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1.0 Executive Summary

The City of Bellingham contracted with Anchor Environmental, LLC and its subconsultants to
conduct a remedial investigation/feasibility study (RI/FS) of the Holly Street Landfill Site in
Bellingham, Washington. This work was performed with funding from the Bellingham EPA
Brownfields Assessment Demonstration Pilot Program for the Holly Street Landfill
Redevelopment Project, consistent with an agreement with the U.S. Environmental Protection
Agency. The Washington Department of Ecology (Ecology) also provided oversight of this work
through its Voluntary Cleanup Program.

Consistent with Work Plans developed for this project, environmental data were collected during
this RI/FS from potentially affected media within and immediately adjacent to the Holly Street
Landfill Site. Between April 2000 and January 2001, data were collected from upland soil
borings, ground water monitoring wells, and shoreline well points and sediments. When
combined with earlier site investigation data, the RI/FS successfully characterized the nature and
extent of contamination at the site, and provided an evaluation of where concentrations of
hazardous substances at the site exceed prospective environmental cleanup levels.

This RI/FS Report presents the integrated results of all sampling and analysis, along with
evaluations of cleanup requirements and potentially applicable cleanup technologies, and detailed
evaluations of remediation alternatives. The report presents information relevant to the weighing
of alternative actions considering net environmental benefits, permanence, implementability, cost,
and other Model Toxics Control Act (MTCA) criteria.

This RI/FS Report is intended to facilitate agency, landowner, and public review, and to enable
Ecology to select a cleanup action alternative for the Holly Street Landfill Site. The cleanup
alternatives described in this document also address the overall objectives of both the EPA
Brownfields Assessment Demonstration Pilot Program, as well as the Bellingham Bay
Comprehensive Strategy. Cleanup alternatives have been integrated with related redevelopment,
public access, and habitat restoration elements, to examine opportunities for a coordinated
approach. The Bellingham Bay Comprehensive Strategy Environmental Impact Statement (EIS),
issued by Ecology in October 2000, is a companion document to this RI/FS.

Holly Street Landfill — Remedial Investigation/Feasibility Study November 2001
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2.0 Introduction

The City of Bellingham (City) contracted with Anchor Environmental, LLC (Anchor) and its
subconsultants Aspect Consulting, LLC (Aspect; formerly Associated Earth Sciences, Inc.
[AESI]), BEK, and Heartland to conduct a remedial investigation/feasibility study (RI/FS) for the
purpose of characterizing environmental conditions and developing appropriate cleanup
alternatives for the Holly Street Landfill Site in Bellingham, Washington. This work was
necessary to implement the Bellingham EPA Brownfields Assessment Demonstration Pilot
Program for the Holly Street Landfill Redevelopment Project, and was carried out in a manner
consistent with the Cooperative Agreement between the City and the U.S. Environmental
Protection Agency (EPA) dated August 25, 1999. The overall scope of services of this project is
more fully described in the July 7, 1999, Work Plan provided as supplemental information to the
Holly Street Landfill Redevelopment Project Brownfields application submitted by the City on
March 22, 1999.

2.1 Site Background and Description

In the late 1800s, the Holly Street Landfill Site was part of the original Whatcom Creek estuary
and mudflat. Around 1905, private property owners began filling portions of the site with dredge
spoils and other materials to increase useable upland areas. Beginning in 1937, sanitary landfills
for municipal waste disposal operated on certain private tidelands under permits issued by the
City to property owners wishing to raise their properties above the tide.

Based on a review of available historical records, municipal waste disposal at the Holly Street
Landfill Site appears to have occurred over the period between 1937 and 1953. The estimated
extent of municipal solid waste at the site, based on available data and historical shoreline maps,
comprises an area of roughly 13 acres, located on both sides of Whatcom Creek (Figure 2-1).
Most of the wastes disposed at the site were generally described in the historical documents as
inorganic materials, largely devoid of putrescible wastes or flammable items, which were
disposed at other locations. Specific descriptions of waste materials disposed at the Holly Street
Landfill Site have included glass, concrete, household debris, metal scrap, soil, coal slag, ashes,
and woody debris, consistent with landfill disposal practices of the time. Few of the waste
materials are currently exposed at the surface, but are largely covered by soil fills, gravel, and/or
asphalt.

Beginning in 1953 and continuing possibly as late as 1959, municipal waste disposal was
curtailed at the Holly Street Landfill Site, when landfill operations were moved to the nearby
Cornwall Avenue Landfill Site. Beginning in the late 1960s and continuing through the early
1970s, municipal waste disposal shifted again to the Roeder Avenue Landfill. Separate
environmental investigations have been completed at the Cornwall and Roeder Avenue Sites
(ReTec 1997; Landau 2000).

2.2 Regulatory Framework

Today, the Holly Street Landfill Site includes two sites, located on either side of Whatcom Creek,
which are listed as contaminated sites by Ecology. These properties are subject to investigation
and cleanup requirements of the Washington State Model Toxics Control Act (MTCA; Chapter
173-340 Washington Administrative Code [WAC]) and Sediment Management Standards (SMS;
Chapter 173-204 WACQC).

Landfilled properties located northwest of Whatcom Creek include the Maritime Heritage Center
Fish Hatchery, the former Bellingham Sash and Door property, and several other private

Holly Street Landfill — Remedial Investigation/Feasibility Study November 2001
Anchor Environmental and Aspect Consulting Page 2-1



properties. Landfill areas southeast of Whatcom Creek are largely contained within the Maritime
Heritage Park property, though portions of private properties in this area also contain municipal
waste. As generally depicted on Figure 2-1, portions of these properties contain historic
municipal landfill wastes that are collectively referred to for the purposes of this RI/FS as the
Holly Street Landfill Site. Separate and distinct MTCA and/or SMS sites exist elsewhere in the
site vicinity, including the Roeder Avenue Landfill Site located to the west and the Whatcom
Waterway and Cornwall Avenue Landfill Site located to the southwest.

Using the available site assessment data, Ecology has ranked the Holly Street/Sash & Door Site
as a level “2” (medium-high) priority, and the Maritime Heritage Park Site as a level “3”
(medium) priority for further investigation and cleanup under the authorities of MTCA and SMS
(Ecology 1995 and 1999). Much of Ecology’s concern is related to the potential release of metals
into the adjacent Whatcom Creek estuary, a critical rearing area for juvenile salmonids and other

wildlife.

As set forth under MTCA (WAC 173-340-350), this RI characterizes the nature and extent of
contamination at the site, and the associated potential threats to human health and the
environment. To this end, environmental data were collected from potentially affected media
(i.e., soil, ground water, and sediment) within and immediately adjacent to the Holly Street
Landfill Site, and were compared to conservative screening criteria to identify site chemicals of
potential concern (COPCs). More detailed evaluations of the COPCs were then undertaken to
evaluate whether concentrations of hazardous substances at the site may exceed MTCA cleanup

levels.

The FS presented herein integrates the results of all available sampling and analysis data, along
with a review of potentially applicable cleanup requirements and existing remediation
technologies, to present a detailed evaluation of remediation alternatives. The FS presents
information relevant to the weighing of alternative actions considering net environmental
benefits, permanence, implementability, cost, and other MTCA criteria, and is intended to
facilitate agency, landowner, and public review, and to enable Ecology to select a cleanup action
alternative for the Holly Street Landfill Site.

The City, working under the oversight of both EPA and Ecology, prepared the RI/FS report
presented herein. EPA’s oversight was performed under the terms of a Cooperative Agreement
between the City and EPA, and specifically as an element of the Holly Street Landfill
Brownfields Redevelopment Project. Ecology’s oversight of this RI/FS was performed under the
MTCA Voluntary Cleanup Program.

After addressing public and stakeholder comments on this RI/FS report, the City and Ecology
anticipate entering into a MTCA Consent Decree to develop and implement a Cleanup Action
Plan (CAP) for the Holly Street Landfill Site. Ecology’s selected remedy will be articulated in a
draft CAP and both the prospective draft Consent Decree and draft CAP will be provided for
public review, consistent with MTCA requirements. Design and permitting tasks would be
funded in part through a Supplemental Assistance Grant from EPA for the Holly Street Landfill
Brownfields Redevelopment Project. Design and permitting of the final remedy may also be
coordinated with other actions within the area, including the Section 1135 Ecosystem Restoration
Project Feasibility Study currently being initiated by the U.S. Army Corps of Engineers (Corps)
and the City. Construction of the selected cleanup remedy may potentially receive funding
assistance from the MTCA Remedial Action Grant program and/or the Corps, as appropriate.

2.3 RI/FS Objectives

The goal of the RI/FS was to meet MTCA requirements for characterization of environmental
conditions at the Holly Street Landfill Site, including charaterization of the nature and extent of
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contamination at the site, and the associated potential threats to human health and the
environment. This RI/FS was also intended to present a detailed evaluation of remediation
alternatives, and to present information relevant to the weighing of alternative actions considering
net environmental benefits, permanence, implementability, cost, and other MTCA criteria, in
order to facilitate selection of an appropriate cleanup action alternative for the Site. This work
was also necessary to implement the Bellingham Brownfields Assessment Demonstration Pilot
Program for the Holly Street Landfill Redevelopment Project. As presented in the Brownfields
application package, the broad goals of the Holly Street Landfill Redevelopment Project can be
summarized as follows:

e To collect critical data required to identify appropriate environmental cleanup actions for
landfill materials present at the site, and assess how these actions may impact habitat
enhancement plans and development costs and opportunities;

e To assess the feasibility of redevelopment of this brownfield site, considering geotechnical,
economic, and land use constraints under either a Cityed or joint public/private partnership
approach; and

* To provide an effective decision-making framework to promote environmental cleanup and
economic revitalization of the Holly Street Landfill Site, and through which habitat
enhancements and public access improvements can be achieved.

2.4 Report Organization
The remainder of this report is organized as follows:

e Section 3.0 of this report presents a summary of activities conducted during previous Site
investigations and as part of this RI/FS.

® Section 4.0 presents the results of the RI, including characterization of the nature and extent
of contamination.

e Section 5.0 presents the development of provisional MTCA cleanup standards for the Site,
and an evaluation of whether such standards may be exceeded at the Site.

e Section 6.0 presents a summary of applicable federal, state, and local laws.
e Section 7.0 presents a screening of cleanup technologies.

® Section 8.0 presents the basis for the design of cleanup alternatives, including integration
with the Comprehensive Strategy for Bellingham Bay, the City’s redevelopment objectives,
habitat requirements, and other constraints.

e Section 9.0 presents a description of the cleanup alternatives that are made up of the cleanup
technologies presented in section 7.0 and meet the constraints described in Section 8.0.

e Section 10.0 presents a comparative analysis of the alternatives against MTCA cleanup
criteria, as well as other factors that may affect the implementation of the alternatives.

e Section 11.0 presents the references cited in the report.

Holly Street Landfill — Remedial Investigation/F easibility Study November 2001
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3.0 Remedial Investigation Activities

3.1 Previous Environmental Assessments of the Holly Street Landfill Site

Initial environmental assessments of the Sash and Door property and of the Maritime Heritage
Park located directly across Whatcom Creek, were performed in 1993 (W.D. Purnell &
Associates1993 and Landau 1993, respectively). Additional geotechnical data for the general Site
vicinity, including information from adjacent sites, are available from other studies (e.g., CH2M-
Hill 1970, ReTec 1996 and 1997, GeoEngineers 1998 and 2001).

The locations of previous soil explorations (test pits and soil borings) performed within the Holly
Street Landfill Site are generally depicted on Figure 3-1. Apparent landfill waste materials have
consistently been observed within the former tideflat area, beginning at depths ranging from 1 to
20 feet below ground surface, and extending from 2 to 15 feet thick. Roughly 3 to 20 feet of
recent soil fill has been placed above waste materials in portions of the Maritime Heritage Park,
generally isolating landfill materials below possible contact by park visitors.

Detectable methane levels (below levels of potential explosive concern) have been reported
during previous soil explorations. However, compared to other regional landfills, methane levels
observed at the Holly Street Landfill Site were relatively low, a result consistent with use of the
landfill mainly for inert waste disposal. The highest methane levels (up to 45 percent of the lower
explosive limit or LEL) were encountered approximately 20 feet below ground surface in
monitoring wells installed at the Maritime Heritage Park (Landau 1993). Slightly higher methane
levels were reported in a single monitoring well (A-MW-4) installed during this RI/FS. These
data are discussed below in Section 4.3.

Chemical analyses have been performed on five (5) selected waste/soil samples collected from
the Holly Street Landfill Site (BEK Purnell 1993; Landau 1993). The samples were analyzed for
a range of metals, volatile and semi-volatile organic compounds, total petroleum hydrocarbons,
and pesticides/polychlorinated biphenyls (PCBs). These prior soil/refuse sampling data are
presented as discussed in Section 4.4 below.

As part of the previous environmental assessment of the Maritime Heritage Park, three ground
water monitoring wells were installed and sampled on this (southeastern) portion of the Holly
Street Landfill Site (Landau 1993; Figure 3-1). Ground water samples were analyzed for a range
of metals, petroleum hydrocarbons, and volatile organic compounds. The site assessment
completed at the Sash and Door property (BEK Purnell 1993) included collection of ground water
samples; however, samples were collected directly from standing water within the test pit
explorations. Relatively high total suspended solids (TSS) levels present in these samples render
the data of limited value for ground water characterization, particularly for metals and certain
organic chemicals that adsorb strongly to solids (e.g., polynuclear aromatic hydrocarbons
[PAHs]). These prior ground water sampling data are presented as discussed in Section 4.6

below.

In 1996, Georgia-Pacific West, Inc. initiated the Whatcom Waterway RI/FS. Part of the scope of
that RI/FS was to identify potentially significant ongoing sources of contamination to the
Whatcom Waterway Site, and to determine whether sediments upstream of the Holly Street
bridge were adversely impacted by ongoing or historic discharges. Based on surface water and
sediment sampling data, along with other source evaluation information (BBWG 1999a), the
Whatcom Waterway RI/FS concluded that there are no significant ongoing sources of
contamination to the Whatcom Waterway Site (Anchor Environmental and Hart Crowser 2000).
Similarly, mid-channel sediments in this area did not exceed SMS criteria. Nevertheless,
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Anchor Environmental and Aspect Consulting Page 3-1



localized shoreline seepage and sediment quality concerns at the Holly Street Landfill Site were
not directly evaluated in the Whatcom Waterway RI/FS.

3.2 Remedial Investigation Sampling and Analysis

In March 2000, Anchor and AESI prepared a combined Work Plan/Sampling and Analysis Plan
(SAP) that described the approach and tasks required to complete an initial RI of the Holly Street
Landfill Site. The Work Plan/SAP (Anchor and AESI 2000) summarized previous environmental
data collected within and immediately adjacent to the Holly Street Landfill Site; presented a
preliminary conceptual model of environmental conditions; identified objectives for further site
characterization efforts; and presented a detailed description of sampling and analysis tasks. The
March 2000 Work Plan/SAP, as approved by EPA and Ecology, included the following tasks:

e Upland soil borings and monitoring well sampling;
e Shoreline well point sampling;
e Shoreline sediment sampling; and

e Chemical analysis and data validation.

Initial RI activities, summarized below, were implemented over the period from April to October
2000.

Following initial review of the initial RI sampling data, additional work was deemed necessary to
complete the RI of the Site in accordance with MTCA requirements. These additional work
requirements were identified during a meeting held on November 20, 2000 between EPA,
Ecology, and City. As agreed to at the meeting, the specific objectives of the supplemental RI
were as follows:

e To further delineate the extent of solid waste deposits at the northwest and southeast margins
of the Site; and

e To further characterize solid waste, soil gas, and ground water quality conditions in the
southeast portion of the Site (Maritime Heritage Park).

A Work Plan/SAP Addendum No. 1 was subsequently prepared under EPA and Ecology
oversight in December 2000 (Anchor 2000). The supplemental RI tasks were completed between
late December 2000 and April 2001, and were coordinated with separate geotechnical
investigations performed by the City at the Maritime Heritage Park (GeoEngineers 2001).

3.2.1 Upland Soil Borings and Monitoring Well Sampling

On April 18, 2000, 3 soil borings were advanced on City right-of-way at the locations shown on
Figure 3-1. Two of the borings (A-MW-2 and A-MW-3) were advanced on City right-of-way
locations adjacent to the Bellingham Sash and Door property, exploring through the landfill waste
into underlying native soils. The third boring (AMW-1), also advanced to the top of the silt/clay
confining layer, was located in the north corner of the Maritime Heritage Center Fish Hatchery
parking lot, within a local background area that was not filled historically with refuse. On
December 28, 2000, 3 additional soil borings were advanced at Maritime Heritage Park at the
locations shown on Figure 3-1 (A-MW-4 through -6). All 6 of these soil borings were completed

as shallow monitoring wells.
On December 29, 2000, 3 soil borings were advanced at the northwest margin on the Site (A-B1

through A-B3) to delineate the extent of landfill deposits in this area. On April 19 and 20, 2001,
9 additional soil borings were advanced by GeoEngineers (2001) within the Maritime Heritage
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Park (GEI-MB-1 and -2; GEI-PL-1 through -7), both to delineate the extent of landfill deposits in
this area, and to collect geotechnical data for planned site redevelopment actions. None of these
12 soil borings were completed as monitoring wells.

All borings were advanced using a conventional 4.5-inch internal diameter (ID) hollow stem
auger and were terminated in native soils at depths ranging from 10 to 40 feet below ground
surface. An AESI (April 2000), BEK (December 2000), or GeoEngineers (April 2001) field
geologist logged subsurface geologic conditions during drilling in accordance with American
Society for Testing and Materials (ASTM) practice designation D-2488, Standard Practice for
Description of Soils (Visual-Manual Procedure). Soil and waste samples were collected using a
2-inch diameter split-spoon sampler (and appropriate down-hole hammer), at approximate 5-foot
depth intervals and/or at noted changes in material type. Boring logs are provided in Appendix
A.

To supplement other available data (BEK Purnell 1993; Landau 1993; ReTec 1997; Landau
2000), the March 2000 Work Plan/SAP (Anchor and AESI 2000) called for two soil/waste
samples to be collected for chemical analysis from each of the borings advanced within the
landfill footprint (4 samples total). However, due to low sample recovery, only one sample could
be collected from each of the borings (2 samples total) and it was necessary to composite over
longer depth intervals (sample A-MW-2-S-1 from 2.5 ft to 11.5 ft and A-MW-3-8-1 from 2.5 ft to
9.0 ft) to obtain sufficient sample volume. These 2 samples were submitted for chemical analyses
to verify the quality of landfill materials. Soil cuttings were placed in 55gallon drums for
appropriate off-site disposal based on the soil chemistry results.

As discussed above, 6 soil borings were completed as 2-inch-diameter monitoring wells (A-MW-
1 through -6). The monitoring wells were installed in accordance with Chapter 173-160 WAC,
Minimum Standards for Construction and Maintenance of Wells. A 7 to 10-foot monitoring well
screen was installed in each of these borings. A 0.01-inch machine slot Poly vinyl chloride
(PVC) screen was installed with a sand filter pack consisting of Colorado Silica 20-40 sand,
placed in the annular space between the screen/pipe and the borehole. The filter sand was placed
to 3 feet above the top of the screen. A minimum 2-foot seal consisting of medium bentonite
chips was placed in the annular space above the filter sand. The remaining annular space was
filled with a bentonite grout. A concrete surface seal and protective monument was placed at the
ground surface. The protective monument was constructed with a trafficbearing steel cover and
was completed either flush with the existing ground surface (A-MW-1 through -3) or with a
protective above-ground monument (A-MW-4 through -6). The protective covers or monuments
were permanently labeled “Monitoring or Observation Well”. The monitoring well heads were
completed with a locking thermos-type well cap.

The monitoring wells were developed to remove fine-grained material from inside the well casing
and filter pack, and to develop hydraulic communication between the well screen and the
surrounding aquifer formation. Well development was performed using the Wattera system or
equivalent, consisting of a length of high-density polyethylene (HDPE) tubing connected to a
foot-valve. Also attached to the tubing is a mechanical surge block that loosens and removes
fine-grained aquifer formation material lodged in the filter pack. The system allows for discrete
development along specific zones of the well screen. Field parameters such as temperature,
specific conductance, pH and turbidity were monitored throughout the development period.
Development was considered complete once the turbidity of the well became relatively clear of
particulate matter (less than 50 Nephelometric Turbidity Units [NTUs]). Well development logs
are provided in Appendix A.

In accordance with the approved Work Plan/SAP and addendum, ground water samples were
collected from the monitoring wells during three separate events, as follows:
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e  April, 2000 - corresponding to peak seasonal ground water discharge “wet season” conditions
(only A-MW-1 through -3 were sampled during this period);

e August, 2000 - corresponding to minimum seasonal discharge “dry season” conditions (only
A-MW-1 through -3 were sampled during this period); and

e January 2001 - corresponding to intermediate or “rising limb” hydrologic conditions (only A-
MW-4 through -6 were sampled during this period).

The samples were collected using the procedures detailed in the March 2000 Work Plan/SAP
(Anchor and AESI 2000) and December 2000 Work Plan/SAP Addendum (Anchor 2000). Field
measurements included temperature, pH, specific conductance, turbidity, redox potential, and

dissolved oxygen.

With the exception of the wet season (April 2000) A-MW-2 sample, all ground water samples
contained relatively low turbidity (less than or equal to 12 NTU). However, the ground water
sample obtained from A-MW-2 in April 2000 contained relatively elevated turbidity (19 NTU)
and also exhibited a relatively high total suspended solids (TSS) concentration of 50 mg/L.
Because of potential sampling-induced turbidity, total metals determinations for this sample may
be biased high. A more representative ground water sample from A-MW-2 was collected during
the subsequent dry season (August 2000) sampling, which exhibited a lower turbidity value of 4

NTU.

The vertical and horizontal positions of the monitoring wells are presented in Table 3-1.
Monitoring well boring logs and well construction details are presented in Appendix A.

3.2.2 Shoreline Well Point Sampling

During the initial RI effort, 4 temporary well points (WP-1, WP-2, WP-3, and WP-5) were
installed for sampling ground water discharge into Whatcom Creek. As with the ground water
sampling of monitoring wells, these well points were sampled during wet season and dry season
conditions in April and August, respectively. The Work Plan/SAP (Anchor and AESI 2000)
initially called for five well points to be sampled; however, sampling efforts during both of the
initial sampling events identified only four seep locations that provided suitable volume for
sampling. During the supplemental RI sampling in January 2001, one additional well point (WP-
6) was installed southwest of Holly Street at a location potentially downgradient from portions of
the Maritime Heritage Park (see below). Well point locations are shown on Figure 3-1.

Well points were installed and sampled during low tide conditions. A combination of vertical and
horizontal well point installation methods was used in order to sample the primary seepage
pathways to the creek. Due to relatively low seepage rates at stations WP-1, WP-3, and WP-5
during the dry season, horizontal well point installation at these stations was necessary to obtain
sufficient sample volume. Similarly, becawse of relatively low flows at station WP-2, well points
were installed horizontally at this location during both the April and August sampling events.

Vertical well points were constructed within 3-inch diameter postholes advanced up to 3 feet into
the shallow waste/sand unit present along the margins of the creek. The post-hole digger was
backed out of the boring, leaving a 3-inch-diameter hole. The boring cuttings were left next to
the boring and backfilled into the hole after the well points were removed. The well point,
consisting of a 1-inch-diameter pre-cleaned stainless steel assembly with a 1-foot-long screen
section, was lowered into the hole and placed within the zone of saturation encountered at low
tide. The outer annulus of the screen was backfilled with 10/20 sand pack.

Prior to sampling, each vertically-installed well point was developed by purging with a pre-
cleaned 1-inch diameter bailer to improve hydraulic connection and minimize turbidity.
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Subsequently, pre-cleaned Teflon-coated tubing was lowered into the well point, and water was
withdrawn from the well point by operating a peristaltic pump at a relatively low rate to reduce
turbidity. The peristaltic pump removed at least three pore volumes from the well points prior to
sampling or until the water ran clear of particulate matter (less than 50 NTUs), whichever was
longer. Horizontal well points were constructed into the shallow waste/sand unit present along
the margins of the creek by hammering in the well point horizontally. The well point consisted of
a 1-inch-diameter pre-cleaned stainless steel assembly with a 1-foot-long screen section. All
purge water obtained from the well points was collected, contained, and stored in PVC drums and
then properly disposed (within the City wastewater treatment plant following receipt of chemical

results).

Ground water quality sampling of all well points was conducted near the end of the outgoing
(ebb) tide cycle to characterize minimum tidal dilution conditions. Samples were collected from
vertically-installed well points using a peristaltic pump and pre<leaned Teflon-coated tubing
assembly. Water samples from horizontally-installed well points were collected directly into

laboratory provided sample containers.

Field measurements included temperature, pH, specific conductance, turbidity, redox potential,
and dissolved oxygen. The vertical and horizontal positions of the well points are presented in
Table 3-1. Well point purging and sampling logs are presented in Appendix A. Well point
turbidity was relatively higher (21 to 26 NTU) during the April 2000 sampling, and lower (0.4 to
4.1 NTU) during the August 2000 and January 2001 samplings.

3.2.3 Shoreline Sediment Sampling

Surface sediment samples (6 total, including one upstream reference site) were collected on April
21, 2000 at representative shoreline locations within the Whatcom Creek Estuary. Sediment
samples were collected near each of the four well point locations, as well as at an additional
station on the southeast side of Whatcom Creek and at the most upstream depositional reference
station (approx. 12 percent fines), located across the creek from the Maritime Heritage Fish
Hatchery. The locations of the sediment sampling stations are depicted on Figure 3-1.

Sediments were sampled from the biologically active surface layer (0 to 12 ¢cm), using stainless
steel spoons at low tide. All sampling was performed in accordance with Puget Sound Estuary
Program (PSEP) protocols (PSEP 1997a). Sediment was collected and homogenized in a pre-
cleaned stainless steel bowl, then transferred to appropriate containers and placed in coolers on
ice for transport to the testing laboratory. Additional details of the sampling procedures are
provided in the Work Plan/SAP (Anchor Environmental and AESI 2000). Sediment samples
were analyzed for the full list of SMS chemicals.

3.2.4 Chemical Analysis and Data Validation

Analysis of soil, ground water, and seep samples was conducted in accordance with EPA SW-846
Methods. Analyses of sediment samples were conducted in accordance with Puget Sound
Estuary Program (PSEP) protocols (PSEP, 1997a,b). Specific analyses for each matrix and the
methods used are provided in the Work Plan/SAP and Addendum No. 1.

Data packages were checked for completeness immediately upon receipt from the laboratory to
ensure that data and QA/QC information requested were present. Data quality was assessed using
current EPA and Ecology protocols by considering the following:

e Holding times

e Surrogate spike results
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e  Matrix spike/matrix spike duplicate results
e Standard reference material results
e Method blanks

e Detection limits.

The data was validated in accordance with the project specific data quality objectives described in
the project Work Plan/SAP and EPA’s functional guidelines for the validation of organic and
inorganic data. The data validation reports are presented in Appendix B. All data were
determined useable as qualified for the purpose of this RI/FS.
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Table 3-1. Monitoring Well and Well Point Coordinates and Elevations

Sample Location

Easting in feet

Northing in feet

Surface Sediment/Soil
Elevation in feet MLLW

Monitoring Wells:

A-MW-1 1,242,263
A-MW-2 1,242,064
A-MW-3 1,242,222
A-MW-4 1,242,390
A-MW-5 1,242,239
A-MW-6 1,242,626
L-MW-1 1,242,595
L-MW-2 1,242,653
L-MW-3 1,242,654
Well Point/Sediment Samples:
WP-1/SD-1 1,242,174
WP-2 1,242,236
WP-3/SD-2 1,242,359
SD-3 1,242,442
SD-4 1,242,336
WP-5/SD-5 1,242,468
SD-6 1,242,583
WP-6 1,242,161
Sediment Samples:
HC-SS-38 1,242,199
HC-SS-39 1,242,379

644,523
644,252
643,954
643,879
643,777
643,616
643,654
643,667
643,549

643,841
643,916
644,062
644,289
643,918
644,121
644,298
643,641

643,837
644,089

22
21
16
20
17
35
33
36
38

4.0
7.9
3.7
3.5
5.1
3.6
5.8
5.5

-0.2
-2.6
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4.0 Remedial Investigation Results

4.1 Site Topography and Bathymetry

Site topographic and bathymetric conditions within the vicinity of the Holly Street Landfill were
evaluated using existing City Geographic Information System (GIS) maps, supplemented with
recent site surveys including detailed surveys of the former Sash & Door property, Maritime
Heritage Park site and survey measurements performed during the conduct of this RI/FS. All
elevation data were referenced to mean lower low water (MLLW), National Ocean Survey datum.
Using these data, a generalized composite topographic/bathymetric map of the site was
developed, and is presented on Figure 3-1 and Figure 4-1.

4.2 Geology

Geologic and ground water conditions at the Holly Street Landfill Site were evaluated through
review of RI/FS soil borings discussed above, review of exploration logs generated during
previous site investigations (CH2M-Hill 1970, BEK Purnell 1993, Landau 1993, ReTec 1996 and
1997, GeoEngineers 1998), and geologic mapping by Easterbrook (1976). Site explorations are
presented on Figure 3-1 and on the geologic cross section plan (Figure 4-1). To facilitate
identification of the borings, a prefix indicating the first letter of the consultant overseeing the
work was added to the boring designation.

Based on a review of these explorations and investigations, site soils were divided into five
primary stratigraphic units, consisting from top (youngest) to bottom (oldest) of:

e Fill;

e Refuse;

e Recent Alluvium (Recent fluvial and shallow marine deposits);
e Bellingham Drift; and

e Chuckanut Formation

A description of each major unit is presented below, followed by a discussion of the surface and
subsurface extent of each unit. A description of the Sumas Outwash geologic unit is also
included. Although not encountered at the site, the presence of Sumas Outwash deposits adjacent
to and north of the site may have some influence on the site hydrogeology. Detailed descriptions
of textural variations in each exploration are presented in the geologic logs (Appendix A).

4.2.1 Fill

The final cover of the landfill consists predominantly of silty sand and gravel of variable
thickness, overlain in many areas by asphalt (northern fill unit) or landscaping (southern fill unit).
Fill extends into the upland location northwest of well A-MW-1, where a silty fill about 4 feet
thick was identified beneath the silty sand fill. About 5 feet of silty fill were apparently
encountered in boring TH-1. Thicker fill was noted in test pits B-TP-1 and B-TP-5, where fill up
to 8 feet thick was encountered. Fill in B-TP-1 was described as reworked Bellingham Drift.
Cover material is generally thicker in the southeast portion of the site (Maritime Heritage Park),
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where it ranges from about 3 to 20 feet thick. Approximately 25 feet of fill materials were
identified in boring L-B-4, located just east of the site.

4.2.2 Refuse

As discussed above, the refuse is divided into two distinct areas separated by the Whatcom Creek
estuary. Approximately 9.1 acres of refuse lie on the northwest side of Whatcom Creek and 3.8
acres lie on the southeast side (Figure 4-1). The extent of refuse at the Site, determined from
more than 50 soil explorations within the general Site area, closely follows the historical
shoreline and is also bounded by Holly Street, which was constructed prior to filling the site. The
extent of refuse at the Holly Street Landfill Site appears to be well characterized by the available

data.

Refuse on both sides of Whatcom Creek consists of silt, sand, gravel, cobble mixtures with glass,
bottles, rusted metal, ash-like material, black sludge, brick and wood debris. Discontinuous
layers of reworked Bellingham Drift were identified within the refuse, likely used as temporary
cover material. Test pit B-TP-7 encountered a standing wood piling. Complete refuse
descriptions are presented on the logs presented in Appendix A.

The refuse on the northwest lobe of the Site was encountered to a maximum depth of 18 feet
below ground surface (test pit B-TP-4). Refuse on the southeast portion of the Site was present at
deeper depths, extending up to approximately 40 feet below ground surface (in boring GEI-MB-
2). Typical thickness and depth characteristics of refuse deposits at the Holly Street Landfill Site
are depicted in the Figure 4-2 cross-section.

Ground water was encountered within the base of the refuse during the explorations. In the
northwest lobe, saturated refuse thickness ranged from 2 to 6 feet in monitoring wells A-MW-2
and A-MW-3. Saturated refuse thickness was somewhat greater in the southeast lobe, ranging
from 4 to 12 feet in monitoring wells A-MW-4 through -6 and L-MW-1 through -3. Seasonal
recharge and tidal changes influence the saturated refuse thickness on a seasonal and hourly basis,

as described in more detail below.

4.2.3 Recent Alluvium

Recent fluvial and shallow marine deposits formed the mudflat surface prior torefuse deposition
beginning in approximately 1937. These uppermost native deposits, collectively referred to as
Recent Alluvium, are typically comprised of silt and silty sands with silt interbeds with shells,
wood, and organic debris. The deposits are believed to have originated from fine-grained
sediment deposited directly from Whatcom Creek or from shallow marine waters. Much of this
sediment may have originated from the suspended load of the Nooksack River, which was
subsequently transported by local currents and deposited around Bellingham Bay. Similar
deposits have been recognized at the Cornwall Avenue Landfill Site (Landau 2000).

Recent Alluvium was found beneath the refuse in all borings that penetrated the refuse in the
northwest lobe (A-MW-2, A-MW-3, and B-TP-3) and was also encountered in A-MW-1 beneath
the fill. The Recent Alluvium appears to thicken appreciably toward Whatcom Creek, reaching a
maximum explored thickness of 29 feet in A-MW-3, located about 15 feet from the Whatcom
Creek ordinary high tide line. These deposits were not identified in explorations in the southeast
lobe, although they are inferred to be present adjacent to the Whatcom Creek waterway.

Except for the upper 1 to 2 feet in monitoring well A-MW-1, the Recent Alluvium was saturated
through its full thickness in all of the explorations completed during this investigation.
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4.2.4 Sumas Outwash

Sumas Outwash deposits have been mapped on the upland area adjacent to and north of the
project site. The Sumas Outwash was deposited in a glacial outwash channel that occupied the
Squalicum Creek drainage. The downstream deposits of Sumas Outwash consist predominantly

of sand.

4.2.5 Bellingham Drift

The Bellingham Drift mantles the upland areas of Squalicum Creek and the entire Whatcom
Creek drainage. The deposit has been characterized as glaciomarine till comprised predominantly
of silt and clay with marine shell fragments and scattered dropstones ranging from sand to
boulder in size. The Bellingham Drift was deposited directly on bedrock beneath the project site
from melting, rafted ice in a marine environment during the breakup of the Vashon Glaciation
about 11,000 years ago. The deposits were not glacially overridden and are, therefore, generally
considered normally consolidated. Because of the fine-grained nature of the deposit, the
Bellingham Drift restricts downward movement of ground water from the overlying Recent

Alluvium.

The full penetrated thickness of the Bellingham Drift in boring C-TH-1, located within the
northwest portion of the Holly Street Landfill Site, was about 25 feet. The depth to the bottom
(base) of the Bellingham Drift at this location is about 50 feet below ground surface (Figure 4-2).
Monitoring well borings A-MW-1 and A-MW-3 were terminated in the Bellingham Drift at
depths of 17 and 40 feet, respectively. Beneath the southeast refuse area, both the Recent
Alluvium and Bellingham Drift are inferred to pinch out, and refuse in the southeast portion of
this area lies directly on bedrock (Chuckanut Formation).

4.2.6 Chuckanut Formation

The oldest geologic unit encountered during subsurface explorations at and near the site is
sandstone of the Chuckanut Formation, deposited about 60 million years ago. This formation
crops out along portions of the southeastern side of Whatcom Creek. The Chuckanut Formation
was encountered in borings C-TH-1 in the northwest refuse area and monitoring well borings L-
MW-1 through L-MW-3 and boring L-B-4 in the southeast area. The erosional surface of the
Chuckanut Formation appears to dip slightly toward the northwest beneath the site but apparently
has substantial variations in elevation that result in outcrops along Whatcom Creek. The
Chuckanut Formation was encountered about 50 feet beneath the northwest lobe of the site
(boring C-TH-1) and ranged from 27 to 35 feet below ground surface on the southeast portion of
the site (borings A-MW-6, L-MW-1 through -3, L-B-4, and GEI-MB-2). These data are
consistent with the reported westerly dip (incline) of the Chuckanut Formation.

Typical thickness and depth characteristics of geologic units at the Holly Street Landfill Site are
depicted 1n the Figure 4-2 cross-section.

4.3 Soil Quality

A total of 7 soil/refuse samples have been collected from the Holly Street Landfill Site, including
4 samples collected from the northeast area and 3 from the southeast area. The soil sampling data
include (refer to Figure 3-1 and 4-1 for station locations):

e Two soil/refuse samples collected during this focused RI (AMW-2 and A-MW-3);

e Two soil/refuse samples collected during the Bellingham Sash & Door Environmental Site
Assessment (BEK Purnell 1993; B-TP-5 and B-TP-7); and
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e Three soil/refuse samples collected during the Environmental Site Assessment of the
Maritime Heritage Center Park site (Landau 1993; L-TP-1, L-TP-2, and L-TP-3).

Soil/refuse samples collected as part of this focused RI were submitted for the analysis of total
metals, semivolatile organic compounds (SVOC:s), total petroleum hydrocarbons (TPH),
pesticides, polychlorinated biphenyls (PCBs), and conventional parameters (total solids, grain
size, and total organic carbon [TOC]). Soil/refuse samples collected by BEK Purnell (1993) were
analyzed for a similar suite of chemical parameters, while the Landau (1993) samples were
submitted for analysis of a more focused list of analytes (especially metals). The available
soil/refuse chemical determinations are summarized in Table 4-1.

4.3.1 Chemicals of Potential Concern in Refuse — Metals and Hydrocarbons

Chemical concentrations detected in soil/refuse samples collected from the Holly Street landfill
Site were compared to conservative MTCA screening criteria to identify site chemicals of
potential concern (COPCs). For the purpose of this screening-level evaluation, analytical results
were compared to the more stringent of the MTCA Method A or Method B soil cleanup levels for
unrestricted land use sites (e.g., assuming residential site uses and conservative ground water
protection criteria). A summary of the screening-level evaluation is presented in Table 4-1.
Based on this comparison, the following soil/refuse COPCs were identified:

e Arsenic (present above residential use screening levels in 2 of 7 samples);

e Cadmium (present above plant protection screening levels in 3 of 7 samples);

e Lead (present above residential use screening levels in 6 of 7 samples);

e Mercury (present above ground water protection screening levels in 1 of 6 samples); and

e Potentially Carcinogenic Polynuclear Aromatic Hydrocarbons (cPAHs; present above
residential use screening levels in 2 of 3 samples).

More detailed evaluations of the COPCs are presented in Section 5.1 below.

4.4 Soil Gas

Methane concentration measured within soil gas at the Holly Street Landfill ranged from less than
30 to approximately 300 percent of the LEL (Table 4-1). These are somewhat lower, but in the
same range as methane levels reported for the nearby Roeder and Cornwall Landfills. Only one
monitoring well location (A-MW-4) located within the central area of the Maritime Heritage Park
contained subsurface soil gas that exceeded the LEL. Considering the isolation of soil gas in this
area from the surface, no existing risk to human health or the environment was identified.
Moreover, soil gas samples collected near the margins of the Park, and throughout the northwest
portion of the Site, were well below the LEL. However, the presence of elevated methane levels
in A-MW-4 suggests that any future development in the Maritime Heritage Park will need to
include at least a passive gas venting system below the structure, consistent with EPA's
Presumptive Remedy for Landfills (EPA 1993; Section 8.0).

4.5 Hydrogeology

4.5.1 Principal Hydrogeologic Units and Regional Ground Water Use

The ground water flow system at the Holly Street Landfill Site consists of a shallow unconfined
aquifer within the Recent Alluvial sediments and within refuse units. Ground water levels are
shown in profile view in Figure 4-2 relative to the major geologic units at the site. Depth to
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ground water at the site ranges from about 7 feet in the northwest refuse area to about 25 feet in
the southeast lobe of the site. The differences are largely a function of surface topography. The
Bellingham Drift forms the lower boundary of the flow system, or where the Bellingham Drift is
absent, by the Chuckanut Formation. Saturated thickness of the aquifer ranges from 6 feet at
inland locations (near A-MW-1) to more than 30 feet near Whatcom Creek.

Information regarding water supply wells within 1 mile of the site was compiled from Ecology
and Whatcom County Health and Human Services records to develop an understanding of the
ground water use in the project area. The entire site area is served by an extensive City water
supply system with its intake in Lake Whatcom, several miles upstream of the site. However,
three wells were identified within 1 mile east of the site. The wells, shown in Figure 43, were
drilled by City of Bellingham Public Works. These wells encountered unconsolidated sediments,
predominantly Bellingham Drift, in the upper 25 to 54 feet, overlying bedrock, presumably of the
Chuckanut Formation. The unconsolidated materials were cased off and the wells were
completed as open holes within bedrock. No proposed use is listed on the well logs, nor is there
any indication that these wells have ever been in service. The closest of these wells is located
about 1,800 feet from the site. Static water elevation in this well was estimated at +58 feet
MLLW based on information provided in the driller’s log and a surface elevation estimated from
the regional topographic map. These data, along with other available information, indicate that
all local wells are situated hydraulically upgradient of the Holly Street Landfill Site.

4.5.2 Hydraulic Characteristics of the Hydrogeologic Units

Horizontal hydraulic conductivities of the aquifer materials encountered at the Holly Street
Landfill Site were determined by slug testing, and ranged from 0.004 to 0.02 centimeters per
second (cm/sec) for wells A-MW-3 and A-MW-2, respectively. Slug test results and analyses are
presented in Appendix A. The higher permeability value computed for A-MW-2 is consistent
with its completion zone being located entirely within the refuse (a refuse conductivity of roughly
0.02 cm/sec is also consistent with tidal monitoring data; see below). The test canducted at
monitoring well A-MW-3, on the other hand, is more representative of the Recent Alluvium
based on the screened interval, but may be slightly influenced by the refuse permeability. At the
time of slug testing, the screened completion zone in A-MW-3 was open to less than 1 foot of
saturated refuse. A lower hydraulic conductivity value of 0.0003 cm/sec was computed for the
Recent Alluvium at A-MW-1, which is completed entirely within this zone of lower permeability.

Although not tested specifically at the site, slug testing in the finergrained portions of the
Bellingham Drift elsewhere in Whatcom County suggest permeability values to be on the order of
10 cm/sec, with vertical permeabilities one to two orders of magnitude lower (Cox and Kahle
1999). The Chuckanut Formation is considered a very low-permeability unit with insufficient
open joints and fractures, and general low water yield potential (Easterbrook 1976b, Cox and
Kahle 1999), although the three wells located within 1 mile of the site produce water from this
unit, suggesting that locally it may be water-bearing. Observations made during a previous
investigation (Landau 2000) indicated that the underlying Chuckanut Formation sandstone was
dry, consistent with the low permeability of this unit.

4.5.3 Ground Water Recharge and Discharge

Ground water flow within the unconfined aquifer is generally directed from the upland areas
toward Whatcom Creek. The mean ground water gradient was determined for the northwest
portion of the site based on 72-hour tidal monitoring performed between October 6 and 9, 2000 at
monitoring wells A-MW-1 through A-MW-3. The 72-hour data were filtered using the method
described in Serfes (1991) to determine the mean ground water elevation for each well over the
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72-hour period. The computed mean flow direction is shown in Figure 4-1. A horizontal
gradient of 0.014 was computed from the mean water level data.

The computed ground water gradient indicates recharge to the shallow aquifer beneath the site
occurs as lateral inflow. The lateral inflow originates in the upland area northwest of the site,
likely occurring through Sumas Outwash or other upland deposits. Recharge also occurs as a
result of direct infiltration of precipitation through the permeable portions of the site. The
computed mean potentiometric surface indicates ground water discharges below the base of the
refuse, although the elevation of this discharge varies with tidal changes and seasonal recharge.

On the southeast portion of the landfill, recharge is expected to be predominantly from direct
infiltration of precipitation. The refuse and Recent Alluvium are bounded by bedrock to the east,
effectively eliminating lateral inflow to this portion of the site. The ground water flow direction
for the southeast lobe of the site is westerly towards Whatcom Creek, based on water level data at
monitoring wells A-MW-4 through -6 and L-MW-1 through -3 (Landau 1993). Shallow ground
water flowing through the southwest lobe appears to discharge in Whatcom Creek on either side
of Holly Street, as generally depicted on Figure 4-1.

