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ABSTRACT

Petroleum-contaminated sites are a common occurrence in today’s environment. One
such site in Saskatchewan consists of an earthen pit excavated in the ground and filled
with petroleum waste (used oil, gasoline, diesel fuel, paint thinners). This pit was in use
for approximately 20 to 25 years. When environmental regulations in Saskatchewan
started to become more stringent, the process of disposing of wastes in the pit was
discontinued and the remainder of the pit was filled with soil. The organization that
owns the site is now considering moving its operation to a new site and must
decommission the existing site. As part of the decommissioning of the site, it must

remediate the waste oil disposal pit.

It was determined, based on field investigation and study, that bioremediation was a
suitable alternative for remediation of the contaminated soil in and around the pit.
Bioremediation has been used extensively to remediate petroleum-contaminated soil.
Many different methods of bioremediation are available. One method that has shown
considerable potential, but has not received widespread use is, composting. Therefore, it
was decided to conduct a bench scale treatability study to assess the potential for

successful bioremediation of the site using composting.

Two reactors were set up; both contained a nutrient amendment (ammonium phosphate
fertilizer). One reactor also contained a high-energy source (a mixture of grass clippings
and sheep manure) and the other reactor did not. The high-energy source was added in
an effort to determine if the composting process could be accelerated by the addition of

these abundantly available waste materials.



The results of the study showed that the site could be remediated using composting.

Based on the results of the treatability study, the half-life of the petroleum hydrocarbons
at the subject site was estimated to be 36.3 days and 121.6 days with the addition of a
high energy source (Reactor 1) and without the addition of the high energy source
(Reactor 2), respectively. Based on the half-life of the contaminant in each reactor, it was
estimated that it would take approximately 192 and 643 days to remediate a volume of

soil using the amendments of Reactors 1 and 2, respectively.
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CHAPTER ONE

INTRODUCTION

1.1 General

Petroleum-contaminated sites are common in today’s environment. Sites become
contaminated with petroleum through various avenues, including releases from
underground and/or aboveground storage tanks, improper disposal of waste lubricating
oils, accidental releases from petroleum handling facilities (e.g. tank farms, pipelines,
etc.), and spills (while transporting, loading/unloading). With regulatory agencies
becoming more concerned with the release of petroleum products into our environment,
there is a growing need to develop more effective and less expensive technologies to

remediate the petroleum-contaminated soils from these sites to acceptable standards.

There are numerous technologies available to remediate petroleum-contaminated sites to

acceptable standards. The selection of a suitable method for the remediation of a



contaminated site depends on such factors as site characteristics, hazardous waste

characteristics, regulatory guidelines and cost.

12  Background

During the early 1960's, a company in Saskatchewan, Canada excavated a pit on their
property and used it to dispose of petroleum wastes such as used oil, gasoline, diesel fuel
and paint thinners. At the time, there were few environmental restrictions on such
practices, and the company found this was the least costly option to dispose of such
wastes. This practice continued until the early 1980's when environmental regulations
concerning the disposal of hazardous wastes started becoming more stringent.
Regulations (Hazardous Substances and Waste Dangerous Goods Regulations) for the
disposal of hazardous materials, including petroleum hydrocarbons, were introduced in
the early 1980’s. The practice was discontinued and the remainder of the pit was filled in
with soil. The company is now planning to move their operation to a new site and, as
part of the decommissioning of the existing site, it must remediate the area of the waste

oil disposal pit to comply with current regulatory guidelines in Saskatchewan.

The company did not keep records of the types and amount of wastes that were deposited
in the pit and, although the waste pit was intended for disposal of waste petroleum
products only, the company was unsure of the type of contaminants that may be present.

In addition, the company was uncertain of the exact location and dimensions of the pit.

A site investigation and laboratory analyses program was conducted to determine the
types of contaminants present in the pit, the approximate dimensions of the pit, and the

areal extent and depth of contaminated soil in the vicinity of the pit.
2



The field investigation consisted of two phases. The first phase involved drilling 21 test
holes to depths between 4.6 m and 10.7 m in the assumed area of the pit. These test holes
were drilled to obtain samples for characterization of the waste contained in the pit (i.e.
the types and concentrations of contaminants) as well as to provide an estimate of the
areal extent and depth of impacted soil. The second phase of test drilling involved
drilling an additional 40 test holes to depths between 1.5 m and 6.1 m within and around
the estimated boundaries of the pit. Samples were not taken from these test holes because
they were drilled strictly for the purpose of refining the estimated physical boundaries of
the pit and the estimated extent of impacted soil based on visual and olfactory evidence
of impacted soil and the results of ambient temperature headspace measurements. The

locations of the test holes and the estimated boundaries of the pit are shown in Figure 1.1.

The bore hole logs (Appendix A) indicated that the soil stratigraphy at the site consisted
of clay till and/or lacustrine clay over silty sand. The clay till was medium plastic and
was generally in a moist and very stiff condition. The clay fill was highly plastic,
although there were some more sandy and less plastic zones. It was generally in a moist
and very stiff condition, although some more moist and less stiff areas were encountered.
The sand was weathered (brown) and was generally in a moist and dense condition.

Significant petroleum odour and staining were observed at many of the test holes.

The site hydrogeology consisted of two aquifer formations situated on top of one another
and separated by a clay till aquitard. The upper aquifer consists of the fine sand
encountered in the lower part of the deeper test holes drilled at the site. This aquifer is
approximately 10m to 25m thick (Maathuis and van der Kamp, 1988). It generally
changes from a fine grained, silty sand to a coarse grained sand with some gravel. The

3
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Figure 1.1:  Site plan showing locations of test holes and boundaries of pit



piezometric surface lies approximately 20m below the ground surface and groundwater

flow is toward the west-southwest (Maathuis and van der Kamp, 1988).

The lower aquifer is approximately 23 m to 50 m below the ground surface and varies in
thickness from 4 m to 40 m (Maathuis and van der Kamp, 1988). It is generally
composed of medium sized sand particles with some gravel. The aquifer is under
artesian pressure with a piezometric surface which lies approximately 30m below the
ground surface. Groundwater flow is to the south-southwest (Maathuis and van der

Kamp, 1988).

Seventy-eight soil samples were selected for laboratory analyses of potential
contaminants. The analyses consisted of the following contaminants: total petroleum
hydrocarbons (TPH), benzene, toluene, ethylbenzene, xylenes (BTEX), total semi-
volatile hydrocarbons (TSH), phenoxy neutral herbicides, phenols, polychlorinated
biphenyls (PCBs), heavy metals and trace elements, ethylene glycol and extractable
organic chlorine (EOCI). Table 1.1 presents the number of samples analyzed for each of

the contaminants.

Table 1.1: Number of soil samples analysed for each potential contaminant

Parameter Number of Samples Analysed
TPH 78
BTEX 11
TSH 19
Phenoxy-neutral Herbicides 7
Phenols 7
PCBs 4
Heavy Metals and Trace Elements 4
Ethylene Glycol 4
EQCI 4




Saskatchewan Environment and Resource Management's (SERM's) “Risk-Based
Corrective Actions at Petroleum Contaminated Sites” (1995) and the Canadian Council
of Ministers of the Environment (CCME) “Interim Canadian Environmental Quality
Criteria for Contaminated Sites” (1991) were used to assess the analytical results and the
requirement for site remediation. These two sets of guidelines are intended to provide a
basis for assessment and remediation of contaminated property, depending upon the
intended use of the property, such as agricultural, residential/parkland or

commercial/industrial.

The present land use in the area surrounding the site primarily consisted of agriculture
with several commercial operations and one residential holding located north and south
of the site, respectively. In addition, it was considered possible that following closure of
the site, the site could be converted to a passive park area. Therefore, the analytical
results were evaluated using Saskatchewan Environment and Resource Management
(SERM) residential/parkland criteria which were the most stringent criteria in

consideration of the existing surrounding land use and anticipated future land use.

An examination of the gas chromatographs from the TSH analyses indicated that
gasoline, paint thinners, diesel fuel, lubricating oil and/or crude oil were the primary
petroleum compounds found in the soil samples. Table 1.2 presents a summary of the

different types of petroleum hydrocarbons found based on test hole number and depth.



Table 1.2: Types of petroleum hydrocarbons present in soil

. TestHole Depth(m)
1 33
2 2.2
3 1.5
6 3.8
7 3.8
9 3.0
10 3.8
B 5.0
12 23
16 6.1
17 3.0
18 53
20 38
21 5.3

_ ... Type of Petroleum Hydrocarbon
Gasoline, paint thinners, diesel fuel, lube oil
Gasoline, paint thinners, diesel fuel, lube ol
Gasoline, paint thinners, diesel fuel, lube oil
Gasoline, paint thinners, diesel fuel, lube oil
Gasoline, paint thinners, diesel fuel, lube oil
Gasoline, paint thinners, diesel fuel

Gasoline, paint thinners, diesel fuel, crude oil

Diesel fuel

Diesel fuel

Diesel fuel, lube

Gasoline, paint thinners, diesel fuel, lube oil
Gasoline, paint thinners, diese] fuel, lube oil

Diesel fuel

Diesel fuel, lube oil

Total petroleum hydrocarbon concentrations were above the 1,000 ppm guideline

(SERM, 1995) in approximately 67 percent of the samples analyzed. The highest

concentration was 270,000 ppm which was observed in Test Hole | at a depth of 3.8 m.

The lowest concentration was 4 ppm which was observed in Test Holes 13 and 19 at
depths of 3.8 m and 1.5 m, respectively. TPH concentrations generally exceeded the
guideline value at depths of between .5 m and 6.1m, at the majority of the test holes
which were sampled (Test Holes 1 to 21), although, some test holes did have
concentrations above the guideline value outside of this depth range. The weighted
average TPH concentration was calculated for each test hole. The weighted averages at

the test hole locations were averaged to obtain an average TPH concentration of 31,051

ppm over the site. Table 1.3 presents data on TPH concentrations.



Table 1.3: TPH concentrations in soil

Test Sample TPH Weighted Test Sample TPH Weighted
Hole Depth  Concentration  Ave. TPH Hole Depth Concentration  Ave. TPH
(m) (ppm) Concentration (m) (ppm) Concentration
in Test Hole in Test Hole
(ppm) (ppm)
1 1.5 1,110 12 2.3 18,600
2.2 15,000 3.8 73,000 67,413
3.8 270,000 91,280 53 213,000
6.8 79,600 6.1 106
7.6 34,000 13 23 1,020
9.1 12 4.6 <4 1,537
2 1.5 6,890 53 8,000
38 160,000 80,189 6.1 14
53 110,000 14 3.8 47,000
6.1 101,000 6.1 36,400 28,888
3 23 19 7.6 3,160
3.8 119 46 10.7 17
4.6 11 15 23 63 49
4 1.5 140,000 4.6 5
2.3 1,940 58,484 16 1.5 1,200
4.6 16 23 239
S 23 681 4.6 103,000 28,754
3 6,000 14,632 | 53 21,000
5.3 37,400 i 6.1 16,500
6.1 51,200 17 2.3 4,700
6 1.5 73 3.0 39,600 12,073
4.6 71,000 26,809 4.6 5,200
6.1 24 5.3 37
7 2.3 2,100 18 23 37,000
53 68,600 27,134 3.0 1,880 44,016
6.1 68,000 53 97,800
8 3.8 66 6.1 40,100
4.6 60 3,406 19 0.8 640
7.6 17,000 1.5 4 169
9 23 9,500 4.6 22
4.6 86,900 40,801 20 0.8 139
6.1 68,000 1.5 5,000 2,962
10 3 26,000 42,711 3.8 3,840
5.2 105,000 4.6 31
11 3 7,600 21 23 39,000
38 144,000 3.0 124,000
4.6 117,000 53,465 4.6 1,550 56,480
53 154,000 53 129,000
6.1 212 6.1 124




BTEX and phenol concentrations were above the SERM (1995) and CCME (1991)
criteria for residential/parkland land use in the samples from Test Holes 1 (3.3 and 3.8m),
2(2.2m), 12 (3.0m), 14 (3.0m), 17 (3.0m) and 21 (5.3m) (Table 1.4). This indicated that

there were high concentrations of volatile petroleum hydrocarbons present in the soil.

Table 1.4: BTEX and phenol concentrations (ppm) in soil

.. TestHole =~ Benzene Toluene Ethylbenzene Xylenes Phenols

t (3.3 and 3.8m) 47 36 37 835
2(2.2m) 1 5.5 26 25

12 (3.0m) 95 6.0 36

14 (3.0m) 5.1

17 (3.0m) 2.3 97
215.3m) 1.5

SERM residential/parkiand 0.5 3.0 5.0 5.0 ---

criteria

Ethylene giycol, PCB and trace element concentrations (Appendix B) were below method

detection limits and were, therefore, not of concern.

Results of the solvent scan, herbicide scan, and EOCI scan (Appendix B) were below or
very near the method detection limits and, therefore, these parameters were not of

concem.

The boundaries of the pit were estimated by a visual examination of the soil to determine
the presence of fill soil. The transition from fill soil to native soil was assumed to be the
boundary of the pit. The estimated boundary of the pit was approximately as shown in
Figure 1.1. The boundary of the pit consisted of two portions; a long narrow section to
the north, 15m wide by 40m long, and a wider, trapezoidal shaped section to the south,

28m by 28m.



The areal extent and depth of the contaminated soil requiring remediation was estimated
using TPH values. Based on the values presented in Table 1.3, the estimated volume of

soil requiring remediation was 8,000 m”.

A preliminary feasibility analysis was conducted for the subject site in 1995
(Viraraghavan et al). The feastbility study evaluated various technologies for
remediation of the site. Costs from the literature used for analysis of several remediation
alternatives are shown in Figure 1.2. From the preliminary feasibility analysis, it was
determined that bioremediation should be examined further for remediation of the

contaminated soil from this site.

Treatment Costs (1994 CANS per m’!: Ranges and Medians

Incineration 8@ . ... o .. 975~ - 1600 ]

160. ~ 350: - 6(Q |Hazardous Waste Landfill
5000 Thermal Adsorption

150 (250" 1350 Soil Washing
40 150 Bioremediation

__ L .
[0 $400 $800 $1200 __ $1600

Figure 1.2: Treatment Costs for Petroleum Contaminated Soil (Leahy and Brown,
1994)

An analysis of several bioremediation alternatives was then conducted in order to choose
the option that could be used to remediate the site at the lowest possible cost and within a
reasonable length of time. The aiternatives that were evaluated were landfarming,

composting, accelerated composting (biopile composting) and enhanced
10



biopile/biofiltration. It was determined that accelerated composting would provide most

effective remediation at a reasonable cost.

1.3  Objectives of the Study

The objective of this study was to conduct a bench-scale biotreatability study using a
composting process which would demonstrate a reduction in the concentration of the
petroleum hydrocarbons (presumably to below the SERM guideline criteria). The
components of the study used to acheive the overall objective were as follows:

1. analysis of the nutrients in the soil and the need for nutrient additions;

2. identification of the presence and types of hydrocarbon degrading bacteria

in the petroleum hydrocarbon contaminated soil at the site;
3. enumeration of the bacterial population; and

4. evaluation of the contaminant half life.

1.4  Scope of the Study

The scope of the study included a review of literature on bioremediation of contaminated
soil using the composting process. Laboratory studies were conducted to determine
whether or not the concentration of petroleum hydrocarbons in the soil could be reduced

to below the SERM guideline value of 1000 ppm.

11



CHAPTER TWO

REVIEW OF LITERATURE

2.1 Genersl

The literature review is presented in three sections. The first section discusses the
development of composting of petroleum-contaminated soil. The second section of the
literature review covers the important factors which determine the efficiency of
composting operations. The third and fourth sections outline the procedures for
conducting treatability studies, and the degradation kinetics used to predict final cleanup

levels for bioremediation processes, respectively.

2.2  Development of Composting
2.2.1 Definition of Composting

In order to understand the composting process one must first define composting. There is
no universally accepted definition of composting. Haug (1980) defined composting as

follows:

12



“biological decomposition and stabilization of organic substrates under conditions which
allow development of thermophilic temperatures as a result of biologically produced
heat, with a final product sufficiently stable for storage and application to land without
adverse environmental effects .

This definition is basically accurate with reference to composting municipal wastes;
however, it may not be totally accurate when considering the composting of hazardous
wastes. Cookson (1995) reported that composting of some hazardous compounds does
not require the higher temperatures that are typical in composting municipal wastes and
which are required for the destruction of pathogenic organisms. He further stated that if
no pathogenic organisms are associated with the wastes, then the higher temperatures are
not necessary. In fact, he stated that composting of hazardous compounds had been
successfully pilot tested at ambient temperatures. Considering the above, it appears that
composting need not allow the development of thermophilic temperatures as stated by
Haug (1980). The definition of composting given by Golueke (1977) may be more
appropriate for application to composting of both hazardous and non-hazardous wastes.
“Composting is a method of solid waste management whereby the organic component of
the solid waste stream is biologically decomposed under controlled conditions to a state
in which it can be handled, stored, and/or applied to the land without adversely affecting

the environment .

2.2.2 Process Description

Composting is a natural process whereby microbiological transformations, known as
bioremediation, convert hazardous materials to harmless inorganic products in a simple,
inexpensive and environmentally safe manner (Williams and Myler, 1990). Until
recently, composting has been used primarily to treat wastewater sludges, processing

wastes and municipal refuse. The primary reasons for composting these materials are to
13



reduce moisture content and volume, to destroy pathogens and odour-producing nitrogen
and sulphur-containing compounds, and to stabilize the waste for ultimate disposal or use
as a marketable product. The objective in composting hazardous materials is to convert
the hazardous substances into innocuous end products. In general, no matter what the
material being composted, the composting process employed is virtually the same.

However, the shift in objectives between composting non-hazardous wastes and
hazardous wastes requires that a more tightly controiled and aggressive approach be

employed for composting hazardous wastes.

Modern composting systems are usually divided into three types: windrow, aerated static

pile (biopile) and in-vessel. Each is described below.

Windrow System

In the windrow composting system (Figure 2.1), the contaminated soil is usually mixed
with a bulking agent to facilitate air permeation through the soil. Other items that may be
mixed with the soil and bulking agents include fertilizer or nutrients from other sources,
organic material (such as municipal waste, animal wastes, grass clippings, leaves) and
bacterial innoculants. The purpose of the addition of these materials is described later in
this chapter. The mixture is then distributed in long rows on an impervious liner. The
rows are typically 1.2m to 1.5m in height and 3.0m to 3.7m in width. The length of the
rows will vary depending upon the land available for the process. The rows of
contaminated soil are mixed or turned daily to maintain an aerobic condition by
convective air flow and diffusion. Mixing is usually done using a front-end loader or
specially designed equipment. Front-end loaders are generally less expensive than

specially designed equipment, however, the quality of the mix is usually better (i.e.

14



nutrients are mixed better and aeration is better) when specially designed equipment is

used.

The rows of contaminated soil are usually constructed on an impervious liner to prevent
the contaminant(s) from seeping into the native soil and into groundwater systems. Some
berming or ditching may also be required around the area to prevent contaminants from

moving off-site and entering surface waters.

Material to be
composted
placed in

windrows

Figure 2.1: Windrow composting system (Tchobanoglous, 1993)

Static Pile System

The static pile composting system (Figure 2.2) uses forced aeration to maintain aerobic
decomposition in a much larger pile mass than is possible with the windrow system
(Cookson, 1995). Aeration is typically provided by a system of perforated pipes installed
under the static pile(s). The contaminated soil is mixed with various amendments as

described for the windrow system and placed in piles over the perforated pipe. The
15
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Figure 2.2: Static pile composting system (Albrecht, 1983)

perforated pipes are connected to a non-perforated header pipe which is connected to fans
which either draw air or force air through the pile. It is preferrable to draw air through
the pile as this will allow treatment of volatile emissions. [n a system which forces air
through the pile, the system of pipes may be covered with a layer of highly permeable
material such as wood chips or gravel to allow the air being released from the pipes to be
more evenly distributed under the pile. This will allow more even percolation of air
through the pile. The piles can be up to 6 m in height. The height of the piles is limited
by the capabilities of the front-end loader or backhoe that is used in their construction. As
with the windrow system, the piles are usually constructed on an impervious liner to
prevent the contaminant(s) from seeping into the native soil and into ground water
systems. Some berming or ditching may also be required around the area to prevent

contaminants from moving off-site and entering surface waters.

In-vessel System
The process used for in-vessel composting is identical to that described in windrow and

static pile composting. The mixture is placed inside enclosed reactors where the actual
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composting takes place. The major advantage is that ditches, berms, etc. are not required
due to the enclosed reactor, however, in-vessel operations do not allow the degree of
process flexibility of the open systems (Cookson, 1995). For example, if a matenal
handling problem such as compaction of the mix in the vessel should occur, correction by

remixing with the front-end loader is not an option (Cookson, 1995). Therefore, most in-
vessel systems use sophisticated mixing equipment and, hence, are very expensive. In-
vessel composting uses pug mills and plow blade mixers for mixing, and belt conveyors,
screw conveyors, cleated belt conveyors and drag conveyors for material transport.

There are two types of in-vessel composting reactors: plug flow (horizontal (Figure 2.3)

and vertical (Figure 2.4)) and agitated-bed reactors (Figure 2.5). In plug flow reactors,

Mix

Hydraulic Ram ———- Compost
Aeration Header |
Reversible Air Flow
Mix Mobile Agitator mmeliie-C ompaost

and Discharger -

Aeration Header
Reversible Air Flow

Figure 2.3: Horizontal-bed in-vessel composting reactor (U. S. EPA, 1989)



the mixing is such that the mix moves either from top to bottom or horizontally through
the reactor chamber (Cookson, 1995). Most vertical plug flow reactors use a screw for
material discharge (Cookson, 1995). In horizontal plug flow reactors, the matenal is
transported by a moving floor or a hydraulic door (Cookson, 1995). The agitated bed
reactors use mechanical mixing to mix the compost either in place or as it moves through

the reactor (Cookson, 1995).
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Figure 2.4: Vertical-bed in-vessel composting reactor (U. S. EPA, 1989)
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Figure 2.5:  Agitated-bed in-vessel composting reactor (U. S. EPA, 1989)

2.2.3 Soil Contamination

The three most common types of hazardous materials released to the environment in

decreasing order are petroleum products, creosote and volatile organic compounds

(Cookson, 1995).

The widespread usage and storage of petroleum products have made them the most

widespread soil and groundwater contaminant (Cookson, 1995). Leaking underground

storage tanks have been cited as one of the most common sources of soil and

groundwater contamination (Demque, 1994). It is estimated that across Canada there are

200,000 underground storage tanks installed, and as many as 30,000 may be leaking

products into the underground environment (Demque, 1994).
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2.2.4 Disposal of Contaminated Soil in Saskatchewan

In Saskatchewan, contaminated sites are evaluated using the SERM *Risk Based Corrective
Actions for Petroleum Contaminated Sites in Saskatchewan (SERM, 1995).” The
guidelines allow two methods of evaluating contaminated sites. One method is to evaluate
the need for and degree of cleanup based on a risk assessment, and the other method is to
evaluate these requirements based on future land use. Table 2.1 presents the future land use
criteria published by SERM.

Table 2.1: SERM future land-use criteria (SERM, 1995)

Analyte ue/e
Agricultural Residential/Parkland ~ Commercial/Industrial
Benzene 0.05 0.5 5.0
Toluene 0.1 3.0 30
Ethylbenzene 0.1 5.0 50
Xylenes 0.1 5.0 50
Lead 375 500 1,000
TPH 1,000 1,000 1,000

Until approximately ten to fifteen years ago, landfilling was the most common method of
disposing of contaminated soil. However, regulatory agencies are imposing greater
restrictions on the disposal of contaminated soil in landfills. Landfilling of contaminated
soil without some kind of treatment is no longer an acceptable form of disposal. Many
landfilis are setting up treatment facilities (usually bioremediation) to treat petroleum-
contaminated soils. However, most landfills have an upper limit for the concentrations of
petroleum in the soil that they will accept for treatment. The limit in Saskatchewan is 2
percent by weight or 20,000 ug/g. Soil with a petroleum hydrocarbon concentration
greater than 20,000 pg/g usually requires the soil to be treated on-site or excavated and
transported to a hazardous waste treatment facility. Off-site disposal at a hazardous

20



waste treatment facility is usually very expensive. On-site treatment (usually ex-situ,
biological treatment) is usually chosen because it is less expensive and eliminates the
liability associated with the transportation of hazardous waste; however, it usually

requires extensive permitting and regulatory approvals.

2.2.5 Chemical Nature of Petroleum Products

There are many different types of petroleum products, such as gasoline, diesel fuel, crude
oil, solvents, pesticides, PCBs, PCP, and paint thinners. All these products are made of
hydrocarbon compounds, which are, as the name implies, chemical compounds made up
of hydrogen and carbon atoms (Rowell ef al., 1992). The carbon atoms are linked
together in chains, in a ring, or in more than one ring (polycyclic hydrocarbons) (Rowell
et al., 1992). Petroleum products such as gasoline, diesel fuel and crude oil are
sometimes grouped according to their “carbon number”. The carbon number is simply
the number of carbon atoms in a molecule of the product (Rowell et al,, 1992). For
example C10 is a product that has 10 carbon atoms in one molecule of the product.

Gasoline is typically in the C1 to C9 range, diesel fue! is typically in the C10 to C20, and

crude oils are in the C21 to C30 range.

