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HYDROGEOLOGY
OF THE WAINWRIGHT AREA,

ALBERTA

Abstract

The Wainwright map area lies southeast of Edmonton between
longitudes 110° and 112° west and latitudes 52° and 53° north. It
covers about 6 000 square miles (15 500 km?2), of mostly aspen park-
land. Precipitation is about 14 inches {36 cm) annually, while potential
evapotranspiration is about 21 inches (54 cm).

Hydrogeological information is abundant for depths less than
about 500 feet (152 m). At depths greater than 500 feet {152 m) the
hydrologic environment has been inferred from geological information.
Geologic units of hydrogeological interest include the glacial drift,
preglacial sands and gravels, Horseshoe Canyon Formation, Bearpaw
Formation, Belly River Formation, and Lea Park Formation. The
last-named four are Late Cretaceous in age.

Groundwater vyields are generally between 0 and 25 igpm (about
0 to 100 I/min) with certain areas having much greater yields. Ground-
water quality is not exceptionally good; one third to one half of the
samples analyzed exceeded provincial standards for total dissolved
solids, sulfate, alkalinity, or sodium. Nitrate represents a local pollution
problem.

In addition to the groundwater availability map at 1:250 000
scale, maps at 1:1 000 000 scale are presented showing hydrochemistry
of bedrock waters for the depth intervals O to 150 feet (0 to 46 m) 150
to 350 feet (46 to 107 m), and 350 to 500 feet (107 to 152 m). Hydro-
chemistry of drift waters from O to 150 feet (O to 46 m) of depth is
also presented. ‘

INTRODUCTION

This report and map are part of a program of the Alberta Research Council to
produce reconnaissance hydrogeological maps for the entire province under a
uniform legend (Badry, 1972). They represent the interpretation by one ground-
water hydrologist and one technician of existing hydrogeological data supplemen-
ted by one summer of field work. .



The area covered by this study is located between longitudes 110° and 112°
west and latitudes 52° and 53° north. It encompasses townships 35 through 46 and
ranges 1 through 14, west of the fourth meridian, which is an area of about
6 000 square miles {16 500 km?2). Under the National Topographic System the area
is designated as map number 73D, Wainwright, Alberta,

The area is dominantly utilized for mixed farming with certain portions
suitable only for stock raising due to relatively great local relief and poorly arable
soils. Most of the area lies in the aspen parkland. The numerous farms result in
much available groundwater information, both in terms of yield and chemistry, for
depths less than 500 feet (152 m). At depths greater than 500 feet (152 m) inform-
ation is quite sparse and is usually related to petroleum activities.

Petroleum production is a major industry of the area. Approximately half of
the area contains established petroleum fields.

The work undertaken during one summer of field mapping included collec-
tion of about 300 water samples, and carrying out of 55 two-hour pump tests and
two 4-day pump tests.

The references section of this paper is intended to be as complete a history as
possible of published reports pertaining to the hydrology of the area and adjacent
areas. Nielsen etal. (1972) present a bibliography of published and unpublished
groundwater reports for all of Alberta.
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PHYSIOGRAPHY

The land surface in the area generally fails from south to north. High areas,
exceeding 2 800 feet (850 m) above sea level, occur in the Neutral Hills in the
south-central portion of the area. Much of the rest of the southern one third of the
area varies between 2 400 and 2 700 feet (730 to 820 m) above sea level; much of
the northern half of the area is below 2 200 feet (670 m).



A large portion of the area is hummocky containing many undrained depres-
sions, and internal drainage is characteristic. Surface water divides shown on the
hydrogeological map are only approximate in many areas.

The Battle River has incised a valley several hundred feet deep through the
area. This valley is usually fairly narrow in the upstream portions and widens in the
downstream reaches. The river drops about 380 feet (about 120 m) while passing
through the area. There are no gauging stations on the Battle River in the map area.
At Forestburg, just upstream from the west map boundary, the mean discharge was
24 and 163 cfs (0.7 and 4.6 m3/sec) for 1968 and 1969, respectively, while at
Unwin, Saskatchewan, just downstream from the east map boundary, the corres-
ponding discharges were 118 and 368 cfs (3.3 and 10.3 m3/sec). This indicates a
two- to five-fold increase in discharge while passing through the area.

