confining layer for
groundwater flow at the site. The unit is fine grained and occurs beneath the entire
area with a thickness of at least 90 feet.

Findings of Field Investigations 4-1
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velocities are presented to illustrate general trends at the site. Groundwater modeling work
in Section 6 was based on actual head measurements.

Most horizontal groundwater flow gradients are in the range of 1 x 10° to 1 x 10% In
general, the seasonal variation of gradients along any particular flowpath is not greater than
a factor of 2. This corresponds to a seasonal variation in groundwater flow velocities of a
factor of 2 because gradients are directly proportional to flow velocities.

Groundwater data indicate the presence of vertical flow components in the Landfill and near
shoreline areas along the Whatcom waterway (Table 4-4). Vertical flow components in the
Landfill are the result of groundwater mounding. The vertical flow components near the
shoreline appear to be associated with the partial bulkheads along the Whatcom Waterway.

Data collected from five rounds of water level measurements were adequate for the purposes
of groundwater flow model calibration and verification as described in Section 6 of this
memorandum.

4.2 Groundwater Contaminants and Geochemistry

Geochemical Observations

The First and Second Progress Memoranda (ThermoRetec, 1999; ThermoRetec, 2000)
included detailed maps of measured geochemical parameters for the Landfill area. Copies
of all collected geochemical data are attached to this RI/FS as part of Appendix B.

The groundwater geochemistry within and adjacent to the Landfill is characterized by highly-
reducing conditions and a neutral to slightly acidic pH. Dissolved oxygen was consistently
absent, except in certain areas outside of the landfill refuse and immediately adjacent to the
shoreline.

Most significant, the groundwater geochemistry favors reduction of hexavalent chromium
to the less mobile and less toxic trivalent form. Conditions favoring this transformation
include low redox potential and the availability of reduced iron. Chemical testing performed
during the RI/FS (see below) established that no detectable hexavalent chromium was
present in the landfill area groundwater, even though concentrations of trivalent chromium
were significantly elevated.

Trends in total dissolved solids and specific inorganic ions correlate well with electrical
conductivity measurements. These trends all indicated elevated levels of total dissolved
solids and electrical conductivity along the shorelines, particularly in deep groundwater
wells. These data were presented in detail as part of the First and Second Progress
Memoranda (ThermoRetec, 1999; ThermoRetec, 2000). The data demonstrate the presence
of a “salt wedge” in the groundwater mixing zones along the shoreline. Groundwater
modeling described in Section 6 included the effect of the salt wedge on the assessment of
groundwater flow pattemns.
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Groundwater Contaminant Concentrations

Groundwater analytical sampling performed during this RI/FS has included preliminary
landfill well sampling (July 1998) as well as four quarters of groundwater sampling
(February, April, August, and November 1999). Copies of laboratory analytical reports and
associated data validation reports were provided as part of the First and Second Progress
Memoranda (ThermoRetec, 1999; ThermoRetec, 2000). Data tables containing all of the data
collected during the RI/FS are attached as Appendix B.

Table 4-5 lists those contaminants that were detected in the Landfill at concentrations above
surface water criteria (these criteria are applicable to the point-of-exposure). These
compounds included six heavy metals, three semivolatile organics, weak-acid dissociable
cyanide and diesel-range hydrocarbons. These eleven compounds represent the contaminants
of concern (COC) for the RI/FS.

In reviewing the analytical data for groundwater contaminants, all detected values have been
compared to the surface water cleanup levels and ARARSs developed during the RVFS Work
Plan process (see discussion in Section 2.4 of this document). Table 4-6 lists the basis for
selection of each surface water cleanup level. The table also provides the relevant MTCA
cleanup level for application at sites where groundwater represents a potential source of
drinking water. Potable groundwater uses in the Central Waterfront area are prohibited, such
that these cleanup levels are not applicable to the Landfill site. These groundwater cleanup
levels are provided for informational purposes only.

Figure 4-2 summarizes all cases (excluding data with QA/QC problems) in which Landfill
contaminants-of-concern were detected above surface water cleanup levels applicable to the
point-of-exposure. These data are shown for areas both on and off of the Landfill. Because
the cleanup levels used in this evaluation are only applicable to the point-of-exposure
(groundwater discharging to the sediment bioactive zone) the highlighted values in Figure
4-2 do not necessarily represent exceedances of site cleanup levels. As described in the Work
Plan, site compliance with MTCA criteria is appropriately assessed after the incorporation
of groundwater flow and contaminant fate & transport information. These analyses are
described in Section 6 and 7 of this document and quantify the relationship between upland
contaminant concentrations and those in the point-of-exposure for each area of the site.
Conclusions regarding the compliance of site conditions with MTCA cleanup levels and
ARARSs are then presented and used in the development of cleanup alternatives for the
Landfill.

Figure 4-3 summarizes the distribution of total orgamic carbon and total chromium
throughout the project area. These compounds are characteristically elevated in Landfill
groundwater and provide indicators of leachate distribution in the areas between the Landfill
and the shoreline.

Contaminant Concentrations in Landfill Groundwater

To assist in the analysis of contaminant distribution, the groundwater data for wells within
the Landfill refuse were pooled and used to calculate average contaminant concentrations
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within Landfill groundwater. Wells and data sets included in this analysis are listed in Table
4-7. The statistical output for each of the contaminants of concern is provided in Table 4-8.

Note that under MTCA data can be represented by either averages or upper confidence limits.
The use of averages (mean) is appropriate for evaluation of carcinogenic compounds or for
compounds posing a chronic toxicity risk. By contrast, an upper confidence limit (UCL) is
stipulated under MTCA for non-carcinogenic compounds where the cleanup level is based
on an acute toxicity exposure hazard. Included in Table 4-6 are the statistical methods
appropriate to each compound. In Table 4-8, both averages and upper confidence limits were
calculated for each compound. The more appropriate of the two measurements is highlighted
for each compound.

One use of the data in Table 4-8 is to evaluate the potential regulatory compliance status of
a hypothetical direct-discharge scenario for Landfill groundwater. A discharge scenario of
this type could be triggered if groundwater was extracted and discharged into a storm drain
as part of construction activities (e.g., dewatering for utility installations). Under this direct
discharge scenario, eight of the Landfill contaminants would be expected to exceed
applicable surface water cleanup levels. Specific conclusions for these eight compounds are
summarized as follows:

* 1,4-Dichlorobenzene: Based on the available data, 1,4-dichlorobenzene would exceed
MTCA criteria under a direct discharge scenario. This semivolatile organic compound
was detected in 12 out of 20 samples analyzed. Of the detected samples, 8 exceeded
surface water criteria. The arithmetic mean concentration was just slightly above the
surface water criteria, with a mean concentration approximately 1.1 times the MTCA
Method B surface water cleanup level. If calculated using the 95% UCL, the exceedance
ratio is 1.6 times the cleanup level. .

* Pentachlorophenol: Based on the available data, pentachlorophenol (PCP) could exceed
MTCA criteria under a direct discharge scenario. This semivolatile organic compound
was detected in only 2 out of 20 samples analyzed. However, both of those detections
were well above the surface water criteria. Both of these detections were in well RGP-3
which was located within the footprint of the Warehouse project. Due to the impacts of
the two RGP-3 sample results, the arithmetic mean concentration exceeds the surface
water criteria, with a mean concentration equal to about 11 times the MTCA Method B
surface water cleanup level. If calculated using the 95% UCL, the exceedance ratio is 25
times. As discussed in Section 7, the lack of PCP detections in groundwater from any
other wells, including the wells located in between RGP-3 and the shoreline indicates
that the PCP is isolated in occurrence and that the contamination is not migrating. Factors
that appear to be controlling potential migration of PCP are discussed in Section 7.

* Diese]-Range Hydrocarbons: Based on the available data, diesel-range hydrocarbons
would be expected to slightly exceed MTCA criteria under a direct discharge scenario.
Diesel-range hydrocarbons were detected in 15 of 19 samples analyzed. Of these
detections, ten samples contained exceedances of the MTCA Method A cleanup level
(0.5 mg/L) as amended by Ecology in February of 2001. The arithmetic mean
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concentration was approximately 1.1 mg/L, above the MTCA Method A cleanup level
by a factor of approximately 2.2. If calculated using the 95% UCL, the exceedance ratio
is 3.2 times.

WAD Cyanide: Based on the available data, WAD cyanide would be expected to exceed
surface water criteria under a direct-discharge scenario. WAD cyanide was detected in
only 3 of 14 samples analyzed. The concentrations measured in the three samples with
detectable cyanide exceeded the surface water criteria. The arithmetic mean
concentration was calculated as 1.7 times the state water quality criterion. If calculated
using the 95% UCL, the exceedance ratio is 3.1 times. Use of the mean concentration is
appropriate, because state water quality criteria (WAC 173-201A) use the mean
concentration in evaluating regulatory compliance.

Arsenic: Based on the available data, arsenic would be expected to exceed applicable
criteria under a direct-discharge scenario. Arsenic was detected in 15 out of 19 samples
analyzed. Four of the detected samples exceeded the natural background concentration
for groundwater of 0.005 mg/L. These four detected values ranged between 0.008 and
0.034 mg/L. Three of the four concenfrations were measured in areas beneath the
footprint of the Warehouse project. The fourth value was measured in well RMW-9, but
this was an isolated detection (one exceedance out of five sampling events). The
arithmetic mean concentration for arsenic was 0.0054, just above the MTCA Method A
cleanup level for arsenic in groundwater. That cleanup level was established by Ecology
based on estimated natural background concentrations for groundwater in Washington
state. If calculated using the 95% UCL, the exceedance ratio is 1.8 times, but use of the
mean concentration is more appropriate for arsenic which is a suspected carcinogen.

Lead: Based on the available data, lead would be expected to exceed surface water
criteria under a direct-discharge scenario. Lead was detected in 12 out of 19 samples
analyzed. Six of the detected samples exceeded the surface water standard of 0.0081
mg/L. With the exception of well RGP-3 which was located within the Warehouse
project footprint, no wells had multiple exceedences of the surface water criterion. The
arithmetic mean concentration for lead was 1.8 times the surface water criterion. If
calculated using the 95% UCL, the exceedance ratio is 3.5 times, but state water quality
criteria (WAC 173-201A) use the mean concentration in evaluating regulatory
compliance.

Mercury: Based on the available data, mercury could potentially exceed the natural
background concentration for marine surface waters under a direct-discharge scenario.
Mercury was detected in only 2 of 19 samples analyzed, with both samples detected at
the reporting limit of 0.0001 mg/L. The detected values were isolated, occurring in
separate wells. The reported background mercury concentration in marine waters is
0.00005 mg/L (Davis, 1977) or half of the reporting limit used for groundwater sampling.
If all non-detect samples are assumed to contain mereury at a concentration equal to one
half of the reporting limit, the UCL concentration is estimated to exceed the background
concentration by 1.4 times.
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» Zinc: Based on the available data, zinc concentrations may exceed surface water criteria
under a direct-discharge scenario. Zinc was detected in 18 out of 19 samples analyzed,
but only four of the detected samples exceeded the surface water standard of 0.081 mg/L.
Three of these four exceedences were noted in well RMW-9. The arithmetic mean
concentration for zinc was equivalent to the surface water standard (exceedance ratio of
1.0 times). If calculated using the 95% UCL, the exceedance ratio is 1.68 times, but state
water quality criteria use the mean concentration in evaluating regulatory compliance.

Mean concentrations for three of the Landfill COCs were on average below surface water
cleanup levels and would therefore not be expected to exceed MTCA criteria during a direct
discharge event. Conclusions for these compounds are summarized below:

* Bis(2-ethylhexyl)phthalate: Based on the available data, bis(2-ethylhexyl)phthalate
would not exceed MTCA criteria under a direct discharge scenario. This semivolatile
organic compound was detected in 8 out of 20 samples analyzed. But only two of the
detected samples contained exceedances of surface water criteria. The arithmetic mean
concentration was well below the surface water criteria, with a mean concentration equal
to 0.43 times the MTCA Method B surface water cleanup level. If calculated using the
95% UCL, the exceedance ratio is 0.65 times, well below the criterion (the use of the
mean concentration is more appropriate for bis(2-ethylhexyl)phthalate which is a
suspected carcinogen). As discussed in Section 7, a lower cleanup level may be
applicable to the point-of-exposure in order to protect against sediment quality
exceedances. Based on partitioning calculations as described in Section 7, the final
cleanup level for the point-of-exposure may be 0.0007 mg/L, or five times lower than the
MTCA Method B surface water cleanup level. This cleanup level may or may not be
applicable to direct-discharge scenarios for Landfill groundwater, depending on the
volume, rate and type discharge. ’

» Copper: Based on the available data, copper concentrations would not be expected to
exceed surface water criteria under a direct-discharge scenario. Copper was detected in
only 5 of 19 samples analyzed. Four of these detected values exceeded the surface water
criterion of 0.0031 mg/L. These exceedances were all isolated, with no individual well
having two or more samples in excess of the criterion. The arithmetic mean concentration
was below the surface water criteria, with a mean concentration equal to 0.85 times the
state water quality criterion. If calculated using the 95% UCL, the exceedance ratio is
1.46 times the criterion, but state water quality rules (WAC 173-201A) use the mean
concentration to evaluate regulatory compliance.

* Nickel: Based on the available data, nickel concentrations would not be expected to
exceed surface water criteria under a direct-discharge scenario. Nickel was detected in
only 2 of 19 samples analyzed. These two samples exceeded the surface water standard
of 0.0082 mg/L. These two detected values were isolated, with no repeated exceedances
in any Landfill wells. The arithmetic mean concentration was below the surface water
criteria, with a mean concentration equal to 0.87 times the state water quality criterion.
If calculated using the 95% UCL, the exceedance ratio is 1.31 times the criterion, but
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state water quality rules (WAC 173-201A) use the mean concentration to evaluate
regulatory compliance.

Total chromium and total organic carbon were both included in the statistical analysis as
potential indicators for landfill leachate in area groundwater. However, neither constituent
exceeded any sort of surface water cleanup level applicable to the site. The statistical
analyses were performed for informational purposes only.

» Total Chromium: The MTCA Method B surface water cleanup level for total chromium
is. 162 mg/L. The detected landfill concentrations of total chromium ranged between non-
detect and 9.78 mg/L, with total chromium detected in 17 of 19 samples analyzed.
Hexavalent chromium was never detected in any of the landfill wells sampled. The
arithmetic mean concentration for total chromium in the landfill wells was 1.62 mg/L,
with a 95% UCL of 2.83 mg/L. These concentrations between 50 and 100 times lower
than the cleanup level applicable to trivalent chromium at the point of exposure.

e Total Organic Carbon: There is no surface water standard for total organic carbon. The
detected landfill concentrations of total organic carbon ranged between 16 to 520 mg/L,
with total organic carbon detected in all samples analyzed. The arithmetic mean
concentration for total organic carbon was 121 mg/L, with a 95% UCL of 200 mg/L.

Based on the data collected during the RVFS, direct discharge of Landfill leachate to surface
waters would not be compliant with MTCA requirements. Average concentrations of eight
contaminants would likely exceed applicable surface water criteria. For six of the
contaminants, average exceedances would be less than a factor of two. Petroleum
concentrations would exceed the criteria by 3.2 times (assuming use of the UCL for
compliance evaluation and continued use of the conservative 0.5 mg/L Method A cleanup
level for diesel-range hydrocarbons. For pentachlorophenol, the average exceedance could
be significantly greater, because the direct-discharge of Landfill groundwater would not be
attenuated by the natural processes occurring in area groundwater between the Landfill and
the shoreline (see Section 7).

. Remedial action objectives for the site must include provisions necessary to prevent direct
discharge of landfill leachate to surface waters. Section 8 defines alternatives by which such
discharge can be prevented.

Contaminant Concentrations in Groundwater Along Hilton Avenue

‘Table 4-9 summarizes the analytical data collected from the groundwater monitoring wells
located between the landfill and the I&J Waterway. The first of the two wells, RMW-10,
was located adjacent to Hilton Avenue, approximately 113 feet downgradient from the
landfill refuse boundary. The second well, MW-4(0), is located near the 1&J Waterway
shoreline, and was initially installed as part of environmental investigations at the Olivine
site. Each of these two wells was analyzed for groundwater contaminants during four
consecutive quarterly sampling events.
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Both of the Hilton Avenue wells contained elevated concentrations of total chromium and
total organic carbon. These parameters are generally indicative of the presence of Landfill
leachate in area groundwater. The concentration of total chromium was approximately three
times higher in RMW-10 (located closest to the Landfill) than in the shoreline well, MW-
4(0). However, both concentrations were significantly lower than typical Landfill area
groundwater (e.g., arithmetic mean total chromium concentrations in Hilton Avenue wells
RMW-10 and MW-4(0) were 15 and 44 times lower than in the Landfill groundwater).
Neither TOC nor chromium concentrations exceeded any applicable surface water criteria
along Hilton Avenue.

Of the eleven landfill contaminants of concern, most compounds were either not detected or
were detected at concentrations below the surface water standards applicable to the point-of-
exposure. Only three compounds - bis(2-ethylhexyl)phthalate, nickel and zinc were detected
one or more times above surface water standards. Of these, only two exceeded surface water
standards using the compliance measurement basis defined in Table 4-6.

Bis(2-ethylhexyl)phthalate was detected once in RMW-10 and twice in MW-4(0). The
detected concentration exceeded MTCA Method B surface water cleanup levels once in each
well. Based on the available data, average concentrations in the wells were below surface
water criteria. If the surface water cleanup level for phthalate is adjusted downward to
provide additional protection against sediment recontamination (see Section 7), the
exceedance ratios for the two Hilton Avenue wells are 2.6 and 3.0, respectively.

Nickel was detected only once in RMW-10, and not at all in well MW-4(0O). Nickel is a
confirmed Landfill contaminant, and was detected in the well closest to the Landfill refuse.

It is reasonable that this detection is associated with the Landfill. Based on the available data,
average concentrations of nickel are below surface water criteria in RMW-10, and not
detectable in MW-4(0).

Zinc was detected in both of the Hilton Avenue wells. It was detected four times in RMW-
10, closest to the landfill, but did not exceed surface water criteria in any of these
measurements. In MW-4(0) zinc was detected twice, including one detection significantly
above the surface water criterion. This resulted in an estimated average exceedance ratio of
1.68X in this well. Due to the heterogeneity of the groundwater sampling data for zinc at
these wells, it is not clear whether the elevated zinc concentrations at MW-4(0O) are the result
of sampling and analysis artifacts, an off-Landfill source associated with the Olivine site, or
migration of Landfill area groundwater. For the contaminant fate and transport evaluations
conducted as part of the RI/FS, the elevated zinc concentrations were treated as Landfill-
related.

Contaminant Concentrations in Groundwater At the Foot of Hilton Avenue

Wells located at the foot of Hilton Avenue include RMW-2D and RMW-3D (see Figure 4-2).
Data for these wells are summarized in Table 4-10. '
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Well RMW-2D is located within the Landfill footprint, but the screen interval is below the
refuse layer. Concentrations of total chromium (average 0.098 mg/L) indicate the presence
of Landfill leachate, but at levels 16 times lower than typical Landfill leachate concentrations
(compare Table 4-10 values with those in Table 4-8) and over 8 times lower than the
concentrations measured in paired shallow well RMW-2 (see Appendix B). The relatively
low chromium-in this well despite its close proximity (less than 5 feet vertically) to the
Landfill refuse is explained by the “lagoon effect” as described in Section 6. As a result of
this effect, the main source of groundwater in the vicinity of RMW-2D is predicted to be
recharge from the lagoon, rather than downward migration of leachate from the Landfill
refuse located above the well screen interval.

Well RMW-3D is located beneath the clay landfill berm. This well is also within the lagoon
affect area but is located closest to the shoreline. Concentrations of total organic carbon and
total chromium concentrations are very similar to those measured in well RMW-2D.

Of the available analytical data, no contaminants were detected above surface water criteria
in well RMW-2D. In well RMW-3D, the only exceedances of surface water criteria were
cyanide and zinc. Each contaminant was detected above surface water criteria once. The
resulting exceedance ratios were calculated to be 1.04 for cyanide, and 0.37 for zinc. Both
ratios are well below 1.0X if flow-based attenuation between the well and the point of
exposure are taken into account (see Sections 6 and 7).

Contaminant Concentrations in Groundwater Along C-Street

Three pairs of groundwater monitoring wells between the landfill perimeter and the shoreline
of the Whatcom Waterway were monitored as part of the RUFS. The first well pair (RMW-
11 and RMW-11D) is located near the current property line between Georgia Pacific and BC
Investments. The second (MW-4(B) and RMW-12D) and third pairs (MW-3(B) and RMW-
13D) are located on the BC Investments property at increasing distances from the landfill.
All three well pairs include shallow and deep wells. Analytical data collected from these
three well pairs are summarized in Tables 4-11, 4-12 and 4-13, respectively.

Concentrations of total chromium and total organic carbon vary from relatively high
concentrations typical of Landfill area groundwater at wells RMW-11/RMW-11D to much
lower concentrations at the Whatcom Waterway shoreline. The concentration trends for these
leachate indicators are generally consistent with the predictions of the contaminant fate and
transport predictions described in Sections 6 and 7.

Leachate migration is projected by the groundwater modeling output (Section 6) to be
greatest in the deeper groundwater layers. The higher degree of attenuation in the shallow
groundwater is caused by meteoric recharge and the resultant dilution of leachate with non-
landfill waters. Consistent with this trend, the total chromium concentration declines more
rapidly in the shallow wells, dropping from 0.580 mg/L, to 0.015 between RMW-11 and
MW-4(B). In the corresponding deep wells, the concentrations of total chrome are higher
initially in RMW-11D (0.949 mg/L) and drop less abruptly with distance from the landfill
(total chromium concentration of 0.257 mg/L. at RMW-12D, and then to 0.105 mg/L at
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RMW-13D). Concentration trends in this area for total organic carbon are similar to those
of chromium.

Seven of the eleven Landfill contaminants of concern were detected one or more times above
the surface water ARARSs in well RMW-11, located adjacent to the Landfill. Contaminants
with exceedance ratios greater than 1.0X in this well included copper, lead, mercury, cyanide
and copper. Far fewer ARAR exceedences were noted in the deep well at this location,
RMW-11D. Only cyanide was detected above ARARs in this deep well. That compound was
detected above ARAR concentrations in 3 out of 5 samples analyzed.

