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1.0 INTRODUCTION

1.1 Terms of Reference

Winnipeg Environmental Remediations Inc. (WERI) and ENG-TECH Consulting Limited (ENG-
TECH) were retained by Transport Canada (TC) to conduct a soil sampling program that utilizes
bioremediation as a means to degrade petroleum hydrocarbons from contaminated soils, placed
in two (2) land treatment units (LTUs). A separate undertaking included installing ground
heating system into one of the LTUs in order to enhance petroleum hydrocarbons degredation

by providing an optimum temperature for microbial growth. This report details the activities
conducted to date.

1.2 Background

In August of 2002, WERI conducted demolition and remedial activities at the former Fire
Training Area (FTA) in an attempt to bring the Resolute Bay Airport in compliance with current
Canadian environmental legislation. The work included 1) excavation of petroleum hydrocarbon
contaminated soil from a fire training mock-up area; 2) excavation of contaminated soil from a
former above ground storage tank (AST) site; and 3) the construction of two (2) LTUs. The
LTUs were excavated to permafrost 1-1.5 m below grade, and lined with 20 mil Oil-Resistant
Reinforced Polyethylene (OR RPE) liner supplied by TC. LTU 1 had outside dimensions of 70
m x 40 m and was divided into 3 zones separated by berms. Zone 1 and Zone 2 contained

heavier hydrocarbons while Zone 3 contained lighter hydrocarbons. LTU 2 was not subdivided
and contained lighter hydrocarbons.

Approximately 5500 m® of petroleum impacted soil was excavated from the fire training mock-up
area encompassing an area approximately 95 m x 65 m, with an average depth of 0.9 m below
grade. Approximately 300 m® of contaminated soil was excavated from the AST site,
approximately 20 m x 20 m in area with an average depth of 0.75 m below grade. Field

-screening for organic vapours using a photo ionization detector (PID), in conjunction with

confirmatory soil sampling, was conducted at both excavation locations to ascertain that all
contaminated soil was excavated.

Bioremediation was employed in the LTUs in an effort to reduce the hydrocarbon
concentrations. Bioremediation or biodegradation is a process of degradation by biological
means, where organisms (most often bacteria, but also fungi and plants) oxidize organic
compounds (substrate), during respiration processes, both aerobic (oxygen present) and
anaerobic (oxygen absent), to produce carbon dioxide, water and biomass. Other bacteria are
known to break down organic material via reductive processes (opposed to oxidative
processes). Any form of organic substance may be susceptible to biodegradation, which

includes hydrocarbons. A detailed review of remediation and remediation technologies is
included in Appendix A.
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1.3  Objectives

The following project consisted of two principle objectives. The first objective was to conduct
confirmatory soil sampling programs in order to assess changes to petroleum hydrocarbon
concentrations, from petroleum contaminated soils (PCS) using an LTU system.

The second objective was to install a ground heating system in one of the LTUs to determine its
effectiveness towards enhancing bioremediation. The efficacy of this system could be beneficial
for northern communities that want to eliminate hydrocarbon contaminated soils, cost
effectively.

14  Scope of Work
The scope of work for the project consisted of:

e An initial soil sampling and testing program, for petroleum hydrocarbon and micro-organism
concentrations, followed by the applying nutrients and surfactants to Zone 1 in LTU 1,
nutrients alone to LTU 2, and no nutrients to zone 2 and 3. After applying nutrients, the
surfaces were to be blended and graded using a D4 blade.

e Conducted a second soil sampling and testing program of the remediating soils in the LTUs
the following year. Samples were taken from the same locations and depths as previously
sampled during the first year. Nutrients were added to Zone 1 and 2 of LTU 1, to LTU 2,
and no nutrients to zone 3. After applying nutrients, the surfaces were to be blended and
graded using a D4 blade.

e Conducted a third soil sampling and testing program of the remediating soils in the LTUs
after 2 years. Samples were taken from the same locations and depths as the previous two
years.

e A soil heating system was installed in a section of LTU 2, in order to increase the
remediation time available for soil treatment. The heating system was designed to include
heaters with intake and exhaust chambers to cycle warm air through the impacted soil.

o Thermocouples were installed to assess the soil temperature at different locations and
depths within the soil heated system (LTU 2).

1.5 Methodology

Soil sampling was conducted using guidelines and criteria outlined in publications from the
American Society for Testing and Materials (ASTM), and the Canadian Council of Ministers of
the Environment (CCME).
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2.0 SITE CONDITIONS

2.1 Site Location and Description

Resolute Bay (74.7N, 94.83W) is located on the south shore of Cornwallis Island in the Arctic,
as shown in Figure 1. The site of investigation is located approximately 6 km north of the
community of Resolute Bay, just north of the airport, as shown in Figure 2.

The Former FTA

The former FTA, shown in Figure 3, was located approximately 2 km north of the Air Terminal
Building at Resolute Bay Airport and south of the Nav Canada control tower. It consisted of a
fire training mock-up area, four (4) ASTs, a fuel pump house and underground piping. Two
gravel roads bounded the former FTA to the west and east; one leading to the metal dump and
the other to the Nav Canada control tower, respectively.

LTU1and LTU 2

LTU 1 and LTU 2 are located within the boundaries of the former FTA. LTU 1 is located north of
the fire training mock-up area and LTU 2 is located south of the AST site, as shown in Figure 3.

2.2  Site Geology and Groundwater

The Resolute Bay area is dominated by glacial features. Surficial material in the area consists
of coarse, angular weathered grey shale. The Resolute Bay area is subject to continuous
permafrost.

Groundwater is not used as a drinking water source as glacial water is readily available and
used as the local potable water supply.

3.0 PROJECT DETAILS

3.1 August 2002 Work Program

In August 2002 the initial sampling program for attaining petroleum hydrocarbon concentrations
was undertaken, along with the application of nutrients and/or surfactant to selected zones.
Thirty-six (36) soil samples were collected and tested for hydrocarbon concentration as follows:

e Zone 1 and Zone 2 in LTU 1 — A total of twelve (12) samples, six (6) from each zone at
two (2) sampling point locations. Three (3) samples were collected at each location;
One (1) at the surface, one (1) 0.4 m below the surface, and one (1) 0.8 m below the
surface, as shown in Figure 4.

e Zone 3in LTU 1 and LTU 2 — A total of twenty-four (27) samples, twelve (12) from Zone
3 and twelve (15) from LTU 2, at specified sampling point locations. Three (3) samples
were collected at each location; One (1) at the surface, one (1) 0.4 m below the surface,
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and one (1) 0.8 m below the surface, as shown in Figure 5. In addition, three (3)
samples were collected from LTU 2, as shown in Figure 5.

Each of the above noted soil samples were also tested for the presence of aerobic and
anaerobic heterotrophic bacteria.

Upon completion of the soil sampling program, nutrients and a surfactant were applied to
selected zones as follows:

e 145 kg (320 Ibs) of 38-0-0 Nitrogen-Phosphorus-Potassium (N-P-K), and 40 kg (88 Ibs)
of “Cyclone White” surfactant were added to zone 1 in LTU 1.

e 2273 kg (5000 Ibs) of 38-0-0 (N-P-K) was added to LTU 2.

Surfactants are substances that can be used to separate contaminants from the soil structure,
allowing for greater microbial-induced hydrocarbon degradation. The zones were tilled and

graded using a D4 blade after the application of the nutrients and surfactant to a maximum
depth of 0.3 m below the surface.

3.2 September 2003 Work Program

On September 5™ 2003, the second round of soil testing was conducted to assess soil
remediation progress. Hydrocarbon odours were present at all sample locations. Soil samples
were collected at the same locations and depths as previously done during the first year (August
2002), with a few exceptions. Sample location 10 from LTU 2, as well as all sample locations
from LTU 1, were sampled at a depth of 0.6 m instead of 0.8 m as previously done in August
2002. LTU 2 was frozen at a depth of 0.5 m below grade, with only minor frost above. Three
(3) additional confirmatory samples from locations not previously sampled in August 2002 were
collected and submitted for testing. These can be seen in Figure 5. A total of thirty-nine (39)
soil samples were collected and tested for petroleum hydrocarbons.

A total of six (6) samples were tested for the presence of aerobic and anaerobic heterotrophic
bacteria for comparative analysis with samples collected in August 2002. In Addition,
hydrocarbon reducing bacteria plate counts were determined from six (6) samples.

Upon completion of soil sampling, nutrients were applied to selected zones as follows:
e 91 kg (200 Ibs) of 38-0-0 (N-P-K) was added to Zone 2in LTU 1.
e 634 kg (1400 Ibs) of 38-0-0 (N-P-K) was added to LTU 2.

Zone 2in LTU 1 and LTU 2 was tilled and graded using a D4 blade after the application of the
nutrients to a maximum depth of 0.3 m below the surface.

The ground heating system was instalied at the north end of LTU 2 upon completion of tilling
activities. The air exchange components of the system comprised of three (3) heat inflow lines
and four (4) return air lines as illustrated in Figure 6. The inflow lines were 75 mm (3") diameter
pipes with slit cuts. The return lines were 150 mm (6”) diameter pipe and 24.4 m (80 ft.) long,
with the exception of the most westerly return line, which was only 19.8 m (65 ft.) long, with the
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southern 12.2 m (40 ft.) of pipe being 75 mm in diameter. All inflow lines and return lines were
connected using tees to solid 200 mm (8”) PVC manifolds. All pipe lines were installed at 0.4 m
below grade. The air exchange housing was 2.4 x 1.2 x 1.2 m (L x W x H) and consisted of two
(2) heaters and two (2) exhaust fans as shown in Figure 7.

Thermocouples were installed at various locations along the inflow and return lines at 0.4 m
below grade, at the intake chamber, at the exhaust/heater chamber, and at grade within the
heated area. Figure 8 illustrates the locations of the thermocouples. The approximate depth of
the thermo lines were installed at 0.4 m below grade.

Following installation of the ground heat monitoring system, the pipes were covered with soil,
and overlain with insulation. The area was covered with an Enviro Liner® supplied by Layfield
Geosynthetics weighted down with rocks and steel pipes. The perimeters were secured by
burying them in trenches backfilled with soil. Final electrical connections were completed at the
exhaust house and the site was cleaned of excess supplies. Photographs of the installation
process are shown in Appendix B.

3.3  August 2004 Work Program

Temperature readings of the thermocouples were taken on August 11", 2004 prior to the
heaters and blowers being turned on. The temperatures were taken again on August 12", 2004
after the blowers and heaters had been running for 12 consecutive hours. Temperature data
are shown in Table 4. The heaters were shut down for the winter in early October.

Nutrients and a surfactant were applied to selected zones as follows:
e 100 kg (220 Ibs) of “Cyclone White” surfactant was added to Zone 1in LTU 1.
e 400 kg (880 Ibs) of 38-0-0 (N-P-K) was added to Zones 1 and 2 in LTU 1.
e 600 kg (1323 Ibs) of 38-0-0 (N-P-K) was added to the non-covered Zone in LTU 2.

The zones were tilled and graded using a D4 blade after the application of the nutrients and
surfactant to a maximum depth of 0.3 m below the surface.

3.4  August 2005 Work Program

On August 28", 2005 a third round of soil testing was conducted to assess soil remediation
progress. Soil samples were collected at the same locations and depths as previously sampled
during first two rounds of testing in August 2002, and September 2003. A total of thirty-nine (39)
soil samples were collected and tested for petroleum hydrocarbons. The locations of all soil
samples collected from LTU 1 and LTU 2 are illustrated in Figures 4 and 5, respectively.

Temperature readings to assess the heating system were taken at 10:00 am on August 28",
2005. Temperature data are shown in Table 4.
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3.5  Analytical Analysis

A total of one-hundred-fourteen (114) soil samples from the three (3) sampling work programs
were submitted to EnvirosTest Laboratories in Winnipeg, Manitoba for petroleum hydrocarbon
analyses. Each sample was tested for benzene, ethyl-benzene, toluene, xylene (BTEX) and
petroleum fractions F1 (C6-C10), F2 (C10-C16), F3 (C16-C34), and F4 (C34-C50). An outline
of the results for samples from LTU1 and LTU2 are shown in Tables 1 and 2 respectively.
Microbial plate counts were conducted on all sampies collected during the August 2002 work
program, as well as on six (6) samples collected during the September 2003 work program.
Table 3 outlines the aerobic, anaerobic heterotrophic, and hydrocarbon reducing bacteria plate
count results. A copy of the analytical test results from EnviroeTest is included in Appendix C.
Weekly temperature readings were taken by site staff between August 2004 and August 2005.
However, the data obtained collected was misplaced by site staff and therefore does not appear
in this report, with the exception of the three days of readings shown in Table 4. The purpose of
retrieving the weekly temperature data was to demonstrate that the heated soil remained above
freezing longer than the unheated soil, thus increasing the time for bioremediation.

3.6 Remediation Criteria

The laboratory results of the BTEX analyses of the submitted soil samples were compared to
the 1998 Government of the Northwest Territories (GNWT) Guideline for Contaminated Site
Remediation of industrial sites and the 2003 CCME Canadian Environmental Quality Guidelines
for soil at industrial sites. The laboratory results of CCME F1-F4 were compared to the 2001
Canada-Wide Standards for Petroleum Hydrocarbons in Soil Tier 1 levels for coarse-grained
surface soils at industrial sites. Included in Appendix D is a sieve analysis illustrating that the
soil in the LTUs is coarse-grained.

4.0 DISCUSSION and CONCLUSION

The purpose of this study was to determine if bioremediation is a feasible alternative to reducing
(destroying) hazardous contaminants (in the form of petroleum hydrocarbon), for North
Canadian communities, in an event that soils become contaminated, and that the treated soils
meet the safety standard criteria.

The data obtained indicates that bioremediation process worked in reducing hydrocarbon
concentrations from the contaminated soils. Since the primary organisms used in the
bioremediation process were bacteria, it was important to establish their presence. The bacteria
plate counts confirm viable populations of aerobic and anaerobic heterotrophic bacteria in the
soil. Some lower counts of anaerobic bacteria were found in Zone 3 soils and soils exposed to
heat, however, this did not have an over all influence on its ability to degrade the hydrocarbon
concentrations from the soils, from both LTUs. In general, it there was a trend towards reducing
the hydrocarbon concentrations, as time progressed. Of all hydrocarbons analyzed, the larger
portions reduced were Benzene, Toluene, Ethyl Benzene, and F4 (34-C50) and to a lesser
extent xylene, F1 (C6-C10), F2 (C10-C16), and F3 (C16-C34). Some treatments that show an
increase in hydrocarbon concentration may be ignored; what appears as a increase in
concentration is likely caused by a high hydrocarbon concentration plume migrating from one
area of the zone to another, thereby confounding the resuilts.
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To enhance the rate of degradation, microorganisms will require the optimum conditions that
provide optimum growth rates. These conditions include substrate (hydrocarbon), ecological
niche (space), nutrients and temperature. The first two are found in abundance. The third
condition is that organisms have adequate nutrients. LTU 1 tested for the effect nutrients and,
in addition, a surfactant had on the effectiveness of hydrocarbon degradation. It is inconclusive
whether the addition of the nutrients or surfactant improved the degradation of the
contaminants. It is recommended to further investigate with different nutrient concentrations.

The remediation criteria for Benzene, Toulene, Ethyl Benzene, Xylene and F1 (C6-C10) were
obtained from the 1998 GNWT Guileline, the remaining hydrocarbon fractions were obtained
from 2001 CCME CWS for PHCs in Soil, respectively. Each contaminant was met for all
hydrocarbon species tested, except for the hydrocarbon fraction F2 (C10-C16). Although an
observable reduction in concentration for this fraction occurred, the total reduction was
insufficient to meet the standard criterion. This implies that the bioremediation process is
working, however, it requires more time to fully remediate the site to the specified standards,
and longer still to reduce the F2 (C10-C16) fraction to a safe level. Since hydrocarbon
concentrations will not increase at a site unless it is further contaminated, with sufficient time an
adequate reduction may be achieved.

The greatest challenge facing bioremediation in the north is the cold temperatures occurring
during winter months. A brief analysis of the historic temperature data for the area revealed that
the mean monthly maximum temperatures that are above freezing occur during June, July and
August. The short summer season gives only a short period of time where bacteria may grow in
temperatures above freezing. As such, the effect of heat on microbial growth and in turn their
effects on hydrocarbon degradation were investigated in LTU 2 treatment area. Employing a
heating system would help prevent the ground from freezing, and thus prolonging the
biodegradation process. A heating system during the months in which the mean temperature is
just below freezing (ie. above -10°C) can effectively double the time the biodegradation process
has to operate. As mentioned above, heat had an effect on bacterial growth; more specifically it
impeded the growth of anaerobic heterotrohic bacteria. Despite the reduction in anaerobic
heterotroph populations, there still was a reduction in concentration for some of the hydrocarbon
species. This is an indication that aerobic bacteria are the dominant organisms conducting the
degradation. As a result, a proper system of soil aeration is required to maintain an adequate
air supply to microorganisms in the soil. Some hydrocarbons appear to be unaffected by the
bacteria, whereas others hydrocarbon species were degraded up to 600 % more than the
unheated treatments. As such faster rates of bioremediation could be obtained by having the
system run for several more years, extend the heating temperature time over the entire winter
period, and monitor the temperature more regularty.
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50 CLOSURE

This report outlines the remedial work currently completed at Resolute Bay from August 2002 to

September 2005. If you have any questions regarding the work presented herein, please
contact the undersigned.

Sincerely,

ENG-TECH Consulting Limited Winnipeg Environment Remediation Inc.
/%}24474/ A CHA

Clark Hryhoruk, M. Sc., P. Eng., Principal Dennis Antony, B. Sc. (Enviro), Principal

CDH/kwj
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Table 1: Soil Sample Analyses From L1

(all concentrations are in mg!km
Parameters and Sampling

Sample

Identification Benzene Toluene Ethyl Benzene Xylene F1 (C6-C10)
Sampling Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept | Aug Sept | Sept | Aug | Sept | Se
Date 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2¢
0-.2+mcf -ﬁ_ 2.9 006 | 054 | 042 | 017 | 13 | 16 | 35 | 73 | 260 | 110 | ®
0-.2+mc2 11 | 20 | 49 | <0.01 ] 0.08 033 | 020 | 18 | 28 8.9 17 | 100 | 160 | 3
0-.2+mc3 14 | 043 | 22 | <001 | <001| 037 ] 017 | 005 [ 056 | 1.0 12 | 42 ] 86 | 36 | @
0-.2+mc4 14 | 0084 | 044 | <001 | <001 | 014 ] 013 [ 003 | 046 | 091 | 041 | 13 | 57 | 14 | 4
0-.2+mc5 49 | 021 | 24 | <001 | 002 [ 053] 035 [ o010 ] 1.2 14 | 39 | 200 | 46 | 1:
0-2+4mc6 | 0.33 | 055 | 2.3 | <0.01] 0.05 | 056 | 0.07 | 048 | 14 | 043 | 40 [ 96 | 25

0-.2+mn1 45 | 22 | 012 0.03 058 | 0.29 | 0.06

0-.2+mn2 13 60 | 42 | 2.1

0-.2+mn3 13 | 059 | 1.3

0-.2+mn4 004 | 025 | 0.24

0-.2+mn5 25 | 15 | 37 . 022 | 026 | 0.78

0-.2+mn6 10 | 1.1 | 29 | <0.01 003 | 045 | 1.1

2+met 18 | 1.0 | 058 18 | 0.32 | 0.71

2+mc2 47 | 37 055 | 0. 051 | 050 | 3.1

.2+mc3 37 | 36 | 11 J 023 | 009 | 023] 051 | 051 | 0.39

2+mc4 41 | 27 | 075 ] 022 { 012 | o1 | 038 [ 030 | 1.2

.2+mc5 096 | 43 | 33 | <001 014 [ 026 | 016 | 044 | 18

2+mc6 039 | 22 | 048 | <001 | 0.10 | 0.09 | 004 | 021 | 0.12

2+mc7 ' 073 | 0.22 | 0.74

055 | 010 | 1.8
062 018 | 19 | 20 | 17 |

2+mc10 13 | 0.08 | 0.68

2+mc11 062 | 017 | 1.6

2+mc12 062 | 014 | 1.3

g dfmﬁT 5 0.8 20 20 NIV
2001 CWS

for PHCs in NV NV NV NV 330

Soi?

