






























































Table 1.--Minnesota standards for drinking water, and number of
samples in which the recommended limit was exceeded

[Concentrations in milligrams per liter]

Constituent Minnesota Number of _Number that exceed standard
standard samples Samples Wells  Sites
Total dissolved 500 43 1 1 1
solids
Sulfate (S0,) 250 135 0 0 0
Chloride (Cl) 250 135 0 0 0
Fluoride (F) 1.5 43 0 0 0
Nitrate (N) 10 245 94 29 24
Iron (Fe) .30 115 37 15 11
Manganese (Mn) .05 115 55 22 18
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Regional Water Quality

The quality of water from 43 wells in the surficial sand-plain aquifers
is summarized in table 2, which lists results of analyses for major ions,
nutrients, iron, and manganese. Water samples were collected in August 1982
in Douglas, Pope, and Stearns Counties and in June 1983 in Kandiyohi County.
These data can be used as a baseline or a point of reference in time for
future assessments of long-term trends in water quality. Table 2 lists the
mean, standard deviation, median, minimum, and maximum value for 43 baseline
samples analyzed for various constituents.

Water in the study area is a calcium bicarbonate type and is suitable for
most uses. Ranges in concentration for some constituents were large--3 to 160
mg/L sulfate, 2.1 to 53 mg/L chloride, < (less than) 0.1 to 52 mg/L nitrate,
<0.01 to 0.32 mg/L ammonia, <0.003 to 5.3 mg/L iron, and <0.001 to 1.5 mg/L
manganese (table 2).

Locally elevated sulfate concentrations might be the result of local
application of ammonium sulfate fertilizer, the discharge of sewage, and/or
runoff from feedlots. The baseline sample that had the highest sulfate
concentration, 160 mg/L, was collected less than a mile downgradient from a
cattle feedlot. Elevated concentrations of chloride may be related to road
salting, but elevated chloride concentrations, like elevated sulfate
concentrations, commonly are related to the discharge of sewage and/or runoff
from cattle yards and feedlots. The same sample collected downgradient from a
cattle feedlot, which had a sulfate concentration of 160 mg/L, also had a
chloride concentration of 53 mg/L.

The range in concentration of nitrate locally is influenced by sewage
discharge and runoff from cattle yards, but use of fertilizers appears to have
the greatest influence on nitrate concentrations in ground water. The sample
with elevated concentrations of sulfate and chloride, mentioned above, had a
nitrate concentration of only 0.18 mg/L. Nitrates may have been reduced in
the feedlot runoff by plants in a swampy area between the feedlot and the
sampled well. Many samples with elevated nitrate concentrations were
collected downgradient from irrigated and nonirrigated fields planted in corn
and potatoes. Although cattle yards were expected to be a source of elevated
concentrations of nitrate in the ground water, this was not observed at the
site mentioned above.

The highest concentration of ammonium nitrogen determined (0.32 mg/L) in
baseline samples was from a well screened 15 feet below the water table in the
Carlos Outwash area, Douglas County.

Ranges in concentrations of iron and manganese in the 43 baseline samples
were large. Iron exceeded the Minnesota drinking-water standard in 21 percent
of the samples, and manganese exceeded the standard in 46 percent of the
samples. The source of elevated iron and manganese seems to be natural and
not caused by pollution.
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Table 2.--Statistical summary of 43 baseline chemical analyses of water
from surficial sand-plain aquifers in Douglas, Kandiyohi,
Pope, and Stearns Counties, west-central Minnesota,
in fall 1982 and spring 1983

[Water level and well depth in feet below land surface; other values
in milligrams per liter, except as noted]

Constituent

or property Mean Median Minimum Maximum
Water level (28 wells) 9.85 8.66 2.30 32.37
Depth of well (43 wells) 24 21.0 6.5 73

