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1. INTRODUCTION

1.1 Background

In August 1995, UMA Engineering Ltd. (UMA) in association with AMBIO Research

Associates Inc. (AMBIO) submitted a report entitled “Preliminary Environmental Assessment:

Haines-Fairbanks Pipeline” to Indian and Northern Affairs Canada (DIAND), Arctic

Environmental Strategy (AES), Action on Waste, Whitehorse. This report was commissioned as

part of the AES Action on Waste program to provide preliminary assessment information and

identify additional resources required for future assessment and remediation at five sites along

the Haines-Fairbanks pipeline. The five sites, shown in Figure 1-1 included:

L.

Oil Spill at Mile 207.6: This fuel spill was located 3 km south of the Destruction Bay Pump
Station. The 60 m x 500 m spill was caused by the cutting of the pipe for maintenance

purposes in 1956.

Junction Pump Station: This pump station was located approximately 15 km north of
Haines Junction at Mile 158 of the pipeline. Most of the buildings were intact and there were

two suspected waste disposal areas.

Million Dollar Falls: This site was originally used as a used as a military camp and highway
construction camp, and was later converted to a construction camp for the pipeline. There
was one large disposal area and some evidence that materials were buried on site. The site is

presently used as a recreational area and campsite.

Blanchard River Pump Station: This site is located at Mile 87 of the pipeline and is just on
the Yukon side of the border with British Columbia. The site is presently owned by the
Yukon Territorial Government (YTG) Highways Department. The portions of the original
pump station were either modified or removed and there is evidence of old disposal areas at

the site.
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5. Border Pump Station: This site, located at Mile 47 on the pipeline, was demolished and
buried on site. This initial assessment program was focused solely on the Border Station Site

and excluded the associated airstrip (Rainy Hollow) and dump areas.

After a review of existing knowledge and site reconnaissance, field investigations were
carried out in July 1995. The field programs incorporated electromagnetic surveys to detect
buried metallic debris and sampling of both surface and subsurface soil and water. Plant
specimens were also collected at Blanchard River. Subsurface sampling was achieved using test
pits, drill holes and monitoring wells. The analytical program consisted of two components; (i)
field analyses utilizing immunoassay based test kits for PAHs, TPH, BTEX and PCBs and soil
vapour surveys using a photoionization detector; and (ii) detailed laboratory analyses for a broad
suite of inorganic and organic contaminants. Data from each site were interpreted relative to the
site-specific conditions and relevant soil and water assessment and remediation criteria (primarily
Canadian Council of Ministers of the Environment (CCME) criteria). A preliminary risk
assessment was carried out for each site and a summary of environmental problems and

recommended actions was presented. This summary is reproduced in Table 1.1.




Table 1.1 Project Summary - Preliminary Environmental Assessment Haines-Fairbanks

Pipeline
Site Problems Detected Risk Recommended Action
Blanchard River | e Hydrocarbon and inorganic | e Evidence for possible o Full site assessment to

Pump Station

element contaminated
leachate from unknown
source.

¢ Hydrocarbon contaminated
groundwater plume

input into fish bearing
waters.

¢ Direct input into
Blanchard River

delineate source(s),
composition, extent and
migration of contaminants

Million Dollar
Falls

e Possible low level PCB
contamination of
campground water supply
aquifer

o Elevated levels of zinc and
DDT at the toe of the dump

o Possible human and
ecosystem health risk
implications

e Potential migration to
Takhanne River

o Detailed confirmatory
sampling and analysis.

¢ Remediation of dump under
the supervision of an
experienced hazardous waste
professional.

Border Pump
Station

o Soil and groundwater
contaminated with
hydrocarbons

o Potential for migration
to Klehini River via
Rainy Hollow site.

o Collate all available
contaminant and geotechnical
information and provide
recommendations

¢ Resample monitoring wells
MW-8a and 8b in TH-8.

Haines Junction
Pump Station

¢ Buried drums containing
hydrocarbon products

e Probable future release
of liquid content

¢ Excavation and removal of
non-empty drums under the
supervision of an experienced
hazardous waste professional

Mile 207.6 Spill
Site

o Extensive hydrocarbon
contamination of soil

¢ Past impact to
vegetation has
occurred; however,
recovery is evident.
Little if any, potential
for future risk.

¢ None is required at this site.
Caution is recommended in
extrapolation to other spill
sites.




Map 1.1: Locations of the Five Study Sites
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1.2 Scope and Objectives

A Contribution Agreement was signed between Arctic Environmental Strategy - Action
on Waste and Royal Roads University - Applied Research Division on the 2nd day of February,
1996 in order to address issues arising from the Preliminary Environmental Assessment of the

Haines-Fairbanks Pipeline summarized in Table 1.1. The objectives of this agreement included:

1. Delineation of hydrocarbon and inorganic element contamination from leachate plume at

Blanchard River

2. Detailed characterization of the chemical components of the Blanchard River leachate plume.
3. Confirmation of the absence of PCBs at Blanchard River.

4. Further investigation of hydrocarbons, mercury and pesticides in the vicinity of Test Hole 8 at

Border Station

5. Additional investigation of zinc and DDT contamination at the base of the dump at Million
Dollar Falls.

6. Investigation of the ecotoxicological significance of petroleum hydrocarbon contamination.

7. Set up of an analytical system for the field measurement of PCBs, BTEX, TPH, and

Pesticides in soil and water samples.

There was no requirement at this stage for additional sampling; archived samples
collected from Million Dollar Falls, Blanchard River and Border Pump Station in July 1995 were
analyzed for one or more of the following substances: total extractable hydrocarbons (TEH),
metals, PCBs, pesticides, unsubstituted and alkylated PAHs, chlorobenzenes, alkanes, hopanes
and isoprenoids. This report contains the detailed data analysis and interpretation. The
methodology and equipment required for field analyses (Objective 7) was provided to Action on

Waste on March 4, 1996.




1.3 Organization of the Report

This report is presented in five chapters:
Chapter 1: Introduction - outlines the background and the scope and objectives of the study.

Chapter 2: Methodology - reviews the sample selection and the analytical program. Maps

showing the sample locations are also presented.

Chapter 3: Results and Discussions - presents the overall results for PCB, pesticides and
hydrocarbon contamination, as well as site specific summaries and recommendations for Million

Dollar Falls, Blanchard River and Border Station.

Chapter 4: Appendices - describes the analytical methods employed in this study, the QA/QC

protocols and data and the environmental implications and review of Alkylated PAHs.

1-6




2. METHODOLOGY
2.1 Sample Selection
2.1.1 Millien Dollar Falls

Million Dollar Falls is located above the Takhanne River. This site was a
communications relay station in the early 1940s. It was also used as a highway construction camp
in 1943 for the Haines Road and later as a pipeline construction camp from 1954 to 1955. The
site is presently used as a recreational area and campsite. All that remains from the original
buildings are cement pads presently found among the sites at the Million Dollar Falls
campground. A large day-use shelter and a groundwater supply pump situated near the centre of
the site are also located at the campground. Two dump areas occur at the base of the ravine cliff
on the west side of the site, along the edge of the surrounding forest. The largest of these, roughly
30 m by 20 m, consists of wood scraps (some burned), metal straps and cans, rubber, barrels and
car parts. A second smaller dump is situated further to the south near the Takhanne River and
contains mostly domestic refuse such as cans. Both areas drain into a small creek approximately
3 m away, which subsequently flows north for 50 m to intersect with the Takhanne River just

below the falls.

Concentrations of most inorganic substances in samples collected at Million Dollar Falls
(UMA/AMBIO 1995') were comparable to or slightly higher than the CCME Assessment
Criteria, and well below the CCME R/P Soil Remediation Criteria. The only exception were
concentrations of zinc at MD1S004 (269 mg/g) and MD1S005 (497 mg/g) along the toe of the
larger dump which exceeded the CCME Assessment Criteria; the larger value of these was also
comparable to the R/P Soil Remediation Criterion. DDTs (50 and 62 ng/g) were also detected in

samples collected along the toe of the dump. The total concentrations of pesticides however were

' UMA/AMBIO, 1995. Preliminary Environmental Assessment, Haines-Fairbanks Pipeline. Prepared for the Action
on Waste Office, Department of Indian Affairs and Northern Development, Whitehorse, Yukon by UMA
Engineering Ltd. and AMBIO Research Associates Inc. in August 1995.




below the BC MOE Level B Criterion. Low levels of PCB Aroclor 1254 were also detected in
these samples (1.7 to 2.0 ng/g) which were well below the CCME Assessment Criterion.

In order to ascertain if zinc and DDTs detected in the dump, were migrating towards
Takhanne River, an archived water sample (MD1W002) collected from a stream below the dump
which flows into the river was analyzed for metals and chlorinated pesticides. The layout of the
Million Dollar Falls site showing the original camp buildings and sampling locations is provided

as Map 2.1.
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2.1.2 Blanchard River

This former pump station site is located at Mile 87 of the pipeline above its namesake.
The original station was constructed in 1962 along with five other stations in the Yukon and
Alaska in response to the need for increased pipeline throughput. Blanchard River Station
originally consisted of one main multi-purpose building which housed the engine room, pumps,
generators, maintenance shop and water supply; and six accommodation trailers used as family
housing. Two POL storage tanks were also located at the south end of the site. Portions of the
original pump station were either modified or removed when the site was taken over by Yukon
Highways in the mid 1980’s. An accommodation building was also constructed on the original
site of the trailers to house the highway workers; these areas have been entirely fenced in.
Demolition debris was buried to the north of the site and old transformers were apparently buried

to the west of the existing buildings.

