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Generalized Potentiometric Maps of the Fort Union, Hell 
Creek, and Fox Hills Aquifers within the Standing Rock 
Reservation

By Todd M. Anderson and Robert F. Lundgren

Abstract
Generalized potentiometric surfaces of the Fort Union, 

Hell Creek, and Fox Hills aquifers were constructed to assess 
the groundwater resources of the Standing Rock Reservation. 
Additionally, this information can provide water managers 
with tools and data to effectively manage water resources 
in the future. Previous studies that mapped the geology and 
hydrogeology of the area at differing scales were used to con-
firm in which aquifer the study wells were completed. Water-
level data from wells are provided by the U.S. Geological 
Survey Groundwater System Inventory database, the South 
Dakota Department of Agriculture and Natural Resources, 
and the North Dakota Department of Water Resources. 
Hydrographs were constructed for five selected observa-
tion wells to evaluate historical water-level fluctuations and 
trends. Hydrographs for the Hell Creek aquifer showed a flat 
trend with a rise in 2020. Hydrographs for the deeper Fox 
Hills aquifer showed that water levels fluctuated in response 
to climatic conditions and demonstrated an increasing trend 
in water-level elevations starting in 2010. Hydrographs were 
not constructed for any wells completed in the Fort Union 
Formation because none of the wells had continuous long-term 
measurements.

Generalized potentiometric surfaces, constructed 
from interpolating water-level elevations, gave insight into 
groundwater flow directions. Groundwater in the Fort Union 
aquifer likely flows radially outward from the northwest 
part of the study area to the northeast and south-southeast 
parts. Groundwater in the Hell Creek aquifer generally flows 
from higher elevations in the northwest towards lower areas, 
where surface-water tributaries have incised into the aqui-
fer. Groundwater in the Fox Hills aquifer likely flows from 
higher elevations in the west, southwest, and central parts 
of the study area towards the valleys of the Grand River and 
Missouri River.

Most wells used for constructing potentiometric maps 
had only one recorded water-level measurement from drillers 
at the time of well construction. These measurements are often 

subject to error because the well is still recovering and because 
of spatial limitations of data availability. Also, because single 
water-level measurements were recorded at different points 
in time, additional uncertainty is introduced by fluctuating 
climatic conditions effect on water levels. Potentiometric map 
interpretation limitations are a result of areas with sparse data. 
Limitations also arise from potentiometric surfaces general-
izing a complex and dynamic hydrogeologic system; however, 
the generalized potentiometric surface maps can be used to 
assist water managers and can help prioritize locations for 
future monitoring in areas with high uncertainty from sparse 
existing data.

Introduction
The Standing Rock Sioux Tribe of North & South Dakota 

(the Tribe) and the U.S. Geological Survey (USGS) completed 
a comprehensive assessment of groundwater resources within 
the Standing Rock Reservation (fig. 1). This assessment is 
intended to help inform effective management of groundwater 
resources and provide data for addressing water rights issues 
of the Tribe. Water resource managers can use this assessment 
as a contribution towards future water resource management 
planning.

Groundwater is a vital resource for domestic and agri-
cultural purposes for the region’s population. The primary 
land use on the Tribe’s land is cattle ranching and farming, 
with residents sparsely dispersed across 3,572 square miles in 
North and South Dakota. A primary concern for groundwater 
resources in the area is the potential for water quality and 
quantity effects from rapidly developing energy extraction in 
western North and northwestern South Dakota that is advanc-
ing towards the Tribe boundaries (Bartos and others, 2022). 
This energy extraction is causing concerns regarding future 
stresses on the quantity and quality of groundwater resources 
near the Tribe.
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Figure 1. The study area and wells used in the construction of potentiometric surfaces for the Fort Union, Hell Creek, and Fox Hills aquifers, Standing Rock Reservation.
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Purpose and Scope

