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Conversion Factors and Vertical Datum

Multiply Inch-Pound Units

inch (in.)

foot (ft)

mile (mi)

square foot (f%)
square mile (mi2)
million gallons (Mgal)
foot per day (ft/d)

inch per year (in./yr)

square foot per day (ft/d)

cubic foot per second (ft3/s)

cubic foot per day (ft3/d)

gallon per day (gal/d)

gallon per minute (gal/min)
million gallons per year (Mgal/yr)

SITE LOCATION AND NUMBERING SYSTEM

The numbering system used to define the
location of data collection sites is based on
the Federal system of land subdivision
(township, range, and section). The first
number of the site location indicates the
township (the N after the township number is
an abbreviation for north); the second, the
range (the W after the range number is an
abbreviation for west); and the third the
section. Uppercase letters after the section
number indicate location within the section;
the first letter denotes the 160-acre tract, the
second the 40-acre tract, and the third the 10-
acre tract. The number of uppercase letters
indicates accuracy of the location number.
For instance, if a point can be located within a
10-acre tract, three uppercase letters are
shown in the location number. The number
T142NR38W22DDC indicates the site is
located in the SW 1/4 of the SE Y4 of the SE %4,
section 22, township 142 north, range 38
west, 5th principal meridian and base line.

By To Obtain Metric Unit
25.4 millimeter
3048 meter
1.609 kilometer
.09290 square meter
2.590 square kilometer
3,785 cubic meter
.3048 meter per day
.0003528 centimeter per second
2.54 centimeter per year
.09290 square meter per day
28.32 liter per second
28.32 liter per day
.003785 cubic meter per day
.00006309 cubic meter per second
3,785 cubic meter per year

T142NR38W22DDC .

Well

5th Principal Meridian
and Base Line

Sea Level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived from a
general adjustment of the first-order level nets of the United States and Canada, formerly called "Sea level Datum of 1929."



Hydrogeology and Sources of Recharge to the Buffalo and
Wahpeton Aquifers in the Southern Part of the Red River of the
North Drainage Basin, West-Central Minnesota and

Southeastern North Dakota

By M.E. Schoenberg

Abstract

Declining hydraulic heads in the Buffalo and Wahpeton
aquifers are of concern to the Minnesota Department of Natural
Resources and local water managers because of limited ground-
water resources in the southern part of the Red River of the North
drainage basin. The U.S. Geological Survey, in cooperation with
the Minnesota Department of Natural Resources and Moorhead
Public Service, investigated the hydrogeology of and sources of
recharge to the Buffalo and Wahpeton aquifers.

The Buffalo aquifer is a complex, heterogeneous outwash
deposit composed of medium to coarse sand and gravel. Part of
the Buffalo aquifer is unconfined and part is confined. The
direction of ground water flow in the Buffalo aquifer is from east
to west. Water-level declines in observation wells near the
Moorhead Public Service North Well Field extend beyond the
eastern and western boundaries of the Buffalo aquifer.
Transmissivity and storativity calculated from the drawdown part
of an aquifer test ranged from 20,870 to 23,852 feet squared per
day and from 3.0 x 107 t0 3.2 x 102, respectively.
Transmissivity and hydraulic conductivity values of 29,090 and
28,450 feet squared per day and 272 and 266 feet per day were
calculated from the recovery-phase data.

Potential recharge from the Buffalo River and its tributaries
to the Buffalo aquifer ranged from 5 to 14 cubic feet per second.

Recharge from precipitation where the Buffalo aquifer is
unconfined was about 1.49 x 10° cubic feet per day. Recharge per
unit length of the Buffalo aquifer during an aquifer test near the
Moorhead Public Service North Well Field ranged from

3.9x 10 t0 2.0 x 102 cubic feet per day.

The Wahpeton Shallow Sand, the Wahpeton Sand Plain, and
the Wahpeton Buried Valley aquifers comprise the Wahpeton
aquifers in order of increasing depth. All the aquifers are
composed of fine- to coarse-grained sand mixed with gravel.
Confining units are interleaved with the Wahpeton aquifers.

