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Abstract

Underground injection has been used in Ontario for decades to dis-
pose of brackish waters and brines that are produced from o0il and gas
wells. The first injection well for 1liquid industrial waste was com-
pleted near Sarnia in 1958. 1In the next few years, a number of addition-
al industrial injection wells were drilled near Sarnia. The majority of
the wells were completed in the Detroit River Formation at depths gener-
ally less than 1,000 feet (304 m). This area was the site of intensive
exploration for gas in the overlying Dundee Formation, and many cable-
tool holes had been drilled to the top of the Detroit River Formation
early in this century. In the late 1960's, several events occurred where
industrial waste and/or brine flowed to the land surface through aban-
doned and inadequatély plugged boreholes. As a result of these problems,
industries in the Sarnia area voluntarily decreased their injection rate.
Ultimately, regulations were passed which prohibited industrial waste
injection into the Detroit River Formation.

Since December 31, 1976, only brine has been injected into the
Detroit River Formation. In order to evaluate the effects of brine in-
jection, a regional assessment of injection of brines to the Detroit
River Formation was undertaken by the Ministry of the Environment. This
project included an inventory of all injection wells in the Province,
calculation of aquifer parameters from injection tests and drill stem
tests, collection and review of chemical analysis of native brines, and a
review of past operating practices. Data collected during the study
suggested that continued injection into the Detroit River Formation could
be safely accomplished by reducing wellhead operating pressures to pre-
vent displacement of brines into freshwater aquifers.

Introduction

Underground injection is considered the perferred method to dispose
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of brackish waters and brines that are produced from o0il and gas wells,
The operation of tens of thousands of salt-water disposal wells
throughout North America illustrates the dependency of the petroleum
industry on these wells (Lewelling and Kaplan, 1959}. The most commonly
utilized alternative to injection has historically been by discharge to
surface waters or by disposal in "evaporation" pits, which has frequently
resulted in contamination of shallow ground water and is now prohibited
in many areas. Surface storage and discharge to surface waters have been
common in Southwestern Ontario, but are now discouraged where an air or
water pollution potential exists.

In addition to oil and gas waste, disposal wells have been used in
southwestern Ontario to dispose of brine from development of storage
caverns in bedded salt, and industrial waste from the petrochemical
industry. The majority of the disposal wells were completed in the
Detroit River Group of Devonian Age. The locations of injection wells in
Ontario are indicated in Figure 1.

Industrial Waste

The first industrial disposal wells in Ontario were completed by
Imperial 0fl1 Limited at Sarnia between 1958 and 1960. Five disposal
wells and one observation well were drilled on refinery property. In the
next few years, a number of additional disposal wells were drilled by
other industries in the Sarnia area. Most of the wells were completed in
the Detroit River Group of Formations, at depths of 600 to 900 feet (182
to 273 m). A total of 18 industrial waste injection wells were operated
in the Lambton County area during the period from 1958 to 1974. A7l but
two wells were completed in the Detroit River Group. The other two
injected into a leached salt cavern.. During the period from 1958 to
1974, over 63,717,330 BBLS (10,131,055 m3) of 1industrial waste were
injected into the Detroit River Group.

Cavern Waste

Brine which has resulted from the creation of storage caverns is
classified differently from brine used in the operation of caverns. The
brine used in cavern operation ("ballast" brine) may contain a few tens
of parts per miilion of product hydrocarbon, the concentration depending
largely on the solubility and vapor pressure of the product stored. The
volume of ballast brine is a small fraction of the quantity of brine from
dissotution of salt to form the caverns. On occasion, ballast brine
ponds become filled due to precipitation and some of the liquid must be
removed for disposal. (Qcean disposal has been utilized and some ballast
brine has been used as a dust suppressant for roads. The acceptability
of dispbsal of these slightly contaminated brines into the Detroit River
Formation, along with cavern washing brine, is under consideration.