The composition of petroleum products varies with such factors as their origin, method of
storage, treatment, and weathering conditions. Regardless of its source, a single
petroleum product is usually made up of a large mixture of hydrocarbon compounds. For
example, regular gasoline contains approximately 50 different hydrocarbon compounds

(Cookson, 1995).

The focus of this research is degradation of gasoline, diesel fuel, used lubricating oil and

small amounts of paint thinners and crude oil. The most common types of hydrocarbon
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structures contained in petroleum products such as these are aliphatic hydrocarbons and

aromatic hydrocarbons.

2.2.5.1 Petroleum Aliphatic Hydrocarbons
Aliphatic hydrocarbons are straight or branched-chain hydrocarbons of various lengths
(Cookson, 1995). They are divided into the families: alkanes, alkenes, alcohols,

aldehydes, ketones, acids, and alkynes. Typical structures are shown in Figure 2.6.

H H H H H H H H H
|1 | | | |
H(IZ—ClI —(IJH HC = CH HCI —(IZ — OH HC —CIJ =0
H H H H H H
ALKANE ALKENE ALCOHOL ALDEHYDE
propane ethylene ethanol acetaldehyde
H O H H O
o |
H(li—C "-C'H H(li"-C"‘ OH HC = CH
H H H
KETONE ACID ALKYNE
acetone acetic acid "acetylene

Figure 2.6: Petroleum aliphatic hydrocarbons (Cookson, 1995)

2.2.5.2 Aromatic Hydrocarbons

Aromatic hydrocarbons contain the benzene ring as the parent hydrocarbon. The benzene
ring is represented by double bonds between alternate carbon atoms (Figure 2.7).
Benzene ring compounds are further divided into monocyclic aromatic hydrocarbons

(MAHSs) and polycyclic or polynuclear aromatic hydrocarbons (PAHs). The MAHs are
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those that contain a single benzene ring. These consist of benzene, toluene, ethylbenzene
and xylene (BTEX) compounds. Typical structures of MAHs are shown in Figure 2.8.

PAHs are those compounds where several benzene rings are joined at two or more ring
carbons. The hydrogen may or may not be substituted by other compounds. Some of the
more common substitutes are chloro (CI), bromo (Br), iodo (I), nitro (NO,), and cyano

(CN). Structures of some common PAHs are shown in Figure 2.9.

I OR OR

Figure 2.7: Benzene ring (Cookson, 1995)
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Benzene Toluene m-Xylene Ethylbenzene

Figure 2.8: Single-ring aromatic hydrocarbons (Cookson, 1995)
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2.2.6 Microbial Decomposition of Petroleum Hydrocarbons by Bioremediation

Bioremediation is a process in which microorganisms in the soil convert complex
organic materials (such as petroleum hydrocarbons) into cell biomass and other non-toxic
by-products such as carbon dioxide (CO2) and water (H20). This is accomplished through
a catalyzed oxidation-reduction reaction in which the catalyst (enzyme), supplied by the

microorganism, causes the destruction of the contaminant.

Detailed environmental control is necessary for the catalyst production and the desired
reaction (Cookson, 1995). Therefore, successful bioremediation, requires a tightly
controlled process with the presence of a suitable energy source, an electron donor-
acceptor system, and adequate nutrients and moisture level. The appropriate combination

of these conditions is critical to the performance of the bioremediation process.

In a bioremediation process, microorganisms in the soil obtain energy by metabolizing
the organic compound (contaminant). Indigenous microorganisms can readily degrade
the naturally occurring organics in a soil. However, contaminated soils may contain
man-made organics which are more difficult to degrade. Therefore, the indigenous
microorganisms in the soil must first acclimate themselves to the man-made chemicals
before the degradation process can occur. As the microorganisms become acclimated to
the contaminant, they will start to reproduce and the biodegradation rate will gradually

increase.

Bioremediation has been shown by numerous researchers to be a viable method for
remediating soil contaminated with petroleum products (Albrecht et al., 1983, Beaudin,
et al., 1996, Demque, 1994, Pruess and Saberiyan, 1996, St. Cyr et al., 1992,).

Bioremediation technologies usually result in the lowest cost method of remediation if
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the contaminant of concern is biodegradable and the biological processes are optimized.

Optimization of the processes can require significant scientific analyses and testing but, if
found to be an appropriate method for remediating the contaminant of concern, usually
results in the lowest cost when compared with technologies such as incineration, thermal
adsorption, soil washing, or excavation and disposal at a hazardous waste disposal facility

(Leahy and Brown, 1994).

23  Factors Affecting Composting
Composting of hazardous wastes is essentially the same process that is used in
composting of municipal wastes. The objective in composting of hazardous wastes is to
create an ideal environment, in either the windrow, static pile or enclosed reactor, in
which the indigenous microorganisms will biodegrade the petroleum contaminants in the
soil to innocuous carbon dioxide, water and organic matter (humus). Before the
composting operation can begin, many factors must be considered to ensure that a
favourable environment exists. The factors affecting composting can be grouped into the
headings “physical”, “chemical” and “nutritional”. These factors include the following:

e substrate (nutritional)

¢ nutrients (nutritional)

e temperature (physical)

¢ pH (chemical)

e moisture content (physical)

e aeration (physical, chemical)

o bulking agent (physical)
Of the above factors aeration is the most critical (St-Cyr et al, 1992). The rate of
biodegradation is proportional to the rate of aeration (St-Cyr et al., 1992).
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2.3.1 Substrate

The physical and chemical nature of the substrate is one of the most important factors in
determining the rate and potential success of the biodegradation of the waste. Substrate
simply refers to the presence and accessibility of organic food sources. The organic food
source in a hazardous waste composting system is usually the contaminant of concern
(e.g. petroleum products). In composting of municipal solid waste, the waste usually
provides the organic food source and the energy (thermal) source. However, most
hazardous wastes do not contain a high enough concentration of organic material to
sustain composting and, therefore, require the waste to be mixed with another material
which contains a high concentration of organic material such as grass clippings, animal
manures, etc. The highly organic/biodegradable material serves as a high energy
(thermal) source for microorganisms which provide the microbial heat generation which
is required for destruction of pathogenic organisms present in some wastes (both
hazardous and non-hazardous). If no pathogenic organisms are present (as is the case in
this thesis) in the contaminated waste, elevated temperatures are not required. Cookson
(1995) states that composting of hazardous waste has been successfully pilot tested at

ambient temperatures.

2.3.2 Nutrients

Microorganisms require inorganic nutrients for growth and reproduction. Carbon (C),
nitrogen (N), phosphorus (P) and potassium (K) are the macronutrients required for the
growth of microorganisms. Trace nutrients are also required, but if the optimum N:P:K
ratio is satisfied then the amount of trace nutrients is usually satisfied as well (Demque,
1994). The typical N:P:K ratio is 100:10:1 (Pruess and Saberiyan, 1996). Typically, the

rate limiting nutrients are N, P and K (Cookson, 1995). Nutrient deficiencies are usually
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corrected by adding nutrient sources such as normal lawn or agricultural fertilizer.

Carbon is supplied by the hazardous waste being composted.

2.3.3 Temperature

The common belief is that composting must involve the development of high
temperatures (in the 50 to 60 °C range) in order to be effective. It has been stated that
composting can be successful under ambient temperature conditions (i.e. 20 to 30 °C)
(Cookson, 1995). Furthermore, the development of high temperatures is not necessary
when composting some hazardous wastes, such as petroleum products, because
pathogenic organisms are not present. Cold temperatures, such as those experienced in
Saskatchewan during winter months, retard and can stop bacterial activity (St Cyr, 1992).
Cold temperature, however, is merely a constraint; it does not necessarily prevent

effective bioremediation (St Cyr, 1992).

The temperature attained during the composting process is dependent upon the type of
bacteria that are present to degrade the contaminant. Some microorganisms are
mesophilic which means they thrive in environments where the temperature is in the 20
to 50 °C range. Other bacteria are thermophilic and prefer temperatures in the 45 to 70°C
range. There are also different optimum temperatures for the different microorganisms
that exist within each of these temperature ranges. So, for example, if a compost pile has
three mesophilic microorganisms present, each with a different optimum temperature, the
chances of the temperature being optimum for every microorganism at any given instant
is virtually impossible. Therefore, the temperature of the pile usually adjusts to a
temperature that can be described as a compromise between the optimums of all the

organisms present.



Beaudin et al. (1996) conducted a study in which they used the composting process to
degrade mineral oil and grease from soil. They found that temperature fluctuated
throughout the degradation process. They concluded that changing temperatures are an
indication of the microbial diversity that develops in a composting system and is
necessary to achieve more complete degradation of contaminants. They referenced
several studies (Atlas 1975; Westlake et al. 1974; Jobson et al. 1972) which indicated

that different hydrocarbon components may be degraded at different temperatures.

2.3.4 Moisture Content

It is essential to have an adequate moisture content in the soil being remediated.
Inadequate moisture content causes bacterial desiccation. Elevated moisture content
reduces the oxygen supply by reducing forced soil-gas flow and decreases the

biodegradation rate.

Optimum moisture content of the compost mix is dependent on the amount of organic
material in the mix and the type of soil (i.e. sand, gravel, clay, etc.). Municipal wastes
require a moisture content in the range of 40 to 60 percent by weight for optimal
composting of the waste. Stegmann et al., (1991) conducted a study to determine the
effect of water content on the degradation rate of oil-contaminated soil. A compost mix
composed of 8 parts contaminated clayey soil and 1 part compost obtained from a
municipal waste composting plant was used in laboratory respiration studies. The mix
had a maximum water holding capacity of 48 percent by weight. The maximum oxygen
uptake of the microorganisms occurred at a moisture content of 60 percent of the
maximum water holding capacity of the soil/compost mixture. Saberiyan et al. (1996)

reported that the optimum moisture content of the soil for biodegradation of petroleum
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should be approximately 40 percent of soil saturation. The optimum moisture content for

most contaminated soils would be in the 20 to 40 percent by weight range.

235 pH

Most microorganisms perform efficiently at pH ranges between 6 and 8. Typically in
bioremediation experiments, the pH will rise to about 8 and then fall back to near 7 at the
end of the experiment when most of the petroleum product has been degraded. This is
because during the first stages of the biodegradation process organo-nitrogen compounds
are broken down which releases NH'4 and causes the pH to rise (LaGrega et al.). This is
followed by the gradual increase in microbial activity producing CO, which causes the

pH to decrease (Golueke, 1977).

2.3.6 Aeration

Composting can be conducted in either an aerobic (in the presence of oxygen) or
anaerobic (without oxygen) mode. Composting of non-hazardous wastes such as
municipal sludges is usually done under aerobic rather than anaerobic conditions. The
disadvantage of anaerobic systems for municipal sludges is the generation of odourous
compounds such as hydrogen sulphide, mercaptans, and disulphides.  Aecrobic
composting provides a much greater degree of stablilization of municipal wastes
(Cookson, 1995). The use of anaerobic systems can be advantageous in composting
some types of hazardous wastes. Halogenated or complex chemicals are treated more

successfully under anaerobic conditions than under aerobic conditions (Cookson, 1995).

The method of aeration depends on the type of composting system. In windrow

composting, aeration is usually conducted by turning the pile periodically. In static pile
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composting, aeration is usually conducted using a series of pipes placed under the
compost pile(s) and connected to a blower or vacuum pump. The air is blown through
the pipes and then percolates through the pile. These types of systems were described

previously.

The amount and thoroughness of aeration will determine the rate and extent of the
destruction of the contaminant, provided other conditions are satisfied. The amount of
oxygen and the rate of aeration is a function of the chemistry of the contaminant
(different contaminants require different amounts of oxygen and hence different aeration
rates). Tchobanoglous et al. (1993) and Battaglia and Morgan (1994) have outlined
methods for determining the approximate air requirements in a static pile or enclosed

reactor system.

2.3.7 Bulking Agent

Most composting systems require a bulking agent. A bulking agent increases the porosity
of the contaminated soil which allows greater air (oxygen) flow through the soil and
distributes the air more evenly throughout the pile/reactor. The material used as the
thermal source can also be used as the bulking agent (i.e. grass clippings, straw, manure,
wood chips, etc.). This eliminates the need for screening/separation of the bulking agent
from the compost following the composting phase, thereby, reducing the cost of the
treatment process. Bulking agents that can not serve as a thermal source include gravel

and shredded rubber tires.

Savage et al. (1985) define the ideal bulking agent as one that:
e provides ample porosity under all moisture conditions;

¢ is an absorbent;
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e resists compaction;
o degrades very slowly, if at all; and
o can be easily recovered from the composted wastes and subsequently

recycled.

Screening of the compost mix is common to recover the bulking agent for recycling.

Screening involves the use of very expensive equipment, such as vibrating screens, rotary
screens and trammels (Cookson, 1995). Therefore, the capital cost of screening must be
compared with the cost of lost bulking agent if it is not recycled. This evaluation is
dependent on the expected life of the cleanup operation, the treatment required and the

final deposition of the treated soil (Cookson, 1995).

2.4  Treatability Studies
2.4.1 General

Before a full-scale composting operation (or any bioremediation operation) can be
designed, it is necessary to conduct treatability studies to determine the potential for
success and the expected performance of the proposed bioremediation system. A
treatability study may consist of laboratory or bench-scale studies, a pilot-scale study or
both. Generally, a proper treatability study would consist of both laboratory-scale studies
and pilot-scale studies. Laboratory-scale studies determine the potential for successful
biodegradation of the specific contaminant. Pilot- scale studies follow the laboratory-
scale studies and would use the resuits of such studies to develop the design criteria, cost,
and performance over a period of months of operation. Pilot-scale studies would be very
similar to a full-scale operation except that the pilot-scale operation is scaled down in

size.
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2.4.2 Objectives

The first step of a treatability study is to determine the objectives that you want to
achieve. Typical objectives of a bioremediation treatability study are shown in Table 2.2.
It is not required to achieve all of these objectives under a single treatability study, nor
would it be possible. If a treatability study is to accomplish several objectives it may be
more feasible to conduct the treatability study in phases. Conducting treatability studies
in phases has the advantage of being able to implement the results of initial phases in
subsequent phases to either confirm or change the results of the preceding phases. The
major disadvantage of conducting multiple objective treatability studies in phases is that
significant time requirements, ranging from a few weeks to a few months or even several

years, may be necessary.

Table 2.2 - Typical objectives of bioremediation treatability studies (Cookson, 1995)

1. Evaluate the capability of the microorganisms to degrade the target compounds.
2. Evaluate the enhancement capability of seed microorganisms.
3. Evaluate the optimum range for environmental parameters:
Moisture
pH
Nutrients
Trace minerals
4. Evaluate the need and effect of supplemental substrates and electron acceptors.
5. Determine the feed and starvation cycle for primary substrates.
6. Evaluate the need to provide supplemental electron donors.
7. Evaluate the rate of degradation for target compounds under ideal laboratory
conditions or  modified conditions to represent expected field response.
8. Evaluate the expected duration of the bioremediation project.
9. Determine the attainable level of treatment.
10. Evaluate potential soil-water reactions and clogging potential of in-situ treatment.
11. Evaluate the potential for toxicity changes due to mixing, surfactants, or buildup of
intermediates.
12. Evaluate the degree of volatization.
13. Determine the cost effectiveness of various optimization measures.
14. Evaluate the monitoring frequency for process control.
15. Evaluate the operational limits on process control parameters without significant
decrease in performance.
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Once the objectives of the treatability study have been determined, the experimental
design can be formulated. The experimental design consists of development of specific
protocols or procedures that will be used to satisfy the objectives. Development of

specific protocols are based on the following considerations or bases (Cookson, 1995):

1. Determine how one is to accomplish, quantify, and document the treatability
study;

2. Determine if a customized treatability protocol will be developed or if
standardized protocols are appropriate;

3. Determine if the treatability study will be conducted under ideal laboratory
conditions or under conditions that simulate those at the site;

4. Determine the level of quality control to be applied to all test protocols and
analytical data;

5. Determine if analytical data will be collected to provide statistically
significant data and, if so, to what level of confidence; and

6. Determine what analytical protocols will be applied to data collection.

Once the above points have been considered, specific protocols can be developed.
Protocols are simply a set of instructions or procedures that will be followed for a
particular treatability study to achieve the specific objectives. The protocols must be
stated in a detailed step-by-step procedure which leaves nothing to another’s
interpretation.  Protocols can be either standardized or customized. Standardized
protocols are those that are contained in government standards or other guidance
documents. Two examples of guidance documents available in the United States from
the U.S. Environmental Protection Agency (EPA) under the Comprehensive

Environmental Response Compensation and Liability Act (CERCLA) are as follows:
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Guide for Conducting Treatability Studies under CERCLA: Biodegradation
Remedy Selection, U. S. EPA, 2™ and Final Draft, March 1993; and

Guide for Conducting Treatability Studies under CERCLA: Aerobic
Biodegradation Remedy Screening , U. S. EPA, EPA/54012-91/-13A, July 1991.

Customized protocols are those developed by the researchers who are conducting the
treatability study and are specific to the treatability study being conducted. Customized
protocols are developed when standard protocols are inadequate to satisfy the objectives
of the treatability study. Customized protocols may be simply a standardized protocol

with a slight modification or it may be a completely new protocol.

243 Costs

The cost of a treatability study can range from as low as several thousand dollars to as
much as several hundred thousands of dollars. The budget available for treatability
studies is influenced largely by the overall anticipated remediation cost of the project. In
the case of a multimillion dollar bioremediation project there is certainly a justification to
budget several hundred thousand dollars for treatability studies. Several hundred
thousand dollars spent on a well designed treatability study may save millions on the final
remediation cost. On the other hand, in the case of a $50,000 bioremediation project,
little in the way of treatability studies can be supported. At most, $1000 or $2000 may be

available for treatability studies.
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2.4.4 Equipment

Equipment used for solid phase treatability studies can be as simple as a couple of
beakers or baking pans to specially designed and constructed pilot-scale facilities.

Typically, laboratory treatability studies are conducted using very low-tech, inexpensive
equipment such as pans, beakers, flasks, tubs, etc. as the reactors and polyethylene tubing
and simple compressed air supplies as the aeration system. Some researchers have gone
to great lengths and expense to fabricate bench scale reactors or “microcosms” which
accurately simulate the actual field conditions in a laboratory setting including such
things as automated watering/humidified air supplies, insulated, stainless steel enclosed

reactors and computerized oxygen-carbon dioxide respirometers.

2.5 Degradation Kinetics

The Monod equation is commonly used to model substrate degradation and microbial
growth (Saberiyan et al. 1996). The Monod equation assumes that a single substrate and
single type of microorganism are involved. In reality, there are usually multiple
substrates and multiple microorganisms involved. However, the Monod equation is
usually selected for ease in analyzing data, and it offers adequate accuracy. The Monod
model takes advantage of the fact that the biodegradation rate is a function of substrate
concentration. The Monod equation takes the form in equation 2.1, when substrate

concentration (C) is small compared to Kj:

-d—C-=—k X X

C 2.1
dt " X 1)

where,

C = contaminant concentration at time t (mg/kg)
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ke = maximum substrate utilization rate (day™)
K= half-velocity coefficient (substrate concentration at one-half the
maximum growth rate (mg/kg)
X = microbial concentration (mg/kg)
t =time (days)
Assuming ,

K=k x 2 2.2)

where K=degradation rate constant, and where kn, X and K; are constants for the

system, then equation (2.1) reduces to a first-order equation,

%g— =-KC (2.3)
% ok (24)
C

InC =-Kt+C, (2.5)
ifC=Cyatt=0

then, In Cy=C,

and

InC=-Kt+InC, (2.6)
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InC~InC, =Kt @7
mg— = —K xt (2.8)

The value K is measured empirically from a biotreatability study by plotting the natural
log of C/Cq vs time and performing a regression analysis. The degradation rate constant
can then be used in Equation (2.8) to calculate the length of time required to degrade a
specific waste to half of its initial concentration. This is commonly referred to as the

half-life of the contaminant.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 General

The initial site investigation was considered as background information to the treatability
study, which is the subject of this thesis. Therefore, the methods used in the initial site
investigation were presented in Chapter One of the thesis under Section 1.2 -
Background Information. The methods used in the treatability study are presented in the

following subsections.

Analytical methods used in analyzing the various parameters identified in the following
sections are available in detail in other sources. Therefore, the detailed procedures are
not presented here, however, the methods used for analysis of each parameter are

indicated.
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3.2  Bulk Sample Collection

A bulk sample of the contaminated soil from the pit described in subsection 1.2 was
collected on May 15, 1997. The location where the bulk sample was obtained is shown
on Figure 3.1. The location for sampling was selected such that the TPH concentration of
the sample would be approximately the same as the average TPH concentration over the
site which was stated in subsection 1.2 as 31,051 ppm. During the site investigation and
characterization phase, Test Hole 17 at a depth of 3.0m exhibited a TPH concentration of
39,600 ppm. Therefore, this was the chosen location for bulk sample collection. Once
the location for the bulk sample collection was identified, a backhoe was used to excavate
the area. The bulk sample was put into a 205 L capacity plastic drum which had been
thoroughly cleaned with warm soapy water prior to sample collection. The bulk sample

was then transported to the laboratory where the treatability study was conducted.

At the laboratory, a smaller subsample consisting of approximately 10 kg (wet weight) of
soil was removed from the bulk sample barrel. The 10 kg sample was broken down into
smaller pieces using a 7mm (0.25 inch) screen. The sample was then put into a plastic
tub and mixed thoroughly, by hand, so that the waste petroieum in the soil was evenly
distributed throughout the sample. A second subsample consisting of approximately 4 kg
of soil was removed from the 10 kg subsample. The 4 kg sample was designated as the
test sample. The remainder of the 10 kg was put into a plastic bag and stored in the
freezer in case it was required at a later date. Part of the 4 kg sample was put into 250 ml
certified clean laboratory glass jars with teflon lined lids to be used for analyses of

parameters for initial characterization of the soil and contaminant(s).

40



OFFICE

EXIT

Location of butk sample
for treatability study

ENTRANCE -

SOUTH SCALE

WORKSHOP

Figure 3.1: Site plan showing location where bulk test sample was obtained
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33 Soil Contaminant Characterization

It was necessary to determine the initial concentrations and types of petroleum
hydrocarbons in the soil sample. The petroleum hydrocarbons in the soil collected from
the site were characterized and quantified by the following analytical methods:
e Hydrocarbon fingerprint by GC (EPA Method 3550/8000), (U. S. EPA, 1986);
and
e Total petroleum hydrocarbons by the infrared method (EPA Method 418.1
Modified) (USEPA, 1986).

3.4  Nutrient Analyses

It was necessary to determine the amount of nutrients in the initial soil sample in order to
evaluate the need for, and amount of, nutrient additions to achieve the optimal C:N:P:K
ratio. The initial pH of the soil was also required to determine if pH adjustment was
required. The following analyses were conducted using the analytical methods shown:

e available phosphorus (Method 4.43), (McKeague, 1978);

e available nitrate nitrogen (Method 4.34), (McKeague, 1978);

e available ammonia nitrogen (Method 4.3), (McKeague, 1978);

e available potassium (Method 4.51), (McKeague, 1978); and

o pH (Method 4.13), (McKeague, 1978).

3.5 Bacterial Enumeration and Characterization

A procedure outlined by Pruess and Saberiyan (1996) was used for bacterial enumeration.
Ten grams of soil and 100 ml of sterile water were agitated vigorously for approximately
one minute, after which the soil was allowed to settle from the supernatant. One millilitre

of supernatant was mixed with nine millilitres of sterile Bushnell-Haas broth. The
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sample supernatant was then ten-fold serially diluted twice more to a 10 dilution. Small
(0.1 ml) aliquots from each dilution were plated in triplicate on Bushnell-Haas agar. Oil
(0.1 ml), to serve as the carbon source, was placed on filter paper within each sealed Petri
plate. Control plates (sterile water added in place of supernatant)) were also prepared and
incubated in the presence of petroleum product to monitor possible cross contamination.

All plates were incubated for eight days at 30°C. Following the incubation period,
bacterial colonies were enumerated on each plate. The counts were averaged to
determine the number of colony forming units (cfu’s) per gram of soil. In addition to
plate count analysis, the species of bacteria present in the soil were determined in order to

confirm that they were capable of degrading hydrocarbons.

3.6 Laboratory Composting Studies
3.6.1 General

The experimental phase of the study was conducted to determine the reduction of the
contaminant (petroleum hydrocarbons) with time using a laboratory composting
apparatus which simulated an aerated static pile composting system. TPH was chosen as
the indicator parameter for the reduction of the contaminant because it was consistent
with that used by other researchers for similar contaminants and the equipment was
readily available. The theoretical nutrient additions as calculated were used. It was also
decided to determine what effect, if any, the addition of a highly biodegradable material
had on the rate and degree of biodegradation of the petroleum product. The high-energy
source chosen was partially composted grass clippings as it was felt that this was a low

cost, readily available energy source.
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3.6.2 Preparation of Soil Samples

Approximately 2 kg of soil was taken from the previously prepared 4 kg sample. The 2-
kg sample was split into two approximately equal samples (by weight) using a soil
sample splitter. These samples were designated as 1 and 2. Nutrients, in the amount
calculated previously (40.3 grams/kg of soil), were added in the form of granular lawn
fertilizer. The granular fertilizer was dissolved in approximately 50 ml of water. The
two 1-kg soil samples were each placed in a mixing pan and the water (with dissolved
fertilizer) was sprinkled over each soil sample and subsequently mixed thoroughly into

each soil sample.

