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INTRCDUCTICN

Information on the ground-water resources of east=-central
Alberta and western Saskatchewan was collected, mostly in 1935, during
. the progress of geological investigations for oil eand gas, The region
studied extends from Edmonton- in the west to Battleford in the east,
and from township 32 on the south to township 59 in western Alberta,
township 63 in eastern Alberta, and in part as far north as tcwn°hip
56 in western Saskatchewan.

This region is crossed by North Sasketchewan and Battle
Rivers, and includes other more or less permanent streams.. Most of
the lakes within the area, however, are alkealine, and water is
obtained in wells from two sources, nemely, from water~bearing sands
in surface or glacial deposits, and from sands in the underlying bedrock.

A division has been made in the well records, in so far as
possible, between glacial and bedrock water-beoring sands. In
Investigations for 0il and gas, however, the bedrock wells were used to
trace the lateral extent of geological formations, with the result that
the records deal more particularly with this type of well. No detailed
studies were made of the glacial materials in relation to the water-supply,
nor were the glacial deposits mapped adequately for this purpose. In
almost all of the region investigated in Alberta, and in all but the
northeast part of the region studied in Saskatchewan, water can be
obtained from bedrock. In a few places, however, the water from the’
shallower bedrock sands is unsatisfactory, and deeper drilling may be
necessary.

.The water records were obtained mostly from the well owners,
some of whom had acquired the!land after the water supply had been found,
and hence had no personal kmowledge of the water~bearing beds that had
been encountered in their wells, Also the elevations of the wells were
taken by eneroid barometer and are, consequently, only approximate. In
splte of these defects, however, it is hoped that the publication of
these water records may prove of wvalue to farmers, town authorities, and
- drillers in thelr efforts to obtain water Supplies adequate for their
needs.,

In collecting this information several field parties. were
employed, These were under the direction of Professors R. L. Rutherford
and P, S . Wairen of the University of Alberta, C. H. Crickmay of
Vemcouver, and C, O, Hage, until recently a member of the Geological
Survey. The oil and gas investigations of which these wanter records are
e part were undertaken under theé general supervision of G. S. Hume.

- Tublication of Results

.

The essentlal information pertaining to ground-water conditions
is being issued in reports.that in Sasketchewan cover each municipality,
and in Alberta cover each square block of sixteen townships beginning at
the 4th meridien and lying between the correction lines. The secretary .
- Breasurer of each municipality in Sasketchewan and Alberta will be
supplied with the information covering that muniecipality. Coples of the
reports will also be available for study at offices of the Provincial

and Federal GGovermment Depertments. Further assistance in the
interpretation -f the reports may be obtained by applying to the Chief
Geologist)l Geological Survey, Otbawa. Technical terms used in the
reports are defined in the glossary.
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How to Use the Report

Anyone desiring information concering ground water in any
particular.; locality will find the available data listed in the well
records. “These should be consulted to see if a supply of water is
likely to be found in shallow wells sunk in the glacial drift, or whether
a better supply may be obtained at greater depth in the underlying
bedrock formetions., Thh wells in glacial drift commonly show no
regional level, as the sands or gravels in which the wmter cccurs are

irregularly distributed and of limited extent. As the surface of the
© ground 4s uneven, the best means of comparing water wells is by the
elevations of their water~bearing beds. For any particular well this
elevation 1s obtained by subtraeting the figure for the depth of the
well to the water~bearing bed from that for the surface elevation at
the well. For convenience both the elevation of the wells and the
elevation of the water~bearing bed or beds in each well are given in
the well record tables., Where water is obtained from bedroock, the name
of the formation in which the water-bearing sand occurs is also listed
in these tables, and this information should be used in conjunction with
that provided on bedrock formations, pages & to &, which describes
these formations and gives their thickness and sequence. Where the
level of the water-bearing send is known, its depth at any point can
easily be calculated by substracting its elevation, as given in the’
well record tables, from the elevation of the surface at that point,

"With each report is a map consisting of two figures,
Figure 1 shows the bedrock formations -that will be encountered beneath
the unconsolidated surface deposits. Figure 2 shows the position of
a1l wells for which records are available, the class of well at en.ch
location, and the contour line or lines of equal surface elevation.
The elevation at any location can thus be roughly judged from. the nearest
contour line, and the records of the wells show at what levels water
is likely to be encountered, The depth of the well can then be
calculated, and some information on the character and quentity of water
can be obtained from a study of the records of surrounding wells.

&

GLOSSARY OF TERMS USED

. Alkaline. The term "alkmline" has been applied rather loosely

to some ground waters that have a peculiar and disagreeable taste. 'In
the Prairie Provinces, water that is commonly described as alkaline
usually conteins a large amount of sodium sulphate and magnesium sulphate,
the principal constituents of Glauber's salt and Epsom salts respectively.
Most of the so called alknline waters are more correctly termed sulphate
waters, mgny of which may be used for stock without i1l effect. Water
thet tastesstrongly of common salt is described as salty. '

Alluvium. Deposits of earth, clay, silt, sand, gravel, and
other material on the flood plains of modern streams and in lake beds.

Aquifer or Water-bearing Horlzon, A porous bed, lens, or
pooket in unconsolidated deposits or in bedrock that carries water.

Buried pre~Glacial Stream Channels. A channel carved into .
bedrock by & stream before the advance of the continental ice~sheet, and
subsequently either partly or wholly filled in by sands, gravels, and
boulder clay deposited by the ice~sheet or later agencies,

. Bedrock, Bedrock, as here used, refers to partly or wholly
oonsolidated deposits of gravel, sand, silt, clay, and marl that are
older then the glecial drift.

Coal Seam, ' The same as a'coal bed. A deposit of carbonaceous -

meterial formed from the-remsins of plants-by partial decomposition and
burial,
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Contour., A line on a map jJoining points that have the same
elevation above sea-level.

Continental Ice-Sheet. The great ice-sheet that covered most
of the surface of Canade many thousands of years ago.

Escarpment. A cliff or a relatively steep slope separating
level or gently sloping arens.

Floog Plain., A flat part in a river vnlley ordinarily above
we.ter but covered by water when the river is in flood,

Glecial Drift. The loose, uncomeollddated surface deposits
of sand, gravel, and clay, or o mixture of these, that were deposited
by the continental ice~sheet. Clay containing boulders forms part of
the drift and is referred to as glacial till or boulder clay. The
glacial drift occurs in several formss

(1) Ground Moraine. A boulder clay or till plain (includes
areas where the glacial drift is very thin and the surface uneven) «

(2) Terminal Moraine or Moraine. A hilly tract of country
formed by glaciel drift that was laid down at the margin of the continental
lce~sheet during its retreat. The surface is characterized by irregular
hills and undrained basins,

(3) Glacial Outwash. Sand and gravel plains or deltas formed
by streams that issued from the continental ice-sheet.

(4) Glacial Lake Deposits, Sand aﬁd?c}ayiplains=fdrmnd in
glacial lakes during the retreat of the ice-vheet.

Ground Water, Sub-surface water, or water that occure
below the surface of the land.

Hydrostatic Pressure, The pressure that causes water in a
well to rise above the point at which it is first encountered,

Impervious or Impermeable. Beds, such as fine clays or
ghele, are considered to be impervious or impermeable when they do not
permit of the perceptible passage or movement of ground water.

Pervious or Permeable. :Beds are pervious when they permit
of the perceptible passage or movement of ground water, as for example
porous sands, gravel, and sandstone,

Pre=Glacial Land Surface, The surface of the land before it
we s covered by the continental ice~sheet,

Recent Deposits, Deposits that have been laid down by the
agencies of water and wind since the disappearance of the continental
ice=~sheet,

. Unconsolidated Deposits.. The mantle or covering of alluvium
end glacial drift consisting of loose sand, gravel, clay, and boulders
that overlie the bedrock, ’

Water-table, The upper limit of the part of the ground wholly
saturated with water. This may be very near the surface or many feet
below it.

Wells, Holes sunk into the earth so as to reach a supply of
water. When no water is obtained they are referred to as dry holes,.
Wells in which water is encountered are of three classess

(1) Wells in which the water is under sufficient pressure to
flow above the surface of the ground.
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(2) Wells in which the water is under pressure but does
not rise to the surface,

(3) Wells in which the water does not rise above the water

table.

