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Introduction and Purpose

Located on the border between North Dakota and Minnesota, the communities of Wahpeton, 
North Dakota and Breckenridge, Minnesota meet at the confluence of Bois de Sioux and Ottertail 
rivers; these rivers form the beginning of the Red River of the North. In addition to sharing these 
surface water resources, residents of these communities have long understood that they share 
buried sand and gravel and sandstone aquifers that straddle the border beneath these rivers. 

This report provides updated maps showing the distribution of the buried sand and gravel aqui-
fers as well as insights into the recharge characteristics of these aquifers. These insights are based 
on a limited amount of geochemical evidence (isotopic and general chemistry of water samples 
collected from wells) and apparent hydrostratigraphic connections (hydraulic connections from 
surficial aquifers to the buried sand and gravel aquifers). 

Management of these limited cross-border resources has been a contentious issue between local 
and state government entities in the past and could be again in the future. Continued mapping 
and monitoring of these aquifers will be a key component of successful management strategies.

History of Water Use and Investigations

In 1969, at the request of the Wahpeton City Council, the North Dakota State Water Commission 
(NDSWC) began a general investigation of groundwater resources in the area by drilling 52 test 
holes to depths up to 400 feet (Froelich, 1974). Most of the boreholes were completed as ob-
servation wells; water samples were collected from them for general chemistry, and one aquifer 
test was completed. The general thickness and boundaries of a major northwest-southeast trend-
ing buried sand aquifer were defined in this report and was named the Wahpeton Buried Valley 
(WBV) aquifer. With an approximate thickness of 200 feet, an approximate length and width of 
16 miles and two miles, respectively, the WBV was recognized as a major and valuable natural 
resource in the area. Above the top of the Wahpeton Buried Valley aquifer (at a depth of ap-
proximately 100 feet beneath the City of Wahpeton), another thinner (approximately 20-40 foot 
thickness) aquifer was identified as the Wahpeton Sand Plain (WSP) aquifer. In the report, Fro-
elich describes the WSP aquifer as consisting of two units; he believed the Ottertail Unit origi-
nated from eastern melt-water channels and the Colfax Unit from western melt-water channels. 
These two units were described as coalescing in the northern portion of the study area. Froehlich 
also stated “There are no irrigation or industrial wells developed in the area at the present time 
(1974)”.

In 1974 the Minn/Dak Coop Sugar Beet processing plant (Minn/Dak) went into operation ap-
proximately three miles north of the Wahpeton City limits near the three Wahpeton city wells 
(Ripley, 1988). From 1974 until 1985 Minn/Dak used the Wahpeton City wells for their supply. 
The city wells pumped water from the Wahpeton Buried Valley aquifer. For many years, Minn/
Dak disposed of their process water into open lagoons within approximately 900 hundred feet 
of the Wahpeton city well #2. According to Ripley (1988), the water quality of samples from the 
Wahpeton city well #2 (near the disposal lagoons) was becoming progressively worse with in-
creasing total dissolved solids (TDS) and hardness from 1980 through 1985. Additional drilling, 
observation well installations, sampling, and testing by the NDSWC determined that the source 
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of the city well #2 contamination was, in fact, the sugar beet processing water that was disposed 
in the lagoons near city well #2. The pathway of water from the surface disposal lagoons to the 
Wahpeton Buried Valley aquifer was apparently through a particularly thick portion of surface 
sand; this surface sand was a conduit to the WSP aquifer that was apparently connected to the 
WBV aquifer in which city well #2 was completed. This surficial sand unit was called the Wah-
peton Shallow Sand (WSS) aquifer. 

The remediation of this contamination problem first began in 1986 with lining the disposal la-
goons to stop water from seeping underground. The second step was remedial pumping from two 
newly installed wells; one of these two wells was located in the shallower WSS aquifer and the 
other was located in the deeper WBV aquifer. In addition, a third well, city well #2, was pumped 
to clean up the WBV aquifer in the vicinity of city well #2. During this period of high-capacity 
pumping at the Minn/Dak and Wahpeton city well sites north of Wahpeton, production from the 
City of Breckenridge wells, located approximately 3.5 miles to the southeast, was reduced by 50 
gallons per minute in both wells. This reduction, caused by remediation pumping at the Minn/
Dak site between 1986 and 1987, clearly showed that the WBV aquifer that straddled the state 
border was the same aquifer used by the City of Breckenridge (Dan Zwilling, unpub. report, 
1990). 