Specific conductance
(microsiemens/centimeter

at 25 “Celsius) 627 620 350 1,120
pH (standard units) 7.5 7.7 6.5 8.9
Temperature, water (°Celsius) 10 9.5 8.0 17
Hardness, (as CaC03> 307 300 150 600
Calcium, dissolved (as Ca) 81 78 40 160
Magnesium, dissolved (as Mg) 28 25 13 49
Sodium, dissolved (as Na) 4.6 3.3 1.0 32
Potassium, dissolved (as K) 2.7 1.7 .1 17
Alkalinity, total (as CaCO,) 240 230 160 340
Sulfate, dissolved (as SOQ) 28 22 3.0 160
Chloride, dissolved (as Cl) 15 12 2.1 53
Fluoride, dissolved (as F) .2 .2 <.1 .3
Silica, dissolved (as 5i0,) 21 21 8.1 31

Dissolved solids, calculated,
sum of constituents 324 320 190 650

Nitrite + nitrate,
dissolved (as N) 9.9 7.9 <.1 52

Nitrogen, ammonia,
dissolved (as N) .08 .05 <.01 .3

Nitrogen, dissolved
organic (as N) .87 .29 <.01 11

Phosphorus, dissolved

orthophosphate (as P) .02 .01 <.01 .05
Boron, dissolved (as B) .06 .03 .01 .3
Iron, dissolved (as Fe) .48 .023 <.003 5.3
Manganese, dissolved (as Mn) .18 .024 <.001 1.5
Carbon, organic dissolved (as C) 2.1 1.8 .8 7.4
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To assess the areal variation in the quality of water from the surficial
sand-plain aquifers underlying the 600 mi“ area, data were tabulated by county
for Douglas, Kandiyohi, Pope, and Stearns Counties. Only minor differences
were observed in mean concentrations of major ions throughout the counties.
Some differences in nitrate were noted, but the concentration differences
seemed to be more clearly related to differences between land use and size of
the three sand-plain areas. Mean dissolved solids concentrations ranged from
297 mg/L in Pope County to 369 mg/L in Stearns County. Mean specific
conductance ranged from 569 uS/cm (microsiemens per centimeter at 25 °Celsius)
in Pope County to 723 uS/cm in Stearns County. These differences do not
appear to be substantial. The mean concentration of boron in Pope County,
0.09 mg/L, was about twice as high as in the other counties, which reflects a
general southwesterly increase in boron towards western Minnesota. )

Only minor differences were observed in mean concentrations of most major
ions (table 3) between the three sand-plain areas: Bonanza Valley, Viking
Basin, and Sauk River valley (fig. 2). However, mean and median sulfate
values were almost twice as large in the Sauk River valley as in the other two
areas. Mean values for iron and manganese also were about twice as large in
the Sauk River valley as in the other two areas. The mean value for nitrate
was about the same in the three areas, but the median value for nitrate
nitrogen was only 5.8 mg/L in the Sauk River valley, compared to 6.3 mg/L in
the Bonanza Valley, and 10 mg/L in the Viking Basin. The similarity of both
mean and median concentrations for most constituents suggests normal
statistical distribution of concentrations. For nitrate, ammonia, dissolved
organic nitrogen, iron, and manganese, the mean is substantially greater than
the median concentration because of a few very high values.
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Table 3.--Mean and median concentrations for selected constituents
in the three sand-plain areas

[Concentrations in milligrams per

liter unless

otherwise noted]

Bonanza Valley

Viking Basin

Sauk River valley

Number Number Number

Constituent of of of

or property samples Mean Median samples Mean Median samples Mean Median
Specific conductance

