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ABSTRACT

The main objectives of this research program were to determine the
quantity, quality and source(s) of groundwater seepage from the streambed into

the St. Clair River in the vicinity of Sarnia, Ontario, Canada.

Seventeen survey lines were installed on the bed of the St. Clair River
in a 100 m by 7 km band between Sarnia Bay and the Sarnia Indian Reserve. The
survey iines extended 100 m from shore at an angle of approximately 900 to the
shore. Soil cores were collected along the survey lines in conjunction with
river bottom descriptions to characterize the river bed. On the survey line
locations which had at least 100 mm of granular material, seepage meters were
installed to measure seepage rates. Moderate seepage was noted on two of the
seven survey lines that contained the granular bottom sediments.
Minipiezometers were used on these two survey lines to collect streambed
groundwater from depths of 1.0 and/or 1.5 m below the river bed. Electrical
conductivity, pH and temperature of the streambed groundwater and river water
samples were determined in the field. Selected river water and streambed
groundwater samples were also analyzed for: chlorinated hydrocarbons,
polychlorinated biphenyls, trihalomethanes, EPA Priority Pollutants
(extractables), total organic halides (TOX), chloride, and natural isotopes

(oxygen-18, deuterium, and tritium).

The average observed seepage rate of 1.4 x 10-8 m3/s/m2 suggests higher
than expected hydraulic conductivity or hydraulic gradients in the streambed,
2 to 4 orders of magnitude greater than those determined in previous studies.

Detectable levels of some organic contaminants were found in the streambed

St



groundwater samples, i.e., <0.0067 ug/L total chlorinated hydrocarbons,
<0.026 ug/L PCB, <2.77 ug/L trihalomethanes, and <2.4 ug/L base neutral

extractables. The isotopic and electrical conductivity data indicate that:

(1) the streambed groundwater is not simply river water,

(2) groundwater from the freshwater aquifer does not appear to be a
significant component of the streambed groundwater,

(3) some of the streambed groundwater may be partially derived from
shallow groundwater, and

(4) a yet unidentified source of water contributes to the streambed

groundwater.
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1.0 INTRODUCTION

1.1 STRUCTURE OF THESIS

Chapters 1 to 4 are introductory chapters which describe the scope and
objectives of the study, the geology, deep well disposal in the study area,
and methods of study, respectively. Chapter 5 discusses the results of the
field and laboratory studies and Chapter 6 summarizes the conclusions and
recommendations. The appendices provide detailed descriptions and tabulations
of field observations, field equipment, field and laboratory analyses and a
summary of interpretative notes on the use of environmental isotopes as

(ERaCensst

1.2 SCOPE AND OBJECTIVES OF STUDY

In an ideal situation, deep-well disposal is a controlled injection of
wastewater into the subsurface in such a manner that all hazards to drinking
water sources are minimized. In a well designed system, the "disposal unit"
is a porous, permeable, geological stratum which is vertically confined by
low-permeability rocks. The disposal unit should be deep enough and the
groundwater velocities slow enough to isolate the wastes from the biosphere
for a long period of time. The disposal unit should also be structurally
simple with no natural or man-made conduits through the confining units

(Warner and Lehr, 1981).

Between 1958 and 1976, several industries in Lambton County, Ontario,
Canada, used on-site "deep well" disposal systems for their liquid waste
disposal. They injected over 8 x 108 m3 of liquid industrial waste into 16
wells completed into the Detroit River Group. The Detroit River Group

consists of carbonate strata extending from about 167 to 288 m below ground



surface. This disposal unit is overlain by approximately 150 m of shale and
dense carbonate rock and about 40 to 45 m of overburden. The injected wastes
included a wide range of both organic and inorganic substances produced as
by-products of the petrochemical industry. However, the exact nature of these
wastes is not well-documented (Rathbone, 1983). In addition to the waste
compounds injected into the wells, the products of downhole chemical reactions
amongst the various injected wastes and between the wastes and the disposal
unit rocks are another potential source of contaminants in the disposal unit.
There have been several indications that the waste has migrated at least 1 or
2 km from the injection wells and that above-ground head conditions have

developed over a considerable area (Rathbone, 1983).

The recognition of failures of the Sarnia area deep well disposal
practices are well documented in the literature. These failures have become
extremely sensitive public issues because: the area is along an international
boundary, the area is highly industrialized and heavily populated, and much of

the waste is toxic (Simpson, 1978).

The main water supply aquifer in Lambton County, the "freshwater
aquifer", consists of a relatively thin deposit of granular overburden
overlying the bedrock surface. Above the aquifer, most of the overburden is
low permeability silty clay till (Quigley and Ogunbedjo, 1976; Desaulniers et
al., 1981) which varies in thickness from about 15 m in the eastern part of
Lambton County to about 45 m near the St. Clair River in the west. Under
natural flow conditions, the hydraulic head in the Detroit River Group was

reported to be some 60 m below the base of the freshwater aquifer (Rathbone,

1983) .



The occurrence of contaminated, shallow, flowing water wells in the
Sarnia area of Lambton County in the early 1970s, coincident with the greatest
subsurface waste injection activities, strongly indicates that the deep well
disposal of wastes pressurized the Detroit River Formation to such an extent
that at least localized contamination occurred in the freshwater aquifer.
Piezometric data from the Canadian side of the St. Clair River (Vandenberg et
al., 1977) suggest that flow in the freshwater aquifer is toward the St. Clair
River. Although there is a considerable thickness of low-permeability clayey
till between the streambed and the freshwater aquifer, it is known that there
are fractures in the till (Quigley and Ogunbedejo, 1976 and Desaulniers et
al., 1981) and that there is a sufficient upward hydraulic gradient to move
contaminated water from the freshwater aquifer into the river (Vandenberg et

el 0 AT ¢

Various other studies conducted in the Sarnia area (Oliver and Kaiser,
1986; Kaiser and Comba, 1986; and Environment Canada and Ontario Ministry of
the Environment, 1986) have shown that the sediments and river water in
distinct reaches of the St. Clair River contain varying concentrations of
numerous contaminants. It is believed these contaminants are the combined
result of the industrial operations along the river, drainage from ditches
which drain the industrial properties, and a number of waste disposal sites in

the Sarnia area (King and Sherbin, 1986).

There are four possible sources of contaminated water which may affect
the quality of the water in the streambed (Figure 1): 1) river water, 2)

surface drainage into the river, 3) flow through the shallow, fractured clay
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zone, and 4) flow from the freshwater aquifer. Another possible source of
contamination to the streambed groundwater would be from contaminants entering
the water from the streambed sediments. However, determining the quality of

the streambed sediments was beyond the scope of this study.

The main objective of this research program has been to determine if
there is any discharge from the streambed sediments into the St. Clair River,
and if there is, to determine the quantity, quality and source(s) of the
seepage. The problem was approached and studied in several ways which can be

grouped into two types of activities:

1. streambed sediment sampling, seepage meters, and minipiezometers were
used to map the distribution of groundwater seepage from the St. Clair
River streambed and to obtain water samples for organic contaminant

analyses, and

2. in order to determine the source(s) of the water in the streambed
sediments, field measurements of pH, electrical conductivity (EC), and
laboratory analyses of envircnmental isotopes (oxygen-18, deuterium, and
tritium) were used to compare the streambed water to the river water, the
shallow groundwater from fractured clayey deposits near ground surface,

and the groundwater from the freshwater aquifer.

