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All:3ra 
ENVIRONMENT Environmental Coordination Services 

Office of 

the Assistant Deputy Minister 

Dr. E. E. Ballantyne, Chairman 
Natural Resources Coordinating Council 

Sir: 

Re: Alberta Oil Sands Hydrological Research 

403/425-1130 

Telex 037-2006, TWX 610-831-2636 

Milner Building 

10040 - 104 Street 

Edmonton, Alberta, Canada 

T5J 026 

On behalf of the Conservation and Utilization Committee, I have the pleasure 
of sub:ni tting the Alberta Oil Sands Hydrological Research Task Force Report. 

For many years the Conservation and Utilization Committee has functioned as 
the major inter-departmental resources ccm:nittee of Alberta. Formerly advisory 
to the Minister of Agriculture, the Committee now makes its recommendations 
and report therein to the Natural Resources Coordinating Council and the 
Minister of the Environment. In the past the Conservation and Utilization 
Cammittee has itself authorized reports, appointed task forces, or reccm:nended 
retention of consultfults under its direction. 

'!his report was prepared by a Task Force operating on behalf of the Conservation 
and Utilization Committee at the request of the Honourable W. J. Yurko, Minister 
of the Environment for Alberta. fue to the urgent need for environmental 
research on the Alberta Oil Sands, it is planned to outline such requirements 
in a series of task force reports on selected environmental research issues 
such as this one on hydrolology and others on land surface reclamation, climatology 
and meteorology, etc. These reports are intended to provide a focus for 
discussion. 

Respectfully sub:nitted, 

~ 
H. W. Thiessen, Chairman 
Conservation and Utilization Committee 
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Sir: 

Re: Alberta Oil Sands Hydrological Research 

'Ihe undersigned has the honour to transmit herewith the Alberta Oil Sands 
Hydrological Research report prepared by the Conservation and Utilization 
Oommittee Oil Sands Hydrological Research Task Force. 

'Ihis report is one of a series of reports prepared by the Conservation and 
Utilization Ccmnittee on the environmental research needs of the Alberta 
Oil Sands. Since the reports are intended primarily to provide a focus 
for discussion, comments are invited on oil sands environmental research 
coordination and implEmentation, from industry, the acadEmic cc:mnunity, 
private consultants and government research agencies. Ccmnents should 
be directed to the Chairman, Research Secretariat, Alberta Department of 
Environment, Milner Building, Edmonton, Alberta. 

Respectfully submitted, 
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Chairman, Natural Resources Coordinating Council 
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1.0 INTRODUcrION 

Extraction of bi turnen fran the Alberta Oil Sands by surface mining will have a 

major impact on the hydrology of the areas .immediately adjacent to each mine, 
. 

and an impact on any drainage system receiving discharge fran the mining or 

processing areas. Conversely, the hydrology will have a major impact on the 

mining operations. The exact nature of the iinpacts is difficult to evaluate, 

because: 

(a) both surface and subsurface hydrologic systems of the lower 

Athabasca River basin are poorly known, 

(b) the exact nature, amounts and ultimate fate of effluent and 

tailings materials are uncertain, 

(c) the degree of utilization of the waters within each basin and 

the possible physical changes to each basin ate essentially 

unknown, and 

(d) the nature and stability of the post-mining la.nc1scape, including 

particularly the success of reclamation and revegetation is 

open to speculation. 

In fact, at present we cannot predict even the simpler natural hydrologic charac-

teristics of the river, nor do we have any real idea of the effect of the effluents 

produced by the oil sands plants. In this context, we generally conclude that 

the main initial emphasis of hydrologic studies should be on gathering sufficient 

information that the questions implied in items (a), (b) and (c) can be answered, 

and hence item (d) appraised. 

'7 

Sufficient data are needed to simulate surface runoff through the mining areas 

and to simulate groundwater flow systems in the mining areas; backgro~ data are 



2 

needed on the physical and chemical characteristics of rivers and streams to 

determine present status, and so that pollution loads and other changes can be 

rronitored. It is necessary to know, among other things: flood flows, to decide 

on the needs for and designs of stream diversions; the low-flow characteristics 

streams, for pollution control; and the severity of ice runs, again for flood 

information and diversion designs. 