As of 1980, there were 63 active liquid hydrocarbon storage caverns
at Sarnia and three at Windsor. The caverns are developed in the Salina
formation and range in size from 40,250 BBLS (6,400 m3) to 1,140,340
BBLS (181,300 m3). Much of the waste brine produced during the crea-
tion of storage caverns has been injected into disposal wells. By the
end of 1980, 13,926,900 BBLS (2,214,200 m3) of salt cavern storage
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space had been created in southwestern Ontario (Booth-Horst and Ryban-
sky, 1982). Records show that in the period from 1970 to 1980, over 52
million BBLS (8.3 x 106 m3) of cavern washing brine were injected
into "lost circulation" zones in the Lucas Formation of the Detroit River
Group through five wells owned and operated by Cambrian Disposal Limited
(COL). A typical brine disposal well is shown in Figure 2.

0il Field Waste

0il field brine is native brine produced along with the hydrocar-
bons. It may contain trace amounts of organic compounds. The production
of o0il field brines is not as centralized as the production of cavern-
washing brine, but is distributed throughout southwestern Ontario. It is
desirable to locate disposal facilities as close as possible fo the
industries they serve. Besides the economy of short transport distances,
the installation of remote disposal sites or pipelines may involve diffi-
culties in obtaining local permits or rezoning of property. Unfortunate-
1y, the properties of the disposal formations are different in different
areas, and injection may not be geologically feasible at the site where
it is most needed.

Sixteen wells were reportedly used for oil field brine disposal
into the Detroit River Group and seven for disposal into the deeper
Guelph Formation between 1970 and 1981. Some were used continuously
through that period. Records of the MNR indicate that four new brine
disposal wells were completed in 1981. If 0il and gas production rates
do not change significantly, then the amount of brine wastes injected
into the Detroit River Group 1in the future should be similar to past
amounts.

Environmental Problems of Waste Injection

In the Tlate 1960's, several incidents occurred where industrial
waste or brine flowed to the land surface through abandoned and inade-
quately plugged boreholes. In 1966, high-pH phenolic wastes emerged be-
neath a building on the property of Imperial 011 Enterprises Limited in
Sarnia. An old borehole was located and plugged. 1In 1967, another well
on the property of Imperial Qi1 began to flow. The well was found to be
obstructed at a depth of 190 feet and was plugged. In 1967, éleven old
wells 1in Port Huron, Michigan began to flow and were subseguently
plugged. Soon afterwards, several other wells began to Teak. One
sample of the water was analyzed by Michigan authorities and was report-
ed to contain 15 ppm of phenol, 820 ppm of HoS, and a pH of 8.7. Pre-
vious samples of native waters from the Detroit River Group reportedly
had not detected phenols or HsS.

The breakout problems were reviewed by the Ministry of Mines and
Northern Affairs in 1970, with the assistance of the staff of the On-
tario Water Resources Commission. This review resulted in a notice to
industry that wells utilizing the Detroit River Group were to be phased
out within two years in the area along the St. Clair River, that the vol-
ume of waste injected in this area should be voluntarily reduced, that
research into alternate methods of disposal should be accelerated, and
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Figure 2. Schematic Diagram of a Typical Injection Well
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that Cambrian-age formations should be evaluated as an alternative to the
Detroit River Group. Wells completed into high-permeability or "lost
circutation® zones in the Detroit River Group in locations to the east of
the industrialized area along the St. Clair River were to be allowed to
operate under gravity drive on a year-to-year basis, subject to annual
review. Since December 31, 1976, only brine has been injected into the
Detroit River Group. :

Regional Geology

Southwestern Ontario is Tocated on a structural flexure between two
Paleozoic-age continental basins, the Michigan Basin to the northwest
and the Appalachian Basin to the southeast. The northeast-southwest
trending flexure is made up of three elements: the Findlay and Algon-
quin Arches, and the Chatham Sag, formed by the plunge of the two arches
toward a common area centered near Kent County (Figure 3). Southwestern
Ontario is underlain by essentially flat-lying or gently dipping sedi-
ments, depending on location. The Sarnia area is located on the edge of
the Michigan Basin, and in this area the rocks dip to the northwest into
the Michigan Basin at a rate of 50 ft. per mile (9.5 m per km}. A struc-
ture map of the top of the Detroit River Group is shown in Figure 4.

