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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 and 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 townchip
56 in western Saskatchewsn.

This region is crossed by North Saskatchewan and Battle
Rivers, and includes other more or less permanent streams. Most of
the lakes within the area, however, are alkaline, and water is
obtained in wells from two sources, namely, 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-besrring sands. In
investigations for o0il and gas, however, the bedrock wells were used to
trace the lateral exbtent 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 moterials 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
obteined 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 hed acquired the land after the water supply had been found,
and hence had no personal knowledge of the water~bearing beds that had
been encountered in their wells, Also the elevations of the wells were
taken by eneroid barometer snd are, consequently, only approximate. In
spilte of these defects, however, it is hoped that the publication of
these water records may prove of value to farmers, town authorities, and
drillers in their 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 ., Warren of the University of Alberta, C. H. Crickmay of
Vencouver, and C, O, Hage, until recently a member of the Geological
Survey. The o0il and gas investigations of which these water records are
& part were undertaken under the generazl supervision of G. S. Hume.

Tublication of Results

The essentlal information pertaining to ground-water conditions °
is being issued in reports.that in Saskatchewan cover each municipality,
and in Alberta cover each square block of sixteen townships beginning at
the 4th meridian and lying between the correction lines. The secretary
Breasurer of each municipality in Saskatchewan and Alberta will be
supplied with the information covering that muniecipality. Coples of the
reports will also be aveilable for study at offices of the Provincial
and Federal GGoverrment Departments. Further assistance in the
interpretation f the reports may be obtained by applying to the Chief
Geologliet) Geological Survey, Ottewa. 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 formations. Thk wells in glacial drift commonly show no
regional level, as the sands or gravels in which the water occurs 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 is 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 bedrock, the name
of the formation in which the water-bearing sand occurs is also listed
in these tebles, and this information should be used in conjunction with
that provided on bedrock formations, pages 4 to 8, which describes
these formations and gives their thickness and sequence. Where the
level of the water-bearing sand is known, its depth at any point can
easily be calculated by substracting its elewvation, as given in the’
well record tables, from the elevation of the surface et that point,

"With each report is a map consisting of two figures,
Flgure 1 shows the bedrock formations that will be encountered beneath
the unconsolideted surface deposits. Figure 2 shows the position of
all wells for which records are available, the class of well at each
location, and the contour line or lines of equal surface elevation.
The elevention 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 quantity of water
can be obtained from a study of the records of surrounding wells,

GLOSSARY OF TERMS USED

Alkaline. The term "alknline" 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
usuelly conteins a large amount of sodium sulphete and magnesium sulphate,
the princlpal constituents of Glauber’s salt and Epsom salts respectively.
Most of the so called alknline waters are more correctly termed sulphate
weters, mgny of which may be used for stock without 11l effect. Water
thet tasteBstrongly of common salt is described as salty. '

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

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

Buried pre~Glacial Stream Channels., A chamnel carved into
bedrock by a 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 lce~sheet or later agencies.

Bedrock. Bedrock, as here used, refers to partly or wholly
consolidated deposites of gravel, sand, silt, clay, and marl that are
older than the glacial drift.

Coal Seam, 'The same as a coal bed. A deposit of carbonaceous
material formed from the remains of plants by partial decomposition and
burial.
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Contour, A line on a map joining points that have the same
elevation above sea-level,

Continental Ice~Sheet, The great ice-sheet that covered most
of the surface of Censde meny thousends of years ago.

Escarpment., A cliff or a relatively steep slope separating
level or gently s%oping arens.

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

Glecial Drift, The loose, uncomBolidated surface deposits
of sand, gravel, and clay, or a 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
ereas where the glacial Qrift 1s very thin and the surface umeven).

(2) Terminal Moraine or Moraine. A hilly tract of country
formed by glacial 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 Outwnsh. Sand and gravel plaine or deltas formed
by streams that issued from the continental ice-sheet.

(4) Glacial Lake Deposits, Sand and-cliyiplains fdrfed in
glacial lakes during the retreat of the ice-vheet,

Ground Water, Sub-surface water, or water that occurs
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
shale, are considered to be impervious or impermesble 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=@lacial Tand Surface., The surface of the land before it
wase covered by the continental ice-sheet,

Recent Deposits, Deposits that have been laid down by the
aegencies of water and wind since the disappeairance of the continental
ice=-sheet,

Unconsolidated Depositse.. 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 classesg

(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-CENTR.AL SASKATCHET.N AND EAST~CENTRAL ALBERTA

The formations that outecrop in west-central Saskatchewan are
an extension of similar formations that occur in east-central Alberta.,
They are of Upper Cretaceious age, and consist entirely of relatively
soft shnles and sands, with some bands of hard sandstone and layers of

ironstone nodules,

of the formetions are shown in the following tables

Formation Character Thickness
Feet

Edmonton Grey to white, bentonitic sands and 1,000 to
sandstones with grey and greenish 1,150
shales; coal seams prominent in some
areas, as at Castor, Alberta.

Bearpaw Dark shales, green sands with smooth 300 to 600
black chert pebbles; partly non- thins
marine, with white bentonitic sands, rapidly to
carbonaceous shales or thin coal the northe-
seams similar to +hose in Pale Beds ; west
shales at certain Zorizons contain
lobster claw nodules and marine fossils;
at other horizons are abundant selenite
‘erystdls.

Pale and Light grey sands with bentonite; soft, dark 950 to 1,700
Variegated grey and llght grey shales with selenite in Czar~Tit
Beds aend ironstone; carbonaceous shales and “"Hills arens

coal seams; abundant selenite crystals may be thin~
in certain layers. ner elsewhere

Birch Iake Grey sand and sandstone in upper part; 100 in west,
middle part of shales and sandy shales, but less to
thinly laminated; lower part with grey east and
and yellow weathering sands; oyster bed south
commonly at base.