The main operations site was relatively clean with no evidence of spillage or debris. A
rust-coloured leachate was observed in a spring emanating from the ground near the top of the
slope at the north end of the site; an oily sheen was also noted on the water surface. This
discolouration suggested the presence of buried materials somewhere in the north portion of the
site. This stream is one of a few along this slope which follows a drainage pathway through a low
wooded area dominated by willow (Salix sp.) and horsetail (Equisetum sp.) to a wet marshy area

along the shore of the Blanchard River.

A water sample (BL1GWO004) obtained from the top of the rust-coloured leachate plume
and a second surface water sample (BL1W001) obtained from a small horsetail dominated marsh
(by the Blanchard River) which received drainage from the leachate plume were analyzed for
PAHs, OCs, PCBs, inorganic elements, herbicides and VOCs. The concentrations of substances
detected were low and below the CCME Assessment Criteria for water (UMA/AMBIO 1995).
One soil sample (BL1S012) from near the top of the plume contained a TEH concentration of
6800 ng/g, which was considerably higher than that found for a background sample BL1S014
(<20 pg/g) collected in the foothills east of the site. The leachate plume soil value also far

exceeded the US Federal/State Guidelines adopted by Alaska (200 pg/g). Concentrations for




most VOCs (excluding BTEX) in this soil sample were below detection. In this present work,
one archived soil sample obtained from a red rusty spring below the plume (BLS0112) was
analyzed for PAHs, alkanes, hopanes PCBs, pesticides and chlorobenzenes in order to further

characterize the chemical components of this leachate plume.

Two samples from the rusted leachate plume located at the top (BL1S013) and at mid-
slope (BL1S010) were also analyzed for inorganic elements in the previous study (UMA/AMBIO
1995). A number of analytes exceeded the CCME R/P Remediation Criteria at these locations
including arsenic (138 and 85 pg/g), barium (2360 and 4770), cobalt (55 and 90 pg/g), selenium
(3.1 pg/g at the top of the plume), and zinc (1490 pg/g and 3570 pg/g); all other analytes were
comparable to, or slightly lower than the CCME Assessment Criteria for soils. To investigate the
ecotoxicological significance of metal contamination, six archived plant samples collected from
drainage areas below the leachate plume were analyzed. One plant sample obtained from a
background location along a stream in foothills approximately 200 m east of the station was also

analyzed for comparison.

The TEH concentration in a groundwater sample (BL1GWO003) taken by mini-peizometer
from a stained soil area along the west side of the site in the previous study was 4700 pg/g. This
exceeded the US Federal/State Guidelines adopted by Alaska. An archived soil sample collected
from this stain (BL1S003) was therefore analyzed for PAHs, alkanes, hopanes PCBs and

chlorobenzenes in order to delineate and further characterize the hydrocarbon contamination.

Other groundwater samples from a number of test holes and water supply locations at the
station were also examined for various potential contaminants including TEHs, inorganic
elements, OCs, VOCs, PCBs and pesticides in the previous study (locations of the wells are
shown in Map 2.2). TEHs were found in samples collected from TH-5 (3700 ug/L) and TH-1
(690 ng/L). Concentrations for nearly all other analytes were well below the CCME Assessment
Criterion for water, with the exception of mercury, ethylbenzene and benzene. Mercury levels in
groundwater at TH-1 were comparable to the CCME Assessment Criterion for water while

concentrations of ethylbenzene at TH-2 and TH-5 exceeded the CCME Criteria for Drinking




Water (< 2.4 pg/L based on aesthetic objectives). The level of benzene at TH-2 (11 pg/L) also
exceeded the CCME Drinking Water Criterion (5 pug/L).

Soil samples from profiles in selected test pits and holes were also analyzed for TEHs,
VOCs and/or inorganic elements in the previous study. Tests for TEHs in soils from TH-1, TH-2
and TH-5 indicated concentrations of up to 360-370 pg/g. Concentrations of all VOC analytes
(excluding BTEX) were below detection in the soil profile sample obtained from TH-5. Inorganic
element concentrations in profile samples at test pits were comparable to, or less than CCME
Assessment Criteria for soils. Further characterization of TEH contamination in these test holes
was achieved by analyzing one archived sample each from TH-1, TH-2 and TH-5 for PAHs,
alkanes, hopanes PCBs, pesticides and chlorobenzenes in this study. Archived samples from
TH-1 (two), TH-2 (two), TH-3 (one), TH-4 (one) and TH-5 (four) were also analyzed in order to
investigate the vertical distribution of TEH in the test pits. Layout of the site and sampling

locations are shown in Map 2.2.
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2.1.3 Border Pump Station

Border Station, which was one of the largest pump stations, was constructed in the mid
1950°s near the Klehini River. The facilities were used as a base camp for the Haines Road re-
alignment in 1978 and 1979, and for mineral exploration from 1983 to 1987. The station was
finally closed in 1987 at which time a cleanup was conducted by BC Ministry of Forests. All of
the buildings and facilities at the site were subsequently demolished by the Department of Public

Works (now Government Services, Canada) under contract in 1992-3, and buried on site.

The station was relatively free of debris; a number of recently worked areas occur
throughout the site. A few stains were also discovered toward the west end of the site, including a
large hydrocarbon stain measuring approximately 20 m? just north of where the accommodation
facilities were once located. DDT contaminated soils, removed during the excavation of buried
canisters at Rainy Hollow in 1994, were encapsulated in a liner and placed in a fenced area at

Border Station. This secure storage facility appeared to be in good condition.

Selected soil and water samples from four test holes (TH-6 to TH-9) and a stained
location at the northwest end of the station were analyzed for various potential contaminants
including total extractable hydrocarbons (TEHs), volatile organic compounds (VOCs, some
including the BTEX suite), organochlorine pesticides (OCs), phenoxyacid herbicides, polycyclic
aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) (UMA/AMBIO, 1995).

The concentration of TEH in soil samples from the large stain area near the northwest end
of the site (BO1S001/002) was quite high (3200 pg/g) and far exceeded the US Federal/State
Guidelines adopted by Alaska (200 pg/g). Levels of all inorganic elements and organochlorines
in samples from the stain area and TH-6 were either below detection or much lower than CCME

R/P Criteria. Archived samples collected from these two locations, therefore, were not analyzed.

Concentrations of TEH in TH-7 decreased with depth from 1300 to <50 mg/g;
concentrations at the two shallower depths (1300 and 260 mg/g, respectively) exceeded the US
Federal/State Guidelines adopted by Alaska (200 pg g'). An archived soil sample collected from

this test hole was therefore analyzed for PAHs, alkanes, hopanes, PCBs and chlorobenzenes in




order to characterize the hydrocarbon contamination. The vertical distribution of hydrocarbon

contamination was also investigated by analyzing seven archived soil samples.

Groundwater samples from two nested wells at TH-8 (BOIGWO001 at 17.5 m and
BO1GWO002 at 9.5 m depth), contained 1200 and 150,000 pg/L of TEH respectively
(UMA/AMBIO, 1995). Inorganic element concentrations in both wells were well below CCME
Assessment Criteria for water with slightly higher concentrations observed in the shallower well.
The only exceptions were for mercury concentrations (0.12 and 0.33 pg/L) in the deeper and
shallower wells, respectively) which were present at a level greater than CCME assessment
criteria for water and aquatic life, but well were below the CCME Drinking Water Criteria (1
pg/L). Out of the suite of organochlorine compounds analyzed in the shallower well sample
(BO1GWO002 - 9.5 m well) only p,p’-DDD (8.9 ng/L) were detected. This concentration was
below the range of the CCME Drinking Water Criteria (700 to 280,000 ng/g) but within range of
CCME Freshwater Aquatic Life Criteria (1 to 4000 ng/g). Further investigation of hydrocarbons,
mercury and pesticides in Test Hole 8 was carried out for this report. This was achieved by

analyzing two archived soil samples for metals, seven for TEH and five for pesticides.

Concentrations of TEH in TH-9 decreased with increasing depth from 77 to < 20 pg/g
and were considerably lower than the Alaska guidelines (UMA/AMBIO, 1995). Concentrations
of all VOC analytes were below detection while inorganic elements were comparable to the
CCME Assessment Criteria for soils. One archived soil sample from this test hole was therefore

analyzed for inorganic elements.

The layout of Border Station is shown in Map 2.3.
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2.1.4 Summary of Analytical Program
A summary of the analytical program is given in Table 2.1 below.

Table 2.1 Analytical Program

Million Dollar Falls - - 1

Border Station 3 - -




2.2 Environmental Criteria

A detailed review of environmental quality criteria has been presented in Chapter 1.2 of
the 1995 report “Preliminary Environmental Assessment Haines-Fairbanks Pipeline”
(UMA/AMBIO 1995). Briefly, the Canadian Council of Ministers of the Environment (CCME)
Interim Environmental Quality Criteria for Contaminated Sites criteria were used to evaluate data
from metals, and PAH analyses, while pesticides were considered in terms of the British

Columbia soil guidelines. Data were also interpreted relative to site-specific conditions.

