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Chapter I

INTRODUCTION

The Plum Coulee area comprises 30 townships,
totalling 1, 080 square miles. The work was confined to the area
bounded by the principal meridian (approx. long. 97°29') and range 5
west {approx. long. 98°05'), and the International Boundary and
township 6 (approx. lat. 49°31'). It covers the municipality of Roland,
the southeastern part of Dufferin, the eastern part of Thompson and
Stanley, and the western parts of Morris and Rhineland.

Highway 14 crosses the area from east to west, and
highways 14A and 32 pass northward from the International Boundary
to highway 14. In the western part of the area, highway 3 goes north-
ward from highway 14. A well-developed network of gravel roads and
earth roads make any part of the area easily accessible in dry weather.
Five railway lines of the Canadian National and Canadian Pacific
railways also serve this area.

The economy is entirely agricultural. In the towns,
small industrial plants such as canneries and creameries have been
developed from the farm produce. The town of Altona has a vegetable
oil plant, which treats different varieties of oil seeds.

WATER SUPPLIES

Statistics show the great need for water in this region.
The population of the area is approximately 22, 000, of which 10, 000
live in towns and villages. The following statistics are concerned with
the water needs of the 12, 000 farm dwellers and their livestock —
22,900 cattle, 32,800 hogs and 650, 000 poultry. In compiling an
inventory of wells the author visited 2,067 homes including every farm
and most homes in the small villages. In the towns, such as Morden
(pop. approx. 2,000), information was obtained from the municipal
office.

The four means of getting water on a farm in the Plum
Coulee area are: (1) a well; (2) a cistern (Even with a well which
yields good water, a cistern is needed for soft water, as ordinarily all
well water is very hard.); (3) a dugout, which is almost a must for the
supply of water for the stock; and (4) hauling from wherever good
water is available.



Wells

A total of 1,629 wells were encountered in the 2,067
homes visited. Of these, 1,078 homes (66 per cent) have dug wells,
483 have drilled wells, and 68 have bored wells. Of the homes visited,
355 have more than one well, 1,274 homesteads have only one, and
793 or 38 per cent have none. Of the 1,274 places that have one well,
only 785 (62 per cent) are used for domestic purposes. Of the 785 who
use their wells for drinking purposes —the water may not necessarily
be fit for human consumption, but it is and has been used as such in
most cases for many years-—some 40 homes (5 per cent) found their
wells dry at one time or another in the course of a year, especially in
the winter. From these calculations it is significant that only 36 per
cent of the places surveyed have a well that can be relied upon to give
potable water all year round.

Cisterns

A cistern is a concrete or galvanized tank used to store
rain-water collected from the roof of a house or barn. Of the homes
visited by the writer, 82 per cent have a cistern of some kind; 1,564
have cement cisterns and 130 have galvanized ones. (This percentage
would be much higher if the towns were included.)

Rain-water is not the best drinking water because of its
flat taste. If the roof and eaves-troughs are clean, this water should
be excellent in comparison to the well water used for drinking purposes
in some of the homes.

But cisterns, even though they may alleviate the
situation, have their limitations because they depend on precipitation.
Meltwater from snow or ice are the most common means of filling a
cistern in the winter. If no snow is available, ice is cut from the dug-
out and thrown into the cistern, or it is bought and hauled from Morden
(Lake Minnewasta) or the Red River, where ice is cut and sold.
Thirty-four per cent of those who have cisterns admitted adding snow
and 12 per cent admitted putting in ice. The actual percentage may be
much higher. Some households use the run-off in the spring to fill
their cisterns, and in some cases dugout water is pumped into the
cistern when it is dry.

Only 1, 022 of the 1,964 homes with cisterns were using
that water for drinking and washing purposes. The other 672 only use
their cisterns as a source of soft water for washing. Therefore 49
per cent of the homes use a cistern for drinking water as compared to
36 per cent who use a well as their source of potable water.



Dugouts

A dugout is a hole in the ground approximately 100 feet
long, by 30 feet to 50 feet wide, and 12 to 18 feet deep. Under the
Prairie Farm Rehabilitation Act, the Government of Canada and the
farmer share the cost of excavating such a hole with a drag line or a
bulldozer. As clays underlie much of the surface of this area, a dug-
out can hold the water stored in it for over a year. Usually, each
spring if the run-off is strong the dugout will fill up naturally.

In this area more than 1, 741 dugouts were counted, and
the actual number is probably much higher. Some places had more
than one dugout in case one went dry. In all, 1,301 farms had at least
one dugout and these were used mostly by the stock. As there are no
lakes (except at Morden), and the streams are all intermittent, the
dugout also serves as the children's swimming hole in the summer.
Twelve places were using dugout water as their domestic supply. This
survey was conducted during a relatively wet summer; had it been
made during a drought period such as during the thirties, the number
of homes using dugouts for domestic water supply would have been
much higher. Some of the shallow dug wells investigated are situated
near the dugout and are recharged by it. In the author's opinion, dug-
out water should only as a last resource be used for drinking purposes.

Hauling

It is almost imperative to haul water during dry years
when dugouts, cisterns, and shallow dug wells go dry. This can be an
expensive method, however, depending on the hauling distance and the
cost of the water.

In all, 739 farmers (36 per cent) haul water throughout
the year. Of these, 214 haul it strictly for drinking purposes. The
others also use it for washing. Seventeen per cent of those who haul
water bring it from as far away as Winnipeg. As the closest point in
this area is approximately 40 miles from Winnipeg, the cost to haul
1, 000 gallons ranges between $14 and $20. Other centres from which
water is hauled are: Neche in North Dakota (south of the map-area),
Morden, Morris (east of the map-area), Glover's farm, and Carman.
{Much water is obtained from neighbours who have a good supply.)

To summarize, 75 per cent of the rural homes have at
least one cistern; 62 per cent have at least one dugout; 62 per cent
have a well, but only 36 per cent of these wells yield potable water; 38
per cent melt snow or ice during the winter months for domestic
purposes; and 36 per cent haul their water. These figures plainly show
the need and lack of good water. The figures also show that the four
methods used by the residents of this area to obtain water, are used to
a greater extent than most people would expect.
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The shortage of good water in the Red River valley has
been known for years. Upham (1896)] summed it up very nicely: "The
fame of this valley for its large harvest is nearly equalled by the
unenviable reputation of the water supplied by its wells."

PREVIOUS WORK AND ACKNOWLEDGMENTS

The only previous ground-water study made in this area,
was that by Johnston (1934). His work was a general one, covering a
great part of the province of Manitoba, and including the locations and
descriptions of some 40 wells in the Plum Coulee area. Sources of
information on glacial Lake Agassiz and its deposits include the works
of Upham (1896), Tyrrell (1896), and Elson (1957).

Appreciation is expressed to residents of the area for
their excellent cooperation, to the well drillers who supplied informa-
tion, and to the various authorities, both provincial and federal.
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Chapter II

PHYSICAL FEATURES AND GEOLOGY

The outstanding feature of the Plum Coulee area is the
characteristic broad, flat expanse of terrain, which rises almost
imperceptibly from the eastern margin of the map-area to the
Manitoba escarpment and trends almost north-south (Map 30-1960).
The altitude of the map-area ranges from 780 feet above sea-level in
the northeast corner to 1,450 feet in the southwest corner. The only
other natural breaks in this terrain are the beach ridges that rise in
steps of 5 to 20 feet above the plain, the channels cut through the
lacustrine sediments by the intermittent streams, and the spill banks
of ditches, man-made for drainage purposes. Because of this flat
topography very little erosion has taken place. As the velocity of the
intermittent, meandering streams is low, they tend to deposit the
contents of their muddy waters, and erode channels 5 to 15 feet deep
only in the spring or at times of heavy rainfall.

UNDERLYING ROCKS

Apart from the Manitoba escarpment, also known as
Pembina Mountains, where resistant beds of Cretaceous shales rise
above the featureless plain of the former Lake Agassiz, knowledge of
the geologic formations under the surficial sediments is based on well
cuttings. The Precambrian rocks, such as those cut in a well 1,037
feet deep at Rosenfeld (Dawson, 1886), are chiefly granite. These
rocks slope westward and form the base on which all the other rock
formations rest.

Overlying the Precambrian rocks are shales, sandstones,
and limestones of the Ordovician, Silurian and Devonian periods.
Jurassic and Cretaceous rocks are predominantly shales interbedded
with layers of sandstone and limestone. The Vermilion River formation
(Wickenden, 1945), a dark grey shale of upper Cretaceous age,
comprises the only consolidated rocks exposed in the Plum Coulee
area. These outcrop in only a few places, notably on or along the east
side of the escarpment.

All of these sedimentary rocks have a gentle westward

dip of about 5 to 16 feet to the mile. The hole drilled at Rosenfeld
penetrated 892 feet of these rocks.

Water -bearing Properties of the Consolidated Rocks

All the water contained in the consolidated rocks in the
Plum Coulee area occurs in the sandstones, limestones, and shales,
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and is commonly under artesian pressure. This water is generally too
salty for any use. In the well at Rosenfeld the water rose 18 feet above
the ground and contained as much as 36,000 parts per million sodium
chloride (cormnmon salt). Another well drilled in 1958 in the town of
Altona, to a depth of 385 feet, produced artesian flow and contained
38,600 parts per million sodium chloride, as analyzed by the
Vegetable Oil Co-op in that town.

None of the wells drilled into the bedrock in the area,
eastward from range 4 west, is now being used. They have all been
plugged up as their saline content renders them useless. Only in
range 5 west do the shales of the Vermilion formation yield potable
water. Most of the wells are shallow dug wells on the escarpment and
the water occurs in cracks of the highly friable shale. These wells
are non-artesian and yield very little water, only enough for farm or
domestic use. Since no clay lies above the shale, the water in these
wells is soft compared to that in similar wells in the plain below.
Some old wells drilled in the northwestern part of the area by the
Manitoba Government, in the years 1915 to 1919, yielded good potable
water from the shales and sandstones. As the years went by, however,
they gradually became more and more saline and are now abandoned.

The artesian flow or subartesian pressure, found in the
wells drilled into the consolidated rocks, is explained by Johnston
(1934) as follows: "In the highland to the east, the surface deposits
are over 300 feet thick and are sandy in their upper parts. The rain-
fall entering these beds tends to flow in the lower part of the surface
deposits and in the bedrock below, west and southwest in direction of
the dip of the beds. The water becomes confined beneath the
impervious beds and because the surface of the ground to the west is
below the level of the highland area, artesian conditions are produced."

Beds yielding water under artesian pressure can be
found at different depths at one locality. The well at Rosenfeld yielded
saline water under artesian pressure from limestone at 265 feet and
800 feet, and from sandstone at 925 feet. With the increase in depth
the artesian pressure was stronger and the water more saline. A
similar condition is true throughout the area. The difference in
artesian pressure at different localities is due to the amount and size
of the fractures in the beds and to the elevation at which the water
enters these beds in the highlands to the east.

Only a very small percentage of the wells drilled in the
consolidated rocks in the Plum Coulee area are known to have been
dry. The high saline content of the water in these rocks, however,
renders useless what could otherwise be good productive aquifers, and
only a process converting the salty water to fresh potable water could
make these deep aquifers useful.
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SURFICIAL DEPOSITS
Glacial

During Pleistocene time, a till, which is locally called
hard pan or boulder-clay, was deposited unconformably by the ice-
mass upon the bedrock formations of the whole Plum Coulee area.
This till was deposited principally as ground moraine and varies in
thickness from a few feet to as much as 240 feet where it was
deposited in 2 preglacial valley. Such a section of till was penetrated
in a well drilled near Roland. On the average, the glacial till along
the eastern side of the area is about 20 to 30 feet thick. In SE 1/4
sec. 23, tp. 6, rge. 1W, a section of till 55 feet thick was cut in a well
at a depth of 69 feet. Almost due south, in the well at Rosenfeld, the
section of till intersected was 18 feet thick, at a depth of 137 feet. In
a well at Altona, at a depth of 143 feet, the section of till encountered
was 12 feet, but the well was stopped in the till, so that a greater
thickness of till probably exists there.

In tps. 1 and 2, rge. 5W, along the Manitoba
escarpment, a thin irregular cover of till ranging from 5 to 20 feet
thick lies on the bedrock, which outcrops in a few places. The
thickness of the drift is greatest in range 4 west along an irregular
line running north and passing through Roland and Winkler. One hole
drilled at Winkler encountered bedrock at 540 feet below the surface.
The log of this hole shows a thickness of 180 feet of gravel and sand,
but it can be assumed that some, if not most of this, could be classified
as a till (Figs. 2 and 3). Another well drilled near Roland shows 240
feet of till interbedded with layers of sand and gravel. From these and
other deep wells (Figs. 2 and 3) it may be deduced that a fairly wide
and deep valley existed prior to the advance of the ice.

