


aquifer systems is too high to be desirable for public water supplies; however,
most contain water which is usgble for stock-watering purposes, Extensive
treatment would be required for many industrial purposes. Groundwater in
Saskatchewan is attractive as a source of cooling water because of its low
femperature. The average groundwater temperature may be estimated by con-
sidering that the geothermal gradient in Saskatchewan is about 19F/50 feet
and that the surface equilibrium femperature is only a few degrees higher than
the average annual air femperature which for most of Saskatchewan is only 35
to 40°F. The groundwater temperature of high-yield aquifers at or above the
bedrock surface is thus generally in the range of 42 to 50°F.

Ground Settlement Associated with Groundwater Development:
The amount of ground settflement which might result from groundwater develop-
ment can be approximated from soil mechanics consolidation theory (Terzaghi
and Peck, 1967). Consolidation of the aquifer and adjacent confining beds
will result from the increase in effective stress acting on the geologic frame-
work as a result of lowering the hydraulic head by pumping. The amount of
consolidation will depend upon the compressibility of the aquifer system and
this, in turn, depends very strongly on the geological history and particularly
on the loading history of the aquifer system. All of the high~yield aquifers
in the province have been subjected to one or more loading cycles by contin-
ental ice sheets 10,000 to 20,000 feet thick. Although the loading history is
extremely complex all of the aquifers and confining beds are overconsolidated
by an amount greater than the increased effective stress which would be
caused by groundwater development, Consequently, the settlement caused by
application of an additional load due to pumping would be small. Although
more refined analyses could be carried out, preliminary estimates suggest that
the magnitude of settlement would be less than 0.5 feet over most of the aquifer
and would be somewhat larger only within a few hundred feet of production
wells. Therefore, the ground settlement as a result of groundwater develop-
ment in Saskatchewan is expected to be negligible.

Sources of Information: The principal source of information for
this report has been the geologic mapping, test drilling, water quality and
observation well measurements carried out by the Geology Division, Saskatche-
wan Research Council, since 1963, Additional information has been obtained
from studies carried out by the Chemistry Division. These investigations were
funded jointly by the provincial and federql governments under the ARDA pro-
gram. Invaluable information on stratigraphy and water quality in deeper
aquifers has been obtained from information submitted by the petroleum and
potash industries to the Saskatchewan Department of Mineral Resources.
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Information about municipal and industrial water quality was
obtained from the Saskatchewan Water Resources Commission, Because their
information was obtained from o variety of sources of varying reliability
and because many of the analyses were incomplete, it proved impossible to
use this information. The great majority of the water analyses used in the
study were made either by the Chemistry Division, Saskatchewan Research
Council or by the Calgary laboratory of the Water Quality Division, Inland
Waters Branch. A few analyses were run by commercial laboratories. No
valid generalization about the quality of water actually used for various
purposes in Saskatchewan can be made until reliable and properly documented
water analyses have been obtained from all users,

High-Yield Aquifer Systems in Saskatchewan

The high~yield aquifer systems shown in Figure 121 are defined
on the basis of the criteria already discussed. The area of each agquifer
was measured by planimetering the 1:2,000,000 aquifer map. Groundwater
flow directions indicated are based on the limited hydraulic head information
now available, and on general gravitational groundwater flow considerations.

The net groundwater yield cited for each aquifer system is
shown in Table 26, The estimates are based on a carefully managed develop-
ment in which a comparatively few high-capacity wells (or well fields) would
produce the entire sustained yield for each aquifer system. Concentration of
too many high-capacity wells in any limited portion of the aquifer will result
in local overdevelopment, regardless of the fact that individual wells may be
capable of yielding a great deal of water. The maximum net groundwater
yield would be derived from a very large number of wells widely distributed —
throughout the aquifer with each well producing o relatively small amount of
water.  Groundwater is a distributed resource which can be most effectively
used by large numbers of widely distributed low-consumption users. It is thus
ideally svited to serve many of the needs of the rural population of Saskatch-
ewan. Concentrated uses which have a requirement of more than several
thousand acre-feet per year, or which require water having a total ionic con-
centration less than 1,000 ppm, must be served by alternative sources of
supply.

