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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 township
66 in western Saskatchewan.

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 allmline, 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=-besring sands, In
investigations for o0il 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 Alberts, 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 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 aneroid barometer and are, consequently, only approximate. In
spite 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 . Watren of the University of Alberta, C. H, Crickmay of
Vencouver, and C, O, Hage, until recently a member of the Geologlcal
Survey. The oil and gas investigations of which these water records are
e part were undertaken under the general supervision of G. S. Hume,

Jublication of Results

The essentlal information pertaining to ground-water conditions
is being issued in reports,that in Saskeatchewan cover each munilcipality,
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 Alberte will be
supplied with the information covering that municipality. Coples of the
reports will also be available for study at offices of the Provincial
and Federal GGovermment 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.



How to Use the Report

Anyone desiring informetion concering ground water in any
perticular.. 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., Thhk 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 48 uwneven, 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 subtrrating 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 thc elewation of the wells and the
elevation of the water~bearing bed or beds in each well are given in
the well record tables, Where vwater 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
thet provided on bedrock formations, pages 4 to &, which describes
these formations and gives their thickness and sequence. Where the
level of the water~bearing rand is kmown, 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 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
8ll wells for which records are available, the class of well at ea.ch
location, and the contour line or lines of equal surface elevation.
The elevetion at any location can thus be roughly judged from the nearest
contour line, and the records of the wells show at what levels water
1s 1likely 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 CF TERMS USED

Alkaline. 1The term "aZkaline" 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 smount of scdium sulphate and magnesium sulphate,
the princlpal constituents of Glavberis salt and Epsom salts respectively.
Most of the so called a’'mline waters are more correctly termed sulphate
waters, mgny of which may be used for stocc without i1l effect. Water
that 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.,

Aguifer 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 channel carved into
bedrock by a stresm before the advance of the conbinental 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
consolidated deposits of gravel, sand, silt, clay, and marl that are
older than the glacial drift,

Goal Seam, 'The same a6 & coal bed. A deposit of ocarbonaceous
material formed from the remains of plants by partial decomposition and
burisl,



—3.1

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 Canade many thousands of years ago.,

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

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

Glacial Drift., The loose, uncom#olidated 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
areas where the glacial drift is very thin and the surface uneven),

(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 Qubwash., Sand and gravel plains or deltas formed
by streams that issued from the continental ice~sheet,

(4) Glacial Iake Deposits, Sand and-cliyiplains formmd in
glacial lakes during the retreat of the ice-iheet,

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 Impermesble., Beds, such as fine claye or
shale, 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 Iand Surface, The surface of the land before it
was 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 groumd 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 ih 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
(2) P
not rise to the surface,

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

table,

BEDRQCK FORMATICNS OF WEST-CENTR/.L SASKATCHEY.N AND E.ST-CENTR/.L ALBERTA

The formations that outerop in west-central Saskatchewan are
an extension of similar formations th=at occur in east-central Alberte.
They are of Upper Cretaceious age, and consist 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 Iake

Grizaly Bear

Ribstone Creek

Lea. Park

Character

Grey to white, bentonitic sands and
sandstones 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 ¥%hose in Pale Beds ;
shales at certain Horizons contain
lobster claw nodules and marine fossils;
at other horizons are abundant selenite
crystdls.,.

Light grey sands with bentonite; soft, dark
grey and light grey shales with selenite
and ironstone; carbonaceous shales and
coal seams; abundant celenite crystals
in certain layers.

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

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

Grey sands and sandstones at the top and
bottom, with intermediate sands 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 ironstones a sand T0 feet thick 110 feest
below the top of the formation in the Rib~
stone area, Alberta,

Edmonton Formation

The succession, character, and estimeted thickmess

Thickness

Teet
1,000 to
1,150

300 to 6096
thins
rapidly to
the north-
west

950 to 1,070
in Czar-~Tit
“Hills ares;
may be thin-
ner elsewhere

100 in west,
but less to

east and
south

" Maximum, 100

Meximum, 325
at Vking;
thins sast-
ward

058 to 1,100

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

adjoining areas.
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follows & northwest line from Coronation through Tofield to 2o point
on North Saskatchewan River about midway between Edmonton and Fort
Sa.skntchewan. No Edmonton beds occur northeast of this line, butb
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 thet
contain clay and a white material lmown as bentonite. This materilal
when wet is very sticky and swells greatly im volume, and when dry
tends 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 formstion, 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, gs the water from the shallow surface deposits, may be "“hard",
The basal beds of the Edmonton formation usually wontain fresh water,
but this may become brackish locally where the underlying Bearpaw beds
-conteln highly alkaline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formation is thickest,
the beds composing it are mainly shales that 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 aress, 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 jmmediately north of township 32 the Rearpaw
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 Saskstchewan, Bearpaw beds form the
main bedrock deposits of the Neutral Hills. PFarther 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 Bearpaw
and the overlying and underlying formations 1s indefinite, and the
thickness of beds of Bearpew 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 Sosknatohewan, Bearpaw beds occur southeast of Maclin and
south of Luseland and Kerrobert. Only the basal beds are present, and
these contein green sands that are commonly water-bearing.

Pale and Varlegated Beds

Underlying the Bearpaw formation is a succession of beatenitio
sands, shales, and sandy shales containing a few coal seéams,., The upper
part of this succession, due to the ber mnitic content, is commonly
light coloured and has been described a. the Pale Beds, whereas the lower
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rert is darker, and is known as Variegated Beds., In part, dark shales
are present in both Pale and Variegated Beds; others are greenish, grey,
brown, end 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 irounstone, commonly dark reddish, but in part purplish,
Selenite (gypsum) oryst-le are, in places, abundant in the shales.

