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HYDROGEOLOGY AND SIMULATION OF GROUND-WATER FLOW IN
THE ROCHESTER AREA, SOUTHEASTERN MINNESOTA, 1987-88

By Geoffrey N. Delin

ABSTRACT

Ground-water flow in the St. Peter-Prairie du Chien-Jordan aquifer was
studied in a 700 square-mile area surrounding Rochester, Minnesota. The
aquifer consisting of sandstone, limestone, and dolomite is locally confined
by the Decorah-Platteville-Glenwood sequence of shales and limestones.
Regional flow in the aquifer is from a ground-water divide on the western,
southern, and eastern sides of the city toward various rivers. A 140-square-
mile area of the aquifer is a source of water supply for the Rochester area.

A cone of depression in the potentiometric surface of the aquifer
throughout most of the year is centered around high-capacity (greater than
about 200 gallons per minute) wells in downtown Rochester. The cone covered
an area of about 2.3 square miles in August 1988.

Most streams in the area gain water from the ground-water system. One
reach of the South Fork Zumbro River, however, loses water to the system.
This loss is probably caused by the pumping of nearby high-capacity wells.

A ground-water-flow model was used to simulate the effects of an extended
drought near Rochester. Conclusions based on the simulations are that
(1) reduced recharge and increased pumping, conditions that could exist during
a 3-year drought, would probably lower water levels 5 to 10 feet regionally
and more than 30 feet in the city; (2) pumping of six additional municipal
wells on the perimeter of the city would lower regional water levels about
1 to 5 feet; and (3) that water levels would recover 1 to 18 feet if pumping
from six municipal wells in downtown Rochester were discontinued.

The area encompasses five recharge zones that can be delineated on the
basis of recharge rate. About 54 percent of recharge to the aquifer in the
area contributing water to Rochester is from a zone along the edge of the
Decorah-Platteville-Glenwood confining unit. About 10 percent of recharge
in this contributing area is to the sewered area of Rochester.



INTRODUCTION

The principal source of ground water for the city of Rochester, Olmsted
County, southeastern Minnesota (fig. 1), is the St. Peter-Prairie du Chien-
Jordan aquifer. Part of this aquifer is a karstic dolomite that is exposed or
is near land surface in low-lying areas. In some areas, nitrate concentration
of water in the aquifer exceeds the U.S. Envirpnmental Protection Agency
drinking-water regulation of 10 mg/L (milligrams per liter) (U.S. Environmen-
tal Protection Agency, 1976). Officials are concerned that additional ground-
water withdrawals and the use and the disposal of agricultural, industrial,
and household chemicals might adversely affect' the quantity and the quality
of the ground water.

In order to manage the ground-water supply and to plan for additional
development, Rochester Public Utilities (RPU) needed information on the avail-
ability and movement of ground water near Rochester. The U.S. Geological
Survey, in cooperation with RPU, made a 3-year study (1987-89) to describe the
hydrogeology and the ground-water flow in the Rochester area. Specific objec-
tives of the study were to (1) estimate the effects of present and future
ground-water withdrawals on ground-water levels, direction of movement, stor-
age, and streamflow; (2) describe the hydraulic properties of the major aquif-
ers in the Rochester area, particularly the St. Peter-Prairie du Chien-Jordan
aquifer; and (3) determine the direction and the flow of water in the St. Peter-
Prairie du Chien-Jordan aquifer, ‘

Purpose and Scope

This report (1) describes the hydrogeology and ground-water flow in the
Rochester, Minn. area; (2) describes the construction, calibration, testing,
and application of a numerical model used to simulate ground-water flow in the
St. Peter-Prairie du Chien-Jordan aquifer near Rochester, Minn.; and (3) evalu-
ates the possible consequences of various hypothetical ground-water-development
plans. The report provides a detailed description of water-level fluctuations
and areal recharge to the aquifer. The limitations of the ground-water-flow
model are also discussed. i

Location and Description #f Study Area

The study area covers about 700 mi2 (square miles) in Olmsted County and
parts of surrounding counties in southeastern Minnesota (Fig. 1). The city of
Rochester is in the west central part of Olmsted County. The modeled area
covers approximately 1,050 mi2 in parts of Olmsted, Fillmore, Mower, Dodge,
Goodhue, and Wabasha Counties. This area is larger than the study area be-
cause the modeled area includes regional ground-water boundaries. The study
area is drained by the Zumbro, the Whitewater, and the Root Rivers, tributaries
of the Mississippi River. Topography is rolling to undulating in upland areas
and steep near streams and drainageways. Moﬁt of the approximately 27.5 in.
(inches) of mean annual precipitation (Baker |land Kuehnast, 1978) is rainfall
in May through September. |
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cell containing a well and does not simulate drawdown in the well bore. An
analytical technique developed by Thiem (1906) was used to estimate the hy-
draulic head in each municipal well. By use of these calculations, the model
was shown to have computed steady-state heads to within about 1 to 5 ft in
most high-capacity pumped wells.

Water levels measured in eight single-aquifer municipal wells during 1951
in Rochester were compared to simulated heads by removing pumping from the
steady-state model. Earlier water-level data were unavailable. The author
expected model-computed heads to be higher than measured values because 11
municipal wells were in use during 1951, Water levels measured in 1951,
therefore, represent a stressed potentiometric surface. The average model-
computed hydraulic head was about 5 ft higher than water levels measured in
1951. This is an acceptable figure, particularly as pre-development water-
level data are unavailable.

Comparison of estimates of model-computed ground-water seepage to rivers
was also used to evaluate how well the model simulates the ground-water-
flow system. Accuracy of stream-discharge measurements is plus or minus
5 percent. Estimates of ground-water seepage rates are likely less than the
gaging error for reaches 1, 2, 5, 6, 8, 9, 12, 13, 14, 16, and 17 (table 3).
In addition, estimates of ground-water seepage for reach 4 (table 3) are
postive in March 1987 and negative in August 1987, an indication that ground-
water seepage is highly variable locally. Consequently, accurate simulation
of ground-water seepage rates is impossible.

Model-computed seepage to river cells representing various reaches of the
South Fork Zumbro River, Bear Creek, and Cascade Creek (fig. 17) was compared
to estimates of seepage for those reaches in January 1988. Thus, water-level
and stream-seepage rates used in model calibration were for the same time.
Seepage in January were estimated by computing the ratio of streamflow meas-
ured on the South Fork Zumbro River at Rochester for March or August 1987 with
January 1988 measurements (Geological Survey streamflow records, St. Paul,
Minn.). This ratio was multiplied by the ground-water seepage rates computed
for each reach during March or August 1987 to obtain an estimate of the Janu-
ary 1988 values.

The streambed-conductance coefficient (C) was adjusted in the range from
0.001 to 10 (ft/d)/ft for all reaches of streams where hydrologic data were
obtained. The best match (final steady state) of C for most river cells was
0.1 (ft/d)/ft. Lowering the value of C, however, to 0.0l (ft/d)/ft for reach-
es 4, 7, and 9 improved model calibration. According to grain-size informa-
tion obtained during test-drilling along the river, streambed conductances
for these reaches are lower than for most other reaches.

The model was used to duplicate the correct order of magnitude of ground-
water seepage to streams for all reaches. Estimates and model-computations of
ground-water seepage to the South Fork Zumbro River, Bear Creek, and Cascade
Creek for steady state are shown in table 4. Most of the estimates and the
model -computations of seepage rates for the simulated streams agree or are
close to agreement. Agreement, however, is variable between estimates and
model-computations of seepage rates for individual reaches. Lack of agreement
between the two sets of data for most reaches is likely because of inherent
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Table 4.--Estimates of and model-computed

ground-water seepage to the
South Fork Zumbro River,

Bear Creek, and
Cascade Creek

[Seepage is in cubic feet per second]

Ground-water seepage
for steady state

River ) Model-
reach Estimates of . computed

South Fork Zumbo River

1 -2 -2
2 1 0
3 3 0
4 -2 0
S 2 2
6 -1 0
7 6 0
8 2 3
9 -6 1
10 1 3
11 8 7
12 L} 3
Total seepage 16 17

Bear Creek

13
14
15

» oNw
P o M

Total seepage

Cascade Creek

16 -1 0
17 3 2
18 0 0
Total seepage 2 2

|
1

I
inaccuracies in (1) stream-discharge measurements, (2) estimates of ground-
water seepage, and (3) model-simulation of ground-water seepage. Improvements
in the estimating and the measuring of seepage and refinement of the model grid
are required for an accurate calibration of the model with these types of data.

A water budget is an accounting of inflow te, outflow from, and storage
in the aquifer system. For steady state, which is based on a constant storage,
inflow (sources) to the system equals outflow (discharges) from the system.

A general equation of the steady-state water budget for the St. Peter-Prairie
du Chien-Jordan aquifer in the modeled area is as follows:

Recharge to the top of the aquifer + |
horizontal ground-water flow into the mod#led area +
leakage from streams =
ground-water seepage to streams + grouni-water pumpage +
horizontal ground-water flow out of the modeled area. (7)

The steady-state water budget for the approximate area contributing water
to Rochester (fig. 8) is likely of greatest interest to ground-water managers
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in the Rochester area. The model-computed water budget for the approximate
area coinciding with the area shown in figure 8 is shown in tabel 5. Recharge
accounts for about 91 percent of inflow to the area according to results ob-
tained by use of the model. Streams account for the remaining 9 percent.
Ground-water pumpage and ground-water seepage to streams account for 55 and
45 percent of the discharges from the area contributing water to Rochester.

The steady-state water budget for the calibrated model is shown in table 6.
Recharge from precipitation is the major source of inflow to the modeled area
according to results obtained by use of the model. Discharge from the model,
however, differs significantly from the budget for the area contributing water
to Rochester; ground-water flow across model boundaries is the source of about
61 percent of discharge from the model. This ground-water discharge is the
result of flow from the ground-water divide to model boundaries (fig. 21).

The elevation of these model boundaries are lower than that of the ground-
water divide.

The model was used to define the sources of recharge contributing water to
the city of Rochester. About 55 percent of recharge to the aquifer in this
140-square-mile area is from the zone along the edge of the Decorah-Platteville-
Glenwood confining unit. This recharge represents a rate of about 3,500 Mgal/yr.
About 25 percent of the recharge within the area enters the aquifer where the
Prairie du Chien Group is the uppermost bedrock unit, about 10 percent enters
the sewered area of Rochester, about 10 percent enters as leakage through the
Decorah-Platteville-Glenwood confining unit, and less than about 5 percent
enters through thick drift west of Rochester.

About 40 percent of the recharge to the St. Peter-Prairie du Chien-Jordan
aquifer in the entire modeled area is from the zone along the edge of the
Decorah-Platteville-Glenwood confining unit. This recharge is reasonable if
one assumes that the rate of recharge to the upper carbonate aquifer is about
5 in/yr and that most of the water reaches the St. Peter-Prairie du Chien-
Jordan aquifer through this zone. About 40 percent of recharge to the aquifer
enters where the Prairie du Chien Group is the uppermost bedrock unit, about
15 percent enters as leakage through the Decorah-Platteville-Glenwood confin-
ing unit, and less than 5 percent enters the sewered area of Rochester and as
leakage through thick drift west of Rochester.

Sensitivity Analysis

A sensitivity analysis was completed to determine the response of the
model to changes in aquifer properties, recharge, and streambed conductance.
The sensitivity analysis consisted of uniformly increasing or decreasing
selected model variables separately and noting the change in simulated hydrau-
lic head. Sensitivity of the model is an indication of the degree to which
additional information could improve knowledge of the ground-water-flow system
and improve calibration of the model.
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Table 5.--Water budget for the approximate
area contributing water to
Rochester computed by the
steady-state model
[Mgal/yr, million gallons per yearl

Rate
Sources (Mgal/yr) Percent
Recharge to top of aquifer layers 6,500 90.9
Leakage from stream cells to aquifer layers 650 9.1
Inflow 7,150 100.0
‘Rate
Discharges (!?;nl/yr) Percent
Ground-water withdrawal 3,950 5.9
Ground-water seepage to stream cells 13,250 45.1
Outflow 7,200 100.0

Table 6.--Water budget for the modeled area
computed by the steady-state model
[{Mgal/yr, million gallons per year]

‘Rate

Sources (Mgal/yr) Percent
Recharge to top of aquifer layers 13,350 90.0
Ground-water flow into the modeled area 11,600 6.2
(comstant-heed cells)
Leakage from stream cells to aquifer layers 1,000 3.8
Inflow 25,950 100.0
Rate
Discharges (Mgal/yr) Percent
Ground-water flow out of the modeled area 15,650 61.0
(constant-heed cells)
Ground-water seepage to stream cells 6,150 23.6
Ground-water withdrawal 4,000 15.4

Out.flow ?6, 000 100.0

During the sensitivity analysis, values oflhorizontal hydraulic conductiv-
ity for each hydrogeologic unit and recharge were varied by a factor of 2
(table 7). Vertical hydraulic conductivity of the hydrogeologic units and
streambed conductance were varied by a factor of 10. The model is most sensi-
tive to changes in recharge, particularly to recharge along the edge of the
Decorah- Platteville-Glenwood confining unit. ariation of this variable of
the model resulted in a mean deviation which ranged from -12 to +33.1 ft
between model-computed heads and measured water levels in all layers (table
7). The model is sensitive also to variations in the horizontal hydraulic
conductivity. The model is more sensitive to variations in conductivity for
the Prairie du Chien part than for the St. Petek and Jordan parts of the St.
Peter-Prairie du Chien-Jordan aquifer (table 7). Variation of the horizontal
hydraulic conductivity for the Prairie du Chien resulted in a mean deviation
which ranged from -11.8 to +14.8 ft between model-computed heads and measured
water levels in all layers. The model is also sensitive to variations in
streambed conductance. Variation of streambed conductance resulted in a mean
deviation which ranged from -3.6 to +15.6 ft between model-computed heads and
measured water levels in all layers. Differences in model-computed heads are
greatest near the streams. The model is virtually insensitive to variations
in the vertical hydraulic conductivity (table 7).
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Table 7.--Semsitivity of the model to changes in values of
hydrologic properties of the steady-state model

