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OUTLINE

1. What are the “Risked Entities"? — FEPs and Scenarios
2. “Quantifying” risk through Expert Panels

3. Respoﬁaiﬁg to Risk
4. Tracking Risk
5. Managing ...
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FEPs

- A Feature is a static attribute of a system.
Example: Reservoir porosity.

« An Event is a sudden change in the system or its environment.
Example: Lightning strikes the dehydration equipment.

« A Process is a way in which system attributes or conditions change
in a relatively slow and progressive way.

Examples:

Injected CO, ...

... displaces formation brine near the injection well,

... migrates updip away from the injection well,

... partially dissolves into formation brine.

Manufactured components ...

... decay and degrade over time, in various ways.

FEP concepts

* Any scenario involves multiple F's — E's — P's; one FEP may have multiple risks.
There IS “redundancy” that minimizes the chance of overlooking an important risk.

« The Basic Questions

1) “If something went wrong related to this FEP ...
- How Severe would the impact be?
- How Likely is it that project values would be negatively impacted?”

2) “What are the specific risk targets, and how do we reduce risk to those
targets?”

« Risk is “associated with” each FEP; not necessarily “caused by”, nor via a prescribed
pathway. You, the panelists, must imagine the scenarios that bear risk.

6 C —
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4 Expert Panels / 4 Working Groups ...
T
» Science — MVA: reservoir, caprock, other strata, wellbore, aquifers, fluid movement, characterization

uncertainties, faults, seismicity, seismic data, geomechanics, hydrochemistry, surface data acquisition,
models and simulation, ..

O Operatlons — HSE: coordination, drilling, accidents, dust, noise, CO, in atmosphere/breathing
space, emissions, traffic, security, buildings, pits/cuttings/waste, office space, wildlife, wellhead, utility
corridors, personal exposure (weather, fumes), soil contaminants, quality control, data archiving, personnel,
CO, capture, compression, dehydration, pipelines, plant integration, ...

* Communications-Outreach-Nonmember stakes: all ofsite spaces: air, surface,
subsurface, people, ecosystems, cultivation, demographics, local industry and land use, ...

* Legal-Permits-Management-Economics-Contracts: legal, financial, regulatory,
political, image, equity, resource ownership, organizational, management, administrative, ...

... 5 — 8 experts per group.
7 e

Risk Assessment Matrix
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Fundamentals

L AND S SCALES.

DEFINED PROJECT VALUES.

HEURISTICS, “Rules of thumb”.

ANCHORING, GOOD ANCHORING, BAD ANCHORING.

BEST GUESS, LOWER BOUND, UPPER BOUND.

What values are at risk?

PROJECT VALUE

Statements that establish this value
for RCSP Phase Il in general or K3 in particular

Health & Safety

The Phase IlI efforts will be carried out to ensure the health and safety of workers
and the general public.

Financial

Execute project within budget.
Use operational and expense data to enable cost reductions in commercial-scale CCS.
K3: Prevent negative financial impact to CES’ commercial power generating undertaking.

Environment

Comply with UIC permitting, NEPA, and CEQA requirements.
Demonstrate that no adverse environmental impact has occurred.

Research Goals

(1) Validate the entire process of pre-injection characterization, injection process monitoring, and
post-injection monitoring to understand CO, fate.
(2) Assess the acceptance by the saline reservoir of CO, (injectivity), the ability of the reservoir to
store CO, (capacity), and the integrity of seals and the entire system.
(3) Develop improved technologies for modeling/simulation, risk assessment, and monitoring.

Industry
Viability

One of the K3 goals is to understand all issues necessary to develop and operate a
commercial-scale sequestration project in the Southern San Joaquin Valley of California.
Project outreach and communications will be designed
to build informed and supportive constituencies.