Ground-water-flow directions in the Wahpeton aquifers were
changed by ground-water development. Before development,
ground water flowed from the Wahpeton Buried Valley aquifer
upward to the Wahpeton Sand Plain aquifer and the Wahpeton
Shallow Sand aquifer. After development, ground water flowed
from the Wahpeton Shallow Sand aquifer to the Wahpeton Sand
Plain and the Wahpeton Buried Valley aquifers.

The potential sources of recharge to the Wahpeton aquifers
investigated were the Red River of the North, and adjacent
hydrogeologic units. The volume of ground water pumped from
the Wahpeton aquifers provides an estimate of the upper limit for
the volume of recharge to the aquifer. Based on pumpage from
all of the Wapheton aquifers from 1990 to 1993, the upper limit
is about 580 million gallons per year (2.4 X 10° cubic feet per
day).



Introduction

Ground water from the Buffalo and Wahpeton aquifers
supplies municipal, agricultural-product processing, agricultural,
and domestic needs in the southern part of the Red River of the
North drainage basin in west-central Minnesota and southeastern
North Dakota (fig. 1). The Buffalo aquifer is located in Clay and
Wilkin Counties, Minnesota. The Wahpeton aquifers, in
descending order, consist of the Wahpeton Shallow Sand,
Wahpeton Sand Plain, and Wahpeton Buried Valley aquifers and
are located in Wilkin County, Minnesota, and Richland County,
North Dakota.

Declining hydraulic heads in the Buffalo and Wahpeton
aquifers concern the Minnesota Department of Natural Resources
(MDNR) and local water managers because ground-water
resources are limited in the southern part of the Red River of the
North drainage basin (Minnesota Department of Natural
Resources, 1994, p. 15). Hydraulic head has declined by as much
as 20 ft in the Buffalo aquifer since 1949 (G.B. Mitton, U.S.
Geological Survey, written commun., 1993), and by as much as
60 ft in the Wahpeton Buried Valley aquifer since 1974 (D.
Ripley, North Dakota State Water Commission, written
commun., 1993). The MDNR is particularly concerned about the
Buffalo and Wahpeton aquifers because these aquifers are
susceptible to contamination, to hydraulic-head decline during
drought, or to long-term withdrawals greater than long-term
recharge (Minnesota Department of Natural Resources, 1994, p.
15). Some potential effects of declining hydraulic heads are the
increased possibility of well interference between nearby wells,
the induced recharge into aquifers of contaminated river water,
and the uncertainty about long-term well yields.

Knowledge about the hydrogeology of the Buffalo and
Wahpeton aquifers and the sources of recharge to these aquifers
is necessary to manage the water resources in the southern Red
River of the North drainage basin. Potential sources of ground-
water recharge to the Buffalo and Wahpeton aquifers are the
following: the induced leakage from nearby rivers, the vertical
leakage of precipitation, and the horizontal leakage of ground
water through adjacent hydrogeologic units. The amounts of
ground-water recharge that the Buffalo and Wahpeton aquifers
receive from each source of recharge are not well quantified
because the hydraulic connections between each aquifer and the
sources of ground-water recharge are not well known.

The U.S. Geological Survey (USGS) conducted this study in
cooperation with the MDNR and Moorhead Public Service
(MPS). The study focused on the hydrogeology of the Buffalo
and Wahpeton aquifers, the potential sources of recharge to these
aquifers, and the hydraulic connections between the aquifers and
the sources of ground-water recharge.

Purpose and Scope

This report describes the hydrogeology and the sources of
recharge to the Buffalo and Wahpeton aquifers in the southern

Red River of the North drainage basin. Specifically, this report
describes: (1) areal extents, recharge areas, and hydraulic
properties of the Buffalo and Wahpeton aquifers; (2) hydraulic
connections between the aquifers and the sources of recharge;
and (3) recharge to the aquifers by induced leakage from nearby
rivers, by vertical leakage from precipitation, and by horizontal
leakage of ground water through adjacent hydrogeologic units.

