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EERC DISCLAIMER 
 

LEGAL NOTICE This research report was prepared by the Energy & Environmental 
Research Center (EERC), an agency of the University of North Dakota, as an account of work 
sponsored by the U.S. Department of Energy National Energy Technology Laboratory. Because 
of the research nature of the work performed, neither the EERC nor any of its employees makes 
any warranty, express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed or represents that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement or recommendation by the 
EERC. 
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DOE DISCLAIMER 
 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government, nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 
 
 
NDIC DISCLAIMER 
 

This report was prepared by the EERC pursuant to an agreement partially funded by the 
Industrial Commission of North Dakota, and neither the EERC nor any of its subcontractors nor 
the North Dakota Industrial Commission nor any person acting on behalf of either: 
 

(A) Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report or 
that the use of any information, apparatus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

 



 

 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of, any information, apparatus, method, or process disclosed in this report. 

 
Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the North Dakota Industrial Commission. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the North Dakota 
Industrial Commission. 
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 A page highlighting the interrelationships, the nexus, of water and CCS. 
 A page highlighting the challenges and opportunities provided by CCS. 
 A page of WWG products. 
 A page of relevant program links. 
 A page formally describes the goals of the WWG and appropriate contact information. 

 
 The Web site content is designed to be self-contained and informative but also succinct and 
streamlined. Users are given brief topical discussions and encouraged to explore additional 
linked resources. The content and associated links will also be updated as new products become 
available. A full summary of updates will be provided in the deliverable update report due May 
2016. All figures represent individual pages of the proposed Web site, and can be found in 
Appendix A. Layout and fonts have been approximated for this report. Final layout and fonts 
will be determined by NETL. 
 
 
WEB PAGE DESCRIPTIONS 
 

Site Map 
 
 A site map is provided for internal use to help developers and programmers see the 
organization of the page. It is not intended for this page to be displayed publically. The site map 
can be found on page A-1 of Appendix A. 
 

Home Page/Introduction 
 
 This page provides a brief introduction to the Web site and describes why water is an 
important component of CCS. Please refer to page A-2 of Appendix A.  
 

Carbon Capture and Storage 
 
 The page provides an overview of CCS and introduces some of the concepts necessary to 
understand the information on the nexus of water and CCS. It also provides definitions of CCS 
and illustrates what a CCS project may look like and how water resources are protected. Please 
refer to pages A-3–A4 of Appendix A. 
 

Water and CCS 
 
 This page provides information on the “nexus” of water and CCS (pages A-5–A-7 of 
Appendix A), which is central to the mission of the WWG. The page illustrates how water is an 
important component of all major CCS steps as well as defines the major processes involved. 
 

Challenges and Opportunities 
 
 This page describes “challenges and opportunities” related to water and CCS (pages A-8–
A-9 of Appendix A), which are areas of research that members of the WWG are either pursuing 
or have identified as areas of needed research. This page describe the focus of the WWG’s 
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efforts and highlights the major focus areas, such as the need for additional water resources, the 
need to ensure and demonstrate water protection, and the opportunities to use extracted water as 
a new water resource. 
 

Products 
 
 A products page was created to house all WWG-produced material and RCSP- and DOE-
related material (pages A-10–A-11 of Appendix A). New material will be linked as it becomes 
available.  
 

Links 
 
 A links page was created to house all related RCSP links as well as links to other related 
CCS programs (pages A-12–A-13 of Appendix A). New material will be linked as it becomes 
available. 
 

About Us 
 
 Finally, an “About Us” page was created to provide the mission statement of the WWG, 
reiterate the composition of its membership, and disseminate further contact information  
(pages A-14–A-16 of Appendix A). A description of the RCSP and map are also included here. 
 
 
FUTURE WORK 
 
 The next Web site content update deliverable is in May of 2016. Additional and updated 
content will be provided to NETL to update the Web site content as it is produced and fully 
reported in the update deliverable. In the near term, the WWG will work with NETL with respect 
to any challenges which arise with respect to implementation of the Web site content. Any 
required modifications will be noted and included in the May 2016 update. As NETL will be 
hosting the Web site content, the authors cannot say when the site will go live as of the writing of 
this deliverable. 
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WWG WEB SITE CONTENT 
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to generate heat, which is used to convert water into steam. The steam is then 
used to generate power via a steam turbine. Typically, the generated CO2 
emissions are vented to the atmosphere; however, in a CCS scenario, these 
emissions are diverted to a CO2 capture facility. 