The flux of ground water discharging to Whatcom Creek was estimated using Darcy's Law
(Appendix A). The discharge calculations used the average of the estimated values of hydraulic
conductivity, along with the hydraulic gradient from the mean (tidally averaged) ground water
elevations from the three monitoring wells in the northwest lobe. Assuming a vertical discharge
width at Whatcom Creek of 24 feet (the distance from the intersection of the water table with the
Creek and the top of the Bellingham Drift), the estimated flux on the northwest side of Whatcom
Creek is 14 gallons per day per foot of stream reach. The flux on the southeast side of the creek
reach appears to be somewhat less than that estimated for the northwest side, due to the lower
hydraulic gradient measured in this area. However, assuming an average of 14 gallons per day
per foot over a 1,500 feet reach (including similar discharge on both sides of the creek), the total
estimated ground water discharge through the Holly Street Landfill Site is calculated at roughly
15 gallons per minute (gpm). This calculated discharge is less than 0.2 percent of the dry weather
discharge reported at the mouth of Whatcom Creek (excluding tidal discharge; Anchor and Hart
Crowser 2000). Thus, ground water discharges into Whatcom Creek would be expected to be
rapidly diluted within this receiving water environment.

4.5.4 Tidal Effects on Ground Water Flow

The influence of tides on ground water levels has been documented in previous investigations in
the general vicinity of the Site (ReTec 1996, Landau 2000), and is evident at the Site from water
level monitoring in the three on-site monitoring wells. Rising tides result in a pressure wave that
propagates inland, the lateral movement and extent of which are functions of aquifer
transmissivity, storage, tidal amplitude, and tidal period. The amplitude of the resulting ground
water fluctuations typically decreases inland. Tidal fluctuations in ground water affect the
gradient, rate of ground water flow, and the extent of mixing with salt water.

Ground water fluctuation due to tidal influence was evaluated by monitoring ground water levels
in the three monitoring wells over a three-day period (Appendix A). Tidal data collected offshore
in Rosario Strait (Cherry Point) were used to approximate concurrent tidal fluctuations in the
Whatcom Creek estuary. Figure 44 summarizes the ground water response to tides based on
measurement of water level response to tides at the site.

The greatest tidal influence occurred at monitoring well A-MW-3, located approximately 14 feet
from the Whatcom Creek ordinary high water line. Ground water levels at A-MW-3 fluctuated
3.4 feet over the course of the tidal monitoring, or roughly 50 percent of the predicted tidal range
in Whatcom Creek during the measurement period. Tidal influence decreased inland, with
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minimal tidal effects occurring at monitoring wells AMW-1 and A-MW-2 (less than 0.04 and
0.02 feet, respectively) located 280 and 420 feet inland from Whatcom Creek, respectively.

In addition to slug test measurements summarized above, aquifer hydraulic conductivity was also
estimated based on observed tidally induced ground water fluctuations, using the Ferris (1963)
method. Details of the calculation are presented in Appendix A. An estimated hydraulic
conductivity of 0.04 cm/sec (100 feet/day) was computed using an assumed storage coefficient of
0.15. The Ferris method provides an estimate of the bulk average hydraulic conductivity for the
saturated medium through which the tidal changes are propagated. These results are reasonably
consistent with the refuse hydraulic conductivity (0.02 cm/sec) computed at well A-MW-2 using
slug test methods (see above), and supports the validity of these determinations.

During mean and low tide stages, ground water flow at the Site is directed toward Whatcom
Creek. Using the aquifer parameters computed from the tidal study, the range of ground water
fluctuation was computed and is represented on Figure 4-5 by the green and red lines. With the
incoming tide in Whatcom Creek, a local flow reversal occurs, and ground water flow is locally
directed inland, away from Whatcom Creek. During the course of a rising tide, surface water
from Whatcom Creek flows inland and mixes with ground water within the refuse and Recent
Alluvium. As discussed in Section 4.5.5, the zone of tidal mixing (where salt water intrudes the
aquifer) is controlled by the saturated horizontal hydraulic conductivities of the refuse and Recent
Alluvium, and is limited by the amount of time that the tidal level exceeds the mean ground water

elevation.

4.5.5 Ground Water Velocity, Flux, and Particle Travel Distances

For the purpose of developing a conceptual model of ground water flow at the Holly Street
Landfill Site, the mean ground water velocity was computed for flow within the shallow aquifer.
Calculations are shown in Appendix A and are summarized in Table A-1. Velocities were
calculated using the mean hydraulic gradient computed from the 72-hour tidal monitoring data,
porosities representative of the types of materials encountered during drilling (0.15 for silty sand
alluvium and 0.30 for refuse), and hydraulic conductivity values from the slug test analyses.
Ground water velocities of 0.08 feet/day (30 feet/year) representative of the native, silty Recent
Alluvium (A-MW-1) and 2 feet/day (700 feet/year) representative of ground water flow in the
refuse (A-MW-2) were computed. The computed velocity at A-MW-3, which is predominantly
representative of the Recent Alluvium, is 0.6 feet/day (200 feet/year).

Mixing of ground water and salt water within the nearshore tidal dispersion zone has a significant
influence on ground water geochemistry (e.g., oxidation-reduction [redox] potential). Ground
water discharged through the refuse is typically depleted in oxygen, and exhibits redox potentials
that are reducing (Eh averaging roughly -100 millivolts [mV]). Surface waters in Whatcom
Creek, on the other hand, contain relatively high dissolved oxygen concentrations, resulting in an
oxidizing environment (Eh averaging roughly +250 mV). The extent of the mixing zone where
redox gradients would be expected to be most dramatic was computed based on locally reversed
ground water gradients. Gradients were calculated based on estimated tide elevations, measured
ground water elevations at A-MW-3, porosity values ranging from 0.15 (more typical of the
Recent Alluvium) and 0.3 (more typical of the refuse), and refuse hydraulic conductivity values
measured at A-MW-2 and verified using the Ferris method. Details regarding the field methods
and data analyses are presented in Appendix A. Computations indicate that a particle of water
from Whatcom Creek will travel at least 3 and up to 20 feet into the aquifer (refuse and Recent
Alluvium) during a typical tidal cycle (see Appendix A for calculations used to estimate the
inland extent of ground water movement). The estimated effective tidal mixing zone within the
northwest unit of the Site is shown on Figure 4-5, and appears to encompass nearshore well A-
MW-3. The inland extent of tidal mixing on the southeast lobe of the Site is likely somewhat
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greater due to the lower ground water flow gradient measured in this area. The effect of these
tidal mixing processes on ground water geochemistry conditions is discussed below.

4.5.6 Conceptual Hydrogeologic Model

The hydrogeologic model depicting ground water flow at the site is presented conceptually in
Figure 4-5. The general conceptual site model provides a framework for describing the transport
and chemical/physical transformation of chemicals of concern at the site. The conceptual site
model represents a compilation and analysis of information presented in previous sections of this

report.

Saturated Recent Alluvium and refuse form a shallow unconfined aquifer beneath the site. Fine-
grained silts and clays of the Bellingham Drift and Chuckanut Formation act as confining layers,
restricting the downward flow of ground water bound the bottom of the aquifer. Recharge in the
northwest refuse lobe occurs through lateral inflow and direct infiltration of precipitation through
permeable areas. The southeast refuse lobe is bounded by bedrock to the east, which limits lateral
ground water inflow; direct infiltration of precipitation is considered the most important source of

recharge in this area.

Leachate is generated from precipitation infiltrating through the refuse and, in the northwest
refuse area, from lateral inflow of ground water into the refuse. Tidal influence creates a
sinusoidal ground water flow path as the ground water approaches the point of discharge into
Whatcom Creek, which becomes a retrograde ellipse as the ground water oscillates in response to
tidally propagated waves. As discussed above, ground water mixing with salt water predominates
at distances within approximately 20 feet of the shoreline. The effect of these mixing processes
on geochemistry and water quality characteristics is discussed below.

4.6 Ground Water Quality

A total of 14 ground water samples (excluding field duplicates) have been collected from the
Holly Street Landfill Site, including 2 local upgradient samples at well A-MW-1. The on-site
ground water sampling data include (refer to Figure 3-1 and Figure 4-1 for station locations):

e Four on-site refuse unit ground water samples collected during this RI/FS from the northwest
lobe of the Site (A-MW-2 and A-MW-3; April and August 2000 sampling);

e Three on-site refuse ground water samples collected during this RI/FS from the southeast
lobe of the Site (A-MW-4 through -6; January 2001);

e Three on-site refuse unit ground water samples collected during the Environmental Site
Assessment of the Maritime Heritage Center Park site (Landau 1993; LMW-1 through L-

MW-3); and

e Two test pit water samples collected during the Bellingham Sash & Door Environmental Site
Assessment (BEK Purnell 1993; B-TP-5 and B-TP-7). However, because of possible
turbidity bias associated with these samples, some of the laboratory results (e.g., total metals
determinations) for these samples were rejected for the purpose of this RI/FS.

Ground water samples collected as part of this RI/FS were submitted for the analysis of total
metals, dissolved metals, SVOCs, volatile organic compounds (VOCs), TPH, fecal coliform, and
conventional parameters (total dissolved solids, total suspended solids, TOC, salinity, hardness,
alkalinity, chloride, sulfate, ammonia, and nitrate). Ground water samples collected by Landau
(1993) were analyzed for a more limited suite of chemical parameters (metals and volatiles).
Validated ground water chemical determinations are summarized in Table 42.
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4.6.1 Chemicals of Potential Concern — Iron and Manganese

Chemical concentrations detected in ground water samples collected from the Holly Street
Landfill Site were compared to conservative MTCA risk-based screening criteria to identify
ground water COPCs. For the purpose of this screening-level evaluation, analytical results were
compared to the more stringent of the MTCA Method A or Method B ground water cleanup
levels for drinking water use, even though there is no existing or potential future use of such
ground waters for consumptive purposes (see above). The screening-level evaluation also
included a preliminary assessment of regional background concentrations, based either on
statewide data (e.g., arsenic background concentration of 5 ug/L referenced in the MTCA
regulation), or local upgradient well data (from A-MW-1). A summary of the screening-level
evaluation is presented in Table 4-2. Based on this comparison, the following ground water

COPCs were identified:

e Iron (present above taste/odor thresholds and local background levels in 7 of 9 on-site
samples);

e Manganese (present above taste/odor thresholds and local background levels in 2 of 9 on-site
samples). However, manganese was not confirmed to be present above local background
levels during the RI/FS sampling; and

e Bis(2-ethylhexyl)phthalate (detected above drinking water criteria in 1 of 7 on-site samples).

Besides iron, manganese, and bis(2-ethylhexyl)phthalate, no other COPCs were detected in
ground water at the Holly Street Landfill Site, even for those constituents such as mercury and
TPH which exceeded conservative ground water protection criteria in overlying soil/refuse
samples (Table 4-1). Total lead exceeded the MTCA cleanup levels for ground water during the
wet season sampling at one location (A-MW-2; qualified result due to elevated sample turbidity;
see above). However, lead was not detected in any of the ground water samples collected during
the subsequent dry season sampling, and dissolved lead was not detected in any of the ground
water samples collected during the wet or dry season sampling. Thus, lead was not identified as a
COPC in on-site ground water. Additional confirmatory sampling is recommended during
remedial design to verify this determination.

Only 1 of 7 ground water samples collected from the Site contained a bis(2-ethylhexyl)phthalate
concentration above conservative MTCA drinking water criteria. While the maximum
concentration reported in this one sample (23 ug/L in A-MW-6) was higher than the measured
local background range (up to 5.8 ug/L in two samples collected from AMW-1), the A-MW-6
value is not statistically different from background (ANOVA; P > 0.10). Moreover, bis(2-
ethylhexyl)phthalate is a common laboratory contaminant; a somewhat elevated detection in a
single ground water sample has often been attributable in other similar studies to field equipment
or laboratory residuals. Thus, the apparent identification of bis(2-ethylhexyl)phthalate as a
ground water COPC at the Holly Street Landfill Site is considered questionable. Additional
confirmatory sampling is recommended during remedial design to verify whether or not this
compound is truly present in A-MW-6 ground water. Further ground water sampling and low
detection limit analysis for total petroleum hydrocarbons (TPH) is also recommended to confirm
that TPH is not a COPC at the Holly Street Landfill Site.

4.6.2 Regional Water Quality and Geochemical Conditions - Iron

Iron and manganese are commonly detected in regional ground waters due to natural sources and
normal geochemical processes. In order to compare concentrations of iron detected at the Holly
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Street Landfill Site with regional levels, database records maintained by the Whatcom County
Health and Human Services were reviewed and summarized. The database as of this writing
includes 294 records for water supply wells in the county associated with new construction since
1990. Health and Human Services has general records for the water supply wells discussed above
(within 1 mile of the site), but does not have water quality information for these wells. None of
the wells in the database are within 1 mile of the site. The evaluation of regional iron levels was
therefore based on countywide data.

Total iron concentrations in the regional ground water database ranged from non-detected to
29,200 micrograms per liter (ug/L). Five percent of the concentration records exceeded 2,700
ug/L, and approximately half of the records exceeded the existing secondary drinking water
standard for iron of 300 ug/L (based on taste and odor considerations; no risk-based criterion for
iron has been developed). Total iron concentrations detected in the local upgradient monitoring
well A-MW-1 were similar to the county-wide data, ranging from 3,280 to 6,790 ug/L (Table 4-
2). Thus, when compared to countywide water quality data, the local upgradient well A-MW-1
appears to provide appropriate background monitoring data. Also, based on the county-wide
comparison, iron concentrations detected in on-site refuse monitoring wells, which ranged up to
49,300 ug/L, appear to be somewhat elevated above normal county levels.

As discussed above, leachate at the Holly Street Landfill Site is generated from precipitation
infiltrating through the refuse and, in the northwest refuse area, from lateral inflow of ground
water into the refuse. The pH and (especially) redox potential of the leachate control the stability
and solubility of dissolved iron in this environment. The redox potential is a measure of whether
oxidizing or reducing conditions prevail and is largely dependent on dissolved oxygen levels. In
general, iron solubility is low under moderate to strongly oxidizing conditions for pH in the range
of 5 to 9 (typical of the Site), when iron exists in the ferric (+3) state. When ground water is low
or depleted of oxygen, then iron will be reduced to ferrous iron (+2) that has a much higher

solubility.

The presence of relatively elevated concentrations of total iron in “interior” landfill monitoring
wells (i.e., more than 50 feet from the shoreline), along with low dissolved oxygen levels and
similarly low redox potentials, suggests that iron detected in Site ground water is present as the
relatively soluble ferrous (+2) form. That is, the reducing environment created by the landfill
brings ferrous iron into solution. This solution then migrates toward Whatcom Creek through the
saturated refuse and underlying Recent Alluvium. As these ground waters approach Whatcom
Creek, particularly within 20 feet of the shoreline, tidal influences create a sinusoidal flow path,
resulting in mixing of salt water with the ground water, increasing the amount of dissolved
oxygen and corresponding Eh within these waters.

This change in chemistry is apparent in monitoring well A-MW-3, located about 14 feet from the
Whatcom Creek shoreline, where the redox potential becomes more positive (-27 to +13 mV),
shifting iron stability towards the less soluble ferric (+3) form. Consistent with this geochemical
model, total iron concentrations at A-MW-3 are significantly lower than at A-MW-2. Redox
potentials reached a maximum where the ground water discharges in seeps to Whatcom Creek
(total iron concentrations in these seepage discharges are below 5,730 ug/L; Table 4-3). That is,
iron precipitates out of ground water solution in response to the increased oxygen levels, resulting
in significantly lower concentrations in the seeps than in the refuse. These geochemical changes
are depicted on Figure 4-6, based on average water quality characteristics. Similar geochemical
processes control the mobility of manganese. Geochemical changes also affect the solubility of
other metals such as copper and zinc, as outlined below.
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4.7 Shoreline Seepage Quality

The evaluation of shoreline seepage quality was based on analytical results from five (5) ground
water seep locations sampled during this RI/FS. The upgradient ground water monitoring well A-
MW-1 provided local background water quality comparisons. Shoreline seep sampling for well
points located upstream of Holly Street bridge (WP-1 through -5) occurred twice, during the
wet/rainy season in April 2001 and during the dry season in August 2000. Shoreline seep
sampling for well points located downstream of Holly Street bridge (WP-6) occurred once during
January 2001. Shoreline seep locations are shown on Figure 3-1 and Figure 4-1.

Shoreline seep samples were submitted for the analysis of total metals, dissolved metals, SVOCs,
volatile organic compounds (VOCs), TPH, fecal coliform, and conventional parameters (total
dissolved solids, total suspended solids, TOC, salinity, hardness, alkalinity, chloride, sulfate,
ammonia, and nitrate). Chemical/physical parameters for the shoreline seep samples are
presented in Table 4-3.

4.7.1 Chemicals of Potential Concern - Copper and Zinc

Analytical results for shoreline seep samples were compared to the chronic surface water quality
criteria for marine waters (WAC Chapter 173-201A), and also with local background water
quality conditions, to identify seepage COPCs. A summary of the screeninglevel evaluation is
presented in Table 4-3. Based on this comparison, the following seepage COPCs were identified:

e Copper (present above aquatic life toxicity criteria and local background levels in 6 of 9
shoreline well point samples); and

e Zinc (present above aquatic life toxicity criteria and local background levels in 5 of 9
shoreline well point samples).

Although elevated fecal coliform levels were detected in the initial seepage sample collected from
A-WP-1 (near Holly Street), elevated turbidity and TSS levels encountered in this sample render
these results questionable. Since fecal coliform were not detected in the subsequent resampling
of this well point in August 2000, coliform were not retained as a constituent of potential concern

1n site seeps.

4.7.2 Geochemical Conditions Controlling Copper and Zinc Mobility

In contrast to iron (and manganese), reduced forms of copper and zinc are considerably less
soluble than their oxidized counterparts. That is, the reducing environment created by the landfill
results in the formation and stability of relatively insoluble sulfide complexes, which tends to
prevent copper and zinc from becoming mobilized in ground water. However, as discussed
above, within approximately 20 feet of the shoreline, salt water begins to mix with the ground
water, increasing the amount of dissolved oxygen within these waters, and reducing the stability
of sulfide complexes within the refuse, concurrently increasing solubility of these metals.

Changes in the geochemistry of copper and zinc are apparent by examining ground water quality
conditions along the flow path through the landfill into Whatcom Creek. Copper and zinc
concentrations are low in monitoring well A-MW-2, consistent with the sulfide control
mechanism outlined above. However, copper and zinc levels begin to increase in monitoring well
A-MW-3, located about 14 feet from the Whatcom Creek shoreline, where the redox potential
becomes more positive (Eh range of -27 to +13 mV), shifting copper and zinc stability towards
more soluble forms. Consistent with this geochemical model, copper and zinc concentrations
reach a maximum in shoreline seeps adjacent to A-MW-3 (i.e., A-WP-2 and A-WP-3), before
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being diluted upon discharge into Whatcom Creek. These geochemical changes are summarized
in Figures 4-6 and 4-7.

4.8 Sediment Quality

The evaluation of sediment quality was based on the analytical results for six surface sediment
samples collected along the shoreline of Whatcom Creek during this RI/FS, and two surface
sediment samples collected from Whatcom Creek during the Whatcom Waterway RI/FS (Anchor
and Hart Crowser 2000). Surface sediment samples were collected from five locations along the
shoreline of the Holly Street Landfill Site; three from along the north shoreline and two from
along the south shoreline of Whatcom Creek. An additional local area reference sediment sample
was collected along the south shoreline of Whatcom Creek upstream of the landfill boundary, at
the most upstream depositional area identified within the creek mouth. Surface sediment sample
locations are shown on Figure 3-1 and Figure 4-1. Sediment samples were submitted for
Ecology’s SMS list of analytes including total solids, grain size, TOC, and salinity. Pesticide
analysis was also included in these determinations. Chemical/physical parameters for the surface
sediment samples are presented in Table 4-4.

Analytical results for surface sediment samples were compared to SMS chemical criteria (Table
4-4). Because pore water salinity in these sediments ranged from 2.4 to 6.1 parts-per-thousand,
and given prior SMS determinations within this area (Anchor and Hart Crowser 2000), these “low
salinity” sediments were compared with marine sediment quality standards (Chapter 173204
WAC). Further, the SMS includes two sets of criteria for the protection of biological resources.
The more stringent set of criteria, the sediment quality standards (SQS), correspond to a
concentration below which no adverse biological effects should occur (including no acute or
chronic adverse effects). The less stringent set of criteria, the cleanup screening level (CSL),
corresponds to a concentration above which more than minor adverse impacts may occur. No
SQS exceedances were observed in sediment samples collected adjacent to the Holly Street
Landfill Site. However, the upstream reference sediment sample (SD-6) marginally exceeded
both the SQS and CSL criteria, apparently due to upstream sources unrelated to the Holly Street
Landfill. Mid-channel sediment samples were also well below SQS chemical criteria (Anchor
and Hart Crowser 2000; see Table 4-4). Thus, no sediment COPCs was identified at the Holly
Street Landfill Site.
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NNW

60

Elevation
(feet)

40+

20

-20

Direction change of
cross section

A-MW-4 (Projected 70 feet)

A-MW-1 (Projected 130 feet)
A-MW-5 (Projected 120 feet)

TH-1 (Projected 70 feet)

A-MW-2 (Projected 100 feet)

Whalcom Creek

-~

-

= 129 94545,

: —=—==F
e z

West Champion /. A’
Prospect Streels SE

L-MW-1 (Projected 35 feet)
A-MW-6 (Projected 25 feet)

Symbols
\/_ Measured water level

VAR Inferred water table
Well

Screened casing
with filter pack

Conceptual ground
water flow path

e

Water level data for A-MW-1, A-MW-2, and A-MW-3 obtained 10/08/00
(corrected for tidal fluctuation)

Water level data for L-MW-1 and L-MW-3 obtained 11/18/92
TH series borings advanced in 1969 (CH 2M Hill, 1972).
A-MW-1, A-MW-2 & A-MW-3 wells installed April, 2000.
L-MW series wells installed November, 1992.

A-MW-4, A-MW-5 & A-MW-6 wells installed December 2000.
GEI-MB-2 boring drilled April 2001.

Scale:

1" = 200' (horizontal)
1" = 20' (vertical)
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Geologic Reference
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Sand, silt and gravel with occasional debris of
anthropogenic origin, but not associated with landfill refuse.

Refuse: Landfill debris emplaced specifically in
the Holly Street Landfill.

Retained on No. 200 Sieve
Sands-50% or More of Coarse Fraction
Passes No. 4 Sieve

Coarse-Grained Solls - More than 50%

Quaternary Alluvium: Includes recent mudflat
sediment, reworked deposits derived from the Nooksack River,

£ 15% Fines
? 10% Fines

<5% Fines

Well-graded sand and
sand with gravel, little
to no fines

Poorly-graded sand
and sand with gravel,
little to no fines

Silty sand and
silty sand with
gravel

and recent alluvial deposits from Whatcom Creek.

29| s

Sumas Outwash: Sandy outwash of Sumas glacial stade. Inferred 88| o §

to be present northwest of site based on Easterbrook (1976). §§' 58

ol B 8

i3l 5

LEE

Bellingham Drift: Glacio-marine sandy silt and clay. .L% s| 5
o

215% Fines

Silt, sandy silt, gravelly silt,
silt with sand or gravel

Clay of low to medium
plasticity; silty, sandy, or
gravelly clay, lean clay

Chuckanut Formation: Sandstone and carbonaceous shale.
Outcrops south-southeast of end of cross section.
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5.0 Prospective MTCA Cleanup Standards

5.1 Soil/Refuse

As discussed above in Section 4.3.1 and summarized in Table 4-1, a range of metals and
hydrocarbon compounds were identified as soil/refuse COPCs based on an initial, conservative
screening-level comparison. However, one of these COPCs — mercury — was only identified as
being of potential concern based on screening-level ground water protection considerations.
Since ground water samples collected immediately below the only soil location (A-MW-3)
exceeding the ground water protection criterion did not contain detectable mercury levels (Table
4-2), and because the maximum soil/refuse mercury concentration (4.8 mg/kg) was well below
other risk-based criteria (e.g., below residential direct contact standards), mercury was not
confirmed as a COPC. Thus, the list of confirmed soil/refuse COPCs at the Holly Street Landfill
Site includes the following:

e Arsenic (present above residential use screening levels in 2 of 7 samples);

e Cadmium (present above plant protection screening levels in 3 of 7 samples);
e Lead (present above residential use screening levels in 6 of 7 samples); and

e cPAHs (present above residential use screening levels in 2 of 3 samples).

More detailed evaluations of the COPCs were performed to determine whether concentrations of
these hazardous substances detected in soil/refuse at the Holly Street Landfill Site exceed
prospective site-specific MTCA cleanup levels. In making this determination, the existing and
prospective future zoning of the Site area was considered under the MTCA cleanup standard
framework. The MTCA cleanup standards generally categorize sites into unrestricted
(residential), restricted (park/commercial), and industrial use areas for the purpose of reasonable
maximum exposure evaluations. A statistical analysis of the available soil/refuse sampling data
was also performed, consistent with MTCA guidelines, to provide an improved measure of how
existing site conditions compare with this range of land use-based criteria. The results of the
prospective MTCA cleanup level comparison are summarized in Table 5-1.

Table 5-1. Prospective MTCA Soil/Refuse Cleanup Levels (all units in mg/kg dry wt)

Chemical of Average/95™ UCL Soil/ Residential Coiﬁi‘:{r/cial Industrial
Potential Concern | Refuse Concentration (b) Criterion Criterion Criterion
Total Arsenic 22/70 20 20 20
Total Cadmium 3/5 2 2 2
Total Lead 860/2,300 250 500 1,000
Total cPAHs (a) 4/11 0.1 5 18

Notes:
(a) Calculated using toxicity equivalency factors (TEFs) specified in MTCA guidance.

(b) Upper confidence level (UCL) concentration calculated using Ecology’s MTCAStat
program, using data presented in Table 4-1.

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
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Based on the Table 5-1 comparison, all four of the COPCs in soil/waste at the Holly Street
Landfill Site exceed MTCA cleanup standards for unrestricted (residential) site uses. Average
and/or upper-bound concentrations of arsenic, cadmium, lead, and cPAHs also exceed restricted
(park/commercial) and/or industrial cleanup standards.

Similar to remedial action objectives developed for the Cornwall Avenue Landfill Site (Landau
2000), performance-based cleanup standards may be needed at the Holly Street Landfill Site to
minimize potential human and environmental exposure to refuse and associated soil
contaminants. These exposure control measures could potentially be met through construction
and maintenance of a minimum 3-foot-thick permeable cap or equivalent, depending on whether
or not further ground water controls may also be necessary (Section 5.2 below). Caps meeting
this specification appear to be already in place throughout the southeast lobe of the landfill (i.e.,
Maritime Heritage Park) and in most of the northwest lobe of the Site. However, based on
available soil boring and test pit logs, an approximate 0.4-acre portion of the City’s Maritime
Heritage Center (fish hatchery) property contains only a thin cover (less than 3feet-thick) of
capping material (Figure 5-1). Additional evaluations of potential soil/refuse cleanup remedies
for the Holly Street Landfill Site are presented below in Sections 7.0 through 10.0.

5.2 Ground Water

As discussed above in Section 4.6.1 and summarized in Table 4-2, only iron, manganese, and
bis(2-ethylhexyl)phthalate were identified as ground water COPCs based on an initial,
conservative screening-level comparison. However, elevated manganese concentrations, at levels
exceeding local background levels, were not confirmed during the RI/FS sampling. In addition,
the single detection of bis(2-ethylhexyl)phthalate, a common laboratory contaminant, is
considered questionable. Additional confirmatory sampling is recommended during remedial
design to confirm that this compound, and other chemicals such as lead and TPH, is not present in
Site ground water at levels of potential concern.

Thus, only iron was retained as a verified ground water COPC at the Holly Street Landfill Site.
Prospective MTCA ground water cleanup levels are summarized in Table 5-2.

Table 5-2. Prospective MTCA Ground Water Cleanup Levels (all units in ug/L)

Average/95" UCL ‘
Ground Water Local Background | Taste/ Drinking
Chemical of Concentration in A- Concentration Odor Water Risk
Potential Concern MW-2 (a) (from A-MW-1) Level Criterion
Total Iron 42,200/49,300 6,790 300 N/A

Notes:
(a) Calculated using Ecology’s MTCAStat program, using data presented in Table 4-2.

Based on the Table 5-2 comparison, no human health risks are likely to be associated with
potential drinking water consumption of ground water at the Holly Street Landfill Site (in
addition, no existing or future drinking water use has been identified). However, total iron
concentrations detected in ground water at the Site may exceed secondary drinking water
standards based on taste/odor and aesthetic considerations.

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
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5.3 Shoreline Seepage

As discussed above in Section 4.7 and summarized in Table 4-3, only copper and zinc were
1dentified as seep COPCs based on an initial, conservative screening-level comparison.
Prospective MTCA surface water/seep cleanup levels are summarized in Table 5-3.

Table 5-3. Prospective MTCA Seep/Surface Water Cleanup Levels (all units in ug/L)

Average/95™ UCL Chronic Acute

Seep Concentration | Local Background | Toxicity Toxicity
Chemical of in A-WP-2 & A- Concentration (24-hour) (1-hour)
Potential Concern WP-3 (a) (from A-MW-1) Criterion Criterion
Copper (dissolved) 22/47 <2 3.1 4.8
Zinc (dissolved) 197/316 <6 81 90

Notes:
(a) Calculated using Ecology’s MTCAStat program, using data presented in Table 4-3.

Based on the Table 5-3 comparison, shoreline seepage discharges from portions of the Holly
Street Landfill Site have the potential to result in both chronic and acute toxicity to sensitive
aquatic life. Copper and zinc concentrations peak in shoreline seeps adjacent to the northwest
lobe of the site, before being diluted upon discharge into Whatcom Creek (Figure 5-1). The large
dilution potential of Whatcom Creek (Section 4.5.3) likely restricts such exceedances to the
immediate shoreline area of the estuary. Mid-channel concentrations of dissolved copper and
zinc are well below water quality criteria (Anchor and Hart Crowser 2000).

While seepage samples collected adjacent to the northwest landfill lobe (e.g., WP2 and -3)
regularly and substantially exceeded both acute and chronic toxicity criteria for copper and zinc
(Table 5-3), only a single seepage sample (WP-6) collected from the southeast landfill lobe
marginally exceeded conservative chronic toxicity screening criteria. Moreover, the only
“exceedance” detected at this location was a concentration of dissolved copper (4.0 ug/L) that
was marginally above the chronic criterion (3.1 ug/L), but below the acute criterion (4.8 ug/L).
Since this sample was collected during transient low tide discharge conditions when seepage
concentrations are expected to peak, the appropriate MTCA compliance comparison in this case
is with the acute criterion, which it was below. Further, based on the results of preliminary
ground water transport/tidal mixing modeling (Section 4.5.5), 24-houraverage water
concentrations at this estuarine location are predicted to be well below the chronic criterion. All
information considered, no exceedance of surface water quality criteria was identified in any
seepage sample collected adjacent to the southeast landfill lobe. Additional confirmatory
sampling is recommended during remedial design to confirm that copper is not present in WP-6
seepage at levels of potential concern

Based on a consideration of geochemical processes controlling copper and zinc mobility at the
Site (Section 4.7.2), shoreline capping systems could potentially be designed to restrict tidal
mixing and associated oxygen transfer into nearshore refuse deposits of the northwest landfill
lobe. Such cap systems may be effective in controlling the release of copper and zinc into
Whatcom Creek, and may also offer concurrent opportunities to improve the quality of intertidal
habitat in this area. Additional evaluations of potential surface water cleanup remedies for the
Holly Street Landfill Site are presented below in Sections 7.0 through 10.0.

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
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A-MW-3 (Ground Water)
Maximum Acute
Parameter Units Conc. Chronic Criterion  Criterion
Copper (diss) ug/L 3.0 31 438
Zinc (diss) ug/L 93 81 90

A-WP-3 (Seep)

Maximum Acute
Parameter Units Conc. Chronic Criterion  Criterion
Copper (diss) ug/L 14 31 4.8
Zinc (diss) ug/L 268 81 90

&
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Subsurface Refuse (7 samples) A-WP-2 (Seep)
95% UCL Unrestricted Industrial Maximum Acute
Parameter Units Conc. Land Use Land Use Parameter Units Conc. Chronic Criterion  Criterion
Arsenic mglkg 70 20 20 Copper (diss) ug/L 47 31 48
Cadmium ma/kg 5 2 2 Zinc (diss) ug/L 316 81 90
Lead mg/kg 2,300 250 1,000
cPAHs mg/kg 11 1 20
99-062-04 HOL012-01.dwg 11/26/01
200 Figure 5-1
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6.0 Applicable Federal, State, and Local Laws

Many environmental laws may apply to a cleanup action. In addition to meeting MTCA requirements, a
cleanup action must also meet the environmental standards set forth in other applicable laws (this is
required under both the MTCA cleanup standards and remedy selection criteria). In addition, even
though Ecology may select the cleanup remedy under the state hazardous waste cleanup laws, the cleanup
action will require, at a minimum, compliance with substantive elements of other applicable
environmental reviews and permitting requirements. Though a cleanup action performed under formal
MTCA authorities (e.g., as set forth in a Consent Decree between Ecology and the implementing parties)
would be exempt from the procedural requirements of certain state and local environmental laws, the
action must nevertheless comply with the substantive requirements of such laws. Potentially applicable
federal, state and local laws that may influence cleanup levels and remedial action(s) for the Holly Street
Landfill Site are summarized below.

6.1 Model Toxics Control Act Cleanup Standards

The MTCA Cleanup Standards Regulation, implemented under Chapter 70.105D RCW, authorizes
Ecology to adopt cleanup standards for remedial actions at hazardous sites. The processes for identifying,
investigating, and cleaning up hazardous sites are defined and cleanup standards are set for ground water,
soil, surface water, and air in Chapter 173-340 WAC. However, as summarized in Section 5.0 above,
only soil/refuse and surface water media at the Holly Street Landfill Site exceed prospective hazardous
substance cleanup standards. These media are thus the focus of MTCA cleanup. Further remedial actions
at the Site are not required to achieve ground water or sediment cleanup standards.

6.2 Other Federal and State Laws

6.2.1 Federal Requirements

Potential federal requirements are specified in several statutes, codified in the U.S. Code (USC), and
promulgated in the Code of Federal Regulations (CFR), as discussed in the following sections.

The National Environmental Policy Act (42 USC 4321 ef seq.). The National Environmental Policy Act
(NEPA) is intended to help the federal lead agency make decisions based on an understanding of the
environmental consequences of their actions, and to help the federal government take actions that protect,
restore, and enhance the environment. Any federal project, or a private or state project requiring a permit
from a federal agency, must meet the NEPA requirements. If a proposal is determined by a federal lead
agency to have a "probable significant adverse impact," the agency must prepare an Environmental
Impact Statement (EIS). The EIS is a public disclosure document that analyzes alternative means of
attaining the applicant's goal for the proposal, and analyzes the environmental consequences of each
alternative and the potential options for mitigating the impacts. The U.S. Army Corps of Engineers
(Corps) may prepare a NEPA EIS supplement for habitat restoration actions in Bellingham Bay, including
prospective actions at the Holly Street Landfill Site.

The Clean Water Act (CWA) (33 USC Section 1251 et seq.) requires the establishment of guidelines
and standards to control the direct or indirect discharge of pollutants to waters of the United States.
Section 304 of the CWA (33 USC Section 1314) requires EPA to publish Water Quality Criteria, which
are developed for the protection of human health and aquatic life. Federal water quality criteria are
published as they are developed, and many of them are included in Quality Criteria for Water 1986, EPA
440/5-86-001, May 1, 1986 (51 FR 43665), commonly known as the "Gold Book." Publications of

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
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additional criteria established since the Gold Book was printed are announced in the Federal Register.
Federal water quality criteria are used by states, including Washington State, to set water quality
standards for surface water. These standards are relevant and appropriate for possible actions in the Holly
Street Landfill Site, and are also adopted under MTCA.

Sections 301, 302, and 303 of the CWA (33 USC Sections 1311, 1312, and 1313), and 40 CFR Part 131,
require states to develop Water Quality Standards and to control direct discharges by establishing
effluent limitations as necessary to meet applicable water quality standards. Numerical state water quality
standards are usually based on federal ambient water quality criteria developed by EPA (discussed

above). Washington State water quality standards are promulgated under the Washington Water Pollution
Control Act (Chapter 90.48 RCW; Chapter 173-201A WAC).

National Pollution Discharge Elimination System (NPDES), State Waste Discharge Program (33 USC
1432; 40 CFR 21-25; RCW 90.48.260; WAC 173-216). The NPDES and State Waste Discharge
programs implement permit systems applicable to industrial and commercial operations that discharge to
ground water, surface water, or municipal sewerage systems. In Washington, EPA has delegated the
responsibility of administering the NPDES program to Ecology.

Safe Drinking Water Act (42 USC Section 300f ez seq.; 40 CFR Parts 141 and 143). The Safe
Drinking Water Act (SDWA) establishes standards designed to protect human health from the potential
adverse effects of drinking water contaminants. Primary drinking water regulations include maximum
contaminant levels (MCLs) for specific contaminants. Since MCLs are only applicable to suppliers of
public drinking water, they are not applicable to the Holly Street Landfill Site. However, MCLs for
surface water or ground water that are current or potential sources of drinking water are generally relevant
and appropriate for ensuring that contaminant levels in the water are adequately protective. Ground water
may be impacted by remediation alternatives that include upland disposal options.

Discharges of Material into Navigable Waters are regulated under Sections 401 and 404 of the CWA
(33 USC Sections 1341 and 1344), 40 CFR Part 230 [Section 404(b)(1) guidelines], 33 CFR Parts 320
(general policies), 323 and 325 (permit requirements), and 328 (definition of waters of the United States).
These requirements regulate the excavation of shoreline materials (including solid wastes) and the
placement of fill material (including caps) below the ordinary high water elevation (approx. +11 ft
MLLW) of waters of the United States. The Corps and EPA implement the 401/404 regulations. Under
the Section 404(b)(1) guidelines, 40 CFR 230.10(b), no discharge (i.e., excavation or cap) shall be
allowed if it:

e Causes or contributes to violations of any additional state water quality standard, pursuant to Section
401 of the CWA, after consideration of local dilution and dispersion;

e Violates any applicable toxic effluent standard or discharge prohibition under Section 307 of the
CWA;

e Jeopardizes the continued existence of any endangered or threatened species, or contributes to the
destruction or modification of any critical habitat for such species; or

e Violates any requirement imposed by the Secretary of Commerce to protect any marine sanctuary.

The guidelines in 40 CFR 230.10(c) also provide that no discharge will be authorized that contributes to
significant degradation of the waters of the United States. Where there is no practicable alternative to a
discharge, 40 CFR 230.10(d) requires the use of appropriate mitigation measures to minimize potential
adverse impacts of the discharge on the aquatic ecosystem. The term "practicable" is defined in 40 CFR
230.3(q) to mean "available and capable of being done after taking into consideration cost, existing
technology, and logistics in light of overall project purposes." Examples of specific steps that may be
taken to minimize adverse impacts are set forth in 40 CFR Part 230, Subpart H. As discussed above,
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Section 401 and Section 404 requirements of the CWA may be applicable to a shoreline cleanup project if
waste removal and/or capping are implemented.

Memorandum of Agreement between EPA and U.S. Army Corps of Engineers [Mitigation under
Clean Water Act Section 404(b)(1)]. The Agreement sets forth policy and procedures for developing
mitigation for compliance under Section 404, but does not alter any of the requirements under this
section. These guidelines for mitigation include, in order of importance, avoidance, minimization, and
compensatory mitigation.

Rivers and Harbors Act (33 USC Section 403; 33 CFR Parts 320, 322). This Act prohibits
unauthorized activities that obstruct or alter a navigable waterway. However, the closest navigable
waterway — the Whatcom Waterway — is not located within the prospective remedial action area of the
Holly Street Landfill Site.

Coastal Zone Management Act (CZM) (16 USC 1451 et seq.; 15 CFR 923) is a federal law requiring
federal agencies to act consistently with state and local shoreline regulations. A CZM consistency
determination will be required prior to implementation of actions that affect the Site shoreline.

Resource Conservation and Recovery Act. The Resource Conservation and Recovery Act (RCRA)
addresses the generation and transportation of hazardous waste, and waste management activities at
facilities that treat, store, or dispose of hazardous wastes. Subtitle C (Hazardous Waste Management)
mandates the creation of a cradle-to-grave management and permitting system for hazardous wastes.
RCRA defines "solid wastes" that may cause or significantly contribute to an increase in mortality or
serious illness, or that pose a substantial hazard to human health or the environment when improperly
managed as hazardous wastes. In Washington State, RCRA is implemented by Ecology under the State’s
Dangerous Waste Regulations, Chapter 173-303 WAC.

One objective of RCRA is to minimize the generation of hazardous waste and the land disposal of
hazardous waste by encouraging process substitution, materials recovery, properly conducted recycling
and reuse, and treatment (RCRA Section 3003). To further this objective, EPA has set various goals for
the Waste Minimization National Plan, including reducing the generation and mobility of hazardous
wastes and establishing treatment standards as part of several rulemakings under the Land Disposal
Restrictions (LDR) in 40 CFR Part 268.

Low concentration solid wastes such as those present the Holly Street Landfill Site are not subject to
specific treatment technologies, but must meet Toxicity Characteristic Leaching Procedure (TCLP)
designation limits. The TCLP designation limits define when a waste is hazardous and are used to
determine when more stringent management standards apply than would be applied to typical solid
wastes. Thus, the TCLP contaminant-specific criteria may be used to determine cleanup levels or when
RCRA-equivalent waste management standards must be met (including LDR). Existing soil quality and
TCLP data collected at the Holly Street Site, as well as other local landfills that received similar wastes,
do not indicate any exceedance of characteristic dangerous or hazardous waste criteria within the
prospective cleanup area. The materials are also not subject to upland landfill disposal restrictions, either
under existing regulations or proposed revisions to the LDR (Federal Register: May 28, 1999 [Volume

64, Number 103]).

Federal and State Clean Air Acts (42 USC 7401 et seq.; 40 CFR 50; Chapter 70.94 RCW; Chapter
173-400 WAC, 403). The Clean Air Act regulates emissions of hazardous pollutants to the air. Controls
for emissions are implemented through federal, state and local programs. The Clean Air Act is
implemented in the state of Washington through the Washington Clean Air Act (Chapter 70.94 RCW).
The regional air pollution contract authorities, activated under the Washington Clean Air Act, have
jurisdiction over regulation and control of the emission of air contaminants and the requirements of state

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
Anchor Environmental and Aspect Consulting Page 6-3



and federal Clean Air Acts in their districts. In 1993, EPA issued a rule that requires federal agencies to
demonstrate that projects they are involved with are in compliance with federally-approved Clean Air Act
state implementation plans.

Endangered Species Act (16 USC 1536 (a) through (d); 50 CFR Part 402). Section 7(a) of this Act
grants authority to and imposes requirements upon Federal agencies regarding endangered or threatened
species of fish, wildlife, or plants (“listed species”) and habitat of such species that has been designated as
critical. The Act also applies to species that have been proposed for listing (such as spring Chinook
salmon known to reside in the Whatcom Creek system, and bull trout that are suspected to reside within
the system). Federal agencies must confer with the National Marine Fisheries Service (NMFS) and U.S.
Fish and Wildlife Service (USFWS) on any action that is likely to jeopardize the continued existence of
spring Chinook salmon or bull trout, respectively, or any other proposed species, or result in the
destruction or adverse modification of any critical habitat important to these species. The conference/
consultation process is directed at making a biological opinion regarding the proposed action. The
opinion evaluates whether or not the action will jeopardize the continued existence of a species, or result
in the destruction or adverse modification of critical habitat; and may include modification to the action
that would avoid the likelihood of adverse effects to listed species or their critical habitat. Formal or
informal consultation with NMFS and USFWS will be required prior to implementation of those cleanup
remedies that trigger a federal action, such as a Section 404 permit (see above).

U.S. Fish and Wildlife Mitigation Policy (46 FR 7644). This policy establishes guidance for U.S. Fish
and Wildlife personnel involved in making recommendations to protect or conserve fish and wildlife

resources.

Fish and Wildlife Coordination Act (16 USC 661 et seq.). This Act is a federal law requiring
consultation with fish and wildlife agencies on activities that could affect fish and wildlife.

Protection of Wetlands, Executive Order 11990 (40 CFR Part 6, Appendix A). This executive order
requires that federal agencies avoid adversely impacting wetlands wherever possible, minimize wetland
destruction, and preserve the value of wetlands. Appendix A of 40 CFR Part 6 provides EPA procedures
for managing floodplains and protecting wetlands.