CLIMATE

Climatic averages for the area are presented'on the meteorological side map.
Mean annual precipitation varies from about 13 inches (33 cm) in the southeast to
slightly over 15 inches (38 cm) in the northwest. The average annual temperature is
about 36°F (2°C). Potential evapotranspiration (Thornthwaite and Mather, 1957)
is about 21 inches (54 cm) per year, while evaporation (Bruce and Weisman, 1967)
is slightly tess than 35 inches (90 cm) per year.

GEOLOGY
Surficial Geology

Bayrock {1957, 1958, 1967), Gravenor {1956), Gravenor and Bayrock
- {1955), and Gravenor and Ellwood {1957) have mapped the surficial deposits of the
entire area. Although many types occur, the most prevalent are morainal deposits,
outwash sand deposits, and lake deposits. ‘

Carlson and Topp {1971) show that about one half of the area is covered with
drift less than 50 feet (15 m) thick (Fig. 1) and that surficial deposits up to about
150 feet (46 m) thick cover about one quarter of the area. A major preglacial
valley, the Battleford Valley (Christiansen, 1965) [also referred to as the Red Deer
Bedrock Channel (Farvolden, 1963) and the Wainwright Valley (Carlson and Topp,
1971)], extending from Chauvin to north of Hardisty, has deposits comprised
mostly of sand and gravel which are up to 450 feet (about 140 m) thick in some
locales. The exact extent of gravel deposits in this channel is not well known but it
is probable that some occur along the thalwegs indicated on the hydrogeological
map.

Bedrock Geology
The bedrock units of significant hydrogeological interest are all of Late

Cretaceous age; these are the Horseshoe Canyon, Bearpaw, Belly River, and Lea
Park Formations. The following descriptions are provided by Green (1972):



Horseshoe Canyon Formation: grey, feldspathic, clayey sandstone;
grey bentonitic mudstone and carbonaceous shale; concretionary iron-
stone beds, scattered coal, and bentonite beds of variable thickness,
minor limestone beds; mainly nonmarine

Bearpaw Formation: dark grey blocky shale and silty shale; greenish
glauconitic and grey clayey sandstone; thin concretionary ironstone and
bentonite beds;, marine

Belly River Formation: grey to greenish grey, thick-bedded, feldspathic
sandstone; grey clayey siltstone, grey and green mudstone; concretion-
ary ironstone beds; nonmarine

Lea Park Formation: dark grey shale; pale grey, glauconitic, silty shale
with ironstone concretions; marine

The Horseshoe Canyon Formation contains a basal sandstone unit which is
utilized for water supply in the southwestern portion of the area. Locally, coal beds
may be of importance.

The Bearpaw Formation contains three major sandstone members, locally
known as the “‘Bulwark sands.”” The geological side map shows the subcrop of the
upper or first Bulwark sand as well as the subcrop and structural contours on the
jower or third Bulwark sand.

The Belly River Formation contains several “zones’’ within which sandstones
are very prevalent. Structure contours and the subcrop of one major sand sequence
are presented on the geological side map.

The top of the Lea Park Formation represents a boundary separating com-
paratively high yielding, good quality aquifers from much lower yielding, poorer
quality aquifers. ’

For more detailed discussion of the stratigraphy of the area the reader is
referred to Shaw and Harding {1954) and Nichols and Wyman (1969).

HYDROGEOLOGY
Groundwater Flow

The water levels shown on the main map are dominantly those of the Belly
River sand zone depicted on the geological side map and defined above. In those
areas where the sand zone does not exist the water levels presented are those from
wells of an approximately equivalent depth. Groundwater flow within this zone is
basically from southwest to northeast. Locally flow is directed into the Battle River
valley and into the preglacial Battleford Valley.



Data seem to indicate that the water table can be approximated by the land
surface, and that it is usually within 50 feet (15 m) of the surface.

Areas of major groundwater discharge are limited to certain portions of
townships 42 and 43, ranges 1, 2, and 3. Here flowing wells, salt deposits, springs,
and very saline lakes are observed. Evidence of major groundwater discharge into
the Battle River valley is lacking: large springs are not frequently observed but
minor seepage areas are common; surficial salt deposits do occur but they are
neither extremely common nor heavy; of the few wells that do exist in the valley
most do not flow (see main map). It appears likely that the Battle River valley
receives groundwater discharge only from local flow systems, not from regional
systems, thus accounting for the general lack of salt deposits and major seepage
areas.