The drift exposed immediately east of the escarpment
is composed chiefly of a grey clay, which forms an unstratified matrix
containing rock fragments and boulders of various sizes. Boulders as
much as 3 feet across lie at the edges of the fields or in piles in the
centre of the fields. The boulders are made up mostly of igneous rocks
and the smaller fragments and sands are derived from limestone and
igneous rocks. This surface till is commonly soft and easy to dig.
Along the beaches of*Lake Agassiz, the wave action has removed the
clay and left shallow deposits of sand and gravel. On the other hand,
the till penetrated by deep drilling seems more compact and hard,
rarely carries big boulders, and consists mostly of gravel-size
limestone and igneous rocks in a clay matrix. In few cases have big
boulders prevented a well from being deepened.

In almost every well drilled, the till penetrated is
associated with glacio-fluvial deposits of sand and gravel which were
derived from the meltwaters of the retreating glaciers. It could also
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be that the till itself was modified by the strong-flowing currents of
the meltwaters removing the clay content and leaving lenses or long
narrow irregular deposits of sand and gravel.

A few drilled holes show clay underlying the till or its
sand and gravel components. The most interesting one was drilled
near Winkler. The log of the hole shows that 280 feet of clay under -
lies the till or the gravel associated with it. No such clay was
encountered in a well drilled to a depth of 600 feet at Morden, 7 miles
to the west (Tyrrell, 1892). This could therefore mean a sharp drop
in the bedrock contour, as shown on Figure 2.

Lacustrine

Lacustrine deposits of Lake Agassiz lie above the till,
covering the whole of the Plum Coulee area, except in the southwest
half of tp. 1, rge. 5W. These deposits may be divided on the basis of
texture and colour into two units: a clay unit and a silt unit.

The clay is dark grey with a slightly bluish tinge when
wet, so that it is commonly called blue clay by the inhabitants of the
area. It is so sticky and compact that narrow wells as deep as 100
feet have been dug in it without caving of the walls. The clay deposit
is of variable thickness throughout the entire map-area. In the north-
east corner, in a well drilled in SE 1/4 sec. 23, tp. 6, rge. 1W, it
was penetrated for 54 feet, commencing at a depth of 15 feet. In the
southeast part of the area, in Altona, it was penetrated for 127 feet,
commencing at a depth of 16 feet. Along the southern part of the area,
the clay seems to average about 125 feet in thickness; it gradually
thins westward as it approaches the abrupt rise of the bedrock at the
escarpment. In SE 1/4 sec. 14, tp. 3, rge. 4W, it has a maximum
thickness of 158 feet.

The clay seems to be a thick, homogeneous deposit,
and contains few small pebbles. However, some wells drilled in the
northwestern part of the area in tps. 5 and 6, rge. 5W, show, in their
cuttings, interbedded layers of sand and gravel. For example, one
well drilled in SE 1/4 sec. 20, tp. 5, rge. 5W, contains a 20-foot-thick
layer of sand. Another well in NW 1/4 sec. 3, tp. 6, rge. 5W, contains
a 55-foot-thick deposit of clay underlain by 45 feet of till, 10 feet of
clay, and 28 feet of interbedded sands and gravels associated with till.
This sedimentary section provides evidence supporting the hypothesis
that the Pleistocene ice retreated and advanced more than once in this
region.

In the northeastern and north-central parts of the Plum
Coulee area, the clay is at the surface, but for a depth of 10 or 15
feet it differs from the blue clay in that it contains a few sandy silt
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lenses. The silt deposits are believed to have been brought into Lake
Agassiz by distributaries of the Assiniboine River (Upham, 1896).
These silt deposits can be subdivided by colour and texture into three
distinct units: A dark grey clayey silt with some sand lies immedi-
ately above the blue clay in the southwestern part of the area; this silt
also occurs locally elsewhere in the area. A buff-coloured sandy silt
lies above the dark grey silt and above the clay where the dark grey
silt is absent, and covers almost all of the western half and a good

part of the southeastern corner of the map-area (Map 30-1960).
Between the two buff-coloured silty zones {shown on Map 30-1960), is

a light yellowish brown, very fine, sandy loam. Its main characteristic
is that it is invariably dry except immediately after a rainfall. Topping
all of this is the rich and fertile black-earth soil zone that has made
this valley famous.

The silt is generally only about 10 feet thick, but in one
well it was penetrated for 30 feet. In a test-hole in NE 1/4 sec. 31,
tp. 1, rge. 4W, where both the dark grey and buff-coloured silts occur,
the dark grey silt was 10 feet thick and the buff-coloured silt was 8
feet thickl. The black-earth soil varies in thickness from place to
place, from a minimum of 6 inches to a maximum of 6 feet.

Other surficial deposits are river alluvium and beach
bars. The alluvium consists mostly of sand and gravel deposited in
an old channel of the present Boyne River, and is now covered by silt
and clay of Lake Agassiz. Sand bars were formed by currents that
followed the shoreline of the time. One such bar is well exposed a
mile south of the village of Rosenort, where it extends for 2 miles in
a southeasterly direction. It is 1/2 mile wide at its northern extremity
and diminishes gradually to a point at its southern tip. Its surface is
convex, sloping gently east and west from its apex. The sands and
fine gravels in this bar are well stratified. The small pebbles consist
mostly of shale and are smooth and well rounded. A pit dug almost in
the centre of the sand bar, in NE 1/4 sec. 11, tp. 1, rge. 3W, gives
a good cross-section of the bar. A test-hole bored in the pit at the
apex of the sand bar shows it to be 19 feet thick and overlying the clay.

Water-bearing Properties of the Unconsolidated Deposits

The best aquifers in the Plum Coulee area are the
glacio-fluvial sands and gravels that are associated with the till. These
sands and gravels occur as thin, long, narrow, irregular lenses.

1 18 feet was the depth limitation of the hand-auger used.
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These aquifers occur almost anywhere in the area, but
a zone has been defined indicating the areas where potable water is
available from them (Map 29-1960). The thickest and most permeable
zones are in what seems to be a buried valley at Winkler, and they
extend north and south of this town. The longitudinal axis of this
buried valley seems to follow approximately the pattern shown for
areas of potable water from these aquifers (Map 29-1960). As the
sides of this buried valley have not been defined, it could be much
wider (as can be seen in a cross-section, Fig. 2) than the zone
indicated in Map 29-1960.

The till itself is not an aquifer, but could be used as a
marker for the glacio-fluvial sands and gravels in drilling for wells.
However, these deposits of sand and gravel constitute local aquifers
and they may be sufficiently widely distributed and interconnected to
make the entire unit a fair aquifer.

Most of the producing wells near Winkler are between
50 and 175 feet deep. The largest yield of any well in the area is that
of the industrial well at the cannery in Winkler. It produces 100, 000
gallons per day. Wells drilled to these aquifers in the Plum Coulee
area average 120 feet in depth and yield only sufficient water for farm
and domestic uses. Qutside the zone of potable water (Map 29-1960),
numerous wells have been drilled to these sand and gravel deposits,
but they yield only saline water. All the wells drilled into the aquifers
are under artesian pressure, and some even flow at the surface. The
salinity of the water probably comes from the saline waier in the
bedrock below, which because of the artesian pressure, is forced
upwards into the sands and gravels.

An area of artesian flow, covering about 30 square
miles, lies east and southeast of Winkler, as shown in Map 29-1960.
The wells in this artesian-flow zone range from 130 to 190 feet deep,
and yield, without pumping, 1 gallon per minute. Water from these
wells is too salty for human consumption and is used strictly for the
livestock. Most of the wells have been producing for a long time —
some for more than 50 years.

A good cross-section of this zone is shown by a well
drilled in NW sec. 31, tp. 2, rge. 3W. Here 2 feet of black earth is
underlain by 8 feet of buff-coloured silt and 138 feet of bluish grey
Lake Agassiz clay. This clay forms the impermeable deposit under
which the water is confined. It is underlain by 2 feet of sand, which
contained some water, then 14 feet of till, and then another sand and
gravel deposit that yielded saline artesian water flowing at a rate of 1
gallon per minute.

In the northwest limb of this flowing artesian zone,
secs. 9, 15, and 16, tp. 3, rge. 4W (Map 29-1960), the water is good
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and potable, although the reason for this is not known. The till may
be thick enough to prevent the upward movement of saline waters from
the bedrock, and the recharge may be from the west for no known good
water exists to the east at this depth.

All artesian-flow wells in the area are controlled by a
faucet or valve attached to the casing. The common practice of
opening these valves only when water is needed is the reason why so
many wells plug up. As the water is not continually flowing, salts
accumulate along the sides of the 2-inch (generally) casing until the
entire passage is plugged up. Wells may become plugged as often as
once a year.

For the drilling of subartesian wells, in which the water
rises almost to the surface of the ground from the sands and gravels
below, a common procedure used in this area is as follows: The well
is drilled and (in most cases) a 2-inch casing is driven into the ground
to the aquifer below. A second well is then dug, around the casing of
the drilled well, and cribbed. The dug well may be 10 to 30 feet deep,
depending on the rise of the water in the casing. Then a hole is drilled
into the metal casing, below the rise of the water, allowing the water
to collect in the dug well. The dug well therefore acts as a reservoir
and the water is pumped for use from the reservoir or dug well, and
not from the casing of the original drilled well. Unfortunately, this
method generally causes contamination of the shallow ground-water
resources with salt water.

The shallow ground-water resources in the Plum Coulee
area are controlled by the mean annual precipitation in the form of
rain and snow. Part of the water is carried away by the surface run-
off, and is eventually losi to streams. A little more is lost through
evaporation and transpiration. Some, however, percolates downward
through the black-earth soil into the underlying silt or into the sand
and gravel on the beaches of Lake Agassiz, to the water-table formed
above the clay.

The occurrence of shallow ground water is also
controlled by the physical properties of the silt. The southwestern
part of the area and an irregular area in the southeast corner form
the most extensive shallow aquifers found in the silt. In general, the
silt west of the 850-foot contour is more sandy than clayey, and yields
small quantities of potable water for farm and domestic supplies.
East of this contour, however, the silt is more clayey and yields
either no water at all, or water of a poor quality.

Because the clay underlies the silt unit, one should
never go deeper than the clay for a shallow-water well. If a test-hole
encounters insufficient or poor-quality water in the silt, a new test-
hole should be started in another location; deeper drilling will yield no
further water.
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It is the custom in digging a well in this area to
continue the well for 3 or 4 feet into the clay so that the clay will act
as a reservoir for the water that is yielded by the overlying silt. This
clay, however, generally gives a bad taste to the water. Some people
have improved the taste, after digging the well 3 or 4 feet into the
clay, by filling the bottom 3 or 4 feet with gravel; one such well can
be found in the village of Reinland. The water in these shallow aquifers
generally occurs at a depth of between 5 and 25 feet.

The rewashed till, consisting of sand and gravel, that
is found on surface along the beaches of Lake Agassiz, also yields
small amounts of water for farm and domestic uses. These aquifers
are found east of the Manitoba escarpment, principally in tps. 1, 2, 3,
and 4, rge. 5W. In most cases the gravel is overlain by a shallow
cover of soil and underlain directly by the clay. The depth at which
water occurs ranges from 2 to 18 feet.

Shallow ground water occurs also in alluvium sand and
gravel along the old buried channel of the Boyne River. This aquifer
trends west near the northern margin of the map-area (Map 29-1960).
One well bored in sec. 19, tp. 6, rge. 5W, indicated 1 foot of gravel
overlain by 25 feet of clay and silt. The recharge of this aquifer is
due to the slow stream-infiltration of the Boyne River, which has cut
a channel 10 to 15 feet deep into these lacustrine sediments.

As all these shallow wells are affected by the amount of
precipitation in the area, they are unpredictable suppliers. During
wet years, the shallow aquifers are fairly good sources of ground
water for farm and domestic supplies. In dry years, however, only
the thicker deposits are saturated and yield water continuously. This
is one of the reasons why dugouts are gaining in popularity. Their
storage capacity is much greater thdn that of wells in the shallow
aquifers.

As mentioned previously these shallow aquifers may
also be contaminated by the salty waters of deeper aquifers, which are
brought to the surface under artesian pressure when penetrated by
drilling. Another factor affecting these shallow aquifers, particularly
those in the very fine sandy loam, is the huge man-made road ditches
that trend north and west across the area every mile. Every section
of land is thus surrounded by a deep trench that may lower the water-
table by more than 5 feet. Examples of this can be seen in SE secs.
19 and 30, and SW sec. 29, tp. 2, rge. 2W. In each area, wells that
had produced for years prior to the construction of the road ditches,
are now dry.
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CLIMATE

Most of the data used here was obtained from records
of the weather station at the Dominion Experimental Farm in Morden.
For comparison, data were also obtained from the weather stations
at Altona and Roland.