BEDROCK FORMATICNS OF WEST-CENTRAL SASKATCHETAN AND EAST-CENTRALL ALBERTA

The formations that outerop in weste-gcentral Saskatchewan are
an extension of similar formeations that occur in east~central Alberte.
They are of Upper Cretaceious age, and coneist entirely of relatively
soft shales and sands, with some bands of hard sandstone and layers of

ironstone nodules,

of the formations are shown in the following tables

Formation

Edmonton

Bearpaw

Pale and
Variegated
Beds

Birch Isnke

Grizzly Bear

Ribstone Creek

Lea Park

Character

Grey to white, bentonitic sands and
sandstonee with grey and greenish
shales; coal seams prominent in some
areas, as at Castor, Alberta.

Dark shales, green sands with smooth
black chert pebbles; partly non-
marine, with white bentonitic sands,
carbonaceous shales or thin coal
seams similar to those in Pale Beds ;
shales at certain horizons contain
lobster claw nodules and marine fossils;
at other horigons are abundant selenite
erystils,

Light grey sands with bentonite; soft, dark
grey and light grey shales with selenite
and ironstone; carbonaceous shales and
coal seams; abundant selenite orystals
in certein layers. -

Grey sand and sandstone in upper part;
middle part of shales and sandy shales,
thinly leminated; lower part with grey
and yellow weathering sands; oyster bed
commonly at base,

Mostly dark grey shale of marine origin, with
e few minor sand horizons; selenite crystals
and nodules up to 6 or 8 inches in diameter

Grey sands and sandstones at the btop and
bottom, with intermediate sends and shales;
thin coal seam in the vicinity of Wainwright;
mostly non~marine, but middle shale in some
areas is marine,

Dark grey shales and sandy shales with nodules
of ironstone; a sand 70 feet thick 110 feet
below the top of the formation in the Ribm
stone area, Alberta,

Edmonton Formeation

The succession, character, and estimated thickness

Thickness
Fee
1,000 to

300 to 600
+hins
rapidly to
the northe
west

950 to 1,000
in Czar-Tit
“Hills areay}
may be thin~-
ner elsewhere

100 in west,
but less to

east and
south

" Maximum, 100

Maximum, 325
at Viking;
thins easte
ward

050 to 1,100

The name Edmonton formation was first applied to the beds
containing coal in the Edmonton areas, and later to the same beds in
The formation has a total thickness of 1,000 to
1,150 feet, but is bevelled off eastward and the east edge of the formation

edjoining areas,
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follows a mnorthwest line from Coronation through Tofield to 2 point
on North Saskatchewan River about midway bebtween Edmonton and Fort
Saskntchewan. No Edmonton beds occur northeast of this line, but
the formation becomes progressively thicker to the southwest due to
the fact that the beds incline in that direction and the surface
bevels across them.

The Edmonton formntion consists of poorly bedded grey and
greenish clay shales, coal seams, and sands and sandstones that
contain clay and a white materinl kmown as bentonite. This material
when wet is very sticky and swells greatly im volume, and when dry
tends to give a white appearance to the Leds containing it, Such
beds are relatirely impervious to water, and at the surface produce
. the "burns™ of barren ground where vegetation is scanty or ebsent,

Water is relatively abundant in the Edmonton form~tion, which
contains much sand, commonly in the form of isolated lenses distributed
irregularly through the formation, Consequently, there is little
wmiformity in the depth of wells even within a small area. Water also
occurs commonly with coal seams and, unlike the sand lenses, these beds
are much more regular and persistent. In contrast with the water from
the bentonitic sands, which is generally "soft", water from the coal
seams, &S the wnter from the shallow surface deposits, may be "“hard".
The basal beds of the Edmonton formation usually wontain fresh wmter,
but this may become brackish locally where the underlying Bearpaw beds
:contain highly alkaline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formntion is thickest,
the beds composing it azre mainly shales thot have been deposited in
sea water. In the area north of township 32 the formation thins to the
northwest and becomes a shoreline deposit composed of shales conteining
bentonite, impure sands, and thin conl seams. In some areas, as at
Ryley and near Monitor, and in the Neutral Hills, the Bearpaw contains
pebble beds. At Ryley these are consolidated into a conglomerate,
but mostly the pebbles are loosely distributed in shale or sandy beds.

In the area immediately north of township 32 the Bearpaw
occupies a widespread belt beneath the glacial drift, but farther
northwest the belt narrows, and at Ryley and northwestward it is only
a few miles wide. This belt crosses North Saskntchewan River about
midway between Edmonton and Fort Sasketchewan, Bearpaw beds form the
main bedrock deposits of the Neutral Hills. Farther south, where
they have an exposed thickness of at least 400 feet, they contain
green sands, and beds of marine shale interfinger with the bentonitic
shales and sands of the underlying formntion. To the north, on the
banks of North Saskatchewan River, the division between the Beerpaw
and the overlying and underlying formations is indefinite, and the
thickness of beds of Bearpew age is relatively small,

The water in the Ryley area is from the Bearpaw formation,
and is salty. In other areas to the south the marine Bearpew
formation carries green sand beds thaot yield fresh water, but commonly
a much better supply is found by drilling through the Bearpaw into the
underlying Pale Beds,

In Saskatchewan, Bearpew beds occur southeast of Maclin and
south of Luseldnd and Kerrobert. Only the basal beds are present, and
these contain green sands that are commonly water-bearing.

Pale and Verlegated Beds

Underlying the Bearpaw formation is a succession of benmtonitio
sands, shales, and sandy shales containing a few coal seams, The upper
part of this succession, due to the ber. »nitic content, is commonly
light coloured and has been ddscribed a- the Pale Beds, whereas the lower
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part is darker, and is known as Variegated Beds, In parb, dark shales
are present in both Pale and Variegated Beds; others are greenish, grey,
brown, and dark chocolate, carbonaceous types, The sands may also be
yellow, but where bentonite is present it imparts a light colour to the
beds. Both Pale and Variegated Beds are characterized by the presence
of thin seams of ironstone, commonly dark reddish, but in part purplish,
Selenite (gypsum) crystels are, in places, abundant in the shales.

The best sections of Pale Beds exposed in the region are
in the Tit Hills, southwest of Czar. These hills carry a thin capping
of Bearpew shales, beneath which, and around Bruce lake, more than 200
feet of Pale Deds are exposed. The total thickness of Pale and Variegated
Beds in the Tit Hills area is about 970 feet. Variegabtci’Beds outerop
rear Hawkins on the Canadian Natlonal Raillway west of Walmwright, but no
area exposes the complete succession, which is considered to comprise about
200 feet of beds.

Records of wells drilled into the Pale and Variegated
Beds 4o not, in gemersl, indicate lateral persistence of sande for long
distances, nor any uniform average depth to water-bearing sands in a local
area. This points to the conclusion that the sands are mainly local lenses,
but as such lenses are numerous, few wells fail to obtain water. In the
Cadbgan ares many flowing wells have been obtained .from sande about midway
in the successioni In western Saskatchewan Paleland Variegated Beds occur
over a wide area from Maclin and Kerrobert northeasst through Wilkle to the
BEagle Hills, south of Battleford. Numerous outerops occur in the area
south of Unity at Muddy Lake, but south and east around Biggar these beds
are almost wholly concealed by glacial drift,

The water from the sands of the Pale and Variegated Beds
is gemerally soft. The supply, apparently, is dependent in part on the
size of the sand body that contains the water and in part on the ease with
which water may be replemnished in the sand. Small sand lenses surrounded
by shales may be filled with watir-that has infiltrated into them, but when
"~ tapped by a well the supply may be very slowly replenished. In many
Instances such wells yield only a small supply, alihough this is commonly
persistent and regular,

Birch Isake Formation

The Birch Iake formation underlies the Variegated Beds,
but in many areas the division is not sharp. The type area of the
formation is along the north shore of Birch lake south of Innisfres,
where a section 65 feet thick, composed mostly of sand, is exposed. The
total thickness of the formatior in this area is about 100 feet, and
elthough this is dominantly sand a central part is composed of altermating
thin sand and shale beds, At the base of the formation, in a rmumber of
places, is an oyster bed, and this 1s exposed in a road cut in a section
.73 feet thick on the east side of Buffalo Couléde in sec., 3, tp, 47, rge. 7,
W, 4th mer., In both upper and lower parts of the formation the sand is
commonly massive and outerops tend to consolidate into herd, nodular masses
from a foot to a few feet in diameter, Apparently these are formed through
the deposition of salts from the water that finds =an outlet at the ouborops.
In fact, In some areas the sand may be traced along the side of a hill by
the presence of emall springs or unodular massee of sandstone,