The purpose of this report is to provide generalized 
potentiometric surface maps of the Fort Union, Hell Creek, 
and Fox Hills aquifers (sheet 1) within the boundaries of the 
Standing Rock Reservation. A potentiometric surface is a map 
of groundwater-level elevations (also known as hydraulic 
heads) represented by the water-table elevation in unconfined 
parts of an aquifer or by the elevation to which water will rise 
in a tightly cased well screened in a confined or semiconfined 
aquifer (Carter and others, 2002). The scope of this report is 
to describe and document the data and methods used to cre-
ate the generalized potentiometric surface maps of the Fort 
Union, Hell Creek, and Fox Hills aquifers. Contour maps of 
the potentiometric surfaces were constructed to better under-
stand general groundwater-flow directions. Water-levels from 
1,605 wells collected between 1917 and 2022 were used to 
construct the maps of the Fox Hills (sheet 2), Hell Creek 
(sheet 3), and Fort Union (sheet 4) aquifers.

Previous Potentiometric Maps

Previous potentiometric maps of aquifers within the 
Standing Rock Reservation were made by Federal and State 
agencies. In 1975, the North Dakota Department of Water 
Resources (NDDWR) published maps of the groundwa-
ter resources as part of a larger county groundwater study 
(Randich, 1975). In 1982, The USGS previously published 
detailed maps of the hydrogeology, water chemistry, and 
potentiometric surfaces within the Standing Rock Reservation 
(Howells, 1982). A hydrogeologic framework was published 
with potentiometric surfaces for the Williston Basin on a 
regional scale that included the area of study in this report 
(Thamke and others, 2014). The Williston Basin maps were 
at a smaller scale than the Howells (1982) maps and divided 
the Fort Union aquifer into three subunits and the Hell Creek 
aquifer into two subunits. Aquifer-top elevation contours from 
Howells (1982) and Thamke and others (2014) were used to 
confirm the aquifer designation of wells in the study area. 
Where the aquifer tops of the two studies did not agree, the 
Howells (1982) dataset was preferred because the study was at 
a larger map scale and more detailed. This study builds upon 
previous studies by including wells drilled and water levels 
measured since the Howells study in 1982.

Description of Study Area

The study area covers 2.3 million acres within the bound-
aries of the Standing Rock Reservation. The Standing Rock 
Reservation includes Sioux County, North Dakota, and Corson 
County, South Dakota, and small areas of Dewey and Ziebach 
Counties in South Dakota. The eastern border is Lake Oahe, a 
reservoir on the Missouri River; the county lines of Adams in 
North Dakota and Perkins in South Dakota form the western 
boundary; the Cannonball River and Cedar Creek form the 
northern border; and the Cheyenne River Reservation forms 
the southern border (fig. 1).

Physiography and Climate
The study area is within the Missouri Plateau division of 

the Great Plains physiographic province (Fenneman, 1946). 
Elevation of the land surface ranges from about 2,700 feet 
(ft) above sea level in the western edge of the study area to 
about 1,590 ft above sea level in the southeast part of the 
study area near the Missouri River (sheet 1). The topography 
of the land contains steep gullies and ravines where drainages 
have eroded into the soft geological materials exposed at the 
surface (Howells, 1982; sheet 1). Normal annual precipita-
tion from 1991 to 2020 for the study area ranged from 17.1 to 
19.2 inches (in.; PRISM Climate Group, 2022).

Two climate stations with long-term global monthly pre-
cipitation summaries were available and downloaded from the 
National Oceanic and Atmospheric Administration National 
Centers for Environmental Information. The stations were near 
Shields, N. Dak., and McIntosh, S. Dak. (fig. 1.; Lawrimore 
and others, 2016). Mean annual precipitation was higher at 
the Shields station with a value of 16.03 in. and lower at the 
McIntosh station with a value of 14.98 in. (table 1). Monthly 
precipitation at both stations is greatest in the spring and sum-
mer months, with the maximum at both stations measured in 
June (table 2).