(microsiemens/centimeter

at 25 %Celsius)...... 140 618 600 56 633 575 57 727 700

Hardness, as

CaCO3 (Ca, Mg).......... 25 300 300 9 270 250 9 360 320
Calcium, dissolved

(as Ca).....oivvennnnnnn 25 79 78 9 73 71 9 93 83
Magnesium, dissolved

(as Mg).........ovvvnnnn 25 26 25 9 21 19 9 30 27
Sodium, dissolved

(as Na)................. 25 4.8 3.2 9 2.6 2.0 9 6.0 4.3
Potassium, dissolved

(a8 K).ovvvvvinnnnnnnnnn 25 3 2 9 1 1 9 3 2
Alkalinity, total

(as CaCO,) ... vt 25 240 230 9 220 200 9 270 290
Sulfate, dissolved

(as SOh).. .............. 76 21 17 30 21 19 29 40 38
Chloride, dissolved

(as CL)....vvviinnnnnnns 76 18 16 30 9.3 9.0 29 22 15
Fluoride, dissolved

(as F)oovviiiiiinnnnnnn, 25 .1 .1 9 .2 .2 9 .2 .2
Silica, dissolved

(as Si0,)............... 25 22 23 9 22 22 9 18 20
Dissolved solids,

calculated, sum of

constituents............ 25 319 320 9 279 270 9 382 370
Nitrite + nitrate,

dissolved (as N)........ 140 10 6.3 54 13 10 51 12 5.8
Nitrogen, ammonia,

dissolved (as N)........ 77 .16 .06 30 .15 .08 29 .13 .10
Nitrogen, dissolved

organic (as N).......... 66 .59 .21 25 .30 .18 25 .27 .17
Phosphorus, dissolved

orthophosphate

(as P).....civvnnnnnnnn, 65 .01 .01 25 .03 .02 25 .02 .01
Boron, dissolved (as B)... 25 .08 .03 9 .02 .02 9 .03 .03
Iron, dissolved (as Fe)... 65 .66 .06 25 .99 .12 25 1.6 .53
Manganese, dissolved

(as Mn)................. 65 .14 .02 25 .11 .03 25 .27 .11
Carbon, organic dissolved

(as C).vvnnvvnnnnnns 38 1.9 1.6 15 2.0 1.9 13 2,1 1.9
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Vertical Distribution of Water-Quality Constituents

A tabulation of water-quality data by depth below the water table (table
4) shows substantial vertical differences in mean concentration of chloride,
nitrate, ammonia, iron, and manganese. Data in table 4 were collected from
fall 1982, through spring 1984. Mean and maximum values of chloride and
nitrate decreased with depth, which suggests that the source of chloride and
nitrate is at the surface. These constituents, in agricultural areas, can be
related to fertilizer use and, locally, to seepage from cattle yards,
feedlots, and septic systems. Ammonia nitrogen increases from 10 to 20 feet
below the water table and then decreases at more than 20 feet below. The
increase may be related to denitrification and/or other chemical reactions and
changes in constituents taking place within the aquifer. Mean iron and
manganese concentrations are highest from 10 to 20 feet below the water table.
This may be related to solution of iron and manganese present in the aquifer
materials.

Large vertical differences in nitrate concentrations were found at 11
paired-well sites where one well is screened near the water table and a second
well 10 or more feet below. Vertical differences also were observed in
specific conductance and concentrations of iron, chloride, and sulfate. At
eight of the paired-well sites, nitrate concentrations were higher near the
water table than deeper in the aquifer. At the three other paired-well sites,

nitrate concentrations increased with depth below the water table. Mean
nitrate concentrations in the water-table and deeper wells for these two
groups of well sites are shown in the following table. Ranges in mnitrate

concentrations at each of the 11 paired-well sites are shown in table 5.

Mean nitrite plus nitrate nitrogen concentration in water-table
and deeper wells in Douglas, Kandiyohi, Pope,
and Stearns Counties

Number Mean nitrite plus
of nitrate concentration
Wells samples (milligrams per liter)

At eight sites with high nitrate concentration at water table

Water table 46 23
Deeper 44 3.9

At three sites with low nitrate concentration at water table

Water table 16 4.8
Deeper 16 14
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Higher nitrate concentrations at the water table and lower concentrations
at depth (table 4) is the most common situation throughout the sand-plain
aquifers. All three sites (table 5) where nitrate concentrations were lower
at the water table than at depth are near areas where intermittent ponds form
during heavy precipitation. Samples collected from two of the ponds had
nitrate concentrations less than 1 mg/L. Water in the ponds drains rapidly
downward through the permeable sandy soils. The large amount of dilute
recharge from the ponds may displace high-nitrate water near the water table
to deeper in the aquifer, resulting in lower nitrate concentrations at the
water table.