Monitoring wells drilled into the freshwater aquifer would have greatly
aided in this study. However, drilling was beyond funding limitations. The

study area was limited in size owing to budget and time constraints. Also,



the observation of the characteristics of surface drainage was outside the

terms of reference of this study.



2.0 GEOLOGY OF THE STUDY AREA

The study area is located in southwestern Ontario, Canada, along the St.
Clair River, adjacent to Lambton County. The primary area consisted of a 7 km
by 100 m band of the St. Clair River between Sarnia Bay (located adjacent to
the town of Sarnia) and the Sarnia Indian Reserve (southwest of the town of
Sarnia) (Figure 2). Numerous survey lines were installed at various locations
along the Canadian shoreline within this 7 km reach of the river. Several
industrial wells located within close proximity to the river were also sampled

during this study.

A review of the geology and hydrogeology in and around the Sarnia area
was necessary to put the question of groundwater seepage into the St. Clair
River into perspective. This review includes both the Quaternary deposits
(and the associated freshwater aquifer) and the Paleozoic bedrock units
(including the Detroit River Group, the primary injection interval for deep

well disposal in Sarnia).

2.1 QUATERNARY DEPOSITS
2.1.1 GEOLOGY

Although there are areas in southwestern Ontario where bedrock outcrops,
the majority of the region is covered by a substantial thickness of
till deposits, consisting of silt-clay till and glaciolacustrine materials.
Till thicknesses of up to 122 m (400 ft.) have been recorded in bedrock valley
areas. Intera (1987) reported a valley in the bedrock surface in Lambton
County adjacent to the St. Clair River. In the Intera (1987) study, which
delt oniy with Sarnia, the depth to bedrock was reported to vary from less

than 40 m to about 53 m.

~J
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In and around Sarnia, there are approximately 45 m of till deposits
overlying the Devonian shales and limestones of the Lambton, Hamilton and
Detroit River Groups (Figure 3). These deposits vary in thickness from about
15 m in the eastern part of Lambton County to 45 m near the St. Clair River in
the west. On the basis of texture, homogeneity and slight over-consolidation,
these deposits are considered to be water-laid, glacial tills of late

Wisconsin-Age (Quigley and Ogunbadejo, 1976).

Quigley and Ogunbadejo (1976) studied the tills near Sarnia within the
boundaries of the municipal landfill site for Sarnia, located on the flat
grasslands 7 km southeast of Sarnia. Their study indicated that at least two
tills could be distinguished within the upper 27 m (90 ft) of deposits. These
till deposits contained 40-50% clay size material and were only slightly
over-consolidated (except for the desiccated crust above 7 m). The moisture
content of the tills remained constant until a depth of 14 m, below which the
moisture content increased with depth. Pockets of silty sand, about 4 m
thick, were observed within the clayey soil sequence at a depth of

approximately 18 m.

2.1.2 HYDROGEOLOGY

The "freshwater aquifer", the main source of potable groundwater in rural
areas of Lambton County, consists of a thin layer of granular overburden
directly overlying the bedrock. The term "freshwater aquifer" has been used
in order to distinguish it from deeper aquifers containing brackish water and
brine (GTC, 1985). The freshwater aquifer is generally less than 3 m thick

and is spread out unevenly over the bedrock surface and the upper fractured
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A-1 limestone, dolomite,
anhydrite
Figure 3.

Partial stratigraphic column for southwestern
Ontario (after Vandenberg et al., 1977).




portion of the bedrock. This freshwater aquifer is confined beneath by both
the shale of the Kettle Point Formation and the shale and limestone of the
Hamilton Formation, and above by approximately 35 to 40 m of clay and till

which forms the bulk of the overburden (URM, 1984).

The intergranular hydraulic conductivity of the clay and till of the

overburden ranges from 8 x 10710 t5 9 x 10-10 m/s (Desaulniers et al., 1981).

Goodall and Quigley (1977) and Desaulniers et al. (1981) determined that the

vertical hydraulic gradient in the clayey deposits is downward with values

between 0.01 to 0.18.

Weathering of this upper till has caused close-spaced fissuring
apparently brought about by leaching and desiccation. The intensity of the
fissuring decreases with depth with reported fissure spacings of about 1 m at

a depth of 5 m (Quigley and Ogunbadejo, 1976). Desaulniers et al. (1981),

concluded that the hydraulic conductivity of the clay and till was not greatly

affected by the fractures.

About 90% of the water wells in Lambton County obtain water from the
freshwater aquifer (URM, 1984). When this aquifer is used as a water supply,
the wells are drilled into the top of the bedrock and they rely on the

fractured nature of the shallow bedrock to draw water from the aquifer.

The topography and piezometric head of the freshwater aquifer apparently
follow the westerly trend of both the land surface and the bedrock surface.
Figure 4, the piezometric head distribution in the freshwater aquifer,

indicates a general westerly direction of groundwater movement. The

ijoile
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piezometric surface in this aquifer is generally within 15 m of ground surface

(GTC, 1985).

Vandenberg et al. (1977) have identified regions of similar groundwater

chemistry in the freshwater aquifer (Figure 5). Figure 5 shows that chloride
(Cl") water dominates the freshwater aquifer in the study area. The direction
of groundwater movement, as inferred from these water chemistry types, is

consistent with the flow directions revealed by the piezometric-head map.

Regional recharge to the freshwater aquifer occurs in the high areas on
the eastern border of the county where elevations range from 242 masl (metres
above sea level) to 212 masl. Regionally, the aquifer is believed to
discharge into the St. Clair River and near shore tributaries of the river, as
well as Lake Huron (Vandenberg et al, 1977). Locally, however, the river

occasionally recharges the aquifer (GTC, 1985).

Owing to the extremely low permeability of the clayey materials in the
overburden, effective vertical recharge of the embedded sand and gravel bodies
is probably prohibited throughout most of Lambton County. Isotopic data from

Desaulniers et al. (1981) and Scott (1986) suggest that groundwater from some

of these deposits is almost as old as the deposits themselves. Therefore, it
is difficult to determine the rate of groundwater movement with any certainty.
Rather than indicating rapid circulation controlled by precipitation and
topography, the slope of the potentiometric surface may instead reflect the
fact that pressure heads are similar in each isolated part of the aquifer

(URM, 1984). However, Scott's (1986) isotopic data indicate an isotopic

13
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continuity within the aquifer that does not appear to be controlled by the

isolated highs and lows of the potentiometric surface.

GTC (1985) used representative hydrogeologic properties for the aquifer
to calculate a groundwater velocity of less that 2 m/yr. Hyde (1987)
calculated an average velocity of approximately 3 to 4 m/yr using computer

simulations of the freshwater aquifer flow.

