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This chapter discusses groundwater development, 
withdrawals, consumptive uses, and depletions in the 

Powder/Tongue/Northeast River basins (NERB).

The terms “withdrawal” and “consumptive use” are used 
throughout this chapter. A groundwater withdrawal 
is simply the removal of a volume of water from a well 
or a spring at its source. Throughout this study, “use” 
has essentially the same meaning as “withdrawal.” The 
“consumptive use” of a water resource, however, dimin-
ishes the amount of water available for other uses and 
effectively removes that water as a useable resource from 
the drainage basin. Consumptive processes include plant 
and animal growth, evaporation, transpiration by plants, 
and some industrial processes (Sharp, 2007). Evaporation 
and transpiration combined (referred to as evapotrans-
piration) constitute the largest consumptive loss of water 
resources in most river basins. The U. S. Geological 
Survey (USGS) defines groundwater depletion as, “long-
term water-level declines caused by sustained ground-
water pumping” (USGS, 2019). However, this chapter 
also looks at groundwater “depletion” as the volume of 
pumped groundwater that is unlikely to return to its 
source aquifer in any substantial amount.

Relatively few uses are wholly consumptive or non-con-
sumptive. Most uses are partially consumptive; meaning 
some of the water is lost while the remainder returns to 
the system. For example, evapotranspiration and plant 
growth consume a large fraction of the groundwater used 
for irrigation, but smaller portions return to the basin 
as flow to surface water and as recharge to groundwater. 
Other examples of partially consumptive uses (with the 
associated consumptive constituent noted in parentheses) 
include livestock watering (animal growth and evapora-
tion), reservoir storage (evapotranspiration), and domestic 
wastewater treatment such as discharge from sewage or 
septic systems (evapotranspiration). Other uses, such as 
industrial wastewater storage and disposal in lined evapo-
ration pits, are wholly consumptive. 

In a similar manner, only a minor fraction of water 
withdrawn from wells is returned to a basin’s groundwa-
ter system. The amount of water lost from groundwater 
storage is a depletion. In the example above, the ground-
water lost to evapotranspiration and surface outflows 
represents a depletion; only a small amount of the with-
drawn water re-enters the ground surface below irrigated 
fields and return flow channels as recharge. In the same 
way, a minor portion of the 922,000 ac-ft of groundwater 
withdrawn (WOGCC, 2018) in the Powder River Basin 
during coalbed methane development (2002–2018) was 

returned to groundwater storage. Much of the produced 
water was lost to evapotranspiration and outflows into 
neighboring states when it was discharged into unlined 
on-channel evaporation/infiltration pits or into streams. 
Depletions also reduce groundwater discharges to stream-
flow thereby reducing available surface water resources 
(Barlow and Leake, 2012). Groundwater depletions are 
well documented near past and current coalbed methane 
fields (Taboga and others, 2015; 2017). 

Information for this chapter was compiled from multiple 
sources:

• Previous and current water plans for the Powder/
Tongue and Northeast basins (HKM Engineering, 
2002a, b; RESPEC, 2019a, b)

• Numerous previous local and regional studies (app. 
B, chap. 7) 

• Groundwater permit data provided by the 
Wyoming State Engineer’s Office (SEO), the 
Montana Department of Natural Resources and 
Conservation (MDNRC), the South Dakota 
Department of Environment and Natural 
Resources (SDDENR), and the Nebraska 
Department of Natural Resources (NDNR)

• The SEO 2016 Hydrographers’ Annual Reports 
Water Division 1 and 2 (Wyoming State 
Engineer’s Office, 2016) available at: http://seo.
wyo.gov/documents-data/hydrographer-reports

• Produced groundwater data from the 
Wyoming Oil and Gas Conservation Commission 
(WOGCC, 2018)

8.1  INFORMATION FROM PREVIOUS 
WATER PLANS

The Wyoming Statewide Framework Water Plan (WWC 
Engineering and others, 2007) lists estimated ground-
water withdrawals and consumptive uses, compiled 
from the 2002 Powder/Tongue and Northeast basins 
plans and the associated technical memoranda (HKM, 
2002a, b). There are, however, minor differences in the 
volumes reported between the plans and the various 
technical memoranda, which is likely due to the estima-
tion methods used. Additionally, RESPEC Company 
LLC (RESPEC) provided groundwater withdrawal and 
consumptive-use data from their recent Powder/Tongue 
River Basin Level 1 Study (2019a) and Northeast River 
Basin Level 1 Study (2019b).



8-234

8.2  GROUNDWATER WITHDRAWAL AND 
CONSUMPTIVE-USE ESTIMATIONS IN 
THIS MEMORANDUM AND BASINWIDE 
WATER BALANCE

In the absence of direct measurements, groundwater 
withdrawals and consumptive uses must be estimated. 
This is more complex than it would appear because 
multiple estimations of the same parameter may be 
made using different methods and assumptions. Still, 
the methods used must provide reasonably conserva-
tive estimations of withdrawals and consumptive uses 
based on rational assumptions. The tables, shown below, 
present ranges of probable withdrawals and consumptive 
uses in multiple formats. In some cases, the tables provide 
conservative estimations for comparison. For example, 
compare the SEO permitted irrigation and livestock 
withdrawals in table 8-1a to science-based estimates of 
actual withdrawals (RESPEC, 2019a, b). 

The water resources of any river basin are not composed 
of static volumes of standing water. Unlike an area’s 
mineral reserves, water is a dynamic resource. It enters 
a basin as precipitation or as surface water, and ground-
water inflows and exits as effluent flow or as evapo-
transpiration (see definition, chap. 5). It is important 
to understand the transient nature of water resources. 
For this reason, the Wyoming State Geological Survey 
(WSGS) generated a basin-wide water balance (tables 
8-2a and 8-2b) to provide a sense of the magnitude, 
origin, and fate of water resources in the NERB.

8.2.1  Groundwater withdrawal and consumptive-use 
estimations
Tables 8-1a through 8-1e summarize groundwater with-
drawal and consumptive-use estimates from the SEO and 
previous Wyoming Water Development Commission 
(WWDC) river basin plans (HKM Engineering, 2002a, 
b; WWC Engineering and others, 2007; RESPEC, 
2019a, b) for principal SEO listed water right with-
drawals. Consumptive-use estimates from the median 
economic growth and normal water-demand year 
scenario are shown for each withdrawal (Agricultural, 
Municipal/Rural Domestic Water Systems, Industrial, 
and Miscellaneous). These use sectors combine principal 
SEO-listed water right uses:

• Agricultural uses (irrigation and stock watering 
(table 8-1a)

• Municipal and rural domestic supplies are com-
bined (table 8-1b)

• Industrial uses (table 8–1c) 

• Other diverse uses (table 8–1d) that involve miscel-
laneous, monitoring, testing, and multi-use wells 
hereinafter referred to as minor uses

Additionally, consumptive-use estimates are provided 
from the 2019 Powder/Tongue and Northeast Basin 
plans (RESPEC, 2019a, b) for comparison to the values 
prorated from the technical memoranda of the 2002 
Powder/Tongue and Northeast Basin plans (HKM, 
2002a, b). The values developed for tables 8-1a through 
8-1e and tables 8-2a through 8-2d are typically shown 
to a precision of three significant figures. Percentages are 
typically carried to one decimal place in the tables; in 
some cases, small percentages are carried to two decimal 
places (table 8-2c).

Estimates of total withdrawal and consumptive-use 
volumes for the six use sectors listed above are shown in 
tables 8-1a through 8-1d and are aggregated in table 8-1e. 
Irrigation and stock watering withdrawals are combined 
as agricultural uses in table 8-1a, and public supply and 
rural domestic withdrawals are combined in table 8-1b. 
Total average annual groundwater withdrawal during 
2002–2018 is estimated at 189,000 ac-ft, and the highest 
estimated value for annual consumptive use is 150,000 
ac-ft (table 8-1e). Water-use categories, amounts, and esti-
mation methods are discussed in more detail later in this 
chapter. Minor uses are not included in the totals shown 
in table 8-1e because only SEO-permitted withdrawal 
data (table 8-1d) are available, and minor uses were not 
addressed in previous water plans. 

