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Oxidizing conditions were indicated in samples from
11 of the 13 Prairie du Chien wells and in samples from
Jordan wells DC20 and DC24 (table 5). Reducing
conditions were indicated in samples from 9 of the 11
Jordan wells and in the samples from Prairie du Chien
wells DC10 and DC13.

Boxplots of the indicator-constituent concentrations
show that NO3-N, Cl, and tritium concentrations were
higher in the Prairie du Chien part of the aquifer than in
the Jordan part of the aquifer (fig. 18). The median
NOj3-N concentration was higher in the Prairie du Chien
for the DC flowtube than in the other flowtubes (table
10).

Dakota East Flowtube

Indicator-constituent concentrations varied from low
to high ranges in both the Prairie du Chien and the
Jordan parts of the aquifer in the DE flowtube (table 6).
Only samples from Jordan wells DE3, 10, 24, and 27,
Prairie du Chien wells DE4 and DE16, and glacial drift
well DES had primarily low indicator-constituent
concentrations and reducing conditions. Samples from
the other 17 wells in the flowtube had primarily medium
to high indicator-constituent concentrations and
oxidizing conditions. Samples from nine of these wells
(4 Jordan, 4 Prairie du Chien, and 1 glacial drift) had
detectable triazine herbicides. Median NO;3-N, Cl, and
tritium concentrations in the Jordan, and median Cl and
tritium concentrations in the Prairie du Chien, were
higher in the DE flowtube than they were in the other
flowtubes (fig. 18, table 10). Indicator-constituent
concentrations were substantially higher in the
downgradient one-half of the flowtube compared to the
upgradient one-half of the flowtube.

Areas of reducing conditions were evident in the DE
flowtube, but they were not present in the Jordan part of
the aquifer as consistently as in other flowtubes.
Reducing conditions were evident in three localized
areas: from DE4 and DES and downward to DE3 and
DE10; at DE16; and in the lower part of the Jordan near
DE24 and DE27 (table 6).

Olmsted Flowtube

Indicator-constituent concentrations in the Jordan
part of the aquifer were in the low range throughout
most of the flowtube, and in medium and high ranges in
two distinct zones of the Jordan in the OLLM flowtube
(figs. 14, 15; tables 7, 8). Primarily low range indicator-
constituent concentrations were found in the
downgradient one-half of the Jordan part of the aquifer
in samples from wells LS18, 19, 21, 22, 28, 30, 31, and
35, and in the area between LN1, 3, 5, 11, 12, and 13.

Medium-and-high-range indicator-constituent
concentrations were found at the upgradient and
downgradient ends of the flowtube including samples
from Jordan wells 1.S8 and ILN15. Samples from four
Jordan wells, 1S3, L.S7, LN3, and LN 15, had detectable
triazine herbicides.

Indicator-constituent concentrations in the Prairie du
Chien part of the aquifer had a similar distribut'nn
pattern as the Jordan wells. Primarily low-range
indicator-constituent concentrations were found through
the central part of the flowtube including samples from
Prairie du Chien wells LS9, 11, 14, and 17, and LN2, 8,
10, 14. Medium- and high-range indicator-constituent
concentrations were found at the upgradient and
downgradient ends of the flowtube including semples
from Prairie du Chien wells 1.S4-6, LS20, in th= area
between wells LS25-27, 29, 32-34, and wells LN4, 6,
and 9. Samples from seven of the Prairie du Chien
wells, all with medium- and high-range indicatnr-
constituent concentrations, had detectable triazine
herbicides. These wells were 1.S4, 5, 25, 26, 27, and 34
and LN9.

Reducing conditions were only found in samrnles
from Prairie du Chien and Jordan wells with generally
low-range indicator-constituent concentrations (tables 7,
8). Oxidizing conditions were found in sample- from
several wells with low-range indicator-constitu=nt
concentrations and in all of the wells with medium- and
high-range indicator-constituent concentrations.

Boxplots of the indicator-constituent concen‘tations
show that the median and IQR of NO3-N, Cl, and
tritium were higher in the Prairie du Chien part of the
aquifer than in the Jordan part of the aquifer (fig. 18).

Relations Between Water-Quality
Constituent Concentrations and Selected
Variables

The distributions of indicator-constituent
concentrations in the Prairie du Chien-Jordan aquifer
were used to assess ground-water residence timr=.
Redox conditions in the aquifer were compared to
indicator-constituent concentrations. Statistical
analyses were used to test the relation between
indicator-constituent concentrations and selected
variables. Ground-water residence time, redox
condition, and indicator-constituent concentrat’nns in
the aquifer were used to assess susceptibility tc
contamination from the land surface to various parts of
the aquifer.

Univariate, x2 (chi-square), and K-W (Krus'-al-
Wallis) statistics were used to compare water-cuality
constituent data with selected variables to determine the



statistical significance of relations between the variables
and water-quality. These variables were: well grouting,
total depth of the well, thickness and composition of
overlying glacial drift, presence of the overlying
Decorah Shale in Olmsted County, and land use. The
MGS ground-water pollution sensitivity index was also
tested for its relation to the distribution of indicator
constituents in the flowtubes. For all of the variables,
the statistical comparison between constituent
concentrations and selected variables assumed
predominantly vertical recharge to the aquifer. For
some of the variables, statistical tests included results of
all 139 of the samples analyzed. For other variables,
only the 79 samples from the Prairie du Chien part of
the aquifer and the overlying St. Peter aquifer,
Platteville Formation, and glacial drift aquifer were
included. The smaller data set was used to ensure that
the large number of Jordan wells that indicated no
human-related effects did not distort the statistical
significance of some of the tested variables. The
significance level () applied to the x2 and K-W tests
was 0.05. The results of these statistical tests are
presented in table 11 and discussed in the following
sections.

Ground-Water Residence Time

Ground-water flow within the Prairie du Chien-
Jordan aquifer has characteristics of the regional and
intermediate flow systems described by Toth (1963).
From Toth’s definition, regional ground-water flow is
from topographically high recharge areas near the
ground-water divide to topographically low discharge
areas along major rivers. Intermediate ground-water
flow is between recharge and discharge areas that are
not the highest or the lowest points in the basin, and
they may have topographic high and low points located
between them. A local ground-water-flow system has
recharge and discharge areas at adjacent topographic
high and low points. For this investigation, regional
ground-water flow was characterized as lateral flow
through the deeper part of the Prairie du Chien-Jordan
aquifer, especially the Jordan part of the aquifer, having
a longer ground-water residence time. Intermediate
ground-water flow was characterized as having vertical
and lateral flow components in the upper part of the
aquifer, and having a shorter ground-water residence
time. Local ground-water flow was not defined for the
Prairie du Chien-Jordan aquifer in this investigation.

