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EXECUTIVE SUMMARY

The Blanchard River Pump Station was constructed along the Haines-Fairbanks Pipeline
in 1962 to increase the throughput of fuel delivery from the deep-water port at Haines to
military sites in Alaska. Facilities built at the original pump station consisted of one main
building and six trailers. The main building housed the engine room, pumps, generators,
maintenance shop and water supply, while the six trailers provided family
accommodations. In 1971, the US Department of Defense decommissioned the Haines-
Fairbanks Pipeline and title to the pipeline infrastructure was reverted to Canada. All the
facilities, including those at Blanchard River, were transferred to Indian and Northern
Affairs (DIAND) in 1982. The decommissioned pump station was converted to a Yukon
Territorial Government (YTG) Highway Maintenance Camp in 1986. In the process, the
main building was extended on the north end and converted to the Highways
Maintenance Garage. The six trailers were also removed and an accommodation building
was constructed on the original site of the trailers to house the highway workers.
Demolition debris was buried to the north of the site.

A Preliminary Environmental Investigation was conducted at Blanchard Station in 1995
as part of studies along the Haines Fairbanks Pipeline. This investigation identified (i) a
rust coloured drainage ditch on the north side of the site and (ii) subsurface soils at the
southwest side of the maintenance building as the main areas of contamination.
Extractable hydrocarbons, mono-aromatic hydrocarbons and metals were the main
contaminants of concern at both locations. There was no evidence for elevated levels of
PCBs, halogenated volatile hydrocarbons, phenoxy herbicides, pesticides such as DDT or
polycyclic aromatic hydrocarbons.

A Detailed Site Investigation (DSI) was conducted by Royal Roads University — Applied
Research Division (Royal Roads) and UMA Engineering Ltd. (UMA) in June 1999. This
was followed by additional investigations and remedial activities in September 1999.
Over 250 soil/sediment and 50 ground water/Blanchard River surface water samples were
collected over the course of these site investigations. Using a combination of field and
laboratory analytical techniques these samples were analyzed for one or more of the
following parameters - metals/metalloids, petroleum hydrocarbon constituents (VPH,
LEPH, HEPH, PAHs, BTEX), halogenated volatile organic compounds, chlorinated
pesticides, herbicides, chlorobenzenes, and Polychlorinated Biphenyls (PCBs).

The major conclusions as well as, areas of concern identified, remedial activities
conducted and recommendations include:

e Volatile Organic Compounds (VOCs), Polychlorinated Biphenyls (PCBs),
chlorobenzenes and pesticides such as DDTs were not contaminants of concern at
Blanchard River in that they were found to be either less than the appropriately
low method detection limit, or well below the relevant environmental quality
benchmarks;
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Potable water samples collected from the camp water well did not contain
metals/metalloids and hydrocarbons at levels exceeding the Yukon CSR drinking
water standards.

Apart from one area of the site (Rust-Coloured Drainage Ditch), the
concentrations of most metals/metalloids were not of concern (i.e., did not exceed
the relevant Yukon CSR standard). There were naturally elevated levels of
chromium in the Blanchard River site soils, and ten soil samples contained
chromium in excess of the Yukon CSR standard.

North of Maintenance Building (Burn Pit) — Subsurface soils and groundwater in
this area where a burn pit was operated historically (prior to conversion of the
pump station to a highway maintenance camp) were contaminated with
hydrocarbons. Petroleum hydrocarbon contaminated soils (approximately 700 m’
or 1,400 tonnes) were excavated from the burn pit area and placed in a
containment cell for temporary storage pending construction of the proposed land
farm treatment facility. Land farming was identified as the most cost effective
remedial option, based on the availability of sufficient land area along the former
highway right-of-way, immediately adjacent to the site. It is recommended that a
monitoring program be initiated to verify the expected decrease in hydrocarbon
concentrations in the groundwater plume following removal of contaminated
substrate from the burn pit.

Rust-Coloured Drainage Ditch North of Site — Hydrocarbons and metal-
contamination were present in soil and surface water along a rust-coloured stained
drainage ditch at the north end of the site, and leading down to the Blanchard
River. The contaminated substrate was excavated and placed into polyethylene-
lined, woven polypropylene bags. The bags containing approximately 10 m® (15
tonnes) of material were placed in a temporary storage area pending removal for
off-site disposal. The DSI showed that a culvert, which was previously identified
in 1995 using an EM survey, was serving as a conduit for the diversion of
hydrocarbon-contaminated groundwater from the burn pit to the rust-coloured
draw. The culvert was removed and the excavation backfilled with native soils.

Southwest of Maintenance Building — Contaminants including extractable
petroleum hydrocarbons, BTEX components, and PAHs were present in either
subsurface soils or groundwater. There was some evidence of the introduction of
low levels of hydrocarbons into Blanchard River. The available data however
suggested that, based on current site conditions, the risks to aquatic life were not
elevated. In the absence of any other risk management activities, it is
recommended that changes in concentration of hydrocarbons over time in this
location of the site should be monitored.

Above Ground Storage Tanks South of Maintenance Building — A small amount
of hydrocarbon-contaminated soil was found near the abandoned tank. There was
no evidence that this limited soil mass was creating appreciable groundwater
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contamination, or the movement of hydrocarbons to adjacent surface areas where
. humans or ecological receptors might be exposed. This area, therefore, was
excluded as an area of potential concern.

e Floor Drains, Rock Pit and Soak Away Pit — Hydrocarbons and other materials
have been introduced on an ongoing basis to the floor drains and then to either a
rock-filled soak away pit west of the maintenance building or perforated barrels,
via an oil/water separator, southwest of the building. There were hydrocarbon-
contaminated soils and rock within the perforated culvert from which the rock pit
was constructed, as well as in the immediate vicinity of the barrels. A replacement
of the rock pit and soak away pit with an up-to-date system has been
recommended. It is anticipated that the current system would be decommissioned
and replaced with more up-to-date oil/water separation technology, with offsite
disposal of recovered oily waste for recycling. This would curtail the chronic
discharge of hydrocarbon-contaminated water into the subsurface environment.
The localized hydrocarbon-contaminated materials within and around the pits do
not appear to have resulted in a more widespread lateral or down-gradient
contamination of the subsurface environment. Removal or isolation of the
decommissioned rock pit, therefore, is not deemed to be necessary based on the
expected limited risks to the environment.

e East of Maintenance Building - It was evident that free product in at least some
. portions of the six-inch line was not removed prior to decommissioning of the old
Haines-Fairbanks pipeline. There was no evidence that limited free product
releases from remaining buried pipeline have adversely impacted the site, except
through the contamination of very small subsurface soil masses. It is
recommended therefore that the presence of free product be documented. Should
an opportunity present itself, it might be prudent to recover the remaining free
product through use of a vacuum truck or similar method.

e Rafters Camp and Storage Area - Surficial hydrocarbon contamination was noted
in the parking area near the Rafter’s Camp, and to the south of the maintenance
camp. It was evident from the analytical results that the staining was recent, and
limited to shallow soils, with a decline at depths of 2 to 3 m or less. The presence
of localized hydrocarbon-contaminated soils in this area of the site suggested
recent release, probably associated with draining of and the inappropriate
discarding of used crankcase oils from motor vehicles. It is recommended that
measures be taken to control the unauthorized disposal of used oil in the future.

e Underground Storage Tanks — The underground storage system, consisting of two
single-walled steel tanks (11,360 L gasoline and 30,280 L diesel) and concrete
pump island located on the northwest of the maintenance building was
decommissioned in July 1999. The decommissioned tanks, associated pumps and
hydrocarbon-contaminated soils surrounding the tanks were removed in

. September 1999. The contaminated soils were placed in the temporary
containment cell pending landfarming.
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1. INTRODUCTION

1.1 Background

During the period 1950-1952, the United States (US) government commissioned the
Fluor Corporation, Los Angeles, California to construct an eight-inch multi-fuel line to
supply fuels from the deep-water port at Haines to military sites in Alaska. In response,
the Haines-Fairbanks Pipeline was constructed in 1954-1955. Five pump stations and
associated facilities were constructed along the pipeline. Six additional pump stations,
including Blanchard River were built along the line in" 1962 to increase the throughput.
The Blanchard River Station is located at Mile 87 of the pipeline and is just on the Yukon
side of the border with British Columbia (Drawing 1.1).

In 1971, the US Department of Defense decommissioned the Haines-Fairbanks Pipeline
and title to the pipeline infrastructure was reverted to Canada. All the facilities, including
those at Blanchard River, were transferred to Indian and Northern Affairs (DIAND) in
1982. Facilities at the original Blanchard Pump Station consisted of one main building
and six trailers. The main building housed the engine room, pumps, generators,
maintenance shop and water supply, while the six trailers provided family
accommodations.

The decommissioned pump station was converted to a Yukon Territorial Government
(YTG) Highway Maintenance Camp in 1986. In the process, the main building was
extended on the north end and converted to the Highways Maintenance Garage. The six
trailers were also removed and an accommodation building was constructed on the
original site of the trailers to house the highway workers. Demolition debris was buried to
the north of the site. Other old disposal areas that were associated with the original pump
station are present at the site. A brief historical overview of the site is given in Chapter 2
of this report. Detailed historical information of the site has been compiled in a report by
Bisset and Associates (1995).

