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1. Beneflt to the Program

mechanlsms rate of dissolution and mineralization, and storage capacity of the
Wilmington Graben and associated analog basins. The benefit of this research
Is that it will broaden the experimental knowledge base of best practices for site
characterization and approving storage site selection with the ultimate goal of
developing practical guidelines for*future commercially developed CO, storage
sites. This effort contributes to the Carbon ;- « 4y

Storage Program’s effort of conducting / I = %&
field tests to support the development of  * s ™ Simarw ot
Best Practices for site selection, ’ g
characterization, and operations. »
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-E, igﬁt—:roverall objective of thls collaborative research pro;ect
led by Terralog Technologies is to fully characterize
Pliocene and Miocene sediments in the Wilmington Graben,

offshore Los Angeles, for high volume CO, storage.

These sediments are suspected / [ e ,‘,

to span more than 5000 feet of ; ,.m_ S 4.;,5,,« '\'., g
vertical interval, with an estimated *
capacity to store more than 50
million tons of CO.,.

'1



‘ -

3)
4)

5)

6)

7)

8)

Characterization of Wilmington Graben, Offshore Los Angeles, for Large

Scale Geologic Storage of CO,

ctives (b. SO

.’.—-@'_- f“. .
- — v - ;' '
- " 'r-' - .A-

- -

-l s~ _‘.. r > - ;--“.’t“ | !-. : e -.-.' - .-; - N :
”! P - = p : - : g -~ . .i-' - 3 - ',- -.": --"-:: o5 >
Wevﬂuml ploratior -
- 2) Improved evaluation and interpretation of existing 2D and 3D seismic data

Acquisition and interpretation of additional 2D seismic lines

Drilling and coring three new evaluation wells into the Graben (Pliocene and
Miocene) and/or on the Iandwar;iside of the THUMS-HB fault

Development of 3D geologic models, geomecr.anical models, and CO, injection

and migration models for the region /- %&

Analysis of industrial sources (top 20in ?.“.’1’-1‘534%:%{'_ N
the LA Basin) N

-
.

Transport Infrastructure Study: engineering study of existing and new pipeline
systems to transport CO, from significant local sources to sequestration sites

Risk analysis
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3. Project Background & Motivation

4 ’ . - - v "' -

The Los Angeles Basin presents a o ] T T Refinery
unique combination of great need S e e T
and great opportunity for large scale
geologic storage of CO..
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In part due to its significant
population, and in part due to its
historical and geologic setting as
one of the most prolific oil and gas N ton At ReE o 3
producing basins in the United " Bl <5 {y=-Amjne Plania,
States, the region is home to more - |
than a dozen major power plants
and oil refineries which produce
more than 5 million metric tons of
fossil fuel related CO, emissions
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3. Project Background & Motivation

Pliocene and Miocene sediments in the

. i ) % B _.!’ AKE S35 /0% ANGELE e ~NORTH WHITTIER HEIGHTS (aba}
Los Angeles Basin (massive interbedded BN\ N2 oo | 4 Dowgg:gm% o ,,mfsﬁ bl ST
\ . ) . o % S ROWLAND {abe)
n n hal n re known AYENIGE BEACH 7 () o N 5 TURAP:?ULL -
sa d. and shale sequences) are kno to m;;\ \ - °* casT Los AnGELED ’f/ (v
provide excellent and secure traps for oil [ REY‘H‘.&‘ ol e ANGELES "\ shaes
and gas. WY A\ Mtfma:owm]n TOWNSITE | é oaomvfr % NEWGATE
£t ) oy & 4
Effgﬁzf;no i%' | nawronne b o i EST COYOTE
. iy . B kor O R WORWA LK Wi
The area _contal_ns se\{eral b||||(_)n-barrel o]] NEMNOALE o \Wg ROSﬁ’é’ms B MIR:D\},\QF e
and gas fields, including the giant N B nommsut-:z ~ ~mm mcm%

Wilmington Field in Long Beach (more
than two billion barrels produced to date).

These formations have been used by
Southern California Gas Company for
very large scale underground storage of

BELMONT

natural gas at half a dozen locations N OFFSHORE
throughout the Los Angeles basin for
more than fifty years, demonstrating both
the storage potential and security of
these formations for CO, sequestration if
properly characterized and selected.
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3. Project Background & Motivation

TERE ;
Given the current population density G | \ ]
(and complex land ownership), it is S s ; N e
impractical to site a large scale CO, g e vk

SPovraul

storage project onshore beneath the
City.