The best sections of Pnle Beds exposed in the region are
in the Tit Hills, southwest of GCzar. 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 totel thickness of Pale and Variegated
Beds in the Tit Hills area is about 970 feet. Variegated'Beds outecrop
rear Hawkins on the Canadlan National Railwaey 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 do not, in genersl, indicate lateral persistence of sands 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 nmumerous, few wells fall to obtein water. In the
Cadogan ares many flowing wells have been obtained from sands about midway
in the succession, In western Saskatohewan Paleland Varlegasted Beds occur
over a wide area from Maclin and Kerrobert northeast through Wilkie to the
Eagle Hills, south of Battleford. Numerous outerops occur in the area
south of Unity at Muddy lake, but south and east around Blggar these beds
are almost wholly concealed by glaciel drift,

The water from the sands of the Pale and Variegated Beds
is generally soft. The supply, apparently, is dependent in part on the
eize 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 water-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, although this is commonly
persistent and regular,

Birch Iake Formation

The Biroch leke formation underlies the Variegated Beds,
but in meny areas the division is not sharp. The type area of the
formation is elong the north shore of Biroch leke south of Innisfree,
where a seotion 65 feet thick, composed mostly of sand, is exposed. The
total thickmess 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 a road cut in a section
73 feet thick on the east side of Buffalo Coulée in sec. 3, tp., 47, rge. 7,
We 4th mer. In both upper and lower parts of the formation the sand is
commonly massive and outerops tend to consolidate into hard, nodular masses
from e 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 outorops.
In fact, in some areas the sand may be traced along the side of a hill by
the presence of small eprings or modular masses of sandstone,

The Birch Leke formation occurs urder the drift and in
outerops in a large area south of North Saskatchewaxr. 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 feff 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 mear Edgerton and Chauvin is underlain by the Biroh
lake formation and that it extends southeastward into Saslstohewan aroumd
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 o 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 is no apparent uniformity in the character of
the water, which is either hard cr soft in different wells in the same
genernl area, Direct conbach with surfac~ vabers that ¢ ntein caleium
sulphetes 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 inbto the well, and hence into the deeper,
soft water producing sends., In part this accounts for the change in
character of the witer in a well, a feature that has been noticed by
manyg well owners, '

Grizzly Bear Formation

The type locality for the Grizzly Bear formation,
which underlies the Birch Laeke 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 water. At the mouth of Grizzly Bear Coulée two shale sectionms,
each about 100 feet thick, are separated by a zone of thin sand beds.
It is now pecognized that the upper section is the Grizzly Bear shale,
and that the lower omne, very similar in character and also deposited in
sea weter, 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,
end is believed to yleld water in various wells. Qther *hinm sands, in
places water~bearing, are also present, The impervious nature of the
Grizzly Bear shales makes the overlying Birch lake sand a strong acquifer,
a8 water collects in the sand abcr> the shale, The contact of the Birch
Leke and Grizzly Bear formations can be traced in some places by the
ocecurrence of springs iscuing from the base of the Birch Lake sand even
where this is not exposed.

Grlzzly Bear sha’es occur in a road cut on the south
slde of Battle River near the highway bridge et Fabyan. The shales
In this area are about 1C0 feet 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 esstward 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 underlles a large area in east-central Alberta extending into
Se.skatehewan mainly in the area south of Battle River,

Ribstone Creek Formation

The type area of the Ribstone Creek formation 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, Tae 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 distance from the river, there is a
12 foot zone of ocarbomaceous 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 sea water, that is,
they are marine sheles. These marine shales in turn are overlain by a
sandy zone about 20 feet thick contanining oysters in the basal part.
This sandy zone 1is the upper sand member of the Ribstone Creek formation.
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It thickens to the east and west from the Grizzly Bear aren but is
probably at no place much more than 50 feet thick.

The lower sand member of the Ribstone Creek formatiom
also varles 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 shnle beds in the central part of
the formation as exposed at’ the mouth of Grizzly Bear Coulée. In the
Wainwright area, where the formation has been drilled in deep wells,
the basal sand is 60 feet thick, with the central part composed of
shale containing send streaks. The upper sand member is about 20 feet
thick in this erea. The total thickness of the formation in the e
Wairnwright area is 180 to 200 feet, but this increases to the west and
in the Tiking area exceeds %00 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 Sasketchewan
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
formation. 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 outlined, water may be obtained in this formation by drilling
through $he younger beds that overlie its The Rlbstone Creek sands
are a prolific source of water in many places and hence the distributinn
of this formatlon is of considerable sconomic 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 may be in any part of the formation, although the upper and
lower sands are perhaps the better aquifiers, To the east of Alberte,
along Battle River and Big Coulée in Saskatchewan, the Ribstone Creek
sands are marine., Marine conditions apparently become more prevelent
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 its identity
and its equivalents are shales in a marine succession.’

Iea Park Formation

The Lea Park formation is largely = 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 Lea Park consist of eilty 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
either in east~central Alberta or west-central Saskatchewan, 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 kmown, but as the strata in east-
central Alberta 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 ~equifer in that direction. PFarther northeast
water must be obtained 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 Iake and a
llarge area extending to and beyond Beaver River. In this area, however,
more h water streams are presemt tham farther south, and bush lawds
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help to retain the surface wikters, The area northeast of North
Sa.skatchewan River in Saskatchewsn is almost wholly wlthin 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 acsikt’in middng corrdlations .0f-the. . =-
strats in whtich the waters occur. Although this was the main
objective of the analyses, it massalso realized that a knowledge of
the mineral content of the water is of interest &end value to the
consumer, The anslyses 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 Yo the reservoir bed. The
mineral salts present are referred to as the total dissolved solids,
and they represent the redldue when the water is completely evaporated.
This is expressed -quantitetively 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
"radicels", and these are expressed as such in the chemical analyses.
In the one group is included the metellic elements of ocalcium (Ca),
magnesium (Mg), end sodium (Na), and in the other group are the
sulphate (S04}, ohloride (C1), and carbomate (CC3): radicals.