The many closed topographic depressions of the area probably result in the
development of numerous local groundwater flow systems. It is hypothesized that
most of these behave very similarly to the “‘temporary” sloughs described by
Meyboom (1966). He demonstrated that this type of slough is: 1) a recharge area
during fall and spring; 2) a discharge area during summer; and 3) hydrologically
nonexistent during much of the winter.

Groundwater Yields

Groundwater yields presented on the cross sections represent the probable
20-year safe yields to wells completed by usual present-day techniques. The various
colored areas can be considered as hydrogeologic units throughout which condi-
tions are very similar. The value presented on the main map is the sum of all
groundwater probabilities occurring in the section to a depth of 500 feet (150 m).

Most groundwater yield information is obtained from water well drillers’
reports containing only a static water level and a water level after some stated
period of pumping. This type of information allows the calculation of "“apparent
transmissivity’’ (Farvolden, 1961) from which an “apparent 20-year safe yield" has
been calculated. The approach is parallel to the Jacob method:

Ta = 264Q/as

where T 5 = apparent transmissivity, Q = pumping rate in igpm, as = drawdown in
feet per log cycle as inferred from using static water level and the one available
pumping water level. Therefore:

Qaz0 = TaH/2110

where Qa g = apparent 20-year safe yield, H = total available drawdown, common-
ly taken to the top of the open interval of the well.



The results of this approach are probably conservative due to the nature of
as. Correlation of these values with those from longer production tests {indicated
on main map) has produced the final product. Where quantitative information was
lacking groundwater yields were inferred from geologic information.

The preglacial Battleford Valley is the major high-yield area of the region.
The sands and gravels in this buried valley contain abundant amounts of water. A
four-day pump test in the valley south of the town of Wainwright indicated a
20-year safe yield in excess of 1 000 igpm (4 500 I/min).

The high yield area in township 40, ranges 5, 6, and 7, is based on wells at
Hughenden and Metiskow and on electrolog correlation of the probable sandstone
aquifer. It must be remembered, however, that dissolved gas was abundant in the
well at Metiskow and that this factor, which may tend to exaggerate the actual
amount of water available, was not taken into consideration in presenting the
groundwater probability.

The 25 to 100 igpm (100 to 450 I/min) vield area in the southeast corner of
the map area is from sandstone units in the bedrock. These units are encountered at
elevations of about 1 900 to 2 000 feet (680 to 610 m) along cross section B-B’.

Over the rest of the map area groundwater yields vary from about 1 to
25 igpm (6 to 100 I/min). The reader is urged to make frequent reference to the
cross sections for the vertical distribution of aquifers.

The top of the Lea Park Formation (see geological side map) usually repre-
sents the lower limit of useful yields to wells. In most instances drilling into this
formation is not warranted. Suitable volumes of water would probably only be
obtained from boreholes having a very great open portion.

Groundwater Chemistry

Table 1 presents a summary of chemical constituents from groundwater in
the area. A significant number of water analyses have values for these constituents
in excess of the Alberta standard (Table 1). Nonetheless, most analyses represent
water which is or will be used for domestic purposes.

The four hydrochemical side maps present the chemistry of waters from drift
and bedrock for various depth intervals in percent of total cations or anions. The
calculation of epm was based on procedures outlined by Le Breton and Vanden-
Berg (1965). The reader should make use of the drift thickness map (Fig. 1) to
determine whether a well at a particular location will be completed in drift or
bedrock.
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Table 1. Comparison of Alberta Drinking Water Standards

to Water Analyses from Wainwright Area

Alberta Number of Analyses Number of Percent of Analyses

Constituent Standard* Exceeding Standard  Analyses  Exceeding Standard
Total dissolved solids 1 000 679 1452 46
Hardness 500 192 1452 13
Sulfate 250 546 1452 37
Chloride ' 250 119 1452 8
Alkalinity 500 631 1452 43
Nitrate 45 138 1411 9
Fluoride 1.5 32 641 4
Calcium 200 17 529 3
Magnesium 150 0 526 0
Sodium 300 131 241 54

*Canada Department of National Health and Welfare (1969).

Drift waters from 0 to 150 feet (0O to 46 m) deep

Anions in this interval tend to be bicarbonate plus carbonate with large areas
over which no one ion dominates. The bicarbonate plus carbonate facies tends to
occur in the central part of the area where total dissolved solids are below
1 000 ppm.

The cations of this upper portion of the drift tend to be calcium plus
magnesium. Major areas of sodium plus potassium domination occur in the south
and east where the drift cover is thin.

