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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 4,047 square meter
square mile (mi%) 2.590 square kilometer
Volume
acre-foot (acre-ft) 1,233 cubic meter
gallon (gal) 3.785 liter
Flow rate
cubic foot per second (ft*/s) 0.02832 cubic meter per second
cubic foot per second per day [(ft¥/s)/d) 0.02832 cubic meter per second per day
foot per mile (ft/mi) 0.1894 meter per kilometer
gallon per minute (gal/min) 0.06309 liter per second
inch per year (in/yr) 2.54 centimeter per year
Radioactivity
picocurie per liter (pCi/L) 0.037 becquerel per liter
Hydraulic conductivity
foot per day (ft/d) 0.3048 meter per day

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F = (1.8 x °C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/18.

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the United

States and Canada, formerly called Sea Level Datum of 1929.

Altitude, as used in this report, refers to distance above or below sea level.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or

micrograms per liter (ug/L).
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Interaction of Surface Water and Ground Water in the
Dutch Flats Area, Western Nebraska, 1995-99

By .M. Verstraeten', G.V. Steele!, J.C. Cannia?, D.E. Hitch3, K.G. Scripter?, J.K. Bohlke?,

T.F. Kraemer?®, and J.S. Stanton'
Abstract

A study of the water resources of the Dutch
Flats area in western Nebraska was conducted
from 1995 through 1999 to describe the surface
water and hydrogeology, the spatial distribution of
selected water-quality constituents in surface and
ground water, and the surface-water/ground-water
interaction in selected areas. As part of this effort,
11 surface-water sites and 79 ground-water sites
were selected, water levels were measured, and
130 surface-water and 1,960 ground-water sam-
ples were collected for chemical analyses.

Recharge to the ground-water system by pre-
cipitation is much less than recharge to the
ground-water system by infiltration of water seep-
ing from irrigation canals and laterals and by infil-
tration of water applied to fields for irrigation.

Specific conductance, calcium, magnesium,
sulfate, nitrate, and uranium concentrations, and
uranium activity ratios varied in space and time
and were used in the evaluation of surface-
water/ground-water interaction and determina-
tion of ground-water flow. The specific-conduc-
tance values in water from the Interstate Canal
and in ground water immediately upgradient from
the canal were different. However, differences in
specific-conductance values between surface and
ground water were not as obvious near the Tri-
State Canal and were variable near the North
Platte River. Differences in major-ion composi-

lys. Geological Survey, Lincoln, Nebraska.

North Platte Natural Resources District, Gering, Nebraska.
3U.S. Geological Survey, North Platte, Nebraska.

4U.S. Geological Survey, Reston, Virginia.

tions indicated flow paths. Water from the north-
ern alluvial aquifer generally moved from north to
south and mixed in part with water from the Frule
aquifer. In the southern alluvial aquifer south of
the North Platte River, water moved from the
southwest to the northeast and mixed in part with
older water from the Chadron aquifer.

In ground water, a stratification of nitrate con-
centrations was detected, with large concentra-
tions in shallow, young water at times exceec'ing
20 milligrams per liter and smaller concentrations
less than 0.05 milligram per liter in deep, old
water. The U.S. Environmental Protection Ag=ncy
Maximum Contaminant Level of 10 milligrams
per liter was exceeded in 17 of 116 samples from
shallow water in the alluvial aquifer. Denitrifica-
tion did not seem to be an important process in the
alluvial aquifer but may be occurring near the
contact with bedrock aquifers.

Uranium concentrations varied from 11 to
31 micrograms per liter in water from the North
Platte River at Morrill and were smaller in th=
river at the State line. Uranium concentrations of
as much as 44 micrograms per liter were detected
in water samples from Owl Creek near Lyman.
Uranium in water samples from the shallow allu-
vial aquifer ranged from about 2.0 micrograms
per liter north of the Tri-State Canal to as much as
80 micrograms per liter in the southern part of the
alluvial aquifer. Seventeen of 121 water samnles
from the alluvial aquifer exceeded the U.S. Envi-
ronmental Protection Agency Maximum Contam-
inant Level of 30 micrograms per liter for
uranium. The largest radon activity was observed
in water from the Chadron aquifer. Radon
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activity in excess of 1,000 picocuries per liter
often was present in water samples from wells
completed in the Brule aquifer. Ninety-four of
117 samples from the alluvial aquifer exceeded
the proposed U.S. Environmental Protection
Agency Maximum Contaminant Level of

300 picocuries per liter for radon.

Water seeping through the unlined bottoms of
canals into the alluvial aquifer caused rises in
ground-water levels. The North Platte River gen-
erally gained streamflow throughout its reach in
the study area. Recharge of ground water by sur-
face water from the canals resulted in temporal
changes in the quality of ground water. At the
Interstate Canal, surface water appeared to
replace ground water in about 1 month in the
upper 30 feet of the alluvial aquifer within about
1 mile of the canal. The effect was less pro-
nounced in the rest of the study area. Local indi-
cators of surface-water/ground-water interaction
included specific-conductance values, calcium,
magnesium, sulfate, nitrate, and uranium concen-
trations, and uranium activity ratios. When water
was flowing through the Interstate Canal,
increases in specific-conductance values and
sulfate concentrations and decreases in nitrate and
uranium concentrations, and uranium activity
ratios in the shallow ground water were observed.

Overall, surface-water/ground-water interac-
tion recharged the alluvial aquifer in part and pro-
vided relief locally near the canals and laterals
through dilution of nitrate concentrations in
ground water with canal water. However, at
greater distances from the canals and laterals, irri-
gation with canal water transported nitrogen from
the land surface to the ground water.