Cooling Cooling is necessary to convert steam back into water after it has been used 
to generate power. Cool water is passed over a heat exchanger containing the 
steam. This removes the heat from the steam and, in turn, warms the water 
used for cooling. This is typically the dominant water used at a power plant. 
Other processes may also require cooling, and this may be done with separate 
cooling facilities or a shared facility.  

Capture The capture facility is where CO2 gas is separated from the other gases 
(mostly nitrogen and oxygen) and diverted to the compression facility. A 
variety of CO2 capture technologies exist, and individual processes are best 
suited for specific types of power generation processes. Water is necessary 
for the majority of these capture processes, as it typically is a component of 
the CO2 separation media.  

Compression  The compression facility is where CO2 is compressed into a very dense state 
of matter for ease of transportation. This process generates a large amount of 
heat, which requires cooling, which may be accomplished using water.  

Injected Wellhead The injection wellhead is where CO2 is injected into the carefully selected, 
deep underground rock formation. Once the CO2 reaches the bottom of the 
well, it is released into the rock formation where it becomes trapped and 
permanently stored.  

Water Extraction Wellhead The water extraction wellhead is an optional well which may be installed by 
some storage site operators to help manage injection activities. Formation 
fluids, typically water, can be removed to influence the movement of CO2 
injected into the rock formation or create room for additional CO2. If 
formation fluids are extracted, they would be injected into an appropriate 
disposal well (a common and regulated practice) or treated and used in some 
way. 

Treatment Water treatment may be required to manage wastewater generated by the 
power plant and, if used, water extracted from the storage formation. A wide 
variety of standard water treatment processes can be appropriately applied to 
manage these wastewater streams.  

Raw Water Raw water refers to the source water used by an industrial source. It may be 
freshwater, such as a river, lake, or groundwater, or some other source, such 
as treated municipal wastewater.  

Beneficial Use Beneficial use refers to any number of processes that extracted water could 
be used for. These processes include cooling water for power plants, source 
water for other industrial processes, or crop irrigation. Virtually any process 
that requires large volumes of water could be a potential beneficial use of 
extracted water.  

Legend Blue arrows represent freshwater or a treated equivalent. Red arrows 
represent hot water requiring cooling facilities. Green arrows represent water 
requiring some treatment strategy. Black arrows represent the flow of CO2 
through the system. 

 
 



 
 

 
 

A-7 

 



 
 

WWG
 
Wate
abov
relat
captu
curre
deve
appr
and p
chall
techn
mini
With
 

The
 
Add
CCS
wate
wate
Eval
proc
of ca
wate
 
 

 
 
 

G Home > Cha

er demand fo
ve] represent
ted to water t
ure and stora
ent water sup
eloping and m
ropriate regu
private users
lenges. In re
nological ad
imization; su
h careful dev

e CCS Ch

ditional Wat
S needs wate
er resources r
er, cooling, a
luating the w
ess and imp

apture-relate
er is availabl

CCS 

allenges and Op

for CCS [hov
ts a series of
to achieve th
age technolo
pplies, meet
managing ne

ulations, mee
s, and contro

esponse, opp
dvances in w
ubsurface mo
velopment of

hallenge 

ter Resourc
r at the poin
required for 

and generatio
water supply 
lementing ef

ed wastewate
le for the CC

W

pportunities  

ver box defin
f challenges 
he widesprea
ogy. Maintai
ing new wat
ew water res
eting expecta
olling costs p
ortunities ar
ater treatmen
onitoring and
f CCS, the c

es  
nt of capture,

the capture 
on of replace
as part of th

fficient, cost
er are critica

CS process su

 

Water and 
CCS 

nition; same
and opportu
ad applicatio
ning the inte
ter demands,
sources, deve
ations of oth
pose many 
rise in the for
nt, use, and 
d modeling; 
hallenges ca

, with additio
process, ma

ement power
he CCS plann
t-effective tr
l steps to en
ustainably. 

O

Challeng
Opportun

A-8 

 as 
unities 
on of CO2 
egrity of 
, 
eloping 
er public 

rm of 

capture tech
an be met an

onal 
akeup 
r. 
ning 
reatment 
sure that 

Opportun
 
Treating an
Water that m
formation d
Extracted w
storage form
In some situ
industrial or
usable produ
used as road
 

ges & 
nities 

T
P

hnology dev
nd many of th

nities 

nd Using Ex
may be remo
during CCS o
water can pot
mation pressu
uations, it ma
r utility proc

duct (e.g., dis
d salt).  