Depth below land surface, permeability of geologic
or hydrogeologic units, and length of ground-water flow
paths are some of the physical controls over ground-
water residence time in the Prairie du Chien-Jordan
aquifer. The distribution of indicator-constituent
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concentrations in the Prairie du Chien-Jordan aquifer
was used to determine the relative residence times of
ground water from the land surface to parts of the
aquifer. Ground-water from the Prairie du Chien part of
the aquifer had medium- and high-range NO3-N, Cl, and
tritium concentrations and appeared to be part of an
intermediate flow system (figs. 9-15; tables 2-8). Thisis
illustrated in samples from wells completed in th=
Prairie du Chien part of the aquifer: DC1, 2, 3, 6.9, 11,
15-17, 21, and 22; DE2, 6-9, 12, 13, 18, and 26; I.N4, 6,
and 9; 1.S4-6, 20, 25-27, 29, and 32-34. Some areas of
the Prairie du Chien part of the aquifer had
predominantly low-range indicator-constituent
concentrations and appeared to be part of a regional
flow system. This is illustrated in samples from wells
completed in the Prairie du Chien part of the aquifer:
HS15 and HS16; DW13; LN2 and LN10; LS9, 11, 14,
15, and 17. Ground water from the Jordan part of the
aquifer had low-range indicator-constituent
concentrations and appeared to be part of a regional
flow system. This is illustrated in samples from wells
completed in the Jordan part of the aquifer: HN1-6;
HS2,4,6,9, 10, 13; DW3,9, and 12; DC7, 8, 12, 14, 18,
and 19; LN1, 3, 5, 11, 12, and 13; LS18, 19, 21, 22, 28,
30, 31, and 35. Some areas of the Jordan part of the
aquifer had medium to high range indicator-constituent
concentrations and appeared to be part of an
intermediate flow system. This is illustrated in wells
completed in the Jordan part of the aquifer: HN7; DC4,
5, and 20; DE11, 14, 15, 17, 19, 20, and 25; LN15; LS8.

The Prairie du Chien-Jordan aquifer in the HS and
HN flowtubes appeared to have longer ground-water
residence time and a stronger regional component to the
flow system than the other flowtubes. At the discharge
ends of the HS and HN flowtubes, however, a shrter
ground-water residence time and intermediate flow
system was evident. The Prairie du Chien part of the
aquifer in the DC flowtube, and both the Prairie du
Chien and Jordan parts of the aquifer in the DE
flowtube, had many areas with shorter ground-wter
residence times. At both the upgradient and
downgradient ends of the LN and LS parts of the OLM
flowtube, areas with shorter ground-water residence
times were evident.

Oxidation-Reduction Conditions

Plots of NO3-N, DO, Fe, NH,, Cl, and tritium
concentrations versus redox potential (Eh) are shown in
figure 20. Negative Eh indicates reducing condi*ions
and positive Eh indicates oxidizing conditions. These
plots suggest that the redox potential had a subst-ntial
affect on NO;-N, Fe, DO, and NH, concentrations in the
aquifer. Detectable to high concentrations of NO3-N
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were associated with oxidizing conditions, and very low
to nondetectable concentrations were associated with
reducing conditions. The inverse was true for soluble
Fe and NH, concentrations. DO concentrations
decreased with decreasing Eh. These patterns are
consistent with the expected effect of oxidizing and
reducing conditions in an aquifer (Postma and others,
1991). DO concentrations above 0.5 mg/L
corresponding to negative Eh were anomalous. These
values could have resulted from aeration of the sampled
water during the pumping and sampling process.

The plots of Cl and tritium versus Eh indicated a
weak tendency for lower concentrations to be associated
with reducing conditions. Cl and tritium are non-
reactive in reducing conditions; the tendency of the
majority of negative Eh samples to also have low Cl and
tritium concentrations suggests that areas of the aquifer
with reducing conditions tend to have longer ground-
water residence times. Low concentrations of tritium in
areas with reducing conditions indicates that ground-
water residence time to these areas is greater than 40
years. Carbon-14 age dating analyses from eight wells
completed in the Jordan part of the aquifer showed that
water from one well, LS28, was approximately 1,100
years old (table 12). Some water with medium- and
high-range Cl and tritium concentrations was reaching
areas with reducing conditions, however. This indicates
that these parts of the aquifer can be susceptible to
contamination from human-related constituents not
affected by reduction reactions.

Redox conditions in the flowtubes were discussed by
individual flowtube in the Water-Quality Section. In
general, oxidizing conditions were present in the Prairie
du Chien part of the aquifer and were associated with
medium and high indicator-constituent concentrations.
Reducing conditions were present in the Jordan part of
the aquifer and were associated with low indicator-
constituent concentrations. Within each flowtube,
however, there were exceptions to this generalizztion.
In the DW flowtube the occurrence of oxidizing and
reducing conditions was not consistently associat>d with
high and low ranges of indicator-constituent
concentrations (table 4). Samples from the four Jordan
wells in the DW flowtube had low indicator-constituent
concentrations and oxidizing conditions. Samples from
the four Prairie du Chien wells had low to high
indicator-constituent concentrations and reducing
conditions. The four Jordan wells in the DW flowtube
were all large municipal or institutional water-su»ply
wells, so the oxidizing conditions could have been
caused by aeration in the large diameter well casings or
concentrations and oxidizing conditions in the Jordan
holding tanks. In the DE flowtube there was a higher
occurrence of medium and high indicator-constitient
concentrations and oxidizing conditions in the Jordan
part of the aquifer than in the other flowtubes, indicating
that an intermediate flow system was more predominant
in the Jordan part of the aquifer in the DE flowtube
compared to the other flowtubes.