The Birch Lake formation occurs umnder the drift end in
outorops in a large ares south of North Saskatchewax River and northeast
. of a line from Willingdon to Innisfree and Minburn, East of this area
the southwest boundary is more irregular, but outcrops are persistent on
the banks of Battle River from a fe miles north of Hardisty to and
beyond the mouth of Grizzly Bear Coulée in tp, 47, rge, 5. It is believed,
too, that a large area rear Edgerton and Chauvin is underlain by the Birch
Lake formatior and that it extends southeastward into Saskstohewan around
Manitou lake ~and southeast to Vera,
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It is thought that the Birch Iake formation thins
eastward from its type section at Birch lake, and that it loses its
ldentity in western Saskatchewan. Deep wells drilled at Czar, Castor,
and elsewhere no longer show the Birch lLake as & clearly recognizable
sand formation, so that its southern limit beneath younger formations
is unknown, Wherever it occurs ars a sand, however, it is water=bearing,
although in some areas the sand is apparently too fine to yield any
considerable volume of water. In other areas, however, it persistently
rields good wells. There is no apparent uniformity in the character of
the water, which is either hard or soft in different wells in the same
goeneral area., Direct contacs with surfac~ vatbters that ¢ ntain caleium’
sulphates may in time change a "soft" water well to a"hard" water well,
and many wells are not sufficiently cased to prevent the percolation
of water from surface sands into the well, and hence into the deeper,
soft water producing sands., In part this accounts for the change in
character of the woter in a well, a feature thot has been noticed by
mang well owners, )

Grizzly Bear Formation

The type locality for the Grizzly Bear formation,
which underlies the Birch Lake beds, is near the mouth of Grizaly
Bear Coulée, a tributary of Battle River with outlet in tp. 47, rge. 5.
The formation is mainly composed of dark shales.that were deposited in
sea wabter. A%t the mouth of Grizzly Bear Coulée two shale sections,
each about 100 feet thick, are separated by a zone of thin sand beds.
It is now recognized that the upper section is the Grizzly Bear shale,
and that the lower one, very similar in character and also deposited in
sea water, occurs in the next lower formation, the Ribstone Creek. The
Grizzly Bear shale contains a thin nodular zone about 50 feebt above the
base, that is, at about the centre of the formation. This zone is sandy,
and is believed to yield water in wvarious welis, Other thin sands, in
places water~bearing, are also present, The impervious mature of the
Grizzly Bear shales makes the overlying Birch Lake sand a strong acquifer,
as water collects in the sand above the shale, The conbact of the Birch
leke and Grizzly Bear formations can be traced in some places by the
ocecurrence of springs iscsuing from the base of the Birch lake sand even
where this.is not exposed.

Grizzly Bear shales occur in a road cut on the south
slde of Battle River near the highway bridge at Fabyan, The shales
In this area are about 10N feet thick, It is thought they extend as
far west as the Viking gas field, where thsy have been recognized in
samples from deep wells, It is probable, however, that the shales thin
westwardrand thicken eastward so thet their general form is o wedge
between both higher and lower sand beds, The position of the thin edge
of the wedge to the west is unknown, but evidently the Grizzly Bear
marine shale underlies a large area in east-central Alberta extending inbo
Saskatchewan mainly in the area south of Battle River,

Ribstone Creek Formation

s

The type area of the Ribstone Creek formation is on
Ribstone Creek mnear its junction with Battle River in tp. 45, rge. 1,
W. 4th mer. At this place the lower sand beds of the formation are
well exposed, The upper part of the lower sand member of this formation
outerops on the north side of Battle River, in the northeast part of
sec. 26, tp. 47, rge. 5, near the mouth of Grizzly Bear Coulée, Above it,
higher on the bank and at a short disbtance from the river, there is a
12 foot zone of carbomaceous and coaly beds in two layers, each about
2 feet thick, separated by 0 feet of shale. Above this are 90 feet of
dark shales that are thought to have been deposited in ses water, that is,
they are marine shales. These marine shales in turm are overlain by a
sandy zone about 20 feet thick combuining oysters in the basal part.
This sandy zone is the upper sand member of the Ribstone Creek formationa
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It thickens to the east and west from the Grizzly Dear area but is
probably at no place much more then 50 feet thick.

The lower sand member of the Ribstone Creek formation
also varies in thickness from a minimum of about 25 feet., On the
banks of Vermilion Creek, north of Mannville, the basal sand is ot
least 60, and may be 75,feet thick. It is overlain by shaly sand and
sandy shale beds, which replace the shale beds in the central part of
the formation as exposed at’ the mouth of Grizzly Bear Coulée., In the
" Wainwright aren, where the formation has been drilled in deep wells,
the basal sand is 60 feet thick, with the central part composed of
shale containing sand streaks. The upper sand member is about 20 feet
thick in thils area. The total thickness of the formation in the
Wedrwright area 1s 180 to 200 feet, but this increases to the west and
In the Viking ares exceeds 300 feet.

The Ribstone Creek formation is widely exposed in a
northwest-trending belt in east-ocentral Alberta. The southwest boundary
of this nnrthwest~trending belt passes through the mouth of Grizzly
Bear Coulée in tp. 47, rge. 5, and beyond to the Two Hills area in tpe
54, rge. 12, whereas the northeast boundary crosses North Saskatchewan
River southwest of Elk Point and extends morthwest to include an area
slightly north of St, Paul des Metis and Vilna +to tp. 60, rge. l4.
Within this belt water welli are common in the Ribstone Creek sands,
which are almost without exception water-bearing in some part of the
formetion., The limits of the belt to the northeast determine the
limits of water from this source, but to the southwest of the belt,
as here oubtlined, water may be obtained in this formation by drilling
through $he younger beds that overlie it« The Ribstone Creek sands
are a prolific source of water in many places and hence the distributimn
of this formation is of considerable economic importance. Where the
formation consists of upper and lower sands with a central shale zone
only the sands are water-bearing, slthough thin sand members may ocecur
in the shale, Where the formation is largely sand the distribution of
water may be in any part of the formation, although the upper and
lower sands are perhaps the better aqufifiers., To the east of Alberta,
a.long Battle River and Big Coulée in Saskatchewan, the Ribstone Creek
sends are marine, Marine conditions apparently become more prevalent
to the southeast and it is believed that in this direction the sands
are gradually replaced by marine shales, Thus at some distance
southee st of Battleford the Ribstone Creek formation loses 1ts 1dentity
and its equivalents are shales in a marine succession.

Lea Park Formation

The Lea Park formation is largely 2 marine shale, and
only in the upper 189 feet is there any water, In the Dina area south
of Lloydminster the upper beds of the Lea Park consist of silty shales
gbout 110 feet thick underlain by silty sands 70 feet thick. Below
these sands are marine shales only, and these yield no fresh water
elther in east-central Alberta or west-central Saskatchewnn, The sand
in the upper Lea Park formation is thus the lowest freshwater aquifer
within a very large area., The extent of this sand in the Lea Park,
perticularly to the northeast, is not known, but as the strata in east=
central Alberta have a southwest inclinatiom, progressively lower beds
occur at the surface to the northeast, Thus at a short distance beyond
the northeast boundary of the Ribstone Creek formation, as previously
outlined, the sand in the upper Lea Park reaches the surface, and
reprecsents the last bedrock ~equifer in that direction., PFarther northeast
water must be obtained from glacial or surface deposits only., In
Alberte this area without fresh water in the bedrock includes the country
north of North Saskatchewsn River in the vicinity of Frog lake and a
llarge area extending to and beyond Beaver River., In this area, however,
more h water streems are preseub than farther south, and bush lards
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help to retain the surface witers. The area northeast of North
Saskatchewan River in Saskatohewan 1s almost wholly within the
Lea Park formation, where water can be found only in surface deposits.

WATER ANALYSES

Introduction

Annlyses were made of water samples collected from a large
number of wells in west-central Saskatchewan. Their purpose was to
determine the chemical characteristies of the waters from different
geological horizons, and thereby aseikt’in middng corrdlations .of -the-
strata in whtich the waters occur. Although this was the main
objective of the analyses, it wmasalso realized that a knowledge of
the mineral content of the water is of interest #and value to the
consumer, The analyses were all made in the laboratory of the Water
Supply and Borings Section of the Geological Survey, Ottawa.

