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INTRODUCTION 

Pollution of our streams and lakes with industrial wastes has become 
a matter of grave concern to all levels of government throughout North 
America. The general public is increasingly alarmed and the process 
industries themselves are concerned. 

The problem will intensify dramatically over the next few decades as 
the population expands — Ontario, alone will see the number of people 
living within its boundaries increase from 6^4 million to nearly 20 mil
lion by the year 2000. Increased competition for use of our fresh water 
will make it necessary to place rigid and costly controls on the use of 
surface waters for waste disposal. 

Industry will be forced to seek more efficient and economical methods 
for treating and disposing of its wastes. Under certain conditions, the 
subsurface has been a convenient receptacle for such products. 

Liquid waste material is injected into suitable geological formations, 
after undergoing surface treatment to ensure its compatibility with the 
existing formation fluids. This has proven to be an economical, safe and 
permanent disposal method, where the operation is properly planned 
and carried out. 

This report proposes to make process industries in Ontario better ac
quainted with the concept of subsurface disposal, and to provide infor
mation as to the locations in the province, which are best suited to an 
operation of this sort. 

Much of our knowledge concerning the subsurface disposal of fluids is 
derived from the petroleum industry. For many years oil field brines 
have been injected into the subsurface through normal disposal 
operations or, more often, in conjunction with secondary recovery 
operations. The process industries did not make use of the concept for 
waste disposal until the early 1950's and today, only 140 disposal wells 
exist, of which 120 are in the United States, 16 in Ontario and four in 
Saskatchewan. 

It must be pointed out that important differences exist between the 
use made of the concept in question by the process industries as 
opposed to that made by the petroleum industry. In the case of oil field 
brine disposal, usually limited quantities are injected, often under 
gravity. With a secondary recovery operation, however, fluids are simul
taneously withdrawn, creating a reservoir pressure condition dissimilar 
to that of the normal process of injecting industrial wastes. 

This report will deal with the problems surrounding the use of the sub
surface for waste disposal under a number of headings. Formation 
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evaluation will be considered with reference to the geological structures 
and hydrological features that must be present before a site can be con
sidered for disposal. This section notes, as well, the question of using 
existing mines, caverns and abandoned wells. 

The procedures to be followed in the drilling and completing of a well 
for waste disposal will be examined in detail. 

Surface treatment of the waste is often necessary to ensure that the 
waste to be injected is compatible with the existing reservoir fluids, and 
that its physical properties are not such that it will tend to clog the pore 
spaces in the receiving formation. The report will go into the question 
of suitability of wastes for subsurface as opposed to surface disposal, as 
well as the surface treatment of wastes for injection purposes. 

The legal ramifications that must be considered when any subsurface 
disposal operation is contemplated are examined and discussed. Since 
the use of the concept is, as yet, fairly limited, the legal problems are 
largely a matter of conjecture. It is possible to visualize a situation 
wherein an individual may consider taking legal action against a com
pany whose injected wastes have in some way interfered with his rights. 

The cost of a subsurface disposal operation can vary considerably, de
pending on the depth of the disposal horizon, and the extent to which 
the waste must be treated before injection. These and other factors are 
discussed and the costs involved for an example operation are outlined. 

Ontario, as a site for subsurface disposal of wastes, is discussed in rela
tion to its specific geological and hydrological features, with regard to 
their suitability for disposal, and the policies and requirements of its 
regulatory agencies. 
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FORMATION EVALUATION 

In determining an area suitable for subsurface disposal of liquid wastes, 
the geological and hydrological conditions are the primary considera
tions. An industry considering subsurface disposal must determine if 
an underground formation will accept fluids, at what rates and pres
sures and how the injected fluids will move within the formation. 

GEOLOGICAL CONSIDERATIONS 
Sedimentary rocks are, in most cases, selected for subsurface disposal 
although fluids have been injected into metamorphic complexes with 
varying degrees of success. One such well using a metamorphic com
plex was the Rocky Mountain Arsenal Waste Disposal Well No. 1 in 
Colorado. This disposal well encountered many unexpected problems, 
and was reportedly the cause of a series of minor earth tremors. It has 
been postulated that the tremors resulted from changing the fluid pres
sure in deep-seated, high-angle fractures. This had the effect of reduc
ing the frictional resistance and causing slippage of the rock blocks. 
Although deep-seated fault and fracture systems may be receptive to 
injected fluids, often their configuration is unknown and knowledge of 
waste dispersion and pressure effects cannot be determined. If an area 
is tectonically stable and geophysical or geological data exists to define 
the fault systems, such an area may have possibilities for limited 
volumes of waste. However, a very detailed study of the geology and 
the hydrodynamic effects resulting from injection of fluids would be 
mandatory before using such a system. 

Ideally, the sedimentary formation should possess the following charac
teristics, some of which are discussed in greater detail in subsequent 
paragraphs. The formation should: 

(a) be a uniform sandstone, limestone or dolomite or under favourable 
conditions, a fractured shale; 

(b) be of a large areal extent; 
(c) be of sufficient thickness; 
(d) have high porosities and permeabilities; 
(e) possess adequate overlying and underlying impermeable strata or 

aquicludes; 
(f) have a low pressure; 
(g) be well below and separated from fresh water horizons; 
(h) be salt-water filled and artesian in nature; 
(i) possess waters which are of no economic value either now or in the 

forseeable future; 
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(j) possess fluids and rocks which are compatible with the injected 
fluid; and 

(k) have no unplugged wells that penetrate the formation in the 
vicinity of the disposal well. 

Structural conditions in the receiving formation as an anticline or 
dome may be considered for the retention of fluids having a specific 
gravity lighter than that of the formation waters. However, since 
these structures are widely used for gas storage, they should normally 
be reserved for that purpose at least within proximity to populated 
areas. 

In certain instances, a syncline can be considered where limited 
volumes of toxic or radioactive fluids of high specific gravity can be dis
posed of and retained, provided that the natural hydrodynamic condi
tions of the reservoir would not flush such a structure. 

Where wastes are highly toxic or radioactive, absolute confinement in 
the reservoir must be assured. Fractured shales or confined sandstone 
lenses are often suitable for this purpose. However, where confinement 
is required, only limited volumes can be disposed and increasingly 
higher pump pressures will be necessary. A careful and detailed study 
of this type of disposal is necessary to justify the costs involved. 

Pressure buildup in the formation and dispersion of injected fluids 
could detrimentally affect nearby hydrobarbon deposits, and assurance 
must be made that disposal is not conducted near these accumula
tions or near areas that could contain hydrocarbons. 

The use of depleted oil and gas fields for disposal of wastes may be 
considered where the disposal becomes an integral part of a secondary 
recovery procedure — fluids are injected to effect the recovery of 
additional oil from a pool that has been depleted by normal 
operations. 

Such a process is known as a secondary recovery operation and requires 
controlled injection rates and pressures, and usually more than one 
injection well distributed throughout the oil pool in a specific pattern. 
Control of rates and pressures is necessary to insure proper and efficient 
flushing of the oil pool to obtain maximum recovery of hydrocarbons 
and prevent premature channelling of the injected fluid. Further, the 
type of waste would be restricted, both chemically and physically, to 
those that did not react with the hydrocarbons or the rock and to those 
that had the desired flushing characteristics. 

As with any secondary recovery operation, an agreement amalgamating 
the interests of the various landowners who would benefit from the pro
duction of hydrocarbons would be required. 

Subsurface disposal schemes of this type are of a specialized nature and 
usually quite expensive. Most often, only limited volumes can be dis
posed and a large number of wells may require plugging once the 
project is terminated. 
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The utilization of abandoned mines or the creation of underground 
cavities by mining, solution methods or by detonation of nuclear de
vices all have possibilities for subsurface disposal. However, many prob
lems may arise with these methods including inadequate fluid contain
ment, the disposing of the displaced rock or fluids from cavities and 
especially, the much higher costs involved. Salt cavities have proven 
quite successful for the storage of liquefied natural gas and one such 
cavity is presently used in Ontario for the disposal of limited volumes 
of semi-solid refinery wastes. 

The use of underground mines or cavities is not discussed at this time. 
The economics involved in mining for this purpose and the problems 
encountered in the utilization of existing mines are beyond the scope 
of this report. 

As mentioned previously, where aquifers are being considered for dis
posal, the formation selected should be a sandstone, limestone or dolo
mite. These rocks usually contain satisfactory porosity or connected 
pore spaces to provide adequate storage capacity and good permea
bility—a measure of the ease of fluid movement in the reservoir under 
a pressure differential. Sandstones generally possess better porosity 
than limestones or dolomite and are more uniform in their lithological 
makeup. These characteristics provide a clearer picture of waste 
movement in the formation. 

Limestones have the advantage in that they do not plug as easily as 
sandstones and can be readily treated with acid to enhance the per
meability in the region of the well bore. Sandstones, on the other 
hand, have to be fractured to accomplish the same thing—a situation 
not always desirable in a disposal aquifer because of the possibility of 
damaging the confining strata. The choice of lithology becomes some
what academic and much depends upon the type and volume of waste 
being disposed. 

The concept of disposing of fluids into a water-bearing rock may, at 
first, be difficult to visualize. Basically, the waters in the aquifer are 
compressed by the injected wastes in an ever-increasing or expanding 
cylinder away from the well bore. Water at bottom hole pressure is 
only slightly compressible (3 x 1(H unit volumes per p.s.i.), and as 
such, an aquifer must be of a large areal extent to distribute the 
increasing pressure. If the formation is confined, or affected by fault
ing in the region of the disposal well, a very limited area would be 
available for compression of the formation water and pressures would 
rapidly build up or injection rates decline to the point where the 
operation became impractical. 

The acceptance of wastes may also be accomplished by displacement 
of the waters in the formation in such a way that these waters are 
forced to the surface at the outcrop areas. This is a situation that 
would not be permitted in Ontario. 

If injection pressures were increased to a certain point, rupturing or 
fracturing of the formation could occur. Some authorities suggest that 
this is a condition to be avoided in a disposal operation since fractur-
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ing of the rock strata above and below the disposal formation could 
occur and fluid movement would become erratic. The critical 
pressure at which the formation begins to part can be determined by 
injection tests. A formation will usually fracture or part when injec
tion pressures exceed 0.5 p.s.i. to over 1.5 p.s.i. per foot of depth at 
the formation face depending on the region. 

Experience in the petroleum industry has shown that most fracturing 
will occur in the horizontal plane without damage to the confining 
strata. However, there are a number of documented cases of vertical 
fracturing and this possibility must always be considered. The regional 
principle stress should be determined before proceeding, as fracturing 
usually occurs perpendicular to this stress. Further, the presence of 
unsealed fault fractures, as shown in Figure 1, could allow the forma
tion fluids or the waste itself to migrate under pressure along these 
faults or fractures and contaminate or detrimentally affect other hori
zons. Not only must the overlying and underlying strata be free of 
fractures, they must not react chemically with the wastes and must be 
of sufficient thickness to withstand the anticipated pressures in the 
region of the disposal site. 

A variety of pump tests have been developed by ground water hydro-
logists to determine where faults or other barriers exist or where there 
is a pervious cap rock. These tests, however, usually involve observa
tion wells. Pressure build-up tests have been developed in the disci
pline of petroleum engineering to detect the presence of barriers or 
faults within the region of the well bore. If a region is suspected of 
possessing barrier conditions or pervious confining rocks, these tests 
should always be considered to assure a long-term success of the dis
posal operation. Although some petroleum reservoirs have confining 
impermeable strata not much greater than 25 feet in thickness, dis
posal operations should, under normal circumstances, have confining 
strata greater than this. Impermeable strata or acquicludes usually 
consist of shale, gypsum, anhydrite, salt, dense crystalline limestone, 
dense siltstone or sandstone and clay. It is important to determine 
through a detailed study of existing wells in the area, that the confin
ing strata do not thin or change in physical character within the areal 
extent of the effective pressure radius of the disposal operation. These 
strata could rupture and cause contamination of other horizons, with 
the problem remaining undetected until a great deal of damage had 
been caused. 

If the reservoir is of a uniform lithology and thickness, the spread of 
waste can be determined at any given time. In a heterogeneous reser
voir, however, plumes or fingers of waste could travel far ahead of the 
waste cylinder through highly permeable streaks and affect large areas 
of the aquifer. The thickness of a disposal formation is an important 
factor in that the greater the thickness, the more desirable the forma
tion becomes for disposal. As will be shown later, the injection rate is 
related basically to both effective permeability and effective thickness 
of the receiving aquifer. Considering other factors to be constant, a 
given volume of waste will spread horizontally to greater distances in 
the thinner aquifer since very rarely will a formation possess effective 
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permeability throughout its entire thickness. Utilizing a thin aquifer 
often presents problems wherein only a few feet will, in fact, accept 
fluids. Large sedimentary regions as the Michigan and Appalachian 
Basins, represent favourable areas for disposal (comprising thick for-
mational sequences) totalling up to 22,000 feet of sediment. South
western Ontario consists of rim sediments from both the Michigan 
and Appalachian Basins and, as a result, only a relatively thin veneer 
(maximum 5,000 feet) is present. Nevertheless, the Southwestern 
Ontario Basin does contain suitable reservoirs of sufficient thickness 
for industrial waste disposal purposes. 

In addition to the primary geological considerations of porosity, per
meability, thickness and areal extent, a further consideration for a 
suitable disposal reservoir would be low formation pressure. As will be 
shown later, the pressure in the receiving aquifer in the region of the 
disposal well will increase with time for a given injection rate. If an 
aquifer has a high pressure, larger and more expensive pumps are 
required and operating costs are higher. Relatively low pressure in 
an aquifer is indicative of good porosity and permeability necessary 
for long-term disposal. However, abnormally low pressures should be 
carefully evaluated since this situation could indicate a pervious or 
inadequate confining seal. 

The separation of a disposal horizon from potable water sources is an 
absolute essential requirement in the selection of the formation and 
the proper design and completion of the well. Most disposal aquifers 
are at depths greater than 800 feet from the surface and sufficient 
thickness of impermeable strata is usually present to assure com
plete separation from water horizons, at least in those areas that are 
known to be tectonically stable or devoid of salt collapse features. 
Disposal projects at depths of less than 800 feet should be considered 
with extreme caution since, at these shallow depths, the formations 
cannot normally withstand high injection pressures and could rupture, 
contaminating fresh water sources. In Ontario, a number of disposal 
wells successfully utilize a formation at a depth of 800 feet without 
incident but all wells are closely monitored, especially with respect to 
wellhead pressures. 

Many older petroliferous areas of the continent contain unplugged 
wells which can plague the success of a disposal operation. Many 
regions of Southwestern Ontario must be avoided for this reason. 
Since 1858, when the first commercial oil well in North America was 
completed at Oil Springs, Ontario, there have been 50,000 wells 
drilled in the Province. Unfortunately, the records from many of the 
wells drilled before and around the turn of the century have been 
lost. It is very probable that 10,000 wells were never properly plugged 
and the exact locations of these wells are unknown. Although evidence 
suggests that many of these wells have become plugged as a result of 
up-hole sloughing, any significant increases in pressure, associated 
with sub-surface disposal, could create serious pollution problems. 
This situation must be kept in mind when considering the Devonian 
rocks in Lambton, Kent and Middlesex Counties and the Silurian in 
Norfolk, Haldimand and Welland Counties. 
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The hazards of conducting subsurface disposal in areas of unplugged 
wells are illustrated in Figure 2. The disposed fluids or the formation 
fluids under pressure can be forced up the unplugged or inadequately 
plugged well bores and into other horizons or fresh water sources. 
Cases have been documented in other areas where the fluids have mi
grated along highly permeable streaks in overlying horizons, as shown 
in Figure 2, and up shallower well bores. A careful examination of all 
the available documents and an onsite investigation should be carried 
out within a minimum radius of 1 ^ miles of the disposal well. 
Examination of existing plugging records for wells in the vicinity is 
also important to insure that plugs will withstanding the anticipated 
injection pressures. Plugs are often set to withstand natural formation 
pressure and may, in fact, be inadequate, when considering a disposal 
operation. 

In evaluating a formation for subsurface disposal, consideration must 
be given to the value of natural formation fluids. These fluids should 
not contain, in economic quantities, extractable minerals or ones that 
may be utilized in the forseeable future. Presently, many elements 
can be extracted from subsurface brines such as potassium, magne
sium, iodine, bromine, calcium and certain other ions, and contamina
tion of this resource with wastes is undesirable. This factor becomes 
quite important if one were to consider, for instance, the Cambrian 
formations in Ontario. 

The suitability of the waste itself for injection into the subsurface is 
as important as the suitability of the formation geologically. The 
suitability factor depends upon the chemical and physical makeup of 
the waste and its chemical reaction in the aquifer with the formation 
waters and the rock minerals. If entrained solids are present in the 
waste, or if the waste in any way causes precipitation of certain ions, 
plugging of the formation pores could occur, resulting in a drastic re
duction in the permeability. This reduction would have the end effect 
of either reducing the injection rates or raising the injection pressures 
to a level where the operation ceases to be economical. Plugging can 
also develop as a result of algaes or bacteria forming in the formation 
or from the dissolving of certain minerals, both in the host formation 
and the confining strata. Another factor which should not be over
looked is the presence of interstitial clays in the formation. The per
meability of the formation to water can be greatly reduced by the 
swelling of clay particles in the presence of fresher waters and waters 
with a high pH value. To avoid such problems, a core should be taken 
through the disposal horizon and tests conducted to determine to 
what extent these factors are relevant. 