2.2 BEDROCK

2.2.1 GEOLOGY

The Sarnia area is located toward the eastern edge of the Michigan Basin.

In this area, the dip of the bedrock is to the northwest toward the centre of
the Michigan Basin, at a rate of about .00947 m/m (50 ft./mile) (URM, 1984).
The structural attitudes of the formations have locally been affected by
processes other than tectonic deformation. In some areas, the beds have been
affected by collapse as a result of dissolution of salt beds and/or by drape
over reefal structures (URM, 1984). The following is a brief description of
the bedrock stratigraphy of southwestern Ontaric. Most of the detail is
devoted to the Devonian Detroit River Group which was used as the primary

injection interval during deep-well disposal.

The uppermost bedrock unit throughout most of Lambton County is the Port
Lambton Group, of which the Kettle Point Formation is the most prevalent
(Figure 3). The Port Lambton Group is composed of shale with minor sandstone
and siltstone. The Kettle Point Formation is a black, bituminous shale with

an average thickness of 45 m immediately east of the St. Clair River and
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decreasing in thickness toward the east (GTIC, 1985). This formation
unconformably overlies the Hamilton Formation and forms much of the bedrock

throughout Kent and Lambton Counties.

The Port Lambton Group is underlain by the Hamilton Group, a series of
calcareous shales and argillaceous and fossiliferous limestones. The lower-
most formation of the Hamilton Group is the Dundee Formation. The Dundee
Formation consists of microcrystalline limestone which is about 50 m thick
near Sarnia (URM, 1984). A lenticular zone of high porosity dolostone ("lost
circulation zone") occurs near the base of the Dundee (URM, 1984). The lower
part of the Dundee Formation was often used as the disposal unit for disposal
wells in the Sarnia area. The Port Lambton and Hamilton Groups are the

confining units for the disposal formation (URM, 1984).

The Dundee Formation overlies the Detroit River Group. The Detroit River
Group, which outcrops near Ingersoll approximately 241 km (150 miles) east of
Sarnia, dips to the west at an average rate of .00l to .0009 m/m (5 to 10
ft/mile) (Rathbone, 1983). The Detroit River Group continues to dip under the
St. Clair River and into Michigan. Another outcrop of this group occurs in
southeastern Michigan, in Monroe and Wayne Counties (Dorr and Eschman, 1970).
In Monroe County the outcrop consists of a broad band trending northeast-
southwest across the northern third of the county. It abruptly narrows in the
western part of the county and turns south into Ohio (Mozola, 1970). The

outcrop is a prominent east-west band in the southern part of Wayne County

(Mozola, 1969).



In southwestern Ontario, the Detroit River Group is divided into two
formations: the top is the Lucas Formation and the bottom is the Amherstburg
Formation. The Lucas Formation was the most heavily utilized interval for

injection of wastes in Lambton County.

The Lucas Formation consists mainly of dolomite and limestone with minor
anhydrite and salt beds in the lower part of the formation. In Lambton
County, the thickness of the disposal formation ranges from 91 m in the north
to 61 m in the south with an apparent increase in thickness toward the
northwest or centre of the Michigan Basin. The formation subcrops
approximately 105 km (65 miles) east of Sarnia. The top of the formation dips
westward from an elevation of 91 masl on the eastern boundary of the county to
30 mbsl (metres below sea level) on its western boundary (Vanderberg et al.,
1977). 1In the Sarnia area, the Detroit River Group is found at depths ranging

from 167 to 288 m below ground surface (Rathbone, 1983).

The Lucas Formation was considered to be well suited for high volume
injection because of its vuggy and cavernous porosity (GTC, 1985). The
caverns were created by the dissolution of halite in the limestone. These
caverns, or open zones, are the "lost circulation" zones commonly selected as
suitable disposal intervals for injection wells. Although the disposal
intervals usually spanned the entire Lucas Formation, these lost circulation
zones may have been only several metres thick and were often responsible for

90% of the flow from the interval (GTC, 1985).

The Amherstburg Formation, a limestone and dolomite unit, is found

beneath the Lucas Formation. Fossiliferous and biohermal reef structures are

17



known to occur in this formation (URM, 1984). The contact between the
underlying cherty carbonates of the Bois Blanc Formation and the Amherstburg
Formation appears to be gradational. The thickness of the Amherstburg
Formation in the study area ranges from 46 to 76 m (150 to 250 ft.). Most
disposal injection was directed into the top of this formation. Zones of high
porosity and/or lost circulation have not been reported in this interval (URM,

1984) .

The structure of the confining layer, the Hamilton and Port Lambton
Groups, has been affected by reefal structures and dissolution of salt beds
(GTC, 1985). Pinnacle reefs in the underlying Silurian Guelph Formation
caused overlying layers to be draped over reefal mounds. Also the dissolution
of deeper salt formations (Salina Formation) has caused localized collapse of

the strata resulting in thickening of the formation above.

There is a reported localized thinning of the Dundee Formation and the
Detroit River Group along the Dawn Structure in Lambton County. This
localized thinning has also been associated with leaching of salt from the
underlying Salina Formation. The same process may have caused similar
features along the Kimball-Colinville monocline and the unnamed trend east of
this monocline. The collapse associated with such leaching may have produced
fractures which would cause an increase in vertical as opposed to horizontal
permeability within the Detroit River Group and overlying formations in this
particular area (Vandenberg et al., 1977). 1If fracture connection is present,
transport of waste will depend on the pressure profile and hydraulic

conductivity along the fracture connection.
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2.2.2 HYDROGEOLOGY

The regional groundwater flow direction in the bedrock disposal unit is
similar to the regional shallow (freshwater aquifer) groundwater movement,
which is generally to the west-northwest. It appears that the flow direction
is influenced by topography (Vandenberg et al., 1977). The apparent hydraulic
gradient is directed away from the highest subcrop near Stratford
(approximately 130 km northeast of Sarnia) toward the north, west and south.
Areas of possible regional discharge are in the vicinity of Lake Huron and

connecting waterways.

Locally, the potentiometric surface of the bedrock is irregular. These
irregularities have been attributed to deep-seated geologic structures
representing zones of variable permeability or irregular area-wide recharge of
the groundwater from the glacial overburden (URM, 1984). Figure 6 shows a
piezometric map of the disposal zone from Vandenberg et al. (1977) which
suggests a hydraulic gradient directed to the west. The piezometric head in
the disposal zone (under natural conditions) has been reported to range from

60-90 m (Vandenberg et al., 1977) to 0-60 m (Rathbone, 1983) below the

piezometric head in the shallow aquifer.

During the height of deep-well disposal in Lambton County (1967-1971),
contaminated groundwater, believed to be from deep-well sources, flowed from
abandoned water wells. These flowing wells indicate that static water levels
rose to levels above the lower boundary of the freshwater aquifer and to above
ground surface (Rathbone, 1983). These outbreaks were thought to be the
result of over-pressurization of the disposal formation during waste

injection. Any modifications, such as these, to normal subsurface pressures
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can alter water levels from above normal to above surface. As the number of
operating wells declined and injection pressures were reduced, static water
levels in the Detroit River Group reportedly declined. Information on the
rate of decline of pressures or current water levels in the deep disposal unit

is not readily available.