INTRODUCTION

During the last 10 years, surface and ground water
have become regarded as a single resource (Winter and
others, 1998). Human activities commonly affect the
distribution of surface and ground water, their interac-
tion, and the quality of the water through, for example,
a variety of irrigation practices and addition of fertil-
izer to the land for agricultural purposes. It has been
demonstrated that contaminated aquifers discharging

to streams can degrade surface-water quality and that
streams discharging to ground water can degrade
ground-water quality, especially when induced infiltra-
tion occurs (Verstraeten and others, 1999). Managers
making decisions requiring withdrawals of surface or
ground water and their addition to the land surface
need to consider the extent to which different pumping
conditions affect water availability both or the surface
and in the ground (Alley and others, 1999) and the
extent to which addition of fertilizer to the land can
contaminate water. With knowledge of the available
water resources, appropriate management approaches
can be used to satisfy water demand and sustain water
quality.

The hyporheic zone is the area where stream water
flows through short segments of the adjacent
streambed (Winter and others, 1998). The zone can
vary greatly in time and space. Because surface-
water/ground-water interaction has been d*fficult to
quantify, historically these interactions generally have
not been considered in Nebraska water-management
policies. In 1996, the Nebraska legislature recognized
this interaction and promulgated a law acknowledging
its existence (State of Nebraska, 1998).

Surface-water/ground-water interacticn is an
important aspect of the hydrology of the L 1tch Flats
area, a locally prominent terrain feature in Scotts Bluff
and Sioux Counties in the western part of the North
Platte Natural Resources District (NRD) in Nebraska
(fig. 1). Ground-water-quality investigations done in
the North Platte NRD include those by Wenzel and
others (1946), Durum (1950), Rainwater (1956), the
Conservation and Survey Division (1980a, b), and
Verstraeten and others (1995). Surface-water quality in
the North Platte NRD was studied by Steele and Can-
nia (1997) and Druliner and others (1999). The
authors of these water-quality studies suggested that
large concentrations of nitrate are present in ground
water but are not present in surface water. They also
suggested that, in parts of the Dutch Flats area, large
concentrations of uranium, radon, and gro-s alpha are
present. Exceedances of U.S. Environmental Protec-
tion Agency (USEPA) Maximum Contaminant Levels
(MCLs) of nitrate and uranium were found. Concen-
trations of uranium in places and at times exceeded
30 pg/L in the North Platte River and nearby canals
and drains. Babcock and Visher (1951) reported that
water from the canals sometimes seeps into the
ground and provides a temporary increase in local
recharge rates, potentially affecting the quality of the
ground water.

2 Interaction of Surface Water and Ground Water in the Dutch Flats Area, Western Nebraska, 1995-99
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water will percolate slowly into a well, and the water
level will rise to the level of the water table.

In the study area, yields to wells in the Brule aqui-
fer typically are sufficient for domestic and stock use.
Locally, however, yields to wells can differ consider-
ably. Sustainable yields to wells are dependent upon
the amount of recharge and the number, size, and con-
tinuity of the fractures. Water supplies from the Brule
aquifer are greatest in areas nearest the irrigation
canals (Wenzel and others, 1946). In these areas, seep-
age from the irrigation canals and the irrigated fields
results in large volumes of recharge to the aquifer.
This recharge is typically much larger than
in areas where the only recharge to the aquifer is
from precipitation.

Chadron Aquifer

The Chadron aquifer is confined by bentonitic
mudstone and claystone of the Chadron confining unit
(Verstraeten and others, 1995). The confining unit has
not been mapped in detail but is thought to underlie
most of the study area. The basal water-bearing unit of
the Chadron aquifer consists of sandstone and con-
glomerate deposited in paleovalleys. Where present,
the Chadron aquifer generally underlies the alluvial
aquifer and the Brule aquifer. Because the Chadron
aquifer is confined, depth to water in wells completed
in the Chadron aquifer in the study area is typically
5 to 20 ft below the land surface. This aquifer is rarely
developed because of the great depth to the aquifer
or unsuitable water quality (Verstraeten and
others, 1995).

Lance Aquifer

In the study area, the Lance aquifer is confined
and underlies the Chadron aquifer (table 3). Former
river systems incised the overlying bedrock formations
and exposed the Lance Formation at depth, such as in
the southwestern part of the study area. Typical depth
to water in wells completed in the Lance aquifer in the
study area is about 15 ft below land surface. Yields to
wells developed in the Lance aquifer typically are
small—as much as 1 gal/min (Wenzel and others,
1946). Wells in the Lance aquifer generally are used
only for stock and domestic supplies and only when
other sources of water are unavailable.

SELECTED WATER-QUALITY
CONSTITUENTS IN SURFACE AND
GROUND WATER

Water, especially ground water, acts as a geologic
agent by its ability to interact with the environmert,
the sediment or solid phase, and biota. Water chemis-
try generally is described by its ionic composition but,
recently, also has been described and better understood
through evaluation of dissolved gases and selected iso-
topes as tracers of water or contaminants. Isotopes are
atoms of the same element that have different masses;
they have the same number of protons and electrons
but a different number of neutrons. Variations of iso-
tope ratios generally are small and, therefore, are com-
monly expressed as the parts-per-thousand difference
between the isotope ratio of a standard (3 units).
Radionuclides are isotopes of elements that chang=
into other elements by radioactive decay. Uranium-
238 (238U) and uranium-234 (334U) are long-lived
radioactive nuclides that have been used to identif*
mixing of water masses and to investigate surface-
water/ground-water interaction. Radon-222 (222Rn) is
a decay product of 234U.

In this report, the discussion of the spatial distribu-
tion of the selected water-quality consituents generally
is limited to the data collected during the summer of
1998 when almost all wells were sampled within a
2-week period. However, the discussion of the spatial
distribution of uranium concentrations mainly focuses
on data collected in the summers of 1998 and 1999.
Minimum, median, and maximum concentrations
mentioned generally are for data collected from 1625
through 1999, unless it is specified that they are 178
or 1999 data. Changes in chemistry with time,
although occasionally mentioned in this section, gen-
erally are discussed in the section on surface-
water/ground-water interaction. All water-quality data
referred to in this report are included in USGS reports
(Boohar and Walczyk, 1997, 1998; Boohar, 2000;
Verstraeten and others, in press) and can be retrieved
from the USGS National Water Information
System database.