Grizzly Bear Mostly dark grey shale of marine origin, with Maximum, 100

Ribstone Creek

e few minor sand horizons; selenite crystale
and nodules up to 6 or 8 inches in diameter

Grey sands and sandstones at the top and

The succession, character, and estimated thickness

Maximum, 325

bottom, with intermediate sands and shales; at Wking;
thin coal seam in the vicinity of Wainwright;  thins east-
mostly non-marine, but middle shale in some ward
areas 1g marine,

Lea Park Dark grey shales and sandy shales with nodules 050 to 1,100

of ironstome; a sand 70 feet thick 110 feet
below the top of the formation in the Ribm
stone area, Alberta,

Edmonton Formation

The name Edmonton formation was first applied to the beds
conteining conl in the Edmonton area, and later to the same beds in

aedjoining areas,

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
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follows a northwest line from Coronation through Tofield to ~ point
on North Seskatchewan River about midway between Edmonton and Fort
Saskntchewan. No Edmonton beds occur northeest 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 formation consists of poorly bedded grey and
greenish clay shales, coal seams, and sands and sandstones thet
contein clay and a white material lmown as bentonite. This material
when wet is very sticky and swells greatly im volume, and when dry
tende to give a white appearance to the beds containing it, Such
beds are relatively impervious to water, and at the surface produce
- the "burns"™ of barren ground where vegetation is scanty or sbsent.

Water is relatively abundant in the Edmonton formetion, which
contains much sand, commonly in the form of isolated lenses distributed
irregularly through the formation, Consequently, there is little
uniformity 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 water from the shallow surface deposits, may be "hard".
The babsal beds of the Edmonton formation usually wontain fresh vmter,
but this may become brackish locally where the underlying Bearpaw beds
-contaln highly alknline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formetion is thickest,
the beds composing it are mainly shales tht 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 containing
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 n conglomerate,
but mostly the pebbles are loosely distributed in shale or sandy beds.

In the area immediately north of township 32 the RBearpaw
occuples 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 Saskatchewan, 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 formation. 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 Bearpaw age is relatively smell,

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

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

Pale and Varilegated Beds

Underlying the Bearpaw formation is a succession of bentonitic
sands, shales, and sandy shales containing a few coal seams, The upper
pert of this succession, due to the ber "onitic content, is commonly
light coloured and has been described 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 sends 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) oryst-ls are, in places, abundant in the shales.

The best sections of Pnle Beds exposed in the region are
in the Tit Hills, southwest of (zar. These hills carry a thin capping
of Bearpaw shales, beneath which, and around Bruce Lake, more than 200
feet of Pale Beds are exposed., The total thickness of Pale and Variegated
Beds in the Tit Hills area is about 970 feet. Variegatel'Beds outcrop
near Hawkiis on the Canadien National Rallway west of Walmwright, but no
ares exposes the ocomplete succession, which is considered to comprise about
200 feet of beds,

Records of wells drilled into the Pale and Variegated
Beds do not, in gemeral, indicate lateral persistence of sands for long
distances, nor any uniform average depth to water-~bearing sande in a loocal
area. This points to the conclusion that the sands are mainly local lenses,
but as such lenses are numerous, few wells fall to obtain water. In the
Cadogan area meny flowing wells have been obtained from sands about midway
in the succession. In western Saskatchewan Paleland Variegated Beds occur
over a wide area from Meclin and Kerrobert northeast through Wilkle to the
Eagle Hills, south of Battleford. Numerous outcrops 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
1s generally soft. The supply, epparently, 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 replenished in the sand., Small sand lenses surrounded
by shales may be filled with wat- '-that has infiltrated into them, but when
tapped by a well the supply may be very slowly replenished. In many
Instences such wells yield only a small supply, aliicagh this is commonly
persistent and regular,

Birch Iake Formation

The Birch lake 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 Birech lLake south of Innisfree,
where a seoction 65 feet thick, composed mostly of sand, is exposed. The
total thickness of the formation in this area is about 100 feet, and
although this is dominantly sand a central part is composed of alternating
thin sand and shale beds., At the base of the formation, in a mmber of
places, is an oyster bed, and this is exposed in e road cut in a section
73 feet thick on the east side of Buffalo Coulde in sec, 3, tp, 47, rge. T,
We 4th mer. In both upper and lower parts of the formetion the sand is
oommonly massive and outerops tend to consolidate into hard, 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 abt the oubtorops.
In fect, in some areas the sand may be traced along the side of a hill by
the presence of small springs or nodular masses of sandstone,

The Birch lLake formation occurs umnder the drift and in
outerops in a large area south of North Saskatchewar River and northeast
of a line from Willingdon to Innisfree and Minburn, East of this area
the southwest boundary is more irregular, but outerops 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 near Edgerton and Chauvin is underlain by the Birch
lake formation and that it extends southeastward into Saskatohewan around
Manitou lake ~and southeast to Vera,
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It is thought that the Birch Ilake formation thins
eastward from its type section at Birch lake, and that it loses its
identity in western Saskatchewan. Deep wells drilled at Czar, Castor,
and elsewhere no longer show the Birch leke as & clearly recognizable
sand formation, so that its southern limit beneath younger formations
is unknown, Wherever it occurs ar a sand, however, it is wanter=bearing,
although in some areas the sand is apparently too fine to yield any
considerable volume of water. In other areas, however, it persistently
jields good wells, There 1s no apparent uniformity in the character of
the water, which is either hard or soft in different wells in the same
general area. Direct contac: with surfac~ vaters 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 weter producing sands. In part this accounts for the change in
character of the water in a well, a feature that has been noticed by
mang well owners, '