The “Canadian Council of Ministers of the Environment (CCME) Interim Environmental
Quality Criteria for Contaminated Sites” which were published in 1991 are largely based on
values that have been used in other jurisdictions. They are considered to be interim pending an
increased amount of information about some contaminants, and future advances in the scientific
understanding of contaminant dose - impact relationships. Two classes of criteria are described
for both soil and water - Assessment Criteria and Remediation Criteria. The CCME Interim
Assessment Criteria indicate the background concentrations or analytical detection limit for
contaminants. The detection of substances at concentrations higher than the Assessment Criteria
may or may not be indicative of contamination or pollution, but generally require further
investigation. Results of such investigations are evaluated in terms of the CCME Interim

Remediation Criteria.

2.2.1 Water

The Remediation Criteria for Water are divided into four usage categories - freshwater
aquatic life, irrigation, livestock watering, and drinking water. For surface waters at the pumping
stations, remediation criteria for freshwater aquatic life are relevant, as are drinking water
standards where there is some reasonable expectation that the water might be used by humans.
The archived water samples were analyzed for metals and pesticides. The pesticides included
alpha HCH, beta HCH, gamma HCH, Heptachlor, Aldrin, Oxychlordane, trans-Chlordane, cis-
Chlordane, o,p'-DDE, p,p-DDE, trans-Nonachlor, cis-Nonachlor, o0,p-DDD, p,p'-DDD, o,p'-




DDT, p,p'-DDT, Mirex, Heptachlor, Epoxide, alpha-Endosulphan (I), Dieldrin, Endrin, and
Methoxychlor. CCME Assessment and Remediation criteria for the metals analyzed are given in

Table 2.2 below; pesticides are given in Table 2.3.

Table 2.2: CCME Assessment and Remediation Criteria for Metals Analyzed in the
Archived Water Samples.

Assessment Criteria Remediation Criteria
Freshwater Aquatic Life Drinking Water

Metals
Aluminum -- 5-100 --
Antimony -- -- --
Arsenic 5 50 25
Barium 50 - 1000
Beryllium -- - --
Boron - - -
Cadmium 1 02-18 5
Calcium -- - -
Chromium 15 2-20 50
Cobalt 10 -- --
Copper 25 2-4 <1000
Iron - 300 <300
Lead 10 1-7 10
Magnesium - - -
Manganese - - --
Mercury 0.1 0.1 1
Molybdenum 5 - -
Nickel 10 25-150 -
Phosphorus - -- --
Potassium - - -
Selenium 1 1 10
Silicon -- -- -
Silver 5 0.1 -
Sodium - - <200 mg/L
Strontium - -
Tin - -- -
Titanium -- -- --
Vanadium -~ -- -
Zinc 50 30 <5000

Zirconium - - -

Notes:  All values are in pg/L unless otherwise stated.




Table 2.3: Available CCME Assessment and Remediation Criteria for Pesticides Analyzed

in the Archived Water Samples.

Assessment Criteria Remediation Criteria
Freshwater Aquatic Life Drinking Water

Aldrin and diedrin -- 4 9

DDT -- 1 ng/L 30
Endosulphan -- 0.02 --
Heptaclor and metabolites -- 0.01 3
Methoxychlor - -- 900
Notes: All values are in pg/L unless otherwise stated.

2.2.2 Soils

The CCME Remediation Criteria for soils are divided into three categories - agricultural
(AG), residential/parkland (R/P), and commercial/industrial (C/I). These, in turn, serve as
benchmarks to evaluate the need for further investigation or remediation with respect to a
specified land use. The residential/parkland criteria was deemed to be the most appropriate for
soils at pumping stations along the Haines-Fairbanks pipeline many of which occur in parklands.
The archived soil samples were analyzed for one or more of the following parameters metals,
chlorobenzenes, pesticides, PCBs, PAHs, alkanes, isoprenoids and hopanes. Chemical or
elemental components of these suite of substances and their relevant CCME criteria are given in

Tables 2.4 to 2.7.




Table 2.4: CCME Criteria for Metals Analyzed in the Archived Soil Samples.

Metals CCME Assessment Criteria CCME Remediation Criteria
Residential/Parkland (R/P)
Aluminum
Antimony 20 20
Arsenic 5 30
Barium 200 500
Beryllium 4 4
Boron 1 -
Cadmium 0.5 5
Calcium - -
Chromium 20 8
Cobalt 10 50
Copper 30 100
Iron - -
Lead 25 500
Magnesium - --
Manganese -- -
Mercury 0.1 2
Molybdenum 2 10
Nickel 20 100
Phosphorus -- -
Potassium - -
Selenium 1 3
Silicon - -
Silver 2 20
Sodium -- -
Strontium - -
Tin 5 50
Titanium -- --
Vanadium 25 200
Zinc 60 500
Zirconium -- =

Notes : all concentrations in pg/g dry weight basis, -- value not established.




Table 2.5: CCME Assessment and Residential/Parkland Remediation Criteria for
Chlorobenzenes, Pesticides and Polychlorinated biphenyls Analyzed in the Archived Soil

Samples.

Substances

CCME Assessment Criteria

CCME Remediation Criteria
Residential/Parkland (R/P)

Chlorobenzenes
Dichlorobenzenes
Trichlorobenzenes
Tetrachlorobenzenes
Pentachlorobenzene
Hexachlorobenzene

Pesticides

alpha HCH

beta HCH
gamma HCH
Heptachlor
Aldrin
Oxychlordane
trans-Chlordane
cis-Chlordane
o,p-DDE
p,p-DDE
trans-Nonachlor
cis-Nonachlor
o,p-DDD
p,p-DDD
0,p"-DDT
p,p-DDT

Mirex
Heptachlor Epoxide
alpha-Endosulphan (I)
Dieldrin

Endrin
Methoxychlor

PCBs
Aroclor 1242
Aroclor 1254

Aroclor 1260

0.05
0.05
0.05
0.05
0.1

0.1
0.1
0.1

NN NN

Notes : all concentrations in pg/g dry weight basis, -- value not estabilished.
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Table 2.6: Polycylic Aromatic Hydrocarbons (PAHs) Analyzed in the Archived Soil
Samples and their CCME Assessment and Residential/Parkland Remediation Criteria.

Substance CCME Assessment Criteria CCME Remediation Criteria
Residential/Parkland (R/P)

Naphthalene 0.1 5
Acenaphthylene - -
Acenaphthene - -
Fluorene - -
Phenanthrene 0.1 5

Anthracene - -
Fluoranthene - -
Pyrene 0.1 10
Benz(a)anthracene 0.1 1

Chrysene - -
Benzofluoranthenes - -
Benzo(e)pyrene - -
Benzo(a)pyrene 0.1 1

Perylene - -
Dibenz(ah)anthracene 0.1 1

Indeno(1,2,3-cd)pyrene 0.1 1

Benzo(ghi)perylene - -
C1 naphthalenes - -
C2 naphthalenes - -
C3 naphthalenes - -
C4 naphthalenes - -
C1 phen,anth - -
C2 phen,anth - -
C3 phen,anth - -
C4 phen,anth - -
Dibenzothiophene - -
C1 dibenzothiophene - -
C2 dibenzothiophene - -

Notes : all concentrations in pg/g dry weight basis, -- value not estabilished.




Table 2.7: Alkanes, Isoprenoids and Hopanes Analyzed in the Archived Soil Samples and
their CCME Assessment and Residential/Parkland Remediation Criteria.

Notes : all concentrations in pg/g dry weight basis, -- value not estabilished.
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I Metals CCME Assessment Criteria CCME Remediation Criteria
Residential/Parkland (R/P)
' Alkanes and Isoprenoids
Dodecane (nC12) 0.3 --
2,6-Dimethyl Undecane -- --
Norfarnesane - -
I Tridecane (nC13) 0.3 --
Farnesane - -
Tetradecane (nC14) 0.3 -
I 2,6,10-Trimethyl Tridecane -- --
Pentadecane (nC15) 0.3 -
Hexadecane (nC16) 0.3 -
I Norpristane - -
‘ Heptadecane (nC17) 0.3 -
Pristane -- --
Octadecane (nC18) 0.3
l Phytane -- --
Nonadecane (nC19) 0.3 --
Eicosane (nC20) 0.3 --
I Heneicosane (nC21) 0.3 -
Docosane (nC22) 0.3 -
Tricosane (nC23) 0.3 --
Tetracosane (nC24) 0.3 -
l Pentacosane (nC25) 0.3 --
Hexacosane (nC26) 0.3 --
Heptacosane (nC27) 0.3 -
l Octacosane (nC28) 0.3 -
Nonacosane (nC29) 0.3 --
Triacontane (nC30) 03 -
Untriacontane (nC31) 0.3 -
I Dotriacontane (nC32) 0.3 --
Tritriacontane (nC33) 0.3 --
Tetratriacontane (nC34) 0.3 -
l Pentatriacontane (nC35) 0.3 -
Hexatriacontane (nC36) 0.3 --
I Hopanes i
18E(H)trisnorhopane(C27E) - --
178(H)trisnorhopane(C278) - -
17E(H),21B8(H)norhopane(C29EB) - -
l 17E(H),21B(H)hopane(C30EB) - -
S-17E(H),218(H)homohopane(C31EB) - -
I R-17E(H),218(H)homohopane(C31E8) -- -




3. RESULTS AND DISCUSSION

3.1 Overall Results
3.1.1 Chlorobenzenes, PCBs and Pesticides

Six soil samples were analyzed for chlorobenzenes; nine were analyzed for pesticides.
These substances were either below detection or occurred at concentrations well below the
CCME R/P criteria. The concentrations of PCBs detected in the archived soil samples analyzed
(7 samples at Border Station; S samples at Blanchard River) were all very low and well below the
CCME R/P criteria. PCBs can be discounted as a contaminant of concern, since Aroclor levels in
all samples, except two, were below the analytical detection limits (<0.18 ppb to < 27 ppb). The
maximum PCB concentration found was 15 ppb as Aroclor 1242 (compared with a CCME R/P
criterion of 1000 ppb). If hot spots were present near these areas, the levels in the areas sampled
would be elevated due to short-range atmospheric redistribution from the source. The extremely

low PCB levels strongly suggests that no major local sources are present.