The pattern of total dissolved solids reflects drift thickness somewhat
(Fig. 1). In areas where drift is thin the total dissolved solids content of the drift
waters tends to rise. This is probably due to the large proportion of bedrock
material in the thin drift. At the scale of presentation virtually all water could be
expected to have total dissolved solids in excess of 500 ppm; however, lesser values
are observed locally.

Drift waters from 150 to 350 feet (46 to 107 m) deep

Figure 2 shows a modified version of a hydrochemical side map for water in
the Battleford Valley. Water here tends to be of generally good quality in spite of
the depth.
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Calcium and magnesium tend to dominate the cations in the western reaches
of the channel while sodium and potassium are more abundant to the east. The
dominant anions are carbonate and bicarbonate. Total dissolved solids content
tends to be fairly low, and is less than 500 ppm in several areas. The areas of low
TDS reflect the rapid infiltration in areas of very sandy drift,

Bedrock waters from 0 to 150 feet (0 to 46 m) deep

The chemistry of waters in this interval is substantially different from the
waters in the drift for the same interval.

Sodium plus potassium tend to dominate the cations around the outer
perimeter of the area while calcium plus magnesium are dominant in the central and
northern portions. This reflects the drift thickness pattern of the area; there is more
drift material (with calcium-magnesium water) in the central portion of the area
than around the outer edges. It also indicates downward moving groundwater, This
pool of calcium-magnesium rich water exerts its influence to a greater depth than in
areas of thinner drift.

Bicarbonate plus carbonate dominates the anions of waters in this depth
interval. Sulfate anions are dominant in several areas, particularly where the
Bearpaw Formation outcrops in the southwest.

An area in which chloride ion dominates the anions is shown. This area
coincides quite closely with a closed water-table contour area shown on the main
map. The lack of significant areas of chloride ion substantiates the observation
(Groundwater Flow) that regional discharge areas are lacking.

- The total dissolved solids content shows a similar pattern to that of the
cations; it tends to be lower in the central portion of the area and higher around the
edges. This is similar to the total disssolved solids pattern for drift waters in the
same interval and in fact reflects the recharge of this low TDS water into the
bedrock.

The TDS content of this interval is quite variable but can be expected to
virtually always be above 1 000 ppm.

The fluoride content of waters in this depth interval is low. In most cases the
fluoride level is less than 0.5 ppm in areas where a significant drift cover overlies the
bedrock. Where the drift cover is thin the fluoride content increases slightly but
remains, however, less than 1.0 ppm.

Bedrock waters from 150 to 350 feet (46 to 107 m) deep

The dominant anions continue 1o be bicarbonate plus carbonate. The pattern
for these constituents is much more uniform than in the overlying interval and
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reflects the greater continuity of these deeper bedrock units and the lessening of
influences of {ocal flow systems.

Chloride continues to dominate the anions in a small area near Hardisty. This
ion also is dominant in the northwest area. The discharge area in township 42,
ranges 1 and 2, shows some minor areas of chloride dominance.

The major cations are sodium and potassium. Calcium and magnesium appear
as dominant ions in areas where drift is thick and probably reflect rapid recharge
from these overlying aquifers.

As in the previously mentioned depth intervals total dissolved solids concen-
tration tends to be lowest in the central portion of the map area. This again reflects
the great depth of influence of the low TDS drift waters. The previously mentioned
discharge area is reflected by a small 1 500 ppm closed contour in township 42,
range 2.

In general, one can expect TDS in waters from this interval to exceed
1 000 ppm.

The fluoride side map indicates the fluoride content of waters obtained from
wells 150 to 350 feet (46 to 107 m) deep which terminate in bedrock. The average
values in this interval are substantially higher than in the bedrock above although
stili below recommended health standards for most of the area. The areas of low
fluoride content continue to generally correspond with areas of thick overlying
drift. The presence of the more shaly Bearpaw and Horseshoe Canyon Formations
produces higher fluoride values to the western edge of the area.

Bedrock waters from 350 to 500 feet {107 to 152 m) deep

The dominant anions are virtually always bicarbonate plus carbonate. Chlor-
ide ions become more prevalent, especially in the western and northeastern sectors.
This may be due in large part to the presence of marine deposits (Bearpaw and Lea
Park) at this depth in these areas.

Cations are mostly sodium plus potassium; only one small area in the
southeast has sodium plus potassium values of less than sixty percent.

