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Abstract 

A study of the problems involved in using existing data from wells 
drilled by the oil and gas industry for mapping potential geothermal 
reservoirs has been carried out. The purpose of the study was to develop 
techniques that would permit initial mapping of potential geothermal 
reservoirs and resources in the most practical and economic manner. 

An experimental mapping program has been carried out using these 
techniques. As a test of the method and as an example of the approach 
recommended, the Innisfail-Red Deer area of south central Alberta was 
selected for test mapping of potential geothermal reservoirs. 

Initially, it might appear that locating and mapping large geothermal 
reservoirs at depth in the subsurface would be a very simple matter in 
view of the very large number of wells already drilled in western 
Canada. This study has demonstrated that this is not the case because of 
limitations of the available data and geological complexities. 

For the Western Canadian Sedimentary Basin, data are available on 
over 100,000 wells. Because the available data were collected to meet 
the needs of the oil and gas industry, they do not usually provide the 
information on water-bearing reservoirs that would be most valuable in 
mapping geothermal resources. They do, however, form an extremely 
valuable data base for the study of geothermal potential . 

Established subsurface mapping techniques, using all available data, 
would produce the most complete information on geothermal reservoirs but 
would be a very time-consuming and expensive approach which would be 
impractical at an early stage of assessment of potential. 



Resume 

Les problemes qui surviennent lors de l'utilisation des donnees 
provenant des forages de l'industrie petroliere pour l'etablissement des 
cartes de potentiel geothermique ont ete etudies. Cette etude a ete 
menee afin d ' etablir les methodes les plus pratiques et les plus 
economiques de tracer une carte preliminaire des ressources et des 
reservoirs de potentiel geothermique. 

Un programme experimental de cartographie par ces methodes a ete 
effectue. La region d'Innisfail-Red Deer au centre de ! ' Alberta du sud a 
ete choisie afin d'evaluer la technique et de demontrer la mode 
operatoire conseillee . 

Le tres grand nombre de forages effectues dans l'ouest du Canada 
suggererait au premier abord que le reperage et la cartographie des 
grands reservoirs souterrains seraient chases simples. La presente etude 
indique le contraire a cause des limites des donnees disponibles et des 
complexites geologiques. 

Les donnees de plus de 100,000 puits sont disponibles pour le bassin 
sedimentaire de l'ouest. Puisque ces donnees ont ete recueillies pour 
satisfaire aux besoins de l'industrie petroliere, elles ne fournissent 
pas en general l'information sur les reservoirs d'eau qui serait la plus 
utile pour la cartographie des ressources geothermiques. Par ailleurs, 
elles forment une tres bonne base de donnees pour l'etude du potentiel 
geothermique. 

Les techniques bien etablies de la cartographie du sous-sol, en 
utilisant toutes les donnees disponibles, produiraient le plus 
d'information sur les reservoirs geothermiques. Cette approche serait 
tres dispendieuse et tres longue, et ne serait done pas pratique aux 
premiers stages de l'evaluation de potentiel . 
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REPORT ON STUDY 

OF THE 

FEASIBILITY OF GEOTHERMAL RESERVOIR 

MAPPING IN DEEP SEDIMENTARY BASINS 

USING EXISTING DATA 

INTRODUCTION 

The study upon which this report is based has been carried out under 

Contract Serial Number OS082-00273 with the Department of Supply and Services, 

Canada , extended by letter from Supply and Services, dated July 8, 1983. 

The objects of the study were: to determine the problems involved in 

using exist ing data , mainly from wells drilled for oil and gas exploration and 

development , for mapping of potential geothermal resources in deep sedimentary 

basins; to develop techniques for mappinn information pertaining to geothermal 

resources in sedimentary basins using existing data ; and to carry out an 

experimental mapping program in an area in Western Canada where there are 

indications that a geothermal potential may be present and where practical uses 

of geothermal resources may exist. 

The work has been carried out with the benefit of meet in0s and 

discussions with the Scientific Authority , Dr. A . Jessop, of the Earth Physics 

Branch of the Department of Energy, Mines and Resources. 

In most cases, the data used in this study was originally recorded in 

the Imperial system. Wherever practical, data have been converted to the S. I. 

system for inclusion in th is report. 

'---------------------------- SPROUL• A••OCIAT•ll LIMIT•O ----' 
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OBJECTIVES 

The study has been concerned with those potential geothermal resources 

which occur naturally in the form of hot water at depth in normal sedimentary 

basins. The Western Canadian Sedimentary Basins are known to contain porous 

beds at depths which could produce large quantities of water. 

The oi I and gas industry have explored the western basins for many 

years, and have drilled well over 100,000 wells in the search for, and 

development of, hydrocarbons. Information on practically all of these wells is 

available. This information provides a vast file of data pertinent to the study 

of potential geothermal resources. It should be stressed that the information 

collected and preserved has been associated with hydrocarbon exploration and 

development, with the water not being considered of economic interest. 

Nonetheless, the data files do provide a vast amount of useful information and 

effectively form the only source of existing pertinent data. 

Wei I-estab li shed techniques of regional and local subsurface mapping 

could, with appropriate mod i fication, produce the most complete information 

available on the subsurface beds and their contained water. Such techniques, 

using all pertinent wel I data, would require many man-years of intensive work. 

The prime objective of the study has been to develop techniques which 

could be applied relatively quickly and which would give reasonable assessments 

of the geothermal potential of specific areas within economic limits of t ime and 

cost. We have considered it better to present pertinent material on maps for 

easy interpretation rather than in detailed report form. 

Our objective has been to develop techniques for rapid selection and 

interpretation of the most significant data and presentation in summary form. 

Actual economic development of site-specific operations would, of 

course, require more detailed geological and/or geophysical studies. 

~---------------------------SPROULE ASSOCIATES LIMITED--~ 
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STUDY METHOD 

General 

The study was divided into two phases. 

The objective of the first phase was to carry out a broad 

reconnaisance of the entire prospective port ion of the Western Canadian 

Sedimentary Basin and to use this reconnaisance to select an area for more 

detailed research and experimental mapping. 

The objective of the second phase was to develop techniques for 

mapping information pertaining to potential geothermal resources in sedimentary 

basins, and to carry out an experimental mapping program in an area where 

geothermal resources may reasonably be expected to exist and where there is some 

realistic expectation of commercial use. 

Phase One 

For the first phase of the study, a preliminary data review was 

carried out for some 225 selected wel Is across the Western Canadian Sedimentary 

Basin. 

