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i;Sztl,2sztV1?f;a:ce Dzsposal ‘of Waste in Czmazla 

R_.0,_V/_1N EVERDINGEN and RA. FREEZE 

Cull-IAPTEKI 

Izmodudzon 
The accelerating rate of production of industrial wastes, of eversv 

.inereasing complexity and toxicity, makes it imperative that methods of waste 
management are developed that are both safe and effective. As far as_1iquids 
.and solids are-concerned, the disposal of waste can take place either on the 
surface (ezg. sanitary landfill, sewage lagoons, discharge into rivers or" 
’lakes),'or below the surface (injection into deep wells, placement in mined 
cavities, or injection in shales as a-waste/grout mixture). In view of the 
growing concern about the existing industrial pollution of air, soil and 
surface waters, the subsurface disposal of industrial waste is rapidly

7 becoming an alternative with considerable attraction for those in the waste- 
management field, "In many cases it is not only technically feasible, but.’ 
‘also economically attractive, especially when new standards for surface-water 

’ quality necessitate extensive capital 1ay—outs'for new wastestreatment 
facilities. ' 

What must not be overlooked, however, is_that use-ofithe method will 
result_in imreversible'p§llution ofva number of subs§ffa§§‘formations. In ' 

addition,_the representation of the method as either final or‘permanent’is 
unreali§tig,_in_vieW”6f the fact that injected waste may be subject to 
ldispersal by diffusion and convection in natural subsurface flow systems. 

A.M. Piper (99)*, of the United States Geological Survey, had the 
following comments on the subject: 

"In its predilection for grossly oversimplifying a problem, 
and seeking to resolve all variants by a single massive 
attack, the United States appears to verge on accepting 
deep injection of wastes as a certain cure for all the ills 
of water pollution." 

"Injection does not constitute permanent disposal. Rather 
it detains in storage and commits to such storage — for all 
time in the case of the most intractable wastes - under- 
ground space of which little is attainable in some areas, 
_and which definitely is exhaustiblexinfimost areas." —.’”“““" " "H " " "" ‘*‘~\_ 

* Bracketed numbers refer to the bibliographic listing, Appendix B.



"Admittedly, injecting liquid wastes deep beneath the land’ 
surface is a potential means for alleviating pollution of 

' rivers and lakes, But, by no stretch of the imagination 
is injection-a panacea that can encompass all wastes and 
resolve all pollution even if economic limitations should 
be waived. -Limitations on the potentials for practical 
injection are stringent indeed — physical, chemical, 
geologic, hydrologic, economic and institutional (including 
legal) limitations." ‘

' 

_ 

The present report presents a general appraisal of the principal 
limitations of the potential of the method. Extensive use was made of an 
excellent survey of the waste-disposal literature prepared.for the Inland 
Waters Branch by Dr. R.A. Freeze under the title "Deepewell Injection of. 
Industrial Wastes in Canada". Appendix B presents the bibliography included 
in that earlier report. .

- 

V 
An.attempt was made to introduce all pertinent.concepts, without

‘ 

undue elaboration. A discussion of the qualification of waste for subsurface 
disposal is followed'by a review of the criteria to be 8PP1ied_for the proper 

‘ 

selection of disposal regions, sites and geologic formations, and chapters 
on subsurface-disposal facilities and their potential failures. After a 

of the status of the_method in Canada, requirements in the field of 
legislation and regulation are outlined, followed by a discussion of those 
aspects of the method that are most in need of further research. ' 

Early recognition of the hazards presented by the subsurface disposal 
method, and of its consequences, is imperative, Therefore it is necessary 
to gain a better understanding and more'detailed knowledge of the behaviour 

,of injected waste. Through subsequent legislation and regulation it should 
be possible to avoid the costly mistakes,~serious accidents and often 
irreversible damage to the environment that can result from subsurface 
disposal operations that are hastily conceived, inadequately investigated, 
improperly equipped and insufficiently monitored. '



CHAPTER 2 

Waste, Classification 

1. Waste Sources and Categories 

pFigure 1 identifies a number of sources of both solid and liquid 
. waste, and it indicates some of the different disposal methods that are 
available for these wastes.“ As far as subsurface disposal is concerned, 
the industrial wastes that form the subject of this report belong_to one or’

_ 

the other of two main categories: a) "natural" liquid wastes, or b) "foreign" 
liquid wastes. ’ 

This distinction is based on the gross composition of the waste- 
"Natural" liquid wastes are those that contain in solution only constituents 
that are found normally in solution in the subsurface. The concentrations 

,
. 

of the various constituents, however, may differ from those usually associated 
with a particular disposal formation, ~All other waste liquids are to be 
characterized as "foreign". 

2. 'WhturaZ" Liquid Wastes 

_ 

. Liquid wastes belonging to the following groups can be characteriied, 
as "natural", provided that no foreign constituents have been introduced 
during their production and treatment. 

a. l) Saline water_andHbrines_pr9duCed by the_petroleum industry 
(1421 ,”17Is, 148-151). ““““ “_°“”—"“‘“* 

_ 
__ 

. . 

2) Waste brines generated by the potash, soda and salt industry 
(46). 

Z 
‘

- 

3) Waste brines resulting from the conversion of saline into 
fresh water through desalination (83). 

4) Brines generated during solution of salt beds for the 
formation of cavities for underground gas storage. These 
liquid wastes are in many cases disposed of in the subsurface. 

b. Acidic drainage from active or abandoned,mines, and_from%mill- 
~ tailings; At present these liquid wastes are usually disposed‘ 

of in rivers and lakes. Various other disposal methods have . 

been proposed for this group of”liqfiid”wastes7 among others 
subsurface disposal;I$lZ:llg)7»--Ml s,a~<~~—mm~ .. , 

_ 

The problems presented by the subsurface injection of "natural" 
liquid wastes are mainly confined to the fields of (1) hydrodynamics, (2) 
stress mechanics, and (3) fluid compatibility. In the field of hydrodynamics, 
subsurface disposal may lead_to,salipe or acidic contamifi§tibn:6f’fresh-water 
aquifers, and to accelerated discharge of saline water or brine in discharge 
areas. ‘In the field of/stress mechaniEs;.the relatively high injection 
pressures needed to inject~the-usually large volumes of these wastes may 
lead to hydraulic fracturing of the disposal formation (which may be
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beneficial), and of the confining beds above the disposal fgrmatigp,_which 
must begregardedgasgundesirabler; Proper selection of disposal sites and 
formations (Chapter V), and careful monitoring of the disposal operation 
(Chapter VI) should prevent the occurrence of such adverse effects. 

, 

Chemical incompatibility between injected "natura1”_waste liquids 
and formation liquids and rocks may lead to plugging of the disposal ' 

-formation, necessitating additional pre-injection treatment. Only rarely 
will it force abandonment of a disposal operation. 

Some "natural" non—waste fluids also qua1ify_for subsurface
A 

injection. 

1)« Fresh or saline water used by the petroleum industrysfor §EE6fiaary‘rec5very of hydrocarbons through-waterflooding. 

2) Fresh water for artificial recharge of aquifers. 

3) Natural gas, for temporary underground storage. 

4) ‘Natural gas,=for secondary recovery of petroleum by artificial 
gas drive. ’ 

.Use of the-subsurface for these purposes will be referred to further in the next chapter (III). ' 

3, -"Foreign" biquid Wastes 

, .fLiquid wastes that can be characterized as "foreign" belong mainly 
to two groups, radioactive wastes and other industrial wastes. 

a. Liquid radioactive wastes from uranium — mill tailings, nuclear- 
fuel processing plants, nuclear power plants and nuclear research 
institutions. They are commonly classified as low—, intermediate- 
and high—1evel radioactive; usually they contain high concentra- 
tions of nitric acid, aluminum nitrate and fission products. 
Increasingly large volumes of radioactive waste'are being 
-produced in Canada. “It is expected that 5,400 megawatts will be 
generated by nuclear power plants in Ontario by 1979. If the 
wastezmegawatt ratio remains similar to that for operations in 
the U,S., then a total of 400,000 gallons/year of high—level 
waste will be generated, as well as much larger volumes of low- 
and intermediate-level waste. High-level radioactive waste ise 
generally stored on the surface, in special containers inside 
concrete bunkers; subsuggagewdispgsalgjs, however, being 
considered for some low; and intermediate-level radioactive 
wastes in_the United States. ‘ 

' ” 

_ - - ..;;.-::~‘:~9 ».-—>_.,.. 

*b; Other liquid-industrial'waste§ are generated by petroleum 
' .refineries, and by the petrochemical, chemical, pharmaceutical, 

‘stee1,'pu1p and paper, and food-processing industries., They 
.include, among others, hydrochlpric and sulfuric acid (37, 88, 
91); hydrogen,sul£ide'(9l)f”§6diufi3Ehloride brine (S6, 101); 
steel—mill pickling liquors (55); pulplmill'liqu6rs (4, 24);



detergents (37); sulfides, sulfates, phosphates; nitrates, 
chlorides, cyanides and chromates (5, 37, 142); spent "caustics" 
(37;'88; lQl); chlorinated and nonéehlorinated hydrocarbons 
(37, 88, 97); organic acids, alcohols, ketones and esters (5, 
34); phenols (5, 37, 88, 101); and heterocyclic.steroids (97). -Few figures are available; however, in Toronto alone 15 million gallons of liquid industrial wastes were removed by private. disposal companies during 1969. T

« 

In addition, saline water, brine and acidic mine and mill-tailing _‘ drainage containing noticeable "foreignV_constitutent-should also be characterized as "foreggnfl liquids; 

g The problems presented by the subsurface disposal of these "foreign" 
liquid wastes are not confined to the fields of hydrodynamics,_stress 
mechanics and fluid compatibility. Essentially; nothing is known about the 
behaviour of many of theseewastes when they come.into Contact with natural_e;‘ formation fluids and rocks, under the conditions of elevated temperature;t 
and-pressure that prevail in the SUbSUrfaCeg~ Toxicity of some constituents 
may either decrease or increase throughsdegradationy chemical reactions 
betweenjrelatively harmless compounds may produce more toxic compggnds. 

gThe hazards created by accidents involving ”fore;gn2”wa$tes are . 

potentially of a more serious na§yI§—Fh§D.£h9se that would result if "natural"‘ wastes wereIifiYUIE§a7"‘§7definite threat to healthhwill result, rather than 
a more or_le§§_seriQus;nuisance,:when_they;fl§hck£ireflmduring,amwel1:§{§fiput:% 
contaminate_fresh—watermaqgi£e;s, or discharge4tg_the;sur£aceeatfignexpected ' 

places and;t;me§, Therefore morefidetailed knowledge should be available, 
and moregstringgnt_ggpt§gls&applied in cases where it is proposed that

~ 
‘K37; .... . 