By 1990, with observation well water level and water use data provided by the NDSWC, it be-
came generally understood that a cone of depression (with a maximum depth of approximately 
50-60 feet) had been created by the combined effects of high capacity pumping in the area. In 
1995, an increase in groundwater pumping by Minn/Dak and a proposal for the construction of a 
ProGold corn processing facility in Wahpeton that would also require large groundwater appro-
priations, prompted the Minnesota Department of Natural Resources (DNR), Division of Waters 
to write a letter to the NDSWC State Engineer and request “additional study and evaluation of 
this potential impact” of the proposed groundwater appropriations by the ProGold Plant (Minne-
sota DNR, written communication, 1995). 

Due to these concerns, the NDSWC, Minnesota DNR, and Wilkin County Environmental Ser-
vices collaborated from 1995 through 1998 on an area groundwater investigation that included:

 •    Collection of groundwater samples from 42 wells in Richland (North Dakota) and 
                 Wilkin (Minnesota) counties to be analyzed for stable isotopic analysis of 18O and 
                  deuterium (Table 2), and general chemistry (Table 3).
 •    Drilling through the entire glacial section into Cretaceous bedrock at 11 locations in 
                 Minnesota with North Dakota drilling equipment and staff. Eighteen observation wells 
                 were installed at these locations with eight of these sites completed with two or more 
      closely spaced wells of different depths (well nests).
 •    Completion of water level synoptic measurement events in June and October of 1995.
  
Since the results of this investigation have never been summarized, one of the objectives of this 
report is to summarize these data and integrate them with all the data available from this area, 
including approximately 70 new wells that have been drilled in this area since 1995.
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Geologic Mapping Methods

Buried sand and gravel aquifers are an important groundwater resource throughout the study area 
for domestic, municipal, and industrial use. The locations of buried sand and gravel aquifers, 
however, are often difficult to map. Knowledge of these aquifers primarily depends on drill hole 
information, and the reliability of the aquifer maps depends on the spatial density of that infor-
mation. A mapping method using closely spaced cross sections has become a standard method 
for mapping buried sand and gravel aquifers in Minnesota since it was first used for geologic 
atlases (Berg, 2006) and other reports (Thorleifson and others, 2005). This method was also used 
to produce the maps on Plates 1 and 2 of this report. A brief description of the assumptions and 
methods used for this report is provided to help the user understand the strengths and limitations 
of these maps.

The aquifer systems in the study area were mapped by constructing 40 west-east geologic cross 
sections with a 1-kilometer north-south spacing across the project area. Well information from 
the Minnesota County Well Index (CWI) and NDSWC within 500 meters on either side of each 
cross section line was projected to the line. The cross sections were constructed by first creat-
ing “stick diagrams” using a custom ArcGIS extension. Each stick diagram consists of a colored 
representation of the driller’s log of geologic materials encountered during drilling plotted at the 
correct elevation. This basic diagram also included profile lines representing the land surface and 
the bedrock surface. The surface geologic unit boundaries from Thorliefson and others (2005) 
were generalized and added to all the cross sections. 

The correlation process (matching sand layers from individual boreholes) between the plot-
ted drill hole information mostly involved drawing stratigraphic boundaries (including aquifer 
boundaries) as line shapefiles in ArcGIS. The stratigraphic and aquifer boundaries were primar-
ily based on all sand occurrences within similar elevation ranges. These sand occurrences were 
assumed to be indicators of boundaries between successive glacial events. Correlations were first 
completed from west to east within each cross section, and then these lines were compared north 
to south by superimposing adjacent sets of cross-section line shapefiles within the same ArcGIS 
dataframe. The sand boundaries for each aquifer system and each cross section were matched to 
a sketch map of the aquifer system boundaries to ensure that aquifer boundaries were consistent 
in both map and cross-section views. 