3.1.2 Metals

Metal levels detected in three soil samples were all below the CCME R/P criteria. One
water sample was also analyzed and found to contain metals at concentrations well below the
CCME Drinking Water criteria. Cadmium, copper and lead concentrations were elevated relative

to background in only one out of the seven plant samples collected from Blanchard River.

3.1.3 Total Extractable Hydrocarbons and Contributing Constituents

Total extractable hydrocarbons (TEHs - sometimes referred to as total petroleum
hydrocarbons, TPHs) were detected at elevated levels in several surface and subsurface water and

soil samples at Border Station and Blanchard River (UMA/AMBIO, 1995'). Additional analyses

1 UMA/AMBIO, 1995. Preliminary Environmental Assessment, Haines-Fairbanks Pipeline. Prepared for the Action
on Waste Office, Department of Indian Affairs and Northern Development, Whitehorse, Yukon by UMA
Engineering Ltd. and AMBIO Research Associates Inc. in August 1995.




of archived samples in this study confirm the elevated ‘hydrocarbon’ levels, which may in part

indicate a ground water contamination issue.

Some regulatory jurisdictions have developed clean-up or response criteria for TEHs; e.g.
British Columbia [Volatile Extractable Hydrocarbons -excluding BTEX (VEH): Urban
Park/Residential = 200 ppm (pg/g); Light Extractable Petroleum Hydrocarbons (LEPH): Urban
Park/Residential = 1000 ppm; Heavy Extractable Petroleum Hydrocarbons (HEPH): Urban
Park/Residential = 1000 ppm] (BCMOE, 1995). Because TEH analyses, however, provide only a
surrogate measure of hydrocarbon contamination by any of a broad range of contaminants, no
conclusion can be drawn about the potential for environmental toxicity. The criteria therefore
must be regarded as somewhat arbitrary. Analytes for which toxicity is better understood include
the unsubstituted PAHs and BTEX (benzene, toluene, ethylenes, xylenes), but these were found
only at low levels (below any relevant remediation criterion) even in samples with high TEH

levels.

Further characterization of hydrocarbons was achieved by analyzing six samples for
parent and alkyl-substituted polycyclic aromatic hydrocarbons (PAHs), alkanes, hopanes and
isoprenoids (aliphatic and non-aromatic cyclic hydrocarbons). The distribution of PAHs, n-
alkanes, and isoprenoids have been used to monitor the degree of weathering and processes
involved during the chemical composition changes and biodegradation of petroleum
hydrocarbons®**. A lightly degraded oil is usually indicated by partial depletion of n-alkanes; a
moderately degraded one is often indicated by heavy loss of n-alkanes and partial loss of lighter
PAH compounds. For highly degraded oil, the n-alkanes could be mostly lost along with PAHs
and their alkyl homologues. Several indices have been proposed to provide a better

understanding of the weathering mechanism®. One index is the ratio of nC-17/pristane and nC-

2 D. E. Rogues, E. B. Overton and C. B. Henry, Using GC/MS fingerprint analyses to document progress and
progess of oil degradation, J. Environ. Qual, 1994, 23: 851-855.

3 Z Wang., M. Fingas and G. Sergy Chemical characterization of crude oil residues from an Arctic beach by GC/MS
and GC/FID, Environ. Sci. Tech., 1995, 29: 2622-2631.

* B. M. Didyk and B. R. T. Simoneit, Hydrothermal oil of Guaymas Basin and implications for petroluem formation
mechinisms, Nature, 1989, 342:65-69.




18/phytane. As the more easily degraded normal hydrocarbons (nC-17 and nC-18) are lost, the
more resistant isoprenoids (pristane and phytane) are conserved (i.e., more weathered samples
would have nC-17/pristane and nC-18/phytane ratios of less 1). In highly weathered samples
appreciable levels of isoprenoids are also lost. For such samples other substances such as
hopanes are used'. Hopanes are conserved until the last stages of degradation and are especially
produced if weathering occurs by biodegradation. Thus, they have been proposed as internal
standards (biomarkers) for monitoring oil biodegradation in the environment. As the oil becomes
more degraded, the relative concentration of the biomarker should increase. Low concentrations

of hopanes suggest loss of oil by a route or mechanism other than biodegradation.

Data for the alkanes indicate that nC-12 to nC-20 compounds account for a substantial

portion of the TEHs; hopanes were generally very low or below detection.

The results for PAHs show that alkylated PAHs are present at levels far in excess of the
unsubstituted PAHs as would be expected for any petroleum-based contamination. There is no
formal regulatory guidance anywhere in the world for dealing with contamination by substituted
PAHs, including alkylated forms, but the open scientific literature does suggest that alkylated
forms can sometimes be at least as toxic as their unsubstituted PAH counterparts, depending on
specifics of molecular structure. A review of the current state of knowledge of alkylated PAHs

with respect to environmental implications is presented in Chapter 5: Appendices.

3.2 Results for Million Dollar Falls
3.2.1 Metals and Pesticides

In order to ascertain if zinc and DDTs detected in the dump, were migrating towards
Takhanne River, an archived water sample (MD1W002) collected from a stream which flows
into the river was analyzed for metals and chlorinated pesticides. Concentrations of pesticides
were all below detection; metal levels were either less than the limit of detection or well below
the CCME assessment criteria (Table 3.1). There is no evidence, therefore, for extensive

down-gradient migration of DDT or its breakdown products from the dump. Metals and




' metalloids are also not considered to be contaminants of concern on the basis of the low levels
I detected.
Table 3.1: Metals and Pesticides Results for Million Dollar Falls Water Samples
I Report Sample No.: MD1W002
Lab Sample No.: 9514-114
Field Sample No.: WS-7
l Metals Concentration (ug/L) Pesticides Concentration (ng/L)
Aluminum 0.094 Hexachlorobenzene <0.14
Antimony <0.15 alpha HCH <0.95
l Arsenic < 0.001 beta HCH <1.8
Barium 0.091 gamma HCH <1.6
Beryllium <0.003 Heptachlor <1.0
l Boron 0.08 Aldrin <0.33
Cadmium < 0.0002 Oxychlordane <1.8
Calcium 46.3 trans-Chlordane <0.25
I Chromium <0.001 cis-Chlordane <0.26
Cobalt <0.02 o,p'-DDE <0.15
Copper 0.002 p,p'-DDE <0.56
' Iron 0.24 trans-Nonachlor <0.23
Lead <0.001 cis-Nonachlor <0.21
Magnesium 8.1 o,p'-DDD <0.14
l Manganese 0.016 p,p'-DDD <0.16
Mercury <0.05 o,p'-DDT <0.29
Molybdenum <0.04 p,p'-DDT <0.27
I Nickel <0.025 Mirex <32
Phosphorus <04 Heptachlor Epoxide <0.07
Potassium 2.02 alpha-Endosulphan (I) <0.07
. Selenium <0.001 Dieldrin <0.08
Silicon 9.2 Endrin <0.15
Silver <0.0001 Methoxychlor <0.39
I Sodium 3.9
Strontium 0.12
Tin <0.03
' Titanium <0.006
Vanadium <0.01
Zinc <0.015
l Zirconium <0.015
I 3-4




3.3 Results for Blanchard River
3.3.1 Chlorobenzenes, Pesticides and PCBs

The concentration of Aroclor PCBs, pesticides and chlorobenzenes in the archived soil
samples collected from the drainage area below the leachate plume and drill holes TH-1, TH-2
and TH-5 are given in Table 3.2. Almost all of these substances were less than the limit of
detection and those detected were well below the CCME Assessment criteria. Thus the

occurrence of these substances in the test holes and leachate plume is of minor concern.