Next, approximately 25 percent by weight of sandy gravel was added to each of the
contaminated clay soil samples. The gravel was used as the bulking agent to provide a
more permeable medium and, thereby, facilitate greater air flow through the soil. Gravel
was chosen as the bulking agent because it was readily available and required no
preparation prior to its use. Following this, approximately 25 percent by weight of the
total soil mixture (i.e. contaminated clay soil and gravel bulking agent) of grass clippings
was added to reactor #1. These materials were thoroughly mixed into the nutrient

amended contaminated soil.

3.6.3 Laboratory Composting Apparatus

A schematic of the experimental set-up and the details of each reactor are shown in
Figure 3.2. An aerated static pile systern was simulated in the laboratory using two 4-
litre glass jars as reactors. The aeration was supplied to each reactor by a compressed air
system. The pressure and flow rate of the air in the compressed air line was reduced

using a pressure regulator installed in the line. A line was then constructed from the
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regulator to each of the reactors using 7.5 mm I. D. polyethylene tubing and a plastic tee
connector. A cone-shaped porous stone, used in fish aquariums, was connected to the end
of each line. The porous stones were used to disperse the air in all directions in order to

provide more even air distribution in the reactors.

polyethylene tubing T-connector

to compressed
air supply

4 L wide mouth
glass jars

Contaminated soil
--and fertilizer
mixture

Contaminated soil
grass clippings and —-
fertilizer mixture

Reactor 1

12 mm minus
gravel bedding

Figure 3.2: Schematic of reactor system

3.6.4 Monitoring

TPH, moisture content, temperature, pH, and the growth of microorganisms were
monitored, at various frequencies, throughout the experiment. The following subsections

describe the monitoring and sampling that was conducted throughout the experiment.
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3.6.4.1 TPH

TPH concentration in the soil was monitored on a regular basis throughout the
experiment. The TPH concentration was used as the primary indicator of petroleum
degradation and the completeness of the experiment. Each experimental cell was
sampled (approximately 100 gram samples) for determination of TPH concentrations at

days 26, 55, 74 and 181. These sampling times were essentially chosen at random.

3.6.4.2 Moisture Content

Moisture content was determined on the same occasions and samples as for TPH
analyses. As mentioned in section 3.6.4.1 the sample size taken for TPH and moisture
content was 100 grams. This was adequate for TPH as only 50 grams of soil is required.
Moisture content in accordance with ASTM D2216 requires a sample size of
approximately 250 grams and only 50 grams was used. However, a simple test was
conducted to determine the effect of a smaller sample size on the results of the moisture
content test. The test consisted of conducting a moisture content test on a sample of the
experimental soil using the sample size stated in ASTM D2216 and using the smaller, 50
gram sample size. This was replicated three times. The test indicated that the moisture
content was approximately 2 percent lower, on average, when the smaller sample size
was used. This was considered an acceptable degree of error for purposes of this
experiment, since a soil moisture content of 30 percent was used. Moisture content was
adjusted as required to maintain it at approximately 30 percent by sprinkling water over
the composting soil. The saturation point of the site soil was assumed to be
approximately equal to its plastic limit which was determined using procedure ASTM

D4318.
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3.6.4.3 Temperature
Temperature was determined within the contaminated soil mass in each reactor using a
mercury thermometer. Temperature was measured daily for the first 12 weeks of the

experiment and then it was measured approximately twice per week thereafter.

3.6.4.4 pH
pH was measured at days 0, 74 and 181. Similar to the moisture content testing, the pH
test had to be slightly modified to use a smaller sample size than is required due to the

lack of sample in the reactors. A sample size of 50 grams was used for this test.

3.6.4.5 Bacterial Enumeration

Bacterial enumerations were conducted at the beginning of the experiment, at day 96 and
at the conclusion of the experiment (day 182). The enumerations consisted of a
heterotrophic plate count using the method previously described in section 3.5 of the

thesis.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1  Nutrient Analyses

Results of the initial nutrient analyses on the soil are shown in Table 4.1.0. The putrient
analyses indicated that available nitrogen (in the form of ammonia and nitrate) was very
low and available phosphorus was also low. Nutrient supplementation for nitrogen and
phosphorus deficiency was necessary. The required amounts were calculated from the
stoichiometric relationships developed in 4.1.2. It was determined that approximately

40.3 grams of ammonium phosphate fertilizer was required for nitrogen supplementation.
Based on the typical N:P:K ratio of 10:1:0.1, it was also determined that 30 grams of
fertilizer was required for phosphorus supplementation; however, this amount was less
than that required for nitrogen supplementation and the requirement for phosphorus
would be satisfied with the addition of the required amount of fertilizer for nitrogen
supplementation. Available potassium was adequate for microbial growth based on the
typical N:P:K ratio of 100:10:1.
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Table 4.1 — Results of initial nutrient analyses

Nutrient Concentration (mg/L)
Available ammonia 5.0
Auvailable nitrate 23.8
Available phosphorus 1.0
Available potassium 443

4.1.2 Determination of Nutrient Deficiency

The results of the nutrient analyses suggested that the soil had fairly low levels of
nitrogen (nitrite/nitrate and ammonia) and high levels of phosphorus and potassium. The

soil had a pH of 7.49 which is ideal for bioremediation.

The hydrocarbon fingerprint analysis indicated that the contaminant of concern was
mainly oil with minor amounts of diesel fuel and/or weathered gasoline, paint thinners,
and solvents. The gas chromatographs (Appendix C) indicated an average carbon chain
length of approximately C,;. Therefore, the following calculations for determination of
the nutrient requirements assume that the contaminant has an average carbon chain length
of C22. The stoichiometric relationship is as follows:
1) Energy Reaction:
Electron Donor (ED) = Cx2Hay
Electron Acceptor (EA) = O,
ED half reaction:
CnH, +44H,0 — 22CO0, +132H" +132¢
EA half reaction:
4H" +4é+0, - 2H,0
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Energy reaction =ED + EA

LCuH“ +ﬂ-H20—>£CO2 +H" +é
132 132 132

H*+£z'+-!-02 —)-%HIO
4 4

1 1 | 1
anH“ +ZOI —)ECOI +EH20

2) Synthesis Reaction:
1 1 N 1 2
—~CO,+—NH,+H" +é > —C,H,O,N +-H,0
4 20 20 5

Lo, +inosteo +h+e
132 3 6

1 1 1 1 1
—C,,H,+—NH,+—CO, - —C.H.,ON +—H,0
132 B7M 0 T g2 72 T MY M5t

Opverall reaction = A (energy reaction) + synthesis reaction:

Assume A =1

1 1 1 1
—C,H,+~0, > -C0O,+-H,0
132 278 47 T T 6 2

L o Hy v N+ Lo, » Lepon+ Lo
132 20 12 20 15

e +to g, > Leo+L CHON+ HO
66 4 1720 12 20

or

CyH, +16.50, +33NH, — 5.5C0, +3.3C,H,0,N +15.4H,0
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For each mole of C2;Has there are:  16.5 moles of O, utilized;
3.3 moles of NH; utilized;
5.5 moles of CO; produced;
3.3 moles of biomass produced; and
15.4 moles of water produced.
Converting from moles to mass, the mass ratio is:
Mw CaHy =22 X 12 + 44 =308 g/mole
Mw N = 3.3 NHj per mole of C2Has X 14 =46.2 g/mole
Mw N/Mw CzHys = 46.2/308 = 0.15

Using the theoretical mass ratio above and assuming used oil (Cy2H4s) contaminant

concentrations of 39,800 ppm, the required level of available nitrogen can be estimated as
39,800 X 0.15 = 5970 ppm of nitrogen required

The soil was estimated to have only 28.81 ppm of available nitrogen. Therefore,

approximately 5941 ppm has to supplemented. To estimate the unit mass of nutrient

amendment (fertilizer) required, the following calculation was done:

Molecular weight of ammonium phosphate (NH4PO;) = 95 grams

Molecular weight of nitrogen in ammonium phosphate = 14 grams

(95/14) X (5941 mg/kg/1000 g/mg) = 40.3 grams of ammonium phosphate fertilizer per

kg of soil.
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The phosphorus concentration is also of concern in bioremediation. Typically, a ratio of
10:1 for N:P is necessary to optimize biological activity. Therefore, a theoretical
concentration of 597 ppm is predicted. There is currently only 1 ppm of available
phosphorus in the soil. Therefore, 596 ppm had to be supplemented. Similar to the

calculation for nitrogen supplementation, the calculation for phosphorus is as follows:

Molecular weight of ammonium phosphate (NH4PQO,) = 95 grams; and

Molecular weight of phosphorus in ammonium phosphate = 31 grams

(95/31) X (594 mg/kg/1000 g/mg) = 1.8 grams of ammonium phosphate fertilizer per kg

of soil.

Therefore, the amount of ammonium phosphate calculated for nitrogen supplementation

will also satisfy the phosphorus requirement.

4.2  Microbial Characterization of Soil Samples

4.2.1 Enumeration of Bacteria

The results of microbial enumeration in the soil in each experimental cell are shown in
Table 4.2. Generally, there was an increase in the microbial population in both cells. The
microbial population in Cell #1, which was amended with a high energy source,

increased by approximately three orders of magnitude throughout the duration of the
experiment. The microbial population in cell #2, which did not have the high energy
source added to it, stayed constant for the first three months of the experiment and then

increased by approximately one order of magnitude during the last three months.
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Quinn er al. (1997) found that biological counts remained relatively constant over the 13
weeks of a study which used static pile composting to degrade diesel fuel from soil.

Although the biological counts did not increase over the course of the experiment, they
were significantly higher than those obtained from a sample of the experimental soil to

which no amendments were added.

Table 4.2 — Heterotrophic plate count results

Time (days) Date Cell #1 (cfu/g of soil) Cell #2 (cfu/g of soil)
0 9706/06 43X 10°  13X10
96 97/09/10 1.1 X 10 1.1 X 107
182 97/12/06 24X 10 31x10°

4.2.2 Identification of Bacteria

The types of hydrocarbon degrading bacteria identified in the initial soil samples are

shown in Table 4.3.

Table 4.3 — Types of hydrocarbon degrading bacteria identified

Bacteria Identified

~ Aspergillus spp
Actinomycetes spp
Pseudomonas spp

Citrobacter freundi

Pseudomonas fluorescence
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Three genera of microorganisms listed in Table 4.3 have been frequently identified as
active members of microbial consortiums in bioremediation of hazardous wastes:
Actinomycetes spp, Pseudomonas spp and Pseudomonas fluorescence (Cookson, 1995).
The group found with the highest frequency consists of those belonging to the genus
Pseudomonas. Pseudomonas consist of gram-negative, aerobic chemoheterotrophic
organisms (Cookson, 1995). About 30 species have been identified, each of which is
capable of utilizing 60 to 100 different organic compounds as their sole carbon and
energy source (Cookson, 1995). It is not surprising, therefore, to find them as the
predominant group in contaminated soil and groundwater. Two species of Pseudomonas
were found in the experimental soil. These two species are capable of degrading the

petroleum hydrocarbons found in the soil at the site (Cookson, 1995).

43 Temperature

The results of temperature monitoring throughout the experiment for Reactors 1 and 2 are
summarized in Tables 4.4 and 4.5, respectively, and in Figure 4.1. Temperature did not
increase significantly throughout the experiment, as one would have expected in a
composting experiment. This may be attributed to any one of or a combination of the

following:

o the aeration rate was quite high (5 litres/min) and may have cooled the reactors
which prevented a temperature increase;

e the amount of thermal source (grass clippings) may not have been sufficient to
produce the temperature rise characteristic in municipal waste composting; and/or

e Pseudomonas spp. and Pseudomonas fluorescens were found to be present in the

soil and, as stated earlier, are two types of microorganisms that are frequently
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identified as the active members of microbial consortiums (Cookson, 1995). The
temperature for growth of Psuedomonas spp. has been reported to be in the —~10°C to
20°C range (Cookson, 1995). The temperature for growth of Pseudomonas
Sfluorescens has been reported to be in the range of 20 to 25°C. The optimum
temperature which would satisfy the requirements of these organisms is likely
around 20°C, which was approximately where the temperature of the soil remained

throughout the experiment.

As stated earlier in this thesis, it has been found by other researchers that composting can
be successful under ambient temperature conditions (i.e. 20 to 30 °C) (Cookson, 1995).
Furthermore, the development of high temperatures is not necessary when composting some
hazardous wastes, such as petroleum products, because pathogenic organisms are not

present.
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Table 4.4 — Results of temperature monitoring for Reactor 1

Date (1997) Temperature (°C) Date (1997) Temperature (°C)
Jun 6 21 Augs 27
Jun7 22 Aug 12 25
Jun 8 21 AuglSs 26
Jun9 21 Aug 20 25
Jun 10 22 Aug 23 24
Jun 11 22 Aug 27 25
Jun 12 21 Aug 3l 26
Jun 13 21 Sep4 26
Jun 14 22 Sep 10 25
Jun 15 23 Sep 15 24
Jun 16 22 Sep 22 23
Jun 17 23 Sep 26 24
Jun 18 23 Sep 30 23
Jun 19 22 Oct5 23
Jun 20 23 Oct 10 22
Jun 21 23 Oct 16 23
Jun 22 23 Oct 20 24
Jun 23 24 Oct 24 23
Jun 24 24 Oct 27 23
Jun 25 23 Oct 30 23
Jun 26 23 Nov3 23
Jun 30 24 Nov 6 23

Jul4 25 Nov 10 21

Jul 9 25 Nov 14 22
Jul 14 24 Nov 20 21
Jul 17 24 Nov 26 22
Jul 23 25 Nov 30 22
Jul 30 25 Dec S 21
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Table 4.5 — Results of temperature monitoring for Reactor 2

Date (1997) Temperature (°C) Date (1997) Temperature (°C)
Jun 6 21 Aug 5 26
Jun7 22 Aug 12 25
Jun 8 22 Aug 15 24
Jun 9 23 Aug 20 24
Jun 10 22 Aug 23 25
Jun 11 23 Aug 27 26
Jun 12 22 Aug 31 25
Jun 13 22 Sep 4 25
Jun 14 24 Sep 10 25
Jun 15 24 Sep 15 24
Jun 16 24 Sep 22 24
Jun 17 23 Sep 26 24
Jun 18 25 Sep 30 23
Jun 19 24 Oct 5 23
Jun 20 22 Oct 10 22
Jun 21 23 Oct 16 22
Jun 22 24 Oct 20 23
Jun 23 23 Oct 24 22
Jun 24 23 Oct 27 22
Jun 25 24 Oct 30 23
Jun 26 22 Nov 3 22
Jun 30 24 Nov 6 22
Jjul 4 25 Nov 10 21
Jul 9 25 Nov 14 23
Jul 14 25 Nov 20 22
Jul 17 26 Nov 26 23
Jul 23 27 Nov 30 22
Jul 30 26 Dec 5 22
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Figure 4.1  Temperature vs time for Reactors 1 and 2

44  TPH Concentrations, Moisture Content and pH
TPH concentrations, moisture content and pH of the soil in each experimental cell are
shown in Table 4.6. The TPH concentration, pH and moisture content versus time are

shown in Figures 4.2, 4.3 and 4.4, respectively.

TPH concentrations in Reactor 1 and Reactor 2 decreased from 39100 ppm to 1300 and
11000 ppm, respectively, in 181 days. These reductions in the TPH concentrations
correspond to removals of approximately 96.7 percent and 71.9 percent for Reactors 1
and 2, respectively. The difference between Reactors 1 and 2 was the addition of a
highly biodegradable material to Reactor 1 and not to Reactor 2. The addition of a highly
biodegradable source (grass clippings) resulted in a significantly higher overall removai
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of TPH. These results compare very well with a pilot-scale study conducted by Quinn et
al., (1997) where aerated static piles were used to reduce the concentration of diesel fuel

in contaminated soil from 3000 ppm to less than 200 ppm in 13 weeks.

pH of the compost mix in each reactor was monitored three times during the course of the
study, at the beginning, approximately halfway through and at the end. The pH profile
was essentially the same for both reactors. pH started at approximately 7.49 in both
reactors, then increased to 8.23 and 8.03 in Reactors 1 and 2, respectively, halfway
through the study and then it decreased to 7.25 and 7.05 in Reactors 1 and 2, respectively,
at the end of the study. This is because during the first stages of the biodegradation
process organo-nitrogen compounds are broken down which releases NH'4 and causes
the pH to rise (LaGrega et al.). This is followed by the gradual increase in microbial
activity producing CO2 which causes the pH to decrease (Golueke, 1977). The pH profile

was consistent with that expected based on other similar studies reported in the literature.

The moisture content of the compost mixture remained between 29 and 33 percent in
both reactors which corresponds to approximately 45% to 51% saturation. The saturation
point of the soil at the site was determined to be approximately 65 percent moisture by
weight of soil. This is consistent with the literature which suggests an optimum moisture
content for biodegradation of hydrocarbons in soil of approximately 40 to 48 percent of

soil saturation (Saberiyan ef al., 1996 and Stegmann et al., 1991).
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Table 4.6 — Results of TPH, moisture content and pH in reactors

Reactor ! Reactor 2
Time Date TPH  Moisture pH TPH  Moisture pH
(Days)  (1998) | (ppm) (%) (pm) (%)

0 Jun6 | 39100 30.5 7.49 39100 30.5 7.49
26 Jul2 | 27000 29.7 - 19000 30.4 -
55 Jul 31 | 10000 30.9 - 14000 31.3 -
74 Aug 19 | 4300 31.2 8.23 11000 32.6 8.03
181 Dec 4 1300 29.2 7.25 11000 324 7.05
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Figure 4.4  Moisture content vs time for Reactors 1 and 2

4.5 Calculation of Rate Constants

Values of In (C/Cy) are plotted vs time in days in Figure 4.5. Regression analysis was
used to determine the rate constants for each reactor. The regression equation for each of
the reactors are shown on the graph in Figure 4.5. The rate constants for Reactors 1 and 2
are simply the slopes of the two lines in Figure 4.5. The rate constants are -0.019/day and
-0.006/day for Reactors 1 and 2, respectively. Using these rate constants and equation

(2.8) developed previously the half-life of the contaminant can be calculated as follows:

In(C/Co) = Kt 4.1
or, rearranging

t =-In(C/Co)

4.2
P 4.2)
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where,
Co = initial contaminant concentration in soil
C = final or target concentration in soil
K = degradation rate constant

t = degradation time

For Reactor 1, K = -0.019/day, Co = 39 100 ppm and C = 39 100/2 = 19 550 ppm.
Therefore, using equation (2), the half-life of the contaminant using the amendments of
Reactor 1 is 36.3 days. Similarly, for Reactor 2, K = -0.006/day, Co =39 100 ppm and C
= 19 550 ppm, the half-life of the contaminant is 121.6 days.

The regulatory criteria for TPH concentration in contaminated soil in Saskatchewan is
1000 ppm. The estimated time to remediate the soil in each of the reactors used in this

study can be calculated using equation (2) and the following variables:

Co =39 100 ppm
C= 1000 ppm
K= -0.019/day for Reactor 1 and K = -0.006/day for Reactor 2

The resulting period to remediate a batch of soil from the site, assuming an average initial

TPH concentration of 39 100 ppm would be 192 days and 643 days for Reactors 1 and 2,

respectively.
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Figure 4.5 In (C/Co) vs time for Reactors 1 and 2

The degradation time of 192 days for Reactor 1 compares very well with the 184 to 230
day range that Viraraghavan et al. (1997) reported for biopile composting petroleum
hydrocarbon contaminated soil. Their estimate of degradation time was based on
degradation rate reported in the literature (Howard er al., 1991). Howard et al. (1991)
reported degradation rate constants for various hydrocarbon components (BTEX) in the
range of -0.027/day for xylenes to -0.18/day for ethylbenzene. Based on several case
studies reported by Viraraghavan et al. (1997), the average degradation rates reported for
TPH was —0.030/day. Saberiyan et al. (1996) reported degradation constants for TPH in
soil (consisting of diesel fuel and motor oil) of -0.056/day and —0.065/day (consisting of

diesel fuel only). These rate constants compare very well to the degradation rate constant
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of -0.019/day obtained for Reactor 1. The slight difference between the rate constant
obtained for Reactor 1 and those obtained by Saberiyan et a/ (1996) can be explained by
the fact that the soil used in this study was mainly contaminated with used oil and those
that Saberiyan (1996) reported on were based on a mixture of diesel fuel and motor oil

and diesel fuel alone.

Statistical analysis of the data (Appendix D) indicates that the data obtained for Reactor 1
is statistically significant at the 95 percent confidence level. That is, the predicted values
of In (C/C,) agree very well with the obtained values. However, the analysis shows that

the data from Reactor 2 is not significant at the 95 percent confidence level.

4.6  Preliminary Design of Composting System

Based on the results reported in the thesis and by Viraraghavan et al (1997), it is evident
that biopile composting is a feasible alternative for this site. It is further evident that
remediation time may be reduced by as much as two thirds if grass clippings or some

other source of highly biodegradable solids are added to the contaminated soil.

A static pile composting system could be constructed on the north side of the subject
site. It is expected that due to the high volume of soil that must be treated at the site, it
would have to be done in batches over a two to three year period. The soil would have to
be treated in three batches over a period of three summers. Each batch would be treated
in four piles, each with dimensions of approximately 30m X 15m X 2m high. A
preliminary, conceptual design and construction plan for a composting system is

presented in the following points:
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An area large enough to treat the desired batch of soil would be prepared to
prevent runoff and leachate from the piles from entering surface or
groundwater systems. This would likely consist of a bermed area with an
impermeable liner (either synthetic or a natural soil liner). If a synthetic liner
is used, it would have to be covered by a layer of soil to protect it during pile

construction.

The pile(s) would then be constructed within the bermed area on top of the
impermeable liner. The pile(s) would likely be constructed in 0.5m to 1.0m

layers.

The contaminated soil would be excavated from the pit and stockpiled for
preparation to place into piles. The soil would be mixed with gravel by
placing a windrow of each material side by side and then blading the two
together to form a mixture of the correct proportions. Once the soil and gravel
are mixed together, the grass clippings and fertilizer would be mixed in. This

may be accomplished using the windrow method as well.

Once the components are mixed together adequately, the pile would be
constructed. Construction of the pile would consist of placing a 0.5 m thick
layer of the mixture on the impermeable liner, then laying a grid of perforated
PVC pipe over the layer. Following this, another layer, approximately 1m
thick (can be thicker than first layer because aeration pipes are above and
below rather than just above), would be added over the piping, then another
grid of pipes. This process would continue until the desired pile height is

achieved. This would be no more than 6m. The length of the pile would have
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to be constructed in short sections to prevent the need for construction
equipment to travel over the constructed portions of the pile and prevent
compaction of the pile and breakage of the piping. The length of the pile

would vary and would depend on the area of land available for treatment.
o Afier the pile is constructed, the piping would be connected to an air supply.

o [t is expected that the air would be blown through the pile and vented to the
atmosphere. Adequate moisture within the piles would be maintained by
manually sprinkling the pile with water and also from precipitation as it is
available. The moisture content would be maintained at approximately 30

percent. This would be ensured through monitoring of the moisture content.

o As each batch of soil is remediated it would be stockpiled until all
contaminated soil is excavated. The remediated soil could then be used to

refill the excavation.

A schematic of the conceptual composting system is shown in Figure 4.6.

Static pile .~ Perforatad pipe ~— Header pipe

Y

Figure 4.6: Schematic diagram of composting system
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CHAPTER §

SUMMARY, CONCLUSIONS AND FURTHER RESEARCH NEEDS

5.1 Summary

A bioremediation treatability study was conducted, using a composting process, to
degrade TPH from soil. The treatability study compared the use of different amendments
in an attempt to determine if the remediation time would be affected by the addition of
certain amendments to the soil. It was apparent from the study that the type of high-

energy source added to the soil would have an effect on the degradation rate of the TPH.

52  Conclusions
The following conclusions were drawn from the present study:
o The contaminated soil from the site contains hydrocarbon degrading bacteria.
The genus and species of bacteria identified were Aspergillus spp,
Actinomycetes spp, Pseudomonas spp, Citrobacter freundi, and

Pseudomonas fluorescence. The indigenous bacteria, currently present at the
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subject site, were found to be capable of degrading the contaminant of

concern, namely petroleum products.

Nutrient levels in the soil suggested insufficient amounts of nitrogen and
phosphorus for bioremediation to occur at an optimum rate. To compensate, a
nutrient supplement of 40.3 g of ammonium nitrate fertilizer per kg of soil

may be needed.

Based on the results of the treatability study, the half-life of the contaminant at
the subject site was estimated to be 36.3 days and 121.6 days with the addition
of grass clippings (Reactor 1) and without the addition of grass clippings
(Reactor 2), respectively.

Based on the reaction rate of the contaminant in each reactor, it was estimated
that it would take approximately 192 and 643 days to remediate a volume of
soil to an acceptable level of TPH using the amendments of Reactors | and 2,

respectively.