"foreign"7fluids be injected ifit0.the subsurface. 

4. Classification of Liquid Waste fbr Subsurface Disposal 

An improved classification of radioactive waste, based mainly on 
concentration and persistence of critical radionuclide components, proposed 
by the American Institute of Chemical Engineers, contains five_classes (A—E). 
This classification can form the basis for deciding on the suitability of 
subsurface disposal for a particular radioactive waste. A similar classif- 
ication for liquid industrial wastes, proposed by Piper (99), would enable 
rational evaluation of the suitability of subsurface disposal for these 
wastes.- ' 

Class A - radioactive wdste:__radionuclide concentration is low enough to 
justify dispersal without restriction. .D1sposed into surface 
waters. ' 

Class A - industrial waste: "natural" and "foreignV liquids that are 
produced in large_quantities; but do not contain "foreign" 
components in concentrations that would conceivably be harmful 
to life when introduced indiscriminately into the biosphere. . 

Conforming to accepted public-health standards, these wastes could 
be disposed of into surface waters, but not in the subsurface 
because of the large volumes involved,



Class B - 

class B)- 

. disposed of into surface water, not in the subsurface. 

Class C —. 

Class C - 

Class D — 

‘ Class D - 

Class E - 

radioactive waste: radionuclide concentrations_not more than 
10 times those for Class A wastes. This class would have force" 
only in areas where exposure and intake can be controlled and 
-where safety precautions are strictly enforced. 

industrial waste: contains "foreign" constituents in concentrations 
that exceed the limits for Class A, or that may be of a more 
noxious character than those allowed for Class A. This class

_ should have force only in areas where dispersal can be so controlled, 
as to both time and space, or the wastes so diluted, that exposure 
of life to the waste would essentially satisfy the Class A

_ standards (e.g.-isolated installations). Class B wastes would be 
This 

classification may be only transient and'apply only in a few areas. 

radioactive waste: radionuclide concentrations not more than 105 
times those in Class A waste. Treatment of Class C waste would 
enable conversion of a major fraction into Class A wastes, to be 
disposed of as above, while a minor fraction would be converted 
into Class D (or E) waste. 

. 

*

' 

industrial waste: containing "foreign" constituents to a degree 
"unacceptable by public-health standards, while it is being produced 
in quantities that exceed practical subsurface injection limits. 
Such waste might be (1) diluted for conversion to Class A waste; 
(2) concentrated for conversion to Class D (or E) waste; (3)-suitable 
in some cases for injection in relatively shallow formations with 
relatively rapid circulation in which residence time would still 
be sufficiently_1ong to permit degradation and attenuation of 
noxious constituents. ' 

radioactive waste: radionuclide concentrations not-more than 109 times for those for Class A waste. To be stored indefinitely 
in suitable containers on the land surface, incorporated in a 
bituminous or concrete matrix, or reduced to a solid residue. 
Solid forms of the converted waste to be held on the land surface. 
Class D wastes could conceivably qualify for subsurface disposal 
by injection of a waste/cement slurry (grout) into thick shale 
formations (77, 139). 

industrial waste: contains high concentrations of foreign 
constituents and is produced in relatively small volumes. The 
foreign constituents are relatively stable and of such a nature 
that they would produce a persistent but nonelethal nuisance on 
the surface. Class D wastes would usually qualify for subsurface 
disposal in the deep subsurface,_where movement under natural 
hydrodynamic gradients is extremely slow, assuring a residence 
time of many decades or even centuries. 

radioactive waste: .radionuclide concentrations exceed the limits 
for Class A by a factor of more than 109. To be stored indefinitely 
in suitable containers on the land surface unless_it can be 
converted to, or incorporated in, a radiation-stable solid. Class 
E wastes do not qualify for subsurface disposal in liquid form.



Class E - industrial waste: -liquid wastes of such persistent noxiousness' 
and concentration that they must be excluded from the biosphere 
essentially forever, necessitating unequivocal and detailed 

’‘ 

knowledge of their disposition at all times (e.g;:chemical/ 
biological warfare agents).' Absolute immobility in the subsurface 
cannot be assured; detailed monitoring of subsurface movement-is 
virtually impossible. Class E industrial wastes are'therefore not 
qualified for subsurface disposal;' " "? 

. In-summary, the following liquid wastes could potentially qualify for disposal 
by subsurface injection in liquid form: 

V 

v- 
' ~ ~‘l ' 

l. "Natural" liquid wastes; without foreign components; including saline
_ 

« water, brine and acidic mine drainage. .{ 
» 

« 

.' ~ - 

El\) "Foreign" liquid wastes belonging to the following classes; 

(all some Class C-industrial wastes, -r. ‘ 

-» 
V 

‘K 

(b). Class D industrial wastes. 

Disposal by injection of a waste/cement mixture into shales might be used 
1 
to dispose of: ' 

v 
- 

' 

- wt.’ ‘ 

.(a) some Class C radioactive wastes, 

(b) .Class D radioactive wastes. 

.-Figure 2 presents a summary of the decisions involved in the evalua- 
tion of waste for subsurface disposal. The-main requirement before any 
classification system like this can be applied is the establishment of 
rational and realistic limits for the various classes,

A 

gal Recycling of waste and Recovery of Useful Constituents" 

It is apparent from Figure 1 that subsurface disposal should only be 
regarded as one of a number of alternatives available for the disposal of 

’liquid wastes. There is, however, a potential solution for some waste 
problems that is not represented in Figure 1. This is the treatment of 
waste to enable its re?use, or the recovery of some or all of the mineral 
and/or organic constituents for further use. ” i

‘ 

Such re-use and recovery processes are already technically possible 
and economically feasible for some industrial wastes that are at present 
being discharged into streams or injected into the subsurface through deep 
wells (6, 20). Phenols and acetic acid can be recovered from waste brines 
generated by some organic-chemical plants, enabling the recycling of purified 
brine for the production of chlorine and caustic soda [Env. Sci _and Techn. 
4 (3), 183]{ Hydrochloric acid_and ferric oxide, or hydrochloric-acid and 
ferrous—sulphate heptahydrate can be recovered from spent steel—mill pickling 
liquors (6)} 

' 

' -' 
' 

' 
b ' ' '4 '

A 

Research into such re+use and recovery processes should be encouraged 
as much as possible. Wide application of such processes would serve the dual 
purposes of waste-volume reduction and resource conservation. Subsurface 
disposal of any particular waste should of course be prohibited as soon as the 
regulatory agency determines that such waste has become amenable to an alter- 
nate disposal method or a re-use or recovery process.



~ 

~~~ 

~~~ 

EV‘ALUATl"0N OF 
' 

‘w1_;Is1"E" CHARACTER~ 
~~~ 

'.'IwITuRAL" 

"LI'ouIp wast: 

YES" 

~~ 
. 'wA_sTI-:~ AN‘ALvsIs' ’ 

"routine N" 

Lnouno WASTE 

V 
V 

RADIOACTIVE~ 

~~ 
‘ 

wAST‘E 'duALIrIEIJ 
ron suasunrnca 

, 

T 

_T.._.._ 

—._—._4_: 

DISPOSA L-H~

V 

WASTE 

WASTE VOLUME
‘ 

WITHIN LI'MI'rs 

YESV 

¢6ié<§sI+Ii.o~‘ + A 

CONCENTRATION 
WITHIN >|_..r|MAIT5 

YES 

~ ~~ 
~~
~~ 

OTHER ‘ |'NDU‘5‘l"'R‘|AL 

V_l_A_$TE

V ~ 
~~ 

~~ ~~ 

w_As'r: VOLUME 
wmam LIMITS 

~~~ 
~~ ~~ ~~ ~~~ coMPo,sIT’Io’N. 

CONC_£_NTRAT_l0N, ' 

BIOLOGIC CHA'RACTER 
AND :‘i'OXICI'i’Y_ 

' 

VIITHIN LIMITS 
(F4I,G._6)

" 

. YES 

WASTE; NOT QUALIFIED FOR 
suasuRFA_cjE DISPOSAL 

‘Figure 2. Qualification of liquid industrial waste for " 
subsurface disposal.



CHAPTER 3 

Subsurfece'i Space as d_:NdtZ(1’dl Resource is 

1Q Positive and Negative Use of-Subsurface Space 

Use of the space available in subsurface formations which produces 
an economic return, isva pesitive'use. At least three positive uses of the 
subsurface can be identified. ' 

" "<-V‘ ‘ 

. 
' 

' " 1 

a; Injection of fresh water, saline water, brine or natural gas for 
v*pressure maintenance in secondary'récovery operations by the V

' 

..petroleumHindustry:(l43, l46;”147);' 
V 

iv :A 
\\ 

bl tArtificial recharge of=fresh:water (or saline) aquifers with 
4

. 

— fresh water for future use (l52fl62). - 

-

” 

C, 'lnjection 0 .natural gas for temporary storage (1631167). 
‘ ”‘In principle the same subsurface-space can be used repeatedly, over 

. a long period of time for the above.productive uses. 
' The use of space available in the subsurface for the disposal of 

wastes is a negative uee,_that may prevent bthéf uses for an indefinite 
period of time. "The liquid industrial wastes that could qualify for 
subsurface injection-were discussed in the foregoing’chaptér.‘~Of these, 
isalinewwater and brines,.produced by the petroleum, salt and potash industries, 
and by desalination plants, form a special case because they are "natural" 

. wastes; produced in large quantities that can only be disposed of at present 
in the subsurface."Forothe9remaining groups alternative disposal methods 
are often available. Their injection into the subsurface, which will prevent 
other uses of the available space, may also prevent the future potential use~~ 
of saline formation water and brines for desalination and/or recovery of -5»? 
economic mineralsi "‘ “ *’ " " .~ - A 

2. Management of the Subsurface 

The usable-space available in the subsurface of a sedimentary basin 
is limited. Both positive and negative users may at times defend claims to 
the use of the same portion of this limited natural resource. _In_many cases 
the potential benefits to be derived from positive uses can be expressed. 
relatively easily in terms of dollars and cents. Expression, in terms of 
dollars and cents, of the expected benefits (e.g. elimination of surface- 
water pollution) to be derived from a negative_use of the.subsurface; will 
often be extremely difficult. Proper evaluation of such benefits will 
necessitate advanced knowledge of other waste—management methods, and their~ 
respective advantages and disadvantages. ' 

‘ ‘ 

For the proper management of the subsurface, priorities should be 
established for the use of available underground storage space and fluids.