Discussion of Chemical Determinations

The dissolved mineral constituents vary with the material
encountered by the water in its migration to the reservoir bed. The
mineral salts present are referred to as the total dissolved solids,
and they represent the redidue when the water is completely evaporated.
This is erpressed -quantitatively as "parts per million", which
refers to the proportion by weight in 1,000,000 parts of water. A
salt when dissolved in water separates into two chemical units called
"radicals", and these are expressed as such in the chemical analysess
In the one group is included the metallic elements of caleium (Ca),
magnesium (Mg), end sodium (Na), and in the other group are the
sulphate (S04), chloride (C1), and carbomate (C03) radicals.

The analyses indicate only the amounts of the previously
mentioned radicals, thus neglecting any silica, alumina, potash,
or iron that may be present. It will be noticed that in most instances
the total solids are accounted for by the sum total of the radicals as
shown by the amnalyses., Actually, the residue when the water is
oompletely evaporated still retains some combined water of crystallizationm,
so that the figufes for the "total solids" are higher than the sum
total of the radicals as .determined, TThese radicals are also
"caleulated in assumed combinations" to indicate the theoretical amounts
of different salts present in the water. The same method wms followed
in each analysis, so that the table presents a consistent record of
the different compounds present.

Mineral €onstituents Present

- Calcium. Calcium (Ca) in the water comes from mineral
particles present in the surfece deposits, the chief source being
limestone, gypsum, and dolomite. Fossil sheils provide a source of
calcium, as does also the decomposition of igneous rocks. The common
compounds of calcium are ~gnlcium carbonate %gécos) and caleium
sulphate (CaS04),

Magnesium. Megnesium (Mg) i1s a common constituent of many
igneous récks and, therefore, very prevalent in ground water. Dolomite,
a oarbonate of calcium and magnesium, is also a source of the mineral,
The sulphate of magnesia (MgSO4) combines with water to form "Epsom °
salts" and renders the water unwholesome 1f present in large amounts.

Sodiumn, Sodium (Na) is derived from a number of the important
rock~form{ng minerals, so that sodium supphate and carbomate are very
common in ground weters, Sodium sulphate (NapSOs) oombines with water
to form "Glauber's salt" and excessive amounts meklt-the water umsuitable
for drirking purposes, Sodium carbonate ¥NazC0z) or "black alkali™
waters are mostly soft, the degree of softmess depending upon the ratio
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of sodium carbonate to the calcium and magnesium salts, Waters
containing sodium carbonate in excess of 200 parts per million
are unsuitable for irrigation purposes~. Sodium sulphate is less

1
"The extreme limit of salts for irrigation is taken to be 70 parts
per 100,000, but plants will not tolerate more than 10 to 20 parts
per 100,000 of black alknli (alkaline carbomates and bicarbonates)"
Frank Dixey in "A Practical Hondbook of Weter Supply", Thos, Murby
& Co., 1931, p. 254,

harmful.

‘ Sulghates, The sulphﬁte (804) salts referred to in these
analyses are calcium sulphate (62S04), magnesium sulphate (MgSO,),
and sodium sulphate (NapSOy).

Chloride, Chlorine (Cl) is with a few exceptions, expressed
as sodium chloride (NaCl), that is, common table salts It is found
In all of the analyses, most of the waters containing less than 200
parts per million, but some as much as 2,000 or 3 ,C00 parts. These
waters have a brackish tastel

Alkelinity. The alkalinity determined in these water
analyses {s based on the assumption that the only salts present in
the samples that will neutralize acids are carbomates, and that,
consequently, the degree of alkalinity is proportional to the amount
of the carbomate radical (COz) present.

Hardness, The hardness of water is the total hardness, and
hes been determined by the amount of a standard soap solution required
to form a lather that will stand up (persist) for 2 minutes, Hardness
is of two kinds, temporary and permanent. Temporary: hardness is
caused by calcium and magnesium bicarbonates, which are soluble in
water but are precipitatsd as insoluble normel carbonates by boiling,
as shown by the scale that forms in teakettles, Permanent hardness
1s caused by the presence of calcium and magnesium sulphates, and is
not removed by boiling. The two forms of hardmness ~ are not distinguished
In the water analyses. Waters grade from very softbto very hard, and
can be classifiled aoccording to the following system :

7 : .
The"Examination of Watersand Water 8upplies", Thresh & Beale,
pagé 21,  Fourth™Bd. 1933 .

water under 50 degrees (that is, parts per million) of
hardness may be said to be very soft.

wrter with 50 to 100 degrees of hardness may be said to be
moderately soft,

water with 100 to 150 degrees of hardness may be saild to be
moderately hard, :

water with more than 200 and less thar. 300 degress of hardness
mey be said to be hards.

weater with more than 300 degrees of hardness may be said to

be very hard.

= o = P

Hard waters are usually high in caleium carbonate, Almost
all of the waters from the glacial drift are of this type, especially
those nht assoclated with sand and gravel deposits that come close to
the surface,
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In soft water the calcium carbonate has been replaced by
sodium carbonate, due to natural reagents present in the sand and
clays, Bentonite and glauconite are two such reagents known to be
present. Montmorillinite, one of the clay~forming minerals, has the
same property of softening water, iwing to the absorbed sodium that
is available for chemical reactior™,

1
Piper, A. M, "Ground Water in Southwestern Pennsylvania",
Pemn, Geol. Surv,, 4th scries,

If surface water reaches the lower sands by percolating
through the higher beds it may be highly charged with calcium salts
before reaching the bedrock formations containing bentonite or
glaaconite. The completeness of the exchange of calcium carbonate
for sodium carbomate will, therefore, depend upon the length of time
that the water is in contact with the softendng reagent, and also
upon ¥he amount of this material present. The rate of movement of
undergpound water willl, consequentlyy, be a factor in determining the
extent of tvhe reaction,

The amcunt of iron present in the water was not determined,
owing to the possibilities of contamination from the iron casings in
the wells. Iron is present in most waters, but the amount may be
small, Upon exposure to alria red precipitate forms, the water becomes
acid, and, hence, has a corrosive action. When iron is present in
large amounts the water has an inky taste.

WATER ANALYSES IN RELATI(N TG GEOLOGY

Glacial Drift

The quality of the water from glacial drift depends largely
on the nature of the deposit from which it comes and on the depth of
the aquifer below the surface. Glacial deposits may be divided roughly
into three types.

(1). Sand and gravel beds that form the surface deposit, such
as outwath material and glacial lake sands,

(2). Buried outwnsh and interglacial deposits between two tills
of boulder clay.

(3). Pockets or lenses of sand and gravel irregularly distributed
through the till.

Water from surface samd deposits is normally how in dissolved
salts, the total being gemerally less than 1,000 parts per million.
Where large amounts of limestone occur in the glacial sand and gravel
beds a characteristic constituent of the glacial wgbter is caleium
carbonate, the amount present warying from 300 to 700 parts per million.

Weter from buried outwash deposits contains more dissolwved
salts than the surface sands, as the water in order to reach them has
to percolate through overlyingvtill. Rain water conteins carbonic acid,
which mots a8 a2 solvent and dissolves a great deal of calecium, magnesium,
and sodium from the rock-forming minerals, Sulphate salts are commonly
present, though their proportions vary greatly in the different waters.
The shales that are incorporated in the drift are high in calcium sulphate,
s0 that the amount of shale present willl modify the quality of the water.
The oxidized upper part of the drift conmbains less sulphate than the
deeper, less oxidized boulder cley. The character of the water in the
buried outwash deposits will, therefore, depend largely on the
oompoettion and amount of till that overlies it,
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Water from irregularly distributed sand and gravel beds
will vary in its content of dlssolved szlts depending upon the
character of the material surrounding the reservoir beds, As the
water in +this type of deposit does not flow to any marked extent,
it is apt to be more highly impregnated with soluble salts than where
the underground movement is more rapid, Soft water in the drift is
mostly confined to shallow wells in sands low in calcium carbomate,.
Waters from glaciesl 1akbfclays are sometimes high in soluble salts,

The sample from a well in glacial lake clay on NWe & sece 27, tpe
42, rges 17, has 11,040 parts per million of soluble salts, largely’
mognesium sulphate and sodium sulphate. The sample from SE, % S5eCe
13, tp. 42, rge, 16, which ie believed to come from glacial lake
silts, has a very different composition., The total solids in it
are only 440 parts per milllon, of which 250 are calcium carbonatee.
The great difference in these waters is due to the high soluble salt
content that is associnted with the lake clays but absent in the
silts. Average drift water contains between 1,000 and 3,000 parts:
per million of dissolved mineral salts.