A certain amount of formation plugging will normally occur with time 
and a properly designed monitor programme will readily detect this 
situation. Various stimulation techniques are available to restore the 
receptiveness of the formation should a small degree of plugging occur. 
Remedial measures as discussed in more detail on page (36), can then 
be planned well enough in advance to cause a minimal down time of 
plant operations or to plan an alternative surface storage procedure 
while workover is performed. If surface treating of the waste is re-



15 

quired, considerable costs can be involved, but occasionally a waste 
will require only minimal chemical and filter treating to make it suit
able for disposal. 

In view of the many potential problems and the associated high cost, 
the proper selection and testing of a formation, the proper design of 
the well and the proper treatment of the waste become most impor
tant to the long-term life of the operation. It should also be recog
nized that the use of the subsurface for disposal of industrial wastes 
is a practical method of storing highly toxic and other chemical efflu
ents that are difficult to treat on surface. 

The storage capacity of potential aquifers, although considerable in 
certain areas, is nevertheless limited if long-term or continuous dis
posal is considered. If wastes are essentially non-toxic, the volumes 
relatively small and such wastes can be economically treated on the 
surface, the surface installation should be employed and the sub
surface retained only for those wastes which are, for the most part, 
untreatable. Such restrictions minimize damages to the formation 
waters that may have future uses not presently foreseen. 

HYDROLOGICAL CONSIDERATIONS 
One of the most important and perhaps the least understood con
siderations with respect to subsurface disposal is the question of what 
happens to the waste once it is injected into the receiving formation 
or aquifer. 

In the past, effluents have occasionally been injected into what 
appear to be suitable formations with little concern as to where and 
how the fluid was dispersing, what possible damaging effects such 
foreign fluids would have over long periods of time and, especially, 
what effects pressure distribution or buildup would have in the 
formations. The antithesis of the law of capture — subsurface tres
pass, also raises a legal question as does the possible damage to other 
potentially valuable insitu minerals which may occur as solids or 
fluids. Minerals can exist as part of the formation waters themselves, 
associated with nearby hydrocarbon deposits or as mineable sulphur, 
gypsum, salt or limestone, some of which are presently mined in 
Ontario. 

The hydrological data, in addition to its value in predicting long-
range injection performance, is most necessary for the proper design 
and selection of surface treating equipment, injection pumps and cas
ing and to determine the net effect of the pressure increase on the sur
rounding formation. In Ontario, considerable geological and hydro-
logical information, for certain areas, can be obtained from the records 
of the Department of Energy and Resources Management in Toronto. 
In addition to the geological data on file, a number of core analyses, 
drill-stem tests, water analyses and publications exist and extensive 
computer facilities are available for obtaining computer - produced 
maps on any desired scale. In areas that appear favourable for dis
posal and yet are removed from those areas on which geological and 
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hydrological control is available, most of the data must be obtained 
by drilling a well, coring, logging, drill-stem testing and conducting 
injectivity or pump tests. 

It was noted previously that injected wastes move into the aquifer in 
the form of an expanding cylinder. This concept would apply only to a 
formation that is isotropic, homogeneous and of a uniform thickness. 
Most formations do not conform to the ideal, however, but are more 
often heterogeneous in their physical makeup with variances in per
meability, both in the vertical as well as the horizontal plane. The 
possibility of the existence of highly permeable streaks must be recog
nized, since fingers of waste could travel far ahead of the main waste 
front or cylinder into undesired regions. 

Studies of oil field water flood performances have resulted in docu
mented cases where injected waters have bypassed producing wells 
and "broken through" in a well over a mile away. If the permeable 
streak or fracture is sufficiently open, the fluids could travel large dis
tances in a matter of weeks. 

Research in petroleum engineering and ground water hydrology has 
produced a number of useful equations for evaluating the hydrology 
of the receiving formation. Using these equations, an estimate of the 
injection rates and pressures can be calculated from data obtained 
from nearby wells. The pressure effect developed in the formation 
with time and distance for various injected volumes can also be cal
culated. However, because of the many local factors which can affect 
the performance of a well, actual testing must be made at the well to 
measure the injection capacity. 

This report does not provide solutions to evaluating the complexities 
of the subsurface hydrology but rather points out some of the ap
proaches that can be used under certain conditions. 

The report attempts, more importantly, to note the many areas where 
considerable research is still required before answers to fluid move
ment and pressure distribution can be found. The ensuing discussion, 
however, does not discourage subsurface disposal but merely notes the 
many cautions that must be exercised in order to obtain a successful 
operation. 

From available oil field secondary recovery injection histories, it has 
been established that the injection rate of a well will initially decrease 
quite rapidly and then more slowly until equilibrium conditions are 
approached. The injection rate is dependent upon a number of factors 
—effective permeability and thickness of the aquifer being the most 
important. Further considerations include formation pressure, well
head pressure, viscosity of the injected fluid and the effective radius 
of the well at the formation face. Since treatment of the injected 
liquid wastes seldom eliminates all those suspended solids or ions that 
could result in precipitants, some degree of plugging of the rock pores 
near the well bore can noticeably affect the injection rate over a 
period of time. 
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As waste fluids are continually injected into the aquifer, natural reser
voir fillup occurs and the pressure radius extends further out in the 
well bore. The resulting pressure buildup causes an increased resis
tance to the injected fluid, resulting in a decreasing rate of injection 
most notable early in the life of the well. As injection continues, the 
rate will decrease for a given injection pressure until the pressure 
radius extends to the point where the flow becomes nearly constant. 
The effect of reservoir fillup and that of plugging of rock pores should 
be recognized early in the life of the well and can be readily distin
guished by certain tests, which are discussed in detail later. 

The concept of radial flow in an artesian well is illustrated in Figure 3. 

Figure 3 shows the expanding cylinder concept for a homogeneous 
and infinite aquifer of equal thickness. An expression of the dynamic 
pressure surface is illustrated where the greatest pressure or potential 
exists at the formation face of the well bore — decreasing exponen
tially away from it. This pressure surface is the reverse of the cone of 
depression which results as water is withdrawn from a water well. The 
expression of the original or undisturbed static pressure line is located 
above the receiving formation indicating an artesian condition of the 
aquifer. If pressures are sufficient the fluid in the well bore could ex
ceed the hydrostatic equilibrium, resulting in a flowing condition. The 
formation pressure (original) can be determined from the static level 
of the liquid in the well bore and the density of the liquid. The funda
mental equation of Darcy which describes the hydraulic equilibrium 
radial flow through porous media can be expressed mathematically as: 

n _ 7.07 kh (PwPe) 

/ i l n — 
r w 

Where Q = rate of flow in barrels per day 
k = permeability in Darcys 
h = formation thickness in feet 
P w = well bore pressure in p.s.i. 
P e = reservoir pressure in p.s.i. 
ju. = fluid viscosity in centipoise 
r e = effective reservoir radius in feet 
r w = radius of well in feet 

This equation can apply to either the injection or withdrawal of an 
incompressible fluid from an aquifer. The equation for a compressible 
fluid is not relevant when considering infinite boundary conditions 
since the differences between the two conditions are quite negligible. 
However, if the reservoir is bounded, the compressible fluid factor 
must be accounted for. 

Numerous reservoir factors can make the use of the above equation 
questionable. Not taken into account is the time factor, thus the rate 
of pressure buildup at the well bore as the fluid front moves outward 
(to a larger radius) cannot be calculated. In certain areas, however, 
it is still most useful for deriving an overall picture of the formation 
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suitability and evaluating the importance of the various parameters 
of the equation. 

The thickness, h, of the receiving formation is expressed as the net 
thickness and can be determined from porosity-permeability calcula
tions over the entire aquifer interval as derived from core analyses, 
mechanical logs run in the well or both. It is important that this fac
tor be accurately determined, as in practice, most formations contain 
thicknesses which may be relatively impermeable to waste fluids and 
calculations from the radial flow equation could be considerably 
in error. 

The viscosity /* of the injected fluid can readily be determined in the 
laboratory and will have a value approaching one centipoise, the vis
cosity value for fresh water. 

The well radius, rw, can vary from a minimum which will be the actual 
dimensions of the well bore at the formation to considerably greater 
if the well is fractured or acidized. In the case of the latter, the radius 
is greatly extended, and although difficult to determine, a reliable 
estimate can usually be made and should not seriously affect the cal
culations of the flow equation. 

The pressured radius, re, can be estimated from the available porosity 
and the total volumes injected or, as will be illustrated later, the 
radius may be calculated under specially defined conditions from the 
non-equilibrium equations developed by Theis for drawdown measure
ments in water wells. Where interference of the radius is created by 
the proximity of another injection well, other equations can be ap
plied to evaluate this effect. 

The reservoir pressure, P e , can be determined from a bottom hole 
pressure bomb lowered in the well, from drill stem tests, or as men
tioned previously, from the static height of the fluid column and the 
fluid density. 

The pressure at the sand face, P w , is the addition of wellhead pressure 
and the depth of the well multiplied by 0.434 — the density of 
fresh water. 

The permeability factor in the radial flow equation, k, is the effective 
permeability of the formation to water. Laboratory determination of 
this factor must be made with care, using an undamaged and clean 
core. It should be remembered that porosity and permeability values 
obtained from core are representative only of the immediate area of 
the well bore and that physical conditions in the aquifer could vary 
even short distances away. If core are available from nearby wells, 
their characteristics will greatly aid in evaluating the overall physical 
character of the aquifer. 

An alternative or supplementary method for determining the average 
effective permeability of the entire aquifer thickness involves the 
utilization of a pump test or a drill stem test. The pump test proce
dure is reasonably accurate and, indeed, is preferred by many opera
tors over a core analysis as it provides a permeability value in areas 
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The thickness of the disposal zone in the above example and the de
termination of the average porosity over the disposal interval is 
shown graphically in Figure 5. 

Using the density log, and an applicable porosity scale on the log, an 
average porosity value of 8.5% was calculated. In addition, a spinner 
survey (or a radioactive tracer survey) was taken to measure the rate 
at which fluid moves into the formation at a fixed pumping rate as 
the tool is raised out of the hole. Approximately 190 feet of the upper 
part of the Lucas Formation in this well was accepting water with 
virtually no water entering below this point. The spinner survey, in 
addition, provides a measure of the effective permeability in these 
sections. Thus, a better knowledge of the fluid movement in the 
aquifer is provided, and most importantly, a graphic representation 
of the section is available should future workover operations become 
necessary. An estimate of the theoretical minimum wellhead pressure 
can be calculated as shown in Figure 3: 

Pi = Pf — Ps + Pi + Pr 

where Pi = wellhead injection pressure 
Pf =• formation fluid pressure 
Ps = pressure of the fluid column 
Pi = friction loss in tubing 
Pr = AP = pressure required to maintain radial flow in the 

formation. 

In this equation, the formation pressure, Pf, is calculated from the 
static column in the hole or from a bottom hole pressure bomb. Pres
sure of the fluid column, Ps, is determined from the depth of the hole 
multiplied by 0.434 p.s.i. per foot — the density of water at standard 
temperature. 

The fraction loss, Pi, in the tubing can be determined by calculation 
from published charts or from tables accounting for the pipe rough
ness factor. If the disposal requirements slightly exceed the maximum 
tubing capacity, the use of epoxy coated tubing may increase the flow 
factor enough to handle the required rate. Also, from the tables it is 
observed that the friction loss in the disposal tubing decreases with 
an increase in diameter for a given injection rate. 

The pressure necessary to maintain radial flow, Pr, is calculated from 
the Darcy equilibrium flow equation, as described previously. If 
nearby wells exist that penetrate the formation in question, an esti
mate of radial flow pressure can often be made from the data of these 
wells and before a new well is drilled. However, an actual test of a 
new well is still required since local physical conditions could sig
nificantly alter the calculated injection pressures. 

An example of an injectivity curve is illustrated in Figure 6 in which 
the hyperbolic plot described is typical of an ideal curve. The example 
of Figure 6 was a plot constructed after acid treatment of the well 
concerned. The injectivity plots, as Figure 6, provide one of the most 
useful means of evaluating the hydrology and determining if further 
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various periods during the life of the well can readily predict when 
and what type of remedial method may be required if such plugging 
conditions are developing. 

As shown by Frick (37) another and possibly more meaningful 
injectivity-index concept is to determine a "restricted" injectivity-
index by flowing a well at a constant rate, then shutting it in. A 
backflow of fluids from the formation into the well bore will occur as 
a result of the combination of water expansion and reduction of pres
sure. This phenomenon is known as transient back pressure. In carry
ing out such a test, the backflow will initially decrease rapidly, 
followed by a more gradual decline. When the decline curve has flat
tened, or, in other words, the formation pressure has equalized, fluid 
is injected for short time intervals (5 minutes) at successively higher 
pressures (100 p.s.i.) providing data points from which a straight line 
plot can be made. The slope of the line (change in intake rate/change 
in pressure) is a restricted injectivity index of the area immediately 
surrounding the well bore. If this index is divided by the effective 
thickness of the aquifer, a numerical value for the specific injectivity 
index is found — another very useful and comparative index preferred 
by many operators. 

If the restricted injectivity test is conducted at various periods in the 
life of the well, the results of these tests, as reflected in the change 
in slope, will provide a means to distinguish between natural fillup of 
the aquifer and plugging. If fillup is occurring, the slope of the rate 
versus pressure curve will tend to shift downward. Plugging on the 
other hand will cause a decreasing index factor and a flattening of the 
curve. This test conducted every few months will often have an 
added benefit or remedial effect since the backflow will tend to remove 
plugging material near the immediate area of the well bore. 

If the injectivity test is carried to successively higher pressures, a 
distinct change in the slope of the curve occurs at a point where the 
injection rate greatly increases for a given pressure. This is known as 
the "critical pressure" or the point at which the formation begins to 
separate or fracture. This is not, normally, a dangerous situation, as 
the fractures usually close upon reduction of pressure. However, be
cause of the possibility of damage to the confining strata, the critical 
pressure should not be exceeded. Further, there is never a positive 
assurance that confining strata do not leak. If a formation break 
develops, a sudden increase in the injectivity index will be noticed. 
This phenomenon does not occur gradually. As previously stated, the 
critical pressure value cannot be calculated directly and can range 
from 0.5 to over 1.5 p.s.i. per foot of depth but most often occurs in 
the 1.0 p.s.i. per foot range. Assuming a value of 1.0 p.s.i., the safe 
injection pressure will range from 0.65 to 0.8 p.s.i per foot at the 
injection face. 

The rate at which the pressure increases in the formation and the dis
tances that the pressure moves radially out from the injection well for 
a specific injection rate can be computed from non-equilibrium equa
tions. If equilibrium flow conditions are attained or approached, how-
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ever, these equations are no longer applicable. As water is continu
ously pumped into a homogeneous, uniform aquifer of infinite areal 
extent, the pressure radius will increase but at a decreasing rate 
because of the expanded storage area available as the "cylinder" 
enlarges. 

Theis (84) developed the non-equilibrium formula for use in ground 
water studies to predict the well drawdown at any time after pumping 
began, and from this method the average permeability and transmis-
sibility coefficient could be determined during early stages of pumping. 

The non-equilibrium formula can be used in reverse to evaluate the 
performance of the well prior to equilibrium conditions developing. 
However, its use is dependent upon the following limiting factors and 
assumptions as described for ground water evaluations: 
(a) the formation receives no recharge 
(b) the formation is of uniform thickness 
(c) the formation is of uniform lithology and has constant permea

bility in all directions 
(d) the formation is of large areal extent. 

These factors are essentially the same as those described for the 
equilibrium formula, except that flow conditions are not stabilized. 
Very rarely does an aquifer possess all the ideal qualities necessary 
for it to conform to the limitations placed on the use of the non-
equilibrium formula. In practice, the formula has proven quite accu
rate and most useful in predicting long-term performance of the 
aquifer, even with a heterogeneous-type reservoir of reasonably con
stant thickness and large areal extent. Judgment, however, must be 
exercised when significant differences for the limits exist which would 
make the formula unreliable. 

The non-equilibrium formula of Theis and an example of its applica
tion is illustrated in Figure 7: 
In its simplest form 
the Theis formula = 114.6Q 

W(u) 

where W (u) = / • — du 
1.87r 2S/Tt u 

where u = 

—0.5771 — loge u + u 

1.87 r 2S 
Tt 

2.2! 1 3.3! 4.4! 

The Theis formula introduces the terms transmissibility and storage 
coefficients. 

The coefficient of transmissibility "T" is an expression of the per
meability of the aquifer in gallons per day per foot, and is defined as 
the rate at which water will flow through a vertical one-foot-wide 
strip of the acquifer under a 100% hydraulic gradient. 
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The coefficient of storage "S" is a dimensionless term and is defined 
as the volume of water taken into storage per unit of surface area per 
change in head. 

