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1 Abstract
The study investigates the effects of oil and gas activity on wildlife in the Del Rio
area near Moberly Lake, BC. It was suspected that wildlife such as moose and deer
were being contaminated from ingesting fluids and solids out of sump and flare pits.
Out of 135 well sites within the study area, 78 were surveyed to determine the status
and toxicity of sumps and flare pits. It was found that 7 sumps, 13 flare pits and 25
flare stacks were present. Samples were collected at 16 sites, 6 sumps and 10 flare
pits, and it was determined that 12 out of 16 (75 %) were contaminated.
Track surveys were conducted at well sites to determine the level and nature of
animal activity at each site. It was found that 74 out of the 78 (95%) showed sign of
moderate to high animals use. Remote cameras were installed at certain locations to
determine if animals were ingesting the water and soil from sumps and flare pits.
The results confirm that animals do visit well sites, that they do ingest the fluids out
of sumps and flare pits and that they do ingest the soil around sumps and in and
around flare pits. It was also confirmed that ungulates utilize well sites as man-made
licks and that other animals such as bear, wolf and coyote visit well sites to find prey
but also to drink out of sumps and flare pits.
Based on the results six recommendation are provided for the Oil and Gas
Commission, Petroleum Industry and First Nations communities.
1. Old and abandoned sumps and flare pits should be tagged for immediate
disposal and clean-up.
2. Existing operations should make certain that all sumps, flare stacks and other
potentially toxic substances be fenced with chain link fencing.
3. The number of sumps and flare pits, old and new, need to be inventoried,
GPS’d and monitored throughout the entire Treaty 8 territory of northeastern
BC.
4. Further research is required to determine the long term effects on all wildlife
species as a result of ingesting drilling waste and flare pit chemicals.
5. Enhance corporate responsibility to ensure minimal impact to wildlife and
their habitat.
6. Band offices need to establish a contaminants monitoring and reporting
department.
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2 Introduction
The Petroleum Contaminants Community Research Project was a joint initiative
between Saulteau and West Moberly First Nations. The main goal of the project was
to determine the level of risk of contaminating wildlife as a result of the activities of
the petroleum industry. The ultimate issue of concern was: what effect does the
ingestion of drilling waste have on animals?
First and foremost it needed to be determined if in fact, drilling waste and flare pit
materials are toxic and if indeed animals are ingesting this material. This was to be
accomplished by site investigations, track surveys, observations of wildlife via remote
cameras and sampling of environmental conditions at well sites.

3 Study Area
The study area in Figure 1 is shown in relation to an area known as the ACCI or Area
of Critical Community Interest. The ACCI lies within the traditional territory of
Saulteau and West Moberly First Nations. The rectangle shows the location of the
study area in the northeast corner. Figure 2 is an enlarged view of the study area and
shows the distribution of the 135 well sites within the 75,000 hectare area.

Figure 1: Area of Critical Community Interest (ACCI): green boundary.
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Figure 2: Map showing study area and distribution of 135 well sites.

The study area is geographically located south of the Peace River, north of the Pine
River, west of Boucher lake and west of Taylor. The landscape is characterized by
the Boreal White Black Spruce Zone (BWBSmw1) and the terrain is gently
undulating to level. Creek draws are incised and deeply eroded into the thick layer of
glaciofluvial deposits which are very common in this region. Young seral forests of
trembling aspen and cottonwood are very common with corridors of mature white
spruce located within riparian zones. Wildlife such as moose, mule deer, elk, black
bear and furbearers; marten and weasel, occur within the study area.
A variety of wetlands are present including forested black spruce bogs, willow shrub
swamps and sedge fens. Wetlands and lakes support a variety of amphibians and
waterfowl. Species such as western toad, boreal chorus frog and wood frog are
common. Species of waterfowl include common merganser, mallard, common
golden eye, bufflehead and ruddy ducks.
Species at Risk include species that are red and blue listed such as the Sandhill Crane,
broad-winged hawk, Cape May Warbler, Black-throated Green Warbler, Baybreasted Warbler, Connecticut Warbler, Canada Warbler, trumpeter swan, and
American Bittern to name a few.
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4 Objectives
To address concerns raised by First Nations communities that oil and gas activities
are adversely affecting wildlife within their traditional hunting area and Treaty 8
territory.

5 Background
The sources of contamination in the oil patch which affect wildlife, occurs from the
drilling process and day to day operating procedures. The main contamination
pathway is via ingestion of materials in sumps and flare pits located at the well site or
remote sumps located off but near the well site. Contamination by inhalation is also a
concern and occurs as the result of flare stack emissions and when fluid mixtures are
disturbed releasing volatile organic compounds (VOCs) while drinking out of sumps
and flare pits.
The number of well sites have increased over the years. Within the study area natural
gas drilling is more common than drilling for oil. Figure 3 shows the number of
wells approved over a three year period, from 2001, 2002, 2003 and a comparison of
the number of natural gas wells to oil wells within the geographic area of both
Saulteau and West Moberly First Nations. These statistics were obtained from the Oil
and Gas Commission web site, (OGC 2003).
Wells Approved
Saulteau First Nations
Geographic Area
Gas
Oil
Total
West Moberly First Nations
Geographic Area
Gas
Oil
Total

2003

2002

2001

165
2
167

70
3
73

91
5
96

166
2
168

75
3
78

95
5
100

Figure 3: Number of well sites approved within and surrounding the study area.

5.1.1

Drilling Process: A Brief Overview

The drilling process involves bringing in a very large drilling rig. It is assembled on
the ground before raising the entire structure and installing the rotating drill pipe.
Drilling fluid “mud” is pumped through the rotating drill pipe and through holes in
the bit. The drilling mud serves many uses some of which are: cooling the bit,
removing cuttings, preventing caving, lubricating the drill, checking corrosion and
rust and transmitting electronic data from down hole tools (Alpine Environmental
2002)..

Contaminants Study: Final Report 2004

10

Wildland Resources

The drilling fluids are circulated out of the well bore once the well has been
completed and are then placed in a drilling sump which can be on-site or at a remote
location. Sumps, Figures 4 & 5, are excavations to hold water, drilling mud, sludge
and discharged matter from drilling operations, (Alpine Environmental 2002).

Figure 4: Drilling Sump

Figure 5: Drilling Sump

Flaring is a safety measure to prevent the accumulation of gases at the well site. A
metal pipe, known as a flare stack, Figures 6 & 7, carries gases to the top of the
stack. A pilot light ignites the gas. Combustion converts the H2S into Sulphur
Dioxide and is carried away into the atmosphere. Other flare emissions include water
vapour, carbon dioxide but incomplete combustion can produce carbon monoxide,
unburned hydrocarbons, soot, ash volatile organic compounds such as benzene,
toluene and xylene, polycyclic aromatic hydrocarbons and sulphur
compounds(Robert Bott, 2000). A flare pit is a depression found at the base of the
flare stack.

Figure 6: Flare stack with pit

Figure 7: Flare stack with pit

When visiting a well site one of three conditions usually exist.
1. The well is active, that is, natural gas is actively produced and the site is
connected to a main pipeline via an extensive underground pipe network.
2. The well site is suspended,. In this case the well is not producing natural
gas, however conditions may change in the future, so the company opts to
keep the well head in place, see Figure 8. Depending on the type of gas down
hole, sweet, semi-sour or sour, the well head and well head valves are
inspected at regular interval. In the Del Rio study area the majority of the gas
Contaminants Study: Final Report 2004
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is sour gas and is the most dangerous, therefore well heads must be inspected
for leakage once per year, Figure 9.
3. The well is abandoned, which typically means that the well will never be used
again and in such cases the well head is removed, the drill hole is cemented
shut and the soil and vegetation are replaced.

Why are some well sites suspended?
Because the gas formations
underground change over time.
Wells do not work in isolation. That’s
why several wells in one area are called
a gas field or oil field. By drilling nearby
in another location, it may cause a shift
or change in the geological formation
causing gas to move from one area to
another. Natural gas does not exist in
large caverns but rather in seams and
pores that move through the parent
material from areas of high concentration
to low concentration. So over time due
to natural movements in the subsurface
or because of drilling in the nearby area,
a currently dry well may very well
become a producing well in the future.

Figure 9: Suspended well head

Figure 8: Suspended Well Sites

A list of drilling fluids commonly used in the petroleum industry during the drilling
process is provided in Appendix I: Drilling Fluid Product Listing for Potential
Toxicity Information. This list can be summarized into nine main categories
according to the Alberta Energy and Utilities Board (EUB) and the Petroleum
Services Association of Canada (PSAC), September 2002. The nine classifications of
mud products are:

1.
2.
3.
4.

Bactericides
Corrosion Inhibitors
De-foamers
Emulsifiers and deemulsifiers
5. Foaming agents
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It is recognized that not all products exhibit toxic effects and the PSAC provides a
“Product Listing for Potential Toxicity” at specific concentrations but the potential
toxicity of a mixture of products is impossible to determine or predict. A mixture of
chemicals is typically found within sumps and flare pits. If these sites are open and
exposed to wildlife, animals will be ingesting a combination of chemicals and the
toxicity will depend on the interaction of ingredients within that mixture.

Wildlife such as moose, deer, elk and
bear are commonly observed at well
sites however other species such as a
variety of birds, amphibians, small
mammals and invertebrates such as
dragon flies are present as well.
Ungulate species like moose and deer
are of special concern because they are
traditional food items for first nations
people. The long term question is: if
indeed ungulates are being
contaminated what are the long term
effects on the animals and ultimately
what are the long term effects on the
people who eat these animals?

Did you know?
Ungulate is the technical name for
hoofed mammal, derived from the Latin
word, ungula, meaning hoof. Hooves
are the outer coverings of the last bone
of the toe, and are made of keratinized
epidermis or skin, the same material as
fingernails. Ungulates are typically
herbivorous and can be considered as
either grazers (grass-eating) or
browsers (shrub-eaters). All ungulates
have a ruminant digestive system
which is almost entirely dependent on
micro-organisms for digesting cellulose
(plant material) and extracting nutrients
from plants. Mineral licks are critical
for ungulates and are considered to
help maintain a vital mineral balance.
In many areas of BC, hoofed mammals
use licks in late spring and early
summer. Licks can be wet or dry. At
some dry licks, the substrate is quite
hard, and ungulates may chew soft,
friable rocks in search of valuable
minerals, (Shackleton, 1999).

6 Literature Review
The literature review process included a literature review but also discussions and
interviews with people such as scientists, community members, regional government
personnel, and local companies.
Personal communication with community members included Elders, hunters and band
members from Saulteau and West Moberly First Nations. Throughout the duration of
the field season, various people came along to the study area and entertained the crew
with tales of hunting and camping in the “old days”. Informal lessons in the native
tongue of Cree and Beaver helped us to better understand the study area with respect
to the cultural significance of place names and their animal inhabitants which occupy
them.
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The regional Health Canada office in Prince George was very helpful in providing
relevant information particularly with respect to similar projects that have been
undertaken in the northern BC. As a result, our attention was drawn to the Great Bear
Flare Pit Study which had its inception as a concept paper in March of 1992 and led
to the development of an action plan in January 1993. One of the main objectives of
this action plan was to blend community and scientific knowledge in understanding
the effects of environmental impacts on the health of First Nations people.
Over a period of three years, from 1995 to 1997, two major research initiatives were
undertaken; (1) a literature review of the literature on contaminant profiles of sour gas
wells and contaminant transfer to different media and (2) the Flare Pit Contaminants
Sampling Program, designed to provide background information on water and soil
(Ridal, J et al, 1998).
Out of the Flare Pit Sampling Program, three projects sampled flare pits in northern
BC. The three projects are:
1. Qualitative Assessment of Metals and Hydrocarbon Content in Soils and
Water on Traditional Food Sources for Treaty 8 Tribal Association –
Preliminary Results, 1995.
2. Assessment of Metal and Hydrocarbon Content in Surface (0-5 cm) Soils and
Water Collected from Flare Pits in Traditional Territories of Treaty 8 First
Nations: Doig and Del Rio, 1996.
3. Determination of Levels for Trace Metals in Surface Soils and Impounded
Water from Select Flare Pits in the Traditional Food Gathering Areas of
Treaty 8 First Nations: Phase II Halfway River and Blueberry River, 1997.