Previous Work

Maclay and others (1972) and Reeder (1978) described the
water resources of the Red River of the North drainage basin.
Byers and others (1946) and Dennis and others (1949) provide
early scientific descriptions of the Buffalo aquifer near the
Moorhead, Minnesota, area. William F. Guyton and Associates
(1957) described the effect of ground-water withdrawals by MPS
on the Buffalo aquifer. Bingham (1960) compiled basic geologic
and ground-water data for Clay County, Minnesota. Zohdy and
Bisdorf (1979) conducted a geo-electrical investigation of the
Buffalo aquifer with geo-electrical-resistivity soundings. Wolf
(1981) conducted the first study that concentrated on the
hydrogeology of the Buffalo aquifer. Ulteig Engineers, Inc.
(1987) described the drilling program and aquifer test associated
with the MPS North Well Field in the Buffalo aquifer. Schmid
(1970) documented an aquifer test of the Wahpeton Buried
Valley and Wahpeton Sand Plain aquifers. Froelich (1974)
described the hydrogeology of the Wahpeton aquifers near
Wahpeton, North Dakota. Ripley (1988 and 1992) documented
the effect of industrial development on the Wahpeton aquifers.

Methods of Investigation

Hydraulic-head and lithologic data were collected for this
investigation to delineate the boundaries of the Buffalo and
Wabhpeton aquifers (fig. 1). Well logs and test holes in Minnesota
were compiled from USGS and Minnesota Geological Survey
(MGS) files. Published reports of the USGS, MDNR, MGS,
North Dakota State Water Commission (NDSWC), and
consultants provided additional data. New hydraulic-head and
lithologic data were obtained from eight wells installed for this
project. Individual test holes or wells are identified by a six-digit
unique number assigned by the State of Minnesota or by a local
well number assigned by the State of North Dakota (fig. 2).

Available water-use data for the study area were collected
from published reports, from State agencies, and from
municipalities in Minnesota and North Dakota. MPS provided
monthly municipal water-use data for 1954 through 1993 for
Moorhead, Minnesota (C. McClain, Moorhead Public Service,
written commun., 1993 and 1994). The City of Breckenridge,
Minnesota, provided annual municipal water-use data for 1978
through 1993 (J. Mueller, City of Breckenridge, oral commun.,
1993 and 1994). The NDSWC provided municipal and
agricultural-processing water-use data for the Wahpeton, North
Dakota, area for 1974 through 1993 (D.P. Ripley, North Dakota
State Water Commission, written commun., 1993 and 1994). The





























































































Summary

The Buffalo and Wahpeton aquifers are the primary source of
water for municipal, agricultural-product processing,
agricultural, and domestic use in the southern Red River of the
North drainage basin. Declining hydraulic heads in the Buffalo
and Wahpeton aquifers are of concern to Minnesota Department
of Natural Resources (MDNR) and local water managers because
ground-water resources are limited in the southern part of the
Red River of the North drainage basin. The MDNR is
particularly concerned about the Buffalo and Wahpeton aquifers
because these aquifers are susceptible to contamination, to
hydraulic-head decline during drought, or to long-term
withdrawals greater than long-term recharge.

The Buffalo aquifer is a narrow, 36 mile long, 1-2 mile wide
sand and gravel deposit located in Clay County and northern
Wilkin County. Part of the Buffalo aquifer is unconfined and part
is confined. The aquifer is unconfined along parts of its north-
south trending centerline. At the MPS North Well Field, the
middle horizon (sand with clay), where present, acts as a leaky
confining unit within the aquifer, separating the upper horizon
(silty fine to coarse sand with sandy clay) from the lower horizon
(cobbly gravel with sand). The direction of ground water flow in
the Buffalo aquifer is from the east to the west.

Major use of ground water from the Buffalo aquifer began in
1948. Hydraulic head declined from 1950 to 1961, which
corresponds in time to drought conditions for most of that period.
During that time MPS pumped ground water from the Buffalo
aquifer at an almost constant rate, averaging 386 Mgal/yr for
1951 to 1960.

