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GEOHYDROLOGY AND WATER QUALITY OF CONFINED-DRIFT AQUIFERS
IN THE BROOTEN-BELGRADE AREA, WEST-CENTRAL MINNESOTA

By Geoffrey N. Delin

ABSTRACT

Confined-drift aquifers in six aquifer zones identified in a 1,300-square-
mile area of west-central Minnesota near Brooten and Belgrade range in
thickness from 5 to 110 feet. Transmissivities generally range from 500 to
10,000 feet squared per day, and theoretical well yields generally range from
100 to 900 gallons per minute.

Regional ground-water flow in the confined-drift aquifers is to the
southeast with local discharge to the East and Middle Branches of the Chippewa
River, the North Fork Crow and Sauk Rivers, and to smaller streams, lakes,
wetlands, and wells. Water levels near high-capacity pumped wells generally
fluctuate 5 to 40 feet annually, compared to annual fluctuations of less than 5
feet in the unconfined aquifer.

Water from confined-drift aquifers generally is suitable for most uses.
The water is hard to very hard and contains locally elevated concentrations of
iron, manganese, and dissolved solids.

Results from a ground-water-flow model indicate that increased pumping
from confined aquifers in the area would not adversely affect water levels.
The addition of 10 to 20 hypothetical wells, pumping 123 to 246 million gallons
per year, generally resulted in regional water-level declines of 0.1 to 1.0
feet. Simulations showed that the reduced recharge and increased pumping
resulting from a 3-year drought probably would lower water levels between 5 and
10 feet regionally in the confined-drift aquifers and as much as 20 feet
locally in the unconfined aquifer. Ground-water discharge to the East Branch
Chippewa and North Fork Crow Rivers during the simulated drought would be
reduced by 38 percent of 1984 conditions.

INTRODUCTION

In recent years, withdrawal of water from confined-drift aquifers
(hereafter called confined aquifers) has increased for irrigation and for
municipal, agricultural-products processing, and other industrial water
supplies in Minnesota. The Minnesota Department of Natural Resources (MDNR) is
concerned about the rapid increase in withdrawals from confined aquifers in
various parts of the state because of uncertainty about (1) long-term yields of
wells open to these aquifers, (2) effect of pumping on ground-water levels, and
(3) possible interference between nearby wells pumping from the same aquifer.
In the Brooten-Belgrade area, west-central Minnesota (fig. 1), withdrawals from
confined-drift aquifers is increasing rapidly. Over about half the area,
popularly known as the Bonanza Valley, an unconfined sand and gravel
(surficial) aquifer provides adequate yields for irrigation systems (Van Voast,






1971). However, in the remaining area, the unconfined aquifer is thin and
wells have been drilled into confined aquifers. These confined aquifers are
separated from the unconfined aquifer by till and clay. The confined aquifers
consist of glacial outwash of Quaternary age and sandstone of Cretaceous age.

Although numerous wells and test holes have been completed in the confined
aquifers, little was known about the continuity or the hydraulic response of
these aquifers to pumping. The water quality and long-term yield of wells in
the aquifers also was poorly known. These uncertainties made it difficult for
the MDNR to issue appropriation permits and to manage the ground-water
resources efficiently. Consequently, the MDNR requested the Minnesota District
of the U.S. Geological Survey to investigate the areal extent, hydraulic
properties, and water quality of confined aquifers in the Brooten-Belgrade
area, and to determine the probable effects of continued development on water
levels, storage, potential well yields, and water quality in the confined and
unconfined aquifers.

The objectives of this study were to (1) determine the areal extent,
thickness, and hydraulic properties of confined-drift and Cretaceous rocks in
the study area, (2) investigate the vertical hydraulic connection between
confined-drift and surficial aquifers and estimate the quantity of vertical
leakage into confined-drift aquifers from overlying deposits, (3) estimate the
long-term yield of wells penetrating confined-drift aquifers, (4) estimate the
effects of continued development on ground-water levels and on streamflow, (5)
provide the MDNR with a set of management tools that can be used to assess the
effects of future ground-water withdrawals, and (6) assess the quality of water
from aquifers in confined-drift and Cretaceous rocks and suitability of the
water for irrigation and other purposes.