For other uses, potential volumes calculated from SEO 
allocated well yields are provided for comparison to 
consumptive-use estimates obtained from previous water 
basin plans or from data compiled and processed by 
the WSGS. The large differences between SEO allo-
cated well yields and actual use estimates show that the 
volumes of groundwater used constitute, in most cases, 
a minor fraction of what has been allocated to permitted 
water right holders. For example, the total irrigation with-
drawal calculated from SEO-permitted yields for “likely 
existing wells” (157,000 ac-feet/yr in table 8-1a) assumes 
continuous year-round operation of the permitted irri-
gation wells. Although the value is clearly an overesti-
mate, it does provide a useful upper limit of groundwater 
withdrawals for irrigation readily compared to estimates 
of actual consumptive uses, in this case 12,600 ac-feet/yr 
in table 8-1a. Estimates shown for agricultural withdraw-
als and consumptive uses of groundwater are aggregate 
values for both irrigation and stock watering provided 
in previous reports (RESPEC, 2019a, b). Irrigation 
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Table 8-1a.  Groundwater withdrawal and consumptive use estimates for agricultural use wells (irrigation and stock watering) 
in the Wyoming portion of the NERB. 

Table 8-1b.  Groundwater withdrawal and consumptive use estimates for municipal and domestic use wells in the Wyoming 
portion of the NERB.

consumptive uses in those reports are based on actual 
crop-specific consumptive uses specified in Pochop and 
others (1992) applied to crop-distribution data obtained 
from the agricultural industry in the target basins. The 

methods used are explained in appendices of the 2002 
and 2019 Powder/Tongue and Northeast basin plans 
(HKM, 2002a, b; RESPEC, 2019a, b). 

     Use Annual 
withdrawal 

(ac-ft/yr)

Annual 
consumptive  

use                  
(ac-ft/yr)

Percent 
consumptive 

use
Estimation method/data sources/notes

SEO permitted 
irrigation wells a

252,000 no estimate no estimate
SEO permitted yields for irrigation wells 

through 10/7/15
(See table 8-6) 

157,000 no estimate no estimate
SEO permitted yields for likely existing irrigation wells 

through 10/7/2015
(See table 8-6) 

SEO permitted 
livestock wells a    

176,000 no estimate no estimate
Total permitted yield 
through 10/7/2015                                                         

 (See table 8-6) 

135,000 no estimate no estimate
Permitted yield for likely existing stock wells

through 10/7/2015 
(See table 8-6) 

Agricultural uses b, c
7,940 livestock 7,940 100.0%

Irrigation and livestock use estimates are aggregated as 
agricultural uses. Mean annual crop consumptive use of 

groundwater for 1971–1998 in NERB is 80% of withdrawals
Stock use considered 100% consumptive15,800 irrigation 12,600 79.7%

a Wyoming State Engineer’s Office, 2017
b RESPEC, 2019a, b
c C. McCutcheon, written commun., 2017

Use Annual 
withdrawal 

(ac-ft/yr)

Annual 
consumptive 

use 
(ac-ft/yr)

Percent 
consumptive 

use
Estimation method/notes

Permitted municipal 
and domestic wells a

185,000 no estimate no estimate
Total permitted yield 
through 10/7/2015  

(table 8-6) 

129,000 no estimate no estimate
Permitted yield for likely existing wells 

through 10/7/2015 
(table 8-6) 

Municipal/community 
groundwater use b 9,590 5,260 55% Consumptive municipal water use calculated by subtracting 

4,323 ac-ft of wastewater returns from annual withdrawals

Rural domestic use b 3,350 3,350 100% Rural domestic use assumed to be 100% consumptive

Total 12,940 8,610 66.5% Combined municipal and rural domestic use

a Wyoming State Engineer’s Office, 2018
b RESPEC, 2019a, b    
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Table 8-1c.  Groundwater withdrawal and consumptive use estimates for industrial use wells in the Wyoming portion of the 
NERB.

Use Annual 
withdrawal 

(ac-ft/yr)

Annual 
consumptive 

use 
(ac-ft/yr)

Estimation method/notes

Permitted non-CBNG 
industrial wells a

108,000 no estimate
Total permitted yield 
through 10/7/2015                                               

 (See table 8-6) 

31,800 no estimate
Total permitted yield for likely existing wells 

through 10/7/2015 
(See table 8-6) 

Electrical energy generation, 
refineries, other industry b 5,100 5,100 Electrical power plants, Newcastle refinery,

 misc. industry

Coalbed natural gas 
produced water c 61,500 61,500 CBNG production only 

Assumed to be 100% consumptive

Oil and gas produced water c 52,500 52,500 Includes no CBNG production 
Assumed to be 100% consumptive

Disposal well volumes c ------- -3,500 Returned to groundwater storage

Injection well volumes c ------- -28,200 Returned to groundwater storage

Estimated water use for coal 
mines d 33,100 33,100

Water volumes based on short tons of coal produced 
in the PRB multiplied by use coefficients 

Assumed to be 100% consumptive

Total 152,200 120,500

a Wyoming State Engineer’s Office, 2018
b HKM, 2002a, b; RESPEC, 2019a, b
c Wyoming Oil and Gas Conservation Commission, 2018
d Lovelace, 2009; USEIA, 2018
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Table 8-1d.  Permitted annual groundwater withdrawal rates for SEO monitor, multi-use, and other wells in the Wyoming 
portion of the NERB.

Table 8-1e.  Total groundwater withdrawal and consumptive use estimates for all uses in the NERB.

SEO permitted use Annual 
withdrawal a 

(ac-ft/yr)

Annual 
consumptive

use 
(ac-ft/yr)

Estimation method/notes 
(See table 8-6) 

Permitted monitor wells
957 no estimate Total permitted yield 

through 10/7/2015

255 no estimate Permitted yield for likely existing wells 
through 10/7/2015

 Permitted “other wells”
662,000 no estimate Total permitted yield 

through 10/7/2015

123,000 no estimate Permitted yield for likely existing wells 
through 10/7/2015

 Permitted “multi-use wells”
1,620,000 no estimate Total permitted yield

 through 10/7/2015

921,000 no estimate Permitted yield for likely existing wells                           
through 10/7/2015

  a Wyoming State Engineer’s Office (2018)

Use
Annual 

withdrawal 
(ac-ft/yr)

Annual 
consumptive

 use                        
(ac-ft/yr)

Percent 
consumptive 

use
Estimation method/notes

Total permitted yield Wyoming

2,120,000 no estimate no estimate
Permitted yield for likely existing wells 

through 10/7/2015 
(See table 8-6) 

1,950,000 no estimate no estimate

Permitted yield for non-CBM likely 
existing wells 

through 10/7/2015              
(See table 8-6) 

Total permitted and likely drilled 
yield Wyoming, Montana, South 
Dakota, and Nebraska a,b,c,d

2,120,000 no estimate no estimate

1,362 WSEO permits as of 10/7/2015 
262 MDNRC  permits as of 04/03/15 
77 SDDENR permits as of 03/09/15 

1 NDNR permit as of 11/03/15 
(See tables 8-6, 8-7, 8-8)

Estimated withdrawals and 
consumptive uses from Wyoming 
agricultural, municipal, domestic 
and industrial wells 

189,000 150,000 79.4% Totals of estimates from 
Tables 8-1a, 8-1b, and 8-1c

a Wyoming State Engineer’s Office (2018)
b Montana Department of Natural Resources and Conservation (MDNRC, 2017)
c South Dakota Department of Environment and Natural Resources (SDDENR, 2017)
d Nebraska Department of Natural Resources (NDNR, 2017)
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8.3  BASIN-WIDE WATER BALANCE

Tables 8-2a and 8-2b contain mass balance water budget 
calculations for the Wyoming portion of the NERB. The 
water balance analysis provides an estimate of basin-wide 
evapotranspiration. In the process, streamflow, consump-
tive-use, and recharge data from this and other chapters 
in this report are compiled into one table (table 8-2a). 
Armed with these estimates, first-order approximations 
can be made of the proportions of precipitation destined 
for recharge, evapotranspiration, surface water outflows, 
and consumptive uses from water resource development.