Table 12.--Approximate age of ground water from selected wells using carbon-14, carbon-13, and tritium
analyses
[<, less than; >, greater than; yrs, years; modem, water entered the ground since the mid-1950's; mixed, water is a mix of weter > 40
years and water < 40 years old]

Carbon-14 Estimated age
(percent Carbon-13 from carbon- Tritium, total Approximate
Local identifier modemn) (per milliliter)  isotope results! (tritium units) age2
LN1 62.7+0.5 9.2 modern <0.8 >40 vrs
LNS5 589+.5 -7.8 modern <8 >40 vrs
LN8 65.1%.6 -9.5 modern 33 mixed
LS18 629+ .6 -9.8 modern <.8 >40 vrs
LS28 439+ .5 -10.7 1,100 yrs <.8 1,100 yrs
DE3 598+ .5 -6.3 modern 2.1 mixed
DE10 60.1 .5 -7.8 mixed 1.7 mixed
DE14 58.6+.5 -8.0 modern 3.0 mixed

1 Carbon-isotope analyses were interpreted by C.E. Alexander and S.C. Alexander as described in their paper (1987).
2 Approximate age is determined from combining carbon-isotope and tritium age-dating analyses for an estimate of grcund

water residence time.



Areas of oxidizing and reducing conditions within the
Prairie du Chien-Jordan aquifer were not at the same
depth in all of the flowtubes. It is unknown if the
locations of areas of oxidizing and reducing conditions
in the aquifer are stable over time or if they vary. The
stability of the redox conditions in an area of the aquifer
has an impact on the susceptibility of the lower parts of
the aquifer to NO3-N contamination.

Relations Between Indicator-Constituent
Concentrations

The attained significance levels (p-values)
resulting from a statistical test comparing
concentrations of the three indicator constituents with
each other, consistently indicated the highest association
of all the tested variables (p-values less than 0.001)
(table 11). High concentrations of each indicator
constituent were directly related to high concentrations
of the other indicator constituents. The same direct
relation between the constituents was found for low
concentrations. The direct relations between indicator
constituents also is illustrated by the boxplots (fig. 18).

Other constituents also were statistically compared to
indicator-constitutent concentrations. Triazine detection
had significant direct relations to high NO3-N, Cl,
tritium, and DO concentrations (p-values less than
0.001). DO was also shown to have significant direct
relation to NO3-N, Cl, and tritium concentrations (p-
values = 0.0001). Fe concentrations were shown to
have significant inverse relation to NO3-N, Cl, and
tritium concentrations, and to triazine herbicide
detection (p-values = 0.0001). These results indicate
that consistent patterns are present for indicator-
coustituent and redox-constituent distribution in the
Prairie du Chien-Jordan aquifer.

Well Grouting

Well grouting was tested for its relation to
indicator-constituent concentrations by a xz analysis.
Well logs for project wells indicated that 95 wells were
grouted when they were installed and 44 wells either
were not grouted or had no record of grouting on the
log. Since 1974, Minnesota State Law has required that
all wells be grouted upon installation or reconstruction
to isolate the aquifer from other aquifers and from
contamination from the land surface. The x2 analysis
indicated that well grouting was significantly related to
NO;3-N, Cl, and tritium concentrations (p-value = 0.021,
less than 0.001, less than 0.001, respectively) (table 11).
Samples from grouted wells had lower indicator-
constituent concentrations than samples from ungrouted
wells. This indicates the possibility of substantial water
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movement down the annulus of ungrouted well<. which
provides a pathway for ground-water contamination.

Well grouting also was significantly related to well
depth (p-value = less than 0.001) and to aquifer of
completion (p-value = 0.033). About one-third of the
ungrouted wells (15 of 44) were less than 150 f* deep,
and one-half (22 of 44) were completed in the P-airie du
Chien part of the aquifer. About two-thirds of grouted
wells (64 of 95) were greater than 250 ft deep a~d about
one-half (48 of 95) were completed in the Jorda~ part of
the aquifer. Well depth and the part of the aqui‘er the
well is completed in may have an effect on the s*atistical
significance of the relation between well grouting and
indicator-constituent concentrations.

Well Depth

The depth of the well below land surface was
shown to be significantly related to NO3-N, Cl, and
tritium concentrations by a x? analysis. The p-value
was less than 0.001 for each of these three indicators
(table 11). Samples from deep wells (greater than 250
ft) had lower indicator-constituent concentrations than
samples from shallow wells (less than 150 ft). This
result reinforces what was observed earlier: that wells in
the deeper, Jordan part of the aquifer had primerily low
indicator-constituent concentrations and reducing
conditions, indicating that ground-water in the Jordan
has a strong component of regional ground-water flow.
Wells in the Prairie du Chien part of the aquifer had
primarily medium to high indicator-constituent
concentrations and oxidizing conditions, indiceting that
ground-water flow in the Prairie du Chien has a strong
component of intermediate ground-water flow.

Thickness of Overlying Glacial Drift

Thickness of the overlying glacial drift was tested
for its relation to indicator-constituent concentr~tions by
a xz analysis, using two different groupings of wells.
For the first set of tests the drift was categorized into
three ranges (shallow = 0-49 ft, medium = 50-"9 ft, and
thick = greater than 100 ft). The results showe that
thickness was significantly related to NO3-N
concentrations (p-value = 0.001), but not to Cl and
tritium concentrations (p-values = 0.113 and 0.662,
respectively) (table 11). Samples from wells with thin
glacial drift overlying the Prairie du Chien-Jorian
aquifer had higher NO;-N concentrations than samples
from wells with thick glacial drift overlying the aquifer.
Areas with thin glacial drift did not have a stat’stically
significant relation to higher C1 and tritium
concentrations compared to areas with thick glacial
drift, however.



To more closely relate the thick, medium, and
shallow ranges of glacial drift with the thickness of the
glacial drift in the individual flowtubes, the thickness
data were grouped by ranges that applied more closely
to the drift thickness in the individual flowtubes. These
thickness ranges are shown in tables 15-17,
Supplemental Information Section. The p-values from
this test also indicated a significant relation with NO3-N
concentrations (p-value = 0.041) but not with Cl and
tritium concentrations (table 11). Again, samples from
wells with thin glacial drift overlying the Prairie du
Chien-Jordan aquifer had higher NO3-N concentrations
than samples from wells with thick glacial drift
overlying the aquifer.

From analysis of the flowtube geologic sections (figs. 9-
15) with respect to the thickness of the glacial drift and
indicator constituent distribution, it appears that areas
with thicker glacial drift have lower indicator-
constituent concentrations than areas with thinner
glacial drift. This is shown in the upgradient parts of the
HS and HN flowtubes where there is thicker glacial drift
and low indicator-constituent concentrations, compared
to the DC and DE flowtubes where there is thin glacial
drift and higher indicator-constituent concentrations.
The lack of statistical significance from the tests
between glacial drift thickness and Cl and tritium
concentrations, however, suggests that glacial drift

thickness is not a major factor of the susceptibili‘y in
Prairie du Chien-Jordan aquifer to contaminatior. The
inability to hold constant other variables that ma;* be
affecting this relation (for example, the composition of
the glacial drift or presence of confining units) could be
affecting the results of this test.