The apalyses indicate only the amounts of the previously
mentioned radicals, thus neglecting any silica, alumina, potash,
or iron that may be present. It wlll be noticed that in most instances
the total solids are accounted for by the sum total of the radicals as
shown by the analyses, Actually, the residue when the water is
oompletely 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, TThese radicals are also
"oaloulated in assumed combinations" to indicate the theoretical amounts
of different salts present in the water. The same method was followed
In each analysis, so that the table presents a consistent record of
the different compounds present.

Mineral €onstituents Present

- Calcium, Caleium (Ca) in the water comes from mineral
particles present in the surface deposits, the chlef source being
limestone, gypsum, and dolomite. Fossil shedls provide a source of
calcium, as does also the decomposition of igneous rocks, The common
compounds of calcium are ~sgmlcium carbomate %gacos) and calcium
sulphate (CaS04),

Magnesium, Megnesium (Mg) 18 a common constituent of many
igneous rocks and, therefore, very prevalent in ground water. Dolomite,
a carbonate 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 if present in large amounts.

Sodium, Sodium (Na) is derived from a number of the important
rock=~form{ng minerals, so that sodium sufiphate and carbonate are very
common in ground weters. Sodium sulphate (NapSO) oombines with water
to form "Glauber'!s salt" and excessive amounts makktthe water unsuitable
for drirking purposes, Sodium carbomste {NazC0z) or "black alkali™
waters are mostly soft, the degree of softness 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
sre unsuitable for irrigation purposes~. Sodium sulphate is less

L
"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 (alkaline carbonates and bicarbonates)"
Frank Dixey in "A Practical Handbook of Water Supply", Thos. Murby
& Co., 1931, p. 254,

harmful.

Sulphates. The sulphate (S0,) salts referred to in these
analyses are calcium sulphate (6&804), magnesium sulphate (MpE80,),
and sodium sulphate (NapSO4).

Chloride, Chlorine (Cl) is with a few exceptioms, expressed
as sodium chloride (NeCl), thet is, common teble 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,.

Alkalinity, The alkelinity determined in these water
annlyses is based on the assumpbion that the only salts present in
the samples that will neutralize acids are carbonates, and that,
consequently, the degree of alkalinity is proportional to the amount
of the carbonate radical (COz) present.

Hordness, The hardness of water is the total hardness, and
has been determined by the amount of a standard soap solution wequired
to form e lather that will stend up (persist) for 2 minutes, Hardness
is of two kinds, temporary and permanent. Temporary hardness is
caused by caleium and magnesium blcarbonates, which are soluble in
water but are precipitatéd as insoluble normal carbonates by boiling,
as shown by the scale that forms in tesakettles, Permanent hardness
1s 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 aoccording to the following system :

< .
The"Examination of Waters and Water Supplies", Thresh & Beale,
pagé 21, Fourthi™Rd. 1933 .

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

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

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

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

A wabter with more than 300 degrees of hardness may be saild to
be very hard.,

Hard waters are usually high in calcium carbonate, Almost
all of the waters from the ‘glacial drift are of this type, especially
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 known to be
present, Montmorillinite, ome of the clay-forming minerals, has the
same property of softening water, iwing to the absorbed sodium that
is available for chemical reaction™,

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 contsining bemtonite or
glanconite. The completeness of the exchange of cnleium carbonate
for sodium carbonate will, therefore, depend upon the length of time
that the water is in contact with the softendng reagent, and also
upon tvhe amount of this meterial present. The rate of movement of
undergpoundrwater will, consequentlyv, 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 woters, 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 TC 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 outwaneh 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.

Weter 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 water is calcium
carbonate, the amount precsent varying from 300 to 700 parts per million.

Water from burled outwash deposits contains more dissolved
salts than the surface sands, as the water in order to reach them has
to percolate through overlying till. Rain water conteins carbonic acid,
which aots as a solvent and dissolves a great deal of calcium, 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,
so that the amount of shale precfent wlll modify the quality of the water.
The oxidized upper part of the drift conbtains 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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Weter 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 deposit does not flow to eny marked extent,
1t is ept 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 carbonate.
Waters from glaciel lakcfclays are sbmetimes high in soluble salts,

The semple from a well in glacial lake clay on N.N. % cece 27, tpe
42, rge, 17, has 11,040 parts per million of soluble salts, largely’
magnesium sulphate and sodium sulphote. The sample from SE, 4 sece
13, tp. 42, rge. 16, which is believed to come from glecial lake
eilts, has o very different composition. The total solids in it
are only 440 parts per million, of which 250 are calcium carbonnte.
The great difference in these wnters is due to the high soluble salt
content that is ascocinted with the lake clays but absent in the
silts. Avernge drift water contains between 1,000 and 3,000 parts:
per million of dissolved mineral salts.

Bearpaw Formation

The Bearpaw formetion consists of dark marine shales ond
beds of green sand., Water from these sonds 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 somples,
due, perhaps, to the proximity of the water sands to the glacial
drift. Sodium sulphate is the chief salt present, followed by
calecium carbonate, magnesium sulphate, magnesium carbonate, and
sodium chloride in decreasing mmounts., These waters are distinguished
from the overlying drift waters by being relatively low in total
dissolved solids, and in containing no calcium sulphate and only
moderate amounts of sodium sulphate, magnesium sulphate, and magnesium
carbonate.,

Pale ngi

Pale Beds underlie the Bearpaw formation, Total solids in
waters from these beds vary from 700 to 1,300 parts per million. The
water 1s, in most instances, soft, as it contains sodium carbomate in
excess of calciun and magnesium carbonates, but when mixed with surface
water high in calecium carbomate, it will become hard. The high
concentration of sodium salts, especially sodium carbonate, in
contrast with the calcium and 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 typlcal of wateres from the Pale Beds:

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

D aRE L TN TN

Salts tpe.38, rge. 21 tp.39, rge. 25, tp.37, rge.24, tpe 38,rge.23
TaC0g 73 18 53 35
CaS0y ' ; : ; ;
MgCOz 52 14 45 38
MgS0, - - : ;
NeoC0g 297 679 464 562

NepS04 297 158 266 437




NeCl 31 45 8 130
Total solids 760 1,020 940 1,260
Haordness 100 20 i 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 great deal of similarity end suggest A& common horizon.