'Ib obtain this information, a general tv.D-phase approa:ch is needed: 

(1) an inventory of the hydrologic resources in the drainage basins 

likely to be affected by mining in the near future, and also 

in the Peace-Athabasca delta, and 

(2) a detailed examination of existing operations, to study water 

use and water wastes, including drainage of mining areas, 

tailings ponds, etc. 

'Ib achieve this, specific study topics are set out below (in outline only, due to 

t.ime constraints). These research needs should be formulated rrore specifically 

as projects, including scope, method, precision and t.iming before they are 

allocated and funded. In this respect, to help ensure that the desired results 

will be obtained a.'1d to obtain some measure of continuity, task force members 

consider that their respective agencies should have the opportunity of 

contributing rrore specifically to project formulation. Beyond this, hydrologic 

research needs will become apparent from the results of the first-phase investi­

gations and the detailed nature of the mining developments, Definition of these 

needs is thus a continuing process; this report should not be considered the 

definitive and final document, but rather the initiation of a spectrum of projects. 

It was particularly noted, however, that t.ime and again discussion ultimately 
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and inevitably led back to one key issue -- the nature and disposition of the 

tailings and plant effluents. These will detennine the size of developnent 

impact on the hydrologic systEm -- either directly, or indirectly through the 

degree of success of reclamation, which is intimately dependent on the nature of 

the solids and liquids left in the mined-out regions. 

The research needs are set out in two groups -- (1) describing existing hydrologic 

resources and (2) developnent impact studies. Within these two groups listing is 

in descending order of priority. 
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2.0 EVALUATION OF EXISTING RESOURCES 

All projects in this sector should be implemented. as soon as possible, as 

considerable lengths of records are need.ed. before pred.ictions can be made. 

2.1 Establishment of hydranetric stations on all basins wherein mining 

is anticipated.. Hydrometric stations are need.ed. to: 

a) Provide data for the design of possible engineering works such as 

diversions, bridge and culvert crossings, intakes, etc. 

b) Provide information on available water supplies whether for domestic 

or industrial use. (Including possible use as an effluent dilutant.) 

c) Provide necessary flow information to calculate suspended. sed.iment 

discharge. (Suspended. sed.iment information without the flow information 

is useless.) 

d) Provide flow information necessary to determine chemical constituent 

loadings (necessary to give background information prior to, during 

and after developnent) . 

The basic network of hydrometric stations need.ed. is set out below. Stations denoted 

by an asterisk are sites proposed. for new installations. 

Baseline Network of 
Alberta Oil Sands Hydrometric Stations 

Hydrometric 
Stream Station Location 

Athabasca River below ~ray 

Athabasca River Ernbarras Airport 

Station 
No. 

7DAl 

Drainage 
Area Above 
Station 

(sq. mi.) 

50,000 

58,700 

Years of 
Stream flow 

1957 - present 

1959 - 1971 stage 
only 

1971 - present 
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Upstream of Fort McMurray 

*Horse River near the IIDUth 7CC1 850 1930 - 31 only 

Hangingstone 
River near the IIDUth 7CD4 344 1965 - present 

Clearwater 
River Draper 7CD1 11,800 1957 - present 

Clearwater above Christina 
River River 7CD5 6,520 1966 - present 

west of Athabasca River 

Poplar Creek near the IIDUth 7DA7 100 1972 - present 

Beaver River near the mouth 7DA5 195 1972 - present 

*Beaver River above Syncrude Dam none 

MacKay River near the IIDuth 7DB1 2,490 1972 - present 

*Dunkirk near the IIDuth none 

*Dover near the IIDuth none 

*E11s River near the IIDUth 1,080 none 

*E11s River below Gardiner Lake none 

*Jos1yn Creek near the IIDuth none 

*Tar River near the IIDUth 133 none 

*Ca1umet River near the IIDuth 76 none 

*pierre River near the IIDUth 63 none 

*Aspha1 t Creek near the IIDuth 120 none 

*Creek north of 
Aspha1 t Creek near the IIDuth 137 none 

East of Athabasca River 

Steepbank River near the IIDuth 7DA6 573 1972 - present 

*Muskeg River near the mouth 571 1973 - present 
above Hartley Creek none 

Firebag River 10 miles above mouth 7CD1 2,300 1972 - present 

*Station to be installed as part of the network 
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Gauging should begin as soon as possible. The short-tenn purpose of these gauging 

