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A buried valley underlying the Mississippi River cuts
through the overlying terrace deposits and glacial-drift
deposits into two underlying bedrock hydrogeologic
units: the St. Peter aquifer, and arubble zone between the
St. Peter and Prairie du Chien-Jordan aquifers (fig. 3).
The St. Peter aquifer has been completely eroded in the
middle of the buried valley, and is about 30 ft thick along
the walls of the buried valley. Data from this project show
thata rubble zone, ranging from 10 to 30 ft thick, contains
sand from the overlying St. Peter Sandstone and gravel
and cobble clasts from the underlying Prairie du Chien
Group. Geologically, the rubble zone is the lowermost
part of the St. Peter Sandstone in Area 1.
Hydrogeologically, it is a separate unit. The thickness of
the rubble zone was estimated from a comparison of test-
hole data and results of seismic-refraction surveys. In
figure 3 question marks reflect the uncertainty about the
location of the boundaries of the rubble zone. Mossler
(1989) estimated that the Prairie du Chien-Jordan aquifer
is 120 ft thick near the transect. Only the top of this
aquifer is shown in figure 3. The top of the St. Lawrence-
Franconia confining unit, not shown in figure 3, is
considered an impermeable base to the Prairie du Chien-
Jordan aquifer in this report (table 2).

Hydraulic properties

Hydraulic conductivity of alluvium, upper red till,
olive-black till, and St. Peter aquifer were determined
with permeameter tests (table 3). Hydraulic conductivity
of the alluvium, upper red till, St. Peter aquifer, combined
St. Peter aquifer and rubble zone, and rubble zone were
determined with slug tests (table 4). The values from the
combined St. Peter aquifer and rubble zone reflect the
hydraulic conductivity of the bottom of the St. Peter
aquifer because of the method of well construction. In
this report, wells open to the combined St. Peter aquifer
and rubble zone are hereafter referred to as wells open to
the St. Peter aquifer/rubble zone. Hydraulic conductivity
values were estimated for water-lain sediments from
grain-size distributions.

Permeameter tests (table 3) were run on 14 split-spoon
samples from well 457726 and one sample each from
wells 457732 and 457735, The hydraulic conductivity for
alluvium and upper red till ranged from 30 to 50 ft/d and
5x10t0 0.3 ft/d, respectively. Values for the olive-black
till and the St. Peter aquifer ranged from 4x107 10 0.8 ft/d
and were 0.3 ft/d, respectively. Vertical variations in the
moisture content and dry density of the upper red till
indicate that the upper red till is composed of three layers
(table 3).

Slug tests were performed in 11 wells in Area 1 (table
4) to determine hydraulic conductivities. In wells open to

alluvium, hydraulic conductivity ranged from 0.3 to 80
ft/d. A single hydraulic conductivity of 4 ft/d was
determined for the top of the upper red till. Hydraulic
conductivity for the top of the St. Peter aquifer ranged
from 0.6 to 15 ft/d. Hydraulic conductivity for wells
screened at the St. Peter aquifer/rubble zone ranged from
20 to 35 ft/d. Hydraulic conductivity of the rubble zone
was 10 ft/d.

Estimated values for the hydraulic conductivity of
water-lain sediments were obtained from grain-size
distributions for 25 split-spoon samples using the
methods of Summers and Weber (1984). Medium- t0
coarse-grained alluvium has a hydraulic conductivity as
great as 50 ft/d. Medium- to fine-grained alluvium has a
value of about S ft/d. Glacial outwash has conductivity as
low as 3 ft/d. The estimated hydraulic conductivity of the
St. Peter aquifer is about 5 ft/d.

Ground-water flow system

Hydraulic heads from eight well clusters were used to
delineate flow through Area 1 (fig. 2). Individual wellsin
each cluster were open to approximately the water table,
the top of the St. Peter aquifer, or the immediately
overlying glacial outwash; or sand and gravel outwash, or
the bottom of the St. Peter aquifer, or underlying rubble
zone, or the St. Peter aquifer/rubble zone. Three clusters
were on a line almost parallel to the Mississippi River
(section B-B’ in fig. 3). Four clusters were on a line
perpendicular to the river (section A"-A” in fig. 3). The
two lines of well clusters share one cluster (Well Cluster
D). One cluster was on the west side of the Mississippi
River (Well Cluster I) and one was south of the main
group of wells (Well Cluster J) (fig. 2). Hydraulic heads
were recorded hourly at Well Clusters D, F, and G on the
line perpendicular to the river from July 1989 through
October 1990. River stage also was recorded hourly from
August 1989 through March 1990, and May 1990 through
August 1990.