Water i
of any l

Technical 
Products  

velopment; a
he opportuni

xtracted Wa
oved from a 
operations is
tentially be u
ure and/or in
ay also be tr

cess or could
ssolved salts

is an integ
large-sca

Link

and public ed
ities realized

ater 
target CO2 s

s called extra
used to mana
ncrease stora
reatable for u
d serve as the
s and minera

gral comp
ale CCS p

s  A

ducation. 
d. 

storage 
acted water. 
age geologic
age volume. 
use in an 
e source of a

als that are 

ponent 
project. 

About Us  

c 

a 



 
 
Wat
A nu
resou
activ
mon
of N
Partn
are f
both
envir
effec
affor
perso
furth
 
The 
CCS
 
(ima
 
 

 

ter Protectio
umber of reg
urces are act
vities are per
nitoring, veri
NETL’s Regi

nerships [hyp
focused prim
h the near-sur
ronments to 
ctiveness of 
rds the oppo
onnel to dev
her improve 

WWG is am
S and water a

ages from Kl

on 
gulations are 
tively protec
rforming up 
fication, and
onal Carbon
perlink to th

marily on the 
rface and de
demonstrate
geologic sto
rtunity for in

velop new m
existing tech

mong the man
are recognize

apperich an

in place to e
cted and that
to expectatio

d accounting
n Sequestrati
he RCSP pro

collection o
ep subsurfac
e the safety a

orage of CO2

ndustry and 
onitoring tec
hniques. 

ny groups w
ed and addre

d others, 20

ensure water
t storage 
ons. The 

g programs 
ion 
ogram page]
of data from 
ce 
and 
2. This 
research 
chniques and

working to en
essed. 

13b) 

A-9 

r 

 

d 

nsure that alll of the challlenges and oopportunitiess related to 



 
 

WWG
 

WW

 
 
 
 

 
 
 
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 

W
Re
Se
W
Fa
to

W
Co

G Home > Tec

WG Produ

              

CCS 

WWG Fact Sh
egional Carb
equestration 

Water Workin
act Sheet [im
 pdf] 

WWG Fact Sh
oming Winte

chnical Product

ucts 

              

W

heet 1: 
bon 
Partnership 

ng Group 
mage is link 

heet 4: 
er 2015  

ts 

              

               

Water and 
CCS 

   

Challeng
Opportun

WWG Fac
Carbon Ca
Storage: P
Freshwate
[image is l

WWG P
Regiona
Sequestr
Water W
[image is

A-10 

ges & 
nities 

T
P

ct Sheet 2: 
apture and 

Protecting 
r Resources
link to pdf]

Presentation: 
l Carbon 
ration Partne

Working Grou
s link to pdf

       

Technical 
Products  

ership 
up 

f] 

       

Link

WWG
Moni
and A
Prote
Resou
Geolo
Carbo
link t

s  A

G Fact Sheet
itoring, Veri
Accounting P
ection of Wat
urces During
ogic Storage
on Dioxide [
to pdf] 

About Us  

t 3: 
fication, 
Plans for 
ter 
g the 
e of 
[image is 

 



 
 

Rel
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEAG
Extra
Wate
(cont
reque

lated RCS

GHG Report
action of For
er from CO2 
tact the WW
est a copy) 

SP and DO

 

t on the  
rmation  
Storage  

WG to 

OE Produucts 

A-11 



 
 

WWG
 

Lin
 
NET
 
NET
 
Big S
 
Midw
 
Midw
 
Plain

 
Sout
 
Sout
 
West
 
 
Rela
 
DOE
 
EPA 
 
EPA 
 
USG

 
Natio
 
Wate
 
 

[

G Home > Link

nks 

TL Regional

TL RCSP Pro

Sky Carbon 

west Geolog

west Region

ns CO
2
 Redu

theast Regio

thwest Regio

t Coast Regi

ated CCS Li

E Carbon Ca

A Carbon Cap

A Undergroun

GS Geologica

onal Carbon

er, Energy an

[List of Hype
Web Site 
NETL RCS

Big Sky Ca
Partnership 
Midwest Ge
Consortium

CCS 

ks  

l Carbon Se

ogram – Hom

Sequestratio

gical Sequest

nal Carbon S

uction (PCO

nal Carbon S

onal Carbon 

ional Carbon

inks 

apture and St

pture and Se

nd Injection 

al CO
2
 Sequ

n Sequestrati

nd Carbon S

erlinks] 