NW. sec, 21, g MW. secs 3, SE, sec. 28,
Selts tpedl,rge .26 : tpedl,rge.28 tped0,rge 28
CaC0x 250 3¢5 125
CaS0y ; - ‘ - -
MeCO3 " Tios | 80 155
1 MgS04 149 104 69
FasCOg - 5 - -
NapS0, 98 f 132 386
NeCl 12 E 12 18
Totalmsolids, 640 4 640 780
Hardness % 800 § 500 500

Ribstone Creek Formation

Chemical analyses of water from the Ribstone Creek formation wvary
more than in the Pale Beds, the reason being that at several different
horizons the sediments show considerable lateral variation, Th2 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 Lashburn,
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 cennot be made safely except
for the saline waters that occur in the flowing wells at Vers, Muddy lake,
and at the south end of Tramping lake. Analyses of these wa¥ers are given
in the following tabie:

o i SE.sec,25, ; SEe5ece22,] NEe56c.36,] SW,sec.7 {SE,sece30, : Si.seclO,

Salts ! tpedl,rge. tp.41;rge§§ tpedl,rges tpedl,rgeptpe38, rges tp.35,
24 24, | 24, 24, 22, ree o20,

CaC03 73 73 73 198 108 %

CaS°4 - - - - e ~

MeCOs 38 38 38 52 69 52
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Neoc03 129 ; 19 129 11 106 . 125
Na250, 55 . 85 . 6l . 61 | 49 43
NaCl 2,929 é 3,036 é 2,690 ; 2,863 é 3,551 | 3,861
Total solids 5,8405 3, 460 ; 3,120 . 3,200 3,860 J 4,460

| ! ] 130

Hardness 135 : 90 . 110 | 100 | 130

The similarity in these anlayses suggests a common source bed,
The distance between the Tramping Iake well and the Vera wells 1s about
40 miles. This water, which is thought to come from the basal sand of
the Ribstone Creek formation, is not typical of wnter 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 o more rapid movement of the underground water in this area than
farther csouth, and i1t 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 fram the Ribstone Creek formetion cannot
be distinguished from those of the Pale Deds, whereas others are oulte
different. The following analyses illustratetsome of the different types
of water from this formation:

- 1 H H o
. : ¥ : it
Se.sec. Ind.Agent’ SW.sec. NE.sec, iSe.sec. NE.sec. NW.sec.
11, tp.:Little ' 24, tp. 36, tp. :26. tp. 36. tp. 22, tp.
46, rgo. Pine I.R. 46, rge. 43, rge. 43, rge. 41, rgeq 42, rge,
Salts 28 ¢ . 21 i 18 i 18 i\ 24 . 23
CaCOgz ' %0 %0 . 410 < 73 8 ., T3 . 125
Cas0, P - - = . - i - -
Meco, o7 | 59 | 163 ° 3 . s 3 | 9f
MgSO, |, - | T
Ne,cag 217 | 392 = . 283 592 129 . 196
NagS0, 1,644 . 777 2,518 | 225 522 ! 61 1,541
. . : ) ; : It
NaCl 249 . 63 i 76 12 83 2,690 . Tl
Total solids;2,220 | 1,340 . 3,000 620 ‘1,280 3,120 11,900
I : . : & -
Hardness [ 280 160 |, 750 110 ¢ %% 110 i 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
aree «

Conclusions

(1) In most instances water from glacial drift is ouite
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 andn8,00C parte per million.
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(4) Bedrock waters are commonly low in dissolved salts,
Exoeptions to this are to be found in water from the Ribstone Creek
formation,

(5) Weter 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
Dearpaw 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) 41l soft waters contain sodium carbonate (Nazcos), which

is present in water from the Pale Beds and Ribstone Creek formations
" but abesent from the Dearpaw formetion and Variegated Beds,
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RURAL wUNICIPALITY CF MANITCU LAK:, NO. 442,
SASKATCHEWAN

Physical Features

Manitou Lake, with an elevetion of 1,971 feet, occupies
a large area in the southeast ccrner of this munieipality. Battle
River forms the northern boundary. It has rather steep southerly
banks, which in the northwest part rise 200 to 300 feet above the
river, but in the northeasterly part rise only 150 to 200 feet to
a terrace about 2 miles wide. &4t the south edge of the terrace is
a steep embankment 200 to 250 feet high., To the south and west of
Menitou Lake is an area of sand and sand dunes, evidently representing
a glacial lake deposit, Elsswhere, except in Battle River V:lley,
the municipality is mantled by boulder clay,

Geology

Lea Park shales occupy the lewer part ef Battle River
Valley and outcrops at a few places. High up on the valley sides
are a few outcreps of Ribstone Creck sandstones, Shales, believed
to be Grizzly Bear, outcrop at enly one place on NE, sec. 30, tp.
L6, rge. 25, Both Birch Lake sandstones and overlying Variegated
Beds are believed to underlie considerable areas of drift,

Water Supply

Most of the wells obtain water from sands and gravel in
the drift, which in this municipality varies in thickness up to
at least 150 feet and possibly considerably more in the higher
areas. Beneath the drift, as indicated above, are various formations
from Variegated Beds in the higher areas io Lea Park shales in
Battle River Valley. The main source ef water in deep wells
appecrs tc be sands in the Ribstone Creek formation., The deepest
ef these wells is 350 feet, but others that commence at lower
altitudes reach the same water-bearing beds at depths of 100 feet
or less, It is certuain that, except in those areas underlain by
only Lea Park shales, the Ribstone Creek sands are a potential
source of water f{or the whole municipality.