The use of the Theis formula requires an observation well in which 
measurements can be made during pumping or injectivity tests. In 
the absence of an observation well, an approximate value for trans-
missibility can be established through permeability determinations 
using the pressure drawdown method and an assumed value for the 
coefficient of storage. The hazards of this latter method are apparent, 
but may be used to predict the physical character of the formation 
under uniform conditions with a fair degree of accuracy. 

The value T and S cannot be calculated directly using the formula 
but must be obtained by graphical means if the other values of the 
formula are known. This is accomplished by plotting the test data on 
a log-log graph of drawdown versus time and matching the curve 
against a type curve plotted on log-log paper for values of W (u) 
versus 1/u. Values for drawdown (or buildup) and time can then be 
read, and a value of W (u) to a value of u can be found from appro
priate tables, applied to the non-equilibrium formula which can be 
solved for T and S. 

The benefit of the non-equilibrium formula in providing a graphical 
means of predicting pressure buildup, at various distances and times, 
for a given injection rate is shown in Figure 7. This example was 
plotted for a transmissibility of 4500 g.p.d. per foot (a value much 
higher than normally found in a deep disposal aquifer), a storage co
efficient of 10 - 4 and an injection rate of 100 gallons per minute. From 
the plot, the pressure buildup in the aquifer is seen to increase loga
rithmically with time and with the greatest effect occurring at the 
well bore. For formations having a transmissibility lower than this, 
the increase in head would be proportionately greater, but the 
effective distance of the pressure radius would be less for the same 
injection rate — i.e., the effect of the pressure extends further from 
the well bore in permeable rocks than in less permeable rocks. 

The coefficient of transmissibility can also be calculated (where there 
are no boundary conditions) from the Theis recovery formula of a 
pumped well. The slope of the graph is determined over a log cycle 
by plotting water recovery against the log of t, as described in the 
formula: 

m 264 Q . t 
T = — l 0 g l ° t ^ 

where Q = discharge of pumped well in gallons per minute 
s = residual drawdown in feet 
t = time since pumping began (any unit) 
ti = time since pumping stopped. 

The coefficient of storage, however, cannot be computed by this 
method. 
The existence of pervious or leaking confining strata, or the presence 
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of barrier conditions as faults, or fades changes in the aquifer may 
necessitate the abandonment of a disposal project. Such situations 
can be detected by pump tests and by plotting the data against a type 
Theis curve. Figure 8 illustrates a situation where pump tests can 
identify either a tight or leaky fault. This plot utilizes the concept of 
an imaginary well placed at an equal distance from the pumped well 
on the opposite side of the barrier. The values of ro represent the 
distance from the pump well to the observation well. A family of 
curves can then be developed for any value of it), or spcifically, for 
any location of an observation well. The curve can be expressed also 
in more familiar dimensionless units where: 

p D 2?r k p gH&h with H = aquifer thickness 
q/j. ' and h = hydraulic head = P 

kt «.u r tD = -r— 2 , and rD = — = distance between pumped and 
/ A ( * ) C r r w observation well 

radius of well 

and Ah = . q ^ T T / • — du 
AirpgR J x u 

with x = '^"kt ' a n ( ^ C ^ c ° m P r e s s iD i t i t ;y 

Integrating, 

Ah 9*, 
4?r k p gH ^ —0.5772 — In x + x — ?̂ ' ' ' J 

In terms of dimensionless pressure, the above equation can be 
written as: 

PD = % [ - 0 . 5 7 7 2 + i n 4 t » + ( 4 t o ) 2 • • • ] 

If the plot of Figure 8 tends to flatten out from the plot of the type 
curve, a leaking condition probably exists. A tight fault, on the other 
hand, will cause the curve to straighten or steepen from the type plot. 

Witherspoon et al (95) describe further applications of these plots to 
detect additional boundary conditions and distances from the pumped 
well to these barriers. 

Proper interpretation of the plots depends upon adequate distance of 
observation wells from the pumped or injected well and accurate 
observation of early test data. The resulting curve initially will match 
the type Theis curve before leaky or impervious conditions cause a 
departure from this curve. 

Neglecting the effect of the natural hydraulic gradient in the aquifer, 
the injected waste will move out in a radial manner from the well bore 
in a homogeneous aquifer of uniform thickness. 

The radius of the waste cylinder at any time can be calculated from 
the equation: 
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re = 0.0236 § x J L h 0 
where re = radius of waste travel in miles 

Q = injection rate in thousand gallons per day 
h = effective thickness of aquifer 
t = time in years 
4> = effective porosity 

The following illustrates an example of a typical disposal operation. If 
the injection rate were 100 gallons per minute, the net thickness of 
aquifer 50 feet, porosity 20 percent, the fluid would move out a dis
tance only slightly greater than one-half mile in 50 years — a distance 
often within the surface boundaries of the plant disposing of the 
waste. 

However, as discussed previously, if the receiving formation is hetero
geneous, the waste fluid front could be erratic with plumes of waste 
moving ahead of the main front. Where highly toxic wastes are to be 
disposed, knowledge of the waste movement is essential, and the use 
of heterogeneous formations will require close examination. 

If a formation is very permeable, the waste pattern will tend to form 
the shape of an ellipse rather than a cylinder as is the case for tighter 
formations. The ellipse will have its major axis in the direction of the 
hydraulic gradient under which the natural formation fluid is moving. 
The shape of the waste cylinder when subjected to movement under 
these natural conditions can be computed by formulas suggested by 
Theis (85) once the hydraulic gradient is known. 

Whenever possible, the potentiometric surface of the area in the vici
nity of the disposal well should be determined. This is a measure of 
the energy potential of the aquifer independent of the aquifer eleva
tion. The natural flow of water will be in the direction of the potentio
metric slope. Normally, the natural rate of fluid movement in a deep-
seated aquifer will be, at most, a few feet per year. 

The foregoing discussion emphasized the necessity for a thorough 
study of the hydrology of the proposed disposal aquifer, before any 
waste is injected into the subsurface. This vital consideration is some
times neglected. The evaluation methods suggested must be applied 
with discretion, particularly where the characteristics of the aquifer 
do not conform to the limitations as previously described, as the 
results could be unreliable. The study and evaluation of the hydrology 
requires a great deal of research, especially where disposal is con
ducted over long periods of time. 
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DRILLING AND COMPLETION OF 
DISPOSAL WELLS 

The techniques of drilling and completing a disposal well will be de
pendent upon the procedures adopted by the oil and gas industry in 
a given area and on the existing government regulations. 

When the drilling of a disposal well is being considered, it is most 
important to ensure that potable water horizons are completely pro
tected, all oil, gas and mineral water horizons are adequately sepa
rated, and that the disposal horizon is isolated. 

Very rarely can a well, initially drilled for other purposes, be used for 
subsurface disposal. Normally, the casing is not adequate to with
stand the anticipated pressures of a disposal operation nor is it suffi
ciently corrosion resistant to the waste fluids. Such wells, however, 
have successfully been used as observation wells. 

The actual drilling of the well can, in most cases, be accomplished 
using either cable tool or rotary methods. Some operators prefer the 
cable tool method since drilling muds are not used and the chances 
of damaging or plugging the disposal formation are reduced. 
Using rotary equipment, the disposal horizon can, under favourable 
conditions, be drilled out with clear water or air. Occasionally, the 
rotary method has been used to drill deeper holes to a point above the 
disposal horizon, cased off, and then the hole completed with a cable 
tool rig. 

If mud is used to drill out the disposal horizon, the mud can usually 
be effectively removed from the formation face by injecting water and 
circulating to surface, or by reaming and scraping. 

The choice of method will depend upon the availability of equipment 
in the area and the size and depth of hole to be drilled. For large, 
shallow holes, the cable tool is considerably more economical while for 
deep holes, the rotary method has proven to be more economical on a 
cost per foot basis. 

A typical schematic of a disposal well is shown in Figure 9. The dis
posal wells drilled in Ontario have, to date, all been drilled in Lamb-
ton County and have not exceeded a depth of 1,000 feet. The usual 
casing procedure has been to set 10% inch casing to 200 feet in a 
12 ̂  inch hole and either cement to surface or set on a shoe. A 7 inch 
casing is then set to the top of the disposal zone in a 9 inch hole and 
cemented to surface. The injection string in all wells is required by 
regulation to be cemented to the surface. In certain instances it may 
also be a requirement to cement the surface pipe. Casing centralizers 



32 

wel l head 
pressure gauge 

l ine to injection pump 

surface casing 
seated below 
fresh water zone 
or cemented to 
surface 

— shale — 

T Y P I C A L D I S P O S A L W E L L C O N S T R U C T I O N 

FIG. 9 

and scratchers should always be used to assure a proper cementing 
job. A minimum cement thickness of 1 inch should surround the cas
ing. A 6y4 inch hole is then drilled to total depth and 2% inch or 4y2 

inch tubing is suspended in the hole above the formation. The use of 
packers on the tubing has been discouraged in Ontario because of the 
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possible damage to the packer by the waste fluids. Since steel tubing 
will corrode with time, it must be replaced, and if the attached packer 
is damaged, the removal of the tubing becomes most difficult. 

The size and weight of casing is an important factor in the safe design, 
and overall expense of the well. The casing should be selected for the 
maximum depths and pressures expected and with due regard to stan
dards for bursting, tension, and collapse in respect of volumes to be 
injected. Large injection strings will have the effect of reducing well
head injection pressures. However, oversize holes are costly and often 
unnecessary when only small volumes are to be injected. Published 
tables including the A.P.I. Standards, are available for determining 
the proper size and weight of pipe for the parameters mentioned, and 
these tables should be used for reasons of safety and economics. 

The annular space between the tubing and casing should be filled with 
an inhibited water or kerosene. This procedure will add appreciably 
to the life of both casing and tubing by preventing the migration of 
the waste fluids into the annulus. A pressure gauge should be installed 
at the wellhead to record the pressure in the annulus and through 
monitoring of this pressure any change in reservoir conditions or a 
leak in the casing can be rapidly detected. A packer on the tubing is 
generally discouraged because of its susceptibility to corrosion with 
time. However, if one is used, the annulus should be filled with in
hibited fluid and pressured from the surface. The quantity of fluid to 
be placed in the annulus can be calculated by determining the static 
bottom hole pressure, the height of the column, the gradient of the 
displacing fluid, and the volume required per foot of annular space. 
Tables are also published to provide this data. 

Where corrosive wastes are being disposed of, consideration should be 
given to the use of plastic or epoxy coated tubing, cement lined tubing 
or fibreglass tubing. Epoxy coated tubing is almost completely corro
sion resistant and greatly reduces tubing friction. The added cost of 
such tubing is not onerous when frequent replacement and repair of 
ordinary steel tubing is considered. The use of epoxy coated tubing 
requires great care in handling to prevent any hammering, dropping 
or bending that would either crack or chip the lining and expose the 
bare metal of the tubing to corrosion. Special equipment exists to 
handle and run this type of tubing in the hole. 

Whenever possible, a core should be taken of the proposed disposal 
formation and will be required of most disposal wells drilled in On
tario — exceptions being granted only in those areas where sufficient 
core data exist to evaluate the formation properly. The expense of 
core is relatively small compared to the expenses that would be 
incurred if a well were prematurely abandoned because of insufficient 
data. A core facilitates the conducting of compatibility tests and 
makes possible a more accurate knowledge of the physical charac
teristics of the formation. Prior to running the injection casing across 
the disposal horizon, a logging programme should be run to determine 
the physical characteristics of the overlying strata and those of the 
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disposal horizon. The logs will greatly aid the interpretation of the 
core analysis. 

Logging Programme 
A logging programme should be planned to obtain data on formation 
characteristics including lithology, porosity, water saturation, permea
bility indication, temperature of the receiving formation and presence 
of fracturing or vugular conditions in the formation. In addition, logs 
will aid in determining the quality of cementing behind the injection 
casing over the entire interval of the hole. In Ontario, a gamma-ray 
density log has proven most useful for determining both lithology and 
porosity of the formation and if a caliper log is run with this log, an 
indication of permeability can sometimes be made, as an enlargement 
of the hole may develop in these regions. The caliper log, however, is 
used, normally, to provide hole diameter information, properly inter
pret other logs run in the hole, and to estimate the volume of cement 
required. An electric or guard log will give a measure of water satura
tion where the porosity is known and will provide information as to 
the lithology of the formation. A micro-seismogram log or 3D velocity 
log provides data with respect to fracturing and permeability asso
ciated with fracturing or vugs, and will give an accurate account of 
the effectiveness of the cement behind the casing. A temperature sur
vey will provide useful data for evaluating compatibility of the in
jected wastes with that of the formation fluid. 

Completion Programme 
Figure 10 illustrates two of the various completion methods that can 
be used with disposal wells. Wherever favourable conditions exist — 
i.e. — a consolidated formation, an open hole or barefoot completion 
is preferred. This type of completion leaves the entire thickness of the 
aquifer available for injection and stimulation and, of course, the 
problem of casing corrosion is eliminated. However, this type of com
pletion is impossible where semi-consolidated formations are utilized 
and the casing may, in fact, have to be set through the formation, 
cemented and then perforated. Where severe sand sloughing occurs, 
the hole may have to be gravel packed. All the disposal wells com
pleted in the Detroit River Group in Ontario have been completed 
open hole. 

Figure 11 illustrates the problems that could be encountered in im
properly constructed wells, or wells originally drilled for hydro
carbons if used for disposal purposes. The casing is seldom cemented 
to surface, permitting corrosion of the casing and subsequent 
contamination of other porous formations. The cement seats in 
such wells may be channelled and would allow wastes to migrate up
ward between the casing and the well bore. A well drilled or utilized 
for hydrocarbons may be considered for disposal purposes if the cas
ing is relatively new, of proper grade and a cement bond or micro-
seismogram log is run to check the effectiveness of cementing behind 
the casing. 
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The rate of fluid injection can be greatly increased by stimulating the 
formation with various chemicals or through mechanical methods 
which, in effect, increase the permeability and porosity in the critical 
region of the well bore and reduce the chances of formation plugging. 
The selection of one or more of the various methods available depends 
upon the chemical and physical nature of the formation as determined 
from core, sample and log analyses. The common methods of stimu
lation include acidizing, perforating or jetting, nitro-shooting, hydrau
lic fracturing, backwashing and, reaming, scraping or scratching. 

Acidizing is used primarily where limestone or dolomites are present. 
A dilute hydrochloric acid solution dissolves the carbonate materials 
in the rock with a resultant increase in effective porosity and per
meability. In the Detroit River Group of Ontario, batch quanti
ties of acid from 2,000 to 5,000 gallons have been used in acidizing. If 
carbonate cementing materials are present in sandstone, they are 
often effectively dissolved using hydrochloric acid. The silica cement
ing materials of a sandstone can partially be dissolved by hydrofluoric 
acid but usually a mixture of the above two acids will be used to treat 
a sandstone. Formations that react with acid may be continually sti
mulated if the waste fluids injected are acidic. Proper control of the 
acidity when this condition exists would increase the disposal capa
city with time. Certain acids, such as sulphuric, will produce an oppo
site effect in contact with limestones, as precipitates will be formed 
plugging the pore space and reducing the effective porosity and per
meability. For this reason, waste injection experiments should always 
be conducted in the laboratory on core samples where reactions with 
the rock can be measured. 

Perforating is a method of creating holes in casing by means of bullets 
or jetting and is accomplished when a tool is lowered in the well 
bore attached with a series of charges. Selected zones, beginning with 
the lowest, are shot with this method. Depending upon the size of 
charge used, up to two feet of the formation can be perforated as well, 
greatly increasing the effective permeability in the area of the well 
bore. As a result, the well bore in the disposal zone is selectively en
larged. Subsequent acidizing or fracturing can be conducted under 
suitable conditions after shooting to further increase the effect of the 
stimulation. 

Nitro-shooting involves exploding a charge at a desired elevation in 
the disposal zone and enlarging the well bore diameter by shattering 
the rock in the vicinity of the charge. This rather antiquated method 
is discouraged in most cases since damage to the aquicludes is a dis
tinct possibility. 

Fracturing is accomplished by forcing a liquid under pressure into the 
disposal formation which is isolated by packers, and increasing the 
pressure until the formation breaks or ruptures. This is indicated by a 
sudden decrease in injection pressure. The fractures are further ex
panded and supported by pumping in more liquid mixed with a sand 
propping agent. When the pressure is released, the sand prop will 
retain the fractures in the open position. In relatively thin formations 
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this method should be discouraged. Considerable research must be 
undertaken before this method is utilized for disposal purposes. In 
areas where horizontal fracturing cannot be assured, it has been 
suggested that these fractures can be made to develop at least in 
deeper formations if initiated through casing slots. A thorough study 
of the stress relationship in a given area, and of the histories of 
fracturing techniques and breakdown pressures of other wells in the 
general area should be made before considering this method. 