10



Esubsgrfgce injection of waste W111 then have to be considered in competition 
with underground gas storage, underground fresh—water storage, use of saline 
water-and brines for desalination, recovery of minerals; etc. (71); 

_ 

‘V.Legis1ation and regulations (see Chapter IX) will have to reflect .tHé position that the'subsurface storage capacity is a limited natural'' resource that_should be conserved for maximum beneficial use.

11



r .- :4‘ 

Selection of Regions Suitable SZtb.SZl1'f.d§Ci€.D.is1!7o5al. 

1. Criteria for Selection of Disposal Regions 
I 

V

' 

’If-a particular waste is qualified for subsurface disposal on the 
. basis of its classification (Chapter II), safe underground disposal may 
still be impossible because of regional or local conditions in the subsurface. 
In order to enable the safe disposal of liquid waste by means of deep—well 

-injection, the subsurface conditions have to be suitable for the introduction 
of the waste with a minimum of problems, confining the waste within the_ 
disposal formation, preferably within a’short distance from the disposal well. 
Eventual movement of the waste away from the disposal point should not lead 
to the contamination of useful resources; the behaviour of the waste under 
subsurface conditions will thus have to be predicted with a high degree of 
accuracy. 

N ’ 

To satisfy these requirements, a potential disposal region, and the 
eventual disposal site and formation will have to meet a number of geological 
and hydrological criteria. Gross criteria, determining the potential “ 

suitability of large regions, are discussed below. The more detailed 
criteria to be applied at the level of site and formation selection are 
discussed in Chapter V. 

Regions that hold potential for the safe subsurface disposal of 
liquid waste should satisfy the criteria listed below.

' 

a. Extensive, thick sedimentary-sequence. Areas with outcropping 
' igneous and metamorphic rocks are unfavourable, because of the 
generally restricted amount of space available in these rocks, 
even at shallow depths.

’ 

b. Region free from major faulting. Faults may provide pathways 
for leakage of waste to other formations or to the surface. 

c. Region free from seismic activity. Seismic activity may result 
in damage to confining strata; on the other hand, the injection 
of liquid waste may trigger minor earthquakes (42). 

d. Low hydrodynamic gradients prevailing over a large part of the 
region. ’. 

Regions with various degrees of potential with respect to the safe 
subsurface disposal of liquid waste should be designated, e.g. as "potential", 
"limited" and "closed". The designation "potential" would imply extensive 
potential for subsurface disposal of liquid waste; the designation "limited" 
would indicate limited potential in some smaller portions of the overall 
region; all subsurface disposal would be prohibited in a "closed" region. 
Figure 3 presents a summary of the proposed_regional evaluation procedure.
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Figure 3. Selection of regions for subsurface disposal of industrial waste.
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Some portions of a region} while unsuitable for one type of sub- 
surface waste disposal, might still be suitable for another,. For~examp1e3 
in large portions of_the Western Canada Sedimentary Basin the solution of 
salt from the Prairie Evaporite.Formation has resulted in the collapse of 
the.over1ying strata, leading to extensive faulting and brecciation, which . 

renders these overlying formations unsuitable for the disposal of liquid 
waste (criterion b).’ Some of the thick_marine shales in the upper portion 
of the stratigraphic section in the affected areas could; however, still 
be suitable for the injection of waste+and—cement slurries by hydraulic

‘ 

fracturing (77, 139). 
' 

_ 

- 
- 

‘ M.. W —.-..
' 

2. Background Data fbn_SeZection of Disposal Regions~r 

Much of the.background information required for the evaluation of 
most of Canada in terms of gross potential with regard to subsurface 
disposal of liquid waste is available in one form or another. ; 

a, Existing geological, stratigraphic and‘structural information] 
from regional studies; to be re-interpreted insterms of‘potentiali 
for subsurface disposal (criteria a and b).; 

b. Existing seismicity maps will indicate areas*th§f:should_bev 
a_ excluded on-the basis of seismicity (criterion c)._ i

' 

c. _Regiona1 groundwater flow systems should be-subdivided where A 

possible-intogzones of rapid, delayed, slow and stagnant f1ow— 
(criterion d).**» ‘ " 

V 

" 
. 

-~ ' ~ 

As the criteria are strictly descriptive at present, efforts should 
be directed as soon as possible to their rational quantification. 

The regioneby-region evaluation of all of Canada in terms of disposal 
potential would be simplified if it is approached_on=the basis of*established" 
physiographic/geologic subdivisions rather than on a”provincé¥by¥province . 

basis. 
if 4 i ' 7 

' ' 

A 

' 
‘ 

‘ -t” 
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‘ CHAPTER 5 

Selectz'onT.ofi Disposal Formations and Disposal Sites 
1. Criteria for Selection of Disposal Formations and Prospective Disposal 

Sites. ’ 

A potential disposal formation and site should satisfy the following 
criteria to enable safe subsurface disposal of liquid waste in the context 
of-this.report. - 

' 

'

' 

a. Disposal formation sufficiently thick, with adequate porosity
A 

and permeability to accept waste at the proposed injection rate 
without necessitating excessive injection pressures. . .- 

_b. Disposal formation of large areal extent, so that disposal site 
can be removed far enough from existing or potential discharge 
areas to prevent "breakthrough" of waste. 

c. Disposal formation "homogeneous" (without high—permeability. 
_1enses or streaks),_to prevent extensive fingering or the’ 
waste-vs-formation water contact; which would make adequate _ 
modelling and monitoring of waste movement extremely difficult 
or impossible. 

I 

d. Overlying and underlying strata (confining beds) sufficiently 
thick and impermeable, to confine waste to the disposal formation. 

e. Injection zones adequately separated from potable water zones, 
' both horizontally and vertically.

' 

f. waste injection not to endanger present or future use of mineral 
resources (coal, oil, gas, brine, others). 

g. Waste injection not to affect existing or potential-gas—storage 
or freshwater—storage projects. 

h. Formation water in.the disposal formation of no apparent 
economic value, i.e. not potable, unfit for industrial or 
agricultural use, and not containing minerals in economically 
recoverable quantities. A 

_ 

'

K 

i.) waste fluids compatible with both rocks and natural fluids of . 

the disposal formation; incompatibility could lead to permeability reduction, heat generation or undesirably rapid solution (see; 
Chapter VII - Well failures). 

j. No unplugged or improperly abandoned wells penetrating.the' 
disposal formation in the vicinity of the disposal site, which 
.could lead to contamination of other resources. '

15



k.‘ Formation—fZuid pressures Zoo; enabling a higher effectiyeu 
"';injection pressure for the same actualiwellahead pressure;” 

minimizes the chance of backflow in case of pump or well failurest'v 

.l;. VerticaZ_hydrodynqmic gradient directed downward or negligible; 
: to prevent upward movement of'wasteap Disposal sites should thus 
‘preferab1y.be located in "recharge" area5*or‘t5e,1;gef51;f15wvs 
portion of;a subsurface flow*system; never near_or in a discharge 
area;-« A 

* 

' '- 

‘ m. Slow lateral movement under natural conditions, to prevent_rapid 
movement of waste to a natural discharge area. .

l 

The above criteria-a, b and_c should be stated somewhat differently 
for cases where solidawaste-storage in mined cavities-in evaporite deposits 
is contemplated, or where waste—grout injection in hydrau1ically—fractured‘ 
shales is being.planned, ;Prime requirements would then be (1) adequate 
1thickness and Zow permeability of the disposal formation;.to 
protection against waste movement; and (2) adequate depth to minimize the 

- chances of occurrence_of vertical fracturing in_the case of grout injection. 

The criteria e, f, g and h are prime considerations in the management
l 

_ 
of subsurface resources, as outlined in Chapter III; ” 

"V 

)1: could be argued that in principle the deepest favourable formation, 
present should be selected for waste injection. At greater depth, higher- 
‘injection_pressures‘would be allowable, whi1e'both geological and hydrological on 

safety factors are higher. rSuchra'"maximum-depth”‘requirement would, 
however, lead to excessive drilling and well-completion costs-for the deeper 
portions of large sedimentary basins. A realistic balance between the 
safety-through—depth concept and increasing costs may have to be found in 
such cases. ' " 

» * V 

- 
'-

V 

In view of the above criteria; new industries that are expected to 
produce liquid waste qualified for subsurface disposal would have reason to 
look for a favourable location in a potential disposal region¢;_In highly 
industrialized areas with a restricted potential for subsurface disposal; 
’the establishment of central waste-disposal facilities would have both 
economic and safety advantages;.by enabling use of only the best available’ 
disposal sites;‘ ‘ 

‘ ' 
“ ' 

In each potential disposal region,an inventory-of potential disposal 
formations should be made on the basis of.the above criteria; ‘Each potential 
disposal formation could be subdivided injUzones” according to permeability 
and-porosity distribution, proximity to other resources etc;, as has been 
done in Ontario (88). Zones could be identified as Ufavourable", "restricted" 
and "closed", ‘Requirements regarding preetestingg design, monitoring and 
safeguards; would to some extent vary with the designation of the-zone. 
=Figure 4 presents a summary of the disposal—formation4andgsite selection 
process;' * 

2, Methods Employed in Evaluation of Pr0spectiue'Disp0sdZ Sites 

After a regional study of stratigraphy; structure and”groundwater 
hydrology has indicated the potential of a particular region for subsurface 
disposal of waste, detailed information should be obtained on the subsurface 
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conditions at the prospective site of a planned disposal faci1ity.g Problems 
.._would.be minimized if the site were_p1anned inia "favourable" zone within the 

reg1on.l The following methods should supply the information that is needed 
_to evaluate the site. 

' a;'fiDriZZing,'c0ring,fge0pnysicaZ Logging: 
V- Stratigraphy at the.site; 

' 

- 

V 

‘_ 
- 

.
_ 

- Thickness and lithology of prospective disposa1_formations:A 
‘p4 Thickness and lithology of_under1ying and overlying confining_strata. 

- Location and thickness of potential freshwater aquifers. ' 

’ .. 
- Porosities.‘ 

' 

’ 

" 
.= . 

". 

v—'Formation-water salinities. 
r Formation temperatures. 

b..»DrjZZ—stem tests, pnmping tests, injection tésts;“ 

- Permeabilities of prospective disposa1.formation and confining beds. 
- Storage coefficients.‘ . 

c _ 
- Compressibilities; A 

— Fluid pressures in the various formations. 
4 Character of formation fluids (water;-oil,igas).. ‘. 

,

~ 

- Presence of faults or-other hydrogeologic-boundaries of either 
"recharge; discharge or impermeable type, up I L 

- Magnitude and direction_of natural hydrodynamic gradients. 
‘— Prediction of pressure-distance—time relationships. _ 

- Predictionjof dispersion directions and velocitiesia 
- Prediction of limiting injection pressure at;which.hydraulic~ 

fracturing can be expected to occur.‘ 
' 

4‘ '.
- 

c. Core analyses: 

Water—saturation percentages. 
Porosities.