Grizzly Bear Formation

The type locality for the Grizzly Bear formation,
which underlies the Birch Ilake beds, is near the mouth of Grizzly
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 wanter, At 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 feet above the
base, that is, at about the centre of the formation, This zone is sandy,
and is believed to yleld water in warious wells, Other *hfn sands, in
places water-bearing, are also present, The Impervious nature of the
Grizzly Bear shales makes the overlying Birch Iake sand a strong acquifer,
as water collects in the sand abc~ the shale, The contact of the Birech
leke and Grizzly Bear formations can be traced in some places by the
ocourrence of springs iscuing from the base of the Birch lLake sand even
where this is not expoced,

Grizzly Bear shales occur in a road ocut on the south
side of Battle River near the highway bridge at Fabyan. The shales
In this area are about 1C2 feetv thick. It is thought they extend as
far west as the Viking ges field, where they have been recognized in
semples from deep wells, It is probable, however, that the shales thin
westwardrand thicken eestward so that their general form is a 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 Alberte extending into
Saskatchewsn meinly in the ares south of Battle River,

Ribstone Creek Formation

The type area of the Ribstone Creek formetion is on
Ribstone Creek near 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
outorops 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 distance from the river, there is a
12 foot zone of carbonaceous and coaly beds in two layers, each about
2 feet thick, separated by C feet of shale., Above this are 90 feet of
dark shales that are thought to have been deposited in sea water, that is,
they are marine shales. These marine shales in turn are overlain by a
sandy zone about 20 feet thick containing oysters in the basal part.
This sandy zone is the upper sand member of the Ribstons Creek formatione
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It thickens to the east and west from the Grizzly Bear area but is
probably at no place much more than 50 feet thick.

The lower sand member of the Ribstone Creek formatioa
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 this area., The total thickmness of the formation in the o~
Wadnwright area 1is 180 to 200 feet, but this increases to the west and
In the Viking area exceeds 300 feet.

The Ribstone Creek formation is widely exposed in a
northwest=trending belt in east-oentral Alberta. The southwest boundary
of this nnrthwestetrending belt passes through the mouth of Grizzly
Bear Coulée in tp. 47, rge. 5, and beyond to the Two Hills area in btpe
54, rge. 12, whereas the northeast boundary crosses North Saskatchewan
River southwest of Elk Point and extends northwest to include an area
slightly north of St, Paul des Metis and Vilna to tp. 60, rge. 14,
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 limite of the belt to the northeast determine the
limits of water from this source, but to the southwest of the belt,
es here outlined, weter may be obtained in this formation by drilling
through $he younger beds that overlie its The Ribstone Creek sands
are a prolific source of water in many pleces and hence the distributinn
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, although thin sand members may ocour
in the shale. Where the formation is largely sand the distribution of
water mey be in any part of the formation, although the upper and
lower sands are perhaps the better aquhfiers, To the east of Alberta,
along Battle River and Big Coulée in Saskatchewan, the Ribstone Creek
sands 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
southeast of Battleford the Ribstone Creek formation loses its ildentity
and its equivalents are shales in a marine succession.’

Lea Park Formation

The Lea Park formation is largely a marine shale, and
only in the upper 180 feet is there any water, In the Dina area south
of Lloydminster the upper beds of the Lee Park consist of silty shales
about 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 Seskatchewan, 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,
particularly to the northeast, is not known, but as the strata in east=
central Alberte have a southwest inclination, 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
represents the last bedrock ~mquifer in that direction. Parther northeast
water must be obteined from glacial or surfece deposits only, In
Alberte this area without fresh water in the bedrock includes the country
north of North Saskatchewan River in the vicinity of Frog Lake and a
liarge arsa extending to and beyond Beaver River, In this ares, however,
more sh water streams are presemt than farther south, and bush lamds
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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

Analyses were made of water samples collected from a large
number of wells in west~central Saskatchewan. Their purpose was to
determine the chemical characteristics of the waters from different
geological horizons, and thereby aceibt!in mhikdng corrslations 0f ther . =:
strata in wrich the waters occur, Although this was the main
objective of the analyses, it wasralso realized that a knowledge of
the mineral content of the water is of interest #and wvalue 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 1s expressed -quantibtatively 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 analyses,
In the one group is included the msballic elements of calecium (Ca),
magnesium (Mg), and 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 radicels as
shown by the analyses. Actually, the residue when the water is
completely evaporated still retains some combined water of crystallization,
so that the figufes for the "total solids" are higher than the sum
total of the radicals as .determined, 97These radicals are also
"oaleulated in assumed combinatlons" to indicate the theoretical amounts
of different salts present in the water. The seme method was¢ followed
in each analysis, so that the table presents a consistent record of
the different compounds present.

Mineral Constituents Present

- Calcium. Caleium (Ca) in the water comes from mineral
particles present in the surface deposits, the chief source being
limestone, gypsum, and dolomite. Fossil shells provide a source of
calcium, as does also the decomposition of igneous rocks. The common
compounds of calcium are sganlcium carbomnate %@é005) and calcium
sulphate (CaS04),

Magnesium. Megnesium (Mg) is a common constituent of many
igneous rocks 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 umwholesome if present in large amounts.

Sodium, 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 waters, Sodium sulphate (Na2804) oombines with water
to form "Glauber's salt"™ and excessive amounts mekktthe water umnsuitable
for drirking purposes, Sodium carbonate {NapC0z) or "black elkali™
waters are mostly soft, the degree of softness depending upon the ratio
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of sodium carbonate to the calcium and magnesium selts. 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 alkali (alkeline carbonates and bicarbonates)"
Frank Dixey in ™A Practical Hondbook of Weter Supply", Thos, Murby
& CO., 1931, Ps 254,

hermful.