Treaty of Point Elliott (12 Stat. 927), Treaty of Medicine Creek (10 Stat. 1132). In 1854 and 1855,
Native American Tribes, in what is now the state of Washington, signed treaties with the United States
government conveying their right, title, and interest in and to the lands occupied by them. These treaties
and subsequent court decisions protect Indian tribes' property and water rights, including their rights to
fish and co-manage fishery resources in Puget Sound.

Environmental Justice (E.O. 12989). Environmental justice concerns arise from environmental impacts
on minority populations, low-income populations, and Indian Tribes. Executive Order 12989, "Federal
Actions to Address Environmental Justice in Minority Populations and LowIncome Populations",
requires that each federal agency research, collect data and analyze the environmental effects (which may
be cumulative and multiple) of federal actions on low-income populations, minority populations, and
Indian Tribes. Environmental and human health impacts must be evaluated to ensure that any federal
actions do not have disproportionately high or adverse effects on the populations of concern.

Environmental justice issues are addressed during the NEPA process. Agencies are required to work to
ensure effective public participation, community and Tribal representation, and information access. EIS
preparation must consider both impacts on the natural or physical environment and interrelated social,
cultural, and economic impacts on low-income and minority populations or Indian Tribes. Mitigation
measures may include steps to avoid, reduce, or eliminate impacts.
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National Historic Preservation Act (36 CFR 800). When proponents seek a federal approval, the
responsible federal agency must consult with the State Historic Preservation Officer and the federal
Advisory Council on Historic Preservation to determine if the project would affect cultural or historic
sites on or eligible for the National Register of Historic Places.

6.2.2 Washington State and Local Requirements

Potential state requirements are specified in several standards, codified in the Revised Code of
Washington and promulgated in the Washington Administrative Code.

State Environmental Policy Act (SEPA) (RCW 43.21C; WAC 197-11). The State Environmental
Policy Act is intended to ensure that state and local government officials consider exvironmental values
when making decisions. The SEPA process begins when someone submits a permit application to an
agency, or an agency proposes to take some official action such as implementing a plan or policy. Prior
to taking any action on a proposal, agencies must follow specific procedures to ensure that appropriate
consideration has been given to the environment. The severity of potential environmental impacts
associated with a project determines whether an EIS is required. Like NEPA, the EIS is a public
disclosure document that analyzes alternative means of attaining the applicant's goal for the proposal, and
analyzes the environmental consequences of each alternative and the potential options for mitigating the
mmpacts. This assessment includes looking at alternatives that would meet the project’s objectives with
less environmental damage.

State cleanup action plans for MTCA sites typically require SEPA compliance. Decisions by federal
agencies to permit these actions require NEPA compliance, as outlined above. Both NEPA and SEPA
require government agencies to cooperate as much as possible to integrate environmental studies with
permitting requirements and encourage public involvement in the EIS process. As discussed above, the
Corps may prepare a combined NEPA/SEPA EIS supplement for habitat restoration actions in
Bellingham Bay, including prospective actions at the Holly Street Landfill Site. The NEPA/SEPA EIS
supplement would build on the Final EIS prepared by Ecology for the Bellingham Bay Comprehensive
Strategy, issued in October 2000 (Ecology 2000).

Washington Water Pollution Control Act (Chapter 90.48 RCW; Chapter 173-201A WAC). This
Act provides for the protection of surface water and ground water quality. Chapter 173-201A WAC
establishes water quality standards for surface waters of the state. Toxic substance criteria for marine
acute and marine chronic exposure, and criteria for human consumption of aquatic organisms, have been
established under Chapter 173-201A-047 WAC. These criteria are in effect beyond the
"dilution/mixing/release zone," which is limited under Chapter173201A-035(7) WAC to the zone that
will 1) not cause acute mortalities of sport, food, or commercial fish and shellfish species or important
species to a degree that damages the ecosystem, and 2) not diminish aesthetic values or other beneficial
uses disproportionately. The Surface Water Quality Standards (Chapter 173-201A WAC) are currently
undergoing revision; following public review, substantive changes to the regulation could be adopted by

late 2001.

Consistent with the requirements of Chapter 90.48 RCW, Ecology issues a water quality certification for
any activity, including MTCA cleanup actions, which may result in a discharge to state water. As
outlined above, shoreline waste excavation and/or capping actions typically constitute a “discharge”
under this state regulation. The need for mitigation resulting from these activities has been further
defined by the Washington State Legislature in the section below entitled “Compensatory Mitigation
Policy for Aquatic Resources”.
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Washington Shoreline Management Act (Chapter 90.58 RCW; Chapter 173-14 WAC); Bellingham
Bay Shoreline Master Program. The Shoreline Management Act and regulations promulgated
thereunder establish requirements for substantial developments occurring within water areas of the state
or within 200 feet of the shoreline. The City of Bellingham has set forth requirements based on local
considerations such as shoreline use, economic development, public access, circulation, recreation,
conservation, historical and cultural features. Local shoreline management plans are adopted under state
regulations, creating an enforceable state law.

The Holly Street Landfill Site is located within the jurisdictional area of the Bellingham Bay Shoreline
Master Program (BBSMP), which was recently updated. The BBSMP has designated the shoreline in the
Site vicinity for urban maritime use. Cleanup actions within the Holly Street Landfill Area will need to
address the requirements of the BBSMP and land use authorizations.

Regulations for new shoreline landfills are addressed in Section 27 Part J of the BBSMP and are
summarized below:

e Landfills resulting in water surface reduction are permitted to accommodate water dependent and/or
public uses only;

e The construction of all landfills must include erosion preventative measures such as vegetation,
retaining walls, bank protection, and/or other mechanisms;

e Retaining walls or bank protection must conform to regulations pertaining to bulkheads;

e If dredge spoils are used for fill materials, the fill must be placed behind an impermeable dike or
bulkhead, or it must be demonstrated that the fill material will not pose a potential threat to water

quality;
e Landfills must blend in with existing topography such that the landfill does not interfere with the
visual and/or physical shoreline access of public or adjacent residences; and

e Landfills located within 200-feet of the entrance of a freshwater stream into marine waters will not
interfere with or endanger the migration of anadromous fish species nor reduce the area of estuarine
mudflats which are exposed at low tide.

Washington Solid Waste Management Act (Chapter 70.95 RCW; Chapter 173-304 WAC)
establishes standards for the handling and disposal of solid waste, including requirements applying to
landfill location, design, maintenance, monitoring, and closure. However, because solid waste disposal at
the Holly Street Landfill ceased well before the effective date of this regulation, the Solid Waste
Management Act is not applicable to the management of existing solid waste at the Site.

Washington Hydraulics Code (Chapter 75.20 RCW; Chapter 220-110 WAC) establishes
requirements for performing work that would use, divert, obstruct, or change the natural flow or bed of
any salt or fresh waters. Mitigation is required for projects that directly or indirectly harm fish.

Consistent with the requirements of Chapter 75.20 RCW, the Washington Department of Fish and
Wildlife (WDFW) issues a Hydraulic Project Approval (HPA) for any project that will use or change the
natural flow of any waters of the state. Shoreline excavation and/or capping actions would likely require
a HPA under this state regulation. In addition, WDFW typically requires that impacts to wetlands or
aquatic resources occurring as a result of cleanup actions be mitigated on the project site and with a
similar habitat type. The need for mitigation resulting from these activities has been further defined by
the Washington State Legislature in the section below entitled “Compensatory Mitigation Policy for
Aquatic Resources”.

Washington Hazardous Waste Management Act (Chapter 70.105 RCW; Chapter 173-303 WAC).
The Act, and regulations promulgated thereunder, is the state equivalent of RCRA requirements for
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designating solid wastes to determine whether they are "dangerous waste." It also presents requirements
for management of those solid wastes that are determined to be "dangerous waste."

Puget Sound Water Quality Act (Chapter 90.70.011 RCW). The Puget Sound Water Quality Action
Team (PSWQAT) has been authorized under this Act to develop a comprehensive plan for water quality
protection in Puget Sound to be implemented by existing state and local agencies. Several elements of the

Plan provide pertinent guidance:

e Elements P-6 and P-7. All known and reasonable forms of treatment (AKART) guidelines and
effluent limits for toxicants and particulates; and

e Elements S-4, S-7, and S-8. Guidelines for confined disposal, cleanup decisions, and investigations,
respectively.

Washington Department of Fisheries Habitat Management Policy, POL-410. This policy includes

the following provisions:

e Achieve no net loss of productive capacity of the habitat of food fish and shellfish resources of the
state

e Create productive capacity of habitats that have been damaged or degraded by natural causes or as a
result of human activities

e Improve the productive capacity of existing habitat and create new habitat

In addition, in-water actions will need to address the requirements of a HPA, including seasonal fisheries
closures and water quality and habitat protection.

Compensatory Mitigation Policy for Aquatic Resources (Chapters 75.20 and 90.48 RCW). In 1997,
the Legislature added new sections to Chapters 75.20 and 90.48 RCW to establish a clear state policy
relating to the mitigation of wetlands and aquatic habitat for infrastructure development and the cleanup
of aquatic resources. Compensatory mitigation is defined to include mitigation that occurs in advance of
a project’s planned environmental impacts, either on or off the project site, and that may provide different
biological functions from the functions impacted by the project. The new policy encourages mitigation
proposals that are timed, designed, and located in a manner to provide equal or better biological functions
and values compared to “traditional” on-site, in-kind mitigation proposals. In addition, the new policy
provides that the state shall not require mitigation for sediment dredging or caping actions that result in a
cleaner aquatic environment and equal or better habitat functions and values, if the actions are taken
under a state or federal cleanup action.

Water Resources Act (Chapter 90.54 RCW). The Water Resources Act establishes fundamental water
resource policies for preservation of Washington State water resources.

Growth Management Act (GMA) (Chapters 36.70A; 36.70.A.150; and 36.70.A.200 RCW). The
Growth Management Act requires counties and cities to classify and designate natural resource lands and
critical areas (which include “waters of the state”). Additionally, the state’s fastest growing cities and
counties must adopt comprehensive plans and development regulations regarding land use within their
jurisdiction. In particular, each plan must identify land within the jurisdiction that is useful for public
purposes, and include a process for siting essential public facilities, including solid waste handling

facilities.

State Historic Preservation Act (Chapter 27, 34, 44, 53, RCW) is a state law to ensure that cultural
resources, such as historical and archaeological sites, are identified and protected.
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7.0 Screening of Cleanup Technologies

In this section, cleanup alternatives are developed for possible application to the Holly Street
Landfill Site. The identification and assembly of cleanup technologies into site-specific
alternatives followed both MTCA guidance and additional direction provided by Ecology.

Alternatives for MTCA site cleanup actions generally have three components:

* General response actions — major categories of cleanup activities such as institutional
controls, containment, or treatment;

e Cleanup technologies - general categories of technologies such as different containment
options, ranging from in-place confinement/capping, to excavation coupled with offsite
confined disposal at an active upland landfill facility; and

® Process options — specific technologies within each technology type such as variations in
excavation and capping specifications.

The remainder of this section presents the evaluation and screening of no action, institutional
controls, in situ containment, removal and disposal, and treatment technologies. The results of
the cleanup technology and process option screening evaluations are presented in the remaining
portion of this section. Technical considerations related to assembly of different cleanup
technologies into cleanup alternatives are discussed in Section 8.0. The assembled cleanup
alternatives are presented in Section 9.0. Section 10.0 of this report presents a detailed evaluation
of each alternative relative to MTCA evaluation criteria and other implementation opportunities
and constraints.

7.1 MTCA Screening Criteria

The identification of applicable remedial technologies and process options for each general
response action should initially consist of a broad evaluation of the applicable remedial
technologies that are available and effective in remediating threats identified at the site. Process
options and cleanup technologies may be eliminated from further evaluation on the basis of
technical implementability. Subsequent to this initial screening, process options may be further
screened on the basis of the following criteria:

7.1.1 Effectiveness

This effectiveness criterion evaluates the technology for its effectiveness in providing protection
and the reductions in toxicity, mobility, or volume that it will provide. Both shortterm and long-
term effectiveness are evaluated. Short-term effectiveness addresses the construction and
implementation periods. Long-term effectiveness evaluates the technology after the action is in

place.

7.1.2 Implementability

The implementability criterion evaluates the technology for the technical and administrative
feasibility. Technical feasibility refers to the ability to construct, operate, maintain, and monitor
the action during and after construction and meet technology-specific regulations during
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construction. Administrative feasibility refers to the ability to obtain permits for offsite actions
and availability of specific equipment and technical specialists.

7.1.3 Cost

The cost criterion is used to compare different technologies. Typically, the full cost of a given
solution can not be determined at the feasibility study level; however, costs obtained from
venders, conventional cost-estimating guides, prior project costs, and engineering judgment are
used to develop costs estimates. The same level of detail should be used to compare different
alternatives so they will be comparable.

7.2 EPA’s Presumptive Cleanup Remedies for Municipal Landfills

In 1993, EPA released a directive entitled Presumptive Remedy for CERCLA Municipal Landfill
Sites (EPA 1993). EPA developed this remedy to streamline and accelerate the federal Superfund
remediation process. The federal presumptive remedy for CERCLA municipal landfills described

by EPA (1993) includes:

e Containment of the landfill mass through one or more engineering controls, including a
landfill cap (e.g., 3-foot-thick) designed to isolate waste materials from human and wildlife
contact;

e Leachate/ground water collection and control, if shallow ground water exceeds cleanup
standards;

e Collection and/or treatment of landfill gas, if soil gas exceeds the LEL or otherwise presents a
human health risk; and

e Institutional controls to ensure that future uses of the landfill area continue to maintain the
integrity and protectiveness of the engineering controls.

7.3 No Action/Natural Attenuation

No action/natural attenuation of contaminated media may occur over time through a combination
of processes including chemical degradation or diffusion from soil or refuse into adjacent waters.
As described in Sections 4.0 and 5.0, while shallow ground water at the Holly Street Landfill Site
generally did not contain chemical concentrations exceeding risk-based criteria, shoreline seepage
discharges from the Site exceeded surface water quality standards within the Whatcom Creek
estuary. Moreover, refuse and associated soil at the Holly Street Landfill Site contained
concentrations of arsenic, cadmium, lead, and certain hydrocarbons that exceed prospective
MTCA cleanup standards, regardless of land use. '

Natural attenuation of contaminants present in soil and shoreline seepage discharges would
require the supply of contaminants (especially metals) in these media to be flushed out over time.
While this natural recovery process will eventually lead to attainment of cleanup standards in all
media, preliminary mass balance calculations suggest that natural attenuation would require at
least another 100 years before reductions in concentrations in soil or seepage could be reasonably
detected. Because of expected limited effectiveness, natural attenuation was not carried forward

for more detailed analysis in this FS.
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7.4 Institutional Controls

Although generally not preferred under MTCA as a sole component of the cleanup remedy,
Institutional controls can be a component of any remedial scenario in which contamination above
cleanup standards remains on site. A list of potential institutional controls that could be
implemented at the Holly Street Landfill Site is presented below:

e Deed restrictions
e Monitoring of site conditions
e Access restrictions and/or signage

e Permit and review processes.

Deed restrictions could be used to restrict future land uses for the parcel (e.g., to prohibit ground
floor residential uses), ensure that caps and soil covers are maintained, or prohibit the planting of
certain fruit bearing trees or vegetable gardens that are potential pathways for chemical exposure.

Monitoring requirements could include maintenance of caps and soil covers, and periodic soil
gas, ground water, or seep monitoring.

Access restrictions and/or signage could prevent the excavation of contaminated materials except
by trained, qualified personnel and would inform the public that contaminated materials exist
below the ground surface and that uncontrolled digging is not allowed.

The departments, commissions, or boards of the City which are responsible for the review and
1ssuance of permits could be tasked with routinely reviewing property compliance with
institutional controls required as a part of any remedial action selected.

Subject to a balancing of environmental benefits, technical feasibility, and cost, institutional
controls are considered implementable and highly cost effective. Consistent with MTCA
requirements, institutional controls were carried forward as a component of overall landfill
cleanup alternatives in this FS.

7.5 In Situ Containment Technologies

As discussed above, containment (i.e., capping) has been utilized relatively frequently in landfill
cleanup projects conducted in Washington State and throughout the U.S., and is a major
component of EPA’s (1993) CERCLA presumptive remedy directive. Monitoring results to date
have shown that, when properly designed, containment can provide effective longterm isolation
of underlying waste materials from potential human and wildlife contact and exposure.

If selected as part of the overall cleanup remedy in the Holly Street Landfill Site, the final cap
thickness and specification would be determined as part of remedial design. The cap would be
designed to effectively contain and isolate the contaminated soil and landfill debris from the
environment. Moreover, shoreline portions of the cap would be designed to prevent oxygen from
reaching the contaminated refuse material, thereby maintaining a reducing environment and
minimizing the potential for contaminant transport. In the intertidal areas, the cap would be
designed to be thick enough and of sufficient grain size to resist erosion from mechanical scour,
wave action, or burrowing organisms.

The most common type of capping materials used for landfill containment applications in this
region include sands available from local upland quarries, or suitable dredged materials
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(including Corps maintenance material). The capping material would need to meet certain
performance specifications (e.g., below MTCA and SMS standards), and would likely be placed
using construction equipment operated from uplands (there is no barge access to the Holly Street

Landfill Site).

Subject to a balancing of environmental benefits, technical feasibility, and cost, capping is
considered implementable and highly cost effective. Therefore, in situ containment was carried
forward for more detailed evaluation in this FS. Institutional controls are a typical element of
containment remedies used to accomplish landfill cleanup.

7.6 Removal and Disposal Technologies

Removal and disposal/consolidation of solid waste has been performed within the Puget Sound
region using process options appropriate for site-specific conditions. At the Holly Street Landfill
Site, upland construction equipment (backhoes and excavators) would likely be used to remove
the contaminated soil/refuse material. The excavated material would be placed in trucks and
either hauled directly to an approved disposal facility or placed on rail cars for shipment to an
approved landfill.

For those alternatives that do not accomplish complete removal of contaminated soil/refuse from
the Holly Street Landfill (e.g., short of completing the excavation into native materials), removal
and disposal must be combined with another suitable cleanup technology such as containment.

Solid waste currently being generated within the Bellingham area is transported to the Roosevelt
Landfill, a large, active Subtitle D solid waste landfill located in eastern Washington
approximately 220 miles by rail from Bellingham. This facility would also likely be used for
disposal of contaminated soil/refuse excavated from the Holly Street Landfill.

7.7 Treatment Technologies

Various treatment technologies have been developed that can address the specific hazardous
chemicals and chemical groupings detected at the Holly Street Landfill Site. However, the
heterogeneous nature of these waste materials would first require considerable separation of the
various constituents. Moreover, the resulting categorized wastes would be comprised
predominantly of relatively high volumes of materials with low chemical concentrations, further
complicating the application of potential treatment technologies. As described in EPA’s (1993)
presumptive remedy directive, and consistent with landfill cleanup remedy decisions throughout
the region, treatment of contaminants in the soil/refuse is impracticable. Because of expected
limited effectiveness and implementability, along with high costs, treatment technologies were
not carried forward for more detailed analysis in this FS.
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8.1.1 Ground Water Model Setup

The ground water flow system at the Holly Street Landfill Site consists of a shallow unconfined
aquifer within the refuse and underlying Recent Alluvial sediment (Section 4.5). Ground water
flow within this unconfined aquifer is generally directed from the upland areas toward Whatcom
Creek. Fine-grained silts and clays present beneath the aquifer function as confining layers,
restricting the downward flow of ground water into deeper units.

Leachate within the refuse is generated from infiltration of incident precipitation and from lateral
inflow of ground water into the landfill area. Tidal influence creates a sinusoidal ground water
flow path as the ground water approaches the point of discharge into Whatcom Creek, and
oscillates in response to tidally propagated waves. These oscillations are most pronounced within
approximately 20 feet of the shoreline.

A numeric ground water model of the nearshore ground water flow system was developed by
AESI using Visual MODFLOW (Waterloo Hydrologic, Inc.; MacDonald and Harbaugh 1988), a
three-dimensional ground water modeling flow code. A schematic cross section showing the
model boundary conditions and layers is provided in Figure 8-1.

Figure 8-1. Schematic Diagram of the Holly Street Landfill MODFLOW Model
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The model was configured as a two-dimensional cross section. The model transect extends from
about 500 feet inland, through the northwest landfill lobe (i.e., through monitoring wells A-MW-
2 and -3) and into the Whatcom Creek estuary. The inland boundary of the model is a constant
head boundary based on interpolated water levels from existing monitoring wells. The shoreline
boundary is a variable head boundary that simulates the tidal fluctuation in the Whatcom Creek
estuary. The tidal input data used for this model are from the National Oceanographic and
Atmospheric Administration (NOAA) gauging station at Cherry Point, Washington. The
remaining boundaries are considered no-flow boundaries, thus the model approximates a two
dimensional model.

Two layers were selected to model the refuse and the alluvium. A summary of hydraulic
parameters assigned to the model layers is presented in Table 8-1. The alluvium was modeled in
a bottom layer extending from 0 to +7 feet MLLW and was assigned representative values for
hydraulic conductivity (K) and storativity (S) of 0.00031 centimeters per second (cm/s) and 0.1,
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8.0 Basis for Assembly of Cleanup Alternatives

This section reviews the technical basis for assembly of different remedial technology process
options into cleanup alternatives that are implementable at the Holly Street Landfill Site.
Pertinent cap thickness, geochemical, geotechnical and soil gas considerations of site cleanup
actions are first reviewed, followed by a review of habitat mitigation requirements that must be
met by the cleanup action. This section concludes with a discussion of how cleanup may be
effectively and efficiently combined with site redevelopment objectives and related local
Initiatives such as public access and habitat restoration.

As summarized in Section 4.0, the Whatcom Creek estuary divides the Holly Street Landfill into
two separate lobes: (1) the northwest lobe, which includes Sash and Door and other properties;
and (2) the southeast lobe, which includes the Maritime Heritage Park. These two areas have
different characteristics. For example, land use within the northwest lobe is predominantly
industrial and commercial, while the southwest lobe is the site of a major City Park. In addition,
soil explorations within the northwest lobe of the landfill indicated a surface cap thickness
ranging from approximately 1 to 8 feet, underlain by predominantly inorganic material in the
refuse matrix, with little undecayed wood. By comparison, the southwest lobe currently has a
relatively thick (3 to 20 feet) surface cap, underlain by more undecayed wood and a higher
overall organic content. In addition, the bearing layer beneath the landfill, which consists of
either Glaciomarine drift or Chuckanut Sandstone bedrock, is present at approximately 40 feet
below ground surface (BGS) within the northwest lobe, and approximately 30 feet BGS within
the southeast lobe, with deeper depths near the creek. Thus, where appropriate, the technical
issues presented herein include separate discussions for the northwest and southeast lobes of the
landfill.

8.1 Cap Thickness

Typical surface containment systems constructed at upland cleanup sites similar to the Holly
Street Landfill have been constructed using a nominal 3-foot-thick permeable soil cap or
equivalent, providing isolation of the underlying hazardous substances from potential human and
wildlife contact (Ecology 1999b). Alternatively, an equivalent isolation layer could be provided
by construction of a building or pavement cap.

As discussed above in Sections 4.7 and 5.3, copper and zinc concentrations currently exceed
MTCA surface water cleanup levels in shoreline seeps along portions of the northwest lobe of the
Holly Street Landfill. Geochemical data suggest that brackish water within the Whatcom Creek
estuary, high in dissolved oxygen, migrates into the shallow ground water zone during high tides
and creates oxidizing conditions within the saturated refuse, which in turn mobilizes copper and
zinc present within the refuse (Figure 4-7). In order to support the conceptual design of a
shoreline capping system that would control this geochemical release pathway, a simplified
ground water transport model was developed and applied to the Holly Street Landfill Site. The
model provides a preliminary evaluation of the required thickness of a permeable shoreline cap
that would displace the zone of mixing outward from the refuse. Such displacement would
separate the reduced geochemical environment within the refuse from oxidizing surface water,
which in turn would control the release of copper and zinc. The ground water model is briefly
described below.
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Figure 8-2 shows a comparison of the modeled and observed heads for monitoring wells A-MW-
2 and A-MW-3. The normalized root mean square error (RMSE) between the modeled and
observed values, which provides a measure of model accuracy, was calculated using the
following equation:

1 n
_\/ (Xcalc _Xobs)iz
1

normalizedRMSE = wall I
(Xobs )max - (Xcalc )mm

where:
n = the number of observations
X.ale = the calculated value
X,;s = the observed value
(Xobs)max = the maximum observed value
(Xeaic)min = the minimum calculated value

The average normalized RMSE for the model calibration was 6.9 percent (i.e., on average,
modeled values were within 6.9% of observed measurements). The generally accepted RMSE
target for model calibration is less than 10 percent. For the time steps when the RMSE exceeded
10 percent (all associated with high tide conditions), the model always overestimated the
shoreward ground water gradient and particle travel distance into the Holly Street Landfill. Thus,
model predictions in this case are considered conservative; that is, the model overestimated the
extent of tidal-induced ground water transport into the refuse.

Figure 8-2. Model Calibration — Observed and Modeled Heads
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The model was also applied to a reasonable worst-case “spring” tide condition, when tidal
fluctuations and predicted tidal-induced ground water transport would be at a seasonal maximum.
Based on a review of NOAA tidal monitoring data at Cherry Point, a reasonable worst-case
spring tide condition was identified between November 9 and 12, 1999. Figure 8-3 presents a
comparison of this spring tide event with measured tidal conditions used for model calibration.
During this reasonable worst-case spring tide event, the model predicted that tidal-induced
inshore migration of ground water, and associated oxidation of refuse, may extend as much as 6
feet into the refuse. This estimate is consistent with the preliminary analytical transport model
discussed in Section 4.7, and also with the available water quality data, as elevated copper and
zinc concentrations were found to be restricted to the immediate shoreline area. The consistency
of model results and water quality data provides further support for the validity of the model
predictions.

Figure 8-3. Spring Tide Event and Calibration Model Tides
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Based on the calibration comparisons presented above, the MODFLOW model was considered
acceptable for the purpose of the Holly Street Landfill RI/FS. However, should shoreline capping
be selected as a part of the cleanup remedy for this site, further model refinements would be
appropriate during remedial design.
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8.1.3 Modeling of Different Shoreline Cap Thicknesses

Using input parameters discussed above, the MODFLOW model was run with a variable
thickness of potential shoreline caps constructed adjacent to the northwest landfill lobe.
Simulated caps applied to these model runs were varied from 2 to 10 feet-thick. Figures 8-4 and
8-5 present predicted particle travel distances for this range of cap thickness.

Figure 8-4. Particle Travel Distance vs. Time for Variable Cap Thickness
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Figure 8-5. Cap Thickness and Maximum Particle Travel Distances
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Model results indicate that surface water would be expected to still intrude into the refuse if the
cap was constructed to a thickness of less than 4 feet. The predicted tidal-induced transport
distance for caps 4-feet-thick and greater was about 4 feet (range: 3.8 to 4.2 feet). Thus, based on
the model results, a nominal shoreline cap thickness of 5 feet should provide sufficient separation
of incoming tidal flows from the refuse.

The similarity of predicted ground water travel distances through caps greater than 5 feet is
consistent with transport from a lower permeability zone into a higher permeability zone, such
that little resistance to flow occurs as water exits the cap and enters the refuse. Thus, for a given
tidal condition, the transport distance is controlled by the cap permeability.

Based on the MODFLOW model results discussed above, to shift the zone of surface water
mixing out of the refuse, the minimum cap thickness should be about 5 feet, particularly at
elevations below mean higher high water (MHHW; +8.5 feet MLLW). Thicker caps will provide
a greater safety factor.

Should shoreline capping be selected as a part of the cleanup remedy for this site, further model
refinements would be appropriate during remedial design. Further modeling evaluation is also
recommended to evaluate chemical diffusion effects and to assess the effectiveness of alternative
cap designs (e.g., a thinner cap constructed of lower permeability material). Design-level
modeling should also include a sensitivity analysis of hydraulic and diffusion parameters, so that
the protectiveness/effectiveness of the final cap design can be ensured.

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
Anchor Environmental and Aspect Consulting Page 8-7



respectively. The bottom of the flow system was taken as 0 feet MLLW, as the deeper part of the
flow system is not expected to influence ground water flow within the refuse. The refuse was
modeled in an upper layer that extends from +7 to +15 feet MLLW and was assigned K and S
values of 0.037 cm/s and 0.15, respectively. The modeled hydraulic parameters, including refuse
thickness and location of the contact between the refuse and the alluvium, were based on
hydrogeologic data presented above in Section 4.5.

Table 8-1. Summary of Hydraulic Parameters Used in Ground Water Modeling

Hydraulic parameters Alluvium Refuse Cap
Hydraulic
Conductivity, K 0.00031 0.037 0.02
(cm/s)
Storativity, S 0.1 0.15 0.15

For modeling of cap conditions, a K value of 0.02 cm/s was used, based on grain size distribution
parameters and density information typical of prospective shoreline capping materials for this
application. Hydraulic parameters of the cap were consistent with a compacted sand cap (D-50 of
0.4 mm and a D-10 of 0.1 mm; Driscoll 1986, page 738). The S of the cap was modeled at 0.15.
This value is at the low end of the range for fine to medium sand (Fetter 1980), but is
conservative with respect to travel distances (i.e., resulting in a conservative overestimate of
required cap thickness).

Because of the limitation of MODFLOW to perform particle tracking on transient simulations,
the modeled heads were input into a spreadsheet to compute a particle travel distance:

; - K Ah
Distance =txv,,  =tx| ——
: n, Al
where:
t = time

K = hydraulic conductivity
n. = effective porosity
Ah/Al = ground water gradient

The MODFLOW output heads were used to calculate the ground water gradient. Conservative
values of hydraulic conductivity (K= 0.037 cn/s) and effective porosity (n, = 0.15) were used in
the model runs.

8.1.2 Ground Water Model Calibration

The model was calibrated based on water level observations made during a 72-hour tidal study at
the site performed between November 6 and 9, 2000. Monitoring wells A-MW-2 and A-MW-3
were used as calibration points. Vertical anisotropy (K;/K.) was varied to obtain the best match
between calculated and observed head distributions. A vertical anisotropy of 20 was found to
give the best calibration of modeled heads to observed heads, and is within the range of typical
values for an alluvial environment.
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8.2 Geotechnical Considerations

Any cleanup action or future site development should consider the short- and longterm
geotechnical requirements of construction on a landfill, including total and differential settlement
and liquefaction potential. These considerations are discussed below.

8.2.1 Landfill Containment Design Considerations

Because ground water quality concerns have not been identified at this site (beyond the shoreline
seepage issues discussed above), a permeable soil cap could be constructed - or existing caps
maintained - within both the upland and shoreline areas of the site. As discussed in Section 4.2.1,
the existing final cover on the landfill consists predominantly of silty sand and gravel of variable
thickness. Cap thickness within the northeast landfill lobe ranges from approximately 1 to 8 feet,
and in many cases is overlain by asphalt or concrete structures that also provide a suitable
isolation from underlying refuse. The existing cap thickness in the southeast lobe (Maritime
Heritage Park) generally ranges from about 3 to 20 feet, and is overlain by landscaping materials.

In those relatively limited areas of the Holly Street Landfill where the existing cap is insufficient
(e.g., less than 3-feet-thick and also not overlain by asphalt or concrete barriers; see Figure 5-1),
the cap could be augmented by placing additional sands available from local upland quarries.
Placement in this case would normally be performed during the drier summer months in order to
maintain quality control and to minimize runoff concerns. The cap design would need to consider
potential short- and long-term settlement, as described below.

Northwest Lobe - With the preponderance of inorganic refuse material underlying this area, most
of the potential cap settlement within the northwest landfill lobe would occur very soon after
placement of the cap. Consolidation tests on the underlying refuse material are recommended if
an accurate short-term settlement estimate is desired. However, typical short-term consolidation
on the order of 4 to 6 inches is expected below the cap. If cap placement activities were extended
over several months, almost all of this settlement would likely occur during the placement period.
However, some landfill areas, particularly those with higher amounts of underlying organic
materials such as undecayed wood, will likely continue to settle, and regrading for surface water
control may become necessary from time to time. A survey of the existing buildings and other
structures within the landfill area may provide additional empirical data on refuse settlement.

Southeast Lobe -With the prevalence of undecayed wood within the refuse, less initial settlement
may be expected in the southeast lobe area. However, a greater total settlement may occur over
time due to the secondary consolidation of wood within the refuse. Rough regrading may be
required to maintain surface water control as a result of differential settlement. A total organic
content determination of underlying refuse materials is recommended in those areas where an
accurate estimate of potential total settlements is desired.

8.2.2 Conceptual Building Foundation Systems

As discussed above, existing buildings and associated foundation systems that overlie much of
the Holly Street Landfill Site currently provide adequate isolation from the underlying refuse.
However, for property owners or developers that are considering new construction at the Site,
differential settlement concerns may necessitate installation of pile foundations or structural mats.
Geotechnical engineering studies performed at the adjacent Roeder Avenue Landfill (underlain
by similar soil profiles as the Holly Street Site) suggest that, of the available pile foundation
systems, drilled augercast concrete piles are most likely to be used in this area (ReTec 1996).
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Piles would typically be founded in the lower glacial-marine drift, which is encountered from
roughly 30 to 40 feet BGS in the landfill footprint area.

Because shallow ground water beneath the Holly Street Landfill Site currently meets risk-based
cleanup criteria (see above), and since there are no known aquifers beneath the shallow ground
water system at the Site, pile penetration into an underlying aquitard does not present an
environmental concern at the Site. Thus, limited “drag-down” of refuse into the Glaciomarine
drift aquitard and bedrock could be expected without the need for mitigation.

Long-term stability of containment structures and buildings at the Holly Street Landfill Site may
also need to consider liquefaction potential, determined in part by the assumed magnitude of the
design-level earthquake. Initial evaluation of the site data indicates that some of the refuse and
potentially all of the upper native alluvial deposits could liquefy during a codemandated design
earthquake event. While a structural mat would likely provide sufficient protection for human
safety during the code-level earthquake, building damage in the form of tilting or settlement may
be expected. Under larger acceleration events, some lateral spreading of the landfill material into
Whatcom Creek could be expected. However, the cap could likely be designed to minimize such
lateral spreading, and also to prevent a breach of the containment system to control potential
future releases of waste materials into the Whatcom Creek estuary. If capping were selected as a
component of the shoreline cleanup remedy for the Holly Street Landfill Site, more detailed
evaluation of liquefaction potential would normally be completed during remedial design.
Design of upland capping systems, if necessary, would normally be performed as a part of site
development.

8.3 Soil Gas (Methane) Venting Systems

As discussed in Section 4.4, only one sampling location (A-MW+4), located within the central
area of the Maritime Heritage Park, contained subsurface soil gas that exceeded the LEL for
methane. All other soil gas samples, including samples collected near the margins of the Park,
and throughout the northwest landfill lobe, were well below the LEL. Considering the isolation
of subsurface soil gas in the Maritime Heritage Park from the surface (i.e., an 8foot-thick sand
cap overlies refuse deposits at A-MW-4), no existing risk to human health or the environment
was identified. However, the presence of elevated methane levels in AMW-4 suggests that any
future development in the central area of Maritime Heritage Park should include at least a passive
gas venting system below new structures.

A gas barrier constructed either of a geosynthetic material or natural clay can be used under
prospective future building structures in the Maritime Heritage Park. Similar systems have been
proposed on other projects that provide for a bentonite seal layer under the building, which seals
around any foundation piles. Other landfill gas mitigation systems for structures rely on venting
beneath the structure using a raised open vented floor/framing, or forced air crawl space. Design
of appropriate gas venting systems would normally be performed as a part of site development
within the Maritime Heritage Park.

8.4 Shoreline Aquatic Habitat Mitigation/Restoration

Aquatic habitat may be affected by implementation of remedial actions along the shoreline of the
Holly Street Landfill Site. Refuse capping or removal actions in this area may result in
permanent conversion of one habitat type to another, potentially resulting in net changes in
aquatic area and/or changes in aquatic habitat functions. Depending on the cleanup remedy
selected, and design specifics, cleanup actions at this site could potentially lead to either a net loss

Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
Anchor Environmental and Aspect Consulting Page 8-9



or net gain in aquatic habitat. Under existing regulatory programs (Section 6.2), those actions
that lead to a net loss in habitat area or function may require compensatory mitigation.

As part of the Bellingham Bay Comprehensive Strategy (Ecology 2000), a draft mitigation
framework was developed to provide an ecosystem context for habitat mitigation within
Bellingham Bay, including those that may be required as a result of implementing cleanup
actions. Building on existing regulatory programs, the draft mitigation framework provides
management and mitigation guidance to help direct cleanup and other projects achieve the habitat
goals of the Comprehensive Strategy, also providing incentives and disincentives for undertaking
certain actions. However, it is important to note that the draft mitigation framework contained in
the Comprehensive Strategy only provides guidance that may or may not be used at the discretion
of the relevant regulatory agencies. Mitigation in this context includes the following sequential

elements:

e Avoiding the impact altogether by not taking a certain action or parts of an action.

e Minimizing impacts by limiting the degree or magnitude of the action and its
implementation, by using appropriate technology, or by taking steps to reduce impacts.

e Compensating for the impact by replacing, enhancing, or providing substitute resources
or environments.

e Repairing, rehabilitation, or restoring the affected environment, where possible.

e Reducing or eliminating the impact over time by preservation and maintenance
operations during the life of an action.

e Monitoring the impact and taking appropriate corrective actions.

In assessing adverse impacts to marine resources, functions, and physical process, a number of
functions, habitats and specific areas within Bellingham Bay receive priority consideration
including (among other elements):

e Use by Threatened and Endangered Species (e.g., Chinook salmon)

e Habitats or physical processes difficult to replace (e.g., estuaries)

e Reproductive and rearing habitat (e.g., intertidal and shallow subtidal areas)
e Habitats that provide multiple functions for a variety of species

e Estuaries within Bellingham Bay that support juvenile salmon during their transition
from freshwater to marine waters

Because the Whatcom Creek estuary immediately adjacent to the Holly Street Landfill Site
contains many priority habitat attributes, as summarized in the Comprehensive Strategy, habitat
mitigation is particularly relevant to cleanup actions considered at this Site.

Compensatory mitigation requirements for identifiable, unavoidable impacts also take into
account other elements that can influence the type and extent of mitigation that could be required.
The Draft Habitat Mitigation Framework contained in the Comprehensive Strategy (Ecology
2000) presents a table of “modifiers” that may be used when determining the extent and type of
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compensatory mitigation required for a given action. Different modifiers were proposed for the
following mitigation actions:

e In-kind habitat replacement is defined as providing the same functions as those that are
impacted (e.g., estuary habitat for estuary habitat). Out-ofkind is defined as providing a
different function within the same sub-area.

e  On-site is defined as providing habitat replacement within the same sub-area as where the
impact occurs (e.g., estuary habitat replacement within the same sub-area where a project
impacts estuarine habitat). Off-site habitat replacement is defined as replacing habitat
functions in other sub-areas than where the impact occurs, but still within Bellingham Bay.

e In addition, the following types of mitigation actions have different mitigation ratios:

e Creation: The establishment of marine habitat area and function in an area where they do
not exist (e.g., convert upland to in-water habitat).

e Restoration: The establishment of marine habitat area and/or function in areas where
they historically existed, or where they currently exist in a disturbed condition (e.g.,
Whatcom Creek estuary).

e Enhancement: To modify physical attributes of the aquatic environment that provides
additional function (e.g., placing finer-grained substrate over riprap or debris).

e Different modifiers were also developed to address whether an impact or action does or does
not provide for the protection and restoration of estuaries, the restoration of habitat
connective corridors, or the overall health of the aquatic environment. Thus, for an action
that involves cleanup, the mitigation framework provides the flexibility of applying a
discount factor when assessing the overall mitigation requirements for an action.

Mitigation ratios are typically used to determine how much additional mitigation area is rejuired
to compensate for lost area, function, and temporal losses, and takes into account potential risk
from implementing a mitigation action. Ratios are essentially multipliers applied to the habitat
area impacted and are subject to the modifiers as defined above. The ratios assigned to the
modifiers, as summarized in Table 8-2, are intended to achieve the overall regulatory goal of no
net loss of habitat area and function.

Table 8-2 — Draft Habitat Mitigation Ratios - Bellingham Bay Comprehensive Strategy

Modifier Suggested Ratio

In kind 1:1
Out of kind 1.25:1
On site 1:1
Off-site 1:25;1
Mitigation Type:

Restore 1:1

Create 1:1

Enhance 1.5:1
Habitat Incentives/Disincentives:

Incentive — mitigation type and location in priority habitat area Discount 0.25

Incentive — impact area avoids a priority habitat Discount 0.25
Holly Street Landfill — Remedial Investigation/Feasibility Study November, 2001
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Disincentive — impact type and location in priority habitat Increase 0.5
Incentive — benefit of cleanup Discount 0.5

As generally outlined in the sections above, a possible cleanup scenario at the Holly Street
Landfill, which would be consistent with EPA’s (1993) presumptive remedy directive, is
placement of a 3-foot-thick upland cap or equivalent, along with a nominal 5-foot-thick cap along
the Whatcom Creek shoreline. If the shoreline cap were to be placed adjacent to the northern
lobe of the landfill (i.e., within the seepage area that currently exceeds surface water cleanup
levels), the action would displace the shoreline in this area further offshore. Based on a
preliminary cap layout, such an action could result in a net loss of roughly 0.1 acres of estuarine
habitat. As discussed in the Comprehensive Strategy, the mitigation analysis in this case would

consider the following:

e Although the capping action would accomplish cleanup of seepage discharges, the cap in this
case could also adversely affect adjacent priority habitat (e.g., existing high function mudflat
located a short distance offshore of the seepage area). Thus, the two incentive and
disincentive factors that apply to this scenario would likely offset, resulting in no net change
in mitigation requirements.

e [f off-site, out-of-kind enhancement of a non-priority habitat area were to be used to offset
the 0.1-acre loss, the required mitigation site would need to be roughly 0.23 acres (0.1 acres x
1.5 % 1.25 % 1.25).

e If on-site, in kind mitigation were to be used to offset this loss, and if the cap were designed
both to avoid/minimize impacts to adjacent mudflat and to create additional estuarine habitat,
the required mitigation site would only need to be 0.06 acres (0.1 acres x 0.75 x 0.75).

Clearly, both the mitigation sequencing and mitigation ratio guidelines presented in the
Bellingham Bay Comprehensive Strategy strongly encourage avoidance of impacts to the
Whatcom Creek estuary, and/or integration of habitat creation/restoration into the overall onsite

cleanup plan.

The Comprehensive Strategy was designed to integrate a variety of environmental issues into one
coordinated approach addressing source control, cleanup, habitat restoration, public access, and
land use (Ecology 2000). One of the key areas of focus of the Comprehensive Strategy was the
identification and prioritization of habitat restoration opportunities in Bellingham Bay,
considering the broad implications of the listing of several endemic fish species as threatened
under the Endangered Species Act.

Because of the expected benefit to endangered salmon recovery efforts and other ecosystem
restoration objectives, one of the highestranking habitat restoration opportunities identified by
the Comprehensive Strategy was the removal of fill from portions of the northwest lobe of the
Holly Street Landfill. The habitat restoration concept envisioned that refuse within a nominal '%-
acre area would be removed, and the excavation area backfilled with a clean cap graded to
relatively flat slopes, restoring mudflat and salt marsh habitats and adjoining riparian vegetation.
Such an action, which could potentially be integrated into the overall cleaniyp and redevelopment
plan for the site, would restore critical estuarine riparian buffer, marsh, and mudflat banks which
existed historically in this area of Bellingham Bay. Provided that the action could be designed
and implemented cost-effectively, and that it did not conflict with land uses, integration of this
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habitat restoration action into the Holly Street Landfill cleanup may provide an opportunity to
achieve substantial overall environmental enhancements, consistent with the Comprehensive

Strategy.

8.5 Public Access and Redevelopment Objectives

The Holly Street Landfill Site is within a targeted redevelopment area, located within the Lettered
Streets Neighborhood and adjacent to Bellingham’s Central Business District (CBD). Current
property ownership within the Site area is depicted on Figure 8-6. Selected planning influences
and zoning designations within the area are depicted on Figures 87 and 8-8, respectively.