Neither of the reactors exhibited significant temperature increase during the
course of the composting process and the decrease just prior to completion of
the composting process that is characteristic of municipal waste composting
systems. This was likely due to the fact that the aeration rate was quite high
and may have cooled the reactors, preventing a temperature increase, or the
percentage of the high energy source (grass clippings) was not sufficient to

cause the characteristic temperature rise.
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53 Further Research Needs

The foliowing studies could be considered in future:

e Further treatability studies to optimize the amount of fertilizer required.

e Further treatability studies utilizing different types and amounts of highly organic
substances to determine if the composting process can be accelerated further so that a
batch of soil can be remediated in less than the 192 days as indicated by the present

study.

e Further treatability studies using different concentrations of contaminants ranging
from the lowest to the highest found at the site. This may show an upper limit of
petroleum hydrocarbon concentration that may be toxic to the microorganisms and
prevent bioremediation.

e A study to determine the optimum air flow rate through the compost pile.

e A pilot-scale study, using the results of this and any other treatability studies that are

conducted, to determine the potential success of a full-scale operation.
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TEST HOLE LOGS
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OIL PIT_EVALUATION TEST HOLES BOREHOLE NO: TH1
FLEET STREET LANDFILL DRILL METHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPLIT SPOON CORE SANPLER ELEVATION: 605,95 (m)
sanpLE TYPe  Jnix wa use (/] esTurseo D4 ser = a-casing Ul [nowow st [TJcose
H g SOLL spmemwnens | COMMENTS | £
1 Ll
5B |3 DESCRIPTION nere ke v s
v -l
_ 04 ® ® “
L 774 CLAY(FILL,5.5m )~ WOIST YERY STIFF HIGHLY L -
/ PLASTIC, BLACK :
/ ~STRONG HYDROCARBON ODOUR :
1o ﬁ é -SOME GRAVEL NEAR SURFACE E s
':—2.0 I % ::60‘.0
! sis / : C
[ o : £
50 ][ % SR ::m,o
C sl :
C / e e e = b
: / ~ABUNDANT REFUSE BELOW 3.5m 3
E o [ é ~GROUNDWATER AND OIL SEEPAGE WITH SIGNIF- VU 020
3 % ICANT SLOUGHING BELOW 3.8m ' 3
5.0 e s
: :
f :ﬂ / A o
? CLAY(FILLST S ~SILTY VERY NOSTSOFT 76~~~ ] :
] FIRM,MEDIUM PLASTIC,GREY , E 0
=l é ~HYDROCARBON 0DOUR £ 3
E b [ETSAND=SILTY, CLRYEY NOiST JENSE FINE GRANS ™™ Ta E
- 53| £0,BROWN o - -
E# ~GREY BELOW 7.2m :
" la e E
E_M L || R Esan9
:,_,‘0 T - Fﬂ?ﬁ
t TND TEST HOLE AT 9.1m g
:._- 10.0 f:i!ﬁ.q
L 110 ::-ses.')
b 120 3
. . LOGGED BY: 1K 9.1
AGRA Earth & Environmental Limited [@arvo s 5rom T
Regina, Saskatchewan Fig. No: 4 Page 1 of 1



OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH2
FLEET STREET LANDFILL DRILL KETHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPUT SPOON CORE SAMPLER ELEVATION: 605.66 (m)
SauPLE TYPe [N wa Tuee DISTURBED X ser EJa-casne (Il froeow stew  []]core
—_ - ’E
B IE SOIL smeomawer e | COMMENTS |
- = R A =
s |z DESCRIPTION USE Mo wo z
b ] =
0 9w ®
LA NE] %smb(nmo_zm)-s:m.uom.u{muu OENSE, S N A I R R :
s BROWN :
/ =TRACE OF CWAY _ ... 6050
o [ %wv(nu.s m)-SILTY MOISTVERY STIFF; :
: / HIGHLY PLASTIC,BLACK -
/ ~STRONG HYDROCARBON ODOUR :
= % :—moi
. »
- 3.0 % et L et - ._
F L
][ % ~VERY MOIST W/ REFUSE FROM 3.4m 10 3.7m e o
E / ~BROWN AND GREY BELOW 3.7m : 2
-0 / ~NODERATE HYDROCAREON ODOUR - 3
% s
: B % : F-501.0
- 5.0 / A 3
F O HRSANDZSILTY, CLAYEY.NOIST,OENSE FINE GRAINS~ ™~ -
33| €0,BROWN b scan
o t88! —MODERATE HYDROCARBON ODOUR , :
Fo 'y ul
iP
3¢
1o E
= ' o E—s-w
END OF TEST HOLE AT 7.6m T
Y NOTE:NO ACCUMULATION OF GROUNDWATER OR 2
SLOUGH IN TEST HOLE INMEDIATELY AFTER
ORILLING.
—3171
e V F e e _
'''''' Ewico
- 10.0 :_
b E~sesq
- 11.0 __
120 o
; - TLOGGED BY: 1K COMPLETION OEPTH: 7.6 m
ACRA Earth & Environmental Limited |rvives or. corom COuRLETE: 12/ 10/33
i Regina, Saskalchewan {Fig. No: S Poqe | of * |
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V.

AN

OIL PIT EVALUATION YEST HOLES BOREHOLE NO:  TH3
FLEET STREET LANDFILL DRILL METHOD: HOLLOW STEN AUGER WITH PROJECT NO: 130012
CITY OF REGINA SPUT SPOON CORE SAMPLER ELEVATION: 605.58 (m)
SAMPLE TYPE [non wau tuee  [/] orseeed D ser Ea-asne ([[]Howoe stew — [TTcone
— s E
BB SOIL, sgmemowarpa | coments | §
—_ > =
23 |3 DESCRIPTION s k6w s
» o0 _® =
L2 . SAND{FILL,50mm)-SILTY MOIST, MEDIUM DENSE | 3
:BROWN q E
- CTRACEOFCQAY $ 605
F o CLAY(PILL 3.5m)-SILYY UOIST VERT STIFF, :
HIGHLY PLASTIC,GREY ! -
hr ~MODERATE HYDROCARBON ODOUR i 3
- . : : —604 G
- 20 ~ROCK OR CONCRETE AT 1.8m ; 3
E ~GREY AND BROWN BELOW 2.0m 3
3 F403
- 30 3
SAND~SILTY, CLAYEY MoTST, JENSE.FINE GRAN- |77 F4029
o [ o | ED.BRON AND GREY E
E " ~SUGHT HYDROCARBON ODOUR 3
: -SLOUGHED OURING ORILLING 3
d uis 4016
! END OF TEST HOLE AT 4.6m :
50 NOTE:NO ACCUNULATION OF GROUNDWATER OR 2
s SLOUGH IN TEST HOLE IMNEDIATELY AFTER ]
DRILLING. E 0
E— 80 . ':—
5090
S 3
; : :
o 980
T =L
f—s.n + - . - E
: .- - - 596.0
E—I0.0 2
E—sos 1
— "o _
[ :_554-3
: |2_° l H H
. - LOGGED BY: TX COMPLETION DEPTH: 4.6 m
AGRA Earth & Environmental Limited |qves s om Lo o
Regina, Saskatchewan |Fiq. No: 6 Poge | cf |
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH4
FLEET STREET LANDFILL DRILL METHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPUIT SPOON CORE SAMPLER ELEVATION: 605.81 (m)
SARPLE TYPE [ vl ruee [ /] orsTureeD D ser Ea-caswe  [[jnocow st [f]ooke
b - -
;_:E, S o |2 SOIL e (ria COMMENTS Z
> —
5|2 DESCRIPTION ww e :
» 0 & ® “
p W /7 CLAY(AILL,2. fm) =~ SILTY MOIST,VERY STIFF, N q
% HIGHLY PLASTIC.GREY AND BROWN WITH BLACK ; :
- % STAINING .l 0
E | e % B 3
o / ~GREY AND GROWN BELOW f.4m - §
3 / : 000f
- 7/ : 3
M« e : ?
¥ F-403.0
- 30 BFE2] SAND- SILTY, CLAYEY MOIST,0ENSE FINE GRAIN- bbbt -
£D,BROWN : :
. e E
I . F602.0
40 M C
2. 5
b END OF TEST HOLE AT 4.6m F c010
E 5o NOTE:NO ACCUMULATION OF GROUNDWATER OR £
b SLOUGH IN TEST HOLE IMNEDIATELY AFTER F
t DRILLING. ]
E : 4009
.0 " et e
: f—s«no
1.0 N " -
t R ]
f—m.o
10 - -
E 5—5‘_‘7 Dl
— 3.0 -
= 10.0 -
s é—m !
1.0 =
b 120 E—ma
: P LOGGED BY: 1K DEPTH: 4.6
ACRA Earth & Environmental Limited fedstit T Ty T,
Regina, Saskatchewan [Fig. No: 7 Page ! of 1

SR TS
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO:  THS
FLEET STREET LANORILL DRALL METHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPUT SPOON CORE SAMPLER ELEVATION: 606.13 (m)
SanPLE TYPE [l wa ruee [ osstumeen D ser Ea-casie {]]] Houwow sTen T Tcome
€ § g SOIL & TOROCATSON VAPOUR (PPV) & COMMENTS E
;’ ” 9 g 2000 4000 6000 %‘2 g,
= =1 =3
S E |2 DESCRIPTION e ue s
S 5 a =
S “
2l ™ ~SILTY,MOIS T, MEDIUM DENSE, T ey
1 P o
E M P A e e - 3 {
1.0 ‘ -
[ ;—ws.-s
i :
-0 br) o (/7] ~ABUNDANT REFUSE BELOW 2.9m ‘ E s
F ~GROUNOWATER AND OIL SEEPAGE WITH SIGNIF - : I
: ICANT SLOUGHING BELOW 2.9m s
., M 1
- .0 3
-
E :
rE— 50 o s v ;t“" v
E oo PRI SAND=SILTY, CLAYEY,MORST, DENSE FINE GRAIN- 3
= B84 £0,BLACK AND GREY . 604
~SLOUGHED DURING ORILLING ' :
E o o S 3
C ; —599.6
|| = - .
[ 8.0 o
[ %984
(1] 3 E
-:— .0 -
30 ho o
{ END OF TEST HOLE AT 9.1m o7
':— 10.0 F
—596.9
- 110 .. .
[ =538
s E
[ 120 L o
: s - |LOGGED BY: TK COMPLETION DEPTH: 9.1 m
AGRA Eal'th & EnVlronmental lelt.Ed [REV'MD BY: EDF oM COHP[H[: |2/“/gs
— Regina, Saskatchewan {Fig. No: 8 Poge 1 of 1 |

0



81

OIL PAT EVALUATION TEST HOLES BOREHOLE NO: TH6
FLEET STREET LAKDALL DRAL WETHOD: HOLLOW STEM AUGER WITH PROJECT NO: JX30012
CITY OF REGMNA SPLIT SPOON CORE SANPLER ELEVATION: 606.24 (m)
sanpLE TYPe o wa ruee [ orstureto DX ser =0 {1 ] Houow st [T core
BB SOIL e ie (s | COMMENTS | 2
—_ =1 -
5|2 DESCRIPTION v 3
- ———— e » _© W _® b
Fuu 773 CLAY(FILL,2.7m)-SILTY VERY NOIST,FRM 10 - co
/ STIFF HIGHLY PLASTIC BROWN 3
/ ~TRACE OF SAND AND GRAVEL 1
w7 | :
o % ::m.o
" % : ;
20 % 3
: nig / b E—‘OLO
:!r é - f e e e e cmcmcamrce e F“ ..... é
E vo /7| CLAY(TILL)~MOIST,VERY STIFF 10 HARD,MEDIUM B s
e z PLASTIC, BROWN A s,
s /1 i . f
F IS AND Z SILTY, CLAYEY,NOTST, GENSE FINE GRAIN= : E
o [ ED,BROWN . - 3
22! ~SLOUGHED DURING DRILLING E o
ais :
3 M E
- 5.0 - -
E : 4010
3 3
60 (] : o _
4 TND OF TEST HOLE AT 6.1m E 4000
F NOTE:NO ACCUMULATION OF GROUNDWATER OR ;
s SLOUGH IN TEST HOLE INMEDIATELY AFTER
- 1.0 DRILLING, -
< —599.0
L a0 " 3
F-458.9
- 1.0 _
E 5970
100 2
L 5969
f—!l.ﬂ ;—
[ 3959
E 120 : - :
. o LOGGED BY: TX TH: 6.
AGRA Earth & Environmental Limited |t s iorom e
: Regina, Saskatchewan Fg.Ne:t8 | Page 1 of !




82

0L PIT EVALUATION TEST HOLES BOREHOLE NO: TH7
FLEET STREET LANOFULL DRILL METHOO: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CTY OF REGINA SPLIT SPOON CORE SAMPLER ELEVATION: 605.88 (m)
SAMPLE TYPe  Jma wawt et | /] orsTumeeD X ser B a-casig {][Jwouwow st [FJcore
Led -—d —
EE 2 DROCAZION £
shglz SOIL | * o e e | COMMENTS | =
— > -
253 |3 DESCRIPTION U ke uw S
L 7 CLAY(FILL,5.3m)-SILIY MOIST YERY STIFF, 3
Mot PUSTIC RO 3
- / ~SUGHT HYDROCARBON ODOUR TO 1.5m 3
1o / ~GREY WITH BLACK STAINING BELOW 0.3m 4050
iy
E 5 / ~STRONG HYDROCARBON ODOUR BELOW 1.5m 3
E 20 % ~ABUNDANT REFUSE BELOW 1.5m 4040
F o / ~GROUNDWATER AND OIL SEEPAGE WITH MODERATE 3
/ SLOUGHING BELOW 1.5m F
o [
; % : F—$03.0:
10 o % e 3
. / . | 5
— .0 é . , .- . e E-—ynu
W ' s
,E_so é [ WU E—WI.O
’ /T | 3
s BEEL] SAND - SILTY, CLAYEY,MOIST OENSE FINE GRAIN= b E
B84 £D,GREY AND BROWN WITH BLACK STAINING ]
E o ~SLOUGHED DURING DRILLING A Fsa00
9 017 a -
3 b
: E
10 o - . F50.0
3 L] t L
el |E3] -BROWN BELOW 7.5m " : g
E 10 i L :_-59&0
. ':—5110
— 4.0 b =
i END OF TEST HOLE AT 9.1m :
Z
- 10.0 5560
[ ':—5450
- no -
12.0 :—ssn.u
. . . . TH: 9.1
AGRA Earth & Environmental Limited |fosressrom O
- Regina, Saskalchewan [Fig. Ho: 10 Page 1 of |



OIL PAT EVALUATION TEST HOLES BOREHOLE NO: TH8
FLEET STREET LANDFILL DRILL METHOD: HOLLOW STEM AUGER WITH PROJECT NO: JX30012
CITY OF REGNA SPLIT SPOON CORE SAMPLER ELEVATION: 606.03 (m)
SAMPLE TYPE [Ifmox waw wee [ /) orstweeen [ Ed 5 a-casinG {{[]wowow stew || core
[
i |z T
.‘;’ i § SOIL A ORIt AR o & COMMENTS z
=1 -
S 3 (= DESCRIPTION ume  .e e 2
5 A =
_ - | ® o _© »
U0 || S0 [JBPEL SAND(FILL,0.2m)~SOME SILT AND GRAVEL,MOIST e
E /;-mcs OF CLAY ] 3
: o Y//AMEOIUM DENSEBROWN _ _ _ _ ___________ ! : .
E o [ / CLAY(FILL 1 0m)-SILTY MOISTVERY STIFF; A .
F [ -STRONG HYDROCARBON OOOUR TO 0.9m 05
E /:-mxzo WITH SAND AND GRAVEL TO 0.9m 1 : F
; / WGHLY PLASTIC.GREY WITH BUCK STAbiG 3
- 20 % X F¢0u.¢
é = a % Tc g
:_.u T é = w . P _ E—“-’"
T e e ;
E o 15 SAND-SILIY,CLAYEY,MOIST,DENSEFINE GRAIN- ‘. L 3
91 | s |BE| ~SUGHT HYDROCARBON ODOUR IN 3.8m SAMPLE : ; 2
1 €D,BROWN | q
\-SLOUGHED DURING DRILLING F
o END OF TEST HOLE AT 4.6m E
NOTE:NO ACCUMULATION OF GROUNDWATER OR j : ot
SLOUGH IN TEST HOLE INMEDIATELY AFTER U ;
F DRILLING. S 3
E. &0 PO - E—GOﬂL‘
Er— 10 4 * et ;”9.0
3 ¢ F
2 O s
E o
- 9.0 - E—-mo
E—no.o E—ﬂi‘l
;—u.o E-sewl
F
120 !

AGRA Earth & Environmental Limited

OG0 B K

COMPLETION DEPTH: 4.6 m

REVIEWED 8Y: EOF 0JM

COMPLETE: 12/15/93

Repina. Saskatchewan [Fiq. No: 11

]
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH9
FLEET STREET LANDRLL DRILL WETHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPUIT SPOON CORE SAMPLER ELEVATION: 605.893 (m)
SAMPLE TYPE TN WALL TUBE  |7] OSTIREED I set = [[Mwouowse  [[Jowe
& |z 2
EE SOIL sqmomeus(s | COMUENTS | 3
S| =
g3 |8 DESCRIPTION g
" w
E W0 | [ BBEISAND{FILL, 150mm)-SOME SILT AND GRAVEL, :
] /'uom.utmvu DENSE, BROWN F
- /-—mc: AY . E
1 / CLAV(RLL,3 ) SILIY UBSTVERY STIFY, F cso
F / ~NIXED WITH SAND AND GRAVEL 10 0.9m 3
. / ~STRONG HYDROCAREON ODOUR . s :
E % HICHLY PLASTIC,BLACK AND GREY ; :
i : : —404.0
-0 | | . =
. %-Rmmmmmmmmmums A i F
: BELOW 2.tm B A -
é -GROUNOWATER AND OIL SEEPAGE BELOW 2.1m o E o
[— 3.0 I . LR - o ,: o
77 3
o [ [BE[SRND=SILTY CLAYEY NoRST,DENSE FINE GRAIN= : . 020
: 852 ~STRONG HYDROCARBON ODOUR TO 5.5m o ; :
£D,CREY WITH BLACK STAINING i 3
E -SLOUGHED DURING DRILLING :
» - =
T . '
E su | Big2| -BROWN FROM 5.5m TO 7.0m :
o -SUGHT HYDROCARBON 0DOUR BELOW 5.5m o E-500.5
E- 60 N E
E_. 10 e e e e = ::-m 9
5 E852 ~GREY AND BROWN BELOW 7.0m R F
E b : - :
END OF TEST HOLE AT 7.6m o : o
- 19 NOTE:NO ACCUMULATION OF GROUNDWATER OR |- -== - = = = = - - o
] SLOUGH IN TEST HOLE INMEDIATELY AFTER :
DRILLING. F
E—!D ........ E—_—m.o
- 100 =L
o 954
E 12.0 L }—534.0
H LS LOGGED BY: TK COMPLETION DEPTH: 7.6 m
AGRA Earth & Environmental Limited [ o mrom COUPLEE: 12/T5/55
e Regina, Saskatchewan Ifig. Ne: 12 Poge 1 of 1.
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OIL_PIT EVALUATION TEST HOLES BOREHOLE NO: TH10
FLEET STREET LANDAILL DRILL METHOD: HOLLOW STEN AUGER WITH PROJECT O: JX30012
CITY OF REGRA SPLIT SPOON CORE SANPLER ELEVATION: 605.58 (m)
SANPLE TYPE  [JIm waw Twee  |/] oesTumeep IEd =1 [l wowow stew  [TJcore
~k | ’ G
SH|E SOIL I uatde | COMMENTS | =
= w -—
N DESCRIPTION s ke we g
uv w
2 40 () 0
Bl P} SAND(FILL, T5mm)~SONE SILT AND GRAVEL, [ IREI 3
F /.umst.umw DENSE,BROWN . :
bl R I oo
E o / CLAY(FILL,52m -~ SILTY MOISTVERY STIFY, : ; 3
: / HIGHLY PLASTIC,8LACK 3
RS / ~NIXED WITH SAND AND GRAVEL 3
; % ~STRONG HYOROCARBON ODOUR = w10
o %mmovmunuwumncmm 3
E % BELOW 2.0m . ! s
F o i 6030
E % ~ABUNDANT REFUSE BELOW 2.7m ; [ F
o / ~GROUNDWATER AN OIL SEEPAGE WITH MODERATE T 3
F % SLOUGHING BELOW 2.7m e
- o
':—- 40 é ;_
= é E—eom
f— 5.0 / r
3 /U E
S SAND=SILTY,CLAYEY NOIST,ENSE FINE GRAIN= 3
E ~MODERATE HYDROCARBON ODOUR 4000
E o ED,GREY WITH BLACK STAINING F
E ~SLOUCHED DURING DRILLING 3
3 "‘ 110
10 [T 2
[0} :—HG.O
END OF TEST HOLE AT 7.6m 3
X NOTE:NO ACCUNULATION OF GROUNDWATER OR E
SLOUGH IN TEST HOLE INMEDIATELY AFTER i F
DRILLING, gl E-597.9
: - T E—”&O
:r-m.n X
e E—sss.-:
3- e .:_
E 120 L E
AGRA Earth & Environmental Limited [eteStX ___ A
I Regina, Saskatchewan Fig. No: 13 Page 1 of |
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OIL_PIT_EVALATION TEST HOLES BOREHOLE NO: _ TH1 | '
FLEET STREET LANOFILL DREL WETHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPLIT SPOON CORE SANPLER ELEVATION: 605.67 (m)
SAMPLE TYPE [Imin waw ree | “Josmeees D ser =T [l nouow st [T Jcore
- & g E
£ i g SOIL 4 KIIOCATION VAN (P & COMMENTS =
- S | <
&F |2 DESCRIPTION s ue we g
e D o @ N =
' SAND{FILL,50mm)~SOME SILT AND GRAVEL, . T =
 MOSTAETAM DENSE BROWN . . :
maoon iy o
o [T P SN (ALLA ) SEIYROSTVERY STF, ;
/ HIGHLY PLASTIC,BLACK 3
/-mxmmmsmommm bbb F
= % ~STRONG HYDROCARBON ODOUR - S Foous
ZaglE Z IS f ;L
% M N C t—«uo
i ~TRACE OF REFUSE FROM 2.7m TO 4.3 :
10 o % Ct 27m m ol L
- ¢0 & % E__
- < T U . o '
SAND=SILTY CLAYEY MOIST,DENSE FINE GRAIN- b E
= ~MODERATE HYDROCARBON ODOUR P Esat0
F <o ED,CREY WITH BLACK STAINING . 3
F s |F88] ~SLOUGHED DURING DRILLING o :
F -VERY SILTY,BROWN AND GREY WITH SUGHT SR ;
i HYDROCARBON ODOUR FROM 5.0m 10 5.4m : 400
oo | ~LESS SILTY,BROWN AND NO ODOUR FROM 5.4m | . TR 3
3 \T0 6.0m f , :
END OF TEST HOLE AT 6.0m 3
g NOTE:NO ACCUNULATION OF GROUNDWATER OR o 99,9
10 SLOUGH IN TEST HOLE INNEDIATELY AFTER e e 3
: ORILLING, ' :
I Lmo
- 3.0 = ¢ g_
i ;
3 =L
L 90 _
i E 965
s [
ol 100 :_
Y E-sss:;
:—- 11.0 g_
E o0
[ (20 - E
: tol IR PLETION DEPTH: 6.1
ACRA Earth & Environmental Limited |pversscom Ty T
wm__Rggmg_&_ﬂgqtghewan [Fiq. No: 14 Poge 1 of |