Sulphates, The éulphéte (S04) salts referred to in these
enalyses are calcium sulphate (6aS04), magnesium sulphate (Mz80,),
and sodium sulphate (NapSO4),

Chloride, Chlorine (Cl) is with a few exceptions, expressed
as sodium chloride (NaCl), that is, common table salt., 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 ,000 parts. These
waters have a brackish taste,

Alknlinity, The alkalinity determined in these water
annlyses is based on the assumption that the only salts present in
the semples that will neutralize acids are carbonates, 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
has been determined by the amount of o standerd soap solution required
to form e lather that will stand up (persist) for 2 minutes, Hardmsas
is of two kinds, temporary and permanent. Temporary hardness is
caused by calcium and megnesium bicarbonates, which are soluble in
water but are precipitatéd as insoluble normal carbonates by boiling,
a8 shown by the scale that forms in teakettles, Permanent hardness
is caused by the presence of calcium and magnesium sulphates, and is
not removed by boiling. The two forms of hardness -~ are not distinguished
in the water analyses. Waters grade from very softbto very hard, and
can be classified according to the following system :

x .
The"Examination of Watersand Water 8upplies", Thresh & Beals,
pagé 21,  Fourth™8d. 1933 ,

!

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

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

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

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

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

be very hard,

P

k=3

Hard waters are usually high in calcium ocarbomate, Almost
all of the weaters from the glacial drift are of this type, eepecially
those nbt associated 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 kmown to be
present, Montmorillinite, ome of the clay~forming minerals, has the
same property of softening water, gwing to the absorbed sodium that
is available for chemlcal reaction™,

Piper, A, M, "Ground Water in Southwestern Pennsylvania',
Perm, Geol. Surv., 4th scrics,

If surface water reaches the lower sands by percolating
through the higher beds it may be highly charged with calecium salts
before reaching the bedrock formations containing bentonite or
glanconite. The completeness of the exchange of ealeium oarbonste
for sodium carbonate will, therefore, depend upon the length of time
that the water is in contact with the softening reagent, and also
upon *he amount of this material present. The rate of movement of
undergroundwater will, consequentljy, be a factor in determining the
extent of the reaction,

The amount 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 aguifer below the surface., Glacial deposits may be divided roughly
into three types.,

(1), Sand and gravel beds that form the surface deposit, such
a6 outwath material and glacial lake sands,

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

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

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

Water from buried outwash deposits contains more dissolved
salts than the surface sands, aes the water in order to reach them has
to percolate through overlying”till. Rain water contmins carbonic acid,
which aots as a solvent and dissolves a great deal of caleium, 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,
80 that the amount of shale present will modify the quality of the water.
The oxidized upper pari of the drift contains less sulphate than the
deeper, less oxidized boulder clay. The character of the water in the
buried outwash deposits will, therefore, depend largely on the
compoettion and amount of till that overlies it,
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Water from irregularly distributed sand and gravel beds
will very in its content of dissolved salts depending upon the
character of the material surrounding the reservoir beds, As the
water in this type of depocsit 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 glacizl lakbrclays are sometimes high in soluble salts.

The sample from a well in glacial lake clay on NeW,. & cece 27, tpe
42, rges 17, has 11,040 parts per million of soluble salts, largely’
mognesium sulphete anﬁ sodium sulphate. The somple from SE. % Sece
13, tp. 42, rge, 16, which is believed to come from gleciel lske
sllts, has o very different composition. The total solids in it
are only 440 parts per milliom, of which 250 are calcium cerbonnte.
The great difference in these waters is due to the high soluble snlt
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 minernl salts.

Bearpaw Formatlon

The Bearpaw formetion consists of dark marine shales and
beds of green saond. Woater from these soands has a total solid count
ranging 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 sall present, followed by
oaleium carbonate, magnesium sulphate, magnesium carbonate, and
sodium chloride in decreasing amountas, 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 instances, soft, as it contains sodium carbonate in
excess of calcium and magnesium carbonates, but when mixed with surface
water high in calcium carbonate, it will become hard., The high
concentration of sodium salts, especially sodium carbonate, in
contrast with the calcium and magnesium salts distingulshes 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 typlcal of waters from the Pale Beds:

SE.  sec. 16, NE, secs 3, SW,- sec, 7, SE, sec, 21

s 3 TR A SRR

Salts tpe38, rges 21 tpe39, rge. 25, tp.37, rge.24, tp. 38,rge.23
TaC03 73 18 53 35
CaS0, A ; ; ; ;
MgCOg 52 14 45 38
MgS0y4 - - ; ;

N 0y 297 679 464 562

Ne.pS04 297 158 266 437
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NeCl E 31 45 46 130

Totael solids: 760 1,020 940 1,260
Harfness | 100 20 } 30 75

Variegated Beds

In Senlac Rural Municipality, Saskatchewan, are a number of wells
that have water very similar in character to that found in the Bearpaw
formation. 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 PalelBeds and darker in colour. The
water is hard and has a low dissolved solid content., The three analyses
given below show a grent deal of similarity and suggest & common horizon.