Backflushing is not so much a stimulation treatment as it is a method 
of removing drilling muds or rock fragments from the face of the dis
posal horizon. By pumping the well at a high rate, the physical char
acter of the formation can be restored to its original state. Scraping 
and reaming, although carried out for the same purpose as backflush
ing, removes muds that may have caked up to ^ inch in thickness 
on the well bore or penetrated the rock occasionally up to 3 inches 
when the well is drilled with rotary tools. 

MONITORING 
The successful and continued performance of any disposal operation 
is contingent upon a properly designed monitoring programme which 
will detect early failure of the well components or formation plugging 
that may develop. 

A monitoring programme should include a daily record of injection 
pressures and rates, and annulus pressure. Frequent analyses of the 
effluent from the treating plant should be made as a control of the 
plant efficiency and to assure that plugging materials are not entering 
the well bore. 

A restricted injectivity index or specific injectivity index test should 
be run every few months to evaluate the reservoir performance. It can 
be expected that injection pressures will increase with time due to the 
natural effects of reservoir pressure buildup and plugging of the pore 
spaces from materials in the waste. If shallower formations are to be 
utilized for disposal, a sampling of the fresh waters of wells within a 
2-mile radius is recommended before initial injection commences. In
formation on water quality of existing fresh water wells prior to the 
initiation of disposal could prove most beneficial to a monitoring pro
gramme, and any vertical migration of wastes or formation fluids can 
then be detected. 

A record of daily injection rates and pressures will detect any failure 
of the equipment in the well such as a casing leak or failure of a 
packer, where one is used. If pressures are suddenly increasing and 
rates declining, it is probable that the wastes have been improperly 
treated and the formation is plugging with solids or precipitates. 
If injection rates suddenly increase and the pressure declines, this 
may be attributable to a leak in the casing or at the cement seat, a 
formation rupture or to the waste reacting with the formation rock to 
open up new permeable channels. In any event, the operation should 
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cease until the situation is properly analysed and corrected where 
necessary. 

A pressure gauge on the annulus is a requirement for disposal wells in 
Ontario. In situations where a packer is not used on the tubing, an 
increase in annulus pressure will indicate a plugging condition in the 
formation. If the pressure should decrease or remain constant as the 
injection rate decreases, a scaling condition could be developing in the 
tubing because of the increased friction or resistance to flow. A sud
den decrease in pressure would indicate a possible casing break. If a 
packer is used on the tubing, the annulus should be pressured from 
the surface at a fixed pressure. Any change in pressure will indicate 
a leak around the packer or a break in the casing. 

The validity of an observation may well be questionable in certain 
formations with respect to monitoring movements of waste fluids 
since some formations are fractured, possess highly permeable streaks 
or are very heterogeneous in character. As a result of one or a com
bination of these factors, waste plumes could conceivably bypass an 
observation well. However, an observation well will often provide pres
sure buildup data and serve as a check on previously calculated reser
voir performance. Where old unplugged bore holes, outcrop areas and 
fresh water sources are suspected to exist in the vicinity, or where the 
potentiometric surface indicates an energy condition in the aquifer, an 
observation well would be a necessity. 

The distance an observation well should be located from the injection 
well will depend upon the transmissibility of the formation since for
mations of low transmissibilities would permit only very slow migra
tion of the waste. In Ontario, two observation wells exist at distances 
of 2,000 feet and 2 miles. The response of the well at 2,000 feet is very 
rapid — usually a matter of days. A time interval of approximately 
five years elapsed before any effect was observed in the more distant 
well which was located in a slightly updip situation from the injec
tion source. 

An important consideration with respect to observation wells drilled 
into the receiving formation, is that they can serve as a standby well 
in the event the main well is being reworked or has failed. Where 
highly toxic wastes are to be disposed in Ontario, an observation well 
may be required in the deepest overlying fresh water zone in the vici
nity of the well bore, or nearby water wells will be monitored at pre
determined intervals. 

Case histories of wells monitored for waste travel movement have in 
some instances, indicated considerable dilution of the waste a few 
feet from the injection well because of precipitation of some ions or 
dilution by natural fluid movement in the formation. Again where 
highly toxic wastes are injected, tracer dyes not affected by dilution 
have been added to the waste stream to provide knowledge of the 
waste movement which is essential. 

Monitoring programmes must be carefully designed in order to pro
vide meaningful data on reservoir performance, and, more impor-
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tantly, to assure that harmful effects to other mineral occurrences or 
fresh water sources do not result. If a failure in any downhole portion 
of the system should develop, the problem will be detected imme
diately and must be remedied, or the well abandoned. 

Where injection pressures are found to rise abnormally, reworking the 
well should be planned before the critical input value is approached or 
preferably at a predetermined pressure that is either self-imposed or 
established as a condition of the disposal permit. As an integral part 
of a monitoring scheme, every attempt should be made to fix injec
tion rates and pressures where possible, otherwise interpretations of 
monitor data becomes complex. 
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COMPATIBILITY AND TREATMENT OF WASTE 

The success of any disposal operation is dependent not only upon pro
per completion and testing of the well and selection of equipment, but 
also, to a large extent, upon the compatibility of the effluent with the 
formation brine and the rock itself. Compatibility tests should be run 
in the laboratory on both core and brine samples and under simulated 
reservoir conditions. 

If incompatibility exists between the fluids to be injected and the for
mation waters or rock, plugging of the pore space can quickly result. 
Further, when the natural equilibrium pH value of the formation is 
disturbed by injection of wastes of a different pH, adjustment to at
tain equilibrium again in the formation will take place. This is accom
plished by the precipitation of solids from solution or by dissolving of 
the formation. It is, therefore, important to control the pH factor in 
carbonate formations to a value slightly lower than the natural brine, 
so that a small degree of dissolving of the rock is continually main
tained. However, acids such as sulphuric or aluminum nitrate acids 
can form a gelatinous precipitate when in contact with calcium car
bonate and plug the porosity. Aquifers consisting of limestone 
(CaC0 3 ) , and dolomite ( C a M g ( C 0 3 ) 2 ) , would not be suitable if this 
type of waste was to be injected. 

Incompatibility between the injected fluids and the formation brine 
occurs when a deposit or precipitate is formed or a gas released which 
could cause a pressure buildup and effectively reduce the per
meability. The conditions which can cause incompatibility to develop 
have been classified by Selm and Hulse (72) as follows: 

(a) Alkaline Earth Precipitates 
Precipitates from alkaline earth metals, calcium, barium and 
strontium all of which have insoluble carbonates, sulphates, phos
phates and fluorides. As an example, a sulphate waste would not 
be compatible with a brine containing barium ions. 

(b) Heavy Metal Precipitates 
Into this category would fall the heavy metals including iron, 
chromium, aluminum, cadmium, zinc, manganese, all of which 
yield insoluble carbonates, bi-carbonates and sulphides. Pickle 
liquor containing iron salts is one example where accurate com
patibility tests must be conducted. Iron and manganese are usu
ally effectively removed by aeration and chlorination plus fil
tration. 

(c) Oxidation — Reduction Precipitates 
These precipitates usually result from reaction of hydrogen sul-
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phide with an oxidating agent. A common example of this type of 
precipitation is the reduction of chromate ion by hydrogen sul
phide to yield sulphur. 

(d) Organic Polymers 
The wastes from food processing plants and certain chemical 
manufacturing wastes often contain resin-like material which 
may polymerize in the formation and cause a plugging condition. 

(e) Suspended Solids 
This category includes solids as grease, dirt, dust or like ma
terials carried in the waste. 

(f) Bacteria and Algae 
The growth of these materials in the reservoir is a common prob
lem, but can be controlled by bactericides. Often the treatment is 
too costly and makes subsurface disposal impractical. 

(g) Oxygen and CO-
The presence of these elements entrained in the waste can cause 
severe corrosion problems on the tubing, casing and surface pip
ing, which in turn develop solids that can plug the formation. The 
use of epoxy or plastic piping will eliminate much of this prob
lem, as will aeration. 

Clay minerals are commonly found in most sedimentary rocks either 
interstitially or as lenses. As a water becomes fresher, it reacts with 
clay minerals, such as montmorillonite and illite, to swell the clay 
minerals and, subsequently, reduce the permeability of the formation 
to water. Clays have also been known to react with highly acidic or 
basic solutions. 

When a degree of incompatibility still exists after surface treatment, 
it has been demonstrated that a buffer of a non-reactive fluid injected 
ahead of the waste will often have a remedial effect. In a relatively 
uniform type of lithology, the waste moves out evenly away from the 
well and does not mix with the formation waters except at the transi
tion zone. It is apparently in this zone that most problems occur. The 
degree of mixing in this zone depends much upon the character of the 
rock and the viscosity ratio of the formation fluids and injected 
wastes. Detailed compatibility testing is almost mandatory to long-
term and successful disposal operations and to the proper selection of 
surface treating equipment. 

Figure 12 is a generalized schematic of a surface treatment plant. 
Occasionally, the plant design will be considerably more involved de
pending upon the complexity of the waste. 

The surface treating facilities usually consist of a pit or sump, 
separator, settling tank, trap filter system, chemical treater, collecting 
tank and injection pumps. 

The pits or sumps which gather the waste stream allow the settling 
out of large particles and in some cases an aeration system is incor-
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porated to oxidize iron or manganese — common precipitate form
ing salts. 

If oil is present in the waste, it will be separated out with a baffle 
type separator. Oil or tars would tend to plug the formation rapidly. 
The settling tank is essentially a clarifier that is used to further re
move oils and other dirts by adding certain flocculants which speed 
up the process of settling. The sediments are then mechanically 
removed. 

The fluids are subsequently processed through filters to remove any 
remaining suspended material. This process can be very inconvenient 
because of the frequency of filter replacement. Occasionally an 
operator will avoid filtering by simply increasing pump pressures or 
periodically back-flushing or reworking the well. To avoid the use of 
surface filtering equipment, for purposes of convenience and economy, 
is to invite problems and possible premature abandonment of the well. 

Numerous types of filters exist including those with and without pre-
coats, cartridge types, various strainers, polishing filters, and diato-
maceous earth filters, the latter of which are used with most industrial 
wastes. Often with such applications, a standby system is maintained 
to avoid a shutdown when filters are changed or cleaned. Where 
wastes are relatively solid free, a gravity and pressure sand filtering 
system may prove practical. 

If algae or bacteria are forming in the aquifer, the treating system 
must include a chemical treater to inject small amounts of bacteri
cide before the wastes are pumped into the well, or storage tank. Stor
age tanks are necessary to assure that pumps are not damaged for 
lack of fluids, and to contain any overflow. 

Selection of the injection pumps should be based on the results of 
injection tests, desired injection rates, the chemical composition of 
the effluent before disposal, and the degree of corrosiveness expected. 

The piston-plunger and centrifugal pumps are the two types of pumps 
generally chosen for injection depending upon the type and volumes 
of waste to be disposed. The piston-plunger has the advantage over 
the centrifugal in that it is capable of pumping at higher pressures 
and is a more efficient pump. However, it is not capable of pumping as 
great a volume, its initial cost is twice that of the centrifugal pump, 
water hammer is often a problem and, in general, it requires frequent 
servicing. As a result, a multi-stage centrifugal pump is chosen by 
most operators because of the cost factor, and because less internal 
surface area of the pump is exposed to corrosive wastes. Pumps are 
also used inside the treatment plant to remove the waste from one 
treating facility to another, and very often specially designed 
corrosion-resistant alloys or porcelain-lined parts may be required in 
the construction of certain pump components. The injection pumps 
should be equipped with pressure and flow rate recorders to monitor 
the performance of the system and the receiving formation so that 
workovers of the well may be effectively planned. The workover 
methods adopted by the petroleum industry have proven quite 
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successful but may require some modification to accommodate the 
physical character of the formation and the wastes being handled. 

If suspended solids have plugged the pore space at the face of the well 
bore, swabbing the well will very often remove much of the problem. 
The transient back pressure developed when injection is stopped may 
also combat this situation. Workover of the well permits waste fluids 
to drain away and, in effect, increases the well capacity. As noted 
previously, the advantage of a standby well, in addition to its emer
gency feature if failure were to develop in the main well, is that work-
overs would not cause a plant shutdown. 

Re-acidizing is the most common treatment and will often dissolve or 
disperse plugging material if left to react for a number of hours. Frac
turing and reperforating may have a remedial effect under certain 
conditions, particularly if zones not previously taking fluid can be 
opened up. 

Formation brine samples gathered in the general area of the well can 
be used with a fair degree of reliability for initial compatibility testing 
before the proposed disposal well is drilled. Although the overall char
acteristics of a formation brine are fairly common over a wide area, 
local and distinct differences can occur, which could introduce in
compatibility. This possibility makes it essential to conduct complete 
compatibility tests on brine samples from the new well regardless 
of favourable results from nearby wells. 

Table 1 is included as an illustration to show the differences in che
mical analyses of Detroit River Group brine for two wells in Ontario 
which are less than two miles apart, and for which samples were taken 
at relatively the same stratigraphic level. It is interesting to note also, 
the differences in concentration of the various chemical components 
at closely separated levels within the same well. 

RADIOACTIVE WASTES 
The problems associated with the disposal of radioactive wastes can 
be complex and expensive. Ontario, being a highly industrialized prov
ince may indeed face a growing problem in this area as nuclear energy 
becomes more widely used, both domestically and industrially. 

At present, Ontario has two nuclear generating stations operating one 
unit each. By 1973, three stations will be in operation comprising six 
nuclear units, and by 1979, four stations and ten units will be operat
ing with a total output of 5.4 million kilowatts. Thus, by 1980, 
Ontario will be a most significant user of radioactive materials for pur
poses of power and other industrial needs. 

The use of the subsurface for disposal of radioactive wastes can be 
feasible under special circumstances, and the unique problems that 
face this type of operation warrant separate mention. 

The problems of confinement and generation of heat are of utmost 
concern both on surface and in the subsurface. Surface confinement 
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can be extremely costly depending upon the concentration of the 
waste. Where favourable subsurface conditions exist, disposal by this 
method may represent the most practical approach for radioactive 
storage over long terms considering the half-life of many radioactive 
materials. No storage method can offer absolute assurance of total 
confinement, but at present the subsurface would appear to provide 
a greater safety factor. 

The disposal horizon should be as deep as possible, preferably at 
a depth in excess of 1,000 feet from surface to assure complete pro
tection of any fresh water source. In addition, the area should be far 
removed from populated centres. A sandstone is preferable since this 
rock is usually more homogeneous than a limestone, and movement of 
the wastes is more predictable. Some limestones may be acceptable, 
but often the presence of highly permeable sections or fractures make 
their use hazardous. 

Theoretically, the best type of horizon for highly radioactive wastes 
would include a confined sandstone lense, a fossil offshore bar sur
rounded by impermeable strata, or a thick shale section that is frac
tured. In the latter case, economics will govern the use of shale sec
tions as only limited volumes injected under high pressure can be 
disposed. 

Depleted oil or gas pools may hold possibilities for radioactive waste 
disposal, since in most cases the pool will be confined and protected 
with adequate seals. Conversely, older pools may have unplugged 
wells which may be difficult to locate, or wells that were not ade
quately plugged to insure complete containment of radioactive wastes. 
The use of depleted pools requires, therefore, considerable study to 
assure that their use will be completely safe. 

The problem of heat generated from radioactive wastes can be ade
quately controlled at the surface through dilution but the generation 
of heat in the subsurface can create more serious problems. The tem
perature rise can be calculated and should be kept at a safe limit 
below the boiling point. The boiling point in the aquifer will depend 
upon the hydrostatic pressure and the temperature at which the 
vapour pressure of water reaches this hydrostatic pressure. This tem
perature factor makes the use of salt caverns inadvisable. 

The surface treating of radioactive wastes can involve complex and 
costly machinery. Most radioactive wastes will be strong acid solu
tions requiring dilution, and as a result will be highly corrosive to 
machinery parts, storage tanking, and to piping both on surface and 
downhole. 

The tubing in the well bore and surface pipe will require special 
alloys or coatings. Testing of organic coatings on piping, however, 
should be conducted with the waste to determine their protective 
characteristics in contact with radioactive materials at high tem
peratures. 

Radioactive wastes will often require similar surface treating to that 
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described previously for other types of waste. Many ions that could 
cause incompatibility in the aquifer exist in this type of waste as do 
solid particles that require filtering. Although corrosion inhibitors 
may be added, the problem of microorganisms developing is practi
cally non-existent since the radioactivity destroys most forms. 

Strong radioactive wastes can be diluted before injection with brine 
from the receiving formation. This approach has the two-fold advan
tage in that periphery bleed wells drilled a distance of 2,000 feet, for 
example, from the injection well could be used as a source. Pumping 
from these peripheral wells creates a lower pressure area in the vici
nity of the disposal well which, in turn, has the effect of maintaining 
the waste in the region of disposal. Because of this pressure differen
tial created, cool, natural formation brine water would tend to move 
into the region of lower pressure instead of the waste moving out long 
distances into the aquifer. Monitoring of the bleed wells would pro
vide a high degree of control of waste movement. Some of the brine, 
however, will still require disposal by other means, as not all can be 
used in dilution. Dilution might best be accomplished at the bottom 
of the well by running the water down the annulus, provided, of 
course, that specially lined casing has been used in lieu of the in
hibited fluids normally placed in the annulus. The handling of large 
volumes of waste on surface is, therefore, avoided and a cooling effect 
of casing and cement is achieved in the well bore. 