The Plum Coulee area is in the north-temperate zone,
and the climate is classed as semi-humid, with warm summers and
cold winters. More than half the total annual precipitation falls
between May and September. Winter temperatures (November to
March) average approximately 13°F and summer temperatures (May
to September) average approximately 61°F. Wide variations from the
normal or average precipitation and temperature are not uncommon
from month to month, season to season, and year to year. Widespread
floods, severe storms, and droughts have occurred. There are no
abrupt changes in the topography to cause great differences in climate
within the area. At Morden, the average annual precipitation is 20. 56
inches and the average annual temperature is 38. 0°F.

Growing Season

The growing season varies from year to year. It is
commonly defined as the number of days between the last killing frost
in spring and the first killing frost in autumn. At Morden, the average
dates of these frosts are May 23 (32°F) and September 21. The
average frost-free period is 121.8 days. The shortest growing season
on record —93 days —was in 1929; the longest—146 days —~was in 1944,
Over the past 36 years the average killing-frost-free period (above
28°F) is 142.6 days, from May 12 to October 1.

Precipitation

Table I shows the average monthly and annual
precipitation for the 40-year period 1919 to 1958. For this period,
the average annual precipitation in the Plum Coulee area was 20.56
inches. The highest annual precipitation was in 1944 —28. 21 inches;
the lowest was in 1952 —12.53 inches. The average annual snowfall
for the 40-year period was 54. 05 inches. Approximately 25 per cent
of the total average annual precipitation fell as snow. The timing of
winter snowfalls has a great effect on the ground-water situation,
particularly in shallow wells. If the snow falls late in the winter, the
ground has a better chance to freeze to a greater depth. The water
produced by this late fallen snow is lost in the spring, mostly in heavy
run-off, which causes damaging floods, especially if the snowfall was
great.
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Figure 4. Average mean annual rainfall and snowfall at Morden, Manitoba, 1919-1958
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Figure 4 reveals that irregular sequences are
characteristic of the average annual rainfall and snowfall. Sequences
of years with generally below-normal average annual rainfall and
snowfall, followed by several years with generally above-normal
average annual rainfall and snowfall are common. There does not
appear to be any regularity or fixed periodicity of short cycles that
might be useful in the forecasting of future rainfall and snowfall.

Figure 5 shows that the 10-year period between 1929
and 1939 was generally dry, commonly called the drought of the thirties.
Only 1934 and 1937 had above-average precipitation. Total precipi-
tation was generally above average from 1940 to 1958, except for the
years 1942, 1943, 1945, 1951, 1952, and 1958. The year 1952 was
the driest year recorded in the past 40 years.

The average monthly precipitation records are shown
on Figure 6. This chart illustrates that 63 1/4 per cent or 12.59
inches of the total annual precipitation falls during the summer months.
Even 1952 was no exception, for of the total of 12.53 inches that fell
that year, 8.74 inches fell during June, July and August. Ordinarily
this rain would help the crops during the growing season and should
also help to recharge ground-water aquifers. But daily precipitation
records show that most of it falls during intense showers or thunder-
storms. Moreover, the basically clayey condition of the ground does
not facilitate the penetration of this water into the ground. Thus most
of this rainfall is lost as run-off and by evaporation.

For comparison within the Plum Coulee area, Table II
shows the average monthly precipitation for 6 months of the year over
a period of 7 years at three different places —Morden, Roland, and
Altona. During those 7 years, except for 1954, the southern part of
the Plum Coulee area around Morden and Altona received on the
average, annually, over 1 inch of precipitation more than the Roland
area farther north. This condition can be explained by thunderstorms
striking the southern part of the Plum Coulee area more often than the
northern part.

Temperature

Irregular sequences, similar to those occurring in
precipitation, are characteristic of the average annual temperature.
Commonly, several years with generally below-normal average annual
temperatures are followed by several years with generally above-
normal annual temperatures, and there appears to be no regularity or
fixed periodicity of short cycles on which to predict future temperature.

The average mean annual temperatures at Morden for
the 40-year period 1919 to 1958 are shown in Figure 5 and Table III.
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Only twice in this period—in 1931 and 1950—has the average mean
annual temperature been above or below normal by more than 4°F.

The average monthly temperatures are shown on
Figure 6. Local temperatures in the Plum Coulee area are generally
similar throughout. On the average the mean monthly temperature is
lowest in January. It rises at a uniform rate from February to June.
The temperature curve at this point begins to level off and reaches a
peak in July. It falls at an increasing rate until August. From August
to December temperatures fall at a rather uniform rate back to the
minimum in January. January 1950 had the lowest mean monthly
temperature, -14.4°F, and July 1936 had the highest, 77.4°F.

Daily deviations from the average are frequent and of
considerable magnitude. The highest temperature ever recorded at
Morden—111.2°F-—was on July 11, 1936; the lowest—minus 41.5°F —
was on January 20, 1943.

Evaporation

The weather station at Morden has taken evaporation
readings during the summer months since 1950. In the 9-year period
from 1950 to 1958, the average evaporation from May to September
inclusive has been 23. 32 inches, almost 3 inches more than the
average annual precipitation for the last 40 years. The rate of
evaporation is greatest during the month of May, and the 9-year
average for that month is 5.53 inches; evaporation is lowest during
September, averaging 3.64 inches over the 9 years.

Conclusions

As the soil in the Plum Coulee area is basically clayey
and as the greatest part of the precipitation falls as cloudbursts or
thunderstorms, and as the rate of evaporation exceeds that of
precipitation, it follows that very little of the total precipitation becomes
ground water.
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Figure 5. Average mean annual temperature and precipitation at Morden, Manitoba, 1919-1958
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Chapter III

WATER SUPPLY

TOWNSHIP 1

Range 1 West —Rhineland Municipality

The surface is flat with a rise of about 6 feet per mile.
Silt, averaging 13 feet in depth, is underlain by dark grey clay.

Wells dug an average of 15 feet in the silt (only in the
zone shown in Map 29-1960) yield sufficient potable water for farm and
domestic needs. Some wells outside these areas yield water but are
used only for watering stock. The only drilled well was dry; it was
one drilled many years ago to a depth of 150 feet.

The town of Gretna (pop. 608) is situated in sec. 5. A
town well dug into the silt was used for domestic needs by individuals,
although a recent analysis of the water condemned it. Another well
dug to a depth of 20 feet in the northwest corner of the town supplies
water to the Mennonite Collegiate Institute which has an enrolment of
200 students. Half a dozen homes have their own shallow dug wells.
The majority of the population have cisterns. When the rain-water in
these cisterns runs out, water must be hauled from Neche, North
Dakota, which is roughly a mile south, at a cost of $6 per 1, 000
gallons.

Residents of the two villages —Gnadenfeld (pop. 47) and
New Bercthal (pop. 122)-—get their water from shallow wells dug in
the silt. Almost every home in these villages has its own well.

The only aquifer known to be available is in the silt. In
a 36-square-mile area such as this, one drilled well is not sufficient
to prove that no water exists at depth. Therefore a systematic
drilling program would be advisable.

Range 2 West —Rhineland Municipality

As in tp. 1, rge. 1W, the surface is flat. In most
parts, the very fine sandy loam overlies the clay. The average depth
of the silt, where present, is 13 feet.

Wells yielding potable water (Map 29-1960) are dug in
the silt to an average depth of 15 feet. They yield only enough,
however, for farm and domestic needs.
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Some dug wells, such as one 14 feet deep in NE sec. 35,
used to yield good water, but have apparently become contaminated
and are now useless except for stock needs.

Eight wells have been drilled to depths of 168, 187,
and 149 feet in NW sec. 13, SW secs. 24 and 29 respectively, but
yield only saline water. All were subartesian.

Wells dug in the village of Blumenort (pop. 115) in the
sandy loam yield only hard, bitter water, which is used for stock only.
The inhabitants drink rain-water collected in cisterns.

In all probability, other lenses that would yield potable
water could be found in the silt if more test-holes were bored. No
new possible zones of good water at depth can be suggested here,
owing to the scant information available.

Range 3 West—Rhineland Municipality

Except for the slight, almost imperceptible rise made
by a sand bar in secs. 11, 12,and 14, the land surface is flat, with a
rise to the west of about 7 feet per mile. The silt unit here is thinner
and averages 11 feet.

Wells are dug in the silt to an average of 12 feet in
depth and yield potable water only in the area outlined in Map 29-1960.
The water is hard and alkaline. Only one well, dug 11 feet in NE sec.
11, yields comparatively soft water. It is dug into the sand on the
western edge of a sand bar, which may account for the softness of the
water.

In sec. 33, one well 150 feet deep is flowing artesian.
It yields salty water, and forms the southern tip of the flowing artesian
zone shown in Map 29-1960. This zone may extend farther south, but
no drilled wells to the southeast of this zone are available. Other
wells have been drilled to depths of 150, 130, 160, 200, and 160 feet
in SW and NW sec. 18, SW sec. 19, NE sec. 35,and NW sec. 36
respectively. The last two yield salt water used only for watering the
stock, whereas the first three get good potable water from sand and
gravel lenses associated with the till below the clay at a depth between
130 and 160 feet. The clay unit is 124 feet thick in SW sec. 18.

Almost all homes in the villages of Neuhorst {(pop. 42),
Rosengart (pop. 92), Schoenwiese (pop. 69) and Rosenort (pop. 87)
have shallow dug wells in the silt, ylelding potable water in sufficient
quantities for domestic use. In Rosenort, however, the water from
the wells is bitter, and most inhabitants prefer rain-water collected
in cisterns.
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The sand bar situated in secs. 11, 12, and 14, is an
area of ground-water interest. It should be probed by test-holes to
see if any good water in quantity is available. An experiment could be
carried out during spring or summer at times of heavy rainfall, when
the run-off is strong, to see if this sand bar could be artificially
recharged, for a road ditch crosses the sand bar 200 feet north of a
sand and gravel pit. If test-pumping proves that sufficient water is
available from this potential aquifer, a waterworks could be established
for the village of Rosenort, and perhaps Neuhorst.

As sand commonly has a porosity of 20 per cent, 1 cubic
foot of sand can hold more than 1 1/2 gallons of water. The potential
number of gallons of water that could be held within the sand bar can
be calculated by multiplying the number of cubic feet of sand in the
sand bar by 1 1/2, the gallon-per-cubic-foot ratio. From an aerial
photograph the sand bar was found to measure 13,200 feet long by an
average of 1,320 feet wide. A test-hole bored in the centre of the bar
indicated a total depth of the sand of 19 feet, but water was encountered
at 10 feet. Therefore, without artificial recharging, 9 feet of water is
found in the centre of the sand bar. Using this last figure we get:
13,200x%x 1,320 x 9x 1.5 = 235,224,000 gallons.

This amount available yearly from this potential aquifer
would mean more than 600, 000 gallons of water available daily —
sufficient to supply 10 villages the size of Rosenort. One well in NE
sec. 11 is on the western margin of the sand bar and yields softer
water than other wells in the region. The water obtained from this
aquifer elsewhere would probably also be equally soft, especially if
the aquifer was recharged artificially with the spring run-off and the
summer's heavy precipitation. A good screened well would do much
to increase the standard of living of the people in the villages
surrounding this potential aquifer.

Range 4 West—Stanley Municipality

The surface rises to the west at 12 to 15 feet per mile.
Water is obtained from two aquifers. The silt deposited in Lake
Agassiz forms a shallow aquifer, and the sands and gravels of glacio-
fluvial origin associated with the till form an aquifer at depth.

The silt averages 13 feet in thickness; shallow wells
dug in it average 14 feet in depth. Only wells within the area shown in
Map 29-1960 yield potable water. The yleld of each well is small but
sufficient for farm and domestic requirements. Wells in the silt, but
outside the potable zone, are used only for watering stock.