‘NW, secs 21, ; MW. secs 3, SE, sec. 28,
Salts i tpedl,rge.26 | tpedl,rge 28 tp.40,rge 28
CaCO3 . 250 ? 3¢5 125
CaS°4 wvi ’ - - -
MgCO3 . 1109 80 155
MgS 04 149 104 69
Na.nCOg - § - -
Ne.pS0, 98 § 132 386
NaCl 12 f 12 18
Totelrsolids. 640 640 780
Hardness ! 600 : 600 500

Ribstone Creek Formation

Chemical analyses of water from the Ribstone Creek formation vary
more than in the Pale Beds, the reason being that at several different
horizons the sediments show considerable lateral veriation, Thz formation
includes both marine and non-merine beds, thin coal seams being present in
the basal part of the formabion around Paynton, whereas south of Lashburn,
on Battle River, marine fossils were found in strata considered to be at
approximately the saome horizon, The water analyses show similarities within
limited areas, but long distance correlations cennot be made safely except
for the saline waters that occur in the flowing wells at Vera, Muddy lake,
and at the south end of Tramping lake. Analyses of these wakers are given
in the following tabde:

o i SE.5ec425, ; SEs6ece22,] NEeSece36,|{ SW.s6c.7 |SE,secs30, ; SW.seclO,
Salts ! tpeil,rge. | tp.dl,rgedl tpedl,rge. tpedl,rgeptpe38, rges tp.35,

_ ; 24 24, & 24, 24, 22, rge .20,
CaCO3 73 73 RE 198 108 59
C 8 S 04 - - - - Me= -
Mgl 05 38 38 38 52 69 52
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Naocoz 129 § 119 129 1 106 . 125
Na2504 55 . 55 | 8l 61 | 49 43
NaCl 2,929 . 3,036 § 2,690 ; 2,863 é 3,531 3,861
Total solids 3,8402 3, 460 ; 3,120 , 3,200 . 3,866 4,460
Hardness 185 0 . 110 100 | 1m0 13

S

The similarity In these anlayses suggests a common source bed,
The distance between the Tramping lake 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 typical of wanter 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 egouth, and it is known that the rate of flow is a controlling
factor that grverns 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 Beds, whereas others are guite
different, The following analyses illustratetsome of the different types
of water from this formeation:

[ e * ; "

Se.sec. Ind,igent' SW.sec. NE.sec, %Se.sec. ‘NE.sec.' NW.sec.

11, tp. : Little : 24, tp. 36, tp. 26. tp., 36. tps 22. tp.

46, rge. Pine I.R. 46, rge. 43, rge..43, rge. 41, rgeq 42, rge.
Salts . 28 : .21 ¢ 18 i 18 I\ 24 23
CaCOs | 90 %0 . 40 i 75 . 8 75 - 125
CaS0, B - b= -
MeCO, o7 { 59 ' 18 38 ., 3 38 | 9T
Mgso, i o~ | .
Ne,ca, 217 | 32 - . 283 . 592 ; 120 , 196
NapSOy 1,644 | 777 2,518 | 225 . 522 | 61 1,541
NaCl 249 63 - 78 12 | 83 2,600 : Tl
Total solids|2,220 | 1,540 . 5,000 620 1,260 .3,120 1,900

| H 3 H N . -
Bardness [ 280 160 , 9750 1110 © 3 . 110 i 600

l H i ‘ .

i

The above chemical analyses show such a wide range in the
dissolved salts present in the different waters in the Ribstone 8reek
formation that they cannot be used for correlation purposes over a large
aTet o

Conclusions

(1) In most instances water from glacial drift is ouite
different from water from bedrock.

(2) Some of the bedrock ¥orizons carry waters that show definite
chemical characteristics,

(3) Most waters from glacial till carry total solids ambunting
. to between 1,000 andnn8,000 parts per million.



(4) Bedrock waters are commonly low in dissolved salts,
Exceptions to this are to be found in weter 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) Water from the Variegated Beds resembles that from the
Bearpaw formation,

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

(8) A1l soft waters contain sodium carbonate (Nazcog), which

is present in water from the Pale Beds and Ribstone Creek formations
but absent from the Bearpaw formation and Variegated Beds.
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WEST PART CF RURLL MUNICIPALITY OF NCRTH BATTLEFCRD, NC, 437,
SASKATCHEWAN

Physical Features

The higheett elevations in this municipality are in the
northeast corner, and the regional slope is toward North Saskatchevmn
River. Mostly the country is very gently rolling, with an abrupt
desoent in the north and a more gradual slope in the south to
river level, 150 to 200 feet below,.

Geologz

A few outorope of Lea Park shale occur on the river bank
south and east of North Rattleford and near the mouth of Jackfish
River, Elsewhere bedrock is covered by a deposit of glacial till,
with & maximun thickness of probably more than 150 feet. To the
northeast of this municipality is a large terminal moraine in
front of which outwash deposits, sloping gradually to the southe
west, are buried in the drift, This outwash is now buried beneath
later glacial materials, which also contain a few sand and gravel
beds °

Water Supply

The main source of water is the outwash deposit that covers
part of this municipalitye. It consists mostly of sand and is
undoubtedly mixed with a considerable amount of clay, which, in
pleces, interfers with its permeability. Above it, in a few
places, are sand beds in the drift and these also have proved to
be commonly water-iearing, Below the drift is the Lea Fark shale,
In an outerop on the road from the bridge over North Saskatohewan
River to the Mental Horpital the Lea Park contains a poorly
defined sand bed, and may carry water, However, such sands are
believed to be rare in these shales, Undouhtedly also the westher=-
ed top of the shale might contain water in joints and orzcke, but
wells deep into the shales are not likely to find water, The
glacial drift in this area, therefore, is the only dependable
source of water supply.

Township 43, Renges 15 and 16, East of North Saskatchewsn
River. In these townships the land slopes gently from &n areo.
above an elevation of 1,900 feet to North Saskatchewan River at
an elevation of less than 1,550 feet, The entire surface is
covered with glacial materials to a depth, in places, of probably
a8 much as 150 feet. Most of the wells get their water from sand
or gravel beds in the drift. Below the drift is Lea Park shale,
and except for the upper weathered part where weter could be
retained in oracks and joints, deep drilling in the shale offers
no prospect of a water supply. In the upper part, however, a few
discontinuous sand beds might afford a poor supply, as seems
to be the case in the well, 150 feet deeép, on SE, ssc. 24, tp.
43, rge, 15, It is probable that the shale surface beneath the
drift slopes toward North Saskatchewan Valley, as welle in the
northeast part of this ares apparently strike the shale at higher
elevations than those in the soutlwest part, The sand and gravel
beds are irregularly distributed through the drift, and their
depth at any particular location cannot be predicted.