The trends in copper concentrations suggest a non-Landfill contaminant source located on
the BC Investments property. Copper was never detected above ARAR concentrations in any
of the deep wells in this area. In contrast, the compound was detected above ARARs multiple
times in wells RMW-11 and MW-3(B). In well MW-3(B) the average copper concentration
was 6.8 times the corresponding surface water ARAR, and copper was detected above the
ARAR in all four of the samples analyzed. These results are generally consistent with the
results of previous analytical testing performed at the BC Investments property
(GeoEngineers 1992a, GeoEngineers 1992b). Those data indicated multiple detections of
elevated copper concentrations in groundwater at the BC Investments/Colony Wharf site.
Possible site-specific sources include non-refuse fill soils used at the property, former
foundry activities, and bottom paints from boat maintenance activities performed at the

property.

Concentrations of cyanide were detected above ARARSs one or more times in each of the six
wells. The average concentrations were slightly higher in the deep wells compared to the
shallow wells, suggesting a possible Landfill source for the contamination. Calculated
exceedance ratios for the C-street wells ranged from 1.0 to 1.5.

Elevated lead concentrations were noted above ARARs only in a single sample collected
from RMW-11. The presence of lead at this location is consistent with a potential Landfill
source for the contamination.

Mercury was detected twice above ARAR concentrations. Both detections were in shallow
soils, one sample from RMW-11 and one sample from MW-3(B). Due to the infrequent
nature of these detections, the source of the mercury couid not be reliably determined. The
lack of mercury detections in the deep wells along C-street suggest a non-Landfill source.
However, pending additional data, it is assumed for purposes of the RIUFS that the elevated
mercury concentrations in the C-street area are Landfill associated.

Contaminant Concentrations in Groundwater at the Foot of C-Street

Two pairs of RI/FS groundwater monitoring wells were located at the foot of C-street. One
pair (MW-55(C) and RMW-6D) was located near the GP/Chevron property line. The second
well pair (RMW-7 and RMW-7D) was installed on GP-owned property at the end of the C-
street right-of-way. Analytical data collected from these three well pairs are summarized in
Table 4-14.
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Flow modeling for the area at the foot of C-street indicated a strong lagoon effect, with
significant subsurface groundwater recharge from the lagoon area (see Section 6).The
influence of the lagoon effect is evident in the distribution of total chromium and total
organic carbon. Based on the proximity of wells MW-55(C) and RMW-6D to the landfill
refuse (less than 50 feet) the concentrations of these leachate indicator constituents would
be expected to be similar to those observed at wells RMW-11 and/or RMW-11D (also
located about 50 feet from the landfill refuse). Instead, the total chromium concentrations at
well MW-55(C) are almost 12 times lower than those in RMW-11, and the chromium
concentrations in RMW-6D are about 7 times lower than those in RMW-11D (compare
Tables 4-14 and 4-11).

Virtually no chromium was detected in wells RMW-7 and RMW-7D, consistent with the
lagoon effect. In the absence of this effect, the concentrations of total chromium in the wells
would be expected to be similar to those at well pair MW-4(B) / RMW-12D (see Table 4-

. 12). Rather, the total chromium concentrations are much lower in well RMW-7 than in MW-

4(B), and chromium was not detected at all in well RMW-7D.

In the two wells located adjacent to the landfill (MW-55(C) and RMW-6D), only two
contaminants were detected above ARARs. These included arsenic and cyanide. Arsenic was
detected in both the shallow and the deep well, and was measured above the natural
background concentration of 0.005 mg/L in all shallow samples analyzed. In the shallow well
the concentrations were substantially elevated (average exceedance ratio of 6.8X). In the
deep well, the concentrations were detected above background in only 2 of 3 samples
analyzed, and the average concentration was only 1.2X above background. The vertical
distribution of the arsenic is the reverse of that for total chromium (which is higher in the
deep well than in the shallow). The arsenic distribution strongly suggests a site-specific
contamination source for arsenic at the Chevron site, with some additional contribution by
the Landfill. In the two shoreline wells (RMW-7 and RMW-7D) the mean arsenic
concentration was below natural background concentrations for groundwater.

Cyanide was detected above ARAR concentrations only once at the Foot of Hilton Avenue.
Cyanide was detected in one of three samples analyzed from RMW-6(D). It is possible that
the cyanide represents a Landfill-associated contaminant, because cyanide has been detected
in the other areas adjacent to the Landfill, including both the C-street and Hilton Avenue
areas. The mean cyanide exceedance ratio for well RMW-6(D) was calculated to be
1.8X.Cyanide was below ARAR concentrations in all other wells at the foot of Hilton
including the two shoreline wells.

Copper was not detected in either wells MW-55(C) or RMW-6D located adjacent to the
Landfill. However, copper concentrations in shallow well RMW-7 were elevated, with four
out of four measurements exceeding the surface water ARAR, and an average exceedance
ratio of 1.9. The distribution of the contamination (present in shallow groundwater rather
than deep, and not detected adjacent to the Landfill) suggest a non-Landfill source of the
contamination at or near the Chevron property.
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4.3

Zinc was detected above surface water ARARS one time in well RMW-7. But average zinc
concentrations were below ARAR concentrations in all four of the wells at the Foot of
Hilton.

Sporadic detections of bis(2-ethylhexyl)phthalate were noted in the two deep wells (RMW-
6D and RMW-7D). The compound was detected once in each well. The calculated average
concentration for this compound was well below the Method B cleanup level in RMW-6(D).
The average concentration was approximately 1.4 times the more stringent sediment source
control value. In well RMW-7(D) the average concentrations of bis(2-ethylhexyl)phthalate
were also below the MTCA Method B cleanup level, but higher than the more stringent
sediment source control value. Given the sporadic detection of this compound, the high
frequency of sampling and analysis artifacts for this compound at low levels and the
observation that both detections (RMW-6D and RMW-7D) occurred during the same
sampling event, it is likely that the phthalate detections are the results of sampling and
analysis artifacts rather than migration of Landfill area groundwater.

Distribution of Landfill Gas

Testing data for Landfill gas (principally methane) are summarized in Table 4-15. Those data
include a screening survey for elevated methane concentrations in water table monitoring
wells located along the C-street and Hilton Avenue sides of the Landfill.

Methane concentrations were evaluated by measuring the combustible gases present in the
headspace of the monitoring well at each location. These data are reported as a percentage
of the lower explosive limit (LEL). Simultaneous measurements were also performed using
a photo-ionization detector to differentiate methane-associated gases from other possible

. volatile organic compound vapors. Methane was detectable only by the LEL meter used, but

not by the PID. The presence of methane is indicated by a high reading on the LEL, without
a corresponding high reading on the PID. In contrast, a gasoline hydrocarbon or solvent
vapor would produce an elevated reading on both instruments.

Readings for oxygen, carbon monoxide and hydrogen sulfide are also provided in Table 4-15.
Methane accumulations typically displace oxygen, resulting in readings well below typical
atmospheric oxygen values (20.5 to 20.9 percent). Carbon monoxide and hydrogen sulfide
can both be produced in landfills as part of the refuse decomposition process.

Headspace readings from each of the wells were screened by comparison to regulatory
reference values. A combustible gas limit of 10% of the LEL is defined as the maximum
cleanup level for any vapor-phase contamination under the recent MTCA amendments (see
WAC 173-340-750) . Worker safety regulations promulgated by the Occupational Safety and
Health Admimstration (OSHA) also establish permissible exposure limits (PEL) for carbon
monoxide and hydrogen sulfide. Both the MTCA cleanup levels and the OSHA standards
apply to areas where human exposure is possible. Such areas include buildings, enclosed
utility vaults and other structures in which persons could potentially be exposed to harmful
atmospheres. The monitoring wells used for the landfill gas measurements as part of the
RYFS are not such spaces, but were tested as indicators of the distribution of landfill gas and
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the potential of the gas to accumulate in enclosed spaces. Therefore, while the presence of
elevated gas levels in the monitoring well headspace does not indicate an exceedance of
MTCA cleanup levels or OSHA standards, it does provide an indication of where such
violations could potentially occur and where further evaluation and/or corrective actions are
appropriate under MTCA. -

The results of Landfill as testing confirmed the presence of methane, hydrogen sulfide and
carbon monoxide in wells located within the Landfill refuse. These findings are consistent
with earlier testing performed as part of the Warehouse project. Methane concentrations in
some wells both on and off of the Landfill exceeded 100% of the LEL.

Elevated levels of hydrogen sulfide and carbon monoxide, as well as depressed levels of
oxygen were noted in those wells that had elevated methane concentrations (Table 4-15).
These findings are consistent with a Landfill source for the detected methane. Other methane
sources (e.g., leakage from natural gas piping) would not produce elevated carbon monoxide
and hydrogen sulfide concentrations, whereas these compounds are commonly associated
with landfill gas. :

‘The migration of the Landfill gas was greater in the C-street area southeast of the Landfill
than in the Hilton Avenue area northwest of the Landfill. In the C-street area methane gas
concentrations in excess of 10% of the LEL were noted to distances of nearly 200 feet from
the Landfill refuse perimeter. In contrast, along the Hilton Avenue side of the Landfill, no
gas concentrations above 10% of the LEL were noted in wells as close as 60 and 90 feet to
the Landfill refuse boundary.

The differences in Landfill gas migration along the C-street and Hilton Avenue may result
from two or more factors. First, the Landfill refuse layer is thinner along the Hilton Avenue
refuse boundary than along the C-street refuse boundary. The additional thickness along the
C-street boundary means that there is a greater quantity of refuse present and as a result an
increased potential for methane production. Second, the relative extent of paving and capping
is greater along C-street than along Hilton Avenue. In the Hilton Avenue area, paving is
limited to small portions of the Hawley’s Hilton, GP Warehouse yard and Sanitary Services
properties. Along the C-street side of the Landfill, paving and/or buildings cover much
greater portions of the GP, and BC Investments properties (see Figure 2-1). The
unpaved/uncapped areas along Hilton Avenue provide a mechanism for gas accumulations
to dissipate rather than accumulating and migrating laterally. Development actions at the
Sanitary Services, GP or Port of Bellingham properties could increase paving/capping in
these areas and change the pattemns of landfill gas migration.
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Table 4-1 Monitoring Well Tidal Efficiency

Tidal Study Round 1
: Minimum | Maximum |  Net Tidal | .. | Lag
Well Location Elevation | Elevation ; Fluctuation | Efficiency ; Cvcle ! Time
(MLLW) | (MLLW) {feet) % (hrs:min)
Transect A
RMW-2 NA NA NA NA High NT
Low
RMW-2D NA NA NA NA High NT
] Low
RMW3D | 7.52 9.23 1.71 2066 | High | 0:40
: ! Low | 040
Transect B 4' E
RMW-7 5.96 8.83 2.87 . 26.54 High | 0:30
Low | 1:30
RMW-7D 4.7 8.54 3.84 4375 High | 0:50
! Low | 0:50
RMW-6D | 824 9.89 1.65 .19.79 High | 2:10
i 1 Low | 2:00
MWSS(C) : NA NA NA NA | High i NT
Low :
i ! % ’
Transect C ; i : .
MW-3B 7.10 8.02 0.92 9.68 High | 1:00
Low  1:00
RMW-10 NA NA NA NA High | NT
Low
MW-4(0O) 6.27 8.45 2.18 24.98 High 0:30
Low 0:40
Transect D .
RMW-13D  : 4.88 8.47 3.59 41.27 High 0:30
; " Low "0:30,
Tidal Stilling Gauge! Staff Gauge
Stilling Gauge 1 9.39 8.39 100 NA NA
Other Wells for Piezometric Monitoring
MW-3(0) 7.53 8.17 . 0.64 8.69 High 2:20
\ Low 2:30
MW-1E NA NA NA NA High NT
| Low
NOTES:

NA - Not Applicablc. Tidal efficiency is zero or too small to be calculated from data.
NT - No lag time trend was observed in data for these wells.
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Remedial Invéstigation & Feasibility Study for the Roeder Avenue Landfill

Table 4-1 (Cont’d)

Tidal Study Round 2
Minimum | Maximum Net Tidal Tid l Lag
Well Location | Elevation | Elevation ! Fluctuation | Efficiency c c?e , Time
(MLLW) | (MLLW) (feet) (%) YC'e . (hrs:min)

Tidal Stilling Gauge/Staff Gauge
Stilling Gauge | -028 | . 8.62 8.9 100 NA i NA

!

Other Wells for Piczometric Monitoring i
MW-12A(C) | 7.04 836 | 132 1.04 High @ 1.05
i Low | 135
MW-7A(C) 6.72 8.64 1.92 8.80 High [ 0:50
) Low | 2:15

|
MW.50(C) 7.58 7.96 0.38 1.72 High ; NT

Low 5
MW.-53(C) NA NA NA NA High i NT

Low |
MW-60(C) 5.88 8.20 2.32 22.85 High | 045
Low | 0:40

i H
MW-10A(C) | 7.63 7.94 0.31 3.16 High | NT

. Low |
MW-11A NA NA | Na NA High | NT

: : Low

MW-IB | 4.63 805  3.42 32.17 High 1:45
| E ' Low 1:30
MW-10B NA NA . NA NA High i NT

| - Low |
MW-12B | NA NA | NA NA High NT

i; Low
NOTES:

NA - Not Applicable. Tidal efficiency is zero or too small to be calculated from data.
NT - No lag time trend was observed in data for these wells.
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Remedial Investigation & Feasibility Study for the Roeder Avenue Landfill

Table 4-1 (Cont’d)

Preliminary Gauging
Tidal
Well Efficiency

(%)
MW-4(B) NA
MW-5(B) NA
MW-7(B) NA
MW-8(B) ' NA
MW-19(B) NA
MW-1(0) NA
MW-98-1(GW) NA
RGP-1(W) . NA
RGP-2(W0 i NA
RGP-3(W) NA
RGP-4(W) NA
RMW-1 NA
RMW-4 NA
RMW-5 NA
RMW-§ NA
RMW-9 NA
RMW-11 NA
RMW-11D NA:
RMW-12D . NA
RMW-14 { NA
RMW-15 i NA
RMW-16 NA
RMW-17 NA
RMW-18 NA
RMW-20 NA

NOTES: o _
NA - Not Applicable. Tidal efficiency is zero or too small to be calculated from data.

Findings of Field Investigations



Table 4-2 Monitor Well Hydraulic Conductivity Values

Conductivity estimates obtained from tidal study values are expected to represent the high range for the geologic

. Tidal Stud
Slug Test Hydraulic Hy draulicy
Well Conductivity (ft/id) Conductivity Geologic Unit
Injection Withdrawal (ft/d)
Transect A-Shallow
RMW-1 Not tested <28 Not applicable Refuse
RMW-2 Not tested 16 Not applicable Refuse
Transect A-Deep
RMW-2D 21 21 Not applicable Sand
RMW-3D Not tested 40 Not applicable Sand
Transect B - Shallow
MW-55(C) Not tested 65 Not applicable Sand and Soil Fill
RMW-7 Not tested 71 Not applicable Sand and Seil Fill
Transect B - Deep
RMW-6D Not tested 6.2 Not applicable Sand
RMW-7D 4.8 Not tested 187 Sand
Transect C - Shallow
RMW-10 Not tested 42 Not applicable Sand and Soil Fill
RMW-38 Not tested 74 Not applicable Refuse
RMW-9 Not tested 62 Not applicable Refuse
MW-4(0) Not tested 85 432 Sand and Soil Fill
Transect D -Shallow :
RMW-11 Not tested <28 Not applicable Sand and Soil Fill
MW-3(B) Not tested 156 207 Sand and Soeil Fill
MW-4(B) Not tested 91 Not applicable Sand and Soil Fill
MW-8(B) Not tested 45 Not applicable Sand and Soil Fill
Transect D - Deep
' RMW-13D 34 34 567 Sand
RMW-11D Not tested 19 Not applicable Sand
RMW-12D Not tested 59° Not applicable Sand
Other
MW-60(C) Not tested Not tested 1,474 Sand and Soil Fill
RMW-4 Not tested 91 Not applicable Sand and Refuse
RMW-5 Not tested 397 Not applicable ] Refuse
RMW-14 Not tested - 68 Not applicable Sand and Glacial Marine Drift
RMW-15 Not tested 65 Not applicable Sand and Soil Fill
RMW-16 Not tested 68 Not applicable Sand and Refuse
RMW-17 Not tested 28 Not applicable Refuse
RMW-18 Not tested 68 Not applicable Sand and Soil Fill
Notes:

unit. As discussed in the text, the tidal study calculations for conductivity require specific yield for the
geologic units to be assumed based on literature data and seil type,




Remedial Investigation & Feasibility Study for the Roeder Avenue Landfill

S i
i

Table 4-3 Summary of Average Groundwater Gradients and Velocities

Transect Location Measurement Measured Gradients (ft/ft) Estimated Flow Velocitles (ft/day) 19
Period Landfill Moundto | Landfill Edgeto | Landfill Mound to Landfill Edge to
Shorefine™ | Shoreline™ Shoreline Shoreline ™
i
Transect A (Deep Wells) | RMW-20 / RMW-30 ! RMW-2D / RMW-3D
(Bereath Landfili Berm, Toward I1&J Walerway)  |Wel Season ;
Feb-98 0.0115 i P 0.7 -0
Apr-99 0.0153 ; B io -
Dry Season '
Nov-98 0.6094 P 0.6 : —
Aug-99 - i - _ i _m
Nov-99 _ : _ _m : n
Transect B RGP-4/RMW-T | MW-55(C)/ RMW-T RGP-4{ RMW.T MW.55(C) / RMW-T
fAcross Chevron, Toward Whatcom Waterway) Wel Season :
Feb-99 0.0126 | 0.0134 3.1 a3
Apr-99 0.0133 | 0.0102 3.3 25
Dry Season i H
Nov-98 0.0058 : 0.0059 1.4 f 14
Aug-99 - : 0.0107 - i 26
Nov-99 - i - - —
Transect B (Deep Weils) . | RMW.6D/RMW.-TD RMW-6D / RMW-7D
(Across Chevren, Toward Whatcom Walerway) Wet Season ! .
Feb-99 - : 0.012 -l i 0.8
- Apr-99 - . 0.023 ¢l 1.5
ADry Season H
Nov-98 - ' 0.017 . fE 14
Aug-99 - i 0.022 8 14
Nov-99 —H ; -~ _Hl _
Transect C RMW.8 / MW-4(0) | RMW-10/ MW-(O} RMW-8 / MW-4(0) RMW-10 f MW-4(0)
(Acioss Olivine Site, Toward 1&J Waterway} Wet Season
Feb-99 0,0087 0.0113 2.1 2.8
Apr-89 0.009% 0.0123 2.4 3.0
Dry Season
Nov-98 0.0054 0.0050 1.3 1.2
Aug-99 - 0.0068 - 1.7
Nov-99 — 0.0063 - 1.5
[Transect D RGP-1 TNW-3(B) | RWMW-T1TMWI(B) RGP-11 MW-3(B) RIAW-117 MW-3(B} |
{Across BMI, Toward Whatcom Waterway) Wet Season
Feb-89 - - - f -
Apr-99 0.0108 0.0052 27 ( i3
Dry Season '
Nov-98 0.0058 0.0033 1.4 0.8
Aug-99 - 0.0040 - 1.0
Nov-99 - . 0.0047 -~ 1.2
Transect D (Deep Wells) : RMW-11D { RMW-13D RMW-t1D/ RMW-13D
{Across BMI, Toward Whatcom Waterway) Wet Season
Feb-99 =l - _nl _
Apr-99 —ul 0.0084 Bl 0.5
Dry Season
Nov-98 -" 0.0047 -" 0.3
Aug-99 - 0.0070 © 0.4
Nov-99 - 0,0063 —Fl 0.4

Notes:

These gradients are presented for comparative purposes only. Actual groundwater flow velocities and travel imes will be determined using the completed

groundwater model. In this table the term "shoreline” is used to reference the well closést to the shoreline, not the point of actual groundwater discharge.

—: Some gradients could not be calculated due to well abandonment as anticipated in the RVFS Work Plan.

1. These gradients & velocities are calculated between the approximate center of the Landfill mound and the well closest to the shoreline.

2. These gradients are calculated between the edge of the Landfill and the monitoring well closest to the shoreline. These gradients are anticipated
to determine flow velocity and travel times between the edge of the Landfill and the shoreline.

3. Monitoring well RMW-30 is located along the Landfill Berm {edge of Landfilf), near the shoreline.

4. Flow velocities have been calculated assuming a porosity of 0.3, and assuming hydraulic conductiviies of 74 feat per day for the refuse and soil
fill units and of 19 feet per day for the native sand unit. Final velocities will be determinéd using the findings of groundwater modeling.