ORL PIT EVALUATION TEST HOLES BOREHOLE NO:  TH12
FLEET STREET LANDFILL ORLL METHOO: HOLLOW STEN AUGER WITH PROJECT N0: JX30012
CITY OF REGINA SPLIT SPOON CORE SANPLER ELEVATION: 605.533 (m)
sanpPLE TYPe [l v vee  { ) orsTursen D ser EJa-caswe 1lljnouow s JJcore
~ ke €
g, SOIL ‘ECEERRe | Coomns | s
- >
= = DESCRIPTION sk e uw g
2 # ® n “
EABE FILL0.2m)-SOME SILT AND GRAVEL, F
] | 4050
E = CLAY(RLL 41 m)-SIIYMOST.VERY STIFF, ~ T 3
: HIGHLY PLASTIC,BLACK 3
L -NIXED WITH SAND AND GRAVEL E 000
: ~VERY STRONG HYDROCARBON ODOUR T0 3.5m o
E 10 ~TRACE OF REFUSE FROM 0.6m T0 2.7m , E
g o <THIN SAND AND GRAVEL LAYERS WITH GROUND- i E_mi
WATER SEEPAGE FRON 2.3m T0 2.9m A E
=30 b =~BROWN (WITH BLACK STAINING) AND STIFF & beg £
BELOW 2.9m : ;
u ~STRONG HYDROCARBON ODOUR BELOW 3.5m T
- 40 :_
- Bl} SAND-SILTY, CLAYEY NOIST DENSEFINE GRAIN- "~~~ E a1 0
$53] ~STRONG HYDROCARBON ODOUR TO S.8m :
E 59 32| £D,BROWN -
I $3| ~SLOUGHED DURING DRILLING :
-~GREY(WITH BLACK STAINING),VERY SILTY o0
E | BETWEEN 5.2m AND 5.8m 3
60 || s (B -BROWN AND SUGHT HYDROCARBON ODOUR FROM .
: B 5.8m T0 7.6m E
.— 1.0 ;.
1 \-NO ODOUR AT 7.6m E
80 END OF TEST HOLE AT 7.6m 3
s NOTE:NO ACCUMULATION OF GROUNDWATER OR b
SLOUGH IN TEST HOLE IMMEDIATELY AFTER E o7
E DRILLING. :
3.0 3
- 10.0 v E_
— 1.0 :_
E 120 L ]
: s JLOGGED BY: 1K COMPLETION DEPTH: 7.6 m
I Regina, Saskatchewan [Fig. No: 15 Page 1o 1
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ORL PIT EVALUATION TEST HOLES BOREHOLE NO: TH13
FLEET STREET LANDFLL DRILL METHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGNA SPUT SPOON CORE SANPLER ELEVATION: 6€05.68 (m)
SAMPLE TYPE JITHIN VALL TUBE | 7] DISTURSED D =T HOLLOW ST [] ] cone
— Lot -l ﬂ-E\
EE 3 2 SOIL COMMENTS S
E g g
3 DESCRIPTION s
E | P ASAND(FILL, 75mm)-~SOME SILT AND GRAVEL, 3
hMOIST,MEDIUN DENSE,BROWN E
hr CTMCEQF QLAY _ __ . ______.... F-805 ¢
2 CULAY(PILL, 1 8m )~SILTY,UCIST,VERY STIFF, :
‘ HIGHLY PLASTIC,BLACK 3
E -NIXED WITH SAND AND GRAVEL :
E ~MODERATE HYDROCARBON ODOUR  * 4040
20 [(=SANDIER AND GREY FROM 1.4m 10 1.8m_ _ _ _ _ 3
T CLAY(TILLFILL?)~MOIST.VERY STIFF MEDIUM 3
d a PLASTIC,GREY AND BROWN g
=STRONG HYDROCARBON ODOUR 6035
-39 b -BROWN AND SUGHT HYDROCARBON QDOUR BELOW 3
; m .. i 3
: SAND=SILTY, CLAYEY, NOIST,OENSE FINE CRAIN- - E
E L k! £D.BROWN X <oz
E 0 b1 -SLOUGHED DURING DRILLNG ... . . . . . 3
I = e e
-~ 5.0 i 3
E iE2| - STRONG HYDROCARBON ODOUR AND GREY AND . :
gt8| BROWN FRON 5.1m AND 5.8m : E o
E oo I 853 ~LESS HYDROCARGBON ODOUR AND BROWN BELOW | .., . E
3 \.5.6m : 3
F END OF TEST HOLE AT 6.0m :
g NOTE:NO ACCUMULATION OF GROUNDWATER OR 19
E 10 SLOUGH IN TEST HOLE IMMEDIATELY AFTER — £
s DRILLING. ' 3
E Esa0
00 - - E
s ’ f—-ismj
-0 o
. ) e
100 3
d Esas
110 - |I
3—594 3
120 L !
- . LOGGED BY: 1K COMPLETION DEPTH: 6.1 m
ACRA Earth & Environmental Limited |se e mrom AR S
; Regina, Saskalchewan Fig. No: 18 Page | of 1
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OIL PT EVALUATION

TEST HOLES

BOREHOLE HO: TH14

FLEET STREET LANDFILL

DRILL METHOO: HOLLOW STEN AUGER WITH

PROJECT NO: JX30012

AGRA Earth & Environmental Limited

Regina, Saskatchewan

CITY OF REGRNA SPUIT SPOON CORE SAWPLER ELEVATION: 606.15 (m)
SAMPLE TYPE TN YALL TUBE 7] OISTURBED DX ser Eaasw [[[Jwouow s [[Jooke
-t . - !
SRE SOIL smmemcuse(e | COMMENTS | E
=Mala =
5B ° |2 DESCRIPTION e o 3
- » o 0w -
1"‘7‘.‘@6{rtu.som")__m ~SOME SILT AND GRAVEL, { BEREE =
/;m.usmuu OENSE ROWN F
| emee oy {7 :
0 / CLAY(FULL8 Sm)-SILIY MOSTVERY STIFF,; 3
3 / HIGHLY PLASTIC,BROWN | —605.0
o / ~MIXED WITH SAND AND GRAVEL e :
] / ~REFUSE AT 1.5m WITH MODERATE HYDROCARBON = | :
E 20 % 0DOUR I - o
Tl é -REFUSE AT 3.0m WITH STRONG HYDROCARBON e - Faase
% ~GROUNDWATER AND OIL SEEPAGE WITH SLOUGH- |, ., .. :
. % g{:o 5:0'1 3.0m 10 4.6m X ]
3 o % ~SAND AND GRAVEL LAYERS FROM 3.8m T0 4.5m 020
hr % :
30 % - = et
o % :
niy
/ ~MODERATE HYDROCARBON AND METHANE ODOUR  [' - S
% FROM 6.0m 10 8.5m : 5
E 10 o % o .
3 i Fme
E é 3 :
10 . 3
s e / ---------------------- L '._.'-”‘-o
1 o V74 CLAY(TILL)-WOIST VERY STIFF GREY WITH ] E
Y \BLACK b
e |I"MODERATE METHANE ODOUR _ __________ ¥ =170
SAND=SILTY,CLAYEY,NOIST, DENSE FINE GRAIN= 3
s w -MODERATE KYDROCARBON AND METHANE ODOUR :
E 109 £D,CREY WITH BLACK STAINING -
F ~SLOUGHED DURING DRILLING Fa%60
-VERY SILTY,BROWN AND SLIGHT HYORGCARBON ;
- ) ODOUR BELOW 10.4m F
110 END OF TEST HOLE AT 10.7m .
: NOTE:NO ACCUNULATION OF GROUNDWATER OR 9934
SLOUGH IN TEST HOLE IMMEDIATELY AFTER
o DRILLING. :
LOGGED BY: TK COMPLETION DEPTH: 10.7 m

REVIEWED BY: EDF DJW

CQOMPLETE: 12/16/93

Fig. No: 17

Page 1 of |
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OIL PIT EVALUATION , JTEST HOUES BOREHOLE NO:  TH1S
FLEET STREET LANDFILL DRLL METHOD: HOLLOW STEN AUGER WITH PROJECT NQ: JX30012
CITY OF REGINA SPUT SPOON CORE SANPLER ELEVATION: 605.63 (m)
SANPLE TYPE o waw nuee  [/] orsturaep K £ A-CASING [l owow st~ TXJcome
~kl |2 T
;g .; o § SOIL COMMENTS H
e & = @ <
=B |8 DESCRIPTION 5
ol 7] CLAY(TILL)-NOIST,VERY STIFF,MEDIUM PLAS~ :
é TIC.BROWN -m .
MmN
o % 5
e / . F—604.0
: / E
20 / 3
= / ___________________________ ‘»,.: . - E
3 H SILT-CLAYEY, SANDY MORST, STIFF,LOW PLASTIC, 60
ST BROWN s - . ;__
EEH] SAND=SILTY, CLAYEY, NOIST, DENSE FINE GRAIN- ™ ; T 020
— 4.0 8 s :.: £D,BROWN W 3
83 ~SLOUGHED DURING DRILLING : 3
i s END OF TEST HOLE AT 4.6m 010
E 50 NOTE:NO ACCUNULATION OF GROUNDWATER OR E
; SLOUGH IN TEST HOLE (NMEDIATELY AFTER s !
3 ORILLING. Iy
— 6.0 . ._
3 3
F : —499.0
E- 1.0 SeRREIE -
- t .
E 5o . 3
E é—wu
- 94 A _
; o —mn
- 100 2
E—-sss.a
:—' 1o E_
s E—-m.o
L 120 . : . -
AGRA Earth & Environmental Limited [SBetK___ R
Regina, Saskalchewan _[Fig. No: 18 Page 1 of |



OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH16
FLEET STREET LANDILL DRILL METHOO: HOLLOW STEM AUGER WITH PROJECT NQ: JX30012
CITY OF REGNA SPLIT SPOON CORE SAMPLER ELEVATION: 605.82 (m)
SANPLE TYPE  [lnun waul Tee  [/] orstureen £X) set Ea-casivg {1} Houow st [J]come
- ! —
|5 SOIL mEtEe | COMMENTS =
= >
53 |3 DESCRIPTION e e we g
[72] [v7]
- -9 __©_ 0
: ] FILL,0.2m)-SOME SILT AND GRAVELMOIST | i T F
: 'MEOIUM DENSE,BROWN ; " 3
E o TRACE OF CLAY _ _______________..1] 3
E 10 CLAY(FHLL4.9m)-SILYY UOIST,VERY "STIFF, .0
HIGHLY PLASTIC BROWN 1 ]
- ~MIXED WITH RANDOM LAYERS OF SAND AND i 3
GRAVEL . P! E
E 20 ~STRONG HYOROCARBON ODOUR WITH BLACK o - $040
- STANING BELOY 0.3m i 3
o [/} ~AEUNOANT REFUSE BELOW 0.6m i e 3
“ : c 4030
E o [5 ~GROUNDWATER AND OIL SEEPAGE AT 3.8m i e
ae s :
' Do F401.9
2 SAND=SILTY,CLAYEY OIS, DENSE FINE GRAN~ - -' 3
F o ~MODERATE KYDROCARBON ODOUR TO 5.8m 4. 3
4 ED,GREY WITH BLACK STAINING F 0
0 ~SLQUGHED DURING DRILLING - 2
3 \~BROWN_AND NO ODOUR BELOW 5.8m J ; :
F END OF TEST HOLE AT 6.0m 3
s NOTE:NO ACCUNULATION OF GROUNDWATER OR E 00
70 SIOUGH IN TEST HOLE IMMEDIATELY AFTER E T
: DRILLING. : . s
[ . L S—m,-)i
L B . 5—5’7.-)
- - —
" E—ma
1 3
E—-II.O 4953
E_120 ) =
: s - JLOGGED BT: TX COMPLETION DEPTH: 6.1 m
AGRA Earth & EHVIFOHmenta] lelted lmmo 8Y: £0F OMM CQ“PLE!E: |Z/1s/93
Regina, Saskatchewan jFig. Ho: 19 Page | of 1
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH17
FLEET STREET LANDFILL DRILL METHOD: HOLLOW STEN AUGER WITK PROJECT NO: JX30012
CITY OF REGINA SPUT SPOON CORE SAMPLER ELEVATION: 605.72 (m)
SANPLE TYPE BITox walL et | ] orsTumeeD X ser EHa-asne [[ljnouow stew  [TJeore
- ' -
Gl 2 £
EE B SOIL mes e | COMMENTS |3
- > 3
572 DESCRIPTION e e :
E » @ w0 ® =
E 0|1 s || SAND{FLL,0.3m)-SOME SILT AND GRAVEL, !
] /;HOST.UEDIUM DENSE,BROWN | :
TRACEOF CLAY_ _ _ ________________! 1
s [ % CLAY(RILLL3.0m)-SILTY MOSTVERY STIFT, . e
/ HIGHLY PLASTIC,GREY WITH BLACK STAINING 3
o / ~MIXED WITH SAND AND GRAVEL 3
/ ~STRONG HYDROCARBON 0OOUR . E oous
L | ™ / ~GREY BELOW 1.1m ! 3
/ ~ABUNDANT REFUSE BELOW 1.3m i ]
] / DA 1
al i / b
- :
BEE ] SAND = SILTY, CLAYEY NOIST, DENSE FINE GRAIN= R :
E b 83| ~STRONG TO MODERATE HYOROCAREON 0DOUR TO : 6010
L 40 ED,GREY AND BROWN -
{ ~SLOUGHED OURING DRILLING :
b ] 5.0m F
[ b 6019
5.0 : £
L[| ~ERON AND KO ODOUR BELOW 5.0m :
60 2 e : -
s 8 END OF TEST HOLE AT 6.0m : F
i NOTE:NO ACCUMULATION OF GROUNDWATER OR AL E
3 SLOUGH IN TEST HOLE IMNEDIATELY AFTER f =1
10 DRILLING. S e e -
: ' !
4 E—sw;
- 8.0 A s e E
) E-—S’M
3.0 F
’ E—m.o
— 100 -
b E-—SSS!J
- 1.0 -
120 ’::-51!.‘)1
: LR |LOGGED BY: TX COMPLETION OEPTH: 6.1 m -
AGRA Earth & Environmental Limited s ov. mrom SOMPLETE: 12716743
Regina, Saskatchewan [Fig. No: 20 Poge | of |
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ED,GREY AND BROWN

— 6.0 [11] 5Tm
: l-SLOUGHED OURING DRILLING

-BROWN AND NO QDOUR BELOW 5.7m

END OF TEST HOLE AT 6.0m

E )0 NOTE:NO ACCUNULATION OF GROUNDWATER OR

. SLOUGH IN TEST HOLE IMMEDIATELY AFTER
ORILLING.

1o

E—s.o

E—to.o

i—n.e

OIL PIT_EVALUATION TEST HOLES BOREHOLE NO: TH18
FLEET STREET LANDRLL DRILL METHOD: HOLLOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGRU SPUT SPOON CORE SANPLER ELEVATION: 605.76 (m)
SAMPLE TYPE [ n waw Tee | /] oesmmecp DX ser Ea-casne [[wouwow stew TR core
~ |2 | G
T:' =l % SOIL A KTDRICATION YAPOLR (PPU) & COMMENTS z
e
2] % g DESCRIPTION e e o s
0 0 0 “
W™ y‘smﬁ(nmm:n)‘-so' NE SILT AND GRAVEL, | R
/-uom.uemuu DENSE, BROWN 100 =
L Dmeoran {77 &
s / CLAY(FILLYS Om]-SILTY UOSTVERY STIFF, o
/ HIGHLY PLASTIC,BROWN AND GREY T
. /-mmwoouumsorsmomo EERENEN
E % ~SUGHT HYDROCARBOK ODOUR 70 1.2m T
- /-Bucxmmsmoucmmcmaoﬁooounm i
- / REFUSE BELOW 1.2m A0 SO S A O
% ~NORE ABUNDANT REFUSE BELOW 2.3m P E
— 3.0 F / ‘- - -.ﬂ&»é-- -
N é 4 i
i SAD= LT, CUEYORT SENSEFRE Sai= "7 " 7T
O ., [BEES| -SUGHT T0 NODERATE HYDROCARBON ODOUR TO [ -

AGRA Earth & Environmental Limited

LOGGED B8Y: TX

COMPLETION OEPTH: 6.1 m

PEVIEWED BY: £0F OM

COMPLETE: 12/16/93

Fig. No: 21

Paqe 1 of 1

I Regina, Saskatchewan
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH19
FLEET STREET LANDFILL DRILL METHOD: HOULOW STEN AUGER WITH PROJECT NO: JX30012
CITY OF REGHA SPUT SPOON CORE SAMPLER ELEVATION: 605.42 (m)
SAMPLE TYPE ™™ WALLTBE [ /JOSTUREDD X SPT =T [MTwouowstex  []]core
kg €
s H =2 SOIL sxpecsmu womoma | COMMENTS | =
= G |wn —— 2
23 |3 DESCRIPTION e we  um 5
“ » _© ® _w “
B Y77 CIAY(FILL,1.2m)~SILTY MO T,VERY STIFT, RERE 3
3 / HIGHLY PLASTIC,BROWN L w50
3 xu%-mxzomsousorwomomm [ B 3
w2 L -
) CLAY=SILTY MOISTVERY STIFF,HIGHLY PLAS~ J P E 000
] o 41&.3&0% : BN E
F /. i i 3
T /] CLAY(TILL}-MOIST,VERY STIFF MEOWM PLAS— \ AR F
T o /TIC.BROWN I 6030
; 7 EED z
30t (SN ST CLRYET OIST, DERSE FINE GRS ~ ™ 3 e 3
£0,BROWN bbb s 4029
o |8 ~SLOUGHED DURING ORILLING 7 F
oo ! S :
E ] \ ;'—ﬂl.o
= e =
L 600
] END OF TEST HOLE AT 6.0m A F
NOTE:NO ACCUMULATION OF GROUNDWATER OR oo o9
3 SLOUGH IN TEST HOLE INNEDIATELY AFTER Pl E
27 ORILLING. Fordn gt 3
L 2 F
5380
E—w . : _
: S 5879
10 i _
' - 59
E—ton -
s E-595
E—n.o _
: ;—”4.{
i 120 s ]
: 3} s PLETIO : 4.6
AGRA Earth & Environmental Limited jgem Sk e et
_ ; Regina, Saskatchewan Fig. No: 22 Page 1 of |




OIL PIT EVALUATION TEST HOLES BOREHOLE NO: TH20
FLECT STREET LANDALL DRELL METHOD: HOLLOW STEN AUGER WITH PROJECT NQ: JX30012
CITY OF REGINA SPUIT SPOON CORE SAMPLER ELEVATION: 605.72 (m)
SANPLE FYPE :mu wALL T8¢ [ /) oisTuRseD [ Eal = a-casing (]} wouow steu [ core
— o E
R |E SOIL SRR | COENS |
= = <
g5 |3 DESCRIPTION s e uw g
< 0 00w ~
] \SAND{FILL,50mm}~SOME SILT AND GRAYEL, {7 T :
3 MOIST,MEDIUM DENSE,BROWN : Lt :
E GRACEOFCUY . A -s05.0
E CLAY(RLL 2. 7m§-SILYY MOIST VERY STIFT, 3
: HIGHLY PLASTIC,BLACK 3
] O [/} -MIXED WITH SAND AND GRAVEL . _ :
: -STRONG HYDROCARBON ODOUR . - ; 3 F404.0
" ~SILTIER AND SANDIER FRON 1.2m TO 1.8m ‘ R -
T -GREY BELOW 2.0m . :
P T : o E—GO.LO
CLAY(TILL)-MOIST,VERY STIFF MEDIUM PLAS— B . F
3 @ A ne,oRey aren e 3
F  -BROWN WITH BLACK INTRUSIONS AND STRONG 4 © @ = | | ) 3
E « HYDROCARBON OOQUR BELOW 2.9m_ _ ____ __!| ~ F-402.0
E oo [ su [ERBS| SAND-SILTY,CLAYEY,MOIST,0ENSE FINE GRAIN-" "~ | = @ | * . 3
2 -STRONG HYDROCARBON ODOUR TO 4.5m E
t iy €D,8ROWN , L F
g ~SLOUGHED DURING DRILLING I 5010
E o -GREY AND SUGHT HYDROCARBON ODQUR BETOW [l . . . . . 0 : - E
] 4.5m I 3
END OF TEST HOLE AT 4.6m -
i NOTE:NO ACCUNULATION OF GROUNDWATER OR F-400.0
o SLOUGH IN TEST HOLE IMMEDIATELY AFTER .
] ORILLING. : E
— 10 . L. :_
i 3
. E 380
- 00 Co 3
. E-m.a
- 9.0 3
1 ) E—mo
~ 100 :_
E—m.o
~ 1.0 -
E 110 t—fm_o
: . LOGGED BY: 1K COMPLETION DEPTH: 4.6 m
AGRA Earth & Environmental Limited [LoGoED L. I W SOWPLETE: 12/17/33
_ a, Saskatchewan Fig. No: 23 Page 1 of |
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO:  THZ |
FLEET STREET LANDALL ORLL METHOD: HOLLOW STEM AUGER WITH PROJECT NO: JX30012
CITY OF REGINA SPUIT SPOON CORE SAMPLER ELEVATION: 605.799 (m)
SANPLE TYPE_[IITHN WAL TGE |7 orsTwReeD DX ser = ][ mouow stew  [TJcome
K [z ~
EF,|E SOIL Ao uoR(es | COMMENTS | 2
et > <,
23 |3 DESCRIPTION e ue  uww g
< 0 0 8 _® -
3005 7 SAND(FILL0. 1m}~SOME SILT AND GRAVEL, {7 E
3 /msr.uzmuu DENSE,BROWN f F
= /m OFCAY ... N o
E 1 / CLAY(FILLA 3m | -SILTY UOET VERY STIFF, SRREERN s
3 / HIGHLY PLASTIC,BLACK i 3
. / ~NIXED WITH SAND AND GRAVEL i 3
3 / ~STRONG HYDROCARBON ODOUR ; s
» /mmnmmmo.m : o
El:,,,/-sn.uazmusmmr.umoua.zmtor.sm E
/-mmoul.sfnroum ) 2
% ~GROUNDWATER AND OIL SEEPAGE FROM 2.6m T0 F 59
- 18 aie Sdm E- '
] % ~BROWN WITH BLACK AND STRONG HYDROCARBON E
% ODOUR BELOW 2.9m 3
[T : 6020
[ ¢0 % - 3
] CLAY(TILL)-MOIST,VERY STIFF MEOIOM FLAS= "~~~ ] P A A
3 @ U/ REY AHD BROWN ; <1
34 '~MODERATE HYDROCARBON ODOUR _ __ __ ___ _, : 3
] SAND-SILTY,CLAYEY,MOIST,DENSE, FINE GRAIN= N
s |t -STRONG HYDROCARBON ODOUR TO 5.5m : :
F £D,BROWN : -0
- 60 1 -SLOUGHED DURING DRILLING AT - 3
-BROWN AND NO ODOUR BELOW 5.3m Il :
END OF TEST HOLE AT 6.0m a E
F NOTE:HO ACCUNULATION OF GROUNDWATER OR ) 996
70 SLOUGH IN TEST HOLE IMMEDIATELY AFTER I 3
DRILLING. ' 3
E—mo
- 8.0 - -~ .. -
E ' E s
- 90 - 3
E—m.o
- 10.0 E
E—m.o
- 1.0 -
b 120 L Fossea
: St LOGGED BY: 1K COMPLETION DEPTH: 6.1 m
AGRA Earth & Environmental Limited {amrsrsrom COUPLETE: 12/77/33
I Regina, Saskalchewan [Fig. No: 24 Page 1 of |1
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OIL PIT EVALUATION

TEST HOLES

BOREHOLE NO: 101

FLEET STREET LANDFRL

DRILLING WETHOD:150mm SOUID STEK ALUGER

PROXCT NO: JXS0012A

97

CITY OF REGINA ELEVATION: 606.05 (m)
SANPLE TYPE JITam wau tuge [ /Jorstuesep  PX)ser = []nouowstew  []]core
-~ |2 i
e, g SOIL g | OwETs |2
e DESCRIPTION e ke ww g
- ; 1 5 »_© @ ® -
CLAY(FILL.0.9m)~BROWN Pibp i E 6080
o % ke b F
- 19 é * e é—mo
e é B S g
0 END OF TEST HOLE @ 3.8m - e
E 5o ; - ot
} g
:-I.B E—m.ﬂ
:—m - ;—‘H’.ﬂ
! ; E
f““ E son0
;—s.o E aro
é—w.o ;_,,m
E— 1.0 E_”s'q
[ 120 [
: P LOGGED BY: TK COMPLETION DEFTH: 3.8
AGRA Earth & Environmental Limited ievew o oarer OUPETE: ST J0
Regina, Saskatchewan Fig. No: 25 Page 1 of 1
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OIL PT EVALUATION TEST HOLES BOREHOLE NO: 102
FLEET STREET LANDFILL DARLING METHOD:150mm SOLID STEK AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: §06.02 (m)
SanpLeE TYPE  [man waw rwee | /) oisrureen X ser =T [Hinouow stew  []]cose
G § g OIL & KYDROCARION VAPOUR () & COMMENTS £
> %
A DESCRIPTION e Ke  uwm g
» © 0 _® -
F O[> [BEISANDLL 200mm)-BROWN. _ . ) REERE 0.
i CUAY(ILL,1.0m)-GREY E
o -SUGHT 0DOUR 3
- 19 /'u)?(mli-cm """""""""""" : E-6050:
g
-390 é ; L :—603.0
] END OF TEST HOLE @ 3.0m P :
__ " b E—«n.o
—~ 60 -sm
E-J.o - E“”W
2" L oo
._ 9.0 , E-HI.')
;ton E_m_n
E—-n.o E—m-)
: 120 . :
. - LOGGED BY: : 3.0
AGRA Earth & Environmental Limited |oveers s omi e
Regina, Saskatchewan Fig. No: 26 Page 1 of !



OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 103
FLEET STREET LANDFILL DRILLING METHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGENA ELEVATION: 606.22 (m)
SAMPLE TYPE [ x wawt ree [ /] osrursen P ser ESa-casie {1 nouow stew  [YJcore
-~ |2 G
EE,|E SOIL smeoomuos(rgs | COMMENTS | =
= S |@» =3
N DESCRIPTION AT e ww g
” » 0 W 0 w
? CLAY(FILL,2.4m)-BROWN T e
E % ~GREY WITH STRONG HYDROCARBON ODOUR BELOW : F
)| / 0.7m T s
é-mczornoonnsmomssazccsoum i ;
20 % ~TRACES OF WOOD,GLASS AND BRICK PIECES 3
//moul.amromn P F aao
? CAY(MILJ-GREMSIT B ™~~~ """ 77T oot E
- 30 (] % E ol- .. - ;_-“s'o
: su [BRISAND-GREVSHBINCK ~ "~~~ "7 777 A 3
E w0 END OF TEST HOLE @ 3.8m - E
[ . :_“m
|- 5.0 i :-
f 4010
o et 2
: » [500.0
E 1o e b s 2
: iy E59.0
80 S S E-
- . F448.0
:—M rdina -
F -547.0
i"‘ 100 - r:—
: F-596.9)
E—n.n 3
: E-995.0
E 120 l SR E
: P LOGGED BY: 1K COWPLETION DEPTH: 3.8 m
AGRA Earth & Environmental Limited evewe or: oaror COUPLETE: 54711 /00
| arwrem———Regina. Saskatchewan [Fig. No: 27 Page 1of 1
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OIL PIT_EVALUATION TEST HOLES BOREHOLE NO: (04 ,
FLEET STREET LANDFRL ORILLING METHOD:150mm SOLIO STEM AUGER PROJECT NO: JX30012A '
CITY OF REGINA ELEVATION: 605.95 (m)

SaNPLE TYPE TN waw Tuee | /] orsTeeD DX ser = [fnouow stew [ cose |
~ |2 T
EB |2 SOIL mCE e | COMMENTS | =
e~ T TS uow =
=3 (3 DESCRIPTION 5

» @ 8 ®

S0 ST PBRSAND(ALLO.1Sm-BROWN _ __ __________ . E

] / CLAY(PILL,1.5m)-GREY : : E

: % ~SLIGHT HYDROCAREON ODOUR AND DISCOLOURED . 3

3 o FROM 0.15m T0 0.76m : E 50

- 1 % ~STRONG HYOROCAREON ODOUR FROM 0.76m T0 3

: ) Lim .