[L1 = model layer 1; L2 = model layer 2; L3 = model layer 3. Mean deviation
from values calculated by best-match simulation. Deviations calculated for
16 cells in layer 1 of model, 53 cells in layer 2 of model, and 51 cells in
layer 3 of model. A positive deviation indicates calculated heads greater
than best-matched simulation. A negative deviation indicates calculated
heads less than best-matched simulation]

Mean deviation
of water level

Bydrogeologic (in feet)
Multiplication unit and

Property varied factor model layer L1 L2 L3
Recharge 2.0 Uppermost unit (L1 & L2) +25.7 +26.2 +33.1
.5 Uppermost unit (L1 & L2) -12.0 -11.1 ~-12.0
Streambed leakance 10.0 All reaches (L1 & L2) + .2 + .2 -3.6
.1 All reaches (L1 & L2) +5.4 +10.3 +15.6
Horizontal 2.0 St. Peter (L1) -1.4 + .4 -1.0
hydraulic .5 St. Peter (L1) +1.8 +2.1 - .3
conductivity 2.0 Prairie du Chien (L2) -9.1 -7.1 -11.8
.5 Prairie du Chien (L2) +12.6 +12.3 +14.8
2.0 Jordan (L3) -3.5 -2.3 -6.1
.5 Jordan (L3) +3.3 +4.0 +3.3
Vertical 10.0 All units (L1, L2, & L3) + .6 +1.5 - .5
hydraulic .1 All units (L1, L2, & L3) + .6 +1.5 - .9

conductivity

Transient Conditions

Because long-term water-level data and information on seasonal variations
in recharge are lacking, the model could not be calibrated to transient condi-
tions. Transient simulations were completed, therefore, to learn more about
how the ground-water flow system responds to seasonal changes in pumping and
climatic stresses. The transient simulations were used to identify additional
hydrologic data needs and to test concepts of recharge to and discharge from
the ground-water flow system.

The model was used to simulate the effects of pumping and climatic stress-
es on the ground-water system for the years of 1976 and 1986. As shown in
table 2, precipitation at the Rochester airport was below normal (drought) for
1976 and above normal for 1986 (U.S. Department of Commerce, 1976-88). Thus,
the model was used to simulate extremes in climatic conditions. Storage coef-
ficients were based on results of nine aquifer tests run on Rochester municipal
wells (Bruce Liesch & Assoc., written commun., 1987). An initial storage
coefficient of 10-2 was assigned to the St. Peter and the Jordan sandstones
and 10-3 to the Prairie du Chien limestone. Initial specific yield values of
0.2 and 0.05 were assigned to the St. Peter and the Prairie du Chien where
they are unconfined (Morris and Johnson, 1967). Heads from a steady-state
simulation of the hydrologic variables in January 1976 were used as starting
heads for the transient simulations. Ground-water withdrawals were adjusted
monthly on the basis of data provided by RPU and the MDNR. Thus, the values
represent withdrawal totals for each well during each month of the simulation.

Recharge rates were estimated for each month of the transient simulations
on the basis of a comparison of the recharge rates used during the steady-state
simulations with precipitation at the Rochester airport. Thus, the simulated
recharge rates are related to seasonal changes in precipitation. In areas
where the Prairie du Chien Group is the uppermost bedrock unit (fig. 10),
recharge to the aquifer likely is rapid after precipitation, and the above
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concept is probably valid. This concept probably is incorrect for other parts
of the ground-water system. Water recharging the St. Peter-Prairie du Chien-
Jordan aquifer along the edge of the Decorah-Platteville-Glenwood confining
unit is from the overlying upper carbonate aquifer. Consequently, there is a
delayed response, of some unknown length of time, between precipitation reach-
ing the upper carbonate aquifer and subsequent flow of that same water to the
St. Peter-Prairie du Chien-Jordan aquifer through the zone along the edge of
the confining unit. Unknowns are similar for temporal variation of recharge
in the sewered area of Rochester and where drift is thick (fig. 10). Lack of
data on the seasonal variation in recharge in these areas is the primary reason
why the model could not be calibrated to transient conditions.

Ground-water discharge rates to streams weﬁe simulated as constant through-
out the transient simulations. Ground-water-discharge rates, however, vary as
a function of stream stage. The lack of data on seasonal variations in ground-
water discharge to streams imposes further uncertainty on transient simulation.

The general trend of most model-computed and measured well hydrographs
are in agreement; however, the magnitude and the frequency of the fluctuations
are not in agreement. The model-computed and the measured hydrographs for
Rochester well 11 and 30 during 1986 are presented in figures 22a and 22b. The
primary reason for the lack of agreement in the two hydrographs is that water
levels measured in high-capacity wells were used. A representative static
water level is not easily obtained from such a well when the demand for public
water supplies must be maintained. In addition, there is the possibility of
water-level interference from nearby high-capacity wells. Water-level data for
nonhigh-capacity wells were unavailable for 1976 and 1986.

To avoid the problems associated with calibrating to water levels measured
in high-capacity wells, the author compared water levels in several domestic
wells in areas throughout the area to model-computed water levels for 1988.
Model-computed and measured hydrographs for one of these domestic wells is
shown in figure 22c. Again, the model simulated the general downward trend of
the measured hydrograph; however, the seasonal water-level fluctuations were
not in agreement. This lack of match in hydrogtaphs in the nonhigh-capacity
wells likely results from inaccurate representation of seasonal variations in
recharge. Because data for documenting seasonag variations in recharge in
southeast Minnesota are unavailable, an acceptable match between model-computed
and measured hydrographs is not possible.

A separate transient simulation was made to simulate the effects of his-
torical pumping and climatic stresses on the ground-water system from 1977 to
1988. This long-term simulation was designed to avoid the effects of seasonal
variations in recharge. The simulation was designed to approximate the long-
term trend of the hydrograph and was not expected to duplicate seasonal water-
level fluctuations. Each year was simulated as 'a separate stress period. The
storage terms from the previous simulations were used for initial conditions in
the simulation. Precipitation measured for each of the years simulated was
first computed as a percentage of average precipitation. Model-simulated
recharge rates were then multiplied by these percentages to obtain an estimate
of recharge for each year of the simulation. A separate simulation for 1974-76
was used to generate starting heads for this simulation.
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Figure 22.--Model-computed and measured water levels for selected wells
in the St. Peter-Prairie du Chien-Jordan aquifer.
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Model results were compared to water-level fluctuations measured in the
Golden Hill School well for 1977-88 (fig. 14). This is the only nonhigh-capac-
ity well in the modeled area for which long-term water-level records were
available. The storage coefficients were adjusted in the range from 10-5 to
10-1, and the specific yield was adjusted in the range 0.0005 to 0.1 for the
transient simulations. An increase in storage coefficient for the St. Peter
and the Jordan to 10-1 and for the Prairie du Chien to 10-2 improved the match
between measured and computed water-levels. A decrease in the specific yield
for the St. Peter and Prairie du Chien to 0.005 also improved the match. The
model approximated the general water-level trend reasonably well namely, a
general rise in water level during the late 1970’s and the early 1980’'s and a
general decline in water level from about 1983 to 1988 (fig. 14).

The short-term transient simulations demonstrate that calibration of the
model for one year is not possible without information on seasonal variations
in recharge. The calibration of the model could be enhanced and the transient
experiments could be run if data on seasonal variations in recharge were gath-
ered during future ground-water investigations in southeast Minnesota. Tran-
sient calibration and verification of the model also would require that water
levels be measured over several years in nonhigh-capacity observation wells.
These wells should be located both inside and outside the influence of pumping
from high-capacity wells in the city as well as in each of the zones of re-
charge.

Mode]l Experiments

The calibrated steady-state model was used to assess ground-water avail-
ability by simulating the effects of hypothetical conditions on ground-water
levels and streamflow. The effects of (1) historical withdrawals, (2) an
extended drought, (3) installing of six municipal wells on the perimeter of
the city, (4) discontinuance of withdrawals from six municipal wells in down-
town Rochester, and (5) discontinuance of withdrawals from eight nonmunicipal
wells were simulated.

The hypothetical simulations described in this section were at steady
state. Transient experiments were not made because data were insufficient to
calibrate the model to transient conditionms. e steady-state simulations are
indicative of the long-term effects of the hypothetical conditions simulated
because, unlike transient simulations, no water is derived from storage. The
steady-state heads for January 1988 were used as the initial condition for
each steady-state simulation. Hypothetical model simulations and correspond-
ing aquifer responses are summarized in table 8, and the water budget is
summarized for each simulation in table 9. A water-level-change map is pre-
sented for each hypothetical simulation. Model-computed water-level changes
in the Prairie du Chien Group (layer 2) are illustrated in figures 23, 24, 26,
27, and 28. Model-computed water-level changes in the St. Peter and the
Jordan Sandstones (layers 1 and 3) are similar to those in layer 2.

58




Table 8.--Results for model experiments A, B, C, D, and E,

Rochester, Minnesota, 1988

[ft, feet; mi, miles]

Simulation Conditions of simulation Results
A Predevelopment: average Water levels declined generally from 4 to
pumping removed to 15 ft within the city limits. Water levels
determine effects declined more than 20 ft near Rochester wells
of historical 12, 13, 17, 27, 30, the Franklin Heating
withdrawals Station, and the Rochester State Hospital.
Recharge: 0 to 13 inches The decline (about 48 ft) was greatest near
per year Franklin Heating Station. Ground-water
discharge to streams decreased by about
39 percent since predevelopment.
B Current well development Water levels declined from 5 to 10 ft
(42 wells) regionally and from 5 to 20 ft within the
Pumping stress: the city limits. Declines were greater
average X 1.5 than 20 ft near Rochester wells 12, 20,
Drought: 30 percent 27, 30, and the Franklin Heating Station.
less recharge for about The greatest decline, about 32 ft, was near
3-year duration the Franklin Heating Station. Ground-water
discharge to streams were reduced by about
86 percent of steady state.
Cc Current + hypothetical Water levels declined from 1 to 5 ft
well development: regionally and more than 20 ft near
6 planned wells the hypothetical wells. The greatest
(48 wells total) decline, about 33 ft, was near well 32,
Pumping stress: northeast of downtown Rochester. The
average + estimated® ground-water divide shifted about 1 mile
Recharge: 0 to 13 inches south as a result of the expanded develop-
per year ment. Water-level declines of as much as
2 ft extended south into Mower and Fillmore
Counties. Ground-water discharge to streams
were reduced by about 39 percent of steady
state.
D Pumping from wells 11, 12, Water levels recovered from 1 to 10 ft
13, 20, 23, and 30 discontinued; regionally and more than 10 ft near
(36 wells total) Rochester wells 12, 13, 20, and 30.
Pumping stress: average Water-level recoveries of more than 1 foot
Recharge: 0 to 13 inches extended to roughly 7 mi northeast of
per year downtown Rochester. Ground-water dis-
charge to streams increased by about 18
percent of steady state. By discontinuing
pumpage from these municipal wells, the
South Fork Zumbro River north of US Highway 14
would gain instead of lose water from the
ground-water system.
E Pumping from 8 nonmunicipal Water levels recovered from 1 to 3 ft

wells discontinued;
(34 wells total)
Pumping stress: average
Recharge: 0 to 13 inches
per year

regionally and more than 10 ft near the AMPI
and Franklin Heating Station wells. Recovery
was the greatest (about 43 ft) near the
Franklin Heating Station. Ground-water
discharge to streams increased by about 12
percent of steady state. By removing pumpage
from these nonmunicipal wells, ground-water
discharge to the South Fork Zumbro River in
Soldiers Field Park would be reduced to zero.

4 Pumping rate for each hypothetical well was approximately 423 Mgal/yr.
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SUMMARY AND CONCLUSIONS

A study was done to describe the hydrogeology and the ground-water flow in
the Rochester area as an aid to efficient management of the current ground-
water supply and future development. The city of Rochester obtains most of its
water supply from ground water pumped from the St. Peter-Prairie du Chien-
Jordan aquifer. Part of this aquifer is a karstic dolomite that is exposed or
is near land surface and, thus,is readily susceptible to contamination. Local
officials are concerned that a combination of ground-water withdrawals, disposal
of wastes, and use of agricultural, industrial, and household chemicals may
adversely affect the quantity and the quality of ground water. A network of
129 domestic, municipal, commerical, industrial, and observation wells was
established to monitor water levels and water quality.

The St. Peter-Prairie du Chien-Jordan aquifer is part of a sequence of
nine hydrogeologic units of regional aquifers and confining units defined in
the area. The aquifer consists of sandstone, limestone, and dolomite and is
generally 400 to 500 ft thick. Hydraulic conductivities generally range from
1 to 40 ft/d. Transmissivity of the St. Peter-Prairie du Chien-Jordan aquifer
generally ranges from 1,000 to 6,000 ft2/d. The Decorah-Platteville-Glenwood
confining unit, consisting of shale and limestone, confines the aquifer locally.
The confining unit is approximately 70 ft thick but is absent throughout much
of Rochester and regions to the north. West of Rochester, the aquifer is
locally confined by drift and generally ranges in thickness from zero to 200 ft.

Ground-water flow in the St. Peter-Prairie du Chien-Jordan aquifer is
generally horizontal, from highs in the potentiometric surface toward major
streams in the area. Horizontal hydraulic gradients in the aquifer are 10 to
20 ft/mi. Vertical head gradients are generally downward and are less than 5 ft
through the entire aquifer thickness, except near streams where flow is upward.
A roughly 140 mi2 area of the aquifer contributes water to the Rochester area.