Water from deeper wells (table 5) in the broad sand-plain aquifers in
the Viking Basin and Bonanza Valley has higher and more variable nitrate
concentrations than water from deeper wells in the narrower Sauk River valley
aquifer. These locally higher nitrate concentrations at depth in the broad
sand plains but not in the narrow sand plains may be related to differences
between regional and local circulation patterns in the ground-water system.
Large differences between nitrates in water-table and deeper wells may
indicate regional circulation systems (fig. 6a), as illustrated by Freeze and
Witherspoon (1967). Regional circulation and little mixing occurs in the
narrow Sauk River valley aquifer where the flow path is short and the water
table has a smooth continuous gradient from the valley wall to the river.

Table 5.--Range of nitrite plus nitrate nitrogen concentrations in water-table
and deeper wells in the study area

[Concentrations in milligrams per liter; <, less than]

Nitrate Nitrate Well
concentrations concentrations depth
Number in Number in below
Land-use of water-table of deeper water-table
County Area setting samples wells samples wells (feet)

WELL SITES WITH ELEVATED NITRATE CONCENTRATION AT WATER TABLE

Stearns  Sauk River valley Nonirrigated 6 14-54 6 <0.1-0.8 18
cultivated

Stearns Sauk River valley Irrigated 6 18-72 6 <.1-0.27 27

Douglas Viking Basin Nonirrigated 6 5.0-17 6 <,1-0.18 15
cultivated

Pope Bonanza Valley Uncultivated 5 4.8-20 5 <.1-0.13 33

Pope Bonanza Valley Nonirrigated 6 4.3-6.0 6 .29-1.1 23
cultivated

Pope Bonanza Valley Irrigated 5 5.6-13 3 <.,1-0.22 30

Pope Bonanza Valley Irrigated 6 11-33 6 2.0-14 25

Stearns Bonanza Valley Irrigated 6 17-66 6 8.8-32 14

WELL SITES WITH LOW NITRATE CONCENTRATION AT WATER TABLE

Douglas Viking Basin Irrigated 6 1.5-12 6 15-21 23

Kandiyohi Bonanza Valley Nonirrigated 5 <.1-0.22 5 5.8-38.0 19
cultivated

Kandiyohi Bonanza Valley Irrigated 5 1.8-11 5 8.5-21 15
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FIGURE 6.--Generalized eifect of topographic relief on the flow of ground water.
(a) Diagrammatic section across the Sauk River valley.
(b) Diagrammatic section in the Bonanza Valley.
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In contrast, the higher nitrates in water from deeper wells in broad
sand-plain aquifers, such as the Bonanza Valley and Viking Basin may result
from a longer flow path, more localized circulation (fig. 6b), and/or greater
vertical mixing of ground water bringing some high-nitrate water to greater
depth. Local relief on the water table of only a few feet up or down can form
local circulation systems resulting in more vertical mixing of the ground
water (fig. 6b).

The greater amount of mixing of ground water in the Bonanza Valley and
Viking Basin aquifers also may be related to local water-level fluctuations in
cones of depression around high-capacity wells in irrigated areas. Water
from the water table containing elevated nitrate concentrations may flow down
the steep hydraulic gradient of the cone of depression surrounding a high-
capacity pumping well, thereby increasing the amount of nitrate at greater
depth.

Higher-nitrate concentrations at the water table and lower concentrations
at greater depth in the narrow Sauk River valley aquifer (table 5, and fig. 7)
are associated with cultivated sites, either with or without irrigation.
Recharge from precipitation in these areas travels a short distance laterally
and discharges to the river with relatively little mixing.