' 

# Permeabilities. 
_Litho1ogy. 

d. Fluid anatyses: 

_ Character of formation fluids (water, oil, gas).’.V' 
- Type and concentration of dissolved solids. » r 

_ PH 
_ 

_ 
.. 

- Conductivity 
- Density 
— Viscosity 

. 

’In areas of extensive exploration for oil and_gas;'much of the above 
information may be readily accessible for study. 

' " 

Pumpstest technology is highly developed in the-fields of both. 
groundwater hydrology and petroleum reservoir engineering. ~It has, however, 
not been used to its full potential in the subsurface disposal field; 
although reviews are provided by (43) and (88). On the basis of pump-test 
theory, it can be shown that the injection rate is a function of the 
permeability and thickness of the receiving formation, the injection 
pressure, the reservoir pressure; the viscosity of the fluids and the radius
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of the well (43). ,The volumes that can be injected at various injection 
pressures can be_calculated. The increase in pressure with time at any n‘ distance from the well can also be predicted with reasonable confidence. 

_ Nevertheless, the mechanics of injection of fluids_into porous media 
is widely misunderstood. _Many of the case histories in the bibliography 
‘use erroneous concepts of the fluid displacement processes. An excellent 

._ review of the misconceptions is provided by_Piper (99).‘ Perhaps the most 
.prevalent misconception is that the u1timately_avai1able storage is equal 
to the total pore space. As stated by Piper:' 

"The.volume of waste that can be injected practically is at 
-least I00-fold less than the aggregate pore space within the 
.injection zone. The volume of waste that can be injected is 
Vlimited'to that achieved by compression of native and injected 
fluid, compression of reservoir rock, and by dilation (upward'» 
elongation) of the zone of influence, all under an acceptable- 
injection pressure"._ ‘ 

.'Detai1ed'information should also be available on a number of waste 
.characteristics, to enable evaluation of the compatibility of the waste 
with the geologic and hydrologic conditions at the prospective site.‘ 

he. Waste characteristics: 

5 Type_and concentration (ranges) of all constituents, including 
dissolved, colloidal and suspended solids. ' 

a
- 

'- Stability under subsurface conditions of temperature and pressure.‘ 
- Reactivity with formation rocks and fluids. 
- Predicted heat generation (radioactive waste). 
-,Biological character '

' 

:4 Temperature 
- Density 

.‘p Viscosity. 
‘ PHT ..

. 

_ 

9-Gas-content (type and concentration).. 
.- Toxicity - 

_ 

‘. 
-

e 

- Predicted rate of production and anticipated total volume. 
Next to nothing is known at present about chemical attenuation or- .modification of contaminants in the-subsurface,-whether by_ion exchange, ‘A adsorption, fixation, chemical or biological degradation, or complexing.» It-' 

«;should be assumed a priori that-no attenuation is going to take place, and 'that potentially more toxic compounds could be formed through some of the 
‘above mentioned.processes.V Safety factors to be included in regulations should take this possibility into account. - 

. 

’ 

» -
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»CH‘Al.’TiER‘ 
,
6 

Siibszirfdcé Waste.-.Dz'—sposal Facilitiek 9 

1. DriZZing:and.CompZetion of Ingection Well. 
V

i 

Standardization of procedures and materials to be used for drilling
7 

and completion of waste-disposal wells is not practicable, because well 
depth, waste type, waste_volume, injection pressure, type of disposal 
formation and confining beds all have a bearing on the drilling and completion 
program. iReferences (9), (88),.(9l) and (130) describe.drilling methods, 
casing diameters and other details regarding installation of subsurface- 
disposal systems. acertain basic requirements should, however, be pointed 
out here. '~= 

. 
1. 

Surface casing should in all cases be set through all potable water 
supplies and unconsolidated sediments; it should be cemented over its full

, 

length. Scrapers and easing centralizers should be employed. ~0nce completed, - 

’the cementing job should be verified by temperature and cement bond logs, 
and pressure-tested. 

._ Intermediatezcasing should be used where mineral extraction or other 
storage projects are making use of intermediate formations in the vicinity 
of the_disposa1 site; ~- ~ ' 

4 V 

— l‘. 
V W. 1.9 

The type of completion to-be.used (perforated casing"or.open hole) 
depends to a large extent on the character of the disposal-formation. In 
carbonate rocks with varying permeability, selective perforation followed 
by acidizing might have advantages. In this case the long casing string 
should be set below the disposal formation. If the disposal formation is 
uniform and of consistent permeability, open-hole completion might be 
favoured. Here the long casing string should be set in the overlying 
confining beds. In both ca-ses the long casing should be 'c‘emente‘d’frorr_1 the 
top of the disposal formation to the surface; the cementing job-should 
again be verified by temperature and bond logs. 

»Injecti0n tubing, set on a packer inside the long casing string, 
should be used for the waste injection.‘ This way, the annular space . 

between casing and.tubing, closed off at the top with an appropriate flange, 
and filled with a non—corrosive liquid, can be used to monitor for leaks of 
either-casing or tubing (annulus pressure monitor, Fig;.5);' This is"- " 

particularly important when the injected wastes and/or the natural brines~ 
in the formations overlying the disposal formation are very corrosive. 
Such corrosiveness should also be taken into account in the selection of 
casing and tubing grades, and of cement additives.

‘ 

Stimulation techniques can be employed to improve the intake 
capacity of an injection well, or to prolong its useful life. .Methods 
commonly used are acidizing, nitro—shooting, jetting, back-washing and 

. hydraulic fracturing. The last of these methods should preferably not be 
used for wastesdisposal wells, until more is known about its influence on 
the performance of confining strata (see next section and Chapter VII, 4); 
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Figure 5 shows the principal components of a subsurface waste 
disposal facility. 

. 

, 

.} 

2. "Testing of Injection Well and Disposal Formationl. 

Once a disposal well has been completed and developed, the intake 
capacity of the system (well + disposal formation) must be determined. 
Usually this is done by means of a "stepped" water-injection test, in which 
injection pressures are increased stepwise. During the test, both the 
injection pressures and the injection rates are recorded. In general, a 

2 straight-line relation will be obtained for these two parameters. 

If an injection test is carried to a high—enough pressure, a point 
of inflection will eventually be found on the pressure-vsginput curve, 
indicating an abrupt increase in the injection rate per unit pressure. This 
point of inflection occurs at the "critical" input pressure, which is 
generally regarded as the pressure at which rupture or lifting of strata 
(hydraulic fracturing) occurs.- The American Petroleum Institute (2) has 
stated that "subsequent reduction in (injection) pressure will usually 
result in closing of the (hydraulically opened) fractures". Where this 
is true, it is unlikely that any permanent damage was done to the confining 
beds. The test could thus be used to determine the maximum safe injection 
pressure for a newly—comp1eted waste-disposal well. The uncertainty revealed 
by the word "usually" in the A.P.I. statement, however, indicates that 
indiscriminate use of this test may occasionally result in damage to,the 
confining beds. ‘ ' 

After the water-injection test, further tests should be run with 
the waste liquid, to determine whether a behaviour different from that during 
water injection can be expected during normal waste-disposal operations. 
Input pressures should not approach the critical input pressure during these 
tests. It should be borne in mind, that the same well—head pressure will 
lead to higher input pressures at the formation face when the density of the 
injected liquid is increased. 

’ ' 

"r ‘ ‘t 
' V 

3. Monitoring of Disposal Operations 

Every subsurface waste-disposal project should provide for monitoring 
‘of injection pressure (well—head pressure), injection rate, waste density, 
injected uolumej_and possibly waste composition. For the first three 
parameters.continuous recording should be mandatory, preferably coupled with 
an alarm system in the case of injection pressures. Regular spacing of 
intermittent_injection periods and stabilization of waste density and 
injection rate would'simplify analysis of the performance of the disposal 
system. ” 

’ " ' 

— 

A 

~ - 

In addition, fluid pressures in the annular space between casing 
and tubing should be monitored continuously-for leaks in either tubing or 
casing, Facilities should be available for pressure-testing of the annular 

.space in cases of doubt-(see Fig. 5). * -

M 

It is imperative that observation yells be installedpin conjunction 
with subsurface disposal wells;- They can be used to determine original 

' hydrodynamic gradients, and changes in gradient resulting from waste
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injection; they are necessary for proper interpretation of pump— and 
injection-test results; and they should subsequently be used to monitor 

, formation pressures during waste injection. The magnitude and direction 
of waste movement could be calculated from the observed pressure changes 
with the aid of diffusion and dispersion theory. The waste itself may not 
reach the observation well (130), but this is not necessary for a prediction 
of the position of the waste "front". 

The extent of the_observation-well network needed would be determined 
by the geologic and hydrologic conditions near the disposal site, and by the 
character (toxicity) of the waste. "Provisions should be made for periodic 
sampling and analysis of fresh—water horizons near the disposal well and 
around nearby abandoned bore holes, to enable early detection of contamination 
problems. A 

It should be stressed that the criteria and requirements for 
observation wells can only be quantified after sufficient knowledge has been 
accumulated. Initially, extensive monitoring by observation wells will be 
required to gain knowledge and experience that eventually may enable

_ reduction of the requirements for future installations on a rational basis. 

4. Operational Safeguards 

Operational safeguards should be provided to ensure that no 
environmental damage results from shutdown or failure of a subsurface- 
disposal facility. Already mentioned was an alarm system coupled to the 
injectionapressure monitor. The few additional examples given below are 
intended only as an illustration; many more possible contingencies 
undoubtedly will have to be provided for. ' 

A waste-injection well should be shut in automatically to prevent 
back—flow of waste_when injection pressure drops suddenly as a result of 
pump failure or a break in a surface line. 

Similarly, injection pumps should be turned off automatically when a sudden pressure-drop in the injection well indicates a possible tubing 
and/or casing failure. 4 

!Emergency storage on the surface should be available for waste 
produced during periods of shut-down of the disposal system, and to cope with the results of an accidental blow—out of the_disposal well. 

Stand—by pumping capacity would reduce the down time in cases of pump failure or shutadown for pump maintenance. 

_ 
Alternate disposal should be available in case a waste-injection 

facility becomes disabled for an extended period of time, if the waste- producing process can not be discontinued. 

Surface installations must in all cases be located and arranged in 
such a_manner that failure of any part of the system can not lead to contamination of surface—water or ground-water resources. 