Composition of Overlying Glacial Drift

The composition of the overlying glacial drift was
tested for its relation to indicator-constituent
concentrations by a K-W analysis. From the we'l logs,
three general categories of drift type were defined and
assigned to the wells: (1) sand, gravel; (2) sand and
clay, gravel and clay; and (3) clay, till. These glacial
drift types and their presence by flowtube are lis*=d in
table 13.

The K-W analysis indicated that drift compos‘tion
was significantly related to NO5-N concentrations (p-
value = 0.013) (table 11). Samples from wells with
predominantly sand and gravel glacial drift over'ying
the Prairie du Chien-Jordan aquifer had higher NO4-N
concentrations, and samples from wells with
predominantly clay and till overlying the aquifer had
lower NO3-N concentrations. Statistical significance

Table 13.--Composition of glacial drift in flowtubes

Predominant composition of Number of Percent of
Flowtube glacial drift sampled wells  sampled wells
Hennepin North and sand, gravel 0 0
Hennepin South sand and clay, gravel and clay 14 56
clay; till 11 44
Dakota West sand, gravel 0 0
sand and clay, gravel and clay 4 31
clay; till 9 69
Dakota Central sand, gravel 12 50
sand and clay, gravel and clay 5 21
clay; till 7 29
Dakota East sand, gravel 14 52
sand and clay, gravel and clay 5 18
clay, till 8 30
Olmsted sand, gravel 10 20
sand and clay, gravel and clay 6 12
clay, till 34 68
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was not indicated between drift composition and Cl or
tritium concentrations. Boxplots of the relation between
drift composition and indicator-constituent
concentrations indicated little relation between the two
(fig. 21).

The lack of a significant relation between drift
composition and concentrations of all three indicator
constituents was surprising, because it was expected that
the vertical permeability of the overlying glacial drift
would have a clear effect on indicator-constituent
concentrations. Clay-rich glacial drift would retard
vertical recharge from the land surface to the Prairie du
Chien-Jordan aquifer while more permeable sand and
gravel would allow more direct vertical recharge to the
aquifer. This appears to be the case in the HS and HN
flowtubes, where indicator-constituent concentrations
are low in the upgradient three-quarters of the aquifer
where there is more clay and till in the glacial drift,
compared to the downgradient one-quarter of the
flowtubes where there is more sand and gravel in the
glacial drift and higher indicator-constituent
concentrations. Another example of this is in the DE
flowtube, where the buried valley in the southwestern
part of the DE flowtube, near DES5, consists primarily of
clay-rich glacial tills and samples from well DES have
low indicator-constituent concentrations. The buried
valley in the northeastern half of the flowtube, near
DE17-22, however, consists of outwash sand and gravel
in the upper one-half of the valley. Samples from these
wells all have medium to high indicator-constituent
concentrations. The analysis of the relation between
glacial-drift composition and indicator-constituent
distribution could have indicated minimal statistical
significance because of limitations in being able to
correctly describe the dominant glacial drift type and the
ground-water recharge pathways, based upon available
information.

Bedrock Permeability

The permeability of bedrock units overlying the
Prairie du Chien-Jordan aquifer, and of the Prairie du
Chien Group and the Jordan Sandstone themselves, will
have an effect on the susceptibility of the aquifer to
contamination. The effect of the permeability of
bedrock units on indicator-constituent concentrations
was evaluated using a K-W analysis and spatial
relations illustrated the geologic sections (figs. 9-15).

Bedrock units that serve as overlying confining units
for the Prairie du Chien-Jordan aquifer are the Decorah
Shale and the basal part of the St. Peter Sandstone. The
OLM flowtube is the only one of the six flowtubes that
has a continuous section of Decorah Shale overlying the
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aquifer (figs. 14, 15). The Decorah Shale has b=en
shown to be an effective confining unit for the awifer in
Olmsted County (Delin, 1991). Ground-water above
the Decorah Shale was determined to move laterally to
the edge of the shale, then move downward into the
underlying aquifer. Indicator-constituent concentrations
in the Prairie du Chien part of the aquifer are lower
beneath the Decorah Shale than they are where the
Decorah Shale is absent in the LS and LN parts of the
OLM flowtube (tables 7, 8). The basal St. Peter
Sandstone is present as a continuous section only in the
HS and HN flowtubes. Indicator-constituent
concentrations are low throughout these two flcwtubes,
so it is uncertain what effect the basal St. Peter
Sandstone is having on aquifer water quality.

The effect of the presence or absence of the Decorah
Shale on indicator-constituent concentrations was tested
for samples from the Prairie du Chien part of the aquifer
and the Platteville Formation in the OLM flowtube.
Boxplots of the indicator-constituent concentra‘ions
illustrate higher median concentrations and IQP of
NO3-N, C}, and tritium where the Decorah Shale was
absent compared to where it was present (fig. 22).
Tritium concentration ranges plotted on the geclogic
sections for this flowtube (figs. 14, 15) also ind‘-~ated
high values where the Decorah Shale is absent. The K-
W analysis indicated that the presence of the D~corah
Shale was significantly related to NO3-N, Cl, and
tritium concentrations (p-values = 0.026, 0.002, and
0.013, respectively) (table 11). Samples from wells
with overlying Decorah Shale had lower indicator-
constituent concentrations than samples from veells
without overlying Decorah Shale.

Ground-water flow in the Prairie du Chien part of the
aquifer is through fractures and solution channels in the
limestone. Where these features are extensive, and in
karstic areas of the Prairie du Chien-Jordan aquifer,
contaminated ground-water can readily travel into
deeper areas of the aquifer. Ground-water that appears
to be affected by this process was found in the DC, DE,
and OLM flowtubes. Inthe DC and DE flowtuhes, fault
lines and folding are present through both the F -airie du
Chien Group and the Jordan Sandstone, and the Prairie
du Chien Group is also highly fractured (figs. 12, 13).
Samples from Jordan wells DC20 and DEL1, 11, 14, 15,
17, 19, 20, and 25 have medium- and high-range
indicator-constituent concentrations that may te
reaching these parts of the aquifer through fractures in
the bedrock. At the upgradient end of the LS p~rt of the
OLM flowtube, in the area of wells LS2-8, grovnd water
with medium- and high-range indicator-constituent
concentrations was present down into the Jordan part of
the aquifer.