Physical Properties

Onsite measurements of specific-conductance
values and dissolved oxygen varied widely between
surface-water and ground-water sampling sites. The
pH, which tended to be more than 7.7 in surface water,
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ranged from 7.1 to 7.8 in the alluvial aquifer and was
as much as 8.5 in the bedrock aquifers.

Specific Conductance

Specific-conductance values in water from the
North Platte River (sites SW2 and SW9) or in water
from the canals (sites SW1 and SW3) diverted from
the river ranged from 400 to 1,050 uS/cm at 25 °C
from 1995 through 1999. Larger values were recorded
during the winter, and smaller values were recorded
during the spring and early summer. Specific-
conductance values in water from the Interstate Canal
(site SW1) varied from 427 to 733 uS/cm. Specific-
conductance values in water from the wetlands site
(SW11) were relatively large, generally greater than
1,000 uS/cm, especially during dry periods. They
ranged from 832 to 2,930 uS/cm. Specific-
conductance values in water from Sheep (site SW8)
and Dry Sheep (site SW7) Creeks, which receive their
water during base flow from the alluvial aquifer, var-
ied from 774 to 896 uS/cm; these values are typical
for shallow ground water in this area. Specific-
conductance values in water from Horse Creek
(sites SW4 and SW6) were larger than those in water
from Dry Sheep (site SW7) and Sheep (site SW8)
Creeks and ranged from 838 to 1,080 uS/cm.

In ground water, the largest specific-conductance
value was measured in water from well 61 completed
in the Lance aquifer (1,770 pS/cm in August 1998).
Water from the alluvial, Chadron, and Lance aquifers
had larger specific-conductance values than water
from the Brule aquifer and the surface-water sampling
sites. Water from wells completed in bedrock tends to
have large amounts of dissolved solids, which result in
large specific-conductance values, and water from
wells completed in the alluvial aquifer tends to have
small specific-conductance values. Specific-
conductance values in water from the northern alluvial
aquifer in the study area were smaller than in water
from the southern alluvial aquifer. The largest
specific-conductance values generally collected during
the summer of 1998 were measured in shallow ground
water near the North Platte River (well 1L-3 with
1,380 uS/cm; well 7H with 1,570 pS/cm) and near and
in water from the bedrock aquifers (well 26K-94 with
1,510 puS/cm; well 8F-1 with 1,690 uS/cm; and
well 61 with 1,770 uS/cm) (fig. 13). In water from the
northern alluvial aquifer, specific-conductance values
generally were less than 1,000 uS/cm.

Specific-conductance values in water from the
Interstate Canal and in ground water immediately
upgradient from the canal were different. However,
differences in specific-conductance value- between
surface and ground water were not as obvious near the
Tri-State Canal and were variable near the North Platte
River. Large specific-conductance values in ground
water near the bedrock south of the Nortt Platte River
may indicate ground-water flow from the bedrock
aquifers into the alluvial aquifer from the south to the
northeast (fig. 13).

Dissolved Oxygen

Dissolved-oxygen concentrations in the surface
water generally were larger than 7.0 mg/L.. Dissolved-
oxygen concentrations in shallow ground water were
highly variable, ranging from near zero n=ar bedrock,
near the North Platte River, or near wetland areas, to
about 13 mg/L in other areas. Along and south of the
North Platte River, where the bottomland sediment is
fine and tends to contain abundant organic matter, or in
the Chadron aquifer, the ground water we~ totally
depleted of dissolved oxygen in places. At depth,
especially in the southern alluvial aquifer, the dis-
solved-oxygen concentrations in water samples were
less than 2.0 mg/L, and in some places w=re zero
(water from wells 1J-1, 1L-1, 1K-94~1, and
26K-94-1).

Dissolved-oxygen concentrations nezr zero sug-
gest that near-reducing to reducing conditions may
exist or that these water samples were collected at a
redoxcline—a region where an oxidizing environment
gradually changes with depth into a reducing environ-
ment with small amounts of dissolved ox;’gen or no
dissolved oxygen (anoxic) present. Ground water in
the alluvial and Brule aquifers tends to be the most
oxic on the basis of data collected during the summers
of 1998 and 1999. Water from the alluvial aquifer had
a median dissolved-oxygen concentration of 5.4 mg/L
(117 samples); water from the Brule aquifer had a
median dissolved-oxygen concentration cf 7.4 mg/L
(18 samples); and water from the Chadron aquifer
tended to be anoxic (median dissolved-ox ygen con-
centration of 0.2 mg/L for four samples). Water col-
lected from well 61, completed in the Lance aquifer,
had a dissolved-oxygen concentration of 1.4 mg/L.
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INTERACTION OF SURFACE AND
GROUND WATER IN SELECTED AREAS

Interaction of surface and ground water have been
shown to be of significant concern (Winter and others,
1998). Contaminated ground water that discharges to
surface-water systems can result in long-term contam-
ination of surface water. Contaminated surface water
also can be a major source of contamination to aqui-
fers depending on the flow regime of the surface water.
Historically in Nebraska, the interaction of surface and
ground water has not been considered in the imple-
mentation of water-management practices because the
hydraulic connection between surface and ground
water was unknown. This section elaborates on the
physical and chemical interaction of the North Platte
River, the canals, and the ground water in the Dutch
Flat area.

Physical Interaction

The ability of water to move between the stream
and the aquifer through the streambed is the driving
force of surface-water/ground-water interaction. If
water cannot move through the streambed or bank,
then no interaction of water between one system and
the other can occur. The direction of the water move-
ment generally depends on local or regional stresses
on the systems. In addition, it is not uncommon for
direction of movement to change seasonally (Winter
and others, 1998).