2°°§Q°G%ME 5 0.8 20 20 NNV
NOTES:

(1) 1998 GNWT Guideline for Contaminated Site Remediation of industrial sites

(2) 2001 CCME CWS for PHCs in Soil Tier 1 levels for coarse-grained surface soils at industrial site s

(3) 2002 CCME Canadian EQG for soil at industrial sites

\\Server\projects\2002\Projects\117(W.E.| Inc.)\06(Resolute Bay)\Final Report\Sep2005Table1.doc

B soil samples in exc

Soil

samples in exc



e 1: Soil Sample Analyses From LTU1
{all concentrations are in mg&)

Parameters and Sampling Dates

Xylene F1 (C6-C10) F2 (C10-C16) F3 (C16-C34) F4 (C34-C50) (G:&Gés“ﬁ a)
Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept
2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005
35 73 ] 260 | 110 | 180 810 | 1500 | 1200 | 290 | 310 | 550 ] 2500 | — —
89 17 100 | 160 | 300 1700 | 1500 | 970 | 430 | 700 | 2000 | 7200 | —
1.2 42 86 36 85 430 | 330 | 700 | 170 | 130 | 270 40 51 1300 | — -
0.41 1.3 57 14 46 1100 | 1100 | 1100 | 300 | 540 ]| 2600 | 2000 | —

14 39 ] 200 | 46 120 1400 | 690 | 980 | 360 | 330 } 2800 | 2400 | —
4.0 9.6 25 180 | 160 | 330 160 | 540 | 410 77 150 | 190 — — —
8.6 0.15 ] 240 | 190 11 340 | 350 | 860 | 270 | 100 | 180 | 120 — — -

18 210 720 | 1200 | 870 | 240 | 260 | 370 | 890 | 4600 | —

14 230 | 170 740 | 900 260 | 360 | 910 | 100 | 1100 | 8600 | —

18 22 11 110 <5 600 | 1000 360 | 450 | 610 | 120 | 1100 { 7700 | —

110 | 150 | 210 720 | 1400 | 1200 | 210 | 260 | 380 — 12000 | —

14 15 49 99 150 <5 900 | 730 | 800 } 250 | 150 | 260 | 3200 | — —

13 27 — 83 — 630 - 960 | 230 — 410 | 900 — —

710 | 570 | 1300 | 210 | 120 | 530 — — —

8.0 72 530 | 1300 | 430 | 190 | 430 92 88 11100 | — —_

16 45 | 330 | 210 | 140 420 | 260 | 610 91 84 140 27 — — —

7.2 81 260 | 210 540 31 600 | 120 6 130 33 — — —

19 096 | 32 200 27 230 13 32 | 1000 18 6 220 <5 — {1300 | —

15 24 180 76 1400 | 1600 | 450 | 540 | 370 | 190 } 2100 { 1700 | —

25 64 910 890 | 320 | 470 | 350 | 910 | 7900 | —

o7 160 700 | 1100 | 510 | 250 | 260 | 210 | 780 | 2000 | —

1.9 3.1 52 89 970 | 1200 | 620 | 300 | 270 | 230 | 1000 | 2500 | —

12 250 | 140 1100 | 1600 | 980 | 310 | 340 | 320 | 1100 | 2700 | —

11 19 210 | 140 | 230 1300 | 760 | 580 | 390 | 170 | 190 } 990 — —
20 NNV NNV NNV NNV NNV
NV 330 760 1700 3300 NV
20 NNV NV NNV NV NNV

ptrial site

B soil Samples in excess of GNWT and CCME EQG Criteria
Soil samples in excess of CCME for PHCs in Soil Criteria




Table 1A: Soil Sample Analyses From LTU1 — Averagec

(all concentrations are in mg/kg)

Sample Parameters and Sampli
\dentification Benzene Toluene Ethyl Benzene Xylene
samping oote_| 20 T Sont T Sont | 2 T somt [ some | 2m [ oot [ oo | 2o | oot | oot |
All Depths
Zone 1 26 | 07
Zone 2 2.3
Zone 3 4.6 22
Zone 1 — Depths
Surface 3.8 0.5 1.7 0.0 0.3 0.3 0.1 0.9 8.5 20 43 | 1f
0.4m 3.0 1.1 37 0.0 0.1 0.7 0.3 0.2 1.5 13.3 52 105 | 15
06m 0.9 0.5 2.3 6.0 0.0 0.5 0.1 0.3 1.0 0.7 26 6.9 51
Zone 2 — Depths
Surface 23 | 16 0.3
04m ! 3.2 2.2
06m 48 | 2.1 0.5
Zone 3 — Depths
Surface 1.1 0.2
0.4m 0.1 05 | 03
06m 36 | 23 | 34 | 06 | 01 | 07 | 04 | 03
Pashendl 5 0.8 20 20
PHC n Soif NV NV NV W
2002 CCME EQG® 5 0.8 20 20
NOTES:

(1) 1998 GNWT Guideline for Contaminated Site Remediation of industrial sites

(2) 2001 CCME CWS for PHCs in Soil Tier 1 levels for coarse-grained surface soils at industrial site
(3) 2002 CCME Canadian EQG for soil at industrial sites
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b Analyses From LTU1 — Averaged by Zone and Depth
{alt concentrations are in mg/kg)

Parameters and Sampling Dates

Xylene F1 (C6-C10) F2 (C10-C16)

F3 (C16-C34) F4 (C34-C50)
Aug Sept Sept | Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept
2002 2003 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005
91 149 1362 | 1068 838 615 265 394
195 150 765 627 | 268 395 225
228 267 779 1052 559 256 235 234
8.5 20 4.3 159 62 113 1300 | 1150 695 306 545
13.3 5.2 10.5 150 103 210 1550 | 1095 975 395 515
0.7 26 6.9 56 108 123 355 270 174 95 121
150 11 315 275 395 120
270 210 1035 225 260 375
165 160 530 305 530 180
815 1137 530 289 260 214
688 1218 823 212 265 308
833 823 325 269 186 163
20 NV NNV NV NNV
NNV 330 760 1700 3300
20 NNV NNV NNV NV

I soil Samples in excess of GNWT and CCME EQG Criteria

frial site Soil samples in excess of CCME for PHCs in Soil Criteria




Table 2A: Soil Sample Analyses From LTU2 — Averaged

(all concentrations are in mg/kg)

Parameters and Samp!

Sample
identification
Benzene Toluene Ethyl Benzene Xylene i
Sampling Date Aug | Sept | Sept | -Aug Sept | Sept | Aug | Sept | Sept | Aug Sept | Sept | Aug
pling 2002 | 2003 | 2005 | 2002 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002
Total Area
Surface - 1.8
0.4 m below grade 4.2 2.3
0.6/0.8 m below
grade 2.7 1.3
Heated Area
Surface 1.6
0.4 m below grade 0.8
0.6/0.8 m below 18
grade )
Unheated Area
Surface 25 2.1 0.4 0.5
0.4 m below grade 1.9 24 0.6 1.3
0.6/0.8 m below
grade 23 0.8 0.1 0.6 0.2
1998 GNWT
Guideline' 5 0.8 20 20
2001 CWS for PHCs
in Soil? NV NNV NV NNV
2002 CCME EQG’® 5 0.8 20 20
NOTES:

(1) 1998 GNWT Guideline for Contaminated Site Remediation of industrial sites
(2) 2001 CCME CWS for PHCs in Soil Tier 1 levels for coarse-grained surface soils at industrial site

(3) 2002 CCME Canadian EQG for soil at industrial sites
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[alt concentrations are in mg/kg)

Analyses From LTU2 — Averaged by Depth and Areas

Parameters and Sampling Dates

Xylene F1 (C6-C10) F2 (C10-C16) F3 (C16-C34) F4 (C34-C50)
Aug Sept | Sept | Aug | Sept | Sept | Aug Sept Sept Aug | Sept | Sept | Aug | Sept | Sept
2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 2003 2005 2002 | 2003 | 2005 | 2002 | 2003 | 2005
13.3 9.0 174 637 420 446 235 89 173
17.9 326 271 657 725 665 235 145 248
8.3 238 133 580 413 953 195 75 380
14.1 10.1 139 64 660 420 660 260 94 263
9.2 42 83 41 615 660 260 810 260 53 305
9.1 11.0 125 165 460 360 1250 168 67 485
12.1 7.5 272 222 116 507 613 420 160 210 82 53
11.3 292 185 589 1010 | 460 190 190 155
5.5 102 700 465 655 221 83 275
20 NNV NNV NV NNV
NNV 330 760 1700 3300
20 NNV NV NV NNV

| site

R Soil Samples in excess of GNWT and CCME EQG Criteria
Soil samples in excess of CCME for PHCs in Soil Criteria




r—

Table 2: Soil Sample Ahalyses From
{all concentrations are in mg/kg

Paramsters and Sampl

Sample
Identification Benzene Toluene Ethyl Benzene Xylene F1 (C6-C10)
Sampling Dats 2003 | 2008 | 2008 | 200 | 2008 | 2002 | 2008 | 2ne | 2008 | sobt | ;
2+mn1 42 | 003 | 029 042 | 42 15
2+mn2 13 | 005 | 67 0.35 15 |
2+mn3 023 | 014 | 81 | 61 | 10 140 | 200
2+mnd 48 | 17 0.93 | 0.52 | 0.31 18 | 41 [ 280 | 150
2+mn5 41 | 42 059 | 24 | 20 250 | 300
2+mn6 19 | 20 052 o066 | 7.3 | 12 | 12 110 | 130
2+mn7 39 | 14 068 | 0.87 | 0.39 22 190
2+mn8 31 | 27 097 | 19 | 17 9.6 330 |
2+mng 33 | 0.84 10 | 016 | 75 6.7 93
2+mn10 11 | 0.59 014 | 016 | 029 | 41 | 60 | 14| 04 | 75
2+mn11 069 | 2.1 015 075 | 12 | 30 | 73 | 13 [ 63
2+mn12 13 | 077 028 | 016 | 50 | 55 | 43 110 | 110
13 mn13 — | o087 — Jo2t 12 — [ 15 | 18| = | 120
13 mn14 — | 38 — 12 o7 | = 14| — | 270
13 mn15 — | 42 — loaa| 12| — [ 64| 19| — :
1908 SNWT 5 0.8 20 20 NNV
NS o NV NV NNV o, 330
2002 SIME 5 0.8 20 20 NV
NOTES:

(1) 1998 GNWT Guideline for Contaminated Site Remediation of industrial sites
(2) 2001 CCME CWS for PHCs in Soil Tier 1 levels for coarse-grained surface soils at industrial site
(3) 2002 CCME Canadian EQG for soil at industrial sites
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2: Soil Sample Ahalyses From LTU2
Il concentrations are in mm)

Parameters and Sampling Dates

ylone F1 (C6-C10) F2 (C10-C16) F3 (C16-C34) F4 (C34-C50) (GZ‘:fésui 2
opt Aug | Sept | Sept | Aug | Sept | Sept | Aug | Sept | Sept
003 2002 | 2003 | 2005 | 2002 | 2003 | 2005 | 2002 | 2003 | 2005

| 710 | 210 | 780 | 270 | 48 | 290 | 790 | — | —

760 160 920 280 38 360 940 —_ —
720 550 | 1100 ] 260 100 440 850 — —
610 310 840 250 57 320 1300 — —_
690 730 820 280 160 320 750 — —_
200 170 | 1400 76 34 630 — —_ —
1200 | 560 130 410 100 42 1400 — —_
1100 | 1100 | 530 360 200 170 1500 — —_
1300 | 320 | 1000 | 420 56 420 1500 — —_
26 440 150 10 83 56 — — —
78 920 390 20 180 140 —_ — —_
99 610 310 22 110 130 — —_— —
- 480 360 — 110 180 _— — _
— 680 660 — 160 260 — —_ —
— 260 200 — 62 60 — -— —
NNV NV NN

NV 330 760 1700 3300 NNV

20 NNV NV NV NNV NNV
- Soil Samples in excess of GNWT and CCME EQG Criteria
site M Soil samples in excess of CCME for PHCs in Soil Criteria




I Table 3: Soil Sample Analyses
Parameters
l Sample Ideﬁtlﬁcation Sample Date Asro(l:éi:lll”late Count Hetefont::;?\?écmate Re:zg;r?s:aar:;r;ria
gram) Count (CFU/gram) (MPNU/gram)
LTU 1: 0-.2+mc1 Aug 26, 2002 15,800,000 26,700,000 NV
l LTU 1: 0-.2+mc2 Aug 26, 2002 2,250,000 840,000 NV
LTU 1: 0-.2+mc3 Aug 26, 2002 /4,580,000 380,000 NV
LTU 1: 0-.2+mc4 Aug 26, 2002 5,550,000 170,000 NV
LTU 1: 0-.2+mc5 Aug 26, 2002 8,200,000 2,050,000 NV
l LTU 1: 0-.2+mc6 Aug 26, 2002 1,630,000 69,000 NV
LTU 1; 0-.2+mn1 Aug 26, 2002 13,500,000 12,100,000 NV
LTU 1: 0-.24mn2 Aug 26, 2002 19,000,000 420,000 NV
l LTU 1: 0-.2+mn3 Aug 26, 2002 9,050,000 4,800,000 NV
LTU 1: 0-.2+mn4 Aug 26, 2002 3,600,000 650,000 NNV
LTU 1: 0-.2+mn5 Aug 26, 2002 16,000,000 5,300,000 NNV
l LTU 1: 0-.2+4mn6 Aug 26, 2002 12,700,000 2,100,000 NV
LTU 1: .2+mc1 Aug 26, 2002 2,000,000 200 NIV
LTU 1: .2+mc2 Aug 26, 2002 18,200,000 200 NNV
' LTU 1: 2+mc3 Aug 26, 2002 8,400,000 150 NV
LTU 1: 2+mc4 Aug 26, 2002 2,100,000 100 NV
LTU 1: .2+mc5 Aug 26, 2002 960,000 50 NNV
. LTU 1: .2+mc6 Aug 26, 2002 590,000 50 NNV
LTU 1: 2+mc7 Aug 26, 2002 19,100 900 NV
1 LTU 1: .2+mc8 Aug 26, 2002 19,300,000 1,270,000 NV
l LTU 1: 2+mco Aug 26, 2002 7,000,000 100 NV
LTU 1: .2+mc10 Aug 26, 2002 13,600,000 10,700,000 NNV
‘ LTU 1: .2+mc11 Aug 26, 2002 27,000,000 <100 NV
| l LTU 1: .2+mc12 Aug 26, 2002 16,500,000 300 NNV
| LTU 2: 2+mn1 Aug 26, 2002 7,100,000 5000 NNV
LTU 2: .2+mn2 Aug 26, 2002 10,100,000 <100 NNV
LTU 2: .2+mn3 Aug 286, 2002 11,600,000 <100 NNV
l LTU 2: 2+4mn4 Aug 26, 2002 10,600,000 <100 NV
LTU 2: 24mn5 Aug 26, 2002 4,000,000 <100 NNV
LTU 2: .2+mn6 Aug 26, 2002 1,550,000 1,700,000 NV
l LTU 2: .2+mn7 Aug 26, 2002 12,200,000 1,100,000 NNV
LTU 2: 2+4mn8 Aug 26, 2002 12,600,000 430,000 NV
LTU 2: .24mn9 Aug 26, 2002 19,600,000 60,000 NNV
' LTU 2: .2+4mn10 Aug 26, 2002 2,940,000 200,000 NNV
LTU 2: .2+#mn11 Aug 26, 2002 1,400,000 76,500 NV
LTU 2: .24mn12 Aug 26, 2002 2,700,000 345,000 NV
l LTU1: SP1 (0-.2+mc1) Sept 9, 2003 3,300,000 <5 7500
LTU1: SP3 (0-.2+mn1) Sept 9, 2003 2000 <5 <3
LTU1: SP5 (.2+mc1) Sept 9, 2003 4,450,000 <5 15000
l LTU1: SP7 (.2+mc7) Sept 9, 2003 2,350,000 500 3900
LTU2: SP10 (.2+mn4) Sept 9, 2003 3,550,000 <5 > 150000
LTU2: SP11(.2+mn10) Sept 9, 2003 5,550,000 <5 > 150000
' NOTES:
CFU = Colony Forming Units
’ MPNU = Most Probable Number Units
N/V = No Value Reported in Test Results
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Table 3A: Soil Sample Analyses for Bacteria Plate Counts - Comparison
Parameters
. Anaerobic
R TSN | 20 | sanviooue | poticre | eestonte | ppiuingsecr
(CFU/gram) (MPNU/gram)
LTU 1: 0-.2+4mc1 Zone1 | Aug 26, 2002 15,800,000 26,700,000 NNV
LTU 1: 0-.2+mn1 Zone2 | Aug 26, 2002 13,500,000 12,100,000 NNV
LTU 1: .2+#mc1 Zone3 | Aug 26, 2002 2,000,000 200 TNV
LTU 1: .2+mc7 Zone 3 | Aug 26, 2002 19,100 900 NV
LTU 2: .2+mné Heated | Aug 26, 2002 10,600,000 <100 NV
LTU2: 2+#mn10 | Unheated | Aug 26, 2002 2,940,000 200,000 NV
LTU1: SP1 (0-2+mc1) | Zone1 | Sept9, 2003 3,300,000 <5 7500
LTU1: SP3 (0-2+mn1) | Zone2 | Sept9, 2003 2000 <5 <3
LTU1: SP5(2+mc1) | Zone3 | Sept9, 2003 4,450,000 <5 15000
LTU1: SP7 (2+mc7) | Zone3 | Septs, 2003 2,350,000 500 3900
LTU2: SP10 (2+mn4) | Heated | Sept9, 2003 3,550,000 <5 > 150000
LTU2: SP11(.2+mn10) | Unheated | Sept 9, 2003 5,550,000 <5 > 150000

NOTES:
CFU = Colony Forming Units
MPNU = Most Probable Number Units
N/V = No Value Reported in Test Results

\\Serveriprojects\2002\Projects\117(W.E.I inc.)\06(Resolute Bay)\FinalReporf\Table3A.doc




Table 4: Temperature Data from Thermocouples

(all temperatures are in °C)

Wire Coding Tape Coding Temperaturs Readings
Aug 11/04 Aug 12/04 Aug 28/05
Ambient Air Temperature (Environment Canada Data) 26 2.6 4.7

A @ Grade 1 thin strip black 11 2 4
A@04 2 thin strips black 4 0 2
B @ Grade 3 thin strips black 10 2 3
B@o4 4 thin strips black - - -
cC@o4 1 thick grey - - 1
D @ Grade 1 thick grey; 1 thin black 11 2 3
D@o4 1 thick grey; 2 thin black 4 1 2
E @ Grade 1 thick grey, 3 thin black 1 1 3
E@04 1 thick grey, 4 thin black 8 0 0
F@04 2 thick grey 9 0 2
G@o4 2 thick grey, 1 thin black 6 1 2
H - Ambient 2 thick grey, 2 thin black 9 - 5
| - Intake 2 thick grey, 3 thin black 15 17 5
J - Leaf 2 thick grey, 4 thin black 8 57 5
K @ Grade 3 thick grey 8 2 3
K@ 0.4 3 thick grey, 1 thin black 6 2 3
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NOTES:
RETURN LINES {(4):

USED 150 mm (6 In.) DIAMETER PIPE WITH SAW CUTS. ()

ALL RETURN LINES WERE 24.4 m (80 ft.) LONG, EXCEPT FOR THE MOST WESTERN LINE
WAS 19.8 m (65 ft.) LONG; AND THE SOUTHERN 12.2 m (40 ft.) WAS 75 mm (3 in. PIPE) IN
DIAMETER.

INPUT LINES (3):

USED 75 mm (3 in.) DIAMETER PIPE WITH MANUFACTURE CUTS. (1)
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MOST WESTERN PIPE WAS LOCATED 1.5 m (5 f&.) INSIDE TOE OF BERM.