Total dissolved solids continue to show a low-value area in the. central
portions of the area with higher values elsewhere. Thus the effects of water
recharging in this area are reflected to great depth.

Fluoride values in the bedrock at depths of 350 to 500 feet (107 to 152 m)
are also indicated on the fluoride side map. The values in this depth range are
substantially higher than in the overlying bedrock interval. The area of low fluoride
values just north of the center of the map continues to correspond to the location
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of thick drift. Fiuoride values rise rapidly to the east reflecting a local high in the
Lea Park Formation. High fluoride values to the northwest reflect the influence of
the Bearpaw Formation.

Nitrate pollution

Nitrate poliution of shallow wells has been noted to be a significant problem
in the Wainwright area. Of 590 water analyses from wells less than 100 feet (30 m)
deep, 130 (22%) exhibited nitrate values in excess of 45 ppm (the Provincial Health
limit). In addition, 69 (12%) of the water analyses of these 590 wells showed values
in excess of 20 ppm but less than 45 ppm, indicating a significant degree of
contamination.

Nitrate contamination results from poor well completion or poor location or
both, and can commonly be traced to sites of concentrated animal waste (barn-
yards, feedlots, corrals) or human waste (privies, sewage lagoons, ieach fields).

To date the towns of Hayter, Czar, Metiskow, Sedgewick, and Killam have
large numbers of water analyses from shallow wells [less than 100 feet {30 m)
deepl which show nitrates in excess of provincial standards. Sedgewick also has a
large number of water analyses from shallow wells which have nitrate levels
between 20 and 45 ppm. The local contamination at Sedgewick and Killam is of
concern as these towns are located over bedrock channels which contain major
groundwater aquifers (see main map).

CONCLUSIONS

Groundwater yields to wells in the Wainwright area can generally be expected
to be in the range of 1 to 25 igpm (5 to 100 I/min). Higher yields are available in
many areas. For practical purposes the Lea Park Formation represents the lower
limit of abundant, potable water supplies.

The general quality of groundwater in the area is not exceptionally good with
respect to potability. A large percentage of analyses have total dissolved solids,
suifate, alkalinity, and sodium in excess of provincial standards. Nitrate pollution is
definitely a probiem in many localized areas.

Except for very localized situations the entire area appears to lie in a regional
recharge area. The only major discharge area [about 50 square miles (130 km2)] is
located just west of Chauvin. The Battle River valley does not appear to be a major
discharge area.
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An expanded legend and explanatory notes for use with this hydrogeological

Vertical exaggeration of the hydrogeological profiles is approximately 40X.

All elevations in feet above mean sea level.
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Cartographic editing by A. R. Campbell.
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Hydrogeology by D. A. Hackbarth.

le or where kno'

Depth of well or
seismic shot hole

}

Bearpaw Formation
m Lea Park Formation

Sulfate
50%
Chloride

1

=

Carbonate + bicarbonate

information (pump tests, bail tests, etc.)
<1

Possible: estimated from qualitative

100-500
1oo%  Nitrate

Probable: estimated from quantitative
25-100
5-25
1-5

4105
02

MAIN MAP LEGEND

P

Calcium
50%
Magnesium
Catians | Anions

f information (flow regime, lithology, etc.)
y to abtan the yield indicated

}Doplh to water
LOGARITHMIC SCALE

CONVERSION TABLE

H

Sodium + potassium

[ b

05+ f

FEET
0
100
200
300
400

+ Mg are represented as a unit by the red pie sector

may be

Ca

Wells and Other Artificial Works

o g1y pe | n: I A oy =t pm— e m———s s S
et S S S TR R S T s e
B D T A EE N 100 om0 A 03 8 A N VA3 0 S0 A S O A AR 43 A L B S
U EITVINEY g s o 0 e € P BN N S G R SRS A VAW Y B K
P vl (s b 313 1L B G e I e o e e e A R o A e o

BORTORIMEINE i o isa s e e s s s R R T s e S e bralem e

BPPTORIIBER oo mii i it s S v v s e S e e i e AT g
APPTOXIMALE ..ot eeet et e et

[y s R R e U 0 S 1 s TP R

Number of years averaged for average annual discharge figure ..
Drainage area in square mMil@S ...

Year of commencement of observations ...