In the Dutch Flat area, two prominent types of
surface-water features—one manmade and the other
natural—control the surface-water/ground-water inter-
action. The two primary canals—Interstate and Tri-
State Canals—contribute substantial amounts of
recharge to the alluvial aquifer, and this aquifer, in
turn, generally discharges to the North Platte River.
Surface water moving downward through the beds of
the two canals affects the movement of ground water
in the study area by increasing hydraulic heads in
the aquifer. The highest water-level altitudes
were observed near the Interstate Canal (fig. 12,
well 1A-3), and the lowest ones were observed near
the North Platte River (fig. 12, well 1K-3).

Most of the monitoring wells in the northern allu-
vial aquifer and the northern part of the southern allu-
vial aquifer experienced water-level rises during the
summer months. Water levels in monitoring
wells 1L-3 (fig. 12), 21.-3, and 8E in the southern part

of the southern alluvial aquifer showed the effects of
bank storage from spring flooding of the North Platte
River. Water levels in monitoring wells in the north~rn
alluvial aquifer rose (fig. 12, wells 1A-3 and 2A-1)
under the effects of seepage from surface-water irriga-
tion systems. Water levels in monitoring wells in the
northern part of the southern alluvial aquifer rose

(fig. 12, for example well 1G-3) under the effects of
seepage from both the Tri-State Canal and movement
of ground water from the northern alluvial aquifer.
Monitoring wells in which water levels declined

(fig. 12, well 11L.-3) during the summer months typi-
cally were not adjacent to surface-water irrigation
sources and were not in the northern alluvial aquifer.

Interstate Canal

Seepage of surface water from part of the Inter-
state Canal in the study area occurs during the
transport of surface water from the diversion point to
Lake Minatare (fig. 1) east of the study area. This
seepage occurs as the hydraulic head in the canal
builds up and eventually provides sufficient downw~rd
force to push the water through the bed of the canal.
Thus, the Interstate Canal loses some of its flow to the
northern alluvial aquifer. Babcock and Visher (1951)
estimated loss during transit at about 25 percent of the
total flow.

Herrmann (1976) reported that substantial
amounts of recharge to the alluvial aquifer in eastern
Wyoming were introduced by seepage from the
Interstate Canal and its laterals. In the study area,
water-level data from monitoring wells showed that
surface water seeps through the bottoms of the canals
and into the aquifer. This is evident because the largest
rises in ground-water levels (fig. 12, well 1A-3)
directly followed the start of diversions into the caral.
Water levels in monitoring wells farther away from the
canals typically either did not rise as much as those
near the canals or declined during the summer months
when ground water is withdrawn for irrigation.

Evaluation of ground-water-level data in the study
area indicates that water levels in monitoring wells
near the canals rose about 9 ft during the summer
months (fig. 12, well 1A-3). Water levels in
monitoring wells placed farther away from the canzls
did not rise more than about 2 to 3 ft (fig. 12, well
1M-3). Statistical evaluation of water-level data using
the Wilcoxon rank-sum test and based on distance
from the canal indicates that water-level rises in moni-
toring wells within 1,000 ft of the Interstate Canal

Interaction of Surface and Ground Water in Selected Areas 45



were significantly greater (o = 0.05, p-value = 0.0)
during the course of the summer than water levels in
monitoring wells farther than 1,000 ft from the Inter-
state Canal.

Tri-State Canal

Water-level changes in monitoring wells near the
Tri-State Canal did not indicate as much canal seepage
as was indicated near the Interstate Canal. Water levels
in monitoring wells immediately downgradient from
the Tri-State Canal reacted like those downgradient
from the Interstate Canal—they rose during the sum-
mer months when the canal was full and then declined
when diversions ceased and the canal emptied. Most
of the rises in water levels in monitoring wells near the
Tri-State Canal probably can be attributed to move-
ment of ground water from the northern alluvial aqui-
fer into the southern alluvial aquifer and to seepage of
surface water from the Tri-State Canal.

In September 1998, a potentiometer was used
to measure hydraulic-head differences between
the southern alluvial aquifer and the wetlands
(site SW11). The measurements indicated that
hydraulic head in the southern alluvial aquifer was
1.1 ft greater than the hydraulic head in the wetlands
(site SW11). Therefore, this difference suggests that
an influx of water was moving into the southern allu-
vial aquifer. Because the differences in hydraulic head
were so great, this influx probably originated from
sources having much higher hydraulic heads— the
northern alluvial aquifer and, possibly, the Tri-State
Canal (when operating).

The large hydraulic head in the southern alluvial
aquifer likely resulted from the large head gradient
from the Tri-State Canal to the southern alluvial aqui-
fer, from the northern alluvial aquifer to the southern
alluvial aquifer, or a combination of both. Thus, an
upward hydraulic gradient exists between the wetlands
(site SW11) and the southern alluvial aquifer. It is
likely that this upward hydraulic head created the wet-
lands—all of which occur near the break in slope of
the ground-water table between the northern and
southern alluvial aquifers—and are similar to the sys-
tem described by Winter (1976) and Winter and
others (1998). )

Onsite inspections of the Dutch Flats area identi-
fied numerous springs and seeps along the bedrock
high between the northern and southern alluvial aqui-
fers just north of the Tri-State Canal. Discharge from
springs and seeps in this area are dependent on

surface-water flows in the canals that supply recharge
to the ground-water system. Near Morrill and the wet-
lands site (SW11) during late winter months (about

5 months after the irrigation season), ground water
was observed to seep into reaches of the Tri-State
Canal that lie below the water table of the northern
alluvial aquifer and higher than the water table of the
southern alluvial aquifer. These observations were
made when air temperatures were subfre=zing and ice
quickly formed in low spots on the bed of the canal.
Thus, during late winter, ground water likely moved
from the northern alluvial aquifer through or over bed-
rock and discharged into the Tri-State Canal. When
surface water was diverted into the Tri-State Canal
during the irrigation season, surface water likely
flowed through the bottom of the Tri-State Canal into
the southern alluvial aquifer. It is likely that, at that
time, ground water still flowed from the northern to
the southern alluvial aquifer. However, it also is proba-
ble that ground-water flow was hindered somewhat
when water was present in the Tri-State Canal.