A preliminary environmental investigation was conducted at Blanchard Station in 1995
by UMA Engineering Ltd. and Ambio Research Associates as part of studies along the
Haines Fairbanks Pipeline (UMA 1995). This investigation identified (i) a rust coloured
drainage ditch on the north side of the site and (ii) subsurface soils at the southwest side
of the maintenance building as the main areas of contamination. Extractable
hydrocarbons, mono-aromatic hydrocarbons and metals were the main contaminants of
concern at both locations. There was no evidence for elevated levels of PCBs,
halogenated volatile hydrocarbons, phenoxy herbicides, pesticides such as DDTs or
polycyclic aromatic hydrocarbons (PAHs).

Elevated levels of inorganic elements (arsenic, barium, cobalt, selenium and zinc) and
extractable hydrocarbons were found in soil/sediment samples collected from the above-
mentioned drainage ditch. It appeared this drainage ditch received contaminated
groundwater from source(s) within the vicinity of the maintenance complex. The results
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of an electromagnetic survey (EM) survey indicated that a buried pipe originating
between the shop and residence terminated at the leachate plume. It was suspected that
this pipe might be the conduit for the contaminants found in the samples collected in the
leachate. The origin of this pipe was not ascertained during the preliminary investigation.
Hydrocarbon contamination was also found in groundwater and subsurface soils obtained
from the southwest side of the site. In addition, a spatially limited oily sheen was
occasionally observed on the surface of water in the Blanchard River near the south end
of the site, and near the sampling locations.

The origin and extent of the two-contaminant plumes summarized above could not be
determined from the limited investigation. There was evidence, however, that these
plumes were introducing hydrocarbons and inorganic elements into the Blanchard River —
an important river for salmon spawning. The report recommended a detailed site
investigation to characterize the source, composition and extent of contamination at the
site.

1.2 Scope and Objectives
1.2.1 Detailed Site Investigation

The recommendations provided above formed the basis for a detailed site investigation
undertaken by Royal Roads University — Applied Research Division (Royal Roads) and
UMA Engineering Ltd. (UMA) in 1999.

The main objectives were to —

e Conduct a detailed investigation to determine the source, composition and aerial
extent of soil and groundwater contamination at Blanchard River Station;

e Evaluate the current operation of the site and its contribution, if any to
contaminant loading;

e Carry out an environmental assessment of the data obtained; and,
e Define cleanup/remedial options, if required.

To achieve these objectives, a field program was conducted in June 1999. The field team
included representatives from Royal Roads, UMA and DIAND Waste Management. Prior
to the field investigations, a review of previous site investigation reports (UMA, 1995 and
RRU, 1996), aerial photographs, maps and drawings was conducted. Information
gathered was incorporated into a Detailed Work Plan that was submitted to DIAND, YTG
and the Champaign and Aishihik First Nations. Comments received were incorporated
into the Work Plan.
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Components of the field program included —

Information exchange with local stakeholders, including YTG;
Borehole drilling and monitoring well installation;
Sampling of surface and subsurface soil and water;

Acquisition of field data for calculation of hydraulic conductivity, groundwater
flow and contaminant migration rates;

Use of field test methods for analysis of contaminants in soil and water;
A quality assurance/quality control program,;

Surveying of boreholes, monitoring wells and all features relevant to the
derivation and carrying out of clean up plans; and,

Complete documentation of site conditions and sampling program.

The field program was followed by laboratory analysis for metals, hydrocarbons,
pesticides and PCBs. The results were evaluated by using the Yukon Contaminated Sites
Regulations (Yukon CSR). The major conclusions as well as areas of concern identified
based on the review and interpretations of the data are presented in this report (see
especially Chapters 4 and 5).

1.2.2 Site Restoration and Additional Investigations

Preliminary results and recommendations from the detailed site investigations formed the
basis of remedial activities and additional site investigations that were undertaken by
Royal Roads, UMA, and Champaign and Aishihik First Nations in September 1999. The
main objective of the September program included —

Additional investigations to verify the source, composition and aerial extent of
hydrocarbon contamination in soil and groundwater at localized areas of the site;

Remediation of hydrocarbon contamination at the former burn pit;

Curtailment of the discharge of hydrocarbon and metal contaminated water and
sediments along the rust-coloured drainage ditch;

An evaluation of the current floor drains and replacement with more up-to-date
technology, if necessary;

An environmental assessment of the data obtained; and

Derivation of cleanup/remedial options, if required.
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Specific work tasks conducted to achieve the objectives for this phase of the project
comprised —

Excavation of petroleum hydrocarbon contaminated soils in the vicinity of the
former burn pit;

Establishment of a temporary holding facility for the excavated contaminated soil;

Curtailment of contaminated groundwater discharge from culvert at top of rust-
coloured drainage ditch at the northern end of the site;

Removal and packaging of metal and hydrocarbon contaminated sediments in the
rust-coloured stain at the northern end of site for off-site disposal;

Excavation of six inch fuel line at the eastern side of maintenance shop;

Inspection of floor drains in the maintenance building along with the oil/water
separator and soak away pit and recommendation for replacement options with
more up-to-date technology;

Completion of a detailed site investigation of the petroleum hydrocarbon plume
on south end of site;

Confirmatory testing of excavated areas; and,

Additional sampling and analysis at the rafters’ camp, and other areas of the site.

1.2.3 Scope of this Report

This report presents the results and interpretations of both the detailed site investigation
and the site remediation program.
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2. ECOLOGICAL SITE DESCRIPTION AND HISTORICAL
OVERVIEW

2.1 Site Description

Blanchard River Pump Station is located in the Yukon Territory at Milepost 95.8 on the
Haines Highway and is just on the Yukon side of the border with British Columbia (60°
31’ N, 136° 28” W). It was constructed at Mile 87 of the old pipeline, at an elevation of
829 m above sea level. The original station, occupying an area of 5 ha, is situated on a
foothill terrace with the Blanchard River ravine flanking the north, west and south sides
(Photograph 2-1).

The site is currently owned by the Yukon Territorial Government and is used as a
Highway Maintenance Camp. Facilities existing at the site include a maintenance garage,
an accommodation building and fuel storage tanks (Photograph 2-2). Additional private
and public facilities also exist just outside the current boundaries of the maintenance
camp. A series of old worked areas to the south of the station border fence are presently
occupied by a whitewater rafting company. These areas serve as storage and camping
space for the company’s operations. A spring-fed pipe in this area also provides a water
supply for the camp. An old service road curves from the western end of the site in a
northern direction to the river shore and to an old log cabin below. From this point, the
road follows the riverbank to the north side of the site. Camping areas and an outhouse
have been set up for anglers at the end of this road (Photograph 2-3).

Surface soils at the station are variable and consist of mixtures of silt-sand-gravel (mainly
fill) in disturbed and worked areas at the station, organic-sandy soils in wooded regions,
and sand with varying amounts of silt along drainage and waterways. Based on test pits
and borehole logs, soils in the station area overlay a base, gray silty clay layer occurring at
depths ranging from 2.4 to 10 m. Permafrost was not detected in the test pits.

Vegetation in the region, outside of disturbed areas is primarily late successional to
mature spruce (Picea sp.) forest with the occasional balsam poplar (Populus sp.), and
understory plants such as willow (Salix sp.) and horsetail (Equisetum sp.). Natural
riverbank areas are dominated by willow, balsam poplar, horsetail, and grasses [e.g.,
squirrel-tail grass (Hordeum sp.)]. Forbs such as willow-herb (Epilobium sp.) are
common. Grizzly bears are reported to frequent the region, and the waters are well-known
for salmon sport fishing.

The valley sediments constitute a subsurface reservoir for groundwater storage and
transport with the Blanchard River being the discharge boundary for the upper
groundwater flow system. Groundwater levels in the area are influenced by seasonal and
annual variations in precipitation. From the water level data collected, it can be inferred
that groundwater flow across the south end of the site is in a southwest direction, and
groundwater flow on the north side of the site is to the north direction. Both flow regimes
are directed towards the Blanchard River that meanders around the south, west and north
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sides of the site. The base of the upper flow system was determined to be the upper
surface of the clay stratigraphy.
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Photograph 2-1: Aerial photograph of Blanchard River Pump Station (1960’s) showing
the maintenance building, above ground storage tanks, trailers and the Blanchard River.
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Photograph 2-2: Blanchard Maintenance Camp looking west from the Haines Highway.
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Photograph 2-3: Blanchard Maintenance Camp with Blanchard River to the right.

ROYAL ROADS UNIVERSITY 4pplied Research Division & UMA ENGINEERING LTD. 2-4




BLANCHARD RIVER STATION DETAILED SITE INVESTIGATIONS AND SITE RESTORATION

2.2 Operational History of Blanchard River Pump Station

2.2.1 Haines-Fairbanks Pipeline

The Haines-Fairbanks pipeline was conceived in response to the need for fuel in Alaska
for defence purposes during the Korean War of 1953. Construction began in 1954 and the
pipeline became operational in 1956 (US Department of the Army, 1982). The 626-mile
long eight-inch pipeline paralleled the Haines and Alaska Highways and provided a
conduit for fuel transmission from the deep-water port of Haines, Alaska to northern
military installations at Fairbanks, Alaska. A portion of the pipeline alignment
(approximately 251 miles) crossed the Yukon Territory. The pipeline was placed on the
surface, along a 50-foot right of way, except in a few places where conditions required it
to be buried. It was a multi-product line, which transported diesel fuel, aircraft turbine
and jet engine fuel (JP-4), aviation gasoline and automotive combat gasoline. Initially,
five pump stations were constructed along the pipeline to deliver 16,500 barrels of
product per day.