Table 3.2: Chlorobenzenes, Pesticides and PCB Results for Blanchard River Station Soil
Samples

Report Sample No. BL1S003 BL1S012 BL1SS020 BL1SS028 BL1SS043
Lab Sample No. 9514-80 9514-137 9514-144 9514-152 9514-170
Field Sample No. SS-69 SS-90 S8-97 SS-105 SS§-123
Dichlorobenzenes <4.7 <6.8 <1.55 0.52 <3.30
Trichlorobenzenes NDR 18.6 NDR 69 NDR 2.08 <0.08 <0.5
Tetrachlorobenzenes NDR 0.21 NDR 4.6 <0.17 <0.04 NDR 0.4
Pentachlorobenzene <0.09 <0.35 <0.06 <0.02 0.22
Hexachlorobenzene <0.14 <0.55 <0.1 <0.02 <0.14
alpha HCH NDR 68 NDR 3.2
beta HCH <2.8 <1.3
gamma HCH NDR 42 NDR 9.4
Heptachlor <5.5 <1.3
Aldrin <2.0 <0.49
Oxychlordane <9.0 <22
trans-Chlordane <1.1 <0.29
cis-Chlordane <1.2 <0.3
o,p"-DDE NDR 2.7 NDR 1.9
p,p'-DDE NDR 7.9 NDR 5.0
trans-Nonachlor <0.98 <0.23
cis-Nonachlor <0.83 <0.19
o,p'-DDD <0.88 <0.22
p.p-DDD <0.88 <0.22
o,p'-DDT NDR 8.2 NDR 5.2
p.p'-DDT <12 <0.41
Mirex <1.9 <0.42
Heptachlor Epoxide <0.11 <0.004
alpha-Endosulphan (1) <0.14 <0.005
Dieldrin <0.14 <0.005
Endrin <0.23 <0.008
Methoxychlor <1.2 <0.02
Aroclor 1242 15 <27 <2.5 <0.44 <4.2
Aroclor 1254 <4 <18 <3.6 <0.8 <4.6
Aroclor 1260 <4.5 <19 <3.9 <0.6 <5.7
Locations Below terrace , 2m (Red rusty spring  (Drill Hole 1: 8 m  |Drill Hole 2: 20 m |Drill Hole 5: S
from river, at SW |on north slope of S of N border E of Drill Hole 1 |side of station; 3m
side of site site; near top fence of site near jalong fence; 2' N of border fence;
where effluent station entry road |increments to 18' |top of slope above
appears terrace along river

Notes: Concentrations are in pg/g or ppb. NDR = Peak detected but did not meet quantification criteria
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3.3.2 Total Extractable Hydrocarbons

The concentrations of TEHs in additional soil samples analyzed from Drill Holes 1 to 5
are given in Table 3.3. Levels detected in Drill Hole 1 (130 and 430 pg/g) confirmed
hydrocarbon contamination observed by the soil vapour survey. The highest subsurface
contamination in Drill Hole 1 therefore occurs at a depth of about 3 m. One sample from Drill
Hole 2 contained 48 pg/g of TEHs while the concentration in the second sample was below
detection. TEH concentrations in the samples from Drill Holes 3 and 4 were below detection.
Concentrations in Drill Hole 5 showed a declining gradient from 2500 pg/g to 120 pg/g at 8 to
10 m depth. These results confirmed the soil vapor survey data (UMA/AMBIO, 1995).

Table 3.3: Total Extractable Hydrocarbons (TEHs) Results for Blanchard River Soil
Samples

Report Lab Sample Field Sample TEH Description

Sample No. No. No. (ng/g)

Drill Hole 1

BL1SS019 9514-143 SS-96 130 8-10' profile in moist sand with gravel

BL1SS020 9514-144 SS-97 430 10-12' profile in silty sand till; HC odour

Drill Hole 2

BL1SS028 9514-152 SS-105 48 10-12’ profile in sand-gravel substrate

BL1SS032 9514-156 SS-109 <20 12-14' profile in damp sand with gravel; slight HC odour

Drill Hole 3

BL1SS033 9514-157 SS-110 <20 8-10" profile in silt-sand substrate with stones; slight HC
odour

Drill Hole 4

BL1SS036 9514-163 SS-116 <20 8-10' profile in coarse damp sand and gravel

Drill Hole 5

BL1SS038 9514-165 SS-118 2500 26-28' profile in dry clay; strong HC odour

BL1SS039 9514-166 SS-119 1900  28-30' profile in dry clay soil; strong HC odour

BL1SS041 9514-168 S8-121 510 32-34' profile in sandy gravel with clay; HC odour

BL1SS044 9514-171 SS-124 120 24-26' profile medium dry sand; HC odour

3.3.3 PAHs, n-Alkanes, Isoprenoids and Hopanes

Samples from the leachate plume and drill holes were also analyzed for parent and alkyl-
substituted PAHs, n-alkanes, hopanes and isoprenoids in order to characterize the TEH

contamination. The results are given in Tables 3.4 and 3.5.




Data for the alkanes show nC-12 to nC-20 compounds account for a substantial portion of
the TEHs in samples from the leachate plume and Drill Hole 5. The ratios of nC-17/pristane and
nC-18/phytane indicate samples from the leachate plume are more weathered than that from Drill
Hole 5. The relatively low concentrations of hopanes detected, relative to the hydrocarbon
components, suggest biodegradation is not very significant. Concentrations of the parent PAHs
were all below the CCME R/P criteria. The alkylated PAHs were consistently higher in
concentrations than the unsubstituted ones. A discussion of alkylated is presented in Chapter 4:

Appendices.
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Table 3.4: n-Alkanes, Isoprenoids and Hopanes Results for Blanchard River Soil Samples

Report Sample No. BL1S003 | BL1S003 B | BL1S012 | BL1SS020 | BL1SS028 | BL1SS043
Lab Sample No. 9514-80A | 9514-80B 9514-137 | 9514-144 9514-152 | 9514-170
Field Sample No. SS-69 $S-69 SS-90 SS-97 $S-108 SS-123
n-Alkanes and Isoprenoids

Dodecane (nC12) 75000 110000 180000 4500 540 6800
2,6-Dimethyl Undecane 40000 69000 120000 3600 470 2900
Norfarnesane 38000 81000 110000 3000 590 2400
Tridecane (nC13) 89000 190000 230000 4200 870 9500
Farnesane 37000 86000 98000 2300 710 3300
Tetradecane (nC14) 80000 190000 220000 3500 810 11000
2,6,10-Trimethyl Tridecane 40000 86000 120000 1800 570 4800
Pentadecane (nC15) 72000 170000 230000 2600 780 13000
Hexadecane (nC16) 53000 130000 150000 2000 440 10000
Norpristane 33000 78000 NDR 58000 1500 290 5200
Heptadecane (nC17) 41000 100000 52000 1400 200 8700
Pristane 56000 130000 43000 2100 270 6400
Octadecane (nC18) 44000 110000 26000 1400 110 9400
Phytane 43000 99000 16000 1300 94 5000
Nonadecane (nC19) 37000 89000 15000 1200 61 7900
Eicosane (nC20) 30000 78000 8300 790 42 6500
Heneicosane (nC21) 18000 48000 4500 580 27 4600
Docosane (nC22) 9900 31000 2600 400 17 3100
Tricosane (nC23) 5400 16000 1400 220 11 1700
Tetracosane (nC24) 2200 5700 <430 <83 7.0 800
Pentacosane (nC25) 710 2300 <480 <91 10 280
Hexacosane (nC26) <310 380 <540 <100 4.0 63
Heptacosane (nC27) <340 <280 <590 <110 5.0 13
Octacosane (nC28) <380 <310 <640 <120 4.0 <4
Nonacosane (nC29) <380 <300 <810 <140 4.0 <3
Triacontane (nC30) <440 <340 <930 <160 3.0 <4
Untriacontane (nC31) <490 <390 <1000 <180 3.0 <4
Dotriacontane (nC32) <560 <440 <1200 <200 2.0 <5
Tritriacontane (nC33) <640 <390 <1200 <230 NDR 4 <9
Tetratriacontane (nC34) <620 <450 <1400 <310 4.0 <10
Pentatriacontane (nC35) <680 <500 <1500 <340 2.0 <11
Hexatriacontane (nC36) <760 <550 <1700 <380 <2.0 <12
Hopanes

18E(H)trisnorhopane(C27E) 3.0 2.6 <340 3.8 1.6 <2.0
178(H)trisnorhopane(C278) 32 2.7 <340 34 1.8 <2.0
17lEJ(H),21B(H)norhopane(q29ﬁ)ﬂ) 5.6 4.8 <340 12 4.8 2.0
17E(H),218(H)hopane(C30ES) 83 7.1 <340 22 9.7 3.1
S-17E(H),218(H)homohopane(C31E8) 4.0 3.5 <340 6.9 2.7 <2.0
R-17E(H),218(H)homohopane(C31E8) 3.6 2.8 <340 5.2 2.0 <2.0

Notes: Concentrations are in ng/g. NDR = peak detected but did not meet quantification criteria.
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Table 3.5: Polycyclic Aromatic Hydrocarbon Results for Blanchard River Soil Samples