Out of the three projects listed above, only the first two collected samples in the Del
Rio area. The first sampling effort in 1995 collected soil and water samples from one
well site in Del Rio. Soil was taken outside of the flare pit and water samples were
taken directly from the flare pit. No well site reference number was given and no
map was provided to indicate the exact well site location. Therefore there was no
way to determine if the same location was sampled.
The second project collected samples from flare pits in the Del Rio area: 16 soil
samples and 14 water samples. Based on reference numbers provided by the study,
two samples overlap with two of our flare pit samples. Other than that no other
samples were taken from the same flare pit or well site. In any event, repetitive
sampling was by no means redundant sampling in that it can provide valuable
information on the chemical change over time, specifically, over the past seven years.
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7 Methods
The method for this research project involved lease surveys, remote camera
installation and sample collection.
A team of three people conducted the lease surveys, remote camera installation and
sample collection for the entire project but from time to time band members came out
to assist us with the project. In total 16 members came out with the crew: ten from
Saulteau and six from West Moberly. It was hoped that the distribution would be ten
and ten, however due to unavailability or conflicting schedules it did not work out
that way. Figure 10 list all sixteen band members.

Saulteau First Nations

West Moberly First Nations

Barry Davis
Garret Napoleon
Myron Gauthier
Tom Hale
Everett Gauthier
Naomi Owens
Loren Letendre
Penny Letendre
Art Napoleon
Harley Davis

George Desjarlais
Maxi Desjarlaise
Bobby Brown
Rhenie Lalonde
Bill Burgess
Derek Lalonde

Figure 10: Community members that participated in the study.

7.1 Lease surveys
The field crew visited all the well sites that were accessible within the study area. On
occasion they were accompanied by additional passengers such as band members
who were familiar with the area or with elders who remembered the area before the
days of petroleum and forestry activity. No matter how young or old, each new
passenger contributed to our knowledge and understanding of the area; its history and
potential future.
Out of 135 well sites in the area 78 were surveyed. The remaining 57 well sites were
inaccessible or in the process of development. Appendix II provides a complete list
of all well sites surveyed, their well location numbers and the surface location
numbers. The study area is approximately 75,000 hectares in size and has been
divided into two main sections: North Monias and Del Rio. North Monias is the
study area north of the Moberly River and Del Rio is the portion of the study area that
occurs south of the Moberly River. See Figure 11 , the study area is marked by a red
boundary, the dividing line between north and south is divided by a black line and
the numbers show the distribution of the 78 well sites surveyed.
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Figure 11: Study area, scale is approximately 1 km per cm.

At each well site a variety of information was collected, a list of examples is given
below.
9
9
9
9
9
9
9
9
9
9
9

Is the site active, suspended or abandoned?
What kind of structures are facilities exist on the site?
Is there a flare stack, and if so, is it active and is there a flare pit?
Is there a sump pit, and if so, is a open or is mix, buried and covered?
Are there any drill cuttings?
Are there any open pools of water?
Is the lease site revegetated?
Are there any wetlands nearby?
What kind of animal sign is there?
How abundant is the animal sign?
Are they well used game trails?

7.2 Remote Cameras
Remote cameras were installed at well sites that had been selected as suitable
locations. The main goal for installing remote cameras at well sites was to observe
and record if indeed wildlife were drinking or ingesting the soil out of sump or flare
pits.
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The remote camera unit is composed of an infrared monitor, Figure 12, water proof
camera and a cable attaching the monitor to the camera. The infrared
monitor is a passive infrared monitor, which detects the combination of
heat and motion.
The monitor’s infrared beam is actually a wedge that is 65 feet deep and
spread 150 degrees wide, so any warm-blooded animal which moves
within this wedge triggers the monitor to record the event and triggers
the camera to take a picture (www.trailmaster.com).
Figure 12: Above-close up of infrared monitor, below–monitor mounted on tree.

The sensitivity setting can be adjusted depending on the target species, a light
sensitivity is used for small animals and a heavy sensitivity is used for larger animals.
However even at the high sensitivity setting, it was found that direct sunlight and
wind could trigger the monitor and several photos would be taken of nothing. Site
selection was critical to avoid unwanted photographs. Regardless, through trial and
error, using different mounting and camouflage techniques, several photographs were
obtained of moose, elk and deer utilizing the well sites and drinking out of flare pits.

7.3 Samples
Samples collected included sump fluids and solids, flare pit fluids and solids,
vegetation, and animal tissue.
7.3.1

Sump sampling

The sump sampling consisted of two components: training and field collection. The
training component was instructed by Alpine Environmental Ltd. based out of Fort St.
John. The field collection was conducted by the project team.
Training
The training program consisted of a drilling waste management module which was
fully certified, set to industry standards and comprehensive. The drilling waste
module is well rounded in that it deals not only with sump sampling (Figures 13 &
14) but also topics such as: an overview of the drilling process and how drilling
waste is generated, sampling protocol, sampling equipment, sampling procedures,
laboratory analysis, disposal options, regulatory approvals, and health and safety.
The training program was invaluable to all participants because it provided
participants with a better understanding of oil and gas operations. Operational
knowledge compliments traditional ecological knowledge and ultimately facilitates
the process of how best to direct and work with industry to improve current
operations or propose new operating procedures that would have the least impact on
wildlife and the environment.
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Figure 13: Sampling a sump pit

Figure 14: Preparing sampling equipment

Field Collection
Once the training was completed, the crew went out to the study area and collected
samples from six sumps, see Figure 15. Out of the sump, a solid and fluid component
were collected. In cases where not enough fluids were present a combination sample
called a total waste sample was then collected. Beside the sump lies the receiving soil
and a portion of this soil was collected for analysis as well.

Project
Reference #
18
22
29
37
40
57

SUMP SAMPLES
Sample Description
Total Waste and Receiving Soil
Fluids , Solids and Receiving Soil
Fluids , Solids and Receiving Soil
Total Waste and Receiving Soil
Total Waste and Receiving Soil
Fluids , Solids and Receiving Soil

Figure 15: Sump samples submitted.

Samples were stored in special collection containers and sent directly to Enviro-Test
Laboratories. Various types of containers are required such as acid-washed glass jars,
vials and plastic buckets. These were supplied by Alpine Environmental as were coolers,
labels and laboratory submission forms.
Alpine also provided the project crew with a stable flat bottomed boat which was
necessary so that samples could be taken from representative sites throughout the sump
and not just out of one corner. The sampling protocol required that sumps be sampled at
five different locations for sumps up to 500m2 and an extra sampling point for every
additional 100 m2. In addition sumps can be quite deep and large thus a very stable boat
is essential to manoeuvre around within the sump. See Figure 16 for a list of sampling
equipment.
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Sampling Equipment
Basic equipment required to complete a sump sample:
• Boat – small maneuvrable
• H2S monitor, fire retardant coveralls, hard hat, PFD, safety glasses, rubber boots, nitrile
gloves
• 3 – 5 gallon pail, pail liners, sample bottles, cooler with ice packs
• Tape measure, field notebook, camera
• Shovel

Figure 16: Sampling Equipment

7.3.2

Flare pit sampling

There were two types of flare pits that occur in the study area; with fluids and without
fluids. In flare pits with water, both fluid and solids were collected and placed separately
in specialized jars. The solid samples were collected directly from underneath the water,
(refer to the diagram in Figure 17). Flare pits without water, only the solids were
collected and placed into sampling jars.

Figure 17: Diagram showing profile of a flare pit with water.

At five sites, vegetation was cropped just above ground surface and placed into sterilized
jars. In total, 10 sites were sampled plus one control site. See Figure 18 below.
FLARE PITS, SOILS AND VEGETATION
Project Reference # Sample Description
11
Flare pit water, solids and vegetation
15
Flare pit water, solids and vegetation
23
Flare pit water, solids and vegetation
44
Flare pit water, solids and vegetation
46
Flare pit water, solids and vegetation
49
Flare pit water and solids
5
Solids
12
Solids
17
Solids
67
Solids
83
Control: Soil
Figure 18: List of Flare pit sites sampled
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7.3.3

Animal Tissue

Animal tissue from large mammals such as moose and deer were collected on an
opportunity basis. As hunters from Saulteau or West Moberly successfully harvested an
animal, the team was notified. As soon as possible, the team responded, travelled to the
site and took tissue samples such as the lungs, liver, heart and kidney. Five of the
animals were moose and one was a deer. All samples were immediately frozen and to
date, due to lack of funds, only two samples have been sent to the lab for analysis.
It is anticipated that a future study will submit the remaining animal tissue samples as
well as collect new ones. A concerted effort will be made in the next study to focus
solely on the collection of animal tissue either by hired hunters or by incidental hunting
trips. It is preferable that hunters be hired because the quality of the sample will be much
better. Plus, when tissue samples are greater than a few minutes old certain analyses
such as histology are not possible. Therefore collection of animal tissue at the time of
kill is beneficial since this will present more options for analyses making the entire
sampling effort more valuable.

8 Lab Analysis
The samples collected were sent to two different labs. Sump samples were sent to
Enviro-Test based out of Grande Prairie while the flare pit and animal tissue samples
were sent to the laboratories of the Alberta Research Council in Vegreville, Alberta. The
following section will outline the sampling protocol and analytical procedures.
8.1 Sumps
Sump analyses conducted by Enviro-test where processed according to drilling waste
procedures.
8.1.1

Categories of Analysis

A standard drilling waste analysis was requested which includes metals, hydrocarbons,
BTEX, Microtox, G50 Nitrogen, and detailed salinity for total waste, solids and fluids.
Detailed salinity only, was conducted on receiving soil.
The matrix type (solid, fluid or total waste) determines the type of test conducted. A
metals test for fluids requires a different methodology than a metals test for solids. For
examples, the metals test for fluids is called Extractable Metals and is divided into Minor
and Major metals. Whereas the metals test for solids utilized a method call Strong Acid
Recovery. The hydrocarbon tests are different for each matrix type as well and the
BTEX test is conducted only on solids.
The MicrotoxR test is a toxicity assessment established as the industry standard for
evaluating the potential toxicity of drilling waste. The MicrotoxR test is based on
monitoring changes in the level of light emission from a marine luminescent bacterium
when challenged with a toxic substance or sample containing toxic materials. An
EC(50)15 measurement is the effective concentration of the sample that reduces the light
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emission of the test organism by 50% over a 15 minute period at 15 degrees C (EUB,
1996). If an EC50(15) value is less than 75%, a second bioassay must be run following a
charcoal treatment of the sample in the lab.
The Guide 50 Nitrogen and Salinity tests determine the level of nitrogen and salts
respectively, present within the drilling waste sample.
8.2 Flare Pit
The Alberta Research Council conducted the analyses on the flare pit samples. The type
of analysis was determine by the medium of the sample and the type of chemicals to be
investigated. There are three main categories of testing and these are organic, inorganic
and metal. Organic analyses includes testing for organic compounds such as extractable
priority pollutants (EPPs), polycyclic aromatic hydrocarbons (PAHs), volatile organic
compounds (VOCs) and unresolved hydrocarbons which are hydrocarbons which can not
be separated or identified individually but will show up on the chromatogram. Organic
analyses was conducted on all media; fluids, solids and vegetation.
Organic Compounds:
Extractable Priority Pollutants (EPPs)
Polycyclic Aromatic Hydrocarbons (PAH’s)
Volatile Organic Compounds (VOCs)
Unresolved hydrocarbons
Inorganic analyses included testing for salinity, nitrates, chlorides and conductivity and is
only conducted on fluids. Heavy metal analyses was conducted using Inductively
Coupled Plasma Mass Spectrometry (ICPMS) method and included testing for elements
such as aluminium, arsenic, copper and lead and was conducted on fluids, solids and
vegetation. Figure 19 provides a list of inorganic and metal testing.
Inorganic
pH
Conductivity
TDS
T-Hardness
Sodium
Potassium
(NO2+NO3)-N
NO2-N
Fluoride
Sulphate
Silica

Chloride
P-Alkalinity
T-Alkalinity
Bicarbonate
Carbonate
Calcium-43
Magnesium-25
Iron-57
Cations
Anions

Heavy Metals
Aluminium
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead

Manganese
Molybdenum
Mercury
Nickel
Selenium
Vanadium
Zinc

Figure 19: List of inorganic and metal tests.