5. No deep wells are present within the Landfill area along transects B and D.
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Remedial Investigation & Feasibility Study for the Roeder Avenue Landfill

Table 4-4 Paired Monitoring Well Water Level Elevations & Gradients

Well Relative Well Depth - Water Level Water Level
Pair Date S = Shallow Elevation Elevation Gradient Direction
D =Deep (ft. above MLLW) Difference (ft)
Transect A — Within Landfill (RMW-2 / RMW-2D)
RMW-2 S 1071
RMW.2D Nov.98 D 0.43 1.28 Down
RMW-Z S 1430
RMW-2D Feb-99 D 11.96 2.34 POWn
RMW-2 s 13.33
RMW-2D Apr-99 b 10.98 . 2.35 Down
Transect B — Edge of Landfill {MW-55(C) / RMW-6D)
MW-55(C)- s 8.33
RMW-6D Nov-98 D 8.65 -0.32 Up
MWS5(C) S 10.27
RMW.6D Feb-99 D 1013 0.14 Down
MVW-55(C) 3 8.51
RMW-6D Apr-99 D 9.11 -0.60 Up
MW-E5(C) 5 9.16
RMW-6D Aug-99 D 8.69 047 Down
Transect B — Shoreline Area (RMW-7 / RMW-7D)
RMW-7 ' 5 754
RMW-7D Nov-98 o 635 1.19 Down
RMW-7 S 8.46
MWD Feb-99 o 845 0.03 up
RNWT 5 713
g 1.14
RMW-7D Apr-99 D 5.99 Down
RMW-7 3 771
. 0
RMW-7D Aug-99 o 570 2.01 Down
RMW-7 s 771
. 1.45
RMW-7D Nov-99 D 6.28 4 Down
Transect D - Edge of Landfill (RMW-11/ RMW-11D)
RMW-11 3 a7
. -0.01 u
RMW-11D Nov-98 b 872 p
RMW-11 S 10.27
y . 0.01
RMW-11D Apr-99 D 10.28 Up
RMW-31 S 942
j 0,04
RMW-11D Aug-99 D 9.46 Up
RMW-11 S 985
- .08
RMW-11D Nov-99 D 977 o Down
Transect D — Intermediate Location (MW-4(B) / RMW-12D)
NW-4{B) s a.04 0 ~
RMW-12D Nov-98 D 8.04
MW-4{B) 3 957 ~
RMW-12D Feb-99 o 957 0
MW-4(B) S 9.43
RMW-120 Apr-99 D 941 0.02 Down
MW={B) 5 837
1RMW-120 Aug-89 D 8.39 -0.02 Up
MW-4(B) ] 3 3.39
RMW-12D Nov-99 D 8.65 026 Up
Transect D -- Shoreline Area (MW-3(B) / RMW-13D)
MW.3(B) : s 7.5 0.6 o
lRMW-‘IsD Nov-98 D 646 - own
MW-3(8) s 354 0.89
RMW-iaD | Fep9e D 7.65 : Down
MW-3(B) 3 737 50
RMW-13D Apr-89 D 6.27 - Down
MW-3(B) 5 7.51
B 1.29 Dow
RMW-13D Aug-89 D 6.12 n
MW-3(B) s 7.60
-8 0.85 Down
RMW-13D Nov-89 D " 875

Findings of Field Investigations
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1 Table4-5 Revised Landfill COC List

Contaminants of Maximum Exceedance Ratio
Concern
Landfill | 1&J Waterway Shoreline Whatcom Waterway
Wells Shoreline
Transect A | Transect C | Transect B | TransectD
Arsenic 6.8 <1 <1 <1 <1
Copper 6.1 -o<1 <1 29M 971
Lead 16 <1 <1 <1 <1
Mercury 2.0 <1 <1 <1 2.0
Nickel 4.9 <1 <1 <1 <1
Zinc ' 5.4 1.1 6.6 1.6 <1
WAD Cyanide 10 1.8 <1 <1 2.9
Diesel Hydrocarbons 8.0 <1 <1 <14 <1
Pentachlorophenol 224 9 <1 <1 <1 <1
Bis(2- 1.3 <1 1.5 2.4 .o<1
ethylhexyl)phthalate
1,4-Dichlorobenzene 6.2 <1 <1 <1 <1
Notes:

1. Elevated copper concentrations along the shoreline at Transect D appear to be attributable to
non-Landfill contaminant sources on the BMI property. Elevated copper and arsenic
concentrations have also be detected at the Chevron property in shallow groundwater.

2. Additional sources of petroleum hydrocarbon contamination are known to exist at the Chevron
site. Areas along the Whatcom Waterway with existing contamination attributable to Chevron
sources are not included in this value. .

3. Pentachlorophenol was detected in only one well out of the 22 that were monitored during the
RI/FS. The exceedence factor shown here is representative of only this one well (RGP-3)

4. Zinc was detected above ARARs at the location in only one of four sampling events, Zinc was
not detected above ARARs at RMW-10, located in between the shoreline and the Landfill
boundary.
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Table 4-6. Surface Water Criteria and Statistical Methods for Evaluating Compliance

Contaminant

Contramng Surface Water Standard

MTCA Criteria for Potable Groundwater Appropriate  |Compliance Monitoring Notes
{Applicable to Point of Exposure) " (Not Applicable per WAC 173-160-205)"] Basis for
Basis for Criteria Concentration |Basis for Criteria Concentration Compliance
{mgiL) (mg/L) Monitoring
Semivolatile Organics
1,4-Dichlorobenzene Method B Surface Water 0.00486 Method B Groundwater 0.00182 |Mean Carcinogen -- Use mean to assess compliance.
Bis(2-Ethylhexyl)phthalate |Method B Surface Water 0.00356 Method B Groundwater 0.00625 [Mean Carcinogen - Use mean to assess compliance.
Sediment Source Control 0.00070 B
PCP Method B Surface Water 0.00491 Method B Groundwater 0.000729 |Mean Carcinogen — Use maan to assess compliance.
Petroleum Hydrocarbons
Diesel MTCA Method A and Most 0.5 @ [MTCA Method A 05 |UCL UCL appropriate for evaluation of potential acute effects to
Stringant Toxicity Data Groundwater ecological receptors.
Conventionals -

WAD Cyanide WAC 173-201A 0.0028 Method B Groundwater 0.32 [Mean Compliance evaluated using mean concentration. For point
sources, the one-hour average is not to be exceeded more
than once every three years on average.

Heavy Metals

Arsenic Natura! background 0.005 Pl |Natural background 0.005 t0 0.015 Bl{Mean Carcinogen ~ Use mean to assess compliance.

Copper WAC 173-201A 0:0031 Methcd B Groundwater 0.592 [Mean Compliance evaluated using mean concentration. For point
sources, the monthly average is not to be exceeded more
than once per three years on average.

Lead WAC 173-201A 0.0081 Method A Groundwater 0.005 |Mean - Compliance evaluated using mean concentration. For point
sources, the monthly average is not to be exceeded more
than once per three years on average.

Mercury Natural background 0.00005 Method B Groundwater 0.0048 (UCL Non-carcinogen - use 95% UCL and statistical tests to

. assess compliance

Nickel WAC 173-201A 0.0082 Method B Groundwater 0.32 [Mean Compliance evaluated using mean concentration. For point
sources, the monthly average is not to be exceeded more
than once per three years on average.

Zinc WAC 173-201A 0.081 Method B Groundwater 4.8 [Mean Compliance evaluated using mean concentration. For point
sources, the monthly average is not to be exceeded more
than once per three years on average.

Notes:

1. Surface water criteria are applicable only at the Point of Exposure. However, concentrations in groundwater must be protective of surface water.Attenuation factors determined during the
remedial investigation (see Sections 6 and 7) may be used to determing groundwater concentrations that will prevent exceedance of surface waler criteria at the point of exposure.

N

. The MTCA regulations and ARAR do not provide a surface water standard for diesel-range petroleum hydrocarbons. As described in Section 2.4 the use of the 0.5 mg/L MTCA Method A

cleanup level for diesel was selected for use as a screening level in the RIFS after review of aquatic toxicity test data for petroleum hydrocarbons. See Section 2.4 for the scientific basis for this
screening level and for a discussion of what actions could be conducted if the development of a less stringent site-specific standard is desired.
3. Arsenic is naturally-occuring in Washington state groundwater at concentrations typically between 0.005 and 0.015 mg/L. Criteria applied
to groundwater discharging at the Point of Exposure should be adjusted to between 0.005 and 0.015 mg/L to account for natural background influences,
4. These groundwater cleanup levels specified under MTCA for use where groundwater s a potential current or future source of drinking water are not applicable to the Landfill site, but are
provided here for reference. In most cases the surface water standard is equal to or more stringent than the correspending drinking-water based groundwater standard.
5. Sediment source control calculations (Section 7) suggest that the surface water cleanup level for bis(2-ethylhexyl)phthalate as applied to groundwater discharging into the point of exposure may need
to be reduced by 5X to prevent sediment recontamination. Both the surface water cleanup level and the sediment source control value are shown here. The influences of soiliwater partitioning on the
altenuation of phthalates between the Landfill and the point of exposure are discussed in Section 7.




h . Table 4-7. Landfill Wells Included in Statistical Analysis of Landfill Groundwater

RI/FS Work 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter Total All
Plan Sampling Sampling Resampling Sampling Sampling Sampling
Jul-98 Feb-99 - Mar-99 - Apr-99 Aug-99 Nov-99 Events
Semivolatile Organics
RGP-1; 1 2 1 4
RGP-2: 1 1
RGP-3: 1 1 1 1 4
RGP-4; 1 1
RMW-1: 1 1 2
RMW-2: 1 1 2
RMW-9: 1 1 2 1 1 6
Total All Refuse Wells 20
Heavy Metals
RGP-1: 1 2 1 4
RGP-2: 2 2
RGP-3: 1 1 1 3
RGP-4. 1 1
RMW-1; 1 1 2
RMW-2: 1 1 . 2
RMW-9: 1 2 1 1 5
Total All Refuse Wells 19
Petroleum Hydrocarbons
RGP-1: 1 2 1 4
RGP-2: 2 ) 2
RGP-3: 1 1 1 3
RGP-4. 1 1
RMW-1: 1 . 1 2
RMW-2: 1. 1 2
RMW.-9: 1 2 1 1 5
Total All Refuse Wells 19
WAD Cyanide
RGP-1: i* 2 1 3
RGP-2: 2* 0
RGP-3: 1 1 1 2
RGP-4. 1™ 0
RMW-1: 1 1 2
RMW.2: 1 1 2
RMW-9: 1 2 1 1 5
Total All Refuse Wells 14
Notes:

Duplicate anlayses are indicated by a "2" in the column for the specific sampling event.

* Initial cyanide measurements coliected during July of 1998 were performed using the "total cyanide
analysis protocol, rather than the WAD cyanide sampling protocol. These analyses were not
included in the statistical analysis of landfill leachate, because the total cyanide test tends to
overestimate the cyanide concentration measureable using the WAD cyanide testing protocal.




Table 4-8. Statistical Analysis of Landfill Groundwater Data -- Direct Discharge Scenario

ARAR Number of | Numberof| Numberof | % of Samples| Minimum | Maximum | Maximum Non-Detects = One-half the Reporting Limit
Groundwater Parameter Value Samples | Detections ARAR with ARAR Value Value Exceed. || Arithmetic | Geometric | Mean as [|Mean Exceedance Ratios'!
Exceedances | Exceedances || (inicuding D) | (inlcuding DL) Ratio Mean Mean 95% UCL|| (Ar. Mean) |(95% UCL)

Contaminants Above ARARS

1,4-Dichiorobenzene (ug/L) 4,86 20 12 8 40.0% 1 18 3.7 5.30 2.26 7.82 1.09 163

Arsenic 0.005 19 15 4 21.1% 0.001 0.034 6.8 0.0054 0.0028 0.0081 11 1.8

Diesel Range Hydrocarbons 0.5 19 15 10 52.6% 025 4 8.0 1.08 0.62 1.60 217 3.20

Lead 0.0081 1% 12 6 31.6% 0.001 0.13 16.0 0.0144 0.0034 0.0280 1.8 35

Mercury 0.00005 19 2 2 10.5% 0.0001 0.0002 4.0 0.00006 0.00006 0.00007 1.21 1.40

Pentachlerophenal (ugil) 4.91 20 2 2 10.0% 5 640 130.3 52.8 4.2 123.2 10.7 251

Weak Acid Dissoc. Cyanide 0.0028 14 3 3 21.4% 0.004 0.029 10.4 0.0048 0.0038 0.0086 17 3.1

Zinc 0.081 18 18 4 21.1% 0.004 0.44 5.4 0.081 0.033 0.136 1.00 1.68
Contaminants Below ARARS .

Bis(2-Ethylhexyl)phthalate (ug/L) 3.56 20 B8 2 10.0% 1 7.8 22 1.52 0.86 233 0.43 0.65

Bis(2-Ethylhexy!)phthalate {ug/L) 070 M 20 8 8 40.0% 1 7.8 1.1 1.52 0.95 2.33 217 333

Copper 0.0031 19 5 4 21.1% 0.002 0.019 6.1 0.0026 0.0016 0.0045 0.85 1.48

Nicke! 0.0082 19 2 2 10.5% 0.01 0.04 4.9 0.0071 0.00538 0.0107 0.87 131
Leachate Indicators

Total Chromium 162 19 17 0 0.0% 0.005 9.78 0.1 1.62 0.19 2.84 0.01 0.02

Total Organic Carbon — 14 14 na na 16 520 na 121.2 62.4 200.5 na na

Note:
UCL: Upper confidence limit

Centaminant concentrations are shown in units of mg/L unless otherwise indicated. Semivolatile organics are shown in units of micrograms per liter.
See Table 4-7 for a summary of analytical data included in statistical analysis of landfill groundwater quality. See Table 4-6 for a description of the cleanup levels,
1. Based on the results of sediment source centrol analyses performed as described in Section 7, the surface water ARAR for bis(2-ethylhexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 to 0.71 ug/L) in order to
be protective of marine sediment concentrations. Statistical calculations are shown both for the surface water ARAR (MTCA Method B Surface water cleanup level) and for the lower sediment source-control value.
2. The exceedance ratio is a direct comparison of the mean or UCL groundwater concentrations with the surface water cleanup level or ARAR defined In Section 2.4 and Table 4-6 for the point-of-exposure. A ratio equal to or less
than 1.0 Indicates that the mean or UCL concentration at the specified montoring locations would be protective of surface water receptors if this water discharged without attenuation into the point-of-exposure.




Table 4-9. Stitistical Analysis of Groundwater Data -- Hilton Avenue

ARAR Number of | Number of[ Number of | % of Samples|| Minimum | Maximum | Maximum Nen-Detects = One-half the Reparting Limit
\Wel Parameter Value Samples | Delections|  ARAR with ARAR Value Value Exceed. (| Arithmetic | Geometric| Maan as || Well Exceedance Ratios™
Exceedences | Exceedences|| (intcuding DL) || (inlcuding DL) Ratio Mean Mean 95% UCL || (Ar. Mean) | (95% UCL).
Well RMW-10 Analytical Data
Contaminants Above ARARS In Leachate
1.4-Dichlorobenzene (ug/L) 4.86 4 0 0 0.0% 1 1 nd 0.500 0.500 nd nd nd
Arsenic 0.008 4 2 0 0.0% 0.001 0.001 0.2 0.0008 0.0007 0.0010 0.15 0.21
Diesel Range Hydrocarbons 0.5 4 1 0 0.0% 0.28 0.25 0.5 0,156 0,149 0,217 0.31 0.43
Lead '0.0081 4 0 0 0.0% 0.001 0.001 nd 0.0005 0,0008 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenol (ug/L) 4.1 4 0 0 0.0% 5 5 nd 2.50 2.50 nd nd nd
Weak Acid Disscc. Cyanide 0.0028 4 0 0 0.0% 0.005 0.005 nd 0.0025 0.0025 nd nd nd
Zinc 0.081 4 4 0 0.0% 0.006 0.008 0.1 0.0068 0.0067 0.0077 0.08 0.09
Contaminants Below ARARs In Leachate
Bis{2-Ethylhexyl)phthalate (ug/L) 3.56 4 1 1 25.0% 1 5.8 1.6 1.82 0.92 4.42 0.51 1.24
Bis(2-Ethylhexyl)phthalate (ugl) | o070 M 4 1 1 25.0% 1 5.8 8.3 1.83 0.92 4.42 2.61 6.32
Copper 0.0031 4 0 0 " 0.0% 0,002 0.002 nd 0.0010 0.0010 nd nd nd
Nicke] 0.0082 4 1 1 25.0% 0.01 0.01 1.2 0.0063 0.0058 0.0087 0.8 1.4
Leachate Indicators
Total Chromium 162 4 4 0 0.0% 0.075 0.16 0.0 0.105 0.100 0.142 0.00065 0.00088
Total Organic Carbon — 4 4 0 0.0% 23 29 na 27.00 26.88 29.77 na na
Well MW-4(O) Analytical Data
Contaminants Above ARARs In Leachate
1,4-Dichiorobenzene (ug/L) 4.86 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 4 o] 4] 0.0% 0.001 0.001 nd 0.0005 0.0005 nd nd nd
Diesel Range Hydrocarbons 0.5 4 0 0 0.0% 0.25 0.25 nd 0.1250 0.1250 nd nd nd
Lead : 0.0081 4 0 0 0.0% Q.001 0.001 nd 0.0005 0.0005 nd nd nd
Mercury 0.00005 4 o] 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlerophenol (ug/L) 4.91 4 0 0 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 4 0 0 0.0% 0.005 0.005 nd 0.0025 0.0025 nd nd nd
Zine 0.081 4 2 1 25.0% 0.004 0.531 8.6 0.1360 0.0126 0.3941 1.68 4,87
Contaminants Below ARARs In Leachate
Bis(2-Ethylhexyl)phthalate {ug/L) 3.56 4 2 1 25.0% 1 5.5 1.5 2.1250 1.2878 4.4363 0.60 125
Bis(2-Ethylhexyl)phthalate (ug/L) o7o 1 4 2 2 50.0% 1 55 7.9 || 2.1250 1.2878 | 4.4363 3.04 8.34
Copper 0.0031 4 0 0 0.0% 0.002 - 0.002 nd 0.0010 0.0010 nd nd nd
Nicke! 0.0082 4 o] 0 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicators
Total Chromium 162 4 0 0.0% 0.028 0.045 0.0 0.0365 0.03560 0.0438 0.00023 0.00027
Total Organic Carbon _— 4 4 0 0.0% 24 28 na 25.5000 25.4471 25,5600 na na

Note:

UCL: Upper confidence limit )

Contaminant concentrations are shown in units of mg/L unless otherwise indicated. Semivolatile organics ara shown in units of micrograms per liter.

Ses Appendix B for raw analytical data included in statistical analysls. See Table 4-6 for a description of the cleanup levels.

1. Based on the resuits of sediment source control analyses performed as described in Section 7, the surface water ARAR for bis(2-ethylhexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 {0 0.71 ug/L)
be protective of marine sediment concentrations. Statistical calculations are shawn both for the surface water ARAR (MTCA Method B Surface water cleanup level) and for the lower sediment source-control value.

2. The exceedance ratio Is a direct comparison of the mean or UCL groundwater concentrations with the surface water cleanup leve! or ARAR defined in Section 2.4 and Table 4-6 for the point-of-exposure. A ratio equal
or less than 1.0 indicates that the mean or UCL concentration at the specified montoring locations would be protective of surface water receptors if this water discharged without attenuation into the point-of-exposure.



Table 4-1v. «_.istical Analysis of Groundwater Data ~ Foot of Hilton

ARAR Number of| Number of] Number of | % of Samples|| Miimum | Maximum | Maximum Non-Detects = One-half the Reporting Limit
Wel Parameter Value Samples | Detections|  ARAR with ARAR Value Value Exceed. || Arithmetic | Geometric| Mean as || Exceedance Ratios”
] ‘ Exceedences | Exceedences || (inlcuding DL) || (inteuding DL) Ratio Mean Mean 95% UGL || (Ar. Mean) | (95% UGL)
Well RMW-2D Analytical Data
Contaminants Above ARARS in Leachate
1.4-Dichlerobenzene {ug/L) 4.86 2 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 2 2 0 0.0% 0.002 0.002 0.4 0.0020 0.0020 0.0020 0.40 0.40
Diesel Range Hydrocarbons 0.5 2 0 0 0.0% 0.25 0.25 nd 0.1250 0.1250 nd nd nd
Lead 0.0081 2 v} 0 0.0% 0.001 0.001 nd 0.0005 0.0005 nd nd nd
Mercury 0.00005 2 Q o] 0.0% 0.0001 0.0001 nd 0.0001 0.0001 nd nd nd
Pentachlorophenc! (ugit) 4.91 2 0 0 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 2 0 0 0.0% 0.005 0.005 nd 0.0025 0.0025 nd nd nd
Zine 0.081 2 1 0 0.0% 0.004 0.007 0.1 0.0045 0.0037 0.0094 0.06 0.1
Contaminanis Below ARARs In Leachats
Bis(2-Ethylhexyl)phthalate {ug/l) 3.56 2 0 0 0.0% 1 1 nd 0,5000 0.5000 nd nd nd
Bis(2-Ethylhexyl)phthalate (ugil) || 070 ™ 2 0 0 0.0% 1 1 nd 0.5000 | 0.5000 nd nd nd
Copper 0.0031 2 0 0 0.0% 0.002 0.002 nd 0.0010 0.0010 nd nd nd
Nickel 0.0082 2 0 0 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicators .
Tota! Chromium 162 2 2 0 0.0% 0.087 0.109 c.0 0.098 0.097 0.120 0.00060 0.00074
Total Organic Carbon — 2 2 o] 0.0% 64 69 na 64.50 64.50 65.48 na na
Well RMW-3D Analytical Data
Contaminants Above ARARs in Leachate
1,4-Dichlorobenzene (ug/L) 4.86 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 4 3 0 0.0% 0.001 0.001 0.2 0.0009 0.0008 0.0011 - 0,18 0.22
Diesel Range Hydrocarbons 0.5 4 0 0 0.0% 0.25 0.25 nd 0.1250 0.1250 nd nd nd
Lead 0.0081 4 0 0 0.0% 0.001 0.001 nd 0.0005 0,0005 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenal (ugfl) 4,91 4 0 0 0.0% 5 5 nd 2.5000 2,5000 nd nd nd
Weak Acid Dissoc. Cyanide 0,0028 5 1 1 20.0% 0.004 0.005 1.8 0.0029 0,0027 0,0039 1.04 1.41
Zinc 0.081 4 3 1 '+ 25.0% 0.006 0.09 1.1 0.0300 0.0149 0.0695 0.37 0.86
Contaminants Below ARARs In Leachate
Bis(2-Ethylhexyl)phthalate (ug/L) 3.56 4 2 0 0.0% 1 3.3 0.9 1.4250 | 1.0367 | 2.7186 0.40 0.76
Bis(2-Ethylhexyl)phthatate ug/L) | o070 1 4 2 2 50.0% 1 3.3 4.7 1.4250 | 1.0367 | 27186 2.04 3.88
Copper 0.0031 4 1] a] 0.0% 0,002 0.002 nd 0.0010 0.0010 nd nd nd
Nickel 0.0082 4 0 0 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicators
Total Chromium 162 4 4 o] 0.0% 0.071 0.108 0.0 . 0.0833 0.0823 0.0979 0.00051 0.00060
Total Organic Carbon — 4 4 0 0.0% 58 72 na 64.2500 | 64.0098 | 70.5694 na na

Note: -
Contaminant concentrations are shown in units of mg/L unless otherwise indicated. Semivolatile organics are shown in units of micrograms per liter.
See Appendix B for raw analytical data included in stafistical analysis. See Table 4-6 for a description of the cleanup levels.
1. Based on the results of sediment source control analyses performed as described in Section 7, the surface water ARAR for bis{2-ethylhexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 to 0.71 ug/L)
ba protective of marine sediment concentrations. Statistical calculations are shown both for the surface water ARAR (MTCA Method B Surface water cleanup level) and for the lower sediment source-control value.
2. The exceedance ratio is a direct comparisan of the mean or UCL groundwater concentrations with the surface water cleanup level or ARAR defined in Section 2.4 and Table 4-6 for the point-of-exposure. A ratio equal
or less than 1.0 indicates that the mean or UCL concentration at the specified montoring locations would be protective of surface water receptors if this water discharged without attenuation into the point-of-exposure,