Despite the vast amount of data available on o0il and gas wells drilled in
Lambton County, the information is not appropriate for the evaluation of the
hydrogeology of the disposal zone. Some of the problems in the interpretation
of the data are related to the reliability of the data: the data may not
reflect conditions throughout the system, considerable time cdelay may elapse
between a change of area-wide head levels and subsequent responses of other
strata, and the scarcity or unreliability of head measurements. These
problems, coupled with the lack of sufficient information on current pressure
gradients and water levels in the deep disposal zone, make interpretation

difficult.



3.0 DEEP WELL DISPOSAL

3.1 WASTE INJECTION IN THE SARNIA AREA

Injection of industrial wastes into deep, subsurface aquifers has been
widely practiced in Canada as a means of isolating noxious substances from the
biosphere (Simpson, 1976). The injected wastes are brines which are produced
through the operation of o0il fields and the controlled solution of evaporite
strata, as well as a variety of organic and inorganic wastes from oil

refineries and chemical plants.

This subsurface disposal has frequently been described as an ultimate or
final process which can be used to dispose of hazardous wastes. These
descriptions carry a connotation of permanent isolation of wastes. However,
this is not always the case. As will be discussed, numerous studies conducted
in the Sarnia area have reported incidences of contaminated groundwater and
flowing wells which have been attributed to past injection of hazardous

wastes.

SIS HIES TR QRN

The first industrial disposal wells in Ontario were completed by Imperial
0il Limited at Sarnia, between 1958 and 1960 (URM, 1984). Five disposal wells
were drilled on the refinery property to dispose of refinery spent caustics
and phenolic water. These disposal wells were completed in the Detroit River

Group (Figure 7).

Additional disposal wells were drilled by other industries in the Sarnia
area. These wells were also completed in the Detroit River Group and ranged

in depth from 182 to 294 m (600 to 970 ft.) (URM, 1984). Dow Chemical also
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operated disposal wells that were completed in open cavities in the salt beds
within the Salina Group (Environment Canada and Ministry of the Environment,
1985). These storage cavities ranged in depth from 579 to 610 m (1900 to 2000

I5E0 ) d

A total of 16 deep wells was used in and around the Sarnia area for waste
disposal between 1958 to 1976. Table 1 summarizes the disposal wells located
in the study area. These deep-well disposal systems were the primary waste
management tool for most of the industrial complexes in and around Sarnia
during the years the wells were permitted to operate (Rathbéne, 1983). The
disposal systems were characterized by low injection rates (generally less
than 545 m3/d or 100 gpm), injection pressures from atmospheric pressure to
3100 kPa (450 psig), and work-over acidization pressures (at the well head) of

up to 5512 kPa (800 psig) (Simpson, 1978).

A wide range of organic and inorganic compounds, produced as by-products
by local industries, required disposal (Rathbone, 1983). The primary wastes
injected into the wells were: spent caustics, acids, phenols and hydrocarbons
(GTC, 1985). Reportedly, a total volume of approximately 8 x 106 m3 of fluid
waste was injected into the subsurface during the 18 years of operations
(Rathbone, 1983). By late 1969 or early 1970, the total rate of injection

into these wells reached a maximum of approximately 1,893 m3/d (500,000 gpd) -

It was apparent that hydraulic head levels in the Detroit River Group had
already risen significantly by 1965. Information on formation pressure build-
up and recovery indicates the formation was likely pressurized to levels above

ground surface shortly after the start of injection in 1958, and was



Table 1. Summary of disposal wells in study area
(after URM, 1984).

COMPANY WELL COUNTY TWP TOTAL INJECTION ZONE
NAME DEPTH (M) INTERVAL (M)
Detroit River Group
Imperial 01l Lambton Sarnia 244 184-244
Limited 250 184-250
(6 wells) 206 192-206
2250 194-250
250 194-250
NA NA
Polysar 274 NA
Dow Chemical NA Cavern, Salina Salc
(2 wells) NA 576
Detroit River Group
Suncor 294 206-294
Shell Canada Lambton Moore 290 183-274
Limited 290 198-290
(2 wells)

NA not available



significantly pressurized by 1965 (GTC, 1985). 1In some cases, the formation
was still at pressures that could cause the injection wells in the Detroit
River Group to flow to the surface. This was evidenced by a well drilled by
Suncor into the Detroit River Group in 1965 which found static water levels to
be at land surface (URM, 1984). The original head levels (prior to waste
injection) in the Detroit River Group were reported to be between 60 to 90 m
(200 to 300 ft.) below the piezometric head in the shallow, freshwater aquifer

(Vandenberg et al., 1977).

At this time, other industries were using well head pressures of up to
3,100 kPa (450 psi) to dispose of wastes at a rate of 273 to 545 m3/d (50 to
100 gpm) (URM, 1984). It was known that at least one deep-well operator,
Imperial 0il, practiced well stimulation to improve the receiving volume of
their wells (Rathbone, 1983). Ihis practice involved the use of acidization,
acid fracturing and sand fracturing. Although the purpose of this procedure
was to open up additional space within the injection zone, this stimulation

may have caused fracturing in the overlying confining layer (Rathbone, 1983).

High pressures in the Detroit River Group were encountered in a number of
boreholes and wells drilled in and around Sarnia during subsurface disposal
activities. These high pressures caused several boreholes and wells in the
area to flow, thus indicating that the pressurized zone had extended into the
confining layers (GTC, 1985). Figure 8 relates the location of the disposal
wells in the study area to: the known locations of several flowing wells, the
location of the 2 survey lines used for water quality sampling during this

study, and the bedrock valley discussed in the previous section.
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The following is a brief account by URM (1984) of the flowing wells that

occurred in the Sarnia area:

1. A well drilled on Imperial 0il property south of Sarnia, for disposal to
Cambrian strata, flowed at the surface when the Detroit River Group was
penetrated.

2. Shell 0il (located approximately 9 km south of Sarnia) drilled a second
disposal well to the Detroit River Group which reportedly flowed to the
surface.

3. Imperial Oil also encountered pressurized wastes in the Hamilton
Formation at depths of between 76 to 91 m (250 to 300 ft.).

4. In 1966, high-pH phenolic wastes emerged beneath a building on the
Imperial Oil property.

5. Two wells, located within 2 km of the Canadian Industries Limited (CIL)
operations near Courtright (approximately 10 km south of Sarnia) flowed.

6. In 1972, an abandoned well at the rear of the Capital Theatre in downtown
Sarnia discharged a greenish fluid that smelled strongly of hydrogen

sulfide.

Simpson (1978) also reported high chloride and sulphate contents of water
samples taken from water wells and springs in Lambton County. These high
chloride and sulphate levels suggested upward leakage of deeper formation
brines (Simpson, 1978). Also, outbreaks of formation fluids (brines and
hydrocarbons) during 1965 in Port Huron, were reported by the Michigan
Department of Conservation. These outbreaks occurred in shallow wells and
there was speculation that the outbreaks were caused by pressurization of

subsurface formations related to waste injection (Simpson, 1978).