8.2.1

Organic Compounds

While salinity and metals are fairly straightforward concepts, organics are not. An
organic compound is one that is composed of carbon and hydrogen. The main source of
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organic compounds is oil and coal. Basic organic compounds which contain only carbon
and hydrogen are called hydrocarbons. Hydrocarbons are divided into two main
groups: aliphatic and aromatic, see Figure 20 which was derived from the following
website www.mhhe.com.

Figure 20: Hydrocarbon classification

Carbon atoms have the unique property of being able to bond to each other and form long
chains of carbons, or to form circular rings of carbons. See Figure 21 derived taken from
the following website http://www.safetyline.wa.gov.au.

Figure 21: Diagram showing the basic structure of hydrocarbons

Organic compounds may also contain atoms of other elements, such as oxygen, nitrogen,
sulfur, and chlorine; 2butanamine is an example with a nitrogen group.

Organic compounds include gasoline, diesel fuels, lubricating oil, grease, hydraulic
oil, paint thinners and so on. Depending on the molecular make-up of the organic
molecule, some hydrocarbons are more hazardous to animals than others.
Volatile Organic Compounds (VOCs) typically have a low boiling point and therefore
are emitted as gases from certain solids or liquids. Benzene, Toluene, Ethyl Benzene
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and Xylene (BTEX) are the volatile components commonly associated with
petroleum products. The box below in Figure 22 provides general information about
Benzene, Toluene and Xylene. The information in Figure 23 was summarized from a
chemistry website, (http://www.worldofmolecules.com).

Benzene may result whenever carbon-rich materials undergo incomplete combustion.
It is produced naturally in volcanoes and forest fires, and is also a component of
cigarette smoke. Industrially, it is produced from either coal or petroleum.

Toluene is a clear liquid aromatic hydrocarbon with a distinctive smell. Also called methylbenzene or
phenylmethane, it is used as an octane booster in fuel, as a solvent in paints and paint
thinners, rubber, printing, adhesives, cosmetics, fingernail polish, lacquers, leather tanning,
disinfectants and perfumes, and to produce phenol and TNT. Toluene occurs naturally in
crude oil and in the tolu tree.

The term xylene refers to a group of 3 benzene derivatives. It is a
colorless, sweet-smelling liquid that catches on fire easily. It occurs
naturally in petroleum and coal tar and is formed during forest fires.
Chemical industries produce xylene from petroleum. Xylene is used as a
solvent and in the printing, rubber, and leather industries. It is also used as
a cleaning agent, a thinner for paint, and in varnishes. It is found in small amounts in airplane fuel and
gasoline.

Figure 22: General chemical information about Benzene, Toluene and Xylene

Polycyclic aromatic hydrocarbons (PAHs) are a group of aromatic rings which
consist of two or more benzene rings fused together. The PAHs which are
environmentally significant are those with two to seven rings. The four diagrams
below in Figure 23 show examples of some common PAHs.

naphthalene

fluorene

chrysene

benzo(e)pyrene

Figure 23: Four common polycyclic aromatic hydrocarbons

8.3 Animal Tissue
Animal tissue was analyzed for the metals and organics (EPPs and PAHs).
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9 Data Analysis
Data analysis consisted of interpreting the lab results from the submission of sump,
flare pit and animal tissue samples. Lab results were compared to available
environmental quality guidelines.
Environmental quality guidelines were available from both Federal and Provincial
agencies. Federal guidelines are published by the Canadian Council of Ministers for
the Environment (CCME) and provincial guidelines are published by two
departments, Ministry of Water, Land and Air Protection (WLAP) and the BC
Environment (BCE) Waste Management Act.
CCME
Federal

WLAP
Provincial

BCE
Provincial

CCME provides a Summary of Existing Canadian Environmental Quality Guidelines
for both water and soil and Canada-wide Standards for Petroleum Hydrocarbons in
Soil. Water guidelines were divided into drinking, livestock, wildlife and aquatic life
however guidelines were not always provided for all four categories. In most cases
only drinking water guidelines were provided and occasionally the other three
categories were available as well. There are four categories of soil quality guidelines:
agricultural, residential/parkland, commercial and industrial. For this project the
guidelines for agricultural soils were used for comparison.
The guidelines published by WLAP was the British Columbia Approved Water
Quality Guidelines (Criteria) 1998 Edition and only water guidelines were available
from this agency. Again water guidelines were divided into drinking water, livestock
water, wildlife water and aquatic life and guidelines were not provided for all types of
water in every case.
The BC Environment “Criteria For Managing Contaminated Sites in BC, (1995)”
provided guidelines for both soil and water. Standards were used for agricultural soil
and water guidelines included drinking, livestock, and aquatic life water.
Regarding all three documents, standards for some metals and organic compounds
were not available. In such cases, results were compared to the control soil site as
well as between sites. This created limitations with respect to interpreting lab results.
Sites that are classified as contaminated were done so on the basis that the level of
contamination was considered high in one or more of the following categories:
hydrocarbon, salinity and metals and exceeded guidelines.
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10 Results
The results of the study confirm that toxic contamination is present at well sites and
that wildlife are indeed ingesting fluids and solids at these well sites. Out of a total of
78 well sites visited, sixteen sites were sampled for laboratory analysis these included
six sumps and ten flare pits. Appendix III provides photographs of the sixteen sites
sampled. Photographs of all 78 well sites can be found on the CD enclosed at the end
of the report.
Twelve out of the 16 sites or 75 % of the sites were contaminated. Three sump pits
and nine flare pits exceeded the maximum allowable levels for one or more of the
following: salinity, metals, and organics (polycyclic aromatic hydrocarbons,
extractable petroleum hydrocarbons, volatile organic compounds and unresolved
hydrocarbons).
Based on remote camera photographs and track surveys, it was confirmed that
animals drink water out of sumps and flare pits and ingest solids associated with not
only sumps and flare pits but also well heads, pipes, and pump houses. Out of the 78
well sites surveyed, track observations indicated that 74 or 95% of the well sites
showed moderate to heavy use of a variety of animal species such as: moose, deer,
elk, black bear, coyote, wolf and horse.
The results of the animal tissue submitted to the lab were inconclusive, no
contamination was found however abnormal tissue was discovered on one of the
animals.
Summary of the results are provided below and will be presented in the following
order: sumps, flare pits, animal tissue and remote camera/track surveys. Raw data of
lab results can be found in Appendixes IV to IX.
10.1 Sumps
In total six sumps were sampled and three sumps (sites 18, 29 & 57) exceeded the
maximum allowable levels according to environmental quality guidelines. Figure 24
below shows the sumps that were sampled, the field reference number, the well
identification number and the well location number. The lab analysis procedure for
drilling waste stored in sumps includes testing for hydrocarbons, metal, salinity and
micro-toxicity. Appendix IV lists the raw data of the lab analysis.

1
2
3
4
5
6

Field Number
18
22
29
37
40
57

Well ID
WA06698
WA04998
WA02997
WA14627
WA13218
WA07711

Well Location
10-02-083-21
06-17-082-22
10-23-082-22
10-29-082-20
12-36-082-22
08-16-083-21

Figure 24: Sumps sampled: well ID and well location.
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10.1.1 Hydrocarbons

Site 57 exhibited hydrocarbons levels that exceeded environmental standards for both
fluid and solid components of the sump. The fluid component exceeded the level for
both volatile and extractable hydrocarbons. The result for total volatile hydrocarbons
(TVH), C5-C10 was 37 mg/L, maximum allowable is 0.3 mg/L. While the result for
total extractable hydrocarbons (TEH) was 8.5 mg/L, maximum allowable is 0.10
mg/L.
The solid component exceeded levels for both volatile and extractable hydrocarbons.
The maximum allowable levels of volatile petroleum hydrocarbons (VPHs) in soil is
180 ug/g, site 57 had 230 ug/g present. Maximum allowable levels for EPH’s are 250
ug/g, site 57 had 910 ug/g present.
BTEX standards are provided by both federal and provincial departments and all
guidelines recommend that BTEX limits do not exceed more than 0.1 mg/kg for
xylene, ethylebenzene, and toluene and not more than 0.05 mg/kg for Benzene. Site
57 had 33 mg/kg, 5.7 mg/kg, 45.0 mg/kg and 31.0 mg/kg respectively. Considerably
higher than the maximum allowable levels for all BTEX components, see Figure 25.
Site 29 exceeded the environmental quality guidelines of 0.1 mg/kg with a
concentration of 0.37 mg/kg of ethylbenzene.
Sites 37 and 40 exhibited fairly high levels of volatile hydrocarbons, 69 ug/g and 61
ug/g, respectively, however they did not exceed maximum allowable levels.
Hydrocarbons

18

37

40

57

n/a
n/a

n/a
n/a

8.5
37.0

7.00

22
29
Fluid Component
<0.1
<0.1
<0.01
0.023
Solid Component
<0.80
3.8

TEH C11-C30 mg/L
TVH C5-C10 mg/L

n/a
n/a

VH’s C6-C10 ug/g

69

61

230

VPH’s ug/g
EPH(C10-C19) ug/g
EPH (C19-C32) ug/g
BTEX mg/kg
Benzene
Toluene
Ethylbenzene
Xylenes

7.00
<7
<10

<0.80
<7
<10

3.5
<7
<10

69
<7
<10

61
<7
<10

110
910
10

<0.001
<0.001
0.37
0.00

<0.001
<0.001
<0.002
<0.005

<0.001
<0.001
<0.002
<0.005

<0.001
<0.001
<0.002
<0.005

<0.001
<0.001
<0.002
<0.005

31.0
45.0
5.7
33.0

TEH = Total Extractable Hydrocarbons, TVH = Total Volatile Hydrocarbons, VH = Volatile Hydrocarbons,
VPH = Volatile Petroleum Hydrocarbons, EPH = Extractable petroleum hydrocarbons

Figure 25: Hydrocarbon concentration of six sumps in study area.
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10.1.2 Metals

Fluid and solid components of the sample are reported separately.
Fluid Component
Standards were available for all 18 metals except three: Tin, Titanium and Thallium.
Out of the remaining 15, Barium and Sodium, were above environmental standards at
site 57. The standards allow for up to 1.00 mg/L of Barium in both drinking and
livestock water, the sample had a Barium concentration of 1.88 mg/L. Standards
allow for 200 mg/L of sodium in drinking water and site 57 had a concentration of
552 mg/L. The three non-listed metals (Tin, Titanium, Thallium) all had
concentrations below 0.05 mg/L and was assumed to be normal.
Site 29 exceeded the maximum allowable levels for aluminium in drinking water
according to federal and provincial standards. The concentration of aluminium at site
29 was 0.5 mg/L, and CCME allows 0.1 mg/L and both WLAP and BCE allow 0.2
mg/L.
Solid Component
In the solid portion of the sample, twenty-four metals were tested for in the analytical
process. Standards were available for all metals except for ten, these were:
Aluminium, Calcium, Iron, Potassium, Magnesium, Manganese, Sodium Phosphorus,
Strontium and Titanium. Out of the remaining 14 metals only one metal, Barium, was
considered above environmental standards at site 57. The standards for soil allow for
750 mg/kg of Barium in the soil, the sump at site 57 contained 2320 mg/kg of
Barium.
Site 57 also contained a concentration of 146 mg/kg of lead which is above CCME
guidelines of the allowable 70 mg/kg however BCE standards allow for 375 mg/kg in
soil, therefore it did not exceed provincial standards.
The remaining ten non-listed metals are shown in Figure 26 below. Since no
standards were available, values were compared between sites. The main concern is
the level of sodium which is very high for sites 18, 29 and 57. And the level of
calcium and magnesium at site 29 is much higher than the other sumps.