The wells were selected on the basis of an eight township grid 

(approximately 80 kilometres by 80 kilometres or SO miles by SO miles). The 

wel Is selected were, in general, the deepest wel Is in the vicinity of the grid 

corners for which adequate data were available. They were not usually the 

nearest wel Is to the grid corners. In most cases, the selected wel Is are those 

for which Energy, Mines and Resources has already carried out net rock 

analyses. 

The grid and the wel Is chosen are shown in Figure 1. Each wel I was 

assigned a number by provinces so that Manitoba wel I numbers are prefixed by 

'M', Saskatchewan wel I numbers by 'S', Alberta wel I numbers by 'A', British 

~--------------------------- SPROUL• A990CIATBB LIMIT&O ----' 
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Columbia wel I numbers by 'BC' and Northwest Territories wel I numbers by 'NWT'. 

It was agreed with representatives of Energy, Mines and Resources that 

a sedimentary sequence less than 1, SOO metres thick was not likely to provide 

subsurface temperatures of economic interest. 

Areas for which data indicated a sedimentary sequence less than 1, SOO 

metres thick were eliminated from further study. 

The study area is, therefore, limited to the south by the 

International Border (49° North) to the east, northeast and north by the 1, 500 

metre isopach of sedimentary rock thickness, and to the west and southwest by 

the edge of the Disturbed Belt. 

Complete printouts of data for each of the selected wells within the 

limited study area were purchased from the files of International Petrodata 

Limited. 

The information purchased for each wel I includes, but is not limited 

to, the fol lowing : 

Wei I Location 

Well Name 

Operator 

Status 

Date Drilled 

Elevation 

Depth 

Productive Zones 

Logs Run 

Formation Tops 

Perforated Intervals 

Interpreted Porous Intervals 

'-----------------------------SPROUL• ABBOCIAT•B LIMtT•O __ __, 
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Drill Stem Test Data 

including pressures and recoveries 

Water Analyses 

Oil and Gas Analyses 

Core Analyses 

The data for each of the wel Is in the study area were reviewed in a 

reconnaisance manner. Microfiche copies of wel I logs were also examined. 

Drill stem test data for tests below 1,500 metres which recovered 

significant fluids were tabulated. For purposes of the study, recoveries of 

less than 150 metres of fluid were not cons idered significant. Tabulations of 

drill stem test data are appended to this report (Appendix A). Available water 

analyses for those tests which recovered significant quantities of water are 

also appended (Append ix B). 

Bottom hole, or the deepest available temperatures, were determined 

from log headings. 

A preliminary interpret at ion of the best porous zones was made from 

logs and other data. Of necessity, this is a first approximation only , because 

of the great var iety of different logs run and the detailed calculations 

required for porosity determinations. 

Maps were prepared showing the most significant data from th is phase 

of the study for the purpose of selecting an area for more detailed study and 

experimental mapping. 

Figure shows the total depth of the wel Is and the deepest 

stratigraphic unit reached. Figure 1 also shows the highest reported subsurface 

temperature and the depth at which that temperature was recorded. Great care 

should be taken in interpreting maximur:i recorded temperatures since they are 

"----------------------------- SPRCULa A99CCIATEll LIMITl!C __ _, 
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usua l ly lower than actual temperatures. The temperatures shown do, however, 

provide a reasonable indication of the comparative temperatures for different 

depths and areas. 

F igure 2 shows those format ions wh ich are reported to have recovered 

significant quantities of fluids on drill stem test. Also shown is the salinity 

of recovered water in grams per kilogram to t al solids where available. These 

data are only given where significant quantities of water were recovered. 

Figure 3 is a map showing the stratigraphic unit at the 1, 500 metre 

depth level. This map is, of course, based only on data from the wel Is shown 

and is therefore very much generalized. When combined with a general knowledge 

of which stratigraphic units are likely to have significant porosity and 

permeability, this map is useful in determining the general prospectiveness of 

an area. A brief discussion of the results of the study is presented later in 

this report under the heading "Regional Interpretation from Phase One Study". 

Us ing the data provided by Phase One, the next step was to select an 

area for more detailed experimental study. This selection was carried out with 

the assistance and approval of Dr. A. Jessop of Energy, Mines and Resources. 

A number of factors were considered in selecting the area for more 

detailed study. These included: 

1. Potential aquifer quality. 

2. Temperature indicated for potential aquifers. 

3. Availability of adequate amounts of data. 

4 . Geography in terms of population distribution and potential 

industrial uses for geothermal energy. 

5. Avoidance of areas which have already been studied in some 

de tai I. 

----------------------------SPROUL• ABBOCIAT•B LIMIT•O __ _, 
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6. Selection of an area which would be reasonably representative in 

terms of potential problems and which would provide a reasonable 

test case for experimental mapping. 

7. Regional and local geological knowledge. 

Phase Two 

The I nnisfai I-Red Deer area of south-central Alberta was chosen as 

best meeting the criteria for selection. 

The area chosen is somewhat irregular in shape, the outline being 

controlled by the factors mentioned above. The area is shown in Figures S to 

9. Figure 4 illustrates the general stratigraphy of the area from a depth of 

1, SOO metres to approximately 3, OOO metres. 

In all, the area selected covers approximately 21 townships (about 

2, OOO square kilometres or 7SO square miles). 

A printout of available data for all wells deeper than 1,SOO metres 

within the area was purchased from International Petrodata Limited. The 

printout only included one wel I per section (approximately 2. S square 

kilometres) in field areas where there may be as many as 16 we! ls per section. 

The pr i ntout provided data on some S2S wel Is deeper than 1, SOO metres with in the 

area. The large number of wel Is proved to be required to permit selection of 

those wells providing the most useful data. 

Or iginally it had been planned to select an area with perhaps 2S to SO 

wells penetrating zones of possible geothermal interest. A great many of the 

S2S wells included in the printout did not prove to provide data which would 

make an important contribution to the study. Therefore, the data on al I we! Is 

were reviewed with a view to selecting the wells which would provide the most 

important information. The factors considered included the following: 

"'---------------------------- llPRCUL• AllllCCIAT•ll LIMIT•CJ ----' 



- 8 -

1. Depth of wel Is and deepest stratigraphic units penetrated. 

2. Drill stem tests producing significant quantities of fluid, 

especially from st r atigraphic units known or thought to have 

geothermal potential. 

3 . Availability of core analyses for for mations known or thought to 

have geothermal potential. 

4. A reasonable distribution of data over the map area. 

It might be anticipated that there would be considerable problems in 

reduc ing the number of wel Is selected for detailed study out of such a large 

number. Actually , the reverse proved to be the case, and one of the main 

prob lems was in selecting enough wel Is providing the type and qua Ii ty of 

information which was most desirable for the study. 

In discussions with Energy, Mines and Resources staff , it was agreed 

that an attempt would be made to use approximately two wel Is per township. 