Where subsurface disposal of radioactive wastes is to be considered, 
a suitable disposal area should be selected before constructing the 
plant to avoid surface transportation of the waste. 

Other problems with subsurface disposal of this type of waste relate 
to the wellhead, and flow lines which would have to be adequately 
shielded in cement and buried, making servicing difficult. Workovers 
are much more complex as the common methods of backwashing and 
acidizing should be avoided for reasons of safety. If mechanical 
methods cannot alleviate a problem, the well may, in fact, have to be 
abandoned. 

In Ontario, the Cambrian sand formations may offer the best possi
bilities for radioactive disposal, but an extensive feasibility study 
would be required. 
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LEGAL CONSIDERATIONS 

Little consideration has been expressed in the literature as to the pos
sible legal implications of subsurface trespass with respect to the in
jection of wastes. There does not appear to have been a case docu
mented where trespass of this nature has been contested. Neverthe
less, the possibility must be considered. With the knowledge available 
today in the fields of hydrology, a plaintiff will have little difficulty 
proving trespass should the occasion arise. 

Although trespass in itself would unlikely be a cause for legal re
course, destruction of valuable resources such as hydrocarbons, brines 
or mineable minerals by the waste, or as a result of pressure buildup, 
would definitely be a cause for damages. However, to define a criteria 
for establishing the extent of damages may, in some instances, 
present a complexity of problems that would indeed be costly to re
solve. In other instances, if a hydrocarbon structure were damaged or 
flushed, it would not be too difficult to arrive at a figure for damages 
by drilling of wells and from geophysical data. 

Damage suits are more likely to arise from failure in the well itself 
through improper construction or maintenance, which allows waste 
fluids to migrate into horizons other than the disposal aquifer, 
especially into fresh water sources. 

Although the role of the regulatory agencies in Ontario is to assure 
that all disposal operations are properly engineered, and that damages 
of the nature described are avoided, the permit so issued does not 
alleviate the legal responsibility of the operator. 

Most disposal operations are from plants that possess large areas of 
land for which the mineral rights have been acquired. The areal ex
tent of the plant is often greater than the predicted subsurface migra
tion of wastes, but it must be remembered that the pressure effects 
can travel much greater distances. 

The problem of subsurface trespass can be resolved by acquiring suffi
cient mineral rights in the surrounding area, or statements of release 
from adjoining mineral holders. The acquisition of large blocks of 
mineral rights should not impede exploration for minerals in other 
horizons if the plant operator co-operates by farming-out his acreage 
for this purpose. There is little problem of drilling through the pres
sured waste cylinder with the drilling techniques of today, but ex
ploration of this nature in areas of radioactive waste disposal must 
proceed with extreme caution or be avoided altogether. 
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COSTS 

Cost estimates for a disposal well and surface treatment plant are 
very difficult to define, as many factors peculiar to a given area or to 
the type of waste involved can greatly alter these estimates. 

Very limited data have been published for the costs of disposal sys
tems, but figures that are available indicate wide variance in costs — 
the prime reason being the surface treatment facilities. 

The capital costs of drilling and completing a well can vary, depend
ing upon location, the type of casing required, and stimulation and 
testing programmes. For reference purposes the generalized well costs 
for a typical 1,000-foot well in Ontario are itemized below. Many 
unexpected problems, delays and additional stimulation methods 
could add considerably to these costs: 

Well Specifications 
Depth —1,000 feet 
Surface Casing, 10% inch at $5.50 per foot, (200 feet) 
Injection Casing, 7 inch at $2.25 per foot, (800 feet) 
Tubing, 2% inch at $1.00 per foot, (800 feet) 
Drilling Costs — Rotary — $5.00 to $5.50 per foot 

— Cable Tool — $4.00 to $4.50 per foot 

Approximate Costs 
Drilling $ 5,000 
Casing 3,600 
Cementing and Centralizers 1,200 
Logging (2 Logs) 1,000 
Drill Stem Test 400 
Injection Test 1,000 
Spinner Survey 600 
Acidizing 1,200 
Well Head and Valves 1,000 

Sub-total . $15,000 

Additional Costs 
Coring at $7.00 per foot (e.g. — 150 feet) $1,050 
Analysis of core at $12.00 per foot 1,800 
Analysis of brine and waste at $50.00 

each sample 100 
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Perforations (if required) at $10.00 per shot 
(4 per foot) 2,000 

Sub-total $4,950 

TOTAL $19,950 

The costs as quoted include truck services, where applicable, but cor
ing costs could be quite variable depending upon the formation cored. 
Consulting costs, and epoxy coated tubing or other special equipment 
would be in addition to the above estimates. 

The well costs are seen to form a smaller percentage of the overall 
fixed capital expenditure and provide an answer for the disposal po
tential of a formation for a relatively small sum of money, but the 
cost of a 4,000-foot hole could add another $30,000-$35,000 to the 
overall figure. 

The capital outlay for surface treating facilities depends upon the 
injection pressures required, the type of waste, degree of treating and 
filtering required and the corrosiveness of the waste. The cost, there
fore, can range from $7,000 for a 100 H.P. centrifugal pump, to over 
$1,000,000 for a complete treating plant. 

The total expenditure for one surface treating plant in Ontario dis
posing of refinery phenols ran about $135,000. It is reasonable to 
assume that the average capital cost of a disposal operation for a pro
cess industry waste would be less than $200,000. 

Operating expenses are again very difficult to affix and are dependent 
upon costs of chemicals, electric power, repairs, sludge handling, de
preciation, replacement of tubing and periodic workovers. Of these, 
the cost of power is probably most important and should be given 
every consideration in design of the equipment and size of casing. 

In Ontario, operating cost figures are not readily available, but are 
believed to run in the order of 1 to 1 ^ cents per barrel. 

The types of wastes usually considered for subsurface disposal are 
wastes that are both uneconomical and difficult to treat on surface. 
When considering the costs of a complete surface process for these 
wastes relative to those for subsurface disposal, the cost factor of the 
subsurface method is usually one-half or less than the surface method. 
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The Southwestern Ontario Basin is the area of prime concern for sub
surface disposal, and to a lesser extent the Eastern Ontario Basin. 

THE SOUTHWESTERN ONTARIO BASIN 
The Southwestern Basin is not a separate geological basin, but rather 
is an area of sedimentary rock made up of the eastern rim of the 
Michigan Basin and the northern rim of the Appalachian Basin. 
These two basinal areas are separated by a structurally high, base
ment controlled feature known as the Algonquin Arch, which trends 
in a northeast-southwest direction through the entire southwestern 
sedimentary area. 

To the southwest, the Findlay Arch extends northward from Ohio 
and is reflected in the extreme southwestern tip of Ontario in the 
structure contour maps of the Cambrian and Guelph formations, and 
the Detroit River Group of Figures 17, 20 and 21. Separating the 
Algonquin and Findlay features is a structural depression encom
passing a fault complex known as the Chatham Sag. 

The Southwestern Ontario Basin is slightly greater than 25,000 
square miles in extent with an additional 15,000 square miles extend
ing under the Great Lakes to the International Boundary. The South
western Basin consists of rocks ranging in age from Upper Cambrian 
to Upper Devonian which attain a maximum thickness of 5,000 feet 
near Sarnia in the west and extend eastward to a zero edge on a line 
from Lake Simcoe to Kingston. The sediments thicken westward into 
the Michigan Basin to about 15,000 feet and southward into the Ap
palachian Basin to over 20,000 feet. 

An erosional surface feature known as the Niagara Escarpment 
extending from the Niagara Falls-Hamilton area and northward to 
the Bruce Peninsula terminates the eastward extension of the Silurian 
and part of the Upper Ordovician sediments. Only Upper and Middle 
Ordovician sediments extend eastward beyond the escarpment. 

The Southwestern Ontario Basin is of greater importance with respect 
to the problems of subsurface disposal because of the larger concen
tration of major industry in this area than in the Eastern Ontario 
Basin. 

Unfortunately, the Southwestern Basin has a relatively thin veneer of 
sedimentary rocks and is of limited areal extent, compared to the 
basinal areas from which most of its sediments were derived. The 
bordering western and southern States underlain by the Michigan and 
Appalachian Basins respectively have a number of extremely thick 
aquifers of large areal extent which provide ideal environments for 
subsurface disposal. In Southwestern Ontario only a few formations 
can be considered for disposal of wastes and these are of limited 
thickness. 

Figure 14 is a generalized geological section of Southwestern Ontario. 
The formations which offer potential for disposal of waste are noted. 
The Detroit River Group and Cambrian formations are the most 



54 

GENERALIZED GEOLOGICAL SECTION 
SOUTHWESTERN ONTARIO 

POTENTIAL DISPOSAL HORIZON 
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Potential in Lambton County and 
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and Norfolk Counties 
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PRECAMBRIAN a ' C ' V W N I IGNEOUS ROCKS 

Potential in Norfolk County and parts 
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favourable horizons, but the Guelph Formation in certain areas 
appears quite attractive. Locally, the Bois Blanc and Bass Islands 
Formations may have possibilities for limited volumes in the areas 
described. 

The geological column shown is only a guide to the formations and 
units described, and is more applicable to the western regions of the 
sedimentary section. Elsewhere, and more particularly toward the 
Niagara Escarpment, some of the Ordovician formations and the en
tire sequence of Silurian and Devonian formations are missing either 
through non-deposition or erosion. 

The physical properties of the formations, especially porosity and per
meability, vary, often quite noticeably within a few miles, because of 
the mechanics of deposition and erosion or locally developed struc
tures. Consequently, the need for a detailed examination of all well 
data and samples for an area under consideration cannot be over
emphasized. Cross-sections of the basin were not included in this 
report and for this purpose the reader is referred to a previous report 
by R. J. Beards (8) in which appears a number of east to west and 
north to south sections which accurately delineate and detail the en
tire sedimentary sequence. 

The Detroit River Group, and specifically the Lucas Formation, com
prising the upper part of the Group, is the only aquifer used at present 
for the disposal of industrial wastes. In one case, limited volumes of 
waste tars are being disposed in a brine cavity of the Salina Forma
tion, but this operation is more properly defined as an enclosed waste 
storage system. Figure 15 shows the distribution of both the indus
trial and oil field brine disposal wells. The industrial wells are located 
entirely in the western part of Lambton County. The oil field brine 
disposal wells are associated with producing oil pools and are utilizing 
the Detroit River Group, Salina, Guelph and Cambian Formations. 
Often the moderate volumes involved are injected under vacuum. 

Table 11 lists the various industrial waste disposal operations in 
Ontario, the character of their wastes and present injection rates and 
pressures. With the exception of four wells that were drilled between 
1958-1960, all are fairly recent. To date, all wells have been successful 
and have performed as predicted, requiring minimal workovers. Al
though most of the wells are within close proximity of one another, 
the injection rates for a given pressure are quite variable in the Lucas 
Formation. On the average, a 400 p.s.i. pressure is required to inject 
100 g.p.m., but occasionally a much lower rate is developed using the 
same pressure. 

Unfortunately, some of the basic data from the earlier disposal wells, 
although carefully monitored by the industries concerned, have been 
lost and accurate performance plots could not be constructed. During 
the past two years, however, monthly data including any chemical 
change in the effluent have been submitted to the Department for all 
disposal wells and is a requirement for all new disposal wells. In addi
tion to the report requirement, the Department from time to time 
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are more likely to exist in the brine. A few analyses, however, do exist 
for the upper horizons and provide a general regional guide in certain 
areas. 

An extensive computer data system is maintained by the Department 
in addition to the forementioned sources of information. The system 
incorporates data on over 10,000 wells and can be utilized at a nomi
nal cost by any industry evaluating the potential of a given area. 

Maps can be generated from the computer data at any scale, but a 
two inch to one mile has proven most useful and is one for which the 
Department published 15-minute quadrant sheets on which all wells 
are located. The computer generated maps are essentially value maps 
devoid of contouring. Machine contoured maps are being produced 
within the Department for distribution in report form but the facili
ties are not available to the public. Where industry is examining the 
structure and thickness of potential disposal horizons, or studying 
cross-sections of an area, they are encouraged to use the system, since 
many man hours of time and labourious searching of files can be 
eliminated. The maps shown in Figures 17 to 21 were hand-contoured 
from computer output maps on the two inch to one mile and four inch 
to one mile scales. Approximately 10 minutes computer time was re
quired to generate all five maps. 

The services and advice of geologists and engineers is always available 
from the Department. However, any industry contemplating a dis
posal study would be well advised to employ the assistance of a com
petent consultant familiar with Ontario geology and reservoir char
acteristics. 

The maps of Figures 17 to 21 are structure contours and isopachs of 
the Cambrian and Guelph Formations and Detroit River Group. 
These formations offer the most promising potential for disposal of 
industrial wastes. On each map, areas have been delineated as favour
able or unfavourable for disposal purposes. The areas so outlined have 
been chosen on the basis of recorded water recoveries from wells pene
trating the formations, the quantity of water, proximity to potable 
and usable waters in each of the formations, proximity to outcrop 
areas, areas of faulting, depth from surface, and existing and potential 
areas containing hydrocarbons. Some areas are completely lacking in 
data, and as such, the delineation of certain areas on these maps could 
alter as a result of future drilling. The capacity and potential of a 
formation cannot be properly evaluated in any area until a well is 
drilled and tested. The areas outlined provide only a guide to explora
tion for potential sites, and it must be remembered that many local 
situations exist in these formations, which, if encountered during drill
ing could make impractical a proposed disposal well drilled within an 
otherwise very favourable area. 

To examine the possibilities for subsurface disposal in the various for
mations comprising the Southwestern Ontario Basin, the geology and 
physical characteristics are generally reviewed from the older to 
younger periods. 
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Cambrian Period 
The Cambrian rocks in Ontario are of Upper Cambrian in age and, on 
the Michigan Basin rim, consist of the basal Mount Simon Forma
tion, the Eau Claire and Trempealeau Formations. On the Appala
chian Basin rim the Cambrian terminology becomes respectively the 
Potsdam, Theresa and Little Falls Formations, which may or may not 
be correlative with the Cambrian of the Michigan Basin. However, for 
the purpose of this report, it will be assumed that the formations are 
equivalent. 

The Cambrian strata rest directly on the Precambrian basement com
plex and cover a very limited area of the Southwestern Ontario Basin 
(Figure 17). These structure contours outline an erosional edge of the 
strata and illustrate the effects at both the Algonquin and Findlay 
Arches. Structure is seen to dip south and southwestward on the Ap
palachian side of the arch, northeastward on the Findlay Arch in 
Essex County, and westward into the Michigan Basin in Lambton 
County. A considerably greater distribution of Cambrian sediments 
existed at one time but were subsequently eroded during Lower Ordo
vician times. 

Figure 17, illustrates several of the more notable fault systems in the 
area of the Chatham Sag in Kent County, separating the Algonquin 
and Findlay Arches. 

The oldest strata are the Mount Simon, Potsdam Formations which 
are widely distributed throughout the Michigan and Appalachian 
Basins, but are confined in Ontario to Essex County, and parts of 
Lambton, Elgin, Norfolk, Huron and Bruce Counties. The formations 
consist, primarily, of coarse to medium grained quartzose sandstones. 
In Essex County the Mount Simon, Potsdam attains thicknesses of 
up to 100 feet and in Elgin and Norfolk Counties of over 50 feet. The 
basal Cambrian is water bearing throughout much of the Michigan 
Basin, and is used as a potable water source in certain areas where it 
occurs at depths of less than 1,000 feet. 

The Mount Simon, Potsdam are overlain by the Eau Claire, Theresa 
Formations which in Southwestern Ontario have the greatest areal 
distribution of the Cambrian sequence. In some areas these forma
tions rest directly on the Precambrian rocks. The Eau Claire, Theresa 
underlies all the Niagara Peninsula region, Norfolk and Essex Coun
ties and parts of Brant, Elgin, Kent and Lambton Counties. The for
mations attain thicknesses of over 200 feet in Essex County and the 
northwest extremity of Lambton County. 

The Eau Claire, Theresa Formations are heterogeneous consisting of 
shaly, coarse to fine grained quartzose sandstone, with interbeds of 
finely crystalline dolomite. The porosity and permeability of this 
middle unit tend to be less than the basal as a result of the carbonate 
cementing materials and interbedded shales. 

The Eau Claire, Theresa are overlain by the Trempealeau, Little Falls 
Formations which have a limited distribution in Ontario. The Trem-
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pealeau, Little Falls occur in the western part of Elgin County, parts 
of Kent and Lambton County and all of Essex County, attaining 
thicknesses of 100 to 150 feet on the Michigan side of the Algonquin 
Arch and 50 to 100 feet on the Appalachian side. 

The Trempealeau, Little Falls Formations in Ontario consist of buff-
coloured, finely crystalline dolomite. The upper part of these forma
tions contains a thin sandy unit which thickens into the Michigan 
Basin. The porosity and permeability of the Trempealeau, Little Falls 
are relatively poor — a feature which becomes more noticeable as the 
unit deepens into the Michigan Basin. 