Average annual discharge in cubic feet per second ...
available at the time of map compilation, due to data shorticomings and special conditions,

local discrepancies between predicted and actual yields are inevitable, Multiaquifer
*The vertical line portion ol oil, gas or other exploratory test well symbols indicates the well depth,

1The indicated average expected yields 1o wealls are predictions based on the best data
the dashed portion indicates the surface casing interval where

(otherwise, a sobd hine 15 used )

Note: When the yellow Mg pie sector 1s absent,

CRETACEOUS

E Horseshoe Canyon Formation

QUATERNARY

Unconsolidated deposits

Isogram along which carbonate + bicarbonate constitute 60 percent of total anions;*

Isogram along which calcium + magnesium constitute 60 percent of total cations;*
teeth indicate direction of lesser carbonate + bicarbonate content

teeth indicate direction of lesser calcium + magnesium content
Isogram along which sodium + potassium constitute 60 percent of total cations;*

teeth indicate direction of lesser sodium + potassium content
Isogram along which chloride constitutes 60 percent of total anions;*

Isogram along which sulfate constitutes 60 percent of total anions;*
teeth indicate direction of lesser chlonde content

teeth indicate direction of lesser sulfate content

Abandoned well* drilled for oil or gas
Total dissolved solids in parts per million:

Location of Alberta Research Council tESt WEIl ........c.oo.oveeoveeiieieeeeeie st seesaceseessesseesseeereesenns
Structure testhole* .........cccecevvuenenen.

Qil well* ......

Observation well with an automatic recorde? ... ... . ...
Gas well*

*determined on equivalents per million basis

Line of hydrogeological profile
Hydrochemistry

length to reflect regional hydraulic conditiONS .............coooveviieiiiriiieeseeee e
Adjacent wells ...

Water well, 20-year safe yield calculated from apparent transmissIVity ..............ccccovvvvicnenns
SO DUMID AOSY v ssoisssiesmmssiness it sam a5 S s S OB s e s e s A R Sa e

Water well, 20-year safe yield calculated from a good bail test or a

Spring. How TBUO UPMTIOWIT (i Gt i s v i Gy d s S e T e T ST s SRR
VB Wl OV G s e e n a

Water well, nonflowing

Area of noticeable Salt PreCiPates ... ..ottt as s e esbsb s seees
Stream gauging SIBUON ...

Natural pond or water hole (no surface outlet) ...

Hydrogeology

Lake:or alotgh; PR e AT AR o e o e A Y G T R
Strface Waler A o i e eSS v e e e B T R R e

Hydrography
Stream, perennial
Hydrometry

A O . T R e R R S R R G e S B T e T e S i aeai

Boundary of area of approximate subcrop of Belly River Formation ... ...
S AN A . oo T R T R e A L e R e Y B

Thalwog of buried MaleV: . e TR T e i S e da
Sand and gravel .................

Topography

Surface contours and elevation in feet (interval 100 feet) ..

Geology

Go010gIca) DOUNGANY. - .xicxownvmmm i vt e s ss s iash s v
Lithology

Sand ........
Water well, 20-year safe yield calculated from a pump test of sufficient

Range of average expected yield of wells (in imperial gallons per minute)
Yield DOUNVIRIN, siosiicuinitiivies qotbkbasstaibiaivios B osssadisatsadanins suins s oave soniis i inmsnat s bntnh i sa e snamsaviia

Boundary of area of artesian flOw ...
Groundwater Probabilityt

Groundwater diViEE .. i i s

Approximate water level contour of Belly River Formation ....................ccoooviiiiiiiieeinnnnn
Direion of GrouriOuANEE TIOM. S ¥ e soseri it o i Vs i s isei ivesdiseorasissarenl

Depth Scale

Belly River Formation

Shale .

o1
Base map prowded by Surveys and Mapping Branch,
Department of Energy, Mines and Resources, Ottawa.
modilied by Surveys Branch, Alberta Highways



53°

Tpd6
Tp4s
Tpa4
Tp43

Tpd2 |

Tp39

Tp38

Tp36 |

Tp356 b

52%

METEOROLOGY

Inche

\

Inches

—N W s

4
112° R

Tp44d

Tp43

Tpa2 |

Tpa1

30—_°

Tp37

Tp35

DATA DENSITY

Cu

“e
.