Township 43, Ranges 26, 27, and 28. A large area around the
south end and southwest of Manitou lake is covered with sand, and
is of no agricultural use, A well 157 feet deep at Artland, owned
by the Canadian National Railway, obtained a good supply ¢f water
at an elevation of 1,851 feet in sand presumably of Ribstone Creek
age, Another well, on NE. sec. 28, tp. 43, rge. 28, at a depth of
276 feet, or an elevation of 1,843 feet, ebtains soft water probably
from the same horizon, Still another well, on sec, 2A, tp. 43, rge.
28, 300 feet deep,or at an elevation of 1,744 feet, also yields soit
water, probably from a sand in the lower part of the Ribstone Creek
formation. All other wells produce from sand or gravel beds in the
glacial drift., One horizon, at an elevation of 1,980 to 1,990 feet,
appears to be fairly continuous, and undoubtedly will be water-
bearing over a much wider area than is now produecing,
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Township Ali, Range 26, One well in this township, on
NE. section 26, was drilled to a depth of 350 feet and found
water at an elevation of 1,895 feet, presumably in the Ribstone
Creek formation, but the sand was so fine that it plugged the
well casing. All other wells produce from glacial sand and
gravel deposits, mostly between elevations of 2,040 and 2,090
feet, but with exceptions both above and below these levels.
The depth to the base of the glacial drift is not known, but
all wells in the drift are above the level of Manitou Leke, at
an elevation of 1,971 feet, On NE, section 24 there is a dry
hole 190 feet deep. The bottom of this hole has an elevation
of 1,993 feet and, presumably, the well did not quite reach the
source of the spring on NE, section 18, which has an elevation
of 1,975 feet, It is not known from what type ef aquifer this
spring is derived, so that it is uncertain if it represents a
widespread water-bearing horizon., The probability is that if
the well had been drilled a very little deeper it would have
passed into Grizzly Bear shale, in which case it would have
been necessary to deepen it another 100 feet to the Ribstone
Creek sand encountered in the well on NE, section 26.

Township 44, Range 27. Three wells in this township
were drilled to sands in the Ribstone Creek fermation, but it
is not known that all produce from the same horizon. Two wells,
one 273 feet deep on SE, section 5, and the other 278 feet deep
on SE, section 6, encountered water at elevations of 1,835 and
1,820 feet respectively. The difference here in the elevation
of the water horizon may be due in part to the fact that they
were based on surface elevations that were taken by aneroid
barometer and are only anproximate, and also te inexact
information regarding the depths at which the water horizon was
encountered, It is almost certain, however, that both wells
produce from the same horizon. The other well, on NE. section
26, drilled to a depth of 260 feet, or an elevation of 1,872
feet, may produce from a higher aquifer not present in the other
wells, in that the water flowed, rising above 2,132 feet, the
surface elevation. It is impossible to explain this flow, as
the Ribstone Creek formation does not rise to this elevation
anywhere in this region., Several wells yield water from sand
and gravel beds in the glacial drift at elevations of 2,045 ke
2,075 feet, The depths te these beds at any particular location
cannot be predicted, but as they occur in considerable abundance
in the drift between these elevations, the chances of encountering
one or more in a well are rather good.

Township 44, Range 28, One well in this township, 105
feet deep, obtains soft water at a depth of 50 feet, or an
elevation of 1,846 feet, from a sand presumably of the Ribstone
Creek formation, Other, shallewer wells obtain water in what
are considered to be glacial sands, without showing any
uniformity of elevation that would characterize a continuous
aquifer, It is, thus, probable that wells in the glacial drift
in this township will obtain water at quite different elevations,
and it is certain that, where sufficient water cannot be found
in the drift, wells drilled to the Ribstone Creek sands will find
water,

Township 45, Range 26, All wells in this township of whiseh
records are available obtain their water supply from sand and
gravel deposits in the glacial drift, The supply is not ‘always
good, and the aquifers show a very considerable range in elevation
in respect to the relatively flat prairie country. Deeper wells in
the drift would undoubtedly find further supplies, and drilling into
the Ribstone Creek sands, which should be reached at an elevation of
about 1,876 to 1,890 feet, should encounter still more water,
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Township 45, Ranges 27 and 28, Seutheast ef Battle River.

At least three wells in this area have reached sands in the Ribstons
Creek formation, One of these, on NE. sec. 8, tp. 45, rge. 27,
drilled to a depth of 210 feet, obtained soft water at an
elevation of 1,902 feet, but the sand was se fine it plugged the
well. The other two wells are close together, and from what is
known of the structure are believed to be slightly lower
stratigraphically than the first well, They are on SW, and NW.
sec, 2, tp.45, rge, 28, and encountered the water-bearing
Ribstone Creck sands at elevations of 1,873 and 1,886 feet
respectively, All wells in the drift encountered sand beds at
various levels, and one well, 125 fect deep on NE, section 1li,
bottomed in glacial clay without encountering water. This well
would have to be drilled to a depth of about 285 feet to reach
the Ribstone Creek sands productive in sec. 2, tp. 45, rge. 28,
but at that level would undoubtedly find a good supply ef water,

Township 46, Range 25, and Tewnship 47, Range 25, South
of Battle River, A well-marked emhankment 250 te 300 feet high
in the north of township 46 slepes from the higher prairie level
to a terrace that, in turn, is bounded on the north by the steep
slope of Battle River Valley. In a road-cut on sec. 31, tp. 46,
rge, 25, there is a poor eutcrop ef what is believed to be Grizzly
Bear shale, The edge of this formation evidently follows around on
the face eof the embankment, and the terrace below is presumably
underlain Wy the Ribstone Creek formation, with Lea Park shales in
Battle River Vglley.

So far as known, all wells en the prairie level above the
terrace obtain water from sands ef galcial origin. The aquifers show
no uniformity of level, which means that each is a small deposit in
the drift without any considercble lateral extent. On the terrace,

however, several wells reach the sands of the Ribstone Creek formation
and obtain water at an elevation of about 1,870 feet, A few walls
also obtuin water from sands at slightly lower elevations, but it is
by no means certain that these are all Ribstone Creek sands. It
would seem that the upper Ribstone Creek sand may have been ereded,
prior to glacial deposition, by a streszm valley immediately in front
of and parallel to the terrace embankment, but that it was not
removed in an area between this pre-glacial valley and the valley

of Battle River where it now has been encountered in a few wells.