The Holly Street Landfill Site vicinity has been included in a range of planning and strategic
analyses including the Whatcom Creek Waterfront Action Program (WCWAP), Downtown
Development Workshop (DDW), and the City Center Master Plan (CCMP). Goals for the area
outlined in these documents include increasing public access to the waterfront, enhancing habitat
quality, preserving historic structures, improving street, sidewalk, trail and parking facilities, and
encouraging a mixture of land uses.

Although the southern lobe of the landfill is the site of the Maritime Heritage Park, currently
there is no public access along the north shore of the Holly Street Landfill. The City of
Bellingham, the responsible agency for greenspace and shorelines, is committed to provide a
park-like setting allowing citizens trail access along the entire stretch of the north bank of
Whatcom Creek estuary. This link is part of the larger Whatcom Creek Trail Master Plan.
Construction of this four-mile trail is underway and will eventually span the shoreline from
Bellingham Bay to Lake Whatcom.

The citizens of Bellingham have placed an extremely high value on parks and open space as
evidenced by two successful greenway levies totaling $30 million. The most recent levy package
includes $2 million for the Old Town area, which will fund docks in Whatcom Waterway,
acquisition of open space, and park improvements in Maritime Heritage Park. Incorporating
public access design with cleanup and habitat restoration would meet additional community open
space goals and planning objectives, leverage additional community support and funding, and
provide an opportunity to educate the public about critical estuarine environments.

WCWAP identified both short and long-term actions for the Old Town area. The CCMP
discusses several properties such as the old Burlington Northern Railroad train depot and the
former Sash and Door site. The CCMP addressed the targeted redevelopment area as part of the
Old Town Character Area and identified the Old Town area and, more specifically, the Sash and
Door property, as “Special Project & Opportunity Sites.” The Plan suggests that development in
Old Town capitalize on the area’s historic and maritime character. Recommended uses include a
combination of specialty retail, small-scale restaurants and institutional uses. Old Town
redevelopment could capitalize on the area’s proximity to the Whatcom Creek estuary and its
position as a linkage between downtown, the Civic Center, waterfront destinations such as
Bellweather, Zuanich Park, Squalicum Marina, and Whatcom Waterway and also to nearby
residential neighborhoods.

A defining quality of the project area is its proximity to Bellingham’s historic working
waterfront. Adjacent to the property to the southeast is the Port of Bellingham’s Central
Waterfront Redevelopment Project. Cleanup and redevelopment strategies are currently being
planned and implemented for this 50-acre industrial area. Proximity to the waterfront and the
redevelopment activity planned for the Central Waterfront may enhance the redevelopment
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potential of the Holly Street Landfill Site area and vice versa. Again, integration of public access
and redevelopment actions into the Holly Street Landfill cleanup may provide an opportunity to
achieve substantial overall enhancements of the Lettered Streets Neighborhood, consistent with
the Comprehensive Strategy.
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9.0 Description of Cleanup Alternatives

In this section, cleanup alternatives retained for detailed evaluation are assembled and described.
The assembly of different technologies, process options, and integration with related project
objectives was based on the following sets of criteria:

e Cleanup technology screening (Section 7.0);

e Technical considerations related to assembly of different technologies into cleanup
alternatives (Section 8.0);

e Consistency with the Bellingham Bay Comprehensive Strategy (Ecology 2000), including
integration of a variety of environmental issues into one coordinated approach addressing
cleanup, habitat restoration, public access, and land use (Section 8.0); and

® MTCA guidance and additional direction provided by Ecology, including the regulatory
requirement to evaluate a broad continuum of potential cleanup response actions, ranging
from no action to complete refuse removal.

The assembled cleanup alternatives include:

e Alternative 1 — No Action

® Alternative 2 — Capping with Upland Development

e Alternative 3 — Limited Removal/Capping with Habitat Restoration and Upland Development
e Alternative 4 — Maximum Removal and Habitat Restoration

Each of these alternatives is described below. Section 10.0 of this report presents a detailed
evaluation of each alternative relative to MTCA evaluation criteria, and also addresses various
implementation opportunities and constraints.

9.1 Alternative 1 — No Action

This alternative is included as a baseline alternative to which other alternatives can be compared.
Under this alternative, no cleanup action or other construction activities would occur beyond
independent site development actions as may be undertaken by individual property owners. No
institutional controls would be implemented and no long-term monitoring would occur.

9.2 Alternative 2 — Capping with Upland Development

The objective of this alternative is to accomplish landfill cleanup using in sifu containment
technologies for both the upland and shoreline areas of the landfill, consistent with the EPA
(1993) presumptive remedy directive for federal CERCLA sites. Upland capping within the
Maritime Heritage Center would be integrated with the shoreline cleanup project. Upland and
shoreline elements of this alternative are described below.
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9.2.1 Upland Capping and Institutional Controls

The existing final cover on the landfill consists predominantly of silty sand and gravel of variable
thickness. Cap thickness within the northeast landfill lobe ranges from approximately 1 to 8 feet,
and in many cases is overlain by asphalt or concrete structures that also provide a suitable
isolation from underlying refuse. The existing cap thickness in the southeast lobe (Maritime
Heritage Park) generally ranges from about 3 to 20 feet, and is overlain by landscaping materials.
Thus, in most areas of the Site, the existing cap would be maintained, with no further cleanup
action required.

In limited areas of the northwest lobe of the Holly Street Landfill where the existing cap is
insufficient (e.g., less than 3-feet-thick and also not overlain by asphalt or concrete barriers; see
Figure 5-1), the cap would be augmented to meet containment specifications. Based on a review
of available boring and test pit logs within this area of the site, approximately 0.4 acres of the
Maritime Heritage Center (fish hatchery) may require a cap amendment. In this case, the upland
cap would be constructed, concurrent with the shoreline capping action discussed below, using
one of two methods:

(1) To achieve a minimum 3-foot total thickness of clean soil materials (e.g., sands) overlying
refuse; or

(2) With an equivalent standard concrete cap or asphalt section (e.g., 2-inch paving layer
overlying ballast), which could be integrated into site development or building foundation

designs.

Future construction of buildings within the Maritime Heritage Park would include installation of
a passive soil gas (i.e., methane) venting system, constructed using geosynthetic or natural clay
materials. Landfill gas mitigation systems for structures in this area would generally rely on
venting beneath the structure. Design of both the cap and gas venting systems would normally be
performed as a part of site development, with City review.

Because concentrations of a range of metal and organic hazardous substances in underlying soil
and refuse throughout the landfill area exceed MTCA residential use standards (Table 5-1),
ground-floor residential and other relatively high soil exposure/risk uses such as day-care centers
would likely be precluded throughout the landfill footprint area. However, since average
chemical concentrations within the landfill refuse only marginally exceed less restrictive
park/commercial and industrial use criteria (i.e., relatively few of the refuse samples exceeded
soil cleanup standards for these uses), a surface cap would provide suitable protection for these
land use exposures. Risk-based MTCA cleanup levels for park uses are generally equivalent to
those for commercial areas. As the entire landfill footprint area is currently zoned and used for
non-residential (e.g. commercial and park uses) this land use control would not represent a
change from current conditions.

In order to facilitate these actions, a range of different institutional controls would be
implemented throughout the 13-acre Holly Street Landfill footprint, including:

e Permits issued by the City for future construction within the landfill footprint would be
conditioned on maintenance of caps meeting the minimum specifications outlined above and
passive methane venting systems (Maritime Heritage Park), as appropriate;

e Property owners would place deed restrictions on their property, ensuring that the property
would not be used in the future for ground floor residential or day-care center uses. The deed
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restrictions would state that materials exceeding MTCA cleanup standards are present in
subsurface soils at the site. The deed restriction would also state that caps and soil covers
meeting the minimum specifications outlined above would be maintained in the future.
Certain fruit bearing trees or vegetable gardens that are potential pathways for chemical
exposure could also be prohibited,

e  Where utility or other work is required at the Site that will require excavation, trenches will
be constructed in accordance with state and City standards, with the additional requirement
that 1 foot of overexcavation, or a geofabric lining, be used to provide a clean perimeter
around the outside of the utility trench. All excavated refuse materials would be disposed
off-site at a permitted solid waste disposal facility. Because chemical concentrations within
the landfill refuse generally meet MTCA Method C direct contact soil cleanup standards for
industrial uses, and also because these materials are overlain with clean cap materials,
excavations at the Site can be performed using personnel without hazardous substance health
and safety training; and

e The City and/or individual property owners would periodically monitor the integrity of the
caps, and report these findings to Ecology.

9.2.2 Shoreline Capping and Monitoring

A shoreline cap would be constructed adjacent to the northwest lobe of the landfill, extending into
the Whatcom Creek estuary. In order to avoid the need for off-site aquatic habitat mitigation
(Section 8.4), this alternative includes localized excavation of approximately 3 to 5 feet of
material along the northwest bank of the creek, prior to placing a cap over the exposed face
(Figures 9-1 and 9-2). Approximately 640 cubic yards (cy; 900 tons) of shoreline refuse
materials would be removed (likely using an upland excavator) and transported to the Roosevelt
Regional Landfill (or equivalent) for disposal. Approximately twice this quantity of material
(1,400 cy; 1,800 tons) would be backfilled to construct the shoreline cap. Based on a preliminary
application of the Table 8-2 habitat mitigation ratios, there would be no net loss of aquatic habitat
area or function associated with implementation of this alternative. Water quality controls such
as restriction of in-water work windows to low tide conditions would be implemented as
practicable as a part of this action.

Connecting with the upland cap section discussed above, the shoreline cap would be constructed
of quarry spalls or equivalent materials to a minimum thickness of 3 feet from the top of bank
down to extreme high water (EHW; approximately +10.5 feet MLLW). Consistent with the
results of ground water transport modeling (Section 5.1.3), the cap would then grade into a
minimum thickness of five feet at and below MHHW (+8.5 feet MLLW). Cap thickness in this
case is measured horizontally (the nominal ground water flow direction). In order to improve
habitat functions of the cap and also to ensure long-term integrity of the cap, a shelf with a
nominal slope of 4 horizontal to 1 vertical (4H:1V) would be constructed of sand and gravel
materials between approximately +8.5 feet MLLW and +6.0 feet MLLW. The total amount of
cap fill anticipated under this alternative is approximately 1,400 cy. Cap specifications would be
refined during remedial design, incorporating detailed seismic, erosion, water quality protection,
and other evaluations to ensure the long-term integrity and effectiveness of the containment

structure.

Following construction, periodic physical surveys and shoreline seepage water quality sampling
activities would be performed to verify that the cap system achieves its intended design
objectives. Monitoring would initially be performed once annually (e.g., during spring “wet
season”’ conditions) during years 1, 2, 5, and 10 following construction, and the results reported to
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Ecology. The need for and/or scope of further long-term monitoring would be assessed by
Ecology.

9.3 Alternative 3 — Limited Removal/Capping with Restoration and
Development

The objective of this alternative is to integrate a range of objectives for the Holly Street Landfill
Site issues into a single coordinated approach addressing cleanup, habitat restoration, public
access, and land use, consistent with the Bellingham Bay Comprehensive Strategy (Ecology
2000). Cleanup in this case would be accomplished through in situ containment, consistent with
Alternative 2 and with the EPA (1993) presumptive remedy directive for federal CERCLA sites.
The habitat restoration concept for the Site presented in the Comprehensive Strategy would be
incorporated into this alternative. That is, refuse within a nominal 0.34-acre area within existing
City right-of-way could be removed, and the excavation area backfilled with a clean cap graded
to relatively flat slopes, restoring mudflat and salt marsh habitats and adjoining riparian
vegetation. Alternatively, other shoreline refuse areas adjacent to the Whatcom Creek Estuary
could be removed. Regardless of the location of the excavation, such an action would restore
critical estuarine riparian buffer, marsh, and mudflat banks that existed historically in this area of
Bellingham Bay, and could also be designed to provide a park-like setting allowing citizens trail
access along this stretch of Whatcom Creek to the Maritime Heritage Center. Such a trail could
be linked into the larger Whatcom Creek Trail Master Plan. Incorporating public access design
with cleanup and habitat restoration would meet community open space goals and planning
objectives, leverage additional community support and funding, and provide an opportunity to
educate the public about critical estuarine environments.

Similar to Alternative 2, upland cleanup would be implemented concurrently with the shoreline
remedy. The conversion of uplands into aquatic habitat, along with shoreline cleanup, would be
undertaken as a single combined remediation/restoration/public access project. Upland and
shoreline elements of this alternative are described below.

9.3.1 Upland Capping and Institutional Controls

Similar to Alternative 2, in those areas of the Holly Street Landfill Site that already have a
suitable cap meeting containment specifications (e.g., all of the Maritime Heritage Park and most
of the northwest landfill lobe), the existing cap section would be maintained. In limited areas of
the northwest lobe where the existing cap is insufficient (e.g., less than 3{feet-thick and also not
overlain by asphalt or concrete barriers; Figure 5-1), the cap would be augmented to meet
containment specifications. Based on a review of available boring and test pit logs within this
area of the site, approximately 0.4 acres within the Maritime Heritage Center (fish hatchery) may
require a cap amendment. This area would be capped concurrent with the shoreline remedy (see

below).

Future construction of buildings within Maritime Heritage Park would include installation of a
passive soil gas (i.e., methane) venting system, constructed using geosynthetic or natural clay
materials. Design of both the cap and gas venting systems would normally be performed as a part
of site development, with City review.

Institutional controls would also be implemented as in Alternative 2, including:
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e Permits issued by the City for future construction within the landfill footprint would be
conditioned on maintenance of a cap meeting the minimum specifications outlined above and
passive methane venting systems (Maritime Heritage Park), as appropriate;

e Property owners would place deed restrictions on their property, ensuring that the property
would not be used in the future for ground floor residential or day-care center uses. The deed
restrictions would state that materials exceeding MTCA cleanup standards are present in
subsurface soils at the site. The deed restriction would also state that caps and soil covers
meeting the minimum specifications outlined above would be maintained in the future.
Certain fruit bearing trees or vegetable gardens that are potential pathways for chemical
exposure could also be prohibited;

e  Where utility or other work is required at the Site that will require excavation, trenches will
be constructed in accordance with state and City standards, with the additional requirement
that 1 foot of overexcavation, or a geofabric lining, be used to provide a clean perimeter
around the outside of the utility trench. All excavated refuse materials would be disposed
off-site at a permitted solid waste disposal facility. Because chemical concentrations within
the landfill refuse generally meet MTCA Method C direct contact soil cleanup standards for
industrial uses, and also because these materials are overlain with clean cap materials,
excavations at the Site can be performed using personnel without hazardous substance health
and safety training; and

e The City and/or individual property owners would periodically monitor the integrity of the
caps, and report these findings to Ecology.

9.3.2 Shoreline Capping and Monitoring

As generally described in the Comprehensive Strategy (Ecology 2000), refuse within a nominal
0.34-acre area within the existing B Street right-of-way (ROW) or alternate location would be
removed, and the excavation area backfilled with a clean cap graded to relatively flat slopes.
Under this alternative, the refuse excavation area would be restricted to the City’s B Street ROW
and adjacent shoreline (Figures 9-3 and 9-4). This alternative would result in a net conversion of
approximately 0.34 acres of uplands into aquatic habitat, providing a substantial net gain in
habitat area and function.

Approximately 5,700 cy (8,000 tons) of material would be removed (likely using an upland
excavator) and transported to the Roosevelt Regional Landfill (or equivalent) for disposal.

Nearly half of this quantity of material (2,700 cy; 3,500 tons) would be backfilled to construct the
shoreline cap. Water quality controls such as restriction of in-water work windows to low tide
conditions would be implemented as practicable as a part of this action.

Connecting with the upland cap section, the upper portion of the shoreline cap would be
constructed in two 12 inch lifts at a 3H:1V slope. The first lift would consist of clean fill soil,
such as pit run sand or equivalent material. The second lift would consist of a manufactured
topsoil (60 percent sand and sandy loam, and 40 percent composted organic matter by volume).
The total minimum thickness measured horizontally would be of 6 feet from the top of bank
down to +9 feet MLLW 1.5 feet below extreme high water). This upper bank area would be
covered with a biodegradable erosion control fabric and planted with woody riparian vegetation
(native trees and shrubs) since it is above the area of normal tidal inundation.

A shoreline trail could be located in this portion of the bank near the top of the slope. The trail
could consist of a boardwalk structure with a foundation design that is compatible with the cap

and refuse beneath it.
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The lower portion of the shoreline begins at elevation +9 feet MLLW, where the cap would
becomes a relatively flat slope (30H:1V or flatter) until it reaches the +8 foot elevation. At this
point the slope increases to 10H:1V until the cap ends at the limit of excavation (+6 feet
MLLW). The portion of the cap between elevation +9 to +8 feet MLLW forms a bench that
would be designed to recolonize with emergent marsh vegetation. This type of vegetation grows
in a narrow band of elevation based on the degree of tidal inundation it requires (Thom et al.
2000). The substrate in this bench would consist two lifts of material. The first lift would be of
variable depth to a maximum of two feet and consist of relatively fine-grained materials (e.g.,
sands and silts). The second lift would consist of 1 foot of topsoil that is more moisture retentive
and has slightly lower organic matter content than the topsoil used in the upper bank. The cap
from elevation +8 to +6 feet MLLW would consist of one lift of the fine-grained materials (e.g.,
sands and silts) to maximize habitat functions. Measured horizontally along the anticipated post-
construction ground water flow direction, the minimum cap thickness in the lower shoreline cap
would generally exceed 10 feet. The total amount of cap fill that would be placed under this
alternative is approximately 2,700 cy. Several dead end extensions of the shoreline trail over this
lower cap could be constructed to allow for better views of the creek, and to provide fishing
access in selected locations. The cap, landscape, and trail elements of this alternative would be
refined during remedial design.

Following construction, periodic physical surveys, shoreline seepage water quality sampling, and
habitat development monitoring activities would be performed to verify that the cap and
landscape plan achieves its intended design objectives. Monitoring would initially be performed
annually during years 1, 2, 5, and 10 following construction, and the results reported to Ecology
and other stakeholders. Ecology and other regulatory agencies with jurisdiction would assess the
need for and/or scope of further long-term monitoring.

9.4 Alternative 4 — Maximum Removal and Habitat Restoration

This alternative includes the removal of all refuse from the site. Historical mudflats would be
restored throughout the 13-acre landfill area, with a corresponding loss of uplands and associated
development. Final mudflat elevations would be established with benches at elevation +6 feet
MLLW in the northwest lobe of the Site, and at elevations of-6 feet MLLW and +2.5 feet
MLLW in the southeast lobe of the Site (Figure 9-5). The slopes from top of bank to the target
elevations would be at 3H:1V. Including overdredge allowances, approximately 420,000 cy
(590,000 tons) of material would be removed under this alternative (likely using largecapacity
equipment) and transported to the Roosevelt Regional Landfill (or equivalent) for disposal.
Water quality controls such as restriction of in-water work windows to low tide conditions would
be implemented as practicable as a part of this action.

Because all MTCA cleanup criteria would be met by this maximum removal action, no
institutional controls or long-term monitoring would be required under this alternative.
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10.0 Comparative Evaluation of Cleanup Alternatives

This section presents a detailed evaluation of each of the four alternatives described in Section
9.0, relative to MTCA evaluation criteria. The section also addresses various implementation

opportunities and constraints.

10.1 Threshold Protection Requirements

As specified in WAC 173-340-360(2), all cleanup actions conducted under MTCA shall meet the
following threshold requirements:

e Comply with cleanup standards specified under MTCA - prospective MTCA cleanup
standards at the Holly Street Landfill Site are summarized in Section 5.0. Cleanup standards
for soil/refuse are dependent on land use (e.g., cleanup standards for ground floor residential
uses are different from standards to protect commercial and park uses).

e Comply with applicable state and federal laws - the assessment against this criterion
describes how the alternative complies with other applicable cleanupstandards and laws, as
generally summarized in Section 6.2.

e Protect human health and the environment - the evaluation assesses the degree to which
the cleanup alternative may perform to a higher level than regulatory criteria, and also
considers the on-site and off-site risks resulting from implementation of the alternative.

e Provide for compliance monitoring - all cleanup actions must be monitored to verify that
cleanup standards and other applicable requirements are achieved.

10.2 Permanence Criteria

MTCA also requires that permanent solutions should be used to the maximum extent practicable
[WAC 173-340-360(3)(a)]. A permanent solution is defined in WAC 173-340-360(5)(b) as one
in which cleanup standards can be met without further action being required at the original site or
any other site involved with the cleanup action, other than the approved disposal of treatment
residues, if applicable. Among the retained containment technologies included in this RI/FS, the
MTCA preference for permanent solutions ranks contaminated soil and refuse disposal at an
engineered containment facility higher than in situ containment.

Ecology recognizes that permanent solutions may not be practicable for all sites and provides the
following criteria for determining whether a cleanup action is “permanent to the maximum extent
practicable” [WAC 173-340-360(5)(d)]:

e Overall protectiveness of human health and the environment including the degree to which
existing risks are reduced, time required to reduce risk at the facility, and attain cleanup
standards, on-site and off-site risks resulting from implementing the alternative, the degree
the cleanup action may perform to a higher level than specific standards in MTCA and
improvement of the overall environmental quality.

e Long-term effectiveness including degree of certainty that the alternative will be successful,
long-term reliability, magnitude of residual risk, and effectiveness of controls required to
manage treatment resides or remaining wastes.

e Short-term effectiveness including protection of human health and the environment during
construction and implementation of the alternative, and the degree of risk to human health
and the environment prior to attainment of cleanup standards.
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e Permanent reduction of toxicity, mobility and volume of the hazardous substance including
adequacy of the alternative in destroying the hazardous substances, reduction or elimination
of hazardous substances releases and sources of releases, degree of irreversibility of waste
treatment process, and the characteristics and quantity of treatment residuals generated.

e Implementability including consideration of whether the alternative is technically possible,
availability of necessary off-site facilities, services and materials, administrative and
regulatory requirements, scheduling, size complexity, monitoring requirements, access for
construction, operations and monitoring, and integration with existing facility operations and
other current or potential remedial actions.

e Cleanup costs including capital costs and operation and maintenance costs. If the cost of an
action is substantial and disproportionate to the incremental degree of protection it would
achieve over a lower preference action is will not be considered practicable.

e The degree to which community concerns are addressed.

10.3 Restoration Time Frame Criteria

WAC 173-340-360(6)(a) requires that cleanup actions shall be completed in a reasonable time
frame. The factors to consider when establishing if a time frame is “reasonable” include:

e Potential risks posed by the site to human health and the environment

e Practicability of achieving a shorter restoration time frame

e Current use of the site, surrounding areas, and associated resources that are or may be
affected by releases from the site

e Potential future use of the site, surrounding areas and associated resources that are or may be
affected by releases from the site

e Likely effectiveness and reliability of institutional controls

e Ability to control and monitor migration of hazardous substances from the site

e Toxicity of the hazardous substances at the site.

10.4 Consider Public Concerns

Consideration of public concerns is an inherent part of the site cleanup process under MTCA.
After addressing public and stakeholder comments received on this RI/FS report, the City and
Ecology anticipate entering into a MTCA Consent Decree to develop and implement a Cleanup
Action Plan (CAP). Ecology’s selected remedy will be articulated in a draft CAP and drafts of
both the Consent Decree and CAP will be provided for public review. A draft public
participation plan (PPP) that includes the elements listed in WAC 173-340-600(8) will also be
included with the draft Consent Decree and CAP for public review. These draft documents will
move from draft to final form through addressing public comment.

10.5 Net Environmental Benefits — Consistency with Comprehensive
Strategy

This criterion evaluates overall benefits to the natural environment that result from the alternative,
such as restoration of habitat, improved public access, land use/redevelopment, and other values
as generally outlined in the Comprehensive Strategy (Ecology 2000). The Bellingham Bay
Comprehensive Strategy EIS provided a broad evaluation of these factors, and provides the
context to assess net environmental benefits of alternative actions at the Holly Street Landfill
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Site. The Comprehensive Strategy EIS also includes additional sites, actions, and evaluation
criteria to address baywide strategic environmental planning and project integration to
incorporate cleanup, source control, habitat restoration, and shoreline property management

components.
10.6 Comparative MTCA Analysis of Cleanup Alternatives

This section compares each of the alternatives to the MTCA criteria discussed above.

10.6.1 Alternative 1 — No Action

Alternative 1 would not implement any remedial actions.

10.6.1.1 Threshold Requirements

The No Action alternative does not meet MTCA threshold requirements. It would not meet
MTCA cleanup standards for soil and surface water (seeps), and would not be protective of the
environment, as contaminated seeps from the landfill would continue to discharge into Whatcom
Creek. The seeps would also not comply with other applicable state and federal laws (e.g.,
Surface Water Quality Standards). There would be no compliance monitoring under this

alternative.

10.6.1.2 Permanence Criteria

Since it is not protective of human health and the environment, and is not considered effective
over the long-term, the No Action Alternative does not meet the MTCA permanence criterion

(Section 10.2).

10.6.1.3 Restoration Time Frame

As discussed in Section 7.3, preliminary calculations of mass loading leaving the landfill site
suggest that natural attenuation would require at least another 100 years before reductions in
concentrations in soil or seepage could be reasonably detected. This time frame does not meet
the “reasonableness” criterion defined under MTCA.

10.6.1.4 Net Environmental Benefits

The No Action alternative does not provide net environmental benefits.

10.6.2 Alternative 2 — Capping with Upland Development

10.6.2.1 Threshold Requirements

Alternative 2 would comply with MTCA and with other applicable cleanup standards and laws
through capping of upland and shoreline areas of the Site. The conceptual design of this
alternative includes localized excavation and offsite disposal of approximately 640 cy of refuse
along the Whatcom Creek shoreline, in order to achieve the requirement of no net loss of aquatic
habitat area or function. Alternative 2 would also provide overall protection of human health and
the environment through use of upland and shoreline containment technologies that would be
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designed to attain water quality standards (Section 8.1). This alternative would continue to
isolate upland refuse, consistent with EPA’s CERCLA Presumptive Remedy for landfills. The
minor amount of material removed would be disposed of at an offsite landfill. Periodic
monitoring would be required and will be defined in the CAP and during remedial design.

10.6.2.2 Permanence Criteria

Under this alternative, a minor amount (640 cy) of soil and refuse would be excavated from the
site and disposed at an engineered containment facility. However, the vast majority of waste
materials (approx. 350,000 cy) would be contained in situ.

Ecology’s evaluation criteria for determining whether a cleanup action is “permanent to the
maximum extent practicable” are summarized below:

e Overall protectiveness of human health and the environment. Alternative 2 would be
protective of human health and the environment by eliminating contaminant migration
through seeps to Whatcom Creek, and through upland waste isolation.

e Long-term effectiveness. The long-term effectiveness of Alternative 2 in achieving surface
water standards was predicted using the 3-dimensional computer model MODFLOW
(Section 8.1). Construction of passive methane venting systems as part of future upland
development will also ensure the long-term effectiveness of this alternative.

e Short-term effectiveness. During the construction period for this alternative, care would
need to be taken to ensure there would be no releases of contaminants or turbidity into
Whatcom Creek. This could include the use of silt curtains or limiting construction activities
such that the newly exposed surface is backfilled with the capping material prior to being
inundated by the incoming tide.

e Permanent reduction of toxicity, mobility and volume. Alternative 2 does not destroy
hazardous substances, or reduce or eliminate hazardous substances releases and sources of
releases. However, Alternative 2 would be effective in reducing the mobility of contaminants
by placing a 3- to 5-foot thick cap along the northern bank of Whatcom Creek. This would
also reduce the toxicity of contaminants by attenuating contaminant transport within the
ground water such that there would be no exceedances of surface water quality standards.
There would be a negligible reduction in the volume of contaminants with the minimal
removal of material along the bank; some refuse may be included in that removal.

e Implementability. Alternative 2 is technically implementable. No special equipment would
be required to construct the remedial option. The needed construction equipment is readily
available, including backhoes, excavators, dump trucks, and bulldozers. Excavated material
would either be hauled directly by trucks to an approved landfill or would be hauled to a
railhead where the material could be transported by rail car to an approved landfill. Potential
landfills that could take the excavated material include Columbia Ridge Landfill and
Recycling Center (Waste Management), Arlington, Oregon, and the Regional Disposal
Company Landfill (RABANCO), Roosevelt, Washington. If excess water is encountered in
the excavated material it may need to be dewatered prior to transport. There are sources of
clean capping material that are locally available. This alternative is expected to be
administratively feasibility since permits are routinely issued for the actions associated with
this alternative. All permit requirements would be adhered to.

e Cost. The estimated construction and long-term operation and maintenance cost of this
alternative (present worth basis) is approximately $190,000, as summarized in Table 10-1.
This estimate includes the cost of constructing supplemental upland caps within the Maritime
Heritage Center, but does not include passive gas venting controls, which are likely to be
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integrated (as necessary) with future development at a relatively low marginal cost to the
developer. If the remedial action were performed under a Consent Decree with Ecology,
MTCA Remedial Action Grant assistance of up to 50 percent of the total construction cost
may potentially be available for implementation of this alternative. Under this scenario, the
local share of the cleanup costs would be approximately $100,000.

10.6.2.3 Restoration Time Frame

The restoration time frame for construction of the upland and shoreline caps under Alternative 2
is estimated at approximately 2 years or less, given typical design and construction schedules.
Completion of soil gas venting controls (as necessary) would be tied to upland redevelopment
schedules.

10.6.2.4 Net Environmental Benefits

In addition to providing cleanup, Alternative 2 provides additional benefits to the environment,
including land use/redevelopment in the project area. That is, the level of certainty provided by
an in-place area-wide Cleanup Action Plan approved by Ecology would minimize barriers to
further redevelopment of properties within the study area, consistent with the broad goals outlined
in the Comprehensive Strategy (Ecology 2000) and in various strategic plans for the Holly Street
redevelopment area (Section 8.5).

However, Alternative 2 would provide little net benefit to habitat restoration or public access
goals of the Comprehensive Strategy.

10.6.3 Alternative 3 — Limited Removal/Capping with Habitat Restoration
and Upland Development

10.6.3.1 Threshold Requirements

Alternative 3 would comply with MTCA and with other applicable cleanup standards and laws
through capping of upland and shoreline areas of the Site. The conceptual design of this
alternative includes excavation and off-site disposal of approximately 5,700 cy of refuse within
the B Street ROW or alternate location, concurrently accomplishing habitat restoration and
(potentially) public access objectives. Alternative 3 would provide overall protection of human
health and the environment through use of upland and shoreline containment technologies that
would be designed to attain water quality standards (Section 8.1). This alternative would
continue to isolate upland refuse, consistent with EPA’s CERCLA Presumptive Remedy for
landfills. Excavated landfill refuse materials from the B Street ROW (or other shoreline
excavation areas) would be disposed of at an offsite landfill. Periodic monitoring would be
required and will be defined in the CAP and during remedial design.

10.6.3.2 Permanence Criteria

Under this alternative, 5,700 cy of soil and refuse would be excavated from the site and disposed
at an engineered containment facility. However, the majority (98 percent) of waste materials at
the Site (approx. 340,000 cy) would be contained in situ.

Ecology’s evaluation criteria for determining whether a cleanup action is “permanent to the
maximum extent practicable” are summarized below:
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® Overall protectiveness of human health and the environment. Alternative 3 would be
protective of human health and the environment by eliminating contaminant migration
through seeps to Whatcom Creek, and through upland waste isolation.

* Long-term effectiveness. The long-term effectiveness of Alternative 3 in achieving surface
water standards was predicted using the 3-dimensional computer model MODFLOW
(Section 8.1). Relative to Alternative 2, the thicker cap sections included in Alternative 3 (10
versus 5 feet) provide a higher degree of protection of surface water. Construction of passive
methane venting systems as part of future upland development will also ensure the long-term
effectiveness of this alternative.

e Short-term effectiveness. During the construction period for this alternative, care would
need to be taken to ensure there would be no releases of contaminants or turbidity into
Whatcom Creek. This could include the use of silt curtains or limiting construction activities
such that the newly exposed surface is backfilled with the capping material prior to being
inundated by the incoming tide.

e Permanent reduction of toxicity, mobility and volume. Alternative 3 does not destroy
hazardous substances, or reduce or eliminate hazardous substances releases and sources of
releases. However, Alternative 3 would be effective in reducing the mobility of contaminants
by placing a minimum 10-foot thick cap along the northern bank of Whatcom Creek. This
would also reduce the toxicity of contaminants by attenuating contaminant transport within
the ground water such that there would be no exceedances of surface water quality standards.
There would be a small (approximately 2 percent) reduction in the volume of contaminants
with the removal of material from the B Street right-ofway.

e Implementability. Alternative 3 is technically implementable. No special equipment would
be required to construct the remedial option. The needed construction equipment is readily
available, including backhoes, excavators, dump trucks, and bulldozers. Excavated material
would either be hauled directly by trucks to an approved landfill or would be hauled to a
railhead where the material could be transported by rail car to an approved landfill. Potential
landfills that could take the excavated material include Columbia Ridge Landfill and
Recycling Center (Waste Management), Arlington, Oregon, and the Regional Disposal
Company Landfill (RABANCO), Roosevelt, Washington. If excess water is encountered in
the excavated material it may need to be dewatered prior to transport. There are sources of
clean capping material that are locally available. This alternative is expected to be
administratively feasibility since permits are routinely issued for the actions associated with
this alternative. All permit requirements would be adhered to.

e Cost. The estimated construction and long-term operation and maintenance cost of this
alternative (present worth basis) is approximately $1,700,000, as summarized in Table 10-2.
This estimate includes the cost of constructing upland caps, but does not include the cost of
passive gas venting controls, which are assumed to be integrated with future development at
relatively low marginal cost to the developer. This cost estimate also does not include the
value of uplands (e.g., within the ROW) converted to aquatic habitat.

The conversion of uplands into aquatic habitat, along with upland/shoreline cleanup and trail
access, could be undertaken as a single combined remediation/restoration/ public access
project. In this event, potential funding may be available from federal (Corps) ecosystem
restoration authorities, with prospective funding of up to 75 percent of the marginal cost of
Alternative 3, relative to the “minimum MTCA cleanup” Alternative 2. Depending on how
the land value of the B Street ROW is calculated and other factors, potential Corps funding of
Alternative 3 could likely exceed $800,000. In addition, if the action were performed under a
Consent Decree with Ecology, MTCA Remedial Action Grant assistance of up to 50 percent
of the total construction cost may potentially be available for implementation of this
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alternative (up to roughly $800,000). Thus, under this scenario, the local share of cleanup
costs could potentially be less than $100,000.

10.6.3.3 Restoration Time Frame

Given typical design and construction schedules, the restoration time frame for construction of
the upland and shoreline caps under Alternative 3 is estimated at approximately 2 years or less,
equivalent to Alternative 2. Completion of associated soil gas venting controls (as necessary)
would be tied to upland redevelopment schedules.

10.6.3.4 Net Environmental Benefits

In addition to providing cleanup, Alternative 3 provides additional benefits to the environment,
including land use/redevelopment in the project area, habitat restoration, and public access. The
level of certainty provided by an in-place Cleanup Action Plan approved by Ecology would
minimize barriers to further redevelopment of properties within the study area, consistent with the
broad goals outlined in the Comprehensive Strategy (Ecology 2000).

Moreover, because of the expected benefit to endangered salmon recovery efforts and other
ecosystem restoration objectives, one of the highestranking habitat restoration opportunities
identified by the Comprehensive Strategy was the removal/restoration of estuarine habitat at the
Holly Street Landfill Site, which is an element of Alternative 3. Integration of this habitat
restoration action into the Holly Street Landfill cleanup may provide an opportunity to achieve
substantial overall environmental enhancements, consistent with the Comprehensive Strategy.

Incorporating public access design with cleanup and habitat restoration would meet additional
community open space goals and planning objectives, leverage additional community support and
funding, and provide an opportunity to educate the public about critical estuarine environments.
Integration of public access and redevelopment actions into the Holly Street Landfill cleanup may
provide an opportunity to achieve substantial overall enhancements of the Lettered Streets
Neighborhood, consistent with the Comprehensive Strategy.

10.6.4 Alternative 4 — Maximum Removal and Habitat Restoration

10.6.4.1 Threshold Requirements

Alternative 4 would comply with MTCA and with other applicable cleanup standards and laws
through removal and off-site disposal of all 350,000 cy of solid waste from the Site. The
excavated area could either be completed as aquatic habitat, or backfilled with clean materials to
restore upland development to the area. Alternative 4 would provide overall protection of human
health and the environment through use of removal and off-site disposal technologies. Periodic
monitoring would not be required since all landfill refuse would be removed; however
compliance monitoring would be performed during the implementation of the remedy.

10.6.4.2 Permanence Criteria

Under this alternative, 350,000 cy of soil and refuse would be excavated from the site and
disposed at an engineered containment facility. No solid waste would remain onsite. Ecology’s
evaluation criteria for determining whether a cleanup action is “permanent to the maximum
extent practicable” are summarized below:
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e Overall protectiveness of human health and the environment. Alternative 4 would be
protective of human health and the environment by eliminating contaminant sources and all

transport pathways.

e Long-term effectiveness. Since no waste materials would remain on-site under this
alternative, the long-term effectiveness of Alternative 4 is assured.

e Short-term effectiveness. During the extended construction period for this alternative, care
would need to be taken to minimize releases of contaminants or turbidity into Whatcom
Creek. While silt curtains or other controls could potentially be applied in this case, the large
volume of wastes removed under this alternative results in a lower short-term effectiveness,
relative to Alternatives 2 and 3. Under Alternative 4, areas furthest from Whatcom Creek
would likely be excavated first, breaking through the remaining berm to the Creek towards
the end of the construction period, in order to minimize the potential for releases. The large
volume of material removed also increases the likelihood for releases during transport (e.g.,
highway and/or rail systems), relative to the other alternatives evaluated.

e Permanent reduction of toxicity, mobility and volume. Alternative 4 does not destroy
hazardous substances, but would reduce or eliminate long-term hazardous substance releases

and sources of releases.

e Implementability. Although Alternative 4 is technically implementable, the size of the
excavation and associated displacement of a substantial number of existing businesses and
facilities renders this alternative impracticable. For example, administrative and legal
requirements associated with obtaining access to existing private lands for construction and
other operations, including anticipated displacement and compensation agreements with these
property owners, greatly complicates the implementation of this alternative. Thus,
implementation of Alternative 4 is considered impracticable.

e Cost. The estimated construction cost of this alternative (present worth basis) is
approximately $35,000,000, as summarized in Table 10-3. If the remedial action were
performed under a Consent Decree with Ecology, MTCA Remedial Action Grant assistance
of up to 50 percent of the total construction cost may potentially be available for
implementation of this alternative. Under this scenario, the local share of the cleanup costs
would be approximately $18,000,000, subject to the availability of MTCA matching funds at

this level.

10.6.4.3 Restoration Time Frame

Given anticipated administrative, legal, design and construction schedules, the potential
restoration time frame for construction of Alternative 4 is estimated at approximately 10 to 20
years, longer than that of Alternatives 2 or 3.

10.6.4.4 Net Environmental Benefits

In addition to providing cleanup, Alternative 4 provides considerable additional habitat
restoration benefits, inasmuch as the alternative (if completed at or below tidal elevations) could
restore approximately 13 acres of aquatic habitat to the Whatcom Creek estuary. Such an action
would provide substantial benefits to endangered salmon recovery efforts and other ecosystem
restoration objectives, consistent with the Comprehensive Strategy.

However, implementation of Alternative 4 (aquatic habitat option) would also likely lead to
significant impacts to redevelopment of properties within the study area, since such properties
would be removed from upland use, at least temporarily. In addition, removal of park facilities
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on both sides of Whatcom Creek would considerably impact public access and recreational
amenities. Such actions would not be consistent with the broad goals outlined in the

Comprehensive Strategy (Ecology 2000).

November, 2001
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Table 10-1. Estimated Costs for Alternative 2 - Capping with Upland Development

Alternative 2

Item Unit Unit Cost Quantity Cost

Mobilization/Demobilization LS $ 10,000 19 10,000
Site Preparation/Demo LS $ 5,000 19 5,000
Upland Staging Area LS $ 10,000 19 10,000
Excavate Bank Ton $ 7.00 900 $ 6,300
Haul and Disposal Ton $ 34.00 900 $ 30,600
Purchase and Deliver Cap Material Ton $ 5.00 1,800 $ 9,000
Place Cap Ton $ 15.00 1,800 $ 27,000
Subtotal $ 97,900
Engineering Design Percent 10% $ 9,790
Const. Monitoring/Mgmt. Percent 5% $ 4,895
Long Term Monitoring LS $ 50,000 19 50,000
Contingency Percent 30% $ 29,370
Total $ 190,000

Assumptions:

Unit conversion for sand between CY and Ton: CY * 1.3 =Ton

Unit conversion for bank material between CY and Ton: CY * 1.4 = Ton
Dewatering of the excavated material is not required.

Haul and Disposal costs from Rabanco (telecon 3/23/01)
Long-term monitoring based on 4 seep and 1 QA/QC samples each year for years 0 - 5.
Excavation cost from Wilder Construction (telecon with Bert 3/26/01)
Purchase and deliver Cap Material cost from Wilder Construction (telecon with Bert 3/26/01)



Table 10-2. Estimated Costs for Alternative 3 - Limited Removal/Capping with Habitat

Alternative 3

ltem Unit Unit Cost Quantity Cost
“Mobilization/Demobilization LS $ 10,000 19 10,000
Site Preparation/Demo LS $ 5,000 19 5,000
Upland Staging Area LS $ 10,000 1% 10,000
Excavate Bank Ton $ 7.00 8,000 $ 56,000
Haul and Disposal Ton $ 34.00 8,000 $ 272,000
Purchase and Deliver Cap Material Ton $ 5.00 1,755 $ 8,775
Place Cap Ton $ 15.00 1,755 $ 26,325
Purchase and Install Topsoil CY $ 30.00 1,350 $ 40,500
Shoreline Trail Boardwalk SF $ 65.00 9,400 $ 611,000
Planting and Erosion Control LS $ 87,000 19 87,000
Subtotal $ 1,126,600
Engineering Design Percent 10% $ 112,660
Const. Monitoring/Mgmt. Percent 5% $ 56,330
Long Term Monitoring LS $ 50,000 19 50,000
Contingency Percent 30% $ 337,980
Total $ 1,700,000

Assumptions: Unit conversion for sand between CY and Ton: CY * 1.3 = Ton

Unit conversion for bank material between CY and Ton: CY*1.4=Ton
Dewatering of the excavated material is not required.
Haul and Disposal costs from Rabanco (telecon 3/23/01)
Long-term monitoring based on 4 seep and 1 QA/QC samples each year for years 0 - 5.
Excavation cost from Wilder Construction (telecon with Bert 3/26/01)

Purchase and deliver Cap Material cost from Wilder Construction (telecon with Bert 3/26/01)

Planting and erosion control includes purchase and installation of coir biodegradable fabric, trees,
shrubs, and wetland grasses and a goose exclosure

Note: Costs associated with loss of existing uplands (e.g., within B Street ROW) are not included.



Table 10-3. Estimated Costs for Alternative 4 - Maximum Removal and Habitat
Alternative 4

ltem Unit Unit Cost Quantity Cost
Mobilization/Demobilization LS $ 10,000 19 10,000
Site Preparation/Demo LS $ 5,000 19 5,000
Upland Staging Area LS $ 10,000 1% 10,000
Excavate Site Ton $ 7.00 590,000 $ 4,130,000
Haul and Disposal Ton $ 34.00 590,000 $ 20,060,000
Purchase and Deliver Cap Material Ton $ 5.00 0% -
Place Cap Ton $ 15.00 09% -
Subtotal $ 24,215,000
Engineering Design Percent 10% $ 2,421,500
Const. Monitoring/Mgmt. Percent 5% $ 1,210,750
Long Term Monitoring LS $ - 0% -
Contingency Percent 30% $ 7,264,500
Total $ 35,000,000

Assumptions: Unit conversion for sand between CY and Ton: CY * 1.3 =Ton
Unit conversion for bank material between CY and Ton: CY*1.4=Ton

Dewatering of the excavated material is not required.
3/23/01)

Haul and Disposal costs from Rabanco (telecon
Excavation cost from Wilder Construction (telecon with Bert 3/26/01)
Purchase and deliver Cap Material cost from Wilder Construction (telecon with Bert 3/26/01)

Note: Costs associated with loss of 13 acres of existing uplands and improvements not included.