Coupled with the Port Huron outbreaks, several incidents were reported
where industrial waste or brine flowed to land surface through abandoned and
inadequately plugged boreholes (URM, 1984). It has been estimated that
approximately 10,000 wells and boreholes were drilled in southwestern Ontario
and eastern Michigan during oil and gas exploration around the turn of the
century, and were never plugged (URM, 1984). More recently, there could be as
many as an additional 30,000 oil and gas wells in the numerous oil fields of
the region (GTC, 1985). These unplugged or uncased holes may have served as
conduits for upward migration of injected wastes from the disposal unit to the

shallower strata.

Van Everdingen (1974) discusses some of the problems encountered during
pressure build-up in the disposal formation resulting from waste injection.
This build-up may cause reactivation of abandoned and inadequately plugged
oil, gas and water wells, even if they do not penetrate the confining
interval. Pressure build-up will also lead to an increased discharge rate
from the disposal formation, whether from outcrops or through leaky confining
beds. Salinity of discharge may also gradually increase and eventually waste
material will appear in the discharge. This increase can take place even if
injection is discontinued. Waste material may even be discharged over a time
which is appreciably longer than the period of operation of the injection
well. When a constant injection rate is maintained in an injection well, the
fluid pressure in the formation increases with time. This pressure may

ultimately reach a critical value, at which "hydraulic" fracturing of the

formation takes place.
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It appears that the injection pressures employed during subsurface
disposal may have provided the fundamental cause for vertical movement of
fluids. In light of the previous discussions, there are clear indications
that hydraulic continuity had been established between the disposal unit and

the overlying strata.

As a result of these problems, and under advisement from the Ministry of
Mines and Northern Affairs, the industries utilizing subsurface disposal
voluntarily agreed to a cutback in disposal rates, in some cases to 50% or
less. Close observation of some problem wells was undertaken to see if the
pressure would subside with time. An observation well located approximately 3
km (10,000 ft.) east of the industrial district in Sarnia (on Imperial 0il
property) was monitored. This well had experienced a 358 kPa (52 psi)
increase in bottom hole pressure in the period from 1958 to 1966, after which

time the pressure was reportedly relatively stable (URM, 1984).

A study conducted by GTC Geologic Testing Company Ltd. (1985) reported
that only a few wells have had detailed pressure monitoring since their
closure. Pressure recovery information for a few of the disposal wells is
given in Figure 9. Recovery information for the ESSO wells was complicated by
the fact that the wells were filled with fuel o0il. An equivalent water filled
gauge pressure for ESSO NO. 5 was determined. The shape of the curve
indicates that the well was not yet at zero gauge pressure and appeared to
still be recovering (GTC, 1985). For the CIL wells the formation pressure had
recovered to below ground surface but still above the freshwater aquifer by

about 1982, or after about 10 years of inactivity (GTC, 1985). The Suncor
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well was at about 172 kPa gauge pressure in December, 1984, but no information

is available for the recovery prior to this date.

The breakout problems were reviewed by the Ministry of Mines and Northern
Affairs in 1970. This review resulted in numerous warnings to industries.
One such warning was that wells utilizing the Detroit River Group were to be

phased out within two years in the area along the St. Clair River (URM,1984).

After passing numerous deadlines for cessation of injection of industrial
wastes, injection finally ceased in 1976 (when the last permit expired).
Since December 31, 1976 only brine has been injected into the Detroit River
Group. No disposal to this formation is permitted within 8 km (5 mi.) of the
St. Clair River. Static or shut-in water pressures are required to be 3 m (10
ft.) below the lowest occurrences of freshwater. Operating well head
pressures are limited to zero gauge pressure (gravity drive) (URM, 1984).
Between 1970 and 1982, 8 wells in southwestern Ontario were used for disposal
of brine from salt caverns (used for storage) and 19 wells were used for

reinjection of oil field brines (Pupp, 1985).

3.1.2 SUITABILITY OF INJECTION INTERVAL

The results of the review conducted by URM (1984) indicate that the
Detroit River Group and the overlying formations do not meet the generally
accepted criteria which have been applied to disposal zones and confining
beds. Even though the disposal unit is overlain by about 150 m of shale and
dense carbonate rock and 45 m of overburden, it is believed this formation is
too shallow to ensure the safe disposal of liquid waste (Simpson, 1978).

Locally, trends in the bedrock may be related to fracture-bounded sinks which
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formed as collapse features due to localized solution of the Silurian
evaporite strata. These fracture systems present a hazard to subsurface
disposal because they constitute possible conduits for upward movement of

fluid wastes to the subsurface or near surface (Simpson, 1976).



4.0 THODS O TUDY

The field work for this study began on July 8, 1985 and was, for the most
part, completed by September 16, 1985. Figure 10 summarizes the sequence of
procedures used in this study. The first phase of the field study involved
the installation of streambed survey lines, the characterization of the river
bottom, and streambed core sampling. These procedures identified sites for
subsequent installation of seepage meters and minipiezometers. Seepage flux
rates (quantity of seepage) were determined through the use of the seepage
meters and chemical analyses, performed on water samples collected from the

minipiezometers, aided in determining the quality and sources of seepage.

4.1 SURVEY LINES -

The accurate placement of the survey lines was very important in this
project for they were used as a control during the installation of the seepage

meters and minipiezometers.

Prior to the installation of the survey lines, a reconnaissance survey of
the shoreline and river bed was conducted to determine the areas most suitable
for instrumentation. Initially, the survey was to include 40 survey lines
with one line every 250 m for 10 km. Industrial outfalls, river traffic and
access, bottom conditions, and the strength of the river current were
important factors in our site selections. As it turned out, the laying of
these survey lines in the strong current of the St. Clair River was a
difficult and complex procedure requiring that both the number and location of
these lines to be modified. A detailed description of the installation

procedures is inciuded in Appendix 1.
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4.1.1 SURVEY LINE EQUIPMENT

The survey lines consisted of 100 m of 10 mm diameter yellow
polypropylene line knotted at 10 m intervals. Plastic labels marked with
station numbers (#1 on shore to #ll1 at 100 m from shore) were affixed at the
appropriate positions. A stainless steel stake, driven into the ground at the
shoreline, was used to anchor Station #1 of the line. Large, spiral, metal
screws (dog ties) were then used to secure the line (at each 10 m station
knot) to the stream bed. This was done to prevent the line and station from

moving in the strong currents.

4.1.2 SURVEY LINE LOCATIONS

Figure 11 shows the locations of the 16 survey lines installed on the bed
of the St. Clair River in the study area, a 100 m by 7 km band between Sarnia
Bay and the Sarnia Indian Reserve. An additional survey line was installed in
Lake Huron approximately 1 km northeast of the Blue Water Bridge. Detailed

maps and location photographs of the survey lines are included in Appendix 1.