Geology and Hydrogeology of the Fort Union, Hell 
Creek, and Fox Hills Formations

The Standing Rock Reservation is near the southeastern 
limits of the Williston Basin, a geologic basin made of dipping 
sedimentary rock units and known for its extensive petroleum 

Table 1. Summary of precipitation for two climate stations in the study area, Standing Rock Reservation.

[Data are summarized from National Oceanic and Atmospheric Administration global monthly precipitation summaries. (Lawrimore and others, 2016) NOAA, 
National Oceanic and Atmospheric Administration; %, percent; ND, North Dakota; US, United States; SE, southeast; SD, South Dakota]

NOAA station number Station name (fig. 1)
Precipitation, in inches

Period of record
Mean

25th 
 percentile

Median
75th  

percentile

USC00328065 SHIELDS, ND US 16.03 13.40 15.94 18.46 1951–2022
USC00395381 MC INTOSH 6 SE, SD US 14.98 12.88 14.95 18.14 1916–2022
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Table 2. Monthly precipitation statistics for two climate stations 
in the study area, Standing Rock Reservation.

[Data are summarized from National Oceanic and Atmospheric Administration 
global monthly precipitation summaries. (Lawrimore and others, 2016) ND, 
North Dakota; US, United States; SE, southeast; SD, South Dakota]

Month

Mean monthly precipitation, in inches

USC00328065,  
SHIELDS, ND US

USC00395381,  
MC INTOSH 6 SE, 

SD US

January 0.36 0.38
February 0.37 0.40
March 0.70 0.75
April 1.49 1.53
May 2.53 2.50
June 3.13 3.42
July 2.40 2.22
August 1.94 1.89
September 1.33 1.44
October 1.18 1.16
November 0.49 0.44
December 0.38 0.40

reserves. The eastern boundary of the reservation lies at the 
western edge of the glacial ice margins that formed during 
times of glaciation (Bartos and others, 2022; Howells, 1982). 
Howells (1982) used soil maps, test drilling, field recon-
naissance, and geologic data to produce maps of the area’s 
surficial geology, which included alluvium deposits, buried 
glacial deposits, and outcrops of the Fort Union, Hell Creek, 
Fox Hills, and Pierre Shale. The Fort Union, Hell Creek, and 
Fox Hills Formations are the most widely used aquifers in the 
study area, and only wells completed in these aquifers were 
analyzed for this report.

The youngest bedrock unit in the study area is the 
Tertiary-aged Fort Union Formation, which occupies a small 
area in the northwest corner of the study area (sheet 1). The 
Fort Union Formation (also called the Fort Union Group) is 
0–350 ft thick in the study area. The formation also contains 
three stratigraphic members within the study area—the upper 
Tongue River Member, the middle Cannonball Member, and 
the basal Ludlow Member (Howells, 1982; Randich, 1975). 
The Tongue River member consists of poorly consolidated, 
interbedded, and very fine- to medium-grained sandstone, silt-
stone, claystone, shale, and lignite. The Cannonball Member 
of the Fort Union Formation is poorly consolidated, gray to 
yellow, and very fine- to medium-grained sandstone, siltstone, 
claystone, and dark-gray shale. The Cannonball Member 
contains persistent sandstone beds in the study area. The 
Ludlow Member consists of poorly consolidated sequences 
of buff and very fine- to medium-grained sandstone, siltstone, 
and claystone interbedded with lignite and shale (Howells, 
1982; Randich, 1975). Perched water tables in the Fort Union 

Formation within the study area are common. Wells in the Fort 
Union Formation within the study area often have low yields 
of less than 10 gallons per minute (Howells, 1982).

Underlying the Fort Union Formation is the Cretaceous-
aged Hell Creek Formation that can extend to about 370 ft 
thick in the study area and the uppermost bedrock unit where 
the Fort Union is absent (Howells, 1982; sheet 1). The Hell 
Creek Formation is a pale darkish blue, buff, brown to gray, 
and black bentonitic shale with poorly consolidated coarse 
to fine-grained quartzose sandstone and thin beds of lignite 
(Howells, 1982, Randich, 1975). The Hell Creek Formation 
is unconfined in areas where it crops out and confined where 
it is overlain by the Fort Union Formation. Wells in the Hell 
Creek Formation may supply adequate yields for stock and 
domestic use where the thickness is generally more than 100 ft 
(Howells, 1982).