Surficial Geology

The maps and cross sections on Plates 1 and 2 show one surficial sand aquifer and three buried 
sand and gravel aquifers. Saturated Holocene and Quaternary sand and gravel deposits comprise 
the surficial sand aquifer. The surficial geology from a regional geologic compilation (Thorlief-
son and others, 2005) is shown on Figure 1, Plate 1. The distribution of surficial sand indicated 
by this map matched the drillers log data from existing boreholes in the area for the Qha and Qgr 
units at most locations. Therefore, surface sand is indicated on the corresponding cross sections 
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at these locations. However, well records from the Qaa areas usually did not indicate that surface 
sand was present at these locations so none is shown on the cross sections. Surface sand may still 
be present in these Qaa areas, but possibly not as widespread as the map suggests or occurrences 
may be so thin that they commonly were not noted on drillers logs. One of the significant geo-
logic characteristics of this area is the partial coverage by fine-grained Lake Agassiz sediments 
in the study area; these sediments are distinct when compared to the complete coverage by thick 
lake clay that occurs to the north in the Fargo, ND and Moorhead, MN area. The thick lake clays 
in the Fargo-Moorhead area at the land surface in that area prevent recharge of the buried aqui-
fers (Ripley, 2000).

Subsurface Geology

The surficial geologic map from Thorliefson and others (2005) also contains interpretations indi-
cating group names for the till units (non-aquifer gray colored layers) that are shown on the maps 
and cross sections of Plates 1 and 2. The upper till unit, with a loamy texture (roughly equal parts 
sand, silt and clay) corresponds to the lower Goose River group. The till layer beneath aquifer 1 
(till 2) probably corresponds to the Otter Tail River group. This group also has a loamy texture. 
Aquifers are shown as patterned colored and non-colored areas. Plate 1 shows area-wide features 
at a scale of 1:250,000. Plate 2 shows more detail of the Breckenridge/Wahpeton area at a scale 
of 1:100,000.

The aquifer names of this report probably correspond to the earlier North Dakota names in the 
following manner:

  

Groundwater Flow Directions

Groundwater flow directions can be estimated by comparing water level elevations measured in 
wells. Groundwater will flow from high elevations to low elevations. The elevations shown on 
Figures 2-4, Plate 1, are the static (non-pumped) water levels from the Minnesota County Well 
Index (CWI) that were recorded by the driller at the time the wells were drilled. The dates of 
these measurements range over the past 50 years, so only very general conclusions can be made 
regarding groundwater flow direction. The data show a general tendency of groundwater to flow 
northerly toward the Red and Ottertail rivers.

In 1995 water level measurements of wells in the local Breckenridge/Wahpeton area were made 
during a period of a few days (synoptic) to get a “snapshot” of these elevations and flow direc-

Table 1. Aquifer names 

WSS

WSP

WBV

Aquifer names used 
in this report

Aquifer names used in 
North Dakota 
publications 

Surficial sand

Aquifer 1

Aquifers 2 and 3



8      Buried Sand and Gravel Aquifers of the Breckenridge/Wahpeton Area

tions (Figures 1 through 4, Plate 2). When these measurements were made in June 1995, the 
groundwater flow directions and vertical gradients were significantly influenced by the pump-
ing of the remediation well at the Minn/Dak location. Surficial aquifer data from this synoptic 
measurement were limited to the Minn/Dak location (Plate 2, Figure 1). With a few exceptions, 
most of these values were approximately 930 feet above sea level. The aquifer 1 data (Plate 2, 
Figure 2) suggests a cone of depression existed in an area bounded by the Minn/Dak location to 
the north and northern border of the Wahpeton city limits to the south. The aquifer 2 and 3 data 
(Plate 2, Figures 3 and 4) also suggest a cone of depression in the Minn/Dak location with water 
elevations of approximately 906 and 930 feet above sea level, respectively. When all of these wa-
ter elevations are considered together, it appears that pumping from aquifer 2 created an induced 
gradient that resulted in water moving into aquifer 2 from both the shallow portions (surficial 
sand aquifer and aquifer 1) and the deeper portions (aquifer 3) of the system.