The analysis contained in table 8-2a is adapted from the 
general water budget equation (Fetter, 2001):

Evapotranspiration = (precipitation + surface inflow 
+ imported water + groundwater inflow) – (surface 
water outflow + groundwater outflow + reservoir 
evaporation + exported water + recharge) ± changes 
in surface water storage ± changes in groundwater 
storage

The assumptions used in this water balance are:

• Water is neither imported into nor exported from 
the NERB

• Basin groundwater inflows plus outflows equal 
zero

• The water budget mass balance model examines 
annual fluxes of water resources in the NERB. The 
assumption that long-term changes in groundwa-
ter storage equal zero, used in previous groundwa-
ter memoranda (Taucher and others, 2013; Taboga 
and others, 2014a, b), cannot be applied because 
large volumes of groundwater are coproduced with 
oil, gas, and coal annually in the NERB (see chap. 
10 of this report). A complete listing of groundwa-
ter depletions is shown in table 8-2c.

8.3.1  Precipitation
Precipitation is the ultimate source of groundwater 
recharge. Average annual precipitation volume in the 
NERB for the 30-year period of record (POR) from 
1981 to 2010 was calculated using GIS software and 
PRISM data (http://prism.oregonstate.edu/, fig. 3-3) at 
18,800,000 ac-ft.

Table 8-2a.  NERB water resources mass balance.

Water balance parameters a
Average                    

annual volume                 
(ac-ft)

Precipitation (1981–2010 - figure 3-3) b 18,800,000

Total surface water inflows c + 3,100

Total surface water outflows c - 891,000

Groundwater discharged to the surface from municipal/domestic, livestock, and industrial usesd + 137,000

Evaporation from reservoirs: e - 47,700

Total estimated NERB recharge f - 433,000

Basinwide evapotranspiration = 17,568,000

Comparative estimates (ac-ft)

Estimated evapotranspiration in the NERB from the USGS climate and land-cover data regression g 17,089,000

Estimated evapotranspiration in the NERB from the WSGS climate and land-cover data regression h 17,449,000
a Fetter , C.W., 2001 
b PRISM Climate Group, 2012
c USGS, 2018

d Tables 8-1a, 8-1b, 8-1c 

e RESPEC, 2019a, b  
f Table 6-3 
g Sanford and Selnick, 2013 
h Taboga and Stafford, 2016
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Table 8-2b.  Water balance parameter volumes as percent of precipitation in the Wyoming portion of 
the NERB. 

8.3.2  Surface water inflows and outflows
Average annual stream inflow and outflow data for the 
Wyoming portion of the basin were obtained from the 
USGS (http://water.usgs.gov/). USGS streamflow gaging 
station 06429500 at Buckhorn, Wyoming, monitors 
inflows from Cold Spring Creek entering Wyoming from 
South Dakota. Annual outflow data were recovered from 
USGS stream gaging stations sited on effluent reaches of 
the Little Bighorn, Tongue, Powder, Little Powder, Little 
Missouri, Belle Fourche, Upper Niobrara, and Cheyenne 
rivers, and Redwater Creek.

8.3.3  Groundwater discharged to surface
Annual water production volumes for traditional oil and 
gas (TOG), coalbed methane (CBM), and injection/dis-
posal wells were obtained from operator-supplied data as 
reported to the WOGCC (2018). Groundwater produc-
tion volumes associated with coal mining were calculated 
by multiplying annual coal production (U.S. Energy 
Information Administration, 2018) by groundwater 
production rates per short ton of coal mined (Lovelace, 
2009). The volume of produced groundwater discharged 
to the surface was calculated as mean annual groundwa-
ter produced from oil, gas, and coal development minus 
mean annual produced water volumes pumped into 
injection and disposal wells.

Groundwater depletions from municipal/domestic and 
livestock uses were obtained from the 2019 Powder/
Tongue and Northeast basins water plans (RESPEC, 
2019a, b). Irrigation uses were not considered because 
99.9 percent of irrigation water is lost to evapotranspira-

tion and return flows (Colorado State University, 2013), 
and the USGS (Sanford and Selnick, 2013) and WSGS 
(Taboga and Stafford, 2016) models calculate crop-
land-specific evapotranspiration rates.

8.3.4  Evaporation from reservoirs
The 2019 Powder/Tongue and Northeast basins water 
plans (RESPEC, 2019a, b) provided reservoir evaporation 
data.

8.3.5  Total estimated NERB recharge
The recharge value shown is the “best total recharge” 
estimate for sedimentary aquifers calculated in tables 6-2 
and 6-3 from the recharge fraction data in Taboga and 
Stafford (2016) and PRISM (2013) precipitation data for 
the 1981–2010 POR.

8.3.6  Estimated basin-wide evapotranspiration
The water balance model adapted from Fetter (2001) 
and presented in table 8-2a places basin-wide evapotrans-
piration at 17,600,000 ac-ft per year. For comparison, 
estimates of actual evapotranspiration in the NERB are 
shown at the bottom of table 8-2a. These estimates were 
obtained using GIS based regression models developed 
by the USGS (Sanford and Selnick, 2013) and the WSGS 
(Taboga and Stafford, 2016) from environmental data. 
The results of the two regression models agree closely 
with the evapotranspiration calculated in the water 
balance. 

Water balance parametersa Percent of precipitation b

Net stream outflowsc 4.7%

Evaporation from reservoirsd 0.2%

Surface water and groundwater depletions from municipal/domestic, livestock, 
and industrial usesd 0.3%

Total estimated NERB recharge (table 6-3) 2.3%

 Basinwide evapotranspiration 93.4%

Total 100.9%

a Fetter , C.W., 2001 
b PRISM Climate Group, 2012
c USGS, 2018
d RESPEC, 2019a, b
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8.4  MAGNITUDE, ORIGIN, AND FATE OF 
WATER RESOURCES IN THE NERB

Table 8-2b shows that more than 93 percent of precipi-
tation is lost to evapotranspiration in the NERB, about 
2 percent recharges the basin’s aquifers, and nearly 5 
percent leaves as stream outflow. Evaporation from 
reservoirs constitutes about 0.2 percent of total basin 
precipitation. Combined surface water and groundwa-
ter depletions from municipal/domestic, livestock, and 
industrial uses comprise 0.3 percent of precipitation. The 
total percentage exceeds 100 percent of precipitation 
because groundwater contributions to each parameter are 
not considered.

Table 8-2c summarizes various average annual (2002-
2016) groundwater demand estimates from tables 8-1a 
through 8-1c as percentages of estimated recharge. 
Aggregated municipal and domestic consumptive uses 
constitute about 2 percent of recharge. Estimated total 
annual demands for all uses (156,700 ac-ft; table 8-1e) 
constitute about 36 percent of annual average recharge. 
Average annual industrial demand (120,000 ac-ft) rep-
resents almost 28 percent of recharge; however, recent 
annual industrial demand has decreased substantially 
(e.g. 76,500 ac-ft in 2016) as energy production declined 
in the Powder River Basin (WOGCC, 2018). Chapter 10 
of this report examines groundwater production by the 
energy industry in detail.

Estimated recharge (table 8-2c) exceeds average annual 
withdrawals of groundwater. Estimates of total average 
annual groundwater use could be substantially higher 

and the estimates of recharge substantially lower without 
significantly changing these simple, comparative results. 

