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THE WATERSHED IS UNDERLAIN BY WATER-BEARING GLACIAL DRIFT, CRETACEOUS ROCKS, AND PRECAMBRIAN
CRYSTALLINE ROCKS.—It is an elongate basin 92 miles long and has a drainage area of 977 square miles. The Pomme de Terre
River flows within an outwash valley discharging into the Minnesota River at Marsh Lake
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SUMMARY OF MUNICIPAL SUPPLIES

Municipality Description of present source Potential for obtaining additional water
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1 The Cretaceous rocks may yield water, but probably not enough for a municipal supply
This well is 15 feet across with a hexagonal wall

See also the

quality of water section above

Coefficient of transmissibility
5 Coefficient of storage

No municipal water is obtained from surface-water sources

ESTIMATED WATER USE
(In million gallons per year)

Municipal supply wells
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Domestic 16 | 434 1.9 35 5.6 4.9 5.1 | 832 |149.2 121 0 270
School 2.5 3.3 0.2 100, ol 0.1 1.2 178 18.4
Industrial and

commercial 0.5 17.9 10.4 6.4 1.7 |13.7 |11.7 | 46.3 (1086 127 0 254
Livestock 0.3 0 0.5 0 0.5 0 0 0 1.3 14 131 146
Irrigation 0 0 0 0 0 0 0 0 0 12 3 15
Total 49 | 64.6 13.0 | 11.0 | 10.0 | 187 18.0 [(137.3 (2775 | 274 134 | 685

1 University of Minnesota

The average per capita domestic use in the watershed is about 42 gallons per day. The major

industrial and commercial users are creamers, locker plants, and laundromats.

Although

about 24 percent of the total water used in the watershed is for agricultural purposes, on-
ly about 2 percent is used for irrigation
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YEARLY MEAN DISCHARGE, IN CUBIC FEET PER SECOND
KUNKLE’S METHOD (1962)WAS USED TOSEPARATE 6 YEARLY
STREAMFLOW HYDROGRAPHS INTO COMPONENTS; OVER-
LAND RUNOFF, BANK STORAGE DISCHARGE, AND BASIN
- 5 STORAGE DISCHARGE.—The above curves show:
(a) The overland runoff increases directly with the yearly mean dis-
charge.
(b) The bank-storage curve steepens as the yearly mean discharge in-
creases. This shows as the yearly mean runoff increases it
becomes more affected by—(1) water stored on the floodplain,

(2) water that entered the ground-water reservoir from the
stream and remained for a few days to a few weeks, during
which time it gradually discharged back into the stream, and
n a small part, (3) water added to the ground-water reservoir

EXPLANATION . ¢
24.5 25.3

1 . 4 inches

RUNOFF—Averaged for 1936-63

Isohyet Mean temperature
Contour interval 0.5 inches  Upper mumber from April to Sep-

° tember. Lower number from
Weather bureau stations October to March
18.53
6.3/
Precipitation

Upper number from April to September.
Lower number from October to March

PRECIPITATION IS FAIRLY UNIFORM OVER THE ENTIRE
WATERSHED.— The average of 23.8 is 95 percent of the state average.

Three quarters of it occur during the period April to September

Jfrom precipitation on the floodplain.

(c) The basin-storage curve flattens with an increase in yearly mean
discharge as it approaches the limit of capacity of the ground-
water reservoir for storing and transmitting precipitation fall-
ing on the watershed area beyond the floodplain

O inches

UNDERFLOW —The calculated discharge from the
south half of the watershed is a negative but negli-
gible quantity. The north half is separated from
the south by a ground-water divide. Water flows
through the north half from northeast to southwest.
The inflow is assumed to equal the outflow
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LOW-FLOW DISCHARGE WAS MEASURED AT 10 SITES ALONG THE POMME
DE TERRE RIVER AND 1 SITE ON MUD CREEK ON AUG. 11, 1964.—Mud
Creek discharge was the only surface inflow within the reach of the river measured.
The flow at the gaging station at Appleton was 12.0 ¢fs which on the average s

equaled or exceeded 83 percent of the time (see flow-duration curve, sheet 3). It is
assumed to be entirely from the basin-storage component of streamflow.
The low flow runoff per square mile is 5 percent of the watershed average. This is due

wn part to the ground-water divide within this sub-basin (see prezometric map, sheet
2). Also, Mud Creek has no outwash in its valley to sustain flow during dry periods.