: 1‘~',,




! Table 26
Drift Aquifers in Saskatchewan

{ }Area H Leakage Net Groundwater
Coefficient Yield
Aquifer System (Miles?) (ft.) (gpd/miz/ﬂ) (acre-feet/year)
{
A. Major Bedrock Aquifers ]
{ MONTREAL L, - DORE L.
- PETER POND [, AQUIFER 6
SYSTEM 19,000  N/C*| N/c > 1x10
{ NIPAWIN - HUDSON BAY - 6
CUMBERLAND AQUIFER SYSTEM 15,000 N/C N/C > 1x10
{ Major Drift Aquifers
SHELLBROOK AQUIFER SYSTEM 2,800 N/C N/C 50, 000
; NOKOMIS AQUIFER SYSTEM
L Hatfield Valley Aguifer ~
b Domremy segment 3,500 100 140 50,000
Lebret segment 700 50 140 5,000
Pathlow Aquifer 200 100 190 5,000
Wynyard Aquifer 1,200 50 370 26,000
Strasbourg Aquifer 460 10 280 1,000
87,000
YORKTON AQUIFER SYSTEM
Yorkfon-Bredenbury Aquifer 1,000 10 1,120 12,000
Welby Aquifer 220 10 1,120 3,000
Langenburg Aquifer 440 50 250 6,000
Melville Aquifer 600 20 220 3,000
. 24,000
REGINA AQUIFER SYSTEM
Regina Aquifer 1,400 10 25,000
ESTEVAN AQUIFER SYSTEM
Estevan Valley Aquifer 190 100 11,000
Weyburn Aquifer 70 50 1,000
TYNER AQUIFER SYSTEM 1
Tyner Valley Aquifer 850 50
Dalmeny Aquifer 350 20
Tessier Aquifer
Rosetown Aquifer
Judith River Formation
BATTLEFORD AQUIFER SYSTEM
Battleford Valley Aquifer
- Baldwinton segment 300 40
= Lilac segment 500 40
Total yield of bedrock aquifers > 2,000, 000
Total yield of drift aquifers 245, 000

* Not Caleulated . Total net groundwater yield > 2, 245, 000

i
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High~Yield Bedrock Aquifers

Bedrock Aquifers include the Lower Cretaceous Blairmore/Swan
River Group; the Nisku, Souris River, Dawson Bay and Winnipegosis Forma~-
tions collectively termed the Devonian carbonate aquifers; the Silurian Inter-
lake Group; and the Winnipeg~Deadwood Formations of Ordovician and Cam-
brian Age (Figures 121,122), These aquifers are present at depth beneath the
plains of southern Saskatchewan, where they typically contain highly mineral-
ized water (Porter and Fuller, 1959; Hitchon, 1964),  Groundwater enters the
Saskatchewan-Nelson Basin across the southern boundary of the basin and dis-
charges to surface where these formations outcrop beneath the drift in northern
Saskatchewan and western Manitoba, |t should be noted that these aquifers
are continuous across the northern boundary of the Saskatchewan-Nelson Basin

to the Churchill Basin; the groundwater divide between these two basins is
poorly defined,

Although the general principles of regional groundwater circu-
lation and their significance for water quality are well established, there are
many seeming anomalies in the observed water quality for deep aquifers in
Saskatchewan. These anomalies cannot be explained by any simple applica-
tion of the regional flow principles. Fresh water enters the deep bedrock
aquifers in western Alberta and the northern United States and moves laterally
in a northeasterly direction, with movement concentrated along those paths
which offer the minimum resistance to flow . Fresh water flushing has pro- 7
ceeded furthest along the most continuously permeable paths, so there is ex~-

fensive stratigraphic interdigitation of fresh and saline water which can be
attributed to lateral flushing .