More than 3000 feet thickness of these
same Pliocene and Miocene formations
are present in the large Wilmington
Graben directly offshore the Los
Angeles and Long Beach Harbor area,
at appropriate depth for *c
sequestration (about 3000 to 7000 ft).

This zone is easily accessible yet
geologically isolated from the nearby
Wilmington Oilfield and onshore area,
reducing communication risk and
public risk.
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4. Accompllshments to Date

Improved evaluation and Interpretation of existing 2D and 3D seismic data
3) Acquisition and interpretation of additional 2D seismic lines

4) Drilling and coring three new evaluation wells into the Graben (Pliocene and Miocene)
and/or on the landward side of the JHUMS-HB fault

5) Development of 3D geologic models, geomechanical models, ¢ and O, injection and
migration models for the region ] —
R, ‘}‘_ <y

6) Analysis of industrial sources (top 20 in the » *‘“’. - 'K\-. “":.. . -~
LA Basin)

{
:

"

7) Transport Infrastructure Study: engineering study of existing and new pipeline systems
to transport CO, from significant local sources to sequestration sites

8) Risk analysis
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Exploration Wells in
Wilmington Graben
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Wells Reviewed for Lithology and Stratigraphy
| Operator ]| lease JWellno] Td J lLatitude | Longitude |

23700493|ExxonMobilCorp |  [H10R-7| 6643 33.67754] -118.16522
23720208|Conocolnc. | | 33.69454| -
23720211|Conocolne. | |

25920074|Chevron USA.Inc. | 976| 33.68089| -118.15494
2370599 33.72407| -118.24223

25900361 |Mobil Oil Corp. || sp-11 | 8423| 33.68704] -
Federal

4312200100000
4312200240000
4312200080000[SHELLOILCO _____[0C5P-0293 | 1 | 6805| 33.6611] -115.1405

4312200180100{CHEVRONUSAINC _ Jocsp0296 | 9 [8400 [ 336018] -1121322
4312200060200{CHEVRON USAINC  [ocs-P0296 | 4 [5336| 33.5908| -118.1289

4312200130100|SHELL OIL CO 0CS-P-0300 4988 | 33.577| -118.122
4312200160000|SHELL OIL CO OCSP-0301 [ 6 [5244] 335698 -118.1114

n/a (EPA Permit)|City of LA | |sAm 5499| 33.74388| -118.2649
n/a (EPA Permit)|City of LA | [sh#2 5426| 33.74385| -118.2650
n/a (EPA Permit)|City of LA | |sA#3 33.74399| -118.26466
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4. Accompllshments to Date

Ib’raﬁeﬁﬂw EWJ\* wfﬁ%'areé

Improved evaluation and interpretation of existing 2D and 3D seismic data

3) Acquisition and interpretation of additional 2D seismic lines

4) Drilling and coring three new evaluation wells into the Graben (Pliocene and Miocene) and/or on the
landward side of the THUMS-HB faglt

5) Development of 3D geologic models, geomechanical models, and CO, injection and migration
models for the region g -r
{ Ve *}‘_
6) Analysis of industrial sources (top 20 in the '2'“'_’ ’4% -ﬁ; : \f. -

LA Basin)

£

7) Transport Infrastructure Study: engineering study of existing and new pipeline systems
to transport CO, from significant local sources to sequestration sites

8) Risk analysis
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Shot Point Map for
175km of new
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Scale Geologic Storage of CO,

THUMS LBU
3D Coverage

Beta 3D
Coverage

Seismic Surveys

WGB April 2010
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California State
University, Long
Beach Provided the
Boat and Seismic
Equipment
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Needs work

No Seismic Data

Needs work
C-608 fault

Gamma fault

Needs work
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4. Accomplishments to Date

I?n.Tordvéd evaluation and interpretation of eX|st|ng 2D and 3D seismic data

3) Acquisition and interpretation of additional 2D seismic lines

4) Drilling and coring three new evaluation wells into the Graben (Pliocene and
Miocene) and/or on the landward side of the THUMS-HB fault

5) Development of 3D geologic models, geomechanical models, and CO, injection and
migration models for the region ; Fl
e IS

4 ] . . " o ‘}' . \'
6) Analysis of industrial sources (top 20 inthe — % 4%\- o . -~
LA Basin)

:
:

£

7) Transport Infrastructure Study: engineering study of existing and new pipeline systems
to transport CO, from significant local sources to sequestration sites

8) Risk analysis
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TERRALOG TECHNOLOGIES INC

Terminal Island Facility
DOE#1 (aka SFI #3) z

Section 8- T5S - R13W  Deviated Well KOP 1600ft, build angle 1degree/100ft
Surface: Bottom:

Slurry Injector Lat: (NAD83) 33.74399 33.74405
Long: (NAD83) -118.26465"  -118.26281

KB (above sea level) 30ft
GL (above sea level) 10ft

20" 65#, H Conductor Pipe

@80'in 26" hole TVD (from deviation survey) QoL RE— .
1604 e S
2075 Bl Ol B o)
2550 4 sz ST
2990 4

DOE#1 Well Schematic

4367

4833

13 3/8" 61#, K-55 BTC surface casing ' 5382
at 1485ft in 17 1/2" hole

g tool at 2896ft

Microseismic Sensor|TVDss

3.5" 9.3# J55 EUE tubing

Fiber optic turnaround sub @4816ft _
L s[ e

| e[ i)

Microseismic tool

BHP @ 4820t | g aseog)

I T

echanical packer @4895ft

double shoot perf @ 5086-5106' | 1] -4756.7
95/8" 474, L80 Buttress Injection Casing 5spf 72deg, 42.6" penetration, X0.46" hole
at 5423ftin 13" hole

Re-entry guide @4905ft

TVD 5382ft
MD 5432ft
PBTD 5345ft
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4420ft
sand

4452ft
sand

4505ft
silt

4543ft
mudstone

4575ft
sand

4585ft
mudstone

4593ft
mudstone

4597ft
sand

DOE#1 Well Sidewall Cores

4605ft
mudstone

4640ft
sand

4673ft
mudstone

4695ft
sand

4731ft
sand

4805ft
sand

4835ft
sand

4867ft
sand




DOE#1 Well
Stratigraphic
Column
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JE—
MD (ft) Lithology Formation Age Seismic Marker

San Pedro Pleistocene

Pliocene

formi Tr=Rup (Up
Upper Repetto Unconformity Repetto

Unconf)

Pliocene

Repetto

4900ft
upper sand

Tmd ~250ft

<— fromTop
Miocene

Pliocene

Correlated with
SFI#1 and SFI#2
WEIS

Well TD in Pliocene
based on
micropaleontology
correlation from
SFI#2 well

Pliocene gross
sand thickness —
3000-3500ft
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Reservoir Properties from 29 SWC'’s and 9.5’ of Conventional Core

Zones Porosity (%) Permeability (md)
Shale between 4465-4570ft | 28 to 29 2to4

Sand at 4640ft 32 371
Shale above 4900ft sand 27 <1

4900ft sand @ 4690-4975ft | 24 to 30 51 to 187

Shale above Injection Zone |28 to 29 <lto?2

Injection Zone (5055-5115ft) | 26 to 31 50 to 353

Sand at 5351ft 29 135

Conventional Core shale 23 t0 24 <1
(5431-5439.5ft)
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4. Accomplishments to Date

— - —

3) Acquisition and interpretation of additional 2D seismic lines

4) Dirilling and coring three new evaluation wells into the Graben (Pliocene and Miocene) and/or on
the landward side of the THUMS-HB fault

e . = .
5) Development of 3D geologic models, geomechanical models, and CO, injection
and migration models for the region / fl 5 - J*\
. '—.\' -

B s h e
6) Analysis of industrial sources (top 20 in the '?“3:'_’:__7’;?4%,‘%{' ' \,'“0 -

LA Basin) "

7) Transport Infrastructure Study: engineering study of existing and new pipeline systems
to transport CO, from significant local sources to sequestration sites

8) Risk analysis
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Easting (ft)
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Injection

Stratigraphy

Pico
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Structure
Maps for 4
Stratigraphic
Units Below
2000’ SSL
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3D Stratigraphic Representation of Wilmington Graben Project Area Below 2000’ SSL
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Estimated Storage Capacity
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Gas Migration Models — Concept (not to scale)

4no flow -
P o > #ThumsHB

. PV fault

v*,.X

# of cells 60,000 68,000

SW-NE x SE-NW | 2,600 x 620 m (8,500 x 2,000 ft) 7,830 x 620 m (26,000 x 2,000 ft)
Model interval -600 to -2,000 m (-1970 to -6560 ft) | -465 to -1720 m (-1525 to -5643 ft)
Injection interval |-1570to -1600 m (-5150 to 5250 ft) | -1535 to -1555 m (-5036 to -5100 ft)
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B
Years
0 1 2 4 5 6

- 1M MT/Y =-> exceeds fracture gradient

Injection for 5
years at BB’ - 0.5M MT/Y --> exceeds 1.2 original pressure

Pressure at 0.25M MT/Y --> ~ 1.1 original pressure

Injection Cell for
1M MT/Yr,

0.5M MT/Yr &
0.25M MT/Yr

w
o
@
=
=
(7]
(7]
@
-
o

oe+007 1e+008 1.5e+008 2e+008 2.5e+008 3et+008

Time (sec)