Table 8-2d evaluates future groundwater requirements 
relative to recharge. The 2019 Powder/Tongue and 
Northeast basins water plans (RESPEC, 2019a, b) 
provide use factor-based projections of total combined 
annual withdrawals and consumptive uses for agri-
cultural, municipal/rural domestic, recreational, and 
industrial uses in 2045. The analyses examines normal 
and maximum water demand for low-, moderate-, and 
high-economic-growth scenarios. Projected future annual 
groundwater requirements for the 25-year timeframe are 
determined as percentages of annual recharge estimated 
in chapter 6. These estimates apparently do not consider 
demands from the oil, gas, and coal industries, and, any 
estimates for the energy sector are likely to be speculative, 
given the rapidly changing global energy market.

Overall, groundwater consumptive uses projected for 
2045 range from 9.7 percent of recharge for the low-
growth scenario to 12.9 percent for the high-growth sce-
nario. Estimated recharge volumes are likely adequate to 
meet not only current withdrawals (table 8-2c) but future 
groundwater demands as well. The potential for overutili-
zation is location specific, both hydrologically and legally, 
and must be evaluated during the planning stage of any 
development project. Evaluating potential groundwater 
resources of the NERB outside of existing environmental 
regulations and legal restrictions is beyond the scope of 
this study.

Table 8-2c.  Summary of groundwater use statistics as percentage of recharge in the Wyoming portion of the NERB.

Groundwater-use statistics Annual volume 
(ac-ft)

Percentage of calculated 
recharge

Estimated recharge (ac-ft) to sedimentary aquifersa 433,000 -----

Average annual groundwater consumptive uses

 Agricutural uses (irrigation and stock watering)b 23,700 5.5%

Municipal and domesticb 13,000 3.0%

Industrialb 120,000 27.7%

Total 156,700 36.2%

aTable 6-3
bTables 8-1a-d
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The following sections discuss the uses that account for 
nearly all estimated groundwater withdrawals in the 
2019 Powder/Tongue and Northeast basins water plans 
(RESPEC, 2019a, b) and the 2007 Statewide Framework 
Water Plan (WWC Engineering and others, 2007). 
Tables 8-6 through 8-8 show the number of groundwater 
permits by use for the portions of Wyoming, Montana, 
South Dakota, and Nebraska, respectively. The “other” 
category includes miscellaneous wells. 

8.4.1  Agricultural uses (irrigation, livestock 
watering, and dairy)
Irrigation and livestock uses are aggregated as agricul-
tural uses in this report. Previous basin water plans 
do not present direct measurements of groundwater 
volumes used for irrigation. Instead, the previous plans 
estimate use based on actual crop-specific consumptive 
uses delimited/defined in Pochop and others (1992) and 
applied to crop-distribution data obtained from the agri-
cultural industry in the Powder/Tongue and Northeast 
basins. HKM (2002a, b — Tab D in both reports) esti-
mated actual surface water and groundwater depletions 
(consumptive uses) for irrigation during wet, normal, and 
dry conditions. 

In the NERB, most irrigation wells are in the High Plains 
aquifer system of the Niobrara River Basin and along the 
alluvium of the Tongue River (fig. 8-1). Irrigation uses are 
largely consumptive due to the proportion of water lost 
to evapotranspiration. RESPEC provided the irrigation 
use estimates shown in table 8-1a (RESPEC, 2019a, b). 
Within the NERB, the SEO has issued 319 permits solely 
for irrigation use. Total agricultural use permits and per-
mitted yields are shown in tables 8-6 through 8-9. The 
USGS shows localized groundwater level declines of less 
than 50 ft in the High Plains Aquifer around Lusk and in 
northeastern Goshen County (McGuire, 2017).

Livestock wells are widely distributed throughout the 
NERB (fig. 8-2). Withdrawals and consumptive uses 
for livestock watering (table 8-1b) were calculated using 
seasonally adjusted daily water requirements for beef 
cattle, dairy cows, horses, sheep, goats, and pigs (C. 
McCutcheon, written commun., 2017). It was assumed 

that all livestock water use is consumptive. In the NERB, 
the number of permits issued solely for stock watering 
(tables 8-6 through 8-9) are 10,714 in Wyoming, 32 in 
Montana, 8 in South Dakota, and 1 in Nebraska (tables 
8-6 through 8-9).

8.4.2  Municipal and rural domestic water systems 

The 2019 Powder/Tongue and Northeast basins 
water plans (RESPEC, 2019a, b) provide munici-
pal and rural domestic water systems data (table 8-1b). 
Municipal groundwater use (9,180 ac-ft/year) calculated 
by RESPEC shows close agreement with total annual 
water-use numbers (9,140 ac-ft/year) reported by public 
water system managers to WWDC and SEO (WWDC, 
2016; Water Guy, LLC, 2017).

As of October 7, 2015, the SEO issued 109 permits for 
exclusive municipal use and 6,539 domestic-use permits 
in the NERB (table 8-6). Montana (table 8-7) and South 
Dakota have issued 23 and 46 domestic-use permits, 
respectively (table 8-8). In addition to the municipal-use 
permits, some of the wells that supply water to the basin’s 
smaller communities in Wyoming (table 8-12) are per-
mitted as multiple use or miscellaneous wells (fig. 8-7).

8.4.3  Industrial uses 
Groundwater is the primary source for industrial uses in 
the NERB (RESPEC, 2019a, b; Lovelace, 2009; HKM, 
2002a, b), due in large part to oil, gas, and coal develop-
ment. The market forces and extractive technologies that 
drive the pace of energy resource development (and the 
industry’s requirements for groundwater) vary widely over 
time. Residents of the NERB are all too familiar with the 
area’s cycle of “boom and bust.” Chapter 10 of this report 
discusses the magnitude and variability of groundwater 
production associated with energy development during 
2002–2018. 

Consumptive losses for oil, gas and coal production 
were assumed to constitute 100 percent of groundwater 
withdrawals minus the volumes returned to groundwa-
ter storage by injection and disposal wells. In fact, an 
undetermined fraction of groundwater withdrawn during 

Table 8-2d.  Summary of future groundwater requirements as percentages of recharge.

Economic scenario Low growth Mid growth High growth

Groundwater demand 2045 consumptive use (ac-ft)a 41,987 44,628 55,992

Percentage of estimated recharge 9.7% 10.3% 12.9%
a RESPEC, 2019a, b
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energy development infiltrates into shallow aquifers 
from unlined produced water storage pits and stream-
beds where surface discharge is permitted. The volume 
of produced water used consumptively during energy 
development has been a controversial issue in the NERB 
for decades.

Not all industrial uses of groundwater are ultimately 
extractive. Some groundwater co-produced during oil 
and gas development is disposed by reinjection into 
geologic units. Water injection into existing hydrocar-
bon reservoirs can extend and enhance oil production. 
Table 10-1 shows the annual volumes of produced water 
injected into wells sited in the NERB during 2002–2016; 
injection data was not available for 2017 and 2018 at the 
time of writing. Further information about enhanced oil 
recovery is available at the Schlumberger website, http://
www.slb.com/services/technical_challenges/enhanced_
oil_recovery.aspx.

Permitted yields for SEO industrial permits as well as 
average annual volumes of produced water and injected 
water for 2002–2016 are provided in table 8-1c. Figure 
8-5 shows the locations of SEO permitted industrial use 
wells. Although CBM wells are not shown, some indus-
trial wells in figure 8-5 are permitted for use in coalmines 
or building aggregate mines. Figure 10-1 shows the loca-
tion of oil and natural gas wells, and coal mines where 
groundwater is produced in association with energy 
development.

8.5  INFORMATION FROM HYDROGEOLOGIC 
UNIT STUDIES

In addition to the withdrawal and consumptive-use 
data compiled from numerous sources, aquifer-specific 
groundwater-use information was compiled from a 
variety of sources for the chapter 7 discussion of hydro-
geologic units in the NERB. Chapter 7 summarizes the 
physical, hydrogeologic, and chemical characteristics of 
the principal hydrogeologic units in the NERB, includ-
ing the known dynamics of recharge, discharge, and 
groundwater circulation.  