Wells which are 130, 137 (2), 112, 9Q, 100, and 140
feet deep were drilled to the till horizon, into the sand and gravel
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deposits associated with it, in SE sec. 12, NW and NE sec. 13, SE
sec. 22, SE and NE sec. 33,and NW sec. 35 respectively. All are
subartesian and yield hard potable water. The water rises from 18 to
within 4 feet of the surface. A yield of 50 gallons per hour is obtaina-
ble from a 2-inch-diameter well in this aquifer in the village of
Reinland. A 5-inch-diameter well drilled 112 feet in SW sec. 22 yields
700 gallons per hour. The hardness of the water in this well is 314
ppm. A well drilled in the village of Reinland by Mr. H. Peters of
Winkler gives a good cross-section of the lacustrine and glacial deposits
in this township. The information was given from memory as no logs
were kept. Five feet of black-earth soil is underlain by 20 feet of silt
and 80 feet of clay. Four feet of gravel occurs immediately below the
clay, but no water was noticeable. This gravel is underlain by 15 feet
of till which in turn is underlain by 13 feet of sand that yields 50 gallons
of water per hour when pumped. The water rises to within 4 feet of

the surface without pumping.

Villages situated in tp. 1, rge. 4W are Haskett (pop.
29), Reinland (pop. 221), Blumenfeld (pop. 93), Hochfeld (pop. 171),
Osterwick (pop. 150), and Neuenburg (pop. 103). Haskett has no
potable ground water. Bitter water is available from the shallow silt
aquifer; this is used only for stock. Cisterns are the chief means of
getting drinking water. In Reinland homes, potable water is obtained
from the deep aquifer mentioned previously, and also from a few
shallow wells dug in the silt. Blumenfeld residents get potable water
from shallow dug wells in the silt. Almost every home has a well;
those without one haul water from their neighbours. No deep wells are
reported here. In Osterwick the silt aquifer yields potable water, but
the water has a high iron content and the best potable water is found in
the southeast end of the village. Again most homes have a well; those
with none haul water from their neighbours. In Hochfeld and
Neuenburg, potable water is found both in the shallow aquifer in the silt
deposits, and in the deep aquifer in the sands and gravels associated
with the till. At Hochfeld the till horizon is penetrated at the
shallower depths of 90 and 100 feet, whereas in Neuenburg it is found
at a depth of 130 to 150 feet, similar to its depth in other drilled wells
in tp. 1, rge. 4W. Wells only 60 and 65 feet deep at both Hochfeld and
Neuenburg penetrate gravels (reported to be 20 feet thick at Hochfeld)
in the blue clay. If the till horizon is lower at Hochfeld, as indicated
by the other wells, this gravel could be alluvium deposited there by a
previous stream which had its source in the escarpment and followed
a course similar to the one now occupied by an intermittent stream.
The water from this aquifer is salty but potable. The yield of the wells
in this aquifer is not known but both were subartesian, the water rising
to within 6 and 24 feet respectively, of the surface. Further drilling,
following the course of the present stream, might disclose the extent
of this aquifer.
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Range 5 West—Stanley Municipality

The Manitoba escarpment trends southeast from sec.
31 to sec. 3, almost dividing this township in half. East of the
escarpment the surface is flat to rolling as each beach ridge is
approached. West of the escarpment the surface is uneven and rolling,
and is dissected by intermittent streams that have dug deep wide
gullies.

All ground water in this township comes from shallow
wells dug either in the shale, the reworked till, the sands and gravels
of the beach bars along the beach ridges, or in the silt. As far as the
writer could ascertain, there are no drilled wells to provide sub-
surface information.

The friable shale outcrops at various places on the
escarpment, as well as in drainage ditches below the escarpment to
the east. Most of the shale, however, is covered by a thin mantle of
till. Wells in the shale range from 8 to 30 feet deep and yield small
quantities of potable water for farm and domestic needs. The water
obtained from the shale is the softest available in the Plum Coulee
area.

Gravel and sand occur in lenses along the beach ridges
in a zone about 2 to 3 miles wide at the foot of the escarpment. These
deposits average 8 feet thick and contain water in wet years. The clay
is reported to underlie these sands and gravels wherever wells were
dug, but it could be that the shale was mistaken for clay and reported
as such. For some unknown reason the water in a few of these lenses
is bitter. Therefore, digging for a well in these deposits does not
ensure getting potable water. A few wells occur in lenses of gravel
and sand above the escarpment in what could be outwash deposits.
These deposits occur in secs. 29, 30, and 31. The quality of the water
is good, but the quantity is small.

The silt aquifer that was mentioned previously comes to
an end here against the escarpment. Its average thickness is 8 feet.
Potable water that will satisfy farm and domestic needs is obtainable
from this aquifer.

Farmers in the south of this township who do not possess

good ground water buy water at $10 per 1, 000 gallons from the owner
of two shallow wells dug in the shale.

Summary of Township 1

In the Plum Coulee area, township 1 has the best supply
of shallow ground water. Nevertheless, many farms, and villages such
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as Rosenort, Neuhorst, Blumenort and the town of Gretna, have not an
adequate supply of potable water. Also, only seven of the eighteen
rural schools surveyed in this township have wells that yield potable
water. The other schools use rain-water stored in cisterns, or
hauled water. So far, no well has yielded large enough quantities of
water for industrial, municipal, or irrigation needs.

Because of the hardness of the well water, cisterns are
used in almost every home to collect soft rain-water. Also, on every
farm the supply of well water is augmented by surface waters
collected in dugouts.

Many of the farmers in this township have, in recent
years, moved into nearby villages, commuting daily to their farm-
lands by car. As a result, fewer individual wells are needed. A
single good well, if it could be found, would satisfy the needs of all
persons in the village.

Two new potential aquifers may be developed in this
township as shown by this survey; the most promising is the sand bar
in secs. 11, 12, and 14, rge. 3W.

TOWNSHIP 2

Range 1 West—Rhineland Municipality

The surface of the land is flat with a rise to the west of
3 feet to the mile. Buffalo Creek, an intermittent stream, meanders
in a general northward direction along the eastern margin of the
township. In sec. 31 it turns sharply eastward, following a drainage
ditch along the northern margin of the township. As with many other
small streams in the Plum Coulee area, this stream has control dams
at intervals across the stream channel to impound a part of the normal
run-off in a series of long narrow lakes.

Most of this township is devoid of potable water. The
silt averages 9 1/2 feet thick and the underlying clay is 127 feet thick.
The silt is the only aquifer in this area that yields potable water for
farm or domestic needs, and it does so only in the zone shown in Map
29-1960.

Producing wells are usually dug through the silt to the
clay to an average depth of 14 feet. Wells have been drilled to depths
of 385, 160, 175, 130, and 132 feet, in SW and SE sec. 8, NW sec. 10,
SE sec. 12, and NE sec. 32 respectively. The first of these wells was
presumably drilled through the unconsolidated deposits into the bedrock
(although no log is available) and was a flowing artesian well yielding
saline water. The other drilled wells obtained water from the gravels
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and sand associated with the till. In these four cases the water was
subartesian and salty. More wells were drilled, probably to the till
horizon, in secs. 24, 29, and 31, but their depths are not known. The
water in these wells is also subartesian and salty.

In the village of Old Altona (pop. 88) there are only two
dug wells, which yield potable water in wet years; most of the villagers
rely on cisterns, dugouts, or hauled water.

The town of Altona (pop. 2,000) is the third largest
community in the area. Its only source of water is the ground water
obtained from seven municipally-owned shallow wells, dug to a depth
of 16 feet in the silt. Of these, five are used for domestic purposes
while two are being used for fire protection, along with a dugout.
Each well is equipped with a hand pump. One of these wells, situated
at the corner of 5th Avenue and 2nd Street, is actually recharged by a
dugout 25 feet away. The water passes through the silt into the well.
Two water analyses give this well water an average hardness of 1,954
ppm and an average chloride content of 223 ppm.

The scarcity of water during the drought of the thirties
is reflected by the fact that it was then necessary to place a padlock on
each pump at night, so that outside farmers could not take the little
water available for the urban population the following day. In daytime
a watchman stood at each well to see that the water was distributed
fairly.

The depth of the water in these wells, when examined
in July 1959, was 9 feet, but this may have been due to a heavy rain-
fall the day before. With this average depth the storage capacity of
these wells is approximately 20, 000 gallons. Recharge would increase
this amount somewhat but this is nonetheless a very small supply of
water. One industry alone-—the Vegetable Oil Co-op —uses 15, 000
gallons of water daily, which it hauls from Neche, North Dakota.
Because of the scarcity of water, each home collects rain-water in
cisterns.

In the autumn of 1958, municipal authorities tried to
alleviate the situation by drilling two wells, hoping to find good water
at depth. One was drilled 160 feet ueep through the silt and clay, and
water was encountered in gravels below the till. The water was
analyzed by the Vegetable Oil Co-op in their laboratory and showed a
hardness of 5,300 ppm and a chloride content (mostly sodium chloride)
of 9,400 ppm. The well was abandoned. The rate at which this well
could be pumped is not known. The other well was drilled to a depth
of 385 feet, and it is assumed to have penetrated bedrock. Analyses
of the water showed hardnesses of 11,200, 5,600, and 6,900 ppm at
depths of 178, 300, and 380 feet respectively, while the chloride
contents were 37,900, 33,000, and 38,600 ppm
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respectively. Artesian flow occurred at this well. The well also was
abandoned without any knowledge of its yield. The town authorities
therefore concluded that no good potable ground water exists in the
immediate vicinity in sufficient quantity to satisfy the needs of Altona.

These drilling tests were not completely fruitless,
however, for even though no good water was encountered, it proved
that water is available at depth. An economical process, such as the
distillation method, the ice-separation method, or the ion-exchange
method, could probably be developed for the conversion of this salt
water into good fresh water. The largest salt-water distilling plant in
the world, at Aruba, Netherlands Antilles, produces 2,500,000 gallons
per day at a cost of $1 per 1,000 gallons.

It is unfortunate that no logs of the wells were
recorded and no pump tests were made, so that the source horizon of
the water and the possible yield of such wells, if properly developed,
are unknown. As the supply of saline water at depth may well be
considerable, the writer believes that the possibility of salt-water
distillation and conversion to fresh water is worth further investigation.

Range 2 West—Rhineland Municipality

The surface is flat, rising to the west at a rate of 5
feet per mile. This township is the driest one in the southern part of
the Plum Coulee area. The very fine sandy loam at the surface is
about 9 feet thick and is in most parts devoid of water. Where water
does occur in it, it is not fit for drinking. Only three shallow dug
wells yielding potable water —probably dug in silt lenses —are now in
use. They occur in SW sec. 6, SE sec. 10,and SW sec. 18. Other
dug wells that formerly ylelded water are now dry, perhaps due to the
lowering of the water-table in these areas by big road ditches. Three
such dry wells can be found in secs. 19, 29, and 30.

Wells drilled to depths of 150 (2) and 180 feet occur in
SW secs. 5 and 8, and in NE sec. 26. In all cases the water is sub-
artesian and salty. Although no data is available, it is presumed that
the water is found in the sand gravel lenses associated with the till.
These wells are used for watering stock only.

The farms in this township rely predominantly on their
cisterns and dugouts.

Range 3 West-—Rhineland Municipality

The surface is fairly flat, with a rise to the west of 11
feet per mile. The main aquifer is the sands and gravels of glacio-
fluvial origin associated with the till, which yield saline water under
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artesian flow. The silt and sandy loam is generally about 12 feet
thick. The thickness of the underlying clay is fairly constant from
place to place and is found to be, from well drillings, 121, 135, and
138 feet in NE sec. 4, and NW secs. 12 and 31 respectively.

Most of the shallow dug wells are found in the eastern
half of the township. As indicated on Map 29-1960 very few of these
yield potable water. They are dug to an average depth of 18 feet,
being dug below the silt and sand loam to increase the storage capacity
of the well as the silt and sandy loam aquifer does not yield much
water.

The flowing artesian zone in this area can be seen on
Map 29-1960. Except in or near the village of Gnadenthal, no dug
wells are found within the zone. Local inhabitants are evidently
satisfied with the artesian water, obtainable at depth without pumping,
for it provides a continuous flow of salty water for their stock. For
their own consumption they use rain-water from the cisterns. Few
dugouts are to be found in the area underlain by the artesian zone for
the same reason. Some of these artesian wells have been producing
since 1890.

Water in these flowing artesian wells is found at a depth
of between 128 and 230 feet, the average being 166 feet. From the
information obtained during the present study, the best part of the
aquifer is in sand below the till horizon. As indicated by a well
drilled in NW sec. 31, the top part of the till also contains sand that
yields water probably less saline than that of the lower horizon. The
natural-flowing yield of this well was 1 gallon per minute. However,
drillers in this area seldom stop at this aquifer, but drill deeper to
the zone that is known to yield a continuous flow.

All wells in this aquifer are drilled by the cable-and-
tool method and the casing is in most instances 2 inches in diameter.
The wells are not developed and no screens are used. They often need
cleaning for continuous flow is prevented by a valve or faucet which
causes the salts to accumulate on the inside of the casing and eventually
plug the well.