All of the information now available about deep aquifers in
southern Saskatchewan was obtained as a result of petroleum exploration
where the object of the search has been oil and not water. Because petroleum
accumulations are typically associated with high-salinity formation water
(100,000 - 200,000 ppm) (Porter and Fuller, 1959; Hitchon, 1964) concen-
trated by the same processes that favor accumulation of petroleum, exploration
is directed selectively toward local high-salinity regions in the subsurface flow
environment, In contrast, much lower salinity (less than 35,000 ppm) forma-
tion water may be associated with regions of more active groundwater circulation.

Water quality information is thus biased to some unknown extent by the biased
sampling of subsurface environments.




Introduction of fresh water from local recharge areas such as the
Cypress Hills and Touchwood Hills (Hitchon, 1969a, p. 192-193) accounts in
part for the systematic decrease in total concentration observed in all aquifers
toward the northeast in the direction of groundwater flow. Fracturing associq~
ted with salt-solution sfructures (DeMille, 1984, Christiansen, 1967¢) would
increase the vertical permeability which would favor local introduction of fresh
water into aquifers lying above the Prairie Formation * (Figure 122),

It appears certain that there is g dynamic balance in the bed-
rock aquifers between saline water moving laterally through the major aquifers
in a northeasterly direction toward the outcrop area and fresh water added
locally by vertical recharge. The practice of waste disposal into deeply buried
bedrock aquifers, such as the Deadwood Formation, will tend to disrupt the
hydrodynamic equilibrium and will tend to increase the lateral flow of saline \
water toward the outcrop area. Because the system is a hydraulic continuum, 1
the effect of increasing the hydraulic head deep in the basin will be trans- [
mitted rapidly to the discharge areq. Similarly, development of the fresh i
groundwater resources of the Swan River Group in the Carrot River Lowland (Fig-i
ures 121,122) would reduce the hydraulic head in that unit, not only creating
a tendency for increased upward movement of more mineralized water from the
underlying carbonate aquifer but also allowing more lateral discharge of saline
water to the Saskatchewan River in the Cumberland area.

The same situation exists in the Montreal Lake-Dore Lake-Peter
Pond Lake area (Figure 121). There, local recharge of fresh water is now tend-
ing to suppress saline water discharge from the bedrock aquifers to the Churchill
River system. Local recharge reduces the longitudinal hydraulic gradient and
also dilutes the saline water. Any reduction in hydraulic head in the fresh
water region of the system has the compound effect of reducing the amount of
dilution of the saline water and at the same time allowing the lateral move-
ment of saline water to increase.

Development of the major bedrock aquifers for their fresh ground-
water resources as well as their utilization for waste disposal require a much
better understanding of the hydrogeology than we now have.

Montreal Lake-Dore Lake-Peter Pond Lake Aguifer System: This
aquifer system covers an area of af least 19,000 square miles and previous
strata are known to be several hundred feet in thickness. The uppermost major

* Also known as the Prairie Evaporite Formation,
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aquifer in the system (Figure 121) is the Swan River Group. The southern
boundary is defined by the estimated position of water having a total ionic
concentration greater than 4,000 ppm in the Swan River Group., Toward

the north, progressively older formations may also be expected to contain
usable groundwater (Figure 125). The Swan River Group is overlain by drift
ranging in texture from sandy clay to sand through which recharge may occur
 readily. It appears from the limited information compiled to date (Figure 125)
'~ that there is a more or less complete interconnection of lakes and streams
particularly those of the Churchill River system with this aquifer.

The natural groundwater recharge is unknown. Present with-
drawal is essentially zero. The net groundwater yield of this system may
be crudely estimated to be greater than 1 million acre-feet per year (Table
26). Production at this rate would represent an increase in recharge to the
system amounting to about 10 percent of the annual precipitation.

The quality of water obtainable from this aquifer system is
not known. Interpretation of electric logs in the Dore Lake area suggests
that the total ionic concentration may be less than 2,000 ppm in the Swan
River Group (Figure 125)throughout much of the area. Further investigation
is required.