Purpose and Scope

The purpose of this report is to describe (1) the hydrogeology of confined
aquifers in the study area, (2) the quality of water in the confined aquifers,
(3) ground-water flow in the glacial-drift system, and (4) summarize results of
the ground-water-flow model, a tool used to better manage the ground-water
system. This report supplements other U.S. Geological Survey reports published
in conjunction with this study. Delin (1988) provides a detailed description
of the three-dimensional ground-water-flow model constructed for this study.
Stoner and Strietz (1987) present results of geophysical testing conducted in
the area, and Delin (1986c¢c) provides a general description of confined-drift
aquifer studies in Minnesota.
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The model was calibrated to assure that the hydrologic properties and
boundaries selected were reasonable for the simulation of flow in the ground-
water system. The model was calibrated for steady-state conditions by
comparing measured water levels and calculated ground-water discharge to rivers
with corresponding values computed by the model. Calibration of the model was
achieved by successively adjusting hydrologic input values until model-computed
water levels and ground-water discharge rates acceptably matched corresponding
measured values. Calibration results were acceptable, with the exception that
the model generally underestimated discharge to the rivers. This is because
the measurements used to estimate ground-water discharge to rivers were not
made during a period of low flow, which would be a better representation of the
average (steady-state) conditions simulated by the model. However model
results are considered to be a reasonable estimate of ground-water discharge to
streams. If low-flow measurements are made in the future, the model could be
recalibrated and run to determine if the recalibrated input affects results of
the simulations described in this report.

A water budget is an accounting of the inflow to, outflow from, and
storage in the ground-water system. For steady-state conditions, the inflow
(sources) to the system, equal the outflow (discharges) from the system. A
general equation of the steady-state water budget in the modeled area can be
written as:

Precipitation + ground-water flow into the modeled area =
evapotranspiration + ground-water discharge to rivers +
ground-water pumpage

The steady-state water budget for the calibrated model is shown in table
5. Precipitation is the major inflow to the system, whereas ground-water
discharge to the principal streams is the major outflow.

Following calibration, the model was used to simulate the effects of
pumping in 1984, potential effects of hypothetical increases in ground-water
development, and the potential effects of below-normal precipitation (drought).
Results of these simulations, described in detail by Delin, (1988), can be used
to estimate regional aquifer response to future stress.

The effects on the ground-water system of historical and 1984 pumping
(simulation A) were evaluated using the model. According to the model’s
computations, pumping has lowered water levels between 5 and 10 ft regionally
in all aquifer zones (table 6). Water-level declines have been greatest near
Belgrade. Ground-water discharge to the East Branch Chippewa and North Fork
Crow Rivers has been reduced by approximately 25 percent compared to
predevelopment conditions.

39



Table 5. --Steady-state water budget| for the calibrated
ground-water-flow model
Rate
(million gallons
Sources per year) Percent
Recharge from precipitation......|......\L 16,895 95.6
Ground-water discharge from the
East Branch Chippewa and North Fork
Crow Rivers...........coiiiiiiihennnsl 775 4.4
Total inflow . 17,670 100.0
~ Rate
(million gallons
Discharges per year) Percent
Ground-water discharge to the East Branch
Chippewa and North Fork Crow Riwvers.... 11,090 62.6
Ground-water PUmMPEGe.........c.coulievennl 6,010 34.0
Discharge directly to Lakes Minnewaska
and Koronis..............ooivilieennn 350 2.0
Springs surrounding Lake Minnewasra and
along the Sauk River.................. 255 1.4
Total outflow.... 17,705 100.0
Inflow - outiflow -35 -0.2
The model was used to simulate the potential effects of a hypothetical

drought (simulation B) of 25-percent-less recharge for 3 years, accompanied by

a 50-pexrcent increase in pumpage.

ccording to the model’'s computations,

increased pumping during the hypothetical drought probably would lower water

levels 2 to 10 ft regionally in each aquifer

in the unconfined aquifer.

one and as much as 20 ft locally

Ground-water discharge to the North Fork Crow,

Middle Fork Crow, and East Branch Chippewa Rivers in the modeled area would be

reduced by 47 percent of 1984 conditions.

Lakes Minnewaska and Koronis would be

to springs around Lake Minnewaska and along t

about 9 percent.