The Cretaceous-aged Fox Hills Formation underlies the 
Hell Creek Formation and ranges from 0 to about 350 ft thick 
in the study area and is the uppermost bedrock unit where 
the Hell Creek Formation is absent. The Fox Hills Formation 
is composed of dark gray to greenish-gray silty to sandy 
clay, clayey silt, and very fine-grained sandstone. Areas of 
the Fox Hills Formation contain a poorly consolidated dark 
gray to yellowish-orange sandstone overlying the lower units 
(Howells, 1982; Randich, 1975). The Fox Hills Formation 
is unconfined where it crops out and confined where it is 
overlain by the Hell Creek Formation or both the Hell Creek 
and Fort Union Formations. The upper contact with the Hell 
Creek Formation and lower contact with the Pierre Shale 
is gradational. Wells in the Fox Hills Formation can supply 
high yields of fresh to saline water for stock and domestic use 
(Howells, 1982).

The oldest bedrock unit exposed in the study area is the 
Cretaceous-aged Pierre Shale. The Pierre Shale is exposed 
where the Grand River, along with other tributaries and drain-
ages, have eroded the upper geologic units in the southeastern 
part of the study area (sheet 1). The Pierre Shale underlies 
the three previously mentioned aquifers considered in this 
study and consists of a grey and brown-to-black bentonitic 
shale with zones of limestone and iron concretions. The Pierre 
Shale is a relatively impermeable confining unit compared 
to the overlying Fox Hills Formation and is not a reliable 
source of water for stock or domestic use (Howells, 1982; 
Randich, 1975).

Data and Methods
This section describes the data and methods used to 

construct generalized potentiometric-surface maps for the Fort 
Union (sheet 4), Hell Creek (sheet 3), and Fox Hills (sheet 
2) aquifers within the study area. Water levels were down-
loaded from three separate sources—the USGS Ground Water 
Site Inventory (GWSI) system, the NDDWR, and the South 
Dakota Department of Agriculture and Natural Resources 
(SDDANR).
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Groundwater Wells

Most of the well information in the GWSI database was 
from water-well completion reports and driller logs. The water 
level listed on the drillers report, the location, well depth, 
aquifer, and water use were recorded in GWSI. Most of the 
reported water use for the wells in GWSI were for domestic 
and stock purposes (fig. 2A). Well construction dates in the 
GWSI ranged from 1910 to 2019 (fig. 2D). Several of these 
driller logs and water-well completion reports do not report 
the location of the well with high accuracy. Additionally, the 
driller logs and completion reports often only report to the 
nearest quarter section of the Public Land Survey System 
section-township-range system. The Standing Rock Sioux 
Tribe assisted with refining well location information in the 
GWSI database to get more accurate locations, elevations, 
and water levels when possible. In total, the Tribe and USGS 
visited 487 of the 1,317 wells in the GWSI database within the 
study area (fig. 2C). Most wells only had one recorded water-
level in GWSI, with a small number of wells having more than 
two water-level measurements (fig. 2B).

Water levels from observation wells provided by the 
SDDANR (2022) and NDDWR (2015) were used to supple-
ment the water-levels from GWSI to make the potentiometric 
surface maps (fig. 1). Two observation wells monitored by the 
SDDANR (CN-57AR and CN-57BR) were completed in the 
Fox Hills aquifer and had the longest, most-complete record of 
any dataset. The NDDWR observation well database included 
wells that also had water-level measurements in GWSI. Where 
water-level data overlapped, USGS data from GWSI were 
used for this study. Ten NDDWR observation wells were used 
in the creation of the potentiometric surfaces and all 10 were 
also present in GWSI.