North Platte River

The altitude of the North Platte River is lower than
the altitude of any canals, which helps cause ground
water derived from canal seepage to move toward the
North Platte River. Most of the surface-water/ground-
water interaction that occurs with the Nc+th Platte
River likely takes place in the hyporheic zone. The
total depth of the hyporheic zone of the North Platte
River is unknown but probably extends ro more than
several feet.

Additional surface-water/ground-water interac-
tion likely occurs as the result of bank storage when
the North Platte River is at a high stage. During high-
stage conditions (fig. 6), surface water irfiltrates the
banks of the river causing ground-water levels in the
vicinity of the river to rise. After the stag> of the North
Platte River recedes, ground-water levels near the
North Platte River decline when ground water flows
back into the river.

Chemical Interaction

Recharge of ground water by water from the
canals resulted in temporal variations in the quality of
ground water in the study area. Time-series data were
collected along transect B~B' and along a transect
about 0.5 mi west of B-B'. Temporal changes in
nitrate and uranium concentrations and UARs in
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precipitation is much less than recharge to the ground-
water system of the Dutch Flats area by infiltration of
water seeping from irrigation canals and laterals and
by infiltration of water applied for irrigation. Direct
recharge of the ground-water system caused by
infiltration of water seeping from the canals and later-
als was reflected in water-level rises of as much as 9 ft
in monitoring wells adjacent to the canals. In areas
where the Brule aquifer is near the land surface, depths
to water vary from less than 5 ft near the perennial
drainages to 25 to 40 ft near the Tri-State Canal. The
Chadron aquifer is confined by a bentonitic mudstone
and claystone of the Chadron confining unit. The
depth to water in wells completed in the Chadron aqui-
fer in the Dutch Flats area typically is 5 to 20 ft below
land surface. The Lance aquifer is confined, with
depths to water in wells completed in this aquifer of
about 15 ft below the land surface, and generally is
used only for stock and domestic supplies.

The specific conductance, calcium, magnesium,
sulfate, silica, nitrate, uranium, and uranium activity
ratios varied in space and with time and were used to
evaluate surface-water/ground-water interaction and
determination of ground-water flow. The specific-
conductance values in water from the Interstate Canal
and ground water immediately upgradient from the
canal were different. However, differences in specific-
conductance values between surface and ground water
were not as obvious near the Tri-State Canal and were
variable near the North Platte River. Major ions also
varied between surface-water and ground-water sam-
pling sites and along flow paths. Water from the
northern alluvial aquifer generally moved from north
to south and mixed in part with water from the Brule
aquifer. In the southern alluvial aquifer south of the
North Platte River, water moved from the southwest to
the northeast and mixed in part with older water from
the Chadron aquifer. An examination of major-ion
chemistry contributed to a better understanding of the
quality of water from tributaries and ground water.
For example, water from the North Platte River at
Morrill had an intermediate composition between
ground water in the southern Brule aquifer and water
in the Chadron and Lance aquifers.

In the Dutch Flats area, elevated nitrate concentra-
tions are a concern in the ground water but not in sur-
face water. The maximum nitrate concentrations in
surface water were observed in samples from Akers
Draw (11 mg/L) and Sheep Creek (7.6 mg/L), whereas
water from the North Platte River at Morrill generally

remained less than 3.0 mg/L. In ground water, a strat-
ification of nitrate was detected, with large nitrate con-
centrations at times exceeding 20 mg/L in shallow,
young water and small nitrate concentrations (less
than 0.05 mg/L) in deep, old water. The median
nitrate concentration in water from the alluvial aquifer
was 4.3 mg/L, and concentrations ranged from less
than 0.05 to 24 mg/L during the summers of 1998 and
1999. The median nitrate concentration in water from
the Brule aquifer was 5.0 mg/L, and concentrations
ranged from 0.23 to 11 mg/L during the summers of
1998 and 1999. The USEPA MCL of 10 mg/L was
exceeded in 47 of 116 samples (15 percent) from all
wells completed in the alluvial aquifer and in 11 of
48 samples (23 percent) collected from shallow wells
completed in the alluvial aquifer. Nitrate generally
was not present in shallow ground water near the water
table, indicating that denitrification was not an impor-
tant process in the alluvial aquifer. However, some evi-
dence for denitrification may occur near the contact
with bedrock.

Elevated uranium concentrations are a concern in
both surface and ground water. Uranium concentra-
tions ranged from 11 to 31 pg/L in water from the
North Platte River at Morrill and were smaller in water
from the North Platte River at the State line. The letg-
est concentrations of uranium in surface water were
detected in samples from Owl Creek near Lyman (e
much as 44 pg/L). Smaller concentrations of uranium
(7.9 ng/L) were detected in water from the Interstate
Canal. Uranium concentrations in water from the
alluvial aquifer ranged from about 2.0 pg/L in shallow
ground water in the northern alluvial aquifer to as
much as 80 pg/L in water from the southern alluvial
aquifer. The median uranium concentration in water
from the alluvial aquifer was 16 ug/L. Seventeen cf
121 samples collected from wells completed in the
alluvial aquifer exceeded the USEPA MCL of 30 pg/L
for uranium.