Aluminium
Calcium
Iron
Potassium
Magnesium
Manganese
Sodium
Phosphorus
Strontium
Titanium

18
13330*
8800
29000
2020
4900
430
4300
780
48
19

22
14400
33100
29800
2050
10100
440
300
730
82
44

29
6500
55300
14400
1560
16300
250
5700
600
342
17
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12700
36300
27700
1960
9900
340
500
850
101
19

57
10100
39900
19000
1690
8300
300
3200
580
154
30
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*All units are given in mg/kg which is equivalent to ppm (part per million).
**The identical analytical test was not conducted for site 44 therefore the data is absent
here.
Figure 26: Table showing the numerical data of non-listed metals in soil.

10.1.3 Basic Salinity

Basic salinity represents the concentration of ions such as metals and other dissolved
materials in the solution. Electrical conductivity is the measurement of the ability of
the water to conduct an electrical current – the greater the content of ions in the water,
the more current the water can carry. Conductivity is reported in terms of
deciSiemens per meter (dS/m). Sodium absorption ratio (SAR) is the calculated ratio
used to represent the relative activity of sodium, calcium and magnesium with respect
to ion exchange reactions in soil.
Fluid Component
The fluid portion is tested separately from the solid or total waste sample. The
approved criteria for Conductivity (EC) in drinking water is 0.714 dS/m. Site 29 and
57 both exceed the limit. No criteria is available for SAR in drinking water however
levels at both site 29 and 57 are considerably higher than site 22, see Figure 27

Chloride mg/L
Conductivity EC dS/m
Sulphate mg/L
TDS mg/L
pH
Calcium
Potassium
Magnesium
Sodium
SAR

22

29

57

31.8
0.58
49.0
406
8.74
21.4
2.67
46.7
46.7
1.56

75.8
2.32
1040
1620
8.57
81.4
3.37
18.7
394
10.3

51.3
2.52
924
7
8.02
29.2
3.61
8.24
496
20.9

Figure 27: Basic Salinity and SAR for Fluid Portion of Sample

Solid Component
The results of the basic salinity and SAR analysis for the solid and total waste sample
are provided in Figure 28 below. Chloride for site 18 is reported at being 2270 mg/L
considerably higher than the other five sites. The EC for site 18 and 29 is 7.34 and
9.38 respectively. Again much higher than other sites. Alberta environmental
guidelines for reclamation suggest the following guidelines:
Parameter
Good Fair Poor Unsuitable
EC
<3
3-5
5-10 >10
SAR
<4
4-8
8-12 >12
According to these guidelines, sites 18 and 29 rate as poor. Site 29 also reports high
levels of sulphate and TDS (total dissolved solids). Site 18 and 29 show high levels
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of sodium and very high levels of SAR compared to the other four sites. Criteria
provided by the CCME suggest that soils should have a maximum SAR of 5 and in
this case, site 18 at 17.6, site 29 at 27.7 and site 57 at16.8 all exceed the guideline.
Site 29 also exhibited a high concentration of ammonia of 6.85 mg/L which was
seven times higher than the other five sumps. No standards are available for
comparison.

Chloride mg/L
Conductivity EC dS/m
Sulphate mg/L
TDS mg/L
pH
Calcium
Potassium
Magnesium
Sodium
SAR

18

22

29

37

40

57

2270
7.34
376
5140
6.86
210
10.3
80.6
1170
17.6

36
0.70
36
490
7.54
34.4
3.72
29.0
51
1.55

318
9.38
5430
6570
9.55
387
27.20
<5.0
1980
27.7

50.9
3.26
1600
2280
7.32
448
2.15
246
71
0.67

19.8
1.29
496
903
7.54
84.7
2.64
72.9
56.7
1.09

42.1
2.44
921
1710
10.4
67.7
2.28
2.28
502
16.8

Figure 28: Basic Salinity and SAR for Solid Portion of Sample

10.1.4 Toxicity

Toxicity of the mixture is determined by conducting a Microtox® toxicity
assessment. The Microtox® test is based on monitoring changes in the level of light
emission from a marine luminescent bacterium when exposed to a toxic substance or
sample containing toxic materials. An EC(50)15 measurement is the effective
concentration of the sample that reduces the light emission of the test organism by
50% over a 15 minute period at 15 degrees C (EUB, 1996). If an EC50(15) value is
less than 75%, a second bioassay must be run following a charcoal treatment of the
sample in the lab.
The results report that five out of six sumps passed the Microtox® test. Site 57 did
not pass and reported a value of 58.2%, however after the charcoal treatment the
sample passed with a value of >82%.
10.2 Flare Pits
Ten flare pits were sampled plus one control site. Site 83 was a control site where
soil was collected for comparison. See Figure 29 below for a full list of sites, their
field numbers, the associated well identification number and well location number.
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1
2
3
4
5
6
7
8
9
10

Field Number
5
11
12
15
17
23
44
46
49
67

Well ID
WA04792
WA02242
WA04189
WA04878
WA04876
WA04249
WA05653
WA04610
WA08182
WA06370

Well Location
15-12-083-20
14-15-082-21
06-22-082-21
07-27-082-21
11-35-082-21
08-26-082-23
07-21-082-21
10-01-083-21
01-32-082-22
11-18-083-20

Figure 29: Flare Pits sampled: field reference number, well ID and well location.

Overall, nine out of ten sites were contaminated with one or more of the following:
hydrocarbons, salts and/or metals. The contaminated sites were: 5, 11, 15, 17, 23, 44,
46, 49 and 67.
Sites 5 exceeded environmental quality guidelines for the presence of unresolved
hydrocarbons and exhibited significant levels of extractable priority pollutants (EPPs)
and polycyclic aromatic hydrocarbons (PAHs). Site 11 exceeded environmental
quality guidelines for the presence of unresolved hydrocarbons and showed high
levels of EPPs , PAHs and in particular, volatile organic compounds (VOCs).
Sites 11, 15 and 46 exhibited salt contamination. Sites 11 and 23 had very high levels
of aluminium. Sites 11, 23, 46, 49 had elevated levels of iron. Sites 11, 15, 23, 46
and 49 exceeded levels for manganese. Site 15 exceeded the maximum allowable
level for selenium.
Site 17 had low levels of hydrocarbon contamination and exceeded the guidelines for
arsenic and selenium. Site 44 exceeded the maximum allowable level for aluminium
in drinking water and exceeded guidelines for nickel, selenium and vanadium in
solids. Site 67 exceeded the maximum allowable level for Barium and Chromium
and exhibited very high levels of aluminium in the solid component of the flare pit.
10.2.1 Organics

Organic testing was conducted on flare pit fluids, solids and vegetation. See
Appendix V for raw data. The control soil, site 83 demonstrated that EPPs either
naturally occur in the soils such as di-n-butylphthalate and bis(2-ethylhexyl)phthalate
or these chemicals were introduced as a result of the plastic container used in the
collection process. Other than these, no other EPPs were present. PAHs were present
at very low concentrations, the highest concentration being naphthalene at
0.0017ug/g.
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Site 5 WA#04792
This site had a high level of hydrocarbon contamination in the solid component of the
flare pit indicated by the presence of EPPs and PAHs exceeding environmental
quality guidelines. CCME and BCE guidelines allow a maximum of 0.10 ug/g. The
EPPs found exceeding guidelines are: pyrene at 2.08 ug/g, fluoranthene at 0.29 ug/g
and chrysene at 0.15 ug/g. Six PAHs exceeding guidelines were acenanaphthene at
0.71, acridine at 1.12, anthracene at 0.19, fluorene at 1.05, naphthalene at 0.22 and
phenanthrene 0.35.
A high level of unresolved hydrocarbons were present as well at a concentration of
9000 ug/g while standards list the maximum allowable level at 800 ug/g. Unresolved
hydrocarbons are hydrocarbons that show up on the chromatogram as a hump and
cannot be separated apart (pers.com. Alberta Research Council).
Site 5 was a suspended well site with a chained off well head, a buried sump pit, an
old flare pit and a pump house with piles of refuse, sour gas tanks and piping. The
well site is located on the edge of a plateau before dropping down into the extensive
river valley of the Moberly River. The following photographs, Figures 30-33
illustrate the condition of the well site, plus more photos are available in Appendix
III.

Figure 30: Suspended well head-site 5

Figure 32: Old pump house-site 5
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Figure 33: Old sour gas containers-site 5
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Site 11 WA#02242
Site 11 demonstrated a high level of hydrocarbon contamination in the solid
component of the flare pit as indicated by the presence of EPPs, PAHs, and VOCs.
In total 28 EPPs, 9 PAHs and 51 VOCs were present. No standards are available for
the individual EPPs however the presence of 28 EPPs is high and does indicate a high
probability of contamination. All of the nine PAHs did not exceed maximum
allowable guidelines. This was the only flare pit where VOCs were actually present
and according to the lab “there is certainly evidence of hydrocarbon contamination at
site 11 indicated by the volatile list”.
The fluid component showed no sign of VOCs, far fewer EPPs and PAHs but a
significant level of unresolved hydrocarbons at a concentration of 2000 ug/L. This is
an active well site directly beside the road on the Del Rio mainline. It has an inactive
flare stack with a flare pit underneath full of water and debris. The photos in Figures
34 & 35 below give a general idea of what the site looks like.

Figure 34: Flare pit – site 11

Figure 35: Pump house-site 11

Site 12 WA#04189
Site 12 has a very low level of hydrocarbon contamination. A total of 50 ug/g of
unresolved hydrocarbons are present which is below the maximum allowable level
according to environmental quality guidelines. PAH’s present were also below
maximum allowable levels and the EPPs present were not listed thereby there is no
way of knowing if these exceeded limits as well. The EPPs present include
Heptadecane, 7-methyl-heptadecane, heptacosane, ocatadecane, phenanthrene, and
di-n-butylphathalate.
Site 17 WA#04876
This well site shows a low level of hydrocarbon contamination. The PAH’s present
were below the maximum allowable limit, four EPPs were present but no standards
are available for comparison and 600 ug/g of unresolved hydrocarbons were present
which is below the maximum allowable level of 800ug/g hydrocarbon content in
soils.
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Sites 15, 23, 44, 46, 49 and 67
These sites did not show any signs of organic or hydrocarbon contamination in the
fluid or solid component of the flare pits that exceeded environmental quality
guidelines. However sites 15, 23, 44, 46 and 49 exhibited levels of erucylamide
(C22H43NO) present in flare pit water ranging in value from 2.9 ug/L to 11.7 ug/L.
No standards are available for this organic chemical however erucylamide is an EPP
that is considered a skin, eye and respiratory irritant (MSDS erucylamide, 2003).
10.2.2 Salinity

Inorganics or salinity testing was conducted on six out of ten flare pits. The reason
for this is that the other four flare pits were dry and no fluids were available for
analysis. Appendix VI list the raw data of the lab results.
Flare pit fluids from sites 11, 15 and 46 exhibited high conductivity, indicative of
high salt contamination, see Figure 36. The environmental quality guidelines
recommend a maximum allowable level of 0.714 dS/m for drinking water and all
three sites exceed this level. Site 15 also shows a high level of total dissolved solids
(TDS) which is a measure of the amount of dissolved minerals such as sodium,
chloride, magnesium and sulphate, in the water column. Fresh water naturally ranges
from 0 to 1000 mg/L while the maximum allowable for drinking water is 500 mg/L,
for livestock is 1000 mg/L and other species is a maximum of 3000 mg/L (MSRM,
1998). Site 15 has a concentration of 3,110 mg/L which exceeds all limits.