11.0 Next Steps

This RI/FS report presents information relevant to the weighing of alternative cleanup actions for
the Holly Street Landfill Site, considering net environmental benefits, permanence,
implementability, cost, and other MTCA criteria. The report is intended to facilitate agency,
landowner, and public review, and to enable Ecology to select a cleanup action alternative for the
Site. The cleanup alternatives described in this document also address the overall objectives of
both the EPA Brownfields Assessment Demonstration Pilot Program, as well as the Bellingham
Bay Comprehensive Strategy. Cleanup alternatives have been integrated with related
redevelopment, public access, and habitat restoration elements, to examine opportunities for a

coordinated approach.

The City solicited public comments on the draft RI/FS report in June and July, 2001, including at
a public meeting held on June 13, 2001. Public and stakeholder comments received on the draft
RI/FS report have been incorporated into this document.

The City and Ecology anticipate entering into a MTCA Consent Decree in early 2002 to develop
and implement a Cleanup Action Plan (CAP) for the Holly Street Landfill Site. Ecology’s
selected remedy will be articulated in a draft CAP and drafts of the Consent Decree and CAP will
be provided for public review, consistent with MTCA requirements. Design and permitting tasks
associated with the shoreline remedy will likely be funded in part through a Supplemental
Assistance Grant to the City from EPA for the Holly Street Landfill Brownfields Redevelopment
Project. The design would be coordinated with other actions within the area. Construction of the
selected remedy (e.g., shoreline cleanup) could begin in fall 2003.
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APPENDIX A

Remedial Investigation Boring Logs, Tidal Monitoring and Aquifer Characterization

A.1  Boring Logs

Boring logs for the three monitoring wells installed as part of this Remedial Investigation are
presented in Figures A-1 through A-4.

A.2  Tidal Monitoring

After completing rising-head slug tests in each of the monitoring wells (discussed below), 30-psi
pressure transducers were set near the bottom of the wells and programmed to record water pressure
every five minutes for a minimum of 72 hours (the minimum time needed to accurately evaluate tidal
effects). The resulting data were converted to ground water clevations using the surveyed well
casings and the Bellingham datum. Water level data were also converted to USC&G Mean Lower
Low Water (MLLW) to compare with tidal data compiled by NOAA.

The tidal data were filtered using a method described in Serfes (1991) to obtain a mean elevation
over the three-day period for each well. The mean elevations were then used to determine the
horizontal hydraulic gradient. The filtering removes lunar and solar harmonics, and requires 71
consecutive, hourly water-level measurements. The five-minute measurements were sub-sampled
to obtain hourly values, then the mean clevation in the middle (hour 36) of the 71 measurements was

determined by
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h = measured, hourly elevation, L
h ., = mean elevation at hour 36, L
x = first set of filtered means, L
y, = second set of filtered means, L
1 = 1,2,3, ...,48
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The mean elevation 1s calculated for each successive set of 71-hour measurements. Each set of
filtered means and the mean clevation are shown graphically in Figures A-5 through A-7. Note that



the tidal fluctuations for MW-1 and MW-2 are very small compared to those measured at MW-3,
but that some tidal influence can be inferred. '

A.3  Aquifer Characterization

Hydraulic properties of the water table aquifer were evaluated by rising-head slug tests conducted
on October 6, 2000, on each of the three monitoring wells MW-1, MW-2, and MW-3). The water
level was measured prior to the test, a dedicated, 30-psi pressure transducer was set near the bottom
of the well (the transducers were later used for tidal monitoring), and a disposable bailer was used
to remove a volume of water for the test. Water pressures were recorded with a logarithmic recording
interval (up to four seconds, after which a linear interval was used) until sufficient recovery had
occurred and the test deemed completed.

The Bouwer and Rice (1976) method was used to estimate hydraulic conductivity. This analysis
method best fits the aquifer type, and the method can compensate for partial well penetration. The
method uses a semi-logarithmic correlation of displacement and time to determine the valid portion
of the data (data not influenced by the filter pack or vertical flow near the well). The initial response
in the test is reasonable for the fine-grained filter pack used for these wells (Colorado 20/40 sand),
and yields a hydraulic conductivity that is reasonable for a fine sand. Where a filter-pack response
was inferred, the subsequent data were was used to determine hydraulic conductivity. The data are

plotted in Figures A-8 through A-10.

Hydraulic conductivity is estimated as
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where

K = hydraulic conductivity, LT"

r. = casingradius, L

R = effective radius over which head loss is dissipated, L
r = boring radius, L

t = time, T

L = screened length of well, L

y, = extrapolated displacement at time zero, L
y, = displacement at timet, L.

In R /7, is determined from well-geometry parameters and y, is estimated by extrapolating the valid
portion of the data back to time zero.

Hydraulic conductivity was also estimated by using the tidal monitoring data and the method
described in Ferris (1963). The method relates the ground water fluctuation and tidal stage ranges

to transmissivity and storativity by
)
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where
ground water elevation range during tidal influence, L

Sr

2s, = tidalelevationrange, L

s/2s, = stageratio, L

X — inland distance from tide water, L
2 = tidal period, T

S = storativity, L°

T = transmissivity, L’T"

A semi-logarithmic plot correlating stage ratio and distance is used to calculate transmissivity
(Figure A-11). For transmissivity in gallons per day per foot, distance in feet, and tidal period in
days,
4 4AX°
T = 440075
tO

where Ax is the change in distance over one log cycle. Because some tidal response was inferred in
MW-1 and MW-2, each of the wells was used to determine the regressed line shown in Figure A-11.
The resulting equation that relates distance to stage ratio was then used to calculate the ground water
fluctuation range shown in the conceptual hydrogeologic model (Figure 4-4). An estimated value
of 0.1 was used for storativity, which is reasonable for the types of subsurface materials comprising
the aquifer. A storativity of 0.04 yields results that match the slug test analyses from MW-2 and
MW-3 (the wells completed in the refuse). When using the saturated thickness to estimate hydraulic
conductivity (discussed below), the estimated storativity value also yields a transmissivity that
generally matches those obtained from the slug test analyses.

Transmissivity and hydraulic conductivity are related by

T=Kb
where
hydraulic conductivity, LT!
aquifer thickness, L.
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K
b

An unconfined saturated thickness was used at each well, based on static water elevations and the
inferred base of the aquifer, assumed to be the top of the Bellingham Drift. The estimated saturated
thickness yields a reasonable result when converting the transmissivity determined using the Ferris

method to hydraulic conductivity.

Ground water flow velocity is obtained from

Ki
v=—
n
where
y = average interstitial ground water velocity, LT

i = horizontal hydraulic gradient, L’
effective porosity, L.
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A velocity at each well was calculated using a the hydraulic gradient determined from the October
2000 water-level measurements and reasonable values for effective porosity (Fetter, 1988).

Table A-1 provides a summary of the transmissivity, hydraulic conductivity, and ground water
velocity values estimated from the test data.

A.3  Estimated Landward Extent of Tidal Mixing

The lateral extent of tidal mixing was evaluated by using the aquifer parameters estimated in this
investigation and water levels obtained during the tidal monitoring conducted in October 2000. The
following procedure was used to estimate the lateral, inland movement of ground water as a result

of tidal influences:

1. For every 30 minutes during the tidal monitoring, determine the horizontal hydraulic gradient
between tide water in Whatcom Creek (using the NOAA tide data from Cherry Point,
Washington) and ground water in monitoring well MW-3. The mean, shoreline-to-well distance
between MW-3 and tide water is assumed to be 14 feet.

2. For each time when the gradient is landward (tide water is higher than the ground water in MW-

3), calculate the corresponding ground water velocity using the hydraulic conductivity and

porosity. Hydraulic conductivities of 42 feet per day (from the slug-test analysis for MW-2,

screened in the refuse) and 100 feet per day (from the Ferris analysis), and porosities of 0.15 (the
minimum anticipated porosity) and 0.30 (the maximum anticipated porosity) were used to
calculate a minimum and maximum velocity.

Use the calculated velocity to calculate the distance traveled for each 30-minute interval.

4. Sum the distances for every time interval for which a landward gradient exists. The resulting
value is the farthest inland point to which ground water flows by advection.

W

The procedure is summarized as

maximum inland distance traveled by ground water, L
horizontal hydraulic conductivity, LT

horizontal hydraulic gradient, L°

effective porosity, L°

= time interval j (30 minutes), T

number of time intervals for which the gradient is landward.

I
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In order to evaluate a maximum inland extent of tidal mixing, a tidal period when the high-to-low
tidal fluctuation is relatively low (resulting in a tidal period dominated by relatively high tide) was
used in place of the NOAA tide data in Step 1 above. Tidal data from the NOAA database were
reviewed to select a period near the tidal monitoring conducted between October 6 and 9, 2000. The
NOAA tidal elevations on October 17, 2000, were selected to represent this high-tide maximum.



The minimum extent of tidal mixing was calculated using the minimum hydraulic conductivity, the
maximum anticipated porosity, and the NOAA tidal data for the tidal monitoring conducted between
October 6 and 9, 2000. The maximum extent was calculated using the maximum hydraulic
conductivity, the minimum anticipated porosity, and the NOAA tidal data for October 17, 2000.

A4 Ground Water Flux

The amount of ground water discharging to Whatcom Creek from the site can be estimated using

Darcy's Law:
q=Ki

where

specific discharge, LT
hydraulic conductivity, LT
horizontal hydraulic gradient, L°

q
K
1

The discharge to Whatcom Creek is then
Q=q4
where

Q = discharge, L’T"
A discharge area, L’

The parameters used to estimate the ground water flux are discussed in Section 4.4.5.
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log_key.dwg 03/29/00 1:1

[ P g = - - -
( % | g QNU: Well-graded gravel and Terms Describing Relative Density and Consistency
g %, 8;8:1CW gravel with sand, litle to Densiy  SPT?blows/foot
@ %; o no fines Coarse Very Loose Oto4
5 Q| JFoveT o Loose 41010
@ © >|20%950° - .
318 5% §3§3§ - Poorly grade_d gravel Grained Soils Medium Dense 1010 30 Test Symbols
B |52 "59520 gnd gravel.wnh sand, Dense 30 to 50 =
S £ o ec0e0s little to no fines Verv Den N G = Grain Size
S £ o 0%0 ery Dense 50
N IxZ io "Lo 2 c -y . M = Moisture Content
S |35l (99 ; . onsistenc ows/foot = imi
z |29 LRI Silty gravel and silty = A = Mterueig Limis
S | & 3BE [dJd:l oM | with d Fi Very Soft Oto2 C = Chemical
o |EE[g[diqq | ravel with san e e SOt 2t04 DD = Dry Density
2 (23 el rained Soils  ptegium stiff 4108 K = Permeability
8= x Stiff 8to 15
|, | Clayey gravel and Very Stiff 1510 30
3 ° ' GC clayey gravel with sand Hard >30
5 15| 2 g
S |8 g
3 |6 ¥4 Component Definitions
}:’% 5 Well-graded sand and Descriptive Term  Size Range and Sieve Number
2 |E B sand with gravel, little Boulders Larger than 12"
s E g to no fines Cobbles 3"to 12"
) [
! @ o Gravel 3"to No. 4 (4.75 mm)
L % \% ; Poorly-graded sand Coarse Gravel 3"to 3/4"
2 %%t and sand with gravel, Fine Gravel 3/4"to No. 4 (4.75 mm)
2 1s" little to no fines Sand No. 4 (4.75 mm) to No. 200 (0.075 mm)
g 2 ~ Coarse Sand No. 4 (4.75 mm) to No. 10 (2.00 mm) .
o |5 851 Silty sand and Medium Sand No. 10 (2.00 mm) to No. 40 (0.425 mm)
g s o> | silty sand with Fine Sand No. 40 (0.425 mm) to No. 200 (0.075 mm)
Q [0}
8 = &gl gravel Silt and Clay Smaller than No. 200 (0.075 mm)
D=
8 |27 Clayey sand and ) Estimated Percentage Moisture Content
g | | d with gravel g
G Clayey sand with grave Percentage by Dry - Absence of moisture,
2 Component Weight dusty, dry to the touch
yeignt '
Silt, sandy silt, gravelly silt Trace <5 SiightyyMolst- Perceptiie
o ML | it v ' ' Few 5t0 10 moisture
%’ "’C’ silt with sand or gravel Little 15t0 25 Moist - Damp but no visible
n 02 With - Non-primary coarse water
§ 8 *é Clay of low to medium constituents: > 15% Very Moist - Water visiblg put
G T o ¢ 6L plasticity; silty, sandy, or - Fines content between not free draining
ﬁ ‘f: E gravelly clay, lean clay 5% and 15% Wet - Visible free water, usually
o) =5 from below water table
g %) T — — . .
g Er P Orgamc clay or silt of low Symbols
o 3 === OL |plasticity Blows/6" or _
Eo ity Sampler portion of 6" 4Cement grout
5 SRR/ — o — Type surface seal
ol Elastic silt, clayey silt, silt 20400 / Sampler Type
e i i : “’ P Bentonite
2 o MH V\{lth micaceous or Split-Spoon s Description seal
s} = diatomaceous fine sand or Sampler " . La
L;, S silt P p 3.0"0D Spllt-Spoon Sampler | || Filter pack with
i) a5 // Clay of high plasticity (SPT) 3.25" OD Split-Spoon Ring Sampler @ || |:-|blank casing
n O o ! /|- | | section
Bulk sample :
° o e sandy or gravelly clay, fat : " o A .
N Wit ST i
(.5 % 1_Jl //‘ Grab Sample’ \é/ltz filter pack
] 5 /007 . . ) -|End cap
2 % ///////://///// Organic clay or silt of Portion not recovered
= 7724741 OH|medium to high
.//////// meaium 1o nig (1) ; (@)
{////////////// plasticity 5 Fse;%egt;%z bryddPry Wet’g?t . Depth of groundwater
75702 (ASTM D 15;‘6) enetralion-les Y ATD = At time of driling
TeeTTY B Static water level (date
z o oo Peat, muck and other @ In General Accordance with SS‘Z HaE
53 PT |highly organic soils Standard Practice for Description ® Gombined USCS symbols used for
To and Identification of Soils (ASTM D-2488) fines between 5% and 15%

Classifications of soils in this report are based on visual field and/or laboratory observations, which include density/consistency, moisture condition, grain size, and
plasticity estimates and should not be construed to imply field or laboratory testing unless presented herein. Visual-manual and/or laboratory classification
methods of ASTM D-2487 and D-2488 were used as an identification guide for the Unified Soil Classification System.
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MABSOGIATED Geologic & Monitoring Well Construction Log
EARTH Project Number Well Number Sheet
SCIENCES, INC BV99139 A-MW-1 1 0f 1
Project Name Holly Street Landfill Surface Elevation 21.51
Location Bellingham, Washington Water Depth (ft bgs) 6.4

Drilling Method Hollow Stem Auger 8" OD/ 4.5"ID

Start Date April 17, 2000

Sampling Method 2" diameter, Split Spoon Sampler

Finish Date _ April 17, 2000

SPARKMW HOLLY.GPJ November 7, 2000

Depth Methane S| Blows/ Sample D ot
feet Well Construction % T 8" D Graphic escription
ush monument (0.75 Asphalt
§ stickup) FILL
B § Concrete seal Moist, brown SILT with GRAVEL including steel and glass debris
g | Stiff, moist, brown and tan mottled SILT; trace sand, trace gravel,
— 4 trace wood and glass
% Bentonite chips 0 ;7 2 S-1
= R 3
3
%4
s o
" | Filter Pack, 20x40 Colorado
-7 silica sand
MUDFLAT DEPOSITS
4 -1 8.4 (108100)
"1 7.5 @m0
i K 0.2 72 1 S-2 Soft to medium stiff, wet, gray SILT over SILTY SAND: trace
% 1 gravel, trace wood; sand fine to medium
T 4
.| Well Screen 2" ID SCH 40
-] PVC, 0.01" slot size O
== Threaded end cap, 2" ID
-] sCH40PVC -cobble
| 0 7 S-3 GLACIAL MARINE DRIFT
4
4 Stiff, wet, gray CLAYEY SILT
Bentonite chips é
7 2 S-4
4
5
Z,
B Bottom of boring at 16.5 feet.
Sampler Type (ST): Lab Tests: Logged by: RRH
Bag Sample G - Grain Size Approved by: TJF
@ P - Permeability
No Recovery M - Moisture Content
2" OD Split-Spoon Sampler Y Water Level (ATD) Y Static Water Level Figure No. A-2




SPARKMW HOLLY.GPJ November 7, 2000

ASSOCIATED Geologic & Monitoring Well Construction Log
EARTH Project Number Well Number Sheet
SCIENCES, INC BV99139 A-MW-2 1 of 1
Project Name Holly Street Landfill Surface Elevation 19.57
Location - Bellingham, Washington Water Depth (ft bgs) 8.7
Drilling Method Hollow Stem Auger 8" OD/ 4.5"ID Start Date April 18, 2000
Sampling Method 2" diameter, Split Spoon Sampler Finish Date _ April 18, 2000
Depth Methane S| Blows/ Sample |Mtl. .
feet Well Construction % T 6" D Graphic Description
usn monument (-0.0Z Asphalt
stickup) 111 FILL
B § Concrete seal ' #\Dark brown SILTY SAND with GRAVEL
Q ‘bl [ LANDFILL DEBRIS
0 PA
— ﬂ\ Medium dense, moist to wet, brown SANDY GRAVEL with glass,
o 4 rusted metal, and ash-like material
Bentonite chips 0.2 VA 5 S-1 _" J
— g 6 MG
o 14 f,\
& e #
- || - [
:','::: :::: 20x40 Colorado 274 -cobble or large piece of debris
0.4 1 14 S2 % 4
15 G
o 7 N
. #
. i o~
.| 85 (4118/00) ary
.| Well Screen 2' ID SCH 40 p
-] PVC. 001" slot size 0.4 1 S-3 "l’i -grades loose, wet and gray
0.5 0 /e
: ol 05 N\
Y 4
< 8.7' (10/8/00) | ks
0 ”’
mn
=
0.4 Z S-4 i"’l -grades black; debris includes glass and metal
1 0 7
o ! ’
= 4
| | 20
. | " J’/
e Threaded end cap, 2" ID »
-] scH40PvVC L
: 0.2 Z S5 [T MUDFLAT DEPOSITS
L. 5 1
7 | -| Medium dense, wet, dark gray to brown SILTY SAND with SILT
ﬁ 1| { interbeds; sand predominantly fine
—15 .
Bottom of boring at 14 feet.
Sampler Type (ST): Lab Tests: Logged by: RRH
Bag Sample G - Grain Size Approved by: TJF
P - Permeability
@ No Recovery M - Moisture Content
/] 2" 0D Split-Spoon Sampler Y Water Level (ATD) ¥ Static Water Level Figure No. A-3




ASS0OCIATED Geologic & Monitoring Well Construction Log
EARTH Project Number Well Number Sheet
SCIENCES, INS BV99139 A-MW-3 10f2
Project Name Holly Street Landfill Surface Elevation 15.29
Location Bellingham, Washington Water Depth (ft bgs) 8.5
Drilling Method Hollow Stem Auger 8" OD/ 4.5"ID Start Date April 18, 2000
Sampling Method 2" diameter, Split Spoon Sampler Finish Date _ April 18, 2000
Depth Methane S| Blows/ Sample .
feet Well Construction % T 6" ID Description
Flush monument (0.25 Asphalt p
§, stickup) - FILL
— Q Concrete seal i
§ -| Medium dense, moist, brown SILTY SAND with GRAVEL
LANDFILL DEBRIS
: Bentonite chips 7 Loose, moist, dark brown SILT with SAND; with ash-like material,
| B 0 g S-1 brick, and wood
e I S
Filter Pack, 20x40 Colorado
= h 0.4 1 S-2 | Loose, moist to wet, dark brown to brown SILTY SAND with ~
g e R 1 GRAVEL; trace glass, wood and ash-like material
- -] 8.0 (4/118/00) 2 1
= 0.4 ] 1 S-3
S % 1
: N - 1
S5 el o TN MUDFLAT DEPOSITS
= 11 Very loose, wet, dark brown to black SILTY SAND; trace organics
SO e “ID'S I.[111 and shell fragments
:: . Pw\fglsoéﬁnsingzew 0 0.3 Z 2 S-4 - -gyades medium dense, dark gray; trace wood and gravel
o gl 7 1114 -silt interbed
=R o 12 dHH
11
e 0.1 Z ! S-5 pgogq Loose, wet, dark gray GRAVEL with SAND; trace silt and shell
B S = 3 888 fragments
= O 5 020
= 7 | Threaded end cap, 2" ID - 888
7 ] SCH40PVC 2ad
(o)
OOO
- 15 OOO
OOO
OOO
OOO
= OOO
OOO
OOO
OOO
= 596
Aooo _______________________
7 2 S-6 TT Loose, wet, dark gray SILTY SAND with SILT interbeds to 2" thick;
B % 2 .|| trace wood, organics and shell fragments
4 SNEEN
B © il
20 T
7 2 S-7 |-~ Medium dense, wet, gray SAND; few silt. silt interbeds. trace
B 5 .1 organics; sand predominantly fine to medium
6 .
i “
Sampler Type (ST): Lab Tests: Logged by: RRH
Bag Sample G - Grain Size Approved by: TJE
P - Permeability
@ No Recovery M - Moisture Content
2" OD Split-Spoon Sampler ¥ Water Level (ATD) ¥ Static Water Level Figure No. A-4

SPARKMW HOLLY.GPJ November 7, 2000




Location
Drilling Method

Hollow Stem Auger 8" OD/ 4.5"ID

MASSDCIATED Geologic & Monitoring Well Construction Log
EARTH Project Number Well Number Sheet
SCIENCES, INC BV99139 A-MW-3 20f2
Project Name Holly Street Landfill Surface Elevation 15.29
Bellingham, Washington Water Depth (ft bgs) 8.5

Start Date April 18, 2000

Finish Date _ April 18, 2000

Sampling Method 2" diameter, Split Spoon Sampler

SPARKMW HOLLY.GPJ November 7, 2000

Depth Methane S| Blows/ Sample |Mtl. o
feet Well Construction % T 6" D Graphic Description
7 S-8 [ -1 -silty sand interbeds
L 5 u
é 7
—30
Z! S-9 [ - | -predominantly medium sand
n 5 -
g 8
—35
GLACIAL MARINE DRIFT
7 3 S-10 Very stiff, wet, gray CLAYEY SILT with 2" sand interbed
B 11
Z ]
| O
—40 ;
Bottom of boring at 39.5 feet.

- Original boring grouted with bentonite and cement. Moved 5 ft
toward the creek and drilled to 14.5' with plug in auger then
installed monitoring well

—45

Sampler Type (ST): Lab Tests: Logged by: RRH
Bag Sample G - Grain Size Approved by: TJF
P - Permeability
@] No Recovery M - Moisture Content
/] 2" 0D Split-Spoon Sampler Y Water Level (ATD) Y Static Water Level Figure No. A-4
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- - FIELD REPORT
BEK ENGINEERING & ENVIRONMENTAL BEK ENGINERING & ENVIRONMENTAL
2138 Humboldt Street 2733 Colby Avenue
Bellingham. WA 98225 Everett, WA 98201
PH: (360) 676-9589 PH: (425) 258-2059

(800) 859-5597 (800) 835-4971
FAX:  (360) 676-4625 FAX:  (425)258-5046
CLIENT: Anchor Environmental BEK JOB: 200195
PROJECT: Maritime Heritage Park REPORT: #1
LOCATION: Bellingham, WA DATE: 03-08-01
FIELD REP: Ken Koenig PAGE: 1 of 1

Weather Conditions: 50 degrees F, Rain, Slight Breeze, Barometric Pressure 30.16 in. Hg at
Bellingham Airport.

On-Site: 1115

Off-Site: 1245

FIELD OBSERVATIONS / NOTES:

Onsite on March 8, 2001 to perform gas monitoring for methane in ground water monitoring
wells AMW-4, AMW-5, and AMW-6. Depth to ground water, gas pressure, and percent methane
were measured. Each well was equipped with a special 2-inch PVC expansion cap containing a
1/4-inch drilled hole prior to gas pressure and methane measurements. Gas pressure at the top of
each monitoring well casing was measured by inserting the manometer tubing through the hole in
the expansion cap, waiting for the gas pressure in the well to equilibrate, and recording the
measurement. Methane gas concentrations were recorded in the same manner, except that the
tubing was lowered to within 2 feet of the water table. A GMI Gas Surveyor Model 422
calibrated with 25% of the Lower Explosive Level (LEL) methane was used for gas
measurements. Methane gas concentrations stabilized in less than one minute in each well. The
combustibility meter was monitored for a period of approximately five minutes at each well, with
no notable change in methane concentrations. The results are tabulated below.

Well Casing DTW Elevation Pressure Methane
(feet MSL) (feet BGS) (feet MSL) (in. water) Concentration
15% by volume
AMW-4 19.90 13.86 6.04 0.0 (300% of the LEL)
AMW-5 20.00 14.47 5.53 0.0 58% LEL
AMW-6 32.53 23.94 8.59 0.0 35% LEL

Field Technician: Ken Koenig

Project Manager: Jon Einarsen



UNIFIED SOIL CLASSIFICATION

CHART (USCS)

KEY TO LOG OF WELLS

Casing
Elevation

Concrete
Seal

Seadl

7/—Bentonite

/]

Slotted
PVC
Screen

h 4

G

4

Ground
Water —1.
Level

; Sand
/Pock

TN T

KEY TO LOG OF BORINGS

LETTER
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTIONS
OW | R SRES R
GRAVEL CLEAN GRAVELS
AND (LITTLE OR NO
GRAVELLY FINES) POORLY—GRADED GRAVELS, GRAVEL—
S0ILS <5% GP FS:I?{NE% MIXTURES, UTTLE OR NO
COARSE CORETUAN S6%: BF GM SILTYM)((;TRUA%/EE;S, GRAVEL—SAND—-SILT
GRAINED COARSE FRACTION GRAVELS
SOILS RETAINED ON WITH FINES
NO: - SIEVE (APPRECIABLE AMOUNT
OF FINES) CLAYEY GRAVELS, GRAVEL—SAND—CLAY
>12% GC MIXTURES
SW | YO S
SAND CLEAN SANDS !
AND (UITTLE or; NO
FINES
SANDY <5% POORLY—GRADED SANDS, GRAVELLY
SOILS SP SANDS, LITTLE OR NO FINES
MORE THAN 50% OF
MATERIAL IS LARGER |MORE THAN 50% OF SANDS SM SILTY SANDS, SAND—SILT MIXTURES
THAN NO. 200 COARSE FRACTION
SIEVE SIZE NO. 4 WITH FINES
SIEVE (APPRECIABLE AMOUNT
OF FINES)
512% SC CLAYEY SANDS, SAND—CLAY MIXTURES
INORGANIC SILTS AND VERY FINE
ML SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY
SILTS INORGANIC CLAYS OF LOW TO MEDIUM
it Lk L PLASTICITY, GRAVELLY CLAYS,
AND LESS THAN 50 SANDY CLAYS, SILTY CLAYS, LEAN
CLAYS CLAYS
FINE oL ORGANIC SILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY
GRAINED
SOILS
INORGANIC SILTS, MICACEOUS OR
MH DIATOMACEOUS FINE SAND OR
SILTY SOILS
SILTS
MORE THAN 50% OF
WATRRAL 1S SHALLER AND LQUID LIMIT INORGANIC CLAYS OF HIGH
THAN NO. 200 CLAYS GREATER THAN 50 CH FLASTICITY,. FAT CLAYS
SIEVE SIZE
ORGANIC CLAYS OF MEDIUM TO HIGH
OH PLASTICITY, ORGANIC SILTS
PEAT, HUMUS, SWAMP SOILS WITH
HIGHLY ORGANIC SOILS PT HIGH ORGANIC CONTENTS

SOIL DESCRIPTIONS

Trace = 0-5%
Some = b-127%
Gravelly

Sandy

S”ty = 12—49%
Clayey

l:l SPT No recovery

N SPT Disturbed

I SPT Undisturbed

m D&M Undisturbed

x D&M Disturbed

0 D&M No recovery

® 7 Moisture

m D&M 300# Hammer Blows/Ft.
A SPT 140# Hammer Blows/Ft.

¥ Static Water Level

JOB NO.: N/A

DESIGNED BY/DRAWN BY:

CIVIL GEOTECHNICAL
ENVIRONMENTAL

KRK

CHECKED BY:
TEB

——

DWG Al

LE:
USCS KEY TO WELLS

BEK ENGINEERING &
ENVIRONMENTAL, INC.

2138 Humboldt Street
Bellingham, WA 98225
Ph: (360) 676—9589

KEY TO WELL LOGS &

UNIFIED SOILS CLASSIFICATION SYSTEM

Ph: (800) 859-5597
Fax: (360) 676—4625

DATE:

N/A

SCALE:

H: N/A V: N/A




Well Tag # AFM 750
Casing Elevation=19.90’

Well# A—MW—4
Page 1 of 1

T ;
2
5o
205 & ‘?’fg
gg P2 A SPT Blows/Ft. 84
o] —_ . . .
O nz=z N 4 2 5 10 20 50 1002 © Soil Descrlptlon
Gravel—covered parking
5— Gray, mottled, medium to coarse grained
| 2—1 A SP |SAND (damp, loose) (FILL)
%\TO_ Brown to black wood fragments, glass,
) i —2 A fine sand, and silt (damp, loose)
& T
& o SWL=6.03'msl (approx. 11.0’bgs)
9 —- 1} 12—-28-00
= —_
=3
2 7 =
: 0
215 — = .
o — ' = |Black silt, sand, and wood fragments
) I 2-3 A % (saturated, loose)
o /N o
= A - n
35 —
a L
[} cali sl |
] L
20— = | Orange to brown wood
— | 2-4 A
25 Gray silty SAND (saturated, loose)
_ 2-5 A SM [ (NATIVE)
30—
LOGGED BY: KRK HAMMER SIZE: 140 lb. /30" drop AutoHammer
DRILLER! Gregory Drilling DATE DRILLED: December 28, 2000
DRILLING METHOD: HSA HOLE DIAMETER:! 6.25-Inch . .
SAMPLING METHOD: STP HOLE DEPTHi 25’ See Site Plan for actual location
CASING TYPE: PVC WELL DIAMETER! 2*
ANNULAR PACK: 10/20 Sand WELL DEPTH! 20’
SLOT SIZE: 10 slot LOCATION' see drawlihg Solls classified visually using the Unified Soils Classification System
JoB NO.: 200195 CIVIL GEOTECHNICAL MONITORING WELL # A-MW-4

DESIGNED BY/DRAWN BY:
KRK

—

BEK ENGINEERING &

CHECKED BY:
JME

WUe P voor PPy BB wnen DO, . o

DWG FILE:

ENVIRONMENTAL, INC.

WELL LOGS.DWG

ENVIRONMENTAL

2138 Humboldt Street
Bellingham, WA 98225
Ph: (360) 676-9589
Ph: (800) 859-5597
Fox: (360) 676—4625

MARITIME HERITAGE PARK
BELLINGHAM, WASHINGTON

ATE: SCALE:
DECEMBER 28, 2000 H N/A

v: N/A




Well Tag # AFM 749
" Casing Elevation=20.00

Well# A—MW-5
Page 1 of 1

[_ s
P 38
EE o© A SPT Blows/Ft. 0o
63 00 o B . v i
0 nz 0, 2 5 10 20 50 100=2© Soil Description
Gravel—covered parking
S5— Gray medium to coarse grained SAND with
_ 1—1 A SP  |trace wood fragments (damp, loose)
(FILL)
o
10 ] Brown to black wood, fine sand, silt, and
2 _ =9 A glass fragments (damp, loose)
= .
T . = SWL=5.02'ms| (approx. 12.2'bgs)
O — T | 12-28-00
g —
o —_
5
% - =
] @
315— S = |Black silt, sand and wood fragments
o) N 1-3 A ©  |(saturated, loose)
tm — o
& - %)
== L
a L
0 B O
(@] (—
20 1 No recovery
B e 1—4 A
25 ML |Gray SILT w/ trace sand, grades to
] 1-5 A coarse sand to poorly—graded gravel
SP/GP (saturated, loose)  (NATIVE)
30—‘

LOGGED BY:

SAMPLING ME
CASING TYPE

JME
DRILLERI Gregory Drllling
DRILLING METHOD: HSA

ANNULAR PACK:! 10/20 Sand

DATE DRILLED' December 28, 2000
HOLE DIAMETER! 6.25-Inch

HOLE DEPTH 25’

WELL DIAMETER: 2*

WELL DEPTH: 22’

THODr STP

1 PVC

HAMMER SIZE: 140 lb, /30" drop AutoHammer

See Site Plan for actual location

Bbouso P ven LOGRAey W80usen 1Y ror

SLOT SIZE: 10 slot LOCATION' see drawing Soils classified visually using the Unified Soils Classification System
JOB NO.: === CIVIL GEOTECHNICAL
200195 [ENVIRONMENTAL MONITORING WELL # A-MW-5
WN BY:
e R — 2138 Humbaldt Street MARITIME HERITAGE PARK
2 Bellingham, WA 98225
CHECKED BY: BEK ENM”\JG & Peh:'n?3:$ 6769589 BELL'NGHAM, WASHINGTON
DWG FILE: Ph: (B00) 859-5597 ATE: SCALE:
DECEMBER 28, 2000 H: N/A Vi N/A

WELL LOGS.DWG

ENVIRONMENTAL, INC.

Fax: (360) 676—4625




Bovw P won Py W-00wom e o

Well Tag # AFM 751

Well# A—MW—6

" Casing Elevation=32.53’ Page 1 of 1
Be 5
a2 o / 0
EE 2 A SPT Blows/Ft. 38
O g% %00:1 9 5 10 20 50 10()%(_) Soil Description
Beauty bark covered planter
5— v Gray SILT/CLAY with trace gravel (damp,
| 3—1 ’A A ML/CL|loose) (FILL)
10— Brown to black woodwaste, glass, fine
o | Tt A sand, and silt (damp, loose)
<
© i
O
O =]
y—_
[ -
5
@ - E
0
=i g ;
) = |Black silt, sand, wood fragments, glass
g N 33 A 2 (saturated, loose)
o)
o L @
4
0.
) |
)
20— Black silt, sand, wood fragments and
—. 3—4 i glass (saturated, loose)
—+ 1| SWL=8.33'ms| (approx. 21.0’bgs)
e P = 12—28-00
25— Black silt, sand, and wood fragments
— saturated, loose
B S I 3-5 N A ( )
30 Bx
o A Gray SILTSTONE (NATIVE)

LOGGED BY! KRK [
DATE DRILLED: December 28, 2000

DRILLER! Gregory Drilling
DRILLING METHOD: HSA
SAMPLING METHOD: STP
CASING TYPE: PVC
ANNULAR PACK: 10/20 Sand

SLOT SIZE: 10 slot

HOLE DIAMETER: 6.25-Inch
HOLE DEPTH: 30’

WELL DIAMETER: 2*

WELL DEPTH: 30’
LOCATION: see drawing

HAMMER SIZE: 140 lb. /30" drop AutoHammer

See Site Plan for actual location

Soils_classified visually using the Unified Soils Classification System

JOB NO.:

200195

DESIGNED BY/DRAWN BY:

KRK

CHECKED BY:

CIVIL GEOTECHNICAL
ENVIRONMENTAL

2138 Humboldt Street
Bellingham, WA 98225

S=<

BEK ENGINEERING &

JME Ph: (360) 676-9589

DWG FILE:

Ph: (800) 859-5597
Fax: (360) 676—4625

ENVIRONMENTAL, INC.

WELL LOGS.DWG

MONITORING WELL # A-MW-6
MARITIME HERITAGE PARK
BELLINGHAM, WASHINGTON

DATE:

SCALE:
DECEMBER 28, 2000 H N/A V: N/A




o__ WP .. g, N ... DE ...

Boring# B—1

Page 1 of 1
5
3o
25 =
a2 | % A SPT Blows/Ft. ¥
63 0O n B . e
0 nz o, 2 5 10 20 50 100290 Soil Description
Gravel—covered parking
_| (sandy gravel cuttings 0-2'bgs)
(silt/clay cuttings 2-5'bgs)
5]
§—1 A ML/CL{Brown SILT/CLAY (damp, soft)
] sp |Brown fine SAND (damp, loose)
N (15" recovery)
%10— v SM |Brown silty SAND w/ trace clay (damp, soft)
o — 1-2 A (18" recovery)
I /\
~—
© —
O
O -
et
| -
=)
% —
2 |
3 15
q-) [
m
c —
i
o
@) =]
)
20—
25—
30—
LOGGED BY: HAMMER SIZE: 140 lb. /30" drop AutoHammer
DRILLER! Gregory Drilling DATE DRILLED: December 29, 2000
DRILLING METHOD: HSA HOLE DIAMETER! 6.25-Inch i .
SAMPLING METHOD: STP HOLE DEPTH: 10,0/ See Site Plan for actual location
CASING TYPEI n/a WELL DIAMETER! n/a
ANNULAR PACK: n/a WELL DEPTH n/a
SLOT SIZE:  n/a LOCATION! see drawing Soils classified visually using the Unified Soils Classification System
J0B No.: CIVIL GEOTECHNICAL
209108 EXPLORATORY BORING # A-BI

DESIGNED BY/DRAWN BY:
KRK

CHECKED BY:
E JME

DWG FILE:
WELL LOGS.DWG

E——
3—=<
EE———

BEK ENGINEERING &
ENVIRONMENTAL, INC.

ENVIRONMENTAL

2138 Humboldt Street
Bellingham, WA 98225
Ph: (360) 676—9589
Ph: (B0O) 859-5597
Fax: (360) 676—4625

MARITIME HERITAGE PARK
BELLINGHAM, WASHINGTON

ATE: SCALE:
DECEMBER 29, 2000 H N/A

V: N/A




& __ WP ... ogy N0 ... B ..

Boring# B-—2

s Page 1
55 | 5
EE Eg A SPT Blows/Ft. §§
0 nz o 2 5 10 20 s0 10020 Soil Description
3” Asphalt
— (silty clay in cuttings)
5| 91 W i ML/CL|Brown silty CLAY with trace gravel (damp, soft)
A (FILL)
a (18" recovery)
— (silty clay with ceramic, metal, and brick in
cuttings)
I v LI'EJ Brown silty SAND with wood and glass fragments
- A moist, loose
10— 2=d M g | )
©
o o
L 2
& - (silty clay in cuttings)
O
O —
y—_
[
3 p—
2 No recovery, 10’ cable wrapped around
=z »]5 _ 2—3 A auger
O
o)
& _
c _|
-+
@
() _
(@)
20—
25—
30—
LOGGED BY: JME HAMMER SIZE: 140 lb. /30" drop AutoHammer

DRILLER! Gregory Drilling
DRILLING METHOD: HSA

DATE DRILLED: December 29, 2000
HOLE DIAMETER: 6.25-inch

See Site Plan for actual location

SAMPLING METHOD: STP HOLE DEPTH: 14,0

CASING TYPE! n/a WELL DIAMETER! n/a

ANNULAR PACK: n/a WELL DEPTH! n/a

SLOT SIZE: n/a LOCATION see drawihg Soils classified visually using the Unified Soils Classification System
JOB NO.: [==—==u| CIVIL GEOTECHNICAL

- 200198 ENVIRONMENTAL EXPLORATORY BORING # A-B?
DESIGNED BY/DRAWN BY: E——

KRK 2138 Humbaldt Street MARITIME HERITAGE PARK

3 Belli , WA 25

CHECKED BY: = Pi:'"?agg; 676-9589 BELLINGHAM, WASHINGTON

BEK ENGINEERING &

Ph: (800) 859-5597

DWG FILE:

WELL LOGS.DWG

Fax: (360) 676—4625

ENVIRONMENTAL, INC.

DATE:

SCALE:
DECEMBER 29, 2000 H: N/A Vi N/A




ﬂ.—.l"mm W00 -emen WEs roi'

Boring# B-3

Page 1 of 1
s
o
25 o
EE Eg A SPT Blows/Ft gg
O nz Nz 4 2 5 10 20 50 10036 Soil Description
Gravel—covered parking
| SP/GP
(sand & gravel in cuttings from 0—3'bgs)
] (brown silty clay in cuttings from 3—5'bgs)
= ML/CL
5
31 A Brown grading to blue gray silty SAND (moist, loose)
] (18" recovery)
SM
N w (Blue—gray silty sand in cuttings, groundwater at 8.5’bgs)
:5\10—— No recovery
o — 3—2 A
L
—
© —
O
O =i
y—
L -
=
A —
515 — WOOD
g | 3-3 A (Buried piling or driftwood?)
e —
=
Q.
[} _
an} \
20— v SM |Blue—gray fine grained SAND with trace
| 3—4 M A silt and gravel (medium dense, saturated)
25—
30—

LOGGED BY: UME
DRILLER! Gregory Drilling
DRILLING METHOD: HSA
SAMPLING METHOD: STP
CASING TYPE: n/a
ANNULAR PACK: n/a

HAMMER SIZE: 140 lb, /30" drop AutoHammer
DATE DRILLED: December 29, 2000

HOLE DIAMETER! 6.25-Inch

HOLE DEPTH'  20.0°

WELL DIAMETER! n/a

WELL DEPTH: n/a

See Site Plan for actual location

SLOT SIZE: n/a LOCATION: see drawlng Soils classified visually using the Unified Soils Classification System
e g — O e IRONMENTAL EXPLORATORY BORING # A-B3
BESIGNED E'Y/D"m By: E— 2138 Humboldt Street MARITIME HERITAGE PARK
CHECKED BY: | BEK ENMING & ;h:m?sggé’ 676—9589 BELL|NGHAM, WASH | NGTON
Ph: (800) 859-5597 > -
WO FLE L Locs.ows ENVIRONMENTAL, INC. Fax: (360) 676-4625 ™ DECEMBER 29, 2000 "% w/a v N/A




Report
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Services

Proposed Parking Lot Developmeant

Bellingham, Washington

August 30, 2001

For
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GEI 85-85 Rev. 05/93

SOIL CLASSIFICATION SYSTEM

GROUP
MAJOR DIVISIONS SYMBOL GROUP NAME
GRAVEL CLEAN GRAVEL GW WELL-GRADED GRAVEL, FINE TO COARSE GRAVEL
COARSE
GRAINED GP POORLY-GRADED GRAVEL
SOILS More Than 50%
of Coarse Fraction GRAVEL GM SILTY GRAVEL
Retained WITH FINES
on No. 4 Sieve GC CLAYEY GRAVEL
More Than 50%
D g
Retaired on SAN CLEAN SAND SW WELL-GRADED SAND, FINE TO COARSE SAND
No. 200 Sieve
SP POORLY-GRADED SAND
More Than 50%
of Coarse Fraction SAND SM SILTY SAND
Passes WITH FINES
No. 4 Sieve SC CLAYEY SAND
FINE SILT AND CLAY ML SILT
GRAINED INORGANIC
SOILS CL CLAY
Liquid Limit
Less Than 50 ORGANIC oL ORGANIC SILT, ORGANIC CLAY
More Than 50% SILT AND CLAY MH SILT OF HIGH PLASTICITY, ELASTIC SILT
INORGANIC
Passes CH CLAY OF HIGH PLASTICITY, FAT CLAY
No. 200 Sieve ’
Liquid Limit
50 or More ORGANIC OH ORGANIC CLAY, ORGANIC SILT
HIGHLY ORGANIC SOILS PT PEAT
NOTES: SOIL MOISTURE MODIFIERS:
1. Field classification is based on visual examination of sail Dry - Absence of moisture, dusty, dry to the touch
in general accordance with ASTM D2488-90.
Moist - Damp, but no visible water
2. Soil classification using laboratory -tests is based on
ASTM D2487-90. Wet - Visible free water or saturated, usually soil is
obtained from below water table
3. Descriptions of soil density or consistency are based on

interpretation of blow count data, visual appearance of

soils, and/or test data.

i\

Engineers

o
S
VA
h\\E

SOIL CLASSIFICATION SYSTEM

FIGURE A-1




GEI 121-90 Rev. 2/94

LABORATORY TESTS: SOIL GRAPH:

CA  Chemical Analysis

FIELD SCREENING TESTS:

Headspace vapor concentration data
given in parts per million

Sheen classification system:
NS  No Visible Sheen /
SS  Slight Sheen
MS  Moderate Sheen
HS  Heavy Sheen
NT  Not Tested

BLOW COUNT/SAMPLE DATA: 2 W

Blows required to drive a 2.4-inch I.D.
split-barrel sampler 12 inches or

other indicated distances using a 12K
300-pound hammer falling 30 inches. N
17

10 @
Blows required to drive a 1.5-inch I.D.
(SPT) split-barrel sampler 12 inches
or other-indicated distances using a
140-pound hammer falling 30 inches.
| 26 1
E

“P" indicates sampler pushed with
weight of hammer or against weight
of drill rig.