P Program 

rbon Seques

eological Se
m 

Wa
C

equestration

me Page 

on Partnersh

tration Cons

Sequestration

R) Partnersh

Sequestratio

Sequestratio

n Sequestrati

torage Resea

questration 

Control (UI

uestration 

ion Database

Sequestration

stration 

questration 

ater and 
CCS 

n Partnersh

hip (BSCSP)

sortium (MG

n Partnership

hip 

on Partnershi

on Partnersh

ion (WESTC

arch Page 

C) Program

e and Geogra

n Model (WE

Hy
http
stor
http

http

Challenges
Opportunit

A-12 

hip (RCSP) P

 

GSC) 

p (MRCSP)

ip (SECARB

hip (SWP) 

CARB) 

aphic Inform

ECSsim) 

yperlink 
p://www.net
rage/carbon-
p://www.big

p://sequestra

s & 
ties 

Tec
Pro

Program Li

B) 

mation System

tl.doe.gov/re
-storage-infr

gskyco2.org/

ation.org/ 

chnical 
oducts  

inks 

m (NATCAR

esearch/coal/
rastructure/rc
/ 

Links  

RB)/Atlas 

/carbon-
csp 

Abbout Us  



 
 

 
 

 

Midwest Re
Partnership 
Plains CO

2
 

Partnership 
Southeast R
Partnership 
Southwest R
Sequestratio
West Coast 
Sequestratio
DOE Carbo
Research Pa
EPA Carbon
EPA Underg
(UIC) Progr
USGS Geol

National Ca
and Geogra
(NATCARB
Water, Ener
Model (WE

egional Carb

Reduction (P

Regional Car
(SECARB) 

Regional Ca
on Partnersh
Regional Ca

on (WESTC
on Capture an
age 
n Capture an
ground Injec
ram 
logical CO

2
 

arbon Seques
aphic Inform
B)/Atlas 
rgy and Carb
ECSsim) 

bon Sequestr

PCOR) 

rbon Sequest

rbon 
hip (SWP) 
arbon 
ARB) 
nd Storage 

nd Sequestra
ction Contro

Sequestratio

stration Data
ation System

bon Sequestr

ration http

http

tration http

http

http

http

ation http
l http

on http
nta
ues

abase 
m 

http
stor

ration http
 

A-13 

p://www.mrc

p://www.und

p://www.sec

p://www.sou

p://www.we

p://www.net

p://www.epa
p://water.epa

p://energy.us
lAspectsofE

stration.aspx
p://www.net
rage/natcarb

p://carbonma

csp.org/ 

deerc.org/pc

carbon.org/ 

uthwestcarbo

stcarb.org/ 

tl.doe.gov/re

a.gov/climat
a.gov/type/g

sgs.gov/Env
EnergyProdu
x#3776287-o
tl.doe.gov/re
b-atlas 

anagement.s

cor/ 

onpartnershi

esearch/coal/

echange/ccs
groundwater/

vironmentalA
uctionandUse
overview 
esearch/coal/

sandia.gov 

ip.org/ 

/carbon-stora

s/ 
/uic/ 

Aspects/Envi
e/GeologicC

/carbon-

age/ 

ironme
CO2Seq



 
 

WWG
 

Abo
 
The 
mem
(RCS
techn
 
Mem
surro
captu
feasi
 

 
The 
To le
 

 
The 
Rese
unde
 
 
 

G Home > Abo

out Us 

Water Work
mbers of NET
SPs). Our m
nology and p

mbers of the 
ounding wat
ure and stora
ible answers

• What ad
• Will wa
• What ar
• How ar
• What ar
• Can the

WWG strive
earn more, c

Ryan J. K
Water W
Research
Energy &
(701) 777
wwg@un

WWG is org
earch Center
er the U.S. D

CCS 

out Us 

king Group (
TL’s Region

mission is to a
potential inte

WWG repre
er resources
age strategie
s to question

dditional wa
ater be extra
re the charac
re sources of
re the potent
ere be benefi

es to provide
contact:  

Klapperich 
Working Grou
h Scientist 
& Environme
7-5000  
ndeerc.org 

ganized by t
r at the Univ
Department o

Wat
C

(WWG) is a 
nal Carbon 
address stake
eractions wit

esent differen
 and CCS. W

es are assesse
s such as: 

ater resource
cted during 
cteristics of w
f drinking wa
tial methods
icial uses for

e valuable in

  
up Coordinat

  
ental Resear

  
  

he Plains CO
ersity of Nor

of Energy Na

ter and 
CCS 

team of exp
Sequestrati
eholder conc
th local and 

nt regions of
We are evalu
ed. The RCS

es does CCS 
CO2 storage
water in dee
ater protecte
 to manage e
r extracted w

nformation a

tor 

rch Center 

O2 Reduction
rth Dakota. T
ational Energ

Challenges 
Opportuniti

A-14 

perts from go
ion Partners
cerns regardi
regional wa

f North Ame
uating the op
SP WWG is 

technology 
e? 
ep undergrou
ed? 
extracted wa

waters? 

