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SNL’s CO, and H,0 Research ) .

Water Atlas of WECC Nanofiltration Treatment
(ongoing Eastern U.S.) WECSsim of Produced Water
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Water, Energy and CO, Sequestration
Simulation Model (WECSsim) Model:

H,O Treatment

& Use CO, Capture
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DOE-sponsored Efforts on FE and e
Water for WECSsim http://energy.sandia.gov/

Carbon Management Systems

Rapid ability to capitalize on previous | EREEREER
work to address: o mMtedeIRe e

= Can we extract and treat water
economically?

Email *

= What geologic parameters are necessary
to store CO,? =
= How much CO, can we store? -
= How much water can we extract and
treat? 0 $100 1
= 7+ years of investment 5
= Regional to National Assessment £ ) I
= Refined and available software e oy
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All Coal & Natural Gas Plants with DR
Geological CO, Storage Database(s)
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WECSsim Modular Structure

* Plant type
* CO, generated

* CO, capture &

compression costs
CO, Capture

Module

* Parasitic energy
» Water demand
change

Power
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Power Cost
(Integrating
Module)
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* Treated cooling H,O
 Energy required for H,O
extraction and treatment

* Water
extraction
transport and
treatment costs

* CO, transport &
sequestration costs

* Extracted H,O capacity
* Extracted H,O quality
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Expanding the ‘Geology Controlled” @i,
(Permeability) factor to Cost Relationship

Well Placement and Boundary Injectivity equation: permeability
Condition Scenarios sampled from 4 Rock Types
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Cost Drivers & Supply Curve:
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Developing a National, CO, Storage
Supply Curve

per tonne
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Base Case (90% Capture) and 50% CO, @iz,
capture: Fleet-wide Cost Curves

WECSsim: a dynamic analysis tool
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Top Formations (CCS Sinks)
Illustrative Scenario

WECSsim: a dynamic analysis tool

© Power
Summary ¥ Plant

Overview

Power Plant

CO2 Capture
COZ2 Storage
Extracted Water
Power Costs
Cost Curves
Water Curves

. Formation Use

Show by
coz
Stored

/" Extracted ™

Sandia
National _
Laboratories

< Power %

. €0, >
Capture Storaée / Water \\] / Costs \
Formation Use Formation Use Top Formation Use ,
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Rank| Top 5 Foermations by # Power Plants Served: |# PPs| % PPs

1 MGSC - Illincis Basin - St.Peter SS 288 26 %

250 2 MRCSP - Appalachian Basin - Not specified 156 14 %

3 MRCSP - Fold and Thrust Belt - Not specified 86 8 %

4 SECARB - S Carolina-Georgia - Triass Tuscaloosa 72 7 %
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Key Messages ) e,

= Systems-Level Capabilities

= Geosciences
= Systems Modeling for Performance and Cost Assessment

= Existing, Ready-to-Use WECSsim
= Ability to incorporate new water treatment technology parameters

= Ability to analyze multi-scale analysis from the single prototype plant
to national scale

" |ntegrated Geoscience-to-Costs capability

= (Capitalize on Existing Capabilities
= Ability to run new and custom CO, sequestration, Extracted Water
Production and treatment scenarios
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National Fleet Water

WECSsim: a dynamic analysis tool
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Base Case (90% Capture) and 50% CO,

capture: Water Demands

WECSsim: a dynamic analysis tool

Power CO,
N Summary Plant : Capture :

r/ Storage -. \\ /

¢~ Extracted ™

¢ Power

Water \ / Costs \

Sandia
National _
Laboratories

A
Overview ‘T:::draii";r;e Water Curve Water Water Scatter g:éi;;fs&too;
f ) (dynamic axis) Histograms Plots Dat
HBWEF Pp'ant rererence runs ala
€02 Capture Water Demands Associated with CCS Reduced CO2 Emissions

CO2 Storage CCS water demand offset with treated brine

(reference)

Extracted Water MGD CCS water demand requiring new water source(s)
Power Costs 15,000 (reference)
Cost Curves
‘ Water Curves
Formation Use ; /-":
10,0001+

Reference Points:

Added water
demand [MGD] to
avoid emissions of

1 Gtfyr
Current | Reference 5,000+
7 7,706

% of this added
demand offset by
extracted brine

Power Plant Water Diversion Demand

Current Reference 0- | |
0,
i 12:% Gtonne/yr 0O 02 04 06 08 1 1.2 1.4 1.6 1.8 2
% CO2 - coal 0 9 19 28 37 46 56 65 74 83 a3
% CO2 - total 0 3 7 10 13 17 20 23 27 30 33
Include water . - ..
e a R WihATE Cumulative Least Cost Reduced Carbon Dioxide Emissions to Atmosphere
ccs (Absolute, or as a fraction of 2005 US CO2 emissions)

fo @




Methods behind the ) B,
Permeability-to-Cost Analysis

Multiple Realizations of Treatment of Injectivity Methods Integrated Assessment Injection Well Costs as a
Spatially Correlated Heterogeneity Model Function of Geologic
Property Fields Permeablity

Averaging of permeability
to create probability

distribution functions -
Q
permeability »  Analytical Solution 9 8
O &l
> Integrated Assessment —» C 8
A Model (IAM) 2%
| : 8 £
: €9
- Permeability and porosity fields - Evaluation of analytical o Permeabilit

orosit , : < Y

i POTOSty not averaged; both fields used : solution .
to estimate spatially correlated : (Range in costs due
capillary pressure and relative to heterogeneity)

permeability fields

E TP TR TTPTPPREPRERTE »  Numerical Simulation

Source: Heath, J.E., Kobos, P.H., Roach, J.D., Dewers, T.A. and S.A. McKenna, 2012,
“Geologic Heterogeneity and Economic Uncertainty of Subsurface Carbon Dioxide
Storage,”

SPE Economics & Management Journal, January 32-41.
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Single Power Plant to ) .
Single Geologic Storage Site
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using saline formations: Implications for carbon dioxide and water management policies,
International Journal of Greenhouse Gas Control, 5, 899-910.



Water Efficient Makeup Power ) 2,

Laboratories

(NGCC, cooling towers)

WECSsim: a dynamic analysis tool
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National Formation Utilization
lllustrative Scenario

WECSsim: a dynamic analysis tool
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Base Case (90% Capture) and 50% CO, @z
capture: Geologic Formation Utilization

WECSsim: a dynamic analysis tool
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