In Situ Pressure @ 5045ft 0.5MT/Y (+ max. 20%) ——
1.0MT/Y (+ max. 37%) 0.25MT/Y (+ max. 11%)
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Easting (1)
1.280.000 1.300.000 1.320.000

12 240,000
12,240,000

Gas Migration Modeling
Conclusions Thus Far:

max. 250,000 MTY/Y per well

(=3
o
o
o
o~
o~
o~

12,220,000

Northing (ft)

g
o
c
:
-
<

min. distance between wells: 1 mile

12,200,000
T

b B

12,200,000

12 180,000

12,180,000

b O R I O O . = i
1,260,000 1,280,000 1,300,000
Easting (f1)
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Input Pressures Based on TOUGHZ2 Output
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(T S Contour Plot of Induced Vertical Displacement

s : J-250006-003 to 0.00006+000
IR 0.0000e+000 to 2.5000e-003

i 1 7500e-002to 2'00006 002
|| 2.0000e-002to 2.2500e-002
2.2500e-002 to 2.2616e-002

Virtually O Throughout
Most of Graben

0.025" Below Injection

*Greatest About 0.27” Just
Above Injection

Maybe As Much As 0.18”
Uplift at the Seafloor
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Contour Plot of Induced Horizontal Stress (sxx)  |Ectw =

 Virtually O Throughout Graben ——

1 0000600210 80000e+001 —
| -8.0000e+001 to -6.0000e+001 R —
l -6.0000e+001 to -4.0000e+001

[ 1-4.0000e+001 t0 -2.0000e+001 Thousand of

l -2.0000e+001 to 0.0000¢+000 || 20, : Feet Around
0.0000e+000t0 1.1237+001 Injection

Greatest About
112 psi Of
Compression At
Injection

Less Than 60 psi
a Few

Hundred of Feet
From Injection
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Contour Plot of
Induced Shear
Stress (sxz)

S A Z
t“ o = ®
‘ N 10,050
feet -20,000
isiccun M
s 1484367001 10 -1.00006+001

1 0000e+001 to -5.0000e+000

| 100009‘001 to 1’=000e-001
-Except In Few Thousand of B 1 50006+001 to 15590+001

Feet Around Injection

-Greatest Is Under 20 psi Near
Injection

-Less Than 10 psi a Few

Hundred of Feet From Injection 6050

feet -1500 -1000 -500 500 1000
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4. Accompllshments to Date

Impr(;ved evaluation and interpretation of existing 2D and 3D seismic data

3) Acquisition and interpretation of additional 2D seismic lines

4) Drilling and coring three new evaluation wells into the Graben (Pliocene and Miocene)
and/or on the landward side of the THUMS-HB fault

5) Development of 3D geologic models geomecharllcal models and CO, injection and

migration models for the region £ = 1%&
{ Ve o G
6) Analysis of industrial sources ' *‘“’. -~ % t, . -

(top 20 in the LA Basin)

"

7) Transport Infrastructure Study: engineering study of existing and new pipeline systems
to transport CO, from significant local sources to sequestration sites

8) Risk analysis



Characterization of Wilmington Graben, Offshore Los Angeles, for Large
Scale Geologic Storage of CO,

il Power Plan
U= £ Refinery

Industrial CO,
Sources in
LA Basin




Characterization of Wilmington Graben, Offshore Los Angeles, for Large
Scale Geologic Storage of CO,

www.socalcarb.org
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California Energy Commission, SoCalCarb is pursuing characterization studies for large scale CO2
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SoCalCarb Atlas Page for Industrial CO, Sources in LA Basin
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4. Accompllshments to Date

0g eval’atlon of existing eXpIor&t"faﬁ WGUS'I fﬁ e area

b 2) Improved evaluation and interpretation of existing 2D and 3D seismic data

3) Acquisition and interpretation of additional 2D seismic lines

4) Drilling and coring three new evaluation wells into the Graben (Pliocene and Miocene)
and/or on the landward side of the THUMS-HB fault

5) Development of 3D geologic models geomecharrcal models and CO, injection and

migration models for the region £ .=
( ey
6) Analysis of industrial sources (top 20 in the — #»&" ﬁ't% ;;’:’ ‘ \"3 -t

LA Basin) "

-
£ |

7) Transport Infrastructure Study: engineering study of existing and new pipeline
systems to transport CO2 from significant local sources to sequestration sites

