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Opportunities for terrestrial
and geologic CO, storage
are being evaluated

DOE program represents
40+ states, 4 provinces,
and over 240 organizations

Phase | (complete): focus
on regional assessments

Phase Il (under way, 4-year
duration): focus on small-
scale field tests

Phase Il (upcoming,
10-year duration): pre-
commercial geologic field
tests

WESTCARB Is One of Seven DOE Regional
Carbon Sequestration Partnerships
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Primary Geologic CO, Storage Options
for California

® Qil and gas reservoirs

— Storage with Enhanced Oil Recovery (EOR)
or Enhanced Gas Recovery (EGR)

— Storage only

® Saline formations
— Storage only
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Geologic Structures That Trap CO,
Underground—Each Is Present in California

Structural Trap

® Qil and gas reservoirs are local
regions in saline formations
where hydrocarbons have
accumulated

Stratigraphic Trap
e CO, Roof rock

Structural Trap

— Roofrock

Reservoir

Typical geological structures ideal for trapping CO,
(Source: W Gunter, ARC)
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Major Geologic Storage Opportunities
in California

Status of Sedimentary Basins
in California

Sedimentary Basin Status

m Excluded
Included for further investigation

Other Layers

m Natural Gas Field
m Qil Field

1 County Boundary

California Saline Formation
Resource Estimate
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Significant Opportunities for EOR and EGR

m _COZ—EOR Potential of O&G, Fields

= 121 oil fields met depth N\ inMajorGalfomia Oil Basins
and miscible EOR criteria } .
— 3.4 Gt CO, storage s
capacity, using production
as a basis

— Other studies suggest 5.4
billion barrels oil
technically recoverable

® 128 gas fields met depth
criteria

— 1.8 Gt CO, storage
capacity
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Many Factors Affect Storage Capacity Estimates

Capacly Incarporating site
specific grologic, ecanamic,
and enginesring of requistory
Intarmation

Resource capacity
calculated by:

GCO2 = A hg (P“Ot p E In:fu;:lnl::q?n

Thaoretical capacity:

Ggoz = Mass of CO2 Na tcanomic of ragulatory restrictions,
A = Basin Area tough ustimates of total pore space
hg = Gross thickness of porous formation
Dot = Porosity of porous formation
P = CO2density
E = CO; storage efficiency factor ) )
Geologic storage resource pyramid
(Modified from Bradshaw et al, 2006)
EstT Coast Recronar, Carson SEQUESTRATION PARTNERSHIP go g

Each Promising Sedimentary Basin Must Be
Characterized for CO, Storage Potential

E vt

T, GEWENALIZED CROSS SECTION
L SOUTHERN SACRAMENTO VALLEY
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WESTCARB Phase I
Studies Are Improving
CO, Storage Resource
Estimates

® Mapping of key
storage formations
aids in site selection

Gross sand thickness map for Sacramento/
San Joaquin Basin (From CGS)
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Mokelumne River
Formation Is a Large
Potential Storage
Reservoir Near Major
CO, Sources

Mokelumne River Formation,

SANDSTONE ISOPACH MAP

5 m (Net of Paleocene Gorges)
Miles Basin

EsT Coast ReclonaL CarBoN SEQUESTRATION PARTNERSHIP

Myer p.6



Carbon Capture & Sequestration Public Workshop

Mokelumne River
Formation Is Mostly
Deeper than 3300 Feet
(1000 Meters)—

CO, Would Stay in

the “Dense Phase”
Good for Storage

Contau Interal

EsT Coast Recronar, CarsoN SEQUESTRA’[‘ION PARTNERSHIP

River
800 Fawt (West of Micland Fulty DEPTH TO MOKELUMMNE
SANDSTONE MAP
Southemn Sacramento Basin

Many Mokelumne
River Formation
Seals Are Thick

(>100 feet or 30 m)—
Good for CO, Storage

Mokelumne River Formation,

P
Southern Sactamento Basin
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Fault and Fracture Primer

Faults are fractures which have moved

Faults and fractures are ubiquitous

Faults and fractures exist at all scales

Faults and fractures can be fluid conduits or seals

Fluid pressure changes from CO, injection can cause
movement on faults and fractures even if new
fractures are not formed

® Faults and fractures should be respected, but not
feared
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New Faults Warrant More Study than Old Faults—Many
California Basins Have Few Faults <2 Million Years Old

) A N #a e
of potential sedimentary storage basins, oil a _ga—s-‘f‘fefds,
and faults <2 million years old (From CGS)

-
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Active Seismic Faults Cross Oil Reservoirs in
the Los Angeles Basin—They Don’t Leak

— — —
L SAN FERNANDOD i i ‘.u\‘ \\_ ’.._::_:; - ..._‘ ,. ':'. K
A= SAN GABRIEL —“-“-e._.,
VALLEY

= Multiple
reservoirs
along the
Newport-
Inglewood
fault have
retained
hydrocarbons
over geologic
time

Smi
o 8 km
= *BASINAL" SEQUENC
w2 TOPANGA GROUP ¢
“+ VOLCAMIC ROCKS
47/ FORE-ARC SEQUENCE *°
+ + GRANITOID .
74 METAMORPHIC ROC™

(From Wright, 1991) o @
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SANTA ANA
SHELF

Site Characterization Includes Geomechanical Fault
Analysis—Answering the Question “Will They Slip?”

or o
s
1000
~ E [ ru FAULT2
E . i
N E =00 >
8 [
2000
axop
a)- 43 5000 N L
X(m) (J. Rutquist, LBNL) 3 00 005

SHEAR SLIP (m)