Appendix B provides a chronological summary of the 
locations, aquifers, focus, results, and status of groundwa-
ter development studies in the NERB sponsored by the 
WWDC since 1973. Many of these studies were used to 
compile the information presented in chapter 7.  

8.6  GROUNDWATER PERMIT 
INFORMATION

Groundwater development proceeds primarily by 
installing water supply wells and, to a lesser degree, by 
developing natural springs. Permits allowing the appro-
priation of groundwater are issued and administered by 
the SEO, the Montana Department of Natural Resources 
and Conservation (MDNRC), the South Dakota 
Department of Environment and Natural Resources 
(SDDENR), and the Nebraska Department of Natural 
Resources (NDNR). For this study, the WSGS acquired 
groundwater permit data from all of these agencies. 
The SEO provided information for more than 66,000 
groundwater permits through October 7, 2015 (table 
8-6). Groundwater permit data is also listed for Montana 
(table 8-7), South Dakota (table 8-8), and Nebraska (table 
8-9). Additional information about the groundwater 
permit databases is given in appendix C. Information for 
specific Wyoming groundwater permits can be accessed 
through the SEO online water rights database, http://seo.
state.wy.us/wrdb/PS_WellLocation.aspx. The database is 
easy to use, and specific information can be queried using 
various search parameters (e.g., permit number, location, 
applicant, use).

Information on specific groundwater permits from the 
out-of-state agencies can be accessed online:

http://dnrc.mt.gov/divisions/water/water-rights for the 
MDNRC 
https://denr.sd.gov/des/wr/dbwrsearch.aspx for the 
SDDENR 
http://dnr.ne.gov/gwr/groundwaterwelldata for the 
NDNR   

In this study, permits to appropriate groundwater in 
the NERB are mapped by SEO class-of-use (figs. 8-1 
through 8-7). Additional groundwater permit data are 
tabulated in this chapter to summarize the number of 
permits by:

1. SEO permit status, depth range, and yield range 
(tables 8-3 through 8-5)

2. Class–of-use for Wyoming, Montana, South 
Dakota, and Nebraska (tables 8-6 through 8-9)

3. SEO municipal use, including producing hydro-
geologic unit (tables 8-10 through 8-11)

4. Wyoming Department of Environmental Quality 
(WDEQ) Source Water Assessment Program 
(SWAP; table 8-12)
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8.6.1  Groundwater permits by permit status
Table 8-3 presents the number of groundwater permits 
issued by the SEO under five permit-status categories. 
Table 8-3 does not include permits from Montana, South 
Dakota, or Nebraska. In Wyoming, the status categories 
are:

1. Fully Adjudicated—the well has been drilled and 
inspected, and a certificate of appropriation issued

2. Complete—SEO has received a notice of comple-
tion of the well

3. Unadjudicated—the well has not yet been 
inspected but may have been drilled 

4. Incomplete—SEO has not received a notice of 
completion of the well

5. Undefined—a permit without a designated status. 
These include the following discontinued status 
categories:

• Abandoned—SEO has received a notice that 
the well has been physically abandoned

• Expired—the permit to appropriate groundwa-
ter has expired, generally because SEO has not 
received a notice that the well has been com-
pleted within the time specified in the original 
permit or extension(s)

• Cancelled—the permit has been cancelled, 
generally by the original permit applicant

The SEO issues permits granting water rights to appli-
cants. This does not necessarily mean that a well has 
been completed, and in most cases, it is not known with 
certainty whether a well was installed in association 
with a specific permit. To estimate the number of wells 
that have likely been completed for each use, the WSGS 
assumed that wells have been completed for fully adjudi-
cated, complete, abandoned, and unadjudicated permits. 
In contrast, wells are likely not completed in associa-
tion with incomplete and undefined permits. Table 8-3 
summarizes the number of likely drilled wells for each 
use in the NERB. Based on these assumptions, at least 
72 percent of wells permitted through 2002 are likely to 
have been installed (i.e., completed) compared to at least 
54 percent of wells permitted after 2002.

8.6.2  Groundwater permits by depth and yield
Tables 8-4 and 8-5 show the number of SEO permits by 
depth range and by yield range, respectively.  

Approximately 52 percent of all SEO groundwater 
permits for which depth data are available (table 8-4) are 
for wells less than 500 ft deep, and nearly 18 percent are 
for wells less than 100 ft deep. Almost 75 percent of SEO 
groundwater permits issued after 2002 were for wells 
more than 500 ft deep, and approximately 54 percent 
were for wells more than 1,000 ft deep. The incidence 

Table 8-3.  SEO groundwater permits in the NERB listed by permit status.

Permit status All permits New permits since 2002 

Fully adjudicated 782 56

Complete 47,288 14,992

Unadjudicated 111 96

Incomplete 17,801 12,496

Undefined 706 207

Total permits 66,688 27,847

Probable wells drilled
48,181–66,688 15,144–27,847

(72–100%) (54–100%)
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of recent well depths greater than 500 ft is likely biased 
by the inclusion of CBM well permits, which constitute 
68 percent of all permits issued after 2002 (table 8-6). A 
substantial fraction of permits (49 percent issued after 
2002 and 26 percent overall) does not include well depth 
(table 8-4). 

Of the 57,008 groundwater permits in the NERB data-
base for which yield information is available (table 8-5), 
approximately 67 percent of all permits and 57 percent 
of wells permitted since 2002 are allowed yields of 1–25 
gallons per minute (gpm). Approximately 6 percent of all 

permits and 7 percent of permits issued after 2002 allow 
yields greater than 100 gpm. Less than one-half percent 
of permits issued both since 2002 and in total are for 
yields greater than 1,000 gpm. A small portion of permits 
(8 percent issued after 2002 and 15 percent overall) in the 
SEO database do not include permitted yield.  

Permitted depths and yields, and the mapped permit 
locations on figures 8-1 through 8-7 illustrate that most 
wells in the NERB are completed in Tertiary hydrogeo-
logic units.  

Table 8-4.  SEO groundwater permits in the NERB listed by yield range.

Depth range (ft)
All permits Cumulative

Permits Percentage Permits Percentage

1–50 5,885 11.93% 5,885 11.93%

51–100 2,958 5.99% 8,843 17.92%

101–500 16,971 34.39% 25,814 52.31%

501–1000 11,460 23.22% 37,274 75.53%

> 1000 12,074 24.47% 49,348 100.00%

Total permits with depth information 49,348 -- -- --

Permits with no depth information 17,340 26.00% 66,688 --

Total permits 66,688 (of total) -- --

Depth range (ft)
New permits since 2002 Cumulative

Permits Percentage Permits Percentage

1–50 679 4.78% 679 4.78%

51–100 280 1.97% 959 6.75%

101–500 2,599 18.30% 3,558 25.06%

501–1000 3,007 21.18% 6,565 46.23%

> 1000 7,635 53.77% 14,200 100.00%

Total permits with depth information 14,200 -- -- --

Permits with no depth information 13,647 49.01% 27,847 --

Total permits 27,847 (of total) -- --
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8.6.3  Groundwater permits by use: tables, figures, 
and matrix tables
Groundwater permit information categorized by use 
is presented in tables 8-6 through 8-9 and figures 8-1 
through 8-7, and the matrix tables contained in the 
figures. This information was obtained from the SEO, 
MDNRC, SDDENR, and NDNR. In many cases, 
particularly with older permits, it is not known with 
any certainty whether a well or spring improvement was 
actually installed in association with a specific permit. 
Furthermore, existing facilities might have been aban-
doned after some time and are no longer being used 
beneficially. Any examination of permitted uses must 
explain how the permit data were processed and what the 
data actually represent. The permit data presented in the 
following two sections differ between the figures and the 
tables.