Geochemistry

Stable isotopes, 18O, and deuterium

Isotopes of a particular element have the same number of protons, but different numbers of neu-
trons. Isotopes are called stable if they do not undergo natural radioactive decay. Stable isotopes 
are used to understand water sources or the processes that have affected them. The important 
stable isotopes are oxygen (16O and 18O) and hydrogen (1H and 2H). The hydrogen isotope 2H is 
called deuterium. The mass differences between 16O and 18O or 1H and 2H can cause the concen-
trations of these isotopes to change (fractionate) during evaporation and precipitation, resulting 
in different 16O /18O and 1H/2H ratios in rain, snow, rivers, and lakes. The δ2H and δ18O values 
(the symbol “δ” denotes the relative difference from standard mean ocean water) in precipitation 
generally plot close to a straight line known as the meteoric water line (Figure 1). The departure 
of 18O and deuterium values from the meteoric water line can indicate if water samples have 
been affected by evaporative processes or the mixing of water from different sources. Lake water 
typically shows an evaporative signature (a higher concentration of the heavier isotopes than 
precipitation). The effect of evaporative fractionation is that isotopic values from lake water 
samples plot with a slope that is less than the slope of the meteoric water line. Water that directly 
infiltrates the ground is not fractionated in this manner and has a meteoric signature with a higher 
concentration of the lighter, more prevalent isotopes.

Isotopic data collected from wells in the area are shown on Plates 1 and 2 as pink, yellow, 
green, and blue colors representing a continuum of conditions that relate to aquifer recharge and 
groundwater mixing conditions. The divisions between the classifications of stable isotope values 
in the glacial, mixed cold, and mixed warm classes are interpretative and are meant mainly to 
help visualize these data on the cross sections, graphs, and maps. Figure 1 shows a plot of 18O 
and deuterium values from groundwater samples collected in the Breckenridge/Wahpeton area in 
1995 (colored dots) compared to the meteoric water line, samples collected from the nearby Otter 
Tail Regional Hydrogeologic Assessment – Part B (Ekman and Alexander, 2002) and the 
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upper range of values reported from the West Fargo aquifer systems (Ripley, 2000). The Breckenridge/Wahpe-
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ton stable isotope data are also summarized in Table 2. Three types of information regarding the 
origin and history of these water samples can be interpreted from this graph: relative atmospheric 
temperature during source water precipitation, relative mixing of water from cold and warm 
sources, and evaporation of source water. 

Source water temperature and mixing

Of the samples that plot along the same slope as the meteoric water line, the samples more de-
pleted in heavy isotopes (samples that plot closer to the bottom left of the graph) suggest water 
that precipitated from a colder atmosphere. Deuterium and 18O samples collected from snow and 
rain samples approximately 80 miles west of the Breckenridge/Wahpeton area (Shaver, 1995) 
show snow samples plotting beyond the far bottom left range of the graph (deuterium: δ -190 
to -125, 18O: δ -25 to -18); whereas, rain samples plotted in the upper right portion of the graph 
(deuterium: δ -75 to -25, 18O: δ -12 to -2). Most groundwater samples collected from a Fargo area 
study (Ripley, 2000) had stable isotope values in the same range as the snow samples in Shaver 
(1995) and were, therefore, interpreted as aquifer recharge water from melting glaciers. The West 
Fargo Aquifer System is overlain by 70 to 90 feet of lake clay. This clay confining layer trapped 
Pleistocene water in the area aquifers. Three stable isotope samples from the Breckenridge/Wah-
peton area were slightly outside the snow melt or glacial range. These samples, therefore, con-
sist mostly of glacial water. Groundwater samples with stable isotope values in the mixed cold 
(green) and mixed warm (yellow) groups apparently represent groundwater that is a mixture of 
glacial and post-glacial precipitation. The difference in isotopic composition between these two 
groups (mixed cold versus mixed warm) is probably the relative amounts of post-glacial versus 
glacial water. Several possible mixing pathways are apparent from the cross sections and are de-
scribed in the following sections.