Based on simulations of hypotheti
C4 and C5), the confined aquifers in 1
supporting additional pumping. Hypg
aquifer zones A, B, C, D, and E.
throughout each aquifer zone in areas
development is likely and were spaced
The average pumping rate for irrigatio+

of sand

Di
educed

scharge from confined aquifers to
by about 11 percent and discharge
he Sauk River would be reduced by

cal development (simulations Cl, C2, C3,

he Brooten-Belgrade area are capable of
thetical development was simulated in
The hypothetical wells were located
soils where future ground-water
to minimize well-interference problems.
wells in the modeled area, 12.3 Mgal/yr

?
|
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Table 6.--Summary of results of hypothetical model simulations

A, B, Cc1, €2, C3, C4, and C5

Simulation

Conditions of simulation Model results

A

Cl

c2

c3

C4

cs

Predevelopment: 1984
pumping removed to
determine effects
of historical

pumpage

Average areal recharge

Present well development

(344 wells)

Pumping stress: actual
(1984) X 1.5

Drought: 25-percent
less recharge for
Jd-year duration

Present + hypothetical
well development:
10 in aquifer zone A
(354 wells total)
Pumping stress:
actual + estimated
Average areal recharge

*

Present + hypothetical
well development:
15 in aquifer zone B
(359 wells total)
Pumping stress: -
actual + estimated
Average areal recharge

Present + hypothetical
well development:
20 in aquifer zone C
(364 wells total)
Pumping stress: *
actual + estimated
Average areal recharge

Present + hypothetical
well development:
20 in aquifer zone D
(364 wells total)
Pumping stress:
actual + estimated
Average areal recharge

Present + hypothetical
well development:
20 in aquifer zone E
(364 wells total)
Pumping stress: *
actual + estimated
Average areal recharge

Water levels have declined between 5 and
10 feet regionally in all aquifer zones.
Declines have been greatest near
Belgrade. Ground-water discharge to
rivers has decreased 25 percent since
predevelopment.

Water levels decline between 2 and 5 ft
regionally in each aquifer zone and as
much as 20 feet locally. Ground-water
discharge to rivers is reduced by 47
percent of 1984 conditions.

Water levels decline between 0.2 and 0.4
feet regionally and as much as 1.4
feet locally in aquifer zone A.

Water levels decline as much as 1.4
feet in overlying surficial aquifer
and as much as 0.8 feet in underlying
aquifer zone B.

Water levels decline between 0.1 and 0.5
feet regionally and as much as 2.7
feet locally in aquifer zone B.

Water levels decline as much as 0.7
feet in overlying aquifer zone A

and as much as 0.8 feet in underlying
aquifer zone C.

Water levels decline between 0.1 and 1.0
feet regionally and as much as 2.0
feet locally in aquifer zone C.

Water levels decline as much as 0.8
feet in overlying aquifer zone B

and as much as 0.4 feet in underlying
aquifer zone D.

Water levels decline between 0.1 and 0.5
feet regionally and as much as 1.2
feet locally in aquifer zone D.

Water levels decline as much as 0.5
feet in overlying aquifer zone C

and as much as 0.7 feet in underlying
aquifer zone E.

Water levels decline between 0.5 and 1.0
feet regionally and as much as 5.0
feet locally in aquifer zone E.

Water levels decline as much as 2.8
feet in overlying aquifer zone D

and as much as 0.4 feet in underlying
aquifer zone F.

* Pumping rate for each hypothetical well is 12.3 Mgal/yr
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(million gallons per year), was simulat
model -computed water-level declines menti
are in addition to the historical declines that occurred prior to 1984. It
must be emphasized that the hypothetical simulations were allowed to reach
equilibrium conditions, whereas the ground-water system probably would not
reach equilibrium during a given pumping season. The projected declines
represent average declines over model grid blocks that cover 1 mi“. Actual
water-level declines in wells will differ| from computed values, and declines in
or near individual high-capacity wells generally will be greater.

red for  each hypothetical well. All
the remainder of this section

According to the model’s computations, the addition of 10 hypothetical
high-capacity wells in aquifer zone A, (simulation Cl) pumping a total of 123
Mgal/yr, would lower water levels in the aquifer zone about 0.2 to 0.4 ft
regionally and reduce discharge to the East Branch Chippewa and North Fork Crow

