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Abstract
The U.S. Department of Energy’s (DOE’s) National Energy Technology Laboratory 
(NETL) has been developing the technology, infrastructure, and experience 
to implement large-scale carbon capture and storage (CCS) from a regional 
perspective through its Regional Carbon Sequestration Partnership (RCSP) 
Program, which consists of seven regional partnerships. Members of these 
partnerships have formed the Water Working Group (WWG), with a goal of 
addressing the concerns of the public and industry regarding CCS technology 
and its potential relationships with water resources. Members of the WWG 
represent different regions of North America, and each region has its own 
unique set of opportunities and challenges related to water resources and CCS.

The mission of the WWG is to provide a sounding board for researchers, 
industry, and public and private entities on the challenges and opportunities 
related to water and CCS. To this end, the group has produced a white paper, 
presentations, and a growing series of fact sheets on the interrelationships and 
issues related to the CCS and water nexus. These relationships include increased 
water use in industrial sources generating CO2; additional water use for capture; 
compression and transportation processes; and interactions with water found 
in deep, confined formations targeted for storage. Other issues such as the 
development and application of new monitoring technologies, evolving 
regulatory policies, and changes in public perception contribute to the growing 
complexity of this nexus. WWG members will continue to provide valuable 
insight on these issues through continuing and new research efforts as part of 
the RCSP Program.

Affiliation
1.	 Energy & Environmental Research Center, University of 
	 North Dakota, Grand Forks, ND
2.	National Energy Technology Laboratory, U.S. Department 
	 of Energy, Morgantown, WV
3.	The CETER Group, Inc., Gibsonia, PA

Contact Information
Ryan J. Klapperich, Research Scientist, (701) 777-5430; rklapperich@undeerc.org
Charles D. Gorecki,  Senior Research Manager, (701) 777-5355; cgorecki@undeerc.org
Andrea T. McNemar, NETL Project Manager, (304) 285-2024; Andrea.McNemar@netl.doe.gov

Nexus of 
Water and CCS

Cooling Water Livestock

Geothermal

Irrigation

Artificial Recharge
Saltwater Intrusion Barrier

Oil and Gas

In
je

ct
io

n 
of

 C
O

2 R
em

ov
ed

 fr
om

 R
aw

 G
as

Pr
od

uc
tio

n 
of

 O
il 

an
d 

D
is

so
lv

ed
 C

O
2

0’

500’

Oil Storage

CO
2

Separation of CO2 
and Oil  

CO2 
CompressionInjection 

Well

Production
Well

Full-Length 
Casing

Tubing

 C
O

2  
 

Cement

Surface
Casing

Cement

Drilling
Mud

Drilling
Mud

CO
2

CO
2 

an
d 

O
il

CO2 EOR Zone

10,000’

Natural Gas- 
Processing Plant

To Market

Additional 
Layers of 

Protection

Freshwater 
Zone

Impermeable 
Cap Rock

© 2013 Universit
y o

f N
orth

 Dakota Energy 

& Enviro
nmental Research Center 

SECARB
Southeast Regional Carbon Sequestration PartnershipSoutheast Regional Carbon Sequestration Partnership

Midwest Geological Sequestration Consortium

SEQUESTRATION PARTNERSHIP

SOUTHWEST PARTNERSHIP
CO2 SEQUESTRATION 

NATIONAL ENERGY TECHNOLOGY LABORATORY

The Plains CO2 
Reduction Partnership

Regional Carbon Sequestration Partnerships
RCSP Water Working Group

renewable sources of energy, and implementation of CCS. 
CCS holds the potential to substantially reduce greenhouse 
gas emissions to the atmosphere. CCS works most 
efficiently when applied to large utility or industrial sources 
where high volumes and/or concentrations of CO2 are 
emitted. Through the use of specialized processes and 
equipment, CO2 is captured, compressed, and transported 
to sites appropriate for safe long-term geologic storage 
(Figure 2). 

Underground storage entails injecting compressed CO2 
into deep rock formations that are both physically and 
chemically stable; have an appropriate amount of porosity 
(spaces within the rock); and are covered by thick, 
relatively impermeable (flow-resistant) rock formations that 
confine the CO2 at depths typically greater than 1 mile. 