¢
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Table 4-1._ Jiatistical Analysis of Groundwater Data — C-Street Landfill Property Boundary ~reas

ARAR Number of ] Number of| Number of | % of Samples[| Minimum | Maximum | Maximum Non-Detects = One-half the Reperting Limit
Wel Parameter Value Samples | Detections ARAR with ARAR Value Value Exceed. || Arithmetic | Geometric| Mean as Exceedance Ratios™)
Exceedences | Exceedences || (nfcuding DL) || (nleuding DL Ratio Mean Mean 85% UCL || (Ar. Mean) | {85% UCL)
Well RMW-11 Analytical Data
Contaminants Above ARARSs in Leachate
1,4-Dichlorobenzene (ug/i.) 4.86 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 6 6 0 0.0% 0.002 0.004 0.8 0.0035 0.0034 0.0042 0.7 08
Diesel Range Hydrocarbons 0.5 5 5 1 20.0% 0.36 1.3 2.6 0.5820 0.5078 0.9347 1.2 1.9
Lead’ 0.0081 6 5 1 16.7% 0.001 0.056 6.9 0.0126 0.0045 0.0297 16 37
Mercury 0.00005 S 1 1 20.0% 0.0001 0.0002 4.0 0.00007 | 0.00007 0.00009 14 1.9
Pentachlorophenol (ug/L) 4.91 4 s o 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 8 1 1 16.7% 0.004 0.00S 1.8 0.0028 Q.0027 0.0037 1.0 1.3
Zinc 0.081 ] .4 1 16.7% 0.006 0.115 1.4 0.0283 0.0127 0,0628 0.3 0.8
Contaminants Below ARARS In Leackate
Bis(2-Ethylhexyl)phthalate (ugil.) 3.56 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Bis(2-Ethylhexyl)phthalate (ugit) | o070 [ 4 0 0 0.0% 1 1 nd’ 0.5000 | 0.5000 nd nd nd
Copper 0.0031 , B 3 2 33.3% 0.002 0.021 6.8 - 0.0052 0.0025 0.0115 1.7 37
Nickel 0.0082 6: 1 1 16.7% 0.01 0.02 2.4 0.0075 0.0083 0.0124 0.9 1.5
lL.eachate indicators
Total Chromium 162 5 5 0 0.0% 0.12 1.56 0.0 0.5824 0.4078 1.0839 0.0036 00057
Total Organic Carbon —_ 5 5 0 0.0% 25 300 na 121.8000 | B81.7403 | 223.8863 na na
Well RMW-11D Analytical Data
Contaminants Above ARARS in Leachate
1,4-Dichlarcbenzene (ug/L) 4.86 3 0 o} 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 4 4 0 0.0% 0.002 0.003 0.6 0.0028 0.0027 0.0032 0.55 0.85
Diesel Range Hydrocarbons 0.5 4 4 4 100.0% 0.61 0.86 1.7 0.7525 0.7460 0.8620 1.51 172
Lead 0.0081 4 2 0 0.0% 0.001 0,005 0.6 0.0025 0.0015 0.0048 0.31 0.59
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenol (ug/L}) 4.91 3 0 0 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 5 3 3 60.0% 0.005 0.006 2.1 0.0042 0,0039 0.0056 1.5 2.0
Zinc 0.081 4 4 0 0.0% 0.008 0.013 0.2 0.0095 0.0088 0.0135 0.12 047
Contaminants Below ARARs In Leachate
Bis(2-Ethylhexyl)phthalate (ug/L) 3.56 "3 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Bis(2-Ethylhexyl)phthalate (ug/L} o0 W 3 0 0 0.0% 1 1 nd 0.5000 0.5000 nd ad nd
Copper 0.0031 4 0 0 0.0% 0.002 0.002 nd 0.0010 0.0010 nd nd nd
Nickel 0.0082 4 0 0 - 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicators '
Total Chromium 162 4 4 o] 0.0% 0,868 1.05 0.0 0.9485 0.9463 1.0225 0.0059 0.0063
Total Organic Carbon —_ 4 4 0 0.0% 220 270 na 252.5000 | 251.7290 | 274.2297 na na

Note:

Contaminant concentrations are shown in units of mg/L unless otherwise indicated. Semivolatile organics are shown fn units of micrograms per liter.
See Appendix B for raw analytical data included in statistical analysis. Ses Table 4-6 for a description of the cleanup levels.

1. Based on the results of sediment scurce control anatyses performed as described in Section 7, the surface water ARAR for bis(2-ethylhexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 to 0.74 ug/L
be protective of marine sediment concentrations. Statistical calculations are shown both for the surface water ARAR (MTCA Meathod B Surface water cleanup level) and for the lower sediment source-control value.

—

2. The exceedance rafio s a direct comparison of the mean or UCL groundwater concentrations with the surface water cleanup level or ARAR defined in Section 2.4 and Table 4-6 for the paint-of-exposure. A ratio equa

or less than 1.0 indicates that the mean or UCL concentration at the specified montering locations would be protective of surface water receptors if this water discharged without attenuation into the point-of-exposure.
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Table 4-12, Statistical Analysis of Groundwater Data — C-Street Alignment

- ARAR Number of) Number of| Numbercf | % of Samples]] Minimum Maximum | Maximum Non-Detects = One-half the Reporting Limit
Wel Parameter Value Samples | Defections ARAR with ARAR Value Value Exceed. || Arithmetic | Geometric| Mean as Exceedance Ratios™l
Exceedences | Exceedences || gnleuding DL) || ginlcuding DLy Ralio Mean Mean 95% UCL || (Ar. Mean) [ (85% UCL) |
Well MW-4(B) Analytical Data
Contaminants Above ARARs In Leachate
1.4-Dichlorobenzene (ug/L) 4.86 4 -0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 4 4 4 100.0% 0.016 0.021 4.2 0.0195 0.0194 0.0218 3.9 4.4
Diesel Range Hydrocarbons 0.5 4 0 0 0.0% Q.25 0.25 nd 0.1250 0.1250 nd nd nd
Lead 0.0081 4 0 0 0.0% 0.001 0.001 nd 0.0005 0.0005 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0,0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenaf (ug/L) 4.91 4 0 0 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Actd Dissoc, Cyanide 0.0028 4 1 1 25.0% 0.005 0.008 2.9 0.0039 0.0033 0.0085 14 23
Zinc 0.081 4 4 0 0.0% 0.005 0.044 0.5 0.0170 0.0118 0.0348 0.21 043
Contaminants Below ARARs in Leachate
Bis(2-Ethylhexyl)phthalate (ugiL) 3sg W 4 2 1 25.0% 1 6 1.7 21000 | 1.2038 | 4.6816 0.59 132
Bis(2-Ethylhexyl)phthalate (ug/L) 0.70 t 4 2 2 §0.0% 1 6 8.8 2.1000 1.2038 46816 3.00 669
Copper 0.0031 4 C 0 0.0% 0.002 0.002 nd 0.0010 0.0010 nd nd nd
Nickel 0.0082 4 0 o} 0.0% 0.01 0.01 nd *0.0050 0.0050 nd nd nd
Leachate Indicators
Total Chromium 162 4 4 Q 0.0% 0.006 0.03 0.0 0.0148 0.0119 0.0256 0.¢0009 0.00018
Total Organic Carbon — 4 4 0 0.0% 75 20 na 13.6250 | 12.7468 19.0130 na na
Well RMW-12D Analytical Data
Contaminants Above ARARs in Leachate
1,4-Dichlorobenzene (ugiL) 4.86 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 4 4 2 50.0% 0.001 0.009 1.8 C.0050 0.0037 0.0086 1.0 17
Diesel Range Hydrocarbons 0.5 4 2 1 25.0% 0.25 0.57 1.1 0.2900 0.2346 0.4882 0.58 1.00
Lead 0.0081 4" 0 a 0.0% 0.001 0.001 nd 0.0005 0.0005 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenol (ugfl) 4.91 4 0 0 0.0% 5 5 nd 2.5000 2,5000 nd nd nd
Weak Acid Dissoc. Cyanide 0,0028 E] 1 1 20.0% 0.004 0.012 4.3 | 0.0043 0.0033 0.0081 1.5 29
2Zinc 0.081 4 3 0 0.0% 0.004 . 0.016 0.2 0.0073 0,0058 0.0131 0.09 0.16
Contaminants Below ARARs in Leachate
Bis(2-Ethylhexylphthalate {ug/L) 356 M 4 1 0 0.0% 1 1.8 0.5 0.8250 | 0.6887 1.4620 0.23 041
Bis(2-Ethylhexylphthalate (ug/L) oo N 4 1 1 25.0% 1 1.8 26 0.8250 | 0.6887 1.4620 1.18 2.09
Copper 0.0031 4 0 0 0.0% 0.002 0.002 nd 0.0010 0.0010 nd nd nd
Nickel 0.0082 4 0 o 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicators
Total Chromium 162 4 4 0 0.0% 0.012 0.648 .0 0.2570 0.0813 0.5564 0.0016 0.0034
Total Organic Carbon - 4 4 0 0.0% 8.3 200 na 69.5750 | 33.3029 | 157.4536 na na

Note:
Contaminant concentrations are shown in units of mgi. unless otherwise indicated. Semivolatile organics are shown In units of micrograms per liter.
See Appendix B for raw analytical data included in statistical analysis. See Table 4-6 for a description of the cleanup levels.
1. Based on the results of sediment source control analyses performed as described In Section 7, the surface water ARAR for bis(2-ethylhexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 t0 0.71 ug/L)
be protective of marine sediment concentrations, Statistical calculations are shown both for the surface water ARAR {MTCA Method B Surface water cleanup level) and for the fower sediment source-control value.
2. The exceedance ratio Is a direct comparison of the mean or UCL groundwater concentrations with the surface water cleanup level or ARAR defined in Section 2.4 and Table 4-6 for the point-of-exposure. A ratio equal
or less than 1.0 indicates that the mean or UCL concentration at the specified montering locations would be protective of surface water receptors f this water discharged without atienvation into the point-of-exposure.



H
Table 4-1..  _.stical Analysis of Groundwater Data -- Whatcom Waterway Nearshore Areas

ARAR Nymber of } Number of| Number of | % of Samples]] Minimum | Maximum | Maximum Non-Detects = One-half the Reporting Limit
Wel Parameter Value Samples | Detections|  ARAR with ARAR Value Value Exceed. || Arithmetic! Geometric Mean as | Exceedance Ratios™
Exceedences | Exceedences || (inlewding DL) | Ginfeuding oLy Ratio Mean Mean 95% UCL | (Ar. Mean) | (95% UCL)
Well MW-3(8) Analytical Data '

Contaminants Above ARARS In Leachate .
1,4-Dichlorobenzene (ug/L) 4.86 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic 0.005 4 2 0 0.0% 0.001 0.005 1.0 0.0020 0.0018 0.0027 0.4 0.5
Diesel Range Hydrocarbons 0.5 4 0 0 0.0% 0.25 0.25 nd 0.1250 0.1250 nd nd nd
Lead ’ 0.0081 4 0 0 0.0% 0.001 0.005 nd 0.0010 0.0007 nd nd nd
Mercury 0.00005 4 1 1 25.0% 0.0001 0.0002 4.0 0.00008 0.00007 0.00010 1.5 241
Pentachlorophenol (ug/L) 4.91 4 o o] 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 4 1 1 25.0% 0.005 0.008 21 0,0034 0.0031 0.0051 1.2 18
Zing 0.081 4 4 0 0.0% 0.012 0.047 0.6 0.0255 0.0221 0.0411 0.3 0.5

Contaminants Below ARARs in Leachate
Bis(2-Ethylhexyl)phthalate (ug/L) 3.56 4 1 1 25.0% 1 9 25 2.6250 1.0299 6.7899 0.7 1.9
Bis(2-Ethylhexylphthalate (ug/L) 0.70 m 4 1 1 25.0% 1 9 12.9 2.6250 1.0299 6.7899 3.8 9.7
Copper 0.0031 4 4 4 * 100.0% 0.01 0.03 9.7 0.0210 0.0194 0.0287 6.8 9.8
Nickel 0.0082 4 0 [¢] 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd

Leachate Indicators
Total Chromium 162 4 2 0 0.0% 0.005 0.028 0.0 0.0148 0.0082 0.0288 0.0 0.0
Total Organic Carbon —_ 4 4 0 0.0% 3.7 17 na 10.9750 8.2263 17.3944 na na

Weil RMW-13(D) Analytical Data :

Contaminants Above ARARSs In Leachate :
1,4-Dichlorobenzene (ug/l) 4.86 . 4 0 0 0.0% 1 1 nd 0.5000 0.5000 nd nd nd
Arsenic - 0.005 . 4 1 0 0.0% 0.001 0.002 0.4 0,0008 0.0007 0.0010 0.15 0.21
Diesel Range Hydrocarbons 0.5 - 4 1 [¢] 0.0% 0.25 0.26 0.5 0.1588 0,1501 0.2249 0.32 0.45
Lead 0.0081 4 0 0 0.0% 0.001 0.001 nd 0.0005 0.0005 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenol (ug/L) 4.91 4 o] 0 0.0% 5 5 nd 2.5000 2.5000 nd nd nd
Weak Acid Dissoc. Cyanide 0,0028 5 1 1 20.0% 0.004 0.008 29 0.0035 0.0030 0.0087 13 20
Zinc 0.081, 4 3 0 0.0% 0.004 0.009 0.1 0.0058 0.0049 0.0050 0.07 011

Contaminants Beiow ARARS in Leachate 5
Bis(2-Ethylhexyl)phthalate (ug/L) 3.86 * 4 1 0 0.0% 1 1.2 0.3 0.6750 0.6223 1.0180 0.2 03
Bis(2-Ethylhexyl)phthalate (ug/L) 0.70 n 4 1 1 25.0% 1 1.2 17 0.6750 0.6223 . 1.0180 1.0 15
Copper 0.0031 4 2 0 0.0% 0.002 0.002 06 0.0015 0.0014 0.0021 0.5 07
Nickel 0.0082 4 0 0 0.0% 0.01 0.01‘ nd 0.0050 0.0050 nd nd nd

Leachate Indicators
Total Chromium 162 4 . 4 0 0.0% 0,096 0.11 0.0 0.1045 0.1044 0.1104 na na
Total Organic Carbon —_ 4 4 0 0.0% 50 55 na 53.0000 52.9664 55,1170 na na

Note;

See Appendix B for raw analytical data included in statistical analysis. See Tabla 4-6 for a description of the cleanup levels.
1. Based on the results of sediment source control analyses performed as described in Section 7, the surface water ARAR for bis{2-ethylhexyl)phthalate may need to be reduced by a factor of 5X {from 3.55 to 0.71 ug/L) to

be protective of marine sediment concentrations. Statistical calculations are shown both for the surface water ARAR (MTCA Method B Surface water cleanup level) and for the lower sediment sourca-control value.
2. The exceedance ratio is a direct comparison of the mean or UCL groundwater concentrations with the surface water cleanu
or less than 1.0 indicates that the mean or UCL concentration at the specified montoring

Cantaminant concentrations are shown in units of mg/L unless otherwise indicated. Semivolatile organics are shown in units of micrograms per liter.

p level or ARAR defined in Section 2.4 and Table 4-6 for the point-of-exposure, A ratio equal to
locations would be protective of surface water receptors if this water discharged without attenuation into the paint-of-expasure.




Table 4-.~. __ .tistical Analysis of Groundwater Data — Foot of C-Street {Cont'd)

ARAR Number of| Number of| Numberof [% of Samples] Minimum | Maximum | Maximum Non-Detects = One-half the Reporting Limit
Well & Parameter Value Samples (Detections|  ARAR with ARAR Value Value Exceed. || Arithmetic | Geometric| Mean as || Exceedance Ratios?
: Exceedences | Exceedences (inlcuding DL) || (inlcuding DL} |  Ratio Mean Mean 95% UCL [ (Ar. Mean) | (95% UCL)
Well RMW-T Analytical Data
Contaminants Above ARARs in Leachate
1,4-Dichlorobenzene {ug/L) 4.86 4 0 0 0.0% 1 1 nd 0.50 0.50 ng nd . nd
Arsenic 0.005 4 3 0 0.0% 0.002 0.005 1.0 0.0029 0.0028 0.0037 0.6 07
Diesel Range Hydrocarbons 0.5, 4 0 0 0.0% 0.25 0.25 nd 0.125 0.125 nd nd nd
Lead ' 0.0081 4 3 . 0 0.0% 0.001 0.005 0.6 0.0021 0.0020 0.0030 0.28 0.37
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.00006 0.00006 nd nd nd
Pentachlorophenal! (ug/L) 4.91 4 o 0 0.0% -] 5 nd 2.50 2.50 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 4 0 ] 0.0% 0.005 0.008 1.8 0.0025 0.0025 nd nd nd
Zinc 0.081 4 4 1 25.0% 0.008 0.138 1.7 0.0425 0.0202 0.1037 0.52 1.28
Contaminants Below ARARs in Leachate '
8Bis(2-Ethythexyl)phthalate (ug/L) 3.56 - 4 0 0 0.0% 1 1 nd 0.50 0.50 nd nd nd
Bis(2-Ethythexyl)phthalate (ugi) | 070 M 4 0 0 0.0% 1 1 nd 0.50 0.50 nd nd nd
Copper 0.0031 4 4 4 " 100.0% 0.005 0.009 2.9 0.0080 0.0058 0.0080 1.9 28
Nickel . 0.0082 4 0 0 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicators
Total Chromium 162 4 3 0 0.0% 0.005 0.025 na 0.0121 0.0088 0.0217 0.00007 0.00013
Total Organic Carbon —_ 4 4 0 0.0% 6.4 23 na 13.85 12.48 20.75 na na
Well RMW-7D Analytical Data
Contaminants Above ARARs In Leachate
1,4-Dichiorobenzene (ug/l) 4.86 4. 0 0 0.0% 1 1 nd 0.50 0.50 nd nd nd
Arsenic 0.005 4 2 0 0.0% 0.003 0.005 1.0 0.0033 0.0031 0.0044 0.7 0.9
Diesel Range Hydrocarbons 0.5 4 0 0 0.0% 0.25 0.25 nd 0.125 0.125 nd nd nd
Lead 0.0081 4 0 0 0.0% 0.001 0.005 nd 0.0010 0.0007 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.0001 0.0001 nd nd nd
Pentachlorophenol (ug/L) 451" 4 0 (] 0.0% 5 5 nd 2.50 2.50 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 4 0 0 0.0% 0.005 0.005 nd 0.0025 0.0025 nd nd nd
Zinc 0.081 4 o] 0 0.0% 0.008 0.01 nd 0.0043 0.0042 nd nd nd
Contaminants Below ARARs in Leachate '
Bis(2-Ethylhexyl)phthalate (ug/L) ||  3.56 4 1 1 25.0% 1 8.4 2.4 2.48 1.01 6.35 0.70 1.78
Bis(2-Ethyihexyl)phthalate (ug/L) || o070 4 1 1 25.0% 1 8.4 12.0 2.48 1,01 6.35 3.54 9.07
Copper 0.0031 4 0 0 0.0% 0.004 0.004 nd 0.0020 0.0020 nd nd nd
Nickel 0.0082 4 0 0 0.0% 0.02 0.02 nd 0.0100 0.0100 nd nd nd
Leachate Indicatars .
Total Chromium 162 4 0 0 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Total Organic Carbon —_ 4 4 0 0.0% 4.1 5.1 na 4.50 4.48 4.82 na na
Cd

Note: oy
Contaminant concentrations are shown in units of-mg(L unless otherwise indicated. Semivolatile organics are shown in units of micrograms per liter,
See Appendix B for raw analytical data include@i,n statistical analysis. See Table 4-6 for a description of the cleanup levels.
1. Based on the results of sediment source contrbl analyses performed as described in Section 7, the surface water ARAR for bis(2-ethythexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 ta 0.71 u
be protective of marine sediment concenuallo_ps. Statistical calculations are shown both for the surface water ARAR (MTCA Method B Surface water cleanup level) and for the lower sediment source-control value
2. The exceedance ratio is a direct cumparison&ﬁ'f the mean or UCL groundwater concentrations with the surface water cleanup leve| or ARAR defined in Section 2.4 and Table 4-6 for the point-of-exposure. A ratio e
aor less than 1.0 indicates that the mean or U +L concentration at the specified montoring locations would be protective of surface water receptors if this water discharged without attenuation into the point-of-exposu