Isotope hydrostratigraphy and aquifer distribution

The results of this investigation are shown on two plates at different scales to better illustrate re-
gional and local conditions. On Plate 1, the 1:250,000 scale maps and cross sections show that the 
aquifers of the Breckenridge/Wahpeton area are connected to a much larger system of aquifers. 
On Plate 2, the 1:100,000 scale maps and cross sections show some of the more important geo-
chemical and stratigraphic details in the Breckenridge/Wahpeton area. The 100,000 scale maps 
on Plate 2 contain the same map information that is shown on Plate 1, but different cross sections 
have been included that better illustrate the stable isotope data and local hydrostrati-graphy. 

The isotopic data that were obtained from wells are shown on Plate 1 and within the detail area 
shown on Plate 2. Aquifers mapped on the cross sections for which isotope data are available are 
colored according to isotopic categories; these categories illustrate the connection between aqui-
fers and groundwater movement. However, some isotopic data from aquifer 1 are shown on Plate 
1, cross sections 18 and 32. The portion of aquifer 1 on cross section 18 (Plate 1) that exists under 
and just to the west of the Red River has a mixed cold signature suggesting some recharge from 
the river valley but probably not a direct connection. The mixed warm signature for the portion of 
aquifer 1 east of the Ottertail River (Plate 1, cross section 32) suggests a more direct recharge 
connection from the Ottertail River valley and connections that continue to the underlying aquifer 3. 
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Similar direct connections or possible connections from the surface to the deepest unconsolidated 
aquifers in the area are shown on cross section 3 (Plate 1) from the Red River alluvium, through 
aquifers 1 and 2, to aquifer 3 (labeled as Border aquifer, Thorliefson and others, 2005). Cross 
section 23 (Plate 1) shows another possible direct connection west of the Red River through all 
the aquifers to the Wahpeton Buried valley aquifer. However, no isotope samples were collected 
from these two locations to test these possible hydraulic connections.

Figure 4 (Plate 1) shows the known extent of the Wahpeton Buried Valley aquifer, the southern 
portion of the Border aquifer (northwestern portion of the map), a poorly defined portion of this 
aquifer system in Minnesota that seems to parallel the WBV, and an isolated portion of this aqui-
fer system near Kent, Minnesota. The WBV aquifer may be a composite of sand bodies deposited 
as parts of the aquifer 2 and 3 systems where they are connected. Examples of these connections 
are shown west of the Red River on cross sections 18 and 23 (Plate 1). The Border aquifer of 
the aquifer 3 system is shown as a progressively narrowing feature on cross sections 3 through 8 
(Plate 1). Cross section 12 (Plate 1) shows an example, just east of the Red River, where a glacial 
isotopic signature from that portion of aquifer 3 indicates little or no recharge at that location due 
to a lack of interconnections of the overlying sand layers. 

A more detailed view of the WBV aquifer is shown on Figure 4 (Plate 2) and cross sections 20, 
21, 24, 25, and 27 on Plate 2. The stable isotopic data shows that most of this aquifer contains 
mixed warm water, indicating that it is probably recharged from the surface through intercon-
nected sand layers. Demonstrating the precise focused surface recharge locations in cross sec-
tions is sometimes difficult without an abundance of borehole data, but the combination of the 
mixed warm isotope signatures and stacked sand layers with only thin till separations is good 
evidence of focused surface recharge occurring in the area. These types of stratigraphic and iso-
topic relationships can be seen on all the cross sections on Plate 2, indicating a recharge condi-
tion common to the area aquifers.

Cross section 25 (Plate 2) crosses the Minn/Dak plant area and the location of the City of Wah-
peton well that was affected by the Minn/Dak plant process water discharge. Samples from the 
surficial aquifer and the underlying aquifer 1 had stable isotope values with an evaporative sig-
nature from the infiltration of disposed process water that was described in the previous section 
“History of Water Use and Investigations”. The cross section also shows that the upper portion of 
the WBV aquifer also contains water with this evaporative signature. Even though a direct con-
nection between aquifer 1 and the WBV aquifer is not shown on this cross section the occurrence 
of water with an evaporated signature in the WBV aquifer indicates a hydraulic connection does 
exist somewhere near the trace of this cross section. Infiltration of this type of water to a depth 
of approximately 100 feet was probably induced by remediation pumping from a well that was 
constructed near the affected city well.