522

Tp46

Tp44

Tp38

HYDROCHEMISTRY: BEDROCK 0-150 FEET

110°
R1
R2 530
Tp46
-.‘::==h\_,u\n ik
d}kb, i
P
> Tpa4
/
\\\\\“/JJ/~I Tp43
Tp42
-
—
L~ Tpa1
L 30/
S
B Tp40
-3 2
|2 ©
3 -[—';
Tp39
o6 T Provost
Tp38
ounding Tp37
Tp36
%" -
N
// Tp35
52°
R2 R1 110°
110°
R2 ary -
VI" 53°
Bt Slae | Tp46
AR R
e N -
z éf‘bp Tpd5
. . g
Vet e i Tpas
&* .
i ;
/( & . £ Tpd3
T Tpa2
. i Tpa1i
* 5 | Tpao
gy
s e |
B . |
* el 8 Tp39
@Provost * ° t 4
.
e 1 Tp38
; ] Tp37
: . Tp36
e ol Tp35
| | 52°
R2 R1 110°

15007

-

faat= 1

o

e

- CHR—

Tod6 |

Tp45

Tpd4a

Tp43

Tp39

Tp38

Tp37

HYDROCHEMISTRY:

Tp46
: Tp45s
A _\\\~ |
Tp43
|
|
| Tp39
® Provost |
y. 8 |
F—=3
)
| Tp38
A |
ounding / Tp37
w—j"‘ -
p30
\
L Laine
¥ 4 e
4 i
L 52
A2 RT 110
110°
R1 =
R2 | 530
| Tpas
|
\ N §
500 2 | Tp4s
\ e,
Tp44
N
7 Tp43
\_/ /
Tpd2
) 1

= 1500

Tp40
Tp39
’iFﬁifvowt
L = Tp38
Rt
—\qb Tp37
£
Tp36
Tp35
52°
R2 R1 1100

peia

RESEARCH COUNCIL

LEGEND

Isohyet, mean annual precipitation in inches
Annual average evaporation in inches

Mean annual precipitation in inches:
less than 15"
15-20"

Meteorological station

Slandandrain gatge e R 10 T s s S B e oA Z&

Precipitation data:

Mean annual precipitation in inches

Year of commencement of observations .....

Last year in averages and number of years in average

Average annual temperature ...

Thornthwaite Potential Evapotranspiration in inches

Mean monthly potential evapotranspiration ...

Mean monthly precipitation .......

Inches

Period when surface is usually snow covered .......

Period with mean daily temperatures below freezing ...

Figure indicates percentage of mean annual precipitation falling as rain

Months of the year

Sources of data:

Climatic Maps of Alberta (Longley, 1968); Instructions and Tables for Computing Potential Evapotranspiration
and the Water Balance (Thornthwaite and Mather, 1957); Provisional Evaporation Maps of Canada (Bruce
and Weisman, 1967); Temperature and Precipitation Tables for the Prairie Provinces (Canada Department of
Transport, 1967)

LEGEND

Horseshoe Canyon Formation: sandstone, bentonitic mudstone, shale, ironstone beds, coal

Bearpaw Formation: shale, sandstone, thin ironstone and bentonitic beds

Kbr | Belly River Formation: sandstone, siltstone, mudstone, ironstone beds

Rock unit, formation boundary:
defined

approxXimaersy. S NIl S e s R e M N G LT —_——
Boundary of area of subcrop of uppermost of three major sandstone zones
(first Bulwark within the Bearpaw FOrmation) .............cccoocoiiiiiiiiiiiiiiiiiiiiieeeeeeeiie ———
Structure contour on lowest of three major sandstone zones
within the Bearpaw Formation 2400 m—
Boundary of area of subcrop of lowest of three major sandstone zones
o

with the Bearpaw Formation

Structure contour on top of a major sandstone zone
witiinEth el BellvARIVEr EORMIQEON ..o hhteiis v muaiimmion bl ioa R e SOl L o S — 00 s

Boundary of area of subcrop of a major sandstone zone
within the Belly River Formation ——

Structure contour on the top of the Lea Park Formation
(only values above 1,400 ft. are contoured)

LEGEND
Data control point marking location of a well with water level informationonly ... °
Data control point marking location of a well with yield information (i.e. productiontests) ............... °

LEGEND
Fluoride content in parts per million in bedrock waters from 150-350 foot depths ....... — 1.5 —
Fluoride content in parts per million in bedrock waters from 350-500 foot depths ....... — 1.5 —

Data control point marking the location of a well with a chemical analysis:

iA bedrock watess from 180-350 footdepthis il ol ol e e °
in‘bedrock waters from 350-500 footidepths ) it i b e °

HYDROCHEMISTRY

LEGEND
Total dissolved solids in parts per million:
e fime R e s ——1000——
Gloleliferdiiiis (s o b S0 SNt L o e | LS R —=1000——
Carbonate + bicarbonate constituting over 60 percent of total anions* ...................cccoeenn. l:!