Table 4-14. __atistical Analysis of Groundwater Data - Foot of C-Street

ARAR Number of | Number of] Numberof | % of Samples|| Minimum Maximum | Maximum Non-Detects = One-half the Reporting Limit
Well & Parameter Value Samples |Detections|  ARAR with ARAR Value Value Exceed. (| Arithmetic | Geometric| Mean as || Exceedance Ratios?!
i Exceedences | Exceedences || (inicuding D) || (inteuding DL Ratio Mean Mean 85% UCL [[ (Ar. Mean) | (95% UCL)
Well MW-55(C) Analytical Data
Contaminants Above ARARs in Leachate
1,4-Dichlorobenzene (ug/L} 4.86 4 1] 0 0.0% - 1 1 nd 0.500 0.500 nd nd nd
Arsenic 0.005 4 4 4 100.0% * 0.019 0.046 9.2 0.033 0.030 0.0477 6.6 9.5
Diesel Range Hydrocarbons 0.5 4 4 a 0.0% 0.26 0.3 0.6 0.270 0.269 0.290 0.54 0.58
Lead 0.0081 4 0 0 0.0% 0.001 0.001 nd 0.0005 0.0005 nd nd nd
Mercury 0.00005 4 0 0 0.0% 0.0001 0.0002 nd 0.000063 | 0.000059 nd nd nd
Pentachlorophena! (ugfL) 4.91 4 o] 0 0.0% 5 5 nd 2.50 2.50 nd nd nd
Weak Acid Dissoc. Cyanide 0.0028 4 4] 0 0.0% 0.005 0.005 nd 0.0025 0.0025 nd nd nd
Zing 0.081 4 4 0 0.0% 0.007 0.019 0.2 0.0105 0.0096 0.0161 0.13 0.20
Contaminants Below ARARSs in Leachate
Bis(2-Ethylhexyl)phthalate (ug/L) 3.56 4 0 0 0.0% 1 1 nd 0.50 0.50 nd nd nd
Bis(2-Ethylhexyl)phthalate (ug/L) || o070 19 4 0 0 0.0% 1 1 nd 0.50 0.50 nd nd nd
Copper 0.0031 4 0 0 0.0% 0.002 0.002 nd 0.0010 0.0010 nd nd nd
Nickel 0.0082 4 0 0 0.0% - 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Leachate Indicatars .
Total Chromium 162 4 4 0 0.0% 0.042 0.057 0.0 0.050 0.049 0.056 0.00031 0.00035
Total Organic Carbon —_ 4 4 0 0.0% 16 18 na 16.76 16.73 17.69 na na
Well RMW-6(D) Analytical Data
Contaminants Above ARARs in Leachate
1,4-Dichiorobenzene (ug/L) 4.86 3 0 0 0.0% 1 1 nd 0.50 -0.50 nd nd nd
Arsenic 0.005 3 3 2 66.7% 0.004 0.008 1.6 0.0060 0.0058 0.0083 1.2 1.7
Diesel Range Hydrocarbons 0.5 3 0 0 0.0% 0.25 0.25 nd 0.125 0.125 nd nd nd
Lead 0.0081 3 0 0 0.0% 0.001 0.001 nd 0.00050 0.00050 nd nd nd
Mercury 0.00005 3 1} 0 0.0% 0.0001 0.0002 nd 0.000067 | 0.000063 nd nd nd
Pentachlorecphenol (ug/l) 4.91 3’ 0 0 0.0% 5 5 nd 2.50 2.50 nd nd nd
Weak Acid Disscc. Cyanide 0.0028 3 1 1 33.3% 0.005 0.01 3.6 0.0050 0.0040 0.0099 1.8 as
Zinc 0.081 3 3 0 0.0% 0.006 0.007 0.1 0.0067 0.0066 0.0073 0.08 0.09
Contaminants Below ARARSs In Leachate
Bis{2-Ethylhexyl)phthalate (ug/L) 3.56 3 1 0 0.0% 1 2 0.6 1.00 0.79 1.98 0.28 0.56
Bis(2-Ethylhexyl)phthalate (ug/L)|| 070 1 3 1 1 33.3% 1 2 2.9 1.00 0.79 1.98 1.43 2.83
Copper 0.0031 3 0 o] 0.0% 0.002 0.002 nd 0.0010 0.0010 nd nd nd
Nicke!l 0.0082 3 1} 0 0.0% 0.01 0.01 nd 0.0050 0.0050 nd nd nd
Loachate Indicators
Total Chromium 162 3 3. 0 0.0% 0.114 0.151 0.0 0.135 0.134 0.157 0.00084 0.00097
Total Organic Carbon —_ 3 3 0 0.0% 75 88 na 80.0 79.8 87.9 na na

Note:
Contaminant concentrations are shown in units of mg/L unless otherwise indicated. Semivolatile organics are shown in units of micrograms per liter.
See Appendix B for raw analytical data included in statistical analysis. See Table 4-6 for a description of the cleanup levels,
1. Based on the results of sediment source control analyses performed as described in Section 7, the surface water ARAR for bis(2-ethylhexyl)phthalate may need to be reduced by a factor of 5X (from 3.56 to 0.71 u
be protective of marine sediment concentrations. Statistical calculations are shown both for the surface water ARAR (MTCA Methad B Surface water cleanup level) and for the lower sediment source-control value
2. The exceedance ratio is a direct comparison of the mean or UCL groundwater concentrations with the surface water cleanup level or ARAR defined in Section 2.4 and Table 4-6 for the point-of-exposure. A ratio e
or less than 1.0 indicates that the mean or UCL concentration at the specified montoring locations would be protective of surface water receptors if this water discharged without attenuation into the point-of-exposu
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| 5Resu|ts of Land Use P'Ianning‘ |

5.1

Under MTCA reguiations, land uses and facility characteristics must be taken into account
when evaluating and selecting remedial alternatives. This section provides a summary of
existing facility characteristics, including changes since the initiation of the RVFS. The most
significant of these changes has been the completion of the G.P. Warehouse project, located
within the main portion of the landfill.

As part of the RI/FS process, the Port has also recently completed a land use evaluation,
evaluating future development alternatives for the area. These evaluations were performed
by Makers Consulting, under a Brownfields Grant from the U.S. EPA. The results of these
evaluations are discussed in this section as they relate to the evaluation and selction of
remedial alternatives under MTCA.

Completion of the Warehouse Project

The main change in area land use that has occurred since initiation of the RI/FS project has
been the completion of the G.P. Warehouse. The location of the completed building is shown
in Figure 2-1.

The Warehouse project was conducted as an independent action by Georgia Pacific, with
technical assistance provided by Ecology under the Voluntary Cleanup Program. The
activities of the Landfill RI/FS have been coordinated with the Warehouse project as
described in the First and Second Progress Memoranda. The Warehouse project included
completion of the following specific actions:

e Construction of 250,000 square-foot warehouse building
» Building roof drains are connected to stormwater collection/conveyance system
» Under-slab methane collection and venting system installed per G.P. project design
report
» Landfill settlement issues and impacts on building utilities addressed per project
design report and building permits
» Landfill surface was regraded to enhance drainage
» The access road, and portions of the yard area were paved with asphalt
» The main yard areas and fire lanes have been provided with gravel cover

» Monitoring wells within the project footprint were abandoned

» Yard areas between the warchouse and the G.P. aeration stabilization basin were
regraded to improve drainage

Results of Land Use Planning . 5-1
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A “ ~» The property boundary-line between Georgia Pacific and BC Investments was modified
o (moved toward C-street) as necessary to support project completion

Completion of the Warehouse project is estimated to have significantly reduced precipitation
recharge of groundwater within the project footprint. This reduction includes complete
removal of rainwater from the Warehouse building footprint and a net reduction of
approximately 50 percent in the recharge from the balance of the Warehouse project area.
A complete cap was not installed as part of the project, such that some recharge will continue
to occur in gravel-covered areas. These characteristics have been incorporated -into
groundwater modeling efforts as described in Section 6 of this report. No changes were made
as part of the Warehouse project to landfill areas owned by Sanitary Services or to Port-
owned areas along Hilton Avenue.

5.2 Other Property Ownership and Land Use Changes

Current land ownership boundaries are shown in Figure 2-1. Specific changes to land
ownership and/or lease activity since preparation of the RI/FS Work Plan in 1998 include the
following: '

» Acquisition of the Golden Property by the Port of Bellingham (southwest corner of
Roeder Avenue and C-street).

= * Modification of the G.P./B.C. investments property line as discussed in Section 5.1.

» Expansion of the Bornstein Seafoods building and yard area southwest of the Olivine
site, with continued use of the Bornstein Seafoods lease property for seafood processing.

No changes in property ownership have occurred at the New West Fisheries or Chevron
properties. Chevron continues to evaluate cleanup alternatives for its site as an indepedent
action under the MTCA. Other than the boundary line adjustment with G.P. as part of the
Warehouse project, no significant land use changes or cleanup actions have been performed
at the B.C. Investments property.

The Port has initiated an RI/FS for the Olivine site. That RIFS is being conducted with
technical assistance provided by Ecology under the Voluntary Cleanup Program. The Port
has also been evaluating redevelopment alternatives for that site along with adjacent vacant
Hilton Avenue properties as part of area-wide land use planning (see below).

5.3 Results of Land Use Planning

Two sets of land use planning studies have been completed since production of the RI/ES
Work Plan. These have included the following:

+ City Center Master Plan (Sept. 1999). Completed by Winter & Company et al. For the
'z T - City of Bellingham.
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» Central Waterfront Redevelopment Plan (January 2000). Completed by Makers et al. For
the Port of Bellingham.

Land use planning conducted by the City has focused on the properties to the east of Roeder
Avenue and those largely to the south of Whatcom Creek. The 1999 Master Plan deferred
planning efforts for the Central Waterfront Area to the Port of Bellingham.

The Port’s recent land use planning effort was completed under a Brownfields Grant from
the U.S. EPA. That study included an analysis of appropriate land uses for parcels within the
Central Waterfront Area, including the Roeder Avenue landfill and adjacent properties. The
study evaluated three land use alternatives as summarized below:

s Current Development Trends: Current land use trends include évolution from heavy
industrial uses to light industrial uses. The parcel size, access characteristics and real
estate and planning trends favor this transformation. These trends will favor addition of
industrial/retail, wholesale showroom, or on-site assembly/sales business uses. Water-
dependent uses would be maintained consistent with current shoreline plan. Some
rezoning from heavy industrial to light industrial would be performed under this
alternative.

+ Partial Mixed-Use Development: This option focuses on mixed-use redevelopment,
similar to actions taken by the Port on the north side of the I&J Street waterway. This
option would include increased public access to shoreline areas and linkages to
redevelopment activities at Squalicum marina and the City’s downtown and Old Town
areas. The main difference between this alternative and the first alternative is the
incorporation of commercial, office and/or retail uses along the I&J Street waterway and
along Roeder Avenue. Light industrial uses would be maintained along C-street and
along the Landfill side of Hilton Avenue.

» Aggressive Mixed-Use Redevelopment: Under this scenario, the areas of light-
industrial, office and retail mixed use development would be expanded to include
portions of the properties along C-street and the properties between Hilton Avenue and
the Landfill. B.C. The shoreline of the 1&J Waterway could under this alternative include
commercial, retail, office and potentially some urban residential (i.e., condominium or
hotel) uses. This alternative would retain light industrial uses along the Whatcom
Waterway and adjacent to the G.P. Warchouse property. This alternative is considered
less likely due to zoning, economic and development factors.

The primary conclusion of the land use planning effort for the Central Waterfront was that
future uses will likely be characterized by a mixture of light industrial, commercial, retail and
water dependent uses. Redevelopment will tend to include water dependent uses associated
with the nearby marina areas. Future rezoning to allow residential development is considered
unlikely due to a variety of factors.
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5.4 Conclusions

Relative to Landfill remediation planning, the important land use observations for the Central
Waterfront area include the following:

P

Ownership Patterns: Property ownership will likely consist of several mid-sized parcels
of between 2 and 20 acres. The most likely areas for change in ownership exist in the
non-landfill properties along the C-street (Chevron, B.C. Investments, New West
Fisheries). However, at this time there is no firm schedule for a change in ownership of
these properties. Owners of these properties have been included in notifications and
project coordination during the RI/FS process.

Zoning and Land Uses: Current zoning is restricted to heavy industrial uses along the
Whatcom Waterway, and light-industrial and commercial/retail uses along the 1&J
Waterway. These uses are likely to predominate for the forseeable future. Public access
will likely be incorporated into shoreline development projects consistent with City and
Port planning efforts. Residential uses within the area are considered unlikely for the
forseeable future.

Warehouse Impacts: The Warehouse project has resulted in capping of a significant
portion of the landfill. Though complete capping of the landfill was not performed, the
Warehouse project has resulted in significant reductions to infiltration of precipitation
into the landfill refuse. The design life for the warehouse building is greater than 30
years. The Warehouse has been incorporated into the groundwater modeling process in
Section 6 as part of the site evaluation.

Other Development-Related Ground Cover and Infiltration Control: Relative to
groundwater impacts, commercial, retail and light industrial redevelopment will tend to
result in development capping and an average of 50% or more reductions in infiltration
for currently vacant parcels. Specific infiltration patterns will vary with the development
action, with much greater infiltration reductions (approaching 100%) possible for certain
industrial operations. An average infiltration reduction of 50% is considered conservative
for defining future baseline conditions as part of environmental planning efforts. The
potential impacts of these actions on groundwater flow and contaminant fate & transport
have been assessed as part of the groundwater modeling effort as described in Section
6. '

Project Coordination: Investigation and cleanup actions are ongoing at the Olivine,
Chevron and Colony Wharf (B.C. Investments) sites. Environmental planning for the
Roeder Avenue Landfill should consider potential interactions with these cleanup sites,
as well as with the integration of cleanup requirements with land uses and development
characteristics.
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6Groundwater Flow Modeling

As described in the RI/FS Work Plan, a two-step modeling process has been used by
ThermoRetec to evaluate site conditions and the need for active groundwater remediation.

In the first step of the modeling process, site geologic and hydrogeologic data were combined
and used to develop a detailed groundwater flow model. The flow model incorporated the
features of the site including multiple recharge sources, tidal conditions and complex
geologic sequences. The flow model was then used to determine groundwater flow
directions, quantities and the extent of mixing that occurs between landfill groundwater and
other non-landfill groundwater prior to discharge into adjacent surface waters.

In the second step of the modeling process, groundwater flow model results were combined
with site contaminant data to assess the fate and transport characteristics of specific Landfill
contaminants. This step provides the information necessary to evaluate compliance of the site
with MTCA cleanup levels applicable to site conditions.

Section 6 summarizes the methods, results and conclusions of the groundwater flow
modeling work performed. Section 7 then discusses the results of the second step in the
modeling process, the analysis of contaminant fate & transport.

Modeling Objectives

The primary objective of the groundwater flow modeling process was to develop a
quantitative groundwater model that effectively replicates groundwater flow conditions
within the project area and can be used to evaluate current conditions and remedial
alternatives for the site. In order to meet this objective, the completed model must be able
to quantify 1) groundwater flux and mixing ratios, 2) the effects of the GP warehouse project
on groundwater flow patterns in the Landfill, and 3) the changes in groundwater flow
patterns resulting from evaluated remedial alternatives. Specific outputs required from the
flow model include the following:

» Groundwater Flow Patterns and Velocities: Groundwater flow
velocities are the most important factor in groundwater contaminant
transport because in most situations advection (mass transport due to
groundwater movement) moves contaminants greater distances than
dispersion (mass transport due to mechanical dispersion and molecular
diffusion). Groundwater flow velocities are required when calculating
contaminant travel times along a groundwater flow path.

 Water Flux/Water Balance: The water flux/water balance is a
measure of the accuracy of the flow model with respect to total water
flow volumes in the modeled area. Calculation of water flux in different
areas or at groundwater sources and potential sinks is also important to
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the understanding of the overall groundwater flow system and in
estimating contaminant mass transport across physical or other defined
boundaries.

» Specific Shoreline Conditions: Conditions unique to shoreline
areas are important because they may have an effect on the transport of
dissolved contaminants in shoreline areas. For example salt wedges may
affect the area where freshwater discharges to the more saline waters of
Bellingham Bay. The groundwater flow model used in the RY/FS process
simulates shoreline conditions in order to accurately predict contaminant
fate & transport.

* Groundwater Mixing and Attenuation Factors: The model must
accurately represent the patterns of groundwater flow and mixing that
occurs between the landfill and the point of groundwater discharge. This
mixing has a substantial influence on contaminant fate & transport. At the
site, the mixing occurs due to both tidal and non-tidal influences. The
model used for the RI/FS simulates both types of mixing as described in
this Section.

« Foundation for Contaminant Fate and Transport Evaluations:
The groundwater flow model serves as the foundation of contaminant fate
and transport modeling. The flow model must be representative of site
conditions so that results of contaminant transport modeling can be
viewed with confidence.

The groundwater flow model used for the RI/ES meets all of the above-listed objectives. The
specific process by which the flow model was developed is described in Section 6.2, below.

6.2 Groundwater Modeling Methods

Development of the Flow Model

The Second Progress Memorandum provided an overview of the methods to be used for
groundwater modeling. As described in that Memorandum, a 3-dimensional model was
selected for use on the project. A 3-dimensional model was selected over a simpler 2-
dimensional approach for the following reasons:

* The 3-dimensional modeling approach was able to directly incorporate the differences
across the project area in geologic units, shoreline conditions, recharge areas and
contaminant source areas. Simulation of these differences, and of the interplay between
them was not possible using a 2-dimensional modeling approach.

e The 3-dimensional model provided an ability to directly test assumptions regarding the
site geologic conditions during model calibration. Because a 2-dimensional model would
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have been itself a gross simplification of site conditions, the calibration process would
have represented a less rigorous test of geologic assumptions for the site.

» The greatest strength of the 3-dimensional modeling approach is its ability to directly test
remedial alternatives and their impact on groundwater flow and contaminant fate &
transport. The interplay between multiple remedial technologies or features could not be
directly simulated with a 2-dimensional modeling approach.

Code Selection

Auvailable modeling codes were reviewed in the Second Progress memorandum for potential
applicability to the site and RI/FS objectives. Given the RI/FS flow model objectives and the
complexities of the site SEAWAT, MODFLOW and MT3D were used to simulate
groundwater flow and contaminant transport at the Roeder Avenue Landfill. A brief
overview of each code follows:

+ MODFLOW and MT3D: The code, MODFLOW, is the most widely used and
defensible groundwater flow model code. MODFLOW was developed and is supported
by the USGS as well as a number of private firms. MODFLOW is a fully three-
dimensional finite difference model code that is flexible enough to simulate complex
settings. Solute transport can be added to MODFLOW simulations using the MT3D
solute transport code (Zheng, 1991). Revisions to this code were made in 1992, 1996 and
1998 to simulate more complex reactions and geologic settings. MT3D is the most
widely used transport code and has had extensive peer review. '

*» SEAWAT: SEAWAT is a model code incorporating the MODFLOW and MT3D codes
to simulate the flow of groundwater of variable density. A typical use of SEAWAT is to
model seawater intrusion and groundwater flow at freshwater-seawater interfaces.
Density contrasts in groundwater are due to total dissolved solids concentrations and not
to a single dissolved solute. The SEAWAT model code has the advantages of the
MODFLOW code in being flexible, easy to use, and defensible, but the effects of
groundwater density can be simulated directly rather than as an equivalent freshwater
head boundary.

The selected modeling code is capable of accurately representing subsurface characteristics
of the Landfill area including freshwater-seawater interfaces, tidal fluctuations,
three-dimensional groundwater flow, and variable stratigraphic thicknesses. In addition,
technical support to resolve problems with model setup and execution was more accessible
with the SEAWAT code than with any of the alternative codes discussed in the Second
Progress Memorandum. Ecology provided concurrence on the selection of the modeling code
for use during the project.

Model Grid and Layer Construction

A variable-spaced grid was used for the model with cell sizes ranging from 20 by 20 feet to
approximately 20 by 100 feet. Figure 6-1 shows the grid pattern overlaid on the project area.
The area bounded by the two waterways, the GP lagoon, and Roeder Avenue is covered by
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a 20- by 20-foot grid. The remainder of the model area is covered by a grid of variable
dimensions as shown in Figure 6-1.

Five model layers were employed in the model. The use of five layers was required to
accurately simulate the range of geologic and shoreline conditions present in the project area.
The layers represent the Sand Unit, the Refuse/Soil Fill Unit, and various features of the GP
lagoon construction and area bulkheads. The Landfill cover soils were not modeled because
those soils occurs above the water table across the entire model area. The top of the glacial
marine drift defines the bottom of the model grid.

Figure 6-2 summarizes the characteristics that were incorporated into each of the model
layers. The figure shows the locations and depths of bulkheads incorporated into the model,
boundaries between different geologic units, and the conductivity values assumed for each
unit. The conductivity values were based on the empirical measurements collected during
geologic and hydrogeologic testing at the site (see Section 4), as well as on the results of
model calibration.

As shown in Figure 6-2, a stratigraphic unit may be represented by more than one model grid
layer to improve the numerical accuracy of the model. For example, consider a sand unit 30
feet thick with groundwater flow patterns that contain vertical flow components. The
vertical flow components would not be seen in the flow model results if the sand unit is
represented by a single layer of model cells 30 feet thick. However, the vertical flow
components would be apparent in the flow model results if the sand unit is represented by
two or three model layers. Final model layer thicknesses range from 1 to just over 10 feet.

Boundary Conditions

Constant head boundaries were set on three sides of the model as shown on Figure 6-1. Two
of the constant head boundaries represent the middle of the waterways on either side of the
Landfill. Note that small portions of the model boundaries on the upland side of the two
waterways are set to no flow. These boundaries represent the flow lines of groundwater
ﬂowmg directly into the two waterways, and therefore no flow across the model boundaries
is assumed to occur. The third constant head boundary represents the water levels in
Bellingham Bay just seaward of the GP Lagoon.

The fourth boundary represents the upland side of the model. A portion of this boundary was
set to a general head boundary to simulate groundwater flow into the model from upland
areas. A general head boundary simulates groundwater flow from areas upland of Roeder
Avenue without directly affecting model calculated head values.

Recharge, Sources, and Sinks

Average annual precipitation at the nearest station of record (located in Bellingham) is 36
inches per year. Figure 6-2 shows the assumptions made regarding annual recharge from
precipitation. Modeled infiltration values ranged from zero (used to simulate buildings with
roof drains) to 22 inches per year (used to simulate.uncovered areas of the landfill). The only
instance where a higher infiltration rate was used was for the Lagoon “overspray area” (see
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Figure 6-2). Model] calibration confirmed field observations that overspray from the foam
control system used on the lagoon resulted in additional water recharge to this area. The final
infiltration values used in the model were determined through model calibration.

Note that two different sets of infiltration scenarios were tested as part of the flow modeling.
Each scenario is shown in Figure 6-2. The first scenario estimated infiltration rates using site
conditions as they were in 1998. At that time, the majority of the Landfill was unpaved and
poorly graded. The Warchouse had not been constructed. Similarly, the Chevron, Olivine and
nearby sites were undeveloped. These conditions are subsequently referred to in th1s
document as the “Pre-Warehouse” conditions.

The second modeling scenario incorporated the completed Warehouse building along with
associated changes in the Warehouse project area. Based on pending redevelopment at the
Olivine, Hilton Avenue and Chevron properties, these areas were modeled with a 50%
reduction in infiltration over the Pre-Warehouse conditions. Modeled parameters for this
second scenario are shown in Figure 6-2. These modeling conditions are subsequently
referred to the “Development Baseline” conditions, because they simulate site conditions as
they will occur if no additional active remedial measures are implemented as part of the
Landfill cleanup.

The waterways, bay, and GP lagoon are represented by constant head cells. Equivalent
freshwater constant heads in the waterway and bay cells were set to the 72 hour average tide
in Bellingham Bay for the data calibration set, and to actual tide measurements for transient
model runs. Constant head cells in the GP lagoon were set to a value of 20 feet above
MLLW, consistent with lagoon design parameters.

Hydraulic sinks can be significant at some sites due to influences of utility corridors,
pumping stations or other hydraulic influences on groundwater flow patterns. However,
results of modeling accurately simulated site conditions without incorporating hydraulic
sinks. No hydraulic sinks were incorporated into the final model for either the Pre-
Warehouse or the Development Baseline modeling scenarios.

Hydraulic Parameters

. Model layers were assigned initial hydraulic conductivity values based on llterature values
and values determined from slug testing as described in Section 4. Final hydraulic
conductivity values of the model were adjusted during model calibration. The final
conductivity values established during calibration are shown in Figure 6-2.