stations is to provide basin response characteristics that are needed to calibrate 

a mathenatical model of the catchments, no matter how simple its fonn. Such a model 

is required to allow extrene flow predictions fran the long-tenn meteorological 

records at Fort McMurray, and fran the proposed precipitation ne~rk. Periodic 

suspended sediment measurements should be taken over a range of flow and catchment 

conditions. Suspended sediment data should probably be collected at each of the 

gauged locations but the type of program (that is daily sampling, periodic 

sampling, miscellaneous sampling) will vary fran basing to basin. The sampling 

programs smuld be designed for each basin by the operating agency. 

2.2 Collection of water quality data on all basins likely to be mined. This is 

needed to establish the natural background quality of both surface and groundwater 

in the tar sands area. Such data are required to evaluate the effects of developnent 

on natural water quality, and to properly enforce existing water quality standards. 

[Relevant Parameters: Total dissolved solids; major cations (calcium, magnesium, 
sodium, iron); major anions (bicarbonate, sulphate, chloride, nitrate, phosphate); 
total organic carbon; chemical oxygen dem:md; pH; dissolved oxygen; water temper­
ature; oils and grease; phenols; heavy metals (only toxic to aquatic organisms 
in their ionic fonn). 

Minimum proposed frequency of sampling is at ~ samples per rronth for the first 
year, to be modified subsequently, depending on the variability of the results 
obtained: to be increased if variation in analyses is significant, and then to 
be reduced after several years' records.] 

2.3 Collection of backgrOund meteor logical data, to assist hydrological fore-

casting, i.e., for imput to runoff nndels of the catchments, for evaluation of water 

balance and to indicate how the long-tenn records at Fort M:::Mrrray might have to 

be modified to apply to the various areas. 

These data are needed for each gauged basin, and each station location is strategic 

to gauge location. 
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Data are required on: 

a) Precipitation 

i) snowfall and snowpack 

ii) rainfall amo'lll1ts, intensity and areal distribution* 

iii) nature of storms and storm patterns 

b) Temperature 

c) Humidity 

d) Sunshine 

e) Rates of snowmelt 

f) Evaporation and evapotranspiration -- primarily in mining areas. 

IYbst data are needed in enough detail to give a representative picture of the 

climate in the lower Athabasca drainage basin -- not only the area to be mined. 

(It is recognized that the definition of "enough detail" becomes a research 

project in itself.) 

A coordinated, integrated network is desirable, involving hydrologic stations, 

meteorological stations, and gro'lll1dwater observation sites. 

2.4 Physiographic analysis (with the hydrologic application in mind) should be 

carried out on all basins in the mineable area and for the Clearwater, Christina 

and Hangingstone River basins. 

A file should be prepared for each basin which includes maps of each of the 

parameters considered significant at a reasonably large scale. These maps are 

required to allow an appraisal of cOl1ditions affecting hydrologic response in the 

area; to allow a judicious selection of typical basins, and to allow an appraisal 

*Respecting precipitation, a radar station supplemented by tipping bucket rain gauges 
at Forestry Stations and strategic sites elsewhere, plus recording rain gauges at 
stream gauging stations, is probably the only practicable way of obtaining the 
necessary data. 
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of the applicability of infonnation derived from the three catchments with long 

runoff records to the other basins affected by developnent. 