A cone of depression in the potentiometric surface of the aquifer is caused
by pumping from high-capacity wells. The 950-foot contour roughly defines the
area of the cone. This contour encompassed an area of about 1.2 mi2 during
August 1987 compared to an area of about 0.4 mi2 during January 1988 and 2.3 mi2
during August 1988. The area influenced by pumping near Rochester may be as
large as 11 mi2,

Recharge enters the aquifer system through five general zones. Although
no data on actual recharge are available, recharge rates can be inferred from
analysis of ground-water-flow-model simulations. Areal recharge is greatest
(about 13 in/yr) along the edge of the Decorah-Platteville-Glenwood confining
unit. The source of this recharge water is the overlying upper carbonate
aquifer. Recharge rates are lower (about 5 in/yr) where the Decorah-Platteville-
Glenwood confining unit is absent. Areal recharge is likely reduced to about
4.5 in/yr in Rochester because of diversion of storm-water runoff to sewers.
Where glacial drift overlies the Prairie du Chien formation, recharge rates are
about 1 in/yr. Recharge is lowest (about 0.4 in/yr) where the Decorah-Platteville-
Glenwood confining unit is present.
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Most stream reaches in the area gain wate# from the ground-water reser-
voir. However, two separate observation of stream discharge indicated that a
reach of the South Fork Zumbro River north of US Highway 14 in Rochester was
losing flow. Concentrations of dissolved radon gas in stream water are evi-
dence that a 600-ft section of this same reach lost about 1.2 ft3/s to the
ground-water system during July 1988. Ground-water withdrawals through nearby
high-capacity wells is the likely cause of this loss.

A ground-water-flow model was constructed to improve understanding of the
regional behavior of the ground-water system. Steady-state calibration of the
model resulted in simulated water levels generally within 2 ft of measured
levels. Model-computed steady-state ground-water discharge to streams in the
area compare favorably with independent estimaties of discharge. In the 140-
square-mile area contributing water to Rochester, 91 percent of the inflow is
from areal recharge; and the remaining 9 percent is seepage from streams.
Fifty-five percent of the ground-water outflow from the area is by pumping and
45 percent is by discharge to streams.

In transient simulations, the magnitude and the frequency of seasonal
water-level fluctuations are not duplicated accurately by the model. Long-term
simulations adequately duplicated water-level hydrographs. Data on seasonal
variations in recharge are needed for adequate calibration of the model to
transient conditions.

In the area contributing water to Rochester, about 54 percent of recharge
to the St. Peter-Prairie du Chien-Jordan aquifer is from a zone along the edge
of the Decorah-Platteville-Glenwood confining unit. Approximately 26 percent
of recharge in the Rochester contributing area enters the aquifer where the
Prairie du Chien Group is the uppermost bedrock unit, 10 percent enters in the
sewered area of Rochester, 8 percent enters as leakage through the Decorah-
Platteville-Glenwood confining unit, and about 2 percent enters the aquifer
through thick drift west of Rochester.

The effects of historical and 1988 pumping has lowered water levels from 4
to 15 ft within the city limits of Rochester. Declines have exceeded 20 ft
near several wells. Ground-water discharge to streams has decreased by about
39 percent because of historical pumping.

Decreases in recharge and increases in pumping during a 3-year hypotheti-
cal drought may lower water levels an additional 5 to 10 ft regionally and as
much as 32 ft in the city, according to model stmulations. Ground-water dis-
charge to streams in the model area during the simulated drought was reduced
by 86 percent.

T

indicate that the addition of six municipal wells outside downtown Rochester
would lower water levels 1 to 5 ft regionally. | The ground-water divide south
of Rochester would shift about 1 mi south as a tesult of such expanded develop-
ment. ‘

Simulations of hypothetical ground-water dFvelopment by use of the model
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Water levels would probably recover 1 to 18 ft if pumping from six munici-
pal wells in downtown Rochester were discontinued. Water-level recoveries of
greater than 1 ft would extend roughly 7 mi northeast of downtown Rochester,
and ground-water discharge to streams would increase by about 19 percent. By
discontinuance of pumping from these municipal wells, a reach of the South Fork
Zumbro River north of US Highway 14 would probably gain, instead of lose, water
from the ground-water reservoir.

Water levels would recover from 1 to 43 ft if pumping from eight nonmunic-
ipal wells in and near Rochester were discontinued. Ground-water discharge to
streams would increase by about 12 percent. Ground-water discharge to the
reach of the South Fork Zumbro River north of US Highway 14 may change from a
losing reach to a near equilibrium one because of discontinuance of pumping
from nonmunicipal wells.

The ground-water-flow model is a practical tool for understanding opera-
tion of the ground-water system. However, the accuracy of results obtained by
use of the model is limited by the accuracy of the data that describe aquifer
and confining-unit properties, recharge rates, streambed conductance, and
boundary conditions. Actual water-level declines in wells likely differ from
model-computed levels, and declines in or near individual high-capacity pumping
wells likely will be greater than the actual declines. As additional data
become available, particularly for recharge rates, the model could be modified
and recalibrated to improve its accuracy.
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APPENDIX A
Established observation-well network

[Unique number, Minnesota Geological Survey Unique Well Number; Explanation of
"Location," is given in the section, "Numbering System for wells and test holes";
obs.-well, observation well; 0.C., Olmsted County; AMPI, Associated Milk
Producers, Inc.; --, unknown or nonexistent uﬁ?que number; IBM, International
Business Machines Corp.]

Unique
Owner’s name number Location Aquifer
Wells Measured Monthly
Jay Deanas 220941 108.15.26BCAC Jordan
Charles Till 148359 107.15.11DBCC St. Peter
Abandoned Factory 220825 107.14.29CAAA Prairie Du Chien
Phill Hukom 220873 107.15.36BBAB Prairie Du Chien
Mat Puffer 411279 106.15.3CBAC Prairie Du Chien
B’Ann Marvin 217516 106.15.22DAADD St. Peter
Yvonne Nubmayr 105002 106.14.30CcCCC Prairie Du Chien
Rochester Airport 241968 105.14.9CDDD St. Peter - Prairie Du Chien
Silverstein 150282 106.14.34DCAA St. Peter
Robert Sheehan 192592 105.13.4CAAB Prairie Du Chien
Robert Sheehan W0071lorl2 105.13.4CAAB Galena
Burr Oak School 220615 106.13.22CCBC Jordan
Dick Brackin 411264 106.13.10DCDD Prairie Du Chien
Steve Winter 220612 106.12.30BBABB St. Peter
Donald Fenske 192541 106.11.17CBAB Jordan
Bernard Loftus 148355 107.11.31AAAA Prairie Du Chien
Yoder Feed 119824 107.12.15¢CDC Jordan
Golden Hill School 220679 106.14 . 14ADBA Jordan
Loomis obs. well -- 106.14 . 24BABBBO1  Jordan
Shallow obs. well -- 106.14.24BABBB02 Drift
Robert Barclay 220644 106.13.19CBAB . Praire Du Chien
0.C. Historical 227831 106.14.9BADA Jordan
USGS obs. well -- 106.14.1DBDC Drift
USGS obs. well -- 106.14.10AAAB Drift
AMPI1 -- 106.14,2BCBADA Jordan
Frank Bigelow 218843 108.12.29ADADD Prairie Du Chien
Roger Dozois 220884 108.13.36CBAD Jordan
Gene Sennick 401607 107.13.15DCCD | Prairie Du Chien
Earl Stephan 101443 107.13.27DDCC Prairie Du Chien
M.E. Carter 107664 107.12.31CDDC St. Peter
M.E. Carter W00264 107.12.31CDDC Galena
H.C. Hoaglen 119849 107.13.30BDCC Prairie Du Chien
Leon Larson 228569 107.14.23DDBD | Prairie Du Chien
Nancy Parnow 187623 107.13.18CBAD | Jordan
USGS Obs. Well -- 107.14.14BACB Drift
Thomas Pike & 228624 107.14.10ABCB Jordan
Thede
Julie O'Marro 135640 108.13.29BCCB | Jordan
C. Schultz 411291 108.13.10CBCBB Jordan
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APPENDIX A

Established observation-well network--Continued

Unique
Owner'’s Name number Location Aquifer

Wells Measured Periodically (synoptic)

Ron Hovda 156962 105.13.1BBCB St. Peter
St. Bridget Church 219537 105.13.6CCBD St. Peter
B. Kaldenberg 192520 105.13.8DBBC St. Peter
(unkown owner) 150215 105.13.11DDDD St. Peter
Paul Gerber 219551 105.13.19BDDA Prairie Du
Mike Edge 139142 105.14.8ACBC St. Peter
Herman Ristau 227661 105.14.11BACC St. Peter
Allen Doty 227659 105.14.11BDAA Galena
Frank D. Quam 227663 105.14.15DDDB Galena
Charles Pearson 119819 105.14.23DBCC St. Peter
David Yennie 141010 105.15.3AAAA St. Peter
Mulford 219588 105.15.12ADDC St. Peter
Norman Moe 227388 106.11.9CABA Prairie Du
Robert Randall 104971 106.12.4CCCC Prairie Du
John Fuchs w00088 106.12.11ABCB Galena
Tim Riley 220607 106.12.20AAAA Prairie Du
David Higgins 220613 106.12.33AABA Prairie Du
Erwin Palmer 220621 106.13.3BABC St. Peter
Midwest Off. Rd. 228143 106.13.6CCAC Prairie Du
Harley Davidson 227486 106.13,.11ADAA Prairie Du
James Hebl 107688 106.13.14DBBC Prairie Du
J. & B. White 228187 106.13.15CCCC Prairie Du
Don Frish 179207 106.13.32CAAD Prairie Du
Jerry Sample 179132 106.13.34BBBC St. Peter
Buckbesch, 132672 106.13.34DCDC St. Peter
David Jones wW00628 106.13.36ACDD Galena
St. Mary's Hosp. 220786 106 .14 .3AADBD Jordan
Rochester

Country Club 227828 106.14.4BDAB Prairie Du
Paul Anderson 228156 106.14.8CABB Prairie Du
E.G. Turlington 228607 106.14.10BDAB Prairie Du
Bergler, Arnold -- 106.14.11CACCB Jordon
Richard Martin -- 106.14.11CBDDB Prairie Du
Smithson 120023 106 .14 .15DBBC Prairie Du
(unkown owner) 120008 106.14.18CBCA Prairie Du
Dr. H.O. Perry 220697 106.14.20DADA Prairie Du
Ideal Vans 220702 106.14.23DACB Prairie Du
Willow Cr. Golf 220710 106.14.27DCCA Jordan
David Stutz 220706 106.14.28CCBB St. Peter
& Penney Pries
Gordan Bishop Wo0191 106.15.7AAAD St. Peter
John Wallin 227820 106.15.12BBDC Prairie Du
Paul Koperski 220731 106.15.14ADCD Prairie Du
G. & B. Beech 105033 106.15.16AACC St. Peter
Bernard Donovan 220736 106.15.17ACCD St. Peter
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APPENDIX A

Established observation-well thvotk—-Continued

Unique
Owner’s Name number Location Aquifer

L

1
Wells Measured Periodically--Continued

Duane Quam, Sr. 192511 106.15.20DDDD Prairie Du Chien
John Donovan 220742 106.15.24DADD Prairie Du Chien
J. & R. Evans 411278 106.15.26AABC Prairie Du Chien
John Leitzen 139110 106.15.32AABB St. Peter
David Booker 156954 107.11.20ADBD Jordan
Warren Phipps 220751 107.12.3BAAD Jordan
P. Westbrook w00243 107.12.6CCBB Prairie Du Chien
Richard Eagan 235540 107.12.9BBDC Jordan
Donald Lee 147088 107.12.10AACC Jordan
Schumacher 132653 107.12.13AACD Prairie Du Chien
L. Melvin 227475 107.12.18BCCD Galena
N. Bernhardt W00263 107.12.30BBBB Prairie Du Chien
Warren Beighley 105493 107.13.2C€ccc Prairie Du Chien
Larry K. Plank 415365 107.13.5DACA Jordan
Mike Waara W00350 107.13.6DBDC Jordan
Guest House 220771 107.13.16DACB Jordan
Marvin Rose 220769 107.13.16DAAA St. Peter
Ronald Hunter 220772 107.13.17CBAA Prairie Du Chien
M. Maronde 150350 107.13.20AABC Jordan
C. 0. Siewert -- 107.13.22DBCC St. Peter
Haver Hill Sub 130612 107.13.29ACBD Jordan
K. Kappauf 220789 107.13.32CDDC Prairie Du Chien
Terry Risley 220792 107.14.1AADA Jordan
Gary Dix 220795 107.14.2DADA Jordan
J & J Ashenmacher 120019 107.14.7¢CDCC " Prairie Du Chien
C. & J. Benike 147657 107.14.11BDAD Jordan
Wayne Boelter 150329 107.14.13CODACC Jordan
Scott Stevens 147652 107.14.14EABB Jordan
Bob Chappius -- 107.14.19BDCCC Prairie Du Chien
IBM 804W -- 107.14.21BDABB Jordan

808W -- 107.14.21ADDBB Jordan

811w -- 107.14.21CADAA Jordan
Tracy Blanshan -- 107.14.22CBADD Prairie Du Chien
Vern Bushlack 227781 107.14.31CAACD Jordan
Greenway -- 107.14.34DABBB Drift
Walter Newell -- 107.14.36DBDCB Prairie Du Chien
Ox Bow Park 220841 107.15.8CACD Jordan
Byron Price 220850 107.15.19CABB St. Peter
Stephen Fenske 220861 107.15.21CBDC Prairie Du Chien
Larry Bucker 220863 107.15.23BADD Prairie Du Chien
P. & H. Smars 220867 107.15.28DbDCC Prairie Du Chien
Byron Garage 227526 107.15.29BDDC Prairie Du Chien
Lloyd Caulfield 235521 107.15.30' ACCD Galena
Robert Brekke 160831 107.15.31CBCC Prairie Du Chien
(unknown owner) 220870 107.15.32ADBD Jordan
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APPENDIX A