Parameter
pH
Conductivity
TDS
(calculated)
T-Hardness
Sodium
Potassium
(NO2+NO3)-N
NO2-N
Flouride
Sulfate
Silica
Chloride
P-Alkalinity
T-Alkalinity
Bicarbonate
Carbonate
Calcium-43
Magnesium-25
Iron-47
Cations
Anions

Units
dS/m

11
8.58
0.874

46
8.06
1.100

23
9.50
0.359

49
7.65
0.499

15
7.46
5.670

44
9.86
0.238

mg/L
mgCaCO3/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mgCaCO3/L
mgCaCO3/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/L
meq/L

449
79
136.0
16.2
0.014
0.001
0.500
12
2.0
191.0
4
113
129
5
16.6
9.01
5.210
7.89
7.94

613
478
29.9
26.5
0.043
0.002
0.610
82
3.7
156.0
1
264
322

255
192
22.9
2.8
0.029
0.002
0.160
14
0.5
53.7
21
168
152
26
36.2
24.70
6.350
4.91
5.16

278
271
8.2
4.8
0.030
0.002
0.140
<3
4.5
9.5
1
262
319

3110
916
642.0
216.0
0.019
0.006
0.380
227
1.9
1670.0
1
69
84

78.3
18.30
0.731
5.89
5.55

244.0
74.60
0.224
51.80
53.10

126
133
5.7
0.8
0.024
0.003
0.360
6
1.4
7.7
34
113
55
41
13.0
24.50
0.182
2.93
2.63

115.0
46.60
0.569
11.50
11.40
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Balance

0.99

1.01

0.95

1.06

0.97

1.12

Figure 36: Inorganic water chemistry results

10.2.3 Metals

Fluid Component
Metal analysis of flare pit fluids, see Figure 37 below, indicates a very high level of
aluminium at sites 11 (4.079 mg/L) and 23 (13.223 mg/L). The levels for aluminium
exceed the maximum allowable limit for drinking water according to CCME which
allows 0.1 mg/L, WLAP which allows 0.2 mg/L, and BCE which allows 0.2 mg/L.
Sites 15, 44 and 46 all exceeded federal and provincial standards for aluminium as
well.
Regarding iron, environmental quality guidelines permit a maximum allowable level
of 0.3 mg/L for drinking water. Flare pit water at sites 11, 23, 46 and 49 all exceed
this limit.
The maximum allowable levels for manganese in drinking water is 0.05 mg/L. Sites
11, 23, 46, and 49 exceeded this level.
The concentration of selenium exceeded environmental quality guidelines for
drinking water but not for livestock water. The concentration of selenium at site 15
was 13.30 ug/L. All agencies list the maximum allowable for drinking water as 10
ug/L while those for livestock water are listed at 50 ug/L. While the guidelines for
wildlife water were listed at a maximum allowable level of 4 ug/L.

Site

5

11

12

15

23

44

46

49

13.223

0.431

0.700

0.084

0.001

0.001

0.0003

0.00009

0.003

0.004

0.003

0.001

0.146

0.080

0.456

0.307

0.0001

0.0003

<0.0004

<0.0004

<0.0004

0.002

0.0003

<0.0002

0.0001

<0.0002

0.01

0.001

0.008

0.001

0.001

0.0003

Cobalt

0.001

0.0002

0.002

0.001

0.001

0.0003

Copper

0.003

0.004

0.009

0.003

0.002

0.002

Iron

5.738

0.005

6.353

0.311

0.654

0.920

Aluminum

4.079

0.428

Antimony

0.005

0.0004

Arsenic

0.01

0.003

Barium

0.2

0.546

Beryllium

<0.0004

Cadmium

0.002

Chromium

17

Lead

0.00

0.001

0.003

0.0003

0.001

0.0003

Manganese

0.07

0.052

0.134

0.010

0.296

0.061

Molybdenum

0.003

0.004

0.002

0.005

0.004

0.001

<0.0004

<0.0004

<0.0004

<0.0004

<0.0004

<0.0004

Nickel

0.005

0.0006

0.010

0.001

0.002

0.002

Selenium

0.002

0.013

0.0004

0.001

0.003

<0.0005

Vanadium

0.013

0.0006

0.020

0.004

0.002

0.0004

Zinc

0.014

0.012

0.028

0.008

0.016

0.013

Mercury

67

Figure 37: Metals in Water (mg/L)
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Solid Component
Metal analysis of flare pit solids, see Figure 38 below, indicated there to be a high
level of aluminium and iron. No federal or provincial standards are available for
either metal, however the level of aluminium exceeded the amount found at the
control site 83 for all of the flare pits except one, site 49. The level of iron in the
solid component of all flare pits also exceeded the level found at the control site.
Site 5 reported high levels of copper and lead at 264 and 169 mg/kg, respectively.
The maximum allowable level for copper in the soil is 63 mg/kg according to CCME
and 150 mg/kg according to BCE standards therefore site 5 exceeds both standards.
The maximum allowable level for lead is 70 mg/kg according to CCME but 375
mg/kg according to BCE standards therefore site 5 exceeds CCME guidelines but not
BCE guidelines. Site 5 also recorded high mercury levels with a concentration of 2.5
ug/g this exceeded BCE guidelines which had a maximum allowable level of 0.8 ug/g
in agricultural soil but not CCME guidelines which allows 6.6 ug/g in soil.
Arsenic is also present at almost double the concentration found at the control site
however only one site exceeds environmental guidelines. Site 17 at 12.6 ug/g of
arsenic exceeds CCME standards listed at a maximum allowable level of 12.0 ug/g in
agricultural soil but does not exceed BCE which lists maximum allowable levels at 20
ug/g for the same soil classification. Site 17 reported a high level of selenium which
exceeded CCME guidelines but not BCE guidelines.
The level of chromium at site 67 was 111.0 ug/g which exceeded the maximum
allowable level of 64 ug/g according to CCME but did not exceed the maximum
allowable level of chromium total of 750 ug/g however BCE did cite two variations
of chromium: chromium total and chromium +6. The latter has a maximum
allowable level of 8 ug/g. Therefore interpretation for chromium remains unclear.
The level of Barium at site 67 was 920 ug/g which exceeded environmental quality
guidelines of 750 ug/g according to both federal and provincial agencies. The level
of aluminium in the solid component of flare pit 67 was the highest of all sites with a
concentration of 78, 762 ug/g and was triple the level of aluminium found at the
control site which had a level of 13, 967 ug/g. No standards are available for
comparison.
The level of nickel at site 44 was 57.7 ug/g which exceeded CCME guidelines (50
ug/g) but not BCE guidelines (150 ug/g). The level of selenium and vanadium were
high at site 44 with a level of 1.5 ug/g of selenium and 152 ug/g of vanadium. Both
of these metals exceeded federal standards but not provincial standards.
Selenium concentrations in flare pit solids at five sites (11, 15, 17, 44, & 49)
exceeded CCME maximum allowable guideline which is listed at a concentration of
1.00 ug/g but only one site (site 15) exceeded BCE guidelines as well listed at a
maximum allowable level of 2.0 ug/g.
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Site

49

67

83
control

27337

9916

78762

13967

0.090

0.140

0.020

0.050

10.50

9.50

7.00

11.90

4.79

310.0

501.0

456.0

257.0

920.0

221.0

1.00

<0.20

1.40

1.20

0.30

2.10

<0.20

0.52

1.06

1.20

0.51

0.47

0.63

0.21

37.30

57.70

45.80

55.00

48.30

20.60

111.00

26.80

12.200

13.200

14.300

14.500

15.300

13.400

6.900

15.900

8.000

22.20

32.20

28.70

35.20

38.00

31.90

16.80

33.60

6.40

30801

27351

30276

31579

33977

35848

32262

23420

35627

18418

5

11

12

15

17

23

44

46

Aluminium

37670

24379

39201

19328

32917

22889

30953

Antimony

0.140

0.130

0.080

0.130

0.110

0.280

0.210

Arsenic

9.90

10.30

8.20

10.10

12.60

9.90

Barium

488.0

378.0

419.0

515.0

418.0

Beryllium

1.30

0.90

1.00

1.10

Cadmium

0.57

0.37

0.42

0.50

Chromium

62.70

47.00

60.20

Cobalt

9.300

13.000

Copper

264.00

33.20

Iron

25931

Lead

169.000

21.100

13.200

19.300

16.800

14.900

17.700

17.800

8.780

19.100

8.630

Manganese

291.0

320.0

477.0

367.0

414.0

612.0

602.0

344.0

350.0

398.0

266.0

Molybdenum

1.93

1.30

0.91

1.00

1.02

1.52

1.62

0.98

0.98

0.97

0.23

Mercury

2.500

<0.05

<0.06

<0.06

0.080

0.080

0.080

0.070

0.080

0.100

<0.06

Nickel

32.20

44.00

35.00

46.00

40.20

48.60

57.00

45.00

22.60

48.30

18.10

Selenium

0.53

1.50

<1.00

2.10

1.50

0.80

1.70

1.00

1.10

<0.40

<0.40

Vanadium

116.00

85.00

111.00

61.00

101.00

83.00

152.00

121.00

75.00

131.00

46.90

Zinc

152.0

121.0

99.0

127.0

116.0

120.0

152.0

121.0

75.0

131.0

46.9

Figure 38: Metals in Soil (ug/g)

10.2.4 Vegetation

Vegetation samples cropped from five flare pit sites were collected and analyzed for
organic and metal contamination. No federal or provincial standards were available
for comparison or interpretation of results, however a few observations were made.
For example, site 11 which previously showed high levels of hydrocarbon, metal and
inorganic contamination in both fluid and solid components of the flare pit, also
showed high levels of the organics in the vegetation.
Two examples of organics present in vegetation samples are Benzo(ghi)perylene and
the 9,12,15-Octadecatrienoic acid. Figure 39 & 40 below are graphs which compare
the concentration of these two compounds between vegetation of sites 46, 44, 23 and
15 to site 11. In relation to these four sites, the flare pit at site 11 stands out with a
concentration of 17.4 ug/g for Benzo(ghi)perylene and 161.0 ug/g for 9,12,15Octadecatrienoic acid. In total 22 extractable priority pollutants and 2 polycyclic
aromatic hydrocarbons were present at site 11.
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9,12,15-Octadecatrienoic acid

Benzo(ghi)perylene

20

180
160
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0
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5
0
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23

15

11

46

44

23

15

11

sit e

site

Figure 40: Comparison of 9,12,15Octadecatrienoic acid between sites

Figure 39: Comparison of
benzo(ghi)perylene between sites.

Since no standards are available for individual organic compounds, the absolute
number of EPPs and PAHs are given for each site and shown in the graph below,
Figure 41. Based on these results flare pit 23 has the highest number of organic
compounds present in vegetation but not necessarily the highest concentration. A
complete list of the raw data and all organics are provided in Appendix VIII.
EP P s & P A H s i n Ve g e t a t i o n

30
25
20
EPPs

15

PAHs

10
5
0
46

44

23

15

11

Sit e

Figure 41: Number of EPPs & PAHs present in vegetation samples

The results of the metal analyses in vegetation are provided in Figure 42. Again no
federal or provincial guidelines are available for comparison with respect to metals in
vegetation. It is evident however that the levels of aluminium and iron correspond
with higher levels of aluminium found in the flare pits of the same sites.