Radon activity mainly is a concern in water from
the bedrock aquifers, including the Brule aquifer.
Radon activity in surface water tends to be low
because radon readily dissipates under atmospheric
pressure. Ninety-four of 117 samples (80 percent) col-
lected from wells completed in the alluvial aquifer Fad
radon concentrations that exceeded the proposed
USEPA MCL of 300 pCi/L.. Concentrations in water
from 15 of 16 wells completed in the Brule aquifer
exceeded 300 pCi/L. The largest radon activity was
observed in ground water from well 1K-94-1
completed in the Chadron aquifer (4,190 pCi/L).

Summary and Conclusions 53



Radon activity in excess of 1,000 pCi/L often was
present in water from wells completed in the Brule
aquifer. Uranium concentrations and radon activity
indicate that water in the alluvial aquifer has been
affected by water from the Brule, Chadron, and Lance
aquifers.

In the study area, two prominent types of surface-
water features—one manmade and the other natural—
control surface-water/ground-water interaction. Two
primary canals—the Interstate and Tri-State Canals—
contribute substantial amounts of recharge to the allu-
vial aquifer, which generally discharges to the North
Platte River. Surface water moving downward
through the beds of the two canals affects the move-
ment of ground water in the study area by increasing
hydraulic heads in the underlying aquifer.

Surface-water/ground-water interaction was deter-
mined from water-level and water-quality data. Sur-
face water diverted from the North Platte River into
the canals seeped through the bottoms of the canals
into the underlying aquifer, causing rises in ground-
water levels. Most monitoring wells in the alluvial
aquifer experienced water-level rises during the sum-
mer months. Ground-water levels declined when
diversions ceased and canals were emptied. Ground
water derived from canal seepage moved toward the
North Platte River. Monitoring wells that experienced
water-level declines in the summer months typically
were not adjacent to surface-water irrigation sources
and were not in the northern alluvial aquifer. Addi-
tional surface-water to ground-water interaction likely
occurs as the result of bank storage when the North
Platte River is at a high stage and surface water infil-
trates the banks of the river, causing ground-water lev-
els to rise in the vicinity of the river.

Recharge of ground water by surface water from
the canals resulted in temporal changes in the quality
of ground water in the study area. The most signifi-
cant seasonal changes in the quality of the shallow
ground water in the alluvial aquifer near the Interstate
Canal occurred in response to seepage from the canal.
Nitrate concentrations illustrated that surface water
appeared to replace ground water in about 1 month in
the upper 30 ft of the alluvial aquifer within about
1 mi of the canal. At distances less than 2 mi south of
the Interstate Canal., changes in ground-water chemis-
try were less obvious and were detected mainly near
the water table and in the proximity of laterals. At
distances greater than 2 mi, temporal declines of
nitrate concentrations were not as obvious.

Additional local indicators of surface-water/
ground-water interaction were specific-

conductance values, calcium, magnesium, sulfate, and
uranium concentrations and uranium activity ratios.
When water was flowing through the Interstate Canal,
increases in specific conductance and sulfate were
observed and decreases in nitrate and uranium concen-
trations, and uranium activity ratio in th= shallow
ground water were observed. Effects of surface-water
chemistry on ground-water chemistry south of the Tri-
State Canal and along the North Platte Fiver were not
as definitive. Water from the Tri-State C~nal appeared
to have less effect on the local water quality, probably
because smaller amounts of Tri-State Canal water
were lost to the ground water. A relation between the
temporary water-quality changes in surface and
ground water near the North Platte Rive~ was difficult
to determine because the nested wells are not on the
bank of the river and are more than 0.5 mi away from
the river.

In summary, surface-water/ground-water interac-
tion recharged the alluvial aquifer and improved the
water quality locally near the canals anc' laterals
through dilution of nitrate concentratiors in ground
water with canal water near the canals and laterals.
However, at great distances from the canals, irrigation
with canal water transported nitrogen from the land
surface to the ground water, and dilution with canal
water at depth could not be established. The informa-
tion gathered during this study provides local manag-
ers with the tools to improve the management of the
quantity and quality of their water resources. This
study also aids in strategic planning for future drink-
ing-water supplies.

SELECTED REFERENCES

Alley, W.M., Reilly, T.E., and O.L. Franke, 1999, Sustain-
ability of ground-water resources: U.S. Geological
Survey Circular 1186, 79 p.

Babcock, H.M., and Visher, EN., 1951, Grcund-water con-
ditions in the Dutch Flats area, Scotts Pluff and Sioux
Counties, Nebraska, with a section on Chemical qual-
ity of the ground water by W.H. Durarr: U.S. Geologi-
cal Survey Circular 126, 51 p.

Battaglin, W.A., and Goolsby, D.A., 1995, Snatial data in
geographic system format on agricultural use, land use,
and cropping practices in the United States: U.S.
Geological Survey Water-Resources Investigations
Report 94-4176, 137 p.

Benham, B.L., 1998, Irrigating corn: University of
Nebraska-Lincoln, G98-1354-A, accersed
December 15, 2000, at URL:
http://www.ianr.unl.edu/pubs/fieldcrop=/g1354.htm

54 Interaction of Surface Water and Ground Water in the Dutch Flats Area, Western Nebraska, 1995-99



Boohar, J.A., 2000, Water resources data—Nebraska—
water year 1999: U.S. Geological Survey Water-Data
Report NE-99-1, 538 p.

Boohar, J.A., and Walczyk, V.C., 1997, Water resources
data—Nebraska—water year 1996: U.S. Geological
Survey Water-Data Report NE-96-1, 349 p.

1998, Water resources data—Nebraska—water year
1997: U.S. Geological Survey Water-Data Report
NE-97-1, 462 p.

Burns, A.-W., 1983, Hydrologic and morphologic changes in
channels of the Platte River Basin in Colorado, Wyo-
ming, and Nebraska—a historical perspective: U.S.
Geological Survey Professional Paper 1277-G, 30 p.