Bearpaw Formation

The Bearpaw formation consists of dark marine shales and
beds of green sand. Water from these sands hns a total solid count
renging from 300 to 1,600 parts per million and a hardness of more
than 300 degrees. Calcium carbonate is very marked in all samples,
due, perhaps, to the proximity of the water sands to the glacial
drift. Sodium sulphate is the chief salt present, followed by
calcium carbonate, magnesium sulphate, magnesium carbonate, and
sodium chloride in decreasing smounta, These waters are distinguished
from the overlying drift waters by being relatively low in total
dissolved solids, and in containing mno calcium sulphate and only
moderate amounts of sodium sulphate, magnesium sulphate, and magnesium
carbonate,

Pale Beds

Pale Beds underlie the Bearpaw formation. Total solids in
waters from these beds vary from 700 to 1,300 parts per million., The
water is, in most insbances, soft, as it contains sodium carbonate in
excess of calcium and megnesium ocarbonates, but when mixed with surface
water high in calcium carbonate, it will become hard. The high
concentration of sodium salts, especially sodium carbonmate, in
contrast with the caleium end magnesium salts distinguishes this water
from that in Bearpaw sands, The Pale’Beds include much bentonite, and
it is this mineral that acts<as a water softener within the formation,
The following analyses are typlecal of waters from the Pale Beds:

SE. sec, 16, NE, sec. 3, SN.-i secs T, SE,. sec, 21

Salts tpe38, rge. 21 tp«39, rge. 25, tpe37, rge.24d, tp. 38,rge.23
TaCO03 73 18 53 35
CaS0y | - N - -
MgCOgz 52 14 45 38
MgS0y - - ; ;
NaoC0g 297 879 464 562

NaoS04 297 158 266 437
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NaCl ! | 45 46 130

Total solids; 760 1,020 940 1,269
Hardness | 100 20 i 30 75
; i -

Varlegated Beds

In Senlac Rural Municipality, Saskatchewan, are a number of wells
that have water very similar in character to that found in the Bearpaw
formetion. These wells tap an horizon that corresponds with the Variegated
Beds in Alberta, although they have not been separated from the Pale Beds,
They are less bentonitic than the PaleiBeds and darker in colour. The
water is hard and has a low dissolved solid content. The three analyses’
given below show a great deal of similarity and suggest & common horizon.

NW. sec. 21, 2 NW. secs 3, SE. sec. 28,
Salts tpedl,rge .26 : tpedl,rge 28 tpe40,rge 20
CaC0z ; 250 § 3¢5 125
CaS0y - - -
MeC0z 1109 b 80 155
Mgs04 - 149 i 104 69
To5C0q A | - -
NapSOy 08 5 132 386
NeC1 12 f 12 | 18
Totalmolids 640 | 640 780
Hardness % 600 § 600 500

Ribstone Creek Formation

Chemical analyses of water from the Rlbetone Creek formation vary
more than in the Pale Beds, the reason being that at several different
horizons the sediments show considerable lateral variation, The formation
includes both marine and non-marine beds, thin coal seams being present in
the basal part of the formabion around Paynton, whereas south of Lashburm,
on Battle River, marine fossils were found in strata considered to be at
approximately the same horizon, The water analyses show similarities within
limited areas, but long distance correlations cannot be made safely except
for the saline waters that occur in the flowing wells at Vera, Muddy lLeke,
and at the south end of Tramping Iake. Analyses of these waters are given
in the following tabda:

o : SE.sec.25, | SE.5ec.22,] NEe5€0e36,| SW.sec.7 [SE,sec.30, : SW.seclO,
Salts | tpedl,rge. | tpedl,rges] tp.il,rges tpedl,rgetp.38, rged tpl.35,

: 24 24, 24, 24, 22, rge 20,
CaC0z 73 73 ; 73 198 108 90
MeCO03 38 38 38 52 69 52
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NeoCOz 129 -5 e 129 1 106 | 125
Na2504 55 : 55 | 8l . 61 ;49 43
NeCl 2,020 . 3,036 % 2,690 2,863 é 35,551 | 3,861
Total solids 3,840§ 3, 460 . 3,120 i 3,200 . 3,860 4,460
ardness 185 . 90 . 110 . 100 |

’ 3 . 130 130

The simllarity In these anlayses suggests a common source bed,
The distance between the Tramping lLake well and the Vera wells is about
40 miles. This water, which is thought to come from the basal sand of
the Ribstone Creek formation, is not typicel of water from the same
stratigraphical horizon in the vicinity of Battle River, one reason being,
possibly, that at Battle River the stream has cut through the Ribstone
Creek formation exposing the sand members along its banks. This may
cause a more rapid movement of the underground water in this area than
farther south, and it is known that the rate of flow is a controlling
factor that gnverns the change of calcium carbonate to sodium carbonate
when the softening reagents of bentonite or glauconite are present in the
sand.

Some of the soft waters from the Ribstone Creek formation cannot
be distinguished from those of the Pale Deds, whereas others are oulte
different, The followlng analyses illustratetsome of the different types
of water from this formation:

4
. ;
o ‘ : = =

Se.sec, Ind.Agent SW.secse NEo.seC, !Se.sec. %NE.sec.Er WW.s00,
11, tp.:Little : 24, tp. 36, tp. '26. tp. '36. tp.' 22, tp.
46, rgee Pine T.R. 46, rge. 43, rge. 43, rge.: 41, rgey 42. rge,

Selts 28 ¢ 21 18 | 18 '\ 24 ; 23
CaCOy | % %0 40 | T3 . 3 T35 - 125
0280, E - - - - - - -
MgCO, Y : 59 | 168 i 38 B -
MESO, ; - i - e - E - i - é -
Na,c5, f 217 392 é ~ | 203 AE 592 129 é 196
Na2S0, ;14644 777 52,518 ‘ 225 é 522 . § 61 ﬁl ,541
NeC1l 249 63 | 76 . 12 | 83 2,690 | 71
Totel solids|z,220 | 1,540 5000 Jei0 1,790 15,120 11,900
Berdness | 280 i 160 ; 750 | 110 i 35 . 110 427 600

The above chemical analyses show such a wide range in the
dissolved salts present in the different waters in the Ribstone Oreek
formation that they cannot be used for correlation purposes over a large
arva .

Conclusions

(1) In most instances water from glacial drift is cuite
different from water from bedrock, -

. (2) Some of the bedrock Horizons carry waters that show definite
chemical characteristics,

(3) Most waters from glacial till carry total solids ambunting
. to between 1,000 andn3,00C parts per million.
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(4) Bedrock waters are commonly low in dissolved salts,
Exceptions to this are to be found in water from the Ribstone Creek
formation.

(5) Water from the Bearpaw formation is hard. An average
of ten wells gave a total solid content of 1,100 parts per million.

(6) Weter from the Variegated Beds resembles that from the
Bearpaw formation,

(7) Weters from the Pale Beds is mostly soft. An average
of ten wells gave a total solid of 1,000 parts per million.

(8) ALl soft waters contain sodium carbomate (NasCOgz), which

is present in water from the Pale Beds and Ribstone Creek formations
but absent from the Dearpaw formetion and Varlegated Beds,
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RURAL MUNICIPALITY OF PRAIRILE, NO. 408, SASKaTCHiWAN

Physical Features

Within this municipality the relief is more
than 950 feet, from high hills on the southwest with an elevation
above 2,450 feet to North Saskatchewan River in the northeast
with an elevation belew 1,500 feet, The land surface adjoining
the river has been deeply dissected by streams and gullies,
giving a local relief, in some areas, of 500 feet in less than
-a mile. Most of the slopes, however, away from the immediate
vicinity of the gullies are gentle, due to the ease with which
the bedrock formations beneath the mantle of glacial materials
were eroded. An escarpment 200 to 300 feet high cuts across
the north part cf the municipality, dividing it into a lowland
area, south of Battleford and west of North Saskatchewan River,
and a highland south of the escarpment face., The escarpment is
believed to be an erosion feature,

Geology

Owing to the wide variations in elevations
throughout this municipality, several formations are represented
in the bedrock beneath the mantle of glacial drift. On the
lowland in front or north of the escarpment are outcrops of
sands and shales believed to represent the Ribstone Creek formation,
Grizzly Bear shales occur along the escarpment face, and are
known from one outecrop on sec. 29, tp. 42, rge, 16, in a railroad
cut northeast of Porter, To the south of the escarpment the
strata are believed to dip ssuthwesterly, so that successively
higher beds stratigraphically outcrop in that direction, It is
probable that near the escarpment only the equivalents of
Variegated Beds are present, but these are overlain by Pale Beds
to the southwest. However, no outcrops of these formations
appear in this area, so that their character is unknown, though,
as they are, apparently, products of continuous sedimentation,
it is unlikely that outcrops would serve to distinguish them,