Established observation-well network- -Continued

Unique
Owner'’s Name number Location Aquifer

Wells Measured Periodically--Continued

Steve Milde 120032 107.15.35DCDC Prairie Du Chien
G. & J Timm 192534 108.12.17DAACC Jordan
James Walker 156999 108.13.1CCCB Jordan
Edgar Siem -- 108.13.8BCBCD Jordan
Virgil Pugh 178850 108.13.14AAAAB Jordan
Paul Culbertson 227530 108.13.16AAAA Prairie Du Chien
Kachelski -- 108.13.21DADD Prairie Du Chien
Lester Benike wW00423 108.13.25ABAB Prairie Du Chien
Frank Ohm 218847 108.13.33ADDD Jordan
W. C. Hoeft 148366 108.14.12DDCC Jordan
Bob Gray 132998 108.14.36BDDB Jordan
R. W. King 220937 108.15.23DAAD Jordan
Lyle Mathison 220938 108.15.24ADBD Jordan
R. & P. Breid 412436 108.15.35BADA Prairie Du Chien
Allen Walker 132660 108.15.36 AABB Prairie Du Chien
Ron Utley 120001 109.13.3348AA Jordan
Jack Landrum 218817 109.14.36CDCD Jordan
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APPENDIX B

High-capacity wells simulated in the steady-state
ground-water-flow model

[Pumpage in millions of gallons per year. PDCN, Pumpage simulated in the
Prairie du Chien part of the St. Peter-Prairie du Chien-Jordan aquifer.
All other pumpage simulated in the Jordan part of the aquifer]

Model
layer, row,
Well name (or owner) Location column Simulated pumpage

Rochester Municipal Wells

Well 11 (PDCN) 106.14.02CADA 2,31,25 91.6
Well 11 - 3,31,25 126.5
Well 12 107.14.35ADDA ' 3,25,28 24.1
Well 13 (PDCN) 107.14.26DADA 2,21,27 125.1
Well 13 3,21,27 83.4
Well 15 (PDCN) 107.14.27BABB 2,18,18 152.3
Well 15 3,18,18 62.2
Well 17 107.14.25BCAA 3,19,29 35.9
Well 18 107.14.34CDCC 3,28,19 127.4
Well 19 106.14.12CBBC 3,37,28 136.8
Well 20 106.14 .01BBBC 3,29,28 103.8
Well 21 106.13.05CDDD 3,33,41 4.8°
Well 22 107.14.22BBDA 3,13,18 93.9
Well 23 106.14.01DBDC 3,31,31 187.0
Well 24 107.14.23CDAD 3,17,25 53.8
Well 25 106.14.10AAAB 3,34,22 169.3
Well 26 (PDCN) 107.14.32CDAA 2,27,10 27.2
Well 26 3,37,10 21.4
Well 27 107.13.31BCCD 3,25,33 438.5
Well 28 107.14.14BCBC 13,9,21 466.0
Well 29 106 .14.14BAAD 3,39,25 178.3
Well 30 106.14.36ABBC 0 3,23,31 371.9
Christopher Court 106.13.08CCDA 3,38,40 5.9
Rose Harbor 106.13.08BBDD 3,34,39 23.5
Willow Heights 106.14.23DBCB 3,47,25 20.9
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APPENDIX B

High-capacity wells simulated in the steady-state
ground-water-flow model--Continued

Model
layer, row,
Well name (or owner) Location column Simulated pumpage
Non-municipal Wells
Anderson Sand and Gravel 108.14.36CD 2,5,29 23.4"°
Associated Milk Producers 106.14.02ADAC 3,30, 27 257 .4%
Books Mobile Home Park 107.14.12CD 3,9,2 9.6°
Donald L. Close 106.14.14BBDD 3,40, 24 5.4%
Franklin Heating Station 107.14.02ABAB 2,28,25 193.3°
IBM (PDCN) 107.14.21CABB 2,15,13 12.6°
IBM 3,15,13 3.8°
Hallmark Terrace 107.14.12CCC 3,8,28 0.5%
Lenwood Heights 106.14.15BAAD 3,39,19 1.5°
Marigold Foods 107.13.35DABD 3,26,27 5.3°
Microlife-MPI Inc. 107.14.34BBBC 2,23,17 53.4°
Osjor Estates 107.13.20CDAA 3,48,41 5.7%
Ted Perry 106.13.10BCDB  3,36,45 2.9°
Rochester Airport (PDCN) 105.14.10CADB 2,57,19 6.5
Rochester Airport 3,57,19 1.4°
Rochester Block 106.13.09DDAC 2,38,45 4,5
Rochester Country Club 106.14.04BDAB 3,29,14 5.2°%
Rochester Materials Company 107.14.29DBDA 3,21,10 5.8*%
Rochester State Hospital 107.13.31CACC 3,26,35 51.52
Saint Mary’s Hospital (PDCN) 106.14.03AADB 2,29,22 58,2
Saint Mary'’s Hospital 3,29,22 34.2°
Seneca Foods (PDCN) 106.14.11AAAD 2,34,27 14.8°
Seneca Foods 3,34,27 21.3*
Silver Lake Power Company 107.14.35ADDB 2,25,28 85.82
Sunny Slopes 106.14.03DCCC 2,33,20 0.7°

®Estimate of average pumpage (1977-88) is based on incomplete data.
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APPENDIX C

Listings of model input values for the leular, three-dimensional,
finite-difference, ground-water-flow model of the St. Peter-
Prairje du Chien-Jordan aquifer in the Rochester, Minnesota area

Appendix C lists input values for the threk-dimensional, finite-differ-
ence, ground-water-flow model of the St. Peter-Prairie du Chien-Jordan aquifer
in the Rochester area. Each listing contains values for a particular modular-
model package, or part of a package, as defined by McDonald and Harbaugh
(1988). An example of part of the model input is included for listings of
large arrays. Model input values for simulating steady-state conditions are
contained in listings 1-18 and model input values for simulating hypothetical
ground-water development schemes are contained in listings 19-23:
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Input for the BASIC package of the MODULAR program for the
steady-state simulation........... ... i i il i, 84
2. Partial listing of input for the IBOUND array in the BASIC
package of the MODULAR program for the steady-state simu-
latiom. ..o e i e et e it e e 84
3. Partial listing of input for the starting heads in the BASIC
package of the MODULAR program for the steady-state simu-

=
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4. Input for the Output Control Option in the BASIC package of

the MODUIAR program for the steady-state simulation........ 86
5. Input for the BCF package of the MODULAR program for the

steady-state simulation........... ittt i, 86

6. Partial listing of input for the St. Peter hydraulic conduc-
tivity in the BCF package of the MODULAR program for the
steady-state simulation.............. . .. it 87

7. Partial listing of input for the bottom elevations of the
BCF package of the MODULAR program for the steady-state
simulation. ... ... . i i i i e i 88

8. Partial listing of input for the vertical conductance
between model layers one and two in the BCF package of the
MODULAR program for the steady-state simulation............ 89

9. Partial listing of input for the top elevations of the
St. Peter in the BCF package of the MODULAR program for the
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Listing 12,

13.

14.

15.
16.
17.
18.
19.
20.

21.

22.

23.

Partial listing of input for the vertical conductance be-

tween model layers two and three in the BCF package of the
MODULAR program for the steady-state simulation...........

Partial listing of input for the top elevations of the

Prairie du Chien in the BCF package of the MODULAR program
for the steady-state simulation..................cciivnee.

Partial listing of input for the Jordan hydraulic conduct-
ivity in the BCF package of the MODULAR program for the

steady-state simulation........... .ottt

Input for the WELL package of the MODULAR program for the

steady-state simulation............ ... ..o i il

Partial listing of input for the RIVER package of the

MODULAR program for the steady-state simulation...........

Partial listing of input for the RECHARGE package of the

MODULAR program for the steady-state simulation...........

Input for the SIP package of the MODULAR program for the

steady-state simulation................ ... i,

Input for the WELL package of the MODULAR program for the

simulation of a hypothetical drought - simulation B ......

Input for the RECHARGE package of the MODULAR program for

the simulation of a hypothetical drought - simulation B..

Input for the WELL package of the MODULAR program for the
simulation of hypothetical ground-water development -

simulation C ...... ..ttt inerroeeeeosnssosnsnonans

Input for the WELL package of the MODULAR program for the
simulation of a hypothetical discontinuation of pumping
from selected Rochester municipal wells - simulation D .

Input for the WELL package of the MODULAR program for the

simulation of a hypothetical discontinuation of pumping

from selected non-municipal wells - simulation E .........
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Listing 1. Input for the BASIC package of the MODULAR program for the steady-
state simulation

U.S. GEOLOGICAL SURVEY GROUND-WATER FLOW MODEL FOR THE ROCHESTER, MINNESOTA
AREA, JANUARY 1990

3 64 52 1 4 *LAY/COL/ROW/S.P. /T.U.
716 0 8 0 0 0 911 0 0 39 |
0 1 | *BUFF SHR?/ST HDS SAVED?
37 1 (15I5) 3 *IBOUND LAYER 1
37 1 (1515) 3 *IBOUND LAYER 2
37 1 (1515) 3 *IBOUND LAYER 3

0 *INACTIVE CELL VALUE

31 1 (15F5.0) 3 *HEADS LAYER 1
31 1 (15F5.0) 3 *HEADS LAYER 2
31 1 (15F5.0) 3 *HEADS LAYER 3
1 1 1.0 *SP LEN/# TS/TS MULT

Listing 2. Partial listing of input for the IBOUND array in the BASIC pack-
age of the MODULAR program for the steady-state simulation

- - - - 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
- 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
- 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

- 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1
- 0 0 0 0 0 0 0

HOOMHMFFOOHMHFOOHMROOHMFOOHOOOHHOOOHOOOK
HOOMNMFEFOOFFMHOOHHOOMHPFOOHFHFOOOROOOROOOKM
HOOMFMFHROOMMOOHNRHOOHRFRFOOHOOOHOOOHHOOOR
HOOHFHFOOHMHFHOOHHFHOOHOOOHFHOOOHHOOOHOOOH
HOOHMFEFOOMFMFOOHMFOOHFHOOOHOOOHOOODOOOOO
OCOOHOOOFHOOOMOOOHOOOHOOOOCOOODOOOOO
OFHOMROMMOMFHFOFOOOOCOOOOOCOOOCOO0OO0OO0O0OO0O0COCOO0O
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Listing 3. Partial listing of input for the starting heads in the BASIC
package of the MODULAR program for the steady-state simulation

1010 1006 1003 1000 980 960 955 950 945 940 930 920 910 910 910
910 910 910 910 910 910 910 910 910 9210 910 910 910 910 910
910 910 910 910 910 910 910 910 910 910 910 910 910 910 910
920 930 940 950 960 970 980

1011 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 990

1012 1225 1225 1225 960 957 953 950 935 930 927 925 922 920 919
918 918 917 917 916 916 915 915 1225 1225 1225 1225 1225 1225 1225

1014 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 985

1016 1225 1225 1225 980 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1065 1040 1010 985

1020 1225 1225 1225 1005 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1075 1225 1225 985

1225 1225 1225 1225 1015 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1080 1225 1225 990

1030 1225 1225 1225 1020 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1030 990

1035 1225 1225 1030 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 990

1040 1225 1225 1035 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 990

1045 1225 1050 1040 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 990

1050 1225 1052 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 995

1055 1225 1055 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225

1225 1225 1225 1225 1225 1225 995
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Listing 4. Input for the Output Control Optio$ in the BASIC package of the
MODULAR program for the steady-state simulation

Listing 5.

330

1

11100
1000
1000
1000

11100

11100
1000
1000
1000
1000

11100

1

7
.000
7
11100
1000
1000
1000
11100
7
11100
1000
1000
1000
1000
11100
47
46
20
42
14
43
29
41
45

54
1
1

state simulation

11100
1000
1000
1000

11100

11100
1000
1000
1000
1000

11100

0.7

1.

1

5

8

3

1 (3F10.3)
1.000 1

1 (12F6
11100 1
1000
1000
1000

11100

1 (12F6
7400
1000
1000
1000
1500

11100

(10F8.
(10F8.
(10F8.
(10F8.

(10F8.
1 (10F8.
0 (10F8.
1 (10F8.
.0 (10F8.
1
0
1
0

.000
.0)

1100
1000
1000
1000

.0)

4950
1000
1000
1000
1500

1)
1)
3)
1)
1)
1)
5)
1)
1)

7400
1000
1000
1500

3300
1000
1000
1000
2250

35
-1
1

4950
1000
1000
1500

2250
1000
1000
1000
3300
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IHEDFM IDDNFM IHEDUN IDDNUN
INCODE IHDDFL IBUDFL IGBCFL
DDPR HDSV  DDSV

HDPR

3300
1000
1000
2250

1500
1000
1000
1000
49?0

WWOWWWOo ww

2250
1000
1000
3300

1500
1000
1000
1000
7400

Input for the BCF package of the MODULAR program for the steady-

*BCF PACKAGE
*LAYCON
*ANISOTROPY FACTOR
*ANISISOTROPY (COL/ROW)
*WIDTH ALONG ROWS

1500 1500 1000

1000 1000 1000

1000 1000 1000

4950 7400 11100

*WIDTH ALONG COLUMNS
1000 1000 1000
1000 1000 1000
1000 1000 1000
1000 1000 1000

11100 11100 11100

*COND. ST. PETER (LAY 1)
*BOTTOM OF ST. PETER
*VCONT12

*TOP OF ST. PETER
*COND. PDCN

*BOTTOM OF PDCN (LAY 2)
*VCONT23

*TOP OF PDCN (LAY 2)
*COND. JORDAN (LAY 3)



Listing 6.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
50.
10.
10.
50.
50.
10.
50.
10.
10.
10.
50.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
40.
10.
15.
10.
10.
10.
50.
10.
15.
15.
10.
10.
40.
10.
15.
15.
10.