In some areas, nitrate is present at shallow depth and diminishes in
concentration as the water moves deeper into the flow system. Edmunds (1973)
and Gillham and Cherry (1978) attributed this trend in nitrate concentrations
to the biochemical process of denitrification, which requires denitrifying
bacteria, organic material, other nutrients necessary for growth of bacteria,
and a moderate redox (oxidation-reduction) potential. In their discussion of
redox processes, Freeze and Cherry (1979, p. 114-118) list reactions in which
nitrate is converted to the gases nitrogen or nitrous oxide or to the ions
nitrite or ammonium. Their description of the denitrification process
indicates that organic matter combines with nitrate to form nitrogen gas,
bicarbonate, hydrogen ions, and water. If the environmental conditions are
correct, this process could account for at least some of the vertical
differences in nitrate concentration in the surficial sand-plain aquifers.

Denitrification may be occurring near the paired-wells in the Carlos
outwash area, Douglas County, where nitrate concentrations in the water-table
well were greater (5.0 to 17.0 mg/L) than in the adjacent well screened 15
feet below the water table (<0.1 to 0.18 mg/L), and the ammonium concentration
was greater in the deeper well (0.32 to 0.52 mg/L) than in the water-table
well (0.02 to 0.27 mg/L). Bicarbonate concentrations, indicated by
alkalinity, also were greater in the deeper well, as would be expected if
denitrification were occurring at depth. Comparative values of pH in the
paired wells do not indicate any consistent difference with depth. The
concentration of dissolved organic carbon was 2 to 3 mg/L in both the shallow
and the deeper wells.
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Seasonal Changes In Water Quality

Seasonal fluctuations were observed in concentrations of nitrate,
sulfate, chloride, iron, and manganese. Spearman correlation coefficients
indicate that nitrate nitrogen concentrations directly correlate with specific
conductance and chloride concentrations. Where nitrate is elevated, so is
chloride, indicating that both may come from the same source--nitrogen from
nitrate and ammonium and chloride from potassium chloride in fertilizer.
There is a negative correlation of nitrate concentrations with iron and
manganese concentrations. Where concentrations of nitrate are high, iron and
manganese are low, suggesting different sources or oxidizing conditions in the
aquifer. Some seasonal changes also were observed in ammonium and organic
nitrogen, but not in phosphorous.

Seasonal fluctuations in water levels and in concentrations of selected
constituents are shown in table 6. Water-level fluctuations in wells sampled
during this study correlate with the general trend seen in long-term water-
level-observation wells in the area. The rising water level from August 1982
to May 1984 (fig. 7 and table 6) indicates increased recharge to the aquifer.
Comparison of seasonal constituent values with seasonal water levels may
provide insight into movement of chemical constituents from the land surface
to the water table.

Mean nitrate concentrations rose from 13.0 mg/L in fall 1982 to 14 mg/L
in winter 1983 as recharge, indicated by rising water level, carried nitrates
down to the aquifer from the land surface. An early snow cover prevented the
ground from freezing, and a mild winter allowed recharge to the aquifer in
much of the sand-plain area during the winter and early spring. Little rain
fell in spring 1983 before samples were collected, so that water levels had
not risen much before the spring sampling. What recharge did reach the water
table during winter and early spring moved slowly through the soil; this
allowed time for the dissolution of nitrates and resulted in the highest mean
nitrate concentration (17 mg/L) observed during the study. The maximum
nitrate concentration observed during this study (72 mg/L) was observed in
spring 1983 in a well downgradient from a field that received an application
of anhydrous ammonia fertilizer in fall 1982.