Rivers by about 123 Mgal/yr (100 percen

of the hypothetical pumpage) (table

6); the addition of 15 hypothetical wells in aguifer zone B (simulation C2),

pumping a total of 184.5 Mgal/yr, would

0.1 to 0.5 ft regionally and reduce dis#
(63 percent of the hypothetical pumpage);

in aquifer zone C (simulation C3), pumpi
water levels in the aquifer zone 0.1 to

ower water levels in the aquifer zone
harge to rivers by about 117 Mgal/yr
the addition of 20 hypothetical wells
g a total of 246 Mgal/yr, would lower
ft regionally and reduce discharge to

rivers by about 104 Mgal/yr (42 percent of the hypothetical pumpage); the
addition of 20 hypothetical wells in aquifer zone D (simulation C4), pumping a
total of 246 Mgal/yr, would lower water levels |in the aquifer zone 0.1 to 0.5
ft regionally and reduce discharge to rivers by jabout 83 Mgal/yr (34 percent of
the hypothetical pumpage); and the addition of 20 hypothetical wells in aquifer
zone E (simulation C5), pumping a total of 246 Mgal/yr, would lower water
levels in the aquifer zone 0.1 to 1 ft regionally and reduce discharge to
rivers by about 186 Mgal/yr (76 percent|of the hypothetical pumpage). These
results indicate that water-level declines would be greatest in zones C and E
(as a result of the hypothetical pumping) and that the greatest reduction in

streamflow would occur in zones A, B, an

According to the model’s computati
exchanged between the drift aquifers.
from overlying deposits to the confine
Mgal/yr; aquifer zone B--2,700 Mgal/yr;
zone D--2,500 Mgal/yr; aquifer zone E-

E.

ns, significant volumes of water are
e approximate model-computed leakage
aquifers are: aquifer zone A--2,200
quifer| zone C--2,800 Mgal/yr; aquifer
-70 Mgal/yr; and aquifer zone F--40

Mgal/yr.

Caution should be used in making g1
on the model simulations. Model-com
simplified assumptions and should be c
water-level changes. The projected dec
model grid blocks. Actual water-level
computed values, and declines in or n
generally will be greater than those
description of all model results is provi

round-water-management decisions based
puted water-level declines reflect
pnsidered only in assessing regionai
lines represent average declines ove
declines in wells will differ from
ear individual high-capacity wells
shown|in this report. A detailed
ded by Delin (1988).
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WATER QUALITY

Chemical constituents dissolved in ground water are derived mainly from
the materials (soil, drift, etc.) through which the water moves. Ground-water
quality varies due to changes in residence time, length of flow path, temper-
ature, rainfall, land use, and chemical reactions with minerals and aquifer
materials.

Water from 17 domestic or municipal wells was sampled for chemical
analysis in 1985; 13 wells were sampled in 1986. All the samples were from
wells completed in confined aquifers. In addition, water-quality data from 9
wells sampled by U.S. Geological Survey personnel between 1965 and 1975 also
were used in interpreting the quality of ground water in the area. The median,
standard deviation, and range in chemical-constituent concentrations for the
six aquifer zones are given in table 7, including data for the unconfined
aquifer for comparison. Water-quality data for the unconfined aquifer (table
7) were collected during a previous U.S. Geological Survey study. Anderson
(1987) provides a detailed analysis of the quality of water in the unconfined
aquifer. Water-quality data for the confined aquifers sampled in this study
are insufficient to determine chemical-constituent variations within each
aquifer zone.

Calcium and bicarbonate are the predominant ions in water from the
confined aquifers (fig. 15). Calcium and bicarbonate are derived primarily
from contact with carbonate rocks as the water moves slowly through the ground-
water reservoir.

Water from confined aquifers in the study area is hard, but it generally
is suitable for domestic consumption and for irrigation. However,
concentrations of manganese, iron, and dissolved solids locally exceed limits
recommended by the Minnesota Pollution Control Agency (MPCA) (1978) for
domestic consumption. Table 8 lists the recommended limits for domestic
consumption and table 9 lists the recommended limits for use by agriculture and
wildlife. Also included in the tables is the percentage of analyses that
exceeded the recommended limits.

The suitability of water for irrigation commonly is determined by relating
conductivity of the water to the sodium-adsorption ratio (fig. 16), which can
be used to classify the water in terms of its sodium and salinity hazards
(Allred and Machmeier, 1961). This classification system was developed by the
U.S. Salinity Laboratory (1954). The sodium-adsorption ratio is a measure of
the amount of sodium with respect to calcium and magnesium. High values of the
sodium-adsorption ratio can be an indication of tendency for ground water to
destroy soil structure and thereby reduce permeability. High salinity
concentrations endanger plants by reducing the amount of water absorbed by
roots. Salinity is directly related to the specific conductance of water.
Water from the confined aquifers generally has a low sodium hazard and a medium
to high salinity hazard (fig. 16). Dissolved iron and manganese are essential
to plants and animals, but, in high concentrations, may cause objectionable
taste, odors, and staining of plumbing fixtures. Concentrations of dissolved
iron and manganese in water from confined aquifers generally exceed limits
recommended by the MPCA (1978) for domestic use. The concentrations (table 8)
should not adversely affect plants, but treatment of the water may be desirable
prior to domestic use.
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CALCIUM CHLORIDE