[ NeleNeNeNeNeNoNoNeoNeNeoNeNeoNeNeoNoNoNo oo NeNeNeNoNe Ne Mo Neo Neo No e No o Ne No o No e NeoNo o No No Mo Neo No N

Partial listing of input for the St. Peter hydraulic conductivity

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
50.
10.
10.
50.
50.
10.
50.
10.
10.
10.
10.
10.
10.
10.
10.
50.
10.
10.
10.
10.
10.
40.
10.
15.
10.
10.
10.
50.
10.
15.
15.
10.
10.
10.
10.
15.
15.
10.

[eNeNeoNeNeoNeoNeoNeNoNeoNeoNoNeNoNeNoNeoNoNeoNoNoNeNoloNeoNeNeoNoNeoNeNoNoNeoNoNeNo oo Neo oo NeoNoNeoNeNe Neo o]

10.
10.
10.
10.
10.

10.
10.
10.
10.
50.

10.
50.
50.
10.
50.

10.
50.
10.
10.
10.

10.
50.
15.
10.
10.

10.
40.
15.
15.
10.

10.
40.
10.
15.
15.

10.
10.
10.
15.
15.

[=NeNeoNeNel [=>NeReNoNo) [eNeNoNoNeo OO O0OOO [eNeNeoNoNe] COOOO [eNeNeNeoNel

[eNeNeNeoNe)

10.
10.
10.
10.
10.

50.
10.
10.
10.
50.

50.
50.
50.
10.
50.

50.
50.
10.
10.
10.

10.
50.
15.
10.
10.

10.
50.
15.
15.
10.

10.
10.
10.
15.
15.

50.
10.
10.
15.
15.

[~ NeNeNeoNel [eNeNeNeoNel [~ NeoNeNoNe [=NeNeNoNe [>NeNeNoNe) QOO0 O [eNeNeNeoNea]

[>NeNeNeNel

10.
10.
10.
10.
10.

50.
10.
10.
10.
50.

50.
50.
50.
10.
50.

50.
50.
10.
10.
10.

50.
10.
15.
10.
10.

50.
50.
15.
10.
10.

50.
10.
10.
15.
15.

50.
10.
10.
15.
15.

CSOO0OO0OO0 [eNeNeNeNe) [eNeNeoNoNel [eNeNeNe N [~ NeNeNoNe QO OO0 [eNeNeNeNe

[eNeNeoNeNe)
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10.
10.
10.
10.
10.

10.
10.
50.
10.
10.

10.
50.
50.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
50.
15.
10.
10.

10.
10.
10.
15.
10.

50.
10.
10.
15.
15.

[cNeNeoNeNe) [N eNeNeNe] [eNeleoNoNa [eNeNoNeoNo) [~ NeNeNoNe QO OO0 [N eNeoNeoNeol

OO OO0

10.
10.
10.
10.
10.

10.
10.
50.
10.
10.

50.
50.
50.
10.
50.

10.
50.
10.
10.
10.

40.
10.
15.
10.
50.

50.
50.
15.
10.
50.

50.
10.
10.
15.
10.

30.
10.
10.
15.
10.

[~ NeNeoNeoNe [oNeNeNeNel [eNeNeoNoNa (=N e RN [eN NNl [N eNeRo N QOO0 O0

OO OO0O

10.
10.
10.
10.
10.

50.
10.
10.
10.
10.

10.
10.
50.
10.
10.

50.
10.
10.
10.
10.

30.
10.
15.
10.
10.

50.
10.
15.
10.
10.

50.
10.
10.
15.
10.

30.
10.
10.
15.
10.

[~ NeNoNeoNe [N eNeoNoNe] [eN-NeNoNeol [eNoNolNoNe [eNeNeNoNa) [=NeNeNe N [eNeNeNeNe]

[eNeNeNeoNe

10.
10.
10.
10.
10.

50.
10.
10.
50.
10.

50.
10.
50.
50.
10.

50.
10.
10.
10.
10.

30.
10.
10.
10.
10.

40.
10.
15.
10.
10.

40.
10.
10.
15.
10.

40.
10.
10.
15.
10.

in the BCF package of the MODULAR program for the steady-state
simulation

[oNeNeoNeoNea [>NeNeoNeNeal COOOO [ocNoNoNoNe) [~NeNeNoNe [~ NeNeNeNe] [ NeoNoNeNe)

[=NelNeoNoNo]

10.
10.
10.
10.
10.

50.
10.
10.
50.
10.

50.
50.
50.
50.
10.

50.
10.
10.
10.
10.

40.
10.
10.
10.
10.

30.
10.
15.
10.
10.

40.
10.
10.
15.
10.

40.
10.
10.
15.
10.

[eNeNeoNeNo] [eNeNoNoNol [eNeNoNoNa [eNeNeNoNel [~ NeNeNoNe [N eNeNeNe] [eNeNeNeNe]

QO OOO



Listing 7. Partial listing of input for the bottom of the St. Peter in the
BCF package of the MODULAR program for the steady-state simulation

950.0 950.0 950.0 950.0 1000.0 1000.0 1050.0 1050.0 1050.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000. 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1050. 1050.0 1050.0 1050.0 1050.0
1050.0 1050.0 1050.0 1050.0 1050.0 1050. 1050.0 1050.0 1050.0 1050.0
1075.0 1075.0 1075.0 1075.0 1075.0 1075.0 1075.0 1075.0 1075.0 1075.0
1075.0 1100.0

900.0 900.0 900.0 950.0 1000.0 IOOO.E 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0
1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1075.0 1075.0 1075.0 1075.0
1075.0 1100.0

900.0 900.0 900.0 900.0 950.0 1000.0 1000.0 1000.0 1000.0 950.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.3 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000. 1000.0 1000.0 1000.0 1000.0
1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0
1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1050.0 1075.0 1075.0 1075.0
1075.0 1100.0

900.0 900.0 900.0 900.0 900.0 950.0 950.0 950.0 950.0 950.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 990.0 990.0 1000.0

975.0 975.0 975.0 975.0 975.0 1000.0 1000.0 1000.0 1075.0 1075.0
1075.0 1100.0

900.0 900.0 900.0 900.0 900.0 950.0 950.0 950.0 950.0 950.0

950.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 950.0 900.0 950.0 950.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 990.0 990.0 1000.0

975.0 975.0 975.0 975.0 975.0 1000.0 1000.0 1025.0 1025.0 1025.0
1075.0 1075.0

900.0 900.0 900.0 900.0 900.0 950.0 950.0 950.0 950.0 950.0

950.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0

980.0 970.0 960.0 950.0 950.0 950.0 950.0 900.0 900.0 900.0

950.0 950.0 1000.0 1000.0 1000.0 1000.0 990.0 990.0 1000.0 975.0

975.0 975.0 975.0 1000.0 1000.0 1000.0 1000.0 1025.0 1025.0 1025.0
1075.0 1075.0

900.0 900.0 900.0 900.0 900.0 950.0 950.0 950.0 950.0 950.0
1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 950.0 950.0 950.0

950.0 950.0 950.0 900.0 950.0 950.0 950.0 950.0 950.0 950.0

950.0 950.0 950.0 1000.0 1000.0 1000.0 990.0 990.0 990.0 975.0

975.0 975.0 975.0 975.0 950.0 950.0 1000.0 1025.0 1025.0 1050.0
1075.0 1075.0 |

900.0 900.0 900.0 950.0 900.0 950.3 950.0 950.0 950.0 950.0

950.0 1000.0 1000.0 1000.0 1000.0 950. 950.0 950.0 950.0 950.0

950.0 950.0 950.0 950.0 950.0 950. 950.0 950.0 950.0 950.0

950.0 950.0 950.0 950.0 950.0 950. 950.0 975.0 975.0 975.0

975.0 975.0 975.0 975.0 950.0 950.0 1000.0 1025.0 1025.0 1050.0
1075.0 1075.0
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Listing 8.

[=NeoNeoNoNeNeoNeNeNoNeNeoNolloNeleNeNoloNeoNeoNoNeNoNoNoNeoNoNoNoNeNeNeloNoNoloNeNeNeoNeNoNeoNoNoNeNeNeoNe)

.05000
.06667
.07273
.05333
.05333
.05333
.05000
.06061
.06667
.05333
.06780
.05333
.05000
.06452
.06780
.05000
.06250
.05333
.05000
.05000
.06250
.05714
.05000
.05333
.05000
.05000
.05000
.05333
.05000
.05000
.05000
.06154
.05000
.07500
.05000
.05000
.05000
.06250
.05000
.08571
.07500
.05000
.05000
.06154
.05333
.08571
.07500
.05000

[eNeNeoRoNeNoNoNeNoNeoNoloNeNeoleNeNeNoloNoloNeNoNoNeoNoNeNeoloNeNoNeNoNeNeolleNoleNeNeNoNeNoNoNeNeo o Ne)

Partial listing of input for the vertical conductance between

model layers one and
for the steady-state

.05000
.07273
.07273
.05333
.05333
.05333
.05000
.06667
.06667
.05333
.06780
.05333
.05000
.06780
.06780
.05000
.06250
.05333
.05000
.05000
.05000
.05714
.05000
.05333
.05000
.06250
.05000
.05333
.05000
.05000
.05000
.06154
.05000
.07500
.05000
.05000
.05000
.06250
.05000
.07500
.07500
.05000
.05000
.05000
.05333
.08571
.07500
.05000

COOO0OO0 [eNeNoN-Ne [eNeNeoNoNa] QOO0 [eNeNeNeNo) [eNeNeNoNo [eNeNeoleNe

[eNeNeoNoNe)

.05000
.07273
.06667
.05333
.05333

.05000
.06667
.05714
.05333
.06780

.05000
.06780
.06780
.05000
.06250

.05000
.06250
.05000
.05714
.05000

.05000
.06250
.07500
.05333
.05000

.05000
.06154
.07500
.07500
.05000

.05000
.06154
.05000
.07500
.07500

.05000
.05000
.05333
.08571
.07500

COOO0O0 OO OO0 [eNeNeNeNe] [eNeNeNeNol [eNeNeNeNo] [eNeNeNoNo) [eNeNeoNoNa

[eNeNeNoNe)

.05000
.07273
.05714
.05333
.05333

.06250
.06667
.05714
.05333
.06780

.06250
.06780
.06780
.05000
.06250

.06250
.06250
.05333
.05714
.05000

.05000
.06250
.07500
.05000
.05000

.05000
.06250
.07500
.07500
.05000

.05000
.05000
.05333
.07500
.07500

.06250
.05333
.05333
.07500
.07500

[eNeNeoNeNea] [eNeNeoNoNol [eNeNeoNoNel [eNeNeNoNo] [>ReRNoNoNo) [cNeoNoNo N QOO0 O0

[=NeNeNoNe

two in the BCF package of the MODULAR program

89

simulation

.05000 0.05000
.07273 0.07273
.05333 0.05333
.05333 0.05333
.05333 0.05333
.06250 0.05333
.06667 0.06667
.05714 0.07407
.05333 0.05333
.06780 0.05333
.06250 0.05000
.06780 0.06780
.06780 0.06780
.05000 0.05000
.06250 0.05333
.06250 0.05000
.06250 0.05000
.05333 0.05333
.05714 0.05714
.05000 0,05000
.06250 0.05000
.05000 0.05000
.08000 0.08000
.05000 0.05000
.05000 0.05000
.06250 0.05000
.06250 0.06250
.08571 0.07500
.05000 0.05000
.05000 0.05000
.06250 0.05000
.05000 0.05000
.05333 0.05333
.07500 0.07500
.07500 0.05000
.06250 0.06250
.05333 0.05333
.05333 0.05333
.07500 0.07500
.07500 0.07500

[eNeNeNeoNe] [eNeNeoNeNel [eNeNeoNeoNe] [eNeNeNeoNa [=NeNeoNeoNe] [eNeNeNoNe] [eNeNeoNeNel

S OO0OOO0

.05000
.07273
.05333
.05333
.05333

.05333
.06667
.07407
.05333
.05333

.06452
.06780
.06250
.05000
.06780

.05000
.06250
.05333
.05714
.05000

.06154
.05000
.08000
.05000
.06250

.06250
.06250
.08000
.05000
.06250

.06250
.05000
.05333
.07500
.05000

.06000
.05333
.05333
.07500
.05000

[eNeNeNoNe] [eNeNeNeoNel [eNeNeNeoNe) [eNeR<NoNa QOO0 O SOOOO [eNeNeoNeNe

[eNeNeoNoNe

.05000
.07273
.05333
.05333
.05333

.06780
.06667
.05714
.05333
.05333

.05128
.05333
.06250
.05000
.05333

.06452
.05000
.06154
.05714
.05000

.06186
.05000
.08000
.05000
.05000

.06452
.05000
.08000
.05000
.05000

.06452
.05000
.05333
.07500
.05000

.06186
.05333
.05714
.07500
.05000

[eNeNeNeNo [eN<-NeoNeoNel [eNeNeoNeNe [eNeNeNeNe [eNeNeoNeoNe] [eNeNeoNeoNe] [eNeNeNeNo]

[N eNeNeoNe]

.05333
.07273
.05333
.05333
.05333

.06780
.06667
.05333
.06780
.05333

.06452
.05333
.06250
.06250
.05333

.06250
.05000
.05714
.05714
.05333

.06000
.05000
.05333
.05000
.05000

.06154
.05000
.08000
.05000
.05000

.06154
.05000
.05000
.07500
.05000

.06154
.05333
.05714
.07500
.05000

[eNeNeNeNe] [eReNoNeNe [eNeoNeNo N [eNeNeNeN) [eNeNeNeNe] [N eNeNoN o) [=NeNeNeoNo]

[eNeNeoNoNe

.05714
.07273
.05333
.05333
.05333

.06780
.06667
.05333
.06780
.05333

.06452
.06780
.06250
.06250
.05333

.06250
.05000
.05714
.05000
.05333

.06154
.05000
.05333
.05000
.05000

.06000
.05000
.07500
.05000
.05000

.06154
.05000
.05000
.07500
.05000

.06154
.05333
.05714
.07500
.05000



Listing 9.