ALL PIPES WERE SPACED AT 2.4 m (8 ft.) APART.
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INSIDE TOE OF BERM

§ 150 mm (6 in.) DIAMETER PIPE WITH SAW CUTS

| 75 mm (3 In.) DIAMETER PIPE WITH MANUFACTURE CUTS
@ THERMOCOUPLE LEGEND
ID - Depth (wire coding)

A - 0.0 m below grade (1 thin black strip)
0.4 m below grade (2 thin black strips)

B - 0.0 m below grade (3 thin black strips)
0.4 m below grade (4 thin black strips)

C - 0.4 m below grade {1 thick gray strip)

D - 0.0 m below grade (1 thick grey strip, 1 thin black strip)
0.4 m below grade (1 thick grey strip, 2 thin black strips)

E - 0.0 m below grade {1 thick grey strip, 3 thin black strips)
0.4 m below grade (1 thick grey strip, 4 thin black strips)

F - 0.4 m below grade (2 thick grey strips)

G - 0.4 m befow grade (2 thick grey strips, 1 thin black)

H - Ambient Air Temperature (2 thick grey strips, 2 thin black)
| - Intake Chamber (2 thick grey strips, 3 thin black strips)

J - Exhaust Chamber (2 thick grey strips, 4 thin black)

K - 0.0 m below grade (3 thick grey strips)
0.4 m below grade (3 thick grey strips, 1 thin black strip)
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10 Introduction

ENG-TECH Consulting Limited (ENG-TECH) and Winnipeg Environmental Remediations Inc.
(WERI) were retained by Transport Canada to complete a literature review on remediation
technologies for petroleum hydrocarbons. ENG-TECH and WERI are currently involved in a project
in Resolute Bay, Nunavut where bio-degradation of petroleum hydrocarbons in land treatment units
(LTUs) is currently ongoing. The purpose of the literature is to outiine some of the technologies
which could be used and some of the items which impact the use of each technology. Emphases
on costs or availability were not assessed in the review.

2.0 Background

Remediation of contaminated sites, in particular hydrocarbon contaminated sites, is a rapidly
expanding requirement in North America. This is due, in part, to knowledge of the hazards that
hydrocarbon contaminated soil and groundwater represent. There are several different in-situ and
ex-situ remediation technologies available. The four most commonly considered are biological,
physical, chemical and thermal.

3.0 Bioremediation

Bioremediation or biodegradation means “the process of degradation or remediation is biological”.
Bioremediation is a process where microorganisms, both bacteria and fungi, biologically oxidize
organic compounds (substrate) into carbon dioxide, water and biomass (Autry and Ellis, 1992;
Zitrides, 1990; Torpy et al., 1989), (in simpler terms, the decomposition of leaves is a process of

bioremediation). Any form of organic substance may be susceptible to biodegradation, including
hydrocarbons.

3.1 Bioremediation Approaches

There are two different bioremediation approaches: (1) the microbiological approach and (2) the
microbial ecology approach (Golueke and Diaz, 1990; Piotroski, 1991; Mayer and Hom, 1991).

3.1.1 Microbiological Approach

The microbiological approach involves inoculating contaminated soil with specific microorganisms.
The microorganisms used are either contaminant-specific or site-specific.

- The first form, contaminant-specific degraders, is purchased commercially and arrives pre-

packaged. The microorganisms are isolated from a contaminated site because of their inherent
ability to degrade a particular contaminant. The microorganisms are further acclimated to degrade
the contaminant at elevated concentrations. The strains having the ability to degrade the
contaminant at elevated concentrations are then isolated, cultured in large numbers, and stored for
use at other sites having the same contaminant..
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The second form is site-specific degraders. Soil samples from the contaminated site are broughtto
a laboratory and the process of acclimating the microbial population to degrade the site specific
contaminants at elevated concentrations begins. Again, strains having the ability to degrade the
contaminants at elevated concentrations are isolated, cuttured in large numbers, and then re-applied
to the site from which they were obtained.

These two forms have the same objective, to use specific microbial strains to increase the rate of
contaminant degradation.

3.1.2 Microbial Ecology Approach

The microbial ecology approach involves identifying and adjusting various physical and chemical
parameters which may impede the rate of degradation by indigenous (site specific) microorganisms.
This approach involves neutralizing the effects of Leibig’s law of minimum or Shelford’s law of
tolerance. According to these laws, the rate of a biological process, such as growth, is limited by the
parameter that is furthest from the organisms requirements (e.g. nutrients) or tolerance (such as
temperature, pH, eic.)(Atlas and Bartha, 1993). Once the rate limiting parameter is identified and
adjusted, the indigenous microorganisms are left to degrade the contaminant. Little attention is
given to isolating and identifying the degrading microorganisms. However, in most bioremediation
systems, more than one parameter requires adjustment before the system is optimized.

3.1.3 Advantages and Disadvantages

Each approach (microbiological and microbial ecology) has advantages and disadvantages over the
other. The greatest advantage the microbiological approach has is that the microorganisms are
contaminant specific.. Therefore, an immediate increase in the rate of contaminant degradation
occurs when the microbes are applied to the site. There is no acclimation period or the acclimation
period is very short as compared to the microbial ecology approach.

Major disadvantages in using pre-packaged microbes include: (1) acclimation is usually done ata
higher temperature than the site temperature, this could result in the incorrect microbial temperature
group being used in a cold climate (ie. microorganisms from the mesophile group are being used
instead of microorganisms from the psychrophile group), (2) microbes may not fare well under the
conditions in which they are being used compared to the indigenous microorganisms, (3) not just
one or two species are responsible for completely degrading the contaminants, (4) once nutrients
are applied to the site, indigenous microorganisms can fare better because they are used to site
conditions, and (5) purchasing or laboratory costs.

3.2 Parameters Affecting Bioremediation

There are a variety of different parameters that can hinder any bioremediation process. Not all
parameters will be discussed here. Only those parameters most often referred to in the literature
dealing with in-situ bioremediation will be discussed under the following three headings: physical,
chemical and microbiological.

3.2.1 Physical Factors

The physical parameters discussed most often in the literature include:
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e temperature
e hydraulic conductivity and permeability
e contaminant type and concentration
®

stratigraphy, lithology and hydrogeology
The affects of each of these parameters on bioremediation will be discussed.
3.2.1.1 Temperature

Temperature has the most profound affect on the rate of microbial growth though to a lesser extent
it may also affect chemical reactions. Usually, an increase in temperature results in an increase in
the rate of microbial growth (Henson, 1991), providing the temperature increase is not above the
organism’s optimum temperature for growth.

Based on temperature, microorganisms can broadly be distinguished into three groups. The three
groups are: psychrophiles, mesophiles and thermophiles. Each group has both a general and
optimum temperature range for growth. The general growth range of one group does overlap the
general growth range of the adjacent group. The mesophile group is the most predominant
degrader of petroleum contaminants and has an optimum growth temperature of 27°C (Songetal.,
1990). Lower temperatures will cause lower biodegradation rates, but biodegradation will still occur.
Itis estimated that psychrophile microorganisms are about 60 - 70% as efficient as mesophiles.

3.2.1.2 Hydraulic Conductivity and Permeability

Darcy’s law states that the flow rate of a liquid through porous media is proportional to the head
loss, h, and inversely proportional to the length, |, of flow path in one dimensional flow (Todd, 1980).
The hydraulic conductivity, K, is the proportionally constant in Darcy’s law. The value of K is specific
to the fluid. Physical factors such as particle size, distribution, shape, and porosity can affect the
hydraulic conductivity of a soil or rock (LeGrand and Stringfield, 1971; Rasmussen, 1964).

The permeability (k) of a soil or rock defines its ability to transmit any fiuid. Hence, permeability is a
property of the medium only and is independent of the fluid properties (Freeze and Cherry, 1979).
The hydraulic conductivity and permeability vary for different rocks and unconsolidated deposits.

Hydraulic conductivity in the range of 10*cm/sec or greater is suitable for in situ bioremediation
(Thomas and Ward, 1989). A high hydraulic conductivity will aid in delivering oxygen, moisture (in
the vadose zone) and nutrients to the contaminated zone. However, during remediation, chemical
reactions, microbial growth, and various hydrocarbons can alter the hydraulic conductivity (Brown
and Thomas, 1984; Brown et al., 1984; Dragun, 1988; Frankenberger et al., 1979).

Dragun (1988) explains two mechanisms by which the presence of hydrocarbons can increase the
hydraulic conductivity. The first mechanism involves the dielectric constant. The dielectric constant
represents the ability of a liquid to transmit a charge, with most hydrocarbons have dielectric
constants less than water. Hydrocarbons with dielectric constants less than water enter the inter-
particle spaces in the soil matrix and force water and ions out. The hydrocarbons act as an insulator
between adjacent particles and reduce electrostatic repuision forces. A decrease in the repulsion
forces decreased the distance between adjacent particles, which causes cracks and fissures to
form. These cracks and fissures can permit preferential flow, which can increase the hydraulic
conductivity. The second mechanism involves the removal of dipolar water molecules from the
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inter-particle spacing, via mass action. This destroys the water structure that extends out from the
particle surface. When a hydrocarbon has a very low dielectric constant, it will not exhibit any
tendency to align itself with the surface oxygen of clay minerals. Therefore, no solvent structure
extends out from the particle surface, and the inter-particle spacing becomes very small. This can
also cause cracks and fissures, thus causing preferential flow.

Brown and Thomas (1984) reported diesel fuel caused a 40 times, 1400 times and 1800 times
increase in the hydraulic conductivity of a 26% mica-sand mixture, a 16% bentonite-sand mixture,
and a 10% bentonite-sand mixture, respectively.

Fernandex and Quigley (1985) reported higher hydraulic conductivities for aromatic hydrocarbons
than for water, alcohols and acetone in Samnia soils.

As entrapped gas, microbial population or phosphatase activity increases, the hydraulic conductivity
decreases (Gupta and Swartzendruber, 1962; McCalla, 1950). Entrapped gases in the macro-voids
can cause particle movement, swelling, or a reduction in the mean pore space, which can decrease
the hydraulic conductivity. An increase in microbial quantity can cause pore clogging, which may
restrict water flow and inevitably decrease the hydraulic conductivity.

3.2.1.3 Contaminant Type and Concentration

When considering petroleum products, the more complex the hydrocarbons and the more
hydrophobic it is in nature, the more difficult it is for microorganisms to reduce it, and a longer time
will be required for biodegradation (Kobayaski and Rittman, 1982). Microorganisms consume only
soluble organic molecules and when they are placed in the presence of an insoluble molecule (such
as a hydrocarbon), they synthesize and secrete a natural emulsifier to first pseudo-solubilize the
hydrocarbon thus making it available for consumption (Goma et al., 1976).

Both high and low contaminant concentrations can inhibit mibrobial degradation (Bradford and
Krishnamoorthy, 1991; Sulfiita, 1989).

The in-situ biodegradation rates of diesel fuel were estimated to range from 0.2 to 20 mg/kg/day for
different pilot and full scale sites (Hinchee and Ong, 1992).

3.2.1.4 Stratigraphy, Lithology and Hydrolgeology

Stratigraphy, lithology and hydrogeology encompass such things as soil type and depth, grain size,
moisture content, porosity or void ratio, and groundwater flow. These factors affect biodegradation
and influence system design.

Moisture levels between 20% and 80% of saturation are suitable for in situ bioremediation (Bossert
and Bartha, 1984). Hinchee (1989) found an increase in CO; produced when the moisture content
was increased from 25% to 75% field capacity. Field capacity is defined as the amount of moisture
in the soil after the water from the macropores has drained out.

The greater the surface area exposed to the microbes the faster the rate of bioremediation. Two
major reasons are: (1) the rate of contaminant desorption increased, and (2) an increase in
bioavailability occurs. In dense soils, grain size can reduce the rate of biodegradation when
clogging reduces bioavailability. When landfarming, bulking the soil will increase the surface area of
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the contaminant exposed to the microbes, which increase bioavailability. A laboratory land
treatment study suggests biodegradation is inversely proportional to aggregate size (Mott et al.,
1990). Soils high in organic carbon content can also hinder remediation by reducing bioavailability.
Soils with high organic carbon content may increase the absorption of hydrocarbons, in particular

polynuclear aromatic hydrocarbons (PAHs). Adsorbed hydrocarbons are non-bioavailable and thus
non-biodegradable.

3.2.2 Chemical Factors

There are many chemical parameters that can affect biodegradation. However, the parameters
most often requiring attention are:

nutrient levels
oxygen availability
¢ soil pH and water pH

Other considerations dealing with oxidation and reduction are too numerous, complex and not well
documented. Therefore, a discussion of them will not be included here.

3.2.2.1 Nutrient Level

Macronutrients (such as nitrogen and phosphorus), micronutrients, (such as sulphur), and trace
nutrients (such as Potassium, Magnesium, Calcium, lron, Sodium, and Zinc) are typically required
by microorganisms (Prince and Sambasivam, 1993). However, in most bioremediation treatment
systems, nitrogen and phosphorus are the key factors.

The optimum carbon: nitrogen: phosphorus (C:N:P) ratio will vary from one location to another.
Usually, a C:N:P ratio from 100:10:1 to 100:10:5 will suffice, but may aiso depend on the type of
treatment used and the phase (liquid or solid) in which the containment is found. Depending on
whether degradation is aerobic or anaerobic, the nitrogen source can be applied as ammonium-
nitrogen, ammonia-nitrogen or nitrate-nitrogen. The phosphorus required for biodegradation is
usually applied using sait forms of orthophosphate (PO,).

3.2.2.2 Oxygen Avallabillity

There are many different ways to provide the oxygen that is required to aerobic in situ
biodegradation. Aerated water, hydrogen peroxide and air extraction or injection wells are three
common ways of delivering oxygen to the subsurface. Depending on the type of hydrocarbons to
degrade, 1.5 to 3.5 kg of oxygen may be required to aerobically biodegrade 1 kg of hydrocarbons
(Dineen et al., 1989; Lund et al., 1991).

3.2.2.3 Soll pH and Water pH

Most microorganisms can survive within 1 pH from their optimum. Soil or aqueous pHs between 6
and 8 are suitable for biodegradation (Staps, 1989; Barnhart and Myers, 1989). When the pH is not
in this range, adjustment can be accomplished using basic or acidic compounds as required.

3.2.3 Microbiological Factors

4

As early as 1895, biodegradation was known to exist, but the subject received little attention until
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recently (Prince and Sambasivam, 1993). In the early part of the twentieth century researchers
isolated many different species of microorganisms (e.g., Thobacillus, Pseudeomonas,
Methanomonas, Micrococcus, Arthrobacter, and Bagcillus) having the ability to degrade complex
hydrocarbons (e.g., crude asphalt, kerosene, naphthalene, rubber, and crude oil (Beerstecher Jr.,
1954)). Isolating soil microbes revealed that the genus Pseudomonas and the genus Arthrobacter
are the most common petroleum degrading microorganisms.

Biodegradation of petroleum hydrocarbons can take place under aerobic or anaerobic conditions
(Atlas, 1991). Aerobic biodegradation of petroleum hydrocarbons under ideal laboratory conditions
has been reported in the order of 2500 to 100,000 g/m*day. However, under in-situ conditions,
biodegradation rates are lower, in the range of 0.001 to 60 g/m®day (Bartha and Atias, 1987).
Under anaerobic conditions, biodegradation rates are lower than aerobic rates. The low anaerobic
rates may not be sufficient to biodegrade sites within acceptable time limits.

3.3 Remediation

Other forms of bioremediation can be done on site using engineered pits or slurry reactors. Both of
these technologies require the contaminated soil to be excavated. Therefore, two major advantages
in using in-situ treatment over these technologies is the amount of money saved in civil works and
on on-site management. ‘But, the major advantages in using on site treatment in engineering pits or
slurry reactors include: (1) an increase in control over parameters such as temperature, pH,
moisture content, dissolved oxygen, bioavailability, and nutrients, (2) the leachate is colleted and

also treated; (3) the time required for remediation is usually less for on site treatment than for in-situ
treatment.
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L130103-1 TP
! Sample Date: 10.SEP-03
Matrix: soiL .
CCME TVHs and TEMs
CCME Tots] Hydrocarbons
F1(C8-C10) 150 5 mg/kg 19-SEP.03
F1-RTEX 140 5 mg/kg 19-SEP-03
F2 (C10-C18) 8300 5 mo/kg 19-SEP-03
F3 (C16-C34) 400 5 mg/kg 19-SEP-03
F4 {C34-C50) 20 5 mg/kg 18-SEP-03
Total Hydrocarbons (C8-C50) 6600 5 mg/kg 19-SEP-03
Chromatogram to baseline at nC50 YES ‘ 19-SEP-03
CCME Total Extractable Hydrocarbons v
Prap/Analysis Dates 16-SEP-03/18-SEP-03 JPG [R143894
CCME BTEX _ ' :
Benzene 0.096 0.005 mg/kg |16-SEP-03/17-SEP-03 DVH [ R144083
Toluene 0.05 0.01 mg/kg |16-SEP-03|17-SEP-03 | DVH |R144083
Ethylbenzene 0.44 0.01 mghkg |18-SEP-03{17-SEP-03 DVH |R144083
o-Xylene 1.5 0.01 mg/kg [16-SEP-03[17-SEP-03 | DVH |R144083
Xylenes, m+p 4.3 0.02 ‘mghkg |16-SEP-03|17-SEP-03 | DVH R144083
Xylenes 58 0.03 mg/kg [18-SEP-03!17-SEP-03 DVH |R144083
% Molsture 6.5 0.1 % 17-SEP-03|17-SEP-03 | JPG |R143358
1130103-2 P2 '
Sampie Date: 10-SEP-03
! Matrix: SO
CCME TVHs and TEMs
CCME Total Hydrocarbons
F1(C6-C10) 49 5 mo/kg 19-SEP-03
F1-BTEX 47 5 mg/kg 18-SEP-03
F2 (C10-C16) 3500 5 molkg 19.SEP-03
F3(C16-C34) 190 5 | mgkg 19.SEP-03
F4 (C34-C50) 8 5 mgll;g 18-SEP-03
Total Hydrocarbons (C8-C50) 3700 5 mgrkg 19-SEP-03
Chromatogram to baseline at nC50 YES 19-SEP.03
CCME Total Extractable Hydrocarbons -
Prep/Analysis Dates 16-SEP-03 |18-SEP-03 | JPG |R143994
CCME BTEX
: Benzene 0.12 0.005 mgikg |16-SEP-03[17-SEP-03 DVH |R144083
' Toluene <0.01 0.01 mgig [16-SEP-03|17-SEP-03 | DVH |R144083
!, Ethylbenzane 0.08 0.01 mg/kg [16-SEP-03|17-SEP-03| DVH |R144083
i 0-Xylene 0.47 0.0 mg/kg |16-SEP-03[17-SEP-03 | DVH |R144083
: Xylenes, m+p 1.2 0.02 mg/kg [16-SEP-03/17-SEP-03 | DVH |R144083
' Xylenes 17 003 | mgkg |16-SEP-03/17-SEP-03| DVH |R144083
% Moisture 8.0 0.1 % 17-SEP-03[17-SEP-03 | JPG |R143358
11301033 TP3 '
£ompia Doto: 10 $&F 03
Matrix: SOl
CCME TVHs and TEHs
CCME Total Hydrocarbons
F1(C8-C10) 15 5 mg/kg 19-SEP-03
F1-BTEX 15 5 mg/kg 19-SEP-03
F2 (C10-C18) 970 5 mg/kg 19-SEP-03
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l | 1L130103-3 T3
f' Sample Date: 10-SEP-03
| Matrix: SOl
' : CCME TVHs and TEHs
CCME Total Hydrocarbons :
F3 (C16-C34) _ 84 5 mgkg 19-SEP-03
' F4 (C34-C50) | 13 5 | mong 19-SEP-03
Total Hydrocarbons (C8-C50) ' 1100 5 mgkg | - 18-SEP-03
Chromatogram to basaline at nC50 YES 19-SEP-03
CCME Total Extractable Hydrocarbons o
l Prep/Analysis Dates 16-SEP.03/18-SEP-03 | JPG |R143994
CCME BTEX ‘
Benzene 0.038 0.005 | mg/kg |16-SEP-03{17-SEP-03 | DVH |R144083
Toluene <0.01 0.01 mgkg [16-SEP-0317-SEP-03 | DVH |R144083
I Ethylbenzene 0.02 - 0.01 mghkg 116-SEP-03/17-SEP-03 | DVH |R144083
o-Xylene : 0.06 001 | mgkg . |18-SEP-03/17-SEP-03 | DVH |R144083
Xylenas, m+p ' 0.20 0.02 | mghg |16-SEP.03]17-SEP-03 | DVH |R144083
' Xylanes 0.26 003 | mgxg [16-SEP-03/17-SEP-03 | PVM |R144083
% Moisture 6.0 0.1 %  |17-SEP-03[17-SEP-03 | JPG |R143358
| L130103-4 TP4
; ' Sample Date: 10-SEP-03 i
| Matrix: SOIL : , , ,
' ' CCME TVMe and TEHs . F
l CCME Total Hydrocarbons - : '
; 4 {00-040) <g & | mokp | 19-SEP-03
| F1-BTEX ; <5 5 mgkg | 19-SEP-03
i F2 (C10-C16) , <5 . § ma/kg 19-SEP-03
| ' F3 (C16-C34) 11 5 mokg | 18-SEP-03
| F4 (C34-C50) <5 5 mg/kg 19-SEP-03
| Total Hydrocarbons (C6-C50) 14 5 mgkg | 18-SEP-03
| Chromatogram to baseline at nC50 YES - [19-SEP-03
| ' CCME Total Extractable Hydrocarbons : _ - R :
Prap/Analysis Dates 16-SEP-03(18-8EP-03 | UPG |R143904
CCME BTEX : - :
Benzene <0.005 0.005 | .mghg [16-SEP-03[17-SEP-03| DVH |R144083
l Toluene <0.01 0.01 mg/g [16-SEP-03[17-SEP-03 | DVH |R144083
Ethylbenzene <0.01 0.0t mg/kg |16-SEP-03(17-SEP-03| OVH |R144083
o-Xylene <0.01 0.01 mg/kg {16-SEP-03/|17-SEP-03 DVH {R144083
l Xylenas, m+p . <0.02 0.02 | mghkg |16-SEP-03/17-SEP-03 | DVH |R144083"
Xylenes <0.03 003 | mgkg [18-SEP-03[17-SEP-03| OVH |R144083
% Moisture 16 0.1 %  |17-SEP-03/17-SEP-03 | JPG |R143358
l L130103-5 5 ’ "’
Sample Date: 10-SEP-03
Matrix: SOIL
CCME TVHs and TEHs
l CCME Totat Hydrocarbons
i F1(C8-C10) 8 5 mgkg | . 19-SEP-03
i F1-BTEX : 8 5 mg/kg 19-SEP-03
.' F2 (G10-C18) 2000 5 | mgkg 19-SEP-03
| F3 (C18-C34y 150 5 |. mgkg 19-SEP-03
| F4 (C34-C50) - 5 5 mg/kg : 19-SEP-03
l‘ Total Hydracarbons (C6-C50) 2200 5 mg/kg 19-SEP-03
" t .
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L130103-5 TPS
Sample Date: 10-SEP.03
Matrix: SOl
CCME TVHs and TEHs
CCME Total Hydrocarhons :
Chromatogram to baseline at nC50 YES 18-SEP-03
CCME Total Ext ble Hydrocarbons
¢ ProplAnralacy:s t;at;sd : 16-SEP-03[18-SEP-03 | JPG |R143994
.CCME BTEX f
Benzene : ‘ 0.084 0.005 | mgkg [16-SEP-03{17-SEP-03 | DVH |R144083
Toluene . <0.01 0.01 mgkyg |18-SEP-03 17-SEP-03; DVH |R144083
b Ethylbenzene . <0.04 0.01 mg/kg [168-SEP.03[17-SEP-03 | DVH |R144083
? o-Xylene 0.03 001 | mgkg |16-SEP-03[17-SEP-03 | DVH |R144083
Xylenes, m+p 0.05 0.02 mgikg 116-SEP-03 17-SEP-03 | DVH |R144083
Xylenes 0.08 0.03 mgkg {18-SEP-03[17-SEP-03 | DVH |R144083
% Moisture 49 0.1 %  |17-SEP-03[17-SEP-03 | JPG |R143358
L130103-8 TP6 o ' ; ,
Sample Date: 10-SEP-03
Matrix: SOIL
CCME Total Hydrocarbons :
71 (C8-C10) 110 5 ‘mgkg | 19-SEP-03
F1-BTEX 99 5 mghg | 19-SEP-03 t
F2 (C10-C16) ' 3400 5 mgkg | . 19.SEP-03
F3 (C16-C34) A 71 5 mg/kg 19-SEP-03
F4 (C34-C50) . <8 5 mghg | 19-SEP-03
Total Hydracarbons (C6-C50) 3600 5 mghkg | - {19-SEP-03
Chromatogram to baseline at nC50 YES 19-SEP-03

