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INTRCDUCTICN

Information on the ground-water resources of east-central
Alberta and western Saskatchewsn 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 eestern Alberta, and in part as far north as townshilp
56 in western Saskatchewan.

This region is crossed by North Seskatchewan and Battle
Rivers, and includes other more or less permsnent stresms. Yost 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-beering sands. In
invertigations 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 Alberta, and in all but the
northeast part of the region studied in Saskatchewan, water can be
ocbtained from bedrock. In a few places, however, the water from the
shallower bedrock sands is unsatisfactory, and deeper drilling mey be
necessary. '

.The water records were obtained mostly from the well owners,
some of whom had acquired the land after the water supply had been found,
and hence had no personsl 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
splte 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
end P, S , Warren of the University of Alberta, C., H. Crickmay of
Vemcouver, and C, O, Hage, until recently a member of the Geological
Survey. The o0il and gas investigations of which these water records are
e part were undertaken under the general 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

Ythe 4th meridian and lying between the correction lines. The secretary
© Preasurer of each municipality in Saskatchewan and Alberta will be
supplied with the informetion covering that muniocipelity. Copies of the
reports will also be available 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
Geologlet]l Geological iSurvey, Ottewa. Technical terms used in the
reports are defined in the glossary.



2

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, 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 surfacerof the
ground is wneven, 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 subtrmeting the figure for the depth »f 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 nsme
of the formation in which the water~bearing sand occurs is also listed
in these tebles, and this information should be used in conjumction 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 smend is known, its depth at any point can
easily be calculated by substracting its elevation, as given in the’
well record tables, from the elevation of the surface at that point.

"With each report is a map consisting of two figures,
Figure 1 shows the bedrock formations that will be encountered beneath
the unconsolidated surface deposits. Figure 2 shows the poslition of
all wells for which records are available, the class of well et each
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
is 1likely to be encountered, The depth of the well can then be
oalculated, and some information on the character and quantity of wmter
can be obtained from a study of the records of surrounding wells,

GLOSSARY CF TERMS USED

: Alkeline. The term "alkaline" has been applied rather loosely

to some ground waters that have a peculiar and disagreeable taste. In
the Prairie Provinces, water that is commonly described as alkaline
usually conteins a large amount of sodium sulphate and magnesium sulphate,
the 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 111 éffect. 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 streems 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 channel carved into
bedrock by a stream before the advance of the continental ice~gheet, and
subsequently either partly or wholly filled in by eands, 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,

Coal Seam, ' The seme as& a coal bed. A deposit of carbonaceous
material formed from the remains of plants by partial decomposition and
burisl,
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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 Canada many thousands of years ago.

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

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

Glacial Drift, The loose, uncomdolidated 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 houlder clay. The
glacial drift occurs in several formss

(1) Ground Moraine., A boulder clay or till plain (includes
areas where the glecial drift is very thin and the surfece 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
loe~sheet during its retreat. The surface is characterized by irregular
hills and undrained basins,.

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

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

Ground Water, Sub=-surface water, or water that occurs
below the surfece 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 impermeasble when they do not
permit of the perceptible passage or movement of ground vater,

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 Tand 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
and glacial drift consisting of loose sand, gravel, clay, and boulders
that overlie the bedrock,

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

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

(1) wWells 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
tab 16 .

BEDRQCK FORMATICNS CF WEST-CENTR.LL SASKATCHEV.N AND E\AST~CENTR.LL ALBERTA

The formations that outcrop 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
sof't shales and sands, with some bands of hard sandstone and layers of
ironstone nodules, The succession, character, and estimated thickness
of the formations are shown in the following tables

Thickness

Formation Character
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~ thine
marine, with white bentonitic sands, rapidly to
carbonaceous shales or thin coal the northe
sezms similar to bhose in Pale Beds west
shales at certein Xorizons contain
lobster claw nodules and marine fossils;
at other horizons are abundant selenite
crystdls.,

Pale and Light grey sands with bentonite; soft, dark 95C to 1,n00
Variegated grey and light grey shales with selenite in Czar-Tit
Beds and ironstone; ocarbonaceous shales and ‘Hills areny

coal seams; abundant selenite ecrystals may be thin-
In certein layers. ner elsewhere
Birch Iake Grey sand and sandstone in upper part; 100 in west,
middle part of shales and sandy shales, but less ‘o
thinly laminated; lower part with grey east and
and yellew weathering sands; oyster bed south
commonly at base,

Grizgzly Dear Mostly dark grey shale of marine origin, with Maximum, 100

e few minor sand horizons; selenite crystale
and nodules up to 6 or 8 inches in diameter
Ribetone Creek Grey sands and sandstones at the top and Maximum, 325
bottom, with intermediate sands and shales; at Wking;
thin coal seam in the vicinity of Wainwright; thins sast~
mostly non-merine, but middle shale in some werd
areas 1s marine.