Ult imately, a total of 68 wells , or a little over three wel. ls per 

townsh ip , were selected. For these 68 wel Is , all pert inent data were reviewed 

and important information extracted and plotted on maps at a scale of 1: 50,000. 

The following maps were prepared : 

Figure 5 Map showing Tota l Depth, Deepest Stratigraphic Unit Penetrated, 

Depth at which Highest Temperature was Recorded , Highest 

Temperature Recorded and Time Since Circulation Ceased. 

F igure 6 Map showing Sigificant Recoveries of Flu id on Dr i l I Stem 

with Formation, 

Recovery and 

Depth 

Type, 

to Bottom 

Theoret ica I 

of Tested Interval, 

Water Rise Interpreted 

Test 

Fluid 

from 

Pressures, Depth from Surface to Theoretical Piezornetric Surface 

and Assessment of Qua Ii ty of Data and Potent ia l Producing 

Qual ity. 

~-------------------------- SPROUL• ABSOCIATl!B LIMITl!O __ __. 
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Figure 7 Map showing Major Porous Zones Interpreted from Logs with 

Thickness and Nature of Fluid Recovery Where Tested. 

Figure 8 Map showing Weighted Average Values of Permeability and Porosity 

from Core Analyses. 

Figure 9 Map showing Total Solids in Grams/Kilogram for Water Recovered 

on Drill Stem Test. 

Using these maps plus general geological knowledge of the area and of 

geothermal . requirements, a short discussion of the geology and potential of the 

I nnisfai I-Red Deer area was prepared. This is included as a later section of 

this report • 

...._--------------------------SPROUL• ABBCCIATEB LIMITEC __ _. 
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PROBLEMS IN MAPPING GEOTHERMAL POTENTIAL 

The two main problems in interpreting geothermal prospects from 

availab le subsurface data are : 

1. Selecting the limited amount of useful data from the vast amount 

of subsurface data available. 

2. Ensuring that apparently negative data are not misinterpreted. 

These problems are discussed below. 

Data Selection for Study 

There is a vast amount of subsurface data available for most of the 

Western Canadian Sedimentary Basin. 

development wells drilled by the 

This information comes from exploratory and 

oi I and gas industry. By provinc ia I 

regulations, almost all of the information becomes available to the public 

within one year of the drilling of the wells. 

Unfortunately, a great deal of information which would be of 

assistance in geothermal studies is 

hydrocarbon tests. This is quite 

information has not been of particular 

not collected during the dr i I Ii ng of 

natural since, until recently, this 

interest and additional cores or drill 

stem tests over water-bearing formations would add very large amounts to 

dri I ling costs. 

Oil and gas operators normally only test or core those intervals which 

they have some reason to expect may be oi I or gas-bearing. 

Very often oil and gas are trapped in formations that have strong 

variations in porosity and permeability. Such formations do not offer the best 

geothermal prospects 

The most porous and permeable beds, and particularly those with the 

best vertical and lateral continuity of porosity and permeability, which would 

'---------------------------- SPROULi! A880CIATll8 LIMITEO __ __. 
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form the best sources of geothermal water seldom contain oi I or gas throughout 

their entire thickness. In those cases where they do contain hydrocarbons, 

these are usually trapped in the upper part of the formations. Drill stem tests 

and cores, and in particular core analyses, are usually limited to these 

uppermost intervals. It is therefore not possible to select some specific 

number of wells per unit geographic area in some sort of geometric pattern, 

since many of the wel Is selected might prove to provide very limited useful 

data. 

It is necessary to examine the availability of data for at least most 

of the wel Is in a given area to select those which wi 11 prove useful. Of 

course, some limitations, such as minimal depths, can be placed prior to initial 

well selection. In some areas, it would probably be possible to place other 

restrict ions, but these wi 11 vary from area to area and wi 11 have to be based on 

general geological knowledge or initial investigations. 

Some idea of the amount of data which must be considered may be gained 

from the fact that the oil and gas industry has drilled over 50,000 exploratory 

and 70,000 development wells in western Canada. Of course, not all of these 

fal I within the area of possible geothermal interest, but a great many are 

located in this area. 

Geographic distribution of exploration wel Is is irregular. Areas 

known to contain important amounts of oi I and gas have been densely drilled, 

especially in the more accessible areas. Less prospective areas, or those with 

difficult and expensive access, have generally been . less densely drilled. 

This usually acts in favour of the geothermal interpreter since, at 

this time, the highest interest in geothermal development is in areas of fairly 

'----------------------------- SPROULE ASSCCIATl!S LIMITEC __ __. 
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dense population and easy access, where economic and practical uses may be 

reasonably visualized. 

There is also an unequal strat igraphic distribution of oil and gas 

tests. 

The Cretaceous and Mississippian sequences are among the most 

prolific oi I and gas producing zones, although locally the Upper Devonian is 

also a prolific producer. Many of the test wells drilled by the oil and gas 

industry did not drill past the most prospective zones for specific areas. 

The deepest zone usually tested will depend on the area and its known 

prospects. This means that there is extremely little information available for 

the deepest beds except in a few areas, such as northern Alberta and 

northeastern British Columbia, where the "Granite Wash 11 , which overlies 

basement, and parts of the Middle and Lower Devonian , are productive of oil and 

gas. 

Some of these deep and relatively unknown beds may have very good 

geothermal potential because of the possible presence of water-bearing basal 

sands and because of the relatively high temperatures which may be anticipated. 

Overall, data are usually not of the quality which gives the best 

interpretation of geothermal potential, and data distribution varies greatly, 

both geographically and stratigraphically. 

From a more local point of view, it would be desirable to use all of 

the available pertinent data when mapping geothermal potential in a given area. 

Th is is frequently impractical because of the very large amount of data 

available in many areas. Time and economic constraints make such an approach 

impract ical. 

For example, we may take the lnnisfail-Red Deer area which was used in 

~-------------------------- SPROULB ASBOCIATBB LIMITIEC __ __. 



- 13 -

our experimental program. This area contains approximately 525 wel Is when al I 

exploratory wel Is and approximately one development wel I per section are 

considered. Consideration of al I development wel Is could involve something in 

the order of 250 additional wet Is. 

In the lnnisfail-Red Deer area, almost all of the wells penetrated 

past the 1,500 metre level set as the probable upper limit of geothermal 

prospects. It therefore became necessary to review available data on all 525 

wel Is to select those wel Is which would provide the most useful data for the 

study. The criteria for selection of wells are discussed under the heading of 

'Study Method'. 

Problems of Negative Data 

Because most of the data available were collected for interpretation 

of hydrocarbon occurrence, these data must be handlerl very carefully when 

attempting interpretations of potential for hot water production to avoid 

incorrect interpretations. 