Report Sample No. BL1S003 BL1S003 D BL1S012 BL1SS020 BL1SS028 BL1SS043
Lab Sample No. 9514-80 9514-80 9514-137 9514-144 9514-152 9514-170
Field Sample No. SS-69 $S-69 Dup SS-90 SS-97 $8-105 SS-123
Naphthalene 75 NDR 82 NDR 76 110 51 150
Acenaphthylene NDR 22 NDR 17 <0.84 NDR 2.9 <0.05 <0.33
Acenaphthene NDR 170 NDR 200 NDR 480 13 22 68
Fluorene NDR 50 66 NDR 140 13 2.5 200
Phenanthrene 160 NDR 140 200 5.1 1.7 450
Anthracene NDR 17 NDR 15 NDR 16 NDR 0.47 <0.07 <0.49
Fluoranthene NDR 38 NDR 43 <l.4 2 NDR 0.26 7
Pyrene 470 450 54 2.8 0.53 55
Benz(a)anthracene <22 NDR 5.1 <3.1 NDR 0.23 <0.11 <I.1
Chrysene 130 100 28 1.2 NDR 0.29 6.9
Benzofluoranthenes NDR 1.8 NDR 1.6 <0.51 NDR 0.49 <0.16 0.52
Benzo(e)pyrene 23 23 NDR 1.6 NDR 0.26 <0.13 NDR 0.32
Benzo(a)pyrene NDR 0.3 NDR 0.4 <0.6 <0.18 <0.15 <0.2
Perylene NDR 0.98 NDR 1.4 <0.62 <0.18 <0.15 <0.2
Dibenz(ah)anthracene <15 <0.11 <0.61 <0.19 <0.17 <0.22
Indeno(1,2,3-cd)pyrene NDR 0.51 NDR 0.52 <0.61 <0.17 <0.16 <0.21
Benzo(ghi)perylene NDR 0.7 NDR 0.6 NDR 1 NDR 0.28 <0.13 NDR 0.38
C1 naphthalenes 310 290 110 210 160 3300
C2 naphthalenes 2400 2200 14000 660 200 10000
C3 naphthalenes 5900 5700 59000 1700 310 8200
C4 naphthalenes 9300 9700 32000 1200 300 3100
C1 phen,anth 1700 1600 3100 16 4.5 2000
C2 phen,anth 8400 8800 360 34 9.9 3000
C3 phen,anth 16000 15000 5400 22 4.4 1700
C4 phen,anth 7200 6400 1500 4 <0.1 350
Dibenzothiophene 170 140 NDR190 NDR 3.5 NDR 1 240
C1 dibenzothiophene 690 790 1100 8.2 22 600
C2 dibenzothiophene 2300 2300 2000 2.9 0.67 710
Location Below terrace, Red rusty Drill Hole 1: 8 |Drill Hole 2: 20|Drill Hole 5: S
2m from river, spring on north |m S of N borderjm E of Drill side of station;
at SW side of slope of site;  |fence of site Hole 1 along  [3m N of border
site near top where [near station fence; 2' fence; top of
effluent appears [entry road increments to  |slope above
18' terrace along
river
Description Dead moss over Surface sample [10-12' profile in|10-12' profile in[30-32' profile in
coarse sand- of silty organic |silty sand till; |sand-gravel dry clay;
gravel soil sediment over |HC odour substrate moderate HC
dark organic odour
layer

Notes: Concentrations are in ng/g. NDR = peak detected but did not meet quantification criteria.
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3.3.4 Plants

The concentrations of arsenic, barium, cobalt, selenium, and zinc in soil samples
collected from the leachate plume exceeded the CCME R/P Remediation Criteria in the previous
study (UMA/AMBIO, 1995). In order to investigate the ecotoxicological significance of this
metal contamination, six archived plant samples comprising Equisetum sp. and Salix sp.
collected from drainage areas below the leachate plume were analyzed; one Equisetum sp.
sample obtained from a background location along a stream in the foothills approximately 200 m

east of the station was also analyzed for comparison. The results are presented in Table 3.6.

Apart from the concentrations of cadmium, copper and lead in sample (BL1P001), metal
levels in the plant samples from the leachate plume were comparable to background. Arsenic
(0.15 ppm) was detected in BL1POO1 while the concentration in the background sample
(BL1P007) was below detection. The elevated arsenic concentration in the plant corresponded to
the elevated levels in soil. Copper concentration in BL1P001 was four times the background
level and lead exceeded the background sample by over ten fold; copper and lead were not
particularly elevated in the soil samples. Even though barium, cobalt and zinc concentrations in
the soil samples exceeded the CCME R/P criteria, levels in the plants were comparable to

background.




Table 3.6: Metal Results for Blanchard River Plant Samples

Report Sample No. BL1P001 BL1P002 BL1P003 BL1P004 BL1P00S BL1P006 BL1P007
Lab Sample No. 9514-125 9514-127 9514-129 9514-131 9514-133 9514-134 9514-250
Field Sample No. S8-75 P1 SS-75 P2S | SS-75P2R | SS-76 P1 SS-76 P2S | SS-76 P2R | SS-165P
Aluminum 358 152 282 181 124 134 1710
Antimony <5 <5 <5 <5 <5 <5 <5
Arsenic 0.15 <0.05 0.05 <0.05 <0.05 <0.05 <0.05
Barium 40 28 76 85 33 83 82
Beryllium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Boron 26 21 16 24 23 17 24
Cadmium 2.98 0.57 0.67 0.63 1.55 1.9 0.38
Calcium 17200 10400 10900 19300 11400 10200 15800
Chromium 43 2.1 32 <1.5 <15 2.3 7
Cobalt <0.5 <0.5 <0.5 0.6 <0.5 <0.5 <0.5
Copper 53 12 12 15 10 7.5 13
Iron 793 220 500 2910 655 244 1530
Lead 4.58 0.8 1.95 0.4 0.3 0.53 0.3
Magnesium 3760 1710 550 3670 2500 718 3890
Manganese 120 42 189 1620 170 56 110
Mercury 0.075 0.025 0.025 0.03 0.015 0.01 0.02
Molybdenum <1 <1 <1 <1 <1 <1 <1
Nickel 17 7.5 9.5 6.3 10 8.5 15
Phosphorus 8150 6650 1870 8850 7950 1700 7200
Potassium 47500 13700 3775 37625 15650 2345 36850
Silver <1 <1 <1 <1 <1 <1 <1
Sodium 297 29 80 150 67 29 75
Strontium 59 34 43 62 38 45 63
Tin <1 <1 <1 <1 <1 <1 <1
Titanium 21 4.8 16 5.5 5 5.1 76
Vanadium 1.2 <0.5 37 0.9 <0.5 <0.5 3.4
Zinc 52 62 46 78 110 72 42
Locations Drainage at |Drainage at |Drainageat |Rust coloured|Rust coloured|Rust coloured [ Background
bottom of N |bottom of N |bottom of N |drainage half |drainage half |drainage half [location
slope of site [slope of site |slope of site {way down N |way down N |way down N |along stream
slope of site |slope of site |slope of site |in foothills,
roughly 200m
E of station
Description Equisetum  {Salix Salix Equisetum  |Salix Salix Equisetum
sp.; whole;  |sp.:shoots; Sp.:T0OtS; sp.; whole;  [sp.:shoots; sp.:roots; sp.; whole;
separate separate separate separate separate separate separate
organic and |organic and [organic and |organic and [organic and |organic and organic and
inorganic inorganic inorganic inorganic inorganic inorganic inorganic
subsamples {subsamples [subsamples [subsamples [subsamples |subsamples subsamples
Notes: Concentrations are in pg/g or ppm
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3.4 Results for Border Station
3.4.1 Metals, Chlorobenzenes, Chlorinated Pesticides and PCBs

The concentrations of metals in the three soil samples analyzed are given in Table 3.7.
Metals were well below the CCME R/P criteria. In particular, the maximum concentration of
mercury detected was 0.009 ppm and that for zinc was 59 ppm. Pesticides and chlorobenzenes
were also present at very low levels (Table 3.8). PCBs were found in only one sample (0.47 ppb).
This concentration is well below the CCME Assessment criteria and comparable to background

levels (see section 2.1).

Table 3.7: Metal Results for Border Station Soil Samples

Report Sample No. BO1SS032 BO1SS033 BO1SS047
Lab Sample No. 9514-233 9514-234 9514-260
Field Sample No. S$S-157 SS-158 SS-177
Antimony <10 <10 <10
Aluminum 17100 9060 11400
Arsenic 3.5 0.69 3
Barium 86 57 90
Beryllium <1 <1 <1
Boron 24 17 18
Cadmium <0.25 <0.25 0.34
Calcium 14200 4960 25700
Chromium 83 20 21
Cobalt 13 8 -9
Copper 39 26 34
Iron 27700 17600 22200
Lead 2 3 5
Magnesium 13300 5510 7700
Manganese 404 238 363
Mercury 0.005 0.005 0.009
Molybdenum <4 <4 <4
Nickel 34 14 9
Phosphorus 1580 1400 1520
Selenium <0.5 <0.5 <0.5
Silver <2 <2 <2
Sodium 63 316 429
Strontium 67 19 53
Tin <5 <5 <5
Titanium 531 316 571
Vanadium 63 38 47
Zinc 47 48 59

Notes: Concentrations are in pg/g or ppm.