Items that should be considered include: 

a) Vegetation type -- e.g., muskeg, spruce -- these provide good indications 

of subsoil conditions as well as affecting significantly basin response 

and sediment production. 

b) Slopes and slope stability -- this has an obvious effect on flood disclU1Lge 

and sediment production. 

c) Soil type and surficial deposits -~. does not have such a large effect on 

flood discharge but probably has considerable effect on groundwater, yield 

and sediment production. 

d) Drainage density -- only an indication of the other factors above but 

should be kept in mind -- has a significant affect on flood flows. 

e) Elevation -- perhaps -- really only affects input to the basin rather 

than basin response. 

f) locations of mineable oil sand bodies, their isopachs, overburden ratios, 

plant feed and reject material thicknesses, and so on. 

g) Stream characteristics, including slope profiles, bed types, and so on. 

2.5 Establishment of a groundwater monitoring network in the anticipated mining 

area and in adjacent areas.* The initial conclusion respecting groundwater hydrology 

was that a study be undertaken to determine the information needs. This 2-month 

study was undertaken by Alberta Research, to obtain background information in an 

essentially unknown area hydrogeologicallYi the prime conclusion was that background 

data are in effect nonexistent. The first step, then, is to establish a basic 

*Detailed program proposals have been formulated on this aspect by Alberta Research 
and by Sync rude Canada. 
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network of 100 or more wells, at a.l::.out 25 sites, to gather data so that the ground­

water regime can be detennined, and so that the effects of mining and of post-mining 

can be monitored and evaluated. (Site locations should be integrated with meteoro­

logical and hydrological netv.x)rk stations, where possible.) 

The unknown factors relating to groundwater include: groundwater resources of the 

area; groundwater waste disposal needs and facitlities; potential pollutants frc:m 

mining disturbance; whether groundwater resources are signigicant enough to have to 

worry about them; effects on groundwater regime by proposed mining operations; 

potential of groundwater to support revegetation in reclaimed areas; need for 

traditional resource evaluation (i.e., as a water supply source, and dewatering 

problem); knowledge of flow system distribution, both near-surface and deeper 

(? more saline waters) in the Devonian rocks; whether to select individual leases 

or type areas for study to detennine flow densities, water quality changes, etc. 

2. 6 Study of selected basins to enable determination of: 

a) Water balance for various envirornnents to complement more abstract 

detenninations of evaporation, evapotranspiration, infiltration, etc. 

b) Response functions (e.g., unit hydrographs) of various simple envirornnents 

to hydrologic input (rainfall, snowmelt, etc.). This type of information 

is required to make use of the long-term meteorological information at 

McMurray to generate equivalent long-term runoff records for the area. 

This study also intends to determine the effects of mining on the hydrologic regime, 

the amounts of sediment produced, and to evaluate possible changes in the soil 

moisture regime, and changes in the water yield of any such basin. 
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3.0 DEVELOPMENT IMPACT STUDIES 

3.1 Evaluation of the capacity of the Athabasca River and its major tributaries 

to receive additional su§P8llded fines and discharge liquids. Preservation of the 

water quality of the Athabasca River must be maintained, because of the importance 

of the fish, waterfowl and aquatic vegetation in the Athabasca delta complex. 

Definition is needed of the effect of adding sediment and/or chemicals at various 

times of the year. Suspended sediment monitoring is being conducted on the 

Athabasca and Clearwater Rivers near Fort :Mctlurray, and a miscellaneous program 

has been carried out on the Athabasca River at Embarras Airport. These programs 

should be continued, expanded to include water quality, and additionally refined 

to assist in assessing the suspended fines problem. 

3.2 Evaluation of possible effects of suspended fines and discharge liquids on 

the Athabasca delta region. As waterfowl breed and sane camnercial fish species 

spawn in the delta lakes of the Athabasca River, damage to these lakes must be 

prevented. During periods of high water levels, water overflows from the Athabasca 

River into the perched, clear-water delta lakes. If as a result of mining and 

processing operations the river carries increased fine sediment loads and chemicals, 

a danger exists of damage to the life support systems in these delta lakes. 

The effects of suspended sediment and waste discharges on the lakes and perched 

basins of the delta should be described. Both light penetration changes and the 

chemical and physical effects of the clays and other discharges on the biological 

food chains must be detailed. These studies should be geared to the needs of fish, 

waterfowl and aquatic mamnal populations of the delta. 