Well Hydrographs

Selected observation wells where multiple water-level 
measurements were made through time were used to con-
struct hydrographs (fig. 3). Only one observation well—site 
460244101272702—within the Hell Creek Formation had a 
long enough record to document long-term water-level trends 
of at least 20 years. The hydrograph of the observation well 
completed in the Hell Creek Formation showed a mostly flat 
trend for most of the period of record, until the groundwater 
level steeply rose at the beginning of 2020. Observation wells 
completed within the Fox Hills Formation showed increas-
ing trends in water-levels from about 2010 to 2022 (fig. 3). 
The two SDDANR observation wells completed in the Fox 
Hills Formation with longer periods of record showed water 
levels within the Fox Hills aquifer changed in response to 
fluctuations in local climate as seen from National Centers for 
Environmental Information climate data (fig. 4). As shown 
in figure 5, the cumulative departure from monthly average 
precipitation closely correlates to the water-level fluctuations 
of both SDDANR observation wells.

Generalized Potentiometric-Surface Maps

Water-level data from GWSI, NDDWR, and SDDANR 
were used to construct generalized potentiometric-surface 
maps representing average conditions of the Fort Union, Hell 
Creek, and Fox Hills Formations. The water-level measure-
ments mean was used for wells with more than one water-level 
measurement. Recorded depth to water-levels were converted 
to hydraulic head by subtracting the water level from the 
land-surface elevation at the well location. Wells with loca-
tion information and average hydraulic-head data used in the 
creation of the potentiometric-surface maps are available in 
the data release associated with this report (Anderson, 2024). 
Hydraulic-head values were spatially interpolated using 
Simple Kriging methods using the Geostatistical Wizard, 
available in ArcGIS Pro (Esri, 2023), to create 2-dimensional 
potentiometric surfaces. A nondeterminative interpolation 
method was preferred to a determinative exact interpolation 
method such as inverse distance weighting or radial basis 
functions. This was because hydraulic head measurements 
calculated for different years may be representative of differ-
ent local climatic conditions. The interpolated potentiometric 
surfaces were contoured using contour intervals of 50 ft and 
smoothed to correct for extreme changes in the potentiometric 
surfaces in areas of sparse data.

Groundwater Flow

The generalized potentiometric surface maps were used 
to estimate groundwater-flow directions of the three aquifers 
within the study area (sheets 2–4). Groundwater-flow direc-
tions were assumed to be perpendicular to the potentiometric 
contours. The potentiometric surface of the Fort Union aquifer 
in the study area shows that water originating in the northwest 
part of the study area flows radially outward to the northeast 
and south-southeast (sheet 4). The two isolated areas of the 
Fort Union aquifer in the north-central area of the map did 
not have enough data to interpolate a potentiometric surface 
or estimate flow direction. The potentiometric surface of the 
Hell Creek aquifer illustrates that water flows from higher 
elevations toward areas where drainages have incised into the 
aquifer (sheet 3). Higher hydraulic head elevations of the Hell 
Creek aquifer are in the southwest and northwest parts of the 
map. An isolated region of the Hell Creek aquifer in the north-
ernmost part of the map did not have enough data to estimate 
a potentiometric surface or flow direction. The potentiomet-
ric surface of the Fox Hills aquifer shows that groundwater 
likely flows from high elevations in the west, southwest, and 
central parts of the maps towards the valleys of the Grand and 
Missouri Rivers. Data in the northwest part of the study area 
are sparse, and the flow direction in this area is uncertain.
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Figure 2. The distribution and characteristics of wells used in the creation of the potentiometric surface maps. A, water use 
recorded in the U.S. Geological Survey Ground Water Site Inventory (GWSI) of wells in the study area; B, the number of water-level 
measurements recorded in wells in the study area available in GWSI; C, The number of recorded visits to wells in the study area in 
GWSI; and, D, recorded well construction dates in the study area.
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Station name: 138008628CCC1; NWIS ID: 460244101272701