Storage coefficients vary layer by layer in the model. Layer 1 cells have storage coefficients
of 0.25, representing unconfined conditions. Storage coefficients for layers 2 through 5 were
set at 0.1, representing confined conditions. Storage coefficients are not used in steady state
flow calculations or steady state flow model calibration. Storage coefficients in transient
flow modeling were determined during transient flow model calibration. The magnitude in
the variation of possible storage coefficient values and their effect on model results is small.
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Site-specific information on horizontal anisotropy is not available. Horizontal isotropy ratios
were set at 1 to 1. Vertical anisotropy in the Sand Unit was set at 10 to 1; that is, horizontal
hydraulic conductivity was set 10 times greater than the vertical hydraulic conductivity.
Vertical anisotropy in the Refuse Unit was set to 100 to 1 to reflect the layered nature of the
material in the Refuse Unit. These anisotropy values are derived from model calibration
runs. '

Chemical Parameters

SEAWAT models the effects of variable water density on groundwater flow by running
MODFLOW and MT3D in a quasi-simultaneous manner. The quasi-simultaneous execution
of the two model codes is accomplished using a two-step process (simplified here for
purpose of discussion). The first step is the generation of a groundwater density field by
MT3D. In the second step MODFLOW calculates a head and flux distribution that account
for the density field generated by MT3D. The process then returns to the first step with
MT3D calculating a new groundwater density field based on the head flux distribution
generated by MODFLOW. '

The MT3D code uses a number of input values unique to contaminant transport models. One
of these is salinity or total dissolved solid (TDS) concentrations.The transport portion of
SEAWAT simulates the transport of TDS and uses TDS concentrations to calculate
groundwater fluid density. SEAWAT and MT3D were used to establish Groundwater total
dissolved solid (TDS) distributions for use with the model. These interfaces were generally
similar to the TDS data collected during quarterly sampling.

Model Calibration

Model calibration is a measure of the degree to which flow model results simulate actual site
conditions, especially with respect to groundwater head values. Model calibration can also
be thought of as a process whereby model input values such as hydraulic parameters are
optimized to minimize the difference between model-predicted heads and actual
field-measured heads.

The difference between model-predicted heads and actual field-measured heads is called the
residual. Model calibration is designed to minimize the residual at all chosen points where
field-measured head data exist. The data set of field-measured head data is typically a set of
water level measurements collected at a point in time or over a short period of a few days.

For the RUFS flow model calibration process the set of field-measured head data consists of
water levels measured in November 1998. This is an appropriate data set to use because the
data provide complete coverage of the landfill area. In addition, 72-hour average head
values were calculated for tidally-influenced monitor wells. These 72-hour values are close
to average head values. Average head values are more representative of long term values in
tidally-influenced wells than single measurements.

The model calibration process included two steps. First, model-predicted heads from initial
model runs were compared with the November 1998 data. Input parameters were modified
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and model runs were executed until residuals were at acceptable values. Figure 6-3 compares
the actual head data from November 1998 with the model-predicted heads for the Pre-
Warehouse modeling scenario. The overall heads produced by the model are very similar to
those empirically measured. Figure 6-4 shows a regression analysis comparing the predicted
and measured values for the calibration data set. The R, value for the regression analysis was
0.94, indicating an acceptable model calibration.

The second step of the model calibration process involved calibrating storage coefficients
used when simulating transient groundwater flow conditions. In the case of this model the
transient groundwater flow conditions are the changing tides of Bellingham Bay and
associated fluctuations of groundwater elevations in shoreline areas of the Roeder Landfill
area. Storage coefficients were modified to reproduce the aquifer response at individual
monitor wells during the first tidal study conducted between the 11" and the 16" of
November, 1998. '

Predicted versus actual tidal responses for shoreline area wells are provided on Figure 6-5
along with correlation coefficients and trend lines. Predicted responses correlate well with
the timing and magnitude of actual water level changes in most wells. The absolute
difference between actual and predicted water levels at any given time is small and is
comparable to differences observed between actual and predicted heads in the steady state
flow model.

Use of the Calibrated Model

Groundwater flow modeling was conducted to simulate both steady-state (average
long-term groundwater flow patterns) and transient (tidally-influenced) conditions.
Steady state flow modeling was conducted to simulate long-term, average head
distribution and the resulting flow field beneath the landfill and adjacent areas
between the landfill and the waterway shorelines. Steady state head distributions
were also used as input data for transient flow modeling.

Steady-State Head Distributions

Two types of steady state head distributions were derived from the flow modeling.
The first type of head distribution was obtained assuming that all water in the landfill
area was freshwater (non-saline), and of constant density. The freshwater steady state
head distributions were simulated using the MODFLOW groundwater modeling flow
program.

The second type of steady-state head distribution was derived using the SEAWAT
groundwater flow and chemical transport program. As described above, the
SEAWAT program is capable of modeling the flow of groundwater with variable
density. The variations in density are due to differences in salinity. A common
application of SEAWAT is to sites where freshwater and saline water mix, such as
at the Roeder Avenue Landfill.
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Both types of steady state head distributions were obtained to determine the effect of
density variations on the groundwater flow field. The effects of density variations
on the overall pattern of groundwater flow are subtle. As expected, modeling of
variable density groundwater flow increased equivalent freshwater heads compared
to heads derived from constant density flow simulations, mainly in the nearshore
areas. However, the increase in heads was small relative to the total head predicted
in any particular cell. In the Pre-Warehouse model conditions, the increase in
nearshore area heads varied from a maximum of about 0.1 feet in layer 1 (shallowest)
of the model to a maximum of about 0.38 feet in layer 5 (deepest) of the model. The
pattern of greater head increases with depth is expected because equivalent
freshwater heads in saline water increase with depth.

Landfill Water Balance Calculations

Recharge of water into the landfill footprint was determined directly from the steady-state
model. Net flow of water across a flow field boundary (e.g., flow of precipitation into Layer
1 through the top of the model, or flow of water laterally from the lagoon into Layers 1-5 of
the model located within the Landfill footprint) was output by MODFLOW directly. The
results of the water balance calculations are discussed in Sections 6.3 and 6.4 below.

Particle Tracking

Groundwater particle tracks were obtained from the steady-state model. These
provide a visual representation of groundwater and solute transport paths in the
Roeder Avenue Landfill area.

Particle tracking was performed using a set of 21 separate starting locations.
Locations used for the analysis included RI/FS monitoring well locations as well as
additional locations at proposed monitor well locations.

The particle tracking model PATH3D was used to calculate transport pathways. This
model is compatible with MODFLOW and uses flow fields and heads generated by
MODFLOW to calculate particle pathways. All particle pathways represent steady
.state flow conditions. The particle tracking was performed using a theoretical solute
with a retardation factor of eleven. This retardation factor was selected to provide a
conservative (i.e., low) estimate of contaminant retardation that may occur due to
soil/water partitioning. Of the organic landfill contaminants of concern, the ones with
the least tendency to adsorb to soil and organic carbon are 1,4-dichlorobenzene and
pentachlorophenol. A retardation factor of eleven is approximately half of the
retardation factors that would be calculated for these compounds for groundwater in
the presence of aquifer solids containing an average total organic carbon content of
0.5 percent and no biodegradation. Because the other compounds have higher tendencies
to adsorb to soil particles and because the TOC content of both the Landfill refuse and the
waterway sediments is greater than 0.5 percent, the retardation factor used in the modeling
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effort is conservative (i.e., will tend to overestimate contaminant migration risks). The use
of a conservatively low retardation factor for the particle tracking step was performed to
provide a base on which contaminant-specific transport evaluations could be conducted.
Actual contaminant migration patterns will tend to be higher and vary from contaminant to
contaminant as discussed in Section 7. »

’

Analysis of Potential Contaminant Migration

In constructing the groundwater model grid, areas known to contain refuse were specifically
assigned to the refuse unit. This allowed these cells to be established as non-depleting source
areas for simulation of contaminant transport. Contaminant transport runs were conducted
using the following sequence:

* Initial Conditions: MODFLOW and SEAWAT were used to establish flow fields and
heads for the initial site conditions (Pre-Warehouse conditions).

» Source concentrations were established for all landfill cells at a non-depleting value of
100 concentration units. Non-landfill cells were established with initial concentrations
of 0. Solute particles were given a retardation factor of 11, and a zero degradation rate.
This simulated the potential migration of landfill contaminants from the refuse material
with minimal retardation. -

» Consecutive MT3D runs were then conducted for a period equivalent to 35 years. During
this period, the model simulated groundwater flows and solute transport for the entire
mode] area. During these runs, the model was operated such that any water infiltrating
vertically or migrating laterally into the landfill refuse was assumed to become impacted
with the landfill contaminants, resulting in an applied concentration value of 100
concentration units. Water leaving the landfill then mixes with other waters, resulting in
reductions in modeled concentrations in relation to the amount of mixing that occurs.

» Atthe end of the first 35 years (simulating year 2000), two scenarios were tested. The
first was simply a continuation of the Pre-Warehouse conditions for another 35 years.
This scenario simulated conditions anticipated in 2035 if the GP Warehouse had not been
constructed and if additional development activities in the Central Waterfront Area were
not implemented. This additional 35 year run of the Pre-Warehouse scenario was
conducted to verify stabilization of solute concentrations in the modeling output, and to
provide the ability to directly compare Pre-Warehouse and Development Baseline output.
For the Development Baseline scenario, new flow fields and heads were established to
simulate completion of the Warehouse project and other anticipated development. These
values were then used with the output from the year-2000 Pre-Warehouse scenario runs
as the starting conditions. The Development Baseline conditions were established based
on the parameters defined in Figure 6-2. The Development Baseline scenario was run for
an additional 35-year period, simulating the period between year 2000 and Year 2035.
Year 2035 was selected as an appropriate termination point for the flow modeling based
on 1) consistency with typical remedial evaluation time-frames of at least 30 years, and
2) the assymptotic stabilization of model output for solute concentrations.
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Assessment of Conditions at Specific Locations

The Year 2035 results from the solute transport model were used directly to quantify
maximum potential Landfill contaminant concentrations throughout the project area. Model
output for solute concentrations was analyzed using the following methods:

» Point-of-Exposure Concentrations: As described in Section 2.4, MTCA requires that
surface water cleanup levels be met by groundwater discharging into the point-of-
exposure. For the Roeder Avenue Landfill, the point-of-exposure specifically represents
the 12 centimeter thick sediment bioactive zone beneath Bellingham Bay. For modeling
purposes, the point-of-exposure was conservatively estimated using the Layer 2 model
cells located beneath Layer 1 bay cells. The minimum thickness of the Layer 2 cells was
set at 30 centimeters (1 foot). This minimum thickness ensures that the model output
conservatively represents the water quality discharging into the 12 centimeter layer. The
model output involves a degree of averaging within each cell. Use of a Layer 2 cell
thickness of 12 centimeters would have produced estimates of the groundwater quality
in the middie of the bioactive zone (i.e., at 6 cm depths). Use of a 1-foot thickness
provides an estimate of water quality just beneath the bioactive zone. This is more
consistent with MTCA regulations which prohibit the use of dilution zones within
surface waters in evaluating compliance of groundwater discharges with surface water
standards. For most model areas, the model-predicted concentrations are read directly
from the Layer 2 model output for those cells located past the water line (i.e., beneath the
Bay). Each point-of-exposure cell contains a discrete concentration estimate. The values
can be directly compared to model groundwater contaminant concentrations for the
Landfill. For example, a concentration value of 10 at a point-of-exposure cell indicates
that the long-term predicted concentration of Landfill contaminants in that cell is
expected to be one tenth of that in the Landfill (Landfill source cells have concentrations
of 100 units). The only Layer 1 cells used directly in evaluating model output are the
intertidal cells located at the foot of Hilton Avenue. The concentration output in these
cells is read directly as with the Layer 2 point-of-exposure cells.

+ Upland Well Concentrations: For locations within the upland portions of the project
area, the solute concentrations vary vertically across the model layers. This effect was
observed both within the groundwater modeling output as well as in groundwater
contaminant data empirically collected during the RI activities. Model-predicted
concentration values for specific wells were read directly from the model cells. Where
the screened portion of the groundwater well being analyzed intersected multiple model
layers, the concentrations were integrated based on predicted transmissivity of the well.
Specifically, concentrations in each cell intersected by the well screen were given a
relative weighting factor based on the length of screen within each model layer and the
conductivity of that layer. The weighting factors were then multiplied by the
concentration within each cell and the resultant concentrations summed for a total
predicted well concentration. This value simulates predicted water quality for
groundwater extracted or sampled from that well, and is directly comparable to empirical
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measurements of groundwater quality collected from site wells during the RI field
activities.

Calculation of Flow-Based Attenuation Factors

The final step in data analysis from the solute transport model was to quantify the attenuation
of groundwater contaminants predicted under the model assumptions. Because these
predictions are based on theoretical contaminants with little retardation (i.e., retardation
factor of 11), and because contaminant degradation and geochemical immobilization were
not incorporated into this step, the results provide a conservative estimate of contaminant
attenuation (i.e., results will tend to overestimate contaminant migration risks). The
attenuation factors were calculated directly from the model output as follows:

*  Gross Attenunation Factors (GAF): The most direct estimate of contaminant attenuation
was calculated directly and is referred to as the “Gross Attenuation Factor” or GAF.
These Gross Attenuation Factors represent the ratio between solute concentration in the
Landfill groundwater and that predicted for a given point-of-exposure cell. These Gross
Attenuation Factors are expressed in model concentration units (Landfill groundwater
1s always expressed as 100 concentration units). Therefore, if a point-of-exposure cell has
a predicted concentration of 5 units, the GAF for this cell is 20, meaning that landfill
leachate is reduced by dilution/attenuation to 1/20th of its original concentration prior to
discharging to the point-of-exposure cells beneath Bellingham Bay. The Gross
Attenuation Factors vary throughout the model due to differences in groundwater flow
and mixing. Areas with low Gross Aftenuation Factors are those with the greatest
potential for discharge of Landfill contaminants to surface waters in excess of applicable
criteria.

+ Area-Specific Attenunation Factors (ASF): In addition to the Gross Attenuation Factors
described above, the model output can be used to quantify the amount of flow-based
attenuation that occurs between any intermediate upland location and the shoreline. In
intermediate upland locations located downgradient form the landfill, the leachate
concentrations will be typically less than 100 concentration units. The area-specific
attenuation factor represents the ratio between the predicted concentration at one of these
intermediate locations, and the predicted concentration at the appropriate downgradient
point-of-exposure cell (where that groundwater will ultimately discharge). Particle
tracking analyses are used to select the appropriate point-of-exposure cells for this
calculation. For example, take a hypothetical upland cell with a leachate concentration
of 50. If groundwater from that cell discharges at a point-of-exposure cell with a
concentration of 5, the resultant Area-Specific Attenuation Factor is 10. This means that
the concentration of leachate contaminants will be reduced by dilution/attenuation to
1/10th of the concentration measured at the intermediate point, prior to discharge at the
point-of-exposure. Area-Specific Attenuation Factors (ASF) are important, because they
provide a basis for correlating empirical groundwater quality data from non-landfill areas

~ to point-of-exposure concentrations.
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6.3

The GAF and ASF values for the Pre-Warehouse and Development Baseline scenarios are
described in Sections 6.3 and 6.4 below. The level of conservatism inherent in these
calculated values 1s discussed in Section 6.5 and also as part of Section 7.

Because the attenuation factors are specific both to site locations and to the assumptions used
for the modeling scenario, any changes in modeling assumptions (e.g., precipitation rates
within the landfill area) have an impact on solute transport and hence the calculated
attenuation factors. Providing a method for quantifying these effects was one objective of the
RUFS groundwater modeling effort. As part of the feasibility study evaluations, the effects
of various remedial alternatives on groundwater attenuation factors was evaluated. These
measures tended to reduce the flux of both Landfill groundwater and its associated
contaminants toward the shoreline, resulting in increases in both GAF and ASF values. The
results of modeling conducted for each of the remedial alternatives are described in Section
9 of this document and were used in the evaluation of remedial alternatives.

Modeling of Pre-Warehouse Conditions

Results of Pre-Warehouse groundwater flow and solute transport modeling are described in
this section. Results from the Development Baseline scenario are presented separately in
Section 6.4. For each modeling scenario, the steady state flow simulation results presented
are generated from the SEAWAT program. Use of heads from the SEAWAT program is
slightly more realistic than the use of heads from MODFLOW, because SEAWAT takes into
account the influences of nearshore salinity effects on groundwater flow.

Groundwater Flow Patterns

Groundwater Heads

Figure 6-3 shows model-generated heads for layer 1 from the Pre-Warehouse scenario. Those
heads are compared in Figure 6-3 to both of the empirically measured heads from November
1998, and also to the model-predicted heads from the Development Baseline scenario
discussed in Section 6.4. The Pre-Warchouse heads shown in Figure 6-3 represent a late dry
/ early wet season head distribution prior to GP Warehouse construction. Layer 1 is the
shallowest layer and is similar to the heads water elevations measured during RI
investigations at the site. Key groundwater features of the project area were simulated by the
model, including the groundwater mound or ridge extending from the GP biotreatment
lagoon toward Roeder Avenue, a groundwater saddle located in the vicinity of Roeder -
Avenue, and groundwater flow toward both waterways from central portions of the landfill.

An important feature of the modeled head distribution is the apex of the groundwater ridge,
adjacent to the lagoon. The head of this ridge is created by increased recharge in the area of
the ridge head. Modeled recharge distribution is shown on Figure 6-2. Increased recharge
1n this area represents the combined affect of precipitation, overspray from the lagoon, and
potential spillage from leachate water handling activities. The model output (Table 6-1)
indicates a cumulative recharge rate of about 860 cubic feet (6,500 gallons) per day from
these sources. This is equivalent to a precipitation rate of about 4 inches per year if applied
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over the entire landfill area. This additional volume represents 17 percent of the total landfill
recharge for the Pre-Warchouse scenario.

Modeled head distributions in layers 2 through 5 were similar to the distribution in layer 1
but less amplified. The output of the completed model indicated that some water from the
GP biotreatment lagoon flows under the landfill berm and mixes with groundwater beneath
the landfill refuse. Model predicted flow from the lagoon to the area within the landfill
footprint is about 2,400 cubic feet (17,900 gallons) per day (see Table 6-1). This is equivalent
to a precipitation rate of about 11 inches per year if applied over the entire landfill area.
While much of this flow migrates to areas not containing landfill refuse (i.e., in many areas
the water flows beneath the Landfill refuse, not necessarily through the Landfill refuse), the
flow does have a substantial impact on area-wide groundwater flow patterns and Landfill
contaminant fate and transport behavior. For the Pre-Warehouse modeling scenario, recharge
from the GP lagoon flow is about 31 percent of the total flow of water into the landfill
footprint from all sources, including precipitation recharge.

Aquifer properties beneath the lagoon were modified during model calibration to test the
effects of Lagoon leakage on the groundwater flow system. Model calibration results show -
that some recharge from the Lagoon to the landfill is required to maintain heads within the
landfill footprint. Zero recharge from the lagoon resulted in the flow model significantly
under-predicting Landfill groundwater heads. The landfill heads could not be maintained by
reasonable recharge values from overspray and precipitation alone, especially in the bottom
model layers.

Particle Tracking

Groundwater particle tracks were developed from the model to provide a visual
representation of groundwater solute transport paths in the Roeder Avenue Landfill area.
Using the model, transport paths can be calculated between any model cell and the shoreline.
Figure 6-6 provides a set of pathlines developed using RI/FS well locations and additional
selected locations. The pathline analysis for the Pre-Warehouse modeling scenario is shown
at the left side of the figure. Pathways at these locations were calculated to facilitate the
interpretation of groundwater contaminant data (see discussions in Section 4.2 and Section
7).

Pathways are shown in plan view on Figure 6-6 for all five model layers combined. Particle
tracks near the lagoon curve away from the lagoon because of the influence of Lagoon flow
and overspray on groundwater flow patterns. These particle tracks provide a graphic
illustration of a “Lagoon Shadow Effect” on each side of the GP lagoon (compare pathlines
in Figure 6-6 with simplified representation in Figure 6-7). In these areas Lagoon
groundwater represents the majority of discharging groundwater, and Landfill leachate is
diverted laterally to other discharge areas. The Lagoon Shadow effect was consistent with
groundwater quality data collected during the RI/FS. These data are discussed in Sections 4.2
and Section 7 of this report.
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. Landfill Water Balance

Pre-Development water balance volumes are summarized in Table 6-1. These
calculated volumes represent the predicted recharge rates for water derived from four
different sources. These recharge sources include the following:

* Lagoon Flow: Sub-surface groundwater flow from the lagoon to the landfill
footprint

* Cross-Roeder Flow: Sub-surface groundwater flow from the upland side of
Roeder Avenue to the landfill footprint

* Overspray: The combined volume of infiltration derived from overspray and
water handling activities in the “overspray area” areas shown on Figure 6-2.

* Precipitation: Natural meteoric precipitation (rainfall, snowmelt, etc.) occurring
within the landfill footprint.

Previous water balance estimates conducted as part of the Warehouse Feasibility
Study (RETEC, 1996) predicted meteoric recharge rates of 3,800 cubic feet per day,
and groundwater outflow from the Landfill of 5,100 cubic feet per day respectively.
The model-calculated values for these same parameters are 4,160 (precipitation
recharge) and 7,657 (outflow) cubic feet per day. The meteoric recharge values from
1996 and the present study are very similar to each other. But the outflow values from
the model are significantly greater than those from 1996. This difference (between
the 1996 estimates and the current model-derived value) is due mostly to the Lagoon
effect and Lagoon overspray. Water flow volumes from these two sources could not
be reliably estimated prior to groundwater flow modeling, and were greater than had
been anticipated in the 1996 estimates. '

As shown in Table 6-1, water inflow into the landfill from sources other than natural
precipitation is an important component of the total volume of water entering the
landfill. The flow of groundwater from beneath the biotreatment lagoon to the
landfill (about 2,400 cubic feet per day) comprised 31 percent of the total volume of .
water entering the landfill, prior to completion of the Warehouse project.

Model-calculated landfill recharge due to overspray and leachate handling activities
is 860 cubic feet of water per day or about 17 percent of the total Pre-Warehouse
recharge volume. '

The volume of flow into the landfill from across Roeder Avenue is small compared
to the volume of subsurface flow from the lagoon. The flow rates calculated for
groundwater flowing across Roeder Avenue into the landfill were about 250 cubic
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feet per day. This represented only 3 percent of the total recharge of water into the
landfill under the Pre-Warehouse modeling scenario.