The structural attitudes of the formations have locally been affect-
ed by other processes in addition to tecteonic 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 (Brigham, 1971),
Maximum thickness of sediments in the Michigan Basin is about 14,000 feet
(4,267 m) (Brigham, 1971). The stratigraphic sequence for the Michigan
Basin is illustrated in Figure 5.

The Lucas Formation of the Detroit River Group is the most important
zone used for injections in Ontario. The Lucas Formation consists prin-
cipally of dolostone and limestone, though the section is relatively com-
plex and contains a number of different lithologies. Evaporitic beds
become thicker and more numerous toward the center of the Michigan Basin,
where an aggregate thickness of 1,000 feet (304 m) of halite and anhy-
drite occurs (Briggs, 1959). In some areas, anhydrite beds have report-
edly been dissolved by natural processes, creating vuggy or cavernous
“lost circulation" zones of high permeability. The Lucas formation
occurs at a depth of approximately 600 feet (183 m) at Sarnia.

The Dundee Formation overlies the Detroit River Group. The Dundee
is a fine-grained limestone that contains scattered chert nodules. A
lenticular zone of high porosity dolostone ("lost circulation zone")
occurs near the base of the Dundee. The Dundee is approximately 160 feet
(50 m) thick near Sarnia. The Dundee is overlain by the Hamilton Forma-
tion, which 1is a calcareous shale and limestone; the upper part is a
limestone interbedded with calcareous shale. The thickness of the Hamil-
ton in southwestern Ontario varies from about 150 feet (45 m) in the
south to 650 feet (198 m) to the north.

The Kettle Point Formation unconformably overlies the Hamilton and
forms the bedrock throughout much of Kent and Lambton counties. The
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Kettle Point is a thin-bedded dark shale and attains a maximum thickness
of 200 to 300 feet {61 to 91 m) in eastern Michigan.

The Port Lambton is the youngest Paleozoic formation in southwestern
Ontario. It occurs in a small area in the vicinity of Mooretown and Som-
bra along the St. Clair River. The Port Lambton is composed of shale
with minor sandstone and siltstone.

Although there are areas in southwestern Ontario where bedrock out-
crops at surface, the majority of the region is covered by substantial
thicknesses of glacial materials. The thickness of the glacial materials
is related to both the relief of the underlying bedrock surface and the
surface physiographic features. Thicknesses of 100 feet (30 m} are com-
mon in the region but more than 400 feet (121 m) have been recorded in
bedrock valley areas.

Most of the glacial materials are made up of a sequence of stacked
ti11 units. The tills may be separated by layers of sand, silt, or
clay. The stratigraphy will, of course, differ from place to place
according to the glacial history of the region. In very general terms,
the stratigraphy adjacent to lLakes Erie, St. Clair, and Huron and ex-
tending inland almost to London is dominated by silt-clay tills and
gtaciolacustrine materials. North of Goderich-London-Woodstock the
glacial stratigraphy is complex and variable.  Numerous complex land-
forms, buried sand units, and multiple till sequences have been formed
by the interaction of several ice Tobes. The thickness of glacial mater-
ials gradually decreases to the north and east as one approaches the Tip
of the Niagara Escarpment. Most of the fresh ground water in south-
western Ontario is produced from glacial materials.

Natural Resources

Injection of waste liquids into the subsurface should be permitted
only in cases where it can be assured that resources such as fresh
water, 011 and gas, and other subsurface resources can be protected.
Protection of these resources requires knowledge of their location and
adequate hydrogeologic study of the reservoir strata.

Ground Water

Many communities in southwestern Ontario rely on abundant surface
water resources. However, in rural areas, the most accessible supply of
water is shallow ground water in the glacial deposits or in the upper
part of, underlying bedrock deposits.