Tables 8-6 through 8-9 show the number of groundwater 
permits issued in Wyoming, Montana, South Dakota, 
and Nebraska by permitted use, regardless of permit 
status (sec. 8.4.1). This means that all permits issued 
are listed without evaluating if a well was installed. The 
tables list six single primary-use categories (municipal, 
domestic, industrial, irrigation, stock, and monitor-
ing), an “other” category for all other single uses, and a 
“multi-use” category for permits that list more than one 
use (approximately 7 percent of all groundwater permits 
in the NERB are for multiple uses). The “other” category 
includes permits issued for “miscellaneous uses” and for 
minor uses such as test wells. The number of permits 
given for a single use, such as the 109 municipal-use 
permits in table 8-6, does not include “multi-use” or 
“other” permits, which may also allow municipal with-
drawals. Additionally, tables 8-6 through 8-9 provide 
total permitted yields calculated by summation of all 

Table 8-5.  Wyoming SEO groundwater permits in the NERB listed by yield range.

Yield range                                             
(gpm)

All permits Cumulative

Permits Percentage Permits Percentage

1–25 38,147 66.92% 38,147 66.92%

26–100 15,675 27.50% 53,822 94.41%

101–500 2,642 4.63% 56,464 99.05%

501–1000 354 0.62% 56,818 99.67%

> 1000 190 0.33% 57,008 100.00%

Total permits with yield information 57,008 -- -- --

Permits with no yield information 9,680 14.52% 66,688 --

Total permits 66,688 (of total) -- --

Yield range                                             
(gpm)

New permits since 2002 Cumulative

Permits Percentage Permits Percentage

1–25 14,691 57.36% 14,691 57.36%

26–100 9,012 35.19% 23,703 92.54%

101–500 1,654 6.46% 25,357 99.00%

501–1000 144 0.56% 25,501 99.56%

> 1000 112 0.44% 25,613 100.00%

Total permits with yield information 25,613 -- -- --

Permits with no yield information 2,234 8.02% 27,847 --

Total permits 27,847 (of total) -- --
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Well type WSEO code Total number              
of permits

New since                 
2002

Total permitted yield 
(gpm)

Total likely yield* 
(gpm)

Municipal MUN 109 26 28,492 12,162

Domestic DOM 6,539 1,737 86,212 68,006

Industrial IND 629 44 108,100 31,783

Irrigation IRR 319 48 156,635 97,393

Stock STK 10,714 2,167 109,026 83,694

Monitor MON 7,930 1,506 595 159

Other MIS, blank 3,387 1,939 411,102 76,707

Coalbed methane CBM 32,248 18,880 1,459,218 840,852

Multi-use various 4,813 1,500 312,726 105,611

Total 66,688 27,847 2,672,105 1,316,366

*Includes only wells that are fully adjudicated, complete, and unadjudicated.

Table 8-6.  SEO groundwater permits in the NERB listed by intended use. Coalbed methane wells include any well that 
lists a CBM code including multi-use wells; multi-use wells shown do not include any well with a CBM code.

Well type Total number 
of permits

New since 
2002

Total permitted yield 
(gpm)

Municipal 0 0 0

Domestic 23 2 211

Industrial 0 0 0

Irrigation 0 0 0

Stock 32 3 340

Monitoring 109 31 924

Other 21 1 0

Coalbed methane 1 0 0

Unknown 76 1 113

Total 262 38 1,588

Table 8-7.  Montana DNRC groundwater permits in the NERB listed by intended use. 
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allowable yields and total likely yields determined by 
analysis of permit status.

Figures 8-1 through 8-7 show the number of “likely 
drilled wells,” as determined by analysis of permit status 
(sec. 8.4.1) for each of the six primary-use categories and 
miscellaneous wells. This includes permits where one use 
is listed. For example, the number of municipal wells is 
determined by counting single-use “municipal” wells and 
any “multi-use” permits that include “municipal” as one 
of the permitted uses. Thus, multi-use wells are counted 
several times, once for each listed use.

Matrix tables contained in each of the figures present the 
number of all permits issued for each use combined in all 
states (fig. 3-1) regardless of permit status. This includes 
permits that list one-use and multi-use permits, for 
example, “municipal” as well as “multi-use” permits that 
include “municipal” as one of the permitted uses would 
be listed as “municipal” permits.

8.6.3.1 Groundwater permits by use: Tables 8-6 
through 8-11
Tables 8-6 through 8-9 show that most groundwater 
permits in the NERB are for coalbed methane develop-
ment, followed by livestock (stock) wells, and wells desig-
nated for monitoring.

Well type Total number 
of permits

New since 
2002

Total permitted yield 
(gpm)

Municipal 0 0 ------

Domestic 46 20 ------

Industrial 1 0 ------

Irrigation 0 0 ------

Stock 8 0 ------

Monitoring 13 0 ------

Other 9 3 ------

Total 77 23 ------

Table 8-8.  South Dakota DENR groundwater permits in the NERB listed by intended 
use. South Dakota data does not include yield information.

Well type Total number 
of permits

New since 
2002

Total permitted yield 
(gpm)

Municipal 0 0 0

Domestic 0 0 0

Industrial 0 0 0

Irrigation 0 0 0

Stock 1 1 300

Monitoring 0 0 0

Other 0 0 0

Multi-use 0 0 0

Total 1 1 300

Table 8-9.  Nebraska DNR groundwater permits in the NERB listed by intended use. 
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Additionally, total likely yields (permitted yields from 
wells that are likely to be completed) constitute about 
50 percent of the total permitted yields. A comparison 
of total likely yields to total permitted yields for each use 
suggests that a higher proportion of domestic (79 percent) 
and stock (77 percent) wells were completed and used 
beneficially than other types of wells.

Tables 8-10 and 8-11 are expanded summary tables for 
SEO permits that include municipal uses, and table 8-12 
summarizes information on SWAP wells and springs that 
are used for both municipal and non-community public 
water supply. A brief discussion of the SWAP is provided 
in section 8.4.3.7. The SWAP provides some information 
beyond what is available in the SEO groundwater permits 
data.

8.6.3.2  Groundwater permit location maps and 
matrix tables, by use
Seven maps (figs. 8-1 through 8-7) were prepared for 
this study to illustrate the geospatial distribution of 
groundwater permits by use in the NERB. Only permits 
for wells that were likely to have been drilled (including 
abandoned wells) are included on figures 8-1 through 
8-7. Groundwater permits in figures 8-2 through 8-7 are 
mapped by their date of issue: permits issued in 2002 or 
earlier are shown in blue, permits issued after 2002 are 
shown in red. Figures have been provided for the follow-
ing permitted uses:

• Irrigation (fig. 8-1)

• Livestock (fig. 8-2)

• Municipal (fig. 8-3)

• Domestic (fig. 8-4)

• Industrial-use wells (fig. 8-5)

• Monitoring (fig. 8-6)

• Miscellaneous-use and other wells (fig. 8-7)

• USGS spring locations are shown on figure 7-2     

In order to evaluate “recent” groundwater development 
that occurred since the previous water basin plans (HKM 
Engineering, 2002a, b), figures 8-1 through 8-7 differ-
entiate groundwater permits issued after 2002. As with 
earlier groundwater rights, most permits issued after 
2002 continue to target Tertiary hydrogeologic units. 

Matrix tables that correlate ranges of well depths and 
yields for all permits issued are also provided in figures 
8-1 through 8-7. Consistent with table 8-5, the depth 
versus yield tables show that by far the most permits 
issued in the NERB are for 0–25 gpm across all depth 
ranges. In addition, the insert tables show that fewer 
wells are permitted for increasingly higher yields across 
all depth ranges. Because only permits for wells that were 
likely to have been drilled (status of fully adjudicated, 
complete, unadjudicated, and abandoned) are shown 
on figures 8-1 through 8-7, the number of permits on 
the insert matrix tables does not match the number of 
permits depicted on the maps. 