The prob lem lies largely in avoiding interpreting the lack of complete 

data as negative evidence. This may be most easily explained by example. 

In the most simple case, the lack of a dril I stem test of a 

stratigraphic uni t does not mean that the unit · lacks potential as a water 

producer. It usually merely means that the operator saw no indications of the 

presence of hydrocarbons from logs, cuttings, cores, the mud stream or other 

sources, and therefore had no reason to carry out a drill stem test or that i t 

was felt that the zone could be adequately evaluated from logs. 

In many other cases where a dri l l stem test has been carried out, the 

test has only covered a small part of the prospective stratigraphic sequence and 

this may not have been the most promising part from the point of view of water 
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production. Drill stem tests are usually only run over those intervals for 

which there is some evidence of the possible presence of hydrocarbons. In the 

case of a thick porous bed, such as the Leduc Formation of Devonian age in the 

lnnisfail-Red Deer area, this can mean that only a small part of the porous 

interval is covered by a drill stem test and the operator will usually have 

attempted to avoid testing the water-bearing interval. 

There are also many other reasons for inadequate tests of potential 

water-bearing zones, including tests which are mechanically defective but which 

are not reported as "misruns". Where the information becomes critical, as in 

the case of very detailed mapping of site-specific prospects, it would be 

desirable to attempt to obtain original drill stem records including pressure 

charts and improve the interpretation. 

Likewise, the absence of cores or core analyses does not necessarily 

mean that there were no indications from samples of the presence of porosity. 

It may only mean that there was no reason to suspect the presence of 

hydrocarbons. It may also mean that the operator did not feel that the extra 

cost of coring was justified because the area was wel I enough known that 

adequate interpretation of porosity and hydrocarbon saturation could be made 

from logs. 

To review each well in detail and attempt to explain the absence of 

positive geothermal data would be a very large task indeed. 

For these reasons, we have shown on our maps only those dril I stem 

tests which recovered significant quantities of fluid. To show tests, 

especially tests of prospective format ions, which did not recover such 

quantities of fluid without adequate explanation could in our opinion be very 

confusing to those not familiar with oil and gas exploration and development 
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approaches and techniques. 

Our philosophy, in the initial phases of mapping of geothermal 

potential, has been to attempt to place the positive information on maps without 

cumbersome details in a reasonable time at reasonable cost. It is hoped that 

these maps will provide the necessary leads for interested parties. Where the 

maps offer encouragement, and where there are potential commercial uses, more 

detailed studies should be carried out. 

~--------------------------- SPROUL• ASSOCIATES LIMITED __ ___, 
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RECOMMENDATIONS FOR MAPPING GEOTHERMAL POTENTIAL 

The area in the undisturbed portion of the Western Canadian 

Sed imentary Basin which is considered to have some potential for geothermal 

water resources by virtue of a sedimentary sequence exceeding 1, 500 metres 

thickness is in the order of 750,000 square kilometres and contains many tens of 

thousands of exploratory and development wel Is which provide data pertinent to 

the study of geothermal prospects. Even a small area, such as might be 

considered for commercial geothermal production, may contain many hundreds of 

wells. 

The example of the Inn isfai I-Red Deer area used in Phase Two of the 

present study contains over 500 wel Is when only one field or development wel I 

per section is considered. There are probably in the order of an additional 250 

field and developMent wells in the lnnisfail-Red Deer area. It is clearly 

uneconomic to attempt detailed studies or mapping of all the wells in a given 

area in anything but advanced stages of prospect study. 

It is assumed that interested parties would take one of two different 

basic approaches to investigating geothermal potential in the Western Canadian 

Sedimentary Basin. 

The first approach might be referred to as the regional approach and 

would consist of an overall review of the prospective port ion of the basin in a 

search for areas where temperatures are high enough and where there are some 

indications of the presence of porous beds containing significant quantities of 

water. An operator might then attempt to select a geographic area where some 

commercial use could be developed. 

The second approach might be referred to as the local approach. In 
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this case, an operator might wish to consider whether geothermal heat might be 

used in a specific area and perhaps for a specific application. 

Government agencies might use either approach in studies of geothermal 

potential as a public service. 

In either case, reference to Figure 1, the map showing total depths 

and maximum recorded temperatures, which accompanies this report, will give an 

indication of the maximum temperature of water which could be reasonably 

anticipated for the general area. The errors in recorded bot tom hole 

temperatures have been discussed in other reports and certainly the best that 

can be expected is an approximation of possible temperatures. 

Figure 2, which shows formations which recovered 

quantities of water for selected wel Is together with published 

significant 

geological 

studies, will give some indication of whether porous beds may be anticipated in 

a given area. A great deal of caution is required in this approach since the 

approximately 200 wells used in the preparation of Figure 2 will certainly not 

have tested all potentially productive zones in each area. 

Having established a possible interest and potential in a given area, 

an operator or a government agency will have to begin a more detailed study. We 

recommend that this be a study of the type carried out in Phase Two of the 

present work. 

The size of area to be selected for study will depend on a number of 

factors. Some of these are related to geographic and demo0raphic factors and 

depend largely on the intended use. Other factors are dependent on geology and 

well density. 

An initial review of all wells in the selected area is recommended to 

permit selection of pertinent wet Is for more detailed study. The factors to be 
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cons idered have been outl ined in the section of this report 

Method' . No hard and fast criteria for selecting wel Is for 

headed 'Study 

study can be 

establ ished except for depth. There is too much variation in data and in 

geo logy. A review should, however, clearly indicate the best wel Is. 

There are a number of commerc ial sources ava ilable which provide 

summaries of wel I data, including depths, logs available, cored intervals, dril I 

stem test intervals, format ion tops and other information. Such summaries are 

also usual ly available in provincial government files. Summaries may be in the 

form of cards, data sheets , microfiche or computer printouts. The amount of 

data in the summaries prov ided by the various commercial services varies. For 

example, summary cards and data sheets do not usually provide details of core 

analyses or water analyses . These are available from some services providing 

computer printouts , and other serv ices can also prov ide core analyses and water 

analyses separately from the summary cards or sheets. 

Unfortunately , to our knowledge, none of the services regularly 

provide data on bottom hole or other temperatures. To obtain temperature data, 

it is usua lly necessary to go to the headings on electrical and mechanical logs . 

Such logs are available from var ious services either as hard copies or on 

microfiche. 

Detailed drill stem test reports may contain drill stem test 

temperatures , pressure charts and other data. These are available from 

special ist services and from government files. 

The services of a subsurface geologist experienced in the area unde r 

consideration and with knowledge of the various sources of information are 

considered essent ial at this stage of the study. 