The glacial deposits in Lambton County are underlain by shale of
the Kettle Point Formation and by shale and limestone of the Hamilton
Formation. About 90% of the water wells in Lambton County obtain water
from the sand and gravel near the top of the bedrock. The thickness and
grain size of these deposits determine the productivity of wells. The
bedrock surface in Lambton County slopes toward the St. Clair River. The
thickness of the till is approximately 60 to 150 ft. (18 to 45 m) {OWRC,
1969). Water level data suggest that water moves from east to west
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toward the St. Clair River and Lake Huron, in the direction of the slope
of both the land surface and the bedrock surface.

0i1 and Gas

The first commercial oil production in Ontario began at 011 Springs
in 1857 (Harkness, 1931). The presence of evidence of a former oil
spring on the ground surface ("gum beds") led to drilling in this loca-
tion and the subsequent discovery of 0i1 in several shallow horizons, in-
cluding the glacial deposits and a dolomitized zone in the Dundee at a
depth of 360 ft. (110 m).

Many thousands of exploratory holes were drilled in Lambton County
in the late 1800's and early 1900's in search of oil and gas in the Dun-
dee Formation. Most of the records of wells drilled prior to 1930 no
longer exist and the locations and plugging status of most of them are
unknown. These artificial penetrations of the confining beds allowed
the breakout of injected waste in western Lambton County in the 1960's.
Operators are now required by the Ministry of Natural Resources {MNR) to
submit an application for a permit to drill or deepen oil and gas wells
and, upon completion of drilling, are required to submit a well history
summary card and cuttings samples taken at 10-foot (3 m) intervals,
These records have been combined with older data to form a computerized
geologic information system known as the Ontario Well Data File. When a
well is abandoned, it must be plugged according to MAR regulations,

The primary oil and gas production trends in Ontario can be grouped
according to geographical area and productive formation. In the coun-
ties north of the eastern part of Lake Erie, and in the lake itself,
wells produce gas from shallow Silurian sands. The reefs of the Guelph
Formation produce o0il and gas along a trend that approximately parallels
the shore of Lake Huron. Cambrian sands produce o0il and gas from stratq-
graphic and structural traps found near the zero-isopach trend that
parallels the north shore of Lake Erie, Dolomitized zones in deformed
Ordovician rocks of the Trenton and Black River groups produce o1l and
gas in widely scattered locations.

A number of o0il reservoirs occur in Devonian rocks in southwestern
Ontario.  Most of the oil occurs in the Lucas and Dundee Formations.
Two of the Devonian oil fields also produce gas. These are the Kipp
Field in Kent County and the Plympton-Sarnia Field near Sarnia in L amb-
ton County.

Salt and Brine

A number of companies in southwestern Ontario mine salt from the
Silurian Salina Group of formations. The salt occurs in five major beds
totalling as much as 700 ft. (213 m) in thickness. The salt beds thick-
en toward the northwest., The salt is easily dissolved by water and so
has been mined hydraulically at Windsor, Sarnia, and Goderich, as well
as by conventional underground technigues at Windsor and Goderich. Mined
brines are used as feedstock for chemical manufacturing in the Sarnia and
Windsor areas.
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Storage Media

Underground space in southwestern Ontario 1is presently used for
recoverable storage of two types. Liquid hydrocarbons are stored in
cavities made in salt beds, and natural gas is stored in natural pore
space in carbonate rocks and in sandstones.

A number of industrial firms store Liquid Petroleum Gas (LPG) and
other 1liquid hydrocarbon products in over 60 caverns in salt in the
Sarnia and Windsor areas. The caverns are formed in salt beds of the
Salina Formation at a depth of approximately 2,000 ft. (609 m) in the
vicinity of Sarnia. Total capacity 1in 1980 was 13,926,900 BBLS
(2,214,200 m3) (Booth-Horst and Rybansky, 1982).