Water Supply

In this municipality the wells on the highland
are almost entirely in sands and gravels in the glacial drift,
whereas those on the lowland obtain their water almost exclusively
from sands in the Ribstone Creek formation. This formation,
about 120 feet thick in this area, contains many sand beds, one
of the thickest and most massive lying near the top of the
formation, The sands previde extensive aquifers, and in this
area yield palatable but hard water, On the other hand, the
water horizons in the glacial drift have little regularity, and
though sand and gravel beds are widely scattered they are limited
in extent and usually not thick. Abundant beds of this sort
appear to be grouped into a zone probably near the base of the
drift and at an average elevation in this municipality of 2,080
feet, A few wells have penetrated this zone without striking
a water-bearing bed, but in most places such beds are present
though at varying elevations within the zone,
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Township 40, Range 16. That part of this
township lying south of the Mosquito and Red Pheasant Indian
Reserves is relatively elevated land for this part of the
" country, Some of it has an altitude above 2,400 feet, 4s
wells are normally only sunk to the first aquifer where a
supply of water is obtained the water-producing horizons in
all the wells in this township are at high elevations. The
records of the wells indicate an irregular distribution of sand
and gravel beds in the drift, with no continuous aquifer.

Under such conditions the discovery of a water-bearing sand

or gravel bed is a matter of chance, and a well on NE. section
5 was bored 110 feet withéut striking an aquifer, Undoubtedly
there are scattered gravel and sand beds below the level of the
bottom of this well, but their elevations cannot be predicted,
The thickness of the drift in this area is unknown, but the
base of the drift might, as in other areas, provide a fairly
continuous water-bearing horizon. The Pale and Variegated Beds
beneath the drift would be expected also to contain water-
bearing sands.

Township 40, Range 17. In the southeast part
of this township the land slopes toward Keppel Leke which has
an elevation of 2,195 feet, It is probable that this lake
receives some water from springs from sand or gravel beds in the
drift, as a well on NW, section 22 obtains water at an elevation
of 2,196 feet; another, on NE, section 21, struck water at 2,202
feet; and a third, on SW, section 27, at 2,194 feet. This aquifer,
however, is not widespread, as a well on NW, section 23 apparently
penetrated the horizon without obteining water. All wells in
the township obtain water from aquifers irregularly distributed
through the drift, but lower water-bearing beds, both in the
drift and in the underlying Pale Beds, are undoubtedly present.

Township 4O, Rance 18, The land surface in the
northwest of this township rises above 2,450 feet., The water
horizons in the wells are mostly at high elevations, and the
sands and gravels that provide the water are irregularly
distributed through the drift, Lower water-bearing horizons are
probably present both in the drift and in the underlying Pale and
Variegated Beds, but no information is available to indicate at
what levels such water-bearing beds occur,

Township 41, Range 15, Owing to the proximity of
the land in this township to North Saskatchewan River, which
lies at an elevation of less than 1,500 feet, the surface is
ceeply cut by streams and gullies, the maximum relief amounting
to 750 feet, Drift covers the entire township, but in places
is very thin and the f ormations underlying it range from Pale
Beds at the higher elevations to Lea Park shales at river level,
So far as the available records indicate,all the wells obtain
their water from aquifers within the glacial drift. The well on
NW, section 12 obtains water at a depth of 92 feet or an elevation
of 2,083 feet from material reported as "black muck". This is
evidently the same kind of material reported from a deep well
on sec, 34, tps 35, rge. 17, in Bushville municipality, at an
elevation of 2,047 feet, and from NE, sec. 33, tp. 36, rge. 18,
at an elevation of 2,079 feet, in Grandview municipality. These
elevations suggest that the material occurs at a definite horizon,
although the evidence is not conclusive. Owing to the great
relief in the township, different bedrock horizons will be
encountered below the drift in various localities, and no
generalizations can be made in regard to the depth to possible
water-bearing beds in the various formations., In certain areas
however, the Ribstone Creek sands must occur at reasonable depths,
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and these elsewhere yield good supplies of water,

Township 41, Range 17. This is an area of
prairie lands of low relief entirely covered by glacial
materials in which there are irregularly distributed sand and
gravel beds, No widespread aquifers are known within the range
of present wells, all of which are less than 100 feet deep.

It is highly probable, however, in this as in adjoining
townships that other deeper water-bearing horizons occur both
in the drift and underlying bedrock formations.,

Township 41, Range 18, No well in this township
has penetrated the drift, although one is 120 feet deep. The
aquifers are discontinuous sand and gravel beds scattered
irregularly through glacial clay, and, so far as is known, none
of them has any considerable lateral extent, The occurrence
of such aquifers is a matter of accident of deposition, and
their elevations cannot be predicted. Some wells have, in
fact, been drilled to considerable depths without striking
any materials sufficiently porous to yield water. It is
probable, however, that at greater depths other, water-bearing
sands or gravels occur in the drift, the base of which may be
nearly 100 feet below the deepest well, Beneath this again
sands in the Pale and Variegated Beds should yield water, as
they do in other areas,

Township 42, Range 15, Southwest of North

Saskatchewan River. Very few records are available from this
township, and, although the area is wholly covered by glacial
materials, the relief is very considerable, as in the township
to the south., Some of the wells obtain their water from sands
in the glacial drift, whereas others may obtain it from sands
in the bedrock. The information available, however, is too
meagre to indicate any widespread uniformity of the aquifers.,
Two wells, one on NE, section 6 and the other on SE., section
17, get water in quicksand at elevations slightly above 1,300
feet, but it is not known if this is glacial or bedrock sand.

Township 42, Range 16, A northward-facing
escarpment crosses the northern part of this township, and
elevations to the north and south of it differ by about 300
feet. BSands and shales of probable Ribstone Creek age outcrop
on the lowland in road-cuts north of Porter, in tp, 42, rge. 17,
and shales containing marine micro-fossils and thought to be
Grizzly Bear in age appear in a railroad cut on section 29
of this township. Thus the upland is probably underlain by
Variegated and perhaps also Pale Beds, and these would be
expected to contain sands capable of holding water, whereas
the lowland is underlain by Ribstone Creek sands and shales,
except in the northeast corner where these have been completely
removed by erosion, leaving only Lea Park shales, The surface
deposits, though, are mostly drift, probably thin on the
lowland but attaining considerable thickness on the upland.
Apparently all wells obtain their water from glacial drift,
those on the lewland for the most part in shallow wells,

Township 42, Range 17, The same east~trending
escarpment present in tp. 42, rge, 15, also cuts across the
central part of this township, dividing it into a northern
lowland and a southern upland. The conditions in regard to
bedrock beneath the drift are similar to those in tp. 42,
rge., 16, It is probable that the water in most of the wells
on the lowland comes from sands in the Ribstone Creek formation,
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whereas it is believed that all the wells on the upland
obtain water from irregularly distributed sands in the
drift. The thickness of the drift on the upland surface
is unknown, but in some parts is probably at least 100
feet deep and may be considerably deeper. A fairly
persistent water-bearing horizon appears to occur at
elevations of 2,08C to 2,100 feet, and it is possible
this is close to the base of the drift.