The increase in flow through “a-b” is much greater than for the rest of the river,“a” is
at the head of an outwash fan which has slightly lower permeability than the valley
outwash to the north (see ground-water availability map, sheet 2). Consequently,
the piezometric surface and stream gradient steepens. The greater width of the out-
wash fan accepts more recharge than the narrow outwash valley to the north, and its
lower permeability releases it more slowly to the stream, thus sustaining higher flows
further into periods of low precipitation.

The decrease flow in reach “b-c” is partly due to streamflow entering the outwash aquifer
above Appleton as shown by the arrow.

The loss in the central part of the watershed may be partly the result of pumping from
Morris city wells in the valley outwash which induces recharge from the stream, only
a part of which 1s replaced by return sewage.

Evaporation from lakes and ponds on the main stream of the river decreases streamflow
and accounts for measurable water loss.

Based on data df the U.S. Weather Bureau (Technical Bulletin No. 37)the average evap-
oration per square mile of lake or pond surface during May to October is 3% cfs,
and during November to April is % cfs. The following table shows the average annual
open-water evaporation from lake and pond surface in the watershed

MAY-OCT [NOV-APR| YEAR
INCHES 13 0.3 1.6
CFS 92 19 111
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STORAGE—Gains or losses are assumed to
balance over the 28-year period
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EVAPOTRANSPIRATION —Obtained by
difference of water budget
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RELATIVE ADEQUACY OF WATER SOURCES