Table 3.8: Chlorobenzenes, Pesticides and PCB Results for Border Station Soil Samples

Report Sample No. BO1SS009 | BO1SS018 | BO1SS027 | BO1SS029 | BO1SS030 | BO1SS031 | BO1SS034
Lab Sample No. 9514-209 9514-219 9514-228 9514-230 9514-231 9514-232 9514-235
Field Sample No. S$S-133 S$S§-143 S$S-152 SS-154 SS-155 SS-156 S$S-159
Sample Size (g dry): 9.94 8.86 9.79 11.5 9.44 9.96 11.5
Moisture (%) 17 18 5.6 4.3 11 4.8 54
Dichlorobenzenes <2.93
Trichlorebenzenes NDR 15.44
Tetrachlorobenzenes NDR 1.52
Pentachlorobenzene <0.08
Hexachlorobenzene <0.07 <0.11 <0.02 <0.07 <0.08 <0.08 <0.02
alpha HCH NDR 0.82 NDR 3.0 <0.08 <0.74 <0.6 <0.51 <0.07
beta HCH <1.2 NDR 1.6 <0.16 <1.2 <0.94 <0.8 <0.13
gamma HCH NDR 2.3 NDR 2.1 <0.14 <1.1 <0.87 <0.73 <0.11
Heptachlor <0.55 <1.2 <0.13 <0.46 <0.69 <0.72 <0.08
Aldrin <0.28 <0.57 <0.04 <0.25 <0.29 <0.3 <0.04
Oxychlordane <2.1 <3 <0.24 <2.2 <2.6 <1.3 <0.14
trans-Chlordane <0.15 <0.22 <0.04 <0.13 <0.16 <0.16 <0.02
cis-Chlordane <0.16 <0.23 <0.04 <0.14 <0.17 <0.16 <0.02
o,p’-DDE NDR 0.8 0.82 <0.02 NDR 1.2 NDR 0.63 NDR 0.12 <0.01
p,p'-DDE NDR 0.89 NDR 0.91 <0.07 NDR 0.91 <0.24 <0.13 <0.06
trans-Nonachlor <0.13 <0.2 <0.03 <0.12 <0.13 <0.13 <0.02
cis-Nonachlor <0.11 <0.17 <0.03 <0.1 <0.11 <0.11 <0.02
o,p'-DDD <0.19 <0.42 <0.03 <0.17 <0.19 <0.17 <0.02
p,p’-DDD <0.19 <0.42 <0.03 <0.17 <0.19 <0.18 <0.02
o,p'-DDT NDR 0.45 <0.75 <0.06 NDR 0.56 NDR 1.1 <0.36 <0.05
p,p-DDT <0.31 <0.68 <0.06 <0.32 2.4 <0.33 <0.05
Mirex <0.26 <0.36 <0.33 <0.27 <0.31 <0.32 <0.28
Heptachlor Epoxide <0.01 <0.03 0.04 <0.02 <0.02 <0.02 <0.007
alpha-Endosulphan (I) <0.02 <0.03 <0.06 <0.02 <0.01 <0.02 <0.008
Dieldrin <0.02 <0.03 <0.07 <0.03 <0.01 <0.02 <0.008
Endrin <0.03 <0.06 <0.12 <0.05 <0.02 <0.03 <0.01
Methoxychlor <0.05 <0.08 <0.12 <0.04 <0.05 <0.05 <0.04
Aroclor 1242 <1.2 <2.6 0.47 <1.2 <1.2 <1.6 <0.18
Aroclor 1254 <2.2 <43 <0.47 <24 <2.8 <2.5 <0.27
Aroclor 1260 <23 <4.2 <0.62 <2.5 <29 <2.5 <0.34
Locations Drill Hole 7: |{Drill Hole 7: |Drill Hole 8: |Drill Hole 8: |Drill Hole 8: [Drill Hole 8: |Drill Hole 8:
84m W of 84m W of 69m E of 69m E of 69m E of 69m E of 69m E of
Hole 6, 8m N [Hole 6, 8m N [Hole 7, 15m |{Hole 7, 15m [Hole 7, 15m ([Hole 7, 15m [Hole 7, 15m
of old Haines |of old Haines [N of old N of old N ofold Nofold Nofold
Rd., 10m S of [Rd., 10m S of|HainesRd  |HainesRd  [HainesRd  |HainesRd  [Haines Rd
DDT facility [DDT facility |near site entry|near site entry[near site entry|near site entry near site entry
point point point point point
Descriptions 14-16' profile {10-12' profile |10-12" profile |30-32' profile [40-42' profile |52-54' profile |72-74' profile
in coarse in wet silt;  |in medium-  |in dampd in silt with  |in medium- |in damp fine
sand; HC faint HC fine sand; no {coarse sand [fine sand; coarse sand; |[sand with silt;
odour odour odour with gravel; [strong HC  [strong HC  [trace HC
HC odour odour odour odour

Notes: Concentrations ae ng/g or ppb. NDR = Peak detected but did not meet quantification criteria
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3.4.2 Total Extractable Hydrocarbons

High levels of TEHs were detected in samples from Drill Holes 7 and Drill Hole 8 (Table
3.9). The highest contamination in Drill Hole 7 occurred at a depth of 3 m. A second sub-surface
maximum was also found at the 15 m depth. These results confirmed hydrocarbon contamination
observed by soil vapour survey (UMA/AMBIO, 1995). Concentrations in Drill Hole 8 showed a

maximum at a depth of 9 m and also collaborated the previous soil vapor survey data.

Table 3.9: Total Extractable Hydrocarbons (TEHs) Results for Blanchard River Soil
Samples

Report Lab Sample Field Sample @ TEH (pg/g) Description

Sample No No. No.

Drill Hole 7

BO1SS009 9514-209 SS-133 2800 10-12’ profile in wet silt; faint HC odour

BO1SS010 9514-211 SS-135 85 18-20' profile in fine-medium sand

BO1SS011 9514-212 S$8-136 53 22-24' profile in fine-medium sand; trace HC odour
BO1SS013 9514-214 SS-138 26 32-34' profile in medium sand; HC odour

BO1SS016 9514-217 $8-141 150 44-46' profile in moist sandy till; HC odour

BO1SS017 9514-218 S$S-142 120 50-52' profile in fine sand with stones; HC odour
BO1SS022 9514-223 $S-147 <20 66-68' profile in silty sand; slight HC odour

Drill Hole 8

BO1SS027 9514-228 S$S-152 <20 10-12' profile in medium-fine sand; no odour

BO1SS028 9514-229 SS-153 220 26-28' profile in coarse granular mix of silt, sand and gravel
BO1SS029 9514-230 S8-154 1500 30-32' profile in dampd coarse sand with gravel; HC odour
BO1SS030 9514-231 SS-155 650 40-42' profile in silt with fine sand; strong HC odour
BO1SS031 9514-232 S$S-156 200 52-54' profile in medium-coarse sand; strong HC odour
BO18S032 9514-233 SS-157 340 40-42' profile in silt with fine sand; strong HC odour
BO1SS034 9514-235 SS-159 <20 72-74' profile in damp fine sand with silt; trace HC odour

3.4.3 PAHs, n-Alkanes, Isoprenoids and Hopanes

Concentrations of the parent PAHs were all below the CCME R/P criteria and the
alkylated homologues were present at higher levels (Table 3.10). The alkane results indicated
nC-12 to nC-20 compounds account for a substantial portion of TEHs in the sample and the

ratios of nC-17/pristane and nC-18/phytane suggested some weathering has occurred.




Table 3.10: Polycyclic Aromatic Hydrocarbon, Alkanes, Isoprenoids and Hopanes Results

for Border Station Soil Sample

Alkanes and Isoprenoids Polycyclic Aromatic Hydrocarbons

Report Sample No. BO1SS018 Report Sample No. BO1SS018
Lab Sample No. 9514-219 Lab Sample No. 9514-219
Field Sample No. SS-143 Field Sample No. S8-143
Dodecane (nC12) 17000 Naphthalene 890
2,6-Dimethyl Undecane 16000 Acenaphthylene <0.37
Norfarnesane 23000 Acenaphthene 120
Tridecane (nC13) 20000 Fluorene 190
Farnesane 20000 Phenanthrene 110
Tetradecane (nC14) 18000 Anthracene NDR 5.2
2,6,10-Trimethyl Tridecane 16000 Fluoranthene 14
Pentadecane (nC15) 13000 Pyrene NDR 2.3
Hexadecane (nC16) 6400 Benz(a)anthracene <1.5
Norpristane 5100 Chrysene <l.6
Heptadecane (nC17) 3300 Benzofluoranthenes <0.18
Pristane 6100 Benzo(e)pyrene <0.19
Octadecane (nC18) 3000 Benzo(a)pyrene <0.21
Phytane 3100 Perylene <0.22
Nonadecane (nC19) 2200 Dibenz(ah)anthracene <0.2
Eicosane (nC20) 1400 Indeno(1,2,3-cd)pyrene <0.19
Heneicosane (nC21) 930 Benzo(ghi)perylene NDR 0.26
Docosane (nC22) 520 C1 naphthalenes 8800
Tricosane (nC23) 310 C2 naphthalenes 22000
Tetracosane (nC24) <140 C3 naphthalenes 12000
Pentacosane (nC25) <160 C4 naphthalenes 3600
Hexacosane (nC26) <170 C1 phen,anth 290
Heptacosane (nC27) <190 C2 phen,anth 260
Octacosane (nC28) <210 C3 phen,anth 78
Nonacosane (nC29) <200 C4 phen,anth 4.4
Triacontane (nC30) <230 Dibenzothiophene NDR 35
Untriacontane (nC31) <260 C1 dibenzothiophene 68
Dotriacontane (nC32) <300 C2 dibenzothiophene 28
Tritriacontane (nC33) <340