8) Risk analysis
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SoCalCarb Atlas Page for Potential Pipelines for CO, Transport
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4. Accompllshments to Date

Impr(;ved evaluation and interpretation of existing 2D and 3D seismic data
3) Acquisition and interpretation of additional 2D seismic lines

4) Drilling and coring three new evaluation wells into the Graben (Pliocene and Miocene)
and/or on the landward side of the THUMS-HB fault

5) Development of 3D geologic models geomecharllcal models and CO2 injection and

migration models for the region £ o )
{ VS er o
6) Analysis of industrial sources (top 20 in the *“". "'K\ “’-:, ' -~
LA Basin)

'\
7) Transport Infrastructure Study: engineering study of existing and new pipeline systems
to transport CO, from significant local sources to sequestration sites

8) Risk analysis
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Risk Assessment and Documentation Includes:

« Lateral Migration to Offset Wells

Injection Well Failure and Transmission (e.g., corrupted
cement)

CO, Migration to Sea Floor

Induced Seismicity

Natural seismicity (historical impact on O&G and gas
storage operations in LA Basin);

Caprock Integrity
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. Easting (1)
Low Risks: : 1,280,000 X 1,300.000 ' 1.320.000

Lateral Migration to Offset Wells

12 240,000

Induced Seismicity

Northing (ft)

12,180,000

1 mile radius

1,280,000 7,300,000 % 1,320,000
Easting ()
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5. Summary — Key Accomplishments & Findings

-
-~ . @ B O, >

e m P T
z "‘ k ST LAt ﬁv”c—-'y

1MTaY-X

Drilled 15t characterization well into Pliocene

Rock properties collected for Pliocene formation

Reviewed all exploratory wells and built 3D Geologic Model
*

Preliminary storage estimates >100MT

- A '
Completed CO, migration modeling ] 3-,.,.‘..56 ,3
(TOUGH2) and geomechanical 5 mw l‘.‘_" ; !
modeling (FLAC3D) ‘4‘%‘ -

-

Source, sink and pipeline interactive
maps available online

Offset wells and Induced Seismicity may pose little risk for unintended CO, escape
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5. Summary — Future Plans

<Y ! .
| Explore pt|ons 0 obtain drilling WeII permlts for 2
R é'haracterlzatlon wells (especially for Miocene characterization)

« Update all models w/ this new well data

« Complete engineering s‘.’fudy of LA Basin transportation systems

- 4 "
« Complete Risk ( I ”‘r"ﬁ“‘r‘?
characterization and g“x \? U
documentation ﬁ‘v A ~
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6. Project Sponsors and Participants:

DOE NETL
California Energy Commission
City of Los Angeles, Department of Public Works

Southern California Gas Company (transport infrastructure)
Cal State Long Beach, Dr. Dan Francis (seismic acquisition)
G o Legg Geophysics (seismic interpretation)

USGS, Dr. Dan Ponti (cores and samples repository)

Terralog Technologies USA (geology, geomechanics, reservoir eng)



http://www.socalgas.com/
http://www.energy.ca.gov/

Characterization of Wilmington Graben, Offshore Los Angeles, for Large
Scale Geologic Storage of CO,

Appendix A: Project Organization Chart
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Appendix B1: Gantt Chart
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Appendix B2: Gantt Chart
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Appendix B3: Gantt Chart

e

Geomechanical Model developed
Task 7. CO2 Injection and Migration Modelling
7.1 Design and Assemble TOUGH2 CO2 Injection Model
7.2 Simulation Yarying Injection Scenarios
7.3 Interpret pressure and saturation changes vs time
7.4 Incorporate additional 3rd well data into existing CO2 inject &
migration model and expand study area
CO2 Injection and Migration modeled
Task 6. Risk Assesment and Characterization
8.1 Evaluate/update geologic uncertainty
8.2 Evaluatefupdate well lzakage paths
8.3 Characterize indueed and natural seismicity risks
8.4 Critically evaluatefupdate and document long-term security

8.5 Detailed review, guantify and document top 20 Industrial
Sources of CO2 emissions

8.6 Detailed Engineering Review and Analysis of Existing and
New Pipeline and Gas Storage System in LA Basin
Final Risk Assessment and Characterization

Task 9. Project Documentation and Reporting

9.1 Quarterly and Annual Reports

9.2 Best Practices Manual Development

9.3 Technical Werkshop Participation

9.4 DOE mtgs and presentations
Notification to Project Manager that activitioes on the
lfessons learned document on site characterization have

9.5 Final Report and Lessons Leamned
Final document submitted
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