Nipawin=Cumberland House - Hudson Bay Aquifer System: This
system covers an area of at least 15,000 square miles. The uppermost major
bedrock aquifer in both the Nipawin and Hudson Bay areas (Moran and
Whitcker, 1969) is the Swan River Group (Figures 122,126) and aquifers may
extend downward through this group into the underlying Paleozoic rocks.

In the Cumberland House area lower Paleozoic carbonate rocks subcrop
beneath the drift (Kupsch, 1952) and are good aquifers (Figure122). These
aquifers are overlain by drift and underlain by other permeable deposits
containing more saline water. For the purposes of this report, the vertical
transitions to groundwaters with total ionic concentrations in excess of
4,000 ppm define the lower boundaries of these major aquifer systems, The
southwestern boundary of the Swan River Group aquifers in these areas is
similarly defined by the occurrence of water having a total ionic concen-
tration of more than 4,000 ppm (Figure 126). The water in the Hudson Bay
aquifer is the sodium bicarbonate/sulphate type whereas in the Nipawin
area, water in the Swan River Group is of the sodium chloride type. The
wide spread of observed total jonic concentration values reflects the system -
atic decrease in concentration toward the north and east (Figures 126,127),
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In the Nipawin areqa the water in the Swan River Group contains an average
concentration of 1.0 ppm fluoride (Figure 127), Present withdrawal is for rural
domestic use only,

Nothing is known of the quality or quantity of water in the Cum-
berland area. These carbonate rocks may have permeability characteristics
similar to those measured by Render (1970) in the Winnipeg areqa.

The naturgl recharge to the major aquifers in these areas is un~
known. It is possible that the net groundwater yield from this area may be at
least 1 x 10° acre-feet per year (Table 2¢), a production which would represent
an increase in recharge equal to about 10 percent of the annual precipitation,

would function as storage elements indistinguishable in function from the lakes
covering the Cumberland Lowland, Any water resource development in thqt
area must recognize that this aquifer system is an integral part of the totql
hydrologic environment ,

High-Yield Drift Aquifers

Shellbrook Aguifer System: The Shellbrook Aquifer System in-
cludes the Hatfiald Valley Aquifer north of the North Saskatchewan River and
covers an area of about 2,800 square miles (Figures 128,129). It is overlain
by drift and underlain by the Swan River Group and deeper aquifers, The
water quality is known at only a few locations, The estimated net ground-

(Table 26), The interaction between this system and lakes and streams-in the
area is unknown. Present withdrawal is small, however it does supply rural
domestic and municipal needs, :

Nokomis Aquifer System:  This aquifer system includes the Pathlow,
Wynyard and Strasbourg Aquiters (Figure 130) all of which are interconnected
with the Hatfield Valley Aquifer which also forms part of the system. To the
north the system drains to the South Saskatchewan River in the vicinity of St.
Louis; to the south it drains to Last Mountain Lake and to the Qu'Appelle
Valley. Figures 130 and 131 show the variation in water quality in this system,
The total ionic concentration varjes considerably, however, the water com=
position is dominantly the sodium=sulphate type.
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The northern part of the Hatfield Valle

y Aquifer from Nokomis
fo St. Louis contains poor quality water (Figure 130)

collapse structures (Figure 122) (Christiansen, 1970b) ,

The net groundwater
. yield is estimated to be about 54, 000

acre-feet per year (Table 26),

The Pathlow Aquifer is ¢

haracterized by exceptionally good
quality water (Figure 130) which in th

; e Pathlow district exists under flowing
a artesian conditions, Farm wells are reported to flow up to 1 ¢fs with shut-

in pressures in excess of 40 to 50 psj, Discharge from this system is through
{

major springs north of Pathlow into the Carrof River. The estimated net ground-

L water yield is about 5,000 acre-feet per year (Table 26)
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The Wynyard Aquifer (Figure 130)is completely interconnected

with the Hatfield Valley Aquifer and with the Quill Lakes. Recharge from

: local precipitation discharges through this aquifer both to Quill Lakes and to

, the Hatfield Valley Aquifer. If the water levels in the Quill Lakes become
- sufficiently high, however, most of the groundwater discharge would be diver-
(. fed to the Hatfield Valley Aquifer - in effect, the Quill Lakes would function
r as part of the recharge area. Under such conditions the salinity of the Quill
y Lakes would become as low as those reported by Rawson and Moore (1944)