Hydraulic head changes in the wells at Well Cluster D
(100 ft east of the river) matched overall changes in river
stage (fig. 4). The hydrographs for the well open to the
water table in the alluvium (well 457742, shallow) and the
well open to the St. Peter aquifer/rubble zone (well
457729, deep) are shown in figure 4. Hydraulic heads in
the well open to the water table in the alluvium (well
457742, shallow) and the well open to the sand and gravel
outwash (well 457730, shallow) were similar, Hydraulic
heads in the well open to glacial outwash (well 457754,
middie) and the well open to the St. Peter aquifer/rubble
zone (well 457729, deep) also were similar. The
differences between wells 457742 and 457730, and wells
457754 and 457729 were too small to show in figure 4,
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Hydraulic-head changes in the wells reflected rapid
fluctuations of 0.5 ft or less in river stage. The similar
response in each of the wells indicates that confining units
do not hydraulically separate the ground-water system
from the river, at least to a depth of 64 ft. That depth is
at the bottom of the hole drilled for the well open to the
St. Peter aquifer/rubble zone (well 457729, deep).

Hydraulic-head increases with depth at Well Cluster D
(fig. 4). This indicates upward ground-water flow at this
site regardless of the rate of change in river stage.
Hydraulic head in the well open to the St. Peter
aquifer/rubble zone (well 457729, deep) was consistently
about 2 to 3 ft higher than hydraulic head in the well open
to the water table in the alluvium (well 457742, shallow)
and 3 to 4 ft higher than river stage. When data are
available at times of rapid river-stage change during
January through March 1990, the hydrograph shows that
river stage rose more rapidly than hydraulic head in the
well open to the St. Peter aquifer/rubble zone (well
457729, deep).

Changes in river stage and hydrautic heads were not
always coincident. During mid-September 1989 through
early January 1990, the hydrographs of hydraulic head in
the well open to the water table in the alluvium (well
457742, shallow) and river stage show two recessions
separated by a rise. During the same period, hydraulic
heads in the well open to the St. Peter aquifer/rubble zone
(well 457729, deep) generally rose. This shows that
hydraulic heads in the St. Peter aquifer/rubble zone well
(well 457729, deep) did not respond to surface-water
changes while hydraulic heads in the well open to the
water table in the alluvium (well 457742, shallow)
mirrored river stage. The hydrograph for the St. Peter
aquifer/rubble zone well (well 457729, deep) shows
recovery of hydraulic heads from the effects of summer
pumpage in either the regional aquifer system or from
nearby (about 2 mi) municipal wells. During early
January through early March 1990, when data are
available, the hydrographs show that hydraulic heads in
all wells responded to flood waves in the Mississippi
River. The response decreased with depth. Hydraulic
head changes in the well open to the water table in the
alluvium (well 457742, shallow) mirrored river-stage
changes. Hydraulic head changes in the well open to the
St. Peter aquifer/rubble zone (well 457729, deep) were
smaller than stage changes.

The hydrograph (fig. 4) shows that, when data are
available, some daily fluctuations of hydraulic headin the
well open to the St. Peter aquifer/rubble zone (well
457729, deep) exceeded the daily fluctuations of river
stage and of hydraulic head in the well open to the water
table in the alluvium (well 457742, shallow). The larger
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fluctuations reflect the effect of pumpage from the
regional aquifer system or nearby municipal wells.

Hydrographs for the wells in Well Cluster F (500 fteast
of the river) and for river stage (fig. 5) are similar during
the mid-August through early September 1989 rains and
mid-March 1990 snowmelt. Both are periods of area-
wide events of seasonal recharge. Except during times of
greatest pumpage from the underlying Prairie du Chien-
Jordan aquifer, hydraulic head in the well open to the St.
Peter aquifer (well 457743, deep) were higher than
hydraulic head in the well open to the sand and gravel
outwash (well 457744, middle). The difference in
hydraulic head in the well open to the St. Peter aquifer
(well 457743, deep), the well open to the sand and gravel
outwash (well 457744, middle), and the well open to the
water table in the upper red till (well 457755, shallow)
indicate that there is a downward component of flow from
the shallow well (well457755) and an upward component
of flow from the deep well (well 457743) toward a
discharge zone between them, near the middle well (well
457744). This discharge zone could be the seepage face
at the foot of the eastemn valley wall of the Mississippi
River.