Lea Park Dark grey shales and sandy shales with nodules 0950 to 1,100

of ironstone; a sand 70 feet thick 110 feet
below the top of the formation in the Rib~
stone area, Alberta,

Edmonton Formation

The name Tdmonton formation was first applied to the beds
conteining conl in the Edmonton area, and later to the same beds in
adjoining areas, The formation has a total thiekness of 1,000 to
1,150 feet, but 1s bevelled off esstward 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 northeast of this line, but
the formation becomes progressively thicker to the southwest due to
the fact thet the beds incline in that direction and the surfece
bevels across them.

The Edmonton formntion consists of poorly bedded grey and
greenish c¢lay shales, coal seams, and sands and sandstones that
contain clay and o white material lmown as bentonite. This material
when wet is very sticky ané swells greatly im wvolume, and when dry
tends to give a white appearance to the beds containing it., Such
beds are relatively impervious to vater, and at the surface produce
the "burns"™ of barren ground where vegetation is scanty or ebsent.,

Water is relatively abundent in the Edmonton formrtion, 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 thc water from
the bentonitic sands, which is generally "soft", water fram the coal
seams, &6 the water from the shallow surface deposits, may be "“hard",
The basal beds of the Edmonton formation usually wontain fresh vmter,
but this may become brackish locally where the underlying Bearpaw beds
:contain highly allknline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formation is thickest,
the beds composing it are mainly shales th~t have been deposited in
sea water. In the area morth 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 consolidnted into ~ conglomerate,
but mostly the pebbles are loosely distributed in shale or sandy beds,

In the area immediately north of township 32 the Bearpaw
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 Saskatchewan River about
midway between Edmonton and Fort Sasketchewan, Bearpaw beds form the
main bedrock deposits of the Neutral Hills. Parther south, where
they have an exposed thickness of at least 400 feect, 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 Saskatchewnn River, the division between the Beerpaw
and the overlying and underlying formations is indefinite, and the
thickness of beds of Bearpaw age is reletively smell,

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

In Saskatchewnn, Bearpaw beds occur southeast of Maoclin 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 bemtonitic
sands, shales, end sandy shales containing a few coal seams, The upper
part of this succession, due to the beromniti¢ content, is commonly
light coloured and has been described a- the Pale Beds, whereas the lower
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pert is darker, and is known as Variegated Beds, In parb, dark shales
are present in both Pale and Variegated Beds; others are greenish, grey,
brown, and dark chocolate, carbonaceous types. The sands may also be
yellow, but where bentonite is present it imparts a light colour to the
beds. Both Pale and Variegated Beds are characterized by the presence
of thin seams of irounstone, commonly dark reddish, but in part purplish,
Selenite (gypsum) cryst-ls are, in places, abundant in the shales,

The best sections of Prnle Beds exposed in the region are
in the Tit Hills, southwest of Oszar. 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 thickmess of Pale and Variegated
Beds in the Tit Hills area 1is about 970 feet. Variegated'Beds outorop
rear Hawkins on the Canadian National Rallwey west of Wainwright, 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 sends for long
distances, nor any uniform average depth to water-bearing sands in a loocal
area, This points to the conclusion that the sands are mainly local lenses,
but as such lenses are numerous, few wells fail to obtain water. In the
Cadogen area many flowing wells have been obtained from sands about midway
in the succession. In western Saskatchewan Paleland Variegated Beds cocur
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, apparently, is dependent in part on the
size of the sand body that contains the wnter and in part on the ease with
which water may be replenished in the sand. Small sand lemses 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 leke Formation

The Birch lake formation underlies the Varlegated Beds,
but in many areas the division is not sharp. The type area of the
formation is along the north shore of Biroch Lake south of Innisfres,
where a seotlon 65 feet thick, composed mostly of sand, is exposed. Tha
total thickness of the formetion in this area is about 100 feet, and
although this is dominently sand a central part is composed of altermating
thin sand and shale beds. At the base of the formation, in a mumber of
pleces, is an oyster bed, and this is exposed in a road cut in a sectiom
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 formation the sand is
commonly 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 at the outorops.
In fact, in some areas the sand may be traced along the side of a hill by
the presence of small springs or modular masses of sandstone,