3 ~TRACES OF WOOD PIECES AND INSULATION FRON :

. LOT6m 0 tlm_______ . ________ ‘ 4040

| o % ‘CUAY-MOTTLED GREY AR BROWN 3

é ~GREYISH-BLACK FROM 2.0m T0 2.7m - :

. 7] CUY(TILL)-MOTTLED BROWNISH GREY ~ | § E o

] @ 1) “NODERATE T0 SUGHT HYDROCARBON GDOUR FROM ’ 3

F L2Im 10 3dm ... . 3

™ SAND-BROWN ; :

E 0 ~SUGHT STAINING WITH STRONG HYDROCARBON P | E 020

2 ODOUR BELOW 3.4m B 3

3 END OF YEST HOLE @ 3.8m : i

Ersj E:-COI.G

E 5

8.0 e E—:m.o;

E

— 18 - E‘.”’-°i

E_“ N —m.al

E._ .°" . E—”I.O

E—:o.o ;Emo

E 11 - s450

t 120 m

; T [LOGGED BY: K COUPLETION DEPTH: 3.6 m
AGRA Earth & Environmental Limited e ov: oneor COPLETE S4/11/05 ;
Regina, Saskatchewan |Fig. No: 28 Pade 1 of 1




OIL PIT_EVALUATION TEST HOLES BOREHOLE NO: 105
FLEET STREET LANDFILL DRALLING METHOD: 1S0mm SOLID STEM AUGER PROJECT NO: JX300124
CITY OF REGNA ELEVATION: §05.38 (m)
SAMPLE TYPE [lmvan waur rvee | /] orstureeo D ser B a-casme {1} wouow sew [T coxe
sl - =
EH,|E SOIL USRS | COMMENTS 2
I~ =2
23 |3 DESCRIPTION uc e ww g
—n (VY]
MK ?\S‘.‘Ng{-&ﬂoﬂﬂ T BREREEEEEED . : 3
! CLAY(PILLO.61m)-GREY :
E o / ~SUGHT HYDROCARBON ODOUR ‘ 3
10 p-PIECES OF WOOD ANDPLASTIC _ _ __ _ _____ doi i E s
1 % CLAY(TLL}-BROWN : 3
; /-aucx STAINING AND STRONG HYDROCARBON SR R 3
! %ooouamouumros.mn SR A ;
E 30 7, SETRUDUE Nt N 010
END OF TEST HOLE @ 3.0m , 3
‘ :
- 0 - <020
E. so | L . E:GQI,O:
E—‘-“ :woo
E_m Ce e e Poa e _ . ém,o
g ] :
- 10 :mo
S-’-“ ::w.o
é—um - E_-S!‘-O
:-n.o ::m.o
1.0 E $84.0
: - LOGGED BY: 1K COVPLETON DEPTH: 3.0 m
AGRA Earth & Environmental Limited jeaves o onreor COWPLETE: ST ]
— Regina, Saskatchewan Fig. No: 29 ~ Poqetof!
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OiL PIT EVALUATION TEST HOLES BOREHOLE NO: 106
FLEET STREET LANDALL DRALUNG WETHOO:150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605.65 (m)
SAMPLE TYPE :mm WAL TBE  [] DisTiREED Xl ser Ea-caswe {]lJnouow stew  []]core
-~ (3 E
=B .8 SOIL sgmomune(s | COMMENTS | =
— > -
&3 |2 DESCRIPTION nEE ke e s
a5 |3 =
84 & n
93 ? CLAY(RLL,1.1m)-BROWN T 3
: o / ~RUBBLE INTERMDXED & BLACKISH~GREY WITH % E
3 / STRONG HYDROCARBON ODOUR FROM 0.3m T0 i 050
E 1o Zewm ] L 3
] 770 BROWN ‘ ]
] / ~BUICKISH-GREY WITH STRONG HYDROCARBON j 3
F % ODOUR BELOW 1.2m _ a 6040
o | % 3
% ; s
E 50 7. i 3
END OF TEST HOLE @ 3.0m BN 7 3
e - E...-,E... E_m.o
- <0 e . . i 3
E at0
- 5.0 -
- 6.0 _
ma
- 10 E
- E—ssa.o
10
- 5.0 - —
) E—m.a
- 100 3
i . .. E._m_r,
110 b
; :
s m
120 R N .
AGRA Earth & Environmental Limited | — T
Regina, Saskatchewan Fig. No: 50 Page 1 of 1|



OL PT EVALUATION TEST HOLES BOREHOLE NO: 107
FLEET STREET LANDFILL DRILUNG METHOD: 150mm SOLID STEW AUGER PROJECT NO: JX30012A
CiTY OF REGNA ELEVATION: 605.51 (m)
SaNPLE TYPE [k waw ruee |/ osTureen P EQ 3 a-casine [jnowew st TJcone
Lad) -—d Lo
EE 2 £
EH, |2 SOIL smmomeuar (s | COMMENTS | =
- > =
NG DESCRIPTION e ke ww =
c P 3 0 4 » ;
F o [/Z] CAY(FLL,0 3m)-BLACKISH GREY IEER R .
E CGARBAGE & SUGHT ODOUR TO 03m_ _ ___ __ ] b F s
5 / CLAY(TICL)-BROWN 5
-0 | 1 @ % . a2
|| 7 »
E END OF TEST HOLE @ 1.5m ) _ E
- 20 o 2
E ; S E—-‘O.M
- 10 s E
w20
p
E— 5.0 E—
F w00
E— 60 E.-
E 510
E 1 o e e e _
o : N 3
S 5980
E._u I , ool .. E,_
- 10 - .
E—m.o
- 100 SR .
b ' S—sas.a
g -
.o E__”‘.,
E 120 . ) . E
AGRA Earth & Environmental Limited (o o7 ooree I e
Regina, Saskatchewan [fig. No: 31 ~ Pags 1 of 1
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O PIT EVALUATION TEST HOLES BOREHOLE NO: 108
FLEET STREET LANDFILL DRALLING WETHOD:150mm SOLIO STEM AUGER PROJECT NO: JX30012A
CITY OF REGNA ELEVATION: 606.14 (m)
SaMPLE TYPE  JEmon wau Tuse (/] orsTweaeD DX ser = [Mnocow s [JJeone
-~ . 8 E .
B g SOIL smecom e e | COMMENTS | £
wn =
33 e DESCRIPTION uSIE 4 W g
> » o @ =
35 9 CUAY(FILL.4.6m)-GREYISH BROWN EREREEE ook o
| 7 ; |
- 10 % ~MOTTLED GREY-BROWN WITH SUGHT ODOUR : - s
: / FROM 0.9m 10 1.2m ‘ 3
3 / ~STAINED GREY WITH STRONG HYOROCARBON : 3
E / O0OUR BELOW 1.2m ; : 3
-0 / ~TRACE OF WOOD & ROOTS FROM 1.2m T0 2.7m Froeer I
) Z oy don o
-3 % R a3
% -SEEPAGE AND WIRE @ 3.4m g -
— w é “ : f-'-m.o;
Z 2
] END OF TEST HOLE @ 4.6m _ ]
[ <o NOTE: e E
E UNABLE TO DRILL PAST 4.6m DUE TO LARGE : 60r
QUANTITY OF WIRE. :
Tt 6000
é—?.O e ; - ?5’9.0
= : :m;
;-’-" ::m‘o
..... :
i—lﬂ,ﬁ -:595.0
:»:- nao ::-515,-)
AGRA Earth & Environmental Limited i“’ﬂ"—,’,’%‘—@——gmg"mﬁ@,r n
Regina, Saskatchewan |Fig. No: 32 Page | of |




OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 109
FLELT SIREET LAKOAILL DRILLING WETHOD:1S0mm SOLID STEM AUGER PROJCT NO: JX300124
CITY OF REGRNA ELEVATION: 605.85 (m)
SauPLE TYPE  [lmn wau wee [/} osmmsen D ser =0 {]]]wowow stew  []]core
- [ 3 E
i, P 2 SOIL smecemsutar(rgs | COMMENTS | Z
g 7|2 DESCRIPTION e e Z
c @ < » «© W _=n “
R 7/ t}tt;\_('u&ﬂu,l.Sm)-HOﬂlm GREY BROWN WITH AR 3
: é-mﬂmmomm 1.2m E cas0
- / ~GARBAGE INTERMIXED BELOW 0.7m -
/ ~GREYISH-BLACK WITH STRONG ODOUR o 3
% 1.2m . P F
Rat % f-_‘m
a / g
% ~SUGHT SEEPAGE © 2.6m . d
: / _ F603.0
3 % ~SEEPAGE.WIRE & WOOD @ 3.7m o
— 40 -
/ ~TRACE OF GREEN DISCOLORATION © 4.3m E
7/ ) s
- oo || o (BESAND=WOTTLED GREY BLACK ~ -
-STRONG ODOUR THROUGHOUT : E
END OF TEST HOLE @ 5.5m 3
g F—600.0
- 10 -
9990
=10 ._
E . Esama
— 40 . 2 :_
:—-5310
— 40 , e :_
; | o
100 S :_
E 1959
-~ 11.0 E'
g _ 3
- 120 P .. 540
; frni {LOGGED BY: TK COMPLETION DEFTH: 5.3
AGRA Earth & Environmental Limited ertve s e COPLETE: /13
- Regina, Saskatchewan [Fig. No: 33 Poqe 1 of !
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OIL P17 EVALUATION TEST HOLES BOREHOLE NO: 110

FLEET STREET LAHDALL DRALLING METHOD:150mm SOUID STEM AUGER PROJELT NO: JX30012A }
CITY OF REGRA ELEVATION: 605.75 (m) '
SANPLE Trpe S an waL Tuse  |) orsTuesed X ser ESa-casme (1] owow stew  [F]core '
- 8 <!
ER_(2 SOIL COMMENTS z !
= g b =
a = s =< !
- DESCRIPTION : |
A /77| CLAY(FILL,3.4m)-MOTTLED GREY BROWN WITH |
% -STRONG ODOUR THROUGHOUT |
3 7] -wooD & RUBBLE FORM 0.7m T0 3.4m st
19 % £
: avot % ) E—mn

2 é 3
1 % ~SEEPAGE,WIRE & WOOD © 2.7m :“’“

o [BETSANDHOTILED GREY GLICK ] R I 3
F phs sl —4602.0

L END OF TEST HOE @ 3.8m ik s 3
: S—OOI.O

E R 2
E E 0

- 6.0 3

; - t
X '_—5".0

— 10 : -

E o :
E 10

- 10 - 3
E—ﬂm

- 9.0 E
20 1 N E a0

[~ 100 :‘
] f—-mn

1.0 -
:: 120 .:—”4,0

: [ |LOGGED BY: TX COMPLETION DEPTH: 3.8 m
AGRA Earth & Environmental Limited [eweveo ov- oo COUPLETE: 03/71/34

Repgina, Saskatchewan [Fig. No: 34 Poge 1 of |

L7, [P RAE 17—
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O PIT EVALUATION TEST HOLES BOREHOLE NO: (11
FUEET STREET LANDFILL DRILLING METHOD:150mm SOLID STEW AUGER PROJELT HO: JX300120
CITY OF REGRA ELEVATION: 605.54 (m)
SANPLE TYPE [T waLL Tuee | /] osTUReED ] ser B a-casne (1] wouow stew ] ]come
— g —
8 £
EF | SOLL spowongga | COMMENTS | 2
- o =
S E |2 DESCRIPTION e e we 5
o @ =
20 4o € ®
@ PSANL ﬂ.Uao.-‘.m))BBQE“ ............... . L 3
/ CUAY(FILL, 1.7m)-UOTTLED GREY-BLACK s 3
/ ~NODERATE ODOUR - -4
ol e %-cmwnusmncommwo.am 3
é ; E o)
E /- I H P <
E 20 7 CLAV( b 3
/ ~STRONG GDOUR THROUGHOUT . P : |
- 10 % —~BROWN WITH BLACK STREAKS FROM 2.9m 10 ok o
s / 11.5m . E
= é(sinbifaéﬁu """""""""" - -
~DISCOLORATION AND STRONG ODOUR THROUGHOUT R =
; END OF TEST HOLE © 3.8m : 3
E 4010
E—mo
3
Esmo
f-r.o R 2
3 : :
PO - e :—”'.0
E—w e _.
E e 3
» s - Esa10
- 1960
E—w.o -
s
:_—n.o :_
_ s
E 120 IR E
, P LOGGED BY: 1K COMPLETION DEPTH: 3.8 m
AGRA Earth & Environmental Limited [meveweo o, ooweee WPETE B8/11/34
wamr Regina, Saskatchewan fig. No: 35 Page 1 of 1



O MIT EVALUATION TEST HOLES BOREHOLE NO: 112
FLEET STREET LANDFILL DRILLING METHOD: 150mm SOUID STEM AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605.52 (m)
sanpLE Trre [lfnax waw nee | /] oiseen X ser = a-casie ([[]vouowstew  [J]eore
- -
—_ 3 £
BB, |2 SOIL smmomeume(ege | COMMENTS | %
— b= -
5 [E (2 DESCRIPTION USE ke um 3
i o » 0 @ w =
T { o [BRISAND(LLO.Sm)-BROWNISH-BUICK B ]
: CLAY(ILL1-5m)-GREVISH-BLACK 1 j F s
E % -~STRONG 0DOUR THROUGHOUT b :
;—':' o % f ; -
- 20 Y/ CLAY(TILL}-GREVISH: -BROWN T T 2
4 % ~DISCOLORED & STRONG ODOUR THROUGHOUT i s
E e :_m!,’
s ° é =
e % 3
< 7 RSP N [ 4025
d W ﬁ SAND-GREYISH BROWN 9
o -DISCOLORED WITH MODERATE TO STRONG ODOUR 3
THROUGHOUT :
END OF TEST HOLE O 3.8m s
» 3
’ g E 9
19 3
10 . ges 3
b . - ;-m-)
=
: . s |
SO - F-596.4
E—-w.o —
E—sss-z
E—-n.n —
b 120 L
. s LOGGED BY: 1K COMPLETION DEPTH: 3.8 m
AGRA Earth & Environmental Limited |revewes ev: oweor COMPLETE: 03/11/3¢
: Regina, Saskatchewan {Fig. Ko: 36 Page 1 of 1
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ORL PIT EVALUATION TEST HOLES BOREHOLE NO: 113
FLEET STREET LAHDFILL DRILLING WETHOD:150mm SOLD STEW AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605.60 (m)
sampLE TYPE  [lnan wau vuee [ ] onstumsen [ Ed] = (][] woutow stew T cose
& e T
r g SOIL sqmoawuos(ga | COMMENTS | £
55| DESCRIPTION e e 2
Y -
0T, [EEES] SANDIFILLO.Sm)~BROWNISH-BUACK T :
E [CAY(RILL 1 -Tm)-GREVISH-BOMGK ~ ™~~~ ™ 7] 4050
3 / ~SUCGHT ODOUR FROM 0.5m 10 0.8m F
- 19 / ~STRONG ODOUR BELOW 0.8m 3
] @ % -TRACE OF GARBAGE 0 0.8m :
F / ~GREEN DISCOLORATION SELOW 1.4m | 4040
E 7//] -TRACE OF ROQTLETS FROM 1.7m 10 1.8m 3
; %Paxv(mmw- """ ' G~
. a / [6a3.0
.:- 10 A — I_
t END OF TEST HOLL @ 3.0m E
':_: é—mo
W 2
E—cm.o
- 5.0 3
- 60 -
- 1.0 E-
T M f—m.o
- 80 et s e 3
- . - E—m.o
- 9.0 . R i _
i F
E- 100 =
b E»ssao
110 . :_
s 00
F 120 l SR _ F
: - LOGGED BY: 1K ICOMPLETION DEPTH: 3.0 m
AGRA Earth & Environmental Limited | o7 ooreor COMPLERE: 09711784
, Regina, Saskatchewan [Fia. No: 37 Page 1 of |




OIL PIT_ EVALUATION

TEST HOLES

BOREHOLE NO: 114

FLEET STREET LANDRLL DRILLING METHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGIMA ELEVATION: 605.55 (m)
SAMPLE TYPE v wa tuee | /] orstursen D ser =R [[[]Howow stex [T cone
— = G
EB |2 SOIL smecmeuangrgs | COMMENTS |
- w -
e - g DESCRIPTION s w2 wm 5
W _® W “
Fw 7 AND(FULL,S0mm)-BROWN _ _ _ ___ __ _____ . P F
1 / CLAY(AILL.1.2m)~GREY-BLICK 3
s o / ~SLGHT 0DOUR TO 0.8m . i
E /-sm«cooommu 0.6m T0 1.2m E :
: -TRACE OF PLASTIC @ O0.8m _ _ _ _ ________ é 3
E / CLAY(THLL)-GREMISH~BROWN E i
] % -gzem DISCOLORATION AND STRONG ODOUR 01
- 29 ROUGHOUT 3
E @ é RN 5
. [SAND-GREYISH-BROWN ~~~ "~~~ """ """ 7 ' S 3
: " -GREEN DISCOLORATION AND STRONG ODOUR A -402.0
F \_THROUGHOUT f . i F
¢ £ND OF TEST HOLE @ 3.8m IR 3
g 6010
E—io -~ < 3
i»—s.o - - "o :_
; -
E : F-599.9
— 0 - e s E
[ . i 3
3 SRR - 5509
- 10 "
E-'m 9
30 2
E—-m.n
E»—lo.u E
E—sss.-)
E—n.o ----- 2
s E—ﬂ‘.-)
L 120 :

- Regina, Saskatchewan

AGRA Earth & Environmental Limited [oaeese® ———JOWUTN DR S8m

|Fig. No: 38

Paqe 1 of |
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 115
FLEET STREET LANDFILL DRILLING METHOD:150mm SOUO STEM AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605.49 (m)
SanpLE TrPe [lnan wau voee /] osueeen X st =R ([[JHowow stew  [F]core
—d = G
T SOIL apouwsacs | CONMENTS | 2
4 =4 w [
=3 |3 DESCRIPTION USE ke U g
» 0 _® » W
r ob ﬁl‘smo(nu.o.lm)-asowu AR ]
, /‘.-IRAC@DE ASPHALT PIECES O O.tm _____ __ b E s
4 o / CUAY(FILL,1.1m)-GREYISH BROVN T T ;
s / ~TRACE OF OOOUR FROM 0.1m T0 0.9m ; E
| -MODERATE_00OUR_FROM 0.9m T0_1.2m___ _ __ ) - |
% CLAY(TILL}-GREY WITH BLACK STREAKS ; F
/ ~STRONG GDOUR FROM 1.2m T0 2.6m « 3
il %
/ P 3
% bt et
é-m«u&mmooouamwz.am A 3
30 Ay— ~
END OF TEST HOLE @ 3.0m i ; 4
o b ; 4010
Pt vk '
...... E—‘Ql.ﬂl
o e E
E—mo
. 0 .- .
im0
E 10 :
i ‘
et e e & 5480
- 3.0 e
R A é—ssm
-~ 2.0 [ - é
ORI -ssto
- 100
t Easo
=110 - é
T ol
[ 120 LoeE L <
: LR ' TH: 3.0
AGRA Earth & Environmental Limited [ teX Ty T
. Regina, Saskatchewan [fig. No: 39 Page t of !
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QIL_MIT_EVALUATION TEST HOLES BOREHOLE NO: 116
FLEET STREET LANDFILL ORILUNG WETHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGRA ELEVATION: 605.58 (m)
savPLE TYPE i wau, Tuse | /) orstumsen D et = (]} Howow st [JTcore
- —
- 3
EF |8 SOIL COMMENTS | ¥
x a5 —_
A DESCRIPTION g
% (% bt
2 ”‘7§M§nu,somml-mw ............. 3
E / CLAY(FILL,1.6m)~GREY BLACK F
3 / ~STRONG GDOUR BELOW 0.05m 0
- 10 @ / 3
] / -WET AND RUBBISH FROM 1.im TO 1.7m 3
7/ el 4040
e /74 CLAY(TILL}-BROWN WITH GREY STAINING
ad a /
3 %
3 END OF TEST HOLE © 2.3m P . .
z SRk :
0 bod

<o

évvvV|VVVV§rIvr'vvn£un[vlrr§:u-[u-réivrv]v'r'£
b o4 - : & 2

o

s ‘ 3
’ F-$98.0
:—MI E
F 3
"""" E—m.-)
E—-!.u _
A E—”W
- 10.0 E
é E'—S!sfl
é—l\.ﬂ E_
: E—-ﬂl,q
E 120 o E
; - JLOGGED BY: 1K [COMPLETION DEPTH: 2.3 m
AGRA Earth & Environmental Limited |ww o swreor CONPLETE: 69/11734

egina 8

|Fig. No: 40

Poge 1 of 1
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 117
FLEET STREET LANDFRL DRILLING METHOD:150mm SOLO STEM AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605,74 (m)
SANPLE TYPE ST wawL et [ /] oismumeeD X ser = L[[f nowow stew  []] core
A= & MTDRICARION VAPOUR (PP1V) & COMME £
= Lo
2|3 DESCRIPTION Z
n a
. 00 Q
s /| SANFILLO. Im)-BROWN_ _ _ _ _ _________ . E
? oA mn.m))-aaown 3
. o % ~GREYISH BLACK & STRONG ODGUR BELOW 0.5m F sl
- 1.9 - E
/-RUBBLE&WDOOWHHS{EPAGEBELOW I.im
CLAY(TILLY-GREY WITH BUACK STREAKS. ™~~~ | 3
E s ~STRONG ODOUR THROUGHOUT [0
] a 3
E |\ A ] :-«uo
30 | | s [BELSAND-GREY BROWN WITH BLACK STREAKS ~ ~~ E
E ~STRONG ODOUR THROUGHOUT L
END OF TEST HOLE 0 3.0m . ;
L : 6029
E. “ T :_
i IS E—«n.o
= it o 3
; ;
F : F-600.9
b~ 6.0 4 :—
- 1.0 e aim s E
E A :
s o E san0
3.0 e -
: E
L ;-ssm
1.9 ~ 3
s ) f—ssm
- 100 -
s E—seao
- 11.0 -
E ss0
F 120 : : L
: s LOGGED BY: 1K COMPLETION DEPTH: 3.0 m
AGRA Earth & EnVlI‘OHmental leltEd ﬁ:‘ﬂ) 8Y: 0JN £E0F CW
I Regina, Saskatchewan [Fig. No: 41 Page | 0i !
¥ "



OfL PIT EYALUATION TEST HOLES BOREHOLE NO: 118
FLEET STREET LANDFLL DRILLING ¥ETHOD: 150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGMNA ELEVATION: 605.52 (m)
SANPLE TYPE [ Mk wa e [ osrursen (X] ser 5 a-casuie {[[]woueow stew  []]core
~k |z ' G
B2 SOIL | symecmumecegs | COMMENTS | 2
- > -
& g = DESCRIPTION uSTE ul g
< » 0 @ wn -
e 7/ CUAT(RLL, 1 3m)-BROWN i Bl 3
F % -GREYISH BLACK WITH STRONG ODOUR BELOW  |... b b4 E 505
: 0.5m P :
| o ;.
}- 20 CAY(ML)-GREYSTAED " T 7] _
/ -STRONG QDOUR THROUGHOUT : 3
. 4] % = e - - :__“m
1 /A 3
F END OF TEST HOLE @ 3.0m - 3
E ;. . :,._mn
w0 i Ll 2
s - E'—COI,G
» SRR
2 . - »—
) 5910
— 1.0 . . " _
H 3
- 5980
e -
3 E—m.o
— 4.0 . _ ;
- E—MGD
- 100 -
E—s,s.a
e -—-531.0
E 120 [ 4
. . LOGGED 8Y: 1K COMPLETION DEPTH: 3.0 m
- Regina, Saskatchewan {Fig. No: 42 Page 1 of 1
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 119
FLEET STREET LANDALL DRILLING WETHOD:150mm SOLID STEW AUGER PROJECT HO: JX30012A
CITY OF REGRA ELEVATION: 605.47 (m)
SAMPLE TYPE Q™M WAL Tet [ /JosTwReD (X S°T Ea-aasie [[Twouoe sd  [J]coee
~& I8 ’ T
sl g SOIL ‘o Tt | COMMENTS 1%
S| -
T ME DESCRIPTION o 2
” — 0 & _® ®» “
L ? CLAT(FILL, 1.7m)-BROWN 3
% ZGREVISH BLACK WTTH STROMG ODOUR BELO Eus0
m 3
E 19 o/ % F
~WET WITH TRACES_OF WOOD_ PIECES BELOW 1.5m_t & ¢ ‘ ' s
Fu | | @ P2 CLAY(MILL)-GREY STAINED NS S :
F 7/ ~STRONG ODOUR THROUGHOUT ; 3
F END OF TEST HOLE © 2.3m ! s
E 3o 3
1o 3
o
: < 50
1o S
' Ess0
- " E—mo
é—m N _
sko
.— 100 é_
E—sas.o
- 110 :_
e é—i‘!l.‘)
E 120 R _ b
. . . D H N
AGRA Earth & Environmental Limited {oofti A T
- Regina, Saskalchewan [Fig. No: 43 Fage { of 1