_

'
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5. Abandoflment of Injection Wells 

The object of proper abandonment of a waste—disposal well isfto‘“ 
insure that waste is confined inside the disposal formation and that surface 
and subsurface resources will not be contaminated through the well._”Thef

0 

recommended abandoning method includes removal of the injection tubing, " 

followed by pressure cementing of the casing all the way from bottom to top 
with a neat—cement slurry._ Other methods may give satisfactory results in 
some cases; but surface casing should always be left in the hole and 
abandoned with it. "The site of an abandoned waste—disposal well should be 
permanently marked. '” ' 

' ' 
'

. 

6. Economics 

‘‘ The total cost of a subsurface—disposal system depends_on a number‘ 
of factors'(55'37, 88, 142). Costs of drilling, testing; casing and 

"V " 

development of the injection well depend on well depth,fwaste type; and.h": 
anticipated injection pressure and injection rate. 'Thefcost'of*pumping_ ‘pl 
equipment depends on waste type; and desired injection pressure and injection 
»rate. Costs of waste—conditioning facilities depend on waste volume and 
type. Operating costs vary with extent of pre-injection treatment and waste 
volume. 

'0 * " 

Figures for capital cost ranging from $30.000 to about $4,000,000 ._ 
have been quoted in the literature; The average cost reported forfl964j(37)_j 
was $200,000:” $50,000 for the injection well, $l2S;000.for_waste1conditioningfiV. 
facilities; and $25,000‘for_miscellaneous. Operating costs may vary frqm» 
2.5 to 35 cents per 1000 gallons of waste. 

' : 
~ 

”
' 

The amortization period of capital investment_depends mainly on then 
expected useful well-life, taken to be about 20 years in reference_(83). 
The well life is in turn largely determined by the factors listed below. 

a. ,Deterioration_of installation materials. 

b. Ultimate storage capacity of the disposal formation. 

c;_ Rate of increase in pressure with_time needed to_maintain the 
' ‘desired injection rate.- ’ 

‘ '1 ' 

d. Degree of permeability reduction in the reservoir resulting from 
waste injection. ‘

' 

As pointed out earlier, the useful life of a disposal well could be extended’ 
by the use of stimulation techniques, if deterioration in performance is 
caused by the latter two of the above factors.“ _ 

_ 

' ,_,t 

Reference (105) includes a list of economic criteria for the selection 
and use of a deep aquifer for waste injection. pReferences L3]),_(69l, (70), 
(138) and (142) contain extensive economic analyses, and_many case histories 
include information on costs. An economic comparison of subsurface disposal_ 
systems with the alternate surface disposal systems is presented in (142), 
The analysis shows that capital investment at installation is-comparable for
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_the two methods, and that operating costs for subsurface disposal are an 
average of~5 times less than those for surface treatment. Two conclusions 
can be drawn: 

under pressure to reduce surface.water pollution. 

2. The economic advantages are so pronounced under present 
conditions, that the more restrictive approach encouraged in 
pthis report to insure environmental protection, will not put 
the method out of economic reach of industry. .

f 

‘-1 
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1. Where injection is feasible, the economic advantages will soon: 
i 

be recognized by a wide range of industries; especially those‘:



. 

cumsai 
4. 7 

Failure of Sflbsurfeve 913120541 Systems 
1. Types of Failures 4 

~‘ *A general description of-ways in which subsurface disposal systems 
can fail may be found-in‘references"(30), (37), (64), (l05),‘(1l1) and (130). 
Failures can be grouped according to their principal causes as: mechanical 
failures, failures due to waste properties, and (regional) geological 
failures. A 

'

. 

2. Mechanical Failures 

A mechanical failure occurs when mechanical (construction or operation) 
problems prevent the completion of the well, or the operational delivery of

T 

design injection rates. Such failures often are of direct concern only to 
the industry involved; the public interest may be affected if pollution

, 

results from such failures.” A number of different kinds of mechanical failure, 
their possible causes, and potential preventive measures are listed below. 

a. Inability to complete the well, due to sanding back, unsuccessful 
packing or cementing, etc. '

. 

b. Leakage from the well, due to poorly set and sealed surface 
casing, leaks.in casing, rupture in injection tubing, inadequate 
cementing job, insufficient corrosion resistance of construction 
materials. 

c. Damage to pumps, lines, tubing and/or cement seals as a result 
of excessive pressure. 

d. Damage to any part of the system resulting from an earthquake. 
(This could equally well be regarded as a geological failure). 

Failures of the first two kinds should be preventable by proper 
drilling and installation methods; failures of the third kind must be 
prevented through the use of adequate materials, and the use of continuous 
pressure monitoring. The chances of failure through earthquake damage can 
only be minimized by avoiding areas with any appreciable seismicity. 

3. Failures due to Waste Properties 

Three kinds of waste properties, i.e., physical, biological and 
chemical, can lead to failure of a subsurface waste-disposal project. 

a. Physical properties of the waste. 

1. Reduction in formation permeability as a result of plugging by 
suspended solids, or by dissolved and entrained oxygen or other 
gases. 

2?:



_ 

the procedures suggested for their treatment are listed in Table I. 

2. Unspecified damage resulting from heat generation by radio- 
active waste [relatively unimportant (l03)]. 

b. Biological properties of the waste. 

1. Reduction in formation permeability as a result of plugging of 
the formation through the actions of bacteria, algae, fungi or 
otherdmicroorganisms. 

. 

- * 

r .. 

c. Chemical properties of'the”wa§te."' 

1. Reduction in formation permeability resulting from reactions 
between waste and natural formation fluid that produce 
precipitates and/or gases. ‘ 

2; Reduction in formation permeability resulting from reactions 
between waste and formation rocks that produce precipitates 
and/or gases. " 

~ V 

3.: Reduction in formation permeability resulting from reactions in 
the waste itself (under formation pressure and temperature), 
that produce a precipitate and/or gas. 

All of these failures should be predictable if proper analyses of 
waste, formation fluids and formation rocks are made on representative

_ samples, and if compatibility tests are carried out in.the laboratory_under 
conditions of temperature and pressure closely approximating those prevailing 
insidesthe disposal formation. ‘Results of such tests carried out at room’ temperature and under atmospheric pressure should be regarded as irrelevant: 
‘Adequate prezinjection treatment-of the waste, based on the results of 
proper compatibility tests, should prevent the occurrence of wasteerelated 

? failures. Figure 6 shows the various factors involved in a complete 
compatibility evaluation; .A-summary of undesirable-waste-properties and 

"be. Geological Failures 

A geological failure occurs when the waste-injection process leads 
to unexpected contamination of other resources, or to physical damage to the geologic environment. A few different kinds of regional failure are listed below with their possible causesj 

a. Contamination of other resources by upward and/or downward migration 
of wastes through: 

1. permeable confining beds, 

2. faults or joint systems, 

3. unplugged abandoned wells penetrating the disposal formation, 
4. damaged confining beds resulting from application of excessive injection pressures.V .
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TABLE I 

Summary of Undesirable Waste Constituents 

Constituent Suggested Treatment 
Procedure 

Suspended Solids 

Organic Polymers or Resins" 

Dissolved Oxygen 

Bacteria E 

Alkaline Earth Ions 
(Ca, Mg, Sr; producing 
precipitates)‘ 

Heavy Metal Ions
, 

(Fe.s‘M.n, Zn, Cu, Cd;
V producing precipitates) 

Components leading to 
oxidation-reduction 
precipitates 

Coagulation, sedimentation, filtration; max. 
suggested limit 1 ppm. 

Effect complete removal by process control. 

Vacuum deaeration, steam stripping; max. 
suggested limit 0.05 ppm. 

Sterilization by chlorine, heat or bactericides. 

Treatment by aeration,'sett1ing, addition of 
lime, filtration, acidification. Removal of 
free CO2 by stripping. Treatment should‘ 
include recirculation with sludge to remove 
any super-saturation. 

Aeration to oxidize iron and manganese, 
followed by treatment with lime, settling, 
and filtration. Exclude air after iron 
removal. ‘

’ 

Treat by oxidation or reduction to precipitate 
offending materials; Reduce chromates, 
oxidize sulfides and sulfites. Finished~ 
waste should not be oxidizing or strongly 
reducing. 

' 

_

7 

b. Contamination of other resources by unexpectedly rapid lateral 
movement of waste caused by: 
-1. incorrect assessment offformation permeability and permeability 

distribution, 
' 

2. increased hydrodynamic gradients; 
3.“ accelerated dispersion. 

c. Damage to geoZogicaZ'environment through!‘ 
E 1. earthquakes induced by waste‘injection( 

, 

Most, if not all, of the failures listed under a and b could be prevented by proper site and formation investigations. Failures of type ¢+1 could possibly also be avoided by proper site selection. Establishment of criteria for site and formation selection is thus urgently needed. 
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Failures resulting from a-4 should be prevented by a pressure- 
monitoring and alarm system. No reliable method has yet been established 
for the prediction of the "safe injection pressure". A rule of thumb states 
that hydraulic fracturing_occurs at pressures at the formation face in the 
well ranging from 0.5 to 1,5 psi for each foot of well depth (88). A fairly 
extensive body_of literature exists that deals with hydraulic fracturing ' 

(see Appendix B, Subject Index). The available theoretical development (60) 
has so far not been applied to the subsurface disposal problem; controlled 
hydraulic fracturing is, however, widely used as a stimulation-technique in 
the oil industry. A study is underway in the United States to investigate 
the feasibility of injection of a mixture of radioactive waste and cement 
slurry into hydraulically-fractured impermeable shale beds (77, 139). 

'‘ 

A‘...~’ 

gpffi. Case Histories of Failures 

_ 

By far the best documented case of deep-well failure is that of the; 
Rocky Mountain Arsenal well near Denver, Colorado. The subject index lists 
9 references dealing with this particular case history; reference (42).» 
provides a good-summary. At the Rocky Mountain Arsenal, a direct correlation 
was made between volume and pressure of injected waste and seismic,activityn 
Injection rates of 2 — 9 x 106 gal/month at injection pressures ranging from 
0 — 1050 psi caused 710 earthquakes measuring up to 4.3 on the Richter scale 
over a period of 4 years. 

Other case_histories report lesser failures resulting from major 
drilling problems (40), and a corrosion failure leading to an explosive ...p 
blowout (30) [this at a well that was described in two earlier case histories 
(4, 24)]. Regional leakage leading to contamination of surface and near- 
surface water has been mentioned, but not_emphasized, in two.papers (46,_8l). 
Piper (99) noted that brine disposal into the Permian Basin_in Texas and‘ 
Oklahoma has increased salt-water seepage into streams. 

Leakage through abandoned unplugged wells may be the sleeping monster. 
(As yet there have been no documented cases, but as waste.fronts advance, the. 
likelihood of such leakage becomes greater. There may be as many as 30,000 
unplugged wells in southwestern Ontario in the vicinity of the waste—disposal 
wells near Sarnia.. . 