Evaluation of Waste Injection

The environmental implications of disposal of brines to the Detroit
River Group of Formations can be determined by subdividing the potential
impacts into two classes. The first class consists of those processes
that may result in local escape of injected fluid or poor-quality native
brines from the disposal formation during the operating life of a well.
This may result from failure of the well itself, or failure of the geo-
logic media to contain the wastes, during the period when fluid pres-
sures in the receiving formation are increased due to injection. The
second class of potential concern is the fate of the slug of injected
fluid after the well has ceased to operate. When the increased pressure
due to injection dissipates, movement of the slug will be influenced by
natural, regional circulation in the sedimentary basin. It would be
desirable to estimate flow rates and the locations of regional discharge
zones. Desirable properties of the regional system include slow rate of
migration, large degree of dispersion and dilution, and low-flux dis-
charge. The scope of this paper is primarly concerned with the short
term, local effects of injection,

Containment of Waste

Upward movement of waste or poor-quality native water out of a dis-
posal zone is more likely to occur in the area relatively near the well
than at great distances, since the imposed increase in hydraulic head is
greatest at the well. Injection wells should be engineered and the site
selected to ensure that the well structure is competent and that the con-
fining beds have sufficiently low permeability and high integrity within
the area of 1increased heads so that upward escape 1is unlikely. The
nature of the porosity of the disposal reservoir will determine the ex-
tent and shape of the area of greatest concern, where pressures are above
some critical level,

The Detroit River Group is overlain, in ascending order, by the
Dundee Formation, the Hamilton Group, and the Kettle Point Formation.
This sequence of rocks consists of fine-grained or microcrystalline lime-
stone that contains occasional chert nodules, calcareous shale, shaly
Timestone, and crinoidal limestone. The thickness of the interval is
approximately 400 to 700 feet (122 to 213 m) in Lambton County. Early
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cable-tool borings were made without encountering free water in this
interval, suggesting that permeability is very low. In some areas, oi]
and gas have been found in thin, porous zones in the Dundee. The petro-
leum reservoirs in the Dundee are reportedly produced by "depletion
drive," which indicates that no appreciable repressuring of -the
reservoirs by inflow of water has occurred. This dinterval appears to
furnish an excellent confining layer, where it is intact. However, the
presence of o0il and gas in the Dundee Formation resulted in the
historical exploration activity during which thousands of holes were
drilled through this sequence of sediments. It has been estimated
(McLean, 1968} that about 10,000 wells driiled in southwestern Ontario
and eastern Michigan before and around the turn of the century were never
properly plugged and the records have been lost, hence the locations of
these wells are unknown.

|
t
|
|
l
|
There is other evidence that the confining beds have been breached |
by natural processes in some lgcations. 0il and gas have migrated, at
some time in the past, through the Dundee/Hamilton/Kettle Point sequence
to the glacial deposits above bedrock. 011 is now found in the glacial
deposits in the vicinity of 0il Springs and Petrolia. Drilling at these E
locations has shown that the oil probably moved upward from deeper accum- |
ulations in rocks of Detroit River age.
i
|
|
|
|
|
!
|
|
\
|
|

Concept of Area of Review. Elsewhere in North America, regula-
tions that control underground injection have adopted the concept of an
"area of review" or "zone of endangering finfluence.” This area lies
within a circle that is centered at the disposal well and has a radius
determined by calculation or, in some cases, a standard radius. Within
this area, the applicant for a permit must obtain the completion or
plugging records for all borings ("artifical penetrations") that have
been drilled into the proposed injection zone. The applicant is re-
sponsible for ensuring that all such boreholes or wells are properly
plugged.

The radius of the area of review is defined as that lateral dis-
tance from an injection well 1in which the pressures in the injection
zone due to operation of the well may cause the migration of the waste
or native flyid into an underground source of drinking water., If the R
radius is calculated, the procedure is to find the radius within which |
the pressure increase due to injection causes the head in the injection |
zone to equal or exceed the head in an overlying source of drinking i
water. Differences in density of fluids may be taken into account. The
distribution of pressure increases in the injection zone around the well
are calculated using the nonequilibrium method. The noneguilibrium
method uses the solution to the problem of transient radial flow of a
compressible fluid from a line source in a homogeneous, isotropic, con-
fined reservoir of infinite areal extent (Theis, 1935). The aquifer
parameters required to perform this calculation are termed permeability,
thickness, and porosity-compressibility product in the oil industry, and
are analogous to the quantities hydraulic conductivity, thickness, and
storage coefficient in the water industry.