115




OIL PIT_EVALUATION TEST HOLES BOREHOLE NO: 120
FLEET STREET LANDAILL DRILLING WETHOD:150mm SOLID STEW AUGER PROJECT NO: JX30012A |
CITY OF REGINA ELEVATION: 605.61 (m) '
sanpLe TYPe [N waw e [ orsTureeo PEii =1 [[ljmouow stew  [Tieome
L T2 g
ER IR £
EE. |3 SOIL B | COWENS |z
= =1
E I E DESCRIPTION e we  uaw g
(2]
7 ¥ 0 &_n w
p O SN qumg-.am .............. ) F
i Zhe AILL.2.2m)-GREY BLACK ;
% ~STRONG ODOUR rmzom;uo/R ur oo
~TRACES OF GARBAGE/RUBBLE BELOW 0.8m :
F % F404.0
3 1} z ;-
o/ S 4 : <
: /7 CLAY(TILL}-GREYISH BROWN Ty 4039
E / ~GREEN DISCOLORATION AND STRONG ODOUR P : !
=K % THROUGHOUT : 3
s 4 - E-m.o
E 00 Bl SAND-GREY BROWN ~~~ """ TT 3
] su | BB -GREEN DISCOLORATION AND STRONG ODOUR : ]
3| THROUGHOUT E
E END OF TEST HOLE @ 4.6m e
- 5.0 -
E—CW.I)
- 6.0 S ..
- 10 R 3
¥ s
- - - - E—mo
— 8.0 P - ..
E—m.o
- 5.0 _
;HG.G
- 100 3
E—sss.o
- 1.0 . 3
E-534.0
12.0 O -
; o [LOGGED BY: 1K COPLETION DEPTH: 4.6 m
AGRA Earth & Environmental Limited [evewss or: ooeoe COUPLETE: 69/71/34
’ Regina, Saskatchewan [Fig. No: 44 Poge | of |
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 121
FLEET STREET LANDFILL DRILLING WETHOO:150mm SOLID STEM AUGER PROJECT NO: JXS0012A
CAY OF REGINA ELEVATION: 605.64 (m)
SANPLE TYPE [ waw vee [/ oestuesen D ser =T [l{Tnouow stor  [{Teme
— & a G
SE,E SOIL spuescuon s | COMMENTS | 2
= <
5|2 DESCRIPTION new 2
» 9 @ 0 -
O | P SANDIPLL S0mm)-BROWN _ ____ ___ ___ __ 1 ug 3
4 )-BROWN o} :
: -GREVYSH BROWN AND STRONG ODOUR FROM 0.6m 8esg
10 10 i.2m : .
o -TRACES OF GARBAGE/RUSBLE © 0.8m,1.2m TO B :
t.4m : . s
- b s 3
=TRACES OF W0OO/ROOTLETS FRON 2.1m T0 2.7m | : o 3
___________________________ TR T Fsasa
R SAND-GREY BROWN z L 3
-GREEN DISCOLORATION AND STRONG TO J : C 3
MODERATE ODOUR THROUGHOUT L :
: END OF TEST HOLE @ 3.0m P F-602.0
‘ »
F- 50 - _
E—wo,o
:_, 6.0 . é Ce :_
—939.9)
E o ik 3
KN F
o 5989
b PO 2
T s
= ; L [
: T T E—-m.a
- 100 S._
110 3
5349
E 120 R
. [ LOGGED BY: TX COMPLETION DEPTH: 3.0 m
AGRA Earth & Environmental Limited e oorer COWPLEIE: §8/11/88
er__&qgm_&ekalohewan [Fig. No: 45 Poge 1 of |

117



Regina, Saskalchewan

REVIEWED BY: OJM €Df

COMPLETE: 09/11/94

O PIT EVALUATION TEST HOLES BOREHOLE NO: 122

FLEET STREET LAKOAILL DRILLING WETHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A !

CITY OF REGINA ELEVATION: 605.59 (m)

SANPLE TYPE TN walL Tuge [ /] OISTURSED T ser =R [Mnowow sveu ] core i
— S . E
R, |2 SOIL speosaas (s | COMMENTS | 2
= =1 R <
£ B ° |z DESCRIPTION ek ue e z |
° 5 v 20 40 0 0 &

L AEE SAND(FILLO.3m)-BROWN | NEEEE E

; CLAY(RLL,0.8m)~BROWN, TRACES OF WO0D E

1 o / ~GREYISH BUACK AND STRONG ODOUR FROM 0.5m f : 4030

E 10 ZAT00.0m ] ; L

] (ML) -GReYy ™~ e E

% ~STRONG 0DOUR FROM 1.{m TO 2.6m_ g E o

E a / P :

- 2.0 H o

% P ]
A o] i - E s

s “ g SAND-GREY BROWN P T

L 3.0 ~GREEN DISCOLORATION AND MOGERATE GOOUR H b -

: | ThRoUGHOUT I N :

[ ENO OF TEST HOLE © 3.0m e S :—m.oi

E e E—GOI.QI

s |

— 60 e e k-

E—:.o SR - -

E Co o

F F-588.0

:_. 80 4 ., NN - - :._

- - 2—517.0

— 2 - -

e E—m.o

E—-lo.o —

E é—sssu

- 1.0 -

F T E—m.o

t 20 P . o

H [ H 3 : 3.0
ACRA Farth & Environmental Limited [ReD et COMPLETION DEFTH: 3.0 m

Flg. No: 46

Poqe

1ot
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 123
FLEET STREET LANDFLL ORILLING METHOD:150mm SOLIO STEM AUGER PROJECT NO: JX300124
CITY OF REGINA ELEVATION: 605.47 {m)
SANPLE TYPE Jman waL vuee  [/] osmusep X et =0 [l wouwow stew {1 ] core
— S E
TR, SOIL g | COMENTS |2
- S
S 3|2 DESCRIPTION s ue ww z
a 5 a -
» 0 @ _w w
L Tt ¢ ] 3
.18 / é.
s % -SUGHT STAINING T0 0.9m F
E Cl % . ¢ :—m.ﬂ'
Ll | 7 ‘ LI 3
3 2 SRS R 2
2 et 3
t 9 -> ’E__m.o
b 4.0 . . : %r
6010
E_i_o . [ . b E_
- E—«n.a
- ¢0 : : 3
Esmo
E—’.o A . e - aemes o a e m _. ::-_
: ; :
i e F-s98.0
- u 3 R . IE—
. e e e é—wa
E_.g.@ i e - P ::._
- - S—m.o
i—m _
1150}
E—u.u '_
179 L : E
: . LOGGED BY: 1K COMPLETION DEPTH: 2.5 m
AGRA Earth & Environmental Limited oo . K T COUPLETE: 03/11 /¢
Regina, Saskalchewan [Fig_No: 47 Poge 1 of |
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O PIT EVALUATION TEST HOLES BOREHOLE NO: 124
FUEET STREET LANDFLL DRILUNG METHOD:150mm SOLID STEW AUGER PROJECT HO: JXS0012A ]
CITY OF REGINA ELEVATION: 605.70 (m) !
SANPLE TYPe [ THIN WALL TU8E  [/] OISTURSED D ser =R [ljnouow stew [ ]cone
k| £
EE L SOIL smeexuere | OMUENTS | =
p=1 —
- DESCRIPTION Uk ke v z |
w o
Xl ? CLAY(FIL, 1.1m)-BROWN :
f o % ~GREY BLACK AND UODERATE ODOUR FROM 0.5m E o
3 10 t.im 3
14 é'-mcz OF WOOD & ROOTLETS FROM 0.6m T0 4 3
. 0.8m : C
A cintigweveign =TT :
MK é “GREEN DXSCOLORATION AND STRONG GBOUR e
F % THROUGHOUT ]
: 7
E go | | ¢ (B[ SAND-BROWN e e .
: -SLIGHT GREEN DISCOLORATION AND STRONG I E
: ODOUR THROUGHOUT i b E
3 END OF TEST HOLE © 3.02.3m 20
L. 00 - - :—
: 10
- 50 . . -
- 8.0 3
19 e em =
; i :
3 F-598.0
- 8.0 R 3
) E—ssm
X T [ -
s E—m.o
- 100 -
: E—sss.a
- 1.0 -
3 4.9
| 120 -
: - LOGGED BY: 1K COWPLETION DEPTH: 3.0 m
AGRA Earth & Environmental Limited [wviven av. omreor AT G0/ ie
: Regina, Saskatchewan [Fig. Mo: 48 Poge 1 of 1



OIL PIT EYALUATION TEST HOLES BOREHOLE NO: 125
FUEET STREET LANDFILL DRALUING WETHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGMA ELEVATION; 605.64 (m)
SANPLE TYPE [ wa vuse |7 ostumsen DY ser EA-cAsiG Ul woweow st T Teore
G :é_' 2 SOIL & NIDROCUIN VPR (PP & COMMENTS §
= o 2 ?,; 2000 4000 6000 3
E =2l =
23 |3 DESCRIPTION 5
Sl T —— : :
g / CLAY(PILLL1.2m)-GREY AND BLACK 3
"‘ % ~STRONG 0DOUR FROM 0.6m 10 1.2m : 20
sl g ] 2
; /7] CLAY(TILLY-GREY BLACK s
3 %-smo«c ODOUR FRON 1.2m T0 1.8m . - E 010
Lo | © /-mmmmmumummmu F
3 / 1.8m 10 2.6m E
5 4 :' o
x| [ g ~SUGHT DISCOLORATION AND MODERATE ODOUR | - - 3
E \ BELOW 2.6m | A F
END OF TEST HOLE 6 3.0m S E o
—- !l ! !r L e e e E—-
[ E—m.o
:_. se!| | .. o - . E_
- 6.0 I8 E
E -mo
b 7.0 S £
t N b
3.0 i i 3
] - ' - é—sm
92| s :_
i Ess60
L 100 2
_ E s1sa
11 3
F b b e - E_ﬁ‘v]
120 L : r
AGRA Earth & Environmental Limited fwsstres M
—_— Regina, Saskatchewan Fig. No: 49 Page 1 of !
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 126
FLEET STREET LANDFILL DRILLING METHOD: 150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF RECMA ELEVATION: 605.65 (m)
SAMPLE TYPE QT WAL TWGE | /]OSTWRBED Q) ST =T [MTrouow stew— [J]core
- & 3 G
é, g o g SOIL 4 KIDROCARIH VAPOUR (FPY) & COMMENTS z
S| - =
=33 DESCRIPTION use e uam 2
»_w _®_® “
E [ ] o 4 CAY(ALL,0.3m)-BROWN P f 3
F ZJcy-grOWN T T L. :
E o /é : 6030
- 14 ? CAY(niL)-BRoWN " T T TT _ -
% * ! ’ ' _:"-ﬂ‘.ﬁ
- 29 a % o £ G 3
[ 10 7, F F
3 END OF TEST HOLE @ 3.0m C 4
s . o
e I-401.4
- 00 £
5.0 - £
[ : F
[ 6.0 4 E l
- 10 - E
F o Eson0
- 80 forens o 3
E 5
5974
- 2.0 2
: _ :
E —596.0
- 100 2
- 1.0 - 3
£ é—ﬂlﬂ
E 120 3
: s LOCGED BY: 1K COMPLETION DEPTH: 3.0 m
AGRA Earth & Environmental Limited [rweveo er: oweor COWPLETG 10/11/5¢
_ Regina, Saskatchewan Fig. No: 50 Pags | of |

BATR G 3
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 127
FLEET STREET LANDAILL DRILLING METHOD:150mm SOUID STEM AUGER PROJECT NO: JX50012A
CITY OF REGAA ELEVATION: 605.73 (m)
SANPLE TYre I wawt Tee 7] orsrumsen D3 ser Ea-casue (Il Houow st [T core
eyl p —
——~ E
Ey|2 SOLL | o e g | COMMENTS ) %
= S| =
A= DESCRIPTION uew e we g
& & S e a
2 40 0 [ ]
E S [T o /7 CAY(FILL, 460mm)-BROWN WITH SUIGHT GREY % 3
F %,smumc : h
-SUGHT ODOYR _ . ____._.... b 4050
| [ Grivwow ] 3
s ? CLAY(TILL}-BROWN 3
é Z >0
=T / : o
| % z
- 10 -
F [SAND=CREY "~~~ T TTTTTTTTTITTTT F
s w ~STRONG O0OUR FRON 3.2m TO 3.5m F oo
F \-BROWN & TRACE OF ODOUR BELOW 3.5m ]
Tt END OF TEST HOLE @ 3.8m y
é—nm
- 59 3
E—mol
- 6.0 -
: oo
1.0 -
: andi é
[ : —548.0
10 o gt b -
I ; . ‘ o E—m.a
E— 5.0 - 4 5-
F TThTe 50
- 100 X
. E~5m
1.0 L
: 1.0 P . E—'Sﬂ.f)
; - TLOGGED BY: 1K COWPLETION DEFTH: 3.8 m
AGRA Earth & Environmental Limited |[Qvew ssarer CONPLETE: T0/11 /34
mmmm_ﬂm_mmmmL {Fig. No: 51 Pags | of |
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 128
FLEET STREET LARDFILL ORILLING METHOO:150mm SOUID STEM AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605.74 (m)
SAMPLE TYPE  JETHN witt vwee (/] orsTumeeD DX st = (] Howow stew [T cone ‘
-
o Iz =
oM SOLL spremmuari | COMMENTS | F
= b1 -
EE |z DESCRIPTION ww e we 3
@ o
% O @ _»
E T o /] CUY(FILL460mm)-BROWN WITH SUGHT GREY ' R :
%smum = : E
o -SUGHT O0OUR _ _ _ _ _ . _______._. 1 R :
0 ZAUAY-tROWN @ p e
] /1-!31:‘((;*{3[&%&"‘.6.79 Ofm___________. N : : 3
CLAY(TILL}-BROWN : 3
E 1 % oo
20 /A ~GREY STAINING AND STRONG ODOUR BELOW 2.0m | 777 % 1+t 3
F END OF TEST HOLE @ 2.3m P A f
{ : E405.0
- 3.0 Gee s 3
: 5 3
: ; E
E o 6010,
= 4. 5.
E - |
A : _Emo;
'_s.o Y e . = H
E : !
3 E
E s
- 6.0 -
3 . :
i-m o Emu
@ e s
9 5480
- 8.0 3
; - E
L 9879
- 9.0 ) E‘
z B s
10,0 3
:
< : 59590
E-11.0 E
E t
: o s
120 . : oo —_— <
: st LOGGED BY: TX COMPLETION DEPTH: 2.3 m
AGRA Earth & Environmental Limited }EEWWW
Regina, Saskatchewan [Fig. No: S2 Poge 1 of |
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 129
FLEET STREET LANDFILL ORILLING WETHOD:150mm SOUID STEK AUGER ___[PROJECT NO: JX30012A
CITY OF REGHA ELEVATION: 606.11 (m)
SAMPLE TYPe TN wiL e [losrwees D seT Ha-asw [[Twouowsted [Teome
~t |z z
cp g SOIL Cgeme | conans |2
S| -
- DESCRIPTION e _ux e 5
& @A =
D 49 ® B
00| | e [ SAND(FLLO.Sm)-BROWN_ " © ] A I I
E o / CLAY(ALL,0.6m)-BROWN s 3
] 7 R P o F
- 10 ? CLAY(TILL}-BROWN N s
Y T
ul | 7 »
< /Z) i H I
E END OF TEST HOLE © 2.3m 3
s - :Zmo
;—C.ﬂ ileoz.o
.5 é
;'_s.a 'J. ;wl')
X ek e :cou
[ 10 ‘. - ::?!!,')
' E
8.0 - ‘ - ::m.-)
- 100 ::”E.G
;—u.n ::m'_‘
E 120 A :
: - LOGGED BY: 1K WPLETION DEPTH: 2.3
AGRA Earth & Environmental Limited peetek ————(CUPION X L3 m
B,,W_Mm.ﬁiit&chewan [fig. No: 53 Poge 1 of -
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 130 ]
FLEET STREET LANDFILL DRILUNG WETHOD:150mm SOLID STEM AUGER PROJECT NO: JX300124
CAY OF REGMNA ELEVATION: 605.88 (m)
SAMPLE TYPe  Jmax waw voee | /] oistumseo by ser = [Mnouow st [F]cose
— - ’E
EE | SOIL spuoms s (e | COMMENTS | =
S|V =
83|38 DESCRIPTION L e 3
” 20 40 : [} | ] et
F 00 /A CLAY(FILL,1.5m)-GREY i i 3
F % ~SUGHT TO MODERATE ODOUR b 3
(170 ‘ o
7 ~CONCRETE PIECES FROM 1.2m 10 1.5m |
SAND=6ROWN ~ ~ . 3
PR ~NODERATE ODOUR THROUGHOUT 4040
i -PIECES OF CONCRETE FROM 1.5m T0 2.4m 3
[CAY(MIL)GReY” """ """ """ 777777 1
“ %—smoncooouammmom S T B 4030
Z I é
- 40 % ___________________________ Z“"
F . g SAND=GREYISH BROWN ]
F | -STRONG ODOUR THROUGHOUT .
: END OF TEST HOLE @ 4.6m _ E ot
- 5.0 4 - 3 ’
F ‘ E 4000
'_—&0 . - E—
E— 10 :”’.0
E—lo e ::-sm
E_, " i ::ssn
ool | L L e 969
E-'"ﬂ ::m.o
120 P : E 5940
. s |LOGGED BY: TX COMPLET!ON DEPTH: 4.6 m
AGRA Earth & Environmental Limited |rewives o e COMPLETE: 10/11/48
na L [Fig. No: 54 Page 1 i 1
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 131
FLEET STREET LANDFLL ORILLING METHOD:150mem SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGINA ELEVATION: 605.94 (m)
SAMPLE TYPE  IRITHIN WALL TUBE |7 OrsTURBeD Edl = Twowowsted [J]core
Ll - -
€ I‘“ 2 £
SHy 8 SOIL g | COMMENS |2
G E |3 DESCRIPTION U ke v 5
“ ¥ 9 @ w0 w
U Y/7) CLAY(FILL,0.9m)~BROWN WITH SUGHT GREY A ! 3
: o / STAINING & OOOUR 3
W ]
- 10 Y/} CLAY(FILLL0.9m)~BROWN WITH SUGHT GREY 8.0
3 a % STAINING & ODOUR ]
z 7 . ‘ E
20 /) CLAY-GREY 4040
E a Z -STRONG OOOUR FROM 1.8m TO 2.6m :
F 7 I <
; 7| CLAY(TILLY-BROWN WITH BUACK STREAKING 3
TR % ~NOOERATE 00OUR FROM 2.6m TO 3.5m 4030
7/ N i z
_ su (R SAND=EBROWN :
) END OF TEST HOLZ @ 3.8m E 020
E_u é—ﬂl.'l
E_.‘.g , B . N E:coc.-:
E_u , _—— . :_-59!.4
10 Ces E__-”lu
é"" :mn
é-n.n -:_—595:1
120 R E__su
ACRA Earth & Environmental Limited [Sc@8tX T ™
A Regina, Saskalchewan [Fig. No: S5 Poge 1 of 1
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OIL PIT CVALUATION TEST HOLES BOREHOLE HO: 132
FUEET STREET LANDAILL DRILUNG WETHOD:150mm SOLID STEM AUGER PROJECT NO: JX300124
CITY OF REGHNA ELEVATION: 605.96 (m)
SANPLE TYPE [Inan waw Tues [/} osnseD ) ser Ea-aswe {[Jmouow stad  [J]ecome
- (8 €
T, |8 SOIL IR | OMETS g
= >
5B ° |2 DESCRIPTION o1 ww s
D 0 @ ® “
1 Y774 CLAY(FILL,0.9m)~GREY BROWN MR |
3 o % TRACE OF ODOUR L E
R AN :
- 14 CLAY(PILL, - 1mJ~GREY BROWK i S
. oo % ~MODERATE ODOUR THROUGHOUT =il L
- 20 /7 i ; . 6040
] /] CLAY-GREYISH BLACK & BROWN 7 =
F % ~STRONG ODOUR THROUGHOUT i ; 3
- 19 o % ’ : i : E:Cﬂ.o
) / . ‘ L _—m.o
a / : ]
~GREEN DISCOLORATION AND STRONG ODOUR i
THROUGHOUT v :
F o END OF TEST ROLE © 5.3m bk Ee00.0
E 20 . .' - e
F ' :
E._.l'n - L. .:':'5”"7
; - é
_ " ;m.o
E 100 590
E—“ﬁ ::m.o
F 120 S Lo
: LS s OEPTH: 5.5
AGRA Earth & Environmental Limited [RS8t T
S Regina, Saskalchewan _[Fig No: 56 Pags 1 of |
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OfL PIT EVALUATION TEST HOLES BOREHOLE NO: 133
FLEET STREET LANDALL DRILLING KETHOD:150mm SOUD STEW AUGER PROJECT NO: JX300124
CITY OF REGINA ELEVATION: 606.14 (m)
SANPLE TYPE [ THIN waLs Tuet | /] orsTuRaeD D ser = ({]wowor stew [T core
—_ -t E
£ E o % SOIL A o g COMMENTS =
= 2
5 & |2 DESCRIPTION U e v g
P o < » 0 Q0 n_ w
Bl SANDIFILL, SOmm)-BROWN ___ __ . _ . _ . _ .. 1 a =y
3 ch FILL 2.8m)-~BROWN e F
z—u % = 4050
a % ~GREYISH BUACK AND STRONG ODOUR FROM 1.4m
: / 10 2.9m 3
- 20 /-woooamlzon.m E o
- 7] -CONCRETE NOOD,GRICK WITH SAND & GRAVEL ;
é FROM 2.0m T0 2.6m E
- 32 Y (WLL)-GREY WiTH BOARK STREARS ™™™ ™ ] : E o
f é ~STRONG ODOUR FROM 2.9m T0 5.8m Pei 3
— “ é B =0
| | = ﬁ'siuble'sév?u """"""""""" E
E END OF TEST HOLE @ 6.Im : : o
-1 OO * :sm
F : : .
0 ::m.o
;—”’ i:»m.n
i_m ::m.o
E_M ::sss.o
b 120 _ £
AGRA Earth & Environmental Limited [mwoSil e
mm_BgMatvhewan [fig. No: 57 Page 1 of |




2.0m

-CONCRETE PIECES @ 1.4m

\-WOO00 PIECES FROM_1.5m 1O 1.8m
CLAY(TILL}~GREVISH BLACK

~STRONG ODOUR FROM 2.0m TO 4.0m

g
1 s

-GREYISH BLACK & SUGHT QDOUR FROM 1.4m TO

- 10 SAND-BROWN ~ ™77 7T

OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 134
FLEET STRELT LANDFILL DRILLING WETHOD:150mm SOLID STEM AUGER PROJECT HO: IX30012A
CITY OF REGMA ELEVATION: 605.86 (m)
SAMPLE TYPE TN WALL TUBE_ |7] OGSTURSED ] Ea-as [Mmouowstd [TJeme
- E
Bz SOIL sgmecuscurom(nis | COMMENTS | 2
= ] -
S I3 DESCRIPTION sk e e 2
. _0 0 o “
| o || SANDFILL 460mm)-BROWN B 3
[CLAY(ALL,1Sm)-CREY "~~~ """ """ 77777 :
- 19 - 59
< o : [

-

END OF TEST HOLE @ 4.6m

s 6019
- 5.0 e -
o o

E

>

P
F F-e000
= 6.0 .- S

o

o
[ o
F- 10 e :__”"
9 : Yy E

. ) £
: A 989
— 3.0 o
4 : 5979
- 1.0 s : - E
ot 3

b 5960
- 10.0 -

.

d

o
3 595
1.0 P
[ 120 [~594.5)

vvvlllvllévll'I'rlvé'vv'vvvlviﬂln-
s £ o

MEGCD B X

[COMPLETION DEPTH: 4.6 m

COMPLETE: 10/11/94

Fig. No: 58

AGRA Earth & Environmental Limited l,._mmo 5Y: O O

Poge 1 of §

_— Regina,_Saskatchewan
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OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 135
FLEET SIREET LANOFILL DRILUING METHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A
CITY OF REGRNA ELEVATION: 606.10 (m)
SAMPLE TYPE JE™N wa, Tuee [ /] orsTuraeD IX] ser =y |11 nouow stew [ core
CE |2 SOIL spomswemmis | COMMENTS |
> =
56" |2 DESCRIPTION T e 5
v - I I I ) “‘
p '7*5&". MULSOmm]-BROWN _ _ _ _ i =l
' /eu FILL.1.6m)-BROWN REE 5
/ ZSTRONG 0DOUR FROM 0.3m T0 1.7m ! g
o m/-camsumuosmm.m 3
/ ~CONCRETE PIECES 0 0.61m : o0
g—mczs OF 000 & PLASTIC FROM 0.9m T0 f 3
t7m . :
= (\BUACK FROM Ldm 10 0.7m _ __________| 3
- é CUY(TIL~GREY BLACK 4000
/ —~BROWNISH GREY BLACK FROM 2.4m TO 3.4m ;
g @ / ’ E 3
" é ........ bt b 3
i ~BROWN BELOW 3.4m
|| 2 | -
w0 END OF TEST HOLE @ 3.8m E o
50 ' E;m.o
;—c.a ' :“m"
- 10 E 5990
3 :
E r
:... [Y] :;mo
i ;
;
19 s 5970
E 9
100 F oo
;—n.o E—'mn
E 120 . o
; Pt [LOGGED 8Y: TX COMPLETION OFPTH: 3.8 m
AGRA Earth & Environmental Limited v v coe COMPLETC: 10/11 /34
_ Regina, Saskatchewan [fig. No: 59 Page | of 1