In the northeastern corner of the township, five wells
drilled to an average depth of 130 feet yield salt water under sub-
artesian pressure. Another well, similar to these, drilled in NW sec.
12 in 1958 to a depth of 152 feet, yields water that showed a hardness
of 1,687 ppm, sulphates 740 ppm, and a total chloride content of
850 ppm. At a pumping rate of 10 gallons per minute, the water level
stands 60 feet below the surface, which is 45 feet below the level to
which the water rises when the well is not being pumped. The height
to which the water level rises in this well is affected by the atmos-
pheric pressure. The owner relates the rising and falling of the water
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level to the wind direction, for '"'when the wind is from the northwest
the water level rises and when the wind is from the southeast, the
water level drops'. Other farmers in the Plum Coulee area have
given the same explanation for water-level fluctuations in their wells.

The village of Gnadenthal (pop. 131) has a few shallow
wells dug in the silt, which yield only bitter water. The drilled wells
are flowing artesian wells yielding salty water used for stock only.
Most of the villagers drink cistern water; some haul water from
Morden 20 miles to the northwest, or from Winnipeg 75 miles to the
north at a cost of $20 per 1,000 gallons. The Hutterite colony of
Blumengart has five wells yielding salt water used only for the stock.
This supply is supplemented by water from dugouts and water dammed
on an intermittent stream that crosses their land. The residents get
their fresh water from cisterns or by hauling from Morden or
Winnipeg.

From available information, no new freshwater aquifer
can be predicted in this township.

Range 4 West—>Stanley Municipality

The even surface in this township is broken by a beach
ridge, trending north-northwest, that can be seen at the crossroads
at Schanzenfeld school, half a mile east of the village of the same
name. As in the township to the south, water is available in both the
shallow aquifer in the silt, and the deep aquifers in the sands and
gravels associated with the till. The silt is about 18 feet thick; the
clay below it is 92 feet thick in the northwest corner, 129 feet thick in
the village of Reinfelt, and 165 feet thick 3 miles farther south in the
village of Friedensruh. The till, as usual, underlies the clay. The
water -bearing lenses associated with the till seem to have a more
gravelly texture than those penetrated in wells in townships to the east.
No wells in this township are reported to have penetrated bedrock.
The clay thickness decreases generally to the west, due to the gradual
rise in elevation of the underlying bedrock surface as it approaches
the escarpment 6 miles to the west.

The silt aquifer yields potable water in almost half of
this township (see Map 29-1960). Wells are commonly dug through
the silt into the clay, to an average depth of 19 feet. The water level
in these wells is generally 10 feet below the surface in years of normal
rainfall, and the quantity of water is sufficient for farm and domestic
needs except during winter, when quite a few of the wells go dry.

Potable water also occurs underneath the clay in gravel
lenses associated with the till. Such water is found in wells in NW
sec. 14, NE sec. 15, NW sec. 16, and SE secs. 20 and 22, at depths
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of 36, 48, 50, 62, and 52 respectively. In three of the five wells, the
water flows at surface at a rate of 2 gallons per minute; the reason for
this has not been found, as the source of this water is as yet unknown.
As these three wells yielded water even during the drought of the
thirties, the area enclosed in NE sec. 15 and vicinity should be
thoroughly investigated by drilling. It may have the potential for
yielding large quantities of potable water.

The western extension of the artesian-flow zone
described in the township to the east covers the northeastern part of
this township. Wells in this zone are drilled to depths of between 140
and 200 feet. The water is saline and is used for stock only.

The village of Chortitz (pop. 188) depends on shallow
wells dug in the silt. Forty-two dug wells were counted in the village,
almost one well per home. Rain-water from cisterns supplies the
village with soft water. Only one well has been drilled here. It
encountered good water at a depth of 75 feet in sand and gravel below
the clay, but the quantity was very limited and the well was abandoned.
Further investigation of this deeper zone by drilling might find that it
is a reliable aquifer. The shallow wells supply little water during dry
years.

In the village of Schanzenfeld (pop. 60), west of the
beach ridge, potable water is also available in the silt. A few deeper
wells yield potable water from sand and gravel lenses below the clay
at depths of 80 and 120 feet. The water in these wells is subartesian
and rises to within 17 feet of the surface.

The villages of Freidensruh (pop. 85) and Reinfelt (pop.
115) are completely within the flowing artesian zone shown on Map 29-
1960, and all wells yield salty water from depths of between 140 and
200 feet. This salt water is used for the stock only. Wells in these
villages that are dug in the silt aquifer do not yield good water because
of the contamination of the surface zone by the salts brought up in the
water from the deeper zone. Twenty-four flowing artesian wells are
now being used in these two villages. Their natural-flowing rate is
about 2 gallons a minute, although one well in Reinfelt yields 16 gallons
per minute. For domestic needs the inhabitants use cisterns or haul
water from Morden, 10 miles to the west.

Range 5 West—Stanley Municipality

The rolling surface in this township is due to numerous
linear beach ridges trending north-northwest across its western half,
so that the westward rise is more pronounced than in the townships to
the east. The land rises an average of 33 feet per mile until it comes
sharply against the escarpment in the southwestern part of the township.
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Most of the western half is covered by glacial till,
modified by wave action, that ranges from 2 to 20 feet thick. The
sand-and-gravel beach ridges are no more than rewashed till formed
by the washing action of the waves along the shores of the beaches of
former Lake Agassiz. The eastern half is covered by silt and a zone
of very fine sand. Only in the southwestern part can shales of the
Vermilion River formation be seen along stream banks and road-cuts.

All but one well are shallow dug wells. Shallow wells
yield water almost anywhere in the township, but in only the zones
outlined on Map 29-1960 is the water potable. The wells average
about 15 feet deep with the water level rising to within 8 feet of the
surface. Wells in the sand and gravel ridges yield more water than
those in the shale or silt. In general, however, each well only yields
enough water for farm and domestic needs. Farms with two or more
wells are common, and additional wells may be dug in dry years.

One well in the extreme northeast corner, in NE sec. 36,
was drilled 85 feet through the silt and clay into water-bearing sands
below. The water is potable but small in amount.

In the western half of the township, small amounts of
water might be obtained from wells drilled in the shale. So far only
five such wells have been drilled. These were in NE sec. 31 and none
gave satisfactory results. On a turkey farm there, the daily water
requirement, 1,000 gallons, is hauled from Morden, a mile to the
north.

Summary of Township 2

The best supply of potable water, from either the
shallow or the deep aquifers, is in the western part of the township.
As in township 1, however, the ground-water supply is inadequate,
and must be supplemented by water collected in cisterns and dugouts.
A few zones might yield greater amounts of water; the most promising
is in NE sec. 15, rge. 4W.

In the eastern part of the township, especially around
Altona, more drilling is necessary to prove that fresh water is not
available in sufficient quantity, and to determine the amount of salt
water that is available. If much salt water is available, a conversion
program should be considered. The only other alternative to alleviate
the water shortage in Altona is to bring fresh surface water from a
considerable distance.
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TOWNSHIPS 3, 4, 5, AND 6, RANGES 1 AND 2 WEST—
RHINELAND AND MORRIS MUNICIPALITIES

These townships are grouped because very little is
known about them, and because the entire area appears to be almost
devoid of potable ground water. The area is 288 square miles, a
little more than a quarter of the Plum Coulee area studied by the
writer.

The surface is flat and slopes to the east at 2 feet per
mile. Itis crossed by huge drainage ditches, some more than 350
feet wide, which were dug to improve drainage during spring run-off.

The whole area is covered by a black clayey organic
soil, which is as much as 6 feet thick in NE sec. 8, i{p. 5, rge. 2W.
This soil is underlain by a clay with some silt, which occurs in small
narrow lenses as seen in the ditch along highway 23. Underlying this
clay is the true bluish clay of Lake Agassiz, which is 80 feet thick
around Sperling, 54 feet thick at a point 10 miles to the east, 175 feet
thick 12 miles south of the latter, and 115 feet thick in a well at
Rosenfeld. On the basis of the log records of a few deep wells, it is
known that till, or sand and gravel associated with the till, underlies
the clay. This till, with or without its sandy or gravelly components,
ranges from 5 to 140 feet thick. It in turn is underlain by shale or
limestone which is found at depths between 115 and 230 feet.

At present, only two wells yield potable water, and
these only in very small quantity. One is dug near Buffalo Creek— 13
feet in the shallow silt aquifer in SE sec. 6, tp. 3, rge. 1W. It
supplies enough water for domestic needs. The well is actually re-
charged by the water contained by a dam in Buffalo Creek. The other
well is bored 96 feet through the clay into a sandy lens in the till. It
is 18 inches in diameter and water rises to within 35 feet of the surface
when the well is not being pumped. This well supplies 250 gallons per
day.

Some dug wells yield only salt water, even at a depth of
only 20 feet. In the past, more farms had dug wells that yielded
potable water, but these have either become contaminated by salty wa-
ter from below, or have gone dry. The huge drainage ditches in the
region have probably lowered the surface-water table so much that the
few water -bearing lenses in the clay are now almost completely dry.
In August 1959, cracks as much as 4 inches wide and 8 feet deep could
be seen at regular intervals of 10 to 20 feet along the whole length of
the fields.

All wells drilled or bored below the clay yield only salt
water. Of 83 such wells in this area, only 13 are still in operation
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and are only ysed for watering the stock. The rest were plugged up
because of their high salt content. Most wells drilled into bedrock
were flowing artesian wells and it is believed that the non-flowing wells
would flow if they were deepened. A few of those in the drift were also
flowing artesian wells, but in general, wells not penetrating bedrock
were subartesian. Map 29-1960 shows the western extension (with
some modifications) of an area of artesian water flow that was earlier
reported by Johnston (1934).

Most of the deep wells having log records available
were drilled a long time ago. One was drilled in 1886 to a depth of
1,037 feet at Rosenfeld by the Canadian Pacific Railway. The log of
this well (#2154) is shown on the cross-section in Figure 2. Some
were drilled by the Manitoba Public Works Department during the
years 1915 to 1919. A few others are mentioned by Johnston (1934).

During the early part of the 1950's a single well was
drilled for oil in SE sec. 1, tp. 5, rge. 2W. Men in the Lowe Farm
area stated that it was drilled to a depth of about 800 feet and that
potable water was encountered at 600 feet. No oil was struck, and the
well is now filled with cement.

The population in this area is more sparsely distributed
than in townships to the south. All residents of Rosenfeld (pop. 325),
Horndean (pop. 95), Sewell (pop. 32), Lowe Farm (pop. 365), Kane
(pop- 35), and Sperling (pop. 200), as well as farmers in this area,
rely on cisterns and dugouts. Most of the inhabitants also haul water
from the town of Morris, 4 miles to the east, or from Winnipeg, 40
miles to the northeast, at a cost of from $14 to $16 per 1,000 gallons.

Residents of this clayey area gave up the search for
potable ground water several years ago. However, more silt lenses
yielding potable water might still exist. The shallow water-table
might also be raised again, if some water was to be retained in the
drainage ditches by dams after the threat of spring floods has passed.
Raising the water-table would restore water to dry wells. Salt water
can be found at depth, but the amount to be obtained from the deep
aquifers is not yet known. If available in great quantity, it could be
rendered useful by means of a cheap salt-water conversion process.
This appears to be the only way to alleviate the water shortage, at
least in the small communities.

TOWNSHIP 3

Range 3 West—Rhineland Municipality

The surface here is flat with a rise to the west of about
5 feet per mile. The very fine sandy loam in township 2 to the south,
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extends into this township and covers almost all of the southern half.
The northern half is covered by clay.

Only two shallow wells, 14 and 18 feet deep, dug in silty
lenses, yield potable water. No extensive shallow aquifer can be said
to occur in the township.

Most wells have been drilled through the clay, which is
150 feet thick in sec. 18 and 135 feet thick in sec. 24, to the till below.
Sandy lenses associated with the till, more than gravelly lenses, seem
to be the aquifers yielding salty water to these wells. The water in
these wells is under artesian pressure.

In the subartesian wells the water rises to within 10
feet of the surface. These wells have an average yield of 1 gallon per
minute with a drawdown of 1 foot per minute.

In the southwest corner of the township, wells drilled
about 175 feet deep yield water under artesian flow. One in SE sec.
18 yields water that is salty but drinkable. It yields 3 gallons per
minute without pumping. A similar well a few hundred yards to the
west yields only 1 gallon per minute. In general all drilled wells yield
only salt water, which is used only for the stock.