Figure 18 is in isopach map of the total Cambrian section and outlines 
the areas of the Cambrian that may be considered for subsurface 
waste disposal. The figure indicates also the location of the present 
producing oil fields in the Cambrian. These prolific pools occur within 
the fault complex of the Chatham Sag or result from a pinchout of the 
rocks near their erosional edge. The existence of such areas must be 
considered in formulating plans for disposal into the Cambrian, espe
cially within the Appalachian rim-area of Southwestern Ontario. 

Since very few wells have been drilled into the Cambrian, limited 
reliable data are available for delineating favourable disposal areas. 
The areas suggested on Figure 18 could change as a result of future 
drilling but should provide a preliminary guide for disposal areas. 

Area I in Lincoln and Lambton Counties has good aquifer conditions 
and appears most favourable for disposal purposes. Area II as shown 
is questionable. Although fair aquifer conditions appear to exist in 
certain regions of Area II, insufficient data are present. Area III is 
noted as unfavourable since tests in this area have been devoid of 
water recoveries in the Cambrian. In the Niagara Peninsula only the 
Eau Claire, Theresa Formations offer potential but, as noted pre
viously, possess rather poor porosity and permeability characteristics. 
An exception is a limited area in Lincoln County near Hamilton 
which appears to have good possibilities for disposal, and these favour
able conditions may extend eastward towards Niagara Falls and 
Buffalo. 

In 1968, a well was completed in the Cambrian at Buffalo, New York, 
to dispose of steel mill effluents. From tests conducted to date, the 
well appears to be reasonably successful. The success of this well 
offers promise for subsurface disposal in highly industrialized areas in 
and around Hamilton. However, the Cambrian sediments in the Ham
ilton area are very thin which would limit the volumes that could be 
injected. 

Water records, although sparse for the Cambrian, indicate the forma
tions to have a range of 200,000 to over 400,000 p.p.m. of total dis
solved minerals. Careful consideration must also be given to the pos
sibility that valuable minerals which could be extracted economically 
may exist in the Cambrian waters. 

A value of 5,000 p.p.m. of total dissolved mineral is usually considered 
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INDEX OF GAS & OIL FIELDS 

ESSEX COUNTY 
1. Maiden (Gas-S & 

Oil-O) 
2. Colchester (Oil-O) 
3. Kingsville-

Leaniington-
Mersea (Gas-S) 

4. *Pelee Island (Oil-S) 
5. * Staples (Gas& 

Oil-S) 
6. *Comber (Oil & 

Gas-S) 
7. * Belle Eiver (Oil-D) 

KENT COUNTY 
8. *Lake St. Clair 

(Gas-S) 
9. *Electric (Gas-C) 

10. Dover (Gas & Oil-O) 
11. *Fletcher (Oil-S) 
12. Tilbury (Gas & 

Oil-S) 
13. *Glenwood (Oil-S) 
14. *Romney (Oil-D) 
15. *Wheatley (Oil-S) 
16. *New Wheatley 

(Gas-S) 
17. *Stevenson (Oil-O) 
18. D'Clute (Gas-S) 
19. *Doyles (Gas-S) 
20. *Kipp (Oil-D) 
21. * Richardson's Siding 

(Oil-D) 
22. Wolfe (Gas-S) 
23. Guilds (Gas-S) 
24. Morpeth (Gas-S) 
25. *Botany (Gas-S) 
26. Clearville (Oil-C) 
27. Bothwell-

Thamesville 
(Oil-D) 

28. Zone (Gas-S) 
29. Chatham-Dresden-

Camden Gore 
(Gas & Oil-S) 

30. *Chatham Gore 
(Gas-S) 

LAMBTON 
COUNTY 

31. East Becher (Gas-S) 
62. West Becher 

(Gas & Oil-S) 
33. Sombra (Gas-S) 
34. Bickford (Gas & 

Oil-S) 
•Inactive 

35. Avonry-Wilkesport 
(Gas-S) 

36. *Duthill (Gas-S) 
37. Dawn (Gas & Oil-S) 
38. * Florence (Oil-D) 

(Oakdale) 
39. Dawn 156 (Gas & 

Oil-S) 
40. Waubuno (Gas-S) 
41. Brigden (Gas & 

Oil-S) 
42. Kimball-Colinville 

(Gas & Oil-S) 
43. Payne (Gas-S) 
44. Seckerton (Gas & 

Oil-S) 
45. Corunna (Gas & 

Oil-S) 
46. Talford (Oil-S) 
47. *Plympton-Sarnia 

(Oil & Gas-D) 
48. Mandaumin 

(Gas-S) 
49. Petrolia (Oil-D) 
50. Wanstead (Oil-S) 
51. *Wilson Croft (Oil-D) 
52. Enniskillen No. 28 

(Gas-S) 
53. *Enniskillen No. 26 

(Gas-S) 
54. Oil Springs 

(Gas-S, Oil-D) 
55. *Dawn 167 (Gas-S) 
56. Shetland (Gas-S) 
57. Dante (Oil-D) 
58. McCready (Oil-D) 
59. *Innwood (Oil-D) 
60. Brooke 5-12 (Oil-S) 
61. Sutorville (Oil-S) 
62. *Watford-Kerrwood 

(Oil-D) 
63. Warwick (Oil-S) 
91. Courtright (Gas-S) 

HURON COUNTY 
95. Dungannon (Gas-S) 
64. Bayfiield (Gas-S) 
65. *Zurich (Gas-S) 
66. *Dashwood (Gas-S) 

MIDDLESEX 
COUNTY 

67. Grand Bend (Oil-S) 
68. * Adelaide (Oil-D) 

69. *Crumlin (Gas-S) 
70. Glencoe (Oil-D) 

ELGIN COUNTY 
71. Mosald (Gas & 

Oil-S) 
72. Rodney (Oil-D) 
73. *New Glasgow 

(Gas-C) 
74. Willey (Oil-C) 
75. Cowal (Gas-S) 
76. *Dutton (Oil-D) 
77. Wallacetown 

(Oil-D) 
78. *Malahide (Gas-S) 
79. Bayham (Gas-S) 

NORFOLK 
COUNTY 

80. Norfolk (Gas-S) 
93. Wilsonville — 

Wilsonville S. 
(Gas-S) 

OXFORD 
COUNTY 

81. South Norwich 
(Gas-S) 

82. *Brownsville (Gas-S) 
88. Innerkip (Gas & 

Oil-C) 
84. Gobies (Gas & 

Oil-C) 
92. *Verschoyle W. 

(Gas-S) 
BRANT COUNTY 

85. Haldimand (Gas 
& Oil-S) 

HALDIMAND 
COUNTY 

85. Haldimand (Gas-S) 
WELLAND 
COUNTY 

86. Welland (Gas-S) 
WENTWORTH 
COUNTY 

87. *Rockton (Gas-C) 
HALTON COUNTY 

88. Hornby (Gas-O) 
89. Acton (Gas & Oil-O) 

BRUCE COUNTY 
90. *Hepworth (Gas-O) 

GREY COUNTY 
94. Egremont (Gas-O) 

PRODUCING 
FORMATION 

D—Devonian 
O—Ordovician 
S—Silurian 
C—Cambrian 
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as the upper limit of potable water, although livestock can tolerate 
concentrations of up to 10,000 p.p.m. 

Porosities in the Cambrian range normally from 5-15 percent, but 
values of up to 20 percent in the sands have been recorded and up to 
10 percent in clean dolomites. Permeabilities range from less than one 
m.d. to over 250 m.d.—the average being between 50 m.d. and 60 m.d. 

In parts of the Michigan Basin near Chicago, the Cambrian is used 
as a source of fresh water and the use of the Cambrian for disposal 
purposes in much of this area is limited. Disposal of radioactive 
wastes in the Cambrian in parts of the Michigan Basin is restricted 
because the waste, due to heating, may become less dense than the 
reservoir fluids and migrate up-dip into the fresh water zones. In 
Ontario, similar situations could possibly arise with the disposal of 
radioactive wastes in the Cambrian as these wastes, in certain regions, 
may move into petroliferous areas or into areas containing extractable 
brines. 

The Cambrian is used as a disposal horizon in Michigan, Pennsyl
vania and New York. Where favourable aquifer conditions exist in the 
Cambrian of Ontario, the overlying Ordovician strata should provide 
an excellent seal to the vertical migration of fluids. One Cambrian dis
posal well was drilled in the Sarnia area of Ontario, but was unsuc
cessful because the formation was tight. 

The Cambrian in Ontario may offer relatively better prospects for 
subsurface waste disposal than most other Palaeozoic strata in the 
province. Aquifer conditions appear to be favourable over relatively 
large areas, and most important, adequate overlying seals exist to 
protect other strata containing hydrocarbons and potable waters. Be
cause of the few wells that have penetrated the Cambrian, proper 
evaluation of any area will require a well to be drilled and tested. The 
fact that the Cambrian still remains extremely potential for hydro
carbons must be kept in mind when selecting disposal sites. 

Ordovician Period 
The Ordovician rocks unconformably overlie those of the Upper Cam
brian, having been deposited as Middle and Upper Units, after a long 
erosion period during Lower Ordovician times. The Middle Ordovician 
rocks consist of the Black-River and Trenton Groups, and the Upper 
Ordovician consists of the Collingwood, Meaford-Dundas and 
Queenston Formations. On the generalized geological section of 
Figure 14, the rock sequences which make up nine formations are 
shown as four major units because of the similarity of some of the 
formations. 

The Black River Group in Southwestern Ontario consists of a basal 
sandy and shaly dolomite and dolomitic shale of the Shadow Lake 
Formation, overlain by brownish, fine-grained limestones of the Gull 
River Formation. This formation is overlain by finely crystalline to 
granular and buff-coloured limestones of the Coboconk Formation. 
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throughout the year inspects the entire operation for condition of 
pipelines, flow meters, annular and injection pressure gauges and well
head equipment. The surface treatment plant and facilities fall under 
the jurisdiction of the Ontario Water Resources Commission and are 
inspected regularly by that agency. 

Figure 16 is a map of the oil and gas fields of Southwestern Ontario 
on which are located both the active and depleted fields. The index to 
this map indicates the geological age of the field. This map will pro
vide a guide to areas that should either be avoided when considering a 
disposal well, or areas where an operator must proceed with caution to 
avoid damaging any potential or existing hydrocarbon accumulation, 
or indeed, any area that could be considered for future gas storage. 

Conditions for subsurface disposal in Southwestern Ontario, as noted 
previously, are reasonably favourable in certain areas, but overall, 
limited pore volume is available, and the use of the subsurface neces
sitates close scrutiny by the regulatory agencies concerned regarding 
the types and volumes of waste to be disposed. 

Understandably, most of the knowledge of the subsurface has been 
derived from data of wells drilled for oil and gas. Often the best sub
surface disposal prospects occur in areas containing hydrocarbons and 
hence these areas are unsuitable for disposal. Some townships are 
almost devoid of exploratory wells making an accurate evaluation of 
the subsurface in these areas impossible. 

A number of the prospective disposal horizons (except the Cambrian 
formations) outcrop and can aid the operator in evaluating the litho-
logical character of the formation. The Devonian, and, in particular, 
the Detroit River Group outcrops in quarries in Essex County and 
along a northwest-southeast trend a few miles west and paralleling 
the Niagara Escarpment. 

The Silurian sections can be examined along the escarpment trend, 
and the Ordovician along their terminus at the Precambrian Shield on 
a line from Lake Simcoe to Kingston. The physical character at the 
outcrop of some of the formations, notably the limestones, may be 
very different into the subsurface, because of percolating waters that 
often react with the rock and enlarge the porosity at outcrop or ero-
sional surfaces. 

Samples of rock cuttings taken at 10-foot intervals of all oil and gas 
wells drilled in Ontario are stored at the Geological Survey of Canada 
sample repository in Ottawa, and are available for examination. In 
addition, a great many cored sections have also been retained. 

In Toronto, the Department maintains a hardcopy file and a micro
film file for approximately 20,000 Ontario wells. These files include 
drilling and completion particulars of each well, geological tops, me
chanical well logs, drill stem tests, and oil, gas and water analyses and 
data from all other tests conducted on the well. Water analyses are 
plentiful in specific areas and quite sparse in others. Existing regula
tions only require analysis of deeper horizons where valuable minerals 
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The Black River Group is distributed over the entire areal extent of 
the Southwestern Ontario Basin, outcropping along the Precambrian 
contact from Lake Simcoe to Kingston and thickening to 200 feet east 
of Toronto and to over 500 feet in the Lambton and Essex County 
areas. 

The overlying Trenton Group consists in ascending order of grey 
argillaceous limestones and bioclastic limestones of the Kirkfield For
mation, the argillaceous and fragmental bioclastic limestones of the 
Sherman Fall Formation and the dense, brown, fine grained argilla
ceous limestones of the Cobourg Formation. 

The Trenton Group has a distribution throughout the Southwestern 
Ontario Basin similar to the Black River Group, but outcrops north 
and east of Toronto (toward the Precambrian Shield contact north of 
Lake Simcoe). The Trenton is about 500 feet thick over most of the 
Southwestern Ontario Basin, west of Toronto, but thins to about 300 
in Bruce County and to about 350 feet in Essex and Kent Counties. 
Normally the Black River and Trenton Groups as a whole possess 
rather poor porosity and permeability and very few water shows have 
been recorded from these two Groups. As a result, the possibilities for 
subsurface disposal in these Groups would appear at present rather 
remote. However, two noteworthy Ordovician gas pools are located 
just east of the Niagara Escarpment — the Acton Field and the 
Hornby Field in Halton County. These pools produce from Black 
River anticlinal structures that have been partially dolomitized, 
possibly as a result of local movement of basement rocks. 

East of the Escarpment, similar structures with sufficient effective 
porosity for limited waste disposal may exist, but are likely to be of 
small areal extent. Few water recoveries have been reported from 
depths considered favourable for waste disposal, as only a limited 
number of wells have penetrated the Ordovician. 

West of the Escarpment, large areas are devoid of Ordovician tests 
and a reliable evaluation of the strata is, therefore, difficult. Porosity 
and permeability development have been recorded in certain areas of 
Kent and Essex Counties in both the Black River and Trenton 
Groups. This development is attributed to dolomitization from mag
nesium rich waters migrating upward along vertical fractures from the 
Cambrian rocks. The fractures are assumed to have developed in asso
ciation with basement faulting, and the resultant compaction has 
formed narrow synclinal features in which hydrocarbons have 
accumulated. The Colchester pool in Essex County, and the Dover 
pool in Kent County are examples of such development. Since 
similar pools exist in Michigan, the Counties of Essex and Kent 
remain prospective areas for hydrocarbon exploration and for waste 
disposal to a lesser degree, except in depleted oil or gas pools. Other 
minor Ordovician pools, long since depleted, were the shallow Picton 
Field in Prince Edward County, and the Hepworth Field near the 
Bruce Peninsula. The old Hepworth pool apparently produced from 
the Black River Group on a structure associated with a Precambrian 
high feature. 
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Ordovician production has been of minor significance to date, suggest
ing that the possibilities of finding suitable areas of porosity and per
meability for long-term waste disposal are not promising. 

The Upper Ordovician rocks constitute a sequence of elastics ranging 
in thickness from over 500 feet in Bruce County to almost 1,800 feet 
in Welland County. The sequence is made up of the black bituminous 
shales of the Collingwood Formation, green to grey shales with inter-
beds of siltstone of the Meaford-Dundas Formation, and thick red 
shales with dolomite interbeds of the Queenston Formation. The 
Queenston ranges in thickness from 200 feet in Bruce County to over 
1,000 feet in Welland County and 200-300 feet in the Essex, Kent and 
Lambton County areas. The formation is of a more limited areal ex
tent, outcropping just east of the Niagara Escarpment. 

Minor gas production occurred during the 1920's in the Meaford-
Dundas siltstones in Peel County and Welland County, with a few 
shows reported elsewhere in the Niagara area. However, the rather 
poor overall porosity and permeability development of this formation 
does not offer much promise for future gas development or for waste 
disposal. The Upper Ordovician sequence of rocks is more significant 
as a thick, impermeable seal against vertical migration of fluids from 
the underlying and more prospective Cambrian strata. 

Silurian Period 
The Silurian rocks in Ontario unconformably overlie the Upper Ordo
vician rocks and consist of the Lower Silurian Cataract Group, the 
Middle Silurian Clinton Group and Guelph-Lockport Formation, and 
the Upper Silurian Salina and Bass Island Formations. The Clinton-
Cataract Groups for the most part cover the Southwestern Ontario 
Basin, and outcrop along the base of the Niagara Escarpment. These 
formations consist of limestones, shales and sandstones, and vary in 
total thickness from less than 100 feet in Grey County to over 200 
feet in the Lake Erie region. 

In the Niagara Peninsula region, and underlying the eastern part of 
Lake Erie, the Whirlpool and Grimsby sands of the Clinton Group, 
and the Thorold sands of the Cataract Group occur as blanket sands 
and contain widespread natural gas reservoirs. The porosities and per
meabilities of these sands are erratic and since the pools are associ
ated with permeability pinchouts, they are relatively ill-defined. 