As a first approach, it will be necessary to review summary data on 

'------------------------------- SPROULE ASSOCIATES LIMITEO -----' 



- 19 -

al I wel Is in the selected area. If computer printouts are used, it would be 

possible to restrict the printout based on a number of factors. Perhaps most 

important is depth. There is no need to review other data on wel Is which are 

not deep enough to provide information on stratigraphic units which may be hot 

enough to be of interest from a temperature point of view. 

It would also be possible to restrict printouts to those wells which, 

for example, recovered water on drill stem test or on which drill stem tests 

were run below selected depths or for which core analyses are available. 

From our experience in the Inn isfai I-Red Deer area, we do not believe 

that this is a good plan. If too many restrictions are placed on wel I 

selection, the ultimate printout may contain very few wel Is. We have found it 

necessary to use for our study a number of wel Is for which there is less 

information than would be desirable. If these wel Is had been eliminated from 

the original printout, it would have been necessary to repeat the process. 

A review of all wel Is of sufficient depth in an area should, when 

combined with a reasonable regional geological knowledge of the area, permit a 

selection of the most promising wells for more detailed study, and should give a 

very good indication of those formations which may prove to have geothermal 

potential in the area. 

These selected wells should then be studied in more detail. 

All drill stem tests should be studied with intervals tested, testing 

times, recorded pressures and recoveries and salinities of recovered waters. 

Where adequate pressure data are available, the theoretical rise of 

water in the wel I due to natural pressure can be calculated. This can be 

compared with the actual rise in the time the valves were open and a preliminary 

qualitative assessment of producibility can be made. The calculated data can 
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also be expressed in other terms such as the piezometric surface or elevation to 

which water would rise under natural pressure, the depth of the piezometric 

surface, or the pressure at any selected datum. These methods have been used on 

the included maps in the belief that they provide the most useful information 

for those not fully familiar with hydrodynamics. 

At least an initial interpretation of porous sections in format ions of 

possible interest should be made. Because of the great variation in the types 

of logs run in various wel Is, and the very detailed calculations involved in 

detailed porosity analyses, it appears that only a general interpretation should 

be attempted at this stage in the interests of economy. Attempts to compare 

porosity interpretations us ing the riany different log suites available are not 

considered practical at this stage. 

Available core analyses should be examined and summarized and weighted 

average porosities and permeabilities calculated . In most cases , this will only 

give an indication of the porosity and permeability ranges that can be 

anticipated. Cores are usually only cut over only small portions of the 

intervals that could be of geothermal interest. Also , cores may not be analyzed 

throughout, obvious water-bearing sections being omitted. 

If the data resulting from the foregoing exercises are plotted on maps 

to an appropriate scale, it should usually be possible to make reasonable 

assessments of the geothermal potential of the area. The accuracy of such 

assessments will of course depend largely on the we! I distribution and the 

distribution of testing and coring programs in individual wel Is. The geology of 

the area will, of course, be most important in controlling the accuracy of 

assessments. 

There will be cases where few i f any wel Is actually reach potential 
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warm water-productive zones or very limited testing may have been carried out in 

potentially water-productive zones. 

In some cases, it will probably prove possible and useful to contour 

certain data. This does not appear to be the case in the I nnisfail-Red Deer 

area. 

We believe that maps of the type presented with this report offer the 

best way to present data. In other areas with different 9eology, there may wel I 

be better methods. For example, it appears likely that in an area in 

Saskatchewan where the Lower Paleozoic sands of the Winnipeg and Deadwood are 

present, and where there is adequate well control, it might prove possible to 

prepare isopach maps of the porous beds. 

It should be stressed that the lateral extent of a potential 

geothermal water reservoir and connection with a source of mobile water is 

extremely ir.iportant to provide the capacity for the lar9e daily production which 

will be required. 

There may be cases in which individual wel Is show good porosity over 

considerable vertical intervals and give indications of reasonable production 

capacity but where the lateral extent of the reservoir is not sufficient to 

provide the extended production and/or to maintain reservoir pressure. 

It is therefore essential that both the lateral and the vertical 

extent of potential reserves be considered. 

The work outlined above should take a study of geothermal potential to 

a stage equating with that reached by the present study for the I nnisfail-Red 

Deer. area, allowing for the fact that particular maps produced for any given 

area may wel I differ depending on the type and amount of wel I control, the 

geolo9y of the area and other factors. At this stage, it should be possible to 
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make a reasonable assessment of the geothermal potential so far as available 

data permit. 

A short report outlining the geothermal potential should be prepared. 

This report, with accompanying maps, should permit a reader to make an initial 

assessment of the geothermal potential of the area. 

Additional work wi II, however, usually be required before economic 

studies can be carried out or before exploratory or development drilling can be 

considered. 

If the initial work indicates a potential geothermal source bed, all 

wells penetrating that source should be checked in detail. This would include 

the best detailed analyses of porosity permitted by the log suites available. 

Available core analyses should be plotted to the same scale as the logs and 

compared to assist in establishing parameters for log interpretation. Where 

drill stem test data permit, Horner plots of pressure increments with time 

should be made to determine productivity. 
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REGIONAL INTERPRETATION FROM PHASE ONE STUDY 

The regional survey conducted as Phase One provided a general 

interpretation of geothermal prospects in the Western Canadian Sedimentary 

Basin. The reconnaisance nature of the survey and the fact that it was based on 

a very smal I sampling of the total number of wel Is means that it would not 

necessarily show all prospective zones, but the fact that the wel Is selected 

were among the deepest for each area means that most of the reg io na I ly 

prospective stratigraphic units should be indicated, especially when the results 

are combined with a general knowledge of the stratigraphy of the area. 

For the Williston Basin in southern Saskatchewan, the Cambrian 

Deadwood Formation, probably in conjunction with the Ordovician Winnipeg Group, 

certainly appears to offer the best prospects both from the reservoir point of 

veiw and with regard to temperature. 

Other Ordovician units, including the Stoney Mountain and the Yeoman 

Beds, are also prospective. 

The Silurian Interlake Group has good porosity and permeability over 

much of the southern Saskatchewan area, but bed continuity is uncertain and 

would have to be investigated. The Interlake is considerably higher in the 

section and temperatures will not be so high as in the Cambrian Ordovician 

sequence. 

The Devonian has a number of intervals with at least local good 

porosity. These in<;:lude the Souris River, the Duperow and the Dawson Bay. The 

Dawson Bay porosity is often filled with salt in those areas where the Prairie 

Evaporite salt is present. 

The Devonian units are also rather shallow except in the deepest part 

of the basin. 
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Overall, there appears to be a much better continuity of porosity anci 

permeability in the Williston Basin of Saskatchewan than in the Alberta Basin to 

the west. 