2.2.2 Construction of Blanchard Station (1962)

In 1962 Blanchard River Pump Station and five other pump stations were built in
response to the requirement for an increase in throughput to 27,500 barrels per day.
Facilities constructed at Blanchard River included a combination building and family
housing complex. The single story combination building housed an engine room, pump
room, generator room, office and maintenance shop. The pump unit consisted of three
diesel driven multistage centrifugal pumps. Two low pressure oil fired steam boilers and
two 60 KW Caterpillar diesel generators were located in the generator room. A burn pit
was established adjacent to the combination building. Two POL storage tanks were
located at the south end of the site. The family housing complex consisted of six 10’ by
50’ trailers. (Photograph 2-1)

The pipeline right-of-way was periodically treated with herbicides, including 2,4,-D,
2,4,5-T (Esteron), 3-phenyl-1,1-dimethylurea (Fenuron), and 4-amino-3,5,6-
trichloropicolinic acid (Tordon 101). Permission was granted to the US Army to store
herbicides at Blanchard River Pump Station (K. Bisset & Associates, 1995). A DFO
memo from 1968 directs the US Army to dispose excess spray materials by burying them
in plastic containers or by another manner approved by the contracting officer (K. Bisset
& Associates, 1995).

2.2.3 Decommissioning and Subsequent Use/Activity (1971 — 1991)

In 1971, the US Department of Defense decommissioned the Haines-Fairbanks Pipeline.
Fuel was emptied from the pipeline and the pipeline was purged with water and dried
with methanol and compressed air. In 1982 the Haines-Fairbanks Pipeline was transferred
to the Canadian Department of Indian Affairs and Northern Development. In 1985-86, the
Yukon Territorial Government converted the Blanchard River Pump Station to a
highways maintenance camp. The combination building was extended and converted to a

ROYAL ROADS UNIVERSITY Applied Research Division & UMA ENGINEERING LTD. 2-5




BLANCHARD RIVER STATION DETAILED SITE INVESTIGATIONS AND SITE RESTORATION

garage. The family housing complex was removed and a new accommodation unit was
constructed on site. The demolition debris from the original housing complex was buried
to the north of the site. The pipeline was dismantled in 1991 and hauled south.

Site drawings of the original pump station site layout, as well as of the 1985-86
conversion to a highways maintenance camp are available at the site. These were
consulted to provide clues on subsurface utilities, historical operations and disposal
infrastructure, and other site features of relevance to the detailed site investigation.

2.3 Previous Environmental Assessments
2.3.1 Pipeline Spill Investigation (1971)

The US Army undertook an investigation of 20 operational spills and fuel releases during
decommissioning. Eleven of the 20 spills were in the Yukon Territory. There were no
reported investigations of releases at Blanchard River Pump Station; the closest spill was
at Pipeline milepost 119.1 (Garfield, ez. al. 1971).

2.3.2 Aerial Survey (1972)

Representatives from DIAND, YTG and Environment Canada carried out an aerial survey
of the pipeline within the Yukon Territory to consider possible salvage and removal
options. The pipeline reportedly appeared to be in “good condition”. Indications that
defoliants had been used to clear the pipeline right-of-way were noted. The buildings and
compounds at Blanchard River were reported to be “well maintained” and “generally tidy
and clean”. It was recommended that “detailed inspection and certification” be used to

verify these observations prior to any salvage activities (DIAND, 1972).
2.3.3 Herbicide Assessment (1994)

In 1994, a report on historical herbicide application and consequent contamination was
carried out for the Champagne and Aishihik First Nations. The report states that the
pipeline right-of-way was annually sprayed with herbicides from the “mid in 1950’s until
about 1970”. The herbicides used included 2,4-D and 2,4,5-T. An analysis of soil samples
collected from the Klukshu village site in 1993 revealed a dioxin and furan homologue
profile consistent with the application of 2,4,5-T. (Gray, 1994 and Axys Analytical
Services Ltd., 1993).

2.3.4 Preliminary Environmental Assessment (1995)

A preliminary environmental assessment was carried out at Blanchard River in July 1995
to identify areas of waste disposal and surface and subsurface soil and water
contamination (UMA, 1995). The program included an electromagnetic survey to identify
buried debris, the excavation of six test pits and drilling of five bore holes, followed by
the installation of monitoring wells in each hole. Subsurface soils were collected from the
bore holes and test pits, in addition to surface soils and water samples from a brown rust-

ROYAL ROADS UNIVERSITY Applied Research Division & UMA ENGINEERING LTD. 2-6




BLANCHARD RIVER STATION DETAILED SITE INVESTIGATIONS AND SITE RESTORATION

coloured drainage ditch observed north of the site. Groundwater samples were obtained
from the monitoring wells as well as two mini-piezometers, which were established near
the groundwater-surface water interface at a stained area near Blanchard River. A
combination of field and laboratory analytical techniques was used to analyze the soil and
water samples. A summary of the analytical program is given in Table 2.1 below.

Table 2.1: Summary of 1995 Analytical Program

Parameter Field Analysis Laboratory Analysis
Soil Water Soil Water
Volatile Organic Compounds (VOC) 37 1 4 8
Benzene, Toluene, Ethylbenzene, xylene (BTEX) 2 8 5 9
Total Extractable Hydrocarbons (TEH) 14 - 5 7
PCBs 20 - 4 5
Polycyclic Aromatic Hydrocarbons (PAHs) 19 - - 1
Pesticides - - 1 3
Herbicides - - - 3
Metals - - 12 9
Conductivity, pH - 4 - -

The results of the laboratory analysis indicated that the rust coloured drainage ditch on the
northern side of the site and subsurface soils at the southwest side of the maintenance
building were the main areas of contamination. Extractable hydrocarbons (TEH), BTEX
and metals were the main contaminants of concern. High levels of inorganic elements
(arsenic, barium, cobalt, selenium and zinc) and extractable hydrocarbons were found in
soil/sediment samples collected from the drainage ditch. It appeared this ditch originated
from the maintenance complex. The results of an EM survey indicated that a buried pipe
originating between the shop and residence terminated at the ditch plume. This pipe may
be the conduit for the contaminants found in the samples collected in the leachate. The
origin of this pipe was not ascertained during the preliminary investigation.

Hydrocarbon contamination was also found in groundwater and subsurface soils obtained
from the southwest side of the site. In addition, a small amount of free product was
observed on the surface of water in the Blanchard River, near the sampling locations. The
origin and extent of the two-contaminant plumes summarized above could not be
determined from the limited investigation. There was, however, evidence that these
plumes were introducing hydrocarbons and inorganic elements into the Blanchard River.
The investigation found no evidence of contamination from PCBs, chlorinated pesticides,
PAHs, phenoxy acid herbicides or volatile organohalogens. The investigation
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recommended that a full site investigation and risk assessment be completed at Blanchard
River (UMA, 1995).

2.3.5 Preliminary Environmental Assessment (1996)

A follow-up to the 1995 preliminary environmental assessment was conducted in 1996
(Royal Roads, 1996b). Five archived soil samples were analyzed for PCBs,
chlorobenzenes, organochlorine pesticides (OCPs) including DDTs, and metals to
characterize further the nature of contamination identified. The original findings and
recommendations were confirmed by the re-assessment; hydrocarbons and metals in the
drainage ditch and groundwater were the main contaminants of concern. PCBs,
chlorobenzenes, and OCPs were either below detection or very low. The report
recommended that a full site assessment be carried out at Blanchard River to delineate the
extent of subsurface hydrocarbon contamination followed by an analysis of remedial
options.

A few samples were subjected to detailed characterization of petroleum hydrocarbon
constituents (Royal Roads, 1996a), including alkyl-PAH, alkane and hopane profiles.
These marker compounds can be used to indicate degree of weathering or biodegradation
of samples. Overall, the results indicated that there was evidence on only limited
weathering of petroleum hydrocarbon subsurface contamination at the south end of the
site.

2.3.6 Potable Water Sampling Program (1996 — 1997)
2.3.6.1 Metals and PCBs

A potable water sampling program was initiated in the summer of 1996 at the request of
the camp supervisor to ensure that water obtained from the camp well for domestic
purposes continues to meet drinking water standards. Accordingly, a water sample was
collected from a sink in the washroom located within the garage/maintenance complex on
July 22nd, 1996. This sample was analyzed at Analytical Services Laboratory (ASL)
Vancouver for dissolved metals, PCBs, and extractable hydrocarbons. The concentrations
of all the parameters analyzed, except selenium, were extremely low and well below any
benchmark indicative of compromised water quality. Quality assurance data indicated
that the drinking water results were reliable, with the exception of the value for selenium
(1,700 pg/L), which exceeded the 1991 CCME Drinking water criteria (10 pg/L). The
laboratory was therefore asked to re-evaluate this result. After re-evaluation, the
laboratory reported that the original value of 1,700 pg/L was erroneous due to a
transcription error. The correct value was 1.7 pug/L, which was well below the CCME
drinking water benchmark. The 1996 results are compared to data obtained during the
1995 Preliminary site investigation (UMA 1995) and the current Yukon Contaminated
Sites Regulation (CSR) standards for drinking water in Table 2.2. Metal concentrations in
another sample collected on June 4, 1997 were comparable to the 1996 data.
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Table 2.2: Concentration (ug/L) of Metals and PCBs in a Drinking Water Sample
Collected from Blanchard River Camp in 1995 - 1997