It is certain, however, that water'will occur in Ribstone Creek
sands everywhere in tp. 46, rge. 25, but ewing to the elevation of
the surface the wells would be 300 to 400 feet deep.

Townshin 46, Ranges 26 and 27, and Township 47, Range 26,
geutheast of Battle River, In this area a few wells penetrate the
drift te the underlyipg formations, but most of the water, especially
in tp. L6, rge, 26, is obtained from glacial gravels and sands., These
aquifers show no uniformity of level, and are prebably small,iselatee
depesits that cannot be anticipated at any definite level in any
particular well, A well in NE, sec, 2, tp. 47, rge, 26, evidently
reached the Ribstone Creek sands at a depth of 90 feet, or an
elevation of 1,839 feet, This is apparently a lower sand than that
which ylelds water in some of the wells to the east. In tp. 46,
rge, 27, three wells, on SE, sec. 13, SE, sec. lk4, and NE. sec, 25,
cbtain water at elevations of 1,940, 1,955, and 1,937 feet
respectively, suggesting a formational aquifer weneath the drift,

The elevations seem high, however, for Ribstone Creek sands, and
possibly in this area there is a sand in the overlying Grizzly Bear
shale, The alternative explanation is that the wells are in sands
in the drift,




h |
!
LS o) 33”..2_ 98 | TE2T OfT 49T
09 euo 4
OOTLTAA N | ¢ €T . 4L
T®1oery 41 €E€T el 187
X03IH eucysary 0 99¢T 9T 44
Ov OfIT . 20f 0T .
ITID TET9%79 19 PSTT ALY . 28
88y euoysqTy | £¢ el 68F 8¢t
3JTIP T®II:ETY Q2 982 | 464 . LSE
Yeed) sucisqry 16 (28 ' ggs es -,
8 90T I %9 69
" u ve . S¥T . 099 143
¥eexp euolsqry ZQT 6% @ g4e £8
== e 3 rl.l'- - iz _
101 2% ° T ¢ ¥ os 4 |
w. 10§ G e * .. .H,IO.: : 1
NVMAHOLYISVS ‘Zvy "ON ‘@IVT QOIINVR .

i | m | |
“ | m faced |
! | m e h
g e | | o7 w
ot e b |
| | Li
“ m |
| : M
_ et ok |
| 26 06y gy | €6 008t 06 | 92 (iviz am ' og
(6ET 92 LS 62T 089 98 | S2 4y iz MS ! 6L
| 9£€ 0§ 1SS | 22y 08l <9 2 9y S2 AN T
. £26 zes Ty | 64 ' o2¢r1 | 42 |9y iET as | 4
| 00T m mm ) 64T oomaucau uw 42 9% (v a8 | 9L
- T60T: eed ocee | g9 | wm 9% 82 38 | 9L
§8v v L0 over | mmﬁ | 82 Sy |2 MS | 2.
| Jeotkor T9T. {of] oOvez | . N Sy ‘zr ES | T4
| Ice 28t ST & ' QZOT | y» .S 98 $9
€T L€ €€ | LOT OfS | M | vy (82 38 . €/
ma e 16 ' YU 094 _o i1 _mv 82 EN | £9
€ Toz v2 | € 089  OTE | mm €y (92 @S | 29
3 —t - - " — < .l_.w g =3 lm =y = _..-. — :H.n..ﬁ.l.i!lllr
@ S | BN {3 .m SPIT 13293 ] h,, { AL ,m..l -] __.
St SRR ST P T 1 | : : :
g e L sy .4 Fe e |
ot il e labo st = 7.1 4 (RASET SIS S B x