Figure 5-11 shows the distribution of SWAP wells used 
for municipal and other public supply. Because public 
supply is one of the most important uses of groundwa-
ter resources, a more comprehensive compilation was 
performed for the SEO permit data and related WDEQ 
SWAP data on municipal and non-community public 
groundwater supplies. 

8.6.3.3  Irrigation-use permits 
Tables 8-6 through 8-9 list 319 groundwater permits 
for irrigation use (IRR) in the NERB, all located in 
Wyoming. Figure 8-1 shows the distribution of likely 
drilled irrigation wells. Most irrigation wells are located 
in the High Plains aquifer system of the Upper Niobrara 
River Basin. The depth versus yield tables in figure 8-1 
show that most irrigation well permits that list depth 
were permitted for depths of 100–499 ft and include a 
wide range of yields. Table 8-6 and the matrix tables in 
figure 8-1 illustrate that most irrigation permits in the 
NERB were issued before 2003.  

8.6.3.4  Livestock-use permits 
Tables 8-6 through 8-9 show 10,755 groundwater 
permits have been issued solely for livestock use (STK) 
in the NERB. Figure 8-2 shows the distribution of likely 
drilled stock wells in the NERB issued since 2002. Stock 
wells are sited most densely in the eastern two-thirds 
of the NERB and in a broad band beginning along the 
upper reaches of Crazy Woman Creek and extending 
northwest into the Tongue River Basin. Most stock wells 
are completed in outcrops of Tertiary and Cretaceous 
units. The depth versus yield tables in figure 8-2 show 
that the largest number of total permits and permits 
issued since 2002 are for depths under 500 ft and for 
yields less than 25 gpm.    
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Figure 8-1.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled irriga-
tion wells, NERB.
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Figure 8-2.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled live-
stock wells, NERB.
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Figure 8-3.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled mu-
nicipal wells, NERB.
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Figure 8-4.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled domes-
tic wells, NERB.
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Figure 8-5.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled indus-
trial wells, NERB.
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Figure 8-6.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled moni-
toring wells, NERB.
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Figure 8-7.  Wyoming SEO, Montana DNRC, South Dakota DENR, and Nebraska DNR permitted and drilled other 
wells, NERB.
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8.6.3.5  Municipal-use permits 
All 109 groundwater permits issued solely for municipal 
use (MUN) in the NERB are in Wyoming (tables 8-6 
through 8-9). Figure 8-3 shows the spatial distribution 
of likely drilled municipal wells. Most municipal permits 
issued since 2002 do not contain depth data. No munici-
pal-use permits are listed in neighboring states.

Tables 8-10 and 8-11 distinguish 109 municipal-use 
groundwater permits on file with the SEO by status. Table 
8-10 summarizes selected information on 47 municipal-use 
permits that have been fully adjudicated. Table 8-10 
includes available information on permitted yield, well 
depth, depth of the producing interval, and the producing 
hydrogeologic unit. Only one permit in table 8-8 is for 
multiple uses. Because the “fully adjudicated” permit status 
indicates that the well has been inspected, the information 
in table 8-10 is presumed to be accurate. The wells in table 
8-10 produce water from alluvial and bedrock aquifers (pl. 
2). Information on producing intervals was obtained from 
SWAP data, WWDC consultant reports, and SEO data.

Table 8-11 summarizes selected information on 78 SEO 
municipal well permits listed as incomplete or have no 
status listed. Table 8-11 includes available information 
on permitted yield and well depth. Eleven of the permits 
in table 8-11 are for multiple uses. The wells in table 8-11 
produce water from alluvial and bedrock aquifers (pl. 2).  

While cancelled permits may or may not be associated 
with a completed well, abandoned status generally refers 
to a previously existing well.  

8.6.3.6  Domestic-use permits 
Domestic water withdrawals include non-community 
public water systems and rural domestic users. Tables 8-6 
through 8-9 show that groundwater permits for domestic 
use (DOM) outnumber permits for all other non-CBM 
uses except livestock and monitoring wells.

Figure 8-4 shows the distribution of likely drilled 
domestic-use permits. Most domestic wells are in rural 
areas outside of municipalities in Johnson, Sheridan, 
Campbell, Crook, Weston, and Niobrara counties. 
Most wells are completed in Tertiary, Cretaceous, and 
Paleozoic geologic units. The depth versus yield tables 
in figure 8-4 show that basin wide, the largest percent-
age of permits issued after 2002 allow well depths up 
to 499 ft and yields up to 25 gpm. Around 2 percent of 
domestic-use permits do not provide any recorded depth 
information.

8.6.3.7  Source Water Assessment Program (SWAP) 
wells and springs 
The SWAP, a component of the federal Safe Drinking 
Water Act, is designed to help states protect public 
water systems (PWS) and applies to both municipal and 
non-community public systems. The voluntary program, 
administered by the WDEQ Water Quality Division 
(WQD), encourages the development of source-water 
assessments and Wellhead Protection Plans (WHP) for 
groundwater PWS. A source-water assessment entails 
determining the source-water contributing area, inven-
torying potential sources of contamination to the PWS, 
determining the susceptibility of the PWS to identified 
potential contaminants, and summarizing the information 
in a report. An important aspect of these reports relative to 
this study is that the producing hydrogeologic unit is com-
monly identified. As discussed in section 5.7.4, the individ-
ual PWS reports provide valuable information on recharge 
areas, resource vulnerability, and local sources of poten-
tial contaminants for specific groundwater sources. The 
development and implementation of SWAP and WHP 
assessments and plans are ongoing throughout Wyoming. 
Additional information is available on the WDEQ website, 
http://deq.wyoming.gov/wqd/source-water-wellhead/.

Table 8-12 provides SEO water right permit number, yield, 
producing unit, and depth data for 169 SWAP wells in the 
NERB. The SEO permit numbers shown can be cor-
related with the wells shown in tables 8-10 and 8-11. Most 
wells in the SWAP database produce groundwater from 
Tertiary, Cretaceous, and Paleozoic units (table 8-12).  

Figure 5-11 shows the geospatial distribution of SWAP 
wells in the NERB and their relative susceptibility to 
potential contaminants.  

8.6.3.8  Industrial use 
Tables 8-6 and 8-8 list 629 Wyoming permits and 1 
South Dakota permit for industrial (IND) use. Primary 
industrial uses in the NERB have included construction 
company usage, as well as aggregate and gravel mining. 
The SEO database does not identify specific industrial 
uses. 

8.6.3.8.1  Energy production
Groundwater associated with oil, gas, and coal production 
includes “produced water” withdrawn as a byproduct of 
extraction from hydrocarbon reservoirs and water utilized 
in the production and refining of energy resources. In some 
cases, produced water is used in production and refining 
operations; in others, water for operations is obtained from 
surface or underground sources. Some water plans (e.g., the 
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2012 Wind/Bighorn River Basin Water Plan) have treated 
produced water withdrawals as industrial groundwater use, 
while others (e.g., the 2006 Platte River Basin Water Plan) 
have included only water used for production and refining 
operations in estimates of industrial use. The informa-
tion in chapter 10 on currently produced water associated 
with energy operations was obtained from the WOGCC 
(2017), the U.S. Geological Survey USGS (Maupin and 
others; Lovelace, 2009), and the U.S. Energy Information 
Administration (2018).

Figures 5-4 through 5-6 show the extent of energy 
development as it relates to water resources in the NERB. 
Figure 5-4 shows conventional oil and gas infrastruc-
ture, figure 5-5 provides the locations of Class II (petro-
leum-produced water) and Class V (CBM-produced 
water) injection wells, and fig. 5-6 maps Wyoming 
Pollutant Discharge Elimination System (WYPDES) 
outfalls and WDEQ groundwater pollution control facili-
ties.

Chapter 10 examines energy production and groundwa-
ter. Table 10-1 lists annual production levels of oil, gas, 
coal, and produced-water during 2003–2016. 