4.2 STREAMBED SAMPLING SURVEY

During the survey line installation, the divers recorded descriptions of
the river bottom in the area of the survey lines and collected stream bed core
samples which aided in the selection of appropriate sites for later seepage
meter and minipiezometer installations. The detailed river bottom

descriptions are given in Appendix 2.
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Map of streambed survey lines.

Figure 11.



38

4.2.1 STREAMBED SAMPLING EQUIPMENT

The divers used modified Oakfield Model C Soil Samplers (Figure 12) which
they tapped into the river bottom to a depth of 46 cm. Modifications to the
sampler included a hole drilled into the handle for a rope loop and welding of

the handle to the core barrel.

The divers began their streambed sampling traverse as soon as the survey
line was weighted at the last station (Station #l1). They collected bottom
cores at the midway points between adjacent stations which were located
between 5 m and 85 m from shore. After pulling the sampler from the stream
bed, the divers slipped the core tube into a PVC plastic tube to bring it to

the surface.

Once the divers returned to the boat with the samples, the core tubes
were examined for core recovery and core description. Appendix 3 contains the
bottom core descriptions and recoveries. It was assumed that zero recovery or
missing core sections represented either a plugged corer, or granular material
which had been blown out of the core tube by the river current during delivery

to the boat.

4.2.2 STREAMBED SAMPLING LOCATIONS

Streambed sampling was conducted on 15 of the 16 survey lines shown on
Figure 11 plus the Lake Huron Survey Line. The Restaurant Survey Line was not
used as a streambed sampling location due to the excessively silty conditions

and strong currents,



Modified Oakfield Model C Soil Sampler.

Figure 12.
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4.3 SEEPAGE METER SURVEY

The surface water-groundwater interaction in lake bottoms and stream
beds is often controlled at or near the sediment-water interface (Lee, 1977).
Depending upon the interaction, groundwater flow in lake bottoms and stream
beds can be upward, downward or horizontal. The direction and rate of flow is
dependent upon the texture, stratigraphy and physiography of the subsurface
materials (Lee and Cherry, 1978). Local flow can vary considerably from one
location to another, thus providing a variety of observational conditions

within a small study area.

The nature of the hydrologic interactions between the groundwater and the

river water in the St. Clair River were studied primarily by using two

devices: seepage meters and minipiezometers.

4.3.1 SEEPAGE METER EQUIPMENT

The seepage meters, installed in the sediment on the river bed, were used
to quantify groundwater inflow into the river and to determine the spatial and
temporal variations in seepage flux through the river bottom sediments. The
principle of the seepage meter is that the seepage flux from the groundwater
and the overlying surface water can be measured directly by covering a known
area of river bottom sediment (by an open-bottomed seepage meter) and
measuring the collection time and water volume change in a sample bag attached
to the seepage meter. Seepage flux from the surface water to the groundwater
can be determined by measuring the loss of water in a sample bag over a given

time period.



Seepage meters used in this study were a modified version of Lee's (1977)
seepage meter design (Figure 13). Modifications were necessary to adapt these
seepage meters for use in the fast flowing and deep water in the St. Clair
River, for groundwater of unknown quality, and for a need to reuse the meters

several times.

The seepage meters were fabricated in the Central Research Shop at the
University of Windsor. The devices were made from 1.6 mm thick, #304
stainless steel, rolled and welded into 50 cm diameter cylinders, 15 cm high.
Tops were constructed of the same material and welded to each cylinder. A
single 10 mm O0.D., 0.035 mm wall, #304 stainless steel tube, located 5 cm from
the edge of the top, allowed seepage to escape (Figure 14). This tube was
also designed to act as a handle when moving the seepage meter. A brass
quick-connect/disconnect mechanism at the end of this tube was attached to the
collection bag apparatus. The quick-connect/disconnect mechanism prevented
any loss or addition of water during collection and transport of the

collection bag.

The collection bag apparatus contained a flexible plastic bag placed
inside a rigid plastic container designed to protect the flexible bag from the
river current. The brass connect/disconnect was attached to a stainless steel
tube that extended through a hole in the plastic bottle cap into a rubber
stopper fit into the neck of the bottle. An opening was cut into the bottom
of the rigid plastic bottle which allowed examination of the collection bag
and aided in keeping the bag at an ambient river-bottom hydraulic head.
Photographs of the collection bag apparatus and additional photographs of the

seepage meters are contained in Appendix 4.
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Seepage meter.

Figure 14.
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4.3.2 SEEPAGE METER LOCATIONS AND INSTALLATION PROCEDURE

The seepage meters were installed on 8 survey lines where bottom cores
indicated the existence of considerable granular material. The divers
installed the seepage meters starting at the shoreline end of the survey line.
During installation, the seepage meters were twisted and tapped (with a small
mallet) into the bottom sediments in such a manner to insure that the vent
hole was elevated slightly to allow any gas from the sediment to migrate into
the collection bad. Once the meter was installed, it was then secured to a
dog tie at that position to prevent the loss of the meter in the strong
currents. In spite of the extra effort of securing the seepage meters to dog
ties at each station, the strong currents blew several meters away, and
overturned others. A number of collection assembly bags was also blown off

the seepage meters by the currents.

Prior to the installation of the collection bag apparatus, the apparatus
was labelled by position. The assemblies were then carried down and attached
to the seepage meters by the divers. The collection assemblies were replaced
by the divers every one to three days with assemblies being left on some
seepage meters for up to nine days in order to determine any temporal
variations in seepage rates. Once the collection assembly was replaced by the
divers and brought to the surface, the accumulated seepage in the collection
bag was measured in a plastic graduated cylinder and noted after every
Tecovery. Samples of seepage water were retained for field measurements of
pH, electrical conductivity (EC) and temperature. No further chemical testing
was done on these samples due to the generally low seepage rates which

resulted in the incomplete displacement of river water by seepage water in the
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meter, and because of the possible contamination from surface sediments.
Appendix 4 contains the seepage meter field data which includes: pH, EC,
temperature, seepage volume, sampling duration, and seepage rates, for each

station monitored.

4.4 MINIPTEZOMETER SURVEY

"Minipiezometers" were used to determine the quality and source(s) of
seepage water from the bed of the St. Clair River. Minipiezometers were
installed at sites where significant seepage was measured. The
minipiezometers designed for this study had to address several potential
problems including: the difficulty of installing any tall or wide instruments
in the strong river current, unknown streambed material below a depth of about
50 cm, ease of installation by the divers, ease of attachment to the pumping

equipment, and potentially contaminated surface sediments.