1050.
1030.
1030.
1030.
1030.
1030.
1040.
1030.
1030.
1030.
1030.
1030.
1020.
1030.
1030.
1030.
1030.
1030.
1025.
1050.
1050.
1050.
1050.
1050.
1030.
1040.
1100.
1100.
1100.
1120.
1050.
1020.
1100.
1100.
1080.
1140.
1050.
1040.
1100.
1100.
1080.
1140.
1050.
1040.
1100.
1100.
1080.
1140.

[eNoNoNeoNoNeoNeNeoNoNoNoNeNeNoNoNoNeoloNeNoNeoNoNeNoloNoNo oo e loNeNo o NoNoNeoloNoNe oo o oo NeoNe o

Partial listing of input for the t
in the BCF package of the MOD

simulation
1050.0 1050.0
1030.0 1030.0
1030.0 1030.0
1030.0 1030.0
1030.0 1030.0
1030.0
1040.0 1040.0
1030.0 1030.0
1030.0 1030.0
1030.0 1030.0
1030.0 1030.0
1030.0
1020.0 1020.0
1030.0 1030.0
1030.0 1030.0
1030.0 1030.0
1030.0 1030.0
1030.0
1025.0 1025.0
1050.0 1050.0
1050.0 1050.0
1050.0 1050.0
1050.0 1050.0
1050.0
1030.0 1030.0
1040.0 1040.0
1100.0 1100.0
1100.0 1100.0
1100.0 1100.0
1120.0
1050.0 1050.0
1020.0 1020.0
1100.0 1100.0
1100.0 1080.0
1080.0 1080.0
1140.0
1050.0 1050.0
1040.0 1040.0
1100.0 1100.0
1100.0 1100.0
1080.0 1080.0
1140.0
1050.0 1050.0
1040.0 1040.0
1100.0 1100.0
1100.0 1100.0
1080.0 1080.0

0

1140.

1050.
1030.
1030.
1030.
1030.

1040,
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1025.
1050.
1050.
1050.
1050.

1030.
1040.
1100.
1100.
1100.

1040.
1020.
1100.
1080.
1100.

1050.
1040.
1100.
1100.
1100.

1050.
1040.
1100.
1100.
1100.

[=NeNeNeNe] [eNeNeNeNel [eNeNeoNeNe) [eNeNoNoNa [eNeNeNoNa) COO0OO0CO0O [eNeoNoNeNo)

CSOO0OO0O0

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1040.
1030.
1030.
1030.
1030.

1025.
1050.
1050.
1050.
1050.

1040.
1040.
1100.
1100.
1110.

1020.
1020.
1100.
1080.
1110.

1040.
1040.
1100.
1100.
1070.

1040.
1040.
1100.
1100.
1070.

OCO0OO0OQO [ NeNeNeNe) [eNeolNoNoNa COOOO0 [eNeNoNeNe) COOO0OO0 [eNeNeoNNo]

COO0OOO

90

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1050.
1050.
1050.
1050.

1040.
1040.
1100.
1100.
1110.

1020.
1020.
1100.
1080.
1110.

1040.
1040.
1100.
1100.
1060.

1040.
1040.
1100.
1100.
1060.

[~ NeXeNeNe]

0
0
0
0
0

o
0
0
0
0

0
0

:

0
0
0
0
0

0
0

|
0
0
0

elevations of the St. Peter

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1050.
1050.
1050.
1050.

1040.
1040.
1100.
1100.
1120.

1020.
1110.
1100.
1080.
1120.

1040,
1040.
1100.
1100.
1070.

1040.
1100.
1100.
1100.
1070.

[=NeNoNoN] [eNeNoNe N [eNeoNoNoNe) OCOOO0OO0 [eNeoNeNeNe) [eNeNeNo N [eNeNeNeNo]

[eNoNoNoNe)

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1050.
1050.
1050.
1050.

1040.
1040.
1100.
1100.
1120.

1020.
1110.
1100.
1080.
1130.

1040.
1100.
1100.
1100.
1100.

1040.
1100.
1100.
1100.
1100.

[eNeoNeNe N QOO0 C [eNeNeoNeoNe [eNeNoNeNe] [eNeNeNoNe) [N eNoNe Nl [cNeNoNeNo)

[ NeNeoNeNe]

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1050.
1050.
1050.
1050.

1040.
1100.
1100.
1100.
1120.

1020.
1100.
1100.
1080.
1140,

1040.
1100.
1100.
1100.
1120.

1040.
1100.
1100.
1100.
1120.

[eNeoNeNeNa) [eNeNoNeNo) [eNeNeNoNe] CSOOO0O0 COO0O0OO0 [eNeNeNeoNe) [eNeNeNeNel

QOO0 O

program for the steady-state

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1030.
1030.
1030.
1030.

1030.
1050.
1050.
1050.
1050.

1040.
1100.
1100.
1100.
1120.

1020.
1100.
1100.
1080.
1140.

1040.
1100.
1100.
1100.
1140.

1040.
1100.
1100.
1100.
1140.

[eNeNeoNeoNe [eNeNoNeNo) [eNeNeoNeNe) [eNeNeoNoNe] COO0O0OO0 [eNeNeNeoNa] [eNeNeoNeoNel

QOO0 O



Listing 10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
15.
10.
10.
10.
10.
10.
15.
15.
10.
10.
10.
36.
15.
15.
10.

(==« jeeNoNe o oo oo ol - oo - N o No No NoNe No e No Ne N N X~ NeNeoNeoNeNo e Ne e N o NeNoNo e Ne No o Ne)

Partial listing of input for the Prairie du Chien hydraulic
conductivity in the BCF package of the MODULAR program for the
steady-state simulation

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
15.
10.
10.
10.
10.
10.
15.
15.
10.
10.
10.
35.
15.
15.
10.

[>NeNejeloNoNoNoNoNeNeoNeNe oo NeoNeNeNoNeoNeNoNeoNeNoNeNeleNeNoleNoNeNeoNoNoNoNoNoNoNoNoNoNoNoNeNeoNe)

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
15.
15.
10.

10.
10.
10.
15.
15.

10.
10.
35.
15.
15.

(>l e NN Ne] SO0 OO OO0 [N eNoNeNe [eNeNoNoNo] [=NeNeNe N QOO0 OO

[=NeNeloiNe]

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
15.
15.
10.

10.
10.
10.
15.
15.

10.
10.
10.
15.
15.

[>NeNeNoNo) OO0 OoOO0O COOOO0O COOCOCC0O [N eNeNoNe] [N eNeNe N [N eNeNeNe]

QOO COCO0O

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
15.
10.
10.

10.
10.
10.
15.
15.

10.
10.
10.
15.
15.

[=NeNeNoNe] (= =e NN [eN=NeNeNo] [« =R iNw [eNeNeNeNe] [~NeNeNoNe) COoOOCOOo

OO OO0
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10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
15.
10.
10.

10.
10.
10.
15.
10.

10.
10.
10.
15.
15.

[~NeNeNoNe) [=NeRoNoNo) [eNeNeNeNo] [oNeNelNoNe] QO OO0OO [ NeNoNeNe OO OO0

QO OO0OC0O

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
15.
10.
10.

10.
10.
10.
15.
10.

10.
10.
10.
15.
10.

[=NeNoNe N [eNeloNo Nl [eNeReleNo] QOO OO (=N = Ne e Nw) [ NeNoNoNe) (el =NeiNeNe]

[= NN NNl

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
15.
10.
10.

10.
10.
10.
15.
10.

10.
10.
10.
15.
10.

[=NeNoNe N OO0 OO0 OO0 O0O SO OO0 (e NeNoNoNe [=NeNeNoNe [N eNeNoNo]

[=NeNo NNl

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
10.
15.
10.

10.
10.
10.
15.
10.

[N ool Ne) OO OO0 [eNeNeoNeNe OO0 OO0 [=NeNeNoNe OO O0OO0OO (=N« Ne NNl

QO OO0

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
10.
10.
10.

10.
10.
15.
10.
10.

10.
10.
10.
15.
10.

10.
10.
10.
15.
10.

(=N eNeNeNe) CO0OO0COoOOo (=Nl NNl [eNeNeNeNe] OO0OO0COO0O [~NeleoNoNe [N eNeNeNo]

©COO0OCQ0CO



Listing 11.

600.
750.
775.
800.
800.
800.
600.
750.
775.
800.
800.
800.
600.
725.
725.
725,
750.
800.
600.
750.
675.
700.
725.
800.
600.
700.
700,
700.
700.
800.
600.
700.
700.
700.
700.
775.
600.
700.
675.
700,
700.
800.
600.
675.
675.
700.
700.
800.

e =NeoleNoNoNoNoNeNeNeNeNeNeNoeNeNeNeoNloNeloNoleNoNoNeNoNeNeNoNoNoNeNoleNeNoNeNeoNeoNoNoNeNoNeNeNo Nl

Partial listing of input for the bottom elevations of the
Prairie du Chien in the BCF package of the MODULAR program for

600.
750.
800.
800.
800.
800.
600.
750.
775.
800.
800.
800.
600.
725,
725.
725.
750,
800.
600.
750.
675.
700.
725.
800.
600.
700.
700.
700,
700.
800.
600.
700,
700,
700.
700.
800.
600.
700.
675.
700.
700.
800.
600.
675.
675.
700.
700.
800.

the steady-state simulation

[eNoNoN-NeloNoNoNoNeNoNeNeNeloNeNeNeNoNeNeNolleNoNoNoNoNeNeoNeNeNoNoloNoNoleoNoNoNeNoNeoNoNeoNoleNe N

600.
750.
800.
800.
800.

600.
750.
775.
800.
800.

600.
725.
725.
725.
750.

600.
750.
675.
700.
725.

600.
700.
700,
700.
700.

600.
700.
700.
700.
700.

600.
700.
675.
700.
700.

600.
700.
675.
700.
700.

[>NeNeNeNa) [=NeNeNeNel [~ eNeNeNo] OO O0OO0O0O [Nl N QOO0 O0O OO O0OO0O0

OO OO0

600.
750.
800.
800.
800.

625.
750.
775.
800.
800.

625.
725.
725.
725,
750.

625.
750.
675.
700.
725.

625.
700.
700.
725.
700.

625,
700.
700,
700.
700.

625.
700.
675.
700.
700.

625.
700.
675.
700.
700.

[~ NeNoNeNa] [N NeNoNe) [N NN Ne) OCO0OO0OO0OO0 OO0 OO OO0 O [>NeNeNeNe

OQCOOCOO0O

600.
750.
800.
800.
800.

650.
750.
775.
800.
800.

650.
725.
725.
725.
750.

650.
750,
675.
700.
725.

650.
700.
725.
725.
700.

650.
700.
700.
700.
700.

650.
700.
675.
700.
700.

650.
700.
675.
700.
700.

[=NeNeNoNa QOO0 O0OO0O [ NeNeNe Nl OCO0OO0O0O0 [~ NeNeNoNe OCOO0OCOCOo (=N Nl

COO0OO0O0

92

675. ¢

750.
800.
800.
800.

675.
750.
800.
800.
800.

650.
725.
725.
625.
775.

675.
750.
700.
700.
750.

650.
700.
725.
725.
750.

650.
700.
700.
725.
700.

650.
700.
675.
700.
725.

650.
700.
675.
700.
725.

COoOO0O0oC SO 0O00o (=2 =N==10=] (=N

L0000 0 O0O00CO0O0 O0000OO0

700.
750.
800.
800.
800.

700.
750,
800.
800.
800.

675.
725.
725.
625.
775.

675.
750.
700.
700.
750.

675.
700.
700.
725.
750.

650.
700.
700.
725.
700,

650.
700.
675.
700.
725.

650.
700.
700.
700.
725.

[=NeleNoNo] QOO OO0 [eNeNoNeNe] [=NeNeleNel OCO0OO0OO0O [=NeleNeNa OO0OO0O0OO0

COO0OO0O0

725,
750.
800.
800.
800.

725.
750.
800.
800.
800.

675.
725.
725.
725.
800.

675.
750.
700.
700.
775.

675.
700,
700,
700.
775.

650.
700.
700.
725,
725.

650.
700.
675.
700.
725.

650.
675.
700.
700.
725.

[>NeNoNeNo) COO0OOO [N eNoNeNo] OO OO0 [eNeNeNeNa] [>NeNeNeNe] CO0OO00O0

[=NeNeNe N

750,
750.
800.
800.
800.

750.
750.
800.
800.
800.

725,
725.
725.
725.
800.

700.
750,
700,
725.
775.

675.
700.
700.
700.
775.

675.
700.
700.
725.
725.

650.
700,
700.
700.
750.

650.
675.
700,
700.
750.

[~ NeNeNoNe] OO O0OO0O0 [ NeNeNoNe] [=NeNeNoNo] COO0O0O0O [~NeNeNoN) COO0O0O0O

OCOO0OO0OO

750.
750.
800.
800.
800.

750.
750,
800.
800.
800.

725.
725.
725.
725.
800.

700.
750.
700.
725.
800.

700.
700.
700.
700.
800.

700.
700.
700.
700.
775.

675.
700.
700.
700,
750.

675.
675.
700.
700.
775.

[>NeNNeNel OCO0OO0OO0O0 [~ NeNeNoNe [N eNeNoNe] OCO0CO0OO0O COO0OO0O OO OO0

OCOOCOO



Listing 12.