Effluent waters from various facilities of suitable quality 
can be put to beneficial use (e.g., stock watering, agri-
culture, drilling, and industrial dust suppression). 
Otherwise, effluent water is primarily discharged to 
the surface under the regulation of WDEQ Wyoming 
Pollutant Discharge Elimination System (WYPDES) 
permits. WDEQ data indicate that most WYPDES 
permits shown in figure 5-6, particularly in the Powder 
River, Belle Fourche, Tongue, and Cheyenne River 
basins, were issued in association with coalbed methane 
production. Estimates of historical volumes of CBM 
co-produced water discharged in the NERB can be 
obtained from the WOGCC website, http://pipeline.wyo.
gov/crms.cfm. 

Produced water volumes that are discharged to the 
surface or put to other uses are generally considered to 
be partially consumptive and, in a few cases, wholly 
consumptive. Produced (effluent) water management 
typically involves some consumptive losses to evapotrans-
piration. On the other hand, injecting produced water 
into hydrogeologic units at depths where there is minimal 
chance of future withdrawal effectively removes it from 
the water budget of the basin and is wholly consump-
tive. The water balance developed within this study adds 
discharged effluent water volumes to precipitation. Once 
discharged, effluent waters are consumed by evapotrans-
piration, add to surface water outflows, and recharge 
shallow aquifers.

8.6.3.8.2  Groundwater use for non-energy minerals 
development
Groundwater withdrawn for non-energy mineral devel-
opment in the NERB is primarily used for the produc-
tion of sand, gravel, limestone, bentonite, and scoria. 
Figure 5-8 shows the locations of groundwater permits 
for non-energy minerals, coal, and uranium mines in the 
NERB. 

Mining permits are shown on the WDEQ Land Quality 
Division website: http://deq.wyoming.gov/lqd/.

8.6.3.9  Monitoring wells 
Tables 8-6 through 8-8 list 7,930 SEO monitoring well 
permits in Wyoming, 109 monitoring wells in Montana, 
and 13 in South Dakota. Monitoring wells are typically 
used to track the levels and quality of groundwater asso-
ciated with a contaminated site or a potentially contam-
inated site (e.g., an underground fuel storage tank) or to 
monitor for groundwater impacts from various activities 
(e.g., mining or waste management). When used for 
monitoring alone, these wells have no permitted yield; 
however, there may be a permitted yield for other, second-
ary uses. The SEO stopped requiring permits for moni-
toring wells of 4 in or less in diameter in 2004; therefore, 
the data for these permits are incomplete.

Figure 8-6 shows the distribution of likely drilled SEO 
monitoring well permits in the NERB. Most monitor-
ing wells are located along Wyoming State Highway 
59 in association with operating coalmines. The depth 
versus yield tables on figure 8-6 show that most permits 
are issued for depths less than 500 ft. This suggests that 
shallow water table aquifers susceptible to contamination 
are the most frequent target of groundwater monitor-
ing programs in the NERB. Although recorded depths 
are available for most monitoring wells in the database, 
only 66 well permits include recorded yield data. More 
than 800 monitoring wells were permitted after 2002; 
however, even this high number is understated because 
of the 2004 SEO policy change that removed the permit 
requirement for monitoring wells under 4 in in diameter. 

8.6.3.10  Permits for other and miscellaneous uses 
Table 8-6 indicates that the SEO has issued 3,387 
permits for “other” uses and 4,813 permits for “multi-
use” wells. Multi-use permits list more than one use; 
for example, a permit that shows both “domestic” and 
“stock” use is a multi-use permit. Tables 8-7 and 8-8 list 
permits for “other” wells and “multi-use” permits issued 
by Montana and South Dakota, respectively. There are 
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no permits recorded for either type in Nebraska (table 
8-9).

Some “multi-use” permits are for test wells used to deter-
mine aquifer hydraulic characteristics. Information on 
specific miscellaneous-use and test wells may be found in 
some permit SEO applications available online and in the 
WWDC water projects listed in appendix B. 

Figure 8-7 shows that miscellaneous-use and other-use 
wells are located throughout the NERB. The depth 
versus yield tables in figure 8-7 show that most ground-
water permits have been issued for depths up to 99 ft 
and for yields of 1 to 499 gpm for both total permits and 
permits issued since 2002. About 30 percent of these 
permits do not list a recorded depth. 

8.6.3.11  Hydrothermal use
The NERB has no potential for high-grade geothermal 
energy development. However, Buelow and others (1986) 
identified three areas in the NERB with limited potential 
for hydrothermal development: the Salt Creek-Meadow 
Creek area north of Casper, along Lightning and Lance 
creeks in the Cheyenne River Basin, and on the south-
western flanks of the Black Hills near Newcastle. A 
WSGS inventory of thermal springs in Wyoming 
(Breckenridge and Hinckley, 1978) did not identify any 
hydrothermal springs in the NERB.

The SEO database lists hydrothermal development as a 
sub-category in individual permit applications for some 
miscellaneous-use wells. Determination of the number 
of wells and springs permitted for hydrothermal use was 
beyond the scope of this study.  

8.7  GROUNDWATER INTERFERENCE/
INTERCONNECTION WITH SURFACE 
WATER 

The potential for interference between wells and well 
fields located within areas of interconnected surface and 
groundwater that exhibit historically high levels of draw-
down must be considered when assessing the historic, 
current, and future use of groundwater in the NERB. 
The use of groundwater resources is not addressed in the 
Belle Fourche and Yellowstone compacts but is men-
tioned in the Upper Niobrara Compact (app. D).

8.7.1  Interference between wells
As a well withdraws water from an unconfined aquifer, 
it depresses the groundwater level around the well casing 
in a generally radial configuration, called a “cone of 

depression.” In areas where several actively pumping wells 
are sited in close proximity to each other, their respec-
tive cones of depression may overlap and “well interfer-
ence” may result. If well interference becomes excessive, 
aquifer water levels may drop below the depth of some 
wells, causing conflicts between users. In Wyoming, the 
SEO may address cases of excessive well interference by 
recommending the formation of a groundwater control 
area wherein groundwater uses are actively managed by 
a groundwater control area advisory board. According to 
Wyoming State Statute WSS 41-3-912, a “control area” 
can be designated by the Board of Control on the recom-
mendation of the State Engineer for any of the following 
reasons:  

• The use of underground water is approaching a 
use equal to the current recharge rate  

• Groundwater levels are declining or have 
declined extensively.

• Conflicts between users are occurring or fore-
seeable.

• The waste of water is occurring or may occur.

• Other conditions exist or may arise that require 
regulation for the protection of the public inter-
est.

Currently, there are no designated control areas in the 
NERB. Additional information about groundwater 
control areas can be found online: https://sites.google.
com/a/wyo.gov/seo/ground-water/groundwater-con-
trol-areas-advisory-boards.

8.7.2  Interconnection between groundwater and 
surface water
Surface flows are subject to strict water rights, and con-
flicts occur where groundwater extraction affects surface 
flow. Although the Wyoming Constitution establishes 
that all surface water and groundwater within Wyoming’s 
borders is owned by the state, the right to put surface 
water and groundwater to beneficial use is permitted as 
water rights by the Wyoming SEO and adjudicated by 
the Wyoming Board of Control. Surface water resources 
are subject to interstate agreements that limit how much 
streamflow can be depleted before leaving the state. 
Furthermore, conflicts among users within the state or 
across state lines can occur where groundwater extraction 
may affect surface flows. Although interconnection 
between groundwater and surface water is not currently 
a significant water rights issue in the NERB, it could 
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become a point of contention in the future as the basin’s 
population grows.  

Appendix D contains copies of the Belle Fourche, 
Yellowstone, and Upper Niobrara compacts (SEO, 2017). 
The Interstate Streams Division of the SEO administers 
the provisions of compacts that fall under the authority of 
the State of Wyoming. 