Although some water recoveries have been recorded in these forma
tions, the widespread distribution of gas and the proximity to the 
Niagara Escarpment does not, at present, make the use of these reser
voirs attractive for waste disposal. Certain depleted gas reservoirs in 
these sands, that might otherwise be unsuitable for gas storage, may 
have possibilities for limited volumes of waste, but such a project 
would require a very thorough study. Many old unplugged wells exist 
in this area, which would further complicate the problem of disposal. 

The overlying Middle Silurian Guelph-Lockport Formation is one of 
the most prolific hydrocarbon sources in Ontario, and one of the 
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better sources of potable water supplies. The Formation also appears 
to offer good possibilities for waste disposal in certain areas. 

The Guelph-Lockport Formation consists largely of grey, medium 
crystalline fossiliferous dolomite in the lower unit, a grey crystalline, 
argillaceous dolomite in the middle unit, and a brown, argillaceous, 
finely crystalline dolomite in the upper unit. The formation is charac
terized by areas of pinnacle, patch and barrier reef development as 
delineated on the Guelph isopach map of Figure 19. The patch reef 
area contains some of the more prolific Guelph gas reservoirs — the 
most important of these being located in Kent County, and to a much 
lesser extent in Elgin and Oxford Counties. The pinnacle reef develop
ment within the structurally lower areas of the Guelph occurs pri
marily in Lambton County and contains a number of the important 
gas storage areas. The barrier reef area to the east has not shown any 
indications of hydrocarbon accumulations. 

The structure contour map of the Guelph is illustrated in Figure 20. 
From the outcrop area at the Niagara Escarpment, the formation dips 
gently southwestward into the Appalachian Basin, and more steeply 
into the Michigan Basin. The effects of the Findlay Arch development 
are evident in the Essex County area. 

Figure 19 shows the Guelph-Lockport Formation in the Brant-Oxford 
County area to have a regional thickness from 200 to 400 feet, which 
thins northwestward into Huron County to about 100 feet. South
ward from Oxford County the formation thickens to over 400 feet in 
central Lake Erie and to over 500 feet in the Essex County and Kent 
County areas. As noted previously, the Guelph-Lockport is an impor
tant fresh water source—mostly near the outcrop areas and generally 
within the area described as area IV on Figure 19. 

The best possibilities for waste disposal appear to be in Area I on 
Figure 19, and to a lesser extent in Area II of the Essex-Elgin-Norfolk 
County areas. Area III is noted as unfavourable due to the hydrocar
bon development in this area and its potential as a gas storage area. 

The physical character of the rock units of the Guelph-Lockport will, 
in many areas, make the prediction of waste movement difficult, and 
the need for a careful study and test programme before disposal will 
be permitted is definitely indicated. Where the transition zone of pot
able or otherwise useable waters is nearby, an observation well or 
wells may be required, and only oil field brines would likely be 
permitted for disposal. Fresh water areas are normally updip from 
areas that could be considered for brine disposal. The combined 
effect of a higher specific gravity fluid being disposed, and the natural 
hydrodynamic effect that would be present should cause the disposal 
fluid to migrate downdip. 

Water analyses from the favourable Guelph areas shown in Figure 19 
are sparse and have been obtained mainly from the upper and middle 
units. Values of over 300,000 p.p.m. of total dissolved minerals are re
corded for the Lambton County area, but records for other counties 
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are practically non-existent. The Guelph Formation generally has 
porosities in the order of 5 to 15 percent and permeabilities in the 10 
to 50 m.d. range, with streaks exceeding 250 m.d. although the pin
nacle reef developments have values much greater than these. 

The overlying Salina Formation is a complex of salt, anhydrite, dolo
mite and limestone beds with shaly interbeds. The lower Salina A-l 
and A-2 sequences are potential hydrocarbon reservoirs, and are often 
associated with underlying Guelph production. The Salina is sub
divided into various stratigraphic units from A to G as illustrated in 
Figure 14, and provides good overlying seals for the favourable 
Guelph disposal areas. The salt areas are, for the most part, restricted 
to the less favourable Guelph areas, but the Salina A-l and A-2 se
quence in the potential Guelph areas are often quite impervious and 
anhydritic. Water recoveries in the A-l and A-2 units are erratic in 
the Lambton County region, and are not generally suited for waste 
disposal because of the proximity to hydrocarbon accumulations. 

There are three areas of the Salina Formation in Southwestern On
tario that can be considered for mining of salt — the Sarnia-Goderich, 
Windsor and Chatham. At present there are two mines operating, one 
with the F unit at Windsor, and the other within the A-2, B, D and F 
units in the Sarnia-Goderich area. In addition, there are six brining 
operations — three at Windsor, two at Sarnia and one at Goderich. 
The B salt unit in the Chatham area is thinner in comparison to the 
other areas and has not, as yet, been exploited. The proximity to min
ing operations such as these or to areas with mining potential, must be 
given careful consideration when planning waste disposal in these 
beds, to assure that communication of the waste does not occur. The 
use of brine cavities should be reserved for limited volumes of highly 
toxic wastes or semi-solid wastes difficult to treat on surface, and for 
ones that would not otherwise react with, or further dissolve the salt. 
Suitable areas for brine cavity operations may be found in the Lamb
ton County area, and parts of Huron, Essex and Kent Counties. 

The Salina salt beds do offer disposal possibilities as an enclosed sys
tem by displacement in brine cavities, but the expense of developing 
such a system would be quite high as the displaced brine must also be 
disposed of. 

The Bass Islands Formation which overlies the shaly dolomite of the 
Salina "G" unit, consists of brownish-grey to buff-coloured, fine 
grained dolomite, with shaly interbeds, and has a thickness in the 
order of 150 feet in the southern part of the basin. The Bass Islands 
Formation is not productive of hydrocarbons, but very locally, in 
parts of Kent County, water shows have been recorded and may offer 
possibilities for disposal where the overlying Bois Blanc Formation 
provides an adequate seal. The Bass Islands is utilized for pulp liquor 
waste disposal in one well in Pennsylvania. Its use for disposal 
purpose in Ontario does not, however, appear very promising because 
of its relatively poor porosity and permeability. 
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Devonian Period 
The Devonian rocks overlie, unconformably, those of the Upper Silu
rian and consist in ascending order of the Lower Devonian Oriskany 
and Bois Blanc Formations, the Middle Devonian Detroit River 
Group, Dundee, Marcellus and Hamilton Formations, and the Upper 
Devonian Kettle Point and Port Lambton Formations. 

The basal Devonian Oriskany Formation is a buff-coloured quartzose 
sandstone and exists only as minor remnants in the Lake Erie region. 
The formation is used for disposal in one well in Pennsylvania. Its use 
in Ontario does not appear feasible due to its erratic and limited 
distribution. 

The Bois Blanc Formation consists of finely crystalline cherty lime
stones and dolomites and varies in thickness from less than 50 feet in 
the Niagara Peninsula and Lake Erie region to over 150 feet in Kent, 
Essex and Lambton Counties. Locally, over 200 to 300 feet of Bois 
Blanc in these Counties occurs in northwest-southeast trending lows 
as a result of leaching of the underlying Salina salts. 

In the Lake Erie region, the base of the Bois Blanc is characterized 
by lenses of glauconitic, quartzose sandstones known as the Spring-
vale member. The Springvale attains a thickness of 30 feet in the salt 
solution lows in the western part of the basin. The Bois Blanc has 
shown a number of water recoveries both from the porous Springvale 
member and, the limestone and dolomite sections. These occurrences 
are erratic and it does not appear that aquifer conditions associated 
with the formation are of sufficient areal extent for long-term waste 
disposal. However, the western part of Norfolk County and parts of 
Elgin County may have possibilities for limited volumes. 

The Detroit River Group overlies the Bois Blanc and consists of a 
lower Amherstburg Formation and an upper Lucas Formation. These 
formations outcrop in Oxford County and in Essex County and limit 
the use of the Detroit River, for disposal purposes, to Lambton and 
parts of Elgin and Kent Counties. The Amherstburg consists of dark 
brown, finely crystalline limestones and dolomites and granular 
dolomites. 

The lower section of the Amherstburg in Essex County is made up of 
a fine quartzose sandstone known as the Sylvania member. It attains 
a thickness of 80 feet in Ontario and is known to thicken into the 
Michigan Basin to over 300 feet. The Sylvania is water bearing 
throughout much of its areal extent in Michigan, but its proximity to 
outcrop in Ontario prohibits its use for disposal. The Amherstburg is 
erratic in water recoveries and is generally unsuitable as a formation 
for disposal purposes. 

The Lucas Formation of the Detroit River Group is the only forma
tion being used at present for industrial waste disposal in Ontario. 
The Lucas Formation has widespread water recoveries and, as illus-
strated on the structure contour map of the Detroit River Group in 
Figure 21, the formation is favourable in Middlesex, Kent and Elgin 
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Counties, and unfavourable elsewhere because of proximity to outcrop 
areas, or because of shallow depth and presence of fresh water sources. 

The structure of the Detroit River Group reflects the influence of 
both the Algonquin and Findlay Arches. Isopach maps were not con
structed for the Detroit River Group of formations since most records 
of earlier wells did not differentiate these formations as is the case 
now. However, the Amherstburg Formation is regionally 200 feet 
thick throughout Elgin, Kent, Essex and Lambton Counties and the 
Lucas Formation ranges in thickness from zero feet in the Lake Erie 
region to over 300 feet in the northern part of Lambton County and 
the southern part of Huron County. The Detroit River Group thickens 
into the Michigan Basin to about 1,600 feet where, in addition to the 
dolomites, salt, gypsum and anhydrite interbeds occur in the Lucas 
Formation. 

Core analysis and water analysis data for the Lucas Formation are 
rather sparse, but from core data that are available, and from gamma-
ray-density logs, the Lucas appears to have a porosity range of 8 per
cent to 20 percent in the Lambton County area and permeabilities of 
10 m.d. to over 50 m.d., with streaks in the order of 200 m.d. Values 
considerably lower exist in other areas, especially in area II shown on 
Figure 21. 

The Detroit River waters contain over 100,000 p.p.m. of total dis
solved minerals in the Lambton County area, 40,000 p.p.m. in Elgin 
County, and 5,000 p.p.m. in Huron County. The analyses example of 
the Detroit River waters of Table II is typical for this Group of 
formations. From the example, it can be seen that economically 
extractable minerals do not exist in the brine. 

The overlying Dundee Formation consists, mainly, of light to dark 
brown, fine grained limestones, and has an areal extent similar to the 
Detroit River Group, outcropping in Essex and Oxford Counties. The 
formation is about 400 feet thick in Michigan, thins to approximately 
60 to 120 feet in Lambton and Kent Counties, and thickens again 
eastward to over 150 feet in the Lake Erie region. 

The Dundee Formation has had a sporadic number of water shows 
recorded in its lower section but is also an oil producing formation; 
the old Petrolia, Oil Springs, Rodney and Glencoe fields being more 
notable. These pools occur on anticlines of low amplitude which have 
resulted from leaching of the underlying Salina Salts during Middle 
Devonian times. Waste disposal in the Dundee Formation must be 
avoided in such petroliferous areas. The Dundee Formation, however, 
does not appear to be a widespread aquifer, and in addition to its 
petroliferous nature in certain areas, its relatively shallow depth would 
seriously limit large volumes of waste or high injection pressures. The 
Dundee Formation and the Detroit River Group are used for disposal 
purposes in Michigan where the strata are deeper and possess better 
aquifer properties. 

The Hamilton Group of formations overly the Dundee and are com
posed mainly of interbedded calcareous shales and shaly limestones. 
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This Group is relatively thin in Ontario and ranges from 100 feet in 
the southern part of the basin to 300 feet in the north, and thickens to 
about 800 feet in the central part of the Michigan Basin. This Group 
and the overlying Upper Devonian Kettle Point Formation which 
consists of black bituminous shales, cover a relatively large area of 
Lambton County, and parts of Kent and Elgin Counties, and 
provide thick, impermeable strata which could prevent the vertical 
migration of wastes into the overlying potable water horizons. The 
Kettle Point Formation is about 200 feet thick in Lambton County 
and thickens gradually southward into Lake Erie except for a thin
ning in the region of the Chatham Sag. Although fractured shales are 
suggested as suitable rocks for limited volumes of radioactive wastes, 
the proximity to surface of these formations prohibits their use. 

The Port Lambton Formation is present only in Moore Township, 
Lambton County, and consists of approximately 100 feet of grey 
shales and dolomite sandstones. It is correctable with the Sunbury, 
Berea and Bedford units of the Michigan Basin. The shales and 
sandstones of the Port Lambton may have potential for radioactive 
waste disposal (and industrial waste disposal in the Berea Sandstone) 
in certain areas of the Michigan Basin, but in Ontario, its limited 
areal extent and shallow depth rule out any such possibilities. 

In Ontario, the Detroit River appears to be the only Devonian rock 
suitable for subsurface disposal, but only in Lambton and parts of 
Kent and Elgin Counties. These areas have adequate, overlying im
permeable strata to protect groundwater sources but, with an average 
depth of 900-1,000 feet, the injection pressures and volumes are 
limited. 

THE EASTERN ONTARIO BASIN 
A narrow lobe of Precambrian rocks—the Frontenac Axis—separates 
the Southwestern and Eastern Ontario Basins. The Eastern Ontario 
Basin is only about 4,500 square miles in areal extent with a maxi
mum thickness of 3,000 feet, composed primarily of Ordovician rocks 
and a relatively thin basal Cambrian section. The Cambrian rocks 
appear similar to those in New York State, and the Ordovician rocks 
similar to those in the Southwestern basinal area. The Eastern On
tario Basin possesses a number of major faults which affect the entire 
sedimentary sequence and pose unique and difficult problems for sub
surface disposal of industrial wastes. 

Figure 22 is a geological map of the Eastern Ontario Basin, modified 
after Sanford (1962). This map has been generalized from the early 
work of Wilson (1946) of the Geological Survey of Canada. Of par
ticular interest is the delineation of a number of major fault systems 
and a number of minor faults that are both known and postulated. 
The overall faulting pattern is suggested to have arisen from the tor
sional effects developed by the two major north to south and east to 
west faults that are known. 

Most of the geological data have been derived from outcrops as very 
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few wells have been drilled in the basin. Often the data from these 
early wells are quite unreliable. Recently, a number of the earlier wells 
were mechanically logged by an exploration company searching for 
favourable areas for gas storage, and south of Ottawa a number of 
wells were drilled by this company to evaluate a particular structure 
in the Potsdam. The results of the recent drilling and logging pro
grammes, and the proposed remapping of the basin, will undoubtedly 
alter much of the presently published geological data and more 
positively define the numerous fault systems. 

Figure 23 is a generalized cross-section of the basin from Ottawa to 
Cornwall. Although other minor faulting in the Ottawa area is known, 
for simplicity, these faults are not shown on the figure. The interest
ing feature is the fault throw in the order of 2,000 feet at the inter
section of the major fault system in Russell Township. The region of 
this fault intersection constitutes the deepest part of the basin and 
contains the entire sedimentary sequence. A domal structure in the 
Potsdam in this area is being tested for its suitability as a gas storage 
reservoir. Areas containing similar domal features that could be 
utilized for gas storage would have to be protected for this purpose. 

Although very little data has been obtained on the porosity and per
meability characteristics of the Potsdam, the physical character of the 
formation appears to be extremely variable over relatively short 
distances. The porosity ranges from 5 percent to 10 percent with per
meabilities of less than 1 m.d. Occasionally, local thin streaks of 
porosity and permeability up to 40 percent and 30 m.d. respectively 
have been recorded. 

The March Formation conformably overlies the Potsdam and is dis
tributed over most of the basin as a thin sequence of rock, averaging 
not much more than 30 feet even in the area of the major fault inter
section in Russell County. The formation is known to be water bear
ing and is a potable water source in the northern part of the basin. 
The March Formation is similar in lithology to the Potsdam, being 
composed of alternating sandy dolomite and sandstone. 

The Oxford Formation for the most part overlies the March Forma
tion and has basin-wide distribution. The Oxford consists of massive, 
finely crystalline dolomites and limestones. In the northern and east
ern parts of the basin, thicknesses in the order of 300 feet have been 
recorded. 

As shown in Figure 22, the Potsdam, March and Oxford Formations, 
for the most part, cover the Eastern Ontario Basin. The central part 
of the basin containing the Middle and Upper Ordovician rocks as 
defined by the U shaped feature of Figure 22, would appear to be the 
only area worth considering for waste disposal. To the west of this 
feature is a thin and shallow sequence of Lower Ordovician and Cam
brian rocks which holds little promise for waste disposal. 

The Rockcliffe Formation forms the outer rim of the U shaped feature 
and contains in ascending order, olive green shales, crystalline lime-
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stones and interbedded sandstones. The formation is usually quite 
thin ranging from 150 feet to slightly over 200 feet. 