Clerk of the Legislature, 1999, Nebraska blue book,
1998-99: Lincoln, Nebraska, p. 910-912.

Condra, G.E., and Reed, E.C., 1959, The geologic section of
Nebraska, with a section on current revisions by E.C.
Reed: Lincoln, Nebraska, Nebraska Geological Sur-
vey Bulletin 14A, 82 p.

Conservation and Survey Division, 1980a, Ground water
nitrate-as-nitrogen concentrations—Scotts Bluff quad-
rangle: University of Nebraska-Lincoln, 1 sheet,
scale 1:250,000.

1980b, Ground water nitrate-as-nitrogen concentra-
tions—Alliance quadrangle: University of Nebraska-
Lincoln, 1 sheet, scale 1:250,000.

Darton, N.H., 1903a, Geologic atlas of the United States,
Scotts Bluff folio, Nebraska: U.S. Geological Survey
Folio 88, 5 p.

1903b, Preliminary report on the geology and water
resources of Nebraska west of the one-hundred and
third meridian: U.S. Geological Survey Professional
Paper 17, 69 p.

Dickinson, K.A., 1990, Uranium diagenesis in evaporite
lacustrine mudstone of the Oligocene White River
Group, Dawes County, Nebraska: U.S. Geological
Survey Bulletin 1956, 16 p.

Druliner, A.D., Esmoil, B.J., and Spears, J.M., 1999, Field
screening of water quality, bottom sediment, and biota
associated with irrigation drainage in the North Platte
Project Area, Nebraska and Wyoming, 1995:

U.S. Geological Survey Water-Resources Investiga-
tions Report 98-4210, 43 p.

Durum, W.H.,, 1950, The chemical quality of the water, in
Babcock, H.M., and Visher, EN., 1951, Reconnais-
sance of the geology and ground-water resources of the
Dutch Flats area, Scotts Bluff and Sioux Counties,
Nebraska: U.S. Geological Survey Circular 126,

p. 16-22.

Exner, M.E,, and Spalding, R.F., 1994, N-15 identification
of nonpoint sources of nitrate contamination beneath
cropland in the Nebraska Panhandle—two case stud-
ies: Applied Geochemistry, v. 9, p. 73-81.

Freeze, R.A., 1969, The mechanism of natural ground-water
recharge and discharge—1. One-dimensional, vertical,

unsteady, unsaturated flow above a recharging or dis-
charging ground-water flow system: Water Resou-ces
Research, v. 5, p. 153-171.

Goodwin, R.G., and Diffendal, R.E., Jr., 1987, Paleohydrol-
ogy of some Ogallala (Neogene) streams in the scuth-
ern panhandle of Nebraska: The Society of Econcmic
Paleontologists and Mineralogists Special Publicztion
No. 39, p. 149-157.

Gormly, J.R., and Spalding, R.F., 1979, Sources and con-
centrations of nitrate as nitrogen in ground water cf the
Central Platte Region, Nebraska: Ground Water, v. 17,
no. 3, p. 291-300.

Herrman, Raymond, 1976, Shallow aquifers relative to sur-
face water, lower North Platte River Valley, Wyoming:
Water Resources Bulletin, v. 12, no. 2, p. 371-380.

Hurr, R.T., 1981, Ground-water hydrology of the Crane
Meadows wildlife area, near Grand Island, Hall
County, Nebraska: U.S. Geological Survey Open-File
Report 81-1109, 43 p.

Kircher, J.E., and Karlinger, M.R., 1983, Hydrologic aund
morphologic changes in channels of the Platte River
Basin in Colorado, Wyoming, and Nebraska—a
historical perspective: U.S. Geological Survey
Professional Paper 1277-B, 49 p.

Langmuir, 1978, Uranium solution-mineral equilibria at low
temperatures with application to sedimentary ore
deposits: Geochimica Cosmochimica Acta, v. 42,

p. 547-569.

Lappala, E.G., Emery, P.A., and Otradovsky, F.J., 1979,
Simulated changes in ground-water levels and stream-
flow resulting from future development (1970-2020)
in the Platte River Basin, Nebraska: U.S. Geologi-al
Survey Water-Resources Investigations Report 79-26,
82 p.

Mathey, S.B., ed., 1990, Ground-water site inventory s:'s-
tem, v. 2, chap. 4, in National water information sys-
tem user’s manual: U.S. Geological Survey Open-File
Report 89-587, 288 p.

Maynard, J.B., 1983, Geochemistry of ore deposits: New
York, Springer-Verlag, 305 p.

McMahon, PB., Bohlke, J.K., and Bruce, B.W., 1999, Den-
itrification in marine shales in northeastern Colorado:
Water Resources Research, v. 35, no. 5, p. 1629-1642.

National Oceanic and Atmospheric Administration, 1974,
Evaporation data retrieval, Nebraska: Asheville, North
Carolina, U.S. National Climatic Data Center, accessed
December 12, 2000, at URL.:
http://nrent2.nre.state.ne.us/cgi-win/evaption.exe

1998, Rainfall data retrieval, Nebraska: Asheville,

North Carolina, U.S. National Climatic Data Cent=r,

accessed December 12, 2000, at URL:

http://nrent2 .nre.state.ne.us/cgi-win/rainfall.exe

Selected References 55



Nebraska Department of Agriculture, 1998, Agricultural
crop data: Lincoln, Nebraska, Agricultural Statistics
Division, accessed December 12, 2000, at URL:
http://nrent2.nrc.state.ne.us/cgi-win/crops.exe

Nebraska Department of Water Resources, 1998, Discharge
records of streams, canals, pumps, and storage in reser-
voirs—hydrographic report: Lincoln, Nebraska, 218 p.

Nebraska Natural Resources Commission, 1994, Estimated
water use in Nebraska, 1990: State Water Planning
Review Process, 58 p.