Water and CCS

Water is involved in every step of the CCS process 
(Figure 3). Capture technology will likely increase water 
withdrawal and consumption at the site of CO2 generation 
because of the use of additional equipment and processes. 
Within the reservoir itself, the impact of storage activities 
on appropriately targeted rock formations has been shown 
to be minimal. CCS activities require great depth, and in 
most cases, the targeted formations will be separated 
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Introduction

Members of the U.S. Department of Energy (DOE) Regional 
Carbon Sequestration Partnerships (RCSPs) have formed 
the Water Working Group (WWG), a team of experts from 
government, academia, and industry whose goal is to 
address stakeholder concerns regarding emerging carbon 
capture and storage (CCS) technology and its potential 
interactions with local and regional water resources. 
Members of the WWG represent different regions of North 
America, each with its own unique set of challenges 
surrounding water resources and CCS (Figure 1). The 
opportunities and challenges at the nexus of CCS and water 
are being evaluated by the RCSP WWG as various carbon 
dioxide (CO2) capture and storage strategies are assessed. 

Carbon Capture and Storage

A majority of CO2 generated by humans comes from the 
use of fossil fuels as reliable sources of energy, helping 
us  to maintain our current economy and quality of life. 
Carbon dioxide emissions can be reduced through energy 
conservation, increased efficiency of fossil
fuel use, increased utilization of nuclear power and 

Figure 2. CO2 is pumped 4800 feet underground at the CO2 
injection site in the Weyburn–Midale Field in Saskatchewan, 
Canada. 

Figure 1. DOE has organized seven RCSPs to evaluate a variety 
of CO2 storage strategies to determine which is best suited for 
specific regions of the country.
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Figure 1. Illustrative example of CO2 injection into a 
deep storage reservoir during CCS (image not to scale).
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Carbon Capture and Storage: Protecting Freshwater Resources

Introduction
The overall goal of carbon capture and storage (CCS) is to inject 
carbon dioxide (CO2) that has been captured from a point 
source, such as a power plant, into a deep underground storage 
formation and ensure that it remains there. Maintaining the 
security of that CO2 is crucial to protecting our water resources.  
This fact sheet identifies the keys to successfully protect water 
resources during CCS and introduces the evolving regulatory 
framework set up for that purpose.    

CCS and CO2 Containment
The commercial geologic injection of fluids has been done 
safely in the United States for decades and currently occurs 
under the Underground Injection Control Program, which is 
directed by state and federal regulatory agencies. Each day, large 
volumes of fluids are injected for waste disposal, enhanced oil 
recovery (EOR), and liquid hydrocarbon and natural gas storage 
(Table 1). The subsurface systems encountered during CCS 
(Figure 1) are similar to those encountered during the deep 
injection activities identified in Table 1.

Keys to Successful Protection 
of Water Resources
The keys to water resource protection during CCS include 
detailed site characterization, sound well construction and 
operation protocols, and comprehensive monitoring and 

Well Type/Class Number of Wells Commentsa

Oil and Gas-Related Injection Wells (Class II)

Includes Brine Disposal and the Injection of CO2 and Other 
Fluids/Gases for EOR

~150,000

Over 2 billion gallons of brine injected/day; 80% associated with 
EOR, the other 20% at natural gas/oil production facilities.

As of March 2010, 11 TCF (560 million metric tons) of CO2 has 
been consumed by the U.S. CO2 EOR industry.

Natural Gas Storage
400 active storage facilities 

in the lower 48 states
5000 to 7000 BCF of natural gas in storage/month.

Liquid Hydrocarbon Storage (Class II) 100 Part of U.S. Strategic Petroleum Reserve.

Hazardous Waste Disposal (Class I) as Defined by RCRAb 120 Generally located at industrial facilities.

Nonhazardous Industrial Waste Disposal (Class I) 260
Currently operate in 19 states, primarily Texas, Wyoming, 

Kansas, and Louisiana.

Municipal Wastewater Disposal (Class I) 160 Primarily in Florida; large diameter and gravity-fed.

a BCF = billion cubic feet and TCF = trillion cubic feet.
b Resource Conservation and Recovery Act.

Table 1. Injection Well Types in the United States1–3 
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Mission
Address stakeholder concerns regarding 
emerging CCS technology and its 
potential interactions with local and 
regional water resources.
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