In southern Alberta, south of about Township 25, the Cambrian beds 

appear to offer good potent ial but there are comparatively few wel Is which test 

the Cambrian. 

In this area, the Devonian Beaverhill Lake and probably to a lesser 

extent, the Cooking Lake, may also contain important quantities of water. 

Over much of this southern area, the Sweet Grass Arch basement high 

reduces the thickness of the sedimentary sequence and the maximum temperatures 

which may be expected, except in the westernmost part of the area. 

Further north , in the general area of Calgary and Edmonton, there is 

very little information available on Cambrian prospects. The best prospects 

appear to be in the Devon ian section, rarticularly the Nisku and Leduc 

Formations. 

development. 

The Leduc is a reefal facies which has limited geo9raphic 

Higher in the section, the Mississippian and Cretaceous units may have 

good porosity and permeability, but such developments are often of limited 

lateral extent. 

Still further north, the Cambrian and the Granite Wash, which overlies 

basement, appear to offer the best prospects. 

From the vicinity of Township 70 northwards, the Devonian Elk Point 

Group, particularly the Gilwood Sand and the Muskeg Formation, and the overlying 

Slave Point Format ion, are important prospects. 

The Slave Point, like the Leduc Formation further south, is a reefal 

facies of restricted areal development. 

excellent potential reservoir. 

In many places, it appears to be an 
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In northeastern British Columbia, the Slave Point Formation, where 

developed, and the Muskeg Format ion appear to be the best prospects. 

The same situation prevails in the limited portion of the southern 

Northwest Territor ies where the sedimentary section is thick enough to provide 

adequate temperatures. 

Figure 1 shows the approximate maximum temperatures which can be 

anticipated. These range up to about 75°C in the deepest portion of the 

Williston Basin, to over 100°C in the westernmost part of the Alberta Basin and 

up to 125°C in northeastern British Columbia. 

In most cases, the deepest and hottest waters have high salinites, 

frequently over 200 grams per kilogram total solids. In southernmost Alberta 

and in northeastern British Columbia, salin ites may be lower in some deep 

format ions. 

'----------------------------- SPROULB ABSOCIATl!B LIMITl!C ------' 



- 26 -

INNISFAIL-RED DEER AREA 

Regionally, the I nnisfail-Red Deer area is located in the eastern 

flank of the Alberta Basin, approximately in the area where dips beg in to 

increase rather sharply westward into the deepest portion of the Alberta Basin. 

Regional dips are generally to the west, or slightly south of west, in 

the range of 10 metres per kilometre. Except on erosional surfaces and where 

reefal growth is involved, dips appear to be reasonably uniform with no evidence 

of major structural deformation apart from the regional tilting. 

Figure 4 provides a very generalized illustration of the stratigraphic 

sequence from a depth of 1, 500 metres to the Beaverh ill Lake Formation, the 

deepest unit for which stratigraphic information is available, at a depth of 

slightly over 3,000 metres. 

The pertinent port ion of the sedimentary sequence is briefly discussed 

below. The thicknesses given are approximate. They are based on wells in the 

southwestern port ion of the map area. To the north and east, many of the 

formations thin slightly. 

The upper part of the sedimentary sequence above 1, 500 metres, the 

shallowest port ion considered to be of geothermal interest, consists of Mesozoic 

and Cenozoic shales and sands and glacial deposits of Quaternary age. 

The shale and sand sequence of the Colorado Group extends over about 

500 metres from approximately 1, 500 metres to approximately 2, OOO metres. The 

section is predominantly dark grey shale, but a number of important sand 

sequences are included. The Cardium sand is usually quite thin. While it can 

be an ir:iportant oil-producing sand, it is generally fine-grained and 

permeabilities are probably too low to produce important amounts of hot water. 

The Second White Specks interval nay contain sand locally, but it is 
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not liJ<ely to contain significant water. 

The Viking sand may have some potential, but there is considerable 

variation in porosity and permeability. One well in Lsd. 1-6-39-26 W4M produced 

about 750 met res of oi I from about 1, 600 metres depth. Over al I, the Viking is 

not cons idered to be an important geothermal prospect. 

Below the Colorado Group is the sand and shale sequence of the 

Mannv i lle Group, often referred to as the Blairmore. The sands of the 

Mannville , especially those in the lower part of the unit, vary considerably in 

thickness and in character. 

The Ostracod sand locally has good develoment, but sand developments 

may be very limi ted in a lateral sense. 

The same comments apply to the GI au con itic sand. 

The basal sand of the Mannville Group is usually referred to as the 

Ellerslie , al t hough i t , or part of it , may also be referred to as the Basal 

Quartz. The Ellerslie generally lies on the irregularly eroded Paleozoic 

surface where it often tends to be thick over Paleozoic low erosional features 

and to thin , or even disappear , over Paleozoic erosional highs. Although 

locally the Ellerslie may be quite thick with good porosity and permeability, 

its limited latera l extent could reduce its effectiveness as a potential 

geothermal source. Among the wells selected for study, several produced 

significant quant i ties of oil on drill stem test of the Ellerslie. One wel I in 

Section 33-38-27 W4M also produced water and gas. Indicated pressures would 

suggest a piezometric surface less than 200 metres from surface for this wel I. 

Below the Mannville, at a depth of some 2, 200 metres in the 

southwestern portion of the map area, is the irregular Paleozoic erosional 

surface. 
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In the westernmost part of the map area, the Shunda Format ion forms 

the Paleozoic surface. The Shunda consists of arg ii laceous limestone and 

dolomite with some siltstone and sandstone. Important porosity is rare, and the 

Shunda is not considered to be an important prospect. 

Below the Shunda is the Pekisko Formation, consisting generally of 

limestone which may be crinoidal and porous but porosity developments are 

frequently local. The Pekisko is truncated by post-Paleozoic erosion in the 

general area of the Fifth Meridian. We have shown a very generalized 

illustration of the Pekisko edge in Figure 6. It is stressed that the Pekisko 

edge as shown is very generalized and is not based on a study of al I pertinent 

wells. The wells studied do not show large water recoveries from the Pekisko, 

but locally it might produce significant water. 

The Banff Formation, also of Mississippian age, underlies the Pekisko. 

It consists mainly of calcareous shale and arg ii laceous limestone and dolomite. 

It seldom contains porosity and is not regarded as having any geothermal 

potential. 

The thin dark shales of the Exshaw form the Basal Mississippian unit. 

Thin sands may be present locally, but they are not considered prospective 

reg ion a I ly. 

The Mississippian is conformably underlain by the Devonian beds. 