CCME Total Extractable Hydrocarbans
Prep/Analysis Dales

CCME BTEX
Benzena 0.12
Toluene 0.32
Ethylbenzena 0.61
o-Xylene 4.0

16-SEP-03[18-SEP-03 | JPG |R143994

0.005 | mgkg [18-SEP-03/17-SEP-03 | DVH |R144083
0.01 | mgkg [16-SEP-03/17-SEP-03| DVH |R144083
0.01 | -mgkg |18-SEP-03[17-SEP-03| DWH |R144083
0.01 mghkg [16-SEP-03[17-SEP-03 | DVH |R144083
Xylenes, m+p 64 0.02 | mgkg [16-SEP-03{17-SEP-03| DVH |R144083

Xylenes 10 0.03 mg/kg [16-SEP-03|17-SEP-03 | DVH |R144083
% Molisture 79 0.1 % 17-SEP-D3[17-SEP-03 | JPG |R143358

L130103.7 . Tp7 !

Sample Date: 10-SEP-03

Matrix: SOIL

CCME TVHz and TEHs
CCME Total Hydrocarbons

F1({C6-C10) 160 5 mg/kg 19-SEP-03
F1-BTEX 150 5 mgkg | 19-SEP-03
F2 (C10-C18) 5700 5 mgkg | 19-SEP-03
F3 (C16-C34) 28 5 mg/kg 19-SEP-03
F4 (C34-C50) < 5 mg/kg 19-SEP-03
Total Hydrocarbons (C6-C50) _ 5900 s mg/kg 19-SEP-03
Chromatogram to baseline at nCS0 YES 19-SEP-03

CCME Total Extractable Hydrocarbons
Prep/Analysis Dates

' CCME TVHs and TEHs

16-SEP-03 |[18-SEP-03 | JPG |R143004
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' L130103-7 TP7
Sampie Date: 10-SEP-03
' Matrix; SOIL
' CCME TVHs and TEHs
come BE'iffm 38 0.005 | mgkg [16-SEP-03[17-SEP-03 | DWH |R144082
l Toluene v 0.63 001 | mghkg |16-SEP-03/17-SEP-03 | DVH |R144083
Ethyibenzano ) 0.33 001 | mgkg |16-SEP-03[17-SEP-03| OWH |R144083
o-Xylene 1.8 001 | mgkg |16-SEP-03/17-SEP-03| OWM |R144083
IR Xylenes, m+p 38 0.02 | mgkg |16-SEP-03/17-SEP-03 | DVH |R144083
' Xylenes ] 5.4 0.03 mgXkg |16-SEP-03{17-SEP-03 | DVH 1R144083
| % Moisture ‘ 13 0.1 % 17-SEP-03|17-SEP-03 | JPG |R143358
l L120103.8 P8 ‘
Sample Date: 10-SEP-03
| ' Matrix: soIL
' | CCME TVHs and TEHs
CCME T .
. ‘I::‘:'('C"g-‘g?g)a 'bom 82 5 mg/kg 19-5EP-03
: F1-BTEX 85 5 mg/kg 19-SEP-03
l | F2 (C10-C18) : 84 5 mgkg | 19-SEP-03
F3 (C16-C34) 14 5 mglkg 19.SEP-03
F4 (C34-C50) ' ‘ <5 5 mg/kg 19-SEP-03 ;
Total Hydrocarbons (C8-C50) 160 5 mgkg | . 19-SEP-03
l Chromatogram to beseline at nC50 YES _ 19-SEP-03
ceme T‘»’:‘L’Sﬁ.’iﬁi?? Ig;gsrlrmarhnnﬁ 16-SEP-03|18-SEP-03 | JPG .|R143594
CCME BTEX : _
l : Benzane 2.0 0.005 | mghkg (16-SEP-03{17-SEP-03 | DVH |R144083
Toluane 1.0 001 | mgkg |16-SEP-03{17-SEP-03| DVH |R144083
J Ethylbenzene ' 0.23 0.01 mgikg [16-SEP-03[17-SEP-03| DVH R144083
o-Xylene 1.0 0.01 | mgkg |16-SEP-03[17-SEP-03| DVH |R144083
| Xylenes, m+p 3.1 002 | mgko [16-SEP-03/17-SEP-03 | DVH |R144083
| Xylenes ' 4.1 003 | mgkg [16-SEP-D3M7-SEP-03| DVH |R144083
l % Molsture 9.4 0.1 % [17-SEP-Q3[17-SEP-03 | JPG |R143358
11301038 TPg ’
‘Sampla Date: 10-SEP-03
l © Matrix; SOl
'CCME TVHs and TEHs
CCME Total Hydrocarbons '
F1(C8-C10) 58 5 | mokg | 19.SEP-03
' F1-BTEX 54 5 mo/Kkg 19-SEP-03
F2 (C10-C16) . 850 5 mg/kg 19-SEP-03
F3 (C16-C34) 18 5 mg/kg 19-SEP-03
F4 (C34-C50) <5 5 mghg 19-SEP-03
l Total Hydrocarbons (C8-C$0) 920 5 mg/kg 19-SEP-03
Chromatogram 6 baseline at nC50 YES 19-SEP-03
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 16-SEP-0318-SEP-03 | JPG |R143984
' CCME BTEX :
Benzene 0.018 0.005 | mgkg |[16-SEP-03[17-SEP-03| DVH |R144083
Toluene ‘ <0.01 0.01 | mghkg |16-SEP-03[17-SEP-03| DVH |R144083
l ' Ethylbenzene . 0.07 001 | mghg |16-SEP-03[17-SEP-03| DVH |Ri44083

]
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1.130103-9 TPS.

Sample Date: 10-SEP-03
Matrix: SOiL
CCME TVHs and TEHs
CCME BTEX : :
- o-Xylene 0.91 0.01 mgkg |[16-SEP-03|17-SEP-03 | DVH |R144083
Xylanas, m+p ‘ 13 002 | mgkg |16-SEP-03[17-SEP-03.| DVH [R144083
Xylenes ; 22 003 | mgkg |16-SEP-03]17-SEP-03.| DVM |R144083
% Molsture 45 0.1 % 17-SEP-03/17-SEP-03 |. JPG |R143358
L130103-10  TP11 = ‘
Sample Date: 10-SEP-03
Matrix: SOIL
CCME TVHs and TEHs
CCME Tatal Hydrocarbons. : o v
F1 (C8-C10) 86 5 mg/kg 7 19-SEP-03'
F1-BTEX 84 5 mghg | 19-SEP-03
F2 (C10-C18) 5300 5 mgkg | 19-5EP-03
F3 (C16-C34) 180 5 mglkg 19-SEP-03
F4(C34.C50) = <5 5 mgkg | 19-SEP-03
5 mgkg | 19.SEP-03
Chromatogram to basefine at nC50 YES 19-SEP-03

CCME Total Extractable Hydracarbons
Prep/Analysis Dates

CCME BTEX
Benzana 0.007
Toluene " <0.01

16-SEP-03[18-SEP-03 | JPG' |R143904

0.005 mglkg 16-SEP-03 17-SEP-03 DVH [R144083
.01 mglkg |18-SEP-03 17-SEP-_O3 DVH |R144083
Ethylbenzenae : 0.25 0.01 mgkg |16-SEP-03{17-5EP-03 DVH |R144083
0-Xylene ' 0.55 - 1001 | mgkg * |18-SEP-0317-SEP-03| DVH |R144083
Xylenes, m+p 15 -~ 1 0.02 mgkg |16-SEP-03[17-SEP-03 | DVH |R144083

Xylenes 20 0.03 mgkg |16-SEP-03117-SEP-03 DVH |R144083
% Moisture 8.4 0.1 %‘ 17-SEP-03 17-SEP-03| JPG |R143358
L130103-11 TP12 . ’
Sample Date: 10-SEP-03
Matrix: SOl
CCME TVHs and TEHs
CCME Total Hydrocarbons :
F1 (C8-C10) <5 S mg/kg : 19-SEP-03
F1-BTEX <5 5 mg/kg ; : 19-SEP-03
F2 (C10-C18) 320 5 mg/kg 19-SEP-03
F3 (C16-Ca4) a0 5 mg/kg 19-SEP-03
F4 (C34-C50) <5 5 mg/kg 19-SEP-03
Total Hydrocarbons (C6-C50) 350 5 mahkg 19-SEP-03
Chromatogram to baseline at nC50 YES 19-SEP-03
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 18-SEP-03 }18-SEP-03 JPG |R143904
CCME BTEX

Benzene 0.009

0.005 mg/kg |168-SEP-03 [17-SEP-03 DVH |R144083
Toluene <0.01

v 0.01 mg/kg |16-SEP-0317-SEP-03 | DVH |R144082
Ethylbenzene <0.01 0.01 mgkg 16-SEP-03 17-SEP-03 | DVH |R144083
o-Xylene <0.01 0.01 mghkg |16-SEP-03[17-SEP-03| DVH R144083
Xylenes, m+p : <0.02 002 | mgkg |16-SEP-03117-SEP-03| DVH |R144083
Xylenes . <0.03 003 | mgkg |16-SEP-03(17-SEP-03| DVH |R144083

' Total Hydrocarbons (C8-C50) 5500




117172083  1@:21 2843346933
- +11/18/2003 . 18:17 2843346933 PAGE 88
RESOLUTE BAY L130103 CONTD....

PAGE 6 of 7

ENVIRO-TEST ANALYTICAL REPORT

L130103-11  TP12
Sample Date: 10-SEP.03
Matrix: SOIL

% Moisture 11 0.1 % 17-SEP-03|17-SEP-03 | JPG |R142358

Refer lo Referenced Information for Quslifiers (f any) and Methodology.

-
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Refe ¢ Information

Methods Listed {if applicable):

ETL Test Cods Matrix Test Description Preparation Method Reference(Based On) Analytical Method Reference(Based
ETL-BTX,TVH-CCME-WP Soil CCME BTEX CCME CWS-PHC Dec-2000 - Pub#
. . 1310
ETL-TEH-CCME.WP Soll CCME Total Extractable CCME CWS-PHC Deo-2000 - Pubi
Hydrocarbong 1310
' "Laboramt;y ;ﬂemods employed follow in-house procedures, which are
genarally based on nationally or intemationally accepted methodologies.
Chain of Custody numbers: h

The last two lotters of the ebove test code(s) indicate the laboratory that performed analyticel analysis for that fest. Refer to the list below:
Laboratory Definition Code Laboratory Location

p—

Laboratory Definition Code Laboratory Location

Enviro-Test Laboratories - Winnipeg,
Manitoba, Canada

GLOSSARY OF REPORT TERMS .
Surr - A surrogate is an organic compound that is simifar to the target analyte(s) in chemical composition and behavior but not normally

detected in enviromental samples. Prior to Sample processing, samples are fortified with one or more surrogate compounds.

The reportad surrogate recovery value provides a maeasure of method efficiency. The Laboratory waming units are determined under
column heading D.L. : :

mg/kg (units) - unit of concantration besed on mass, parts per milion
mg/L (units) - unit of concentration based on volums, parts per million
< - lossthan ) '
D.L. - Detsction Umtt

N/A - Resutt not avallable, Refer to Quatifier code and definition for explanation

Test results reportad relate ortly to the samples as received by the laboratory,
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
UMLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS

Although test results are gonerated under strict QA/QC protocols, any unsighed test reports, faxes, or emalls are considered proliminary.
Enviro-Tost Laboratortes has an extensive QA/QC program whers al analytical data reported is analyzed using approved referenced
procedurss followad by chacks and revisws by senior managers and quallty assurance personnel, Howsver, since the results are

obtained from chemical measurements end thus cannot be guaranieed, Enviro-Test Laboratories assumes no liability for the use or
interpretation of the resufts.
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. L197746-1 #
Sample Date: 10-AUG-04
Matrix: SOIL
CCME BTEX + F1-.F4
' CCME Total Hydrocarbons
F1(C8-C10) <5 5 mg/kg 23-AUG-04
F1-BTEX <5 5 mg/kg 23-AUG-04
F2 (C10-C16) 29 5 mg/kg 23-AUG-04
' F3(C16-C34) <5 5 mg/kg 23-AUG-04
: F4 (C34-C50) <5 5 mg/kg 23-AUG-04
‘ Total Hydrocarbons (C8-C50) 29 5 mg/kg 23-AUG-04
' Chromatogram to baseline at nC50 YES 23-AUG-04
CCME Total Extractable Hydrocarbons
‘ Prep/Analysis Dates 21-AUG-04{23-AUG-04| HDT |R211453
‘ CCME BTEX
' Benzene <0.005 0.005 | mgkg [17-AUG-04{18-AUG-04] DVH |R210044
Toluene <0.01 0.01 mgkg [17-AUG-04/18-AUG-04| DVH |R210044
Ethylbenzene <0.01 0.01 mgkg {17-AUG-04{18-AUG-04| DVH |R210044
' o-Xylene <0.01 0.01 mg/kg |17-AUG-04/18-AUG-04| DVH |R210044
Xylenes, m+p <0.02 0.02 mgkg [17-AUG-04/18-AUG-04| DVH |R210044
Xylenes <0.03 0.03 mgkg (17-AUG-04/18-AUG-04| DVH |R210044
l % Moisture 13 0.1 % 17-AUG-04{18-AUG-04| CDD |R209999
L197746-2 #2
Sample Date: 10-AUG-04
l Matrix: SOIL
] CCME BTEX + F1-F4
CCME Total Hydrocarbons
‘ F1(C6-C10) <5 5 mg/kg 23-AUG-04
l F1-BTEX _ <5 5 mg/kg 23-AUG-04
| F2 (C10-C16) 27000 5 mg/kg 23-AUG-04
| F3(C16-C34) 3100 5 | mgkg 23-AUG-04
‘ ' F4 (C34-C50) 190 5 mg/kg 23-AUG-04
Total Hydrocarbons (C6-C50) 30000 5 mg/kg 23-AUG-04
Chromatogram to baseline at nC50 YES 23-AUG-04
CCME Total Extractable Hydrocarbons
' Prep/Analysis Dates 21-AUG-04[23-AUG-04| HDT |R211453
| CCME BTEX
Benzene <0.005 0.005 | mgkg [17-AUG-04/18-AUG-04] DVH |R210044
Toluene <0.01 0.01 mgkg [17-AUG-04/18-AUG-04| DVH |R210044
l Ethylbenzene <0.01 0.01 mgkg [17-AUG-04{18-AUG-04| DVH |R210044
o-Xylens <0.01 0.01 mgkg |17-AUG-04[18-AUG-04| DVH |R210044
Xylenes, m+p <0.02 0.02 mgkg |17-AUG-04{18-AUG-04| DVH |R210044
l Xylenes <0.03 0.03 mgkg [17-AUG-04[18-AUG-04| DVH |R210044
r
% Moisture 38 0.1 %  |17-AUG-04{18-AUG-04| CDD |R209999
L197746-3 #3
' Sampie Date: 10-AUG-04
Matrix: SOIL
CCME BTEX + F1-F4
CCME Total rocarbons
l F1 (cusy%m) 45 5 mg/kg 23-AUG-04
F1-BTEX 43 5 mglkg 23-AUG-04
l 'F2(C10-C16) : 13000 5 mg/kg 23-AUG-04
& 1
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L197748-3 #3
' Sample Date: 10-AUG-04
~ Matrix: SOIL
| CCME BTEX + F1-F4
I CCME Total Hydrocarbons

F3(C16-C34) 800 5 mg/kg 23-AUG-04

F4 (C34-C50) 19 5 mg/kg 23-AUG-04
| Total Hydrocarbons (C6-C50) 14000 5 mg/kg 23-AUG-04

l Chromatogram to baseline at nC50 YES 23-AUG-04
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 21-AUG-04{23-AUG-04 | HDT |R211453
l CCME BTEX _

Benzene <0.005 0.005 mgkg |[17-AUG-04/{18-AUG-04! DVH |R210044
| Toluene 0.02 0.01 mgikg [17-AUG-04/18-AUG-04] DVH |R210044
| Ethyibenzene , 0.19 001 | mgkg [17-AUG-04/18-AUG-04| - DVH |R210044
| l o-Xylene 0.36 0.01 mgkg |17-AUG-04/18-AUG-04| DVH |R210044
| Xylenes, m+p ' 0.91 0.02 mgkg |[17-AUG-04/18-AUG-04| DVH |R210044
| Xylenes 1.3 0.03 mgkg |17-AUG-04{18-AUG-04| DVH |R210044