131



OIL PIT EVALUATION TEST HOLES BOREHOLE NO: 136
FLEET STREET LANDFILL DRILLING METHOD:150mm SOLID STEM AUGER PROJECT NO: JX30012A |
CAY OF REGINA ELEVATION: 605.35 (m) '
SAMPLE TYPE T wau et [Aostweeer X ser EjA-casinG [} nouow stew [T cone
[ ]
[Las - ) -
~ |la 8 5 I
,E, S o |E SOIL 4 KTDROCATION VAPOUR (PP 4 COMMENTS §
- =
23|28 DESCRIPTION usIC ke e z |
< ¥ ©0_ 08 !
PR OO Im)- 6RO ____ bl I 3
I 1. i s
_ % CLAY(FILL,1 Sen )~BROWN ! ; E
- 10 “/-cmammmmcxsmm&mt : E
F / ODOUR FROM 0.9m TO 1.7m : o
7/ o] ; ; e
/7| CLAY(TILL}—GREY BROWN ; f :
o)) Z-mmmmmumomroooun vob et -
\ BELOW 1.7m A ' : F—403.0
F END OF TEST HOLE O 2.3m ; oy :
- 10 ik el F
: —602.0
E— 4.0 - E_
» [~601.0
50 3
F-600.0
— 0 __
.: F498.0
E i 5970
E : E
:—!.0 _-_-
E 4960
- 100 ?_
E F-595.0
E—n.o :_
é E-ﬂl 1)
E 1.0 R E
: P [LOGGED BY: 1K COMPLETION DEPTH: 13 m
AGRA Earth & Environmental Limited [vews 57 5o COUPLETE: 1011 /34
Regina, Saskatchewan |Fig. No: 60 Paqe 1 of 1
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OfL PIT EVALUATION TEST HOLES BOREHOLE HO: 137
FLEET STREET LANDFILL ORILUNG WETHOD:150mm SOUID STEK AUGER PROJECT NO: JX300124
CITY OF REGINA ELEVATION: 605.633 (m)
SANPLE TYPE v wa vuee /] osTureen e =K [l Howow svew  []]core
~ & 3 €
2P SOLL gemme) w2
o (@» =
2B |3 DESCRIPTION e e wwe g
- p o 8 » =
W] w [BHSMDALLOIm)-BROWN_ .
® MI@_mm? __________________ ; i :
] CLAY(PLL, 1.6m)~GREYISH GROWN P 080
L. 10 4 -SUGHT QDOUR FROM 0.4m TO 0.8m F 3
; o ~STRONG ODOUR FROM 0.9m T0 .1m TR F
~GREY & SLIGHT 0OOUR FROM 1.1m TQ 2.0m b boa: b s
. et 4040
= GV T rr e
1 ~STRONG 0DOUR THROUGHOUT i E
: a E 4030
E o -GREEN DISCOLORATION FROM 2.7m T0 3.2m I e 3
SAND-GREYISH BROWN ™~~~ """ """ """ R E
- ~GREEN DISCOLORATION & STRONG ODOUR A L6020
E \_THROUGHOUT 1 P F
2 END OF TEST HOLE @ 3.8m A AT 3
- 5.0 - _
é-mo
E— 8.0 :::.
E E
s
E o E
3 to E-sa0
- 30 b —
. E—sqm
: ’ a8
- 100 E—
E—m.o
110 ‘ 3
oo
129 o :
: - D B%: 1K : 38
AGRA Earth & Environmental Limited |t s smir———loina e
S Regina, Saskatchewan Fig. Ne: 61 Poge { of 1
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ORPIT_EVALUATION TEST HOLES BOREHOLE NO: 138
{FLEET SIREET UANDFLL DRILLING METHOD:150mm SOUD STEM AUGER PROJECT NO: JX30012
CITY OF REGINA ELEVATION:
SANPLE TYPE I wau vuee [ /] oestursep [X] ser = A-cASING {[Jnousow stew [ core
€= § SOIL 4 HYDROCARBON VAROUR a COMMENTS E
=1 Ll
s & |2 DESCRIPTION sk e wwe 2
«ﬁ \'2) w
p ASPHALI(22Smm) _ _ ] p 1
F | CUY(FLL 1 .0m)~GRETESH GROMN 3
o % ~SUGHT GOOUR :
1.9 E--1.0
E [COAY(RiL)-BROWN ™~ """ " T Tt T T E
: é ~SUGHT STAINING TO 2.1m 3
- 24 / E--20
M e Bh o
i [SAND-ROWN ~~ 77T TTTTTT T . S S 3
i $¢ |BR3 - SLIGHT HYOROCARBON ODOUR . :
- 4.0 END OF TEST HOLE @ 4.0m Nt A e -0
E" 5.0 g—-s.o
. (1] R E—-c.o
E |
: ' E
~ 8 E—-u.o
E 3
l;—s.o ....... Y
E-IM E—-m.o
'-_i-n.n E—-n.a
E 120 l . _ E _u_ﬂ
. . LOGGED BY: 1K COMPLETION DEPTH: 4.0 m
AGRA Earth & Environmental Limited faveve s ower COWPLETE: 22/12/34
: Regipa, Saskalchewan [fig. Ne: 62 Page 1 of 1
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O PIT_EVALUATION TEST HOLES BOREHOLE NO: 139
FLEET STREET LAKDRLL DRILLING WETHOD:150mm SOLID STEK AUGER PROJECT NO: 1X30012
CITY OF REGINA ELEVATION:
SAMPLE TYPE [ nan wawL et _ [ /] oisTuRaED pED Eja-casme L[] moteow s (T come
EH |8 SOIL S | COMMENTS | E
= >
- NE DESCRIPTION wox xc v :
b A o
0 ASPRALT(22Smm0) _ __ ... ___] e
! ? CLAY(FILL,1.0m)-GREYISH BROWN :
_ o / =SUGHT HYDROCARBON 0DOUR F
- 1.0 é --1.0
? clAY(MiL)-stowi ™ """ """ E
- 20 a é ;—-z.o
- 10 SAN P
« 3
T END OF TEST HOLE © 4.0m R -0
50 n =
é—u ot e E—--co
E‘"-" - E—-J.u
] i :
_ 30 é—-u
§~s.o §-~s.o
E—ID.O E—-m.o
E-n.n E—-n.o
E 120 L e P "‘2'!4
. . . A TH: 4.0
AGRA Earth & Environmental Limited oo s e
Lm Re_gj_ng Saskatchewan |fig. No: 63 Page 1 of &
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APPENDIX B

OTHER ANALYTICAL RESULTS
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BTEX, TSH, PEHNOLS, ETHYLENE GLYCOL AND PCBs
Test Depth Parameter
Hole (m) Benzene | Toluene | Ct0¥V Xylenes | TSH | Phenols Ethylene | pr-p,
benzene Glycol
I 33 - - - ~ | 1eoo00| - - -
| 38 47 36 37 835 - - < | <0l |
2 22 ¥ 29 55 6 | 14000 | 25 - -
2 6.1 12 17 18 e 0.53 - -
3 15 - - - - | 4900 - - -
5 23 - - - - 89 - - -
6 38 - - - ~- | 3300 | - - -
7 38 - N - ~ 120000 - - -
8 38 - - - - <l - - -
9 30 - - - - 129000 | - - -
10 33 - - - ~ 1190000 | - - -
T 15 - - - - 16,000 | - - -
12 23 | - - - - 15,000 | - - -
12 | 30 | <01 95 60 36 - - 2 | <0l
13 23 - - - - <l - - -
14 30 <0.1 0.5 33 511 - - <2 <0.1 |
16 23 <0005 ' <0.005 | <0.005 | <0005 | <l 007 - -
16 6.1 <0005 | 0078 | <0005 | 0070 | 6700 | <0.02 - —
7 23 23 08 38 97 - - <2 <0.1
17 30 - - - - 13100 1 - - -
18 53 - - - ~ | 60000 | - - -
19 46 <0005 | <0005 | <0005 | <0.005 | <l 0.04 - -
20 38 026 0.23 1.2 1 | 18,000 | 005 - -
21 53 15 12 0.071 19 | 69,000 | 042 - -
SERM Guideline | 0.5 30 5.0 50 NA | NA NA | N/A
CCME Guideline | 0.5 3.0 5.0 5.0 N/A 1.0 N/A 5

Notes:

“<" means that the result was less than the method detection limit indicated.
“—* denotes that these samples were not analyzed for the parameter indicated.
N/A denotes that a guideline concentration does not exist for that parameter.
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SOLVENT SCAN RESULTS

Concentration (mg/kg)
Parameter Test Hole and Depth (m)
1(3.8) 2(2.2) 2(6.1) 12(3.0) 14(3.0) 16(2.3)
Acetone 0.7 96 1.71 038 1.1 039
Benzene 47 5.77 031 <0.1 <0.1 <0.0}
n-Butyl Alcohol <0.2 <0.02 <0.02 <0.2 <0.2 <0.02
Carbon Disulfide 05 <002 12.8 03 02 <0.02
Cresols/Cresylic Acids <05 <0.2 <0.2 <0.5 <0.5 <0.2
Cyclohexanone <05 <0.2 <02 <0.5 <0.5 <0.2
Ethyl Acetate <10 <02 <0.2 <0.1 <1.0 <0.2
Ethyl Benzene 37 <0.02 1.43 6.0 33 <0.02
Ethyl Ether <0.2 151 <002 <02 <0.2 <0.02
Isobutanal | <02 <0.02 <0.02 <0.2 <0.2 <0.02
Methanol | <04 <0.05 0.34 <0.4 <0.4 <0.05
Methyl Ethyl Ketone | 10 322 020 10 43 <0 02
Nitrobenzene | <04 <0.1 <01 <04 <0.4 <0.1
2-Nitropropane | <0.5 <0.1 <01 | <05 | <05 <0.1
Pyridine <08 | 440 119 | <08 | <08 <03
Toluene 36 046 0.32 95 0.5 <0.02
Xylenes 835 5.06 703 36 51 <0.02
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SOLVENT SCAN RESULTS (cont’d)

Concentration (mg/kg)
Parameter Test Hole and Depth (m)
16(6.1) 17(2.3) 19(4.6) 20(3.8) 21(3.8)
Acetone 066 <0.1 <0.01 0.15 19.6
Benzene <0.01 <0.1 <0.01 <0.01 0.63
n-Butyl Alcohol <0.02 <0.2 <0.02 <0.02 2.94
Carbon Disulfide <0.02 <0.2 <0.02 <002 2.1
Cresols/Cresylic Acids <0.2 <0.5 <02 <02 <02
Cyclohexanone <0.2 <0.5 <0.2 <02 <0.2
Ethyl Acetate <0.2 <1.0 <0.2 <0.2 6.7
Ethyl Benzene <0.02 <02 <0.02 0.93 0.68
Ethyl Ether <0.02 <02 <0.02 <0.02 <0.02 |
Isobutanol <0.02 <02 <002 <0.02 <002 |
Methanol <0.05 <0.4 <0.05 <0.05 1.15
Methyl Ethyl Ketone <0.02 <0.2 <0.02 <0.02 0.36
Nitrobenzene <01 <0.4 <0.1 <0.1 <0.1
2-Nitropropane <0.1 <05 <0.1 <0.1 <0.1 i
Pyridine <0.3 <08 <03 33 720 |
Toluene <0.02 <02 <0.02 | <0.02 021
Xylenes <0.02 <02 <002 | 069 154 |

Note:  “<" means that the result was less than the method detection limit indicated.
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HERBICIDE SCAN RESULTS

Concentration (ug/kg)
Parameter Test Hole and Depth (m)
2(2.2) 2(6.1) 16(2.3) 16(6.1) 19(4.6) 20(3.8) 21(5.3)

Bromoxynil <40 <40 <40 <40 <40 <40 <40
Dicamba <40 <40 <40 <40 <40 <40 <40
2,4-D <20 <20 <20 <20 <20 <20 <20
Diclofop-methyl <10 <10 <10 <10 <10 <10 <10
Picloram <50 <50 <50 <50 <50 <50 <50
MCPA <20 <20 <20 <20 <20 <20 <20
Trifluralin <20 <20 <20 <20 <20 <20 <20
Triallate <40 <40 <40 <40 ! <40 <40 <40

Note: "< means that the result was less than the method detection limit indicated.
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EXTRACTABLE ORGANO-CHLORINE RESULTS

Test Hole and Depth (m)

Parameter

1(3.8) 12(3.0) 14(3.0) 17(2.3)
Bromine 0.76 0.21 <0.2 <0.2
Chlorine 13 1.9 9.1 1.8
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ICP TRACE ELEMENT SCAN RESULTS

N/A denotes that a guideline concentration does not exist for that parameter.
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Concentration
Parameter Test Hole and Depth (m)
1(3.8) 12(3.0) 14(3.0) 17(2.3) CCME Guideline
Aluminum 7520 8410 11100 14100 N/A
Arsenic 89 7.4 7.5 8.3 30
Barium 138 167 133 186 500
Beryllium <0.1 <0.1 <0.1 <0.1 4
Cadmium <0.5 <0.5 <0.5 <0.5 5
Calcium 31000 22100 19900 21300 N/A
Chromium 17 I8 18 28 250
Cobalt 7 7 8 10 50
Copper 52 28 26 82 100
fron 12500 12700 12900 16000 B N/A
Lead Y 90 35 o | 500
L Magnesium ; 7970 9760 8720 9630 ! N/A ;
| Manganese | 385 237 376 357 | N/A
T ! -
Mercury | 05 <0.1 <0.1 <0.1 ’ 2 j
Molybdenum <5 <s <5 <5 10 !
Nickel 17 14 e 22 100
Phosphorus 313 317 342 376 N/A
Potassium i 1930 1730 2560 2990 N/A
Selenium 04 02 03 0.2 3
Sodium 1060 651 698 412 N/A
Thallium <10 <10 <10 <10 N/A
Vanadium 21 2l 27 32 200
Zinc 72 63 51 273 500
Notes: <" means that the result was less than the method detection limit indicated.



APPENDIX C

GAS CHROMATOGRAPHS
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ANNALE A A et e \OD U4 \MULUULS LU \DVAQLUDY . LU

Method File : C:\STAR\SEMCAL.MTH
Sample ID : 42543)x30012,3-2-5

Injection Date: 7-JUL-94 7:05 AM

Operator ¢ B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_s6 : Bus Address : 16 ’
Instrument : 3400 Sample Rate : 10.00 Hz
Channel : A = fid Run Time : 28.002 min

thkkrnikkks Varian GC Star Workstation ttxsstskarttn Version A2 tRAXttktAthtthhts

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
Start Time = 0.000 min End Time = 28.000 min Min / Tick = 1.00
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aremee o wma -

Method File
Sample ID

S S A\ LA ANV VMM A W \ D VAL LV L s U
! C:\STAR\SEMCAL.MTH
: 4263x30012,6-6-12

Injection Date: 7-JUL-94 11:38 AM

Operator :
Workstation:
Instrument :
Channel :

(22221323 23

Chart Speed
Start Time

B. Chomin Detector Type:
MS~DOS_6 Bus Address :
3400 Sample Rate :
A = fid Run Time :

ADCB (1. Volt)

16
10.00 Hz
28.002 min

Varian GC Star Workstation #*tttakstttds Version A2 *etkrtertssanenns

= 0.60 cm/min Attenuation = 100 Zero Offset = 5%
= 0.000 min End Time = 28.000 min Min / Tick = 1.00
- =
=
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Run File ¢ C:\STAR\MODULE16\svarlill.RUN
dethod File : C:\STAR\SEMCAL.MTH
Sample ID : 4265x30012,7-5-12

Injection Date: 7-JUL-94 6:02 PM

Jdperator : B. Chomin Detector Type: ADCB (1 Volt)
Aorkstation: MS-DOS_6 Bus Address : 16
[nstrument : 3400 Sample Rate : 10.00 Hz
“hannel : A = fiad Run Time : 28.002 min

tankakkitsk Varian GC Star Workstation txtikastssstn Varsion A2 *rrtktdextttrtats

chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
start Time = 0.000 min End Time = 28.000 min Min / Tick = 1.00
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—r s sas + ve \DLAR\MUDULLELO\SVArlo3.RUN
Method File : C:\STAR\SEMCAL.MTH

Sample ID : 4270x30012,9-4-10

Injection Date: 7-JUL-94 1:12 PM

Operator : B. Chomin Detector Type

: ADCB (1 Volt)
Workstation: MS-DOS_6 . Bus Address : 16
Instrument : 3400 Sample Rate : 10.00 Hz
Channel : A = fid . Run Time : 28.002 min

kkkkkktkttt Varjian GC Star Workstation sxzksrxasxzs Version A2 RAkkhRkhwkhhhhAky

Chart Speed = 0.60 cu/min Attenuation = 100 Zero Offset = 5%
Start Time = 0.000 min End Time = 28.000 min Min / Tick = 1.00

147



Run File : C:\STAR\MODULEl6\svar105,.RUN
Method File : C:\STAR\SEMCAL.MTH
Sample ID : 4273%30012,10-5-12

Injection Date: 7-JUL-94 2:25 PM

Operator : B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_6 Bus Address : 16

Instrument : 3400 Sanple Rate : 10.00 Hz
Channel : A= fid Run Time : 28.002 min

snkkkktetes Varian GC Star Workstation tassassenittd Version A2 AsrxtAttkakttahdtn

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
start Time = 0.000 min End Time = 28.000 min Min / Tick = 1.00
- -
ci1o ==
c12 —
C 14 -
cae- =
- e ———
c 20~
C 24
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nw fLace ¢ LI\DTAK\MUDULELL\SVaArlu8.RUN
Method File : c \STAR\ SEMCAL .MTH
Sample ID ~ : 4275x30012,11-2-6

Injection Date: 7-JUL-94 4:14 PM

Operator : B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_6 Bus Address : 16
Instrument : 3400 Sample Rate : 10.00 Hz
Channel : A= f£fid Run Time : 28.002 min

kxekkkxkkre Varian GC Star Workstation testssassawsss Version A2 tektattrdnatttvss

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = s5%
Start Time = 0.000 min End Time = 28.000 min Min / Tick = 1.00
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AV AL QAT VAL Llels R UBALAIDUIND

.-

un File : C:\STAR\MODULE16\svarilo09.RUN
dethod File : C:\STAR\SEMCAL.MTH
Sample ID - : 4280%x30012,12-3-7

tnjection Date: 7-JUL-94 4:50 PM

Jperator : B. Chomin Detector Type: ADCB (1 Volt)
Jorkstation: MS-DOS_6 Bus Address : 16
Instrument : 3400 Sample Rate : 10.00 Hz
~“hannel : A= fid : Run Time s 28.002 min

etk ktkatt Varian GC Star Workstation tassassaannt Varsion A2 ReXtsktdattttarnst

‘hart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%t
ijtart Time = 0.000 min End Tinme = 28.000 min HMin / Tick = 1.00

Y —
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- - - - - - mtetas s essasa LR IR R ¥ e V] A0 A MANSALANANS LV D
Run File : c:\star\modulel6\svar092.run
Method File : C:\STAR\SEMCAL.MTH

Sample ID T 42943%30012,16-8-20

Injection Date: 7-JUL-94 5:53 AM

Operator : B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_6 Bus Address : 16 )
Instrument : 3400 Sample Rate : 10.00 Hz
Channel : A= fid Run Time : 28.002 min

kkkkkkkkkk% Varian GC Star Workstation testshntatat vVersion A2 ket khtsxttthbthn

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
Start Time = 0.000 min End Time = 28.000 min Min / Tick = 1.00
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Run File : C: \s'rAR\iiouULns\svamoo RUN
Method File : C:\STAR\SEMCAL.MTH
Sdmple ID : 4295x30012,17-4-10

Injection Date: 7-JUL-94 11:02 AM

Operator : B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_6 Bus Address : 16
Instrument : 3400 Sample Rate : 10.00 Hz
Channel : A = fid Run Time : 28.002 min

kekkrkikkrrr Varian GC Star Workstation stewstssestwssts Version A2 txetskswitsthhttr

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
Start Time = 0.000 min End Time = 28,000 min Min 7/ Tick = 1.00
- b-r
- —
ClO_ —
t - = py
cC 12 S—
c 14 - —
¢ 16 - —
- T—————
C 24 _
c 28



Run File : C:\STAR\MODULE16\svarl06.RUN
Method File : C:\STAR\SEMCAL.MTH
Sample ID  :-4299x30012,18~7-17

Injection Date: 7-JUL-94 3:01 PM

Operator . : B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_6 Bus Address : 16
Instrument : 3400 Sample Rate : 10.00 Hz
Channel : A= fid Run Time : 28.002 min

kkkkkkkkit® Varian GC Star Workstation tassatxsasit Version A2 Arksttrttttdhkhndn

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
Start Time = 0.000 min End Time = 28.000 nin Min / Tick = 1.00
- == -
===
- —
‘"
c 10 - =
c 12 = ——
c 14 - e ———
C 16 - e
-— e -
c 20 ~ — e —
C 24 _ . B ——
c 28
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Title : TOTAL SEMI-VOLATILE HYDROCARBONS
Run File : C:\STAR\MODULE16\SVAR097 .RUN

Method File : C:\STAR\SEMCAL.MTH
Sample ID : 4304x30012,20-5-12

Injection Date: 7-JUL-94 8:54 AM

Operator ¢ B. Chomin Detector Type: ADCB (1 Volt)
Workstation: MS-DOS_6 Bus Address : 16

Instrument : 3400 Sample Rate : 10.00 Hz '
Channel : A= gia Run Time : 28.002 nin

ckakkktisatt Varian GC Star Workstation tttssssrssss Version A2 thttaktitrshrksnss

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = 5%
Start Time = 0.000 min End Time = 28,000 min Min / Tick = 1.00
c10 -
c12 = —
- — ;._Z':‘_" R—— —— j— — el
c 14 - o
¢ 16 - —
- e
¢ 20 - —_—
- N
C 24 _
c 28 L
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Title

Run File
Method Fil
Sanmple ID

e

[T

TOTAL SEMI-VOLATILE HYDROCARBONS
C:\STAR\MODULEl16\svarl04 .RUN

C:\STAR\SEMCAL .MTH
4308x30012,21-7-17

Injection Date: 7-JUL-94 1:49 PM

Operator : B. Chomin
Workstation: MS-DOS_6
Instrument : 3400
Channel : A = fid

Detector Type: ADCB (1 Volt)
Bus Address : 16

Sample Rate : 10.00 Hz

Run Time : 28.002 min

txaxkkrtdex Varian GC Star Workstation tastisasxttx Vorsion A2 #ivRtikatakhkidirs

Chart Speed = 0.60 cm/min Attenuation = 100 Zero Offset = S%
0.000 min End Time =  28.000 min Min / Tick = 1.00

Start Time

10

12

14

16

20

24

28

=
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APPENDIX D

STATISTICAL ANALYSES
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SUMMARY OUTPUT (Reactor 1)

Regression Statistics
Multiple R 0.961696708
R Square 0.9246860558
Adjusted R Squ  0.899814078
Standard Eror  0.438217632

REGRESSION ANALYSIS

Observations 5
ANOVA _ _ _ _
df SS MS F nce F
Regression 1 7.091028722 7.091028722 36.92576911  0.00894699
Residual 3 0576104078 0.192034693
Total 4 76671328
Coefficlents__ Standard Error 1Stal Povaive __Lower95% _ Upper95%
intercept -0.183070562
X Variable 1 -0.019138831 _0.003148565 -8.076857725 _ 0.00894699 -0.029162163 -0.009115498
RESIDUAL OUTPUT
Observation __ Prediced Y___ Residuals __ Standard Residusls
T -0.183070562 0.183070562  0.482389711
2 -0.680680166 0.310880168  0.818640167
3 -1.235706263 -0.128283737  -0.338053142
4 -150934405 -0.60865585  -1.803804371
5 -3.647198959 0.243198859  0.640827835
SUMMARY OUTPUT (Reactor 2)
'Regression Statistics
Muftipie R 0.751617393
R Square 0.564928706
Adjusted R Squ  0.419904941
Standard Eror  0.402916769
Qbservations 5
ANOVA _ . e
df SS MS F Significance F
Regression 1 0632380232 0632300232 38954216 0.142933386
Residual 3 0487025768 0.162341923
Total 4 1.118416
CosMiclents _ Standard Error t Stat Pvalue___ Lower95% __ Upper 95%
Tntercept -0.472919169
X Variable 1 -0.005715489 _ 0.00289585 -1.973682244  0.142933386 -0.014831386 0.003500409
RESIDUAL QUTPUT
Observation __Predicled Y___Residuals __Standard Residuals
T 0472919169 0472919168  1.355317179
2 0.621521871 -0.100478129  -0.287955624
3 078727104 -0.23972896  -0.687028144
4 0.895865322 -0.372134678  -1.066483567
5 -1.507422589 0.23942258%  0.886150155
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