Changes in the hydraulic head in the well open to the
water table in the upper red till (well 457755, shallow) in
Well Cluster F do not always correspond to changes in
river stage or hydraulic heads in wells open to the
underlying sand and gravel outwash (well 457744,
middle) or the St. Peter aquifer (well 457743, deep). The
lack of response of hydraulic head in the well open to the
water table in the upper red till (well 457755, shallow) to
changes in river stage indicates that, at this location, the
walter table and the river are physically and hydraulically
separated. Hydraulic head in the well open to the water
table in the upper red till (well 457755, shallow)
responded to neither rapid fluctuations of stage nor flood
waves. Hydraulic head in the well open to the water table
in the upper red till (well 457758, shallow) responded in
this manner because outflow from the water table is
through a seepage face at the foot of the eastern valley
wall of the Mississippi River. This seepage face is higher
than the stage of the river. Because the seepage face is
above the river stage, fluctuations in river stage are not
transmitted directly to the water table east of the seepage
face,

Hydrographs, when data are available, show that some
hydraulic head changes in the well open to the water table
in the upper red till (well 457755, shallow) correspond to
changes in river stage. Both the water table in the upper
red till (well 457753, shallow) and river stage responded
to (1) late summer rains during mid-August to early
Séptember 1989, (2) little precipitation during early
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Figure 23. Ground-water flow, section D - D°, Area 3, at Minneapolis, Minnesota.

in test holes open to the water table. Hydraulic-head data
for the Prairie du Chien-Jordan aquifer used to construct
figure 23 came from a potentiometric map of that aquifer
(Schoenberg, 1984). It is assumed that no ground water
flows normal to the hydrogeologic section shown in
figure 23 because the section is approximately
perpendicular to potentiometric contours in the Prairie du
Chien-Jordan aquifer shown by Schoenberg (1984).
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Summary

Ground water connections between bedrock aquifers
and the Mississippi and Minnesota Rivers depend on the
types of fill in the river valleys. Ground-water discharge
from bedrock aquifers to the rivers is characterized along
transects across the rivers at three study areas in the
Minneapolis-St. Paul area. Potentiometric maps of the
Prairie du Chien-Jordan and St. Peter aquifers were used



toselect one transect in each area. The transects lay along
lines of ground-water flow, perpendicular to
potentiometric contours. Area 1 lies along the
Mississippi River between Fridley and Brooklyn Center;
Area 2 is in the Eagan/Bloomington area along the
Minnesota River; and Area 3 is in Minneapolis along the
Mississippi River.

At the transect in Area 1, eight unconsolidated
hydrogeologic units overlie the bedrock St. Peter and
Prairie du Chien-Jordan aquifers. A buried valley
underlying the Mississippi River cuts through the
overlying terrace deposits and glacial-drift deposits into
two underlying bedrock hydrogeologic units: the St.
Peter aquifer, and a rubble zone between the St. Peter and
Prairie du Chien-Jordan aquifers,

Hydraulic conductivity of hydrogeologic units was
determined with the permeameter tests, slug tests, and
from grain-size distributions. The hydraulic conductivity
determined with permeameter tests ranged from 30 to 50
ft/d for alluvium, from 5x10 to 0.3 ft/d for upper red till,
from 4x1075 to 0.8 ft/d for olive-black till, and was 0.3 ft/d
for the St. Peter aquifer. Hydraulic conductivities
determined with slug tests ranged from 0.3 to 80 ft/d in
wells open to alluvium, was 4 ft/d for the top of the upper
red till, ranged from 0.6 to 15 ft/d for the St. Peter aquifer,
ranged from 20 to 35 ft/d for the St. Peter aquifer/rubble
zone, and was 10 ft/d for the rubble zone. Estimated
hydraulic conductivity based on grain-size distributions
were as great as 50 ft/d for medium- to coarse-grained
alluvium, about 5 ft/d for medium- to fine-grained
alluvium, as low as 3 ft/d for glacial outwash, and about
5 ft/d for the St. Peter aquifer.

Hydraulic heads from eight clusters of wells were used
to delineate ground-water flow through Area 1.
Individual wells in each cluster were open to
approximately the water table, the top of the St. Peter
aquifer, or the immediately overlying glacial outwash or
sand and gravel outwash aquifer, or the bottom of the St.
Peter aquifer or underlying rubble zone, or the St. Peter
aquifer/rubble zone. Hydrographs from the three well
clusters on a line perpendicular to the Mississippi River
showed that, when data are available, the hydraulic head
in the shallow wells open to the water table responded
primarily to seasonal factors throughout the year. A
comparison of hydraulic-head changes in each well
cluster, when data are available, indicate that, over a year,
the hydraulic heads in the middle and deep wells in the
same three well clusters responded primarily to river
stage fluctuations during the winter and to changing
regional ground-water pumpage during spring through
fall. Hydraulic heads increased with depth in the St. Peter
aquifer for at least 100 ft east of the Mississippi River,
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indicating upward flow regardless of river stage. In
contrast, at a distance 1,500 ft east of the river, hydraulic
heads generally decreased with depth in the aquifer,
indicating ground-water recharge generally occurs at this
location.