Sample # BL1GW001 BLAY96-01 Sample Yukon CSR
Location Shop Washroom | Pressure Tank #2 | Pressure Tank #3 D rilslgzga\’:’;ter
Date Collected Jun-95 21-Jul-96 4-Jun-97
Metals
Aluminum <150 <5 <200 200
Antimony <150 - <200 -
Arsenic <1 0.6 0.7 25
Barium 66 60 70 1,000
Beryllium <3 <5 <5 -
Boron 30 <100 <100 5,000
Cadmium <0.2 <0.2 <0.2 5
Calcium 29,200 28,900 30,700 -
Chromium <1 <1 <1 50
Cobalt <1 <20 <10 -
Copper 110 117 40 1,000
Iron <30 <30 70 300
Lead 3 2 7 10
Magnesium 5,570 5,740 6,450 -
Manganese <3 <5 <5 -
Mercury <50 <0.05 <0.05 1
Molybdenum 3 <30 <30 250
Nickel 3 <20 <20 -
Selenium <40 1.7 3 10
Silver 3 <1 <1 -
Sodium 2,400 <2,000 <2,000 200,000
Thallium - - <30 -
Tin <1 - <30 -
Uranium - - 0.7 100
Vanadium <10 <30 <30 -
Zinc 37 53 80 5,000
PCBs <1 - -
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2.3.6.2 Volatile Hydrocarbons and BTEX

In September 1996, at the request of the camp supervisor, a sample was collected from
the washroom sink located in the garage/maintenance complex for volatile hydrocarbon
analysis (including BTEX compounds). All the analytes were below detection except for
toluene. The concentration of toluene (138 pg/L) was greater than the 1991 CCME
drinking water criterion of < 24 ng/L. The elevated toluene concentration apparently
corroborated some earlier data (Sam Dion, personal communication); however, toluene
was not detected in the sample collected in summer of 1995 (UMA, 1995). This
suggested the need for follow-up. Indian and Northern Affairs personnel subsequently
collected four water samples in October 1996. BTEX concentrations in the samples were
below detection. The data, along with the 1995 results and the current YTG Drinking
Water Standards are given in Table 2.3.

Table 2.3: Concentration (ug/L) of Volatile Hydrocarbons in Drinking Water
Samples Collected at Blanchard River Camp from June 1995 to October

1996 :
Date Collected | 01-Jun-95 | 17-Sep-96 22-Oct-96 Yukon CSR
Location Shop Shop Shop Kitchen | First Tap Ro?m 5 D {)‘:zl;l:;lg
Washroom \ywachroom Wa;%lroom Tap After Well Sink Standard
Sink ink
Benzene <0.08 <0.5 <0.5 <0.5 <0.5 <0.5 0.005
Ethylbenzene <0.02 <0.5 <0.5 <0.5 <0.5 <0.5 0.0024
Toluene <08 | 138 | <05 <0.5 <0.5 <0.5 0.024
meta- & para-| <0.02 <0.5 <0.5 <0.5 <0.5 <0.5 03
Xylene (total
ortho-Xylene <0.02 <0.5 <0.5 <0.5 <0.5 <0.5 xylenes)
VH C6-10 - 200 <100 <100 <100 <100
VPH C6-10 - <100 <100 <100 <100 <100 100

The sampling and analysis of potable water for BTEX was continued until the installation
of a water purification system in 1997.

The concentrations of BTEX components in samples collected from the shop washroom
‘sink over the monitoring period were all below detection (Table 2.4). Volatile petroleum
hydrocarbons (VPH) and light hydrocarbons were also below detection (< 100 pg/L).
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Table 2.4: Concentration (ug/L) Volatile Hydrocarbons in Potable Water Samples
Collected from a Sink in the Shop Washroom at Blanchard River Camp
from November 1996 to June 1997

Date Collected | 28-Nov-96 | 13-Jan-97 | 25-Feb-97 | 10-Apr-97 [30-Apr-97| 4-Jun-97 |26-Jun-97
Benzene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ethylbenzene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Toluene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
meta- & para- <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Xylene
ortho-Xylene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
VH C6-10 <100 <100 <100 <100 <100 <100 <100
VPH C6-10 <100 <100 <100 <100 <100 <100 <100

The concentrations of BTEX in samples collected from Pressure Tank #1, which is the
first storage tank for water pumped from the well, are given in Table 2.5. BTEX
components were below the detection limit of <0.5 ug/L except for toluene (0.6 pg/L) in
the sample collected on 10th April 1997. This value is of no major concern since it is very
close to the analytical detection limit of 0.5 ug/L and far less than the CCME Drinking
Water Criteria or the Yukon CSR drinking water standard of 300 ug/L for xylenes.
Volatile petroleum hydrocarbons (VPH) and light hydrocarbons were all below detection
(<100 pg/L).

Table 2.5: Concentration (ug/L) of Benzene, Ethylbenzene, Toluene, Xylene and
Volatile Hydrocarbons in Water Samples Collected from Pressure Tank #1
located in the Shop Washroom at Blanchard River Camp from November

1996 to June 1997

Date Collected [28-Nov-96 (13-Jan-97 |25-Feb-97 {10-Apr-97 |30-Apr-97 (4-Jun-97 [26-Jun-97
Benzene <0.0005 <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005
Ethylbenzene <0.0005 <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005
Toluene <0.0005 <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005
meta- & para-| <0.0005 <0.0005 | <0.0005 0.0006 <0.0005 | <0.0005 | <0.0005
Xylene

ortho-Xylene <0.0005 <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005
VH C6-10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
VPH C6-10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
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2.3.6.3 Water Purification System

The potable water monitoring program was discontinued following the installation of the
water purification system in July 1997. One water sample was collected shortly after the
installation on July 17, 1997. BTEX and volatile hydrocarbons results are not available
due to the fact that the sample was received in the laboratory after the sample hold time of
seven days. Metal results were generally below detection (Table 2.6).

Table 2.6: Concentration (ug/L) of Metals in a Drinking Water Sample Collected

from Blanchard River Camp in July 1997

Sampling Location Pressure Tank #3 YTG CSR Drinking Water
Date Collected 17-Jul-97 Standard
Metals

Aluminum <200 200
Arsenic <100 25
Barium <10 1,000
Boron <0.1 5,000
Cadmium <0.2 5
Calcium 750 -
Chromium <10 50
Copper 20 1,000
Iron <30 300
Lead 6 10
Magnesium 21 -
Manganese <5 50
Mercury <0.05 1
Selenium <0.0005 0.01
Sodium <2,000 200,000
Zinc 37 5,000
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2.4 Historical Timeline of Blanchard River Camp

A summary of information presented in this chapter is provide in a historical timeline

below:

1954

1956

1962

1971

1982

N A

1986

1991

\J

1995

\)

- 1999

Construction of Haines Fairbanks Pipeline and main pump stations
Pipeline becomes operational

Construction of additional pump stations including Blanchard River
Pipeline decommissioned

Pipeline transferred to DIAND

Blanchard Pump Station converted to Yukon Territorial Government
Highway Maintenance Camp

Pipeline dismantled and hauled south

Preliminary Environmental Assessment by UMA Engineering and Ambio
Research Associates

Detailed Site Investigation
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3. METHODS

The field program was conducted in two phases: a Detailed Site Investigation in June
followed by Additional Investigations and Site Remediation in September 1999. A
Detailed Work Plan for the June investigation program was developed and submitted to
DIAND Waste Management Program for review prior to the initiation of field
investigation activities. Copies of this Work Plan were circulated by DIAND to YTG and
Champaign and Aishihik First Nations for review. Comments received were incorporated
into the work plan. The results and recommendations of the Detailed Site Investigation
were presented at a stakeholders meeting in Whitehorse on August 5 1999. Participants
included representatives from DIAND, Champaign and Aishihik First Nations, Yukon
Territorial Government and Environment Canada. Following this, a Detailed Work Plan
for Additional Investigation and Site Restoration Activities was prepared and submitted
to DIAND for review. The revised work plan was used for the September investigation.
This chapter presents field and laboratory methodologies, as well as field observations for
both the Detailed and Additional Site Investigations. Remedial activities are presented in
Chapter 6.

3.1 Sampling Protocols

All samples were collected, transported, and stored under conditions that maintained
sample integrity using the general protocols presented in Guidance Manual on Sampling,
Analysis, and Data Management for Contaminated Sites (CCME, 1993). Pre-cleaned
sampling jars and preservatives were provided by Analytical Services Laboratory (ASL),
Vancouver, BC.

3.1.1 Groundwater

The static water level in each well was measured using a Solinst Water level Meter
equipped with an Interface Probe (Model No. 122). Each well was purged and sampled
using dedicated Waterra™ tubing and foot valve. At least three well volumes of water
were withdrawn from the well and discarded. Following this, an aliquot of the purge
water was placed into a 50 mL disposable Evergreen™ polyethylene vial and the pH,
conductivity and temperature of the purge water were measured. Purging was continued
until three consecutive measurements of pH, temperature and conductivity were within
ten percent. Electrical conductivity measurements were performed with a Cole Parmer
(Model No. 1481-60), which was calibrated with a 1413 puS standard solution while a
Barnet pH meter (Model 30), calibrated with pH 7 and pH 4 standard solutions was used
for the pH and temperature determinations. The pH, conductivity and thermal probes
were rinsed with distilled water and wiped with Kimwipes™ after each determination.

Samples designated for organic analyses (extractable hydrocarbons and polycyclic
aromatic hydrocarbons) were placed into 1 L amber glass jars. For volatile organic
compounds analyses, aliquots of groundwater were placed into two 40 mL vials
containing sulphuric preservative and sealed with Teflon-lined septum lids. Samples
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earmarked for dissolved metals analyses were field filtered using disposable in-line 700
cm? x 0.45 pm membrane filter (Gelman Sciences). The filtered sample was placed
directly into a 250 mL plastic container and preserved with nitric acid. The sample for
total metals analyses was placed directly into a 250 mL plastic container without filtration
and preserved with nitric acid. Disposable gloves were worn during sampling to reduce
the chance of cross-contamination.