Trouble may even develop before injected waste reaches an unplugged 
abandoned well.. An article in the Ngll;§££§§L_Jggrnal“(May,gl,.197Q,dp*mg9, 
cgl;_§)_§tated that two crude—oi1 seeps and one natura1—gas,5eep_have 
"recently started from three abandoned wells in Port Huron, Michigan (under 
the post-office parking lot, under a privateihome, and beside a hospital, 
respectively). According to the report, the Michigan Department of Natural 
Resources claims that build-up of pressure resulting from subsurface; 
disposal of chemical wastes in the Sarnia, Ontario area is responsible for 
the occurrence. ANo conclusive evidence to back up or refute.this claim 
exists as yet. The urgent need for both research and the development of 
monitoring methods is well demonstrated by the variety of failures reported n ‘_h_ 
in the case histories. 
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CHAPTER 8 

iSuljsu7*face Disposal of ‘Iadustfial Waste 
in Canada S‘ 

S 

. 
0

i 

1; Waste Disposal Wells 

. The number of waste—disposal wells in Canada is not very large as‘ 
yet. Thererare 31 registered disposal wells, distributed as follows: 16 in 
Ontario, l0:ih Alberta, 4 in Saskatchewan and I in Manitoba. Details about 
these wells are given in Table II. Disposal depths in Ontario are disturbingly 
shallow, generally.1ess'than‘lOQ0 ft. "In the Western Canada Sedimentary

S 

Basin depths range from 1373 to 5087 ft. (top of disposal interval). This 
difference reflects the~difference in available sediment thickness in the 
two areas. - 

» - 

. 

_ 
For comparison purposes, some information concerning wasteédisposal 

wells in the United States may be useful. ‘As of January 1st, 1970, there 
were l24 recorded waste disposal wells in the United States (64, 99; and 
132), with a distribution by industry as follows (5): 

”' 

- Chemical, petroechemical; pharmaceutical S 

A33 SS% 

Refineries, natural-gas plants 
in 

' 

2Q% 
Metal products (e.oL, steel plants) A 

_A 

'7% 

Others 
_ 

7 

X 
I 

I 

_ 

A 

' 

18% 
A comparison of the distribution of well depths in the U.S. (5) with those in Canada (Table 11) looks unfavourable as far as Canada is concerned, 
mainly as a result of the relative shallow depths of most of the waste disposal wells in Ontario. 7 

- 

' 

~ 

’

. 

Depth_ ' 

. 'U.S.w - 
" 4 Canada 

0 a ‘1;00o ft. 5% 42% 

_p 1,000 _‘ 2,000 ft;- 32% . 1§% 

%_ 
V p§,000 — .4,000 ft; 

' 27%.. 
V 

. 
‘32% 

k ‘ 4,000 — 6,000 ft. 
A 

.2s% ' 
’ 

4' 

7% 

5,000 4 12,000 ft. p_6% 0% 

>12,000 ft. 2% 
I 

0%
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TABLE II 

7Industria1 Waste-Disposal Wells in Canada 

well . Disposal 1nj. Inj.
_ 

Province N0 Area Formation Depth ?Rate Press 
_ 

Waste 
' 

~ (ft -) (gpm) (psi) 

Ontario ‘ 

. 1 Sarnia Detroit River 900 36 420 Spent refinery caustic 
2-6 Sarnia Detroit River 700 10-30 300-350 Spent refinery caustic 
7 Sarnia Detroit River 800 S0 225 Spent refinery caustic 

8-9 Sarnia Detroit River 800 80 180' Phenols 
10-12 Sarnia Salina Salt‘ 1900 . 

— Gravity Waste oils‘ 
13-14 Sarnia . Detroit Rivery 800 90 380 Steam condensate water, with ammonia 6 CO2 
15’ rsarnia Detroit River 800 30 Gravity Hydrocarbon Chlorides & ethers, phenols 
16 Sarnia ‘ Detroit River 850‘ '4 275 Spent caustics and sulfuric acid 

K} Alberta 17 Edmonton 
_ 

Niskui 1373-1515 21 - Alkaline brine, chlorinated phenols 
' 18 Edmonton Nisku 2020-2190 63 - Undefined plant residue 

19 Edmonton Nisku 2007-2088 — - Undefined refinery wastes 
20 fEdmonton “ Nisku 7 1939-2159 23 -. Undefined refinery wastes‘ 
21 Edmonton Nisku 1974-2133 32 — Refinery process water and spent lye 
22 'Red Deer * Viking ” 

5087-5128‘ . 
- 50 Sulfuric acid from alkylation of butane 

., , 
A A 

and_buty1enes 6 

23 Edmonton Nisku~ ' 

H 1897-2002 291 ‘ 

- Undefined refinery wastes 
24-26 5L1oydminster Sparky 2100-2800 19 — Undefined.refinery wastes 

Saskatchewanv '27 *,Regina Nisku .. .3800‘ 35 - ' Spent-caustic . _ 
: 28 Regina. . Biairmore , 

V3565 ” 50. - Waste water -
A 

-29 ‘Saskatoon. Blarrmore . 
2000 29: - 

; 

— ' Phenolic, non-phenolic and organic wastes 
.30 »Esterhazy Interlake 3850-4037 :600 900 Waste potash brine NaC1 (+MgC12, MgS0n) 

_ Winnipeg 4593-4673 .50 —
‘ 

Manitoba t 31 Virden- Lodgepole ~ 2080-2142 <1 <1000 Undefined refinery waste 
. P51 . 

Sources of Data: -Ontario: (81); Arberta, Saskatchewan, Manitoba: Provincial Agencies (See Appendix A).



2. Provincial Legislation and Regulations 

Information supplied by the Provincial agencies listed in Appendix A 
indicated that only one province, Ontario, has legislation specifically 
dealing with subsurface disposal of industrial waste.. Like the legislation 
of Ohio (5) and Missouri,.it is based largely on the pioneering legislation 
in this field by the State of Texas (45). Other provinces control subsurface 
disposal of industrial waste through legislation and regulations set up for 
related activities, such as control of disposal of oil—field waters or control of surface-water pollution. Although the latter approach may be less satis: 
factory than the use of specific legislation,flit-shouldabe»noted.that in no 
case can subsurfaceldisposal~be~carried,out_legallygwithoutgthe.permissiona9f 
some governmental regulatory agency. ‘= 

» ~—t-~-<::..4 

Table III shows the legislative situation in'Canada:ear1y in 1970. 
Only two provinces, Ontario_and Quebec, have significant references to 
deep=well disposal of industrial waste in their statutes. Two others, Prince 
Edward Island and Nova Scotia have a single-line statement disallowing 
pollution through wells. ' 

‘ ~ g

: 

As:far as regulation and control are concerned, only Ontario has 
invested authority in a regulatory agency. Quebec is in the process of‘ 
writing regulations and presumably these will be in operation soon. Alberta, 
Saskatchewan and Manitoba do not have specific”1egislation for subsurface 
disposal of industrial wastes, but they do have legislation and supporting 
regulatory machinery for the control of subsurface disposal of salt water 
from oi1Jffe1d operations. Manitoba has included "refinery wastes" in this 
legislation, New Brunswick, Nova Scotia, Prince Edward Island and “ 

Newfoundland do not have any established regulatory machinery for this 
purpose, but neither do they have any waste disposal wells in theirj 
territories; V’ V 

3. The Canada Water Act 

The Canada Water Act (Bill C-144) provides "for_the management of 
the water resources of Canada including research and the planning and 
implementation of programs relating to the conservation, development and 
utilization of water resources." " ' 

' 7 

Gi‘°U“dWatsr .pr92..i;is.§- .s=_1.l2._.o...1.s..:..._J?...I2<:§. ,¢.9I.It of the m'1.mici§pe;i Water supplies tHat“§€rv3;Eommunities with a population of ld00 or more, as well 
as a similar or larger proper‘ p for smaller communities. iln addition, 
large unrecorded-industrial and agricultural water supplies are obtained from groundwater resources. Groundwatergthus forms a significant part of_ the Qg§en,resourcesmof Canada, afidfas.sugh_its oonseroation is proVided“f6r 
under thewganadguwater Act. 1

- 

Subsurface disposal_of liquid waste constitutes agpotential threat to both surface apdaundegggggndgwaterZre§pg;ces.__ ubsurfacefdfsposal-of liquid*Wa§ie could thus be subj _to control under tne’fefm5 of the Canada w§:§§:A-gtijtfnégq1a£‘Ion§‘ made "fih?ié’FT:‘Hé“‘c§Ya§Tda“w5tféff‘1lfi”‘in"t}i‘€‘¥‘i€ia“6£ 
subsurface disposal of waste would apply to all territories under federal 
jurisdiction; to.cases with international implications; and to cases involving more than one province. vThe Canada Water Act could, moreover, be used as a.basis,forZa.Federal+Provincia1 cooperative effort toward the formulation of country-wide, uniform regulations to dea15with subsurface waste disposal. 

; 
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TABLE III 

Subsurface Waste-Disposal Legislation and Regulation in tanada 

Province : 

_ 

Y ~ 

;’ ' 

I 

H . 

V. ’ 

- 

A 

V‘: 
.4‘* " 

7 
if 

.: = ‘, 
, 

.m Yukon and 
or Territory Btc. VAlta. Sask. Man. Ont. 

._ 
Que. N.B. 

, ..fl.S. 
7 

vP.e.I. 
I 

‘. Nflo., Northwest 
e 

”’ 
’. 

. 

_ 
y 

_ 
_ 

. _V y 
,‘ , 

I 

Territories 

‘ 

Specific lcgis-*,‘ V 

' 

{No ’ No‘ No‘ “ No‘ Yes - 

’ Yes” :_ No i'_No No ' -'A No” L No 
1 lation for deep- ‘~" ’ 

~ 

' ’ 

’ ” ‘ *” ' 
' '~ " ‘ ‘ 

‘ ‘ 

well injection 

Establisned regu— ~ f No. 
_ 
No _ 

— No No* Yes Yes; 1' 

A 

No . 

: 
A 

VH0 . No 1 
. 1N0 j No 

lations and-regu-i ' 

H 
-- - 

_ 

- (Proposed) 
latory agency: ' 

' -' 

3: Regulation carried 
A 7' 

Yes ’ 

- Yes" A 

Yes 
A 

Yes No’ 
' No No _ No_ ' No . 

_. 