Although the concept of area of influence is attractive because it
is technically sound, in practice it is not always applicable because the
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native head in the injection zone may be equal to or greater than the
head in the zone of fresh water. In this case, the concept of a distance
from the well where the heads are egual or where the head in the injec-
tion zone is lower than that in the overlying aquifer has no meaning.

In southwestern Ontario, the hydraulic head in the disposal zone is
generally TJower than that in the freshwater aquifers in the glacial
materials or upper bedrock. Thus, it would appear that the concept of
area of review, using a calculated radius, would be applicable here. Un-
fortunately, the existence of a large number of unrecorded and unplugged
exploratory boreholes in some areas may make this calculation irrelevant
in the context of defining the area within which wells are to be plugged.
An area of review can be calculated, but the records or location of all
boreholes within this area cannot be obtained. It 1is apparent, then,
that the radius of endangering influence would have to be reduced to
zero, by keeping operating Tligquid levels Jow, in order to completely
eliminate the risk of movement of undesirable fluids into the overlying
fresh water. Well testing followed by calculation of the geographic
extent of the theoretical zone of "endangering influence," which has not
been done in the past, would aid greatly in determining the relative
risks of allowing heads in the disposal zone to rise to various Tlevels
above heads in the freshwater zone, assuming that the locations of aban-
doned wells are scattered randomly throughout the region.

Failure Pathways. The route of pressurized fluids from an injection
well to a water well consists of several links. The water must first
travel through the disposal zone to a point of weakness or conduit in the
confining beds such as a fracture or abandoned, unplugged borehole. If a
vertical conduit exists through the confining beds and the conduit inter-
sects a high-permeability disposal zone near the injection well, the
pressure increase in the conduit may be 1large enough to cause upward
migration of waste or native fluids. (The pressure "front" extends far-
ther from the well than the waste "front.") Cross-formational flow can
occur if the conduit has an outlet to a permeable stratum with Tower
hydraulic head. The fluid could also pass through an "intermediate"
reservoir by discharging from a conduit into a porous and permeabie Tens
in the confining beds, and then into a second conduit that penetrates
the lens.

An outlet from a conduit to the land surface or to the freshwater
zone in the glacial deposits or in the upper bedrock is the most unde-
sirable situation and represents the primary failure scenario leading to
environmental impairment. Unfortunately, the presence or absence of un-
plugged holes or moderately permeable fractures that penetrate the dis-
posal zone cannot be unambiguously determined from hydraulic well tests
and/or detailed geologic mapping.

Flow of waste or formation brine to the land surface may be readily
observed, but flow into a freshwater aguifer may go undetected for years
or decades, due to the slow rate of migration through granular deposits
and the low density of wells which can be sampled to detect the foreign
waters. It is not economically feasible to install an extensive array of
monitor wells for the purpose of rapidly detecting the arrival of contam-
inants in glacial aquifers if the area to be monitored is large. How-
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ever, nearby municipal and domestic wells can be sampled regularly in
order to protect these users. Wells that have high average production
rate should be included in a freshwater monitoring program because they
sample a relatively larger part of the aguifer. Also, since the greatest
pressure increase in the injection zone is near the injection well, a
shallow well completed in the freshwater aquifer could be installed at
the disposal site in order to provide monitoring where the driving force
is highest.

Potential Consequences of Different Operating Pressure Limits.
There 1is probably some Timit to flowing bottom-hole pressure that would
virtually guarantee that vertical migration in conduits in the confining
beds could not occur. On the other hand, this 1imit might be unneces-
sarily restrictive in areas where the injection zone is capable of dis-
sipating wellbore pressures in a short distance, or where the hydraulic
character of freshwater aquifers or patterns of usage of local ground-
water resources are not conducive to establishment of major sinks that
could induce cross-formational flow.