' % Moisture 9.1 0.1 % 17-AUG-04[18-AUG-04| CDD |R209999
L197748-4 #4
Sampie Date: 10-AUG-04
l Matrix: SOIL
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1 (C6-C10) 13 5 mg/kg 23-AUG-04
' F1-BTEX 13 5 mg/kg 23-AUG-04
F2 (C10-C16) 10000 5 mg/kg 23-AUG-04
F3 (C16-C34) 430 5 mg/kg 23-AUG-04
I F4 (C34-C50) 14 5 mg/kg - [23-AUG-04
Total Hydrocarbons (C6-C50) 10000 5 mglkg 23-AUG-04
Chromatogram to baseline at nC50 YES 23-AUG-04
l CCME Total Extractable
Prep/Analysis Dates 21-AUG-0423-AUG-04| HDT |R211453
CCME BTEX :
Benzene <0.005 0.005 | mghkg |17-AUG-04|18-AUG-04| DVH |R210044
l Toluene <0.01 0.01 mgkg [17-AUG-04/18-AUG-04| DVH |[R210044

Ethylbenzene 0.04 0.01 mgkg |17-AUG-04/18-AUG-04| DVH |R210044

o-Xylene 0.04 0.01 mgkg [17-AUG-04|18-AUG-04| DVH |R210044

Xylenes, m+p , 0.15 0.02 | mgkg [17-AUG-04/18-AUG04| DVH |R210044

l Xylenes ’ 0.19 0.03 | mgkg [17-AUG-04118-AUG-04| DVH |R210044
‘ % Moisture 18 0.1 % 17-AUG-04/18-AUG-04| CDD |R209999
I L1977465 #5
Sample Date: 10-AUG-04
Matrix: SOIL
CCME BTEX + F1-F4
l CCME Total Hydrocarbons
F1 (C6-C10) 1 5 mg/kg 23-AUG-04
F1-BTEX 1 5 mg/kg 23-AUG-04
l F2 (C10-C16) 21000 5 | mgkg 23-AUG-04
F3 (C16-C34) 1800 5. mg/kg 23-AUG-04
F4 (C34-C50) 45 5 mg/kg 23-AUG-04
l Total Hydrocarbons (C8-C50) 23000 5 mglkg 23-AUG-04
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L197748-5 #5

l Sample Date: 10-AUG-04
Matrix: SOIL
CCME BTEX + F1.-F4
' CCME Total Hydrocarbons
Chromatogram to baseline at nC50 YES 23-AUG-04
CCME Total Extractable Hydrocarbons '
Prep/Analysis Dates 21-AUG-04/23-AUG-04| HDT |R211453
' CCME BTEX
Benzene <0.005 0.005 | mgkg |17-AUG-0418-AUG-04| DVH |R210044
Toluene <0.01 0.01 mgkg |17-AU 18-AUG-04| DVH |R210044
' Ethylbenzene 0.04 0.01 mghkg (17-AU 18-AUG-04| DVH |R210044
o-Xylene 0.04 0.01 mghkg |17-AUG-04[18-AUG-04| DVH |R210044
Xylenes, m+p 0.17 002 | mgkg [17-AUG-04/18-AUG-04| DVH |R210044
| ' Xylenes 0.21 0.03 | mgkg |[17-AUG-04|18-AUG-04| DVH |R210044
‘ % Moisture 19 0.1 % 17-AUG-04{18-AUG-04| CDD |R209999
; L197746-6 #6
| l Sample Date: 10-AUG-04
| Matrix: SOIL
| CCME BTEX + Fi-F4
CCME Total Hydrocarbons
‘ l F1 (gt-?dcw) 12 5 mg/kg 23-AUG-04
F1-BTEX 12 5 mg/kg 23-AUG-04
| F2(C10-C16) 13000 5 mg/kg 23-AUG-04
| l F3 (C16-C34) - 1800 5 | mgkg 23-AUG-04
| F4 (C34-C50) 210 5 mg/kg 23-AUG-04
Total Hydrocarbons (C8-C50) 15000 5 mg/kg 23-AUG-04
Chromatogram to baseline at nCS0 YES 23-AUG-04
Hydrocarbons
l oeue T‘::elpmgates 21-AUG-0423-AUG-04| HDT |R211453
CCME BTEX
Benzene : <0.005 0.005 | mgkg [17-AUG-04|18-AUG-04] DVH |R210044
l Toluene <0.01 0.01 mg/kg |17-AUG-04{18-AUG-04| DVH |R210044
‘Ethylbenzene 0.06 0.01 mghkg |17-AUG-04|18-AUG-04| DVH |R210044
o-Xylene 0.06 0.01 mgkg |17-AUG-04[18-AUG-04| DVH |R210044
l Xylenes, m+p 0.23 0.02 | mgkg [17-AUG-04/18-AUG-04| DVH |R210044
Xylenes 0.29 0.03 mghkg [17-AUG-04/18-AUG-04| DVH |R210044
% Moisture 18 0.1 % 17-AUG-04/18-AUG-04| CDD |R209999
l L197746-7 #7
Sample Date: 10-AUG-04
Matrix; SOIL
l CCME BTEX + F1-F4
CCME Total Hydroca
' F1(C6-C10) rbons 10 5 mg/kg 23-AUG-04
F1-BTEX 10 5 mg/kg 23-AUG-04
' F2 (C10-C16) 7600 5 mglkg 23-AUG-04
F3 (C16-C34) 940 5 mg/kg 23-AUG-04
F4 (C34-C50) ‘ 110 5 mg/kg 23-AUG-04
' Total Hydrocarbons (C6-C50) 8700 5 mg/kg 23-AUG-04
Chromatogram fo bassline at nC50 YES 23-AUG-04
' COME T%'?'ep/m;ys.:&'é? ne 21-AUG-04123-AUG-04| HDT |R211453
L




l L197746 CONTD....
PAGE 4 of 6
l ENVIRO-TEST ANALYTICAL REPORT
e = ] _FAMNAALTNIWAL REFUNRNIT
L197746-7 #7
' Sample Date: 10-AUG-04
Matrix: SOIL
CCME BYEX + F1-F4
l CCME BTEX : :
Benzene <0.005 0.005 | mgkg |[17-AUG-04{18-AUG04| DVH |R210044
Toluene <0.01 - 0.01 mgkg |17-AUG-04{18-AUG-04| DVH |R210044
Ethyibenzene 0.04 0.01 mgkg |17-AUG-04{18-AUG-04| DVH |R210044
l o-Xylene 0.04 0.01 mgkg [17-AU 18-AUG-04| DVH |R210044
Xylenes, m+p 0.15 0.02 mghkg |17-AUG-04/18-AUG-04| DVH |R210044
Xylenes 0.20 0.03 | mgkg [17-AUG-04/18-AUG-04| DVH |R210044
l % Moisture 12 0.1 % 17-AUG-04]18-AUG-04| CDD |R209999
L197746-8 #8
' Sample Date: 10-AUG-04
Matrix: SOIL
CCME BTEX + F1-F4
CCME Total Hydrocarbons
l F1(C6-C10) 7 5 mg/kg 23-AUG-04
F1-BTEX 7 5 mg/kg 23-AUG-04
F2 (C10-C16) 3200 5 mg/kg 23-AUG-04
F3 (C16-C34) 260 5 mg/kg 23-AUG-04
| l F4 (C34-C50) 18 5 mg/kg 23-AUG-04
Total Hydrocarbons (C6-C50) 3500 5 mg/kg 23-AUG-04
j Chromatogram to baseline at nC50 YES 23-AUG-04
| I CCME Total Extractable Hydrocarbons
| Prep/Analysis Dates 21-AUG-04/23-AUG-04| HDT |R211453
CCME BTEX
Benzene <0.005 0005 | mgkg [17-AUG-04{18-AUG-04] DVH |R210044
l Toluene <0.01 0.01 mgkg [17-AUG-04/18-AUG-04| DVH |R210044
Ethylbenzene <0.01 0.01 mg/kg [17-AUG-04/18-AUG-04| DVH |R210044
o-Xylene 0.01 0.01 mg/kg |17-AUG-04{18-AUG-04| DVH [R210044
Xylenes, m+p 0.04 0.02 | mgkg [17-AUG-04[18-AUG-04| DVH |R210044
' Xylenes 0.05 0.03 | mgkg |[17-AUG-04/18-AUG-04| DVH |R210044
% Moisture 9.1 0.1 % 17-AUG-04/18-AUG-04| CDD |R209999
l L197746-9 #9
Sample Date: 10-AUG-04
Matrix; SOIL
CCME BTEX + F1-F4
. CCME Total Hydrocarbons
F1(C8-C10) - 39 5 mg/kg 23-AUG-04
F1-BTEX 38 5 mg/kg 23-AUG-04
l F2 (C10-C16) 10000 5 mg/kg 23-AUG-04
F3 (C16-C34) 670 5 mg/kg 23-AUG-04
F4 (C34-C50) 42 5 mg/kg 23-AUG-04
Total Hydrocarbons (C6-C50) 11000 5 mg/kg 23-AUG-04
l Chromatogram to baseline at nC50 YES 23-AUG-04
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 21-AUG-04{23-AUG-04| HDT |R211453
l CCME BTEX
Benzene <0.005 0.005 | mg/kg |17-AUG-04/18-AUG-04| DVH |R210044
Toluene <0.01 0.01 mg/kg [17-AUG-04{18-AUG-04| DVH |R210044
. Ethylbenzene 017 0.01 mg/kg |17-AUG-04/18-AUG04| DVH |R210044




L197746 CONTD....
PAGE 5 of 6

ENVIRO-TEST ANALYTICAL REPORT

EEEEEE————————

L187746-9  #9
Sample Date: 10-AUG-04

Matrix: SOIL
CCME BYEX + F1-F4
CCME BTEX
o-Xylene 0.22 0.01 mgkg |[17-AU 18-AUG-04| DVH |R210044
Xylenes, m+p 0.71 0.02 mgkg |[17-AU 18-AUG-04| DVH |R210044
Xylenes 0.93 0.03 mgkg |[17-AUG-04{18-AUG-04| DVH |R210044
% Moisture . 12 0.1 % 17-AUG-04|18-AUG-04 | CDD |R209999
L197746-10 #10
Sampie Date: 10-AUG-04
Matrix: SOIL
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1 (C6-C10) <5 5 mg/kg 23-AUG-04
F1-BTEX <5 5 mg/kg 23-AUG-04
F2 (C10-C16) 16000 -5 mg/kg 23-AUG-04
F3 (C16-C34) . 730 5 mg/kg 23-AUG-04
F4 (C34-C50) : 24 5 mg/kg 23-AUG-04
Total Hydrocarbons (C6-C50) 17000 5 mg/kg 23-AUG-04
Chromatogram to baseline at nC50 YES 23-AUG-04
CCME Total Extractable Hydrocarbons
A Prep/Analysis Dates 21-AUG-04{23-AUG-04| HDT |R211453
| CCME BTEX
| Benzene " <0.005 0.005 | mgkg |17-AUG-04|18-AUG-04| DVH |R210044
| Toluene <0.01 0.01 | mgkg |[17-AUG-04{18-AUG-04| DVH |R210044
| Ethylbenzene 0.02 0.01 | mgkg |17-AUG-0418-AUGO4| DVH |R210044
} o-Xylene 0.03 0.01 mg/kg |17-AUG-04|18-AUG-04! DVH |R210044
Xylenes, m+p 0.09 0.02 | mgkg [17-AUG-04|18-AUG-04| DVH |R210044
} Xylenes 0.12 0.03 mgkg |[17-AUG-04/18-AUG-04| DVH |R210044
‘ % Moisture 21 0.1 % 17-AUG-04{18-AUG-04| CDD |R209999
|

Refer to Referenced Information for Qualifiers (if any) and Methodology.




L197746 CONTD....
PAGE 6 of 6
Reference Information
Methods Listed (if applicable): .
ETL Test Code Matrix Test Description Preparation Method Reference(Based On) Analytical Method Reference(Based On)
ETL-BTX,TVH-CCME-WP Soii CCME BTEX CCME CWS-PHC Dec-2000 - Pubi#
1310
ETL-TEH-CCME-WP Soil CCME Total Extractable CCME CWS-PHC Dec-2000 - Pub#
: Hydrocarbons 1310
ETL-TVH,TEH-CCME-WP Soil CCME Total Hydrocarbons CCME CWS-PHC Dec-2000 - Pub#

13
Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with ﬂ\eweference Mathod for the CWS PHC

Hydrocarbon results are expressed on a dry weight basis.

in cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines and
, mengmaMcheawhydmmonsmnotbeaddedhmecstoCSOhmﬁrbons.

In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes has
been subtracted from F1.

In samples where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2. F3-PAH
represents a result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)iuoranthene, Benzo(k)fiuoranthene, Dibenzo(a,h)anthracens,
Fluoranthene, indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subfracted from F3.

Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:

1. All extraction and analysls hoiding imes were met.

2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range. .

Uniess otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges:

1. All extraction and analysis holding times were met.

2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average.

3. lmmmtpuhmamawmmcmwmsemmw%dmeavemgeofmcm. C16 and C34 response factors.
4. Linsarity of diesel or motor oll response within 15% throughout the calibration range.

** Laboratory Methods employed follow in-house procedures, which are
generally based on nationally or intemationally accepted methodologies.

Chain of Custody numbers:
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code  Laboratory Location Laboratory Definition Code Laboratory Location
wpP Enviro-Test Laboratories - Winnipeg,
Manitoba, Canada
GLOSSARY OF REPORT TERMS

Surr-AsunogatelsmoryahlccompoundthatlsdnﬂlarmﬂweWgetanalyta(s)MGhenﬂcelwmmslﬂonandbehavbrMMImmally
detected in enviromental samples. Prior to sample processing, samples are fortified with one or more surrogate compounds.
memponedsunogatemcowryvaluemedesameasumofmeModeMciency. The Laboratory warning units are determined under
column heading D.L.

mg/kg (units) - unit of concentration based on mass, parts per million

mg/L (units) - unit of concentration based on volume, parts per million

< -Less than

D.L. - Detection Limit

N/A - Resuit not avallable. Refer to qualifier code and definition for explanation

Test results reported relate only to the samples as received by the faboratory.
UNLESS OTHERWISE STATED, ALL. SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS.

Although test results are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered preliminary.

Enviro-Test Laboratories has an extensive QA/QC program where all analytical data reported is analyzed using approved referenced
procedures followed by checks and reviews by senlor manegers and quality assurance personnel. However, since the results are
obtained from chemical measurements and thus cannot be guaraniteed, Enviro-Test Laboratories assumes no liability for the use or
interpretation of the results. i




Report Date: 26-AUG-04

Page 1 of 4
Enviro-Test Quality Control Report
Workorder: L197746 i

Cilient: ENG-TECH CONSULTING

#6-854 MARION STREET

WINNIPEG MB R2J 0K4
Contact: CLARK HRYHORUK
Test Matrix Reforence Result Qualifier Unlits RPD Limit Analyzed

ETL-BTIXTVH-CCMEWP  Soll
Batch R210044

WG215133-2 ccv
Benzene " 98 : %

Ethylbenzene 100 ) ‘ 7
Xylenes, m+p 101 %
o-Xylene ' 105 %

70130  17-AUG-04
70-130  17-AUG-04
70-130  17-AUG-04
70-130 17-AUG-04

Toluene , 100 % 70-130  17-AUG-04

TVH: (C6-C10 / No BTEX Correction) 91 % 70-130  17-AUG-04
WG215133-5 CCV

Benzene % 70-130 18-AUG-04

Ethylbenzene % 70-130  18-AUG-04

Xylenes, m+p % 70-130  18-AUG-04

% 70-130  18-AUG-04

Toluene % 70130  18-AUG-04

| TVH: (C8-C10 / No BTEX Correction) % 70130  18-AUG-04
| WG2151336  ccv

l Benzene . 87 % 70-130  18-AUG-04

| Ethylbenzene . 93 % 70-130  18-AUG-04

| Xylenes, m+p 95 % 70-130  18-AUG-04

l o-Xylene 102 % 70-130  18-AUG-04

Toluene 93 % 70-130  18-AUG-04

TVH: (C6-C10 / No BTEX Correction) 104 - % 70-130  18-AUG-04
WG2151331 Cvs

Benzene 83 % 83117  17-AUG-04

Ethylbenzene 20 % 83117  17-AUG-04

Xylenes, m+p : 106 % 83-117  17-AUG-04

o-Xylene 87 % 83117  17-AUG-04

Toluene 85 % 83117  17-AUG-04

TVH: (C8-C10 / No BTEX Correction) 92 % 83117  17-AUG-04

WG214850-3  DUP L197722:2

Benzene i <0.005 <0.005 RPD-NA mg/kg N/A 38 17-AUG-04

Ethylbenzene <0.01 <0.01 RPD-NA  mgkg N/A 38 17-AUG-04

Xylenes, m+p <0.02 <0.02 RPD-NA mg/kg N/A 38 17-AUG-04

o-Xylene <0.01 <0.01 RPD-NA mg/kg N/A 38 17-AUG-04

Toluene <0.01 <0.01 RPD-NA mg/kg N/A 38 17-AUG-04

E8 8888




Report Date: 26-AUG-04

Page 2 of 4
l Enviro-Test Quality Control Report
Workorder: 1197746
lTest Matrix Reference Result Qualifier Units RPD Limit Analyzed
ETL-BIX.TVH-CCME-WP  Soil
Batch R210044
WG214859-3  DUP L197722-2
TVH: (C8-C10 / No BTEX Correction) <5 <5 RPD-NA  mghkg N/A 38 17-AUG-04
Xylenes <0.03 <0.03 RPD-NA  mghkg N/A 30 17-AUG-04
WG2148504 DUP L197773-3
Benzene <0.005 <0.005 RPD-NA mg/kg N/A 38 18-AUG-04
' Ethylbenzene <0.01 <0.01 RPD-NA  mgkg N/A 38 18-AUG-04
Xylenes, m+p 0.08 <0.02 G mg/kg N/A 38 18-AUG-04
o-Xylene 0.03 0.01 J mg/kg 0.02 0.031 18-AUG-04
l Toluene <0.01 <0.01 RPD-NA  mg/kg N/A 38 18-AUG-04
TVH: (C8-C10 / No BTEX Correction) <5 <5 RPD-NA  mghkg NA 38 18-AUG-04
' Xylenes 0.09 <0.03 G mg/kg NA 30 18-AUG-04
WG214859-1  LCS
Benzene 85 % 80-120  17-AUG-04
' Ethylbenzene 87 % 80120  17-AUG-04
Xylenes, m+p 88 - % 80-120  17-AUG-04
o-Xylene 98 % 80-120  17-AUG-04
I Toluene 90 % . 80-120  17-AUG-04
TVH: (C8-C10 / No BTEX Correction) 92 % 80-120  17-AUG-04
WG214859-2 MB
‘ Benzene <0.005 mglkg 0.005 17-AUG-04
| Ethylbenzene <0.01 mg/kg 0.01 17-AUG-04
1 Xylenes, m+p <0.02 mg/kg 0.02 17-AUG-04
| l o-Xylene <0.01 mglkg 0.01 17-AUG-04
Toluene <0.01 mg/kg 0.01 17-AUG-04
TVH: (C8-C10 / No BTEX Correction) <5 mg/kg 5 17-AUG-04
l Xylenes <0.03 mg/kg 0.03 17-AUG-04
ETL-TEH-CCME-WP Soll
. Batch R211453
WG216725-2 CCV
F2 (C10-C16) 98 % 70-130  23-AUG-04
l F3 (C16-C34) 98 % 70-130  23-AUG-04
F4 (C34-C50) 9% % 70-130  23-AUG-04
WG216725-1  CVS A
F2 (C10-C16) 113 % 83-117  23-AUG-04
F3(C16-C34) 84 % 83117  23-AUG-04
WG214713-5  DUP L196174-31
F2 (C10-C16) 29. 29 J mg/kg 0 15 23-AUG-04
F3 (C16-C34) 500 510 mg/kg 15 38 23-AUG-04
L F4 (C34-C50) 530 860 mg/kg 23 38 23-AUG-04




Report Date: 26-AUG-04

' _ Page 3 of 4
Enviro-Test Quality Control Report
Workorder: L197746
h“st Matrix Reference Result Qualifier Units RPD Limit Analyzed

Product - Batch and Sample Number Refations:
| ETL-BTX, TVH-CCME-WP 2

R210044 L197746-1 L197746-2 L197746-3 L197746-4 L197746-5
L197746-6 L197746-7 L197746-8 L197746-9 L197746-10
' ETL-TEH-CCME-WP 2
R211453 L197746-1 L197746-2 L197746-3 L197746-4 L197746-5
L197746-6 L197746-7 L197746-8 L197746-9 L197746-10
l MOISTURE-WP 2
R209999 L187746-1 L197746-2 L197746-3 L1977464 L197746-5
L197746-6 L197746-7 L197746-8 L197746-9 L197746-10




Legend:

Limit
DUP
RPD
N/A
LCS
SRM
MS
MSD
ADE
MB
IRM
CRM
CcCcv
Ccvs
LCSD

Qualifier:

ENVIRO-TEST QC REPORT

Workorder # L197746

95% Confidence Interval (Laboratory Waming Limits)
Duplicate
Relative Percant Difference
Not Available
Laboratory Control Sample
Standard Reference Materials
Matrix Spike
Matrix Spike Duplicate
Average Desomption Efficiency
Method Blank
Intemal Reference Material
Certified Reference Material
Continuing Calibration Verification
Calibration Verification Standard
Laboratory Control Sample Duplicate

RPD-NA Relative Percent Difference Not Avallable due to result(s) being less than detection limit.
A Method blank exceeds acceptance limit. Blank correction not applied, unless the qualifier "RAMB"

ARe-IomMm w

(result adjusted for method blank) appears in the Analytical Report.