The Trenton-Black River Groups comprise a series of formations that 
appear correlative with the Trenton and Black River Groups in the 
Southwestern Ontario Basin. Basically, the Groups are made up of 
the fine crystalline limestones of the Trenton. The distribution of the 
Trenton-Black River Groups as seen is Figure 22 is limited to the 
central part of the basin. 

The thickness of these Groups is affected greatly by the faulting in 
the north, but a total thickness of nearly 800 feet has been preserved 
in the down drop blocks of the major fault system in Russell County. 
Very few water recoveries have been recorded from the Trenton-
Black River, except from the upper part of the Trenton, in the 
northern region of the basin, where mineral springs occur. However, 
the Trenton-Black River strata in this area would be considered too 
shallow for disposal purposes. 

The overlying Eastview Formation consists of limestones with inter
bedded shales, and overlying the Eastview are the black shales of 
Billings Formation. These formations are of very limited areal extent 
and are located entirely to the north of the major east-west fault as 
shown in Figure 22. Both these formations are relatively thin, usually 
in the order of 100 feet total thickness, except in the Ottawa area 
where approximately 300 feet is known to exist. 

The Carlsbad Formation overlies the Billings and is confined to the 
downdrop block at the intersection of the two major fault systems in 
Russell County as indicated on Figure 22. The formation is comprised 
of mostly grey shale, with thickness of nearly 500-600 feet. 

The grey shales and dolomites of the Russell Formation and the red 
shales of the Queenston Formation overlie the Carlsbad and are 
limited to a small area in the region of the fault intersection in Rus
sell County. 

From observations of the few wells drilled in the basin, disposal pos
sibilities appear favourable only in the central area and are confined 
to the Potsdam Formation. Since the existence of faulting in the 
northern half of the basin greatly complicates the problem of dis
posal, possibilities would likely be limited to small confined structures 
within the Potsdam. 

Any consideration for disposal in the Eastern Ontario Basin would 
necessitate a very detailed geological study, and the drilling of more 
than one well to test, adequately, the disposal formation and gain an 
understanding of its hydrology and receptiveness to disposed fluids. 
Ironically, the centres of major industry that could utilize the sub
surface for disposal appear to be located in geologically unfavourable 
areas. Industries producing a waste material that is suitable, by virtue 
of quantity and composition, for subsurface disposal will have to 
regard proximity to areas geologically favourable for this purpose, 
when selecting a site for a proposed plant. 
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FUTURE STUDIES AND CONCLUSIONS 

If we are to enjoy fully the amenities of industrialization, we must 
adequately dispose of its accompanying pollutants in such a way that 
other resources are not affected. This report has attempted to show 
that subsurface disposal is a practical method of removing certain of 
these wastes. 

Essentially, there are two schools of thought regarding subsurface 
disposal — one that encourages the scientifically planned use of the 
subsurface for the containment of toxic or odoriferous wastes, and one 
that would not interfere with the subsurface under any conditions. 
One can allow some validity to the latter position — individuals who 
hold this view can visualize the surface pollution damage produced 
under what is sometimes referred to as "controlled conditions" and 
suspects an equally damaging effect in the subsurface. This report 
has shown that where prescribed procedures are strictly adhered to, 
such damage is minimal or non-existent. 

The proposed disposal formation must conform to certain geological 
conditions — it should be a uniform sandstone, limestone or dolomite 
aquifer, large in area and cross-section, with high porosities and per
meabilities. 

The formation must be well below fresh water horizons and be con
tained by overlying and underlying impermeable strata. 

A salt water filled formation, artesian in nature, and containing no 
waters of economic value should be employed. It must be ensured 
that the fluids present are compatible with the ones to be injected. 
The region surrounding a proposed disposal well must be studied to 
ascertain whether there are any unplugged wells which penetrate the 
formation, or whether there is evidence of fractures or faults as a 
result of basement tectonics or salt collapse. 

Emphasis has been placed on hydrological considerations, which may 
be easily overlooked but are of utmost importance in predicting the 
longe-range performance of the disposal operation with respect to 
pressure buildup and waste movement within the formation. 

Equations have been developed for ideal conditions which permit 
accurate predictions of well performance, dispersion of waste and pres
sure buildup. Tests have been devised to determine the extent of bar
rier conditions when geological studies indicate possibility of their 
presence. 

The well must be constructed in such a manner as to protect all other 
horizons and to confine the waste to the disposal formation. The size 
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and weight of casing are dictated by the maximum volumes to be dis
posed, so that the lowest possible pressures are required for injection. 
Where highly toxic or corrosive wastes are contemplated, epoxy 
coated or cement lined tubing and casing should be employed. 

The importance of coring and logging programmes are emphasized so 
that the physical characteristics of the formation and confining strata 
may be accurately determined. 

Various completion methods and stimulation techniques can be suc
cessfully employed to increase the receptivity of the formation. Some 
methods, such as fracturing, should be undertaken with extreme 
caution and under close observation to ensure that the confining 
strata are not damaged. 

It is essential that any disposal operation be monitored so that indica
tions of failure of the system might be detected and remedial mea
sures taken to prevent premature abandonment of the well. 

The successful operation of a well is dependent, also, upon compati
bility of the waste with the receiving aquifer so that pore spaces are 
not clogged. A variety of chemical, physical and bacteriological pro
perties of both injected and formation fluids can cause incompati
bility. Accurate testing under simulated subsurface conditions will 
indicate the existence of such a situation. 

The costs of subsurface disposal operation vary considerably depend
ing on the type of surface treatment required, but it appears that it 
is usually less than one-half the cost of a surface disposal procedure. 

In Ontario, subsurface disposal is being conducted successfully, in cer
tain areas, and will, undoubtedly, be undertaken in other areas in 
years ahead. Ontario's sedimentary basins are limited in areal extent 
and thickness and the suitable disposal formations are small in com
parison to others on this continent. 

Some of the suitable disposal formations encompass areas of faulting 
and salt collapse, areas where potable waters are derived from the 
potential Devonian and Silurian disposal aquifers, and areas that are 
potentially petroliferous or that could be utilized for gas storage. 
Certain of the horizons may be potential sources of mineable waters 
or other sedimentary minerals and their possible depletion may pre
clude any disposal activity. 

Unquestionably, extensive research must be conducted in the field of 
subsurface disposal, with a view to better understanding many of the 
problems mentioned previously, especially those of hydrology and the 
chemistry of the waste, and to operate present and future disposal 
systems more efficiently. 

Hydrological equations encompassing the pressure-distance-time rela
tionships must be developed to extend the concept of subsurface dis
posal to those areas where the aquifer conditions are less than ideal. 
Present equations can be utilized only where the aquifer is homo
geneous and the reservoir unlimited. 
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A controversial factor is the maximum safe injection pressure. It has 
been shown in this report that injection pressures will increase with 
time at least until equilibrium is reached, and a somewhat arbitrary 
upper limit is often placed on wellhead injection pressures for fear of 
fracturing the aquicludes. In most cases, a much greater acceptance 
of fluids will be apparent if the well is fractured, and this is one major 
area of research that would benefit both existing operations and 
future ones. 

Since the injection rate of a well depends primarily upon the effec
tive permeability or transmissibility of the receiving formation, fur
ther data are required to suggest practical limits or ranges for this 
factor. 

There are certain types of wastes that are totally unsuitable for sub
surface disposal, but a number that are presently considered unsuit
able may be treated by procedures yet to be devised, so that they may 
be injected into the subsurface. 

Economic studies are conspicuously absent — especially those relating 
to the treating and operating costs of disposal operations. Develop
ment and drilling cost data are meagre, with reference to proper hole 
size and the minimum volumes that would be economical to dispose 
into the subsurface. 

All these problems could be better understood through co-operative 
research by the process industries, or industry supported research at 
the university level, through carefully designed requirements of the 
regulatory bodies, and through publication of data on existing 
operations. 

Our fresh waters will be heavily taxed over the next few decades for 
consumption purposes and their utilization for industrial waste dis
posal will be even more rigidly controlled than is presently the case. 
Subsurface disposal of these wastes, although a relatively recent in
novation, has proven to be safe, economical and practical, where 
properly planned. 

This report has attempted to outline the procedures that must be 
followed in order to derive the utmost benefit from the concept, and, 
at the same time, delineate its limitations, and emphasize the respon
sibilities that the operator must assume. 

Sound geological and engineering technology combined with realistic 
legal controls will extend the use of the subsurface for the disposal of 
waste materials, and rid our environment of many of the pollutants 
that so often deface our landscapes and rivers. 
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A P P E N D I X I 

Regulations and Recommended Procedures for 
Subsurface Disposal in Ontario 
The responsibility for regulating the subsurface disposal of industrial 
wastes in Ontario rests with the Petroleum Resources Section, De
partment of Energy and Resources Management, and the Industrial 
Wastes Division, Ontario Water Resources Commission. 

The Department of Energy and Resources Management (herein re
ferred to as the Department) regulates the drilling, completing, test
ing, operating, monitoring and abandonment of disposal wells. The 
Ontario Water Resources Commission regulates surface installations, 
other than the wellhead equipment, to assure that surface contamina
tion does not occur and that ground waters are protected. Permits for 
disposal are required from both of these agencies before injection is 
permitted. 

The role of the Department, with respect to subsurface disposals of 
wastes, is to provide those individuals considering disposal, with all 
available geological and hydrological data for any given area or for
mation being contemplated, and to assist them in any way it can. The 
Toronto office makes available all pertinent geological and comple
tion data on nearby wells, core analyses, water analyses, updated well 
maps, various computer programmes, and relevant data on existing 
disposal operations in the province. 

The Department has offices at the Geological Survey of Canada in 
Ottawa where all drill cuttings and a large quantity of core are main
tained and are available for study. 

The Department requires a feasibility study on all disposal proposals. 
The onus is on the applicant to provide in the study sufficient 
information to indicate that the operation will be adequately engin
eered to safeguard all valuable mineral resources and potable water 
supplies, and that the injected fluids will be confined to the receiving 
formation. With specific types of waste disposed of in certain areas, 
lateral confinement of the waste may have to be assured, but gener
ally this is not a requirement. 

The drilling, completing and subsequent operation of disposal wells 
in Ontario is regulated by The Energy Act, 1964, and the regulations 
thereunder. 

The following are pertinent extracts from Ontario Regulation 420/68. 
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WELL SPACING 
14. Where a well is not classified as an exploratory well or a de
velopment well and is drilled, 

(e) for the disposal of waste or mineral waters; or 
(f) for observation, 

the location of the well shall be subject to approval by the Minister. 

DISPOSAL 
36. (1) No person shall dispose of waste or mineral water in an 
underground formation without the approval of the Minister. 

(2) Wells for the disposal of waste or mineral water shall be 
cased and cemented in such a manner as to prevent the waste or 
mineral water from entering any formation not approved for the pur
pose under subsection 1. 

REPORTS 
54. The operator of a well for the disposal of waste or mineral water 
shall keep at the well, or at his field office, a record in a form satisfac
tory to the Minister showing, 

(a) the volume of fluid injected into the well; 
(b) the source from which the fluid was obtained; 
(c) the average chemical composition of the fluid; 
(d) the average injection rate; and 
(e) the average injection pressure. 
(2) An annual summary of the data required in subsection 1 

shall be forwarded to the Minister on or before the 15th day of Feb
ruary in each year in respect of the preceding year. 

RELEASE OF INFORMATION 
56. (6) The following information shall not be held confidential: 

3. Waste or mineral water disposal data for individual wells or 
systems. 

Requirements of an Application to Dispose 
The following procedures are presented as a guide to companies or 
individuals applying for a subsurface disposal permit. 
In Ontario, the guidelines described are minimal requirements, and 
may be further expanded depending upon a particular application. 
1. Review with the Department the potential and feasibility of a 

selected areas and formation. 
2. Submit a feasibility study of the entire project to the Department 

and a surface plant design layout to the Ontario Water Resources 
Commission. 

3. The feasibility study should include the following: 
(a) Detailed description of the geology in the area under con

sideration and depth of fresh water sources. 
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(b) Location of all wells within a 1 ^ mile radius that penetrated 
the proposed disposal horizon and an indication of whether 
or not these wells have been properly plugged. 

(c) Anticipated daily volumes to be injected, (maximum and 
minimum) yearly volumes, and expected life of project. 

(d) Anticipated injection pressures (maximum and minimum). 
(e) Complete chemical, physical and biological analyses of fluids 

to be injected. Anticipated compatibility with fluids in the 
formation. 

(f) Names of all mineral owners within a one-mile radius of the 
proposed well. 

(g) Anticipated hydrology of proposed formation and expected 
performance. 

(h) Proposed casing programme including weight, grade, size and 
cementing programme. (Note: Injection casing will require 
cement to surface.) Indication whether or not tubing is to be 
used, if it will be set on a packer, and type of fluid to be 
placed in annulus. 

(i) Outline of testing procedure, coring and logging programmes, 
(j) Description of monitoring programme. 

Once the study has been reviewed and approved by the Department, 
the applicant may apply for a permit to drill a well in accordance 
with the procedure for any oil and gas well. An abandonment bond 
of $500.00 will be required if the applicant is not both the landowner 
and owner of the mineral rights of the tract where the well is situated. 
The permit as issued is only for the drilling of the well and is not a 
permit for disposal. 

The data to be submitted will include the data as required for all 
wells. These data include geological tops, casing, coring, log and treat
ment data, and oil, gas and water shows. In addition the following 
data will be required: 

1. Schematic drawing of the well. 
2. Injection intervals or perforations to be used. 
3. Results of injectivity tests where authorized by the Minister, and 

a measure of the critical input pressure. 
4. Porosity, permeability, and lithology of injection interval. 
5. Formation fluid sample. 
6. Results of waste compatibility with formation fluids. 
7. Formation pressure and measure of hydrostatic head. 
8. Anticipated rate of injection and injection pressure. 
9. Formation temperature. 

10. Calculated rate of fluid displacement by injected waste and direc
tion of dispersion. 

11. Surface installations: 
(a) Description of pretreatment process of wastes and facilities 

to be used including flow diagram. 
(b) Description of type of materials to be used in equipment and 

transmission lines. 
(c) Description and location of any waste retention ponds. 
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After the above data has been reviewed and approved by the Depart
ment, a permit to dispose will be granted. The permit may be 
subject to specific requirements or limitations as the Minister deems 
necessary and may include: 

(a) Maximum well head injection pressures. 
(b) Maximum volumes to be injected. 
(c) Certain monitoring procedures as injections rates, injection 

pressures, annulus pressures, and specific time intervals of 
reporting. 

(d) The drilling and monitoring of one or more observation wells 
into the receiving formation and/or the deepest overlying 
fresh water horizon. 

(e) A specific chemical composition of the injected fluid. 
(f) Requirement of certain tests or surveys from time to time to 

establish the condition of the well. 
(g) A condition that the operation of any disposal well may be 

limited or terminated and the well plugged if this action is 
found to be in the public interest. 

The pertinent data on disposal well systems will be recorded in the 
form as shown in Appendix II and will not be held confidential. 

The data required to be submitted annually will be recorded as 
described in Appendix III and will not be held confidential. 
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APPENDIX II 

5. Chemical and physical character of wastes 
PPM 

(Sp.G. or fluid gradient) 

6. Chemical character of formation fluids: 
PPM 

(Sp.G. or fluid gradient) 

7. Pretreatment of waste fluid: 
Surface 
Subsurface (buffer zone, etc.) 

8. Tested maximum injection rate and pressure: 
(Bbls/d) PSI 

9 . Casing and tubing program: 
Casing Size Hole Size Depth Set Cement Type or Grade 

Surface 
Intermediate 
Other 
Injection 

string 
Tubing 

(Packer) 

10. Completion and treatment: 
Type Completion — Perforated Open Hole 
If perforated, specify 
Treatment — Acid (specify) 

Fracturing (specify) 

Other 

11. Monitoring Procedures: 

12. Cost of Construction and Operation: 

INDIVIDUAL RECORD OF 
SUBSURFACE INDUSTRIAL WASTE DISPOSAL SYSTEMS 

IN ONTARIO 

1. Company & Well Name: 

2. Location: 

(Lot) (Concession) (Township) (County) 

3. Date Injection Commenced: 

4. Geological Information: 
a. Total depth Elevation 
b. Receiving formation (s) System 
c. Depth to receiving aquifer 
d. Lithology Thickness 
e. Porosity: Type Percent 
f. Permeability (Average) 
g. Lithology and nature of aquiclude or cap rock 



91 

APPENDIX III 

7. Injection rate Maximum Minimum Average 

(Bbls/d or GPM) 

8. Injection pressure: 

(PSI) 

9. Total volume of waste fluids injected to date: 

b b l s " 

10. Description of workover or treatment during year: 

ANNUAL REPORT 

SUBSURFACE INDUSTRIAL WASTE DISPOSAL SYSTEMS 
for the year ending (19 ) 

1. Company & Well Name: 

2. Location: 

(Lot) (Concession) (Township) (County) 

3. Total volume of fluid injected during year: 

4. Source of fluid: 

5. Receiving Formation: 

6. Average chemical composition of fluid: 
PPM 