The Birch Lake formation occurs under 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 outorops are persistent on
the banks of Battle River from a fef miles north of Hardisty to and
beyond the mouth of Grizzly Bear Coulée in tp., 47, rge. 5. It is believed,
too, that a large area rear Edgerton and Chauvin is underlain by the Biroh
lake formation and that it extends southeastward into Saskstohewan around
Manltou lake ~and southeast to Vera,



-7 -

It is thought that the Birch lake formation thins
eastward from its type section at Birch Lake, and that it loses its
identity in western Seskatchewan. Deep wells drilled at Czar, Cestor,
and elsewhere no longer show the Birch Lake 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
rields good wells., There is no apparent uniformity in the character of
the water, which is either hard or soft in different wells in the same
general area, Direct contact with surface vmters that ¢ ntain caleium
sulphates may in time change a "soft" water well to a'hard" water well,
and many wells are not sufficiently cased to prevent the percolation
of water from surface sands into the well, and hence into the deeper,
soft water producing sands., In part this accounts for the change in
cheracter of the water in a well, a feature thet has been noticed by
mang well owners, '

Grizzly Bear Formation

The type locality for the Grizzly Bear formationm,
which underlies the Birch Lake beds, is near the mouth of Grizazly
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
gea water., 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 contoins a thin nodular zone sbout 50 feet above the
base, that is, at sbout the centre of the formantion, This zone is sandy,
and is believed to yleld water in various wells, Other thdn sands, in
places water-bearing, are nlso present, The impervious nature of the
Grizzly Bear shales makes the overlying Birch lLake sand a strong acquifer,
a6 water collects in the sand above the shnle, The contact of the Birch
Lake and Grizzly Bear formations can be traced in some places by the
occurrence of springs iscuing from the base of the Birch Lake sand even
where this 1s not exposed,

Grlzzly Bear shales occur in a road cut on the south
slde of Battle Rlver mnear the highway bridge at Fabyan. The shales
In this area are about 107 feec thick, It is thought they extend as
far west as the Viking ges field, where they have been recognized in
samples from deep wells, It is probable, however, that the shales thin
westwardrand thicken eastward so thst 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
merine shale underllies a large area in east-centrnl Alberts extending into
Saskatehewan 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,
We 4th mer, A%t this place the lower sand beds of the formetion 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, tps 47, rge, 5, near the mouth of Grizzly Bear Coulée, Above i%t,
higher on the bank and at a short distance from the river, there is a
12 foot gone of carbonaceous and coaly beds in two layers, each about
2 feet thick, separated by 8 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 Ribstone Creek formations
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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 formation
also varies in thickness from o minimum of asbout 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 send and
sondy 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 send streaks. The upper sand member is about 20 feet
thick in this area., The total thickness of the formation in the -~
Welnwright area is 1BD to 200 feet, but this increases to the west and
in the Viking ares exceeds 300 feet,

The Ribstone Creek formation is widely exposed in a
northwest=trending belt in east-central Alberta. The southwest boumdary
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 tpe
54, rge. 12, whereas the northeast boundary crosses North Saskatchewan
River southwest of Elk Point and extends morthwest to include an area
slightly north of St, Paul des Metis and Vilna +to tp. 60, rge. 1l4.
Within this belt water wells 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, weter may be obtained in this formation by drilling
through $he younger beds that overlie it. The Ribstone Creek sands
are a prolific source of water in many places and hence the distributinn
of this formation is of considerable economlc 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 formatlon is largely sand the distribution of
water may be in eny part of the formation, although the upper and
lower sands are perhaps the better aqubflers., To the east of Alberte,
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 disbance
southeast of Battleford the Ribstone Creek formation loses its identity
and its equivalents are shales in a marine succession.

Lea. Park Formatiom

The Les 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 silty shales
about 11C 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 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 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 ~mguifer in that direction. Farther northeast
water must be obtained from glacial or surfece depoeits only, In
Alberte this area without fresh water in the bedrock includes the country
north of North Saskatchewsn River in the vicinity of Frog lake and a
llarggr:rea extending to and beyond Beaver River, In this ares, however,
more sh water streams are present than farther south, and bush lawmds
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help to retein the surface waters. The area northeast of North
Sagkatchewan River in Saskatchewsn is 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 Saskstchewan. Their purpose was to
determine the chemical characteristics of the waters fram different
geological horizone, end thereby acsikt'in midedng corrslations of-the; . .-
strate in w'ich the wsters occur., Although this was the mein
objective of the analyses, 1t wassalso realized that a knowledge of
the mineral content of the water is of interest gand velue to the
consumer, The analyses were all made in the laboratory of the Water
Supply and Borings Section of the Geological Survey, Ottawa,

Discussion of Chemical Determinations

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

sulphate (S04), chloride (C1), and carbomate (C03) radicals.