(16,600 ppm). The present concentration ranges from 40, 000 to 70,000 ppm
(Langham, 1970),

Little information has been obtained about the Strasbourg

. Aquifer (Figure 130), In includes sand deposits at the base of the drift and
may also include the Judith River Formation (Christiansen, 1970b, section
B=B'). It provides the inferconnection between the Hatfield Valley Aquifer
and Last Mountain Lake. The nature of this interconnection is nof fully
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understood. Nevertheless, there is little doubt that when the lake is relatively
low, there should be a tendency for increased groundwater discharge from the
Hatfield Valley Aquifer into Last Mountain Lake. Similarly, when the lake
level is higher, more water should be bypassed along the Hatfield Valley to
discharge directly into the Qu'Appelle Valley.

The Hatfield Valley Aquifer is directly interconnected with the
Qu'Appelle Valley (Figures 130,132) in the vicinity of Fort Qu'Appelle and
Lebret, Groundwater discharges from the Hatfield Valley Aquifer into the
Qu'Appelle Lakes, in part through submarine springs such as those reported
by local residents to be present in Mission Lake.

From the Village of Cupar south to the Qu'Appelle Valley
(Figure 130), precipitation infiltrating to the Hatfield Valley Aquifer moves
laterally to the Qu'Appelle Valley. Groundwater here is of better quality
(Figure 132, Lebret segment) than elsewhere in the Hatfield Valley Agquifer.
The drain effect of the Qu'Appelle Valley increases the vertical hydraulic
gradient adjacent to the valley and thereby increases the amount of natural
recharge to a maximum. The natural groundwater discharge from the Hatfield
Valley Aquifer to the Qu'Appelle River is estimated to be about 10,000 acre-
feet per year (Table 26) based both on the anticipated vertical input to the
system and on the amount of water that might reasonably be expected to be
transmitted laterally through the aquifer.

The weighted average water quality for the Qu'Appelle Lakes
(Figure 130Q) based on analyses by Rutherford (1970) indicates that the com-
position and concentration of the lake water are very similar to those for the
adjacent Hatfield Valley Aquifer. The concentration trends for the lake water
suggest that the focus of groundwater discharge from the Hatfield Valley
Aquifer is into Mission Lake.

The effect of the Hatfield Valley Aquifer on the Qu'Appelle
River system is that of a very large storage element which will always act so
as to tend to maintain the level of Mission Lake at a constant elevation. Dis=
charge from this aquifer provides a substantial continuing source of mineralized
deoxygenated water to the bottom of the lakes throughout the year at a tem=
perature of 45 to 50°F,
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Yorkton Aquifer System: The Yorkton Aquifer System (Figure 133)
includes the Yorkton-Bredenbury, fhe Hatfield Valley, the Welby and the
Melville Aquifers. Cross sections (Figures 134,135) show the stratigraphic and
groundwater flow relationships between the intertill aquifers (such as the York-
ton-Bredenbury Aquifer) and the Hatfield Valley Aquifer, The Welby Aquifer (
(Beckie and Balzer, 1970) is an intertill aquifer which is apparently a contin-

; uation of the Yorkton-Bredenbury Aquifer. The Melville Aquifer comprises
glacial and preglacial sand deposits found beneath the lowermost till; it also
includes part of the Hatfield Valley Aquifer southwest of Melville (Figure 133), (

Groundwater discharge from this system is governed by the Hat-
field Valley Aquifer which functions as o deeply buried sand drain collecting
water from the Yorkton-Bredenbury Aquifer and draining into Crooked Lake to ‘5
the southwest and into the Assiniboine River near Shellmouth to the northeast.