Page 4

Method blank result exceeds acceptance limit, however, itis less than 5% of sample concentration.

Biank correction not applied.
Matrix spike recovery may fall outside the acceptance limits due to high sample background.
Silver recovery low, likely due to elevated choride levels in sample.
Outiier - No assignable cause for nonconformity has been determined.
Result falls within the 89% Confidence interval (Laboratory Control Limits)
Duplicate results and limit(s) are expressed in terms of absolute difference.

The sample referenced above is of a non-standard matrix type; standard QC acceptance criteria may

not be achievable.

of

4




'Data, File C:\HPCHEM\1\

DATA\AUGl4HT\054Fe201.D

Injection Date
Sample Name :
Acg. Operator :
Sequence File
Method

Last changed
Extractable Hydroc

¢ L197746-1

: C:\HPCHEM\1\SEQUENCE\AUGL6HT. S
: C:\HPCHEM\1\METHODS\CCMEFRAT .M
: 7/23/04 3:27:22 PM by T. Truong

8/23/04 2:10:16 AM Seq. Line : 246

Location : Vial 54
H. TURNER Inj : 1

Inj Volume : 1 nl

arbons Method for aquiring data from FID.

Sample Name: L197746-1

miny

Signal 1: FID1 A,

1.0000 -

FID1A, (AUG14l'ﬂ\054FE201.D)
PA’] '
350 -\ .
300
250
200
150 C
y ® _
J 0 o
) £ .
e S
o A -
100 < o
1 ~ 3.
8 o 8
© L2 O
] A 3
50 e 8
. O
- o 1
] S B
=
0 1 1 1 j 1 L ¥ 1 l :
4 6 8 10 12 14 16 18 20
External Standard Report
Sorted By : Retention Time
Calib. Data Modified 4/13/04 3:28:39 PM
Multiplier H 1.0000. - .
Dilution B



lData File c:\HPCHEM\-l\DATA\AUGMHT\Gssmsol,D*‘ S Sample Name: L197746-2

Injection Date : 8/23/04 2:43:03 a0 Seq. Line
Sample Name : L197746-2

: 247 .
- : : Location : vial 55
Acqg. Operator : H. TURNER o “Inj 1
. Inj Volume : 1 p1
Acg. Method : C:\HPCHEM\I\METHODS\CCMEFRAT.M

Last changed : 7/23/04 3:27:22 pM by T. Truong

Analysis Method - C:\HPCHEM\l\METHODS\CCMEFRAT.M

Last changed : 8/23/04 10:03:22 aM by H. TURNER
(modified after loading)

Extractable Hydrocarbons Method for aquiring data from FID.

FID1 A, (AUGT4HTWO55FE301 D)
PA ] ©
1 0
e
Q
] N
3}
14000 g
] ©

l

|

3
Q
-3
.- B
3
r
=3
B
R

1 17.548 - C>34 10 C50

3 T rv_-. '.:v» T T T T T Lo | T T T T T L T
8 10 .- 12 14 - 18 18 20

min}

External Standard Report®

Sorted By : Retention Time
Calib. Data Modified 4/13/04 3:28:39 PM
Multiplier : 1.0000

Dilution : 1.0000

Signal 1: FID1 A,

r!S‘f:‘r‘nrm:nw- 1 Q/927n4 2~ An mae .




'Data File C:\HPCHEM\1‘\D_ATA\AUG14H.T\056FE401.D. Sample Name: L197746-3
v Injection Date 8/23/04 3:15:43 aM Seq. Line : 248
Sample Name : L197746-3 Location : Vial 56
l Acq. Operator : H. TURNER . | o Ind: 1
_ ' o Inj Volume : 1 nl
Acg. Method .ot C:\HPCHEM\I\METHODS\CCMEFRAT.M' : )
Last changed : 7/23/04 3:27:22 BM by T. Truong
l Analysis Method : C:\HPCHEM\I\_METHODS\CMEFRAT.M‘
Last changed : 8/23/04 10:06:55 AM by . TURNER -
(modified after loading) - - '
' Extractable Hydrocarbons Method for aquiring data from FID.
FIDTA, (AUG14HT\056FE401.D)
PA’] e
] 153
e
] e
' 9000 - O
l 8000 -
l 7000 || |
| l 5000 - . v’
| I -
: 1 .S
o
1 L2
J C o
&
2000 - -
] 8
L
-
' 1000 - &
g8 8
< N~
. 3 ~
' 0 T T T A A A ey SN K s S
4 8 12 14 16 18 20 min
l External Standard.Report o
' Sorted By kD AReténtio‘r_i“‘i"I:'_i‘m;e‘.',
Calib. Data Modified 4/13/04 3:28:39 PM
Multiplier : 1.0000 ‘
l Dilution : 1.0000
Signal 1: FID1 A,

"
i
¥
b




'Data File C:\HPCHEM\1\DATA\AUG14HT\OS7FES01.D" Sample Name: L197746-4

Injection Date : 8/23/04 3:48:30 aM Seq. Line : 249
Sample Name : L197746-4 o Location : Vial 57
Acq. Operator : H. TURNER Inj : 1
' o Inj Volume : 1 pl
Acq. Method : C:\HPCHEM\l\METHODS\CCMEFRAT.M -
Last changed : 7/23/04 3:27:22 BM by T. Truong
l Analysis Method : C:\HPCHEM\1\METHODS\CCMEFRAT M
Last changed : 8/23/04 10:04:21 aM by H. TURNER
(modified after loading)
. Extractable Hydrocarbons Method for aquiring data from FID.
) FIDT A, (AUG14 FE501.D)
' PA’] e
1 o
e
4 -
l Iy
R o
7000 K
6000 -
|| 5000 ~
l 4000 — -
l 3°°0_
ll 2
] e
2000 3
II ";#1:» §
4 8
l 1000'. : g
o - ~
8 &
p &
' I l’. : ) d T T T r—
12 14 16 18 20 min
l External Standaxjd "Report
l Sorted By T Retention Time
Calib. Data Modified : 4/13/04 3:28:39 PM
Multiplier : 1.0000
' Dilution : 1.0000

Signal 1: FID1 A,




[

o

[\

Seq. Line .
Sample Name : L197746-5 Location :
Acq. Operator - : H. TURNER Inj

Acg. Method : C:\HPCHEM\1\METHODS\CCMEFRAT .M
Last changed

Analysis Method :
Last changed

Extractable Hydroc

g

1

ile C:\HPCHEM\1\DATA\AUG14HT\OSBFEG01.D

Injection Date

8/23/04 4:21:21 AM -

7/23/04 3:27:22 PM by.T. Truong
C:\HPCHEM\l\METHODS\CCMEFRAT.M
8/23/04 10:04:54 AM by H. TURNER
(modified after loading)

Inj Volume : 1 pl

arbons Method for aquiring data from FID.

Vial 58

Sample Name: L197746-5

FID1 A, (AUG14HT\058FEG01.D)

PA e

] o

L

14000 - o
‘;\' .

. O

* 2
w .

12000

10000

8000

.
(6]
6000 + P
[{e]
:
4000 §
2
[&]
e
2000 X
A
[&]
‘. S ¢
g 2
. < ~
Aeee A A b 3 . Al
Q- 1 T T T T T T T T T T T T
8 10 12 14 . 16 18_ 20- min

External Standard Report

Sorted By Retention Time
Calib. Data Modified 4/13/04 3:28:39 PM
Multiplier 1.0000

Dilution 1.0000

Signal 1: FID1 A,




m
Iy
v

File C:\HPCHEM\l\DATA\AUG14HT\059FE701.D Sample Name: L197746-6

Injection Date : 8/23/04 4:54:22 AM
Sample Name : L197746-6
Acq. Operator : H. TURNER .

Seq. Line : 251
Location : vial 59
: Inj : 1

. T - Inj Volume : 1 pl

Acq. Method : C:\HPCHEM\1\METHODS\CCMEFRAT.M .

Last changed : 7/23/04 3:27:22 'PM by T: Truong

Analysis Method : C:\HPCHEM\l\METHODS\CCMEFRAT.M

Last changed : 8/23/04 10:05:11 AM by H. TURNER

(modified after loading).

Extractable Hydrocarbons Method for aquiring data from FID.

FID1 A, (AUGT14HT\O59FE701.0)
PA ]

6.367 - C>10to C16

10000

6000 -

4000 - 5
e
o
3
- g %
2000 | - )
é]
I ®
&
1 =
0 e — —— T ——
-8 . 10 . . 12 : 14 _ 16 18 20 min

External Standard Report

Sorted By : Retention Time "
Calib. Data Modified : 4/13/04 3:28:39 PM
Multiplier : 1.0000

Dilution :

1.0000 .
Signal 1: FID1 a,



ata File C:\HPCHEM\I\DATA\AUG14HT\060EE801.D- Sample Name: L197746-7

Injection Date : 8/23/04 5:27:23 AM
Sample Name ¢ L197746-7
Acqg. Operator : H. TURNER

Seq. Line : 252
Location : vial 60
Inj : 1
' : Inj Volume : 1 pl
Acg. Method : C:\HPCHEM\1\METHODS\CCMEFRAT .M i '
Last changed : 7/23/04 3:27:22 PM by T. Truong
Analysis Method : C: \HPCHEM\ 1\METHODS\CCMEFRAT .M
Last changed : 8/23/04 10:05:28 AM by H. TURNER
(modified after loading)
Extractable Hydrocarbons Method for aquiring data from FID.

FIDTA, (AUGTAHTW60FESOT D)
pA ] :

7000

6.367 - C>10 to C16

& 2
< ]
T e
s
Q
(o]
3.
N

S N

16 18 20 mid

External Standard Report

Sorted By ' : i Retention Time
Calib. Data Modifie : 4/13/04 '3:28:39 PM
Multiplier : 1.0000

Dilution : 1.0000

Signal 1: FID1 a,

Gl GIN GEN UIN BN N m e
.




ata File C:\HPCHEM\1\DATA\AUG14HT\061FEAQ1.D Sample Name: 1197746-8

Injection Date : 8/23/04 6:33:47 AM Seqg. Line : 254
Sample Name : L197746-8 v Location : Vial 61
Acq. Operator . : H. TURNER : : o Inj : 1

. ) . Inj Volume : 1 pl
Acqg. Method : C:\HPCHEM\1\METHODS\CCMEFRAT .M

Last changed : 7/23/04 3:27:22 PM by T. Truong

Analysis Method : C:\EPCHEM\1\METHODS\CCMEFRAT.M

Last changed : 8/23/04 10:05:53 AM by H. TURNER
(modified ‘after loading) v

Extractable Hydrocarbons Method for aquiring data from FID.

FID1 A, (AUG14HT\061FEADT.D)

]
PA ] _
- @
d Q
J L
o
3500 2
J [&]
. ,;;@&
6.‘
3000

8.
Cw©
©
- N
O
3 2
- Q
i e
3
A
[&]
]
(] (24
. h:§ b
< N
. : - -
oore—— T 1 " * Y Y T T T ¥ T T T T ™ N
: 12 14 16 18 _20 min

External.Standa;633é§6rt:

Sorted By : Retention ‘Time’
Calib. Data Modified : 4/13/04 3:28:39.PM
Multiplier : 1.0000 .
Dilution : 1.0000

Signal 1: FID1 A,

;




ata File C:\HPCHEM\I\DATA\AUG14HT\062FEBOi.D Sample Name: 1197746-9

Injection Date : 8/23/04 7:07:09 'AM @ . - Seq. Line : 255

Sample Name : L197746-9 . Location : Vial 62

Acqg. Operator : H. TURNER - = S . Inj : 1
S B Inj Volume : 1 nl

Acq. Method : C:\HPCHEM\1\METHODS\CCMEERAT .M -

Last changed : 7/23/04 3:27:22 PM by T. ‘Truong

Analysis Method : C:\HPCHEM\1\METHODS\CCMEFRAT.M

Last changed : 8/23/04 10:06:28 AM by H. TURNER

(modified after loading)
Extractable Hydrocarbons Method for aquiring data from FID.

FID1 A, (AUG14HT\062FEBO1.DY

11.040 - C>16to C34

1 17.553 - C>34 to C50

6 18 20 " roi]

LR fums' :

External Standérd'Réport

Sorted By , : Retention Time
Calib. Data Modified : 4/13/04 3:28:39 PM
Multiplier : 1.0000

Dilution : 1.0000

Signal 1: FID1 A,




.
&
ot

S

a File C:\HPCHEM\1\DATA\AUG14HT\063FEC01.D

Injection Date :
Sample Name

¢ L197746~10
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PRELIMINARY RESULTS

TRANSPORT CANADA
ATTN: BILL FERGUSON

3 344 EDMONTON STREET
WINNIPEG MB R3C 0P6

DATE: 12-SEP-05 03:48 PM

Date Received: 02-SEP-05

Lab Work Order #:  L313607 Sampled By: AT
Project P.O. #: RESOLUTE-<TU1
Job Reference: 02-117-06
Comments:
APPROVED BY:
GERRY VERA
Project Manager

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ANY REMAINING SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU

REQUIRE ADDITIONAL SAMPLE STORAGE TIME.
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ENVIRO-TEST ANALYTICAL REPORT

1.313607-1 0-.2+MC1
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 180 5 mg/kg 12-SEP-05
F1-BTEX 170 5 mg/kg 12-SEP-05
F2 (C10-C16) 3000 5 mg/kg 12-SEP-05
F3 (C16-C34) 1200 5 mglkg 12-SEP-05
F4 (C34-C50) 550 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 4900 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 29 0.005 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Toluene 0.54 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Ethylbenzene 1.3 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
o-Xylene 44 0.01 mglkg |07-SEP-05 [08-SEP-05S | DVH | R322299
Xylenes, m+p 29 0.02 mg/kg |07-SEP-05!09-SEP-05 | DVH |R322299
Xylenes 73 0.03 mglkg |07-SEP-05 (09-SEP-05 | DVH |R3222389
% Moisture 85 0.1 % 07-SEP-05 [07-SEP-05 | HDT |R321601
1L313607-2 0-.2+MC2
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 300 5 mg/kg 12-SEP-05
F1-BTEX 280 5 mglkg 12-SEP-05
F2 (C10-C186) 4500 5 mg/kg 12-SEP-05
F3(C16-C34) 1500 5 mglkg 12-SEP-05
F4 (C34-C50) 700 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 7000 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 49 0.005 mgkg |07-SEP-05 {09-SEP-05 | DVH |R322299
Toluene 0.91 0.01 mg/kg |07-SEP-05 08-SEP-05 | DVH |R322299
Ethylbenzene 1.8 0.01 mg/kg |07-SEP-05 |08-SEP-05 | DVH |R322299
o-Xylene 1 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 6.0 0.02 mg/kg |07-SEP-05 |09-SEP-05 | DVH {R322299
Xylenes 17 0.03 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
% Moisture 9.8 0.1 % 07-SEP-05 (07-SEP-05 | HDT |R321601
L313607-3 0-.2+MC3
Sample Date: 28-AUG-05
Matrix: Soit
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 85 5 mg/kg 12-SEP-05
F1-BTEX 78 5 mg/kg 12-SEP-05
F2 (C10-C16) 330 5 mg/kg 12-SEP-05
F3(C16-C34) 130 5 ma/kg 12-SEP-05
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1313607-3
Sample Date: 28-AUG-05
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ENVIRO-TEST ANALYTICAL REPORT

0-2+MC3

Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F4 (C34-C50) 51 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 600 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 22 0.005 mg/kg |07-SEP-05 [09-SEP-05 | DVH | R322299
Toluene 037 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH | R322299
Ethylbenzene 0.56 0.01 mg/kg |07-SEP-05{09-SEP-05 | DVH |R322299
o-Xylene 22 0.01 mglkg {07-SEP-05 |08-SEP-05 | DVH |R322299
Xylenes, m+p 2.1 0.02 mgkg |07-SEP-0509-SEP-05 | DVH |R322299
Xylenes 42 0.03 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
% Moisture 8.2 0.1 % 07-SEP-05 {07-SEP-05 | HDT |R321601
13136074 0-.2+MC4
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 46 5 mg/kg 12-SEP-05
F1-BTEX 44 5 mg/kg 12-SEP-05
F2 (C10-C16) 1600 5 mg/kg 12-SEP-05
F3(C16-C34) 1100 5 mglkg 12-SEP-05
F4 (C34-C50) 540 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 3300 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 { HDT |R322020
CCME BTEX
Benzene 0.44 0.005 mg/kg |07-SEP-0509-SEP-05 | DVH |R322299
Toluene 0.14 0.01 mglkg |07-SEP-05 |09-SEP-05 | DVH |R322298
Ethylbenzene 0.46 0.01 mglkg |07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 0.29 0.01 mgkg |07-SEP-05|09-SEP-05 | DVH |R322299
Xylenes, m+p 0.98 0.02 mg/kg |07-SEP-05|09-SEP-05 | DVH | R322299
Xylenes 13 0.03 mglkg |07-SEP-05 09-SEP-05 | DVH | R322298
% Moisture 8.7 0.1 % 07-SEP-05 [07-SEP-05 | HDT |R321601
1.313607-5 0-2+MC5
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 120 5 mg/kg 12-SEP-05
F1-BTEX 110 5 mg/kg 12-SEP-05
F2 (C10-C16) 2000 5 mg/kg 12-SEP-05
F3(C16-C34) 630 5 mg/kg 12-SEP-05
F4 (C34-C50) 330 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 3100 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05