During summer 1983, recharge continued to reach the water table, mean
water levels rose from 9.65 to 9.23 feet below land surface, and the mean
nitrate concentration declined from 17 mg/L in spring to 14 mg/L in summer
1983. By fall, nitrates in the soil were depleted by the growth of crops
through the summer; although some recharge reached the water table, the mean
water level declined from 9.23 to 9.40 feet below land surface. The mean
nitrate concentration decreased from 14 to 13 mg/L by late fall 1983, possibly
as the result of denitrification and dilution by the small amount of recharge
that did reach the water table.

In spring 1984, recharge from snowmelt and spring rains was large and
rapid and resulted in record-high water levels in several long-torm
observation wells in the study area. The mean water level from the 20 wells
observed for this study rose to 8.71 feet below land surface. The unusually
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large amount of recharge quickly flushed out soluble nitrates from the soil
and, later, as dilute recharge continued to reach the water table, nitrate
concentrations in the ground water were reduced to 6.8 mg/L--the lowest mean
nitrate concentration since before August 1982.

The complexities of fluctuations in nitrate concentrations point out the
involved interrelation of factors affecting nitrate in the ground water.
Three of the factors that may affect nitrate concentrations in ground water
are (1) the rate of movement of recharge through soil and the unsaturated
zone, providing more time or less time for solution of nitrates, (2) the
volume of recharge, and (3) the timing of fertilizer applications either
before, after, or during recharge.

Mean concentrations of nitrite plus nitrate, as shown in table 6, do not
fluctuate nearly as much as concentrations in individual wells. Wells
screened at the water-table in the Sauk River valley show much larger seasonal
fluctuations in nitrate than do the deeper wells (fig. 7). In the water-table
wells, nitrate concentrations fluctuated between 18 and 72 mg/L at an
irrigated site and between 11 and 54 mg/L at a nonirrigated cultivated site.
At both of these sites with pairs of wells, the nitrate concentration in the
deeper wells (34 and 26 feet deep, respectively) fluctuated between less than
0.1 and 0.27 mg/L. The water levels in these wells (fig. 7) generally rose
from fall 1982 to spring 1984. At both of these sites, nitrate reached a
maximum concentration in May 1983. Although recharge continued to reach the
water table, indicated by rising water levels, the nitrate concentration
declined in both water-table wells by May 1984 to the lowest concentrations
observed. A possible explanation might be that readily soluble nitrates had
been leached from the soil, and the rapid infiltration of heavy rainfall
passed through the sandy soil too rapidly to dissolve and transport much
nitrate.

At the irrigated-well site, the nitrate concentration in the water-table
well decreased from 45 mg/L in November 1983 to 18 mg/L in May 1984 (fig. 7).
Soybeans were planted in the upgradient adjacent field in 1984 instead of
corn, which had been planted the preceeding 2 years. Soybeans require less
fertilization than corn, and the lack of heavy spring fertilization normally
used for corn may have helped make it possible for spring recharge to dilute
the nitrate concentration at the water table. However, corn was planted and
fertilized immediately upgradient from well 126N3509BAD02 at the nonirrigated
cultivated site each year from 1982 to 1984, and nitrate concentrations at
that well also declined. Crop rotation may reduce the rate of application of
fertilizer periodically and provide an opportunity for denitrification and
dilution, which reduce nitrate concentrations in the ground water. Proper
evaluation of the effect of crop rotation and of controlling rates and timing
of fertilizer application on nitrate concentrations in ground water will
require more detailed data than were available in this study.
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Nitrate concentrations at well sites in the broad Viking Basin and
Bonanza Valley aquifers also fluctuated seasonally (fig. 8) but not as much as
in water-table wells in the narrow Sauk River valley. The three wells at one
site in the Viking Basin, Douglas County (fig. 8), showed that nitrate
concentrations in the mid-depth well exceeded concentrations in the deepest
well, and the concentration of nitrate in the shallow well approached the
concentration in the other two wells. These changes indicate that mixing is
taking place in the broad sand-plain aquifers to a greater extent than in the
narrow Sauk River valley aquifer (fig. 7). This mixing may account for both
the smaller seasonal fluctuation in nitrate concentrations and the smaller
differences in concentrations between shallow and deeper wells.