The Welby Aquifer drains directly into the Qu'Appelle River (Beckie and (,
Balzer, 1970).

The areal and stratigraphic variations of water quality are shown
in Figures 133, 134 and 135 and the average concentration and composition are
shown in Figure 136, The analyses of water from the Welby Aquifer indicate
that the water is quite similar to that in the Yorkton-Bredenbury Aquifer.

The Yorkton Aquifer is directly connected to Crescent Creek and
Leech Lake so that both surface water and groundwater in this area must be ,
allocated as part of a common resource. Both are entirely dependent upon <
local precipitation. The Yorkton Aquifer presently supplies the City of Yorkton (
with about 300 million gallons of water per year (1,100 acre-feet per year).
It has provided the entire water supply for the city for many years with no
evidence of any aquifer depletion. The city well field is under continuous
production performance monitoring by the City Engineering staff. The net (
groundwater yield of the Yorkton-Bredenbury Aquifer is estimated to be at
least 12,500 acre-feet per year (Table 26).

The Hatfield Valley Aquifer is utilized by Langenburg as a (
source of municipal water supply and by International Mineral and Chemical ‘ :
Corporation as a source of processing water for their No. 1 mine near Ester- -
hazy (Vonhof, well inventory information). The estimated withdrawal is 500 -
to 1,000 acre-feet per year. The Welby Aquifer is used by Sylvite of Canada v
as a source of industrial water supply (Beckie and Balzer, 1970). ¢
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Figure 135: Yorkton Aquifer System — Stratigraphy 2
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This aquifer system drains to the Qu'Appelle River and the
observed water quality in Crooked Lake is quite similar to that found in
the Hatfield Valley (Figures 133 and 135). Note that the jonic concentrg-
tion of water decreases in a downstream direction along the Qu'Appelle
River presumably as a result of dilution by fresh tributary drainage. The
water quality at Tantallon is, however, still quite similar to that of water
discharging from the Welby Aquifer in that vicinity,

Regina Aquifer System: The Regina Aquifer System covers
an area of about T,400 square miles (Figure 137) including all the areq
considered by Lissey (1962) in his study of the groundwater resources of
the Regina area. All of the aquifers studied by Lissey are now con-
sidered to lie within the complex intertill sand unit associated with the
Condie moraine (Christiansen, 1971b) (Figure 138)and are considered for
the purposes of this study to function as a single aquifer system recharged
by local precipitation and discharging to Wascana Creek and to the
Qu'Appelle River. The current withdrawal from the Regina Aquifer System,
including both municipal and industrial withdrawals, is estimated to be
about 11,000 acre-feet per year (Saskatchewan Water Resources Commission,
personal communication). The estimated net groundwater yield in addition
to the present withdrawal is about 25,000 acre-feet per year (Table 26)

The net groundwater yield was estimated by considering
the vertical hydraulic conductivity of the confining layer to be variable
as has been demonstrated from geological studies (Christiansen, 1961)
it was considered to be 100 times greater than average over 1 percent
of the aquifer area, 10 times greater than average over 10 percent of
the area and equal to the average (0.002 gpd/ft4) over the remaining
89 percent of the areq (recent information indicates that this average value
is itself probably very conservative)., This in effect friples the estimated
net groundwater yield, No great accuracy is presumed for this estimate
but it nevertheless effectively demonstrates the hydrologic significance of
glacial landforms such as kames in creating high~permeability gaps in
the confining layer such as those found in the vicinity of Pilot Butte.