Source
Purpose

Pomme de Terre River

Laq qui Parle Reservoir Large lakes

Small lakes and sloughs

Ice-contact sand and gravel

Outwash sand and gravel Buried lenses of sand a

nd gravel Cretaceous sandstone

Municipal and
industrial

supply

Adequate with development

of storage facilities.
Favorable location

Adequate storage capacity

for present demand
Enlargement possible
Adequate inflow

Adequate for limited use
Additional storage possible

water inflow

Storage necessary
Low flow in some reaches
Treatment necessary

Restricted areal distribution

Treatment necessary

Some have limited surface
inflow

Limited usable storage ca-
pacity without further
development

Treatment necessary

Some have adequate ground-

Wide areal distribution

Inadequate storage capa-

city
Many dry up during Good recharge
droughts Limited to north part of

Treatment necessary
Inadequate inflow

Well yields of several hundred
gpm probable
Generally good quality

Well yields of a few h
gpm possible
Wide areal distribution

Generally good quality

Well yields of several hundred
gpm probable
Underlies most of the river
) valley

watershed
Easily contaminated

undred

Low well yields
Limited to south part of

Generally good quality
Good recharge

drilling required

Easily contaminated Limited recharge

No surficial expression-test

watershed
Quality may be unsuitable
Limited recharge

Adequate for stock

Adequate storage capacity. Adequate storage capacity

Adequate for stock
Wide areal distribution

Adequate well yields

Adequate well yields Adequate well yields

“Soft”" water preferred by

Rl AMAt | Tsstrisied wresi istribution: :dequate inflow Adequate inflow — . Generally good quality Generally good quality gide aﬁ?al di?ribu?‘tt); some
and stock estricted areal distribution /4 Restricted areal distribution any dry up auring e - T enerally good quali Limited to south part of
supply Treatment necessary for Treatment necessary for Treatment necessary for droughts Limited t‘: "0:; part of Restricted areal distribution wihsevind
domestic use d ti domestic use Treatment necessary for P o Easily contaminated Quality may be undesirable
GMESHIC use domestic use Easily contaminated ¥ .
. Adequate for limited use g s g % Well vield faf hundred
2y ; Wide areal distribution Well yields of several hundred ell yields ot a few hundre :
Adqufa;fogltz fda((e:\i?iat'izsment Adequate storage capacity Additional storage possible ’ gpm probable Well yields of several hundred gpm possible Low well yields
Irrigation £ Enlargement possible Some have adequate ground- Inadequate storage Good quality gpm probable Wide areal distribution Limited to south part of
- I Storage required Adequate inflow water inflow capacity Good recharge Good quality Good quality watershed
supply Restricted areal distribution - — Resivicisd arasl distribuition Many dry up during Good recharge N ficial —re Quality may be detrimental to
Low flow during irrigation Restricted areal distribution Soome: Ko Toiad Sesrtics e dl’OUShtSﬂ Limited to north part of e i T oA S 2 Suér:ﬁ;iger’grj;z;’n’ e plant growth
; nadequate inflow o
season inflow q watershed Limited recharge Limited recharge
3 ishi : Each of eight water sources are evaluated against several
Adequate area and depth Su|ta::’<‘adf<xaft|esrh;;g;{15untlng, Suitable for hunting purposes. The quantity, distribution, and quality of each
. Suitable for hunting and Enlargement possible Most s Deransie Wide areal distribution source in relation to the entire watershed is considered, as
Recreation Favorable for hunting, fishing, P well as recharge, inflow, and general suitability

fishing
Favorable location

Lakeshore resorts and

and water sports
summer cottages

Variation in flow

Most are located in north
part of watershed

Floods

Many dry up during

droughts

Shallow

Potential evapotranspiration

24.3 inches

Soil moisture utilization
4.0 inches

Runoff 1.2 inches

e

Soil moisture
accretion
4.0 inches

THORNTHWAITE’S METHOD (1948) PRODUCES VALUES SIMILAR TO
THE ABOVE BUDGET EQUATION.—Runoff is 1.2 inches and evapo-
transpiration 1s 22.6inches. (The latter value agrees very well with the 22.}
obtained by difference.) The diagram shows a moisture deficiency for plant
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growth from August to October

S

Moisture deficiency for
plant growth 1.7 inches

Precipitation
23.8 inches
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Fish and wildlife
habitat

Suitable for wildlife along
banks

Excellent habitat
Most are permanent

Marsh areas suitable for
wildlife habitat

Conservation pool

Most have adequate inflow

Variation in flow

maintained

Floods

Excellent habitat for wild-

life

Many dry up during
droughts

EXPLANATION

Color-indicates relative worth of

source over
Excellent habitat for Desirable features
wildlife / above the line
Many dry up during  ~~__ Undesirable features
droughts below the line

entire water shed

Bl Good
- Fair

Poor

C ONOCLU S I ON s

The Pomme de Terre River and large lakes would provide an

adequate water supply for most uses within the watershed
if storage and transmission facilities were constructed.
Evaporation of about 21, cfs per square mile of lake or
reservoir surface must be considered in design of storage
reservoirs. Lakes in the north part of the watershed are
effective in reducing peak flows on the river. Extreme low
flow is primarily the result of winter freezeup and does not
represent depletion of ground-water storage. The effect of
basin shape, and differences in topography, geology and
lake distribution within the watershed, balance resulting in
fairly uniform runoff per square mile throughout the water-
shed. Lakes, sloughs, Pomme de Terre River, and Lac qui
Parle Reservoir provide important and excellent recreational
facilities and habitat for fish and wildlife. Surface water
in the watershed is suitable for most purposes although
commonly hard

Ground water is available anywhere in the watershed, but

H

aquifers that will yield several hundred gallons per minute
are largely confined to the outwash valley of the river and
to the ice-contact deposits in the north. The sand and gravel
making up these two aquifer types commonly extends to the
land surface. Thus, these aquifers receive high recharge.
Lenses of buried sand and gravel occur within the glacial till
throughout the watershed, but yield relatively less water
to the wells. Bedrock is not an important aquifer. Ground
water in the watershed is suitable for most purposes although
commonly hard and high in iron

eavy pumping from outwash or ice-contact aquifers would
lower water levels in wells and lakes and decrease ground
water in storage. The cones created around the wells would
increase recharge by diverting to the wells natural dis-
charge from lakes and streams. Because water moves
readily between the Pomme de Terre River and the adjacent
valley outwash, wells in the outwash induce significant re-
charge from the river. Heavy pumping from buried sand
and gravel lenses would have little effect on lake levels
but would substantially reduce streamflow
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