The only water available to the town of Plum Coulee
{pop. 500)—the sole community in this township —is that collected in
cisterns by each home, and also the sluggish water held back in the
Plum Coulee stream by a dam built at the railroad station by the
Canadian Pacific Railway. There are no wells here. Residents of this
town and the surrounding area haul water from Morden, 16 miles to the
west, or from Winnipeg, at a cost of $20 per 1,000 gallons.

Some 50 wells were drilled in this township, none of
which are known to have reached bedrock. The township has no
aquifer from which a sufficient quantity of potable water could be
obtained. Water from the bedrock would probably be saline.

Range 4 West—Stanley Municipality

The surface is flat with a rise westward of a little more
than 10 feet per mile. Silt averaging 20 feet thick covers almost the
entire township.

A few shallow wells dug into the silt to an average
depth of 30 feet, along the western margin of the township, yield good
potable water in sufficient quantity for farm and domestic requirements.
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An area covering nearly one third of this township (Map
29-1960) yields potable water at depth from sand and gravel lenses
associated with the till. In NE sec. 20 the water from one of these
aquifers tasted excellent. The artesian-flow zone described in town-
ship 2 extends here, but it is divided into two distinct lobes {Map 29-
1960). The northwestern tip of the westerly lobe is the only place in
the Plum Coulee area that good potable water is found under artesian
flow. Half a dozen artesian wells can be found in secs. 9, 15, and 16.

Winkler (pop. 2,000) is the only town in the Plum Coulee
area that has a sufficient supply of ground water. It has a well with
the greatest yield (100,000 gallons per day). When this well is pumped,
the water level in other wells in the town drops noticeably.

A well was drilled by the Manitoba Public Works
Department in June 1918 near Winkler to a depth of 1,320 feet. (The
exact location of the well is unknown.) A cross-section of this well
(#2117) is shown in Figures 2 and 3. The log shows that bedrock was
encountered at 535 feet and consisted of shale, limestone, and sand-
stone. No information is given as to whether water was encountered
in the bedrock. Overlying the bedrock is 275 feet of clay, 5 feet of
which is called "streak of coal sand'. If the well log is accurate, this
deposit of clay is the thickest and deepest known in the Plum Coulee
area. This clay directly overlying the bedrock may be the reason why
Winkler has more potable water available at depth than elsewhere in
the Plum Coulee area; the clay prevents the upward migration of salty
waters from bedrock into the till above the clay. Above the clay are 5
feet of sand and another clay deposit 10 feet thick.

Overlying these two thin deposits, 170 feet of sand and
gravel is cut exactly in half by 10 feet of ""drift coal'. In Figures 2
and 3, the author has changed the top 85 feet of sand and gravel (as
reported in the log) to till. One hole to the east shows till to be 70
feet thick. This till probably contains large lenses of sand and gravel
and this is probably the zone from which Winkler gets its potable water.
It is the only zone reported in the log of the well where water is found.
The potable water from these sand and gravel layers in the wells at
Winkler is available at depths ranging between 50 and 150 feet. Only
the industrial wells used by the cannery and the creamery go deeper —
to an average of 180 feet —into the sand and gravel deposit reported in
the log. The yield of these deeper wells is much greater. For
example two wells at the creamery,125 and 186 feet deep, yield 500
and 5,000 gallons per hour respectively.

The bottom 85 feet of the 170 feet of sand and gravel
reported in the well log could also be till. If so, gravel and sand
lenses would again be the aquifers that would supply the wells with a
greater flowing rate. In Figures 4 and 5 it has been assumed that
this 85 feet of gravel could extend 2 or more miles east and west, and
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also approximately 8 miles to the south, and 4 miles to the north of
Winkler.

The log of this well shows that 40 feet of blue clay lies
above the till. This is the same blue clay encountered elsewhere in
the area. The clay in turn underlies 20 feet of silt. A few shallow
wells are dug in the silt in the town of Winkler.

In Winkler, the west end of town obtains water from an
average depth of 60 feet and the water in these wells rises to within 4
feet of the surface, whereas the east end of town obtains water at an
average depth of 120 feet and the water there rises to within 10 feet of
the surface.

As shown on Figure 2, the deep well at Winkler suggests
that a deep buried valley lies below the present surface. As the potable
water is obtained at an average depth of 140 feet, the water yielded by
the flowing artesian wells in secs. 9, 15, and 16, with a natural-
flowing rate of half a gallon per minute, may have its origin in the
west. This is the most reasonable explanation, for no potable water
is found to the east.

The author believes that the area of approximately 48
square miles surrounding Winkler has the greatest potential ground-
water resources in the Plum Coulee region. The extent of these
resources could be established by a systematic drill-hole program,
with the holes having a minimum depth of 160 feet and a maximum
depth of 290 feet.

Range 5 West—Stanley Municipality

The slope of the ground is a little more pronounced than
to the east, for the rise to the west is approximately 30 feet per mile.
Silt covers a good part of this township to an average depth of 14 feet.
Two areas of fine or silty sand have been reported (Jchnston, 1934),
and are shown as such on Map 30-1960.

The silt is a fair aquifer, supplying enough water for
farm and domestic needs. Almost anywhere in the township, wells
dug in the silt to a depth of about 16 feet will yield water, but only in
the zones outlined in Map 29-1960 is this water potable. Quite a few
of these shallow wells also obtain potable water from sands and gravels
deposited as alluvium, by streams flowing down off the sharp rise
immediately to the west of this township. A few examples of such
wells can be seen in SW sec. 17 and NW sec. 35.

Along the eastern margin of this area, deeper wells,
averaging 100 feet in depth, obtain potable water from sandy and
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gravelly lenses associated with the till. However, the amount of
water obtained from these lenses is small, although it is under
artesian pressure. These subartesian wells generally provide less
than a gallon a minute.

In 1889, a well drilled in the town of Morden was logged
by Tyrrell (1896). He showed the contact of bedrock (in this case,
shale) to be 31 feet below the surface. This well at Morden, (#2141,
Figure 2), and the deep well at Winkler (#2117), indicate a sharp
decline to the east in the surface contour of the bedrock and lead to the
assumption that a deep valley existed there at one time.

Until a few years ago the town of Morden (pop. 2, 000)
depended on a few shallow wells for its water supply. Some of these
were owned by the town, others were privately owned. This water
shortage was remedied when the Morden dam was constructed on Dead
Horse Creek in 1941 under the Prairie Farm Rehabilitation Act. The
dam was rebuilt in 1952, increasing the usable storage capacity to
1,830 acre-feet and creating a reservoir that is now known as Lake
Minnewasta. Two pipelines from the reservoir supply parts of the
town with as much as 320, 000 gallons per day of filtered and treated
water, and the whole town will soon be serviced by this water system.
Some of the towns and villages to the east hope that one of these pipe-
lines will be extended to link with the Morden reservoir.

Summary of Township 3

The eastern two thirds of township 3 in the Plum Coulee
area is generally devoid of potable water, either from shallow or deep
aquifers. It is likely that water obtained from bedrock would be salty.
On the other hand the western third of the township can obtain potable
water from the silt aquifer near surface. Range 4 in this township has
the biggest supply of the best potable water. The potential of this last
area should be thoroughly investigated.

TOWNSHIP 4

Range 3 West —Roland Municipality

The surface is almost level, rising slowly to the west at
6 feet per mile. It is crossed diagonally by a huge drainage ditch that
helps drain the spring flood-waters of Shannon Creek. Most of this
township is covered by clay.

Only one shallow well, situated in NE sec. 20, was
encountered. It is dug to a depth of 14 feet into the silt, and yields
very hard, bitter water. The only well yielding potable water was
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drilled 120 feet deep just south of the village of Myrtle. All other wells
in this area with a depth between 90 and 200 feet are subartesian and
yield salt water used only for the stock. No wells are known to have
penetrated bedrock.

Few owners of the deeper wells had any information on
the source of their water. However, the salty water is probably obtained
from sandy layers found in the till at various depths. Again, as in the
townships to the east, the inhabitants apparently believe that no good
water can be found in this area, so that they have been discouraged
from further investigations.

As on the farms in this area, homes in the village of
Myrtle (pop. 30) possess two cisterns, one to catch rain-water from
the roof, which is the supply of soft water, and the other for storing
water hauled for drinking purposes. Water is hauled from Winnipeg,
Morris, Morden, and from Glover's farm in tp. 4, rge. 4W.

On the information available, no new water horizons
can be anticipated in this township.

Range 4 West—Roland Municipality

The surface is almost level, sloping to the east at 7
feet to the mile. This township is almost entirely covered by silt
which averages 16 feet deep.

Shallow wells dug into the silt to an average of 16 feet
deep yield potable water in NW sec. 2, SW sec. 11, NE secs. 17 and
29. Few shallow wells have been dug, probably because the silt yields
little water and such wells commonly go dry in the winter. However,
the silt aquifer may yield potable water at other places than those just
mentioned.

Clay is found in every well drilled or dug below the silt.
It is 112 feet thick in NW sec. 2, but seems to get thinner northward.
In NE sec. 33 it is only 72 feet thick. Till underlies the clay, and a
hole drilled to a depth of 200 feet in SE sec. 5 does not reach bedrock.
This hole shows that there are three gravelly sand horizons in the till
from which potable water is available. One such layer is assumed to
be at 90 feet, another at 125 feet, and the third around 165 feet. All
wells drilled or dug to these deeper aquifers are subartesian. Outside
the zone of fair to potable water shown on Figure 1, the deeper wells
of this township all yield salt water, which is used only for stock.

Only one well, in SE sec. 3, is flowing artesian. It is
probably the northernmost extension of the eastern lobe (Map 29-1960)
described in tp. 3, rge. 4W.
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As in other places in the Plum Coulee area, farmers
here also make extensive use of all available cisterns and dugouts.
Those without potable well water, haul it from Morden or Glover's
farm (tp. 4, rge. 5W). There are no villages in this township.

Sec. 5 should be investigated by drilling to determine
the exact depth of the three gravelly sand layers within the till. This
would show whether they are truly gravelly sand layers, or just till
deposits within the clay, and also whether a greater rate of flow could
be obtained assuming that they are gravelly sand lenses if a properly
developed well was drilled into them. At present the rate of flow of
these three horizons is known only to be sufficient for farm and
domestic requirements.

Range 5 West—Roland and Thompson Municipalities

The surface is flat with a rise of a little more than 11
feet per mile. Only a beach ridge, running north-northwest from SE
sec. 4 to the western margin of the map-area in SW sec. 37, mars
the levelness of the ground. This ridge has an abrupt rise of 10 to 15
feet throughout its length. The area is almost entirely covered by silt
averaging 17 feet deep. A beach bar consisting of good sorted gravel
occurs in SE sec. 11. At present a pit is in operation and the material
is used for road construction.

In general, wells dug into the silt yield fair to good
potable water. The most important aquifer, however, is in NW sec.
1. In this aquifer is the famous Glover'sfarm well, from which people
for miles around get their potable water. The well is roughly 1 mile
southeast of the beach bar mentioned above. It is 16 1/2 feet deep and
3 feet in diameter, and is lined with concrete blocks. It was dug in
1917, through a clayey silt into a sandy layer. Two electric pumps
yield as much as 20 gallons per minute and have been doing so for many
years. This well yielded a constant supply of water even during the
drought of the thirties. The water level in the well is 8 feet below
surface when it is not being pumped. The well is believed to be spring
fed, for several springs occur in the sides of the trenches made by
two nearby intermittent streams that join to form Shannon Creek. The
sand through which the spring or springs flow could have been deposited
by these streams at flood time, or it could be the southern extension
of the beach bar to the northwest. In any case the water in this well
is excellent. The owner sells it for $2.50 per 1,000 gallons. The
spring that charges this well may also supply the excellent water in a
well in NE sec. 20, tp. 3, rge. 4W.

Sand and gravel aquifers associated with the till in this
township also yield potable water at depth (Map 29-1960). Wells sunk
into these aquifers are subartesian and have an average yield of 350
gallons per day.
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The thickness of the clay above the till ranges between
70 and 100 feet. As was found in the deep hole at Winkler, the logs of
two holes drilled in this township by the Manitoba Public Works
Department show that clay also underlies the till. One hole was
drilled in 1915 in SE sec. 17 to a depth of 196 feet, and the other was
drilled in 1921 in NE sec. 25, to a depth of 190 feet. The first was
reported dry, whereas the second penetrated bedrock (shale) and
yielded salt water from two sandy layers that were intersected at
depths of 140 and 190 feet. Another dry hole was drilled in SE sec. 8
to a depth of 200 feet. Two more dry holes have been reported in this
area, one drilled in SE sec. 33 to a depth of 200 feet, and the other in
SE sec. 29 to a depth of 190 feet. A well drilled in sec. 5 to a depth of
120 feet, reported to have encountered rock at 30 feet (Johnston, 1934},
may have in fact penetrated a boulder at that depth, for such a shallow
depth of bedrock does not agree with the bedrock position elsewhere in
this region.