Township 42, Range 18, The escarpment mentioned
in tp. 42, rge, 17, cuts across the northeast corner of
tp. 42, rge. 18, leaving a small lowland area within it.
Conditions in the township are the same as in the range
immediately to the east where the wells obtain water mostly
from sands believed to be within the Ribstone Creek formation,
On the upland the wells are all in drift materials in which
the water-bearing sands and gravels are widely scattered at
various elevations., OSeveral wells, however, obtain water
from a zone of aquifers between elevations of 2,05¢ and 2,095
feet, and this zone, as previously mentioned, may have some
persistence although the individual aquifers in it are probably
guite limited in lateral extent and not very thick. It forms
a zone in which water-bearing sands may be expected to occur,
but this does not preclude the possibility that in places
within it no aquifers may be present, At greater depths
water-bearing sands may be expected to occur in the Pale and
Variegated Beds,




14

ol w % e e e T ﬁ
AR e RN St SEMESNEAR Y SROIIRRSIR S BWSEES, PG o] S
g e LG ol |
ot L A G R . i
| | | e
i T IR ERe |.|4!i AT, 8 |||..|1 o5 e # ~ ___ IA!l
11111 ||l+1 AT SRRV i ;_| i -.“...t. ”.. e AR w. s il Ir.llll.“r.lé o ||1|1r1llilll,.r|._—'l..1.||. o
B HR AP :ﬂa Foik w.l i .4.|| 4 [ .W| b -r|4a:|.ﬂ1.|ii|: Y e RS SR W)
lx| || 2 et L SIS 1_7- TR _ wﬂ| J_h ..... : M AR Y Lt Bl |H|I||il ——t — Ili ai S %
xuwmwonﬁm_ M U onal SRS mﬂwiii-i. %y 02 T08T | 2% 2y | 9¢
Vibp 88 [ TOY | ue | joes | ose | SnuLoﬁ._J#.- Tos0z |08 (9T (8% [¥ |
o S S BSR4 O N ,.-nw.u.-.-q_ 03¢ |983 89T “ToRsT o O 2
T T e LSO
13053 | L
¥

#uﬁuﬂutao
ATTP

TggovTo

-

WP T

TeT2®TD
op oy

WUTIP By

i e e

=

v w@d.
o8

howh‘nomo

xonmwa

———

:meh:

auamz w | Moge)

SUO 1L QUSSR U <L oTR) usng 13 8U0
s ﬂudnd T0o P 8 uy = ﬁ S® sjuenjI4su

,.-own

T T
088 _{aaol

AN

mOoﬂo mmmnﬁat. £

ﬁwm 1w a.« m

gec w--
oo»d
00§

8_._

|iﬂ:donul

wdw;ﬁuon
00T '63C [
o0y T

o8y

068
'QQNi

T 006t

8308

1 JA 4

1

.l_.o -

153 by

pPeaATOSSTD Io

1wﬁvﬁ—u fﬂw.ﬁoo
1%304 ! aorg

309}

yader

ik

dRARLL

FF]

- a

NYMTHOLYYSYS “80% *ON $AIMIVHJ 40 ALTTYAIOINAN TYHAH MOHA STIJMVS HALVYM 40 SASKTVNY

- 0C

VisT




*3j0038 -*¢ ‘oOr3sewoq -°*(q -*x

. & = “ 1822 40T 882 40T & ¢ 8T oF wm._.u.m 8
" m “ pums " 0¢3cs ¥0T 0423 0L~ ovee P0T paaog ¢ 8T 0% ‘AN L
“ “ u " ceeg 0T 922 L= cvee OT 3@ ¢ 8T OF OT°I*N 9
u “ u M “ 16382 6% 0823 0g- Qoez 6% pexog ¢ 8T 0% OT*MA°N ¢
“ “ “ “ L3322 82 ©g3% 02~ 8823 82 9@ ¢ 8T OV ¢ ‘I°N ¥
. “ u TeAvad {8 ¢ 0S 8023 Og pedog ¢ ST OF 9 °*M°S ¢
“" “ M —__ “ OQ\NN mN @ﬁNN @HI. nONN Aklm“ L n m.ﬂ 3 * onoz N
" " " pusse . 022 02 G223 02 wﬂ.a e 8T oy T "IN T
" " “ ,D.C.Gm. m Q0g2e 99 4LS4d38 6~ 99g2 L9 PeJdod ¢ 4T oy *ﬂon-z T1
- “ u Teawad gres 8T 41Ig2 ¥~ K51 5F T2 8ng ¢ 4T OF gC*M°N O
“ “ “ puss 8022 3¢ 8032 2g- (0} 24 4S POI0H ¢ 4T OF TIg°M°S @
i “ w Toamasd 9832 ¥ 1823 -+ 06223 4 ang ¢ 4T Oy B2M°'S 8
“w M " M “ ve6lc2 Gé T 4 ga= 6832 1413 u e LT oy L3°A°S L
“ “ “ “ “ 0832 S4 S022 02- ¢3¢z - € 4T Oy ¢g2°A°t 9
“ " " “ “ ee1e 00T 9023 L3~ cee3 00T “ e LT OF% e2'M°N ¢
* “ & " u 26132 c6 9922 G3- 1633 6 u e &1 O ZBA'N ¥
“ " “ “ “ M“O_NN m..-@ m._bm.“.m..___ O.m“l bONN mo U n m-nﬂ o* “No”.z ﬂ
i b puss 6612 00T €222 09- 6622 00T PoIcd ¢ LT O% €GT°A°S 2
. 0 « Teasa3d 6022 o¥ 6%25 0 9nad ¢ 4T Oy & AW I
“ " “ " " (0} § 24 (0] ov¥e 0Of 3ng ¢ 9T 0y 32°A°S 1
u # 3 % . eee3 oc 5155 2 08 e 9T 0y BR2'W'S. TV
AUSTOTIING “ e puss 0gces 8¢ 0422 ST~ g8e3 SS paxod ¢ 9T O% 023°'E°N OT
Pe3TWTT wPALY) » u e6ee 23 GLe2 -y SRR S 81 0% o1'%R'B 8
" W “ AT W LEES 1274 cogg 92 u e QH O* @HQBQZ 8
= - R, T 3828 4 26238 8= 00%3 ST 2ng ¢ 9T OF OT°A°N .
. # . “ » 282 086 08¢z 09- (o) § 27 o8 S 9L ST RE D
1U8IoTIIng u “ puss GLC8 9g GBe3e 9%~ 1ev2 9g “ e 9T 0% PI°A°E C
pPoaITWY T o paBH “ coge S4 08¢2 SL g 9T - 0%  O1'%'8 %
oTOoH Laa 0422 0Tt “ e 9T 0% g NN ¢
“ “ PI8H pues 0422 G4 S0g2 ov- S%ee L pelog ¢ OT O ¥ °*I°S 2
1UST 01 JINE *S°d 3JOC TeARJY TeTORTH 9QCT P1 0see ST 93 8. 91 Ov. T AR T
R Ui TeA9T 80BJING
xp:m.mH I9BY U0ZJJI0H .Mn Bag (-) moteqd ITem a7
I838M Jo ‘1090 *AST¥ yjdeQg eaoqy JO Jo ITes TTea
S3avued % PIOTL qoyuM  JIe930 aig oIuvad ‘A9Tg (#) eaoqy eopnjy Jo  Jo°Iej °83y °-dl ‘085 ¥ -oN
04 98] =-BIBYD -HALVA TYJIONIMd TIAET HALVM -TATVv uysdeq edAl N O I LY O OT 1ITeOA

NYMIHOLYSYS ‘80% *ON ‘SIUIVHd 40 ALITYJIOINOM TYHAY NI STT4M JO a¥oaTH



. juetoriing
hmmﬂmuuobon A1ddns Jo00d

Y]
juerotiing
pe3Twil

JUSTOTIING
A1ddne xo00d
pejTuwil
JUSTOTIING
Pe3TwWI T

-
jueroT jjng
posTwiy
*:+08 OTOH £Lxg L1ddne xoog
1ot ziug
A1ddne Joo04
justotTing
l‘g

‘406 ®ToH 4xq

-
Juetoiging

Juetorgyng
A1ddns J00g

. R
1ustoTIIng

3USTOTIING

“w
L “

Toavad TerowrD

1eaeId

19ABIE
pues
10a0I8
LeT0
19A8X8

st s EEEE:

uninmﬂ:udmo
AeTD. onTg

1982
0gg2
eoge
8612
2332

¥S1e
S883
80283
0613
9332
9022
2032
0833
s132
8022
9223
1egee
g8zz2
g81e
1882
o2z

aT102
g1t

0023

ot1ez

(6] o

-} S
9L
Y
] 0
o-
98~
8‘-
gg~

02~
Lg=

yo-

LS~
e'
0g-
b-
29-

00t~

11ee
S8ee
00%2
81ee
8633

4813
yoee
2832
ggzge
ggee
9922
veee
L4233
1e3e
oz
0¢zg
69¢2
SLe2
6%33
1ees
18232

0802
€912
€332
S612
S413

0¢S 5 8
gg g g
Lé “ e
031 ™ e
G4 Pegoqg ¢
g8 -« €
08 peJgog ¢
7T u £
ce a £
8 ang ¢
29 peJdog ¢
g¢ 3ng ¢
L3 a £
2e a'R
8% peJdog ¢
¥2 ng ¢
43 4 L -
£ 4°] .« £
59 « 8
og a 8
08 peJodg ¢
L9 « 8
514 .« £
e3 « £
0T 3ng ¢
26 peaog ¢
0BT e
02T peJtog ¢
ST &ng g
§ 71 R
9 = g
26 « ¢
08 poaog g