The analyses indicate only the amounts of the previously
mentioned radicals, thus negleoting any silica, alumina, potash,
or iron that may be present. It will be noticed that in most instances
the total solids are accounted for by the sum total of the radicals as
shown by the 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, TThese radicals are also
"caleulated in assumed combinations" 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 €onstituents Present

Calcium. Calcium (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 ngalcium carbomate %g§003) and calciuvm
sulphate (CaS04),

Magnesium. Megnesium (Mg) is a common constituent of many
igneous rocks and, therefore, very prevalent in ground water, Dolomite,
s carbonate of calcium end magnesium, is also a source of the mimneral,
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~forming minerals, so that sodium sufiphate and carbomate are very
common in ground waters. Sodium sulphate (NapSOs) combines with water
to form "Glauber's salt" and excessive amounts makk!the water unsuitable
for drinking purposes. Sodium carbomate (NazC0z) or "black alkali™
waters are mostly soft, the degree of softmess depending upon the ratio
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of sodium carbonate to the calcium and magnesium salts, Waters
containing sodium carbonate in excess of 200 parts per million
are unsuitable for irrigation purposes—. Sodium sulphate is less

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

hermful.,

Sulphates., The sulphéte (804) salts referred to in these
analyses are calcium sulphate (6aS04), magnesium sulphate (MgB0,),
end sodium sulphate (NapSO4).

Chloride, Chlorinme (Cl) is with o 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 ,C00 parts. These
waters have a brackish taste.

Alknlinity. The alkelinity determined in these water
analyses is based on the assumption 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 carbomate radical (COz) present.

Hardness. The hardness of water is the total hardness, and
has been determined by the amount of a standard soap solution equired
to form & lather that will stand up (persist) for 2 minutes, Hardmess
Is of two kinds, temporary and permanent., Temporary hardness is
caused by calcium and magnesium bicarbonates, which are soluble in
water but are precipitatid as insoluble normal carbonates by boiling,
a6 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 mot distinguished
in the water analyses. Waters grade from very softbto very hard, and
can be classified according to the following system ;

L .
The"Examination of Watersand Water Supplies", Thresh & Beals,
pegé 21, Fourth™8d, 1933 .

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

w-ter with 50 to 100 degrees of hardness may be said to be
moderately soft.

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

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

woter with more than 300 degrees of hardness may be sald to

be very hard,

-

b

B>

Hard waters are usually high in caleium 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 lmown to be
present, Montmorillinite, o-e of the clay-forming minerals, has the
same property of softening water, Ywing to the absorbed sodium that
is availlable for chemical reanction™,

1 .
Piper, A, M, "Ground Water in Southwestern Pennsylvenisa",
Penn, Geol. Surv,., 4th series,

If surface wnter reaches the lower sands by percolating
through the higher beds it may be highly charged with calcium salte
before reaching the bedrock formations containing bentonite or
glauconite. The completeness of the exchange of onlcium carbonate
for sodium carbonmate will, therefore, depend upon the length of time
that the water is in contact with the softendng reagent, and nlso
upon ¥he amount of this material present. The rate of movement of
undergpoundiwater will, consequentiyy, 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 airia red precipitate forms, the water becomes
acid, and, hence, has a corrosive action. When iron is present in
large amounte the wnter has an inky taste,

WATER ANALYSES IN RELATI(N TG GEOLOGY

Glacial Drift

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

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

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

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

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

Water from buried outwash deposits contanins more dissolved
salts than the surface sands, as the water in order to reach them has
to percolate through overlying till. Rain water comteins carbonic acid,
which sots 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 thet the amount of shale prerfent will modify the quality of the water.
The oxidized upper part 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
compoedtion and amount of till that overlies it.
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Water from irregularly distributed sand and gravel beds
wlll vary 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 eny 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 glaciel lakﬁfclays are scmetimes high in soluble salts,

The semple from a well in glacial lake clay on NoWe ¥ £6ce 27, tpe
42, rge, 17, has 11,040 parts per million of soluble salts, largely’
mognesium sulphate and sodium sulphate. The somple from SE, % S6Ce
13, tp. 42, rge, 16, which is believed to come from glaciel lake
silts, hns a very different composition. The total solids in it
are only 440 parts per million, of which 250 are calcium carbonntee.
The great difference in these waters is due to the high soluble salt
content that is associnted with the lake clays but absent in the
silts, Avernge crift wnter contai<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>