The static water levels, volumes of purge water, pH, temperature, conductivity and
samples collected were recorded on Groundwater Sampling Data Sheets that are provided
in Appendix D.

3.1.2 Surface Water

Grab surface water samples were collected directly into the appropriate sampling
containers as per groundwater samples. The container was held at the base and the neck
plunged below the surface (25 - 40 cm). It was tilted such that the neck pointed to the
water flow during filling. For dissolved metal analysis, a Waterra™ foot valve was
attached to a piece of HPDE tube and used to obtain the sample which was passed
through a disposable in-line filter and placed into the container. Disposable gloves were
worn during sampling to reduce the chance of cross-contamination.

3.1.3 Potable Water

Potable water samples were collected from faucets attached to the pressure tanks directly
into the appropriate containers. Each faucet was flushed for three minutes following
which the flow was reduced to a thin stream before filling the container.

3.1.4 Subsurface Soils

Subsurface soil samples were obtained from test pits and boreholes. Soil samples from
shallower strata of test pits were sampled directly from the bottoms of the pits, into pre-
cleaned glass jars, using stainless steel scoops. Samples from strata greater than 0.5 m
were retrieved from the backhoe bucket, taking care to avoid inclusion of soils that had
been in direct contact with the bucket. The scoops were pre-cleaned by washing with
laboratory detergent (Sparkleen™), rinsing with distilled-deionized water and methanol.
They were then baked at 400°C for three hours, cooled and wrapped in baked aluminum
foil to preclude contaminants. Samples designated for field analyses were placed into 125
mL amber glass jar with aluminum foil lined-lid while those earmarked for laboratory
analyses (metals, hydrocarbons pesticides and PCBs) were placed into 500 mL glass jars
with Teflon lined lids. For volatile organic compounds analyses, the samples were placed
into 125 ml glass jars and sealed with Teflon-lined lids. Disposable gloves were worn
during sampling to reduce the chance of cross-contamination and changed after each
sample.
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Drill cuttings were placed into bags (in two-foot sections) from which sub-samples were
collected using stainless steel scoops for analysis. Sample containers were similar to those
used for the testpits.

3.1.5 Surface Soil/Sediments

The top 10 cm of surface soil or sediment was removed with a pre-cleaned and dedicated
stainless steel scoop and placed into appropriate glass containers as used for sub-surface
soils.

3.1.6 Sample Handling

All the labeled sample containers were placed into coolers and shipped to the Analytical
Laboratory via Canadian Airlines guaranteed cargo. Chain of custody forms accompanied
the shipment.

3.2 Analytical Methods

The analytical program consisted of:

e analysis of soil and water samples for contaminant concentrations and other soil
properties relevant to hydrogeology and remedial options;

e contaminant screening of soil and water samples using field test methods (PID,
PetroFLAG™, immunoassay-based field test kits for TPH, PAHs, chlorinated
pesticides, PCBs), with at least 20% of these also subjected to laboratory analysis
as per US EPA protocols for field test kits;

¢ confirmatory sampling and analysis for hydrocarbons in soils using PetroFLAG™
test kits;

e laboratory analyses at Analytical Services Laboratory (ASL), Vancouver; and,

¢ collection and submission of field duplicates for at least 10% of all samples.

3.2.1 Potential Contaminants of Concern

Based on the previous site investigations and other contaminants of concem in the region
as a whole, the following contaminants were considered to be of concern with respect to
human health or ecological risk at or around Blanchard River:

e Hydrocarbons: The preliminary site investigations (UMA, 1995 and Royal Roads,
1996) identified hydrocarbons (volatile, light and heavy extractable petroleum
hydrocarbons monocyclic aromatics such as benzene, toluene, ethylbenzene and
xylene) as contaminants of concern in some locations. Some activities at the sites
could have contributed a complex suite of these hydrocarbons, including
polycyclic aromatic hydrocarbons, to other locations. This may include discharge
into the burn pit, leakage in pipelines, shut-off valves or storage tanks, general
spillage, the discarding of used oil, and disposal via the soak away pits or other

ROYAL ROADS UNIVERSITY Applied Research Division & UMA ENGINEERING LTD. 3-3




BLANCHARD RIVER STATION DETAILED SITE INVESTIGATIONS AND SITE RESTORATION

methods as part of historical operation and maintenance procedures at the former
pump station and current activities of the highway maintenance camp.

e Metals and metalloids: Some metals/metalloids were detected at elevated levels in
samples collected from the drainage ditch north of the site. The presence of
uncharacterized, subsurface refuse disposal areas requires a further examination of
soil and water samples for these metals/metalloids, which could have been
contributed from a large number of sources such as car battery disposal, leaded
gasoline and metallic debris.

e Organochlorine compounds including PCBs, DDTs, toxaphene, and chlordane
pesticides: The preliminary site investigations (UMA, 1995 and Royal Roads,
1996) indicated these were not present at elevated concentrations and were
therefore of minor concern. These substances, however, were screened in a subset
of samples obtained from refuse burial locations not investigated in previous
studies to confirm that they are not potential contaminants of concern at
Blanchard River.

e Volatile Organic Compounds (VOCs): These are generally used in solvents,
degreasers and paint thinners and include monocyclic aromatic hydrocarbons,
halogenated compounds and light hydrocarbons (C5 — C9). These compounds are
often not found in historic spills since they do not persist in soil. They evaporate
rapidly from surface water or soils but may enter groundwater where they persist.

3.2.2 Field Analysis

An iterative approach was used to maximize the analytical data relative to analytical costs
during both investigations. Field test methods, including a volatile organic compounds
(VOC) detector (Photoionization Detector — PID) and immunoassay-based test kits were
used on a large number of surface and subsurface samples as a preliminary screening tool
for hydrocarbons, chlorinated pesticides, PAHs and PCBs. For the delineation of the
spatial extent of hydrocarbon contamination and confirmatory sampling during site
restoration activities in September, PetroFLAG™ test kits were employed.

3.2.2.1 Jar Headspace Analysis for Volatile Organic Compounds

The Jar Headspace Procedure is a quick and simple field screening procedure used to
determine the presence of volatile organic compounds in soil. The procedure involves
collecting a soil or water sample, placing it in an airtight container and then analyzing the
headspace vapor using a portable analytical instrument such as a photoionization detector
(PID). The "headspace" is the area between the sample and the top of the container. This
procedure has been incorporated into US EPA and Environment Canada protocols.
(Driscoll, 1993; Environment Canada, 1997)

A PE Photovac Photoionization Detector (Model PE 2020) was used in this program.
This detector measured the concentrations of VOCs in the 1-2000 parts per million range
and was calibrated using 100 ppm isobutylene in accordance with the manufacturer's
specification.
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The soil sample was collected into a 125 mL glass jar that was half filled with soil. The
jar was sealed with an aluminum lined screw-on lid and shaken thoroughly for 30
seconds. The headspace was subsequently allowed to equilibrate for 10 min. Each 1id was
then carefully removed leaving the aluminum foil lining in place. The foil was pierced
using the vapour probe and care was taken to sample only the headspace. The maximum
reading on the PID was recorded. The sample was retained and later analyzed by
immunoassay or PetroFLAG™ test kits.

3.2.2.2 Immunoassay Field Test Kits

Based on unusual physical characteristics such as odour and staining, selected samples
were screened in the field for one or more of the following: EPH, PAHs, and DDT's using
Diagnostics Inc. Test Kit. The kits utilize the enzyme linked immuno-sorbent assay,
which is based on antibodies that are specifically designed to bind to target analyte
molecules. These have been accepted for US EPA SW-846 Methods (US EPA, 2000a).

The immunoassay was carried out on site according to the manufacturer’s instructions. A
5 g portion of soil was weighed and extracted with 5 mL methanol. The soil-methanol
mixture was filtered and an aliquot of the extract used for subsequent analysis. At least
20% of the samples were also subjected to laboratory analysis as per US EPA protocols
for field test kits.

3.2.2.3 PetroFLAG™ Hydrocarbon Analyzer

The PetroFLAG™ hydrocarbon analysis system (Dexsil Corporation, One Hamden Park
Drive, Hamden, CT 06517) is a turbidimetric method designed to quickly analyze soil
samples for any type of hydrocarbon. It responds to all types of hydrocarbons regardless
of the source or state of degradation. The response factor however, is dependent on the
type of hydrocarbon. A table containing the response factor for a number of hydrocarbon
contaminants is supplied with the kit (e.g., diesel fuel has a response factor of 5 while
weathered gasoline has a response factor of 2). The specially designed analyzer is easily
calibrated with a blank and a single calibration standard. When a prepared sample is
placed in the analyzer, it uses the calibration data to convert the optical reading into a
preliminary concentration. Following this, the selected response factor is used to calculate
the correct concentration. The method has been incorporated into Draft Update IVA of
US EPA SW-846 Method 9074 (US EPA, 2000b).

The PetroFLAG™ test kits were used to screen soil samples, delineate the spatial extent
of hydrocarbon contamination and for confirmatory sampling during the September
investigations. The samples were analyzed on site using the manufacturers instructions
(Dexsil, 1998). A portion of the soil sample (between 2 to 10 g) was extracted with a
solvent mixture composed primarily of methanol. The resulting mixture was allowed to
settle and the free liquid is decanted into the barrel of a filter-syringe assembly. The liquid
was filtered through a 0.2-pm filter into a vial containing an aqueous emulsifier
development solution. The solution was allowed to develop for 10 minutes. During the
development, any hydrocarbons present precipitated out and become suspended in
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solution. The developed sample was placed in a turbidimeter that had been calibrated
using a blank and a single calibration standard. A beam of yellow light at 585 nm was
passed through the sample and the scattering of light through the suspension at 90° was
measured. The analyzer then reported the concentration of total extractable petroleum
hydrocarbons present in the sample.