The Wabamun Group forms the uppermost Devonian unit. It consists of 

dolomite limestone and calcareous dolomite. Further south, in the area of 

Calgary and Okotoks, the Wabamun contains the porous Crossfield Member, which 

produces gas and could produce water. The porous Crossfield Member does not 

appear to extend as far north as the Inn isfai I-Red Deer area. 

Underlying the Wabamun is the Winterburn Group. 
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The dolomite siltstone of the Calmar Formation at the top of the 

Wabamun Group does not appear to contain significant porosity in the map area. 

The lower unit of the Winterburn Group is the Nisku Formation. On the 

basis of present information, the dolomites and dolomitic siltstones of the 

N isku Format ion would appear to have some promise. Porosity distribution is 

somewhat irregular, but a number of wet Is have had very good water recoveries. 

Available core analyses indicate that permeabilities are not usually as good as 

those in the underlying Leduc. The format ion is, however, more widespread than 

the Leduc and underlies al I of the map area. 

The N isku is underlain by the Ireton Shale. The Ireton varies 

considerably in thickness, being quite thin where the Leduc Reef is developed 

and much thicker where the reef is not developed. 

V/here present, the Leduc Reef is probably the nost important potential 

water source in the map area on the basis of present information. The reef may 

reach in the order of 100 rnetres in thickness. It consists of reefal 

carbonates, usually dolomites. The generalized area of Leduc Reef development 

is shown on Figure 6. Again it must be stressed that the Leduc edge as shown is 

very generalized. 

The Leduc Reef is underlain by the fragmental limestone and shales of 

the Cooking Lake Formation. The Cooking Lake has been penetrated by relatively 

few wells in the map area. Some of them have given up important quantities of 

water on test and the Cooking Lake could be prospective. 

The Cooking Lake Formation is underlain by the Beaverhill Lake Group. 

Very few wells have reached the Beaverhill Lake in the area, so its potential is 

difficult to assess. Regionally, the Beaverhill Lake Group consists of 

argillaceous carbonates, and it is probably not an important prospect • 
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There is no information available below the Beaverhill Lake Group. 

It is anticipated that there is a section belonging to the Elk Point 

Group below the Beaverhill Lake Group. The Elk Point Group, if present, could 

contain porous sand sections, especially in the basal port ion. Wei Is in 

adjacent areas are reported to have obtained large water flows from the Lower 

Paleozoic sands. Regionally, there is not enough information to determine the 

extent of such sand developments. 

The experimental mapping program has shown that, on the basis of 

available information, the best prospects for geothermal water production in the 

lnnisfail-Red Deer area are the Devonian Leduc Formation, with the Nisku 

Formation, also of Devonian age, being the'second best prospect. 

Information on the Devonian Cooking Lake Formation is more limited, 

but i t would also appear to have an important potential. 

Higher stratigraphic units of Mississippian and Cretaceous age are 

indicated to have limited porosity and permeability developments. 

Porosity and permeability vary more in the Nisku than in the Leduc, 

but they are locally good with some water recoveries exceeding 1, OOO metres. 

Temperatures in the N isku are expected to be in the order of 60°C to 

There is some additional regional information for the N isku Format ion 

in the map area, but the wells selected for study include most of the Nisku 

tests except for the lnnisfail field in the northeastern corner of the map area, 

where oil production is obtained from the Nisku Formation. 

Where present, the reefal Leduc Formation is the most prospective 

unit. A number of tests have produced over 1, 500 metres of water. Calculated 

piezometric surfaces are frequently within 500 metres of surface. Data quality 

L-..--------------------------- SPROULi! ASSOCIATES LIMITEO --~ 



- 31 -

is generally good. 

Water salinites in the Leduc are high, usually over 200 9rams per 

kilogram total solids. Nisku salinites are expected to be similar. 

Temperatures in the Leduc Formation are indicated to be in the order 

of 70°C to 80°C or higher in the southern part of the map area, and somewhat 

lower in the northern part where the Leduc is not so deep. 

In the southern part of the map area, depths to the Leduc porosity are 

in the order of 2, 700 metres. Updip to the north east, depths are in the order 

of 2, 200 metres. 

The data indicate very good potential for the recovery of large 

quantities of saline water with temperatures of 70°C to 80°C or higher from the 

Leduc Formation. Unfortunately, the Leduc is present only over a part of the 

map area. 

The Inn isfai I oi I field, in the southern part of the map area, 

produces oi I from the Leduc Reef. 

Detailed study of additional data from field wel Is and the production 

history of the field could provide additional information if a commercial use of 

geothermal water were to be considered in this area. 
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SUMMARY AND CONCLUSIONS 

General 

A study of the problems involved in using existing data from wel Is 

drilled by the oil and gas industry for mapping potential geothermal 

reservoi rs has been carried out. The purpose of the study was to develop 

techniques which would permit initial mapping of potential geothermal reservoirs 

and resources in the most practical and economic manner. 

An experimental mapping program has been carried out using these 

techn iques. 

For the Western Canadian Sedimentary Basin, data are avail able on over 

100,000 wells. Because the available data were collected to meet the needs of 

the oil and gas industry, they do not usually provide the information on 

water-bearing reservoirs which would be most valuable in mapping geothermal 

resources. They do, however, form an extremely valuable data base for the study 

of geothermal potential. 

Established subsurface mapping techniques , using all available data, 

would produce the most complete information on geothermal reservoirs but would 

be a very time-consuming and expensive approach which would be impractical at an 

early stage of assessment of potential. 

In most cases, it is, therefore , necessary to at tempt to select 

representative wells for initial studies of specific areas . (In some cases, 

there wil I only be a limited number of deep wel Is, al I of which wil I be 

selected.) The studies have shown that a large proportion of the wel Is provide 

limited data for the interpretation of potential geothermal reservoirs and it is 

necessary that the wells selected for study be those providing the most useful 

data and at the same time providing a reasonable geographic distribution within 
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the area of study. 

To meet these needs, it was found that it would normally be necessary 

to briefly review the data on all exploratory wells drilled within an area of 

study to select representative wel Is for further study. 

Criteria for selection of wel Is include: 

a. Geographic distribution. 

b. Depth and lowest stratigraphic units penetrated. 

c. Drill stem tests or other tests of stratigraphic units considered 

or indicated to have potential. 

d. Water analyses of recovered waters. 

e. Adequate pressure data for such drill stem tests. 

f. Core analyses of stratigraphic units considered or indicated to 

' 
have potential. 

g. Adequate logs for interpretation of porosity. 

Summaries of such data are readily available on summary cards or 

computer printouts and these can be reviewed relatively quickly to select the 

best wel Is for more detailed study. 