4.4.1 MINIPIEZOMETER EQUIPMENT AND INSTALLATION PROCEDURE

The minipiezometers were fabricated in the Central Research Shop at the
University of Windsor. The devices were constructed of 10 mm O0.D., 0.89 mm
wall thickness #304 stainless steel tubing, 1.0 and 1.5 m in length (Figure
15). The bottom of each minipiezometer contained a #304 stainless steel
screen (0.15 mm diameter holes, 0.64 mm spacing between hole centres) which
permitted the entry of pore water from the river bed sediments. This screen
was kept in place by a stainless steel spring which allowed removal for
cleaning (Figure 15). Drive heads were welded to the minipiezometer and the

casing to aid in installation.
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The minipiezometers were thoroughly cleaned and sterilized in the
laboratory prior to their use by the divers. The procedures for cleaning the
minipiezometers were as follows: the minipiezometers were washed with a lab-
grade detergent and rinsed with organic free distilled water, this was
followed by a solvent rinse (i.e., pesticide-grade acetone) and another
organic-free distilled water rinse. After drying, the ends of the
minipiezometers were covered with similarly cleaned aluminum foil to keep them

clean during transport and handling.

Prior to the installation of the minipiezometers, the divers drove
stainless steel stakes into the stream bed near the sampling site. Marker

buoys were attached to these stakes and the boat was moored to the buoys.

Figure 16 shows the small diameter outlet end which accepted the small
diameter teflon tube that was used during sampling. A teflon tube (0.476 cm
I.D., 0.051 cm wall thickness), secured by a nylon rope, was attached to the
minipiezometer outlet. Distilled water was pumped through the teflon tube for
5 minutes to wash the minipiezometers prior to sampling. The tubing was kept
attached to the pump (Masterflex Model 7570 peristaltic pump) so that the
tubing would not drain as the minipiezometer was carried to the river bed by

the divers.

The divers entered the water with the minipiezometers attached to the
teflon tubing. They placed a metal plate on the river bottom through which
they drove a 50 cm stainless steel casing with a loose fitting end cap. This
casing was driven through the upper sediments to ensure that the

minipiezometer tip did not come into contact with the upper sediments



Figure 16. Minipiezometer and casing.
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(especially those which may have been contaminated). The metal plate

prevented the casing from being buried in the river bottom.

On signal from technicians in the boat, the divers began to insert the
minipiezometer into the casing as more distilled water was pumped through the
minipiezometer (this was done to keep the screen clean). The minipiezometer
picked up the end cap from the casing as it was driven to its full length.
After being driven to its full length, the minipiezometer was pulled back
about 2 cm to free the end cap from the screen. Once this procedure was

completed, the minipiezometer was ready for sampling.

The minipiezometers provided a means of sampling the water at and beneath
the river bed to depths ranging from 1.0 m to 1.5 m below the river bottom.
There is no information on the thickness distribution of streambed sediment.
Minipiezometer lengths of 1.0 and 1.5 m were selected to sample the streambed
water near the surface water interface, but deep enough to ensure that river
water would not be pumped in during sampling. Prior to sample collection,
water was drawn through the minipiezometer and sample tubing for a minimum of
10 minutes and until the EC stabilized, to ensure that adequate purging of the
pre-pumped distilled water had taken place. Samples were then collected and
the pH, EC and temperature were recorded. A detailed description of the
minipiezometer sampling procedures, field parameter data (pH, EC and
temperature), and photographs showing details of the minipiezometers, are

included in Appendix 5.

The minipiezometers were also intended to be used to determine the

hydraulic gradient in the streambed sediments. However, owing to excessive
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gas bubble formation in the teflon tubing, accurate measurement of hydraulic

head in the minipiezometers was not possible.

4.4.2 MINIPIEZOMETER ILOCATIONS

The minipiezometers were originally to be installed at all sites where
significant seepage was found during the seepage meter survey. However, due
to time limitations on the field study, minipiezometers were installed on only
2 of the 17 survey lines, George Street and Cromwell Street (Figure 11).

These two lines were selected partially because of the substantial granular
layer on the streambed and the measurable quantity of seepage encountered
during the seepage meter survey. They were also selected because of the
contaminated groundwater that had been observed to be flowing from an

abandoned well a few blocks inland from where the lines were located.

4.5 ENVIRONMENTAL ISOTOPE TRACER SURVEY

Environmental isotopes are naturally occurring isotopes which can be used
as tracers in investigations of groundwater and surface water systems. The
environmental isotopes were very important in this study for their
concentrations and distributions provided information on the age and origin of
the waters collected from both the minipiezometers and the river. Appendix 6

outlines some of the background on the use of environmental isotopes as

tracers.
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4.5.1 USE OF ENVIRONMENTAL ISOTOPES AS WATER TRACERS

Oxygen-18 (180), tritium (3H or T) and deuterium (2H or D), are commonly
used environmental isotopes in hydrogeological studies. All three isotopes
were used in this study. These isotopes are commonly used largely because

they are constituent parts of some water molecules.

Tritium is normally used as a guide to the age of groundwater while 189
and D are used mainly to provide information on the type, origin and movement
(transit time) of groundwater and surface water. Generally, if the isotopic
content of water in a flow system does not change within the system, the
isotopic content of the water will reflect the origin of the water. If the
isotopic content changes along the flow path, the changes reflect the history
of the water. The origin deals with the location, period and process of
recharge, while the history encompasses the mixing, movement and discharge

processes (Fontes, 1980).

In shallow groundwater flow regimes with normal groundwater temperatures,
18O and D are non-reactive tracers. Their concentrations, under these
conditions, are altered only by physical processes such as: mixing, diffusion,
dispersion, and radioactive decay. Their concentrations arise from the
isotopic composition of the precipitation that falls on the ground surface and
by the amount of evaporation that occurs before the water penetrates below the
upper part of the soil zone. Once this water moves below the upper part of
the soil zone, the 180 and D concentrations become a characteristic property
of the subsurface water mass. These characteristics enable the source areas

and mixing patterns to be determined by sampling and analysis for these

isotopes (Freeze and Cherry, 1979).
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Dansgaard (1964) and others have demonstrated that isotopic variations in
precipitation around the globe are linearly related to mean annual temperature
(Figure 17). This relationship has been used by Fritz et al. (1974),
Desaulniers et al. (1981), MacGregor (1985), Scott (1986) and others to
estimate the age of groundwater. Fritz et al. (1974) used the oxygen-18
content of fossil shells and glacial ice to demonstrate that the climatic
conditions in southern Canada have remained much the same for about the last
10,000 years and that much colder temperatures prevailed prior to that time
(Figure 18). On the basis of this argument, Desaulniers et al. (1981) have
suggested that: (1) the $ 180 values of shallow groundwater in southwestern
Ontario which are similar to the current raincslso values (approximately
-10 %), represent recent recharge (<10,000 years) compared to (2) the45180
values of deep groundwater in southwestern Ontario (-15 to -17 %) which are
very depleted in oxygen-18 relative to current precipitation and represent
recharge which occurred more than about 10,000 years ago, and (3) intermediate

185 values which represent mixtures of older and younger waters.

