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Chapter 10
Energy development and groundwater

Karl G. Taboga 
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The NERB encompasses most of the Wyoming 
portion of the Powder River Basin Province (PRBP), 

one of the most prolific areas of fossil fuel production in 
the United States (Anna and others, 2009). The Powder 
River Basin’s extensive deposits of coal as well as most 
of its oil and natural gas resources are located in the 
NERB. Moreover, during the period from 2002 to 2016, 
the Powder River Structural basin produced nearly 5.6 
trillion mcf (thousand cubic feet, a standard measure of 
natural gas) of coalbed methane gas (CBM). In com-
parison, CBM production during the same period in 
the rest of Wyoming was a little more than 188 million 
mcf (WOGCC, 2017). Interactive online maps, avail-
able from the Wyoming Department of Environmental 
Quality (WDEQ) (http://deq.wyoming.gov/lqd/
coal) and the Wyoming Oil and Gas Conservation 
Commission (WOGCC) (http://wogccms.state.wy.us/
flexviewers/unitmap/), show the extent and location of 
active coal mines and oil and gas wells in the NERB, 
respectively. The WSGS provides an overview of energy 
resources in Wyoming structural basins at: http://www.
wsgs.wyo.gov/energy/energy.

10.1  ENERGY PRODUCTION AND 
GROUNDWATER IMPACT

Energy resource development usually affects groundwater 
resources in some manner. Coal mines must be de-wa-
tered when mining extends into saturated geologic units. 
Groundwater must be pumped from saturated coal seams 
to extract coalbed methane. Oil and gas wells typically 
discharge co-produced groundwater present within the 
targeted hydrocarbon reservoir(s) during production; (see 
http://www.wsgs.wyo.gov/energy/oil-gas-resources for 
an explanation of how oil, gas, and water exist together 
within a petroleum reservoir). Groundwater recharge may 
be enhanced or decreased by surface disturbances related 
to development. The practices employed to manage 
co-produced waters can substantially alter surface water 
and groundwater volumes (Taboga and others, 2015; 
2017) and hydrochemistry (Healy and others, 2011; 
Clark, 2012). 

10.1.1  Energy production and co-produced 
groundwater  
Table 10-1 and figure 10-1 illustrate hydrocarbon and 
groundwater production volumes in the NERB for 
2002–2016. Annual water production volumes for tra-
ditional oil and gas (TOG), coalbed methane (CBM), 
and injection/disposal wells were obtained from opera-
tor-supplied data, as reported to the WOGCC (2018). 
Groundwater production 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). 

Groundwater produced from all forms of energy develop-
ment (fig. 10-1) in the NERB has declined from a peak 
of more than 184,000 ac-ft in 2008 to about 90,000 
ac-ft in 2016. The observed decline is due largely to a 
four-fold decrease (from 88,000 to 22,000 ac-ft) in CBM 
water production from 2008 to 2016. In comparison, the 
less variable groundwater volumes produced from coal 
mining and traditional oil and gas development have 
declined at relatively modest rates (fig. 10-1).

Injection and disposal wells pump water and other fluids 
into deep geologic units. Disposal wells are for dispos-
ing hydrocarbons, brines, or other fluids produced in 
conjunction with oil and gas production. Injection wells 
inject water, gases such as CO2, or a combination of water 
and gases into petroleum reservoirs to achieve secondary 
recovery of oil and natural gas. Injection and disposal 
wells are regulated by the WOGCC as Class II under-
ground injection control permits. 

In most cases, injection and disposal wells pump fluids 
into deep geologic units where depth and water quality 
would prevent future withdrawal. Although disposal 
volumes have remained relatively constant at about 3,500 
ac-ft/yr (table 10-1) between 2002 and 2016, annual 
injected water volumes (fig. 10-1) have been steadily 
declining since 2002.

10.1.2  Produced groundwater management
Managing co-produced groundwater is a critical envi-
ronmental issue that must be addressed in any energy 
development project. In some cases, the costs and logistics 
of water management have hampered or halted project 
development. Produced water extraction and manage-
ment were, and have remained, pivotal issues in the 
Powder River Basin during the accelerated development 
of surface coal mining (Bloyd and others, 1986) that 
began in the 1970s, and the more recent period (1999–
present) of CBM development (Peterson and others, 
2010; Bern and others, 2013). 

The WDEQ and WOGCC are the principal regulators 
of produced water in Wyoming. However, developing a 
produced water management program frequently requires 
close coordination with other state and federal environ-
mental agencies. Depending on the location of produc-
tion and the management strategies proposed, developers 
may be required to comply with regulations and/or 
obtain permits from the Bureau of Land Management 
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(BLM), SEO, U.S. Army Corps of Engineers, U.S. 
Environmental Protection Agency (EPA), U.S. Forest 
Service (USFS), and U.S. Fish and Wildlife Service 
(FWS). 

The produced water management methods most com-
monly employed in the NERB include:

• Discharging produced water to receiving waters 
(streams, waterways) of the state, closed basins, 
playas, headwater reservoirs, and on-channel 
containment units. These projects require permits 
from the WDEQ Wyoming Pollutant Discharge 
Elimination System (WYPDES) Program. 

• Using produced waters for other uses such as 
irrigation, livestock watering, wildlife watering, 
dust suppression on roadways, and some on-site 
industrial processing. These projects also require 
WYPDES permits, as the produced waters are 
likely to enter waters of the state.

• Storing produced water in off-channel pits or 
sending it to designated disposal and injection 
wells requires permits from the WOGCC (chaps. 
4, secs. 1, 5, and 7 in http://wogcc.state.wy.us/wog-
cchelp/commission.html).

These water management methods are largely consump-
tive. Evapotranspiration consumes much of the produced 
water discharged to surface waterways and impound-
ments, as well as that used for agriculture and dust 
suppression. Injection and disposal wells pump produced 
water into deep geologic units, many of which are saline 
petroleum reservoirs. 

10.1.3  Additional information
Further information about produced water management 
and its impacts can be found at the following websites:

• WDEQ WYPDES Program: http://deq.wyoming.
gov/wqd/wypdes/

• WOGCC injection and disposal wells: http://
wogcc.state.wy.us/legacywogcce.cfm

• WDEQ Cumulative Hydrologic Impact 
Assessments (CHIA) for coal mines: http://deq.
wyoming.gov/lqd/coal/resources/chia/

• BLM Wyoming Resource Management Plans: 
https://www.blm.gov/programs/planning-and-
nepa/plans-in-development/wyoming

• WSGS groundwater publications: http://www.
wsgs.wyo.gov/water/groundwater

• The USGS Publications Warehouse: https://pubs.
er.usgs.gov/
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