NOTES:

SM  Soil Group Symbol
(See Note 2)

Distinct Contact Between
Soil Strata

Gradual or Approximate
Location of Change
Between Soil Strata

Water Level

k<]

Bottom of Boring

Location of relatively
undisturbed sample

Location of disturbed sample

Location of sampling attempt
with no recovery

Location of sample obtained
in general accordance with
Standard Penetration Test
(ASTM D 1586) procedures

Location of SPT sampling
attempt with no recovery

Location of grab sample

1. The reader must refer to the discussion in the report text, the Key to Boring Log Symbols and the

exploration logs for a proper understanding of subsurface conditions.

2. Soil classification system is summarized in Figure A-1.

\
\
g

A

KEY TO BORING LOG SYMBOLS

Geo aNZ Engineers

7
b\

FIGURE A-2




/01 3125-010-00

GEI GENERAL BORING LOG 3125010.GPJ GEI_CORP.GDT 8/30,

Project Job Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/15/01 By MRS Contractor Holt
i : . . Drill
o Hollow Stem Auger Equipment Mobile Drill B-61 -
Sample Hammer . X-coordinate: Not Determined
Method D&M Data 300lb hammer, 30" drop Y-coordinate: Not Determined
Total Depth (ft) 14 Elevation (ft) Not Measured SD\?ST;;
[ 1= = =
w a T = L
N = 2
e 215 o § 53 é @ Other Tests re
z 0| 818 ¢ o . L 5 =S z
= S E|l 5 0 E Material Description & g8 And z
T | €| 3|8 QR 2 |5 =
E o] | R o %] % Notes £
& S n | @ 0] ) ke) - w
a = o =]
0 AC —\L.5 inches asphalt concrete 0
- SP - \2 inches brown fine to medium sand with gravel (dense, /— - =
ML moist) (fill) _ L
] Brown fine sandy silt with occasional gravel (soft, moist)
Taa| 1| 4 X ~ (i) - 29 -
57 B — 5
Te7] 2] 6 X ” Sandstone fragment in sample 1w i
Je7 | 3| 4 X ™ Wood debris in sample BRE i
R B - - L
10— o ML I~ Brown fine sandy silt with coarse sand and gravel (soft, - 10
oo 4 4« B moist) (fill?) 37 i
e - - - . ; T 3
% CL Gray fine sandy clay with occasional gravel and root hairs
T100] s 4 2% - (soft, moist) 1 29 o
T B Boring completed at 14.0 feet below ground surface on g i
15 — - 04/19/01 = —15
i | No ground water encountered during drilling _ L
20— = = —20
-1 - - -
25— = = =25
30— — = —30
] ‘ 1 ‘
35 - ] Las

Note: See Figure A-2 for explanation of symbols

LOG OF BORING PL-1

FIGURE A-3




Project Job Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/19/01 By MRS Contractor Holt
i : . : Drill
hDAglLod Hollow Stem Auger Equipment Mobile Drill B-61 Bit
Sample Hammer " X-coordinate: Not Determined
Method D&M Data 300Qib hammer, 30" drop Y-coordinate: Not Determined
Total Depth (ft) 9 Elevation (ft) Not Measured stas[én;,
m o § |z m
> = = Q2
e g 2 g 2 § g 3 é § = Other Tests r
Z [} Q9 . o 3 =
= a El 5§ o E Material Description &= And =
= | E| 3|8 O 5 z
= s|l @] 2 [ B QP = |2 Notes =
e = 3| @ o 3 s | g GLJ
o = |0 Q
0 NRAE AC "\Zl.inches asphalt concrete 7 D
e e SP = Brown fine to medium sand with gravel (dense, moist) - -
i CL N —\ (fill) /— N |
Gray and brown fine sandy clay with coarse sand and
100! 1 5 - gravel (soft to medium stiff, moist) (fill) 1 55 o
Note: piece of rubber material in sample -
5 ML —  Brown and gray fine to medium sandy silt with coarse — 5
671 21 s sand and occasional gravel (soft to medium stiff, moist) 22
b I~ (fill) 7] r
CL Gray fine sandy clay with medium sand and gravel (soft,
Te7f 3|3 B moist) 723 i
T B Boring completed at 9.0 feet below ground surface on ] i
10— - 04/19/01 = 10
i | No ground water encountered during drilling N |
15— — — 15
. - - L
20— — - —20
o
o - = - =
S
g | = - -
0O
o~ 4 L - =
-
—| 25— = =] 25
2
S i - = L
2
@
= 4 - L
O - = - -
a
[id _ L - -
o
o
=l 30— — = —30
w
Q N - - -
S
o
5] _ - - L
=]
é - = — =
N f— -
ol 5] ]
Of 35 s —35
S
0] Note: See Figure A-2 for explanation of symbols
re
I
o
[20]
ik
% . ‘“ LOG OF BORING PL-2
s Geo \%’ Engiﬂ CETS FIGURE A4
&




/01 3125-010-00

GEI GENERAL BORING LOG 3125010.GPJ GE|_CORP.GDT 8/30

Project Job Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/19/01 By MRS Contractor Holt
I\?{:g)od Hollow Stem Auger Equipment Mobile Drill B-61 gir[l”
Sample Hammer " X-coordinate: Not Determined
Method D&M Data 300Ib hammer, 30" drop Y-coordinate: Not Determined
Total Depth (ft) 9 Elevation (ft) Not Measured SD‘?ST:;;:
- b= e -
w : <% ) < w
= = 2 w
e 2|5 |e g g3 5§ | o Other Tests [
z o| 8|2l ¢ 68 . .. o3¢ z
z 2 E| 5 0 € Material Description pE 28 And T
x| E| 2|8 Q@ 2 |> =
= o| @ | 8 L %) 5 Notes
g (2| oD o 5 g8 | = &
a = |O a
0 ? 0
= AC 4 inches asphalt concrete
< Ta SP ~  Brown fine to medium sand with coarse sand and gravel - -
e cL L (dense, moist) (fill) _ |
Gray fine sandy clay with sand and occasional organic
Ts9 | 1 6 / - matter (medium stiff, moist) (fill) b Slight ;;etroleum
] ML I~ Brown, dark brown and gray fine sandy silt with occasional 7 odor B
5] | sand (medium stiff, moist) (fill) i L5
Wood and ash debris at 4.0 feet
156 2| 8 L n N
T8 3|8 i T i
1 : CL = 7\ Gray fine sandy clay with occasional small burnt and T B
o— | unburnt wood fragments and fine gravel (medium stiff, _ 10
L moist) (fill)
— - Concrete pieces at 9.0 feet =1 =
i L Boring completed at 9.0 feet below ground surface on _ L
04/19/01
. ~  No ground water encountered during drilling - -
15— — — 15
20 — — = —20
25— = = =25
. - ~ -
30 — = - —30
- - - I
35 - —J L35

Note: See Figure A-2 for explanation of symbols

LOG OF BORING PL-3

FIGURE A-5




8/30/01 3125-010-00

Project Job Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/18/01 By MRS Contractor Holt
i . ; ; ill

B‘Z&od Hollow Stem Auger Equipment Mobile Drill B-61 gir:
Sample Hammer " X-coordinate: Not Determined
Method D&M Data 300lb hammer, 30" drop Y-coordinate: Nat Determined
Total Depth (ft) 14 Elevation (ft) Not Measured SDjS‘:‘;;
— = - —
w . [} o] < w

- <= 2 w
w 2|5 @ _18) 5— 5 9 Other Tests w
z 218 2| o2 . - S|z =
z S El £ 0 E Material Description e& |23 And :

=

= x| E1E I3 B B z (2 Notes =
& Sl o | @ o ! > e =
a = o a

0 AC \Zinches asphalt concrete Ve 2

. SP ~  Brown fine to medium sand with coarse sand and gravel - -
i and occasional cobbles (dense, moist) (fill) a R
7 o0 4 TR SM ™ T\Wo recovery at 3.0 feet due to obstruction T B
439 4 s =8 x| :\ - Gray silty fine to medium sand with coarse sand and wood 4 1o -

B 1] debris (loose, moist) (fill)

57 , V7, CL Gray, brown and dark brown silty clay with fine sand and 7 5
467123 - brown silt with organic matter (soft, moist) (fill) - = =
J67] 3| 4 B 1 a4 L

10 — — —10
J67] 4| 7 B 23 i
) i Boring completed at 14.0 feet below ground surface on 7 i
15 — — 04/19/01 - 15
i | No ground water encountered during drilling N |
20— - - 20
25— - — =25
9 ~ - r
- — - b—
30— ~ — —30
35_:] - — L35

Note: See Figure A-2 for explanation of symbols

GEI GENERAL BORING LOG 3125010.GPJ GEI CORP.GDT

Geo

=
=

Engineers

LOG OF BORING PL-4

FIGURE A-6




8/30/01 3125-010-00

GEI GENERAL BORING LOG 3125010.GPJ GE| CORP.GDT

Project Zob Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/19/01 By MRS Contractor Holt
Drill . ; . Drill
Method Hollow Stem Auger Equipment Mobile Drill B-61 Bit
Sample Hammer " X-coordinate: Not Determined
Method D&M Data 300Ib hammer, 30" drop Y coordiniates Nat Determined
Total Depth (ft) 14 Elevation (ft) Not Measured SD\?s[lleTn
- = - P
w . a [} = w
b= = 2
™ 2 s Ko _;8 SE 5 Y Other Tests s
z 2|3 |g 2 o ; - Oz|2g z
= =3 El g nE Material Description e g8 And -
= =B & |3| g B9 Z |2 Notes =
T B Bl ) O ) 3 |2 2
w = | e a
0 : 0
ML \J_inches mulch 3 e
4 , , - Brown fine sandy silt with coarse sand and gravel (soft, - -
/ CL L N moist) (fill) - L
] / Gray silty clay with fine sand and occaional wood
150l 1 5 ~ fragments (soft to medium stiff, moist) (fill) b Slight petroleum
_ ML = Dark gray, brown and black fine sandy silt with organic . odor i
matter, glass and gravel (medium stiff, moist) (fill)
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4100 2 6 L _ Likely landfill debris [

7 00 6 [T ~ Norecovery T i
10 00 M ~ No recovery, metal debris, wire and glass in cuttings 7] —10
J40] 3| s B 7 i
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15— — 04/19/01 =1 15
i | No ground water encountered during drilling h B
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30— — m [—30
4 - - L
35_J — —J —35

Note: See Figure A-2 for explanation of symbols
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GEI GENERAL BORING LOG 3125010.GPJ GEI_CORP.GDT 8/30/01 3125-010-00

Project Job Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/1901 By MRS Contractor Holt
1 : ) ; Dril
,?{g{}md Hollow Stem Auger Equipment Mobile Drill B-61 Bt :
Sample Hammer " X-coordinate: Not Determined
Method D&M Data 300lb hammer, 30" drop Y-coordinate: Not Determined
Total Depth (ft) 9 Elevation (ft) Not Measured SD\?S‘;‘:’“
= < e -
w |l = Q ) = w
w = 2
w 2|5 |e §’ B3 5 9 Other Tests re
z o 3 |gl ¢ ©3 . - Ss|2e z
T g gl & 783 Material Description e=lz8 And =
g s 3 @ & g g |2 Notes =
& R|lon| @ (C] 1 e} e &
a = o o
0 : 0
A AC 2. inches asphalt concrete /=
- Sp o ‘\Brown fine to medium sand with gravel (dense, moist) /— ~ -
| CL L (fill) i N
Gray and brown fine sandy clay with sand and fine gravel
18] 1 | » (very soft, moist) (fill) 1 24 -
5 L — 5
4700 2|3 N L Grades to dark brown, piece of glass in sample 4 17 L
756 3 ko forF ™ Note: concrete chips in sample, blow counts inflated by T 26 i
b 6" - obstruction - - -
Boring completed at 9.0 feet below ground surface on
10 ~ — 10
04/19/01
8 ~  No ground water encountered during drilling — L
. = . -
15— b= - 15
20— — = —20
25 — = 25
30 ~ — 30
35 = — L35

Note: See Figure A-2 for explanation of symbols
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GEI GENERAL BORING LOG 3125010.GPJ GE| CORP.GDT

Note: See Figure A-2 for explanation of symbols

Project Job Number Location
City of Bellingham Parks 3125-010-00 Bellingham, Washington
Date Logged
Drilled 04/19/01 By MRS Contractor Holt
E,{;gwd Hollow Stem Auger Equipment Mobile Drill B-61 lB)irtl”
Sample Hammer " X-coordinate: Not Determined
Method D&M Data 3006 hammer, 30" drop Y-coordinate: Not Determined
Total Depth (ft) 14 Elevation (ft) Not Measured -
o b=t - -
w < Q 9] <= w
b= = 2
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z o 5] (=3 e (0] . ) ) @ ; = =
z S El 5§ 0 E Material Description e8| =8 And z
= ) E| 8|8 B Bn z |2 Notes =
o | =|d|a o 3 g £ U
a = o a
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i L loose, moist) (fill) B R
T89] v ] 7 B - L
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Jroo| 2 | s L 429 L
Te67( 3] 9 CL - T\Note: concrete eravel/rubble at 8.0 feet Ve 7 B
-l - Gray silty clay with fine sand (medium stiff, moist) — -
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78| 4 | 6 B 9 33 L
} B Boring completed at 14.0 feet below ground surface on ] i
15— — 04/19/01 — 15
i No ground water encountered during drilling _ |
20— — = —20
28= = — —25
30— — = —30
35 L _ L 35
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Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

1.0 Introduction

The Functional Guidelines data validation of the samples listed in Table 1 has been completed.
The bulk of the analyses were performed by Analytical Resources, Incorporated (ARI), located in
Seattle Washington. The porewater extractions and grain size analyses were performed by Rosa
Environmental and Geotechnical Laboratory (REGL), located in Seattle, Washington.

The validation was performed in accordance with the procedures established in the Contract
Laboratory Program National Functional Guidelines for Inorganic and Organic Data Review
(Functional Guidelines) (USEPA 1994 and 1994a). Project detection limits, quality control (QC)
sample frequencies, and data quality objectives (DQOs) were taken from the Work
Plan/Sampling and Analysis Plan, Focused Site Characterization Holly Street Landfill
Redevelopment Project (SAP) (Anchor & AESI 2000). The criteria used to qualify data are
taken from Functional Guidelines, the SAP, the analytical methods, or the professional judgment
of the validation chemist.

Sections 2 through 8 present the validation findings and Section 10 defines the data qualifiers.
Section 9 evaluates the project data against the data quality objectives set forth in the SAP.
Table 2 presents an evaluation of field duplicate precision and Table 3 is a summary of the
qualified data. Copies of laboratory communications are provided in Appendix A. The original
laboratory resubmissions have been placed in the data package. Validation qualifier flags have
been added to the sample data sheets in the Data Summary section of the original data package.

The laboratory electronic data deliverable (EDD) files in the Washington State Department of
Ecology SEDQUAL format were reviewed and compared to the hardcopy report. Corrections
were made as specified in this report and validation qualifiers were added to the SEDQUAL

EDD files.

The laboratory EDD file for non-soil/sediment samples in the Environmental Information
Management (EIM) System format was not reviewed and data qualifiers were not added.

Holly-St-Full-DV-Report 2
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Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

2.0 Data Validation of Volatile Organics Analyses

2.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion
All samples were analyzed within the required holding times and all samples were received intact

and were properly preserved. Except as noted below, the data package is complete and contains
all the information necessary to recreate the sample results.

The raw data for the 4-25-00 method blank and laboratory control sample (LCS) analyzed on
instrument Finn 3 were missing from the data package. The laboratory resubmitted the missing

information.

The Continuing Calibration Check Form 7 for 4-25-00 on instrument Finn 3 was missing from
the standards raw data section of the data pack. The missing form was located in the QC
summary section of the pack and a copy was added to the standards raw data section.

2.2 Instrument Tuning and Mass Calibration — Acceptable

The tuning compound bromofluorobenzene was analyzed at the required frequency and all
Functional Guidelines criteria were met.

2.3 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are calculated correctly. The
Functional Guidelines criteria of relative standard deviation (RSD) values less than or equal to
30% and relative response factors greater than 0.05 were met for all target compounds.

2.4  Continuing Calibration — Acceptable with Discussion

Continuing calibrations were analyzed at the required frequency and are calculated correctly.
The Functional Guidelines criteria of percent difference values less than or equal to 25 and
relative response factors (RRFs) greater than 0.05 were met.

The percent difference values of toluene-d,, 4-bromofluorobenzene, and 1,2-dichlorobenzene-d,
in the continuing calibration analyzed on 4-28-00 on instrument Finn 3 are 27.3%, 28.3%, and
26.4%, respectively Data qualifiers are not required for surrogate compounds.

The RRFs on the Form VII for the 4-25-00 CCV on Finn3 are incorrectly calculated. However,
an instrument generated Form VII is correctly calculated. Data qualifiers are not required.

Holly-St-Full-DV-Report 4



Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

2.5 Blank Analyses — Acceptable

2.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limits.

2.5.2 Field Blanks

Two trip blanks are associated with the samples. Target analytes were not detected above the
reporting limits in either of the trip blanks.

2.6 Surrogate Analyses — Acceptable

Surrogate compounds were added to all samples, blanks and QC samples as required. All
percent recovery values are correctly calculated and all are within the SAP criteria.

2.7 Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with
Qualifications

Matrix spike/matrix spike duplicates (MS/MSD) were analyzed at the required frequency and are
correctly calculated. Except as noted below, all percent recovery and relative percent difference
(RPD) values are within the SAP criteria (50 to 140% recovery and RPD values less than 40%
for sediments and 60 to 140% recovery and RPD values less than 35% for waters).

The 1,2,4-trichlorobenzene recovery values in the MS and MSD analyses of sample AN-SD-6
are below the SAP criteria at 37.4% and 39.6%. Since the recovery of the LCS is acceptable,
only sample AN-SD-6 has been qualified as estimated detection limit (UJ).

Sample ID Analyte Quality Control Exceedance Qualification
AN-SD-6 1,2,4-trichlorobenzene MS and MSD recovery < 50% Ul

2.8 Laboratory Control Sample Analyses — Acceptable

Laboratory control samples (LCSs) were analyzed as required and are correctly calculated. All
percent recovery values are within the SAP criteria.

2.9 Standard Reference Material Analyses

The SAP does not require standard reference material (SRM) analyses for volatile organics.

2.10 Internal Standard Evaluation — Acceptable with Qualifications

Internal standards were added to all samples, blanks and QC samples as required. Except as
noted below, the internal standard recovery and retention time criteria of Functional Guidelines
were met.

Holly-St-Full-DV-Report 5



Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

The internal standard recovery values of chlorobenzene-d; and 1,4-dichlorobenzene-d, in the
original analysis of sample AN-SD-4 are below the Functional Guidelines criteria of greater than
50% of the associated continuing calibration internal standard area. The results for the original
analysis of sample AN-SD-4 have been rejected in favor of the re-analysis.

The internal standard recovery of 1,4-dichlorobenzene-d, in the original analysis of sample AN-
SD-6 is below the Functional Guidelines criteria. The results for the original analysis of sample
AN-SD-6 have been rejected in favor of the re-analysis.

The internal standard recovery of 1,4-dichlorobenzene-d, in the reanalysis of sample AN-SD-4 is
below the Functional Guidelines criteria. The results of the associated analytes have been
qualified as estimated detection limit (UJ) as shown in the following table.

Sample ID Analyte Quality Control Exceedance Qualification
AN-SD-4 All Internal standard recovery below R (in favor of
Functional Guidelines criteria re-analysis)
AN-SD-6 All Internal standard recovery below R (in favor of
Functional Guidelines criteria re-analysis)
AN-SD-4 Reanalysis 1,4-dichlorobenzene Internal standard recovery below uJ
1,2-dichlorobenzene Functional Guidelines criteria
1,2,4-trichlorobenzene

2.11 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion
The final results are correctly calculated including percent moisture, amount analyzed and
dilution factors. Positive results meet the Functional Guidelines criteria for retention time and
mass spectra.

The SAP target detection limits were met with one exception. The 1,2,4-trichlorobenzene
reporting limit in the reanalysis of sample AN-SD-4 (12 ug/kg) is above the SAP target detection:

limit (10 ug/kg).

The original total xylene results of samples WP1 and WP5 were reported as non-detected at an
elevated detection limit (laboratory Y flag). Since the spectra meet the Functional Guidelines
criteria for positive results, the laboratory was contacted for verification of the results. The

laboratory resubmitted the results sheets with total xylenes reported as positive results. A
corrected EIM EDD file was resubmitted by the laboratory.

2.12 Field Duplicates — Acceptable

Sample AMW4 was identified as a field duplicate of sample AMW3. RPD values could not be
calculated since positive results were not detected in either sample.

Holly-St-Full-DV-Report 6



Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

2.13 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

3.0 Data Validation of Semivolatile Organics Analyses

3.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion
All samples were extracted and analyzed within the required holding times. All samples were

received intact and were properly preserved. The data package is complete and contains all the
information necessary to recreate the sample results.

The BO0O7 sediment extraction benchsheet was missing from the data package. The laboratory
resubmitted the missing information.

The raw data for the BN95 water LCSD was missing from the data package. The laboratory
resubmitted the missing information.

3.2 Instrument Tuning and Mass Calibration — Acceptable

The tuning compound decafluorotriphenylphosphine was analyzed at the required frequency and
all relative abundance values are within Functional Guidelines criteria.

3.3 Initial Calibration — Acceptable
Initial calibrations were analyzed at the required frequency and are correctly calculated. The

Functional Guidelines criteria of RSD values less than 30 and relative response factors greater
than 0.05 were met for target analytes.

3.4  Continuing Calibration — Acceptable with Qualifications

Continuing calibration verifications (CCVs) were analyzed at the required frequency and are
correctly calculated. Except as noted below, all percent difference values and relative response
factors met the Functional Guidelines criteria of less than 25% and greater than 0.05,

respectively.

The percent difference values of 1,2-dichlorobenzene-d, in the CCVs analyzed on 4-26-00 and 4-
27-00 are above the Functional Guidelines criteria at 38.2% and 39.8%, respectively. Data
qualifiers are not required for surrogate compounds.

Holly-St-Full-DV-Report 7
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The percent difference value of dibenz(a,h)anthracene in the CCV analyzed on 4-28-00 is above
the Functional Guidelines criteria at 25.6%. Since the response increased, only positive results in
the associated samples were qualified as estimated (J) as shown in the following table.

The percent difference values of indeno(1,2,3-cd)pyrene and benzo(g,h,i)perylene in the CCV
analyzed on 5-1-00 are 31.1% and 25.7%, respectively. Since the response increased, only
positive results in the associated samples were qualified as estimated (J) as shown in the

following table.

Sample ID Analyte Quality Control Exceedance Qualification
AN-SD-4 Dibenz(a,h)anthracene Percent difference > 25 ]
(response increased)
AN-SD-6 Indeno(1,2,3-cd)pyrene Percent difference > 25 J
AN-SD-5 Benzo(g,h,i)perylene (response increased)
AN-SD-2
AN-SD-3

3.5 Blank Analyses — Acceptable

3.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.

3.5.2 Field Blanks

Field blanks are not associated with this set of samples.

3.6 Surrogate Analyses — Acceptable with Qualifications

Surrogate compounds were added to all samples, blanks and QC samples as réquired and are
correctly calculated. Except as noted below, all surrogate recovery values are within the SAP
criteria (60 to 140% for waters, 50 to 140% for soils and sediments).

The 2-fluorobiphenyl and 1,2-dichlorobenzene-d, surrogate recovery values from sample A-
MW-2-S-1 are 146% and 48.6%, respectively. Functional Guidelines requires qualifying data
when two or more surrogate recovery values in the same fraction (base/neutral or acid) are
outside criteria. Therefore, base/neutral analytes in sample A-MW-2-S-1 were qualified as
estimated (J) or estimated detection limit (UJ) as shown in the following table.

The 1,2-dichlorobenzene-d, surrogate recovery values from samples AMW1, AMW2, AMW3,
AMW4, WP5, WP1, WP-2, and WP-3 are below the SAP criteria. Data were not qualified
because Functional Guidelines allows one surrogate per fraction to exceed criteria without

qualification.
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The 2-fluorophenol surrogate recovery value from sample AN-SD-1 is below the SAP criteria at
41.8%. Data were not qualified because Functional Guidelines allows one surrogate per fraction
to exceed criteria without qualification.

The 1,2-dichlorobenzene-d, surrogate recovery values from the water LCS and LCSD are below
the SAP criteria at 55.0% and 54.9%, respectively. Data qualifiers are not required for QC
samples.

The 2-fluorophenol surrogate recovery value from sample AN-SD-5MSD is below the SAP
criteria at 17.6%. Data qualifiers are not required for QC samples.

Sample ID Analyte Qualification Quality Control Exceedance
A-MW-2-S-1 Base/neutral analytes J positive results Surrogate recovery outside
UlJ detection limits SAP criteria

3.7 Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with
Qualifications

Except as noted below, MS/MSD analyses were performed at the required frequency and are
correctly calculated. All percent recovery and RPD values are within the SAP criteria (50 to
150% recovery for soils and sediment, 60 to 140% recovery for waters, and RPD values are less
than 40 for soils and sediment, and less than 35 for waters).

The laboratory did not perform water MS/MSD analyses due to insufficient sample volume.
Data qualifiers are not required because the acceptable laboratory control sample/laboratory
control sample duplicate (LCS/LCSD) demonstrates the analytical system is in control.

The percent recovery values of pyrene in the MS and MSD analyses of sample A-MW-3-S-1 are
reported by the laboratory as NA (no recovery due to high concentration of analyte in original
sample). The calculated recovery values are zero percent. Data qualifiers are not required
because the pyrene result in the original sample is above the calibration range. Ideally, the
laboratory should have analyzed the MS and MSD at a dilution.

The pentachlorophenol recovery in the MS and MSD analyses of sample AN-SD-5 are below
SAP criteria at 43.0% and 46.0%, respectively. The pentachlorophenol result in sample AN-SD-
5 has been qualified as estimated detection limit (UJ).

The pyrene percent recovery in the MS analysis of sample AN-SD-5 is below the SAP criteria at
46.1%. Data qualifiers are not required because the MSD recovery is acceptable.

Sample ID Analyte QC Exceedance Qualification
AN-SD-5 Pentachlorophenol MS and MSD recovery < 50% ul
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3.8 Laboratory Control Sample Analyses — Acceptable with Qualifications

Laboratory control samples were analyzed with each batch and the results are correctly
calculated. Except as noted below, all percent recovery values are within the SAP criteria (60 to
140% for water and 50 to 140% for soil and sediment).

The pentachlorophenol percent recovery in the sediment LCS is below the SAP criteria at 48.0%.
The pentachlorophenol results in all sediment samples have been qualified as estimated (J) or
estimated detection limit (UJ).

Sample ID Analyte QC Exceedance Qualification

All sediment samples Pentachlorophenol LCS recovery < 50% J positive results
UJ detection limits

3.9 Standard Reference Material Analyses — Acceptable with Discussion

The Sequim Bay Fortified Reference Sediment was analyzed as the SRM. One SRM was
analyzed with each soil and sediment extraction batch as required by the SAP. The results are
correctly calculated. Since the Sequim Bay Fortified Reference Sediment is not truly certified,
the SAP accuracy criteria were not used. All results are within the 95% confidence interval, with
one exception. The benzo(g,h,i)perylene result in the soil SRM (BN72 SQ-1) is above the 95%
confidence interval. Data qualifiers are not required based on SRM results alone.

3.10 Internal Standard Evaluation — Acceptable with Discussion

Internal standards were added to all samples, blanks and QC samples as required. Except as
noted below, the recovery and retention time criteria of Functional Guidelines were met.

The internal standard recovery of chrysene-d;, and perylene-d,, in the MSD analysis of sample
A-MW-3-S-1 are below the Functional Guidelines criteria of greater than 50% of the associated
continuing calibration internal standard area. Data qualifiers are not required for QC samples.

3.11 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Qualifications

The final results were correctly calculated including percent moisture, amount extracted, and
dilution factors. Positive results meet the Functional Guidelines criteria for retention time and

mass spectra.

The SAP target detection limits were not met in all cases. The water target detection limits were
not met for hexachlorobutadiene, phenol, 2-methylphenol, 2,4-dimethylphenol, benzyl alcohol,
pentachlorophenol, and benzoic acid. The soil and sediment target detection limit for
pentachlorophenol was not met by any samples. Soil and sediment samples with high percent
moisture content, or that required diluted analysis, did not meet the target detection limits.
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The indeno(1,2,3-cd)pyrene reference spectra on instrument Finn4 was incorrect. The laboratory
was contacted and resubmitted the corrected reference spectra with one sample (AN-SD-6). Data
qualifiers are not required because indeno(1,2,3-cd)pyrene was correctly identified in the

samples.

Several results in the soil and sediment samples were flagged M by the laboratory. The M flag is
defined as “indicates as estimated value of analyte found and confirmed by analyst but with low
spectral match”. The spectra was reviewed and in most cases meet the Functional Guidelines
criteria. In samples AN-SD-4 and A-MW-2-S-1, the dibenz(a,h)anthracene and anthracene
spectra, respectively, do not meet the Functional Guidelines criteria and were qualified as N,
presumptive evidence for a tentative identification.

Samples A-MW-3-5-1 and AN-SD-4 were diluted due to high levels of target compounds. In
these instances the laboratory reported one analysis data sheet for the original analysis and one
for the dilution. To condense the results to one result per analyte per sample, results that are
above the calibration range (laboratory E flag) have been rejected (qualified R). Results and
elevated detection limits from the diluted analyses that are not necessary have also been rejected

(qualified R).

Sample ID Analyte Qualification Quality Control Exceedance

AN-SD-4 Dibenz(a,h)anthracene N Spectra does not Functional
Guidelines criteria

A-MW-2-S-1 Anthracene N Spectra does not Functional
Guidelines criteria

A-MW-3-S-1 All analytes flagged E by the R Result above the calibration range

AN-SD-4 laboratory

A-MW-3-S-1 Dilution All analytes for which the R Unnecessary result or elevated

AN-SD-4 Dilution dilution was not required detection limit

3.12 Field Duplicates — Acceptable with Discussion

Sample AMW4 was identified as a field duplicate of sample AMW3. An RPD values could not
be calculated because bis(2-ethylhexyl)phthalate was detected in sample AMW3 (2.2 ug/L), but
was not detected in sample AMW4 (1 ug/L detection limit).

3.13 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.
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4.0  Data Validation of Pesticides and Polychlorinated Biphenyls

4.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were extracted and analyzed within the required holding times. All samples were
received intact and were properly preserved. The data package is complete and contains all the
information necessary to recreate the sample results.

The soil extraction benchsheet was missing from the pesticide/PCB section of the data package.
It was misplaced in the package and a copy was added to the pesticide/PCB section.

The SRM surrogate recovery values were missing from the BOO7 Form II. The laboratory
resubmitted a corrected Form II.

4.2 Initial Calibration and Performance Evaluation Checks — Acceptable with
Qualifications

Initial calibrations and performance evaluation checks were analyzed at the required frequency
and are correctly calculated. Except as noted below, the Functional Guidelines linearity criteria
(pesticide RSD < 20% and multicomponent RSD < 30%) and performance evaluation criteria
were met.

The RSD of 4,4’-DDD on the RTX-CLP1 column in the initial calibration is above the
Functional Guidelines criteria at 24.6%. Results in the associated samples were qualified as
estimated (J) or estimated detection limit (UJ) as shown in the following table.

Sample ID Analyte Quality Control Exceedance Qualification
A-MW-3-S-1 4,4’-DDD Initial calibration RSD > 20% J positive results
A-MW-2-S-1 Ul detection limits

4.3 Calibration Verifications — Acceptable

Continue calibration verifications were analyzed at the required frequency and are correctly
calculated. The Functional Guidelines criteria of percent difference values less than or equal to

25% was met.

4.4 Blank Analyses — Acceptable

4.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.
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4.4.2 Field Blanks

Field blanks are not associated with this set of samples.

4.5 Surrogate Analyses — Acceptable with Discussion

Surrogate compounds were added to all samples, blanks and QC samples as required and are
correctly calculated. Except as noted below, all percent recovery values are within SAP criteria

of 50 to 140%.

The decachlorobiphenyl (DCBP) surrogate recovery is above the SAP criteria at 750% for
sample A-MW-3-S-1. Data qualifiers are not required because positive chromatographic
interference is present on both columns and the recovery of the surrogate tetrachlorometaxylene

(TCMX) 1s acceptable.

The TCMX surrogate recovery is below the SAP criteria at 48.8%, 47.0%, and 46.5% for
samples A-MW-2-5-1, A-MW-2-S-1MS, and A-MW-2-S-1MSD, respectively. Data qualifiers
are not required because the recovery of the surrogate DCBP is acceptable.

4.6  Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with
Qualifications

MS/MSD analyses were performed as required and are correctly calculated. Except as noted
below, all percent recovery and relative percent difference values are within the SAP criteria of

50 to 140% recovery and RPD values less than 40.

The aldrin recovery in the MS and MSD analyses of sample A-MW-2-S-1 are below the SAP
criteria at 45.2% each. Since the recovery of the LCS is acceptable, only the aldrin result in
sample A-MW-2-S-1 has been qualified as estimated detection limit (UJ).

Sample ID Analyte Quality Control Exceedance Qualification
A-MW-2-S-1 Aldrin MS and MSD recovery < 50% uJ

4.7  Laboratory Control Sample Analysis — Acceptable

Laboratory control samples were analyzed as required and are correctly calculated. All percent
recovery values are within the SAP criteria of 50 to 140%.

4.8 Standard Reference Material Analyses — Acceptable with Discussion

The laboratory analyzed the Sequim Bay Fortified Reference Sediment as the SRM for the
pesticides and PCB analyses. Since the Sequim Bay Fortified Reference Sediment is not truly
certified, the SAP accuracy criteria were not used. All results are within the 95% confidence

interval.
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4.9 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated, including the amount extracted, percent moisture
content, and dilution factors. The retention time criteria and percent difference between column
results meet the requirements of Method 8081 A (USEPA 1995).

The SAP target detection limits were not met for all analytes. The total PCB target detection
limit was not met by any samples. The soil pesticide target detection limit of 2 ug/kg was met
for samples that were analyzed undiluted without interferences. The hexachlorobenzene and
hexachlorobutadiene target detection limits were met by all samples.

The validation chemist reviewed the chromatograms for multicomponent analytes, 1.e., Aroclors.
Due to the complex nature of the samples, the amount of non-target-analyte material present in
the chromatograms, and the small size of the hard copy chromatograms, it is difficult to
absolutely verify what, if any, Aroclor patterns are present in the samples. For samples with high
levels of Aroclors, the patterns are apparent and the correct Aroclors were reported. In the
opinion of the validation chemist, the expertise of the laboratory staff and their ability to
electronically manipulate the chromatograms (overlay, expand, etc.), should be relied upon for
the determination of Aroclor results.

4.10 Field Duplicates

Field duplicates are not associated with this set of samples.

4.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

5.0 Data Validation of Petroleum Hydrocarbons by Methods NWTPH-
HCID and NWTPH-Dx

5.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were extracted and analyzed within the required holding times. All samples were
received intact and were properly preserved. The data package is complete and contains all the
information necessary to recreate the sample results.

The laboratory did not use Method NWTPH-HCID for the water HCID analyses as required by
the SAP. The laboratory used an in-house method that uses smaller sample volumes and
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extraction solvent volumes. The resulting reporting limit for diesel (10 mg/L) is much higher
than the SAP target detection limit (0.25 mg/L).

The HCID surrogate summary form (Form II) for SDG BO03 was missing from the data
package. The laboratory resubmitted the missing form.

5.2 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are correctly calculated. The
Functional Guidelines linearity criteria (for GC pesticides) of RSD values less than 20% was

met.

5.3 Calibration Verifications — Acceptable

Continuing calibration verifications were analyzed at the required frequency and are correctly
calculated. The method criteria of percent difference values less than or equal to 15% was met.

5.4 Blank Analyses — Acceptable

5.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.

5.4.2 Field Blanks

Field blanks are not associated with this set of samples.

8.5 Surrogate Analyses — Acceptable with Qualifications

Surrogate compounds were added to all samples, blanks and QC samples as required and are
correctly calculated. Except as noted below, all percent recovery values are within SAP criteria
of 70 to 130% for waters and 65 to 135% for soils.

The methylaracidate surrogate recovery values in the TPH-D analyses of samples A-MW-3-S-1
and A-MW-2-S-1 below the SAP criteria at 60% each. Diesel range and motor oil range
hydrocarbons in both samples have been qualified as estimated (J) or estimated detection limit

.

The methylaracidate surrogate recovery values in the TPH-D analyses of samples A-MW-3-S-
IMS, A-MW-3-S-1MSD, and A-MW-2-S-1 duplicate are below the SAP criteria at 50%, 60%,
and 60%, respectively. Data qualifiers are not required for QC samples.

Sample ID Analyte Qualifier Quality Control Exceedance

A-MW-3-S-1 Diesel range hydrocarbons J positive results Surrogate recovery < 65%
A-MW-2-S-1 Motor oil range hydrocarbons | UJ detection limits
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5.6 Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with Discussion

MS/MSD analyses were performed as required and are correctly calculated. Except as noted
below, all percent recovery and relative percent difference values are within the SAP criteria of
65 to 135% recovery and RPD values less than 35.

MS/MSD analyses are not required by Method NWTPH-HCID (WDOE 1997).

The diesel recovery in the MS analysis of sample A-MW-3-S-1 is above the SAP criteria at
145%. Since the recovery of the MSD is acceptable (81.2%), data qualifiers are not required.

The RPD value reported by the laboratory for the TPH-D analyses of sample A-MW-3-S-1 is
56.2%. This value is calculated using the percent recovery values and not the MS and MSD
results. Data qualifiers are not required because the RPD value, calculated on the results, is

within the SAP criterion at 12.6%.

5.7 Laboratory Control Sample Analysis — Acceptable

Laboratory control samples were analyzed as required and are correctly calculated. All percent
recovery values are within the SAP criteria.

5.8 Standard Reference Material Analyses
The SAP does not require SRM analyses for petroleum hydrocarbons.

5.9 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated, including the amount extracted, percent moisture
content, and dilution factors.

For soil samples, the NWTPH-HCID reporting limits meet the SAP target detection limits. The
HCID water reporting limits do not meet the SAP target detection limits. The laboratory
reporting limits of 25 mg/L for oil range hydrocarbons and 10 mg/L for gasoline and diesel are
above the SAP detection limit of 0.25 mg/L.

5.10 Field Duplicates — Acceptable

Sample AMW4 was identified as a field duplicate of sample AMW3. An RPD value could not
be calculated because positive results were not detected in either sample.
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5.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

6.0 Data Validation of Metals by Method 6010 and Mercury by Methods
7470 and 7471

6.1 Custody, Preservation, Holding Times, and Completeness — Acceptable

All samples were analyzed within the required holding times. All samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

6.2 Initial Calibration — Acceptable with Discussion
Initial calibrations were analyzed as required and all quality control checks met Functional

Guidelines requirements.

The zinc recovery is the ending detection limit standard analyzed on 5-2-00 is 212.6%. Criteria
have not been established for this parameter. The data are not impacted because the zinc
concentrations is the associated samples are much greater than the detection limit standard spike

concentration (12 ug/L or 0.6 mg/kg).

6.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the
required frequency and are correctly calculated. All Functional Guidelines criteria were met.

6.4 Blank Analyses — Acceptable with Discussion

6.4.1 Method Blanks

Instrument and method blanks were analyzed at the required frequency. Except as noted below,
target analytes were not detected above the reporting limit.

Zinc was detected in the soil method blank at 0.3 mg/kg. As specified in Functional Guidelines,
data qualifiers are not required because the zinc concentrations in the associated samples are all
greater than 5 times the method blank concentration.

6.4.2 Field Blanks

Field blanks are not associated with this set of samples.
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6.5  ICP Interference Check — Acceptable with Qualifications

ICP interference check samples (ICS) were analyzed at the required frequency and are correctly
calculated. All percent recovery values are within Functional Guidelines criteria and, except as
noted below, all non-spiked analytes have absolute values less than the instrument detection limit

(IDL).

The copper and silver results in first ICS analyzed on 5-2-00 have negative values greater than
the IDL. Because negative values greater than the IDL indicate the potential for false negative
results when the associated samples contain comparable levels of interfering elements (calcium,
aluminum, magnesium, and iron), non-detected results in the associated samples are qualified as
estimated detection limits (UJ). Since the associated samples contain comparable levels of iron
they were qualified as shown in the following table.

Arsenic, lead, and zinc have positive results greater than the IDL in the second ICS analyzed on
5-2-00. Because positive results in the ICS indicate a potential high bias when the samples
contain comparable levels of interfering elements, positive results are qualified as estimated (J)
when the concentration in the sample is comparable to the level in the ICS. Since the associated
samples contained comparable levels of iron they were qualified as shown in the following table.

Arsenic, copper, lead, and silver results in the four ICS analyses analyzed on 5-4-00 have
negative values greater than the IDL. Data qualifiers are not required because the water samples
associated with these ICS analyses do not contain the interfering elements at comparable

concentrations.

Sample ID | Analyte Qualification Quality Control Exceedance

AN-SD-6 Silver UlJ detection limits | Negative ICS concentration and comparable levels of

AN-SD-4 interfering elements present in the samples

AN-SD-5

AN-SD-3 Arsenic J positive results ICS concentration > IDL and sample concentration

AN-SD-5 comparable to the ICS and comparable levels of
interfering elements present

6.6  Duplicate Sample Analysis — Acceptable with Qualifications

Sample duplicate analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all RPD values are within the SAP criteria of less than 20% for waters

and sediments and less than 35% for soils.

The RPD value for mercury in the duplicate analysis of soil sample A-MW-2-S-1 is above the
SAP criteria at 46.8%. As directed by Functional Guidelines, positive mercury results in all
associated soil samples have been qualified as estimated (J).
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The RPD values for lead, zinc, and mercury in the duplicate analysis of sediment sample AN-
SD-6 are above the SAP criteria at 54.6%, 39.2%, and 145%, respectively. Positive lead, zinc,
and mercury results in all associated sediment samples have been qualified as estimated (7).

Sample ID Analyte Qualification Quality Control Exceedance
All soil samples Mercury J Laboratory duplicate RPD > 35
All sediment samples Lead J Laboratory duplicate RPD > 20
Zinc
Mercury

6.7 Spike Sample Analysis — Acceptable with Qualifications

Matrix spike analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all percent recovery values are within the SAP criteria of 75 to 125% for
waters and 60 to 135% for soils and sediments.

The lead, silver, and zinc recovery values in the spiked analysis of soil sample A-MW-2-S-1 are
outside the SAP criteria. Lead and silver recovery values are 388% and 138%, respectively. The
zinc recovery value was reported as -288%, which realistically is zero percent recovery. As
specified in Functional Guidelines, data qualifiers are not required when the sample
concentration is greater than 4 times the spike concentration. Therefore, data qualifiers are not
required for lead and zinc because the sample concentrations are 18 and 20 times the spike
concentration. Since the silver sample concentration is less than 4 times the spike concentration,
positive silver results in all soil samples have been qualified as estimated (J).

The iron and manganese recovery values in the total metals spiked analysis of water sample
AMWT1 are below the SAP criteria at 65.0% and 56.0%, respectively. Data qualifiers are not
required for manganese because the sample concentration is greater than 4 times the spike
concentration. Total iron results in all water samples have been qualified as estimated (J) or
estimated detection limit (UJ).

The copper, lead, and zinc recovery values in the spiked analysis of sediment sample AN-SD-6
are outside the SAP criteria. The copper recovery value is 189%. The lead and zinc recovery
values were reported as -199% and -2.6%, which are zero percent recovery. Data qualifiers are
not required for lead because the sample concentration is greater than 4 times the spike
concentration. Since all the copper and zinc results in the sediment samples are positive, they
have been qualified as estimated (J).

Sample ID Analyte Quality Control Exceedance Qualification
All soil samples Silver Matrix spike recovery > 135% J positive results
All water samples Total Iron Matrix spike recovery < 75% J positive results
UlJ detection limits
All sediment samples Copper Matrix spike recovery > 135% J positive results
All sediment samples Zinc Matrix spike recovery < 65% J positive results
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6.8  ICP Serial Dilution Analysis — Acceptable

Serial dilutions were performed as required and are correctly calculated. The Functional
Guidelines criteria of percent difference values less than 10% for results greater than 50 times the

IDL were met.

6.9 Standard Reference Material Analyses — Acceptable

Certified reference materials were analyzed as required by the SAP and are correctly calculated.
All percent recovery values are within the SAP criteria.