Summary of Groundwater Flow Patterns

Figure 6-7 provides a simplified representation of groundwater flow patterns as determined
through the modeling process. The figure shows the relationship between vertical and
horizontal groundwater flow, as well as the effects of tidal influences in shoreline areas.

Flow-Based Attenuation of Landfill Groundwater

The solute transport model was run for 35 years using the Pre-Warehouse modeling
conditions. This simulates the period 1965 to 2000 when the landfill was operated and
closed, and prior to recent development of the GP Warehouse on top of the landfill. This
simulation was generally representative of site conditions during this period, with the
exception of the G.P. Lagoon as noted below.

The model was established using the Lagoon as an existing condition during the entire 35-
year period. In actuality, the lagoon was not completed until approximately 1978. This means
that the early groundwater discharge patterns between the Landfill and the Bay in the current
vicinity of the Lagoon were not directly simulated for the early period (1965 to 1978). During
this early period, discharge of groundwater may have occurred beneath the landfill berm to
surface waters formerly located in the area of the GP Lagoon. After construction of the
lagoon, this flow was terminated due to the Lagoon Effect described above. Because the flow
patterns in this early period were transient, direct simulation of this flow was not considered
critical to model representativeness as it relates to existing and future site conditions.

Findings of Landfill Groundwater Contaminant Tracing Study

Figure 6-8 shows an example of model concentration output. This particular figure shows
Year 2035 estimated solute concentrations for the Development Baseline Scenario. Similar
output was produced for the Pre-Warehouse Scenario as well as each of the remedial
alternatives evaluated in Section 9. Figure 6-8 shows the model grid and shoreline. Estimated
concentrations can be read directly for each of the Layer 2 cells in the figure. Appendix D
contains model output from Layers 1, 3, 4 and 5 of this same modeling scenario. These
distributions reflect the influence of groundwater flow and site features on leachate transport. -
Refer to Figure 6-7 for a representation of the main groundwater flow patters. The main
observed features include the following: '

* Dilution by Meteoric Recharge: As Landfill groundwater migrates laterally toward the
waterway shorelines leachate concentrations are attenuated more in the shallow model
layers (1 & 2) than in the deeper layers (e.g., layers 4 & 5). This attenuation effect in the
shallow model layers is caused by mixing of landfill groundwater with meteoric recharge.
The precipitation mixes with and dilutes the concentration of leachate. Relatively little
of this mixing occurs at depth, resulting in greater lateral migration of landfill leachate
in these deeper layers. This pattern was observed in the actual sampling data from the
Landfill (see Section 4.2 and Section 7).

Grouﬁdwater Flow Modeling . 6-15



Remedial Investigation & Feasibility Study for the Roeder Avenue Landfill

» Nearshore Upwelling and Bulkhead Effects: A vertical convergence of leachate was
noted in several areas of the model. In areas of partially-penetrating bulkheads, shallow
groundwater (typically in layers 1 and/or 2) is forced downward by the presence of a
shoreline bulkhead. This water then mixes with deeper groundwater. Once past the effect
of the bulkheads, the groundwater begins to migrate vertically upward into shallower
layers. This vertical migration is mainly caused by the saline-freshwater interface that
forces fresh water progressively upward until it reaches the point-of-exposure cell
(generally layer 2 cell) at the base of the waterway. Model results show that Landfill
constituents do not migrate more than 2 or 3 cells into the waterways (40 to 60 feet)
while moving upward, and that the majority of leachate discharges in the first row of
cells (20 feet) within the waterways.

« Tidal Mixing & Dilution: The effects of tidal mixing and dilution are concentrated in
the last few cells prior to discharge at the point-of-exposure. Generally, the groundwater
mixes as it moves from deeper to shallower model layers. The tidal mixing effect can
be seen by comparing model-predicted concentrations in model cells from each of the
layers (see Figure 6-8 and Appendix D for data from the Development Baseline
Scenario).

e Lagoon Shadow and Cross-Roeder Effects: Lateral flow of water into the landfill
footprint occurs both at the GP Lagoon and along Roeder Avenue. This lateral flow has
two effects. First, the flow of Landfill groundwater is affected in both areas. Near the
lagoon, a shadow effect is observed (see Figure 6-7), and along Roeder, extensive mixing
with non-landfill groundwater occurs along either side of the landfill. The second effect
of lateral groundwater flow is to cause a convergence of leachate in the deeper model
layers as the leachate migrates toward the two waterways. This creates narrow areas of
relatively undiluted leachate in deeper model layers, extending from the landfill toward
the shorelines (see figures in Appendix D). These areas remain relatively undiluted until
reaching the shoreline areas where upwelling and tidal mixing occurs.

* Hilton Avenue Discharge Patterns: Along Hilton Avenue, discharge patterns are
influenced by the presence of a bulkhead in the northwest corner of the project area. Flow
patterns to the south of this bulkhead include flow undemeath the landfill berm, with
upwelling in the intertidal and subtidal beach areas. The highest leachate concentrations
of all point of exposure cells are observed in these beach areas, To the east of the Hilton
bulkhead, the flow involves discharge beneath the wooden bulkhead and into the 1&J
Waterway.

Calculation of Contaminant Attenuation Factors

Using the methods described in Section 6.2, two sets of flow-based attenuation factors were
calculated for the Pre-Warehouse scenario. These include the Gross Attenuation Factors
(GAF) and also the Area-Specific Attenuation Factors (ASF). The results of these
calculations are shown in Figure 6-9. Table 6-2 through 6-4 provide an example of how these
calculations are performed using the Development Baseline scenario data.
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6.4

As shown in Figure 6-9, gross attenuation factors vary significantly around the perimeter of
the Landfill. In areas where leachate discharge occurs without extensive dilution, the
attenuation factors are the lowest. Areas with the lowest attenuation factors include the -
following;:

Foot of Hilton: The beach area at the foot of Hilton Avenue has the lowest gross
attenuation factor of any point-of-exposure cell in the model. The gross attenuation factor
for the cells in this area are as low as 3.2 for the Pre-Warehouse scenario. Due to the
topography of this area, the point-of-exposure cells in this area are present in Layer 1 of
the model. The low attenuation factors are caused by the short pathlines between the
Landfill refuse and the point-of-exposure cells, and the upwelling of landfill leachate
from undemneath the landfill berm. The area of elevated contaminant concentrations is
relatively narrow, constrained on the south side by the Lagoon Effect and on the north
side by sheetpiling along the 1&J waterway.

Gap in 1&J Bulkhead: There is a gap in the bulkhead along the 1&J waterway between
the Olivine site and the Bornstein Seafoods lease area. The 3-dimensional characteristics
of the gap produce the second lowest gross attenuation factor for the model. For the
Landfill area discharging through this bulkhead gap, the gross attenuation factor for the
Pre-Warehouse conditions is just over 5X. This factor is significantly about half of the
GAF for other areas along Hilton Avenue side of the Landfill.

1&J Waterway Bulkheads: The majority of point-of-exposure cells along the 1&]J
Waterway have gross attenuation factors of greater 9X to 10X or greater. Higher factors
are present in the areas peripheral to the main Landfill attenuation zone, including the
area at the head of the waterway and also along the sheet-pile bulkhead at the northwest
corner of the project area.

Whatcom Waterway Shoreline: The gross attenuation factors at the head of the
Whatcom Waterway and in the lagoon shadow are high due to the influences of non-
landfill groundwater on leachate dilution and attenuation. Gross attenuation factors in
these areas are all greater than 20. In contrast, the area near Maple street has lower factors
due to upwelling of leachate from the deep model layers. Gross attenuation factors in this
area range from a low of 11X to 20 or more.

Area-Specific Attenuation Factors are shown in Table 6-9 for selected model areas. The ASF
patterns are similar to those for the GAF.

Modeling of Development Baseline Conditions

Site Development Assumptions

The Development Baseline model scenario simulates the completion of the GP
Warehouse project and the anticipated redevelopment of other area properties. The
scenario simulates site development which has occurred or will occur in the absence |
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of specific site remediation requirements. Modeling assumptions for this scenario are
based on the GP Warehouse plans and the results of area-wide land use planning
(Section 5).

Modeling assumptions used for the Development Baseline scenario are summarized
in Figure 4-2. The Georgia Pacific warehouse is simulated in the flow model by
assigning a recharge value of zero to Layer 1 cells within the footprint of the
warehouse. A recharge value of zero is reasonable given that the warehouse is a fully
enclosed building with an efficient rainwater collection system. Stormwater
management routes roof water directly to the GP Lagoon without the opportunity for
infiltration into the Landfill surface. Areas adjacent to the warehouse were assigned
a recharge value half that of unpaved areas. This simulates the range of paved, and
non-paved conditions existing in the area, and the incomplete capture of precipitation
and stormwater from these paved areas. '

In simulating future conditions on the Landfill and in adjacent areas, pending
redevelopment actions at the Olivine, Sanitary Services and Chevron properties were
incorporated. The recharge assumptions used were conservative, and consistent with
land use planning efforts as described in Section 5. Recharge rates in areas proposed
for redevelopment were established at 50 percent of the rates used for uncovered
areas. This is a conservative estimate of recharge rates assuming that no
extraordinary measures are taken as part of site redevelopment to minimize
infiltration. Greater reductions in infiltration rates would be expected for heavy
industrial land uses, intensive urban development, or environmental capping
scenarios.

Groundwater Flow Patterns

The reductions in meteoric recharge results in significant changes to groundwater
heads and flow paterns for the Development Baseline scenario. These effects include
reduced groundwater flow toward both waterways, a lowering of the groundwater
mound in the middle of the landfill, and increases in the amount of mixing and flow-
based attenuation of leachate between the landfill boundary and the point of
exposure. '

Groundwater Heads

In the Development Baseline scenario the groundwater mound in the center of the
landfill is reduced in height by as much as 2.7 feet compared to the Pre-Warechouse
scenario. This change in model-predicted head is shown in Figure 6-3.

Groundwater flow toward both waterways is reduced as reflected in the position of
the 7, 8 and 9 foot contours. These contours are located further inland than equivalent
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contours in the pre-development flow simulations, indicative of decreased
groundwater flow volumes toward the waterways because the gradients are lower.
Upland head values of 7 feet and lower are less affected by development conditions
due to the proximity of these head values to the waterways.

In the Development Baseline scenario, the groundwater saddle along Roeder Avenue
is more pronounced and located further within the landfill compared to the Pre-
‘Warehouse simulation. This effect results from decreases in meteoric recharge within
the Landfill and slight increases in groundwater flow across Roeder Avenue and from
the Lagoon.

Because of the lower heads in the Landfill, the groundwater gradient between the
center of the Landfill and adjacent waterways is reduced. The flux of water through
the Landfill refuse is reduced, as is the total volume of saturated landfill material.
These factors combine to reduce the flux of Landfill groundwater and associated
contaminants under the Development Baseline scenario. Because the Warehouse is located
along the Whatcom Waterway side of the Landfill, the reductions in contaminant flux are
greatest along the Whatcom Waterway shoreline.

Particle Tracking

Figure 6-6 shows the changes in pathlines that are predicted under the Development Baseline
scenario in comparison to the Pre-Warehouse scenario. The changes in pathlines are
generally small. The main effect on particle pathlines is caused by the increase in Lagoon and
cross-Roeder groundwater flow. This results in a'slight expansion of the Lagoon shadow and
a concentration of flow along the Maple Street axis toward both the Whatcom Waterway and
1&J Waterway shorelines. This pinching effect significantly increases attenuation in
peripheral areas, but results in only moderate improvements in attenuation for areas along
the Maple Street axis.

Landfill Water Balance

Table 6-1 summarizes the change in landfill water balance for the Development
Baseline scenario.

The most important effect of development on the landfill water balance is a reduction
in meteoric recharge by 60 percent. However, secondary effects associated with the
increased Lagoon and cross-Roeder flow offset some of this reduction, resulting in
an overall 28 percent reduction in the quantity of water entering the landfill footprint.
Groundwater flow from the GP Lagoon toward the Landfill increased 23 percent
from about 2,400 to just over 2,900 cubic feet per day. Flow from the lagoon as a
percentage of the total flow into the Landfill footprint increased from 31 to 53
percent of the total recharge volume.
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Ground water flow from across Roeder Avenue into the Landfill increased
significantly from 249 to 714 cubic feet per day. The increase in flow from across
Roeder Avenue is 465 cubic feet per day, similar in total quantity to the increase in
flow from the Lagoon.

Recharge from overspray decreased from over 800 cubic feet per day to less than 200
cubic feet per day. The decrease is caused by the reduced infiltration in areas
previously exposed to overspray. A small portion of the Landfill area between the
warehouse and the clay berm receives overspray in the Development Baseline model.
This area is shown on Figure 4-2. '

Flow-Based Attenuation of Landfill Groundwater

Findings of Landfill Groundwater Contaminant Tracing Study

Model calculated leachate distributions for the Development Baseline scenario are presented
in Figure 6-8 (Layer 2) and in Appendix D (Layers 1, 3, 4 and 5). These distributions show
the effect of Warehouse and development features on transport of Landfill groundwater. The
distribution of Landfill groundwater is similar to that observed with the Pre-Warehouse
scenario. Observed changes in distribution included the following:

« Increased Lagoon and Roeder Effects: The influence of Lagoon Effect and cross-
Roeder flow was more pronounced in the Development Baseline scenario than in the Pre-
Warehouse scenario. These effects produced greater mixing in areas near Roeder and
near the Lagoon. Landfill groundwater migration was more focused along the Maple
street axis and at the foot of Hilton Avenue.

» Reduction in Off-Landfill Concentrations: In most off-Landfill areas of the model
grid, predicted concentrations of Landfill constituents in groundwater were reduced in
the Development Baseline model. The extent of reduction varied with model Layer and
location. These results confirm that the reductions in overall recharge and groundwater
flux produce a corresponding reduction in the migration of Landfill constituents toward
the waterways. '

Calculation of Contaminant Attenuation Factors

The changes in attenuation factors between the Pre-Warchouse scenario and the
Development Baseline scenario are shown in Figure 6-9.The attenuation factors increased
in most areas, indicating increased mixing and flow-based attenuation of Landfill
contaminants prior to discharge into the point-of-exposure cells. The main changes are as
follows:

* Foot of Hilton: The beach area at the foot of Hilton Avenue continues to show the
lowest Gross Attenuation Factor of any point-of-exposure cell in the model. The GAF
in this area improves slightly from 3.2X to just over 3.6X. As in the Pre-Warehouse
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modeling scenario, this area is relatively narrow, constrained on the south side by the
Lagoon Effect and on the north side by sheetpiling along the 1&J waterway.

« Gap in I1&J Bulkhead: The gap in the bulkhead along the 1&J waterway between the
Olivine site and the Bornstein Seafoods lease area continues to exhibit the second lowest
attenuation factors for the project area. The Gross Attenuation Factor for groundwater
discharging through this area increases slightly from 5X to 6X. The Area-Specific
Attenuation Factors in this area show a corresponding increase (see Figure 6-9). The
extent of improvement in attenuation in this area is limited by the extent of Landfill areas
without full infiltration control along the Hilton Avenue side of the Landfill, and also the
“pinching” effect of the cross-Roeder flow and the Lagoon flow that tends to concentrate
the discharge of residual Landfill groundwater along the Maple Street axis.

e 1&J Waterway Bulkhead Areas: The attenuation factors along the other areas of the
1&] Waterway increase significantly due to the reductions in Landfill groundwater heads
and the flux of Landfili groundwater toward the waterway. Changes in attenuation factors
are shown in Figure 6-9.

e Whatcom Waterway Shoreline: The attenuation factors along the C-Street side of the
Landfill increase near Roeder Avenue and near the Lagoon. Near the Maple street axis,
the factors don’t change significantly because the reductions in total groundwater and
contaminant flux toward the waterway are offset in this area by the “pinching” of the
Landfill groundwater along the Maple Street axis. Gross attenuation factors along the
Maple Street axis remain at 13 and above. '

Evaluation of Worst-Case Attenuated Discharge Scenario

Table 6-5 presents the results of a worst-case analysis of attenuated groundwater discharge.
This analysis was conducted using 1) average Landfill groundwater quality data from Table .
4-8 and the Gross Attenuation Factors from Figure 6-9. The results provide a direct -
comparison between predicted point-of-exposure concentrations and the applicable surface

water criteria. These results are presented using the exceedance ratio format where a ratio of

1.0 or below indicates a protective concentration in the point-of-exposure.

As shown in Table 6-5, the flow-based attenuation documented under the Development
Baseline scenario produces point-of-exposure concentrations for most contaminants of
concern that are below applicable surface water standards. Compared to the Landfill area
groundwater which had exceedance ratios greater than 1.0 for eight compounds.
Additionally, bis(2-ethylhexyl)phthalate had an exceedance ration greater than 1.0 when the
more stringent sediment source control value was used as the applicable cleanup standard. -

In contrast to the Landfill area groundwater, the flow-based attenuation results in exceedance
ratios in excess of 1.0 only for pentachlorophenol. All other compounds are predicted by the
model to be below applicable surface water criteria at the point-of-exposure. Biological and
geochemical factors that may influence the attenuation of pentachlorophenol are discussed
further in Section 7 of this report.
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6.5 Preliminary Testing of Additional Scenarios

In addition to the Pre-Warehouse and Development Baseline scenarios described in the
preceding sections, ThermoRetec conducted two additional sets of simulations to evaluate
factors that could change the conclusions of groundwater and solute transport modeling. The
two additional evaluations were conducted to assess potential additive interactions of
Landfill contaminants in the C-street area, and to evaluate implications of potential changes
to GP Lagoon characteristics.

Interactions with Non-Landfill Contaminants

Most of the Landfill contaminants of concern are common industrial contaminants. In the
case of copper, elevated copper levels have been detected in groundwater at the BC
Investments/Colony Wharf site.

Due to the relatively low average copper concentrations in the Landfill area groundwater and
the extent of flow-based attenuation occurring between the Landfill and the shoreline, the
copper concentrations at the point-of-exposure and attributable to the Landfill are predicted
to be less than 0.07 times the applicable surface water standard. However, as part of the
RIFS process Ecology requested that an evaluation be conducted to ascertain whether this
contribution of Landfill copper to the Colony Wharf site area might significantly exacerbate
the existing conditions there.

To test the potential additive effects of the Colony Wharf site copper and the Landfill-
associated copper, a simulation was conducted in which Layer 1 cells within the Colony
‘Wharf site were established as non-depleting contaminant source cells. Layer 1 cells were
established as the source given the likely release scenarios for copper at the Colony wharf
site (i.e.., placement of copper-containing fill materials or releases of copper-containing
materials to surface soils through spills of paint or foundry wastes).

Source concentrations were based on measured copper concentrations at the Landfill and
Colony Wharf sites. The average copper concentration in well MW-3B has been measured
at 6.8 times the applicable surface water standard (see Table 4-13). In contrast, Landfill
groundwater concentrations of copper average only 0.85 times the surface water standard.
Source concentrations for the Layer 1 Colony Wharf cells and the Landfill refuse cells were
established at 700 and 100 concentration units, respectively. The model simulation was then
conducted using the Development Baseline scenario, with model runs of 35 years. A
corresponding run was conducted without the Landfill as a source.

The addition of the Colony Wharf source area to the modeling scenario did cause an increase
in point-of-exposure copper concentrations from 0.07 to 0.16 times the surface water
standard. Results of modeling indicate that the interaction of Landfill-associated copper with
the site-specific conditions at the Colony Wharf site does not pose a significant threat to
surface water quality under an attenuated discharge scenario. Copies of the modeling output
are included with other modeling data in Appendix D.
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Impacts of Changes to GP Lagoon Conditions

6.6

A second set of evaluations was conducted to qualitatively evaluate the impacts of potential
changes to the GP Lagoon operation and/or characteristics. Since initiation of the RI/FS, GP
has closed its pulp manufacturing operations in Bellingham. The GP tissue mill remains
active and the Lagoon remains in operation for treatment of facility wastewater. However,
it is possible that the operation or characteristics of the GP Lagoon will change as a result of
the pulp mill closure and the resulting reduction in facility wastewater generation and
treatment needs.

The range of changes to the Lagoon characteristics or operation could potentially include 1)
no change, 2) partial closure of the Lagoon with portions converted to upland use by infill,
3) partial closure of the Lagoon with portions converted to in-water use by modification and
containment dike breaching/removal/relocation, 4) complete closure with conversion to
upland use by infill, or 5) complete closure with conversion to open water use. Of these
alternatives, the most significant change relative to the Landfill groundwater flow regime
would be the full closure and conversion to open-water uses. Under this scenario the water
elevations within the Lagoon would be reduced and would become identical to those in the
Bay, inflow from the Lagoon to the Landfill would cease, and outflow of groundwater toward
the Lagoon would occur under tidally-influenced conditions. Each of the other alternatives
would represent intermediate changes between the Development Baseline modeling scenario
and this hypothetical scenario. '

A limited evaluation was conducted in which the Lagoon was assumed to be converted to

" open-water uses. The accumulated bottom sediments within the Lagoon were assumed to be

removed to the original grade (-12 feet MLLW). The water elevations within the Lagoon-
were set equal to those in the Bay, including normal tidal influences. Point-of-exposure cells
were established within the Lagoon using the same 1-foot thicknesses simulated in other
portions of the model. Salinity effects were incorporated as described in Section 6.2, and then
the groundwater flow and solute transport models were run to evaluate the influence of
groundwater gradient changes on point-of-exposure concentrations of Landfill contaminants.

Under the Lagoon closure scenario, the groundwater saddle (Figure 4-1) disappears and
groundwater flows outward from the Landfill in all directions toward the Bay, including
toward the Lagoon area. Groundwater upwelling from underneath the Laurel street clay berm
occurs within a tidally-influenced area. The mixing associated with this tidal activity results
in gross attenuation factors of over 10X. In Lagoon closure simulations conducted in parallel
with the elements of the Preferred Remedial Alternative (see Section 9) the closure of the
Lagoon tended to improve the effectiveness of the alternative.