(SUPTRATY ="XT¥ UOIT -T84 00AG -°f OT36PWOJ ~*Q JOTT0E- -°Q +°%

£1adns pooy i IR maeal vero®s L4402 08 L0132 0o- L9132 08 " A SE 'y i
pPa3TuIT % ELAS Puss - 5308 08 7608 gL~ 6912 08 M AR L 0LS°i°S o1
*E95 sucs "3Us 1014408 o R €802 O0€T 9303 e0T= .~ &912 - 0et “ P 83°A°'N 21
Atddns pooug o *82 DIBH  puws enld 8.07  ©0 16182 oG- 1812 SOt PO 92°4°S IT
I93BA JJO NS PpuUBS BUly ¥ 3 059D SUMSQTY ' 33T 0IQ e112 00T- CT22 08¢ PpoelITxd " o 92°A°N 01
A1dans pejruyT ‘*oeu pPIBH puBs 0ZIZ 09 - 8818 gg- 0812 09 40 QR K Y2'U°N 6
*3984 06T 38 2a10n -
A1Q xeqjouy *e{oH A1g 18ARIL Q0TS 6L €813 G POIOR " R WiR e
JUSTOTIING *3°q o« 4 Teaes? Terow(n (802 0G 9603 - o¥12 0¢ i G ST A L 8
<8384 Jo00d .._“.Hmuh. W ‘ol " paBg 680¢ 99 G212 g8 “ a “ “ G2*'Z°N 9
“ J004 'g e B g 0202 O¢TI 0812 0T . 8 02°A°N &
A1ccne pajjull “ “ PUBS  6%02 04 LS03 29~ 6112 04 eI . oy . 81°2°S ¥
MOTJ poOOY % 2 GLET G4BT FUTXOQ: u g ST°A°N ¢
pPo3 1wy u 5 PuBS Q202 - 04 Gg02 G9~ 0012 0L " PR 9T°N'S 3
jUsFol1ring ‘e°C pIBK puss auld 9%02 09 - 9908 0%~ 9012 09 pazog ¢© 93 ¥ ST*A'N T
}0038 JO pwaY Q0T sIsywl “ puBs auld 6861 e¢ 2661 og- 28027 ¢ o AP RS S 9e°d°N &4 |
“ “ .pJTﬁ *ABIZ 1O 6981 62 1681 L3- 8102 62 POSORK % o oma 28209 3
JULTOTIING . $Bay euoreamr 39T L9z 0,02 0%~  oll% 942 % R e . LT
ATddns pooy " paonxers Ju0YSqTY  SHLT  00¢ ol 00T~ 9908 008 DPOTTIXd L% W ''s a.u.zﬁ;w =
PURS BUTJ 03 anp pejul - DIBH  pues 9Ul4 GHET o2 SesT SI- 0102 &2 pezog ., 4 . £2°I°N ¢©
"pEBOY 21 sJa3el : "A1Y L4961  O¢ 2461 cg- L66T 02 “ e b 91'q*'s 2
JUaIOTIINS ce°qa PIBH  pu®ms eUId 0%ST 92 9981 0z- 996T 92 Ing ¢ 82 ¢ GSIMA'N I
“ " " ™ " 33023 09 9¢03 a28- QSN OQ . " " u " ontkta b
" u i PuBS ould 2603 0% 0902 v~ ¢0I2 o0¢g L R S ye'I°N 9
“ " uw ABIZ P pueg @467 GIT 2861 L™ 360N - Ot u PR oy 28'R°8 G
Teanad Tero®[s 26T OOT ¢80z 00T DOTOE e IS*E'N ¥
. 5 » w T166T @¢ 8002 ST~ ¢302 8¢ u PR e OC°A°N ¢
juUsIoTIInS °g°Qq “ cnmm sauld Q98T 2¢ 0661 og- 0302 2¢ ¢ L og*q’* 2
-v:“HPrHMﬁ HHO.F- lm.vi.r %
*Jdanoy Jad s(eZ 0096 °H ??%rsi% 1881 - 4ST - 8008 4QT VDOTITI@ § 43 9 L.°%'N 1
: 19497 o0BJING
xInd 8T Jejep 102y I0H bt 7 89S (-] moreg T[Tem
R 2 Iajen Jo "1095 °Al1x m»amﬂ 8A0qY JI0 Jo TIa4 ITIen
u?u.wmu ¥ PIe1X yotyxr JIe8% Q3d ONIUVEH ~ *A9TE (+) eA0qy epn3 jo o *ON
03 oum -oRIBYY) ~HIIYN TYdIONINHd TIATI HIITA -191V apnwn ad4y,

s e it A o 5 s e S < a3, — -

& NYMIIOITNEYS e CON “ENYT AOLINVR 40 ALITYAIOLNN TYMAY NI STTHM 40 QNODNM. S &




L

A

£

* [9ABIY
UT 443 TT1OA POOD

£
4k

108 39 L1ddns [Tews

A1d

e

lua ol ging
-

L

4

o
2 “
1ddns Jo

-

od

L]
juasroriing
1ddns Ioog

1Us710TJING

IR IOTIING
Tddns Jo004

L1
JuatoIrIiIng

b b

1Tdeng J00d

[
3U8TOTIING
*9T0H Axq

dns pagiwil
Jue 101JING

*+0%2 38 wWaS [BOD Wb

‘puas £q pePInTd T
ATd

Taun pemoTd

“u

m3ﬂ "
pesTuTT

L) I
A1ddns pooy

"
JUaTOIIJNgG

Pe3TWIT

19A8BLY

M " w ROTTOaL
0 PABY puRs autg
g ¢ 1JO8 (3ARIS TeTORTD
s g 7%
" [ “ “
“ pJI8H puss aulg
.” w  PABIN M nueg
‘eq w  |9Aea8 TeTOR[D
e g By - puBS
“ PIBH w A08TH
“ *sd namuy puss au(
- pdBH a
*S*'d ‘*ed pawH puesg
“ 9 puRs
4 PIBH puss 8nig
s LT
“ " w OSuty
*S*d °XIY pJIeH puvs AeIy
“ ‘o u mavld Terot (D
2 PIBH puss suly
u 3408 "D auo1sqQIy
“ ‘od fpaead petoe Ty
u “ puws SUTL
Y i
M PIBH reavad Tetdeld
" 1JO8 ‘30 auo3eqiy
i “ 1810819
*s*a " 1eaBiy
‘s °a PIBEH

[pavad TEToR[)

L §

112

89528
9033
4913
313
avie
4213
1082
2T3C
881¢
1ite
1813
24032

gele
9¢1e

8002
ceetl
P31
LSOT
¥lel
S06T

1903
oTte

3481
€403
8s0g
6661
€903
0881
Se8t
Syog
98038

vu1a

36

as
09
¥l
48
89
S8
C¢S

oe
as
514
98

o
09

23
g9
0g
og

ST

84
S3

092

co
26
14"
842
243

a1

eree
A A

gsele

6912,

L1388
201e

2813

8e1a
1103

ogel
P61
8161
4061

¥902

3¢12
v402
0902
4802
2L03
8651
920z
6902
8802

8418

o2~

Bl-
9G-

[ P
£

89
oG-

oy~
g~
92=-

A S

Sé=

686G~
3-
1 b
‘..l
00T~
eL-
3=~
oT-

vy-

6v232
czza
99¢¢
i81e
6032
0] B4
39338
18228
48328
6813
¥91e
8333
8C13

1418
9812

1e03
slojer
2631
26681
PPel
036t
1108

6ete
sete

A
eete
8112
2602
L4032
8603
8018
2403
8902

2333

o

29
001
vl
L8
89
88
08

e
eg

98
1Y

0}
W

~y
o

g9
GoT

og
ST
04

84
1

092
09
oe
6
¥

842
8428

B8e
el

o

snq
peJog

paJdog
ang

PeTTTIq

sng
pexoq
ana

peTTIIq

H "

ang

pegog

=

I -

e B e

T E

O SREE AT RS S W & 0 I

N =z 8 E S EE G

&
©

Q
o

« 92 A°N of

" Se d°S PT
“ ge'm's et
" og*x°s 2T
" OE’A°N T1
6S°I°N 0T
" 82° AN
i 92°A°S
“ P3°A*S

ga*A’s
" LTI°A°S
o 3T°X°*S
" 8 ‘qA°S

nYnosoo

“ £ °A'S
S ¢ °‘A°S

" 9¢° d°S
“ ye°x*s
“ g2°q°s
“ 338°d°S
“ 33°A°S
w AN
¥ ¢ °A°S

ge*a’s
62°MA°S

O AN P DOD

kel

3

92° TN
G2°A°N
P2 AN
12°3°S
02°xR°'s
9 ‘¥°S
g ‘q’'s
¥ °A°S
*A°N
v OCG°M°N ST
..Og
C TTER