6.10 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated including percent moisture, amount digested, and
dilution factors.

The SAP specified target detection limits were met for the water samples and the sediment
samples with one exception. The laboratory reporting limits for sediment sample AN-SD-4 are
above the SAP target detection limits due to the high percent moisture content of the sample
(59.9% moisture).

The SAP does not list target detection limits soils or for iron and manganese in water. Kim
Magruder, of Anchor Environmental, provided the following target detection limits. Of these
target detection limits, all were met, with the exception of silver.

Element Target Detection Limit
Arsenic 20 mg/kg dry
Cadmium 2 mg/kg dry
Chromium 100 mg/kg dry
Copper 17 mg/kg dry
Lead 250 mg/kg dry
Mercury 1 mg/kg dry
Silver 0.5 mg/kg dry
Zinc 7 mg/kg dry
Iron 300 ug/L
Manganese 50 ug/L

Field Duplicates — Acceptable with Qualifications

Sample AMW4 was identified as a field duplicate of sample AMW?3. The SAP criterion for field
duplicate precision is RPD values less than 20. The RPD values of total copper, total iron, and
dissolved iron are above the SAP criterion (RPD values range from 28 to 82). Total copper, total
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iron, and dissolved iron results in samples AMW3 and AMW4 were qualified as estimated (J).
The precision of the field duplicate set is presented Table 2.

Sample ID Analyte Quality Control Exceedance | Qualification
AMW4 Total copper Field duplicate RPD > 20 J
AMW3 Total iron

Dissolved iron

6.12  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

7.0 Data Validation of Metals by ICP/MS Method 200.8

7.1 Custody, Preservation, Holding Times, and Completeness — Acceptable

All samples were analyzed within the required holding times and all samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

T2 Initial Calibration — Acceptable

Initial calibrations were analyzed as required and all quality control checks met Functional
Guidelines requirements.

7.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the
required frequency and are correctly calculated. All Functional Guidelines criteria were met.

7.4 Blank Analyses — Acceptable

7.4.1 Method Blanks

Instrument and method blanks were analyzed at the required frequency and target analytes were
not detected above the reporting limit.

7.4.2 Field Blanks

Field blanks are not associated with this set of samples.
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7.5  ICP Interference Check — Acceptable

ICP interference check samples (ICS) were analyzed at the required frequency and are correctly
calculated. All percent recovery values are within Functional Guidelines criteria and all non-
spiked analytes have absolute values less than the IDL.

7.6 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks and QC samples as required and all method
criteria were met.

1.7 Duplicate Sample Analysis — Acceptable

Sample duplicate analyses were performed at the required frequency and are correctly calculated.
All RPD values are within the SAP criterion of less than 20%.

7.8 Spike Sample Analysis — Acceptable with Qualifications

Matrix spike analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all percent recovery values are within the SAP criteria of 75 to 125%.

The silver recovery value in the total metals spiked analysis of water sample AMW1 is below the
SAP criteria at 55.2%. The total silver results in all water samples have been qualified as
estimated (J) or estimated detection limit (UJ).

Sample ID Analyte Quality Control Exceedance Qualification

All water samples Total Silver Matrix spike recovery < 75% J positive results
UJ detection limits

7.9  Standard Reference Material Analyses — Acceptable

Standard reference materials were analyzed as required by the SAP and are cortectly calculated.
All percent recovery values are within the SAP criteria.

7.10 Compound Quantitation and Laboratory Reporting Limits — Acceptable

The final results are correctly calculated including amount digested and dilution factors. The
SAP specified target detection limits were met for the water samples.

7.11 Field Duplicates — Acceptable with Qualifications

Sample AMW4 was identified as a field duplicate of sample AMW3. The SAP criterion for field
duplicate precision is RPD values less than 20. The RPD values of total arsenic, total lead, and
dissolved arsenic are above the SAP criterion at 22, 100, and 67, respectively. As prescribed by
Functional Guidelines, data qualifiers are not required when the results are less than 5 times the
reporting limit. Therefore, total arsenic and dissolved arsenic results in samples AMW3 and
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AMW4 were qualified as estimated (J). The precision of the field duplicate set is presented
Table 2. :

Sample ID Analyte Quality Control Exceedance | Qualification
AMWA4 Total arsenic Field duplicate RPD > 20 J
AMW3 Dissolved arsenic

7.12  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

8.0 Data Validation of Conventional Chemistry Analyses

8.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times and all samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

The interlaboratory COC for SDG BOO07 indicates a 2 day custody gap. Sample custody was
relinquished by ARI on 4-25-00 and the samples were received by REGL on 4-27-00. ARI states
that sample custody was maintained (the samples were stored in a refrigerator).

For SDG BOO7, the porewater extractions for salinity and pH analyses were performed 11 days
past sample collection. A porewater extraction holding time for these tests has not been
established. Data qualifiers are not required.

The pH raw data was missing from the data package. The laboratory resubmitted the missing
documentation.

8.2  Initial Calibration — Acceptable

Initial calibrations were performed as required and are correctly calculated. All quality control
criteria were met.

8.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed as required
and are correctly calculated. All quality control criteria were met.

Holly-St-Full-DV-Report 23



Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

8.4 Blank Analyses — Acceptable

8.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target species were not detected
above the reporting limits.

8.4.2 Field Blanks

Field blanks are not associated with this set of samples.

8.5 Replicate Sample Analyses — Acceptable with Qualifications

Sample duplicates/triplicates were analyzed at the required frequency and are correctly
calculated. Except as noted below, all RPD or relative standard deviation (RSD) values are
within the SAP criteria (less than 20%, except for total solids less than 10%).

The total suspended solids RSD value of water sample WP1 is above the SAP criterion at 23.8%.
The total suspended solids result of sample WP1 was qualified as estimated (J).

The TOC RPD value of the duplicate analyses of water sample WP-3 is above the SAP criterion
at 20.4%. The positive TOC result in sample WP-3 has been qualified as estimated (J).

Sample ID Analyte Quality Control Exceedance | Qualification
WP1 Total suspended solids Triplicate RSD > 20 J
WP-3 Total organic carbon Duplicate RPD > 20 J

8.6 Spike Sample Analyses — Acceptable

Matrix spike analyses were performed as required and are correctly calculated. All percent
recovery values are within the SAP criteria of 75 to 125% for waters and 65 to 135% for soils

and sediments.

8.7 Laboratory Control Sample Analyses — Acceptable

Laboratory control sample analyses were performed are required and are correctly calculated.
All percent recovery values are within the SAP criteria.

8.8 Standard Reference Material Analyses — Acceptable

Standard reference materials were analyzed for TOC as required by the SAP and are correctly
calculated. All percent recovery values are meet the SAP criteria of 65 to 135%.
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8.9 Laboratory Reporting Limits — Acceptable with Discussion

The SAP required target detection limits were met by the soil and sediment samples. The water
reporting limits meet the SAP target detection limits, except when samples were analyzed at a
dilution.

8.10 Field Duplicates — Acceptable

Sample AMW4 was identified as a field duplicate of sample AMW?3. The SAP criterion for field
duplicate precision is RPD values less than 20. The precision of the field duplicate is acceptable
as shown in Table 2.

8.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

9.0 Assessment of Data Quality Objectives

9.1 Precision

Precision is a measure of the mutual agreement among individual measurements of the same
property, under prescribed similar conditions. Precision is determined through analysis of matrix
spike/matrix spike duplicates, sample duplicates, sample triplicates, and field duplicate samples.
Duplicate samples are evaluated for precision in terms of relative percent difference and triplicate
samples are evaluated in term of relative standard deviation. Relative percent difference is
defined as the difference between the duplicate results divided by the mean and expressed as a
percent. Relative standard deviation is the standard deviation divided by the average result and

expressed as a percent.

The precision of the volatile, semivolatile, and pesticide/PCB data is good and meets the DQO
requirements of the SAP. Laboratory precision as shown by the MS/MSD RPDs and field
duplicate precision as demonstrated by the acceptable RPD values are acceptable.

The precision of the petroleum hydrocarbon data set meets the DQO even though the reported
diesel RPD value is above the SAP criteria. When the diesel RPD is calculated on the MS and
MSD results the RPD is acceptable. Field duplicate precision is acceptable as well.

The precision of the metals data meets the DQO, with several exceptions. The laboratory
duplicate RPD value of mercury in soil and lead, zinc, and mercury in sediment are above the
SAP criteria. The RPD values of total and dissolved arsenic in the field duplicate are also above

the SAP criteria.
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The precision of the conventional chemistry data meets the DQO, with two exceptions. The total
suspended solids water triplicate RSD value and the water TOC duplicate RPD value are above
the SAP criterion indicating poor precision for these results. Field duplicate precision 1is
acceptable.

9.2 Accuracy

Accuracy is the degree of agreement between a measurement and the accepted reference or true
value. The level of accuracy is determined by examination of surrogates, matrix spikes, matrix
spike duplicates, laboratory control samples, SRMs, method blanks, and field blanks. The
surrogate, matrix spike, matrix spike duplicate, SRMs, and laboratory control sample recovery
values were compared to the criteria set forth in the SAP, Functional Guidelines, or the analytical
method. Method and field blanks are analyzed to identify compounds that could be introduced
during the sampling, laboratory extraction, or analysis phase (i.e., laboratory contaminates) and
lead to inaccurate results.

The accuracy of the volatile organics data meet the DQO, with one exception. The recovery
values of 1,2,4-trichlorobenzene in the MS and MSD analysis of sediment sample AN-SD-6 are
below the SAP DQO indicating a potential low bias to the 1,2,4-trichlorobenzene sediment
results. All LCSs, surrogates, method blanks, and trip blanks are acceptable.

The accuracy of the semivolatile organic data meets the DQO, with the following exceptions.
The low LCS, MS, and MSD recovery values of pentachlorophenol from the sediment matrix
indicate a low bias for pentachlorophenol sediment results. The base/neutral analyte results of
sample

A-MW-2-5-1 may be inaccurate as shown by the out-of-criteria surrogate recovery values.
Several other samples have out-of-criteria surrogate recoveries. However, accuracy is not
impacted because a pattern of two or more recovery values per fraction out-of-criteria is not
present. The SRM results are acceptable, even though the benzo(g,h,i)perylene soil result is
above the 95% confidence interval. The accuracy of the benzo(g,h,i)perylene soil results are
considered acceptable because bias is not judged on SRM results alone. The method blanks are

acceptable.

The accuracy of the pesticide/PCB data meets the DQO, with one exception. The accuracy of the
aldrin result in soil sample A-MW-2-S-1 is biased low as shown by the low MS and MSD
recovery values. Several samples have out-of-criteria surrogate recovery values. However, the
accuracy of the data set is not impacted since the recovery of the second surrogate is acceptable.
The LCSs, SRMs, and method blanks are acceptable.

The accuracy of the petroleum hydrocarbon data meets the DQO, with one exception. The
accuracy of the soil results maybe bias low as shown by the low surrogate recovery values of
both soil samples. The diesel recovery from the MS is high, however, the accuracy is not
impacted because the MSD recovery is with the SAP criteria. The LCS is acceptable and the
method blanks are free of contamination.
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The accuracy of the metals data meets the DQO, with several exceptions. As illustrated by the
matrix spike recovery results, the soil silver results maybe biased high, the sediment copper
results maybe biased high, the sediment zinc results maybe biased low, the total iron water
results maybe biased low, and the total silver water results maybe biased low. Zinc was detected
in the soil method blank. Since the blank concentration is less than 5 times the sample
concentrations, the impact of the zinc contamination on the soil sample results is minimal. The
SRM recovery values are within the SAP criteria.

The accuracy of the conventional chemistry data meet the DQO specified by the SAP. All
matrix spikes, LCSs, SRMs, and method blanks are acceptable.

9.3  Representativeness

Representativeness is the extent to which the data reflect the actual contaminate levels present in
the samples. Representativeness is assessed through method and field blanks, and proper
preservation and handling. Method and field blank analyses allow for the detection of artifacts
that may be reported as false positive results. Proper sample preservation and handling ensure
that sample results reflect the actual sample concentrations.

The data are assumed to be representative since all samples were analyzed within the required
holding time, the samples were properly preserved and handled and trip blank contamination was
not present. The zinc detected in the method blank does not impact the data because the
associated sample results are greater than 5 times the method blank concentration.

9.4 Comparability

Comparability is a measure of how easily the data set can be compared and combined with other
data sets.

With the exception of the HCID water analyses, the data are assumed to be comparable since
standard EPA methods were used to analyze the samples, the method QC criteria were met, and
routine detection limits were reported.

9.5 Completeness

Completeness is expressed as the ratio of valid results to the amount of data expected to be
obtained under normal conditions. Completeness is determined by assessing the number of
samples for which valid results were obtained versus the number of samples that were submitted
to the laboratory for analysis. Valid results are results that are determined to be usable during the
data validation review process.

The 100% completeness goal was met. The completeness of this data set is 100% because all the
samples were analyzed and all the results are valid.

Holly-St-Full-DV-Report 27



Anchor Environmental Consultants, L.L.C.

Focused Site Characterization Holly Street Landfill Redevelopment
July 19, 2000

10.0 Definition of Data Qualifiers

10.1 Inorganic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (USEPA 1994).

U The material was analyzed for, but was not detected above the level of the
associated value. The associated value is either the sample quantitation limit or
the sample detection limit.

J The associated value is an estimated quantity.

UJ The material was analyzed for, but was not detected. The associated value is an
estimate and may be inaccurate or imprecise.

R The data are unusable. (Note: Analyte may or may not be present.)

10.2 Organic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Organic Data
Review (EPA 1994a).

U The analyte was analyzed for but not detected above the reported sample
quantitation limit.

J The analyte was positively identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

UJ The analyte was not detected above the reported sample quantitation limit.
However, the reported quantitation limit is approximate and may or may not
represent the actual limit of quantitation necessary to accurately and precisely
measure the analyte in the sample.

N The analysis indicates the presence of an analyte for which there is presumptive
evidence to make a “tentative identification”.

NJ The analysis indicates the presence of an analyte that has been “tentatively
identified” and the associated numerical value represents its approximate
concentration.

R The sample results are rejected due to serious deficiencies in the ability to analyze
the samples and meet quality control criteria. The presence or absence of the
analyte cannot be verified.
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Table 2
Field Duplicate Precision
Sample ID Duplicate ID Analyte Sample Value Duplicate Value RPD

AMW3 AMW4 Bis(2-ethylhexyl)phthalate 2.2 10 NC
Total Arsenic 1.5 1.2 22

Total Cadmium 0.3 0.3 0

Total Copper 12 5 82

Total Iron 1640 1240 28
Total Lead 3 1 100

Total Manganese 350 297 16

Total Zinc 80 67 18

Dissolved Arsenic 1.4 0.7 67

Dissolved Cadmium 0.3 0.3 0

Dissolved Copper 3 3 0

Dissolved Iron 350 250 33

Dissolved Manganese 354 356 0.6

Dissolved Zinc 76 78 2.6

Hardness 610 530 14

Alkalinity 160 160 0

Total Dissolved Solids 3,400 3,400 0

Total Suspended Solids 1.5 71 5.5

Salinity 2.9 3.0 34

Conductivity 5,600 5,700 1.8

Chloride 2,000 2,100 9.8

Ammonia 1.1 0.99 11

Nitrate 0.30 0.32 6.5

Nitrate + Nitrite 0.30 0.32 6.5

Sulfate 260 260 0

Total Organic Carbon 33 3.0 9.5

NC Not calculable

U Analyte not detected above the associated reporting limit

Alkalinity values are in mg/L CaCO,

Total dissolved solids, total suspended solids, chloride, sulfate, and TOC values are in mg/L
Salinity values are in g/kg

Conductivity values are in uS/cm

Ammonia, nitrate, and nitrate + nitrite values are in mg-N/L

Metals and semivolatile organic values are in ug/L

Hardness values are in mg-CaCO,/L
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Summary of Qualified Data

Sample ID

Analyte

Qualifier*

Reason for Qualification

AN-SD-6 re-
analysis

1,2,4-trichlorobenzene

uJ

MS and MSD recovery < 50%

AN-SD-4

All

R (in favor of re-
analysis)

Internal standard recovery below
Functional Guidelines criteria

AN-SD-6

All

R (in favor of re-
analysis)

Internal standard recovery below
Functional Guidelines criteria

AN-SD-4
Reanalysis

1,4-dichlorobenzene
1,2-dichlorobenzene
1,2,4-trichlorobenzene

uJ
uJ
uJ

Internal standard recovery below
Functional Guidelines criteria

AN-SD-4

Dibenz(a,h)anthracene

J

CCV Percent difference > 25
(response increased)

AN-SD-6
AN-SD-5
AN-SD-2
AN-SD-3

Indeno(1,2,3-cd)pyrene
Benzo(g,h,i)perylene

CCV Percent difference > 25
(response increased)

A-MW-2-S-1

Benzyl Alcohol
Naphthalene
Hexachlorobutadiene
2-methylnaphthalene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fluorene
N-nitrosodiphenylamine
Hexachlorobenzene
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo(a)anthracene
Bis(2-
ethylhexyl)phthalate
Chrysene
Di-n-octylphthalate
Benzo(b)fluoranthene
Benzo(k)fluroanthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

J positive results
UJ detection limits

Surrogate recovery outside SAP criteria

AN-SD-5

Pentachlorophenol

uJ

MS and MSD recovery < 50%

All sediment
samples

Pentachlorophenol

uJ

LCS recovery < 50%
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Table 3 Continued
Summary of Qualified Data

July 19, 2000

Sample ID Analyte Qualifier* Reason for Qualification
AN-SD-4 Dibenz(a,h)anthracene N Spectra does not Functional Guidelines
criteria
A-MW-2-S-1 Anthracene N Spectra does not Functional Guidelines
criteria
A-MW-3-S-1 All analytes flagged E by R Result above the calibration range
AN-SD-4 the laboratory
A-MW-3-S-1 All analytes for which the R Unnecessary result or elevated detection
Dilution dilution was not required limit
AN-SD-4 Dilution
A-MW-3-S-1 4,4’-DDD J positive results Initial calibration RSD > 20%
A-MW-2-S-1 UJ detection limits
A-MW-2-S-1 Aldrin uJ MS and MSD recovery < 50%
A-MW-3-S-1 Diesel range J positive results Surrogate recovery < 65%
A-MW-2-S-1 hydrocarbons UJ detection limits
Motor oil range
hydrocarbons
AN-SD-6 Silver uJ Negative ICS concentration and
AN-SD-4 comparable levels of interfering elements
AN-SD-5 present in the samples
AN-SD-3 Arsenic J ICS concentration > IDL and sample
AN-SD-5 concentration
comparable to the ICS and comparable
levels of interfering elements present
All soil samples Mercury J Laboratory duplicate RPD > 35
All sediment Lead J Laboratory duplicate RPD > 20
samples Zinc
Mercury
All soil samples Silver J positive results Matrix spike recovery > 135%
All water samples Total Iron J positive results Matrix spike recovery < 75%
UJ detection limits
All sediment Copper J Matrix spike recovery > 135%
samples
All sediment Zinc J Matrix spike recovery < 65%
samples
AMW4 Total copper J Field duplicate RPD > 20
AMW3 Total iron

Dissolved iron

All water samples

Total Silver

J positive results
UJ detection limits

Matrix spike recovery < 75%

AMW4 Total arsenic J Field duplicate RPD > 20
AMW3 Dissolved arsenic

WP-3 Total organic carbon J Duplicate RPD > 20
WP1 Total suspended solids J Triplicate RSD > 20

* When the same qualifier applies to all associated samples it is listed only once.
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Appendix A

Laboratory Communications
54 pages
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1.0 Introduction

This report describes the Functional Guidelines data validation of the samples listed in Table 1.
The analyses were performed by Analytical Resources, Incorporated (ARI), located in Seattle

Washington.

The validation was performed in accordance with the procedures established in the Contract
Laboratory Program National Functional Guidelines for Inorganic and Organic Data Review
(Functional Guidelines) (USEPA 1994 and 1994a). Project detection limits, quality control (QC)
sample frequencies, and data quality objectives (DQOs) are from the Work Plan/Sampling and
Analysis Plan, Focused Site Characterization Holly Street Landfill Redevelopment Project
(SAP) (Anchor & AESI 2000). The criteria used to qualify data are taken from Functional
Guidelines, the SAP, the analytical methods, or the professional judgment of the validation

chemist.

Sections 2 through 7 present the validation findings and Section 9 defines the data qualifiers.
Section 8 evaluates the project data against the data quality objectives set forth in the SAP.
Table 2 presents an evaluation of field duplicate precision and Table 3 is a summary of the
qualified data. Copies of laboratory communications are provided in Appendix A. The original
laboratory resubmissions have been placed in the data packages. Validation qualifier flags have
been added to the sample data sheets in the Data Summary section of the data packages.

The Anchor Data Tables were modified to reflect the data changes and qualifiers prescribed in
this report. The validation qualifiers were added to the laboratory flag column of the Data

Tables.
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2.0 Data Validation of Volatile Organics Analyses

2.1 Custody, Preservation, Holding Times, and Completeness — Acceptable

All samples were analyzed within the required holding times and all samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

2.2 Instrument Tuning and Mass Calibration — Acceptable

The tuning compound bromofluorobenzene was analyzed at the required frequency and all
Functional Guidelines criteria were met.

2.3 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are calculated correctly. The
Functional Guidelines criteria of relative standard deviation (RSD) values less than or equal to
30% and relative response factors greater than 0.05 were met for all target compounds.

2.4 Continuing Calibration — Acceptable with Qualifications

Continuing calibrations were analyzed at the required frequency and are calculated correctly.
Except as noted below, the Functional Guidelines criteria of percent difference values less than
or equal to 25 and relative response factors (RRFs) greater than 0.05 were met.

The percent difference values of 1,2-dichloroethane-d,, toluene-d,, 4-bromofluorobenzene, and
1,2-dichlorobenzene-d, are above the Functional Guidelines criteria (values range from 26.3% to
31.4%). Data qualifiers are not required for surrogate compounds.

The percent difference value of 1,2,4-trichlorobenzene is above the Functional Guidelines criteria
at 27.9%. Since the response decreased and 1,2,4-trichlorobenzene was not detected in the
assoclated samples, they were qualified as estimated detection limit (UJ).

Sample ID Analyte Quality Control Exceedance Qualification
A-MW-1 1,2,4-trichlorobenzene CCV percent difference > 25% uJ
A-MW-2
A-MW-3
A-MW-4
WP-1
WP-2
WP-3
WP-5
RB-1
Trip Blank
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2.5 Blank Analyses — Acceptable

2.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limits.

2.5.2 Field Blanks

One trip blank and one field blank (RB-1) are associated with the samples. Target analytes were
not detected above the reporting limits in either blank.

2.6 Surrogate Analyses — Acceptable

Surrogate compounds were added to all samples, blanks and QC samples as required. The
percent recovery values are correctly calculated and all are within the SAP criteria of 60 to

140%.

2.7 Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable

Matrix spike/matrix spike duplicates (MS/MSD) were analyzed at the required frequency and are
correctly calculated. All percent recovery and relative percent difference (RPD) values are
within the SAP criteria (60 to 140% recovery and RPD values less than 35 %).

2.8 Laboratory Control Sample Analyses — Acceptable

Laboratory control samples (LCSs) were analyzed as required and are correctly calculated. All
percent recovery values are within the SAP criteria.

2.9 Standard Reference Material Analyses

The SAP does not require standard reference material (SRM) analyses for water samples.

2.10 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks and QC samples as required. The internal
standard recovery and retention time criteria of Functional Guidelines were met.

2.11 Compound Quantitation and Laboratory Reporting Limits — Acceptable

The final results are correctly calculated including the amount analyzed and dilution factors.
Positive results meet the Functional Guidelines criteria for retention time and mass spectra.

The SAP target detection limits were met. The laboratory reporting limits are all less than or
equal to the SAP target detection limits.
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2.12 Field Duplicates — Acceptable

Sample A-MW-4 was identified as a field duplicate of sample A-MW-2. RPD values could not
be calculated since positive results were not detected in either sample.

2.13  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

3.0 Data Validation of Semivolatile Organics Analyses

3.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Qualifications

All samples were extracted and analyzed within the required holding times. All samples were
received intact and were properly preserved. The data package is complete and contains all the
information necessary to recreate the sample results.

The QC summary Forms 4, 5, 7, and 8 for the re-extracted batch analyzed on 9-19-00 were
missing from the data package. The laboratory resubmitted the missing forms.

The raw data for the laboratory control sample duplicate (LCSD) extracted on 9-4-00, and the
tune and CCV analyzed on 9-19-00 were missing from the data package. The laboratory
resubmitted the missing information.

The re-extraction of sample WP-3 was performed 6 days past the required 7 day holding time for
extraction. Positive results have been qualified as estimated (J) and non-detected results have
been qualified as estimated detection limit (UJ).

Sample ID Analyte Qualification Quality Control Exceedance

WP-3 All J positive results Extraction hold time exceeded
UJ detection limits

3.2  Instrument Tuning and Mass Calibration — Acceptable

The tuning compound decafluorotriphenylphosphine was analyzed at the required frequency and
all relative abundance values are within Functional Guidelines criteria.
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3.3  Initial Calibration — Acceptable with Discussion

Initial calibrations were analyzed at the required frequency and are correctly calculated. Except
as noted below, the Functional Guidelines criteria of RSD values less than 30 and relative
response factors greater than 0.05 were met for target analytes.

The RSD of dibenz(a,h)anthracene is above the Functional Guidelines criteria at 31.4%. Since
the relative response factor is acceptable, and dibenz(a,h)anthracene was not detected in the
associated samples, data qualifiers are not required.

34 Continuing Calibration — Acceptable with Qualifications

Continuing calibration verifications (CCVs) were analyzed at the required frequency and are
correctly calculated. Except as noted below, all percent difference values and relative response
factors met the Functional Guidelines criteria of less than 25% and greater than 0.05,

respectively.

The percent difference values of benzyl alcohol, n-nitrosodiphenylamine, pyrene, chrysene, and
di-n-octylphthalate in the CCV analyzed on 9-8-00 are above the Functional Guidelines criteria
(values range from 25.5 to 39.2%). Data qualifiers are not required because the response
increased and positive results were not detected in the associated samples.

The percent difference values of n-nitrosodiphenylamine, pyrene, and bis(2-ethylhexyl)phthalate
in the CCV analyzed on 9-10-00 are above the Functional Guidelines criteria at 37.0%, 40.0%,
and 30.5%, respectively. Since the response increased, positive results in the associated samples
were qualified as estimated (J) as shown in the following table.

The percent difference values of hexachlorobenzene and pyrene in the CCV analyzed on 9-18-00
are above the Functional Guidelines criteria at 30.4% and 36.9%. Data qualifiers are not
required for pyrene since the response increased and positive results were not detected in the
associated sample (WP-3). The hexachlorobenzene result of sample WP-3 was qualified as
estimated detection limit (UJ) because the response decreased.

The percent difference values of 2-fluorophenol and 2,4,6-tribromophenol in the CCV's analyzed
on 9-10-00 and 9-19-00 are above the Functional Guidelines criteria (values range from 26.6% to
39.0%). Data qualifiers are not required for surrogate compounds.

Sample ID Analyte Quality Control Exceedance Qualification
RB-1 Bis(2-ethylhexyl)phthalate CCV Percent difference > 25 J
(response increased)
WP-3 Hexachlorobenzene CCV Percent difference > 25 uJ
(response decreased)
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35 Blank Analyses — Acceptable with Qualifications

3.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.

3.5.2 Field Blanks

Sample RB-1 was identified as a field blank. Bis(2-ethylhexyl)phthalate was detected in field
blank at 1.7 ug/L. Functional Guidelines prescribes three qualifications schemes for blank
contamination, (1) associated sample concentrations greater than the action level (10 times the
blank concentration for phthalates) are not qualified, (2) associated sample concentrations less
than the action level and greater than the reporting limit are qualified as undetected (U) at the
reported value, and (3) associated sample concentrations less than the action level and less than
the reporting limit are qualified as undetected (U) at the reporting limit. The associated samples
were qualified as shown in the following table.

Sample ID Analyte Qualification Quality Control Exceedance
A-MW-1 Bis(2-ethylhexyl)phthalate | U at reported value Result is greater than the reporting limit
A-MW-2 and less than 10 times the field blank level

3.6 Surrogate Analyses — Acceptable with Discussion

Surrogate compounds were added to all samples, blanks and QC samples as required and are
correctly calculated. Except as noted below, all surrogate recovery values are within the SAP
criteria of 60 to 140%.

The 1,2-dichlorobenzene-d, surrogate recovery values from samples A-MW-1, A-MW-2, A-
MW-3, WP-1, WP-2, WP-5, and RB-1 are below the SAP criteria (values range from 51.7% to
54.0%). Data were not qualified because Functional Guidelines allows one surrogate per fraction
(base/neutral or acid) to exceed criteria without qualification.

The 1,2-dichlorobenzene-d, and 2,4,6-tribromophenol surrogate recovery values from the method
blank extracted 9-4-00 are below the SAP criteria at 47.2% and 56.1%, respectively. The 1,2-
dichlorobenzene-d, surrogate recovery values from the laboratory control sample (LCS) and
LCSD extracted 9-4-00 are below the SAP criteria at 56.5% and 52.0%, respectively. The 1,2-
dichlorobenzene-d, surrogate recovery values from the LCS extracted 9-11-00 is below the SAP
criteria at 59.0%. Data qualifiers are not required for QC samples.
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3.7  Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with Discussion

Except as noted below, MS/MSD analyses were performed at the required frequency, are
correctly calculated, and all percent recovery and RPD values are within the SAP criteria.

The laboratory did not perform MS/MSD analyses. Data qualifiers are not required.

3.8 Laboratory Control Sample Analyses — Acceptable with Qualifications

Laboratory control samples were analyzed with each batch and the results are correctly
calculated. Except as noted below, all percent recovery and RPD values are within the SAP
criteria of 60 to 140% and RPD values less than 35.

The pyrene percent recovery in the LCS and LCSD extracted on 9-4-00 and the LCS extracted on
9-11-00 are below the SAP criteria at 55.6%, 54.4%, and 54.4%, respectively. Due to the pattern
of low recovery, the pyrene results in all samples have been qualified as estimated (J) or
estimated detection limit (UJ).

The pentachlorophenol percent recovery in the 9-4-00 LCS is below the SAP criteria at 48.8%.
The LCSD recovery is acceptable (69.9%), however, the RPD value is above the SAP criteria at
36%. Data qualifiers are not required due to the low LCS recovery because the LCSD is
acceptable. Data qualifiers are not required due to the imprecision of the results, because
positive pentachlorophenol results were not reported in the associated samples.

The pentachlorophenol percent recovery in the 9-11-00 LCS is below the SAP criteria at 59.5%.
The pentachlorophenol result in the associated sample (WP-3) has have been qualified as
estimated detection limit (UJ).

Sample ID Analyte QC Exceedance Qualification
All samples Pyrene Pattern of low LCS & J positive results
LCSD recovery UlJ detection limits
WP-3 Pentachlorophenol | LCS recovery < 50% uJ

3.9 Standard Reference Material Analyses
The SAP does not require SRM analyses for water samples.

3.10 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks and QC samples as required. The recovery
and retention time criteria of Functional Guidelines were met.
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3.11 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated including the amount extracted and dilution factors.

Positive results meet the Functional Guidelines criteria for retention time and mass spectra.

The SAP target detection limits were not met in all cases. The laboratory reporting limits for
hexachlorobutadiene, phenol, 2-methylphenol, 2,4-dimethylphenol, benzyl alcohol,
pentachlorophenol, and benzoic acid are above the SAP target detection limits.

3.12 Field Duplicates — Acceptable

Sample A-MW-4 was identified as a field duplicate of sample A-MW-2. An RPD value could
not be calculated because di-n-butylphthalate was detected in sample A-MW-2 (1.1 ug/L), but
was not detected in sample A-MW-4 (1 ug/L detection limit).

3.13 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

4.0 Data Validation of Petroleum Hydrocarbons by Method NWTPH-HCID

4.1 Custody, Preservation, Holding Times, and Completeness — Acceptable

All samples were extracted and analyzed within the required holding times. All samples were
received intact and were properly preserved. The data package is complete and contains all the
information necessary to recreate the sample results.

4.2 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are correctly calculated. The
Functional Guidelines linearity criteria (for GC pesticides) of RSD values less than 20% was

met.

4.3 Calibration Verifications — Acceptable

Continuing calibration verifications were analyzed at the required frequency and are correctly
calculated. The method criteria of percent difference values less than or equal to 15% was met.
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4.4 Blank Analyses — Acceptable

4.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.

4.4.2 Field Blanks

Sample RB-1 was identified as a field blank. Petroleum hydrocarbons were not detected above
the reporting limit.

4.5 Surrogate Analyses — Acceptable

Surrogate compounds were added to all samples, blanks and QC samples as required and are
correctly calculated. All percent recovery values are within SAP criteria of 70 to 130%.

4.6 Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with Discussion
Except as noted below, MS/MSD analyses were performed as required, are correctly calculated,
and all percent recovery and relative percent difference values are within the SAP criteria.

The laboratory did not analyze MS/MSDs with the samples. MS/MSD analyses are not required
by Method NWTPH-HCID (WDOE 1997). However, the SAP requires one MS/MSD pair per
20 samples. Data qualifiers are not required because the LCS is acceptable.

4.7 Laboratory Control Sample Analysis — Acceptable

Laboratory control samples were analyzed as required and are correctly calculated. All percent
recovery values are within the SAP criteria of 70 to 130%.

4.8 Standard Reference Material Analyses
The SAP does not require SRM analyses for petroleum hydrocarbons.

4.9 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated, including the amount extracted and dilution factors.

The SAP target detection limit was met for gasoline. The laboratory reporting limit of 0.50 mg/L
for diesel range hydrocarbons and motor oil range hydrocarbons is above the SAP target
detection limit of 0.25 mg/L.
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4.10 Field Duplicates — Acceptable

Sample A-MW-4 was identified as a field duplicate of sample A-MW-2. An RPD value could
not be calculated because positive results were not detected in either sample.

4.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable.

5.0 Data Validation of Metals by Method 6010 and Mercury by Method
7470

5.1 Custody, Preservation, Holding Times, and Completeness — Acceptable

All samples were analyzed within the required holding times. All samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

3.2 Initial Calibration — Acceptable

Initial calibrations were analyzed as required and all quality control checks met Functional
Guidelines requirements.

5.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the
required frequency and are correctly calculated. All Functional Guidelines criteria were met.

5.4 Blank Analyses — Acceptable with Qualifications

5.4.1 Method Blanks

Instrument and method blanks were analyzed at the required frequency. Target analytes were not
detected above the reporting limit.

5.4.2 Field Blanks

Sample RB-1 was identified as a field blank. Total calcium, manganese, and zinc were detected
in the field blank at 60 ug/L, 2 ug/L, and 11 ug/L, respectively. Functional Guidelines prescribes
three qualifications schemes for blank contamination, (1) associated sample concentrations
greater than the action level (5 times the blank concentration) are not qualified, (2) associated
sample concentrations less than the action level and greater than the reporting limit are qualified
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as undetected (U) at the reported value, and (3) associated sample concentrations less than the
action level and less than the reporting limit are qualified as undetected (U) at the reporting limit.
The associated samples were qualified as shown in the following table.

Sample ID Analyte Qualification Quality Control Exceedance
WP-1 Total manganese | U at reported value Result is greater than the reporting limit and
WP-2 less than 5 times the field blank level

5.5  ICP Interference Check — Acceptable with Qualifications

ICP interference check samples (ICS) were analyzed at the required frequency and are correctly
calculated. All percent recovery values are within Functional Guidelines criteria and, except as
noted below, all non-spiked analytes have absolute values less than the instrument detection limit

(IDL).

The copper and manganese results in the opening and closing ICS analyses on 9-11-00 have
negative values greater than the IDL. Functional Guidelines provides two qualifying schemes for
negative results greater than the IDL: (1) when the negative value is greater than the IDL but less
than 2 times the IDL, and the associated samples contain comparable levels of interfering
elements (calcium, aluminum, magnesium, and iron), non-detected results are qualified as
estimated detection limit (UE), and (2) when a negative value is greater than two times the IDL,
and greater than 10% of the associated sample concentration, and when the associated samples
contain comparable levels of interfering elements, positive results are qualified as estimated (J)
and non-detected results are qualified as estimated detection limit (UJ). Since the associated
samples contained comparable levels of magnesium they were qualified as shown in the
following table.

Manganese has positive results greater than the IDL in the opening and closing ICS analyses on
9-12-00. Because positive results in the ICS indicate a potential high bias when the samples
contain comparable levels of interfering elements, positive results are qualified as estimated (J)
when the concentration in the sample is comparable to the level in the ICS. Data qualifiers are
not required because manganese was not detected in the associated samples with comparable
levels of interfering elements.

Sample ID Analyte Qualification Quality Control Exceedance

WP-5 Dissolved copper ul Negative ICS concentration and comparable levels of
interfering elements present in the samples

WP-1 Dissolved copper J Negative ICS concentration > 2X IDL and > 10% of

sample result and comparable levels of interfering
elements present

WP-1 Dissolved manganese uJ Negative ICS concentration and comparable levels of
interfering elements present in the samples
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5.6 Duplicate Sample Analysis — Acceptable

Sample duplicate analyses were performed at the required frequency and are correctly calculated.
All RPD values are within the SAP criteria of less than 20%.

5.7 Spike Sample Analyses — Acceptable

Matrix spike analyses were performed at the required frequency and are correctly calculated. All
percent recovery values are within the SAP criteria of 75 to 125%.

5.8 ICP Serial Dilution Analyses — Acceptable

Serial dilutions were performed as required and are correctly calculated. The Functional
Guidelines criteria of percent difference values less than 10% for results greater than 50 times the
IDL were met.

5.9  Laboratory Control Sample/Standard Reference Material Analyses —
Acceptable

Laboratory control samples or certified reference materials were analyzed as required and are
correctly calculated. All percent recovery values are within the Functional Guidelines criteria of

80 to 120%.

5.10 Compound Quantitation and Laboratory Reporting Limits — Acceptable

The final results are correctly calculated including the amount digested and dilution factors.

The SAP specified target detection limits were met for samples that were analyzed undiluted.
The laboratory reported total calcium and total magnesium, even though they were not required

by the SAP.

5.11 Field Duplicates — Acceptable with Qualifications

Sample A-MW-4 was identified as a field duplicate of sample A-MW-2. The SAP criterion for
field duplicate precision is RPD values less than 20. The RPD value of dissolved iron is above
the SAP criterion at 156%. The dissolved iron results in samples A-MW-2 and A-MW-4 were
qualified as estimated (J). The precision of the field duplicate set is presented in Table 2.

Sample ID Analyte Quality Control Exceedance | Qualification
A-MW-2 Dissolved iron Field duplicate RPD > 20 J
A-MW-4
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5.12  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

6.0 Data Validation of Metals by ICP/MS Method 200.8

6.1 Custody, Preservation, Holding Times, and Completeness — Acceptable

All samples were analyzed within the required holding times and all samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

6.2  Initial Calibration — Acceptable

Initial calibrations were analyzed as required and all quality control checks met Functional
Guidelines requirements.

6.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the
required frequency and are correctly calculated. All Functional Guidelines criteria were met.

6.4 Blank Analyses — Acceptable with Qualifications

6.4.1 Method Blanks

Instrument and method blanks were analyzed at the required frequency and target analytes were
not detected above the reporting limit.

6.4.2 Field Blanks

Sample RB-1 was identified as a field blank. Total cadmium and lead were detected in the field
blank at 0.2 ug/L and 1 ug/L, respectively. Functional Guidelines prescribes three qualifications
schemes for blank contamination, (1) associated sample concentrations greater than the action
level (5 times the blank concentration) are not qualified, (2) associated sample concentrations
less than the action level and greater than the reporting limit are qualified as undetected (U) at the
reported value, and (3) associated sample concentrations less than the action level and less than
the reporting limit are qualified as undetected (U) at the reporting limit. The associated samples
were qualified as shown in the following table.

| SampleID | Analyte | Qualification | Quality Control Exceedance [
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Sample ID Analyte Qualification Quality Control Exceedance
A-MW-2 Total lead U at reported value Result is greater than the reporting limit and
A-MW-4 less than 5 times the field blank level

6.5 ICP Interference Check — Acceptable

ICP interference check samples (ICS) were analyzed at the required frequency and are correctly
calculated. All percent recovery values are within Functional Guidelines criteria and all non-
spiked analytes have absolute values less than the IDL.

6.6 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks and QC samples as required and all method
criteria were met.

6.7 Duplicate Sample Analysis — Acceptable with Discussion

Sample duplicate analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all RPD values are within the SAP criterion of less than 20%.

The RPD value of dissolved arsenic in the duplicate analysis of sample A-MW-2 is above the
SAP criteria at 28.6%. Data qualifiers are not required because the results are less than 5 times
the reporting limit, and are within one reporting limit of each other.

6.8 Spike Sample Analysis — Acceptable with Qualifications

Matrix spike analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all percent recovery values are within the SAP criteria of 75 to 125%.

The silver recovery value in the total metals spiked analysis of sample A-MW-1 is below the
SAP criteria at 74.8%. Since the LCS is acceptable, only the total silver result in sample A-MW-
1 has been qualified as estimated detection limit (UJ).

Sample ID Analyte Quality Control Exceedance Qualification
A-MW-1 Total Silver Matrix spike recovery < 75% [92)

6.9 Laboratory Control Sample/Standard Reference Material Analyses -
Acceptable

Laboratory control samples were analyzed as required and are correctly calculated. All percent
recovery values are within the Functional Guidelines criteria of 80 to 120%.
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6.10 Compound Quantitation and Laboratory Reporting Limits — Acceptable

The final results are correctly calculated including amount digested and dilution factors. The
SAP specified target detection limits were met.

6.11 Field Duplicates — Acceptable with Discussion

Sample A-MW-4 was identified as a field duplicate of sample A-MW-2. The SAP criterion for
field duplicate precision is RPD values less than 20. The RPD value of dissolved arsenic is
above the SAP criterion at 29%. Data qualifiers are not required because the results are less than
5 times the reporting limit and within one reporting limit of each other. The precision of the field
duplicate set is presented in Table 2.

6.12  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

7.0 Data Validation of Conventional Chemistry Analyses

7.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times and all samples were received intact
and were properly preserved. The data package is complete and contains all the information
necessary to recreate the sample results.

The chloride result reported for sample WP-3 was incorrect. The laboratory resubmitted the final
data sheet with the correct result.

7.2 Initial Calibration — Acceptable

Initial calibrations were performed as required and are correctly calculated. All quality control
criteria were met.

7.3 Calibration Verifications — Acceptable with Discussion

Except as noted below, initial calibration verifications and CCV were analyzed as required and
are correctly calculated. All quality control criteria were met.
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For the chloride analyses on 9-14-00, the sulfate analyses on 9-1-00, and the ammonia analyses
on 9-8-00, more than 10 samples were analyzed between CCVs. Data qualifiers are not required
because the all CCVs and matrix spikes analyzed during the analytical sequences are acceptable.

7.4  Blank Analyses — Acceptable with Qualifications

7.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target species were not detected
above the reporting limits.

7.4.2 Field Blanks

Sample RB-1 was identified as a field blank. Alkalinity, ammonia, nitrate, and nitrate plus nitrite
were detected in the field blank at 1.6 mg/L, 0.020 mg-N/L, 0.015 mg-N/L, and 0.015 mg-N/L,
respectively.  Functional Guidelines prescribes three qualifications schemes for blank
contamination, (1) associated sample concentrations greater than the action level (5 times the
blank concentration) are not qualified, (2) associated sample concentrations less than the action
level and greater than the reporting limit are qualified as undetected (U) at the reported value,
and (3) associated sample concentrations less than the action level and less than the reporting
limit are qualified as undetected (U) at the reporting limit. The associated samples were
qualified as shown in the following table. Note that the nitrate plus nitrite results were reduced

by the nitrate amount.

Sample ID Analyte Qualification Quality Control Exceedance
A-MW-2 Nitrate U at reported value Result is greater than the reporting limit and
A-MW-3 less than 5 times the field blank level
A-MW-4
WP-1 Ammonia | U atreported value Result is greater than the reporting limit and
WP-2 less than 5 times the field blank level
WP-3

7.5 Replicate Sample Analyses — Acceptable with Discussion

Sample duplicates/triplicates were analyzed at the required frequency and are correctly
calculated. Except as noted below, all RPD or relative standard deviation (RSD) values are

within the SAP criteria of less than 20%.