NITRITE-PLUS-NITRATE NITROGEN CONCENTRATION,

IN MILLIGRAMS PER LITER

60

[44)
o

E-N
o

W
o

N
o

-
o

19 23 36

Detection limit =
0.1 milligrams per liter

sand, gravel —l:l:}——

sand and clay or
gravel and clay ¢

clay, il —F+——

CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER

60

50

40

30

20

10

19 23 37

Detection limit =
- 0.1 milligrams per liter

- o

TRITIUM CONCENTRATION, IN TRITIUM UNITS

sand, gravel

sand and clay or
gravel and clay

Composition of glacial drift

36 Number of analyses

o Concentration greater
than 1.5 x IQR from
75th percentile

—1.5 x IQR
—75th percentile
—50th percentile
—25th percentile
—1.5 x IQR

IQR{

EXPLANATION

IQR

60

50

40

30

20

10

17 23 36
Detection fimit =
- 0.8 tritium unitz: o -
—4
e ©om =E
© >0 -
>
o 8y <
- °c ©
© ko) ©
5 B
o ® 9
o
© o
17}

Detection limit--the

minimum analytical
detection limit with

method used
Interquartile range--the

range of data from the
25th to 75th percentile

Percentile Percentage of analyses
having concentrations
equal to or less than
indicated values

Figure 21.--Relation of water-quality-constituent distribution to composition of the g'acial
drift as exhibited in the Prairie du Chien part of the aquifer and overlying aqui®~rs.

51



11 11 11 12 10 11

60 Detection limit = 60 Detection limit = Detection limit =
~ 0.1 miligrams per liter - - 0.1 miligrams per liter r 0.8 frittum un‘ts B
- , ] m i ] i b
z | - E L : : ]
Q 501 - 350+ 4, 5O —
$ 7 1 & | 1 E 1 ~
E - 1 o r 1 5 T .
Z L i n L i L i
o 1 = s [ ]
2o < B o ] 2
ouw 40 — C 40 — E 40 .
ok L 4 9] L ] i _ ]
z— | 3 -
i ] = i ] p-d i )
ouw N . 2 . - - .
oo | i =z R . = L i
T - o (@]
Es 30— — = 30— — = 30 —
Z<g L i o L i é L i
wE =
HS 1 5 1 E r -
<3 i 4 o L | Z i J
o = 5
ES ¢ 1 2 T 1 2 o 1
<5 20+ - O 20 - Q20 -
2= 1 - 1 S0 :
2 | 13 51 - |
- - lu — — '_ - L] -t
o, - DR I - -
£ 10 o - © 101 - 10— -
= - T : : ]
L i O L i L i
0 0[‘?& mE 0 b 6’ E ....... mE """""" ol ‘.Dgé ........ ‘.D. E .........
© @ © O ®© o © © o ® O
egy?] gy} gy 7] 7] Ln w
we wg wo ©wg wg ug
c e e c 2 c
g g ol [ o o
8 3 3 8 3 3
] Q o] [} o] Q
(=] (o} Q o (a] (a]
Overlying Bedrock
EXPLANATION
1t Number of analyses -~ Detection limit--the
; minimum analytical
° C:I)qnacﬁnfrgtlgn'g'raeaf:g;n detection limit with
75th percentile aQ method used
IQR Interquartile range--the
_;Ssthxpgcintile range of data from the
B ! 25th to 75th percentile
IQR{ —50th percentile . P
-25th percentile Percentile Percentage of analyses
—15 x IQR having concentrations

equal to or less than
indicated values

Figure 22.--Relation of water-quality-constituent distribution to presence of overlying Decorah
Shale as exhibited in the Prairie du Chien part of the aquifer and overlying aquifers.

52



Land Use

The presence of agricultural versus residential land
use was tested for its relation to indicator-constituent
concentrations. Table 14 lists the numbers and percent
of wells in each land-use area by indicator-constituent
concentration range. A greater percent of samples had
low NO;-N concentrations in residential compared to
agricultural areas, a greater percent of samples had
medium NO3-N concentrations in agricultural compared
to residential areas, and about the same percent of
samples had high NO3-N concentrations in agricultural
and residential areas. A greater percent of samples had
low Cl concentrations in agricultural compared to
residential areas, about the same percent of samples had
medium Cl concentrations in agricultural and residential
areas, and a greater percent of samples had high Cl
concentrations in residential compared to agricultural
areas. About the same percent of samples had low,
medium, and high tritium concentrations in both
agricultural and residential areas. The K-W analysis
indicated that land use was not significantly related to
indicator-constituent concentrations (table 11).

The percent distribution of low, medium, and high
indicator constituent concentrations by land use, and the
K-W analysis of this relation, both suggest that land use
is not a conclusive variable in determining the
susceptibility of the Prairie du Chien-Jordan aquifer to
contamination. Tritium concentrations likely would not
be affected appreciably by land use, which is verified by
these results. Sources of NO3-N and Cl inputs to the

environment are present in both agricultural and
residential areas. The inconclusive determinatio of the
effect of land use on NO3-N and Cl distribution in the
aquifer may reflect these widespread sources.

Detections of arsenic were present in the area~ of
greatest residential land use. Arsenic was detect=d in
the HN, HS, and DW flowtubes. Dissolved arsenic in
the HN, HS, and DW flowtubes ranged from less than 1
to 15 pg/L. All of the detections of triazine herticides
were in the areas of greatest agricultural land use: the
DC, DE, and OLM flowtubes.

MGS Sensitivity Index

The sensitivity of the Prairie du Chien-Jordan
aquifer to contamination was mapped and published by
MGS within their County Atlas series (Balaban, 1988,
1989; Balaban and Hobbs, 1990). The MGS pollution
sensitivity index has seven categories ranging frcm very
high to low based on: composition of the drift (4 types),
thickness of the drift (3 types), and the type of t=drock
confining layer (4 types). The MGS indices were
grouped into three categories for this project, high,
medium, and low, and a statistical analysis was made
with indicator-constituent concentrations. The
sensitivity index was shown to be significantly related to
NO;3-N, Cl, tritium, and herbicide concentrations by
the 2 analysis (p-values = less than 0.001, 0.016,
0.001, and 0.013, respectively) (table 11). Samp'es
from wells with a high sensitivity index had higher

Table 14.--Relation of water-quality constituent distribution to land use category
[mg/L, milligrams per liter; TU, tritium units; <, less than; <, less than or equal to; >, greater than; =, greater than or equal to]

Number of
wells in
Water-quality agricultural
constituent Concentration range areas

Nitrite-plus-nitrate low,<1.0 41
nitrogen (mg/L as N) medium, >1.0to <10 26
high, >10 4
Chloride (mg/L as Cl) low,<5.0 43
medium, >5.0t0 £ 10 13
high, >10 15
Tritium (TU) low, <.8 32
medium, > .8 to < 15 13
high, >15 26
Triazine herbicide not detected 57
detected 14

Percent of
wells with Number of  Percent of wells
agricultural wells in with residential
land use residential areas land use
58 46 69
37 17 25
5 4 6
61 34 50
18 10 15
21 24 35
45 32 49
18 8 12
37 26 39
80 58 85
20 10 15
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indicator-constituent concentrations than samples from
wells with a low sensitivity index.