Tritium is a radiogenic isotope of hydrogen whose half-life is
approximately 12.35 years. Natural tritium is produced in the upper
atmosphere by cosmic neutron bombardment of nitrogen-14. The natural
background concentration of tritium has been marked by enormous amounts of
man-made tritium since 1952. This loading was the result of the production of
tritium in the stratosphere during thermonuclear tests. Tritium concentrations
in precipitation before 1952 have been estimated to range from 4 to 25 TU,
however, post 1952 concentrations of up to three orders of magnitude greater

than the natural levels have been reported (Figure 19) (Gat, 1980).
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Both natural and bomb produced tritium appear in the form of tritiated
water and can be used to distinguish different age zones within the modern
(post-1952) water part of a groundwater flow system or to distinguish zones of
mixing between two adjacent flow zones. Two attributes that make tritium an
excellent indicator of young groundwaters are: the conservative nature of
tritium ard the temporal variations in the tritium concentrations in
precipitation over the past 40 years. Since the half-life of tritium is 12.35
years, any water recharged before 1952 would have tritium concentrations less
than about 5 TU; conversely, waters recharged after 1952 would have more than

about 5 to 10 TU (Fontes, 1980).

4.5.2 ENVIRONMENTAL ISOTOPE SAMPLING AND ANALYSIS

Samples for environmental isotope analysis were collected during the
minipiezometer and river water sampling. A 250 mL nalgene plastic bottle,

filled with no head space, was used to contain each sample.

A total of 29 samples of river water and streambed groundwater were
collected for isotopic analysis. 1In addition, samples for isotopic analysis
were collected from shallow observation wells in the till on Suncor's property
(in Sarnia), and river water samples were taken from the Chenal Ecarte in the

St. Clair River delta (Figure 20).

The isotopic analyses were performed under contract by the Isotope
Laboratory, Department of Earth Sciences, University of Waterloo. They used
standard isotopic analysis procedures and water standards recommended by the

IAEA (International Atomic Energy Agency). A detailed description of the
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analytical procedures and quality control used during analyses are described

in Appendix 6.

4.6 CHEMICAL ANALYSES

Selected river water and streambed groundwater samples collected during
the minipiezometer survey were analyzed for the following
parameters: chlorinated hydrocarbons, polychlorinated biphenyls,
trihalomethanes, EPA Priority Pollutants (extractables), TOX (total organic
halogens), chloride and environmental isotopes (oxygen-18, deuterium and
tritium). Owing to a limitation in funding, a phased approach was used to

determine exactly how many parameters would be run on each sample.

4.6.1 SIGNIFICANCE AND APPROACH FOR ANALYSES

All river water and streambed groundwater samples were analyzed in the
field for pH and electrical conductivity. A total of 29 samples of river
water, streambed groundwater, blanks, spikes and duplicates were analyzed for
TOX by Zenon Environmental Inc. of Burlington, Ontario. Zenon Environmental
Inc. was recommended for analysis by Environment Canada (Hallett, personal
communication). Owing to time and budget constraints, the selection of
additional samples for analysis was limited to samples showing elevated TOX
levels. Eleven samples showing elevated TOX levels were also analyzed for
chlorinated hydrocarbons, including polychlorinated biphenyls and
trihalomethanes. Five of these eleven samples were then analyzed for the EPA

Priority Pollutant Extractables.

As previously mentioned, isotope analyses were performed on all 29 of the

river water and streambed groundwater samples in addition to samples collected
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from wells on Suncor's property (Sarnia) and river water samples taken from
the Chenal Ecarte in the St. Clair River delta.

The overlap in test methods used during the water analysis, i.e., PCB was
analyzed using two different methods, permitted qualitative and quantitative
confirmation of results from the other tests, as well as improving upon

parameter detection limits from parts per million (ppm) to parts per trillion

(ppt) .

4.6.2 ANALYTICAL METHODS

Table 2 contains a summary of the parameters, number of samples for each
parameter, and the analytical methods used during analysis of the samples.

Mason et al. (1986) give brief summaries of the analytical methods and the

complete Work/QA Project Plan, which includes detailed sampling procedures and

detailed descriptions of analytical methods.



Table 2.

Sample Matrix = all Streambed groundwater

Parameter table.

and river water

Parameter Number of Analytical Detection Precision
Saniples Method Limit Protocol
Total Organic EPA Standard 1-5 ug/L 1 Blank
Halides (TOX) 2 Method 9020 depending 1 Duplicate

Volatile Kalogenated

Organics

(Trihalomethanes)

Organo. Chlorines

oLl

Chlorinated Hydro-

carbons/PCB

Semivolatile Organics 5
(Base/Neutral and
Acid Extractables)

Isotopic Analyses 219
Oxygen, Deuterium 29

and Tritium

PH

Electrical
Conductivity

Phenols

Chloride

oxygen-18
tritium
29 deuterium

2/2

22

25

on compound

Modified ASTM
Method D3973
(GC/ECD Pentane
extraction
Methed)

EPA Federal Register
Method 608

(Dichloromethane extraction,
silica cleanup, GC/EC)

EPA Federal Register Method
625 (with capillary column)

Mass
Spectrometry

Corning Combination
Electrode and Model
103 Digital pH Meter

YSI Conductivity
Probe and Model

32 meter

Method 510, Standard Methods
(4AAP and solvent
extracticn)

Specific Ion electrode
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and

and 1 spike
/20 samples

1 Blank

1 Duplicate
1 Standard
/20 samples

1 Blank

1 Duplicate
1 Standard

/20 samples

1 Duplicate
/15 samples

measurements
on

duplicate

samples

measurements
on duplicate
samples



5.0 RESULTS AND DISCUSSIONS

5.1 RIVER BOTTOM CHARACTERIZATION

The types and distribution of sediments on the riverbed were examined
using both divers' descriptions and sediment samples. The divers collected 71
core samples from various locations along 16 of the 17 survey lines installed
for use during this study. Appendix 2 contains river bottom descriptions and

Appendix 3 contains bottom core descriptions.

Interpretation of the physical character of the river bottom was aided by
a study conducted by Environment Canada and the Ontario Ministry of the
Environment in the St. Clair River (Environment Canada and Ontario Ministry of
the Environment, 1986) which describes the bottom profile of distinct reaches
of the river in the area of several of our survey lines. The first section of
the river is the steep upper reach between Lake Huron and the mouth of the
Black River (Figure 21) where the channel is approximately 450 m wide and 9 m
deep, with a mean surface current of 1.5 m/s. The second section has been
defined as the middle reach which extends downstream to the St. Clair River
delta. It has a variable width (600-900 m) and depth (8-15 m), and a mean

surface current of 1 m/s.

The reach of the St. Clair River along Sarnia's industrial shoreline is
described as a stable channel which is 500-800 m wide and 9-15 m deep
(Environment Canada and Ontario Ministry of the Enviromment, 1986). The
adjacent, highly altered, shoreline is low-lying with a maximum height of less
than 10 m above mean water level. Considerable artificial smoothing of the
industrial shoreline by landfilling occurred between 1955 and 1973

(Environment Canada and Ontario Ministry of the Environment, 1986).
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The depth and shape of the channel is reported to vary with distance
downriver. North of the CN railway tunnel, the channel has steep, smooth
sides and a central ridge, 2 to 4 m high, separating Canadian and American
sub-channels (Figure 21, cross-section A). The shape of the cross-section
gradually changes further south as the slope of the American shore decreases
and the sub-channels<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>