Summary of Township 4

Township 4 in the Plum Coulee area follows the general
pattern shown by the townships to the south. The eastern part is
practically without potable water and the western part has barely
enough for farm and domestic needs. The available ground water is
supplemented by water stored in cisterns and dugouts as well as by
haulage. No new aquifers have been discovered here, but further
investigation by drilling is recommended in sec. 5, rge. 4W. The
springs mentioned in sec. l,rge. 5W should be studied and probed to
see if they might extend to the southeast.

TOWNSHIP 5

Range 3 West —Roland Municipality

The surface is almost level, and except for the south-
west part which is covered by silt, is entirely covered by clay.
Because of its flatness huge drainage ditches cross this area from west
to east.

The few wells in use are in the western half. Only one
well, dug into a silt lense in NW sec. 20 to a depth of 16 feet, yields
potable water.

Four other such wells, dug in SW sec. 8, were dry
holes, but they were dug during a drought instead of when there was
water in the ground. Test-holes should be made at the most promising
locations on the farm, and the most promising of these should then be
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dug as a well. This does not necessarily mean that this well will never
go dry in times of drought—but it does have the best chance of survival.
It is difficult enough to find a suitable source of water in the ground
when the ground is wet but more difficult or almost impossible when
the ground is almost completely dry.

Potable water can be obtained in the southwestern corner
of the township (Map 29-1960) at depths averaging 100 feet, in sand and
gravel lenses associated with the till. At present only five wells
penetrating this aquifer are still in use, and their yield is small,
averaging 200 to 500 gallons per day.

The clay is about 100 feet thick. All wells in this town-
ship drilled below this horizon are subartesian and the water rises in
them to within about 20 feet of the surface. The water yielded by these
wells, except for the five mentioned above, is salty and is used only
for watering stock.

One well in NE sec. 34, drilled to a depth of 80 feet, is
reported as having yielded potable water at one time. For some un-
known reason it was abandoned years ago and is now plugged up. This
region should be drilled to again locate this lost aquifer and to find out
its extent.

No wells are known to have penetrated bedrock, but the
water from such a source would probably be salty. There are no
communities in this township and the rural population is widely
scattered. Apart from the aforementioned site in NE sec. 34, no new
zones that might yield potable water can be anticipated.

Range 4 West —Roland Municipality

The surface is almost level. Two thirds of it is covered
by silt. Few shallow wells are reported, but it can be assumed that if
test-holes were made into the silt, more shallow wells yielding potable
water could be developed.

All potable ground water available in this township in
1959 came from wells drilled from 80 to 170 feet deep into sand or
gravel lenses in the till. All wells are subartesian, and the water rises
in them to within 20 feet of the surface. The yield of each well is
small, ranging between 200 and 600 gallons per day. Outside the
potable water zone shown on Map 29-1960, similar wells yield only
salt water, which is used for watering the stock.

The town of Roland (pop. 325), like the town of Plum
Coulee, is without any potable ground-water supply. Practically every
house has a cistern to collect rain-water, and six ponds (or dugouts)
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are used for fire protection and for sewage disposal in public
buildings. Most of the homes haul their drinking water from Glover's
farm.

The logs of five holes drilled in Roland or nearby in
1909 by the Manitoba Public Works Department are available but the
exact locations of the holes are not known. The log of the deepest
hole (#2123) is shown in Figure 3. This hole was drilled to a depth of
815 feet. In it, 90 feet of clay overlies 240 feet of alternating deposits
of till sand or gravel. The log records a good supply of water at
various horizons between 100 and 200 feet, but the water was too salty
for domestic use. Water was also encountered at 240 and 345 feet,
but its quality was not reported. The rate of flow of these different
aquifers was not mentioned. Bedrock lies below the till. Two other
holes of this group, drilled to depths of 110 and 258 feet, provided
information similar to that of the deepest hole described above.
However, a fourth hole, drilled to 185 féet, shows that 150 feet of clay
overlies 30 feet of ""white rock'" (gypsum ?) which in turn overlies 5
feet of clay and bedrock. If this section is correct, there would be a
155-foot difference between the depth to bedrock in the first hole and
in this one. This hole was dry. The fifth hole was stopped at 96 feet
and did not go through the clay. It penetrated a sandy layer in the clay
at 65 feet that yielded salt water.

The log of another well (#1955) drilled in 1921 to a
depth of 150 feet in SW sec. 33, agrees with the logs of three of the
holes near Roland as to the type and depth of the surficial deposits
encountered, but differs in that good potable water was obtained at
depths of 120 and 150 feet. The water level rises to within 25 feet of
the surface and the water is sufficient in quantity for farm and domestic
needs.

The available information suggests that potable water
might be found near Roland within depths of 150 feet. The yield from
such water horizons would, however, be too small for the requirements
of a town the size of Roland.

Range 5 West —Roland and Thompson Municipalities

The terrain is flat, sloping to the east at 6 feet per
mile. Tobacco Creek, an intermittent stream, crosses the township
from west to east, following a shallow trench cut in the silty
sediments that cover the entire area. As shown on Figure 1, this
township has the least potable ground water of any of the other
western townships in the Plum Coulee area.

The silt aquifer in this area has been tested in very few
places, and the writer believes that it merits greater attention. 'The



- 46 -

few wells dug into it generally yield sufficient potable water for farm
and domestic needs. The farms along Tobacco Creek should also
obtain water by digging wells to a maximum of 30 feet along the banks
of the creek, for some sand and gravelly sand deposits must occur
there, at approximately 30 feet, as they do along most of the other
streams in this region.

All the drilled and dug wells more than 100 feet deep,
except those in the southwest corner of the township, yield salt water.
Whether the water is potable or salty, it is found below the clay in the
sand and gravel associated with the till.

Nine wells were drilled by the Manitoba Public Works
Department in 1917. Only two of these reached bedrock. One was
drilled 210 feet in NW sec. 15 and cut through sandstone at 185 feet.
The sandstone yielded salty water. In this hole, 100 feet of 'hard pan'
(till) overlies the sandstone and underlies 80 feet of blue clay. The
other hole was drilled 190 feet in SW sec. 21 and cut through the
sandstone at 150 feet. This hole revealed clay both above and below
the till and interbedded with the sandstone. On the information
available from other holes drilled to bedrock in the Plum Coulee area,
it is probable that the clay overlying and interbedded with the sandstone
is shale and not clay as reported. Salty water was reported in this
hole but the horizon from which it was obtained was not noted.

The other wells were drilled in NE secs. 18, 20, 25,
and 35, SE sec. 19, and NW sec. 8. They show the average thickness
of the clay to be 80 feet. Till with the usual sand and gravel lenses
lies below it. The water found in these wells, where noted, came
from the sandy and gravelly deposits and was salty with the exception
of the well drilled in NW sec. 8 where the water was classified as
good.

The farming population in this township is widely
scattered. A public well drilled to 164 feet supplies the water needs
of the only village, Rosebank (pop. 38). The static water level in this
well was measured as 30 feet. The water is hand pumped.

Most of the inhabitants of this township haul their

drinking water from Rosebank, Carman, Morden, and Glover's farm.
Cisterns and dugouts supply supplementary water needs.

Summary of Township 5

Township 5 could be called the driest in the Plum Coulee
area from the point of view of potable ground water. Apart from the
few recommendations mentioned above, no hope of potential water
resoutces can be offered.
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TOWNSHIP 6

Range 3 West—Dufferin Municipality

The surface of the land is almost level, rising to the
west at 5 feet per mile. The entire area is covered by clay.

Shallow wells dug to an average depth of 14 feet, and
yielding potable water, can only be found in the northern part of the
township, following the course of an intermittent stream that may be
the old Boyne River channel. The water occurs in fine sands at that
depth. The yield is small, satisfying domestic needs only.

All other wells in use at the present time in this area
were dug, bored, or drilled to depths ranging from 50 to 150 feet.
All are subartesian wells. Most of them (Fig. 1) yield potable water
in very small quantities. The average static water level in these
wells is 20 feet below surface, and the yield of the wells ranges from
150 to 2,160 gallons per day.

The clay is about 100 feet thick throughout the township,
except in sec. 9 where thicknesses of 20 and 35 feet are reported.
Till underlies the clay and includes the usual sand and gravel lenses
that are the aquifers.

The Manitoba Public Works Department drilled two
wells in this area in 1915. One in SE sec. 15 cut through 100 feet of
clay and 22 feet of hardpan, to a total depth of 122 feet. Although no
sand and gravel within the till was reported, potable water was struck
at the 122-foot horizon. This well is still in use. The other well was
drilled to a depth of 255 feet in NW sec. 9. Bedrock was encountered
at 80 feet. At 255 feet good water under artesian flow was reported.
The well log reported 20 feet of clay overlying 40 feet of hardpan.

The bedrock was described as '""white rock" or "'red rock".
Unfortunately the exact location of this well is unknown, even to nearby
residents. In contrast to this last hole, a well drilled to a depth of 110
feet in SE sec. 9, is reported (by the property owner, a former driller)
to have penetrated 35 feet of clay and 75 feet of dry gravel. A little
water is presently available from the bottom of the gravel.

Gravel containing potable water occurs in SE sec. 21 at
112 feet, in SW sec. 15 at 55 feet, and in NW sec. 10 at 144 feet. The
possibility of having an extensive gravel zone in this area appears
good. The low yield of these wells may be due to poor recharge
conditions, for clay overlies the till and gravel. The writer suggests
that at least one hole be drilled to determine whether such a gravel
zone exists, and if so, its extent. If such a test proves that poor
recharge conditions occur here, artificial recharging could be
considered, as follows: In sec. 9 (assuming a deposit of gravel does
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exist), the top 35 feet or so of clay could be removed over a certain
area, exposing the gravel below. Then a ditch could be excavated from
the southern limit of sec. 4 (where a main drainage ditch passes) to
sec.9 to allow the strong spring run-off to flow into the gravel deposit.
Such a project might provide enough good water for the towns of
Sperling, 5 miles to the northeast, and Roland, 8 miles to the south-
west, as well as for all the farmers in the vicinity of that potential
aquifer. It is essential however, to first establish the existence of

the potential aquifer —the gravel zone.

Most of the homes in Homewood (pop. 51) use cisterns
for rain-water, and haul their drinking water from Winnipeg. Most
of the farmers in this area also get their drinking water from
Winnipeg.

Range 4 West—Dufferin Municipality

The surface is almost level, with a rise to the west of
a little more than 6 feet per mile. The eastern two thirds is covered
by clay, whereas the western part is covered by silt. The Boyne River
has cut a meandering trench in the northwest corner.

The silt aquifer yields potable water to a few wells dug
to depths averaging 20 feet, but the most common shallow aquifer is
along intermittent streams. This aquifer consists of thin, sandy and
gravelly sand layers that have been deposited along the streams at
depths ranging from 14 to 35 feet and subsequently covered by the silt
and the clay of Lake Agassiz. The potable water available is sufficient
for domestic purposes. A certain amount of it is directly recharged
by the stream, for the yield of the wells is very low in dry years.

A zone of potable water (Map 29-1960) has been
intersected by wells drilled 70 to 200 feet deep. The thickness of the
clay cut in such wells averages 90 feet. It is underlain by till with
sand and gravel lenses, the latter being the aquifers. Figure 3 shows
a cross-section of three wells (#1906, #1922, and #1923) drilled by
the Manitoba Public Works Department in 1921. The water was struck
in sand and gravel deposits at depths of 105, 135, and 190 feet. The
water in each aquifer was classified as good; in well #1906 it was
reported to be excellent. These wells are still in use but now yield
salt water and are used only for watering the stock. All wells in this
area penetrating these aquifers are subartesian and the average static
water level is 20 feet below surface. Their average yield ranges
between 200 and 500 gallons per day.

No wells in this area have been drilled to bedrock. As
in the other townships the ground water available is supplemented by
cisterns, dugouts, and hauling. On the information available, no new
water horizons can be predicted.
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Range 5 West—Dufferin Municipality

The surface is featureless with a slight rise to the west
of a little less than 8 feet per mile. Boyne River enters the township
in sec. 19 and follows a shallow meandering trench cut into the silt
that was deposited in glacial Lake Agassiz. The southern part of the
township is covered by silt, whereas the northern part is covered by a
very fine sandy loam.