3.2.3 Laboratory Analysis

Samples from both the June and September field programs were submitted to ASL,
Vancouver, for laboratory analyses. ASL has been evaluated and accredited by the
Canadian Association for Environmental Laboratories (CAEL). Prior to and throughout
the field program, communication with the laboratory was maintained to ensure that all
QA/QC objectives, such as detection limits, proper sample containers, sample delivery,
etc., were being met. Samples were submitted to the laboratories via a rigorous chain-of-
custody. Selected samples based on field screening tests were targeted for immediate
analysis on the chain-of-custody forms; additional samples for metal analysis were
archived and frozen for later analysis as warranted, based on the initial round of analyses.
Summaries of the analytical methods are given in the following subsections.

3.2.3.1 Conventional Parameters in Water

These analyses (pH, hardness, conductivity) were carried out in accordance with
procedures described in “Methods for Chemical Analysis of Water and Wastes”
(USEPA), “Manual for Chemical Analysis of Water and Wastewaters, Sediments and
Biological Tissues” (BCMOE), and/or “Standard Methods for the Examination of Water
and Wastewaters” (APHA). Further details are available from ASL upon request.

3.2.3.2 Moisture Content in Soil/Sediment

The percentage content of moisture in the soil samples was determined gravimetrically by
drying the sample at 103 °C for a minimum of six hours.

3.2.3.3 pH in Soil/Sediment

This analysis was carried out in accordance with procedures described in “Soil Sampling
and Methods of Analysis” (CSSS). The procedure involved mixing the air-dried sample
with deionized-distilled water. The pH of the solution is then measured using a standard
probe. A 1:2 ratio of sediment and water is used for mineral soils and a 1:10 ratio is used
for highly organic soils.

3.2.3.4 Metals in Soil/Sediment

This analysis was carried out using procedures adapted from “Test Methods for
Evaluating Solid Waste” SW-846 Method 3050 or Method 3051, published by the US
EPA. The procedure involved a digestion using a 1:1 ratio of nitric acid and hydrochloric
acid, along with hot plate or microwave heating. Instrumental analysis was by atomic
absorption spectrophotometry (EPA Method 7000) and/or inductively coupled plasma -
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optical emission spectrophotometry. A limitation of this method is that the stated acid
digestion will provide excellent results for total recoverable metals; however, it is only
partially effective on mineralized or non-environmentally available metals. The metals
analyzed included: antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), cadmium
(Cd), chromium (Cr), cobalt (Co), copper (Cu), lead (Pb), molybdenum (Mo), nickel (Ni),
selenium (Se), silver (Ag), tin (Sn), vanadium (V) and zinc (Zn). '

3.2.3.5 Metals in Water

This analysis was carried out using procedures described in “Standard Methods for the
Examination of Waste Water”, 20" Edition, 1998, published by the American Public
Health Association, and with procedures adapted from “Test Methods for Evaluating
Solid Waste” SW-846 Method 3050 or Method 3051, published by the US EPA. The
procedure may involve a preliminary sample treatment by acid digestion or filtration
(EPA Method 3005A) followed by instrumental analysis by atomic absorption/emission
spectrophotometry (EPA Method 7000 series), inductively coupled plasma (EPA Method
6010B) and/or inductively coupled - mass spectrometry (EPA Method 6020).

Elements analyzed included: aluminum (Al), antimony (Sb), arsenic (As), barium (Ba),
beryllium (Be), bismuth (Bi), boron (B), cadmium (Cd), calcium (Ca), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), lead (Pb), lithium (Li), magnesium (Mg), manganese
(Mn), molybdenum (Mo), nickel (Ni), phosphorus (P), potassium (K), selenium (Se),
silicon (Si), silver (Ag), sodium (Na), strontium (Sr), Thallium (Th), tin (Sn), Titanium
(T1), vanadium (V) and zinc (Zn)

3.2.3.6 Mercury in Water

This analysis was carried out using procedures described in “Standard Methods for the
Examination of Water and Wastewater”, 20" Edition, 1998, published by the American
Public Health Association and with procedures adapted from “Test Methods for
Evaluating Solid Waste” SW-846 published by the US EPA. A cold oxidation procedure
involving bromine monochloride was used, followed by cold-vapour atomic absorption
spectrophotometry (CVAAS). EPA Method 7470A/7471A.

3.2.3.7 Volatile Organic Compounds in Water

This analysis was based on US EPA Methods 624/524 and 5030/8260. These procedures
involved a purge and trap extraction of the sample and subsequent analysis of the volatile
component by gas chromatography with mass spectrometric detection. The analytes
included halogenated volatiles such as bromodichloromethane, bromoform, carbon
tetrachloride, chlorobenzene, chloroethane, chloroform, chloromethane,
dibromochloromethane,1,2-dichlorobenzene 1,3-dichlorobenzene, 1,4-dichlorobenzene,
1,1-dichloroethane, 1,2-dichloroethane, cis-1,2-dichloroethylene, trans-1,2-
dichloroethylene, 1,1-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-
dichloropropylene, trans-1,3-dichloropropylene, 1,1,1,2-tetrachloroethane, 1,1,2,2-
tetrachloroethane, tetrachloroethylene, 1,1,1-trichloroethane, 1,1,2-trichloroethane,
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trichloroethylene, trichlorofluoromethane and vinyl chloride. The non-halogenated
volatiles benzene, ethylbenzene, toluene and meta- & para-xylene were also part of this
suite.

3.2.3.8 Volatile Organic Compounds in Soil/Sediment

This analysis was based on US EPA Methods 5030, 5035 and 8260. The procedure
involved a purge and trap extraction of the sample and subsequent analysis of the volatile
component by gas chromatography with mass spectrometric detection. The analytes
included halogenated volatiles such as bromodichloromethane, bromoform, carbon
tetrachloride, chlorobenzene, chloroethane, chloroform, chloromethane,
dibromochloromethane,1,2-dichlorobenzene 1,3-dichlorobenzene, 1,4-dichlorobenzene,
1,1-dichloroethane, 1,2-dichloroethane, cis-1,2-dichloroethylene, trans-1,2-
dichloroethylene, 1,1-dichloroethylene, dichloromethane, 1,2-dichloropropane, cis-1,3-
dichloropropylene, trans-1,3-dichloropropylene, 1,1,1,2-tetrachloroethane, 1,1,2,2-
tetrachloroethane, tetrachloroethylene, 1,1,1-trichloroethane, 1,1,2-trichloroethane,
trichloroethylene, trichlorofluoromethane and vinyl chloride. The non-halogenated
volatiles benzene, ethylbenzene, toluene, meta- & para-xylene and ortho-xylene were also
part of this suite.

3.2.3.9 Volatile Hydrocarbons in Soils/Sediment

This analysis was carried out in accordance with US EPA Methods 5035, 8260/8021 and
British Columbia Ministry of the Environment Lands and Parks Method “Volatile
Hydrocarbons in Soil by GC/FID”. The procedure involves a 1:2 extraction of the sample
with methanol. An aliquot of this methanol extract is added to a sealed vial containing a
constant volume of water. This vial is sealed and heated, causing the volatile compounds
to partition into the gaseous headspace above the sample. A portion of this headspace is
then analyzed by gas chromatography with mass spectrometric detection (GC-MS) or
photo ionization (GC-PID)/flame ionization (GC-FID) detection.

3.2.3.10 Volatile Petroleum Hydrocarbons (VPH) in Soil/Sediment

Volatile Petroleum Hydrocarbon (VPH) is a calculation defined by British Columbia
Ministry of Environment Land and Parks (BCMELP) Draft Method “Calculation of
Volatile Petroleum Hydrocarbons in Solids or Water”, June 1998. The concentrations of
specific monocyclic aromatic hydrocarbons (Benzene, Toluene, Ethylbenzene, Xylenes
and Syrene) are subtracted from the collective concentration of Volatile Hydrocarbons
(VH) that elute between n-hexane (nC6) and n-decane (nC10). Analysis of Volatile
Hydrocarbons adheres to all prescribed elements of BCMELP method “Volatile
Hydrocarbons in Solid”, June 1998.

3.23.11 Volatile Petroleum Hydrocarbons in Water

Volatile Petroleum Hydrocarbon (VPH) is a calculation defined by British Columbia
Ministry of Environment Land and Parks (BCMELP) Draft Method ‘“Calculation of
Volatile Petroleum Hydrocarbons in Solids or Water”, June 1998. The concentrations of
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specific monocyclic aromatic hydrocarbons (Benzene, Toluene, Ethylbenzene, Xylenes
and Syrene) are subtracted from the collective concentration of Volatile Hydrocarbons
(VH) that elute between n-hexane (nC6) and n-decane (nC10). Analysis of Volatile
Hydrocarbons adheres to all prescribed elements of BCMELP method “Volatile
Hydrocarbons in Water”, June 1998.

3.2.3.12 Extractable Hydrocarbons in Soil/Sediment

The method used was carried out using procedures adapted from the US EPA Methods
3540, 3610 and 8081 (Publ. No. SW-846, 3™ Ed., Washington DC 20460) and lent to the
BC Ministry of Environment Land and Parks Method for “Extractable Petroleum
Hydrocarbons (EPH) in Soils by GC/FID (January 1996) but does not provide correction
for Polycyclic Aromatic Hydrocarbons (PAH). The procedure involved hexane/acetone
extraction and analysis using GC/FID. EPH results are presented for components in the
C10 to C19 and C19 to C32 ranges.