CCME Total Extractable Hydrocarbons
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L313607-5 0-.2+MC5
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT | R322020
CCME BTEX
Benzene 24 0.005 mg/kg |07-SEP-05)09-SEP-05 | DVH | R322299
Toluene 0.53 0.01 mg/hkg |07-SEP-05 09-SEP-05 | DVH |R322299
Ethylbenzene 1.2 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 1.3 0.01 mg/kg {07-SEP-05[09-SEP-05 | DVH |R322299
Xylenes, m+p 26 0.02 mg/kg |07-SEP-0509-SEP-05 | DVH !{R322299
Xylenes 39 0.03 mg/kg {07-SEP-05|09-SEP-05 | DVH !R322299
% Moisture 84 0.1 % 07-SEP-05 {07-SEP-05 | HDT |R321601
1L313607-6 0-.2+MC6
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 160 5 mg/kg 12-SEP-05
F1-BTEX 150 5 mg/kg 12-SEP-05
F2 (C10-C16) 1400 5 mg/kg 12-SEP-05
F3(C16-C34) 410 5 mg/kg 12-SEP-05
F4 (C34-C50) 190 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 2200 5 mgfkg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 112-SEP-05 | HDT |R322020
CCME BTEX
Benzene 23 0.005 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
Toluene 0.56 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Ethylbenzene 14 0.01 mg/kg |07-SEP-05{09-SEP-05 | DVH |R322299
o-Xylene 6.7 0.01 mgkg |07-SEP-0509-SEP-05 | DVH [R322299
Xylenes, m+p 29 0.02 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes 9.6 0.03 mg/kg 107-SEP-0509-SEP-05 | DVH {R322299
% Moisture 77 0.1 % 07-SEP-05 {07-SEP-05 HDT |R321601
L313607-7 0-.2+MN1
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 11 5 mg/kg 12-SEP-05
F1-BTEX 11 5 mg/kg 12-SEP-05
F2 (C10-C16) 340 5 ‘mglkg 12-SEP-05
F3 (C16-C34) 270 5 mg/kg 12-SEP-05
F4 (C34-C50) 120 5 mgikg 12-SEP-05
Total Hydrocarbons (C6-C50) 740 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 HDT |{R322020
CCME BTEX
Benzene 0.12 0.005 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Toluene 0.02 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
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1L313607-7 0-.2+MN1
Sample Date: 28-AUG-05
Matrix: Saoil
CCME BTEX + F1-F4
CCME BTEX
Ethytbenzene 0.06 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322298
o-Xylene 0.05 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes, m+p 0.10 0.02 mg/kg |07-SEP-05|09-SEP-05 | DVH | R322209
Xylenes 0.15 0.03 mg/kg |07-SEP-0509-SEP-05 | DVH | R322209
% Moisture 84 0.1 % 07-SEP-05 [07-SEP-05 | HDT | R321601
1.313607-8 0-.2+MN2
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons ]
F1(C6-C10) 210 5 mg/kg 12-SEP-05
F1-BTEX 180 5 mg/kg 12-SEP-05
F2 (C10-C16) 2800 5 mg/kg 12-SEP-05
F3(C16-C34) 870 5 mg/kg 12-SEP-05
F4 (C34-C50) 370 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 4300 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT | R322020
CCME BTEX
Benzene 49 0.005 mgkg |07-SEP-05 |09-SEP-05 | DVH | R322299
Toluene 76 0.01 mg/kg |07-SEP-05|08-SEP-05 | DVH |R322299
Ethylbenzene 2.4 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 6.7 0.01 mgkg |07-SEP-05 08-SEP-05 DVH |R322299
Xylenes, m+p 11 0.02 mgkg |07-SEP-05 |08-SEP-05 | DVH | R322299
Xylenes 18 0.03 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
% Moisture 85 0.1 % 07-SEP-05 |07-SEP-05 | HDT |R321601
L313607-9 0-2+MN3
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 170 5 mg/kg 12-SEP-05
F1-BTEX 140 5 mg/kg 12-SEP-05
F2 (C10-C16) 740 5 mg/kg 12-SEP-05
F3(C16-C34) 260 5 mg/kg 12-SEP-05
F4 (C34-C50) 100 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1300 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 5.1 0.005 mg/kg |07-SEP-05 {09-SEP-05 | DVH |R322208
Toluene 6.9 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Ethylbenzene 13 0.01 mgkg |07-SEP-05 09-SEP-05 DVH |R322299
o-Xylene 5.2 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 9.1 0.02 mglkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 14 0.03 mglkg |[07-SEP-05 PQ—SEP—OS DVH |R322299
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L313607-9 0-2+MN3
Sample Date: 28-AUG-05
Matrix: Soi
CCME BTEX + F1-F4
% Moisture 6.8 0.1 % 07-SEP-05 |07-SEP-05 | HDT |R321601
L313607-10 0-2+MN4
| Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) <5 5 mg/kg 12-SEP-05
F1-BTEX <5 ‘5 mg/kg 12-SEP-05
F2 (C10-C16) 600 5 mg/kg 12-SEP-05
F3 (C16-C34) 360 5 mg/kg 12-SEP-05
F4 (C34-C50) 120 5 mg/kg 12-SEP-05
' Total Hydrocarbons (C6-C50) 1100 5 mg/kg 12-SEP-05
Chromatogram to basejine at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 {12-SEP-05 | HDT |R322020
l CCME BTEX
Benzene 0.29 0.005 mg/kg (07-SEP-0509-SEP-05 | DVH |R322299
Toluene 0.06 0.01 mg/kg |07-SEP-05(09-SEP-05 | DVH {R322299
Ethylbenzene 0.24 0.01 mg/kg |07-SEP-0509-SEP-05 | DVH |R322299
o-Xylene 15 0.01 mgkg |07-SEP-05|09-SEP-05 | DVH {R322299
Xylenes, m+p 0.72 0.02 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 22 0.03 mg/kg |07-SEP-05|09-SEP-05 | DVH {R322299
l % Moisture 12 0.1 % 07-SEP-05 |07-SEP-05 | HDT |R321601
L313607-11 0-.2+MN5
Sample Date: 28-AUG-05
I Matrix Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 210 5 mg/kg 12-SEP-05
l F1-BTEX 180 5 mg/kg 12-SEP-05
F2(C10-C16) 3100 5 mg/kg 12-SEP-05
F3(C16-C34) 1200 5 ma/kg 12-SEP-05
F4 (C34-C50) 380 5 mg/kg 12-SEP-05
l Total Hydrocarbons (C6-C50) 4900 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
' CCME BTEX
Benzene 37 0.005 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Toluene 1.1 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Ethylbenzene 0.78 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
o-Xylene 12 0.01 mgkg |07-SEP-05 {09-SEP-05 | DVH |R322299
Xylenes, m+p 13 0.02 mg/kg {07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 26 0.03 mg/kg |07-SEP-05 (09-SEP-05 | DVH |R322299
l % Moisture 8.8 0.1 % 07-SEP-05 (07-SEP-05 | HDT |R321601
I
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Soil

CCME BTEX + F1-F4
CCME Total Hydrocarbons
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F1(C6-C10) 150 5 mg/kg 12-SEP-05
F1-BTEX 130 5 mg/kg 12-SEP-05
F2(C10-C16) <5 5 mg/kg 12-SEP-05
F3 (C16-C34) 800 5 mg/kg 12-SEP-05
F4 (C34-C50) 260 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1200 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 HDT {R322020
CCME BTEX
Benzene 29 0.005 mghkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Toluene 22 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Ethylbenzene 11 0.01 mgkg 07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 6.8 0.01 mg/kg |07-SEP-05 [09-SEP-05 DVH |R322299
Xylenes, m+p 79 0.02 mg/kg 107-SEP-05 (09-SEP-05 DVH |R322299
Xylenes 15 0.03 mg/kg {07-SEP-05 |09-SEP-05 DVH |R322299
% Moisture 94 0.1 % 07-SEP-05 [07-SEP-05 HDT | R321601
L313607-13 2+MC1
Sample Date: 28-AUG-05
Matrix: Soit
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 83 5 mg/kg 12-SEP-05
F1-BTEX 78 5 mg/kg 12-SEP-05
F2 (C10-C16) 1900 5 mglkg 12-SEP-05
F3 (C16-C34) 960 5 mg/kg 12-SEP-05
F4 (C34-C50) 410 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 3400 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |{12-SEP-05 HDT |R322020
CCME BTEX
Benzene 1.0 0.005 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322289
Toluene 0.26 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Ethylbenzene 0.7 0.01 mgkg [07-SEP-05 09-SEP-05 | DVH |R322299
0-Xylene 0.55 0.01 mg/kg  |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes, m+p 22 0.02 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes 27 0.03 mg/kg  |07-SEP-05 09-SEP-05 DVH | R322299
% Moisture 8.5 0.1 % 07-SEP-05 [07-SEP-05 HDT |R321601
L313607-14 2+MC2
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 680 5 mg/kg 12-SEP-05
F1-BTEX 640 5 mg/kg 12-SEP-05
F2(C10-C16) 3300 5 mg/kg 12-SEP-05
F3(C16-C34) 1300 5 mg/kg 12-SEP-05
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CCME Total Extractable Hydrocarbons

Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F4 (C34-C50) 530 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 5800 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT | R322020
CCME BTEX
Benzene 77 0.005 mg/kg [07-SEP-05 [09-SEP-05 | DVH [R322299
Toluene 1.6 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH | R322239
Ethylbenzene 3.1 0.01 mghkg |07-SEP-0509-SEP-05 | DVH | R322299
o-Xylene 17 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH {R322299
Xylenes, m+p 12 0.02 mghkg |07-SEP-05|09-SEP-05 | DVH |R322299
Xylenes 29 0.03 mg/kg |07-SEP-05 /08-SEP-05 | DVH |R322299
% Moisture 87 0.1 % 07-SEP-05 [07-SEP-05 | HDT |R321601
L313607-15 .2+MC3
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 72 5 mglkg 12-SEP-05
F1-BTEX 62 5 mg/kg 12-SEP-05
F2 (C10-C16) 530 5 mg/kg 12-SEP-05
F3 (C16-C34) 190 5 mglkg 12-SEP-05
F4 (C34-C50) 89 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 880 5 mglkg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 1.1 0.005 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
Toluene 0.23 0.01 mg/kg |07-SEP-05 |[09-SEP-05 | DVH |R322299
Ethyibenzene 0.39 0.01 mghkg |07-SEP-05 |09-SEP-05 | DVH |R322299
o-Xylene 28 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes, m+p 52 0.02 mg/lkg |07-SEP-05 08-SEP-05 | DVH |R322299
Xylenes 8.0 0.03 mglkg |07-SEP-05 09-SEP-05 | DVH |R322299
% Moisture 57 0.1 % 07-SEP-05 07-SEP-05 | HDT |R321601
L313607-16 2+MC4
Sample Date: 28-AUG-05
Matrix: Soit
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 140 5 mg/kg 12-SEP-05
F1-BTEX 130 5 mg/kg 12-SEP-05
F2 (C10-C16) 420 5 mg/kg 12-SEP-05
F3 (C16-C34) 91 5 mg/kg 12-SEP-05
F4 (C34-C50) 27 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 680 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
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L313607-16 2+MC4
Sample Date: 28-AUG-05
Matrix: Soit
CCME BTEX + F1-F4
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 0.75 0.005 ‘mg/kg |07-SEP-05{09-SEP-05 | DVH {R322299
Toluene 0.10 0.01 mg/kg |07-SEP-05{09-SEP-05 | DVH |R322299
Ethylbenzene 1.2 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH | R322299
o-Xylene 1.2 0.01 mglkg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes, m+p 32 0.02 mg/kg {07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 45 0.03 mg/kg |07-SEP-05 09-SEP-05 | DVH | R322299
% Moisture 11 0.1 % 07-SEP-05 |07-SEP-05 | HDT |R321601
L313607-17 2+MC5
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 260 5 mg/kg 12-SEP-05
F1-BTEX 250 5 mg/kg 12-SEP-05
F2 (C10-C16) 540 5 mg/kg 12-SEP-05
F3(C16-C34) 120 5 mglkg 12-SEP-05
F4 (C34-C50) 33 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 950 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 33 0.005 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Toluene 0.26 0.01 mglkg {07-SEP-05i09-SEP-05 | DVH |R322299
Ethylbenzene 18 0.01 mg/kg {07-SEP-05 |03-SEP-05 | DVH | R322299
o-Xylene 29 0.01 mg/kg |{07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 43 0.02 mgkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 72 0.03 mg/kg {07-SEP-05 |09-SEP-05 | DVH |R322299
% Moisture 9.1 0.1 % 07-SEP-05 [07-SEP-05 | HDT |R321601
L313607-18 .2+MC6
Sample Date: 28-AUG-05
Matrix: Sail
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1 (C6-C10) 27 5 mg/kg 12-SEP-05
F1-BTEX 25 5 mg/kg 12-SEP-05
F2 (C10-C16) 13 5 mglkg 12-SEP-05
F3(C16-C34) 18 5 mg/kg 12-SEP-05
F4 (C34-C50) <5 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 58 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 {12-SEP-05 HDT | R322020
CCME BTEX
Benzene 0.48 0.005 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Toluene 0.09 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
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L313607-18 .2+MC6
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME BTEX
Ethylbenzene 0.12 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
o-Xylene 0.22 0.01 mghkg |07-SEP-05 [09-SEP-05 DVH | R322299
Xylenes, m+p 0.73 0.02 mgfkg |07-SEP-05|09-SEP-05 | DVH |R322299
Xylenes 0.96 0.03 mghkg |07-SEP-05|09-SEP-05 | DVH {R322299
% Moisture 7.7 0.1 % 07-SEP-05 |07-SEP-05 HDT | R321601
L313607-19 2+MC7
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 76 5 mg/kg 12-SEP-05
F1-BTEX 72 5 mg/kg 12-SEP-05
F2(C10-C16) 1100 5 mg/kg 12-SEP-05
F3(C16-C34) 450 5 mg/kg 12-SEP-05
F4 (C34-C50) 190 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1800 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 112-SEP-05 HDT | R322020
CCME BTEX
Benzene 0.78 0.005 mg/kg |07-SEP-05 |09-SEP-05 DVH | R322299
Toluene 0.17 0.01 mgkg |07-SEP-05 |09-SEP-05 DVH |R322298
| Ethylbenzene 0.74 0.01 mg/kg |07-SEP-05 09-SEP-05 DVH |R322299
| o-Xylene 0.58 0.01 mg/kg |07-SEP-05 |09-SEP-05 DVH |R322209
Xylenes, m+p 1.8 0.02 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes 24 0.03 mg/kg |07-SEP-05 |08-SEP-05 DVH |R322299
% Moisture 11 0.1 % 07-SEP-05 |07-SEP-05 HDT |R321601
L313607-20 2+MC8
l Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
l CCME Total Hydrocarbons
F1(C6-C10) 490 5 mg/kg 12-SEP-05
F1-BTEX 450 5 mg/kg 12-SEP-05
F2 (C10-C16) 3000 5 mg/kg 12-SEP-05
F3(C16-C34) 890 5 mglkg 12-SEP-05
F4 (C34-C50) 350 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 4700 5 mglkg 12-SEP-05
Chromatogram o baseline at nC50 YES 12-SEP-05
l CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 HDT | R322020
CCME BTEX
Benzene 6.7 0.005 mglkg |07-SEP-05 [09-SEP-05 DVH {R322299
Toluene 1.7 0.01 mghkg |07-SEP-05 09-SEP-05 | DVH |R322299
' Ethylbenzene 1.8 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
o-Xylene 14 0.01 mg/kg |07-SEP-05 09-SEP-05 DVH |R322299
Xylenes, m+p 20 0.02 mg/kg |07-SEP-05 09-SEP-05 DVH {R32229%8
. Xylenes 33 0.03 mglkg |07-SEP-05 09-SEP-05 | DVH |R322299
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L313607-20 .2+MC8
Sample Date: 28-AUG-05
Matrix: Sail
CCME BTEX + F1-F4
% Molisture 89 0.1 % 07-SEP-05 {07-SEP-05 | HDT | R321601
L313607-21 2+MC9
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 690 5 mg/kg 12-SEP-05
F1-BTEX 650 5 mglkg 12-SEP-05
F2(C10-C16) 1500 5 mg/kg 12-SEP-05
F3(C16-C34) 510 5 mg/kg 12-SEP-05
F4 (C34-C50) 210 5 mglkg 12-SEP-05
Total Hydrocarbons (C6-C50) 2900 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 8.3 0.005 mg/hkg |07-SEP-05 |09-SEP-05 | DVH |R322299
Toluene 1.3 0.01 mg/kg |07-SEP-05/09-SEP-05 | DVH |R322299
Ethylbenzene 19 0.01 mg/kg |07-SEP-05[09-SEP-05 | DVH |R322289
o-Xylene 12 0.01 mg/kg |07-SEP-05 {09-SEP-05 | DVH |R322299
Xylenes, m+p 14 0.02 mglkg [07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 26 0.03 mg/kg [|07-SEP-05 [0S-SEP-05 | DVH |R322299
% Moisture 74 0.1 % 07-SEP-05 07-SEP-05 | HDT |R321601
L313607-22 .2+MC10
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 89 5 mg/kg 12-SEP-05
F1-BTEX 84 5 mg/kg 12-SEP-05
F2(C10-C16) 2000 5 mg/kg 12-SEP-05
F3 (C16-C34) 620 5 mg/kg 12-SEP-05
F4 (C34-C50) 230 5 mg/kg 12-SEP-05
Total Hydrocarbons {C6-C50) 2900 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |{R322020
CCME BTEX
Benzene 1.0 0.005 mg/kg |07-SEP-05 |[09-SEP-05 | DVH |R322299
Toluene 0.43 0.01 mg/kg 07-SEP-05 |0S-SEP-05 DVH |R322299
Ethylbenzene 0.68 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 0.91 0.01 mghkg [07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes, m+p 22 0.02 mg/kg |07-SEP-05 [09-SEP-05 DVH |R322299
Xylenes 3.1 0.03 mglkg |07-SEP-05 |09-SEP-05 DVH |R322299
% Moisture 1 0.1 Y% 07-SEP-05 07-SEP-05 | HDT |R321601
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L313607-23 2+MC11
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F{-F4
CCME Total Hydrocarbons
F1(C6-C10) 370 5 mg/kg 12-SEP-05
F1-BTEX 330 5 mg/kg 12-SEP-05
F2(C10-C16) 3700 5 mg/kg 12-SEP-05
F3(C16-C34) 980 5 mglkg 12-SEP-05
F4 (C34-C50) 320 5 mglkg 12-SEP-05
Total Hydrocarbons (C6-C50) 5400 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons :
Prep/Analysis Dates 07-SEP-05 {12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 6.1 0.005 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Toluene 1.3 0.01 mg/kg 07-SEP-05 |09-SEP-05 | DVH |R322299
Ethylbenzene 16 0.01 mg/kg |07-SEP-0509-SEP-05 | DVH |R322299
o-Xylene 15 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
Xylenes, m+p 17 0.02 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 32 0.03 mg/kg |07-SEP-05!09-SEP-05 | DVH |R322299
% Moisture 99 0.1 % 07-SEP-05 |07-SEP-05 | HDT |R321601
L313607-24 2+MC12
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1 (C6-C10) 230 5 mg/kg 12-SEP-05
F1-BTEX 200 5 mg/kg 12-SEP-05
F2(C10-C16) 1800 5 mg/kg 12-SEP-05
F3(C16-C34) 580 5 mg/kg 12-SEP-05
F4 (C34-C50) 180 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 2800 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 39 0.005 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Toluene 0.98 0.01 mg/kg {07-SEP-0509-SEP-05 | DVH |R322298
Ethylbenzene 1.3 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
o-Xylene 10 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes, m+p 93 0.02 mg/kg |07-SEP-05 [09-SEP-05 | DVH |[R322299
Xylenes 19 0.03 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
% Moisture 7.4 0.1 " % 07-SEP-05 {07-SEP-05 HDT |R321601

Refer to Referenced Information for Qualffiers (if any) and Methadology.
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Reference Information

Methods Listed (if applicable):

ETL Test Code Matrix Test Description Preparation Method Reference(Based On).  Analytical Method Reference(Based On)
ETL-BTX, TVH-CCME-WP Soil CCME BTEX CCME CWS-PHC Dec-2000 - Pub#
1310
ETL-TEH-CCME-WP Soil CCME Total Extractable CCME CWS-PHC Dec-2000 - Pub#
Hydrocarbons 1310
ETL-TVH,TEH-CCME-WP Sail CCME Total Hydrocarbons CCME CWS-PHC Dec-2000 - Pub#

1310
Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS PHC.
Hydrocarbon results are expressed on a dry weight basis.

In cases where resuits for both F4 and F4G are reported, the greater of the two results must be used in any applicaﬁon of the CWS PHC guidelines and the
gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons.

In samples where BTEX and F1 were analyzed, Fi-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes has been
subtracted from F1.

In samples where PAHSs, F2 and F3 were analyzed, F2-Naphth represents the resuit where Naphthalene has been subtracted from F2. F3-PAH represents a
resuit where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo(a,h)anthracene, Fluoranthene,
Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3.

Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:

1. All extraction and analysis holding times were met.

2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range.

Unless otherwise qualified, the foliowing quality control criteria have been met for the F2-F4 hydrocarbon ranges:

1. All extraction and analysis holding times were met.

2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average.

3. Instrument performance showing the C50 response factor within 30% of the average of the C10, C16 and C34 response factors.
4. Linearity of diesel or motor oil response within 15% throughout the calibration range.

** Laboratory Methods employed follow in-house procedures, which are
generally based on nationally or intemationally accepted methodologies.

Chain of Custody numbers:

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location Laboratory Definition Code Laboratory Location ?

WP Enviro-Test Laboratories - Winnipeg,
Manitoba, Canada

GLOSSARY OF REPORT TERMS

Surr - A surrogate is an organic compound that is simitar to the target analyte(s) in chemical composition and behavior but not normally
detected in enviromental samples. Prior to sample processing, samples are fortified with one or more surrogate compounds.

The reported surrogate recovery value provides a measure of method efficiency. The Laboratory warning units are determined under
column heading D.L.

mg/kg (units) - unit of concentration based on mass, parts per million

mg/L (units) - unit of concentration based on volume, parts per million

< -Less than

D.L. - Detection Limit

N/A - Result not available. Refer to qualifier code and definition for explanation

Test resuits reported relate only to the samples as received by the laboratory.

UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.

UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS. o
Although test results are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered preliminary.