Some isolated aquifer conditions are shown on cross sections 21, Plate 2, and 24 and on Figures 
2, 3, and 4 of Plate 2. Glacial signature water was detected at two locations in aquifer 3 (Plate 2, 
Figure 4). One of those locations is shown on cross section 21 and on Figure 4 (Plate 2) in a 
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portion of aquifer 3 that is apparently not connected to the WBV aquifer or any overlying aqui-
fers. The other occurrence is shown only on Figure 4 (Plate 2) northeast of Breckenridge from an 
isolated sand body at approximately the same elevation as the aquifer 3 channel to the east.

Groundwater samples that contained mixed cold signatures were present in aquifers 1 and 2 
(Plate 2, Figures 2 and 3). An example from aquifer 1 is shown on cross section 24 (Plate 2) 
just east of the Red River; this example illustrates the complexity of buried sand distribution in 
glacial sediments where sometimes relatively shallow sand bodies that might be expected to have 
hydraulic connections to the surface are actually found to be relatively isolated based on geo-
chemical data.

Common cations and anions

Distinct source water types and mixing of these waters can be portrayed graphically by plotting 
the relative abundances of common cations and anions as ion concentrations and percentages of 
the total cations or anions per sample. Figure 2 shows the relative abundances of these common 
ions plotted on a Piper diagram which consists of three ternary plots. Table 3 shows the concen-
trations of these constituents in mg/l. The most common type of water in this area has Ca and 
Mg as the predominant cations, with bicarbonate (-HCO3) as the predominant anions (points on 
the graph within the green circles). This type of water is common in glacial aquifers of the upper 
Midwest (Freeze and Cherry, 1979, p. 284) and is derived from dissolution of calcite and dolo-
mite minerals in soil and glacial sediments by meteoric water. 

A fewer number of samples on the opposite corners of the ternary plots show that some Na+K 
and/or sulfate waters are also present in the area. The elevated Na+K content of seven water sam-
ples is probably due to anthropogenic (i.e., caused by or related to human activities) processes. 
Three of these samples were collected near the Minn/Dak disposal lagoons in the surficial aquifer 
or aquifer 1 (ND537, ND552, and 567374 shown on Plate 2, Figures 1 and 2; and cross section 
24 (Plate 2). The two samples nearest the lagoons (ND537 and ND552) also contained elevated 
concentrations of Cl (Table 2). Evaporated process water commonly has higher concentrations of 
these ions. 

In addition to elevated concentrations of Na+K and Cl in water samples due to anthropogenic 
processes, water samples with elevated sulfate concentrations and high total dissolved solid 
(TDS) concentrations, likely due to anthropogenic processes, were identified in several wells. 
One well in aquifer 1 occurs approximately four miles northwest of the Minn/Dak site along the 
Red River (#591781, Plate 1, Figure 2 and cross section 18). Aquifer 1 at this location has an ap-
parent indirect connection to the Red River sand and gravel which may allow water affected by 
anthropogenic processes to move to aquifer 1. 

Four of the elevated Na+K or sulfate (SO4) type waters in Figure 2 may have a deep bedrock 
origin. These occurrences are shown on cross section 12 and 32 (#567370 and #589098, Plate 
1), cross section 21 (#129714, Plate 2) and Figure 4 (#589882) of both plates. Three of these 
samples (#567370, #129714, and #589082) are from deeper isolated portions of aquifer 3. Both 
of these aquifers appear hydraulically isolated from surficial sources and the stable isotopic char-
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Figure 2. Piper diagram of common cations and anions from selected wells in the Brecken-
ridge/Wahpeton area. Ca-Mg bicarbonate is the most common type of groundwater in the area 
(points circled in green). Na+K sulfate groundwater is less common (circled in red). 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!