Transmissivity and storativity determined from the
drawdown part of an aquifer test in the Buffalo aquifer were
calculated as 21,400, 23,852, and 20,870 ft%/d and 3.2 x 10'2, 2.6
x 10°%, and 3.0 x 10°3 from the data from wells 247980, 247985,
511085, respectively. From the recovery part of the aquifer test,
transmissivity values of 29,090 and 28,450 ft>/d were calculated
at wells 511086 and 511085, respectively. The hydraulic
conductivity of the upper horizon of the Buffalo aquifer at the
MPS North Well Field, estimated from grain-size distributions
from three samples, ranged from 11 to 36 ft/d.

Recharge from the Buffalo River and its tributaries to the
Buffalo aquifer ranged from 5 to 14 ft3/s. Recharge from
precipitation to the unconfined part of the Buffalo aquifer was
determined to be about 1.49 x 107 ft3/d. Recharge per unit length
of the margins of the aquifer along the western and eastern sides
of the aquifer during an aquifer test near the MPS North Well
Field ranged from 3.9 x 1010 2.0 x 10 ft*/d and from 8.1 x 10~
40 20 x 1072 ft3/d, respectively.

The Wahpeton Shallow Sand, the Wahpeton Sand Plain, and
the Wahpeton Buried Valley aquifers comprise the Wahpeton
aquifers in order of increasing depth. The aquifers are composed
of fine-grained to coarse-grained sand mixed with gravel. The
Wahpeton Shallow Sand aquifer has an irregular thickness. The

KX]

extent of the Wahpeton Shallow Sand aquifer is about 29 mi?.
The bottom of the aquifer ranges from about 100 to 195 ft below
land surface and is underlain by till. The extent of the Wahpeton
Sand Plain aquifer is about 24 miZ. The extent of the Wahpeton
Buried Valley aquifer is about 8 mi? and fills a steep-sided buried
valley. The top of the Wahpeton Buried Valley aquifer ranges
from about 65 to 240 ft below land surface. Confining units are
interleaved within the Wahpeton aquifers, and are composed of
till and Cretaceous bedrock.

Development of ground-water resources in the Wahpeton
aquifers began in 1974. Prior to 1974, ground water flowed from
the Wahpeton Buried Valley aquifer upward to the Wahpeton
Sand Plain aquifer and the Wahpeton Shallow Sand aquifer.
Development of the aquifers reversed the predevelopment
direction of vertical flow.

The general direction of ground-water flow in the glacial drift
in Minnesota in summer 1992 was from east to west toward the
Wahpeton aquifers. The direction of horizontal ground-water
flow in the Wahpeton Buried Valley aquifer is from
potentiometric highs in Minnesota to potentiometric lows in
North Dakota.

Hydraulic head in the Wahpeton Buried Valley aquifer has
declined since 1974 in response first to increasing pumpage
(1974-79) and then almost constant pumpage (1980-93). The
average annual pumpage from the Wahpeton Buried Valley
aquifer was about 300 Mgal/yr during 1974-79 and about 560
Mgal/yr during 1980-93. Ground water has been pumped from
the Wahpeton Sand Plain and Wahpeton Shallow Sand aquifers
since 1986 and 1990, respectively. The average annual water use
from the Wahpeton Sand Plain aquifer from 1986 to 1993 was
about 90 Mgal. The average annual water use from the Wahpeton
Shallow Sand aquifer from 1990 to 1993 was about 26 Mgal.

The volume of ground water pumped from the Wahpeton
aquifers from 1990 to 1993 near Wahpeton, North Dakota, and
Breckenridge, Minnesota, provides an estimate of the upper limit
of3 recharge to the aquifer (about 580 Mgal/yr or about 2.4 x 10°
ft*/d).

Recharge from the Red River of the North to the Wahpeton
aquifers most likely occurs where the aquifer is at or near land
surface, such as near two sand and gravel pits next to the Red
River of the North. Vertical recharge from precipitation must
first move through the confining unit overlying the Wahpeton
Shallow Sand aquifer to recharge the Wahpeton aquifers. Ground
water leaks into the Wahpeton aquifers from the adjacent
confining units where the hydraulic heads in the Wahpeton
aquifers are lower than the hydraulic heads in the adjacent
confining units.
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