Figure 3. Well hydrographs from selected observation wells completed in the Hell Creek and Fox Hills aquifers within the study area, 
Standing Rock Reservation.
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Figure 3. Well hydrographs from selected observation wells completed in the Hell Creek and Fox Hills aquifers within the study area, 
Standing Rock Reservation.—Continued
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Figure 4. Precipitation for McIntosh and Shields climate stations showing monthly and cumulative departure from normal in the 
study area, Standing Rock Reservation.
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Figure 5. Comparison of precipitation at the McIntosh climate station and a hydrograph of an observation well completed in the Fox 
Hills aquifer in the study area, Standing Rock Reservation.
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Data and Interpretive Limitations
The available data and interpretation methods used to 

construct the potentiometric-surface maps have limitations. 
Most of the data used to construct the maps consisted of a 
single water-level measurement made by a well driller at the 
time of well construction. Drillers’ measurements could be 
from uncalibrated instruments subject to errors or from a well 
in which the water level had not fully recovered after well 
completion and development. Additionally, single water-level 
measurements were collected in different years, during differ-
ent climatic conditions, and at different depth intervals within 
the aquifer; therefore, the potentiometric surfaces are consid-
ered general and not specific.

Data interpretation had limitations because potentio-
metric contours are nonunique numeric approximations of a 
complex and dynamic system. The three aquifers likely consist 
of areas where water tables could be perched or noncon-
tinuous, which can affect the interpretation of a continuous 
potentiometric surface. Taylor and Alley (2001) showed the 
importance of long-term groundwater-level monitoring and 
the effects of data gaps when spatially interpreting water-level 
data. Areas with sparse data create regions in the potentiomet-
ric surface maps with less accurate interpretations and highly 
inferred contours.

Summary
The Standing Rock Sioux Tribe of North & South Dakota 

partnered with the U.S. Geological Survey to complete a 
cooperative study to assess the groundwater resources of the 
Standing Rock Reservation. Additionally, this study provides 
water managers with tools and data to effectively manage 
water resources in the future. Previous studies mapped the 
geology and hydrogeology of the area at differing scales and 
were used to confirm aquifer designations of the wells within 
the study area. Water-levels of wells from the U.S. Geological 
Survey Groundwater System Inventory database, the South 
Dakota Department of Agriculture and Natural Resources, and 
the North Dakota Department of Water Resources were used 
to construct a generalized potentiometric surface of the Fort 
Union, Hell Creek, and Fox Hills aquifers.

Hydrographs were constructed for five selected observa-
tion wells to evaluate historical water-level fluctuations and 
trends. Hydrographs for the Hell Creek aquifer showed a flat 
trend with a spike in 2020. Hydrographs for the Fox Hills 
aquifer showed water-levels fluctuated in response to climatic 
conditions and an increasing trend in water-level eleva-
tions was observed from 2010 to 2022. Hydrographs were 
not constructed for any wells completed in the Fort Union 
Formation because none of the wells had continuous long-term 
measurements.

Generalized potentiometric surfaces constructed from 
interpolating water-level elevations gave insights into ground-
water flow directions. Groundwater in the Fort Union aqui-
fer likely flows radially outward from the northwest part of 
the study area towards the northeast and south-southeast. 
Groundwater in the Hell Creek aquifer generally flows from 
high elevations toward areas where drainages have incised 
into the aquifer. Groundwater in the Fox Hills aquifer likely 
flows from high elevations in the west, southwest, and central 
parts of the study area towards the valleys of the Grand and 
Missouri Rivers.

Single water-level measurements from drillers at the time 
of well construction are subject to error and spatial limitations 
of data availability. Also, single water-level measurements 
were recorded at different times during different climate condi-
tions. Interpretation limitations of the potentiometric maps 
were the result of areas with sparse data. Limitations also arise 
from the generalized interpretation of the potentiometric sur-
faces of a complex and dynamic hydrogeologic system; how-
ever, the generalized potentiometric surface maps can be used 
to assist water managers in the development of future monitor-
ing programs in areas with high uncertainty and sparse data.
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