!

Cl + NO3

SO4

HCO3Na + K

Mg

Ca

Calcium
 (Ca) + M

agnesium
 (M

g)
Su

lfa
te

 (S
O

4)
 +

 C
hl

or
id

e 
(C

l) 
+ 

Ni
tra

te
 (N

O
3)



16      Buried Sand and Gravel Aquifers of the Breckenridge/Wahpeton Area

acteristics (glacial category) suggest little mixing with warmer meteoric sources. Therefore, the 
sources of the elevated Na+K and/or sulfate concentrations are apparently due to groundwater 
upwelling from deeper Cretaceous sandstone and shale bedrock. 

The source of elevated Na+K ions (anthropogenic or Cretaceous bedrock) for the fourth occur-
rence (#589098, cross section 32, Plates 1 and 2) is less clear. While the sample is Na+K type 
water (but low sulfate), the stable isotope category for this sample is warm and mixed. Fur-
thermore, the stratigraphy shown by the cross section suggests possible connections to surface 
sources. 

Observation well hydrographs, climate, and sustainable water use

Industrial and municipal pumping in the area caused water levels in aquifers in the local Breck-
enridge/Wahpeton area to decline in the 1970s and 1980s from near surface levels to approxi-
mately 50 to 60 feet below ground surface (Dan Zwilling, unpub. report, 1990). Figure 2 shows 
the annual Wahpeton Buried Valley aquifer water use from 1978 through 2009. The spike in wa-
ter use in the late 1980’s was due to increased North Dakota industrial usage which subsequently 
declined and remained relatively steady from the 1990’s through the 2009. The hydrograph from 

a Minnesota observation well (Minnesota observation well #84020, unique #475807, Plate 2, 
Figure 4), completed in the WBV aquifer shows that since the early 1990s the water levels of the 
WBV aquifer have been relatively stable. This hydrograph, which is located midway between the 
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Figure 3. Wahpeton Buried Valley aquifer water use from 1978-2009.
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Minnesota and North Dakota pumping centers, shows some yearly and seasonal fluctuation, but 
the overall trend appears flat with a slight rising trend from 2006 through 2009. 

This slight rise in groundwater levels in recent years appears due to a wetter than normal precipi-
tation pattern that is occurring in the area as shown by the rising brown line on this graph (cu-
mulative 10-year departure from normal). Apparently, increased precipitation during those years 
resulted in some recharge of the WBV aquifer. Similar trends can be seen in other observation 
well data collected by the NDSWC in the area (Plate 2, Figure 2, unique #567373 and #589099; 
Figure 4, unique #589098). The stable isotope data, general chemistry data, and surface/subsur-
face sand distribution reviewed in this report provide evidence that shows some focused recharge 
of the WBV aquifer and other aquifers in the area is occurring. 

Summary and Conclusions

The interstate border communities of Breckenridge, Minnesota and Wahpeton, North Dakota 
share a buried sand and gravel aquifer called the Wahpeton Buried Valley (WBV).  Starting in 
1986 efforts to remediate a groundwater contamination problem in Wahpeton by pumping con-
taminated water from the WBV aquifer led to water level declines in the City of Breckenridge 
water supply wells. From 1995 through 1998, to better understand the area aquifer recharge char-
acteristics and long term sustainability, the NDSWC, Minnesota DNR and Wilkin County Envi-
ronmental Services collaborated on a groundwater investigation. This investigation consisted of 
drilling new observation wells, collecting water samples from these wells for analysis of stable 
isotopes and common ions, and synoptic water level measurements. Until this report these data 
had never been published.