Flow Modeling Uncertainty Analysis

A degree of uncertainty is inherent in any model. Sources of uncertainty include the quantity

and quality of empirical data for the physical system the model is meant to simulate, the
limitations of the modeling code, the adequacy of calibration, and the selection of model test
input parameters such as the temporal and spatial distribution of recharge. In developing the
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groundwater model for application to the Roeder Avenue Landfill RIFS, the overall
uncertainty of the model has been minimized through the use of extensive and corroborating
empirical data and through the use of a tobust and extenstvely tested modeling code. In
defining input parameters, those which produce a conservative (i.e., high) estimate of
contaminant mobility have been selected where the parameters are not tightly constrained by
empirical measurements. Factors with a significant impact on the overall results of
groundwater flow and solute transport modeling are described below:

+ Site Geologic Characteristics: The uncertainties regarding the physical system
represented by the model were minimized by the extensive data available for the Landfill
and vicinity. Data incorporated into the geologic model for the site included over 80 soil
borings (including both shallow and deep borings), over 50 monitoring wells, and over
50 test pits. The information from these sources was cross-referenced with the extensive
historical information available for the Landfill and vicinity. As a result, the refuse
boundaries, the characteristics of the fill soils and the presence, depth and characteristics
of deep confining layers are all known with a high degree of certainty.

= Site Hydrogeologic Data: Hydrogeologic data important for the modeling effort include
the groundwater gradients, the conductivity values for the various soil units, and the
effects of shoreline conditions, tidal influences and salinity gradients on hydraulic
properties. The quality of groundwater gradient information was ensured through 1) the
availability of prior gradient data to assist in placing RUFS monitoring wells and
piezometers, and 2) the extensive number of wells and piezometers included in the RUFS
investigation effort. Tidal influences were directly quantified, both to ensure that gradient
information was not adversely impacted by tidal artifacts, as well as to obtain additional
data useful to the groundwater modeling effort. Aquifer conductivity values were
analyzed using aquifer slug tests, cross-checked against the conductivity values
determined from the tidal study data. The dual data collection effort for conductivity
values ensures the quality of this important data set. Finally, the shoreline features and
salinity gradients present in the site area were directly evaluated during the RI/FS. These
factors were directly incorporated into the groundwater flow model construction. .
Physical parameters for shoreline bulkheads, buildings, pavement and the GP Lagoon
characteristics were developed based on available project design documents or direct
inspection.

» Choice of Modeling Code: In selecting a modeling code, careful consideration was
given to the objectives of the modeling effort, the complexities of the site area and the
quality of the available codes. The model codes selected for use on the project
(MODFLOW, MT3D, SEAWAT) represent the best available science for achieving the
modeling objectives. Modeling code selection was approved by Ecology.

* Simulation of Point-of-Exposure Areas: The critical output of the solute transport
modeling is the estimation of maximum point-of-exposure concentrations of Landfill
contaminants after taking into account flow-based attenuation processes. In setting up the

- point-of-exposure cells, care was taken to match model design with regulatory
requirements. The grid for Layer 2 of the model simulates a 1-foot thickness of
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soil/sediment beneath the Bay. The use of the 1 foot interval ensures that the groundwater

‘quality entering the 12 cm bioactive zone is not underestimated due to the mathematical
averaging that would occur if a thinner point-of-exposure cell thickness was selected.
The point-of-exposure cell thicknesses are maintained uniformly to ensure consistency
of the model output with regulatory requirements.

* Local Data for Meteoric Recharge Rates: Recharge rates associated with meteoric
recharge (e.g., precipitation) were based on the average annual precipitation in
Bellingham. That value was reported as 36 inches per year based on local meteorological
data. Initial meteoric recharge values in the model were established at 22 inches per year,
or 60 percent of this local average value. Some annual variations in precipitation will
occur, but long-term patterns will not be affected by these short-term effects. Seasonal
variations have limited effects on solute transport conclusions given the long time-
periods (70 years) involved in the modeling process.

*  Multiple Model Calibration Steps: The accuracy of groundwater model calibration was
enhanced through the use of transient model runs as part of the calibration step. These
runs verified that the model could accurately reproduce not just the long-term
‘groundwater head distribution, but also the short-term effects of tides acting on the
shoreline areas of the model. This additional calibration step provides greater certainty
than typically available with groundwater modeling efforts.

* Incorporation of Salinity Effects: The modeling code selected for the project allowed
salinity impacts on groundwater flow to be directly simulated. The saline conditions
result in a more concentrated groundwater discharge, occurring in an area closer to the
shoreline than when simulated without incorporating salinity effects. This produces a
higher estimate of point-of-exposure concentrations than would be produced otherwise.

* Use of Non-Depleting Source Cells: In modeling the transport of solutes from the
Landfill to the shoreline, the source cells were simulated as “non-depleting” sources. For
long-term simulations this provides a conservatively high estimate of contaminant
transport potential. Weathering and natural geochemical processes that have been
documented to occur in landfills will tend to reduce actual flux of contaminants. As a
result, the model-predicted solute transport should be greater than that observed during
long-term monitoring.

» Use of Conservatively Low Retardation Factors: The retardation factors used during
flow modeling were established at a value at least two-fold lower (producing a
conservatively high estimate of contaminant mobility) than the most mobile of the site
contaminants. Further, no degradation or geochemical immobilization was incorporated
into this step of the analysis. This baseline estimate of retardation can then be adjusted
on a contaminant-specific basis as appropriate to the available data.

» Use of Long-Term Asymptotic Output: The modeling periods conducted were run for
periods of 70 years to ensure that the modeling output used for site decision-making was
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based on true steady-state conditions. The stability of the output was verified by
comparing the results of modeling at multiple time steps.

Based on the foregoing considerations, ThermoRetec concludes that the groundwater flow
model is suitable for site decision-making. Any differences between predicted and actual
observed contaminant transport will tend to err on the side of conservatism, providing an
additional degree of protection for human health and the environment.

With respect to individual contaminants with known and documented biodegradation and/or
geochemical processes that tend to reduce contaminant mobility, the flow-based attenuation
factors described in this section should be adjusted to take into account these process.
Biological and geochemical processes are described in more detail in Section 7 of this report.
For other contaminants, the attenuation factors from this Section can be used conservatively.

6.7 Conclusions of Groundwater Flow Modeling

The following conclusions were drawn from the results of groundwater flow modelmg, in
conjunction with the groundwater analytical data reviewed in Section 4.2:

* Range of Attenuation Factors: The results of groundwater flow modeling demonstrate
that even without taking into account contaminant degradation or geochemical
immobilization, flow-based attenuation of Landfill constituents can be significant. Gross
attenuation factors determined for the site range from 3.2X to over 20X.

* Landfill Groundwater Distribution: Based on the use of total chromium and total
organic carbon as indicator constituents, the patterns of leachate migration are similar to
those predicted by the flow and solute transport models. The main differences between
the predicted and observed distributions is that the leachate distribution is less than the
predicted distribution. This difference is due to the conservatism of the flow modeling
assumptions, as well as to geochemical and biological factors that limit the migration of
Landfill groundwater constituents.

» Evidence of Natural Biodegradation: The migration of organic compounds was less
than predicted by the flow model in the absence of contaminant degradation. For
example, the compound 1,4-dichlorobenzene was commonly detected in landfill leachate,
but has not been detected in any of the off-landfill samples. The fact that this compound
is not colocated with the landfill leachate suggests the influence of biological
degradation. Pentachlorophenol was also not detected in any of the off-landfill wells, also
suggesting these influences on PCP transport.

-« Effects of Site Development: The development of the Landfill site and adjacent
properties has a beneficial effect on Landfill contaminant fate and transport. The
reductions in infiltration result in reductions in predicted contaminant transport.
However, as the extent of the cap increases and approaches 100 percent, changes in
groundwater heads result in Increases in other sources of groundwater recharge (e.g.,
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cross-Roeder flow). This situation produces a case of diminishing returns for site
capping.

Interactions with Non-Landfill Contaminants: Elevated concentrations of copper were
detected in shallow groundwater at the BC Investments property. The distribution and
concentrations of the contamination indicate that these impacts are associated with non-
Landfill contamination sources. Additional groundwater medeling evaluations were
performed to specifically assess the relationship between the Landfill and non-Landfill
copper. These additional evaluations indicated that the contributions of the Landfill
copper concentrations do not significantly contribute to point-of-exposure concentrations.
Potential geochemical immobilization of copper in between the Landfill and the
shoreline would further reduce this potential contribution.

Effects of Lagoon Modifications: The GP Lagoon is currently a source of groundwater
recharge in the Landfill. Modifications to the Lagoon by conversion to upland or open
water uses would reduce or eliminate this recharge. These effects would tend to further
reduce the migration potential for Landfill contaminants in groundwater.
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Figure 6-4. Groundwater Model Calibration Data
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Figure 6-5. Transiént Model Calibration Data for Selécted Monitoring Wells
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‘Table 6-1. Landfill Water Balance

Estimated Recharge Rates for Landfill Groundwater *

Total Est. Precipitation Overspray from Subsurface Subsurface Recharge
Recharge G.P. Lagoon Recharge from from Across
N : Lagoon ™ ‘Roeder Avenue

PRE-WAREHOUSE SCENARIO L

7,657 4,160 864 2,384 249

100% 54% 11% 31% 3%
DEVELOPMENT BASELINE SCENARIO _

5,492 1,659 186 2,933 714

100% 30% 3% 53% 13%
TOTAL LANDFILL COVER I

3,960 0 0 3,109 851

100% 0 0 79% 21%
Note:

* Recharge units are shown in cubic feet per day.

This table defines the estimated recharge of groundwater within the footprint of the buned
. refuse. This table does not address recharge of greundwater in non-landfill areas.
‘ 1. Precipitation and recharge rates were established using the assumptions in Figure 4-2.

2. Differentiation between lagoon overspray and subsurface groundwater flow from the
lagoon area was performed using the groundwater model as described in Section 6.

3. Subsurface recharge from cross-Roeder groundwater flow was estimated using the
groundwater model as described in Section 6.

4. Development Baseline scenario includes the G.P. Warehouse and development of
adjacent sites as described in Figure 4-2.

5. A total cover scenario was tested using the groundwater model to evaluate the impacts
of complete capping of the landfili area on lagoon and Roeder Avenue groundwater
recharge rates. An environmental capping alternative was fully evaluated as part of the
evaluation of remedial alternatives for the Landfill site (see Section 9).




" “able 6-2. Examples of Calculated Area-Specific Attenuation Factors — Baseline Development Scenario (Year 2035) I"!

1. The pracess for calculating Area-Specific Attenuation Factors is described in Section 6.2. Refer to Tables 6-3 and 64 for data used to calculate layer transmissivity.

2. Paint-of-Exposure concentrations are determined directly from Layer 2 model-predicted concentrations shown in Fi
3. Model coordinates: The first number shown represents the "cell number* from the model

increase from north to south.

gure 6-8. Point-of-Exposure cells were selecled based on the results of pathline analyses (see Figure 6-6).

Weli ID Coord[3] Layer 1 Weight Layer 1 Layer 2 Weight Layer 2 Layer 3 Weight Layer 3 Layer 4 . Weight Layer 4 Layer 5 Weight Layer 5 Model Predicted [1]([ Point-of-Exposure Discharge [3) |Calculated ASF {1]
Transmissivity Concentration | Transmissivity Concentration | Transmissivity Concentration | Transmissivity Concentration | Transmissivity Concentration well Concentration [2] Cell
. Concentration

Hilton Avenue
RMW-10 61,20 135 0.0233 3.9 120 0.207 57 120 0.207 80 232.5 0.400 76 94,55 .0.163 63 69.1 16.2 597 43
51 18 deep 51,18 127.5 0.559 91 100.65 0441 74 83.5 8.3 505 10.1
Hilton Avenue / 1&.J Shoreline
MW-4(0) 62,8 245 0.0811 0.1 75 0.248 14 75 0.248 as - 127.5 0.422 48 33.2 4.4 626 75
C-Street Landfill Boundary
RMW-11 70,70 18 0.0368 52 153 0.313 89 153 0.313 97 164.5 0.337 66 0 0.000 824 4.2 63 97 19.6
57 69 deep 57, 69 115.5 0.534 100 100.7 0.466 100 100.0 71 52 97 14.1
C-Street Area
MW-4(B) 75,81 21.6 0.0859 0.3 103.5 0.412 17 80.5 0.320 92 v 45,75 0.182 34 0 0.000 235 2.9 7197 8.1
RMW-12D 75,81 0 0 13.5 0.0422 17 80.5 0.252 32 137.25 0.429 34 688.45 0.277 24 30.0 29 7197 10.3
C-Street / Whatcom Shoreline

'N-3(B) 66,94 30.6 0.162 0.1 1305 0.690 17 28 0.148 41 17.8 4.4 66 97 40
RMW-13D 66,94 112.65 0.389 65 176.9 0.611 54 58.3 4.4 66 97 13.2
Notes:

grid. Matching cell numbers run parallel to Roeder Avenue and increase from west to east. The second number shown represents the medel grid “row number”. Model rows run paralle! to Hilton Avenue and



_ Table 6-3. Examples of Calculated Transmissivities for Development of Area-Specific Attenuation Factors --

Baseline Development Scenario (Year 2035) "

1. 'The process for calculating Area-Specific Attenuation Factors is described in Section 6.2. Refer to Table 6
2. Model coordinates: The first number shown represents the “cell number" from the medel
model grid "row number". Model rows run paraliel to Hilton Avenue and increase from no

-2 for calculated ASF values and 6-4 for data on model layer thicknesses intersected by each well or test location.
grid. Matching cell numbers run parallel to Roeder Avenue and increase from west to east. The second number shown represents the
rth to south. .

Mode! Actual Screen Screen Screen Dcreen _
- surface surface Portion CellK  Transmissivity | Portion Cell K Transmissivity | Portion CellK  Transmissivity | Screen Portion Transmissivity | Portion CellK  Transmissivity

Well Coord [2] elevation  Elevation | Layer 1 value Layer 1 Layer 2 value Layer 2 Layer3 value Layer 3 Layer 4 Cell K value Layer 4 Layer 5 value Layer 5
Hilton Avenue
RMW-10 61,20 11.8 1.7 2.7 5 13.5- 16 75 120 1.6 75 120 3.1 75 232.5 31 305 94.55
51 18 deep 51,18 17 75 127.5 3.3 30.5 100.65
Hilton Avenue / 1&J Shoreline -
MW-4(0) 62,8 9 155 4.9 5 245 1 75 75 1 75 75 1.7 75 127.5 .
C-Street Landfill Boundary
RMW-11 70,70 14.3 13.8 2 9 18 3.4 45 153 34 45 153 4.7 35 164.5 0 305 0
57 69 deep 57,69 3.3 35 1155 - 33 305 100.65
C-Street Area

- JMW-4(B) 75,81 14 13 2.4 9 216 23 45 103.5 2.3 45 80.5 1.5 35 45.75 0 305 0
RMW-12D 75,81 14 13.2 0 9 0 0.3 45 13.5 2.3 45 80.5 45 35 137.25 29 305 88.45
C-Street / Whatcom Nearshore Area
MW-3(8) 66,94  14.1 13.1 34 g 30.6 29 45 130.5 0.8 45 28 0 35 0 0 305 0
RMW-13D 66,94 14.1 12,9 0 9 0 0 45 0 0 45 0 3.7 35 112.85 58 305 176.9
Notes:




Table 6-4. Examples of Calculated Well Screen Intervals for Development of Area

-Specific Attenuation Factors -- Development Baseline Scenario (Year 2035)!!

Top Average ‘| Layer of
Model Actual Warehouse  Bottomn Bottorn Bottom Bottom Bottom saturated | Screen |Saturated| Avg Scr een Scre:en Screfen Scre_en ﬁc[r;en
surface surface Layer 1 model head  Layer 1 Layer 2 Layer 2 Layer 3 Layer 3 Layer 4 Layer 4 Layer 5 Layer 5 (\Screen top| screen Bottom Scref:n Scree_an Portion Portion LPortrog E’Ortlo: F : e:r;
Well Coord [2] elevation Elevation | Thickness value Elevation | Thickness Elevation | Thickness Elevation | Thickness Elevation | Thickness Elevation || elevation | interval | elevation | elevation | Elevation Layer1 | Layer2 ayer ayer y
Hilton Avenue
RMW-10 61,20 11.8 1.7 6.9 7.6 49 1.6 33 1.6 17 3.1 -1.4 3.1 45 7.7 7.6 7.3 0.15 4 2.7 1.6 1.6 3.1 3.1
C51R18 51,18 14 9.6 7.2 4.4 1.6 2.8 16 1.2 33 -2.1 33 5.4 2.8 1.6 1.6 3.3 33
Hilton Avenue / 1&J Shoreline
MW-4(0) 62,8 9 15.5 7.8 6.1 1.2 1 0.2 1 -0.8 1.8 2.7 1.9 4.6 75 6.1 25 1.8 1 4.9 1 1 1.7 0
C-Street Landfill Boundary
0
RMW-11 70,70 14.3 13.8 8 8.3 6.3 34 29 34 05 6.8 7.3 6.8 -14.1 9.8 8.3 5.2 1.55 3 2 34 34 47
3
C57 R69 57,69 13.8 17.8 8.1 4.0 17 57 1.7 7.4 33 -10.7 3.3 -14.0 121 17 1.7 33 3
C-Street Area
5 0
Mw-4(B) 75,81 14 13 8.8 7.6 5.2 23 29 23 0.6 45 3.9 45 8.4 9.1 7.6 -0.8 3.35 2 24 23 23 1
.9
RMW-12D 75,81 14 13.2 8.8 7.6 5.2 23 29 23 0.6 45 -39 4.5 -8.4 32 3.2 -6.8 -1.8 4 0 0.3 2.3 4.5 2
C-Street / Whatcom Nearshore Area .
0 0
MW-3(B) 66,94 14.1 13.1 11.3 6.2 2.8 2.9 0.1 29 -3 5.8 88 5.8 -14.6 9.1 6.2 0.9 2.65 2 34 2.9 0.8
5.8
RMW-13D 66,94 14.1 12.9 1.3 6.2 238 29 0.1 29 3 5.8 8.8 5.8 -146 5.1 5.1 -15.1 -10.1 5 0 0 0 37
Notes:
1. The process for calculating Area-Specific Attenuation Factors Is described in Section 6.2, Refer to Table 6-2 for calculated ASF values and 8-3 for transmissivity calculations for each model layer.

2. Model coordinates: The first number shown represents the "cell number"
model grid "row number”. Model rows run paralle| to Hitton Avenue and in

from the model grid. Matching cell numbers run

crease from north to south.

parallel to Roeder Avenue and Increase from west to east. The second number shown represents the




Table 6-5. Evaluation of Worst-Case Attenuated Discharge -- Development Baseline Scenario (Year 2035)

ARAR Exceedance Ratios for Estimated Exceedance Ratios for Attenuated Discharge (see notes 1 & 2)
Groundwater Parameter Value Landfill Graundwater " Foot of Hilton Hilton Avenue Gap P! Other Hilton Avenue ®! | C-Street Landfill Boundary
(See Table 4-8) Gross AF: 3.6 X |Gross AF: 6 X |Gross AF: 10X Gross AF: 13 X
(Ar. Mean)| (95% UCL) {Ar. Mean) |(95% UCL) (Ar. Mean) |(85% UCL) (Ar. Mean) /(95% UCL) {Ar. Mean) [(95% UCL)
Contaminants Above ARARs
1.4-Dichlorobenzene (ug/l.) 4.86 1.09 1.63 0.31 0.46 0.18 027 0.11 0.16 0.08 0.13
Arsenic © 0.005 11 1.8 0.30 0.51 0.18 0.30 0.11 0.18 0.08 0.14
Diesel Range Hydrocarbons 0.5 217 3.20 061 0.88 0.36 0.53 0.22 0.32 0.17 0.25
Lead 0.0081 18 35 0.50 0.97 0.30 0.58 0.18 0.35 0.14 0.27
Mercury 0.00005 1.21 1.40 0.34 0.39 0.20 0.23 0.12 0.14 0.09 0.11
Pentachlorophenal (ug/L) 4.91 10.7 25.1 3.01 7.03 1.79 418 1.07 251 0.83 1.93
Weak Acid Dissoc. Cyanide 0.0028 .17 3.1 0.49 0.86 0.29 0.51 0.17 0.31 0.13 0.24
Zine 0.081 1.00 1,68 0.28 0.47 0.17 0.28 0.10 0.17 0.08 0.13
Contaminants Below ARARS :
Bis(2-Ethylhexy!)phthalate (ug/L) 3.56 0.43 0.65 0.12 0.18 0.071 0.1 0.04 0.07 0.03 0.05
Bis(2-Ethylhexyl)phthalate (ug/L) 0.7 M 247 333 0.61 0.93 0.36 0.56 0.22 033 0.17 0.26
Copper 0.0031 0.85 1.46 0.24 0.41 0.14 0.24 0.08 0.15 0.07 0.11
Nickel 0.0082 0.87 1.31 0.24 037 0.14 022 0.09 0.13 0.07 0.10
Leachate Indicators
Total Chromium 162 0.010 0.018 0.0028 | 00040 0.0017 0.0029 0.0010 0.0018 0.00077 | o0.00135
Total Organic Carbon — na na na na na na " na . na na na

Note:
Values with exceedance ratios greater than 1.0 have been underiined.
1 Estimated exceedance ratios for each discharge [ocation were determined using gross attenuation factors caicutated from Figure 6-9.
2 Only flow-based attenuation is included in the attenuation factors. Biological and geochemical processes which may further reduce contaminant transport have not been included.
3 Hilton Avenue exceedance ratios are calculated separately for the bulkhead gap area and for the area outside of the bulkhead gap.
4 Resulls of sediment source control evaluations suggest that the surface water cleanup level for bis(2-ethylhexyl)pthalate may need to be reduced by a factor of 5X {from 3.56 to 0.7 ug/() to

be protective of marine sediment concentrations. Statistical calculations are shown both for the surface water ARAR {MTCA Method B surface water cleanup level) and for the lower
sediment source-control value. :




7Contaminant Fate & Transport

7.1

This section summarizes the results of contaminant measurements and fate & transport
analyses for the Roeder Avenue Landfill. In conjunction with the groundwater flow modeling

- performed as described in Section 6, the fate & transport work provides the information

necessary to assess the compliance of landfill groundwater concentrations with the
requirements of MTCA and other applicable regulations.

Objectives of Fate & Transport Analysis

The findings of the groundwater flow and solute transport modeling analyses described in
Section 6 indicate that exceedances of surface water criteria at the point of exposure are not
anticipated for most Landfill contaminants, provided that the natural attenuation of Landfill
groundwater is not short-circuited. As shown in Table 6-5, the flow-based attenuation factors
provide sufficient reduction in contaminant concentrations to ensure compliance with surface
water cleanup levels.

But fo