Ammonium concentrations fluctuated during the study, and the high mean
concentrations of 0.27 mg/L in summer 1983 and 0.24 mg/L in spring 1984 may
correlate in time with the application of anhydrous ammonia or other ammonia
fertilizers, but the high ammonium concentration in the ground water may be
more closely related to denitrification than to ammonia fertilizer. When
anhydrous ammonia is applied to a field, it is quickly adsorbed in the soil
zone, and, immediately after the anhydrous ammonia is injected into the soil,
no ammonia odor can be detected (Gregory C. Buzicky, Minnesota Department of
Agriculture, oral commun., 1985). The ammonia may form ammonium ions and be
converted to nitrate biochemically. It is unlikely that ammonia would be
carried through the oxidizing environment of the unsaturated zone to reach the
water table as ammonia or as ammonium ions.

Organic nitrogen decreased from a mean concentration of 0.33 mg/L in fall
1982 to 0.1 mg/L in winter 1983, and then gradually increased to 0.39 mg/L in
fall 1983. The reason for this fluctuation has not been determined.

Little seasonal fluctuation was observed in mean concentrations of
sulfate and chloride (table 6); however, seasonal fluctuation in
concentrations of these constituents were observed in a number of individual
wells. For example, water from a shallow well in the Viking Basin had sulfate
concentrations that varied from 23 mg/L in August 1982 to 42 mg/L in July 1983
and to 18 mg/L in November 1983; chloride concentrations varied from 7.6 mg/L
in August 1982 to 21 mg/L in November 1983 and to 18 mg/L in May 1984. More
information on possible sulfate and chloride sources would be needed in order
to interpret the changes that were observed. Sulfate and chloride
concentrations are consistently below the Minnesota drinking-water standard of
250 mg/L for each of these constituents.

Mean concentrations of iron and manganese rose from 0.96 mg/L in fall
1982 to 1.4 mg/L in fall 1983, and from 0.11 mg/L in fall 1982 to 0.20 mg/L in
fall 1983, respectively. The general increase in concentrations may be
related to increased recharge to the aquifer. The source of the increased
iron and manganese is not known, but may be due to increased solution of iron
minerals as recharge percolated through the unsaturated zone to the water
table. The data for specific conductance, pH, and in mean concentration of
orthophosphate in table 6 shows little seasonal fluctuation.
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Bonanza Valley, Pope County

EXPLANATION

@ Shallow well
Well 129N36W18CBB12, screened
2 to 4 feet below water table
@ Medium—depth well
Well 129N36W18CBB01, screened
11 to 13 feet below water table
& Deeper well
Well 129N36W18CBB11, screened
23 to 25 feet below water table

FIGURE 8.——Seasonal fluctuations in nitrite plus nitrate nitrogen concentrations

@ Shaliow well

=z

Well 123N36WO1ACA02, screened

6 to 8 feet below water table

A Deeper well

Well 123N36W01ACAD1, screened
26 to 28 feet below water table

in wells in irrigated areas of the Viking Basin, Douglas County
and the Bonanza Valley, Pope County, Minnesota.

33

»
o

30

20

10

NITRITE PLUS NITRATE NITROGEN,
IN MILLIGRAMS PER LITER



The amount of seasonal fluctuation in sulfate and chloride concentrations
at well sites in irrigated and nonirrigated cultivated areas in the Sauk River
valley, as shown in figure 9, is greater than fluctuations in seasonal mean
concentrations listed in table 6. As with nitrate, the fluctuations in
sulfate and chloride concentrations were more than twice as large in the
water-table wells as in the adjacent deeper wells. 1Iron concentrations in
water from these same wells showed large fluctuations (fig. 10) and large
differences between water-table and deeper wells. However, the deeper wells
have the higher concentration of iron. Manganese concentrations (fig. 11) did
not fluctuate much except in the water-table well at the irrigated site.