In addition, in the event that a tailings pond dyke should fail into the Athabasca 

River, the effects of this on the biOlogical productivity of the perched basins and 

lakes should be examined. 
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3.3 Gathering of data on composition of tailings and of all plant effluents. 

Chemical, physical and -biological parameters are needed, as canposition will 

significantly affect the environment, as well as suitability of tailings areas 

for revegetation. Changes in production process could significantlY affect 

reclamation. For instance, the behaviour and characteristics of the effluents 

will affect the potential for re-establishing life in water bodies, in terms of 

toxicity, limitations on light pepetration, etc. Knowledge of settling rates, 

amelioration, etc. thus become important, particularly if these effluents are 

to be injected (deliberately or otherwise) into the natural hydrologic systems. 

3.4 Evaluation of possible effluent seepage from tailings ponds (i.e., organic 

materials and clays), in order to evaluate the potential dissemination of tailings 

pond liquids into the groundwater and surface water systems, seepage from tailings 

ponds should be monitored for quality and quantity. 

In addition, it is difficult to justify damage to or destruction of the downstream 

portions of major streams in the mining area, because of their aquatic life 

importance. It is difficult, however, to visualize how increased sediment from 

tributary streams draining mining areas can be prevented from reaching, and thus 

destroying the aquatic life of these rivers. Research is needed to find methods 

of preventing this. 
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4.0 ADDITIONAL STUDIES AND INFORMATION 

As previously mentioned, lack of hydrologic knowledge in the Alberta oil sands 

region is a major problem in defining needs and prognnas. Gathering of data is 

proposed in the projects unde:t category A, and the impact of developnent is 

to be studied under those listed in category B. In addition, so that canplete 

evaluation can be made of changes in the hydrologic regime, background informa.tion 

is needed, by those undertaking the research and applying the results, on a 

number of subjects and on a continuing basis. 

4.1 Knowledge is needed of canpany. proposed mining plans, so that effects on 

the hydrologic regime can be predicted, especially those of dewatering programs 

and diversion projects. More specifically, informa.tion on Syncrude's hydrologic 

program and mining plans would be valuable, as the first proposed stream 

diversions and restorations are on this lease. 

4.2 Knowledge is needed of hydrologic/soil moisture regimes of different plant 

communities (not only those native to the area) so that the communities 

potentially most useful for reclamation can be identified, and canponent species 

selected for reclamation work. This would also help determine the hydrologic 

significance of plant communities existing in the area. 
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5.0 C(1.1MENTARY 

The data-gathering projects should be implEmented soon (Le., 1974 at the latest), 

as 3 to 5 years of both hydrologic and meteorologic data are the bare minimum 

needed for prediction purposes. In the last few rronths (SeptEmber to November, 1973) 

this need for early implementation has becane rrore apparent, in view of the 

potential for increased rate of oil sands developnent, brought about by current 

energy problEms. 

In implementation, primary emphasis should be given to the rivers and streams likely 

to be affected first by mining and processing operations. 

The programs proposed doubtless will be expensive, but are considered necessary 

if damage to the envirornnent is to be controlled. 

As pointed out on page 2, HOSt projects need more specific formulation, and 

other research needs will doubtless becane apparent as studies continue. 

Coordination of data-gathering activities, and of the research studies is 

necessary, on a continuing basis, as both industry (including consulting firms) 

and government personnel will likely be involved. Integrated programs are needed, 

without duplication of effort. 

TO satisfy these needs, two possible routes could be followed: 

a) nomination of a hydrologic study coordinator, presumably fran a government 

agency, to serve as supervisor of data-gathering activities, and as the 

comptroller of collected data; this is visualized as a full-tnne position, 

b) establishment of a standing committee, consisting of representatives of 

canpanies active in the oil sands area, and government agency representatives; 

this has the advantage of offering a forum for discussion, but lacks a 

continuing focal point for access to data and for resolution of problems. 
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All projects outlined in this report have in mind the best interests of industry, 

government and the general population. Thus the basic data gathered should be 

available to all agencies with valid interests in the region, and should not be 

restricted by claims of confidentiality; availability should be ensured at an 

early stage in implementation. 
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