The MGS sensitivity index was compared with
indicator-constituent concentrations to determine how
well a sensitivity index could predict actual water-
quality distribution. The significant relation found in
this analysis indicates that a sensitivity index can be a
useful planning tool for water-resource management.

Summary and Conclusions

The Prairie du Chien-Jordan aquifer in southeastern
Minnesota consists of the dolomitic Prairie du Chien
Group and the underlying Jordan Sandstone. The
aquifer varies in thickness from 240 ft in the
Minneapolis-St. Paul area to 450 ft near the Iowa
border, and is the major water-supply aquifer for
southeastern Minnesota. A study was conducted to
characterize water-quality differences between the
Prairie du Chien and Jordan parts of the aquifer, to
identify the variables that appear to be responsible for
these differences, and to describe the susceptibility of
the Jordan part of the aquifer to contamination.

Six study areas were chosen within Hennepin,
Dakota, Scott, and Olmsted Counties, Minnesota. The
study areas, called flowtubes, represented a three
dimensional volume of the aquifer whose lateral
boundaries were parallel to the direction of ground-
water movement. The flowtubes were an average of 13
miles long and 2 miles wide. On-site field
measurements and samples for water-quality analysis
were collected from 139 wells completed in the Prairie
du Chien and Jordan parts of the aquifer and in
overlying aquifers.

Lithologic differences between the two parts of the
Prairie du Chien-Jordan aquifer were shown not to have
a major effect on the major-ion chemistry of water in the
aquifer. No systematic patterns in major-ion chemistry
were observed along the flowtubes.

Differences in water chemistry between the two parts
of the aquifer were evident through analysis of the
distribution of indicator-constituent concentrations
(NO3-N, C], and tritium). Indicator-constituent
distribution was used to compare water from different
parts of the Prairie du Chien-Jordan aquifer, to
understand how water moves in the aquifer, and to
identify areas where the aquifer may be susceptible to
contamination from the land surface. The susceptibility
of an aquifer to contamination is determined in part by
the travel time of recharge water from the land surface
to its present location in the aquifer (residence time).
The indicator-constituent concentrations were grouped
into ranges of low, medium, and high for purposes of
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statistical testing and to more easily detect patterns in
the distribution of the constituent concentration-.

Consistent patterns in the distribution of indi~ator
constituents and redox constituents were present in the
Prairie du Chien-Jordan aquifer. The relative
concentrations of indicator-constituents in the auifer
were directly correlated with each other. High
concentrations of each indicator constituent wer
directly related to high concentrations of the other
indicator constituents. Triazine herbicide detec‘ion was
directly related to high concentrations of NO5-17, Cl,
tritium, and DO; DO concentrations were directly
related to NO3-N, Cl, and tritium concentrations; and Fe
concentrations were inversely related to NO5-N, Cl,
tritium, and herbicide concentrations.

Univariate statistics showed that the median and
range of indicator-constituent concentrations wre
greater in the Prairie du Chien part of the aquifer than
they were in the Jordan part of the aquifer. The greater
median and range of indicator-constituent
concentrations in water from the Prairie du Chi=n
indicated a greater variability in the age and mixing of
these waters and a greater susceptibility to
contamination, compared to water from the Jorian part
of the aquifer.

Ground-water residence time from the land s™rface to
areas of the Prairie du Chien-Jordan aquifer was
analyzed using indicator-constituent distributions.
Ground-water from the Prairie du Chien part of the
aquifer had predominantly medium- and high-range
NO;3-N, CJ, and tritium concentrations and appeared to
be part of an intermediate flow system. Ground water
from the Jordan part of the aquifer had predom*nantly
low-range indicator-constituent concentrations and
appeared to be part of a regional flow system. In most
cases where the Prairie du Chien-Jordan aquifer was
overlain by continuous bedrock or glacial-drift
confining units, indicator-constituent concentrations
were low and these parts of the aquifer appeared to be
part of aregionai flow system. Some areas of tl = Jordan
part of the aquifer had medium- to high-range indicator-
constituent concentrations suggesting that these areas
were receiving recharge water more rapidly frcm the
land surface than most areas of the Jordan, and had a
component of intermediate ground-water flow.

Indicator-constituent concentrations within the
Prairie du Chien-Jordan aquifer were associate1 with
oxidation-reduction (redox) conditions in the acuifer. In
general, NO5-N and DO concentrations were high in
areas of oxidizing conditions in the aquifer and low in
areas with reducing conditions. High Fe, Mn, and NH,
concentrations were not common in areas with



oxidizing conditions and common in areas with
reducing conditions in the aquifer. Cl and tritium
concentrations tended to be lower in areas with reducing
conditions compared to areas with oxidizing conditions.
This tendency indicated that most recharge water from
the land surface was not reaching areas of the aquifer
characterized by reducing conditions in less than 40
years. Samples from some wells in areas of reducing
conditions did have medium- and high-range Cl and
tritium concentrations, however.

In general, oxidizing conditions were present in the
Prairie du Chien part of the aquifer and were associated
with medium- and high-range indicator-constituent
concentrations, and reducing conditions were present in
the Jordan part of the aquifer and were associated with
low-range indicator-constituent concentrations. Areas
with reducing conditions are less susceptible to NO3-N
contamination. Human-related constituents not affected
by reduction reactions may still be able to reach deeper
areas of the aquifer over time. It is not known whether
the locations of areas of oxidizing and reducing
conditions in the aquifer are stable over time.