and quality o

 
 
 
 
 
 

n (PCOR) P
The PCOR P
gy Technolo

& 
ies 

Tec
Pro

overnment, a
ships [hyper

ding emergin
ater resource

erica, each w
pportunities a

working to f

require? 

und rock? 

aters? 

outreach mat

Andrea T
Project M
Departm
National
(304) 28
wwg@u

artnership le
Partnership i
ogy Laborato

chnical 
oducts  

academia, an
rlink to the R

ng carbon cap
s.  

with its own 
and challeng
find technica

terials for all

T. McNemar
Manager 

ment of Energ
l Energy Tec

85-2024 
undeerc.org 

ed by the En
is one of sev
ory’s RCSP 

Links  

nd industry c
RCSP progra
pture and sto

unique set o
ges as variou
ally and eco

l interested s

r 

gy 
chnology La

nergy & Envi
ven regional 
Initiative.  

Abo

comprising 
am page] 
orage (CCS)

of challenges
us CO2 
nomically 

stakeholders

aboratory 

ironmental 
partnerships

out Us  

 

s 

. 

s 



 
 

DO
wh
(P

 
 

 
 
 
 
Figu
 
Peck,
Prepa
Dako
 
Klapp
and st
Depa
North
 
Klapp
CO2 R
Labor
Cente
 

OE has seve
hich is best s
PCOR) Partn

ure Referenc

, W., Buckley, 
ared for the U.S
ota, Energy & E

perich, R.J., Na
torage—protec

artment of Ener
h Dakota, Ener

perich, R.J., Go
Reduction (PC
ratory Coopera
er, June. 

n regional p
suited for spe
nership led by

ces: 

T., Battle, E., 
S. Department 
Environmental 

akles, D.V., Pe
cting freshwate
rgy National En
rgy & Environm

orecki, C.D., a
COR) Partnersh
ative Agreemen

artnerships t
ecific region
y the Energy

(im

Grove, M., com
of Energy Nat
Research Cen

eck, W.D., Gor
er resources: Pl
nergy Technol
mental Researc

nd McNemar, 
hip updated val
nt No. DE-FC2

tasked with e
ns of the cou
y & Environm
mage from P

mpilers and cre
tional Energy T
ter, 124 p.  

recki, C.D., Ste
lains CO2 Redu
ogy Laboratory

ch Center, Mar

A.T., 2011, Re
ue-added fact s
26-05NT42592

A-15 

 
evaluating a
ntry. The W
mental Rese

Peck and othe

 

eators, 2012, P
Technology La

eadman, E.N., H
uction (PCOR)
y Cooperative 

rch. 

egional Carbon
sheet for U.S. D
2, Grand Forks

a variety of C
WWG is organ

earch Center
ers, 2012). 

Plains CO2 Red
aboratory and t

Harju, J.A., an
) Partnership P
Agreement No

n Sequestration
Department of

s, North Dakota

CO2 storage 
nized by the

r at the Univ

duction (PCOR
the PCOR Partn

nd McNemar, A
Phase III Task 
o. DE-FC26-05

n Partnership W
f Energy Natio
a, Energy & En

 

strategies to
e Plains CO2

ersity of Nor

R) Partnership a
tnership, Grand

A.T., 2013a, C
14 Deliverable
5NT42592, Gr

Water Working
nal Energy Tec
nvironmental R

o determine 
 Reduction 
rth Dakota 

atlas (4th ed.): 
d Forks, North 

arbon capture 
e D99 for U.S. 
rand Forks, 

g Group: Plains
chnology 
Research 

s 



 
 
Klapp
Carbo
Carbo

 

 
 

perich, R.J., Go
on Sequestratio
on Managemen

orecki, C.D., S
on Partnership 
nt Technology 

Sorensen, J.A., 
Water Workin
Conference, A

Steadman, E.N
ng Group white
Alexandria, Vir

A-16 

N., Harju, J.A.,
e paper on the n
rginia, October

, McNemar, A.
nexus of water
r 21–23, 2013.

.T., and Nakles
r and carbon ca

s, D.V., 2013b
apture and stor

b, Regional 
rage [abs.]: 