Site
number

23

44

46

Aluminum

5

2740

11

12

1753

15

17

403

1143

1042

Antimony

0.070

0.047

0.037

0.034

0.038

Arsenic

0.39

0.34

0.23

0.21

0.23

Barium

50.00

35.10

49.40

46.20

45.30

Beryllium

0.10

<0.04

0.14

<0.04

<0.04

Cadmium

0.12

0.17

0.11

0.12

0.12

Contaminants Study: Final Report 2004

49

67

37

Wildland Resources

Chromium

5.90

4.20

1.40

2.50

1.40

Cobalt

0.560

0.340

0.200

0.337

0.640

Copper

10.00

6.80

5.15

5.17

9.40

Iron

1579

921

219

612

529

Lead

8.75

3.58

3.15

4.60

7.76

Manganese

61.60

52.40

84.60

135.00

65.20

Molybdenum

1.63

0.96

3.22

2.15

1.67

Mercury

<0.02

<0.02

0.02

<0.02

<0.02

Nickel

8.80

3.41

1.41

3.30

1.81

Selenium

0.40

0.60

0.40

0.30

2.90

Vanadium

8.12

5.73

1.15

3.18

3.25

121.00

127.00

120.00

152.00

121.00

Zinc

Figure 42: Metals in Vegetation (ug/g)

10.3 Animal Tissue
Two animals, one moose and one deer, were submitted to the Alberta Research
Council lab for analysis. Tables of the results for both organics and metal testing are
provided in Appendix IX. The concentration of organics and metals need to be
compared to food safety guidelines however these standards are not available.
According to the lab, Phthalates which are present in the tissue, do raise some
concern. It is possible that this could have been due to contamination from plastic
bags during shipping since phthalates are a component of plastics.
One of the moose samples submitted had abnormal body tissue and portions of the
liver and kidney were green. The lab however was unable to determine the nature or
the cause of this discolouration. This incident raised considerable concern within the
First Nations community and the meat was considered inedible.
10.4 Remote Camera/Track Surveys
Based on remote camera photographs and track surveys, the results of this study
confirm that animals are ingesting drilling waste out of sumps and fluid/solids out of
flare pits. Photographs show animals such as moose, deer and elk drinking out of
sumps and flare pits. Track surveys show tracks leading into sumps and flare pits,
while kneeling marks and teeth marks in the soil indicate moose consuming the soil.
10.4.1 Photographs

In total seven remote cameras were established at certain well sites for a given period
of time and then moved to new sites. Over a period of two months many photographs
were taken. Several of these photographs are located in Appendix X and a few
examples are provided below. Photographs below, Figures 43-46, show moose, deer
and elk at sumps, flare pits and well sites.
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Figure 43: Moose at old sump

Figure 44: Moose at flare pit

Figure 45: Moose at old sump

Figure 46: Deer at well site

10.4.2 Track Surveys

Out of 78 well sites surveyed, 74 or 95% showed evidence of animal use by the
presence of tracks. Photographs of all well sites and animal tracks are provided on
the CD enclosed with this report, however a few examples will be shown below.
Tracks indicated that species such as moose, deer, elk, black bear, coyote, wolf and
horse were present. Other species such as amphibians, birds and insects were also
noted at each site as incidental observations. Many of the well sites are adjacent to
wetlands, and it is at these sites in particular that amphibians such as the boreal
chorus frog, birds such as the red winged blackbird and insects such as the dragonfly
are common.
Track surveys noted trails leading into and out of sumps and flare pits as well as
heavily trampled areas of mud where animals had spent a considerable amount of
time. The volume of tracks in some cases were so numerous that individual tracks
were indistinguishable. The nature and abundance of tracks at well sites suggests that
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animals are not just passing through well sites as a travel corridor but are actually
visiting well sites with a purpose.
It was determined based on tracks that black bears were utilizing sumps and flare pits
as drinking ponds because many bear tracks were noted moving into and out of these
structures. This may also be true for wolf and coyote however most of the wolf and
coyote tracks were more or less randomly distributed throughout the well site area
and not as frequently moving into and out of sump or flare pits. It is suspected that
predators are utilizing well sites as a potential source of prey items such as moose and
deer.

Figure 47: Flare stack

Figure 48: Tracks at base of flare stack

The results of the lab analyses indicate that the concentration of salt is high in drilling
waste and flare pits. It was therefore suspected that ungulates not only utilize sumps
and flare pits as drinking holes but are attracted to these structures as man-made salt
licks. The presence of a patch of trampled bare earth indicates that an area is used as
a lick (Shackelton, 1999) and this was most definitely the case at the majority of the
well sites surveyed.
All but three of the 38 flare stacks surveyed showed evidence of wildlife use
regardless of the presence of a pit or not. Flare stacks like the one in Figure 47,
which has no pit, still had an abundance of ungulate activity at the base of it as
indicated in the photograph in Figure 48 showing the trampled soil.
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Figure 49: Teeth marks
in soil

Figure 50: Deer and
moose tracks

Figure 51: Metal pulled
loose by moose

It is suspected that the majority of mineral lick use occurs while soil conditions are
moist or wet. During periods of rainfall, moist conditions or the presence of water in
sumps or flare pits has the effect of creating an environment that mimics a natural wet
mineral lick. Even though ungulates such as moose and deer tend to prefer wet
mineral licks over dry licks (Shackleton, 1999) use is not entirely limited to wet
conditions as indicated by the teeth marks in the soil of Figure 49.
In many cases sign of ungulates kneeling down to get at the soil indicates that the
determination was there to ingest the minerals at these sites regardless of soil
moisture conditions. Figure 50 shows a deer track within a moose track indicating
man-made mineral licks were utilized by more than one species. And finally Figure
51, shows that the metal covering insulation on a raised pipe was torn off by moose,
several moose tracks were found directly underneath the pipeline as well as teeth
marks on the pipe itself.
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11 Discussion
Drilling waste in sumps and chemical mixtures found in flare pits create an
environment where an infinite complex of interactions are possible. This makes it
extremely difficult to determine toxicity values and interpret data. The effects of the
interaction of these chemicals is poorly understood. The toxicity of individual
components are however documented in many cases and it is with reference to these
that the discussion begins. First with hydrocarbons, metals and then salinity.
Followed by a brief discussion on vegetation analysis, animal tissue and remote
camera/track surveys.
11.1 Hydrocarbons
No controlled laboratory studies have been carried out on the wildlife regarding the
effects of hydrocarbons however increasingly more information is present regarding
the effects of hydrocarbons on ruminants such as cattle and sheep. The majority of
this information originates from the farms of northern Alberta and has been compiled
by the Alberta Research Council in their document “A Literature Review and
Discussion of the Toxicological Hazards of Oilfield Pollutants in Cattle by Chalmers
1997. Many references in the discussion are linked to this source.
Volatile organic compounds are hazardous because of their volatility. When a pond
or a solution is disturbed such as in a sump or flare pit, animals drinking the water
may also be inhaling a mixture of volatile organic compounds. These vapours are
readily inhaled and absorbed by the lungs (Chalmers, 1997). The sump at site 57
exceeded the maximum allowable levels for both volatile and extractable
hydrocarbons including BTEX components (Benzene, Toluene, Ethylbenzene and
Xylene). VOCs include BTEX components plus others such as: hexane, octane,
decane, and styrene. The sump at site 29 exceeded level for ethylbenzene.
In experimental mammals such as rats and rabbits, benzene is readily taken up into
the cell membrane and physiological effects include inhibition of nerve transmission,
overall depression of central nervous function, inhibition of gas exchange, and
lowered oxygen-binding capacity of haemoglobin. In humans, chronic low-level
exposure results in blood disorders and cancer such as myelogenous leukemia,
(CCME Benzene 2003).
Toluene is rapidly and efficiently absorbed through the lungs and more slowly and
less efficiently through the gastrointestinal tract (Health Canada 1996 in CCME
Toluene 2003). Toluene is distributed to lipid rich tissues such as the brain, kidney
and liver but accumulates principally in adipose tissue (Sato 1988 in CCME Toluene
2003). Toluene is considered to have narcotic and neurotoxic effects in humans
(Fishbein, 1985 in Chalmers 1997). And toluene is reported to enhance dermal
carcinogenesis and effects can range from stimulation to depression of the nervous
system (Chalmers 1997).
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Ethylbenzene has been found to deplete brain dopamine (Muttie etal, 1988 in
Chalmers 1997). Benzene and Xylene can sensitize the heart to catecholamines and
thereby, cause death by ventricular fibrillation (Chalmers 1997). These are few of the
symptoms and effects of individual BTEX components, the effects of a mixture of
these chemicals is not known.
Other hydrocarbons such as straight chain alkanes (C6 to C10) have resulted in cellular
damage, decreased cellular respiration and cell death leading to injury to the
respiratory tract (Suleiman, 1987 in Chalmers, 1997).
Extractable hydrocarbons include those with a higher carbon fraction of about C10 to
C32 as apposed to volatiles which are low carbon fraction hydrocarbons (C2-C9).
Toxicology of hydrocarbons varies depending on the carbon fraction of the particular
hydrocarbon. Very little specific information is available on the toxicology of higher
molecular weight hydrocarbons but these hydrocarbons are generally considered
more toxic than their lower molecular weight counterparts (Klaasen, 2001).
Flare pits exhibited extractable hydrocarbon contamination at sites 5 and 11. Flare pit
5 had six polycyclic aromatic hydrocarbons (PAHs) and 3 extractable priority
pollutants (EPPs) that exceeded CCME environmental quality guidelines. The PAH
acridine was present at a concentration of 1.12 ug/g which is 10 times the allowable
level. Acridine (C13H9N) is toxic, a known carcinogen, harmful if swallowed or
absorbed through the skin and may also be harmful if inhaled (MSDS acridine, 2003).
Another PAH that was present above allowable levels was Naphthalene (C10H8)
which is also toxic by inhalation or ingestion and may be a possible carcinogen,
(MSDS-naphthalene, 2003).
Several PAHs were present in flare pit 11 however all of these were below the
maximum allowable level. The cause of contamination and concern at this site was
the large number of VOCs. In total 51 VOCs were present and included chemicals
such as hexane, 2-methylhexane, 3-methyl-octane, 4-methyl-nonane, decane, 2,4dimethyl-heptane and n-propylbenzene to name but a few. On several occasions
moose were observed near this particular flare pit, the remote camera photographed
an elk near the flare pit and during the course of the field work one moose was
harvested directly beside the flare pit. As we will see in the section on salinity, this
site also exhibited a high salt content which very possibly acts as an attractant to
ungulates. Therefore, this site is considered a high risk site for wildlife contamination.
Flare pits 12 and 17 exhibited signs of contamination however the results are
inconclusive because certain standards are not available for comparison. For example
the flare pit soil at site 12 contained various extractable priority pollutants(EPPs) such
as heptadecane and Bis(2-ethylhexl)phthalate but it is uncertain whether the
concentrations are above or below maximum allowable standards. The only
standards available for these two sites were for unresolved hydrocarbons (C13-C34),
according to environmental quality guidelines the maximum allowable limit in fine