3.2.3.13 Extractable Hydrocarbons in Water

The method used was carried out using procedures adapted from the US EPA Methods
3540, 3610 and 8081 (Publ. No. SW-846, 3™ Ed., Washington DC 20460) and lent to the
BC Ministry of Environment Land and Parks Method for “Extractable Petroleum
Hydrocarbons (EPH) in Soils by GC/FID (January 1996). Results are not corrected for
Polycyclic Aromatic Hydrocarbons (PAH). The procedure involved methylene chloride
solvent extraction followed by analysis of the extract using GC/FID. EPH results are
presented for components in the C10 to C18 and C19 to C31 ranges.

3.23.14 Polycyclic Aromatic Hydrocarbons (PAHs) in Soil/Sediment

This analysis was carried out in accordance with US EPA methods 3545(SW-846
Laboratory Manual — Update III, Federal register, Vol. 60, No. 142/Tuesday July 25,
1995, pg. 37974-37980,). An automated system was used to extract the sample with 1:1
mixture of hexane and acetone. A portion of the extract was exchanged to toluene,
cleaned and analyzed by capillary column GC with mass spectrometric detection. The
analytes  included  acenaphthene, acenaphthylene, acridine,  anthracene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(gh,i)perylene,
benzo(k)fluoranthene, chrysene, dibenz(ah)anthracene, fluoranthene, fluorene,
indeno(1,2,3-c,d)pyrene, naphthalene, phenanthrene and pyrene.

3.23.15 Polycyclic Aromatic Hydrocarbons (PAHs) in Water

This analysis was carried out using a procedure adapted by ASL from US EPA methods
3510, 3630 and 8270 (Publ. No. SW-846, 39 E4., Washington DC 20460). The procedure
involved extraction of the sample with methylene chloride followed by a cleanup on a
silica gel column. This cleanup effectively removed aliphatic and heterocyclic
hydrocarbons, which could potentially interfere with the analysis. The final extract was
analyzed by capillary column GC with mass spectrometric detection. The analytes
included acenaphthene, acenaphthylene, acridine, anthracene, benzo(a)anthracene,
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benzo(a)pyrene, benzo(b)fluoranthene, benzo(gh,i)perylene, benzo(k)fluoranthene,
chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene,
naphthalene, phenanthrene and pyrene.

3.2.3.16 Light and Heavy Extractable Petroleum Hydrocarbons in Soil/Sediment

This method was carried out as outlined in the method descriptions for Extractable
Petroleum hydrocarbons and Polycyclic Aromatic Hydrocarbons. The concentrations for
light extractable hydrocarbons (LEPH) were derived by the subtraction of naphthalene
and phenanthrene from the EPH (C10 to C18) values. Similarly, heavy extractable
hydrocarbons (HEPH) were calculated by subtracting the concentrations of
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a) pyrene,
dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene and pyrene from the EPH (C19 to C31)
data.

3.2.3.17 Light and Heavy Extractable Petroleum Hydrocarbons in Water — ASL

This method was carried out as outlined in the method descriptions for Extractable
Petroleum hydrocarbons and Polycyclic Aromatic Hydrocarbons. As per BC MELP
Contaminated Sites Regulations, the concentrations for light extractable hydrocarbons
(LEPH) were derived by the subtraction of acenaphthene, acridine, anthracene, fluorene,
naphthalene and phenanthrene concentrations from the EPH (C10 to C18) wvalues.
Similarly, heavy extractable hydrocarbons (HEPH) were calculated by subtracting the
concentrations of benz(a)anthracene, fluoranthene, pyrene and benzo(a)pyrene from the
EPH (C19 to C31) data.

3.2.3.18 Organochlorine Pesticides (OCPs) in Soil/Sediment

Organochlorine pesticides in soils were determined with methodology adapted from US
EPA Methods 3540, 3610 and 8081 (Publ. No. SW-846, 3™ Ed., Washington DC 20460).
The procedure involved a soxlet extraction with dichloromethane. The extract was then
solvent exchanged to hexane followed by an alumina column clean up. The final extract
was analyzed by dual capillary column gas chromatography with electron capture
detector.

The analytes included the following pesticides: Aldrin, alpha-BHC (Benzene
HexaChloride or hexachlorocyclohexane), beta-BHC, delta-BHC, cis-Chlordane, trans-
Chlordane, o,p-DDD (Dichloro Diphenyl Dichloroethane), p,p-DDD, o,p' DDE
(Dichloro Diphenyl Ethylene) p,p'-DDE, 0,p'-DDT (Dichloro Diphenyl Trichloroethane),
p,p'-DDT, Dieldrin, Endosulfan, Endrin, Heptachlor, Heptachlor epoxide, Lindane,
Metoxychlor, Mirex, cis-Nonachlor, trans-Nonaclor, Oxychlordane and Toxaphene.

3.2.3.19 Polychlorinated Biphenyls (PCBs) in Soil/Sediment

This analysis was carried out using a procedure adapted from EPA Method 8082 (Publ.
No. SW-846, 3™ Ed., Washington DC 20460). The procedure involves a solid-liquid
extraction of the sample with hexane/acetone and back extraction with water. The hexane
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extract was cleaned and analyzed by capillary column gas chromatography with electron
capture detection. The results were reported as total polychlorinated biphenyls.

3.3

Detailed Site Investigation (June 1999)

The field program was conducted from June 14 to 19, 1999 by a field team which
included representatives from:

Royal Roads (M. Dodd and D. Bright);

UMA Engineering (T. Wingrove and N. Plato);

DIAND Waste Management (S. Aichele and K. Svec);

Midnight Sun Drilling Services (Boreholes and monitoring well installation);
Yukon Engineering Services (Survey); and,

Darling Maintenance Services (Test pit excavation).

Specific task addressed during the field investigations included:

3.3.1

Borehole drilling and piezometer installation to identify and delineate sources of
subsurface contamination found during the Preliminary Site Investigation;

Excavation of testpits to characterize the nature and extent of subsurface
contamination;

Collection of subsurface soil samples from testpits and boreholes;

Sampling of groundwater from monitoring wells and acquisition of field data for
the calculation of hydraulic conductivity, groundwater flow direction and gradient,
and contaminant migration rates;

Collection of surface water and soil samples from the rust coloured drainage ditch
and other locations around the site;

Obtaining sediment and water samples from Blanchard River;

Use of field test methods for the screening analysis of contaminants in soil and
water;

A field quality assurance/quality control program;
Surveying of boreholes, monitoring wells, testpits and relevant features;
Information exchange with local stakeholders, including YTG; and,

Complete documentation of site conditions and sampling program.

Test Pits

Thirty test pits were excavated to augment six pits that were previously completed in
1995. The locations of both the previously established test pits (TP95-1 to TP95-6) and
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newly excavated test pits (TP99-7 to TP99-36) are provided on Drawing 1. All test pits
were excavated using a backhoe to a depth of up to 2.7 m. The depth of each test pit,
description of subsurface soils and debris found, as well as a list of samples collected are
provided in Table 3.1. The majority of these pits were excavated to characterize and
delineate areas of hydrocarbon contamination.

Interpretation of old aerial photographs suggested a burn pit was situated north of the
maintenance building during the operation of Blanchard River as a pump station, prior to
1985. The location of the burn pit and extent of hydrocarbon contamination was
determined through the excavation of ten test pits (TP99-7 to TP99-13, TP99-26 to TP99-
28) north of the maintenance building.

Another set of test pits was established along the drain lines and to the soak away pit at
the southwestern end of the maintenance building. The soak away pit receives discharge
from the oil/water separator from the floor drains in the shop’s welding bay. This soak
away pit, which was installed during the construction of the pump station in 1962 is still
in use today. The pit and drain lines were tested in 1985, when the building was
converted for use by YTG transport. The feed line, a four-inch pipe wrapped in
Styrofoam, was encountered in the first pit (TP99-14) dug 3 m from the building. A
trench was excavated along the line from the first test pit to a point where the pipe was
supported on barrels (Photograph 3.1). The diameter of the pipe changed from four inches
to six inches near the barrels. A close examination of the pipe revealed openings cuts at
the bottom that allowed wastewater discharged through the pipe to flow into the barrels.
The barrels were also perforated (Photograph 3.2) as such any liquid introduced would
infiltrate into the surrounding substrate, which comprised sandy gravel with cobbles.
Three additional samples (TP99-15 to TP99-17) were subsequently collected along the
trench excavation. No obvious odour and stains were noted along most sections of the
trench except for a strong hydrocarbon odour near TP99-15 and this was probably due to
localized releases.

Test pits were also established on the northwestern side of the maintenance building in
order to establish the location of the 1985 vintage rock pit, which receives floor drainage
from the main shop area. The pipe was encountered in the first pit excavated within 3 to 4
m of the shop wall (TP99-22). Further excavation along the pipe uncovered the top part
of the rock pit, which pit consisted of a 3 m diameter culvert filled with boulders and
surrounded by native fill comprising sandy gravel with cobbles. No hydrocarbon odour
was detected in the area.

Investigations were undertaken near the abandoned large above ground storage tank
(AST) located south of the maintenance building (Photograph 3.3). Petroleum
hydrocarbon contaminated soil was encountered at a depth of 20 cm and beyond in TP99-
19 which was excavated at the northern end of the tank, right under the fill valve. Other
pits established near the tanks (TP99-20, TP99-35 and TP99-36) did not contain any
discernable staining or odour, however, a copper tank electrode was found in TP99-20.
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Historical photographs indicated a small above ground storage tank was previously
located to the east of the maintenance building, near the current to the generator room. A
strong odour of hydrocarbons was detected from samples collected in a test pit (TP99-33)
that was excavated to a depth of 2.3 m at this location (Photograph 3.4). A second test pit
(TP99-34) established 6 m to the east of TP99-33 did not have any odour.