[=NeNeoNoNeoNeNoNeNeNoNoloNeNolloNoNoNoNeoNeNeoleoNeNoNeNoNe oo BoNoNoNoNoNoloNoNoNoNoNoNoNeNeNo N~ Ne el

.05000
.06667
.07273
.05333
.05333
.05333
.05000
.06061
.06667
.05333
.06780
.05333
.05000
.06452
.06780
.05000
.06250
.05333
.05000
.05000
.06250
.05714
.05000
.05333
.05000
.05000
.05000
.05333
.05000
.05000
.05000
.06154
.05000
.07500
.05000
.05000
.05000
.06250
.05000
.08571
.07500
.05000
.05000
.06154
.05333
.08571
.07500
.05000

[ NeNeNeolNeNeNeNeNoNo oo NeNeoloNeoNoNeNoNeNelleNo oo oo oo NeoloNe oo oo NeoloNeNeNoNeloNeoNeNeoNeNo

Partial listing of input for the vertical conductance between
model layers two and three in the BCF package of the MODULAR
program for the steady-state

.05000
.07273
.07273
.05333
.05333
.05333
.05000
.06667
.06667
.05333
.06780
.05333
.05000
.06780
.06780
.05000
.06250
.05333
.05000
.05000
.05000
.05714
.05000
.05333
.05000
.06250
.05000
.05333
.05000
.05000
.05000
.06154
.05000
.07500
.05000
.05000
.05000
.06250
.05000
.07500
.07500
.05000
.05000
.05000
.05333
.08571
.07500
.05000

OO OO0 OCOO0OOO0 [=NeNeNeNo) [eNeoNeNoNa) [N eNeNeN ) [eNeNeoNeNe) [ NeNeNeoNe)

[eNeNeNe N

.05000
.07273
.06667
.05333
.05333

.05000
.06667
.05714
.05333
.06780

.05000
.06780
.06780
.05000
.06250

.05000
.06250
.05000
.05714
.05000

.05000
.06250
.07500
.05333
.05000

.05000
.06154
.07500
.07500
.05000

.05000
.06154
.05000
.07500
.07500

.05000
.05000
.05333
.08571
.07500

[ NeoNeNeN] [eNeNeNeNel [=NeNeNoNe) [eNeNeoNoNe) [eNeNeNeNe) [eNeNeoNeoNe [eNeNeoNeoNe)

[=NeoNeNeNa

.05000
.07273
.05714
.05333
.05333

.06250
.06667
.05714
.05333
.06780

.06250
.06780
.06780
.05000
.06250

.06250
.06250
.05333
.05714
.05000

.05000
.06250
.07500
.05000
.05000

.05000
.06250
.07500
.07500
.05000

.05000
.05000
.05333
.07500
.07500

.06250
.05333
.05333
.07500
.07500

OO OO0 [=NeNeoNeoNe [=NeNeNeNe) [eNeoNeNeNa) [eNeNeNeNe) [eNeNeoNeNe [eNeNeoNeoNa]

[eNeNeoNeN

.05000
.07273
.05333
.05333
.05333

.06250
.06667
.05714
.05333
.06780

.06250
.06780
.06780
.05000
.06250

.06250
.06250
.05333
.05714
.05000

.06250
.05000
.08000
.05000
.05000

.06250
.06250
.08571
.05000
.05000

.06250
.05000
.05333
.07500
.07500

.06250
.05333
.05333
.07500
.07500

93

[ NeNeNeo N [eNeNeNeNo] [eNeNeNoNo) [eNeNoNe N [eNeoNeNoNe] [N eNeoNe N [eNeNoNeNe]

[eNeNoNeN)

simulation

.05000 0.05000
.07273 0.07273
.05333 0.05333
.05333 0.05333
.05333 0.05333
.05333 0.05333
.06667 0.06667
.07407 0.07407
.05333 0.05333
.05333 0.05333
.05000 0.06452
.06780 0.06780
.06780 0.06250
.05000 0.05000
.05333 0.06780
.05000 0.05000
.05000 0.06250
.05333 0.05333
.05714 0.05714
.05000 0.05000
.05000 0.06154
.05000 0.05000
.08000 0.08000
.05000 0.05000
.05000 0.06250
.05000 0.06250
.06250 0.06250
.07500 0.08000
.05000 0.05000
.05000 0.06250
.05000 0.06250
.05000 0.05000
.05333 0.05333
.07500 0.07500
.05000 0.05000
.06250 0.06000
.05333 0.05333
.05333 0.05333
.07500 0.07500
.07500 0.05000

[=NeNeoNoNa [eNeNeNe N COO0OO0 [eRoNoNoNa QO0OO0OO0OO [N el oNeNa] [eNeNoNeNe]

[eNeNoNe Nl

.05000
.07273
.05333
.05333
.05333

.06780
.06667
.05714
.05333
.05333

.05128
.05333
.06250
.05000
.05333

.06452
.05000
.06154
.05714
.05000

.06186
.05000
.08000
.05000
.05000

.06452
.05000
.08000
.05000
.05000

.06452
.05000
.05333
.07500
.05000

.06186
.05333
.05714
.07500
.05000

[ NeNeoNeNe [=NeNeoNeNo) [=NeleNeNe) [eNeoNeNeNa) [=NeNeNeNe) [eNeNeNeNe) [eNeNoNoNe]

[eNeNeoNeoNa]

.05333
.07273
.05333
.05333
.05333

.06780
.06667
.05333
.06780
.05333

.06452
.05333
.06250
.06250
.05333

.06250
.05000
.05714
.05714
.05333

.06000
.05000
.05333
.05000
.05000

.06154
.05000
.08000
.05000
.05000

.06154
.05000
.05000
.07500
.05000

.06154
.05333
.05714
.07500
.05000

SOO0OOO0 [eNeNeoNoNe e NeleNeoNe) OCOO0OOO0 [eNeNeoNoN [eNeNeoNeNe [eNeN-NeNe)

[NeNeoNeNal

.05714
.07273
.05333
.05333
.05333

.06780
.06667
.05333
.06780
.05333

.06452
.06780
.06250
.06250
.05333

.06250
.05000
.05714
.05000
.05333

.06154
.05000
.05333
.05000
.05000

.06000
.05000
.07500
.05000
.05000

.06154
.05000
.05000
.07500
.05000

.06154
.05333
.05714
.07500
.05000



Listing 13.

950.
1000.
1000.
1050.
1075.
1075.

900.
1000.
1000.
1000.
1050.
1075.

900.
1000.
1000.
1050.
1050.
1075.

900.
1000.
1000.
1000.

975.
1075.

900.

950.
1000,
1000.

975.
1075.

900.

950.

980.

950.

975.
1075.

900.
1000.

950.

950.

975.
1075.

900.

950.

950.

950.

975.
107s5.

[cNeNoNoNoNoNoNeoNoNoNoNeNoNoNeNoNeoNoNo oo NeoNo o No oo e No oo oo e oo No N oo NN eo e oo oo

950.
1000.
1000.
1050.
1075.
1100.

900.
1000.
1000.
1000.
1050.
1100.

900.
1000.
1000.
1050.
1050.
1100.

900.
1000.
1000.
1000.

975.
1100.

900.
1000.
1000.
1000.

975.
1075.

900.
1000.

970.

950.

975.
1075.

900.
1000.

950.

950.

975.
1075.

900.
1000.

950.

950.

975.
107s5.

Partial listing of input for the top elevations of the

Prairie du Chien in the BCF package of the MODULAR program for
the steady-state simulation

950.
1000.
1000.
1050.
1075.

900.
1000.
1000.
1050.
1050.

900.
1000.
1000.
1050.
1050.

900.
1000.
1000.
1000.

975.

900.
1000.
1000.
1000.

975.

900.
1000.
960.
1000.
975.

900.
1000.
950.
950.
975.

900.
1000.
950.
950.
975.

[eNeoNoNoNoNoNoNoNoNoNoleNoNeNeoleNeleNeleNeNeoNoNeNeNoNoNoNeNsNoRlelooNoNoNsNoNoNoNoNoNoNolNeNeNo Nl

0
0
0
0
0

[« NeNeNeNe] OCOOOO [+ NeNoNeNe) QO OQO CO OO0 OCOOOO

OO OO0

950.
1000.
1000.
1050.
1075.

950.
1000.
1000.
1050.
1050.

900.
1000.
1000.
1050.
1050.

900.
1000.
1000.
1000.

975.

900.
1000.
1000.
1000.

975.

900.
1000.
950.
1000.
1000.

900.
1000.
900.
1000.
975.

950.
1000.
950.
950.
975.

[+ NeNeNeNe] COOOO [ NeNeNo N CQOOOO COOOO OCOOOO QOO OO

OCOOO0OO

1000.
1000.
1000.
1050.
1075.

1000.
1000.
1000.
1050.
1050.

950.
1000.
1000.
1050.
1050.

900.
1000.
1000.
1000.

975.

900.
1000.
1000,
1000.

975.

900.
1000.
950.
1000.
1000.

900.
1000.
950.
1000.
950.

300.
1000.
950.
950.
950.

OCOOOO OCOOOO [ NeNeoNo N QOO0 O QO OO0 COOOO CQOOOO

OCOOOO

94

1000.
1000.
1050.
1050.

1075.

1000.
1000.
1000.
1050.
1050.

1000.
1000.
1000.
1050.
1050.

950.
1000.
1000.
1000.
1000.

950.
1000.
1000.
1000.
1000.

950.
1000.
950.
1000.
1000.

950.
1000.
950.
1000.
950.

950.
950.
950.
950.
950.

COO0OO0O0

OO OO0 00000 OoOO0OO0COO

1050.
1000.
1050.
1050.
1075.

1000.
1000.
1000.
1050.
1075.

1000.
1000.
1000.
1050.
1050.

950.
1000.
1000.
1000.
1000.

950.
1000.
950.
1000.
1000.

950.
1000.
950.
990.
1000.

950.
1000.
950.
990.
1000.

950.
950.
950.
950.
1000.

[eNeNeoNo N [eNeoNeNo Nl QO OO0 COO0OOO0 el NN OCOOO O OO OOO

COOOO

1050.
1000.
1050.
1050.
1075.

1000.
1000.
1000.
1050.
1075.

1000.
1000.
1000.
1050.
1075.

950.
1000.
1000.

990.
1000.

950.
1000.
900.
990.
1025.

950.
1000.
900.
990.
1025.

950.
950.
950.
990.
1025.

950.
950.
950.
975.
1025.

[ NeNoNo e QOO0 O [eNeNoNoNel [=NeNeNoNo COOOCO OCOO0COO [ NeNoNoNe

[cNeNoNe Nl

1050.
1000.
1050.
1050.
1075.

1000.
1000.
1000.
1050.
1075.

1000.
1000.
1000.
1050.
1075.

950.
1000.
1000.

990.
1075.

950.
1000.
950.
990.
1025.

950.
1000.
900.
1000.
1025.

950.
950.
950.
990.
1025.

950.
950.
950.
975.
1025.

OCOOOCO COOOO OCOOOO [eNeNeNoNo [eNoNeNo Nl QOO OO COOOO

COOOO

1000.
1000.
1050.
1050.
1075.

1000.
1000.
1000.
1050.
1075.

950.
1000.
1000.
1050.
1075.

950.
1000.
1000.
1000.
1075.

950.
1000.
950.
1000.
1025.

950.
1000.
900.
975.
1025.

950.
950.
950.
975.
1050.

950.
950.
950.
975.
1050.

OCOOOO [eNeNeNoNo) [eNeNoloNe) [eNeNeoNoNe) OCOO0OOO [N eNeoNo N OCOOOO

COOOO



Listing 14. Partial listing of input for the Jordan hydraulic conductivity in
the BCF package of the MODULAR program for the steady-state
simulation

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 15.0 15.0 15.0 15.0 15.0 15.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.
15.0 15.0 15.0 15.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.
15.0 15.0 15.0 15.0 15.0 10.0 10.0 10.0 10.0 10.
10.0 10.0

10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
36.0 35.0 35.0 10.0 10.0 10.0 10.0 10.0 10.0 10.
15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.
15.0 15.0 15.0 15.0 15.0 15.0 10.0 10.0 10.0 10.
10.0 10.0
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Listing 15.

100

w
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Input for the WELL package of the MODULAR program for the
steady-state simulation

19

34
38
47
31
31
25
21
21
18
18
19
28
37
29
13
31
17
34
27
27
25

9
39
23
25
34
34
15
15
23
33
28
38
48

5
57
57
26
29
29
30

8

9
36
40
39
21
33
29
26

39
40
25
25
25
28
27
27
18
18
29
19
28
28
18
31
25
22
10
10
33
21
25
31
28
27
27
13
13
17
20
25
45
41
29
19
19
27
22
22
27
28
28
45
24
19
10
41
14
35

-8588.788
-2149.470
-7651.779
-54310.50
-25557.88
-8833.420
-45821.12
-30547.41
-55782.30
-22784.32
-13131.11
-46646.36
-50094.69
-38022.59
-34402.57
-68509.50
-19701.88
-61994.95
-11197.33
-6576.211
-160596.2
-170728.4
-65303.74
-136207.8
-31409.9
-5428.26
-7811.14
-4633.26
-1410.86
-19567.6
-271.36
-70816.4
-1630.28
-2096.68
-8580.7
-2387.12
-523.64
-1940.86
-21328.2
-12526.0
-94275.3
-193.98
-3532.98
-1048.34
-1980.08
-543.78
-2120
-1755.36
-1908
-18855.