Township 44, Range 156, Most of this township has an elevation
varying only slightly from 1,850 feet, but the depths of the wells
reange from 18 to 90 feet. An examination of the well records
indicates, however, two fairly constant water-bearing zones in the
drift. The upper of these has an elevation of 1,760 to 1,780 feet,
and the lower zone, reached by four wells in widely separated parts
of the township, has an elewvation of 1,730 to 1,740 feet. Both
are evidently in outwash deposits in the drift, One well obtains
water from an horizon intermediate between the two zones, and three
wells encountered water-bearing sands above the upper limit of the
upper zone and, consequently, were not sunk to any lower level, It
is inferred that the two zones are fairly persirtent acuifers in
this township, The depth to the base of the drift is not known.

A well 65 feet deep on NF, section 18 reached gravel at an elewstion
of 1,732 feet, and another well, on SW. section 35, reached prob=-
ably the same gravel horlzon at 1,731 feet. It is not known how
thick the drift is below this gravel deposit. Prospects of obtain-
ing water in the underlying Les Park shale are not favourable,
although certain isolated but rather poor sand bodies are known in
the upper part; at greater depths no potable water can be expected.

Township 44, Ranges 16 and 17, East of North Saskatchewan
River, ~ Township 44, range 16, 1s comparatively Tlat, DUt We&T ol
Tt the surface slopes rather rapidly from an elewvation of 1,750
feet to less than 1,550 feet at North Saskatchewan River, Very
little uniformity in level can be ditcerned in the aquifers of
this area., It may be that the sand zone at an elevation of 1,760
to 1,780 feet in the range to the east is continued into this
area at the slightly lower elevation of 1,750 to 1,760 feet, and
that the lower zone at an elewation of 1,730 to 1,740 feet in the
area to the east 1s here at an elevation of 1,720 to 1,730 feet,
but thece zones are here much less clearly defined, and other
irregularities are apparent. Cne well, on SE. sec. 17, tp. 44,
rge. 16, at a depth of 108 feet or an elevation of 1,657 feet, is
believed to have reached the top of the Lea Park shale, but it
seems Improbable that any other wells in the area penetrated the
glacial drift, In this township, as in this whole municipality,
there is little prospect of obtaining water in the underlying
Lea Park shale,

Township 45, Range 15+ Several wells in this townehip
obtain water between elevations of 1,750 and 1,770 feet, as in
the tovmship to the south. This source evidently represents
a burled outwash depoeit in the glacial drift. A few wells get
water at higher elevations, and a few dry holes have been drilled,
Twe of the latter did not reach the outwash sand and gravel
“eposit in which they might have obtained water, and the third
mey have passed through the deposit into Lee Park shale without
encountering water, Evidenoce from the well records indicates,
therefore, that except for irregularly distributed sands found
everywhere in the glaocial drift, the best prospect for water in
this township is the outwash gravel and sand deposit. Because
this deposit was spread out by stream action in front of the ice
i% could not be expected to be of uniform composition, but its
persistence in this and the townships to the south is evidence of
its widespread nature.

" Township 45, Range 16. The outwash deposit in tp. 45,
rge, 15, persists Into this township between elevations of 1,720
and 1,780 feet. Here it appears to be considerably thicker than
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in the areas to the east, but about as thick as the two zobnes in

tp. 44, rgo. 15. This if cuite in harmony with the northwest

and southeast trend for deposits of this kind, sand here as to the
csoutheast the deposit can be grouped roughly into a lower zone
between elevations of 1,720 to 1,740 feet and an upper zone between
1,760 and 1,780 feet, A few wells, as in the area to the southeast,
have also found water between these zones. This deposit, then, is
the main source of water supply for the area, and such other wells
af do not reach it obtain water from irregularly distributed sand
bodies in the drift. It is ocuite probable that the outwssh deposit
is mixed with large amounts of clay, and that only the more porous
parts yleld water in any quantity. This would serve to explain

the variability in the elewations at which the individusl wells
found water.

Tovmship 45, Range 17, East of North Saskatchewsn River.
The land in this township slopes gently to the vnlley of North
Saskatchewan River, where there is an abrupt drop from an eleva=-
tion of 1,700 feet to less than 1,55€ feet. It may be that the
outwe ch deposit present to the east slopes rapidly and Alsappears
westward, as in this area it seems to occupy a zone between 1,690
and 1,730 feet in elewvation. All wells of which records are
available, except one on the river bank, obtain their water
within this zone, so that it forms probebly the only source of
weter present in this area. Here, as elsewhere, the Lea Park
shales underlying the drift offer little prospect for a further
water supply.