CATIONS PERCENTAGE OF REACTING VALUES ANIONS

EXPLANATION
¢  Confined aquifer

A Unconfined aquifer

Figure 15.--Trilinear diagram showing chemical character of water in the
confined and unconfined aquifers
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Table 8. --Recommendations of the Minnesota Pollution Control
Agency (1978) for concentrati of selected chemical
constituents |in drinking water
[mg/L, milligrams per liter; ug/L, mi‘rograms per liter]

Chemical Recommen#ed Pércentage of analyses
constituent 1imit‘ exceeding limit
Chloride 250 mg/L 0

Fluoride 1.5 mg/L 0

Iron 300 pg4L 95

Manganese 50 pg/L 71

Nitrate as nitrogen 10 mgjL | 0

Sulfate 250 mg/L | 0

Dissolved solids 500 mgKL i 3

Table 9.--Recommendations of the Hinnes&ta Pollution Control
Agency (1978) for concentrations of selected chemical
constituents in water for agricultural use and
consumption by wildlife
[mg/L, milligrams per liter; uS/cm, microsiemens per centimeter
at 25 degrees |celsius]

Chemical Recommended Percentage of analyses
constituent limit exceeding limit
Boron 500 mg/L 0
pH 6.0-8.5 units 0
Specific conductance 1,000 uS/cm 0
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Figure 16.--Diagram showing suitability of water from’confined and unconfined
aquifers for irrigation in terms of sodium and salinity hazards.
(U.S. Salinity Laboratory, 1954) _
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High concentrations of some dissolved so
well-screen incrustation and reduc
concentrations in water from confined aquifers

the recommended limits for domestic use.

Chemical-constituent concentration
the unconfined and confined aquifers,

figures 15 and 16. Manganese concentrations,

with depth in the drift system (fig. 17) but th
The similarity in major-ion concentrations px

similarities in aquifer material composing
aquifers. Locally, however, mixing o
highly probable where the unconfined and| confi
areas, chloride concentrations in both
chloride ions are mobile and readily flow with
similarity in chloride concentration was not
probably occurs locally. The similarity of

confined aquifers is shown also in fﬂgure 1

generally has a low sodium hazard and meﬁium to

There are several differences in tté qual
Although median cong

concentrations of many constituents
Specific conductance and pH,

and unconfined aquifers.
similar in the aquifer zones (table 10)
increase with depth in the drift syste%.
concentrations of dissolved solids, jalkali
fluoride, silica, and boron were, in general,

confined aquifers than from unconfined aquifexns (table 10).

and F (representing the lowermost confined
highest

analyses.
median concentrations of calcium and magnesium
concentrations do increase slightly

gener
as shown in tables 7 and 10 and in

groun
n

ith depth.

lids in ground water can cause
ed wel

1 yield. Dissolved-solids
(table 7) generally are within

ally are similar in water from

for example, fluctuate somewhat
e fluctuation is insignificant.
obably is a reflection of the
the unconfined and confined
d water may occur. Mixing is
d aquifers coalesce. In these

aquiﬁErs should be similar because
he ground water.

Although this
observed, ground-water mixing
water from the unconfined and
6. Water from both aquifers
high salinity hazard to soils.

ity of water from the confined
entrations of constituents are

and
nity, phosphorus, magnesium,

slightly higher in water from
Aquifer zones E
quifers in the area) had the

concentrations of most chemical constituents determined in the
This relation also is illustrated in figures 17 and 18.

Although
ido not vary significantly, the
Median sodium and iron

concentrations (figs. 17 and 18) clearly increase with depth in the drift

system.