Long-term Changes In Water Quality

Long-term changes in water quality were determined by comparing analyses
of samples collected from nine wells in fall 1982 to anlayses of samples
collected from the same wells in 1965-78. These data indicated a 134-percent
increase in the mean concentration of nitrate nitrogen--from 4.7 to 11.0 mg/L.
The seasonal fluctuation of nitrate in those same wells was as great or
greater than the long-term change. However, the lowest seasonal values of
nitrate concentrations in samples from most of the wells in 1982-84 were
higher than the concentrations in 1965-78.

Two wells completed less than 10 feet below the water table--one a water-
level-observation well in an uncultivated area and the other a domestic well
in a nonirrigated cultivated area--generally had the same nitrate
concentration in 1982-83 as they did 10 or more years earlier (fig. 12).
Slightly deeper wells, completed 10 to 20 feet below the water table in an
unirrigated cultivated area (fig. 13) and in an irrigated area (fig. 14) had
nitrate concentrations generally higher in 1983 than 10 or more years earlier.
However, the amount of fluctuation during the study is greater than the
difference between the lowest recent concentration and the concentration 10 or
more years earlier in most of these wells. The historical trend in nitrate
concentrations in wells completed more than 20 feet below the water table is
slightly upward (fig. 15) but not nearly as much as for wells completed
between 10 and 20 feet below the water table. Water in the wells shown in
figure 14 already had elevated nitrate concentrations when first sampled in
1968 to 1973. The upward trend might have been more obvious if these wells
had been sampled even earlier, before irrigation began.

A long-term increase in nitrate concentrations in the deeper wells may be
more representative of water-quality conditions in the sand-plain aquifers.
The amount of seasonal fluctuation of nitrate, sulfate, and chloride in deeper
wells is noticeably less than in shallower wells, as illustrated in figures 7
and 9. The large amount of short-term or seasonal fluctuation in nitrate
concentrations suggests that it might not take very long for nitrate
concentrations to be reduced once the source of excess nitrogen is controlled
or reduced.
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Shallow well 123N30W12ADD02
(screened 8 feet below water table)
Deeper well 123N30W12ADDO1
(screened 27 feet below water table)

Shallow well 126N35W09BAD02
(screened 4 feet below water table)
Deeper well 126N35W0O9BADO1
(screened 20 feet below water table)

EXPLANATION

Sulfate concentration
Shallow well
Deeper well

Chloride concentration

A\ Shallow well
A Deeper well

FIGURE 9.——Seasonal fluctuations in concentrations of sulfate and chloride

at two well sites in the Sauk River valley, Stearns County, Minnesota.

35

70

o & 9) o))
() [S) o o
SULFATE OR CHLORIDE, IN MILLIGRAMS PER LITER

N
o

.
o



IRON, IN MILLIGRAMS PER LITER

10- IR BEAREEREE ~ = REREREREERRERI -
C IRRIGATED SITE 1F NONIRRIGATED m
E E E CULTIVATED SITE ]
o 1k E
8 E 3 E =
7E " 1k =
of iy ]
ANy 1t E
5E - JF -
4 E r =
C 1E 3
3E 1k -
2 £ 1 E ]
- DT E 3
2 W E B
! o J 1E @ =
é o (\.) g LE: gl -_3,
o LI bl 1E a4 ¥
JFMAMJJASOND[JFMAMJJASOND JFMAMJJASONDNFMAMJJASOND
1982 1983 1982 1983
EXPLANATION
O Shallow well O Shallow well
Well 123N30W12ADD02, Well 126N35W09BAD02,
screened 8 feet screened 4 feet
below water table below water table
@ Deeper well @ Deeper well
Well 123N30W12ADDO1, Well 126N35W09BADO1,
screened 27 feet screened 20 feet

below water table
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FIGURE 10.——Seasonal fluctuations in concentration of

iron at two well sites in the Sauk R
Stearns County, Minnesota.
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