‘ 

Y 
;Nof Yes 

out under salt water_, ¥ '
' 

disposalVregulations' 

' Pollution 30i1;§ Gas . Oil 6 Gas 
V 

Clean En- Energy Mining Mining Vwater,‘ ‘Well’ L gwater 1 Canada Oil 6 
which authority res- .Contro1 Conservation Conservation vironment , Act Act\_ Act 6 

' 

Act § Well Drillers Resources 8 Gas Drilling 
ides (or_is assumed V 

- Act Regulations Act . Act . Water Act ..Drilling Act Regu-~ VPo11utionV G Production 
to reside) 

_ 

-«'» 2 < « - ' Act ' 

, lations 4ControI.A¢t Regulations 

Research capability a No ' -"-No -Yes No No ' 
» No- — - Noe. : No — No 

' 

I 

I 

T -N°v'“ - No 
in subsurface‘ ; 

' 

‘ 
' 

' ' ‘ 
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' 
' ' 
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* Except ‘refinery wastes} which are covered under salt-water disposal legislation and regulations



CHAPTER 9 

Regulation and 50]1Subsa1faa¥pi.y2osal 

1. EnabZifl9L¢9isZa1:w7¢ 
an ‘I an I. 

l

C 

The major purpose of enabling legislation covering the underground disposal of industrial_waste would be to set up and/or to invest authority in a regulatory agency, and_to define the nature of its regulatory program. As far as a possible Federal regulatory program is concerned, the Canada Water Act would serve as enabling legislation, as indicated in the foregoing chapter, Water management agencies to be set up'under the Act have a purely local focus but have the virtue of being implementable in the immediate future. "' "V" " 
. 

1
' 

Wherever specific legislation covering underground disposal of industrial waste does not exist, the necessary regulations could, of course, be made under existing Acts, such as those listed in Table III; special legislation, however, might be more suited to enable proper regulation and control of this potential environmental hazard. Countryéwide uniformity in basic regulations, (as advocated in Chapter ylll), although generally not easily attainable utilizing existing provincial or federal.legislation would simplify the solution of problems that involve more than one province. It would also prevent the emergence of subsurface disposal "havens", that might penalize those provinces that have established adequate, and thus restrictive regulations. » 

' 

A 

‘ ' 

Provision could be made for the establishment of central or cooperative waste—disposa1 facilities which charge*fees for underground disposal of wastes. 

2. Regulatory Program 

A number of requirements for the regulation and control of subsurface disposal of industrial waste can be outlined on the basis of the technical and scientific.aspects discussed in the foregoing chapters.‘ A summary is presented in Figure"7._ ' 

. 
‘, 

, 

'

' 

The first task of-a regulatory agency would be to designate "potential? "limitgdg, and "closed"'dispbsal regions.—~As pointed_out in Chapter IV¥l:A~;” this’first task could~best*B€”afi$?3afi33“on a country—wide basis- Subsequently, potential disposal formations in regions of the first two types would have to be subdivided into "favourable", "restricted", or "closed" zones, as discussed in Chapter V-1. " *“ ’”"'T.. ‘ 
a 

’

-

D

~ .»__._. 
For each p oposed waste—disposal project, the following steps would in general have to be taken. ' “ '- 

-. 7.. - 

' Step 1. Feasibility study. 

a. Waste to be injected should be shown to qualify for subsurface disposal, according to guidelines like those given_in Chapter 1144‘ . o. 
. . . . . 

, _..
. 
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b; The applicant's feasibility study should show that the proposed 
disposal site falls within a "favourable" or-"restricted" zone 
of one of the pre—estab1ished Upotential" or Wlimited" regions. 

Step 2. Application fbr permit to drill and test a well. “ 

The applicant should supply the regulatory agency with plans and 
a description of the proposed drilling and testing program.’ 

The regulatory agency_could specify special conditions_regarding 
drilling procedures and required-testing, including installation 
of observation wells, in accordance with the "ioning" of the 
proposed site. 

Step l.V Drilling and testing. 

3.‘ The applicant should comply with the above mentioned special 
conditions, and carry out all required-testing necessary for 
proper evaluation of the site and disposal formation(s). 

plnterpretation of results of pumping or injection tests should 
be based on the most recent transient—f1ow analyses. 

The applicant should be required to prepare a realistic prediction 
model of expected pressure fields, resultant lateral and vertical 
waste movement, and dispersion effects} 4' 

* ' ~ 

Step 4. Application fbr permit to operate a disposal well. 
a. 

.’_ 

The applicant should furnish the regulatory agency with all test 
results. 

The applicant should supply the agency with detailed plans and 
a description of the proposed disposa1'facility;' 

Permits should be issued only where a favourable combination of waste class, disposal region, disposal.formation and disposal , 

zone exists; and if plans for the proposed facility comply with minimum safety requirements. ‘ ~’ ”
’ 

The agency should specify maximum allowable injection pressure and injection rate, and may have to establish time or total- volume limits on the permit; in View of resource-management ‘requirements (see Chapter III-2). 

The agency should specify requirements regarding monitoring of: 
// 

gL; Injection pressures and injection rates at the well head 
(continuous). 

~2, ~Waste properties (especially density) at the well head ' '” 
‘/y/ipreferably continuous);'*“ 

‘Pressure'in"annular*s pace between tubing and casing 
(continuous). ‘ "‘ -V ‘V ‘5‘1 ' %”*i;V ’
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/'1 

4. ;Pressure bui1d—up and chemical analyses in observation wells 
(daily or wee.k:1y). ‘- 

‘ 1/
. 

5. ichemical analyses of fresh-water supplies in the vicinity 
f of the disposal well (weekly or monthly). 

NOTE — A specific-injection-capacity test at regular intervals 
should not be required if the first four of these monitoring 
requirements are fulfilled properly. 

f. The agency should reserve the right to suspend or revoke the 
permit in cases of: 

n l. Violation of any law, regulation or condition of permit. 

24 pevelopment of unforeseen hazards (Chapter VII). 

,3! Technical inadequacy of the installation (Chapters VI, VII). 

g. Contingency procedures should be specified to handle accidents 
or unforeseen developments (see Chapter VI-4).‘ 

Step 5. Operation of a disposal facility. 

a. The operator-should comply with all requirements specified by 
the agency and should supply the agency regularly with reports 
on the operation, including monitoring results. 

b. The agency should be empowered to inspect facilities for 
subsurface disposal whenever such is deemed_desirable. 

Step 6. Application for abandonment of a disposal well. 

a. Applicant should state his reasons for wanting to abandon the 
disposal well, and describe the procedure to be used. 

lb. The regulatory agency should specify requirements for the 
proper abandonment of the disposal well (Chapter VI-5), in 
accordance with the "zoning",of the disposal site. 

Step 7. »Abandonment 

a. The operator.should comply with the agency's requirements as 
specified, and submit a report on the abandonment operation 
upon its completion. ' 

.b. The agency should maintain on file all records pertaining to 
waste injection wells within its jurisdiction. 

c. Immediate abandonment could be contemplated in cases specified 
under Step 4ef; abandonment with a time limit for compliance 
could be requested whenever a superior alternative treatment 
(e.g., recycling, or re-use of waste constituents) becomes 
available for a particular waste that is currently being 
injected into the subsurface. : .
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3. Staffing Requirements 

A regulatory program can only be effective if a qualified staff is 
available to administer it. It should be stressed here that the staff of a regulatory agency in the»field of subsurface waste disposal would be concerned not only with the purely administrative aspects, but also,_at least.as§»1' 
important, with all aspects relating to the evaluation of feasibility studies, 
test results, waste classification etc., as well as with control and, A 

enforcement of the regulations in the field. :In addition they would be expected to give advice to the policymakers. The professional staff of the regulatory agency should thus cover a wide range of capabilities. .Close liaison should be maintained with agencies in the field of water resources management, water pollution control, public health, fossilffuel and mineral resources development, and geological surveys. 

4. Legal Liabilities and Constraints 

Discussions of legal ramifications that might arise from subsurface disposal projects are included in references (30) and (128). Two areas of potential litigation are related to_contamination of groundwater supplies, 
and to interference with recovery of valuable mineral resources; Proceedings for the adjudication of such litigation_have been based on the_doctrines of trespass, negligence, nuisance, or strict liability. In the case_of trespass, invasion of property rights of another person is implied, and damage has to be demonstrated; negligence is constituted by the failure to exercise reasonable care; nuisance implies only that a certain degree of interference occurred, regard1ess_of the amount of care exercised; the_doctrine of strict liability contends that fault is not a.prerequisite, and its applicability 
to deep—wel1 disposal depends on the determination of whether such an undertaking is inherently dangerous. 

A further means for legal action in cases of subsurface pollution from underground waste disposal operations would be available when violation _of a specific statute or regulation can be demonstrated. 
From the foregoing sections it is again evident that much more extensive knowledge about the possible consequences of underground waste disposal, and about the behaviour of injected waste is urgently needed.
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1, Basis Data and Present Knowledge 

j 
'Future“regulations covering the subsurface disposal of industrial. 

waste can only be adequate; rational and equitable, when they are_based on 
'a’firm'understanding'oflthe‘proeesses‘involved} Only then can a regulatory 
and control program be fully effective, and only then can the law courts be '

, 

expected to solve ensuing legal conflicts in a just and enlightened manner. 
To accomplish these goals, extensive research will undoubtedly be needed, 
but full use should also be made of experience gained to date in related 
fields, and of available basic data. . 

'
i 

Extensive experience has been accumulated by the petroleum industry 
in the fields of salt-water disposal and water injection for thelsecondary 
recovery of petroleum (5, 49). ‘Unfortunately the experience gained from 
Such projects may not be directly applicable to the,wastesdisposal field, 
because of sbme_important differences, g_ 3

' 

.,b! 

UNatural"‘instead of "foreign" liquids are involved. 

Brines are sometimes returned to the formation from which they 
were produced,_thus tending to restore prior pressure conditions 
(99)._ 

. = 
. 

, 

A 

. 

V

@ 

Injection is often under gravity flow, not under positive 
'’ pressure (88). ,”' 

In pressurezmaintenance projects, other fluids are simultaneously 
withdrawn from the formation elsewhere, so that pressures tend 

' 

-tc remain‘ s‘fcab“1'_e i’:(8:8)_.
: 

VDetailed subsurface data are generally available for the’ 
disposal area; from prior exploration for oil and gas (133). 

Required safety precautions are not nearly as stringent and 
subsurface movement is often not as critical, as in the case 
of noxious industrial waste (133). ' 

Pre—injection treatment is usually relatively simple compared 
to that required for many industrial wastes (133, 150). 

"Break-through" of injected water to a producing well is.a 
disadvantage rather than a potential hazard. ' 

Nevertheless, at least.part of the experience gained from such Operatiofis 
will be of use in the evaluation and operation of waste—disposal-schemes.
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Much of the technology of subsurface exploration,.well construction, 
testing and operation, developed by or for the petroleum industry, is of 
immediate use in the waste-disposal field. In addition, the exploration for 
petroleum as well as for other natural resources has-produced a vast amount 
of subsurface data that could provide the basis for the initial appraisal of 
regional disposal potential. In some areas the available subsurface_data may 
also significantly reduce the extent of exploratory work needed for future 
subsurface-disposal projects. 