Statistical analysis of relations between indicator-
constituent concentrations and hydrogeology, well
grouting, and land use variables indicated that several
variables had a significant relation to water-quality
characteristics of the Prairie du Chien-Jordan aquifer.
The statistical comparison between constituent
concentrations and selected variables assumed
predominantly vertical recharge to the wells. Variables
shown to be significantly related to the distribution of
indicator-constituent concentrations in the aquifer were
well grouting, total depth of the well, and, in Olmsted
County, the presence of the overlying Decorah Shale.
Variables shown to be significantly related to NO3-N
concentration distribution were the thickness and
composition of the overlying glacial drift. Land use was
shown not to be significantly related to the distribution
of indicator-constituent concentrations in the aquifer.
The MGS sensitivity index was significantly related to
the distribution of indicator constituents in the aquifer.

Well grouting is important to the distribution of
indicator-constituent concentrations because grouted
wells isolate the Prairie du Chien-Jordan aquifer from
contamination from the land surface or from flow
exchange with other aquifers through the annulus of the
well. Well depth is strongly related to indicator-
constituent distribution because deeper wells generally
have a longer ground-water residence time. The
presence of the overlying Decorah Shale is important to
indicator-constituent distribution because it retards
ground-water recharge to the aquifer. The effect of the

thickness and composition of the overlying glacial drift
on indicator constituent distribution in the Prairie du
Chien-Jordan aquifer could be better described if more
information were available on the composition a~d
permeability of the glacial drift. The varying
concentrations of the indicator constituents at the upper
part of the aquifer indicate that there are areas of
relatively rapid and slow percolation of recharge water
from the land surface to the aquifer. Further studies
designed to better define recharge pathways to th=
Prairie du Chien-Jordan aquifer and to sample sp=cific
oxidized and reduced water-quality constituents would
help to better describe variables affecting water-auality
distribution in the Prairie du Chien-Jordan aquifer.
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Table 18.--Well identification and numbering system.

[HN, Hennepin North; HS, Hennepin South; DW, Dakota West; DC, Dakota Central; DE, Dakota East;

LN, Olmsted North; LS, Olmsted South; --, no data]

Total depth
Minnesota of well below
Local Township, range unique Station land surface
identifier & section number number Date (feet)
Hennepin County
HN1 119N22W31DBBD 166097 450418093303801 08-29-90 204
HN2 119N22W32CDAA 104701 450406093293001 08-31-90 247
HN3 119N22W33CACD 128030 450411093283101 08-30-90 280
HN4 119N22W35DBBA 204836 450419093254401 09-06-90 169
HNS5 119N22W36BBBA 143957 450447093250401 08-13-91 232
HN6 119N22W36DCCA 204844 450359093242901 09-06-90 192
HN?7 119N21W34DCAB 203317 450407093193301 08-31-90 340
HS1 118N23W16BAAA 157819 450210093353801 08-07-90 114
HS2 118N23W15BCDC 118855 450148093344801 08-08-90 360
HS3 118N23W14BACA 405084 450201093332201 08-07-90 152
HS4 118N23W14ACCC 104727 450145093330501 08-08-90 363
HS5 118N22W09BABD 163895 450205093321601 08-09-90 204
HS6 118N23W12CDDB 145406 450216093320401 08-08-90 319
HS7 118N22W18AADA 405052 450202093301001 08-10-90 179
HS8 118N22W18ADDD 164534 450147093300801 08-08-90 263
HS9 118N22W08CCDA 204208 450214093294701 09-10-90 392
HS10 118N22W09BABD 135325 450257093282901 08-09-90 275
HS11 118N22W16ADCA 136095 450150093275201 08-10-90 292
HS12 118N22W10DBCD 146122 450224093263501 08-30-90 , 215
HS13 118N22W11BAAA 204222 450301093255301 08-10-90 215
HS14 118N22W13DADA 204272 450408093192901 09-06-90 390
HS15 118N22W13DABD 204271 450147093244301 08-21-90 256
HS16 118N21WO08CCDA 114311 450218093223201 08-09-90 260
HS17 118N21W10CDAA 203574 450224093194801 08-28-91 195
HS18 29N24W04AABD 203577 450208093173401 08-30-90 225
Dakota County
DWI1 114N21W36ACDD 178536 443819093170101 08-28-90 113
Dw2 114N21W26DBDA 127124 443900093181501 08-28-90 277
DW3 114N21W25CBAA 161439 443905093173801 08-28-90 479
Dw4 114N21W25ABDA 216487 443926093165901 08-28-90 180
DW5 114N21WI12CACA 207768 444135093172901 08-07-90 517
DW6 114N21W12ADCC 427499 444145093165601 08-06-90 280
DW7 114N21W12BBCC 212390 444158093175001 08-08-90 158
DW8 114N21WO01CABB 207752 444234093173101 09-04-90 167
DW9 115N21W36CBAC 207887 444322093173901 08-03-90 593
DW10 115N21W36BBBA 207861 444354093174301 08-02-90 273
Dwili 115N21W23BCDC 206037 444513093185401 08-13-91 193
DwW12 115N21W15ACDC 205839 444606093193101 08-02-90 274
Scott County
Dwi13 115N21W15BCCB 208817 444609093201801 08-03-90 112
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Table 18.--Well identification and numbering system--Continued

Total depth
Minnesota of well below
Lecal Township, range unique Station land surface
identifier & section number number Date (feet)
Dakota County

L1 113N19W29BCAC 101098 443404093075901 08-29-90 127
LC.2 113N19W21CCCD 207503 443422093064901 08-01-91 90
L3 113N19W21CCDC 207502 443422093064701 08-29-90 90
L. -4 113N19W21DCBA 506626 443419093062001 08-24-90 320
L.25 113N19W21ADCC 207699 443449093060401 08-01-91 420