E®*T EEET EE

MUY OoODon



10 onId

W

i

U8 0TI Jng

“

'n

juerciiing
A1ddns ps3 Tur]

“
jueloTiing

1UlT0TIING

uouow pooyg
£1ddns juspunqy

L1ddnsg pooun
4UTOTIINg
uy e1oK ALxa

-

'
IS [oTZINE

PUBS BUTJ QiTa peFFuld

PuUBg Ul ,00T

OTOH AxQ °juetlojl ng

‘pusgs 4y 4,001

eToH 4Lxq “

AULTOTIING
DBOH 9¢Z sJI938H

Ll ol

2 W

e
.
s*'a

pIBy

o il
‘el DPIBH

1] .

ATV o
&

PIBH

PIBH
1308

pdul

{34RIZ TRTO¥[Y
A8 T0 anTHg
puBs MOTI8A

puss Levdr
pusg

'] [
« AOBTH
w MOITEZ
P xmmﬂm
PURE ARISH
12AB1Y

a “

(ouTd

pues
"30 2uCYASqIH
puBg
N0 3u03sqTy

pues

'

1
puss sulgd
[ '

u:mm MaMHm
*30 9u03sqTH

Ts1081D
(sarad TRTOR(D

puss yowiqd
pusg

6922

3123
vees

1012
149 &
£912
6912
¥903
512
1812
2632
coT3
3%03

261
988T
eLGT
eLB8T

4981
0813
avie
866T
1902
6202
9403
4903
0402
2081

903
8961

4903
S90%

&
ca

89
Sé

0S8
c9
67
oc

28

ggs
gt

08

ee1

82
19
og
03
8T
S3l
40T

001
01z

ag
a4

98
08

6883
61<e
0%ze

9013
1912

¥9063

¥oga
1412
otl1l3g

8¢61

966T

6%91
S4Tle
B8S1c
8002
403

L § 4 %
3603
0012
2661

0461
1602
0803

02~
L e

eo-

co=

| by
02-
0g-

eS-

04-

9%~
9c-
: ] et
Q1=
m'

L=
(A
04~
ogt-

O4=
39~
g9-

6148
8823
vige

6912
6322

. 6332

6138
6312
i1zgg

TiSe

03¢
1612

9218

0661
9€0%g
2802
9302

G481
1122
3412
8102
0302
¥o12
£812
6S12
0412
e112

¥80¢
0o%02

ee13
g¥13

0S
Pt
08 .

28T

e
19
0og
02
6T
g3l
40T

00T
012

2g
34

98
08

EEsRERBERS

E 3

NrE



FU9T0TIINE

Jusioriing
AL1ddns poon

JUaT0TIJus

L1ddns poon
: -

usTOTIiNg

£1ddns pocy

pues
QUTJ YlTA Pe33nid
L1ddns poon
qUsIoTIINng

MOTJI 9Raw]

“
Fu9iotIing
L]

I
JUITOTIING
L1ddng quepunqy
ju21031Jing

L1ddns vmou

()
5

i“

[

“s

L
Lo

st

3308

paBH

"NTT
P8
3308

0w

ATV

98 DIsH
1305

PIBH
3Jog
- pIBH

ATV pIeH
08
*RATV pasH
Jon

i

ﬂ.)

J.ﬂﬂw

b \An... =]
goRee]
350

&y
DUYs

auo03sq1d

paLBH
am eutd
Aean

U043 SqTY
s yoeTd
U03SqQTH
MOTTS8X

pPuBsS onj:

s m.hﬂnaﬂuw

Hm>th Hdﬂ).
s« PIBH
s« HO09TH
puss autg
w Z4pueg
hwﬂo enyd
[9ABIZF B88IBOD
puss Nou g

TorRad TeToeD

e

28 anTg

dlikwﬂﬂﬁﬁac

¥.3T
8¥31
628681
4981

2481
088T

8381

6¥8T

L2861

5661
ovel
630¢

S154 0
0S8l
0] &
L2861
va61l
6281
L66T
() § &
LA
M%O».A.

06

28

og
28

e8
¥8
298
oy

a9

Cs
oce
St

144
oe
¥e
A
SH

o~
=

a9
0g
08

g

g06T

s06T
9981
%81
806T

a6l
¥481
6881
6961

0861

veT
4961

896T
6961
eeel
3002

$313
(8 i

98~

al-
89-
ge-
gl

ev=
oo~
g~
Ccg~

ag-
4

m|
09-
9%~
L8-

0z~
0%~

626T

vis61
veet
6961
6961

¥e6l
ye6l
v161
6881

6661

€203
0303

%02

0381

6461

0861

ye1e
¥L61
ev02
8L4BT
6503
6912
¥023
098

e

ov
298
og
086

a8
¥8
98
6%

29

04
08
028

¥S
oe
¥e
Le
Sé
0s
29
cs
08
09

paxog

ang
pelog

uq

pazog
Sng
pagog

ang

pagog

paxog
peTITIq
pegog

Sutads

g ERR

wE e i

b3

- Be

mrrirrrres

w s

TU'A°S

n

tcEEst Eroe

93 ¢

E I A B -

ace

B

gt TE

L § 3

g *A°S

9 EN ¢ !

AN ¥
Bn




	wp_247_c
	wp_247_t