The risks associated with different operating pressure and the
resuylting pressure distributions near injection wells can be evaluated by
converting pressures to eguivalent water levels using the density of
native formation brine. These water Jevels are then compared to the
static water levels in the overlying freshwater aguifer. If the water
levels 1in the disposal zone are kept below those in the freshwater
aquifer, upward flow can occur only in the near vicinity of pumping water
wells.

Figure & shows the results of such a calculation based on the
assumption that the disposal zone is homogeneous, isotropic, and of large
areal extent. Although the storage coefficient has not been measured in
Detroit River Group reservoirs, one has been chosen to represent worst-
case conditions. Two profiles show the range of fluid levels that could
be generated in conduits through the confining beds, depending upon the
density of the injected fluids. The injection well is assumed to operate
solely on gravity drive,

When salt-saturated brine 1is considered to be present in an aban-
doned borehole {saturated brine would be present in the disposal zone
near the injection well), the radius of endangering influence is virtual-
ly zero under the conditions depicted in Figure 6. When fluid with the
density of native brine is considered, water levels in the disposal zone
would be above the base of fresh water with approximately 500 feet (150
meters) of the injection well. Within a smaller area, water levels in
the disposal zone would be above potentiometric levels in the aquifer.
Although' the high-permeability zones in the more desirable injection well
locations would have larger zones where injection zone heads would exceed
aguifer heads, this could be estimated on a case-by-case basis if
adequate well testing is performed. Given knowledge of the theoretical
radius of endangering influence and assuming that artificial penetrations
are randomly located, the risks would be proportional to the area of
influence.
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;Conclusions

The available data suggest that continued injection of brines into
.the Detroit River Group can be accomplished relatively safely under
operating rules different than most of North America. In most injection
wells, shallow freshwater resources are protected from the elevated fluid
pressures in the reservoir near the well by intervening Tow-permeability
confining beds. This technique cannot be relied upon in southwestern
Ontario due to the targe number of undocumented abandoned boreholes. The
use of the Detroit River Group for brine disposal should be restricted to
gravity drive, thus those areas where high permeability allows high rates
of injection would be the most desirable sites for injection wells.

The suggested regulatory procedure would require more detailed in-
- formation to be gathered by the applicant than was previously necessary.
This would be unnecessary if the applicant agrees to operate at a very
Tow pressure or fluid level that was based on expectation of worst-case
conditions. If the applicant desires to operate at the maximum prudent
level, he would accept the responsibility for determination of the prop-
erties of the disposal zone necessary to properly evaluate the area of
endangering infiuence of his well. An analyst would calculate the radial
distribution of several assumed bottom-hole injection pressures and then
convert these pressures to fluid levels using the density of the native
formation brines, which would be the fluids most likely to reside in or
invade undocumented boreholes. The profiles of fluid levels would be
compared to profiles of freshwater heads to determine the size of the
"critical area" or "area of endangering influence" that would occur at
-different operating bottom-hole pressures at different times, initially
assuming a reservoir of infinite size., The Ministry could then choose a
maximum operating bottom-hole pressure based on the area of endangering
influence that appeared to present an acceptable level of risk. It is
expected that due to the presence of undocumented boreholas in unknown
locations, the area chosen should probably be restricted to a size which
could be effectively monitored using wells installed in the freshwater
- agquifer.

Operators of disposal wells could monitor either operating fluid
levels or operating bottom-hole pressure, but it would be to their advan-
tage to monitor the latter. Since the hydraulic analysis would be based
on bottom-hole pressures, the pressure stipulated by MOE would have to be
converted to a water level using worst-case fluid density (salt-saturated
brine, specific gravity = 1.2) in order to prevent exceeding the allow-
able pressure when using water-level criteria when this type of brine was
injected. The operator would not be able to inject at the maximum allow-
able bottom-hole pressure if low density fluid were injected at an oper-
ating level based on saturated brine,
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