Sulfate constituting over 80 percent of total anions*®

Chloride constituting over 60 percent of total anions*®

Isogram along which calcium + magnesium constitute 60 percent of total cations*; teeth
indicate direction of lesser calcium + magnesium content:

il e e b PRI S L TN L —

S T e AT TR R O o ORI e S U .
Isogram along which sodium —+ potassium constitute 60 percent of total cations*; teeth
indicate direction of lesser sodium + potassium content:

e o L R —

GIT T TR R e T T e | s e i, o

*determined on equivalents per million basis

SCALE 1:1,000,000

Miles f:

20 Miles

—
Kilometers 5

oawo

20 i} 30 Kilometers

HYDROGEOLOGICAL MAP
WAINWRIGHT

ALBERTA

NTS 73D

GEOLOGY

R9 R8 1“DFU R6 R5 R4 R3 R2 R1

Tpdd

Tpd3

Tpa2

! Tpat
30’
i Tpao
Tp39
Tp38
Tp37
Tp36
Tp35
R9 “R8 '““]Dm R& RS R4 RC;/ R2 “R1 “6320
FLUORIDE
R9 re %7 R6 RS R4 R3 R2 R1 “0230
. e z " r‘46
e i k 1 Pe - i
i o i e = Ll ™
& .W%ht K . : Cz . f Tp44d
\ AR
\ / 0 )/( ; .\ 3
| e b ELG WS
! J\/' (”/////’ [éfj 1//’-~\{\\\\\//. \ :
'i‘ .' \.& /& i \ f 3‘ . To42
| g0~ - 4
N s =) 3 ) =
L {l\ = . 7 //_/_J [ Jieos e
r—~ \CPF/o: ; ; d . \L i Tp40
2 o \*\ et Tp30
-\ E . . r '%m ost{ °
g o Za S \
: o , > \ \ . Tp38
../ = o \ - ” - \\/ - :-\r {
/f/f’ N\ Sound g\ Tp37
\ 7 Lake
N\ & . N
soie < i g i Tp36
\/ Su > . : . I.
:) / z ; Y_:>3°5
R14 R9 RB 110 A7 R6 RS R4 R3 R2 R1 11‘032
HYDROCHEMISTRY: DRIFT 0-150 FEET
R8 “l”m R6 RS R4 R3 R2 _U_jl“”g;,
S e )
/%\f}%iJw
/ N %’\_ N i‘ —~1 pa5
£ \\ % A
STERN T E L/ %\{
;}" 1000‘/%\' ’ bl
P ~. i 1} "\ —
f \\/ Lg =l & Tp43
Y
Se=
<\ / ~— Tp4a2
efic i L
= J'(,/ \fza Tp41
%@’\ /'/ 1005 <, 2y
’:b\(/ T Tp40
%}\ /11
s -‘\ ’;' - i 2 Tp39
sl raER  @Wa\EHN TR
vl Y E R
A e
Ag/ /’7’ i K\ 2 %unding \/ ‘l Tp37
\)( : VR Ty <) take | & ,
S0 ] XN LT
SN, R\ Q -1/ // //"000/\ t
NEEST W TN
R9 R8 “ R7 R6 R5 R4 R3 R2 R1 1100
HYDROCHEMISTRY: BEDROCK 350-500 FEET
R9 R8 “lldm R6 R5 R4 R3 R2 R1 ”r’:m
[’ 4’\,5:0\ Tp46
{"/p
\/ 6@3 \/m\\@g Tpas
( \ — 2000 — @ sl
rawnjzht L ‘\
_52‘} S‘T/Q'_ ‘ é%;} Tp44
1 —— 1000 +——_| ‘ .
(’ fj/r (\\ J/—f Tp43
;A
/ Tpd1
& \ ,
O e \ / Tp40
L |
l k / ¢
| / ® Provst i
\ \\ Ve / =
/ i i Tp38
}i //
f ’ Sounding | Tp37
Lake
2 \A Tp36
Tp35
R9 R8 110 R7 R6 R5 R4 R3 R2 R1 1100520

Sheet 2 of 2