3
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Estevan Aquifer System: The Estevan Aquifer System (Figure 139)
includes the Estevan Valley, fhe Weyburn Valley and the Ravenscrag Forma-
tion Aquifers, Figure 140 shows the stratigraphic setting of the Estevan Valley
Aquifer which functions as a drain collecting water from the adjacent area and
diverting it to the Souris River northwest of Estevan and in the vicinity of
Oxbow. The geohydrology of this area was studied by Walton (1970) during
the period 1963 to 1965 under the sponsorship of the Saskatchewan Department
of Industry and Commerce and the supervision of the Saskatchewan Research
Council, Walton designed and constructed an electric analog model to
analyse the hydrologic behavior of this system and concluded that 5 to 10
mgd (up to 13,000 acre-feet per year) could be produced from the Estevan
Valley Aquifer in the vicinity of the site shown in Figure 140. A more recent
study (Meneley and Whitaker, 1970) documented the hydrologic response of

this aquifer system to natural and artificial changes. Its water quality is
shown in Figure 141,
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The Weyburn Valley Aquifer was discovered and investigated in
the Weyburn district by J.p, Mollard and Associates in 1964 and 1965 during
a project sponsored by the Saskatchewan Department of Industries and Commerce,
This aquifer is a typical glacial meltwater valley aquifer (Figures 139, 142, 143)
sharply incised into shale, filled with longitudinally continuous sand and
gravel deposits and overlain with till,  This is a classic channel aquifer, A
production well was. constructed for the City of Weyburn and the production
performance of this aquifer has been monitored by the Saskatchewan Research
Council and the City of Weyburn (Figure 144) since 1964 . The initial water
level observations record the recovery from the initial evaluation tests carried
out in 1964 and the subsequent drawdown since production started in 1966.
These data indicate that the aquifer is not yet approaching equilibrium and
thus demonstrate the time delay associated with full development of aquifer
systems. Seasonal recharge to the aquifer is evident, but is masked in part

by pumping variations, The net groundwater yield for the Weyburn aquifer
is about 1,000 acre-feet per year (Table 26),
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It is estimated that the natural discharge from the Estevan Valley
Aquifer is about 5 to 10,000 acre-feet per year into the Souris River from
Dead Lake (southwest of Midale) to Estevan and in the vicinity of Oxbow.
According to the Water Survey of Canada this is approximately the same as
the minimum annual discharge from the Souris River at the International Bound-
ary. In the present study it is estimated that the net groundwater yield for
the Estevan Valley Aquifer is about 11,000 acre-feet per year (Table 2¢6) -
approximately the same as that estimated by Walton (1970). Present ground-
water withdrawal from this aquifer system is for rural domestic purposes only,
If net groundwater yield were increased to 11,000 acre-feet per year, natural
discharge would be reduced significantly. It might then be necessary to develop
groundwater production at a rate of 17,000 to 22,000 acre-feet per year and

return the natural discharge directly to the river to maintain the international
treaty obligations,

Tyner Aquifer System: The Tyner Aquifer System (Figures 145,146)
has been described in detal] for the Saskatoon areqa (Meneley, 1970) and the
Rosetown area (Christiansen and Meneley, 1971). The western part of this
aquifer from Tyner west to the Albertq boundary was not considered in calculq-
ting yield estimates because this part of the aquifer would derive most of its

water by induced infiltration from the Saskatchewan River under development
conditions ,

The Tyner Valley Aquifer is a particularly weli-defined geological
entity and the water quality (Figure 147) is equally predictable. The only sig~
nificant variation in quality is found in the vicinity of Osler near the discharge
end of the system. There, as in all of the major aquifer systems, the total
dissolved solids concentration decreases in the direction of groundwater flow .
This is considered to reflect increased vertical infiltration fo the system as o
result of the low hydraulic head in the aquifer in the vicinity of the discharge
drain to the North Saskatchewan River.