oo o
e

bttt S S S N S S
el e e e e e e e R e P il L

AARAA

ETLLELE

e~
P

LRl Lo R L L L B R B L.
#00“0#0‘#0:*

$3993%38 99999 97

‘I°N
..l”.m
‘A°S
.h.w
*A°N

(SRR R e

PeE°N
S AN
GS TN
OC°A°N
63°1°S
L3°E°N
S3°A°N
0g2°I°s
8T &N
91 %°S
ST°A°'S
6 *3°S
9 °A°S
9 ‘%18
» ‘IS
e ‘AN

ye°A°S
1e°I°s
82°1°'S
02°A°N
ST AN

SLA'N
eeE* N
0g°I*s
8g'1°s
L3°A‘S
P2 AN

el
— ~andn

O
et A A

ﬂzszg HANPD ARSI NDOD>DOO




*deod ,09 TTI®M J8yjouy pesTwyl - - PuUBsS OT4T 2T €£T14T 6 -~ 2T 3T » © 9T 2% 322°4U*N 0T
- “ " Tearas Teroeld O084T ST 2841 9T- ©8%T 8T 9ng ¢ 9T 2¥  02°ZI°S 6
“ “ PIBH PUBS L46T SE  LB6T G2- 2102 Se pedod ¢ 9T 2% B2°A°N 8
* 448 OTOH 4Lxq “ " 3Jos - « €802 BT 9902 TT= 4408 OT 9ngd S oT 8y 23°A°S -4
& - » pues Tetoeld 9%02 09 no1 9012 90T PeIOogd ¢ 9T 8% 4LTI*E°N 9
- “ " pues 8302 3T 2202 8 - 0%2 3T « 29T 2% QI'A’'S ¢
.. » “ %012 08 6012 g4~ 9812 08 «n CS9T 3 6 °‘%2°8 »
- » pIvH Aeto Apues P12 92 0uLIZ 0OS= 0082 96 9ng C 9T 2% ¥ °A°S ¢
" » 3Jos 104838 , 9918 29 @412 g~ 8232 99 « 29T ¥ ¢ °‘A'® ¢
JUSTOTIINE  °S°'d  PpIwH pues TeTo®(D 0812 28 9912 9L- 2932 @8 pPeIOod ¢ OT 2% 2 ‘A'S 1
A1ddns x00g - 3Jog PO cepontd GTLT ST 42 0T~ 4L34T 3T « ©SST 23 TS°'A'N ¥
pesTull . . Aelo onTd T96T 92 9961 g2~ (88T 92 « SGT 2% BI'I'N ¢
e “ “ - 0T6T 08T 8181 83T~ 0%02 OST g € ST 2% 4T°3I°S 2
JuetoTiJng ‘e°'d pIsH pues 06T 06 ©98T LL= 0302 06 TITX@ S QT 2% 9 °*E°N T
“ “ “ pues . T9I2 Ggg 0612 9~ 9612 98¢ g ¢ BT 1v HL°I°N 92
JueIoTIing “ pIvH ‘e QY12 29 e812 Ie= 9812 2% poJod ¢ 8T TI¥ ¥L2°A'S G2
“ “ “ ‘e 3412 98 9812 %2 « £8T 1y 8L°A°’S ¥
A1ddng poog «  3Jog teroerd 4812 & 9612 ST 9ng ¢ BT ¥ OR°I'N €2
*8OTOH £x1q TeIeaes ‘eToH AxqQ : : 0812 08 & €8T Ty ©8°A°N 22
» » " TPTO%TO 912 OF 9812 OF pood ¢ 8T T¥ ©2°i*N 12
" . . Aelo Apues 0912 O 2612 9T- 8022 8% Ing ¢ BT T¥ 92°%'S 0%
JuatoTIing “ PISH TeABI8 P2 9032 g2- 6838 08 « S 8T Ty P2°A'N 61
£1ddns J004 “ P&vH pues 99 807 99 « S0OT ¥ 22'A'S 81
5 « 000 SPH Teaws® 0. 08 « ST T LT
juetotzing “ - pues  , 09 (B8 0%~ & . w TN W 9T
A1ddns I00d “*S°'d PIVH _ 5l e e 09 perog ¢ 8T 1I¥v ST
5 - 0! anopo S%H . n 8T ST o EEE Wi _

_. - guetoTying 00 LI W'D - e a0 W

SR e o N e ;



-
jusioryIng

“

“

o
juelotring
A1ddng poodn

“
jusyotiijneg

-
jusyorgyng
pe3Tull
“

‘TIeA Tooyos “

]
juarorgins
£1ddns Jxo00g

-

"

FWL 10T JJug

-
jueioljjus
LA1ddns Jo0g

1

-

3 [Oo13JNg

oT0H Axq A1ddns Jxo00gd

*deeaq ,021

“ 1Jo8 “ ™
“ “ “ “
P ¢ e puss
® - T9ABI8
- PIBHTeARIS TeToeT)
8 "RIY: » i =
“ PIwH pueg
“ 3Jos puss “
bt - 4l § PIBHTeARJIE TRTOeYD
*s°d °S 3Jos puesg
“ “ « DPueg % 8levyg
*S°d XTIV PpIvH eTeyUS % pues
" 3Jos “
“ “ 18ABID
“ M “ 9Teys pusg
« *XIV pIsH 4810 onild
T U ‘S . “ “
‘a PIBH pues auld
« *ATV paeH 4Le70 anig
ToaRJd TETOCTD
E 5 AeTo onTg
“ w Tea®xd TeTO®TD
“ PIBH puss S3TUM
« "84 pI®H puss

*YTIV pJawv} pues Teroeyd
u Teawad TeTOR(D
“ pues 83T1UM

]
» & ToARI3 &
“ ™ pueg Tetoe (D
“ PIvH pueg
& T TeAsad
“ “ i
5 . 9ABIE
u ™ puss
PJIBH “ “
™ ‘Sd u 19A8I8
*s*a PIBH Ppues TeLOoR[)H

9tz o2
0gTIZ oY
y212 ©¢
»912 S¥
6212 02
8802 09
0602 09
g8TZ2 02
9812 04
0212 0%

8e4T 02
6641 02
4081 91
0SLT Wi
994T 02
814l 08
gseTl 33
(4 4°] S
098T 81
getTe Sy
LL02 O¥
960« G9
860z 1I¥
g102 34
0002 91
8602 81
1e12 o¢
0S12 2¢
0912 0%
0612 2¥
£832 6%
ovle 3V
8218 324
¥s12 1
¥012 2%
sTte T1I¢
eyl se¢

selz
get1e
¥812
Wiz
gete

4813

19128
ev1e

884

4081
6S4T

avLl
14°1- 1

1808
9012
2012
0202
3002
9608
ecte
144181

9s12
0sT2
4813
a0T1e
9T11S

g-
8-
8'

m,..ﬂ_'
go-

02~

oT~
cv-

3‘
02~

e~
gg-
L83
L9"
”?e
8‘
g3~
82~

gg-

LA e
TP -

BBINEJISYINRYNISILNRINLRUR 3273339898

oabsbdeded e Bdde LBababa

nenonnn.

wnon o

PEROERREERRNNBENORHNN OO



2% 3% eTeUs Jo doJ 3uUsTorJing
®ToH £1q

“
JueloTFing
A1ddns pood
u Jood
£L1ddns pood

“
jusioijing

" ™ pusg
TR . puss eutd
- - - ]
- “ T9ABI8
- “ “ -
“ “ g ]
" u pues
“ “ Teardd TETO®RTD
u . pusesg
] - [1] “
- s  Tearad Tepdeld
“ “ 1eaedad pey
“ - - “
« ‘JAIV » “ “
“ °*of . TeaBId
‘s‘'d PIWH  pues TETO®RTD

1081

4181
981
2503
1902
S902
1402
8603
¥402
6113
%02
9981
0808
2802
9212
2612

JRIIVNBHRA[RIRA ¢

208t

49028

¥L02

9e13
9602

3012
1912
8612

g

€981
4981
2e81
2481
2012
1802
. 8802
6802
9802
9012
6¥12
8Ttz
1881
0212
3v1z
9612

$2332523838288229



	wp_239_c
	wp_239_t