) 113N19WO03CCDC 101031 443700093053301 07-31-90 138
LZ7 113N19W13CABB 136520 443536093025901 08-22-90 380
L8 113N19W10AABB 156918 4436550930449501 07-31-90 379
L>9 113N18W18BBCA 435246 443555093015901 09-04-90 120
L .10 113N18W18BBBB 104113 443603093020301 08-02-91 190
L.C11 114N19W35CDCC 104342 443750093041201 08-06-90 80
LC12 113N19W02BAAA 418684 443748093035901 07-30-90 300
L’13 114N19W25BBBB 198342 443932093031601 08-05-91 110
L.’14 114N18W30BCCC 196606 443909093020401 08-05-91 257
L.C15 114N18W30AADB 101038 443924093010001 08-09-91 128
L.C16 114N18W30AADB 216439 443926093010001 08-01-90 137
LC.17 114N18W30AAAC 236603 443927093010101 08-09-91 147
L C18 114N18W29BBBA 194283 443930093004801 08-14-91 234
L.C.19 114N18W20CBBC 185940 443952093005501 08-01-90 230
L.220 114N18W15BBDB 121076 444109092581701 08-14-91 235
L 221 114N18W10CCBB 124308 444127092582501 08-22-90 135
222 114N18W02CBBC 136495 444230092571101 08-06-91 234
L.C223 114N18W02BCDA 170875 444240092565701 08-06-91 320
LC24 115N17W18CACD 207631 444551092542601 08-24-90 400
D=1 113N18W20AAAA 426961 443511092594201 08-09-91 350
D32 113N18W16CADD 179135 443528092590701 08-09-91 240
D33 113N18W22ABAB 426396 443510092574101 08-01-90 480
D=4 113N18W23BBBA 416201 44351102570901 08-01-90 185
D35 113N18W11CCDD 412476 443606092565801 07-25-90 262
DEe6 113N18W11ADAD 104172 443638092560401 07-26-90 230
D=7 113N17WO07AABC 207654 443652092535101 08-27-90 275
DES8 113N17W06DCDC 145876 443658092540501 07-25-90 250
DE9 113N18WO01AADB 145912 443737092545401 07-24-90 295
DE10 114N17W31CBCB 412491 443804092544701 07-24-90 380
DEl11 114N17W20CCCC 435233 443933092533501 08-01-90 340
DE12 114N17W19DDAD 207656 443939092533801 07-27-90 125
DE13 114N17W20CCCB 240142 443936092533701 08-07-91 125
DE14 114N17W28CAAD 104248 443901092515101 07-23-90 292
DE15 114N17W21DCCB 104343 443936092514401 07-23-90 275
DE16 114N17W22CCCD 145889 443932092510401 07-27-90 220
DE17 114N17W16DDDC 145881 444026092511701 07-30-91 185
DE18 114N17W22BBBC 145915 444017092510901 07-23-90 234
DE19 114N17W14DADD 104125 444038092511401 08-14-91 318
DLE20 114N17W15CABB 110545 444046092505101 07-17-90 202
DE21 114N17W15DDCD 170898 444025092501201 07-20-90 174
LE22 114N17W15ABCB 159526 444107092503401 08-08-90 254
LE23 114N17W11ABDB 426905 444159092490901 08-22-90 280
LE24 114N17TW11AACC 425300 444156092490201 07-30-91 330
LE25 114N17W02ADCD 145852 444236092485701 07-17-90 195
LE26 114N17W02AADA 207641 444251092484701 07-23-90 200
LE27 114N16W06ABCB 194085 444252092465401 08-07-91 240

75



Table 18.--Well identification and numbering system--Continued

Total depth
Minnesota of well below
Local Township, range unique Station land surface
identificr & section number number Date (feet)
Olmsted County
LN1 107N12W09BBDC - 235540 440523092163201 08-21-90 440
LN2 107N13W02CCCC 105493 440536092212901 08-15-90 295
LN3 107N13W09BABB 421071 440535092233501 08-2091 620
LN4 107N13W0SAAAC 220766 440531092240101 08-15-90 230
LN5 107N13W08BDDD 150209 440512092243401 08-22-90 598
LN6 107N13W08CCBA 228653 440454092250101 08-13-90 335
LN7 107N13W07DACD 101263 440459092251901 08-14-90 570
LN8 107N13W18ABBA 228651 440443092253601 08-22-90 470
LN9 107N13W07BCBB 228652 440524092261701 08-22-90 321
LN10 107N13W07BBBB 228650 440534092261701 08-21-91 290
LN11 107N14W12AAAD 156970 440532092261901 09-05-90 455
LN12 107N14W01DBCA 101297 440554092264901 08-16-90 395
LN13 107N14W01DCCA 228620 440545092264801 08-21-91 384
LN14 107N14W12CCAD 228559 440451092271501 08-21-90 186
LN15 107N14W12CCCC 220810 440448092272601 08-13-90 413
LS1 107N12W15CCDC 119824 440353092152001 08-15-90 600
LS2 107N12W16AACC W00248 440435092155901 08-23-90 70
LS3 107N12W21ABAC 220755 440346092155501 08-20-91 506
LS4 107N12W16DCDC 220754 440352092155701 09-05-90 295
LS5 107N12W21ABAB 227474 440350092155801 08-19-91 191
LS6 107N12W21ABBD 227472 440345092160201 08-23-90 256
LS7 107N12W21ABCA 101409 440343092160001 08-19-91 500
LS8 107N12W16DCCD 148332 440352092160301 08-15-90 435
LS9 107N12W18DDDC 105012 440354092180301 08-20-91 350
LS10 107N12W19ABAD W00254 440347092181801 08-23-90 70
LS11 107N12W18DCDC 150319 440352092182001 08-17-90 398
LS12 107N12W18BCCD 227475 440418092190201 08-21-90 240
LS13 107N13W15DDDA 105498 440355092213201 08-15-90 280
LS14 107N13W15DCCD 401607 440353092220101 08-13-90 402
LS15 107N13W15CBBB 105470 440415092223801 08-22-90 395
LS16 107N13W16DAAA 220769 440416092224501 08-21-90 265
LS17 197N13W21ADCA 105490 440330092225201 08-21-91 395
LS18 107N13W16DACB 220771 440410092225801 08-13-90 623
LS19 107N13W16CAAA 139145 440415092231901 08-21-91 560
LS20 107N13W17DAAD 220773 440412092235701 08-22-90 285
LS21 107N13W17DABD 220774 440416092240901 08-21-90 460
LS22 107N13W20ADCB 150296 440333092240701 08-23-90 560
1.S23 107N13W20ACAC 105455 440336092241801 08-22-91 292
1524 107N13W20BDAD -- 440335092243401 08-22-91 220
LS25 107N13W18AACC WO01319 440433092252301 08-23-91 60
1L.S26 107N13W18CABD W00359 440411092255801 08-23-91 100
LS27 107N13W18CABB 228616 440417092255701 08-14-90 140
LS28 107N13W18CABC 180557 440414092255801 08-14-90 420
L.S29 107N14W24ADAD 228649 440334092262001 08-15-90 332
L.S30 107N14W13DBAA 228548 440417092263701 08-14-90 404
LS31 107N14W24BCAD 150277 440335092271501 08-14-90 400
LS32 107N14W24CBAB 228586 440326092271801 08-14-90 151
LS33 107N14W23DDDC 120037 440305092273901 08-22-91 250
LS34 107N14W14DADA 228549 440412092273201 08-21-91 156
LS35 107N14W14DCBD 220812 440402092280101 08-23-90 364
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