A continuing source of experience is of~course provided by the’ 
approximately 160 industrial disposal wells now in operation in North America, 
-as well as by_a number of disposal projects in various parts of Europe 
[e.g., (46)]. -This'experience, as well as current research efforts by 
industrial and government agencies in the waste-disposal field, both in 
Europe and North America, should be taken into account whenever a research 
program is to be formulated. l"-' ' ” ~ ' 

In the following sections a number of subjects in need of research 
are identified under the major headings of physics, chemistry, technology, 
and waste-management. ‘It should be noted here, that research into subsurface 
disposal of waste is a wide—open field. Of the 142 references in the general 
bibliography, only four (96, 105, 113 and 131) can be classified as research 
studies directly related to injection of liquidfwaste into the subsurface. 

2. Physics 

a. Injection—well hydraulics. 

l. Validity of pumping—test equations.for injection-tests. 

2. Pressure-distance—time relationships under non—ideal geologic 
conditions. 

3. Injection—well hydraulics in fractured media. 

4. Validity of groundwater equations in lowepermeability confining 
- layers. 

5. Optimization of observationaand-monitorawel1 design- 
b. Stress mechanics. 

1. Prediction of maximum safe injection pressure. 
2. ‘Physical nature of hydraulic fracturing and its relation to 

natural stress fields- . ..-. = 
.

- 

3. Effect of hydraulic fracturing on confining beds. 
4. Possibility of positive use of hydraulic fracturing in subsurface 

disposal of waste. 
’§. Hydrodynamics.” 

1. Proper location of waste—disposa1 wells in relation to local and regional groundwater-flow systems.
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‘Methods for prediction of both natural and induced hydrodynamic 
gradients. 

Relative-importance of geochemical osmosis.as.a'fluid;driving 
'.force—(98).'. 

d. Dispersion. 

1. 

3. 

Application of hydrodynamicgdispersion theory to injection ofh 
waste into the subsurface. 

,Nature of interface between waste and formation'fluids;"dispersion,I 
.fingering; gravitational segregation resulting-from density‘ “ 
differences. 

Use of buffer zones. 

e. Prediction models._. 
1'. Numerical mathematical models with digital-computer solutions 

for the prediction of pressure fields, hydrodynamic gradients,‘ 
and nature and shape of.interfaces in complex, nonahdmogeneous 
and anistropic formations. 

’ "V ‘ " " 

"Methods/for collection of data on waste movement and behaviour;' ' 

to enable checking of model predictions. 
‘ 

f.. Heat dissipation. 

1. 

2 ;_ 

‘Heat from radioactivity of'waste.' 

Heat produced by chemical reactions.‘ 

3. Chemistry_ 

a.’4Waste~classification. 

1. Detailed quantitative criteria for classification of liouid 
industrial waste. ' 

'

- 

b.U Compatibility problems 

1. Methods and.equipment for sampling and testing of formation
4 

fluids under subsurface conditions of temperature and pressure. 

-Chemical interactions.of various wastes with various types offs 
"formation fluids and formation rocks under subsurface conditions. 

Chemical interactions between incompatible wastes'in intersecting
’ 

zones of influence of closely7spaced.well;-" 

Changes in permeability resulting from Various chemical reactions. 

Waste conditioning to prevent incompatibility reactions.‘
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3. 

Va. 

B4 

Chemical modification of contaminants. 

1. Attenuation through ion exchange, adsorption, fixation, chemical 
(or biological) degradation. '

. 

2. Formation of, or increase in, noxious properties through Chemical 
degradation or formation of new compounds. “ ' ‘ 

4. Technology 

Well design and construction methods. 

Long—term corrosion resistance of construction materials. 

Waste—conditioning installations. 

. .Monitoring installations. 

l. Pressure-and chemistry transducers for installation in observation 
wells. ' 

‘ 

' 
' i V

‘ 

2. Alarm and automatic shut—off systems._ 

5. Waste Management and Economics 

Reduction of waste volumes through modification of production . 

’processes. 

Processes for waste treatment that enable recycling. or re—use of 
waste constituents. 

Techniques for economic optimization of waste management (alternatives 
including subsurface disposal): - 

1. on a plant basis,
— 

2. on an industry-wide basis, 

3; on a society-wide basis. 

Techniques for including environmental damage, resulting from 
pollution, into economicaoptimization models." ‘ 

Waste management as part of the management of natural resources. 
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10. 

CHAPTER 11 

s Conclusions 

The storage capacity of geological formations is a limited natural 
resource, re—usab1e when used for gas or fresh~water storage, but not 
re—usab1e after use for the disposal of wastes, ' 

Subsurface_disposa1_of waste does not constitute permanent disposal in 
the strictest sense of the word. Rather, it detains waste in transitory 
storage; it may lead to irreversible pollution of a portion of the

’ 

subsurface environment; injected waste may also reappear at the surface. 

The volume of waste that can be injected under safe injection pressures 
is limited to.that which can be provided by compression_and displacement 

:of original formation fluids and by compression of the fiormation rock; 
this represents only a fraction of the aggregate pore space. 

Subsurface disposal should only be allowed for "natural" fluids_and some 
classes of "foreign" fluids (as defined in Chapter II); a waste—classif- 
ication system should be established_on the basis of quantitative criteria, 
to enable a rational evaluation of individual cases. ‘ 

.

” 

Subsurface disposal of any waste should be discontinued as soon as an 
economical alternative treatment and/or disposal method, or a re-use or 
recovery process becomes available for such waste. 

Proper management of subsurface space and the establishment of priorities 
for_its use should preferab1y_be approached on a regional basis. 

A regional subdivision of the country, e g., into "potential", "limited" 
and "closed" disposal regions, should be established; for this purpose 
some quantification of the qualitative criteria given in Chapter IV may 
be necessary. ’ 

Prospective disposal formations within Upotential" and Nlimited" 
disposal regions should be zoned, e.g., as "favourable", "restricted" 
and Vclosed", for the purpose of subsurface disposal._ Such zoning, 
as well as formation and site selection for particular disposal projects, 
should be based on quantitative criteria similar in nature to the 
qualitative criteria given in Chapter V, 

All phases of a subsurface disposal project, from conception to 
abandonment, should be subject to regulation and control, to prevent 
failures and the creation of unnecessary environmental hazards. 

Where injection is feasible, the economic advantages will soon be 
recognized by a wide range of industries, especially those under 
pressure to reduce surface—water pollution.
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11., 

'12. 

13. 

14. 

‘15. 

16. 

17. 

18. 

Economic advantages of the method are so pronounced under'present?" 
regulations, that the more restrictive approach encouraged in this 
report, to ensure environmental protection, will not put the method out 
of the economic reach of industry. Justification of deep-well injection’ 
on a strictly financial basis should not be allowed. 

The role of government in the field of subsurface waste disposal must
_ be underlain by an environment-oriented philosophy, which can.tolerate 

the method only if full protection of the public interest in_the 
environment can be assured. A 

As of January 1970 there were 31 industrial—waste disposal wells in Canada;ean increase in this number in the future is to be expected. 

Only two provinces in Canada have legislation specifically 
deep-well injection of industrial wastes. ‘Only Ontario has invested authority in a functioning regulatory agency; Quebec is in the process 
of establishing such an agency. The prairie provinces carry out a 
regulatory program under the authority of oilfield water—disposal‘ 
statutes. The very real differences between saline-water and industrial—’ 
-waste injection should be taken into account in future legislation, and 
in the design of scientific research programs. 

Future legislation and regulations will have to reflect the position that subsurface storage capacity is a limited resource that should be conserved for maximum beneficial use. 

Country—wide uniformity in basic regulations for the waste§disposal field would simplify enforcement and control by the limited professional manpower available. - 

' 

V 

' 
l‘" -' 

The feasibility of centralized or co-operative injection facilities will have to be investigated; industries that produce wastes qualified for subsurface disposal could be encouraged to locate near "favourabled" zones in "potential" disposal regions. - ' 

-

’ 

Research is urgently_required on a number of waste—disposal problems identified in Chapter X of this report.
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V1, Provinciai Agencies 

APPEN[_)|'X A 

Alberta: 
' Development Department, 
.Oil and Gas-Conservation Board, 
603 - 6th Avenue S.W., ' 

Calgary 1, Alberta. 

British Columbia: 
-Waterflkesources Service, 
Department of Lands, Forests and Water Resources, 
Parliament Buildings, A 

Victoria, B.C. 

Manitoba: 
- Oil and Gas Conservation Board, 
Mines Branch, M 
Department of Mines and Natural Resources, , 

901 Norquay Building, - - 

Winnipeg 1, Manitoba. 

New Brunswick:
9 

Mines: Division, 
Department of Natural Resources, 
P,0. Box 1270, 
Fredericton, N.B. 

Newfoundland: 
Newfoundland and Labrador Water Authority, 
St. Johns, Newfoundland. 

Nova Scotia: 
Nova Scotia Water Resources Commission, 
Halifax, Nova Scotia. 

Ontario: 
Petroleum Resources Section, 
Department of Energy and Resources Management, 
880 Bay,Street, 
Toronto 181, Ontario. 

Prince Edward Island: 
P.E.I.-Water Authority, 
P.O. Box 2000, 
Charlottetown, P.E.I.
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1Quebec: 
Petroleum and Natural Gas Division, 
Quebec Department of Natural Resources, 
Quebec City, P.Q. 

Saskatchewan: 
Petroleum and Natural Gas Branch, 
Department of Mineral Resources, 
Government Administration Building, 
Regina, Saskatchewan. 

2. Federal Agencies 

Department of the Environment 
Hydrologic Sciences Division

V — scientific research in hydrogeologic, hydrochemical-and hydro- 
cdynamic aspects of deep—we11 injection.. V 

'

V 

water Quality Division ‘' 
'

_ 
— scientific research in industrial wastewater treatment. 

Policy Research and Coordination Branch: 
— policy coordination '

A 

— economic analyses 
Public Health Engineering Division

_ — Research and Development Section." 
, 

' ,V 
: 

. Department of Indian Affairs and Northern Development 
Resource and Economic Development Group ’ 

Resource Management Division 1 
i

‘ 

— Mining Administrator_ 
é Oil and Gas Administrator 

3. National Committees 

There are also three federally-sponsored committees in whose sphere the deep-well injection problem lies: 

NfR;C. Associate Committee on Water Pollution Research. 
N.R.C. Associate Committee on Geodesy and Geophysics, Subcommittee on Hydrology. " 

Mines Ministers Conference, Salt Water Disposal Committee.“
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