The increase in chemical-constituen
increase in ground-water residence time
the unconfined aquifers. Ground water
soil and rock material through which it
in the ground before discharging to a
greater the concentration of most ch
residence time results primarily fr
intermediate and regional flow systems
in unconfined aquifers generally does

conce

eaches
asses.
lake,

mical
m the

in thi

hat hinders ground-water flow.
ot flow through till and,

trations with depth reflects an
confined aquifers compared to
chemical constituents from the

The longer that water remains
stream, wetland, or well, the
constituents. The length of
low permeability of till in
Water
thus, has

short residence times and correspondingly low chemical-constituent

concentrations. Because aquifer zones
135 and 220 feet of till, respectively,
concentrations in water from these aquifers are
of water in drift aquifers near Park Rapids,
relation of 1length of residence tim
(Dr. Calvin Alexander, University of Minnesota,
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to depth of the

and F are confined by an average of

high chemical-constituent

unexpected. Work on age-dating
Minnesota, supports the above
confined aquifers
1987).

written commun.,




Table 10.--Median concentration of selected chemical constituents in
water from drift aquifers in the Brooten-Belgrade area,

west-central Minnesota

[us/cm, microsiemens per centimeter at 25 degrees celsius; mg/L, milligrams per liter;
u#g/L, micrograms per liter]

Chemical con-
stituent or

property

A
Unconfined confi
aquifer

Lt

ned

aquifers

Confined-aquifer zone

c

D

Specific con-
ductance
(us/cm)

pH (standard 7.4 7.
units)

639 661

Calcium,
dissolved
(mg/L as Ca)

Magnes ium,
dissolved
(mg/L as Mg)

Sodium
dissolved 6.3 18.
(mg/L as Na)

Potassium,
dissolved
(mg/L as K)

Alkalinity
(mg/L as 292 365
CaCo,)
3
Sul fate,
dissolved
(mg/L as SO

(A
Chloride
(mg/L as Cl)

Fluoride,
dissolved 0.1 0.
(mg/L as F)
Silica
dissolved
(mg/L as Sio2

82.6 79.

26.5 30.

27.0 17.

17.2 1

22.4 25.

Solids, sum of
constituents, 344 385
dissolved (mg/L)

Nitrogen, dissolved
N02+N03 9.6 0.

(mg/l as N)

Phosphorus, ortho
dissolved
(mg/L as P)

Boron,
dissolved 68 91
(ug/L as B)

Iron,
dissolved
(ug/L as Fe)

0.02 0.

1220 2807

Manganese,
dissolved 139 127
(ug/L as Mn)

5

4

0

1

5.2 2.5

4

.8

3

1

2

07

612

7.4

78.8

25.8

11.2

2.9

335

15.0

1.0

0.2

25.5

365

<0.1

0.05

2975

255

607

7.2

25.4

12.4

2.5

335

5.3

1.5

0.2

25.8

350

0.3

0.04

76

2525

192

666

7.4

81.4

30.3

15.4

2.5

367

7.9

2.0

0.3

25.1

390

<0.1

0.07

101

3802

120

638

7.6

29.2

25.9

2.2

353

13.3

1.6

0.3

24.9

380

0.3

0.05

87

1382

43

2770

703 740

7.7 7.6

83.8

33.6

35.4

18.4

20.5

2.4 2.5

355 448

46.9 29.3

1.8 2.0
0.2 0.2
24.6 26.0
447.50 376.67

0.1 <0.1

0.08

0.12

106 90

3120

125 77
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MEAN DEPTH OF AQUIFER ZONE BELOW LAND SURFACE, IN FEET
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MEAN DEPTH OF AQUIFER ZONE BELOW LAND SURFACE, IN FEET

0 L T T T ' | T T T T I ¥ T T 1 I
| l SURFICIAL
Sodium | Magnesium ICalcium .
| |
%0 | i i
4 . ZONE A
\ \\ TN ZONE B ]
~
\’ / 0 ZONE C
100 / s * —
i I ZONE D
| ! :
| |
150 | ! -
' |
|
‘ \ ZONEE ]
200 \ _
ZONEF
A1 I L L 1 i 1 L 1 1
2505 2 50 75 100

MEDIAN CONCENTRATION, IN MILLIGRAMS PER LITER

Figure 18.--Comparison of median concentrations of sodium, magnesium,
and calcium with mean depth in the drift system
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Increased concentrations of chemical conLtituents in water from confined

aquifers also may result from migratig

Cretaceous age.
(Soukup,
conductance,
fluoride, and dissolved solids generall
water from the Cretaceous deposits.
Cretaceous deposits in the Brooten-Bel
from these deposits is an unlikel

Data from drift aqu

1980) indicate that the pH,
and concentrations of bag

m of water from underlying deposits of
ifers in Big Stone County, Minnesota,
sodium-adsorption ratio, specific
yron, iron, sodium, sulfate, chloride,
y increase with depth and are highest in
Because of the relative absence of
grade drea, however, migration of water
y cause of the higher constituent

concentrations determined by the chemical analyses.