Enviro-Test Laboratories has an extensive QA/QC program where all analytical data reported is analyzed using approved referenced
procedures foklowed by checks and reviews by senior managers and quality assurance personnel. However, since the results are
obtained from chemical measurements and thus cannot be guaranteed, Enviro-Test Laboratories assumes no liability for the use or
interpretation of the resuls.




PRELIMINARY RESULTS

TRANSPORT CANADA
ATTN: BILL FERGUSON

3 344 EDMONTON STREET
WINNIPEG MB R3C 0P6

AT

DATE: 12-SEP-05 04:08 PM

Date Received: 02-SEP-05

Lab Work Order #: 1313622 Sampled By:
Project P.O. #: RESOLUTE<TU2
Job Reference: 02-117-06
Comments:
APPROVED BY:
GERRY VERA
Project Manager

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ANY REMAINING SAMPLES WILL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU
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L313622-1 2+MN1
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 38 5 mg/kg 12-SEP-05
F1-BTEX 33 5 mg/kg 12-SEP-05
F2(C10-C16) 1600 5 mg/kg 12-SEP-05
F3(C16-C34) 780 5 mg/kg 12-SEP-05
F4 (C34-C50) 290 5 mglkg 12-SEP-05
Total Hydrocarbons (C6-C50) 2700 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 - YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 0.63 0.005 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
l Toluene 0.36 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH {R322299
Ethylbenzene 0.29 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
o-Xylene 1.5 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH {R322299
Xylenes, m+p 2.7 0.02 mg/kg 107-SEP-0503-SEP-05 | DVH |R322299
l Xylenes 42 0.03 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
% Moisture 6.3 0.1 % 09-SEP-05 |09-SEP-05 | HDT |R321711
| 13136222 2+MN2
Sampie Date: 28-AUG-05
Matrix: Soit
CCME BTEX + F1-F4
' CCME Total Hydrocarbons
F1(C6-C10) 40 5 mg/kg 12-SEP-05
F1-BTEX <5 5 mglkg 12-SEP-05
F2 (C10-C16) 3100 5 mg/kg 12-SEP-05
l F3(C16-C34) 920 5 mg/kg 12-SEP-05
F4 (C34-C50) 360 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 4400 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
. CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 6.3 0.005 mg/kg |07-SEP-05 |08-SEP-05 | DVH |R322299
' Toluene 18 0.01 mg/kg |07-SEP-05 (09-SEP-05 | DVH |R322299
Ethylbenzene 6.7 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
o-Xylene 17 0.01 mghkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes, m+p 34 0.02 mg/kg 07-SEP-05 09-SEP-05 | DVH [R322299
w Xylenes 51 0.03 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
% Moisture 8.0 0.1 % 09-SEP-05 [09-SEP-05 | HDT |R321711
l L313622-3 2+MN3
Sample Date: 28-AUG-05
Matrix: Soail
CCME BTEX + F1-F4
l CCME Total Hydrocarbons
F1(C6-C10) 760 5 mglkg 12-SEP-05
F1-BTEX 670 5 mg/kg 12-SEP-05
F2 (C10-C16) 4200 5 mg/kg 12-SEP-05
IL F3(C16-C34) 1100 5 mg/kg 12-SEP-05
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L313622-3 .2+MN3
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + Fi-F4
CCME Total Hydrocarbons
F4 (C34-C50) 440 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 6500 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 82 0.005 mg/kg |07-SEP-05 j09-SEP-05 | DVH | R322299
Toluene 25 0.01 mg/kg 07-SEP-05[09-SEP-05 | DVH |R322299
Ethylbenzene 8.1 0.01 mgkg |07-SEP-05 [09-SEP-05 | DVH | R3222¢9
o-Xylene 17 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH | R322299
Xylenes, m+p 35 0.02 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 52 0.03 mgkg |07-SEP-05 [09-SEP-05 | DVH |R322299
% Moisture 9.1 0.1 % 08-SEP-05 [09-SEP-05 HDT |R321711
L3136224 2+MN4
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 44 5 mg/kg 12-SEP-05
F1-BTEX 39 5 ‘ma/kg 12-SEP-05
F2 (C10-C16) <5 5 mg/kg 12-SEP-05
F3(C16-C34) 840 5 mg/kg 12-SEP-05
F4 (C34-C50) 320 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1200 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 0.36 0.005 mg/kg 07-SEP-05 |09-SEP-05 DVH |R32229¢
Toluene 0.19 0.01 mgkg 07-SEP-05 09-SEP-05 | DVH |R322299
Ethylbenzene 0.31 0.01 mgkg |07-SEP-05|09-SEP-05 | DVH |R322299
o-Xylene 16 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 25 0.02 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes 4.1 0.03 mgkg |07-SEP-05 |09-SEP-05 | DVH |R322299
% Moisture 6.2 0.1 % 09-SEP-05 |09-SEP-05 | HDT |R321711
L313622-5 2+MN5
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 160 5 mg/kg 12-SEP-05
F1-BTEX 130 5 mg/kg 12-SEP-05
F2 (C10-C16) 2000 5 mg/kg 12-SEP-05
F3 (C16-C34) 820 5 ma/kg 12-SEP-05
F4 (C34-C50) 320 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 3300 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05

CCME Total Extractable Hydrocarbons
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1313622-5 .2+MNS
Sample Date: 28-AUG-05
Matrix: Sait
CCME BTEX + F1-F4
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT | R322020
CCME BTEX
Benzene 1.8 0.005 mg/kg |07-SEP-0509-SEP-05 | DVH | R322299
Toluene 5.1 0.01 mgkg |07-SEP-05|09-SEP-05 | DVH | R322299
Ethylbenzene 20 0.01 mglkg |07-SEP-05|09-SEP-05 | DVH |R322299
o-Xylene 88 0.01 mg/kg  |07-SEP-05 [09-SEP-05 | DVH | R322299
Xylenes, m+p 15 0.02 mg/kg |07-SEP-05 |09-SEP-05 | DVH | R322299
Xylenes 24 0.03 mg/kg |07-SEP-05[09-SEP-05 | DVH | R322298
% Moisture 8.0 0.1 % 09-SEP-05 |08-SEP-05 | HDT {R321711
| L313622-6 .2+MN6
| Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 450 5 mg/kg 12-SEP-05
F1-BTEX 360 5 mg/kg 12-SEP-05
F2 (C10-C16) 3100 5 mg/kg 12-SEP-05
F3(C16-C34) 1400 5 mg/kg 12-SEP-05
F4 (C34-C50) 530 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 5500 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 6.5 0.005 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Toluene 21 0.01 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
Ethylbenzene 73 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
o-Xylene 18 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes, m+p 36 0.02 mgkg |07-SEP-05|09-SEP-05 | DVH |R322299
Xylenes 54 0.03 mglkg |07-SEP-05 |0S8-SEP-05 | DVH |R322298
% Moisture 72 0.1 % 09-SEP-05 [09-SEP-05 | HDT |R321711
L313622-7 2+MN10
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) a7 5 mg/kg 12-SEP-05
F1-BTEX 35 5 mg/kg 12-SEP-05
F2 (C10-C16) 220 5 mg/kg 12-SEP-05
F3(C16-C34) 150 5 mg/kg 12-SEP-05
F4 (C34-C50) 56 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 460 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 0.34 0.005 mglkg |07-SEP-05 09-SEP-05 | DVH |R322299
Toluene 0.06 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH [R322299
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1L313622-7 .2+MN10
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME BTEX
Ethylbenzene 0.29 0.01 mg/kg |07-SEP-05[09-SEP-05 | DVH |R322299
o-Xylene 0.37 0.01 mg/kg |07-SEP-0509-SEP-05 | DVH |R322299
Xylenes, m+p 1.0 0.02 mg/kg |07-SEP-05109-SEP-05 | DVH |R322299
Xylenes 14 0.03 mg/kg |07-SEP-05|09-SEP-05 | DVH | R322299
% Moisture 9.1 0.1 % 09-SEP-05 |09-SEP-05 | HDT |R321711
1.313622-8 2+MN11
Sample Date: 28-AUG-05
Matrix: Sail
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 150 5 mg/kg 12-SEP-05
F1-BTEX 130 5 mg/kg 12-SEP-05
F2 (C10-C16) 840 5 mg/kg 12-SEP-05
F3(C16-C34) 390 5 mg/kg 12-SEP-05
F4 (C34-C50) 140 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1500 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |[R322020
CCME BTEX
Benzene 32 0.005 mg/kg |07-SEP-05109-SEP-05 | DVH |R322299
Toluene 35 0.01 mg/kg |07-SEP-0509-SEP-05 | DVH |R322299
Ethylbenzene 12 0.01 mghkg |07-SEP-05 |[09-SEP-05 | DVH |R322299
o-Xylene 42 0.01 mghkg (07-SEP-05{09-SEP-05 | DVH [R322299
Xylenes, m+p 9.1 0.02 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes 13 0.03 mglkg |07-SEP-0509-SEP-05 | DVH |R322299
% Moisture 8.6 0.1 % 09-SEP-05 {09-SEP-05 | HDT |R321711
L313622-9 2+MN12
Sampile Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C8-C10) 370 5 mg/kg 12-SEP-05
F1-BTEX 310 5 mglkg 12-SEP-05
F2 (C10-C16) 970 5 mg/kg 12-SEP-05
F3(C16-C34) 310 5 mg/kg 12-SEP-05
F4 (C34-C50) 130 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1800 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 {12-SEP-05 HDT |R322020
CCME BTEX
Benzene 76 0.005 mglkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Toluene 15 0.01 mglkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Ethylbenzene 5.0 0.01 mg/kg [07-SEP-05 09-SEP-05 | DVH |R322299
o-Xylene 12 0.01 mgkg [07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 25 0.02 mghkg |07-SEP-05 j09-SEP-05 | DVH |R322299
L Xylenes 36 0.03 mg/kg |07-SEP-05 (09-SEP-05 { DVH |R322299
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l Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
' % Moisture 8.5 0.1 % 09-SEP-05 |09-SEP-05 | HDT |R321711
1.313622-10 2+MN7
Sample Date: 28-AUG-05
l Matrix: Sail
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 52 5 mg/kg 12-SEP-05
l F1-BTEX 49 5 mg/kg 12-SEP-05
F2 (C10-C16) 330 5 mg/kg 12-SEP-05
F3(C16-C34) 130 5 mg/kg 12-SEP-05
F4 (C34-C50) 42 5 mg/kg 12-SEP-05
l Total Hydrocarbons (C6-C50) 550 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 12-SEP-05 | HDT |R322020
' CCME BTEX
Benzene 0.32 0.005 mghkg {07-SEP-05 |09-SEP-05 | DVH |R322299
Toluene 0.06 0.01 mgkg |07-SEP-05|09-SEP-05 | DVH |R322299
Ethylbenzene 0.39 0.01 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
o-Xylene 12 0.01 mg/kg |07-SEP-05{09-SEP-05 | DVH |R322299
Xylenes, m+p 1.1 0.02 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 22 0.03 mg/kg [07-SEP-05 |09-SEP-05 | DVH | R322299
' % Moisture 12 0.1 % 09-SEP-05 (09-SEP-05 | HDT |R321711
£.313622-11 2+MN8
Sampie Date: 28-AUG-05
l Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 240 5 mg/kg 12-SEP-05
l F1-BTEX 220 5 mglkg 12-SEP-05
F2 (C10-C16) 1500 5 mg/kg 12-SEP-05
F3(C16-C34) 530 5 mglkg 12-SEP-05
F4 (C34-C50) 170 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 2400 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 [12-SEP-05 | HDT |R322020
' CCME BTEX
Benzene 29 0.005 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Toluene 26 0.01 mgkg |07-SEP-05 [09-SEP-05 | DVH |R322299
l Ethylbenzene 17 0.01 mgkg |07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 8.3 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 1.4 0.02 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes 9.6 0.03 mg/kg |07-SEP-05 [09-SEP-05 DVH |R322299
. % Moisture 75 0.1 % 09-SEP-05 [09-SEP-05 | HDT |R321711
L




2-117-06

ENVIRO-TEST ANALYTICAL REPORT

L313622 CONTD....
PAGE 7 of 9

1.313622-12 2+MN9
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 590 5 mg/kg 12-SEP-05
F1-BTEX 520 5 mglkg 12-SEP-05
F2(C10-C16) 3300 5 mg/kg 12-SEP-05
F3(C16-C34) 1000 5 mg/kg 12-SEP-05
F4 (C34-C50) 420 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 5300 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 6.9 0.005 mghkg |07-SEP-05|09-SEP-05 | DVH |R322299
Toluene 11 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Ethylbenzene 75 0.01 ‘mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
o-Xylene 23 0.01 mglkg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes, m+p 22 0.02 mghkg |07-SEP-05/09-SEP-05 | DVH |R322299
Xylenes 45 0.03 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
% Moisture 8.7 0.1 % 09-SEP-05 [09-SEP-05 | HDT |R321711
£313622-13 13MN13
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 80 5 mg/kg 12-SEP-05
F1-BTEX 59 5 mg/kg 12-SEP-05
F2 (C10-C16) 1000 5 mg/kg 12-SEP-05
F3 (C16-C34) 360 5 mg/kg 12-SEP-05
F4 (C34-C50) 180 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1600 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Anadlysis Dates 07-SEP-05 |12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 0.54 0.005 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
Toluene 17 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH {R322299
Ethylbenzene 12 0.01 mgkg |07-SEP-05 (09-SEP-05 | DVH |R322299
o-Xylene 6.8 0.01 mg/kg |07-SEP-05 {09-SEP-05 | DVH |R322299
Xylenes, m+p 11 0.02 mg/kg |07-SEP-05 |09-SEP-05 | DVH |R322299
Xylenes 18 0.03 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
% Moisture 74 0.1 % 09-SEP-05 [09-SEP-05 | HDT |R321711
L.313622-14 .13MN 14
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX +F1-F4
CCME Total Hydrocarbons
F1(C8-C10) 92 5 mg/kg 12-SEP-05
F1-BTEX 75 5 mg/kg 12-SEP-05
F2 (C10-C16) 1500 5 mg/kg 12-SEP-05
F3(C16-C34) 660 5 mg/kg 12-SEP-05
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.13MN14
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F4 (C34-C50) 260 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 2500 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |12-SEP-05 | HDT | R322020
CCME BTEX
Benzene 1.2 0.005 mg/kg |07-SEP-05|09-SEP-05 | DVH |R322299
Toluene 0.79 0.01 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Ethylbenzene 0.77 0.01 mgikg |07-SEP-05|09-SEP-05 | DVH |R322299
o-Xylene 6.1 0.01 mgkg [07-SEP-05|09-SEP-05 | DVH |R322299
Xylenes, m+p 76 0.02 mg/kg |07-SEP-05 [09-SEP-05 | DVH |R322299
Xylenes 14 0.03 mgkg |07-SEP-05 [09-SEP-05 | DVH |R322299
% Moisture 76 0.1 % 09-SEP-05 [09-SEP-05 | HDT |R321711
L313622-15 13MN15
Sample Date: 28-AUG-05
Matrix: Soil
CCME BTEX + F1-F4
CCME Total Hydrocarbons
F1(C6-C10) 260 5 mglkg 12-SEP-05
F1-BTEX 240 5 mg/kg 12-SEP-05
F2 (C10-C16) 970 5 mg/kg 12-SEP-05
F3 (C16-C34) 200 5 mg/kg 12-SEP-05
F4 (C34-C50) 60 5 mg/kg 12-SEP-05
Total Hydrocarbons (C6-C50) 1500 5 mg/kg 12-SEP-05
Chromatogram to baseline at nC50 YES 12-SEP-05
CCME Total Extractable Hydrocarbons
Prep/Analysis Dates 07-SEP-05 |[12-SEP-05 | HDT |R322020
CCME BTEX
Benzene 2.1 0.005 mghkg |07-SEP-05|09-SEP-05 | DVH |R322299
Toluene 0.65 0.01 mg/kg 07-SEP-05 |09-SEP-05 | DVH |R322299
Ethylbenzene 12 0.01 mg/kg |07-SEP-05 09-SEP-05 DVH | R322299
o-Xylene 8.1 0.01 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
Xylenes, m+p 1" 0.02 mgkg |07-SEP-05 |08-SEP-05 | DVH |R322299
Xylenes 19 0.03 mg/kg |07-SEP-05 09-SEP-05 | DVH |R322299
% Moisture 85 0.1 % 09-SEP-05 09-SEP-05 | HDT |R321711

Refer to Referenced Information for Qualifiers (if any) and Methadology.
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Reference Information

Methods Listed (if applicable):

ETL Test Code Matrix Test Description Preparation Method Reference(Based On)  Analytical Method Reference(Based On)
ETL-BTX, TVH-CCME-WP Soil CCME BTEX CCME CWS-PHC Dec-2000 - Pub#
1310
ETL-TEH-CCME-WP Soil CCME Total Extractable CCME CWS-PHC Dec-2000 - Pub#
Hydrocarbons 1310
ETL-TVH,TEH-CCME-WP Soil CCME Total Hydrocarbons CCME CWS-PHC Dec-2000 - Pub#

1310
Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS PHC.

Hydrocarbon results are expressed on a dry weight basis.

In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines and the
gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons.

In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluens, Ethyibenzene and total Xylenes has been
subtracted from F1.

In samples where PAHS, F2 and F3 were analyzed, F2-Naphth represents the resuft where Naphthalene has been subtracted from F2. F3-PAH represents a
result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fiuoranthene, Dibenzo(a,hjanthracene, Fluoranthene,
Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3.

Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:

1. All extraction and analysis holding times were met.

2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range.

Unless otherwise qualiified, the following quality controi criteria have been met for the F2-F4 hydrocarbon ranges:

1. All extraction and analysis hoiding times were met.

2. instrument performance showing C10, C16 and C34 response factors within 10% of their average.

3. Instrument performance showing the C50 response factor within 30% of the average of the C10, C16 and C34 response factors.
4. Linearity of diesel or motor oil response within 15% throughott the calibration range.

** Laboratory Methods employed follow in-house procedures, which are
generally based on nationally or internationally accepted methodologies.

Chain of Custody numbers:

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location Laboratory Definition Code Laboratory Location

WP Enviro-Test Laboratories - Winnipeg,
Manitoba, Canada

GLOSSARY OF REPORT TERMS

Surr - A surrogate is an organic compound that is simitar to the target analyte(s) in chemical composition and behavior but not normally
detected in enviromental samples. Prior to sample processing, samples are fortified with one or more surrogate compounds.

The reported surrogate recovery value provides a measure of method efficiency. The Laboratory waming units are determined under
column heading D.L.

mg/kg (units} - unit of concentration based on mass, parts per million

mg/L (units) - unit of concentration based on volume, parts per million

< -Less than

D.L. - Detaction Limit

N/A - Result not available. Refer to qualifier code and definition for explanation

Test results reported refate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS.,

Although test results are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered preliminary.

Enviro-Test Laboratories has an extensive QA/QC program where all analytical data reported is analyzed using approved referenced
procedures followed by checks and reviews by senior managers and quality assurance personnel. However, since the results are
obtained from chemical measurements and thus cannot be guarantsed, Enviro-Test Laboratories assumes no liability for the use or
interpretation of the resuits.
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Transport Canada File No.: 02-117-06
3rd Floor 344 Edmonton Street Reference No.: 2-117-6-1
Winnipeg, Manitoba
R3C 0P4
ATTENTION:
PROJECT: RESOLUTE BAY FTA REMEDIAL WORK
DATE SAMPLED: - SAMPLED BY: ENG-TECH TYPE OF SAMPLE: GRAB
DATE RECEIVED: - DATE TESTED: Sept 22/03 SOURCE: LTU-2
SAMPLE DESCRIPTION:
SAND SIZES GRAVEL SIZES SG - Sandy Gravel, fine to coarse
CLAY & SILT FINE MEDIUM lOOARSE FINE I COARSE gralned'
APPROXIMATE EQUIVALENT IMPERIAL SIEVE
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80 G All gravel over 25 mm had been
g( removed prior to sampling.
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PARTICLE SIZE (mm)

-&>= Aggregate as prepared and tested

PARTICLE PERCENT SPECIFICATION cc:
SIZE (mm) PASSING LOW HIGH
25.0 100.0

16.0 81.1
12.5 72.4
10.0 63.9
5.0 44.5
25 33.0
1.25 26.6
0.630 23.3
0.315 213
0.160 17.8
0.080 12.2
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ENG-TECH Consulting Limited

per:

Clark Hryhoruk, M.Sc., P. Eng., Principal
Ph: (204) 233-1694, Fx: (204) 235-1579
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