» g — - - - - — e
AR SRS MRS SR R A & i
er—— ——— - —— l!.l._lll _
!
[SORRSESPIUS— S— h.. S— sl _
| SR Salls AR t—t—t— L L L
l..|||.| ? — TH[ | . —— n_ ﬂ ——
% A B age a8 | OV | 0ouz 0% 891 0008 | 984T |
o8 | 8eT 098 64TT| 66% | 0087 [99b | YT B3s| o¥ez | a9t |
1ot 080 - O [SeTT| WY | 985 4U00Y (060 oS [ OVET
O e TR T T [VIY [ e Oty | Oo0at et |¥8T ke8| o%et [e9it |
| TSR 0T8T [ 00TR [O1 |18 (99T (423|901 (648 0848 | GiiT
WY %,.EH,._._-vh 0BT [O¥S | 16 [TOT¥ 0G5 €GT (998 Oves | 999
- S = G .t ; —
k., -10% | fos2en | €302=x | NosoR | Cooow "ogeg $oguy lsseuprey |ATY |10 *mom. ®N | ? | 99| spryos [reymmby
._“ SECT394[QE00 powasSst U -II.,:&._ ™o, PeSA{PUT s® Cquensj4suoQ ey ik A4 ST

o

.\ a = e m\ﬂ..#‘,

S




3308 w 981800 Te8T SI | | 98T aﬁ

= i 08T 08 QL Vo od
M “ LOLT 9vT SLLT o8- gesT ;
jueyorijng *g°d ye8T O 3681 28~ _wuoﬁ_ C
™ " *‘s°a ki o¥LT 83 eyuat . - 93T - 5 C.n.hH
A1ddns pe3iwlT ‘S ‘ed . pueg o-nuoo 899T OF 2891 gg- - 8041
A1ddns Io00d °s°d PIsH  Ae1D enld 98¢T 81 6931 gT= 09T
*osn }0038 J0J deep ST 555 P
11ea ‘4L1ddng pe3jwil °q pieH pues [eIo8Tp 6OBT &2 1181 e3~ 88T
*pueg uy deep ,S¢ :
11eA ‘4A1ddng pe3twil °S *ef proH 4Lw(o Apueg 9841 B8 1841 ge- . LT
i JUsIOTIIUEG “ 3JOg puesg 9simed 08T 91 3181 8 - ogst
. “u o u $TI6T 98 . 9EBT V- 04817
UL J0T3JNS “ ATV w pues 238T 98 ~ gTel
AeT) enid uy eT0H 41 8161
jualoiing °'s°'a ‘o4 ., DPUBS MOTI®X GuuT 4LIT gest 09~ 2681
A1ddns Xo0d ‘S ATV » pues ¥SL4T 0SS $08T - 061
quUajotIIng " il { 19avap 9891 6v1 T84T ve- gestT
pesatuylT °*g°d " Ae1o Apuegs gGELT 2¢ 6841 83~ LT 8¢
J1UTOTJINS “ *od u u 2s4T 08 LyL1 g9~ 2181 08
L1ddne x004 °S *XIV « pues %291 91 4291 - o o%9T 91
U 103 IJINS " u pues euld 6997 02 6991 02= 69917 93
Pa3TuET " « ToARId TeloBID 24T o1 PeLl - 8viT 81
u ™ PIBH puss oLfd 9T8T 09, o8l g9- 9481 09
JULTOTFINS ” & 4 - IAT S00% 984T 8- $I8T 00T poJo
£1ddns xoog “ e w u ¥OOT 0% 09T, 02= 9391 28 _»m e
pes T “ *NTV  TeABJd TRIOETD 9690T 81 099T 9T~ 9491 81 nyn
swLIoTIng °s°d PIBH 4870 enid ¥99T 93 29T %I~ 6891 93, qoaon
Te4eT eoujang it
2 ; x3nd 81 LR u0Z JIO0H wog (=) ubﬂom TIo8
| e3IewRY ¥ DPIOTA JO38A 34 sA0qY P ol

orun 103
03 esf =-0wVIRYYD

| .:ﬁw»ﬂrmwn |




8. "Bddns pestuyT
AUSTOTIINE
“+70ABID UT .23 TIOM POOD

g Pe3TuIT
! A1ddns pood
o FuRTOTIING

: =
S peaTwyl
oT0H Axd » poon

‘486 _
'y hdmmzn J00d

V$0T TISA poOD

B 1 (a9

‘frddns poopd

&

A1ddns Jood

queYOTInE

JuejoTIIng

_ - 2
3I9 10138

e
£1ddns pesjury
R e A

% :

‘s

"..) 5 3

.
w0

w

,Ah, “

st T T EEXrETmE Bgie

a

m

‘a

o i

LR A e
u 98JBOD

ATV »
PIBH
“ " ;
*3IV pdeH
1308
HTY w :

L . : »

puus
puse eujd

1ea8Id SUTL

4
euld
PIWEH
ﬂ.ﬁom T .t .
A = ) =
pues sujld

Lol
Cw enld

®
L - 3

R "
unmn euUTY

. o w puss Joulg
 TeAmI3 TETORTD

oy

eTwys Jo dog .

‘9341

oLt
6491
yaLl
0891

eeot

Se9T

384T,

8641
0491
2991
6841
LS9T

8Lt
084T
. 094T
»: SLAT
8691

gIeT

ﬁnrd

cnwhm:

£ bobﬂ

T84T

¥e
0s
00T,
09
ce
83T
a9
v
09
oy
ov

82

801

a9 -

88
qgT

08

_;uie
_;nwﬁ

*on

un
g8
aéa

0841
8vLT

6841
8897
- 8991
iﬂﬂ@ﬂ
© 884T
- 984T

0891
2891
yeLT
G491
0641

T
g
484T

mw

8'
ey~

i 3'

e~

o1t~

29~
oy~
68~

g~

1=

06~
08~
A el

ﬂnnﬁ

n.ba_‘«ua-;. 9881

uasﬂ

0841
0841
GLLT
¥8LT
STLT
8441
004

864

- e1e
0T4T

2691
1641

8oLT
ovat
‘eest
et
_ anoa

mbba

| -faw'_'g:fs:és

2 33‘38 o3

¥

9
e
]

TBrreerzrerr:

R

HEErEr

o

®r WrerecretrEEresze:

:C{yfiiitg;ttttttt

3 TN
3¢°A'S
83°AN
82°A'N
8e°y's
92°A'S

9218
QAN
§ET
zza'N

03*&°N

b.ﬁo.,ﬂna}. b

AN

A%
ST'A'S
- LT°q°8

2w

A -
g 4
g s 1 3c




ol et =

s L

L .