Test pits were also used to investigate areas containing visible debris and areas suspected
to contain buried debris based on electromagnetic (EM) geophysical surveys conducted
during the preliminary investigations in 1995. To this end, three pits were dug in a push
out dump near the gravel stockpile northeast of the residence. Surficial debris
encountered in the area included diesel manifold, electrical cable and metal shutters
(Photograph 3.5). No visible debris other than a piece of 4” x 4” wood was encountered
in three test pits excavated in the dump (TP99-23 to TP99-25) suggesting that metal
debris was limited to surface of ground only.

Anomalies from the 1995 EM survey suggested buried debris near the rafters’ camp,
situated south of the site. Three test pits (TP99-31 to TP99-32) were advanced in the area
to ground truth the EM anomalies. Apart from a few metal braces and cans and an old
plastic tarpaulin near the surface of one of the holes, no debris was found in the test pits.
A hydrocarbon odour was detected in a pit excavated for a new outhouse constructed in
this area in July 1999 for the rafters use. To ascertain the nature and extent of
contamination in the area, six additional test pits (TP0799-1 to TP0799-6) were excavated
(Table 3.2). The pits were hand-dug to a maximum depth of 1 m. Visible staining and
hydrocarbon odour were noted in the top few centimetres of some of the soils
(Photograph 3-6).
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Table 3.1: Blanchard River June 1999 Test Pit Excavation Program

Test Pit

Sample
Designation

Sample
Depth

PID
Reading

Location and Observations

TP99-7

no sample
taken

Outside of gate and just inside road; obviously beyond
original extent of burn pit.

TP99-8

no sample
taken

120 cm

0.0

Middle of access road to camp, at Y in road. (1.2 m
depth: some wood debris; 1.9 m depth: bottom of test
pit; clay at ~ 1.8 m. depth). No unnatural odor.

TP99-9

TP9-1
TP9-2

40 to 50 cm
100 cm

About 8 m to E. of TP-8. Edge of camp access road.
One layer of blacker soil at around 20-35 cm depth. No
obvious odor. No staining below this depth.

TP99-10

no sample
taken

Around 8 m. to N. of TP-8. Off camp access road in a
shallow depression. (1.6 m total depth; > I m: mixed
clay and silt; continuous clay-silt at bottom of pit;
sandy soils with more loam and cobbles near surface)

TP99-11

TP11-1

60 cm

Just inside fence at corner; across from light standard.
Encountered old metal cladding and other metal debris,
probably originating from 1985 shop renovation.
Encountered PHC contaminated cobble-silt-clay soils
at 0.6 m depth. Top of former burn pit presumed to be
around 65 cm below present grade. Organic horizon
below this.

TP99-12

TP12-1
TP12-2

115cm
220 cm

12.2
>1000

Corner of compound just before bermy/slope. 12.5 m E.
of TP-11. Sand and gravel, cobbles to around 2 m
depth; no evidence of PHC odors. At 2.0 to 2.2 m,
encountered strong PHC odor and slate to dark grey
coloured sands. Water infiltration through bottom of]

pit at around 2.1 m. Hydrocarbon sheen on water
surface.

TP99-13

TP13-1
TP13-2

115¢cm
230 cm

256
>1000

15 m to S. of TP-12 and in line with long side of shop
building. Middle of driving surface. Visually clean
sand, gravel, cobble down to and beyond 1 m. At 85
cm, encountered 2" diameter (50 phi) oil line that ran
to burn pit. Soil around it was clean.

TP99-14

TP14-1

Bottom of
Pit (around
1 m)

Near southern welding bay of shop near origin of line
to original soak away pit. Encountered feed line from
oily water separator, installed in 1985, to soak away
pit. Wrapped in styrofoam (4" line).

TP99-15

TP15-1

Bottom of
Pit (around
1 m)

Pit along feed line at point neat edge of present berm
for small AST. Odor of PHCs encountered at 45 cm
depth in pit, probably due to localized releases 4" feed
pipe to soak away pit covered here in sheet styrofoam.

cont’d

ROYAL ROADS UNIVERSITY dpplied Research Division & UMA ENGINEERING LTD.

3-14




BLANCHARD RIVER STATION DETAILED SITE INVESTIGATIONS AND SITE RESTORATION

Table 3.1: Continued

‘ Test Pit (Sample Sample PID |Location and Observations
Designation Depth Reading
TP99-16 |TP16-1 Bottom of Along feed line. Pipe is wrapped in pink fibreglass
Pit (around insulation along this section. No hydrocarbon odour.
1.6 m) Sand and gravel.
TP99-17 [TP17-1 Bottom of 2.7 Along path and pipe to soak away pit. At point where
Pit and pipe is 6" diameter, not 4". Sandy gravel with cobbles;
below pipe. no obvious odor.
250 cm
depth
TP99-19 |TP19-1 30cm 119 At N. end of abandoned large AST, right under infill
valve. Encountered obviously PHC contaminated soil
Tp19-2 123 cm 182 at a depth of 20 cm and beyond.
TP19-3 190 cm 157
TP99-20 |{TP20-1 100 cm 0.6 S. side of large empty AST. Excavated copper tanlq
TP20-2 190em | 06 [|clectrode

TP99-21 |TP21-1 215¢cm Near presumed site of 1985 vintage rock pit from main
shop area. Sandy-gravel throughout with cobbles. No
clay layers. No groundwater encountered.

TP99-22 |No sample Along line to rock pit within 3 to 4 m of shop wall.

collected Broke 4" cast iron line with backhoe bucket. Excavated
further along and uncovered top of constructed rock
pit. 3 m diameter culvert with boulder fill and
surrounded by native fill. Drainage is obviously
impeded due to inappropriate construction.

TP99-23 |TP23-1 50 cm Push out dump near gravel stockpile. 3 to 5 m from
edge of pad, west of gravel pile. 1 m deep. No visible
debris. Appears that metal debris is limited to surface
of ground only.

TP99-24 [TP24-1 50 cm Around 20 m W. of TP-23 in possible push-out dump.
Surficial debris encountered only, including diesel

TP24-2 120 m manifold, electrical cable, shutters. Excavated to 1.2 m.
5 m. from edge of gravel pad.
TP99-25 [No sample No visible debris to 1.2 m. 13 m W. of TP24. 5 m from
collected edge of gravel pad. No visible subsurface debris other
than a piece of 4"x4" wood.

TP99-26 |No sample Bumn pit area. Coarse fill to 150 cm depth. Silt at 195

collected cm. No odor throughout.

TP99-27 |No sample Bumm pit area. Petroleum hydrocarbon odor

collected encountered at 110 cm depth. No odor in soils above
this. 2" feed line encountered at 70 cm depth. Clay
layer encountered at 1.1 m depth to bottom of hole at
1.9 m. Strong odor at bottom of pit.

cont’d
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Table 3.1: Continued

Test Pit |Sample Sample PID  |Location and Observations
Designation Depth Reading
TP99-28 |TP28-2/3 260 cm Near original burn pit location. (0 to 1 m: sand and
(field gravel; 1 to 1.5 m: gray silt-clay; 1.5 to 2.3 m: brown
duplicates) sand and gravel; bottom of pit completed at 2.6 m.).
Minimal PHC odors above 2.3 m depth. Strong
hydrocarbon smell from 2.3 to0 2.6 m.

TP99-30 [TP30-1 50 cm Possible dump by rafters camp. Clean sandy loam soils
with cobbles. One metal brace, old plastic tarp at|
surface. No debris found below 0.5 m depth.

TP99-31 {No samples Possible dump by rafters camp. Clean sandy loam soils

collected with cobbles. No debris found below soil surface.

TP99-32 |TP32-]1 100 cm Clean test pit in sand/loam/cobble. Metal debris on

' surface nearby, but none in pit.
TP99-33 |TP33-1 40 cm 117 To E. of building in front of Gen. Set. Screens. where
TP33-2 90 em 132 sr.nall. storage tank, identified on aerial oblique
historical photo, was located.
TP33-3 150 cm 130
TP33-4 230 cm 582
TP99-34 |TP34-1 90 cm 0.3 Around 6 m. to E. of TP-33. Coarse sand and cobbles.
TP34-2 130 cm 0.0
TP34-3 230 cm 0.0
TP99-35 |TP35-1 40 cm 273 Around empty, large AST. (0-35 cm: sand; 35-40 cm:
TP35-2 120 om 16 mixed sand and clay; 120 cm more sandy)
TP35-3 250 cm 73
TP99-36 |[TP36-1 170 cm 2.6 Around AST. Brown coarse sand and gravel through

depth of hole to 1.7 m. Very large boulders at 1.7 m.
No unnatural odors detected.
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Table 3.2: Test Pits Excavated at the Rafters Camp in July 1999

Test Pit Sample Sample |Location and Observations
Designation Depth

TP0799-1 |TP0799-1 Composite |Old outhouse site. Hole was filled with dirt excavated from
new outhouse location. Sample is a composite from this soil.
Visible staining and strong hydrocarbon odour.

TP0799-2 | TP0799-2 25 cm Stained surface near new outhouse. Odour observed in top 25
cm only.

TP0799-3  |No sample 11 m north of new outhouse. No hydrocarbon stain or odour

collected detected in test pit.

TP0799-4 | TP0799-4 Top 30 cm |14 m north of new outhouse. Hydrocarbon stain and strong
odour in an area which exten<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>