96

ELL PACKAGE
ASED ON 1979-88 RECORDS
OSE HARBOR
HRISTOPHER COURT
ILLOW HEIGHTS

11 PDCN (68%)

11 JRDN (32%)

12 (64%)
#13 PDCN (60%)
#13 JRDN (40%)
#15 PDCN (71%)
#15 JRDN (29%)

#17 (54%)
#18 (56%)
#19 (55%)
#20 (52%)
#22 (59%)
#23

#24 (58%)
#25 (57%)

#26 PDCN (63%)
#26 JRDN (37%)
#27
#28
#29
#30
SILVER LAKE POWER
SENECA PDCN (41%)
SENECA JRDN (59%)
IBM PDCN (69%)
IBN JRDN (21%)
STAUFFER CHEMICAL
SUNNY SLOPES
FRANKLIN HEATING
ROCHESTER BLOCK
OSJOR ESTATES
ANDERSON SAND & GRAVEL
ROCH AIRPORT PDCN (82%)
ROCH AIRPORT JRDN (18%)
MARIGOLD FOODS
ST. MARYS HOSP PDCN (63%)
ST. MARYS HOSP JRDN (37%)
AMPI
HALLMARK TERRACE
OOKS MOBILE HOME PARK
OBERT C. NEILL
DONALD L. CLOSE
LENWOOD HEIGHTS
OMAC
STWOOD G.C. (#21) (60%)
OCHESTER C.C.
ROCHESTER STATE HOSPITAL



Listing 16.

170
123
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Partial listing of input for the RIVER package of the MODULAR

program for the steady-state simulation

48

VWONNSNNOWLESPD

26
27
28
28
29
27
26
25
25
26
25
25
26
26
26
26
26
27
27
26
26
26
26
27
28
28
29
28
28
28
28
28
27
27
26
25
25
24
23
23
22
21
20
19
18
17
16
15
14

920.
925.
930.
935.
940.
941,
942,
943.
944 .
945.
946.
947.
948.
949.
950.
950.
951.
953.
955.
956.
957.
958.
959.
960.
978.
978.
978.
978.
978.
979.
979.
979.
980.
981.
982.
984.
986.
988,
990.
992.
994,
996.
998.
1000.
1002.
1005.
1008.
1010.
1012.
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3700
37000.
24750,
16500.

11250.
8000.
6000.
6000.

750.
750.
500.
500.
500,
500.

5000.
5000.
5000.
5000.
5000.
5000.
5000.
500.
100.
100.
200.
500.
500.
500.
500.
500.
100.
5000
5000
5000
5000
5000
5000
5000.
5000.
5000.
5000.
5000.
5000.
5000.
5000.
500.
500.
500.
500.

0.
00
00
00

OCO0OO0OO0QOO0OO0OO00OO

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
.0
.0
.0
.0
.0
.0
00
00
00
00
00
00
00
00
00
00
00
00

847.
858.
860.
868.
872.
878.
884
890.
892.
894,
896.
897.
898.
899.
900.
905.
910.
915.
920.
925.
930.
935.
940,
945,
950.
950.
950.
955.
960.
965.
970.
976.
979.
980.
980.
979.
975.
965.
960.
955.
950.
950.
950.
950.
950.
953,
956.
968.
960.

RIVER PACKAGE

soo-ooonononooonooooooonooonoococooooooocooocooocooocoococoocononoonnoo-rnnnnnNNNON N

S.FK. ZUM

SILVER LK
SILVER LK
SILVER IK



Partial listing of input for the RECHARGE package of the MODULAR

Listing 17.

program for the steady-state simulation

RECHARGE PACKAGE

o -

000 QOO (=N o 00/... o O« 00/... o O 00/.-. o O o O o O (=205 2~
OO (= =N o) (= =N 004 o O 00/4 00/4 © O OO ¢ o O (=R =3 (==
5 < < 30 /...I...o 3 O /....a.o 440 LSS N =] <t O <t O 3 T+ O /4B0
mooo 000 (=N N 004 50/... 50/4 00/4 oo 000 00/4 o O (=R =3 ]

Attt ddF FFO FIFO HIO HFO SO FFO 44H dd0c dF0 g0

Mooo 000 000 004 50/... 50/4 00/4 00/.-. 000 004 50/4 50/4
m444 /....a..a. /...46 4/...0 ~ 3O 1/40 LS - e <+ O 445 .a..a.o ~ 3O -~ 3O
-
000 (= =) 000 004 n o 50/4 004 o O 500 50/... n o n o
/4/4/4 N S /.../...6 4/...0 ~ 3 O 1/40 I.-.A.o <+ O 141:.;. 140 ~ 3 O ~ 3 O
0000 (=l =N =) 000 004 500 50/... 50/4 50/.-. n oo n O 3 n O noo

Idd FIdF IFV IO HIIN HIO HIO HIO MHIn AFtO HIO <0

~ —
(=R =R © OO 000 004 500 50/4 50/4 n o n oo n oo n oo noo

TFF Fdd FLO FITO MHFIN HFO HFO AIFTO HIFIN HFn HFn AN
(e - - - -

(o NN O OO0 (=N =R 00/... noo n O 50/4 n O 3 n oo n oo noo n oo
0000000050005000500050/40504050405000500050005000

DOOOOOOOOOOOOOOOOOOOO/4000/40/40/40000000000400040004
/4/.../.../4/44/...4/.../4/...4.“444H44401454040404565446”440”4405250
F

1:.;.00000000000000000000400040/40/40044004500450045004

MOOOOOOOOOOOOOOOOO004000/400/4/4/400/4400/4400440444044
344444444.a..a.l...4444644404550440004500440045004000200
0

20000000000000000000400040044000/400044004400/44004

2/4/4/4/4/4/4/4/41414/44444644404550/...400445044400440045002H0

90000000000000000000/400040044000/4000/40004000/40044
44444444444/44/44644404550440044504440444044504200

00000000000000040004000400440004000400040004004/4

444/.../4/4/4/4I44/46/4/4/40/4/4/4014550/440044504440444044“.40/4400
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Listing 18. Input for the SIP package of the MODULAR program for the
steady-state simulation

300 5 SIP PACKAGE
1.00 .001 0 2.29E-05 ACC. PAR./CLOSE/SEED

Listing 19. Input for the WELL package of the MODULAR program for the
simulation of a hypothetical drought - simulation B (Delin, 1990)

100 19 WELL PACKAGE - DROUGHT
50
3 34 39 -12883 ROSE HARBOR
3 38 40 -3224 CHRISTOPHER COURT
3 47 25 -11477 WILLOW HEIGHTS
2 31 25 -81465 #11 PDCN (68%)
3 31 25 -38336 #11 JRDN (32%)
3 25 28 -13250 #12 (64%)
2 21 27 -68731 #13 PDCN (60%)
3 21 27 -45821 #13 JRDN (40%)
2 18 18 -83673 #15 PDCN (71%)
3 18 18 -34176 #15 JRDN (29%)
3 19 29 -19696 #17 (54%)
3 28 19 -69969 #18 (56%)
3 37 28 -75142 #19 (55%)
3 29 28 -57033 #20 (52%)
3 13 18 -51603 #22 (59%)
3 31 31 -102764 #23
3 17 25 -29552 #24 (58%)
3 34 22 -92992 #25 (57%)
2 27 10 -16795 #26 PDCN (63%)
3 27 10 -9864 #26 JRDN (37%)
3 25 33 -240894 #27
3 9 21 -256092 #28
3 39 25 -97955 #29
3 23 31  -204311 #30

Listing 20. Input for the RECHARGE package of the MODULAR program for the
simulation of a hypothetical drought - simulation B

3 19 1 DROUGHT RECHARGE
1 0
9 1.596E-04 (15F5.1) 0

(Input array is identical to recharge array shown, in part, earlier above)
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Listing 21.

100

w
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Input for the WELL package of the MODULAR program for the
simulation of hypothetical ground-water development -

simulation C
19

34
38
47
31
31
25
21
21
18
18
19
28
37
29
13
31
17
34
27
27
25

9
39
23
49
21
43
33

8
43

39
40
25
25
25
28
27
27
18
18
29
19
28
28
18
31
25
22
10
10
33
21
25
31

23-
35-
13-
13-
10-
43-

-8588.788
-2149.470
-7651.779
-54310.50
-25557.88
-8833.420
-45821.12
-30547.41
-55782.30
-22784.32
-13131.11
-46646.36
-50094.69
-38022.59
-34402.57
-68509.50
-19701.88
-61994.95
-11197.33
-6576.211
-160596.2
-170728.4
-65303.74
-136207.8
155000.00
155000.00
155000.00
155000.00
155000.00
155000.00

100

WELL PACKAGE
EXPANDED DEVELOPMENT

#11
#11
#12
#13
#13
#15
#15
#17
#18
#19
#20
#22
#23
#24
#25
#26
#26
#27
#28
#29
#30

PDCN
JRDN

PDCN
JRDN
PDCN
JRDN

PDCN
JRDN

[~NeNeoNeNoNa]

ROSE HARBOR
CHRISTOPHER COURT
WILLOW HEIGHTS

(68%)
(32%)
(64%)
(60%)
(40%)
(71%)
(29%)
(54%)
(56%)
(55%)
(52%)
(59%)

(58%)
(57%)
(63%)
(37%)

#31
#32
#33
#34
#35
#36

106.
107.
106.
106.
107.
106.

14.23cCC
13.30CA
14.16CD
14.4CD
14.8DC
13.16CC



Listing 22.

100

o
N
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Input for the WELL package of the MODULAR program for the
simulation of a hypothetical discontinuation of pumping from
selected Rochester municipal wells - simulation D

19

34
38
47
18
18
19
28
37
13
17
34
27
27
25

9
39
25
34
34
15
15
23
33
28
38
48

5
57
57
26
29
29
30

8

9
36
40
39
21
33
29
26

39
40
25
18
18
29
19
28
18
25
22
10
10
33
21
25
28
27
27
13
13
17
20
25
45
41
29
19
19
27
22
22
27
28
28
45
24
19
10
41
14
35

WELL PACKAGE

ROCHESTER WELLS 11,12,13,20, 23, AND 30 REMOVED

-8588.788
-2149.470
-7651.779
-55782.30
-22784.32
-13131.11
-46646.36
-50094.69
-34402.57
-19701.88
-61994.95
-11197.33
-6576.211
-160596.2
-170728.4
-65303.74
-31409.9
-5428.26
-7811.14
-4633.26
-1410.86
-19567.6
-271.36
70816.4
1630.28
2096.68
-8580.7
2387.12
-523.64
1940.86
-21328.2
12526.0
94275.3
-193.98
3532.98
1048.34
1980.08
-543.78
-2120
-1755.36
-1908
-18855

101

ROSE HARBOR
CHRISTOPHER COURT
WILLOW HEIGHTS
#15 PDCN (71%)
#15 JRDN (29%)

#17 (54%)
#18 (56%)
#19 (55%)
#22 (59%)
#24 (58%)
#25 (57%)

#26 PDCN (63%)

#26 JRDN (37%)

#27

#28

#29

SILVER LAKE POWER
SENECA PDCN (41%)
SENECA JRDN (59%)

IBM PDCN (69%)

IBN JRDN (21%)
STAUFFER CHEMICAL

SUNNY SLOPES

FRANKLIN HEATING
ROCHESTER BLOCK

OSJOR ESTATES

ANDERSON SAND & GRAVEL
ROCH AIRPORT PDCN (82%)
ROCH AIRPORT JRDN (18%)
MARIGOLD FOODS

ST. MARYS HOSP PDCN (63%)
ST. MARYS HOSP JRDN (37%)
AMPI

HALLMARK TERRACE

BOOKS MOBILE HOME PARK
ROBERT C. NEILL

DONALD L. CLOSE

LENWOOD HEIGHTS

ROMAC

EASTWOOD G.C. (#21) (60%)
ROCHESTER C.C.

ROCH STATE HOSP



Listing 23. Input for the WELL package of the MODULAR program for the
simulation of a hypothetical discontinuation of pumping from
selected non-municipal wells - [simulation E

\
100 19 WELL PACKAGE

39 SELECTED INDUSTRIAL WELLS REMOVED
3 34 39 -8588.788 ROSE HARBOR

3 38 40 -2149.470 CHRISTOPHER COURT

3 47 25 -7651.779 WILLOW HEIGHTS

2 31 25 -54310.50 #11 PDCN (68%)

3 31 25 -25557.88 #11 JRDN (32%)

3 25 28 -8833.420 #12 (64%)

2 21 27 -45821.12 #13 PDCN (60%)

3 21 27 -30547.41 #13 JRDN (40%)

2 18 18 -55782.30 #15 PDCN (71%)

3 18 18 -22784.32 #15 JRDN (29%)

3 19 29 -13131.11 #17 (54%)

3 28 19 -46646.36 #18 (56%)

3 37 28 -50094.69 #19 (55%)

3 29 28 -38022.59 #20 (52%)

3 13 18 -34402.57 #22 (59%)

3 31 31 -68509.50 #23

3 17 25 -19701.88 #24 (58%)

3 34 22 -61994.95 #25 (57%)

2 27 10 -11197.33 #26 PDCN (63%)

3 27 10 -6576.211 #26 JRDN (37%)

3 25 33 -160596.2 #27

3 9 21 -170728.4 #28

3 39 25 -65303.74 #29

3 23 31 -136207.8 #30

2 25 28 -31409.9 SILVER LAKE POWER

2 33 20 -271.36 SUNNY SLOPES

2 38 45 -1630.28 ROCHESTER BLOCK

3 48 41 -2096.68 0SJOR ESTATES

2 5 29 -8580.7 ANDERSON SAND & GRAVEL
2 57 19 -2387.12 ROCH AIRPORT PDCN (82%)
3 57 19 -523.64 ROCH AIRPORT JRDN (18%)
3 8 28  -193.98 HALLMARK TERRACE

3 9 28 -3532.98 BOOKS MOBILE HOME PARK
3 36 45 -1048.34 ROBERT C. NEILL

3 40 24 -1980.08 DONALD L. CLOSE

3 39 19 -543.78 LENWOOD HEIGHTS

3 21 10 -2120 ROMAC

3 33 41 -1755.36 EASTWOOD G.C. (#21) (60%)
3 29 14 -1908 ROCHESTER C.C.
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