The silt aquifer yields potable water in numerous
shallow wells dug to depths averaging 15 feet. This water is used
mostly for domestic purposes. In a few cases, as in SE sec. 8 and
NW sec. 9, wells dug in the silt yield only bitter water. As in the
township to the east, numerous shallow wells yielding potable water
are found along the banks of the Boyne River. This water is contained
within sand and gravelly sand deposits found at depths averaging 20
feet, and is used extensively by the mink farms in this area. The
fine sandy loam in the northern part is also, locally, a shallow aquifer.
Wells dug into it to a depth of about 20 feet provide potable water in
sufficient quantity for farm and domestic needs.

Most wells have been drilled or bored through the clay
into the sand and gravel deposits found with the till. The depth of
these wells ranges from 60 to 165 feet. Map 29-1960 shows the areas
in which potable water is obtainable; outside these areas the water is
salty. In every case the water is subartesian and the average static
water level is 20 feet below surface. The yield of these wells is very
small, ranging between 100 and 200 gallons per day.

The Manitoba Public Works Department drilled a total
of eight wells in this area in 1920 and 1921. Two reac¢hed bedrock.
One was drilled in NE sec. 3 to a depth of 125 feet. Shale is reported
to have been encountered at this depth that yielded good potable water.
The well cut through 55 feet of clay and 65 feet of till. Its location is
no longer known. The other well that reached bedrock was drilled to
a depth of 130 feet in SE sec. 33. At that depth shale was penetrated
and yielded good water. The well is used, but only for watering the
stock as the water is now salty. This well cut through 85 feet of clay
and only 25 feet of till. Both wells were subartesian, the water rising
to within 15 feet of the surface. Although no sand and gravel layers
associated with the till are mentioned in the logs of these two holes,
such layers are invariably present in the other six holes where they
are the aquifers from which water was obtained. When drilled, some
of them yielded salt water, whereas others yielded good water that
has gradually become more salty and is now used for watering the
stock.

A 3-inch-diameter well was drilled in SE sec. 36 in 1950
to a depth of 225 feet. The first 100 feet consisted mostly of clay and
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the next 80 feet was reported as gravel (but might be till). Beneath
the gravel was 20 feet of very fine, flowing sand, yielding good water;
this in turn lay above 25 feet of clay. This well was eventually
abandoned because the sand constantly plugged the hole. An aquifer
evidently exists at this depth, but even if it could be satisfactorily
tapped the water might eventually become salty, as it did in so many
of the other wells in the district. Nevertheless, this area could be
investigated to determine its true potentialities.

For years the population of Carman (more than 2, 000)
has depended on shallow wells dug to an average depth of 16 feet, and
on the reservoir water behind a dam across the Boyne River. This
reservoir is now to be used to supply a $110, 000 filtration plant,
which will supply 88,000 to 120,000 gallons of treated water per dav
to the industry and residents of Carman. The flow of the Boyne River
in dry years is almost nil, but since the advent of this project, it has
been increased at its source (roughly 18 miles west of Carman) by
discharging into the Boyne River the continuous flow of three springs
that flow east off the escarpment. It is hoped that the river will keep
an adequate supply in the reservoir at all times.

Summary of Township 6

The ground water situation in township 6 is generally
poor. Only two sites might produce greater quantities of potable
water through drilling. The most promising of these is in sec. 9, rge.
3wW.
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CONCLUSIONS

1. If any potable-water aquifers are discovered in the
future, the author believes that they will be inadequate in quantity to
supply municipal, industrial, or irrigational requirements.

2. Aaquifers yielding large quantities of salty water
could be found in the bedrock below, but this salt water will be
relatively useless until an economical means of de-mineralizing it is
available.

Several suggestions concerning the location of possible
aquifers have been given on previous pages. These would provide only
limited amounts of potable water.
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Table IV

Representative Well Records,

Plum Coulee Area, Manitoba

The following table has been prepared from data
collected in the field, drillers records, and well logs on file at the
Manitoba Department of Mines. The terms and abbreviations used
are explained below.

Number: The number of the well as shown on Figure
1.
Location: To the nearest quarter-section. Munici-

palities are abbreviated as follows: St,
Stanley; RH, Rhineland; M, Morris; R,
Roland; T, Thompson; D, Dufferin.

Owner or tenant: The name of the landowner or tenant at the
time of the well survey (1959).

Type of well: D, dug; B, bored; DR, drilled.
Elevation: Elevation at the well in feet above sea-level,

as determined approximately from’ topo-
graphic maps.

Depth: Depth, in feet, reported by owner, tenant,
or driller; M, indicates well measured at
time of field survey (1959).

Diameter: Approximate inside diameter, in inches, of
well or casing.

Date completed: Year of completion of the well as reported
by owner, tenant, or driller.

Character of material: Material in which water was obtained: cl,
clay; si, silt; sa, sand; g, gravel; sh, shale;
ls, limestone; ss, sandstone.

Water level: The depth below land surface of the static
water level in the well as reported by the
owner, tenant, or driller, and the date it
was determined. M indicates water level in
the well measured at the time of the survey
(1959).



Yield:

Use:

Remarks:
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The rate at which the well can be pumped:
gpm, gallons per minute; gph, gallons per
hour; gpd, gallons per day.

D, domestic; S, stock; PS, public supply;
I, industrial.

"Analysis'" means that a water analysis of
the well is given in Table V; "Log",
indicates that the log of the well is shown in
Figures 4 or 5; "Sufficient Supply' means
that the owner or tenant was satisfied with
his water supply, even in some cases, if
he had to haul his water.
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Chapter IV

CHEMICAL QUALITY OF GROUND WATER

Samples of ground water from 19 wells in the Plum
Coulee area were analyzed by the Industrial Minerals Division, of the
Mines Branch, Ottawa. The samples were taken from wells of
aquifers considered representative in their respective zones. These
analyses show the dissolved mineral content of the waters but do not
indicate whether a water that is reported to be chemically suitable for
domestic use is bacteriologically safe. The results of the analyses
are given in Table V and averages are illustrated in Figure 7.

The chemical quality of the ground water varies widely
in both quality and quantity of dissolved mineral constituents. The
following general description is based on a limited number of chemical
analyses.

The ground water is generally very hard. The softest
had a total hardness of 206 ppm. It came from a well in NE sec. 11,
tp. 1, rge. 3W, which is 13 feet deep in a sand and gravel lens in the
silt. The minimum hardness in water from the deeper sand-gravel
lenses associated with the till was 303 ppm. This sample was from a
well 120 feet deep in NE sec. 20, tp. 3, rge. 4W. In general the
shallow dug wells yielded softer water than the deeper drilled wells.

The pH of all 19 samples was above 7.6 and below 8.2,
indicating water of a slightly alkaline character. The average pH for
both shallow and deep wells was 7.9. Iron was present in all samples
in concentrations ranging from a trace to 6.6 ppm. The deeper drilled
wells showed a higher iron content than the shallow dug wells. More
than half of the wells tested contained an objectionable quantity of iron.
Manganese was present in a number of samples in amounts ranging
from 0.0 to 0.4 ppm. The sodium content covered a wide range —from
2.8to 1,894.0 ppm. On the average the deeper wells contained five
times more sodium than the shallow wells. The bicarbonate content
ranged from 169 to 516 ppm and in this case the shallow dug wells
contained more than the deeper drilled wells. The sulphate content
ranged from 31.2 to 2,980.0 ppm; generally it was more than 200 ppm.
The chloride content of the shallow wells was generally low, averaging
28.8 ppm; whereas it was high in the deeper wells, there averaging
1,281.5 ppm. The minimum chloride content was 4.5 ppm, whereas
the maximum was 3,270.0 ppm. Fluoride ranged from 0.0 to 1.8
ppm; the latter figure was obtained in only one well, and is 0.3 ppm in
excess of the permissible standard. Nitrate was most prominent in
the shallow dug wells, ranging from 5 to 100 ppm. The high nitrate
content in these shallow wells is probably due to the nearness of the
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wells to barns. Total dissolved solids ranged from 315 to 6,035 ppm,
and total hardness from 206 to 3,280 ppm. The average temperature
of the water was 49.5°F in the shallow wells and 50°F in the deeper
wells. The minimum and maximum water temperatures were 44 and
61°F respectively.

The wells analyzed were 10 to 175 feet deep. No
samples were obtained from deeper zones, but samples taken in the
past from wells drilled into the bedrock show the chloride content
{mostly sodium chloride) to be as high as 39,036. 0 ppm.

INTERPRETATION OF CHEMICAL ANALYSES BY PATTERNS

The patterns derived from the chemical analyses of the
water samples are illustrated in Figures 8 and 9. If the patterns
maintain a characteristic shape, they show the correlation of the wells
in a particular aquifer. The patterns are made by plotting in parts
per million the positive ions of Na, Ca, Mg, and Fe against the
negative ions of Cl, HCO3, SOy, and CO3 (Stiff, 1951). The figure
immediately beneath each ion gives the scale. The patterns present
a variety of shapes and sizes, each easily recognized and characteristic
of a certain water.

Figure 8 illustrates the patterns made from the eight
water samples taken from shallow dug wells. In six of the eight
patterns the shape is characteristically similar, varying in size only.
The size variation is due to the amount of total salt concentration being
different from each well. For discussion purposes the patterns have
been set up from top to bottom in order of increasing salt concentration.

Wells No. 654, No. 1646, and No. 53 were dug in silt
and actually obtain their water from sand or fine gravel lenses in the
silt. A beach bar exists near each, and the sand and gravel encoun-
tered in the wells is assumed to be the extension of these bars at depth.
The wells are approximately 11 and 18 miles apart. The other three
wells —Nos. 209, 1982, and 2022 —that also have the same character-
istic pattern, but a greater amount of total salt concentration, were
also dug in silt. This is confirmed by a test-hole bored 150 feet from
well No. 209 during the writer's investigations in 1959; it was found
that a sandy silt supplied the water to this well. These three wells
are approximately 11 and 22 miles apart. The water in all six of the
wells was used domestically. In fact, wells No. 1646 and No. 654
supply the best potable water (from a chemical point of view) in the
Plum Coulee area. This pattern may be standard for any water
encountered in the silt aquifer of the area.

The bottom two patterns on Figure 8 represent water
obtained from wells dug in the shale of the Vermilion River formation.
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Well No. 124 is known to be dug in shale, for the shale outcrops where
the well was dug. Well No. 161 was thought to be dug in clayey silt,
but the similarity of the two patterns suggests that the shale is close
to the bottom of the well or that waters from the shale on the
escarpment flow to the well because the well is below the escarpment.
These two wells are approximately 4 miles apart.

The patterns made from the analyses of the 11 drilled
wells are shown on Figure 9. The first three, Nos. 386, 485, and
513, are flowing artesian wells. Their high sodium chloride
concentration is obvious. Their depths range from 140 to 175 feet.
The water in these wells is obtained from sand and gravelly sand lenses
associated with the till. They are located all within the flowing artesian
zone shown on Map 29-1960.

Wells No. 1438, No. 1312, No. 1403, and No. 1377 also
obtain water from aquifers similar to those found in the three flowing
wells just mentioned, but are subartesian. The sodium content in
these four wells is less, however, although the chloride content is still
high. Basically the patterns of these four subartesian wells are similar
to those of the three flowing wells. This may be the standard pattern
for all flowing artesian wells derived from the surficial deposits. It
would be interesting to plot the waters derived from bedrock to see if
they are comparable to these, for they are known to be salty and also
under artesian flow. As the patterns of the flowing artesian and sub-
artesian wells are basically the same, and as the waters may have
been obtained from sand and gravel lenses associated with the till, it
now seems probable that these lenses are interrelated or intercon-
nected with one another.

The last four wells, Nos. 1517, 2005, 374, and 841 have
been grouped together although certain discrepancies do occur in the
patterns. The last two patterns differ in that in each one the sulphate
content exceeds the carbonate content, and in well No. 41 the sulphate
content exceeds both the bicarbonate and carbonate contents. This
last well is the only one of the nineteen analyzed for which the depth is
not available. The other three wells in this group yield potable water.
As seen from these patterns the obvious difference between the four
wells in this group and the seven drilled wells mentioned before, is in
the lower sodium and chloride contents of the former.

CONCLUSION

Only two of the nineteen wells analyzed can be
classified as suppliers of good water (on the basis of 500 ppm of total
dissolved solids being the maximum acceptable by health authorities).
If this figure is raised to 1,000 ppm, seven more wells could be said
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to yield potable water. Therefore, on the basis of the chemical
analyses, only 10 per cent of the existing wells in the Plum Coulee
area yield good water, and an additional 37 per cent yield fair water.

The chances of obtaining good potable water by digging
or drilling a well in the Plum Coulee area do not appear good.