The RPD value for ammonia in the duplicate analysis of sample RB-1 is above the SAP criteria
at 22.2%. Data qualifiers are not required because the results are less than 3 times the reporting
limit, and are within one reporting limit of each other.
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7.6 Spike Sample Analyses — Acceptable with Qualifications

Matrix spike analyses were performed as required and are correctly calculated. Except as noted
below, all percent recovery values are within the SAP criteria of 75 to 125%.

The nitrate recovery values in the MS and MSD analysis of sample WP-5 are below the SAP
criteria at 50.5% and 51.5%, respectively. Since the laboratory control samples are acceptable,
only nitrate result of sample WP-5 has been qualified as estimated detection limit an.

The nitrate plus nitrite recovery value in the spiked analysis of sample WP-5 is below the SAP
criteria at 74.2. Since the laboratory control samples are acceptable, only the nitrate plus nitrite
result of sample WP-5 has been qualified as estimated detection limit an.

Sample ID Analyte QC Exceedance Qualification
WP-5 Nitrate Percent recovery < 75 uJ
WP-5 Nitrate + Nitrite Percent recovery < 75 uJ

7.7 Laboratory Control Sample Analyses — Acceptable

Laboratory control sample analyses were performed are required and are correctly calculated.
All percent recovery values are within the SAP criteria.

7.8 Standard Reference Material Analyses — Acceptable

Standard reference materials were analyzed as required and are correctly calculated. All percent
recovery values are meet the SAP criteria.

7.9 Laboratory Reporting Limits — Acceptable with Discussion

The reporting limits meet the SAP target detection limits, except when samples were analyzed at
a dilution.

The nitrate plus nitrite results of samples A-MW-2, A-MW-3, and A-MW-4 were reduced by
subtracting the nitrate results that were determined to be undetected at the reported value, due to
field blank contamination.

The salinity result of sample RB-1 was change by the validation chemist from 0.00 to < 0.10.

For samples WP-1, WP-2, WP-3, and WP-5, the laboratory reported the average chloride result
from several analyses. For the samples listed in the following table, the RSD value of the
averaged results is greater than 15. The chloride results for these samples have been qualified as
estimated (J).

| SampleID | Analyte | QC Exceedance | Qualification ||
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Sample ID Analyte QC Exceedance Qualification
WP-2 Chloride RSD of averaged results > 15 J
WP-3
WP-5

7.10  Field Duplicates — Acceptable with Qualifications

Sample A-MW-4 was identified as a field duplicate of sample A-MW-2. The SAP criterion for
field duplicate precision is RPD values less than 20. The RPD value of sulfate is above the SAP
criterion at 32%. The sulfate results in samples A-MW-2 and A-MW-4 were qualified as
estimated (J). The precision of the field duplicate set is presented in Table 2.

Sample ID Analyte Quality Control Exceedance | Qualification
A-MW-2 Sulfate Field duplicate RPD > 20 J
A-MW-4

7.11  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

8.0 Assessment of Data Quality Objectives

8.1 Precision

Precision 1s a measure of the mutual agreement among individual measurements of the same
property, under prescribed similar conditions. Precision is determined through analysis of matrix
spike/matrix spike duplicates, laboratory control sample/laboratory control sample duplicates,
sample duplicates, sample triplicates, and field duplicate samples. Duplicate samples are
evaluated for precision in terms of relative percent difference and triplicate samples are evaluated
in term of relative standard deviation. Relative percent difference is defined as the difference
between the duplicate results divided by the mean and expressed as a percent. Relative standard
deviation is the standard deviation divided by the average result and expressed as a percent.

The precision of the volatile organic and petroleum hydrocarbon data is good and meets the
DQO of the SAP. Laboratory precision as shown by the MS/MSD RPD values and field
precision as shown by the field duplicate RPD values are acceptable.
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The precision of the semivolatile organics data set meets the DQO. Since positive results were
not detected for pentachlorophenol, the precision of the data set is not impacted by the high
LCS/LCSD pentachlorophenol RPD value.

The precision of the metals data meets the DQO, with one exception. The field duplicate RPD
value for dissolved iron is above the SAP criteria. Since the RPD value of the dissolved iron
sample duplicate is acceptable, the imprecision may be due to field sampling techniques. The
dissolved arsenic RPD value for the sample duplicate is above the SAP criteria, however, the
data are not impacted because the arsenic results are within 5 times the reporting limit and within
one reporting limit of each other.

The precision of the conventional chemistry data meets the SAP DQO, with the following
exceptions. The chloride results of samples WP-2, WP-3, and WP-5 are imprecise as shown by
the high RSD values of the averaged results. The sulfate field duplicate RPD value is above the
SAP criterion. Since the sulfate sample duplicate is acceptable, field sampling techniques maybe
the source of the imprecision.

8.2 Accuracy

Accuracy is the degree of agreement between a measurement and the accepted reference or true
value. The level of accuracy is determined by examination of surrogates, matrix spikes, matrix
spike duplicates, laboratory control samples, SRMs, method blanks, and field blanks. The
surrogate, matrix spike, matrix spike duplicate, SRMs, and laboratory control sample recovery
values were compared to the criteria set forth in the SAP. Method and field blanks are analyzed
to identify compounds that could be introduced during the sampling, laboratory extraction, or
analysis phase (i.e., laboratory contaminates) and lead to inaccurate results.

The accuracy of the volatile organics and petroleum hydrocarbon data meet the DQO of the SAP.
The recovery values of the surrogates, MSs, MSDs, and LCSs are within the SAP criteria. The
method blanks and field blanks are free of contamination.

The accuracy of the semivolatile organic data meets the DQO, with the following exceptions.
The pattern of low pyrene recovery from the LCSs indicates the pyrene results are biased low.
The pentachlorophenol recovery from the 9-4-00 and 9-11-00 LCSs does not constitute a pattern
because the 9-4-00 LCSD recovery is acceptable. The pentachlorophenol result in the sample
associated with the 9-11-00 LCS maybe biased low and has been qualified as estimated detection
limit. Several samples have surrogate recovery values below the SAP criteria. However,
accuracy is not impacted because only one surrogate per fraction if out-of-criteria. The impact of
the bis(2-ethylhexyl)phthalate field blank contamination has been minimized by the proper use of
data qualifiers as prescribed by Functional Guidelines. Qualifying contaminates in the associated
samples as undetected when their concentration is less than 10 times the blank concentration
minimizes the possibility of false positive results.
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The accuracy of the metals data meets the SAP DQO, with one exception. The total silver results
maybe biased low as shown by the low matrix spike recovery. The impact of the total calcium,
cadmium, manganese, lead, and zinc field blank contamination has been minimized by the proper
use of data qualifiers as prescribed by Functional Guidelines. Qualifying contaminates in the
associated samples as undetected when their concentration is less than 5 times the blank
concentration minimizes the possibility of false positive results.

The accuracy of the conventional chemistry data meets the DQO specified by the SAP, with two
exceptions. The nitrate and nitrate plus nitrite data maybe biased low due to the low matrix spike
recovery values. The impact of the alkalinity, ammonia, nitrate and nitrate plus nitrite field blank
contamination has been minimized by the proper use of data qualifiers as prescribed by
Functional Guidelines. Qualifying contaminates in the associated samples as undetected when
their concentration is less than 5 times the blank concentration minimizes the possibility of false

positive results.

8.3 Representativeness

Representativeness is the extent to which the data reflect the actual contaminate levels present in
the samples. Representativeness is assessed through method and field blanks, and proper
preservation and handling. Method and field blank analyses allow for the detection of artifacts
that may be reported as false positive results. Proper sample preservation and handling ensure
that sample results reflect the actual sample concentrations.

The data are assumed to be representative, with one exception. The semivolatile organic results
of sample WP-3 may not be representative because the sample was extracted past the required
holding time. The samples were properly preserved and handled and method blank and trip
blank contamination was not present. The target analytes detected in the field blank do not
impact the data because the associated sample results were qualified as prescribed in Functional
Guidelines to minimize the impact of the contamination.

8.4 Comparability

Comparability is a measure of how easily the data set can be compared and combined with other
data sets. The data are assumed to be comparable since standard EPA methods were used to
analyze the samples, the method QC criteria were met, and routine detection limits were

reported.

8.5 Completeness

Completeness is expressed as the ratio of valid results to the amount of data expected to be
obtained under normal conditions. Completeness is determined by assessing the number of
samples for which valid results were obtained versus the number of samples that were submitted
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to the laboratory for analysis. Valid results are results that are determined to be usable during the
data validation review process.

The 100% completeness goal was met. The completeness of this data set is 100% because all the
samples were analyzed and all the results are valid.

9.0 Definition of Data Qualifiers

9.1 Inorganic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (USEPA 1994).

U The material was analyzed for, but was not detected above the level of the
associated value. The associated value is either the sample quantitation limit or
the sample detection limit.

] The associated value is an estimated quantity.

UJ The material was analyzed for, but was not detected. The associated value is an
estimate and may be inaccurate or imprecise.

R The data are unusable. (Note: Analyte may or may not be present.)

0.2 Organic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Organic Data
Review (EPA 1994a).

U The analyte was analyzed for but not detected above the reported sample
quantitation limit.

J The analyte was positively identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

UJ The analyte was not detected above the reported sample quantitation limit.
However, the reported quantitation limit is approximate and may or may not
represent the actual limit of quantitation necessary to accurately and precisely
measure the analyte in the sample.
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N The analysis indicates the presence of an analyte for which there is presumptive
evidence to make a “tentative identification”.

NJ The analysis indicates the presence of an analyte that has been “tentatively
identified” and the associated numerical value represents its approximate
concentration.

R The sample results are rejected due to serious deficiencies in the ability to analyze
the samples and meet quality control criteria. The presence or absence of the
analyte cannot be verified.
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Table 2
Field Duplicate Precision
Sample ID | Duplicate ID Analyte Sample Value Duplicate Value RPD

A-MW-2 A-MW-4 Di-n-butylphthalate 1.1 1.0U NC
Total Arsenic 1.0 1.1 9.5

Total Calcium 142,000 139,000 2.1
Total Iron 49,300 47,900 2.9
Total Magnesium 29,700 28,900 2.7
Total Manganese 1,410 1,380 2.2

Dissolved Arsenic 0.3 0.4 29
Dissolved Iron 6,980 870 156
Dissolved Manganese 1,380 1,350 2.2

Hardness 480 460 43

Alkalinity 560 560 0
Total Dissolved Solids 600 590 1.7
Total Suspended Solids 73 74 1.4

Salinity 0.40 0.40 0

Conductivity 880 870 1.1
Chloride 31 30 33
Ammonia 3.8 3.9 2.6

Nitrite 0.019 0.016 17

Nitrate + Nitrite 0.019 0.016 17

Sulfate 13 18 32
Total Organic Carbon 6.3 6.0 4.9

NC Not calculable

U Analyte not detected above the associated reporting limit
Alkalinity values are in mg/L CaCO,
Total dissolved solids, total suspended solids, chloride, sulfate, and TOC values are in mg/L

Salinity values are in g/kg

Conductivity values are in uS/cm

Ammonia, nitrite, and nitrate + nitrite values are in mg-N/L
Metals and semivolatile organic values are in ug/L
Hardness values are in mg-CaCO,/L
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October 25, 2000

Summary of Qualified Data

Sample ID Analyte Qualifier* Reason for Qualification
A-MW-1 1,2,4-trichlorobenzene uJ CCV percent difference > 25%
A-MW-2
A-MW-3
A-MW-4
WP-1
WP-2
WP-3
WP-5
RB-1
Trip Blank
WP-3 All semivolatiles J positive results Extraction hold time exceeded

UJ detection limits
RB-1 Bis(2-ethylhexyl)phthalate J CCV Percent difference > 25 (response
increased)
WP-3 Hexachlorobenzene ul CCV Percent difference > 25
(response decreased)
A-MW-1 Bis(2-ethylhexyl)phthalate | U at reported value Result is greater than the reporting limit
A-MW-2 and less than 10 times the field blank level
A-MW-1 Pyrene uJ Pattern of low LCS & LCSD recovery
A-MW-2
A-MW-3
A-MW-4
WP-1
WP-2
WP-3
WP-5
RB-1
WP-3 Pentachlorophenol uJ LCS recovery < 50%
WP-1 Total manganese U at reported value Result is greater than the reporting limit and
WP-2 less than 5 times the field blank level
WP-5 Dissolved copper uJ Negative ICS concentration & comparable
levels of interfering elements present
WP-1 Dissolved copper J Negative ICS concentration > 2X IDL & >
10% of sample result & comparable levels of
interfering elements present
WP-1 Dissolved manganese ul Negative ICS concentration & comparable
levels of interfering elements present
A-MW-2 Dissolved iron J Field duplicate RPD > 20
A-MW-4
A-MW-2 Total lead U at reported value Result is greater than the reporting limit and
A-MW-4 less than 5 times the field blank level
A-MW-1 Total Silver uJ Matrix spike recovery < 75%
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Table 3 Continued

Sample ID Analyte Qualifier* Reason for Qualification
A-MW-2 Nitrate U at reported value Result is greater than the reporting limit and
A-MW-3 less than 5 times the field blank level
A-MW-4
WP-1 Ammonia U at reported value Result is greater than the reporting limit and
WP-2 less than 5 times the field blank level
WP-3
WP-5 Nitrate ul Percent recovery < 75
WP-5 Nitrate + Nitrite uJ Percent recovery < 75
WP-2 Chloride J RSD of averaged results > 15
WP-3
WP-5
A-MW-2 Sulfate J Field duplicate RPD > 20
A-MW-4

* When the same qualifier applies to all associated samples it is listed only once.
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1.0 Introduction

This report describes the Functional Guidelines data validation of the samples listed in Table 1.
The analyses were performed by Analytical Resources, Incorporated (ARI), located in Seattle

Washington.

The validation was performed in accordance with the procedures established in the Contract
Laboratory Program National Functional Guidelines for Inorganic and Organic Data Review
(Functional Guidelines) (USEPA 1994 and 1994a). Project detection limits, quality control (QC)
sample frequencies, and data quality objectives (DQOs) are from the Work Plan/Sampling and
Analysis Plan, Focused Site Characterization Holly Street Landfill Redevelopment Project
(SAP) (Anchor & AESI 2000). The criteria used to qualify data are taken from Functional
Guidelines, the SAP, the analytical methods, or the professional judgment of the validation

chemist.

Sections 2 through 7 present the validation findings and Section 9 defines the data qualifiers.
Section 8 evaluates the project data against the data quality objectives set forth in the SAP.
Table 2 presents an evaluation of field duplicate precision and Table 3 is a summary of the
qualified data. Copies of laboratory communications are provided in Appendix A. The original
laboratory resubmissions have been placed in the data packages. Validation qualifier flags have
been added to the sample data sheets in the Data Summary section of the data packages.

The Anchor Data Table was modified to reflect the data changes and qualifiers prescribed in this
report. The validation qualifiers were added to the laboratory flag column of the Data Table.

Holly-St-Phase-3-Full-DV-Report 2
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2.0 Data Validation of Volatile Organics Analyses by Method 8260

2.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times and except as noted below, all
samples were received intact and were properly preserved. The data package is complete and
contains all the information necessary to recreate the sample results.

The temperature of 3 coolers (out of 4) were above the recommended temperature range of 2 to 6
°C at the time of laboratory receipt. The temperature range of the coolers was 8.5 to 11.0 °C.
Data qualifiers are not recommended.

The trip blank was not listed on the chain-of-custody (COC).

For the samples analyzed on 1-15-01, the instrument raw data indicated an analysis date of 1-14-
01. The date had been manually changed to 1-15-01, however, the initials and date of the person
making the change was not recorded.

For the samples analyzed on 1-15-01, the result sheets indicated an analysis date of 1-14-01. The
laboratory resubmitted the results sheets with the correct analysis date of 1-15-01.

2.2 Instrument Tuning and Mass Calibration — Acceptable

The tuning compound bromofluorobenzene was analyzed at the required frequency and all
Functional Guidelines criteria were met.

2.3 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are calculated correctly. The
Functional Guidelines criteria of relative standard deviation (RSD) values less than or equal to
30% and relative response factors greater than 0.05 were met for all target compounds.

24 Continuing Calibration — Acceptable with Discussion

Continuing calibrations were analyzed at the required frequency and are calculated correctly.
Except as noted below, the Functional Guidelines criteria of percent difference values less than
or equal to 25 and relative response factors greater than 0.05 were met.

The percent difference values of toluene-dg, 4-bromofluorobenzene, and dibromofluoromethane
are above the Functional Guidelines criteria (values range from 25.5% to 26.7%). Data qualifiers
are not required for surrogate compounds.
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2.5 Blank Analyses — Acceptable

2.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limits.

2.5.2 Field Blanks

One trip blank and one field blank (A-MW-RB) are associated with the samples. Target analytes
were not detected above the reporting limits in either blank.

2.6 Surrogate Analyses — Acceptable

Surrogate compounds were added to all samples, blanks and QC samples as required. The
percent recovery values are correctly calculated and all are within the SAP criteria of 60 to

140%.

2.7 Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable

Matrix spike/matrix spike duplicates (MS/MSD) were analyzed at the required frequency and are
correctly calculated. All percent recovery and relative percent difference (RPD) values are
within the SAP criteria (60 to 140% recovery and RPD values less than 35%).

2.8 Laboratory Control Sample Analyses — Acceptable

Laboratory control samples (LCSs) were analyzed as required and are correctly calculated. All
percent recovery values are within the SAP criteria.

2.9 Standard Reference Material Analyses

The SAP does not require standard reference material (SRM) analyses for water samples.

2.10 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks and QC samples as required. The internal
standard recovery and retention time criteria of Functional Guidelines were met.

2.11 Compound Quantitation and Laboratory Reporting Limits — Acceptable

The final results are correctly calculated including the amount analyzed and dilution factors.
Positive results meet the Functional Guidelines criteria for retention time and mass spectra.

The SAP target detection limits were met. The laboratory reporting limits are all less than or
equal to the SAP target detection limits.
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2.12 Field Duplicates — Acceptable

Sample A-MW-10 was identified as a field duplicate of sample A-MW-4. Field duplicate
precision is acceptable as shown by the low RPD values listed in Table 2.

2.13  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable.

End edit

3.0 Data Validation of Semivolatile Organics Analyses by Method 8270

3.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were extracted and analyzed within the required holding times. Except as noted
below, all samples were received intact and were properly preserved. The data package is
complete and contains all the information necessary to recreate the sample results.

The temperature of 3 coolers (out of 4) were above the recommended temperature range of 2 to 6
°C at the time of laboratory receipt. The temperature range of the coolers was 8.5 to 11.0 °C.
Data qualifiers are not recommended.

The extraction benchsheet for the extractions preformed on 1-10-01 was missing from the data
package. The laboratory resubmitted the form.

The raw data for the LCSD extracted 1-9-01 was missing from the data package. The laboratory
resubmitted the missing information.

The laboratory reported hexachloroethane instead of 1,2-dimethylphenol. The laboratory
resubmitted corrected results sheets for all samples and method blanks.

3.2 Instrument Tuning and Mass Calibration — Acceptable

The tuning compound decafluorotriphenylphosphine was analyzed at the required frequency and
all relative abundance values are within Functional Guidelines criteria.

33 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are correctly calculated. The
Functional Guidelines criteria of RSD values less than 30 and relative response factors greater
than 0.05 were met for target analytes.
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34 Continuing Calibration — Acceptable with Discussion

Continuing calibration verifications (CCVs) were analyzed at the required frequency and are
correctly calculated. Except as noted below, all percent difference values and relative response
factors met the Functional Guidelines criteria of less than 25% and greater than 0.05,

respectively.

The percent difference values of hexachlorobutadiene, indeno(1,2,3-cd)pyrene, and 2-
fluorophenol in the CCV analyzed on 1-10-01 are above Functional Guidelines criteria (values
range from 25.4 to 33.5%). Data qualifiers are not required for hexachlorobutadiene and
indeno(1,2,3-cd)pyrene because the response increased and positive results were not detected in
the associated samples. Data qualifiers are not required for 2-fluorophenol because it is a
surrogate compound.

The percent difference values of indeno(1,2,3-cd)pyrene and dibenz(a,h)anthracene in the CCV
analyzed on 1-15-01 are above the Functional Guidelines criteria at 30.9% and 27.5%,
respectively. Data qualifiers are not required because the response increased and positive results
were not detected in the associated samples.

3.5 Blank Analyses — Acceptable

3.5.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.

3.5.2 Field Blanks

Sample A-MW-RB was identified as a field blank. Target analytes were not detected above the
reporting limit.

3.6 Surrogate Analyses — Acceptable with Qualifications

Surrogate compounds were added to all samples, blanks and QC samples as required and are
correctly calculated. Except as noted below, all surrogate recovery values are within the SAP
criteria of 60 to 140%.

The 2-fluorophenol, 2-chlorophenol, and 1,2-dichlorobenzene-d, surrogate recovery values from
sample A-MW-6 are below the SAP criteria at 56.4%, 58.5%, and 48.8%, respectively.
Functional Guidelines requires qualifying data when two or more surrogate recovery values in
the same fraction (base/neutral or acid) are outside criteria. Therefore, the acid analytes were
qualified as estimated (J) or estimated detection limit (UJ) as shown in the following table.
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The nitrobenzene-d;, 2-fluorophenol, 2-chlorophenol-d,, and 1,2-dichlorobenzene-d, surrogate
recovery values from sample A-MW-5 are below the SAP criteria at 59.7%, 56.9%, 59.8%, and
49.4%, respectively. All analytes, acid and base/neural, have been qualified as estimated (J) or

estimated detection limit (UJ).

The phenol-d;, 2-fluorophenol, 2-chlorophenol-d,, and 1,2-dichlorobenzene-d, surrogate
recovery values from sample A-MW-RB are below the SAP criteria at 58.7%, 52.3%, 56.3%,
and 48.5%, respectively. All acid fraction analytes have been qualified as estimated (J) or
estimated detection limit (UJ).

The 2-fluorobiphenyl and 1,2-dichlorobenzene-d, surrogate recovery values from sample A-
MW-4 are below the SAP criteria at 59.4% and 53.4%, respectively. All base/neutral fraction
analytes have been qualified as estimated (J) or estimated detection limit (UJ).

The 1,2-dichlorobenzene-d, surrogate recovery values from samples WP-6 and A-MW-10 are
below the SAP criteria at 57.2% and 59.5%, respectively. Data were not qualified because
Functional Guidelines allows one surrogate per fraction (base/neutral or acid) to exceed criteria
without qualification.

The 1,2-dichlorobenzene-d, surrogate recovery value from the method blank extracted 1-10-01 is
below the SAP criteria at 55.7%. Data qualifiers are not required for QC samples.

Sample ID Analyte Qualification Quality Control Exceed
A-MW-6 Acid fraction analytes J positive results Surrogate recovery below SAP
A-MW-RB UJ detection limits criteria
A-MW-4 Base/neutral fraction J positive results Surrogate recovery below SAP

analytes UJ detection limits criteria
A-MW-5 All analytes J positive results Surrogate recovery below SAP
UlJ detection limits criteria

3.7  Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with Discussion
Except as noted below, MS/MSD analyses were performed at the required frequency, are
correctly calculated, and all percent recovery and RPD values are within the SAP criteria.

The laboratory did not perform MS/MSD analyses as required by the SAP due to insufficient
sample volume. Data qualifiers are not required.

3.8 Laboratory Control Sample Analyses — Acceptable

Laboratory control samples or LCS/LSCDs were analyzed with each batch and the results are
correctly calculated. All percent recovery and RPD values are within the SAP criteria of 60 to
140% and RPD values less than 35.

Holly-St-Phase-3-Full-DV-Report 8



Anchor Environmental Consultants, L.L.C.
Focused Site Characterization Holly Street Landfill Redevelopment
March 26, 2001

3.9 Standard Reference Material Analyses

The SAP does not require SRM analyses for water samples.

‘3.10 Internal Standard Evaluation — Acceptable

Internal standards were added to all samples, blanks and QC samples as required. The recovery
and retention time criteria of Functional Guidelines were met.

3.11 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated including the amount extracted and dilution factors.
Positive results meet the Functional Guidelines criteria for retention time and mass spectra.

The SAP target detection limits were not met in all cases. The laboratory reporting limits for
hexachlorobutadiene, —phenol, 2-methylphenol,  2,4-dimethylphenol, benzyl alcohol,
pentachlorophenol, and benzoic acid are above the SAP target detection limits.

3.12 Field Duplicates — Acceptable

Sample A-MW-10 was identified as a field duplicate of sample A-MW-4. An RPD value could
not be calculated because positive results were not detected in either sample.

3.13  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

4.0 Data Validation of Petroleum Hydrocarbons by Method NWTPH-HCID

4.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were extracted and analyzed within the required holding times. Except as noted
below, all samples were received intact and were properly preserved. The data package is
complete and contains all the information necessary to recreate the sample results.

The temperature of 3 coolers (out of 4) were above the recommended temperature range of 2 to 6
°C at the time of laboratory receipt. The temperature range of the coolers was 8.5 to 11.0 °C.
Data qualifiers are not recommended.
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4.2 Initial Calibration — Acceptable

Initial calibrations were analyzed at the required frequency and are correctly calculated. The
Functional Guidelines linearity criteria (for GC pesticides) of RSD values less than 20% was

met.

4.3 Calibration Verifications — Acceptable with Discussion
Continuing calibration verifications were analyzed at the required frequency and are correctly

calculated. The method criteria of percent difference values less than or equal to 15% was met.

In the quantitation of the CCVs the peak area of the surrogate o-terphenyl was not manually
subtracted as it was for the initial calibration. The laboratory was contacted and verified that a
macro to automatically subtract the surrogate area from the diesel area was installed after the
1nitial calibration was analyzed.

4.4 Blank Analyses — Acceptable

4.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target analytes were not detected
above the reporting limit.

4.4.2 Field Blanks

Sample A-MW-RB was identified as a field blank. Petroleum hydrocarbons were not detected
above the reporting limits.

4.5 Surrogate Analyses — Acceptable

Surrogate compounds were added to all samples, blanks and QC samples as required and are
correctly calculated. All percent recovery values are within SAP criteria of 70 to 130%.

4.6  Matrix Spike/Matrix Spike Duplicate Analyses — Acceptable with Discussion
Except as noted below, MS/MSD analyses were performed as required, are correctly calculated,
and all percent recovery and relative percent difference values are within the SAP criteria.

The laboratory did not analyze MS/MSDs with the samples due to insufficient sample volume.
MS/MSD analyses are not required by Method NWTPH-HCID (WDOE 1997). However, the
SAP requires one MS/MSD pair per 20 samples. Data qualifiers are not required.
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4.7 Laboratory Control Sample Analysis — Acceptable

One LCS/LCSD was analyzed as required and is correctly calculated. All percent recovery and
RPD values are within the SAP criteria of 70 to 130% and less than 30%, respectively.

4.8 Standard Reference Material Analyses
The SAP does not require SRM analyses for petroleum hydrocarbons.

4.9 Compound Quantitation and Laboratory Reporting Limits — Acceptable
with Discussion

The final results are correctly calculated, including the amount extracted and dilution factors.

The SAP target detection limit was met for gasoline. The laboratory reporting limit of 0.50 mg/L
for diesel range hydrocarbons and motor oil range hydrocarbons is above the SAP target
detection limit of 0.25 mg/L.

4.10 Field Duplicates — Acceptable

Sample A-MW-10 was identified as a field duplicate of sample A-MW-4. An RPD value could
not be calculated because positive results were not detected in either sample.

4.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable.

5.0 Data Validation of Metals by Methods 200.8 and 6010 and Mercury by
Method 7470

5.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times. Except as noted below, all
samples were received intact and were properly preserved. The data packages are complete and
contain all the information necessary to recreate the sample results.

The temperature of 3 coolers (out of 4) were above the recommended temperature range of 2 to 6
°C at the time of laboratory receipt. The temperature range of the coolers was 8.5 to 11.0 °C.
Data qualifiers are not recommended.
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For sample delivery group CT83, the data summary section of the data package was missing. A
copy of the sample results sheet was made to use as the data summary results sheet.

5.2 Initial Calibration — Acceptable

Initial calibrations were analyzed as required and all quality control checks met Functional
Guidelines requirements.

5.3 Calibration Verifications — Acceptable

Initial calibration verifications and continuing calibration verifications were analyzed at the
required frequency and are correctly calculated. All Functional Guidelines criteria were met.

5.4 Blank Analyses — Acceptable

5.4.1 Method Blanks

Instrument and method blanks were analyzed at the required frequency. Target analytes were not
detected above the reporting limit.

5.4.2 Field Blanks

Sample A-MW-RB was identified as a field blank. Target analytes were not detected above the
reporting limit.

5.5 Internal Standard Evaluation — Acceptable

For the ICP-MS analyses (Method 200.8) internal standards were added to all samples, blanks
and QC samples as required and all method criteria were met.

5.6 ICP Interference Check — Acceptable with Discussion

ICP interference check samples (ICS) were analyzed at the required frequency and are correctly
calculated. All percent recovery values are within Functional Guidelines criteria and, except as
noted below, all non-spiked analytes have absolute values less than the instrument detection limit

(IDL).

Manganese has positive results greater than the IDL in the opening and closing ICS analyses of
1-16-01. Data qualifiers are not required because the concentration of interfering elements
(aluminum, calcium, iron and magnesium) in the associated sample is less than the level in the

ICS.
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5.7 Duplicate Sample Analysis — Acceptable with Discussion

Sample duplicate analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all RPD values are within the SAP criteria of less than 20%.

The total copper RPD value for the duplicate analysis of sample WP-6 is above the SAP criteria
at 40%. Data qualifiers are not required because the sample results are less than 5 times the
reporting limit and within 1 reporting limit of each other.

5.8 Spike Sample Analyses — Acceptable with Qualifications

Matrix spike analyses were performed at the required frequency and are correctly calculated.
Except as noted below, all percent recovery values are within the SAP criteria of 75 to 125%.

The dissolved iron recovery from the matrix spike analysis of sample A-MW-6 is below the SAP
criteria at 25%. Data qualifiers are not required because the native sample concentration is 21
times the amount spiked.

The total silver recovery from the matrix spike analysis of sample A-MW-6 is below the SAP
criteria at 70.8%. As specified in Functional Guidelines, the silver results in all samples were
qualified as estimated (J) or estimated detection limit (UJ).

Sample ID Analyte Qualification Quality Control Exceedance
All Total Silver J positive results Matrix spike recovery below SAP
UJ detection limits criteria

5.8 ICP Serial Dilution Analyses — Acceptable

Serial dilutions were performed as required and are correctly calculated. The Functional
Guidelines criteria of percent difference values less than 10% for results greater than 50 times the
IDL were met.

5.9 Laboratory Control Sample/Standard Reference Material Analyses —
Acceptable

Laboratory control samples or standard reference materials were analyzed as required and are
correctly calculated. All percent recovery values are within the Functional Guidelines criteria of

80 to 120%.

5.10 Compound Quantitation and Laboratory Reporting Limits — Acceptable

The final results are correctly calculated including the amount digested and dilution factors.
The SAP specified target detection limits were met for samples that were analyzed undiluted.
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5.11  Field Duplicates — Acceptable with Qualifications

Sample A-MW-10 was identified as a field duplicate of sample A-MW-4. The SAP criterion for
field duplicate precision is RPD values less than 20. The RPD value of total arsenic and total
lead are is above the SAP criterion at 32% and 67%, respecitvely. The total arsenic results in
samples A-MW-4 and A-MW-10 were qualified as estimated (J). The total lead results do not
require qualification because the results are within 5 times the reporting limit and within 1
reporting limit of each other. The precision of the field duplicate pair is presented in Table 2.

Sample ID Analyte Quality Control Exceedance | Qualification
A-MW-4 Total Arsenic Field duplicate RPD > 20 J
A-MW-10

5.12  Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.

6.0 Data Validation of Conventional Chemistry Analyses

6.1 Custody, Preservation, Holding Times, and Completeness — Acceptable with
Discussion

All samples were analyzed within the required holding times. Except as noted below, all
samples were received intact and were properly preserved. The data package is complete and
contains all the information necessary to recreate the sample results.

Copies of the results sheets were not present in the data summary section of the data package.
Copies of the sample results sheets were added to the data summary section of the data package.

The temperature of 3 coolers (out of 4) were above the recommended temperature range of 2 to 6
°C at the time of laboratory receipt. The temperature range of the coolers was 8.5 to 11.0 °C.
Data qualifiers are not recommended.

6.2 Initial Calibration — Acceptable

Initial calibrations were performed as required and are correctly calculated. All quality control
criteria were met.
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6.3 Calibration Verifications — Acceptable

Initial calibration verifications and CCVs were analyzed as required and are correctly calculated.
All quality control criteria were met.

6.4 Blank Analyses — Acceptable with Qualifications

6.4.1 Method Blanks

Method blanks were analyzed at the required frequency and target species were not detected
above the reporting limits.

6.4.2 Field Blanks

Sample A-MW-RB was identified as a field blank. Ammonia and conductivity were detected in
the field blank at 0.014 mg-N/L and 1.5 uS/cm, respectively. Functional Guidelines prescribes
three qualifications schemes for blank contamination, (1) associated sample concentrations
greater than the action level (5 times the blank concentration) are not qualified, (2) associated
sample concentrations less than the action level and greater than the reporting limit are qualified
as undetected (U) at the reported value, and (3) associated sample concentrations less than the
action level and less than the reporting limit are qualified as undetected (U) at the reporting limit.
Therefore, data qualifiers are not required for conductivity because the associated sample results
are greater than 5 times the field blank level. Only sample WP-6 requires qualification for
ammonia because its concentration is above the reporting limit and less than 5 times the field
blank level.

Sample ID Analyte Qualification Quality Control Exceedance

WP-6 Ammonia | U at reported value Result is greater than the reporting limit and
less than 5 times the field blank level

6.5 Replicate Sample Analyses — Acceptable with Discussion

Except as noted below, sample duplicates or triplicates were analyzed at the required frequency
and are correctly calculated. All RPD or relative standard deviation (RSD) values are within the
SAP criteria of less than 20%.

Duplicate analyses were not preformed for TSS as required by the SAP. Data qualifiers are not
recommended.

6.6 Spike Sample Analyses — Acceptable with Discussion

Matrix spike analyses were performed as required and are correctly calculated. All percent
recovery values are within the SAP criteria of 75 to 125%.
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The laboratory used the field blank sample A-MW-RB for the chloride, nitrite, nitrate + nitrite,
sulfate and TOC matrix spike analyses. The use of field QC samples for spiking does not
provide accuracy information about the sample matrix and is not considered good laboratory
practice. Data qualifiers are not required.

6.7 Laboratory Control Sample Analyses — Acceptable

Laboratory control sample analyses were performed are required and are correctly calculated.
All percent recovery values are within the SAP criteria.

6.8 Standard Reference Material Analyses — Acceptable

Standard reference materials were analyzed as required and are correctly calculated. All percent
recovery values are meet the SAP criteria.

6.9 Laboratory Reporting Limits — Acceptable

The reporting limits meet the SAP target detection limits, except when samples were analyzed at
a dilution.

6.10 Field Duplicates — Acceptable with Qualifications

Sample A-MW-10 was identified as a field duplicate of sample A-MW-4. The SAP criterion for
field duplicate precision is RPD values less than 20. The RPD value of sulfate is above the SAP
criterion at 29%. The sulfate results in samples A-MW-4 and A-MW-10 were qualified as
estimated (J). The precision of the field duplicate set is presented in Table 2.

Sample ID Analyte Quality Control Exceedance | Qualification
A-MW-4 Sulfate Field duplicate RPD > 20 J
A-MW-10

6.11 Overall Assessment of Data Useability

The useability of the data is based on the guidance documents listed above. Upon consideration
of the information presented here, the data are acceptable except where flagged with data
qualifiers that modify the usefulness of the individual values.
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7.0 Assessment of Data Quality Objectives

7.1 Precision

Precision is a measure of the mutual agreement among individual measurements of the same
property, under prescribed similar conditions. Precision is determined through analysis of
MS/MSDs, LCS/LCSDs, sample duplicates, sample triplicates, and field duplicate samples.
Duplicate samples are evaluated for precision in terms of relative percent difference and triplicate
samples are evaluated in term of relative standard deviation. Relative percent difference is
defined as the difference between the duplicate results divided by the mean and expressed as a
percent. Relative standard deviation is the standard deviation divided by the average result and
expressed as a percent.

The precision of the volatile organic, semivolatile organic and petroleum hydrocarbon data is
good and meets the DQO of the SAP. Laboratory precision as shown by the MS/MSD and
LCS/LCSD RPD values and field precision as shown by the field duplicate RPD values are all
within the SAP criteria.

The precision of the metals data meets the DQO, with one exception. The field duplicate RPD
value for total arsenic is above the SAP criteria. Since the RPD value of the total arsenic sample
duplicate is acceptable, the imprecision may be due to field sampling techniques. The total
copper sample duplicate and total lead field duplicate RPD values are above the SAP criteria,
however, data precision is not affected because the results are within 5 times the reporting limit
and within one reporting limit of each other.

The precision of the conventional chemistry data meets the SAP DQO, with one exception. The
sulfate field duplicate RPD value is above the SAP criterion. Since the sulfate sample duplicate
1s acceptable, field sampling techniques maybe the source of the imprecision. The lack of total
suspended solids sample duplicate analyses does not adversely affect the data set because the
field duplicate demonstrates that precision of the total suspended solids data is acceptable.

7.2 Accuracy

Accuracy is the degree of agreement between a measurement and the accepted reference or true
value. The level of accuracy is determined by examination of surrogates, MSs, MSDs, LCSs,
LCSDs, SRMs, method blanks, and field blanks. The surrogate, MS, MSD, LCS, LCSD and
SRMs recovery values were compared to the criteria set forth in the SAP. Method and field
blanks are analyzed to identify compounds that could be introduced during the sampling,
laboratory extraction, or analysis phase (i.e., laboratory contaminates) and lead to inaccurate
results.
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The accuracy of the volatile organics and petroleum hydrocarbon data set meets the DQO of the
SAP. The recovery values of the surrogates, MSs, MSDs, LCSs and LCSDs are within the SAP
criteria. The method blanks and field blanks are free of contamination.

The accuracy of the semivolatile organic data meets the DQO, with the following exceptions.
Several samples have surrogate recovery values below the SAP criteria. When a pattern of low
bias is evident, the sample results have been qualified as estimated detection limit. The recovery
values of the LCS and LCSD are within the SAP criteria and the method and field blank are free

of contamination.

The accuracy of the metals data meets the SAP DQO, with one exception. The total silver
recovery from the matrix spike indicates a low bias. The total silver results of all samples have
been qualified as estimated detection limit to denote the low bias. The dissolved iron recovery
from the matrix spike is also below the SAP criteria. The accuracy of the data is not affected
since the native sample concentration overwhelms the spike concentration making the spike
recovery meaningless. The method and field blank are free of contamination.

The accuracy of the conventional chemistry data meets the DQO specified by the SAP. The
impact of the ammonia and conductivity field blank contamination has been minimized by the
proper use of data qualifiers as prescribed by Functional Guidelines. Qualifying contaminates in
the associated samples as undetected when their concentration is less than 5 times the blank
concentration minimizes the possibility of false positive results. The method blank is free of

contamination.

13 Representativeness

Representativeness is the extent to which the data reflect the actual contaminate levels present in
the samples. Representativeness is assessed through method and field blanks, and proper
preservation and handling. Method and field blank analyses allow for the detection of artifacts
that may be reported as false positive results. Proper sample preservation and handling ensure
that sample results reflect the actual sample concentrations.

The data are assumed to be representative since all samples were analyzed within the required
holding time, the samples were properly preserved and handled (the sample receipt temperature
deviation 1s negligible), and method blank contamination was not present. The ammonia and
conductivity detected in the field blank does not impact the representativeness of the data since
the procedures in Functional Guidelines were followed to minimize the impact of the blank
contamination.

7.4 Comparability

Comparability is a measure of how easily the data set can be compared and combined with other
data sets. The data are assumed to be comparable since standard EPA methods were used to
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analyze the samples, the method QC criteria were met, and routine detection limits were
reported.

7.5 Completeness

Completeness 1s expressed as the ratio of valid results to the amount of data expected to be
obtained under normal conditions. Completeness is determined by assessing the number of
samples for which valid results were obtained versus the number of samples that were submitted
to the laboratory for analysis. Valid results are results that are determined to be usable during the
data validation review process.

The 100% completeness goal was met. The completeness of this data set is 100% because all the
samples were analyzed and all the results are valid.

8.0 Definition of Data Qualifiers

8.1 Inorganic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (USEPA 1994).

U The material was analyzed for, but was not detected above the level of the
associated value. The associated value is either the sample quantitation limit or
the sample detection limit.

J The associated value is an estimated quantity.

UJ The material was analyzed for, but was not detected. The associated value is an
estimate and may be inaccurate or imprecise.

R The data are unusable. (Note: Analyte may or may not be present.)

8.2 Organic Data Qualifiers

The following data validation qualifiers were used in the review of this data set. These qualifiers
are taken from Contract Laboratory Program National Functional Guidelines for Organic Data
Review (EPA 1994a).

U The analyte was analyzed for but not detected above the reported sample
quantitation limit.
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J The analyte was positively identified; the associated numerical value is the
approximate concentration of the analyte in the sample.

UJ The analyte was not detected above the reported sample quantitation limit.
However, the reported quantitation limit is approximate and may or may not
represent the actual limit of quantitation necessary to accurately and precisely
measure the analyte in the sample.

N The analysis indicates the presence of an analyte for which there is presumptive
evidence to make a “tentative identification”.

NJ The analysis indicates the presence of an analyte that has been “tentatively
identified” and the associated numerical value represents its approximate
concentration.

R The sample results are rejected due to serious deficiencies in the ability to analyze
the samples and meet quality control criteria. The presence or absence of the
analyte cannot be verified.
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Table 2
Field Duplicate Precision
Sample ID Duplicate ID Analyte Sample Value Duplicate Value RPD
A-MW-4 A-MW-10 Toluene 0.3 0.3 0
1,4-dichlorobenzene 0.5 0.5 0
Total Arsenic 1.1 0.8 32
Total Lead 2 1 67
Total Calcium 129,000 135,000 4.6
Total Copper 5 2U0 NC
Total Iron 33,600 35,700 6.1
Total Magnesium 30,900 32,600 5.4
Total Manganese 479 519 8.0
Total Zinc 13 6U NC
Dissolved Arsenic 0.7 0.8 13
Dissolved Iron 37,300 37,900 1.6
Dissolved Manganese 546 554 1.4
Hardness 450 470 44
Alkalinity 570 560 1.8
Total Dissolved Solids 580 570 1.7
Total Suspended Solids 79 77 2.6
Salinity 0.50 0.50 0
Conductivity 1,100 1,100 0
Chloride 30 31 3.2
Ammonia 14 13 7.4
Nitrate 0.013 0.010U NC
Nitrate + Nitrite 0.013 0.010 U NC
Sulfate 8.4 6.3 29
Total Organic Carbon 15 14 6.9
NC Not calculable

U Analyte not detected above the associated reporting limit

Alkalinity values are in mg/L CaCO,

Total dissolved solids, total suspended solids, chloride, sulfate, and TOC values are in mg/L
Salinity values are in g/kg

Conductivity values are in uS/cm

Ammonia, nitrite, and nitrate + nitrite values are in mg-N/L

Volatile organics, semivolatile organic, and metals values are in ug/L

Hardness values are in mg-CaCO,/L
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Table 3
Summary of Qualified Data
Sample ID Analyte Qualifier* Reason for Qualification
A-MW-6 Acid fraction semivolatile uJ Surrogate recovery below SAP criteria
A-MW-RB analytes
A-MW-4 Base/neutral fraction uJ Surrogate recovery below SAP criteria
semivolatile analytes
A-MW-5 All semivolatile organic uJ Surrogate recovery below SAP criteria
analytes

A-MW-6 Total Silver uJ Matrix spike recovery below SAP criteria
WP-6

A-MW-4

A-MW-5
A-MW-10

A-MW-RB

A-MW-4 Total Arsenic J Field duplicate RPD > 20
A-MW-10

WP-6 Ammonia U at reported value Result is greater than the reporting limit and

less than 5 times the field blank level

A-MW-4 Sulfate J Field duplicate RPD > 20
A-MW-10

* When the same qualifier applies to all associated samples it is listed only once.

Holly-St-Phase-3-Full-DV-Report 22




Anchor Environmental Consultants, L.L.C.
Focused Site Characterization Holly Street Landfill Redevelopment

March 26, 2001

Appendix A

Laboratory Communications
(33 pages)
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