Because of the variability of subsurface geology, no individual well 

can be considered really representative of even a small area, but a reasonable 

selection of wells should permit a valid in itial assessment. The selection 

should be carried out by someone who has at least a general knowledge of the 

subsurface geology of the area. 

When the wel Is have been selected for further study, a more detailed 

consideration of the pertinent data provided by each wel I is required. 

Data on porous and permeable water-bearing zones should be extracted, 

summarized or interpreted as necessary, and plotted on maps. 
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These data will include, where available: 

a . Depth to important water-bearing zones. 

b. Drill stem test results with fluid recoveries. 

c. Pressures from drill stem test results interpreted to indicate 

potential water rise or potenimetric surface. 

d. Water chemistry. 

e. Summaries of core analyses. 

f. Temper13ture . data. 

A brief statement of the potential of the area as interpreted from the 

mapped data and from geological knowledge of the area should be prepared. This 

statement should summarize the results, but the maps are expected to provide the 

main source of information. 

Providing that sufficient deep well data are available, this approach 

should give a reasonable initial assessment of the potential geothermal 

reservoirs of an area in a reasonable time and at a reasonable cost. 

In very few cases will the data collected from oil and gas exploration 

and development permit thorough interpretation and mapping of the geothermal 

potential and reservoirs, although it wil I provide a very useful guide to 

prospective stratigraphic units and geographic locations. More detailed mapping 

than that carried out in the present study would not appear justified without 

specific developments in mind. In such cases, all available data will have to 

be used and studied in detail and it may be necessary to obtain more data by 

drilling and testing. 

It should be stressed that there is always an element of risk in 

subsurface exploration and development. This applies to water just as to oil 

and gas. The degree of risk will depend on the complexity of the geology, the 
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amount and quality of data, and the sk ii I and experience of the interpreter 

among other factors. Careful studies can reduce, but never eliminate, the risk. 

In order to fully assess potential geothermal reservoirs, wells will have to be 

tested with the objective of obtaining geothermal data. 

Initially, it might appear that locating and mapping large geothermal 

reservoirs at depth in the subsurface would be a very simple matter in view of 

the very large number of wel Is already drilled in western Canada. This study 

has demonstrated that this is not the case because of limitations of the 

available data and geological complexities. 

Existing data provides considerable useful information, but 

information on the best water-bearing zones wil I usually be very limited and 

this wil I severely restrict the detail in which potential geothermal reservoirs 

can be mapped. 

lnnisfail-Red Deer Area 

As a test of the method and as an example of the approach recommended, 

an area was selected for test mapping of potential geothermal reservoirs. The 

area selected was the I nnisfail-Red Deer area of south central Alberta. 

An area of about 21 townships was selected in collaboration with 

representatives of the Department of Energy, Mines and Resources. The area 

selected contains approximately 525 wells when only exploration wells and one 

development wel I per section are considered. 

development wel Is. 

There are perhaps another 250 

Data on the 525 wel Is , referred to above were briefly reviewed, and the 

68 wells which appeared to provide the most useful data were selected. 

Data on the selected wel Is were studied and interpreted in more 

detail, with particular attention being given to temperatures, dril I stem test 
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results, core analyses and indications of porosity from electrical and 

mechanical logs. 

The pertinent data and interpretation were plotted on maps at a scale 

of 1: 50, OOO, and a short assessment of potential geothermal reservoirs was 

prepared. 

For the area considered in the experimental mapping program, the Leduc 

Formation of Devonian age clearly emerges as the best geothermal prospect. 

Secondary prospects are present in the N isku, Cooking Lake and Beaverhil I Lake 

Formations, also of Devonian age. 

Higher stratigraphic units of Mississippian and Cretaceous age appear 

to have limited prospects, because porosity and permeability developments are 

restricted both laterally and vertically. 

Although the area selected was one which it was anticipated would 

provide a relatively large amount of valuable information, the actual amount of 

data on the best water-bearing reservoirs proved to be disappointingly small. 

This will probably be the case in most areas. 
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APPENDIX C 

GEOTHERMAL STUDY 

ABBREVIATIONS USED ON MAPS AND IN TABLES 

STRATIGRAPHIC ABBREVIATIONS 

ASRN Ashern LDUC Leduc 
BCMB Basal Sand (Cambrian) LVGD Lower Vanguard 
BDBR Birdbear MCMB Middle Cambrian 
BDDV Basal Sand (Devonian) MIDL Midale 
BFS Base of Fish Scales MNTN Montney 
BGVL Big Valley MSKG Muskeg 
BHL Beaverhill Lake MSNC Mission Canyon 
BLLY Belloy MTKD Mt. Kindle 
BLRG Blue Ridge Member NSKU Nisku 
BNFF Ban ff OCDZ Ostracod Zone 
BRCK Bear Rock ODVC Ordovician 
CDRL Cathedral PCMB Pre-Cambrian 
CKGK Cooking Lake PDVQ Pre-Devonian Quartzite 
CMBR Cambrian PKSK Pekisko 
CNCG Chinchaga RDRV Red River 
DDWD Deadwood RDVR Road River 
DPRW Dupe row SHM Swan Hills 
DSBY Dawson Bay SLVP Slave Point 
EKPP Elk Point Group SNMN Stony Mountain 
ELDN Eldon SPRF Spearfish 
ELKS Elkton South SPRN St. Piran 
ELRL Ellers! ie SRSR Souris River 
GLCC Glauconitic SS STNL Stonewal I 
GLWD Gilwood STPN Stephen 
GRNW Granite Wash TRVL Turner Valley 
IKGP Interlake Group UCMB Upper Cambrian 
JLFU Joli Fou VKNG Viking Zone 
IRTN I re ton WBMN Wabamun 
KEGR Keg River WNPG Winnipeg 
KLUA Klua WPGS Winn ipegosis 

YOMN Yoeman 

OTHER ABBREVIATIONS 

BRWTR 
COND 
GCMUD 
GCSWTR 
MSULBRWTR 
MSULWTR 
MSWTR 
OCMUD 
SULGCSWTR 
SULGCOCSWTR 
SULSWTR 
SWTR 
WTR 
WTRCUSH 
WTRCMUD 

Brackish Water 
Condensate 
Gas Cut Mud 
Gas Cut Salt Water 
Muddy Sulphurous Brackish Water 
Muddy Sulphurous Water 
Muddy Salt Water 
Oil Cut Mud 
Sulphurous Gas Cut Salt Water 
Sulphurous Gas Cut Oil Cut Salt Water 
Sulphurous Salt Water 
Salt Water 
Water 
Water Cushion 
Water Cut Mud 

'"--------------------------SPROULE ASSOCIATES LIMITEC __ _, 
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