Contaminants Study: Final Report 2004

43

Wildland Resources

textured soil is 800 ug/g, the concentration at site 12 was 50 ug/g and site 17 had a
concentration of 600 ug/g.
The question arises, how do these standards relate to direct ingestion of soil by a
living animal? The maximum allowable level arrived by the CCME is meant for
agricultural soil (i.e. growing crops) and not for consumption of the soil itself. This
leads to some concern that even though, hydrocarbon levels are below the maximum
allowable levels, what will the long term effects be of an animal such as a moose
consuming soil even with a low level of hydrocarbon concentration?
11.2 Salinity
The basic salinity at sites 18, 29 and 57 exceeded the recommended values.
Excessive dietary salt and salt water are poisonous to cattle. The composition of
body fluids is highly regulated and small changes in ionic composition can have
majore effects on body function (Coppock and Mostrom in Chalmers 1997 Chapter
12).
The EC value for fluids were reported at 2.32 dS/m for site 29 and 2.52 dS/m for site
57, maximum allowable concentration according to WLAP is 0.714 dS/m. No
standards are available for soil however sites 18 and 29 were considerably higher than
other sites at 7.34 dS/m and 9.38 dS/m, respectively. Other sites were all less than
3.26 dS/m.
The results of the Sodium Absorption Ratio (SAR) conclude that the solid component
at sites 18 and 29 have very high SAR levels compared to the other four sites and are
17.6 and 27.7, respectively. According to Alberta environmental reclamation
guidelines, SAR values between 8 to 12 rate as poor and anything beyond 12 is
considered unsuitable for plant growth.
Therefore, salt contamination is present at three sites and although no studies have
been conducted on wild game species, there is a cause for concern when compared to
the results of studies conducted on ruminants such as cattle.
11.3 Metals
Barium levels in the sump at site # 57 exceeded the environmental quality standards
put forth by CCME, WLAP and BCE with respect to the fluid component and CCME
and BCE guidelines with respect to the solid component. The toxicology of Barium
is dependant on its solubility in the digestive tract of cattle, and may induce tonic
muscular contractions in cardiac and skeletal muscles, causing colic, vomiting and
death by paralysis, (Chalmers, 1997). The maximum allowable concentration of
Barium in livestock water is 1.00 mg/L and site 57 had a concentration of 1.88 mg/L .
At the same site, the lead concentration in the solid component was 146 mg/kg. In
comparison other sites ranged in values from 14 mg/kg to 16 mg/kg. The maximum
allowable levels according to CCME are 70 mg/kg and BCE are 375 mg/kg.
Therefore site 57 exceeds CCME guidelines but not BCE guidelines. Lead is a heavy
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metal that is known to be toxic and lead poisoning in cattle has been thoroughly
studied and described. Symptoms in cattle include bellowing, rolling of the eyes,
aggression, head-pressing, muscular twitching, blindness and stupor and difficulty in
eating and salivation. (Coppock etal, 1991 in Chapter 12 Chalmers 1997). According
to the MSDS, 2003 safety sheet data, lead is toxic by ingestion or inhalation. Lead is
also considered a cumulative poison, in that if ingested over a long period of time, it
will result in chronic poisoning.
Mercury is considered highly toxic. Long term exposure may be fatal. While
inhalation of mercury vapours may lead to liver and kidney damage, (MSDS mercury,
2003). Site 5 exhibited levels of mercury in the solid component at a concentration of
2.5 ug/g and exceeded BCE agricultural soils guidelines which lists the maximum
allowable limit as 0.8 ug/g. Federal guidelines however allow a maximum of 6.6
ug/g of mercury content in the same soil classification therefore site 5 did not exceed
federal guidelines. Mercury bioaccumulates in the food chain and small doses may
cause long term contamination in wildlife.
Metal analysis of flare pits resulted in levels exceeding standards for both fluid and
solid components of seven flare pits. Flare pit water consisted of high levels of
aluminium, iron, manganese and selenium. Flare pit solids consisted of high levels of
aluminium, iron, arsenic, chromium, copper, lead, nickel and selenium.
The concentration of selenium exceeded maximum allowable levels put forth by
federal regulations, at five sites, however only one site, site 15, exceeded provincial
regulations as well. Site 15 exceeded federal and provincial regulations for selenium
in both fluid and solid components of the flare pit. Selenium is an trace element and
is required by the body at low levels however selenium bioaccumulates in the body as
well as, in wildlife food chains. Dietary intake is an important source of exposure
and adverse effects in wildlife have been documented on aquatic birds in wetland
habitats (Fairbrother, Locke and Hoff, 1996).
Metal concentrations of arsenic in the solid component of flare pits is also cause for
concern. Arsenic is very toxic and may be fatal if inhaled, swallowed or absorbed
through the skin and is also a known carcinogen (MSDS arsenic, 2003). Arsenic
levels are present at almost double those found at the control site yet only one flare pit
at site 17 exceeded CCME maximum allowable guidelines. On several occasions
moose were observed near this flare pit, on one occasion a moose was observed
drinking out of this flare pit and one photograph was obtained from remote camera of
a moose drinking out of this flare pit. Therefore, moose are considered at a high risk
of arsenic toxicity at flare pit 17.
Nickel and vanadium, which are trace elements most commonly associated with
crude oil, were found to exceed CCME guidelines at one flare pit, site 44. Nickel is
considered toxic when swallowed, inhaled or absorbed and is also a carcinogen
(MSDS Nickel, 2003). Vanadium is toxic to livestock and poultry and has an impact
on enzymes found in the heart and kidney. (Coppock and Mostrom in Chalmers,
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1997). In cattle, high exposure to vanadium can lead to symptoms such as anorexia,
decreased milk production, diarrhea, lethargy, spontaneous abortions and
dehydration, (Coppock and Mostrom in Chalmers, 1997).
The concentration of Barium was determined to exceed the maximum allowable
limits at site 67. Barium is considered a harmful substance and poisonous if
swallowed (MSDS Barium, 2003).
11.4 Vegetation
Vegetation samples were collected at five well sites. The results conclude that
hydrocarbons and metals were present in the vegetation tissues however, to date no
standards have been available to ascertain what is normal and what the maximum
allowable level should be. Further investigation is required into this matter.
11.5 Animal Tissue
The results of the animal tissue analysis are inconclusive. Organic contaminant
testing determined that there were moderate levels of phthalates in the meat samples.
However this could have been due to contamination from plastics during shipping
because phthalates are a main component of plastics.
In addition, abnormal tissue was discovered. The abnormal tissue was a greenish
discolouration of the entire kidney and liver. This was discovered at the time of death
and was reported to the contaminants study crew. Immediately members were
dispatched out to the site and tissue samples were collected. It was too late for
histology analysis because the carcass had been sitting for 2 to 3 hours but organic
and metal analysis was conducted. This leaves uncertainty in the results since the
cause of the abnormal tissue was undetermined therefore, the results are inconclusive.
In the future, in order to avoid uncertainties, more tissue samples will need to be
collected and analyzed. This study collected two animals and that is not enough. The
best way to do this is to design a program whereby hunters are enlisted to harvest
animals, preserve the tissue and submit the tissues to the lab for proper and thorough
analysis.
To date several members of Saulteau and West Moberly have reported sick and
unhealthy moose while hunting. No records however have been kept of these
incidences. It is recommended, in the near future, a contaminants reporting
department be established at both band offices. This way community members know
who to contact, incidences will be documented and follow up can be implemented.
11.6 Remote Camera/Track Surveys
Photographs obtained from remote cameras installed at various well sites confirm that
animals such as moose, deer and elk most definitely visit sumps and flare pits. The
nature of the tracks at well sites confirm that ungulates utilize well sites as man-made
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salt licks. Track surveys at 78 well sites confirm that not only ungulates but also
other species visit well sites, species such as black bear, coyote and wolf.
Remote cameras are an excellent way to observe what goes on at well sites while no
one is around. This method is non-intrusive and convenient to use. Photographs
depict moose beside flare pits, moose drinking out of flare pits, elk walking nearby
flare pits, deer drinking at sumps and general ungulate activity around the well site.
There is no doubt that sumps and flare pits are utilized by ungulates.
Track surveys complement the photographs because they provide a broader view of
what goes on at the well site rather than just a snap shot in time. Tracks imply that
certain areas were utilized heavily indicated by the abundance of tracks and the heavy
trampling of earth. Figure 52 shows some examples of tracks observed at various
well sites. Trails were observed leading to well sites from the forest edge and in many
cases four or five trails were present. Trails connect well sites but also well sites to
wetlands and well sites to other feeding areas. From the forest edge of the well site,
tracks were found leading directly to sumps and flare pits. In and around the sumps,
numerous tracks were visible in the mud, beneath flare stacks numerous tracks were
visible in the mud and even flare stacks without pits underneath, numerous tracks
were visible in the mud.

Figure 52: Tracks found near sumps and flare pits

Preference was given to sites that were moist or wet however dry sites were not
excluded or ignored. For example beneath flare stacks without a pit underneath, signs
of teeth marks scraping the dry soil were present. Within the study area there were 13
flare stacks with pits underneath, all showed sign of ungulate activity in and around
the pit, plus there were 25 flare stacks without pits and again all showed sign of
ungulates tracks underneath the flare stack.
The question is why are ungulates so attracted to well sites? It is suggested here that
based on the results of samples analyzed, sumps and flare pits are high in salt content.
Ungulates are known to be attracted to mineral licks that naturally occur in the
environment. With the increase in well sites and increase in sumps and flare pits,
industry in effect, is creating man-made mineral licks across the landscape.
Various accounts have also been related of ungulates licking well heads, piping,
pump houses and other structures located within well sites. Again, it is suspected that
the salt on these structures may be attracting them. However there is also a
phenomenon of ungulates voluntarily ingesting petroleum products such as crude oil,
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diesel and so forth. The photograph in Figure 53 shows a ½ barrel of oil left at an
active well site (WA # 07461)which is an example of the type of material that
ungulates would be attracted to.

Figure 53: ½ barrel of oil left at well site

Research on ungulates such as cattle which are also ruminants, have found that there
are many reported cases of cattle, sheep and goats being attracted to and ingesting
petroleum products. The following quote illustrates this point:
“In the scientific literature there are numerous reports that cattle have
voluntarily ingested petroleum and other oilfield substances” ….There is
much speculation as to the reason why and some of these include thirst,
hunger, mineral imbalances and an unexplainable attraction”, (Chalmers
1997).
Voluntary ingestion of other ruminants includes sheep and goats and several
incidences are listed in the chapter on Toxicology of Oilfield Pollutants in Cattle and
Other Species in Chalmers, 1997.
Other studies, such as the one conducted in the Rocky Mountains near Banff National
Park, have found that bighorn sheep were attracted to salty deposits found on a gas
well site. It was also determined that “…sheep frequently used man-caused mineral
licks…”. At this particular well site, the well was drilled in 1961 and since then
seepage through the old sump had created a mineral lick. Apparently sheep were
attracted not only to the salt but also to the rig detergent as the sheep were observed
to abandon the man-made mineral lick and move over to licking pipes and equipment,
(Morgantini and Worbet, 1985).
Based on the results of this project and others, animals are attracted to and consume
petroleum products found at well sites. It is highly recommended that industry cleanup their well sites and remove potentially harmful materials that may be left behind
and enclose hazardous areas such as sumps and flare pits with proper fencing such as
chain link fencing.

Contaminants Study: Final Report 2004

48

Wildland Resources

12 Recommendations
Regulations and procedures are constantly changing within the petroleum industry as
new technology and information is incorporated to promote best management
practices. The results of this study are meant to inform regulators, industry and First
Nations people that a problem does exist. The solution proposed involves the
cooperation of all interested parties and strives to be economically feasible as well as
environmentally friendly.

Six recommendations are:
1. Old and abandoned sumps and flare pits should be tagged for immediate
disposal and clean-up.
2. Existing operations should make certain that all sumps, flare stacks and other
potentially toxic substances be fenced with chain link fencing.
3. The number of sumps and flare pits, old and new, need to be inventoried,
GPS’d and monitored throughout the entire Treaty 8 territory of northeastern
BC.
4. Further research is required to determine the long term effects on all wildlife
species as a result of ingesting drilling waste and flare pit chemicals.
5. Enhance corporate responsibility to ensure minimal impact to wildlife and
their habitat.
6. Band offices need to establish a contaminants monitoring and reporting
department.