Tetratriacontane (nC34) <390

Pentatriacontane (nC35) <430

Hexatriacontane (nC36) <480

Hopanes

18E(H)trisnorhopane(C27E) 1.3

178(H)trisnorhopane(C278) 1.9

17E(H),218(H)norhopane(C29E8) 6.0

17E(H),218(H)hopane(C30E8) 13

S-17E(H),218(H)homohopane(C31E6) 4.8

R-17E(H),218(H)homohopane(C31£8) 2.5




3.5 Site-Specific Recommendations

Recommendations for follow-up actions based on preliminary site investigations were
provided previously (UMA/AMBIO, 1995; Section 6). Additional recommendations or
amendments arising from the second round of sample analysis (this report) for Million Dollar
Falls, Blanchard River Pump Station and Border Pump Station are provided below. In general,
the original recommendations are still relevant in light of the new information. The additional
contaminant analyses, however, allows for a more directed approach to detailed investigations
carried out for the purpose of developing clean up plans. PCBs, for example, do not require
additional investigation at any of the three sites. Other chlorinated pesticides were not found to
be a problem either, except for the presence of a possible source of DDT in one of two dumps at
Million Dollar Falls, based on the presently available data. Some generic recommendations have
been made in Appendix C on assessing the environmental implications of alkylated PAH
components common in hydrocarbon-contaminated soils or other matrices. Surface
contamination, such as localized stains, was not identified as a problem at any of these three sites

based on the presently available data.

3.5.1 Million Dollar Falls

Possible contaminant problems arising from the preliminary site investigation at Million
Dollar Falls (UMA/AMBIO, 1995) included the possibility of PCBs in the groundwater supply
and a dump in the gully that contained soil contaminated with zinc and DDT. Subsequent re-
sampling and re-analysis of the groundwater by AES confirmed that the low levels of PCBs
detected as part of the initial investigation were a laboratory artifact: The PCB concentration in
the original water sample was within the range of the laboratory analytical blank, and subsequent
analyses using more sensitive methods failed to detect any PCBs in the water (B. Hartshorne,

personal communication).

A water sample was collected in the stream leading to the Takhanne River, down gradient
from the dump which was identified initially as having DDT and zinc contamination. This

sample, however, did not contain elevated contaminant levels (section 3.2). The low aqueous




solubility of DDT or its break-down products, or the tendency of zinc to adhere to humic
substances in sediments, would limit the water-born as opposed to sediment-bound
concentrations. The water concentrations, nonetheless, do suggest that substantial leachate
migration from the dump has not occurred. The available data indicate that contaminated
leachate from the dump was not entering the Takhanne River during the sampling period (July,

1995; summer-time runoff and stream flows).

We re-iterate our recommendations that the dump be considered as a possible future
source of DDT and other contaminants, and that action be taken to eliminate any possibility of
future contaminant releases. Since the dump in the gully comprises mostly surface debris, one
possible course of action would be to have trained and experienced personnel sort the materials
into hazardous versus non-hazardous waste and remove the hazardous debris. Soils within the
dump affected by any sorting activity should be subjected to confirmatory testing using
immunoassay-based field test kits and other field techniques. Present-day environmental risks
down slope from the dump appear to be minimal and no further action is, therefore

recommended.

3.5.2 Blanchard River Pump Station

Possible contaminant problems arising from the preliminary site investigation at the
Blanchard River Pumping Station (UMA/AMBIO, 1995) included a rust-coloured leachate
emanating from the slope on the north side of the site, and hydrocarbon contamination in the

groundwater.

Soil and plant samples collected near the Blanchard River and down-gradient from the
rust-coloured stain where groundwater emerges from the slope did not contain any substances at
elevated concentrations. For the most part, metal concentrations in plant samples collected from
the base of the slope were similar to those found in the plant sample from a more remote,
background location. The spatial extent of contaminant migration from the leachate source
appears to be limited, with no evidence based on the presently available data for any ecological

risk or any substantial inputs of contaminants into the Blanchard River.




Additional chemical analyses of subsurface samples confirms the presence of substantial
hydrocarbon contamination in the groundwater. The additional data for alkylated PAHs, other
heterocyclic hydrocarbon compounds and aliphatic fractions indicate a largely unweathered, non-
degraded petroleum-based source. Data on unsubstituted PAHs or BTEX do not adequately
define the extent of contamination, nor the associated environmental risks. TPH (or TEH)
appears to be a good, relatively inexpensive surrogate measure for delineating the hydrocarbon
contaminant plume. It is important to note, however, that the actual environmental risks are
expected to change where the hydrocarbon mixture emerges at the soil surface, at the base of the
slope, or in the river - with a concomitant change in potential toxicity. There are no ecological
risks associated with the hydrocarbons while the aquifer remains below the surface and isolated

from the adjacent river, since there are no immediate ecological receptors.

It is recommended that a full sub-surface site assessment be conducted, using a network
of monitoring wells and test pits, in order to delineate the extent of subsurface contamination
(including the source of the rust-coloured leachate on the north slope) and to provide accurate
predictions of environmental fate and ecological risk. The next phase should include an
examination of the available remedial options, if remediation is deemed to be necessary (i.e., if
contaminated groundwater is emerging or will emerge in an area that could lead to impact). The
discussion of remedial options and risk should take into account the specific composition of the

hydrocarbon contaminants, not just surrogate measures such as TPH.

3.5.3 Border Pump Station

Subsurface hydrocarbon contamination was identified as the major concern arising from
the previous preliminary investigation of Border station (UMA/AMBIO, 1995). The original
recommendations also acknowledged that the subsurface contaminant issues at Border Pumping
Station and the Rainy Hollow site are closely interrelated. A review of the data and

documentation from both sites is in progress, and will be presented as a separate report’. As for

* Haines-Fairbanks Pipepline: Environmental Issues at Border Pump Station and Rainy Hollow Sites. Prepared for
the Action on Waste Office, Department of Indian Affairs and Northern Development, Whitehorse, Yukon by Royal
Roads University, Applied Research Division, 1996.




Blanchard River, it is recommended that a full sub-surface site assessment be conducted using
existing bore holes and establishing new ones (up and down gradient) in the vicinity of Test
Holes 8 and 9 as appropriate for the confident delineation of the contaminant plume, both
vertically and horizontally. Again, the primary objectives should include the delineation of
contamination, accurate assessment of likely fate over the short-term or long-term and detailed

examination/prediction of environmental risks.

Recommendations regarding the composition of hydrocarbons in subsurface soils and
water as aliphatics, hetrocyclic hydrocarbons and unsubstituted or alkyl-substituted PAHs as
stated above for the Blanchard River site also apply to the Border/Rainy Hollow site. TPH levels
may be used as an inexpensive tool to delineate the extent of contamination, but adequate
prediction of fate in the environment and possible effects will require a through understanding of
the actual composition of the hydrocarbon mixture. Given the history of the Rainy Hollow site,
subsequent analyses of subsurface soils and water should include DDT and its breakdown
products, in order to ensure that these contaminants are not being entrained in hydrocarbon

ground water enroute to the Klehini River.




APPENDIX A: ANALYTICAL METHODS

1. ANALYSIS OF POLYCHLORINATED BIPHENYLS (PCBS), CHLOROBENZENES,
AND CHLORINATED PESTICIDES IN SOILS, SEDIMENTS AND WATER SAMPLES

1.1 Summary

The above analyses were conducted by Axys Analytical Services Ltd. of Sidney, BC Each sample
was clearly labeled and locked in a secure frozen storage area until retrieved by the analyst.

All samples were spiked with an aliquot of surrogate standard (2,4,5,6-tetrachloro-m-xylene,
PCB 209 and ds-alpha endosulphan) prior to analysis by gas chromatography with electron
capture detection (GC/ECD); for gas chromatography with mass spectrometry (GC/MS), the
samples were spiked with aliquots of 13C labeled surrogate standard (PCB 101, PCB 180, PCB
209, gamma-BHC, Mirex, p,p’-DDE, p,p’-DDT and ds-alpha endosulphan). Sediments were
extracted with a solvent on a shaker table. Tissues were ground with sodium sulphate, packed in
a glass chromatographic column and eluted with solvent. Water was liquid/liquid extracted with
dichloromethane. Sample extracts were separated into three fractions on a Florisil column. The
first fraction was also analyzed for PCBs as Aroclors, chlorobenzenes and chlorinated pesticides
by GC/ECD or GC/MS. The second and third fractions were analyzed for chlorinated pesticides
by GC/ECD.

1.2 Extraction

1.2.1 Soils/Sediments
The sediment sample was thoroughly homogenized and a subsample taken for the determination
of wet weight/dry weight ratio.

Wet sediment sample, to which an aliquot of surrogate standard had been added, was extracted
once with 80 mL of 1:1 dichloromethane/methanol by shaking on a shaker table for 30 minutes.
The extraction procedure was repeated using 80 mL of dichloromethane. The extracts were
combined, washed with solvent-extracted water, dried over anhydrous sodium sulphate and
concentrated by Kuderna Danish techniques. After the addition of activated copper to remove
sulphur, the extract was separated on a Florisil column.

1.2.2 Water
A 1 L sample was placed in a separatory funnel