The distribution of potentiometric lines for November
17,1989 and March 21, 1990 for Area 1 show that ground
water flows from the topographically higher bluff to the
topographically lower Mississippi River. Shallow
ground-water flow in the near-surface gray and upper red
tills and sand and gravel outwash aquifer discharges to
springs along the edge of the river. Ground water flowing
through the rubble zone and upper part of the Prairie du
Chien-Jordan aquifer probably discharges directly to the
river.

Ground-water flow for November 17, 1989 along the
transect in Area 1 was simulated with a steady-state,
cross-sectional, numerical model. The model was
calibrated by comparing values of model-calculated
hydraulic head and discharge (flux) to measured
hydraulic head and estimated river discharge. The model
was considered calibrated when the model-calculated
hydraulic heads closely matched measured hydraulic
heads and the model-calculated ground-water flux
reasonably represented the estimated ground-water flux.

After model calibration, values of selected model
parameters were varied to test the sensitivity of simulated
hydraulic heads and flows to the values of parameters
used in simulating the aquifer system (sensitivity
analysis).

Results from the model simulation indicate that two
important controls on the discharge to the river are the
continuity of the upper part of the rubble zone and the
hydraulic conductivity of the riverbed. The best match
between measured and model-calculated hydraulic heads
occurs when the upper part of the rubble zone was
simulated as having a hydraulic conductivity of 10 ft/d,
similar to that in the lower part of the rubble zone or the
overlying alluvium. This could indicate that the upper
partof therubble zone is absent under the river. The lower
the simulated hydraulic conductivity of the riverbed, the
lower the simulated discharge from the alluvium and the
Prairie du Chien-Jordan aquifer.

Calibrated-model results indicate that most ground-
water flow moves through the Prairie du Chien-Jordan
aquifer to the Mississippi River. About71 and 16 percent
of the 54 ft*/d of (rounded) model-calculated discharge
come from general-head boundaries along the western
and eastern ends of the model, respectively.

In Area 2, along the Minnesota River between Eagan
and Bloomington, almost 200 ft of post-glacial altuvium,



glaciofluvial sand and gravel, Pleistocene lake deposits,
and peat fill a bedrock valley under the present-day

Minnesota River. As much as 40 ft of post-glacial peat,
silty clay, clay, and muck lie near the river-valley walls.

In Area 2, hydraulic conductivity for post-glacial
alluvium was estimated to range from 0.001 to 2 ft/d on
the basis of grain-size analyses for samples from a test
hole. Layers containing silt and clay have hydraulic
conductivities of about 0.001 ft/d. Hydraulic
conductivity is greatest (2 ft/d) in layers that contain 25 to
50 percent sand (with less than 10 percentclay). Basedon
grain-size analyses for samples from test hole MV06,
sediments that contain mostly silt and clay and almost no
sand have hydraulic conductivities less than 0.001 ft/d.
The hydraulic conductivity of coarser layers in the
alluvium is about 10 ft/d. Slug-test results indicate that
peat has a hydraulic conductivity of 0.01 ft/d and post-
glacial alluvium has a hydraulic conductivity of 2 fi/d.

At the transect in Area 2, confining units beneath the
river channel impede the direct discharge of ground water
from the underlying Prairie du Chien-Jordan aquifer to
the river. Ground water discharges to wetlands, lakes, and
springs along both the north and south side of the river.

Area 3 is along the Mississippi River at Minneapolis,
about 5 mi upstream of the confluence of the Minnesota
and Mississippi Rivers. The Mississippi River lies in a
post-glacial valley cut through thin glacial drift into the
St. Peter aquifer. Post-glacial alluvium in the river valley
is mostly well-washed sand and is as much as 20 to 100
ft thick. This sand comes locally from the drift aquifer
and the St. Peter aquifer, or was transported by the
Mississippi River from bedrock and drift deposits further
upstream. Estimated hydraulic conductivity of post-
glacial alluvium ranged from about 5 to 200 ft/d.
Estimated hydraulic conductivity of disaggregated
samples and intact blocks of the St. Peter aquifer ranged
from about 20 to 40 ft/d and 3 to 17 fi/d, respectively.
Beneath the river, ground-water flows from the St. Peter
aquifer through the overlying post-glacial alluvium to the
Mississippi River. No confining unit separates the St.
Peter aquifer and the river.
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