To help understand the geochemical and water level information generated by this investigation, 
area aquifers were mapped as part of this report with well log information from North Dakota 
and Minnesota databases. Closely spaced hydrogeologic cross sections of the area illustrat-
ing the distribution of isotopic groundwater types in buried sand aquifers provide evidence that 
shows hydraulic connections to surficial recharge water are common. Widespread occurrences 
of groundwater with a mixed warm isotopic type and gradually rising water levels from several 
observation wells indicate active recharge of area aquifers. The relatively open nature of the 
area aquifers suggests that water usage in this area appears sustainable at current water usage 
rates and quantities of precipitation. Should water usage or precipitation change significantly, the 
sustainability of aquifer usage in the area would need to be reevaluated. Long-term monitoring of 
the groundwater resources in this area should be continued.
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Plate 1. Surficial geology and distribution of buried sand and gravel
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FIGURE 1.  Surficial geology emphasizing distribution of surficial sand and gravel deposits (modified from Thorliefson and others, 2005).  

FIGURE 2.  Buried aquifer 1 distribution.  Also shown are the 18O/deuterium characteristics (October 1995 and November 1996) in groundwater 
samples in wells from this aquifer and static water elevations (Minnesota only) at the time each well was drilled. 

FIGURE 3.  Buried aquifer 2 distribution.  Also shown are the 18O/deuterium characteristics (October 1995 and November 1996) in groundwater 
samples in wells from this aquifer and static water elevations (Minnesota only) at the time each well was drilled. 

FIGURE 4.  Buried aquifer 3 distribution.  Also shown are the 18O/deuterium characteristics (October 1995 and November 1996) in groundwater 
samples in wells from this aquifer and static water elevations (Minnesota only) at the time each well was drilled. 

Qaa - Gravel, sand, silt, and clay; alluvium 
and overbank sediment deposited in 
channels and floodplains of ancient rivers
and on the Lake Agassiz plain (not shown 
on cross sections)

Qlo - Clay with thin silt laminae; offshore 
sediment deposited in deep quiet water 
of a lake

Qha - Gravel, sand, silt, clay; alluvium and 
overbank sediment deposited in channels 
and floodplains of modern streams and
rivers

Qgr - Sand, silt, clay; glacial till 
(lower Goose River group) that has been
eroded  by the action of waves in a lake

Qlg - Sand, silt, clay; thin lake sediment 
over sand and gravel (Buffalo aquifer)

Qln - Sand, silt, clay
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Plate 2. Detail area: Isotope hydrostratigraphy
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Buried sand and gravel aquifers of the Breckenridge/Wahpeton area, Minnesota and North Dakota
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FIGURE 1.  Surficial geology emphasizing distribution of surficial sand and gravel deposits.  Modified from Thorleifson, H., and others (2005). Also 
shown are the water level elevations (June 1995) and 18O/deuterium characteristics (October 1995 and November 1996) in the water table aquifer.

FIGURE 2.  Buried aquifer 1 distribution.  Also shown are the water level elevations (June 1995) and 18O/deuterium characteristics in aquifer 1.
The observation well hydrographs indicate a slight rise in water levels since 1996. The black line on each hydrograph is a linear trendline that best fits 
the water level data

FIGURE 3. Buried aquifer 2 distribution.  Also shown are the water level elevations (June 1995) and 18O/deuterium characteristics (October 1995
and November 1996) in aquifer 2.

FIGURE 4.  Buried aquifer 3 distribution.  Also shown are the water level elevations (June 1995) and 18O/deuterium characteristics (October 1995
and November 1996) in aquifer 3. The observation well hydrograph #589098 indicates a slight rise in water levels since 1996. The black line on the
hydrograph is a linear trendline that best fits the water level data. The #475807 hydrograph shows water levels from aquifer 3 since 1991 compared 
to cumulative changes in precipitation. Precipitation has increased since 2008 creating a slight rise in water levels.

Qaa - Gravel, sand, silt, and clay; alluvium 
and overbank sediment deposited in channels 
and floodplains of ancient rivers and on the
Lake Agassiz plain (generally not shown on 
cross sections)

Qlo - Clay with thin silt laminae; offshore 
sediment deposited in deep quiet water 
of a lake

Qha - Gravel, sand, silt, clay; alluvium and 
overbank sediment deposited in channels 
and floodplains of modern streams and rivers

Qgr - Sand, silt, clay; glacial till 
(lower Goose River group) that has been
eroded  by the action of waves in a lake
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