Although most constituent concent*ations increase with depth (table 10),

concentrations of nitrate (NO,+NO, a

generally were 2 to 15 mg/L higher in water

from the confined aquifers (fig. 19).
unconfined aquifer, for example, were
aquifers. Results of a study in the a
Staples, Minnesota by Myette (1984)
nitrate and chloride generally are gre
of the unconfined aquifer, near the wat

N), sulfate, potassium, and chloride
rom the unconfined aquifer than

Mean concentrations of nitrate in the

.6 mg/L compared to 0.2 mg/L in confined

rea by Anderson (1987) and a study near
also indicate that concentrations of
test in samples from the shallowest part
er table.

The relatively high concentrations of nitrate in the unconfined aquifer

probably result from infiltration g

domestic septic systems, or leaching of fertilizers.
the unconfined aquifer were purposely

many of the samples collected from
located in areas where higher nitrate ¢
levels throughout most of the unconf
(Anderson, 1987). The decrease in conc
in part from denitrification, a proces
gas, bicarbonate, hydrogen ions, and w

Increased mean concentrations of
unconfined aquifer may result from use
constituents.
result from the use of salt as a road
less affected by these sources, primar
units prevent rapid leakage of water

sulfate concentrations with depth (fig
wpper 1
hat th
es are
ration
is probably caused by the increased residenC}

r|

concentrations decrease through the v
below this depth. Data indicate t
unconfined and shallower aquifer zon
listed above. The increase in concent

increase with depth is similar to that

chloride,

Increased concentrations of
deicer.
ily bec

f runoff from feedlots, seepage from
It should be noted that

oncentiations were expected. Background
ined aguifer are between 1 and 3 mg/L
entrations of nitrate with depth results
in which nitrate is reduced to nitrogen
ter.

sulfate, and potassium in the
of fertilizers containing these chemical
chloride and potassium also may

Confined aquifers generally are
ause the overlying till confining
confined aquifers. The plot of
z. 19) is unique in that the
00 ft of drift and then increase
e higher concentrations in the
the result of man’s activities,
of sulfate below the 100-ft depth
time for this ground water; this
d for other constituents.

to the

measu
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Figure 19.-- Comparison of median concentrations of nitrate, chloride,
and sulfate with mean depth in the drift system
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Six of the wells sampled in 1985-86 had been sampled between 1965 and 1975
during previous U.S. Geological Survey ground-water investigations (Van Voast,
1971, and Wolf, 1976). Results from both sets of analyses were compared to
determine if any water-quality degradation has occurred in the area during the
past two decades. All samples were| analyzed at U.S. Geological Survey
laboratories. Analyses from wells completed in aquifer zones B, C, and D were
compared (table 11). Results of thi comparison indicate that chemical-
constituent concentrations have remained fairly constant over the past two
decades. Concentrations of several ciTstitue ts increased slightly over the

time period. Concentrations of sulfate, for example, increased between 2.3 and
5.0 mg/L over the past two decades in two of the resampled wells. Conversely,
the concentrations of several constituents decreased over the time period.
Concentrations of chloride, for example, decreased between 0.7 and 1.6 mg/L in
four of the resampled wells. Some of /the d;%ferences in chemical-constituent
concentrations shown in table 11 may be the Iresult of changes in laboratory
procedures over the past 20 years. } !

One of the most significant advantages of developing water supplies from
confined aquifers, rather than unconfined aquifers, is the lower susceptibility
of confined aquifers to ground-water| contamination. Till confining units
greatly impede the migration of contaminants from or near land surface to
confined aquifers. Conversely, unconfined aquifers are vulnerable to
contamination from a variety of sources|, including fertilizer applications and
drainage from feedlots and septic systems. Although confined aquifers are less
susceptible to contamination than‘fnconfined aquifers, an increase in
withdrawals from confined aquifers couyld degrade the quality of water in the
aquifers by inducing migration of pobrer quality water from overlying and
underlying deposits.
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SUMMARY AND CONCLUSIONS

Ground-water withdrawals from confined dquifers in western Minnesota has
increased during the last decade. hese aquifers are the main source of
ground-water supplies where the unconfined aquifer is absent. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>