The net groundwater yield for the Tyner Aquifer System is about
38,000 acre-feet per year (Table 26). Further investigation would be required
if the interaction between this aquifer system and the Saskatchewan Rivers is
to be delineated. This is particularly important in the area north of Saskatoon
where it is possible that there is an interconnection between the South and
North Saskatchewan Rivers and where there may be interbasin movement of water
at the present time.
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This aquifer system provides an excellent example of the
significance of permeability distribution in the geologic environment in
governing the groundwater flow pattern in a real, stratified, heterogeneous
flow medium. Although the system is still a gravitational flow system, the
flow pattern cannot be deduced from consideration of the topography alone
as has been done elsewhere,

Battleford Aquifer System: The Battleford Aquifer System
(Figures 148,149) includes the Battleford Valley Aquifer and a number of
smaller glacial meltwater valleys cutting obliquely across the trend of the
Battleford Valley. In addition, the Judith River Formation may contribute
significant quantities of water to narrow valleys such as the southeast-trending
valley through Biggar. The presence of pervious strata in the walls of a
channel aquifer of this type substantially increases the effective width of the
channel aquifer.

The Battleford Valley Aquifer drains to the North Saskatchewan
River north of North Battleford. It controls the groundwater drainage for a
large area extending westward to the Alberta boundary along the trend of the
Battleford Valley. The southeast-trending valley from Lloydminster through
Lashburn (Figure 148) and the northeast-trending valley from Lloydminster toward
Paradise Hill also function as drains.

The net groundwater yield of this aquifer system is estimated to
be about 9,000 acre-feet per year (Table 26).

Other Aquifer Systems: Insufficient time and the lack of
essential information prevented compiling the yield of some of the major
aquifer systems which are known to be present. Of these, the Rocanville
Valley Aquifer in southeastern Saskatchewan is undoubtedly discharging water
to the Qu'Appelle River. Its outline has already been shown on Figure 133
and is based on the Melville regional geologic map (Christiansen, 1971q).
Information conceming water quality in this aquifer is also sparse.

The Swift Current Aquifer System is an important aquifer system
in southwestern Saskatchewan, both from the point of view of water supply and
also as a source of sodium sulphate input to Chaplin Lake. The Swift Current
Valley Aquifer is also a major aquifer in the Dilke district. There it functions
to an unknown degree as a drain diverting water from the Arm River via a sub-
surface route to Last Mountain Lake. They may account for some part of the
decrease in flow along the Arm River observed by Meyboom (1964) and attri-
buted to phreatic consumption.
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Many narrow glacial meltwater channels are known to be present
in northwestern Saskatchewan in the Lloydminster-Meadow Lake areas. These
are larger than the Weyburn Valley Aquifer previously discussed and certainly

will be major aquifers. Compilation of the regional geology of that area is
still in progress. '

Summary and Conclusions

The drift aquifers of southern Saskatchewan have an estimated net
groundwater yield of about 245,000 acre-feet per year. The major bedrock
aquifers in the northern part of the Saskatchewan-Nelson Basin and the Churchill
Basin have a net groundwater yield greater than 2 x 104 acre-feet per year,
The total sustained yield of these aquifer systems would be much greater - by

an amount equal to the streamflow depletion which would occur under maximum
development conditions.,

The quality of groundwater available from major drift aquifers
ranges from 1,000 to 4,000 ppm total ionic concentration, with the bulk of it

in the 1,000 to 2,500 Ppm range. It is unsuitable for irrigation on the basis
of its quality.

The quality of water in the major bedrock aquifers in northern
Saskatchewan seems to be substantially better but additional information is
required to substantiate these preliminary findings.

The Qu'Appelle River is the major groundwater drain in Saskat-
chewan because of its low elevation and because of its position relative to
several major aquifers. The interaction between surface water and groundwater
is most significant in the Qu'Appelle and Souris River Basins. In the case of

the Qu'Appelle Basin the groundwater component may, in fact, govern basin
behaviour.

Groundwater in Saskatchewan is a renewable resource, replen-

ished continuously by precipitation. Natural water levels vary according to
the climate.
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Recommendations

A major geologic and hydrologic study should be directed toward
evaluating the groundwater resources of the major bedrock aquifers. Particular

emphasis should be placed on defining lateral and stratigraphic variations in
Wwater quality throughout the basin . A major monitoring system is required to
determine the consequences of deep waste disposal on the fresh water resources

This is urgently
igh quality water resources of northern

more precisely, wi
of the confining b

systems.  Work should be concentrated on the major a