Pritt, J.W., and Jones, B.E., eds., 1990, National water-qual-
ity services catalog: U.S. Geological Survey Open-File
Report 89-386, 132 p.

Rainwater, FH., 1956, Chemical quality of ground water, in
Bradley, Edward, 1956, Reconnaissance of the geology
and ground water in southern Sioux County, Nebraska:
U.S. Geological Survey Open-File Report 89-386,
132 p.

Smith, F.A., and Souders, V.L., 1975, Ground-water geol-
ogy of Banner County, Nebraska: Lincoln, Conserva-
tion and Survey Division, University of Nebraska-
Lincoln, Nebraska Water Survey 39, 96 p.

Snow, D.D., and Spalding, R.F., 1994, Uranium isotopes in
the Platte River drainage basin of the North American
High Plains Region: Applied Geochemistry, v. 9,

p. 271-278.

Sophocleous, M.A., Koussis, Antonis, Martin, J.L., and Per-
kins, S.P,, 1995, Evaluation of simplified stream-aqui-
fer depletion models for water rights administration:
Ground Water, v. 33, no. 4, p. 579-588.

Souders, V.L., 1986, Geologic sections, ground-water maps,
and logs of test holes, Morrill County, Nebraska: Uni-
versity of Nebraska Conservation and Survey Division,
Open-File Report, 90 p.

State of Nebraska, 1998, Revised statutes of Nebraska: Lin-
coln, v. 3A, chap. 46, section 46-506.05(1) and (2),

p- 1163.

Steele, E.K., 1988, Estimated use of water in Nebraska,
1985: Conservation and Survey Division, Institute of
Agriculture and Natural Resources, University of
Nebraska-Lincoln, Nebraska Water Survey Paper
No. 64, 125 p.

Steele, G.V,, and Cannia, J.C., 1997, Reconnaissance of sur-
face-water quality in the North Platte Natural
Resources District, western Nebraska, 1993: U.S. Geo-
logical Survey Water-Resources Investigations
Report 964316, 21 p.

Swinehart, J.B., and Diffendahl, R.F., Jr., 1997, Geologic
map of the Scottsbluff 1° x 2° quadrangle, Nebraska
and Colorado: U.S. Geological Survey Miscellaneous
Investigations Map I-12545, scale 1:250,000.

Swinehart, J.B., Souders, V.L., DeGraw, H.M, and Diffen-
dal, R.F, Jr.,, 1985, Cenozoic paleogeography of west-
ern Nebraska, in Flores, R.M., and Kaplan, S.S., eds.,
Cenozoic paleogeography of west-central United
States: Denver, Colorado, Rocky Mountain Section-

Society of Economic Paleontologists an
Mineralogists, p. 213.

U.S. Environmental Protection Agency, 2000, Current
drinking water standards-—national primary and sec-
ondary drinking water regulations: Offi~e of Ground
Water and Drinking Water, accessed De~ember 27,
2000, at URL: http://www.epa.gov/safewater/
standards.html.

Verstraeten, .M., Bohlke, J.K., and Kraemer, T.E., 2000,
Ground-water/surface-water interaction= and sources
of nitrogen, radon, and uranium in an ir-igated area:
Liege, Belgium, International Conferen-e on Tracers
and Modeling in Hydrogeology, May 2000,
International Association of Hydrological Sciences,

p. 525-531.

Verstraeten, .M., Carr, J.D., Steele, G.V., Thurman, E.M.,
Meyer, M.T., and Dormedy, D.F., 1999, Surface-
water/ground-water interaction—herbicide transport
into municipal collector wells: Journal of Environmen-
tal Quality, v. 28, no. 5, p. 1396-1405.

Verstraeten, .M., Sibray, S.S., Cannia, J.C., and Tanner,
D.Q., 1995, Reconnaissance of ground-water quality in
the North Platte Natural Resources Dist-ict, western
Nebraska, June-July 1991: U.S. Geological Survey
Water-Resources Investigations Report 944057,

114 p.

Verstraeten, .M., Steele, G.V., Cannia, J.C., Bohlke, J.X.,
Kraemer, T.E., Wilson, K.E., and Carne-, A.E., in
press, Selected field and analytical mettnds and ana-
lytical results, Dutch Flats study area, western
Nebraska, 1995-99: U.S. Geological Su-vey Open-File
Report 00413.

Wells, F.C., Gibbons, W.J., and Dorsey, M.E., 1990, Guide-
lines for collected and field analysis of water-quality
samples from streams in Texas: U.S. Geological
Survey Open-File Report 90-127, 79 p.

Wenzel, L.K., Cady, R.C., and Waite, H.A., 1946, Geology
and ground-water resources of Scotts Bluff County,
Nebraska: U.S. Geological Survey Water-Supply
Paper 943, 150 p.

Winter, T.C., 1976, Numerical simulation analysis of the
interaction of lakes and ground water: U.S. Geological
Survey Professional Paper 1001, 45 p.

Winter, T.C., Harvey, J.W., Franke, O.L., anc¢' Alley, WM.,
1998, Ground water and surface water—a single
resource: U.S. Geological Survey Circular 1139, 79 p.

Yost, D.A., Brown, D.L., Buller, L.LL., and O'son, J.O.,
1968, Soil survey, Scotts Bluff County, I 'ebraska: U.S.
Department of Agriculture, Soil Conseration Service,
119 p.

Zielinski, R.A., Chafin, D.T., Banta, E.R., an1 Szabo, B.J.,
1997, Use of 234y and B8U isotopes to evaluate con-
tamination of near-surface groundwater with uranium-
mill effluents—a case study in south-central Colorado,
U.S.A.: Environmental Geology, v. 32, no. 2,

p. 124-136.

56 Interaction of Surface Water and Ground Water in the Dutch Flats Area, Western Nebraska, 1995-99