1.
Old and abandoned sumps and flare pits should be tagged for immediate disposal and
clean-up. Regulations need to be established that will ensure that contaminated sites
are dealt with promptly and given the urgency that they require.
2.
Existing operations should make certain that all sumps, flare stacks and other
potentially toxic substances be fenced with chain link fencing. Snow fencing is not
adequate because it is not sturdy and readily falls down. Criteria for chain link fence
construction should be: strong enough that a moose cannot push it over and high
enough that a deer cannot jump over it.
While active drilling is in operation, fencing around sumps is required. Once active
drilling has ceased, drilling waste and sumps should be immediately disposed off
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according to waste disposal regulations and not left to sit in the environment for
extended periods of time.
Even when a sump is fenced, other species such as birds and insects are able to enter
the area and are therefore at risk of exposure. The less time sumps are present the
lower the chances of contamination exposure and the lower the chances of toxins
bioaccumulating in the wildlife food chain.
Flare pits are no longer common in current oil and gas operations. Flare stacks are
now typically constructed without a pit underneath and ground flaring is increasingly
less common. Nevertheless, flare pits do exist and should be immediately fenced until
clean up is possible. Clean up and remediation should not be delayed and be given
the utmost priority that they deserve.
3.
The number of sumps and flare pits, old and new, need to be inventoried, GPS’d and
monitored throughout the entire Treaty 8 territory of northeastern BC. This
recommendation is very important. Without baseline information we do not know
what we are dealing with. Sumps and flare pits need to be clearly identified and
recorded as to their whereabouts and not buried in files of well site approval forms
and drilling reports.
The Oil and Gas Commission should be responsible for identifying, locating and
mapping all existing sumps and flare pits that are present in northeastern BC. Details
of these sumps and flare pits should be recorded such as age, size and animal use
based on tracks. Once baseline information has been gathered, a management plan
can be established to deal with these sites.
4.
Further research is required to determine the long term effects on all wildlife species
as a result of ingesting drilling waste and flare pit chemicals. Game species have
been exposed to drilling waste since the beginning of the oil and gas boom. What are
the long term effects of the population? How does contamination effect their health,
their longevity, their reproduction, their chances of survival, and ultimately their
safety as food for human consumption? There are many unanswered questions and
the science and environmental knowledge fund managed by the OGC and sponsored
by CAPP and SEPAC should include this topic as a funding priority.
5.
Enhance corporate responsibility to ensure minimal impact to wildlife and their
habitat. Wildlife habitat assessments are key to mitigating impacts and should be
conducted during the pre-planning stages. By conducting wildlife habitat
assessments prior to oil and gas development, prior to well site construction, prior to
road construction many negative impacts may be avoided.
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Wildlife habitat assessments consider current wildlife habitat conditions, determine
movement corridors and trails, wintering areas, natural mineral licks, bedding sites,
foraging and feeding areas and calving or birthing areas. By knowing where these
sites are, critical habitat can be incorporated into management plans to ensure that
resource extraction occurs with the least amount of damage to the natural
environment and its inhabitants. This strategy protects our wildlife as well as the
economic income the landscape provides.
6.
Band offices need to establish a contaminants monitoring and reporting department.
At least one person needs to be designated as the “monitoring officer” for each
community. Too often hunters harvest animals that show signs of abnormalities and
either do not report the incident or else report the incident and no follow up occurs. It
is critical that the community has a local person to contact, someone who will record
the incident, and follow up with an investigation. Over time this method of
documenting wildlife abnormalities will provide important baseline information.
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13 Conclusions
The objective of the project was to address concerns raised by First Nations people
that oil and gas activities are adversely affecting wildlife within their traditional
hunting area and Treaty 8 territory. Based on the results of this study, oil and gas
activity is indeed adversely affecting wildlife in the Del Rio area via the ingestion of
contaminated water and soil. Furthermore, the results suggest that wherever oil and
gas drilling is currently active, or has been active in the past, and where sump and
flare pits exits, there is a high risk of wildlife contamination.

Toxins
are
present in
sumps
and flare
pits which
are
exposed
to wildlife

Ingestion of
fluids and
solids does
occur by
wildlife from
sumps and
flare pits

Very high
risk
that wildlife
species are
ingesting
toxins
produced by
the
petroleum
industry

It was confirmed that 12 out of the 16 well sites exhibited hydrocarbon, salt and/or
metal contamination. Twelve sites exceeded the environmental guidelines set out by
Federal and Provincial departments. In total 78 well sites were surveyed and 74 of
these well sites showed signs of animal used based on track surveys. Out of the 78
sites, 38 flare stacks and 7 sumps were present, all of which showed sign of animal
use. It was confirmed that animals visit sumps and flare pits as watering holes
indicated by tracks of moose, deer, elk, black bear, coyote and wolf entering these
sites.
It was also confirmed that the salt content was high in sumps and flare pits and that
ungulates utilize these structures as man-made salt licks. Therefore, contaminants are
present at well sites and animals are ingesting these contaminants. The results of the
tissue samples were inconclusive and further research needs to be conducted to
determine the short term and long term health effects on wildlife as a result of
ingesting petroleum products.
Economic development is very important to the province, the people and to first
nations communities. It is also important however to implement responsible
economic development that has respect for the land. Technological advances
improve the efficiency of the oil and gas industry, in the same way, ecological
knowledge should be used to improve the conditions of the environment. Therefore it
is hoped that the results of this project will be used to improve the operations of the
oil and gas industry to minimize the impact on wildlife and their habitat.
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15 Glossary
The following is a list of commonly used terms within the final report and is an
excerpt taken from the Alberta Energy and Utilities Board (EUB), Appendix 6 –
Glossary.
Drilling Muds

Drilling Waste
Fluids
Drilling Waste
Solids
Drilling Waste
Total Waste
EC50(15)

Electrical
Conductivity
(EC)
Microtox
Bioassay
Saline Soil

Sodic Soil
Sodium
Absorption
Ratio (SAR)
Sump
Total
Dissolved
Solids (TDS)

A suspension, usually in water but sometimes in oil (diesel), used in
rotary drilling, consisting of various substances in a finely divided
state, (commonly bentonitic clays and chemical additives),
introduced continuously down the drill pipe under pressure, out
through openings in the drill bit, and back up in the annular space
between the pipe and the walls of the hole and to a surface pit or
tank where it is conditioned and reintroduced into the well bore.
A mixture of water, drilling muds, additives and various other
wastes that are specifically related to drilling activity.
The bottom layer of drilling waste material, found in a sump,
composed of water, drill cutting, flocculated bentonite, weighting
materials and other additives.
The entire contents of a sump, which is considered a singe waste fro
sampling, treatment and disposal.
In a MicrotoxR test, the effective concentration of a sample that
causes a 50% decrease in light output at 15C after 15 minutes
exposure.
The ability of a solution to carry an electric current. Refers to the
specific electrical conductance of the water, which is a function of
the Total Dissolved Solids (TDS). High salinity (high EC) affects
plant growth and soil quality.
A bioassay using luminescent bacteria as the test organism
A soil with a high content of water-soluble salts and a saturation
extract Electrical Conductivity (EC) greater than 4dS/m. The soil is
not sodic.
A soil having an exchangeable sodium percentage of 15 or more,
but is not saline.
A calculated ration used to represent the relative activity of sodium,
calcium and magnesium with respect to ion exchange reactions in
soil. A surrogate for exchangeable sodium percentage.
Surface excavation or tank to hold water, drilling mud, sludge and
discharged matter for drilling operations.
The concentration of inorganic or mineral constituents dissolved in
water expressed in milligrams per litre. May be calculated from the
Electrical Conductivity.
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16 Appendix I: Drilling Fluid Product Listing

Contaminants Study: Final Report 2004

56

Wildland Resources

17 Appendix II: List of Wellsites Surveyed
Site
#

Company

WA#

Surface Location

1

Shiningbank

06547

2

Shiningbank et al Monias

05764

3
4
5
6
7

Wainoco Wilder
Water Disposal Site
Wilder
Monias
Monias

02793
00697
04792
03819
02421

06-02-083-22
W6M
07-33-082-22
W6M
11-20-083-19
11-17-083-19
15-12-083-20
10-05-082-21
07-08-082-21

8
9
10
11

Monias
Monias
Devon Numac Monias
CNR Monias

04110
03764
05426
02242

12
13
14
15
16
17

CNR Monias

04189
04152
04174
04878
04877
04876

18

CNR Monias

06698

19
20
21

Monias
Devon Oil and Gas Ltd. Monias
Encana Monias

04558
06907
13089

22
23
24
25
26
27
28
29
30

04998
04249
Borrow Pit
New Site/not on map
New Site/not on map
Borrow Pit
Samson Canada
Devon Monias

07154
02997
04277

31

Devon Monias

05446

32
33
34

Chevron
Amoco Canada Petroleum Monias
Anderson Exploration

08843
05694
06730

35

Devon Monias

04278

36

Devon Monias

05365

37
38

Devon Numac Moberly

14627
02019
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11-09-082-21
06-16-082-21
7-2-082-22
14-15-082-21
W6M
06-22-082-21
06-23-082-21
06-20-082-21
07-27-082-21
06-25-082-21
11-35-082-21
W6M
10-02-083-21
W6M
7-34-082-21 W6M
9-33-082-21 W6M
07-26-081-22
W6M
06-17-082-22
8-26-082-23

11-20-082-22
10-23-082-22
11-24-082-21
W6M
12-19-082-20
W6M
?-19-082-20
9-17-082-20
A7-30-080-20
W6M
A7-30-080-20
W6M
11-29-082-20
W6M
10-29-082-20
10-15-082-22

Additional
Location #

General Area
North Monias
North Monias

10-2-83-20
2428 / A0708-082-21

North Monias
North Monias
North Monias
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Ag Field
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
Del Rio
North Monias
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39
40

Devon Numac Monias
Encana

41

CNRL et al

42

Shiningbank et al Monias

06906

43
44
45

Talisman Energy Inc
Chauvco Resources Ltd. Monias

06931
05653
03003

46

CNRL et al Monias

04610

47

Shiningbank et al Monias

07164

48

Anderson Exploration Monias

06760

49

Shiningbank Pembina Monias

08182

50
51
52

Tristar Moberly
Wainoco JBA Moberly

14849
05574
02463

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
83
85
86

CNR

Talismans Energy Inc
CNR et al Monias
UPRI Monias
Shiningbank
CNRL et al Monias
Devon Monias
Shiningbank
Shiningbank
Shiningbank
Shiningbank
Dome
Shiningbank

Dominion
Wainoco
Wainoco
Forte Wilder
Amoco
Encana
Control soil
CNRL et al Monias
New Site

06824
013218

W6M
11-35-082-22
12-36-082-22

05047
14072
06572
06931
07711
04522
08022
06999
06913
06924
06967
03542
07461
08709
06370
06577
07113
04009
02968
07951
15496
02773
02708
13650
04458
05201
05377
12913

14-01-083-21
W6G
14-05-083-21
W6M
7-8-083-21 W6M
07-21-082-21
06-06-083-20
W6L
10-01-083-21
W6M
07-03-083-22
W6M
06-34-082-22
W6M
01-32-082-22
W6M
16-29-082-22
11-28-082-22
04-23-082-22
W6M
07-17-082-21
09-09-083-21
10-14-083-21
07-08-083-21
08-16-083-21
07-16-083-21
11-15-083-21
10-15-083-21
10-23-083-21
10-22-083-21
06-26-083-21
04-34-083-21
07-33-083-21
12-35-083-21
11-18-083-20
10-11-083-21
10-10-083-21
06-22-083-20
11-16-083-20
06-13-083-20
13-07-083-19
07-30-083-19
11-20-083-19
A8-19-083-19
10-18-083-19
02-07-083-20
10-27-082-23
06-35-082-23

04858
16144

11-24-083-21
03-14-082-21
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6-85-F/94-A3

North Monias
North Monias
North Monias
North Monias
North Monias
Del Rio
Del Rio
Del Rio
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias

06-07-083-20

Del Rio
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
North Monias
Del Rio
North Monias
North Monias
Del Rio
North Monias
Del Rio
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18 Appendix III: Photos of 16 Wellsites Sampled

Contaminants Study: Final Report 2004

59

Wildland Resources

19 Appendix IV: Lab Analysis_Sumps
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20 Appendix V: Lab Analysis_Flare Pits_Organics
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21 Appendix VI: Lab Analysis_Flare Pits_Salinity
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22 Appendix VII: Lab Analysis_Flare Pits_Metals
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23 Appendix VIII: Lab Analysis_Flare Pits_Vegetation
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24 Appendix IX: Lab Analysis_Animal Tissues
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25 Appendix X: Remote Camera Photographs
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