R e o e

102 219 TeaBa?
enid uyl e[oH Liq
182 TTeM Uy J8jel
£810 enidg uy oTO0H 4Laqg

JusloTring
u PooH
L1ddns Jo00g

L]
o
JueioTzing
i
L1ddns umoo
JusioTIing

" “
£L1ddns poon
‘e Ys

uy A1qyssod eToH Lxq

4 u DOOH
A1ddns X004

uy I9194

A1ddns 1003
Pa3 TwT ]

PoOD

Pe3 Tyl
i

L] -
£1ddns poon
*aTqnoIsy
A1ddns pesjuyg
JUBTOTIINgG
pPe3Tuwl]

JueToTJing
»Hmmun uoaﬂmaq

pe3 Twyl
usiorzing

*E T CE BT =TT E

‘s*'d

Om.a

*s°a

ATy

“
‘ed
ATV “
"
COh u
3 M
]
ALY .
PIBH
LY
pavg
ALY
PaIBsH
‘el
"
PJIBH
L W
OOh @l-
“ "
ATV pasy
.a u
~ PIWH
*XIV pdeH
3Josg
PI®H
*ATY paeH
P “
u
*Xlv DpawH

L8100 anig
puss 8sJIw0)
AeTo enig
Mﬂuu L 't
®T0 anig

» QuUld

u 98I80)

s 9371Um
puws 3sI90)

Ae1o TETORTD
19ABIF % pues

T19ABIZ @68JI8OYH

L]
pues wmam
[3ABIZ % puws
puss % [eAslDd

" 1]
19ARI3 TeTORlD

eamn on“h
£wyo ‘TeTORTYH

e . u
TeaRI3 THTORTH

puss oujy

TeAsI3 TeTORTH
pues oujld
Le1o Apueg

8T4T
9241
6041
LeLT
9e4T
T84T
oPLT
TT4T
g081

1381
¥8L1

yo8T
618T

0441
9¥8l
0841
S¥81l
0841
TéLt
89LT

884l
9941
£eet

004T
8491
8C4T

il
084t
0eLT

08
00T
08
a2

oy
oy
08

ee
0¥

34
04

00T
(4"
g9
{5101 §
84
sS4

20T
28
£s

L4
g4

99
92
e

2 ZA

64T
984T
2841
8G4T
T64T
g28T

6281
8841

1981

0441
S¥8l
0841
1881
eLLY
YLLT
6941

4841

0LLT

G041
0891
0ov4l

B8S4T
e84t
SesLl

08~

08~
og-
gg-
8z~
0%~
o8-

ge~
9c-

00T~

e9-
09-

S&4-
SL-

L6~
wb'

Gg~
T~
=

as-
nm..l
og-

66LT
9381
6841
6SLT
9841
164T
984T
T84T
3 4518

141518
¥281

S381
$061
6881

1061

ge61l
0481
8481
£¥8T
%81

6vel
98l

41018
eveT
9881

0S4T
2691
018t

30181
984T
8941

08

40T

44
w
08

e

T4
41 4
%

STt
08T
£0T
ge
99
20T
08

20T
4]

1 48
g4

34
92

ge

poJod

peog
pedog

i e s ,égg.i,“‘

wrerecee t_tfﬁ

wr
~

til

s &

E A

EEeEE BE

®

ek




B ekl s e e

-

juatofginsg
Arddns Jood

482 *3U81013JINS
TIeA Jeyjous juelojjing
*LetQ enTd uy o10H 4Lxq

4 ¢ -
A1ddns J004

“
“
JUSTOTIING

L1ddns xo00d

“
JUsTOTIING
A1ddns pood
: 1UeIoTIINS
s9T TTIOA J8y3ouw
“
“

1UaTOTIING

.q

» T

a
‘S
‘a

u
*s°a
‘s

“
NG
‘a

*g°a

‘0d u . Y
puss
M o moTIe4L eulryd
‘XTV “ puss
“ puss sutd
PIRH TOABIS TBIORID
u “ puss esJI80)
*XTV PJI®H pueg
“ 19ARIY
‘ol puus 98J80)
" “ 1e1Ie30w Lpues
M i u 98JBOQ0
*XIV pI®H puws enid
LS AeTo % pues
b “ " “
ATV W “ 5
PIBH “ autd
‘o puBs @8JIV0D
‘HAIY 18A8BIDH
‘0 pues oull
i =
ATY pavl w 98J80D
3J0S pues suld
A1V w i
PIBH puss @sJIwod

23241 0¢

£04T 0S
44l 33
9041 81
L69T 22
8%4T 61
2691 OV

- 869T S€
- 969T OF

0e4T 02
46917 0§
38ST 9¢

$68T OF
96417 61
8¥4l G2
e4LT LT
6341 09
S4ul S€
924T B89
984T OF
GoLT ¥C
8e41 01"
GeLT 68
8441 9T

- g2~

Test

ee4l
8T4T
8041
204t

8981

6941
8441
9€4T

894
884

a3~

08~
03~
et~
L=

so=

03~-
ge-
09~

os-
o%e

84T

€841
6841
¥241
8T4T
4941
2241
eTLt
veLt
9€4T
0941
I3 A8
8881

ye61
GLLT
eLLT
0641
68LT
018t
9641
9641
8641
894T
$9LT
S84LT

werzre e s £ T W'Ws P ;tm;‘
& ikt

O*’ﬂgﬁﬁﬂpja@qm’-ﬁﬂﬂ!

. saeti8, 00

*ji;gﬂ’F "Dif?

-
»
™
“

-
-
L
“
o
»
§

1%

by
¥



	wp_243_c
	wp_243_t