Numerical simulation of slip on discontinuities resulting from a pressurized region
a) The model, showing a maximum pressure increase in the region of 2.6 times
original pressure
b) Shear slip on the faults
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Field Tests Provide Regional Knowledge Base
Essential for Commercial Implementation

and Pilot Project Sites
Pownrplants {Annual COx Tons)
L@ sy msM

® 850k - 15M

* <Bs0k

5 Sedementary Basing
Industrial GOl Sources

B O & Gars Fieics (AZ & CA only)

“F Urban Areas

" Field tests examine prime
storage locations
" Pilot projects involve site-specific
focus for:
— Testing injection technologies

— Assessing storage capacity
— Determining costs

— Assessing leakage risks and
demonstrating the effectiveness
of safety measures

— Validating monitoring methods

— Establishing regulatory
procedures

WESTCARE Piot Project Shtes
Geakogic COa Storage Piots

3 Termestrinl Saquestration Pilots

WESTCARB CO3 Sources,
Sinks,

'EST Coast Recionar, CarsoN SequesTRATION PARTNERSHIP 19. @

Rosetta Resources CO, Storage Pilot Test

® | ead industrial partner:
Rosetta Resources

" Validate sequestration
potential of California
Central Valley
sediments

® Gain insight into viability
of CO, storage and
Enhanced Gas
Recovery

® |nject up to 2000 tons at
about 3400 ft (1000 m)
depth

® Focus on monitoring

Major Sacramento—San Joaquin River Delta natural gas
fields shown in purple
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Myer p.10

Los Angeles, CA
February 14, 2008



Carbon Capture & Sequestration Public Workshop Los Angeles, CA
February 14, 2008

Existing Wells Provide Data for Geologic Model

Extrapolated & 3 :.;
Lithology :____ Markiey Sand L .
e I’ Marisavite Shale ) i
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Structure on top of target reservoir i .
=54 = W

(R. Trautz, LBN.L) h

NEST Coast Recionar Careon SequesTraTION PARTNERSHIP 210@

Pilot Involves One Injection and One
Observation Well

€Oz Injection Observation

= Assess seal integrity,
underground spread of
CO,, storage capacity,
and injectivity

= Study mixing and
methane displacement
in gas reservoir

" Measurements include et e
downhole pressure and Above: schematic -

temperature, fluid cross-section y
sampling, wireline Right: computer = ==~ =~
logging, vertical seismic S'fmC“(')a‘,'O” s \°
profiling and crosswell ot L% In gas ; a2

" d shallow reservoir (R. Trautz, - T - ]
Seismic, an C. Oldenburg, LBNL) . -

groundwater and
surface CO, sensors
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Pilot Tests Help Clarify Regulatory Framework

® California is an
underground injection
control (UIC) “mixed
primacy” state, meaning
federal and state
regulators have a say

CO2 Injection
Well

® Both agencies have been
supportive

Pilot
Test 2

TPiI;::t1 ~p-Saline Zone—U.S. EPA Region 9 (UIC Class V)
es 4 i

EST COAST REecionaL CARBON SEQUES’I'R:\’I‘ION PARTNERSHIP

as Zone—CA DOGGR (Short-term Injectivity Test)

0®

Pilot Tests Assess Geologic Seal Integrity—
Answering the Question “Will It Leak?”

Well
_ Casing
® Geomechanical analysis
— Safe injection pressure '?’ui‘“]tn'Z”
® Monitor pressure and water
guality in a shallow formation Sampling
above the injection zone (for | Tube
early detection of any leaks)
= QObtain ge_ophys_ical well packer .
logs from injection and hrs
observation wells before Pressure i
and after CO, injection Sensor ;
aﬂl | m
1 [I 1
Yco. T CO. 2

Pressure Monitoring “RST” Log
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Pilot Tests Will Map the Underground Spread
of Injected CO, Within Intended Storage Zone
B Sejismic Vertical Seismic Profile (VSP)
imaging
— Vertical
seismic
profiling
(VSP)
® Fluid
sampling
VSP result from Frio CO,
_ Injection pilot test (Daley, 2005) o
EST COAS’[‘ REecionaL CARBON SEQUES’[‘RATION PARTNERSHIP 25 g

WESTCARB “Large-Volume Test” (Phase Ill)
Objectives

® Conduct a commercial-scale CCS test in California
— Accessing the best geologic target in the state
— 1 million tons CO, to be injected

® Demonstrate advanced, commercial “sequestration friendly”
power generating technology (Clean Energy Systems)

® Demonstrate commercial-scale sequestration methodologies for
site characterization and monitoring (Schlumberger)

® Conduct research supporting subsurface sequestration
methodologies, and advancing technologies in reservoir
engineering, risk assessment, and monitoring

= Exercise, and provide important experience for, evolving
regulatory and legal frameworks

EsT Coast RecioNaL CArBoN SEQUES’I‘RATION PARTNERSHIP 260 g
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Project Is Representative of Major California
Sequestration Potential

- W=

Status of Sedimentary Basins
in California

Sedimentary Basin Status

Excluded

Included for further investigation

Other Layers

m Natural Gas Field
Oil Field
County Boundary

» Power plants
& Refineries
.. @ Cement and Lime
“\\ ¥ Gas Processing Plants
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Initial Geologic Model and Reservoir
Simulations for Phase Ill Test

289800 300000 300100 300200 200300 300400 300500 390

P )
BOD  Z00700

(J. Wagoner, LLNL)
(C Doughty, LBNL)
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Summary

" The CO, storage resource in California is very large

® Hydrocarbon reservoirs have demonstrated the ability of geologic
structures to securely hold buoyant fluids for very long times

= Refinement of initial resource estimates will greatly aid site
selection

" Geologic faults must be assessed as part of site characterization;
their mere existence does not disqualify a site for CO, storage

" Field tests at different scales provide essential experience and
knowledge needed for informed policy making and accelerated
commercial readiness of CO, storage technologies
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