S ——
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Severity scale

PROJECT VALUES it may beat sk T
(bold: SLB Severity Matrix standard. Italics: proposed standard.) UNDESIRABLE. Demonsirate ALARP belore proceeding
Financial 'ACCEPTABLE. _Proceed careluly, wilh cotinuous improvement
. Health & q Industry
Severity of Impact Safety S, | EnVironment Research Viability NEGLIGIBLE: _Sale wproceed
seon = s E) c 2
BLEEES Little or no Control g g ﬁ N £
i i reporting i o ntrol 3 = ® @
Light 1 hq:?ﬂ:;:':?’s?r <10K$ |thresholds; Hazmat| progress | Profect Lost fime Veasures s
9 Vot <333t | Spill <100 Liters; [toward 1 of 4| oo NOHOY PREVENTION G I I
rosess e | goas. LicLrooo —>
Temp. BEE Project Lost Time Light 1 5
DISSDINY, | 10,100 |y rmrins | Liiearno ULk sty
. " - thresholds; Hazmat| progress ‘
Serious 2 dHOSE“at' 10 L | 33333331 | Spil <1000 Liters: |toward 2 of 4| oy ey seucs | Serous 2 o | 8
ay, Lost Days| Produced Water
1-100 Spill <250 Barrels goals. Gl @
Project Lost Ti Mejor 3 | @ 2 9
Perm Discharge causes pmleiu 2
b . 2
pisability, Lost|100-1000K$| ““Jiie tose; | LS 0O | suspension o " b
Major -3 Days >100, 3333 |Hazmat Spill <10 | PIOUESS | g:}‘)‘;’;z;:‘:{‘ rovtic :
Intensive Care| 33,333t bv":l':r‘ ;p’ﬁ:":ggg goals.  fsubstantial negativel l . \
>1 day B |223|err231 ia Muli-Catastrophic -5
White arow ndicates decreasing isk
Uncontrolled Project Lost Time
release of Little or no | >1yr. Intl media
: . >$1,000,000| radioactive matl; | “roecs | coverage of law
Catastrophic | -4 Fatalit o mnr | Hazmat Spill >10K violations,
B Y >33,333t | (iters; Produced [tOWard 4 of 4, qiionable ethical
Water Spill >500 goals. practices, or
Barrels mismanagement.
No gain in Negative public
Multi- Multi- understending | experience results
Catastrophic S fatality PEEEIERRI M-SR ie app":;::e 1017 legal ban on
similar projects.
projects
; T —
PROJECT VALUES that may be at risk
g Health & Financial ) Industr
of Impact o Environment | Research P Y
Safety (USD); Viability
escaped tons CO, @ $30/t
Discharge < reporting
Minor Injury or <10K$ thresholds; Hazmat Little or no Project Lost Time
Light -1 lliness, First Aid Spill <100 Liters; | progress toward | >1day. Moving-
' <333t Produced Water Spill | 1 of 4 goals. vehicle citations.
<50 Barrels
. g j ime >
Temp. Discharge > reporting PJOJ:;' tloa i(t)Tml:liticle
Disability, 10-100K$ thresholds; Hazmat Little or no Witho%t fineryLocaI
Serious -2 | Hospital to 1 Spill <1000 Liters; | progress toward | " 0
day, Lost Days 333-3333t Produced Water Spill | 2 of 4 goals. g .
! unethical practice or
1-100 <250 Barrels K
mis-management.
X . Discharge causes area| Project Lost Time >1
Perm. Disability, evacuation or wildlife B D mo. Permit
Maior 3 Lost Days >100, 100-1000K$ loss; Hazmat Spill Rt suspension. Majority
Yy Intensive Care 3333-33,333t <10K Liters; Produced 3 of 4 goals local opposition or
>1 day Water Spill <500 " | substantial negative
Barrels local media coverage.
Project Lost Time >1
Uncontrolled release of| yr. Int'l media
. . >$1.000,000 radloactlve_ matl.; Little or no coverage of law
Catastrophic -4 Fatality $1, ! Hazmat Spill >10K | progress toward violations,
>33,333t Liters; Produced Water| 4 of 4 goals. | questionable ethical
Spill >500 Barrels practices, or
mismanagement.
Multi No gain in Negative public
Multi- ulti- . 5 understanding |experience results in
Catastrophic 5 fatality >333,333t Rl CaIEstoplc applicable to | legal ban on similar
future projects projects.

S ——

Hnottavange-Telleen p.6



West Coast Regional Carbon Sequestration Partnership
Annual Business Meeting

Scottsdale, AZ
September 15-17, 2009

Likelihood scale

Likelihood of impact

... during Project Storage Time Horizon (assume 100 years)

If there were 100 projects like this one, impact related to this
risk element (FEP) would occur ...
Improbable 1 ... probably not at all; never.
Unlikely 2 ... fewer than three times among the 100 projects.
Possible 3 ... 5 or 10 times among the 100 projects.
Likely 4 ... in around half of the 100 projects.
Probable 5 ... in most or nearly all of the projects.

*Similar setting, similar levels of knowledge and uncertainty at this stage of the project, same injection plan
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FEP* scoring: Expert Panel consensus
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“Best-Guess” Likelihood

“Best-Guess” Severity

* Feature, Event, or i » . L L L |s S Best-
Process Project-Specific Information 18 | Best | UB | LB | Best [uB| CUeSS
Guess Guess L*S
TS an) o] Activities unrelated to the project, such as traffic on site-margin roads,
N P including those related to ADM or other nearby industrial operations, 2 3 4 1 2 4 6
events: External g 5
could expose personnel, wellhead, wellbore, and image to risks.
AeEiEEs e umE e Activities of driving, drilling, CO2 compression, field data acquisition,
N 1 and other surface operations could expose personnel, wellhead, 5] 3 4 2 2 3 6
events: Project A -
wellbore, and image to risks.
Add a New FEP (Add information for new FEP) L L L s S SN =L>*S
Asphyxiation requires high CO2 concentration in occupied (usually
confined) space, plus either poor ventilation or high release rate. The
pipeline and wellhead area could experience high CO2 release rates.
Asphyxiation effects Within 100 years after injection ceases, the subsurface area where CO2 | 1 1 2 5 5 5] 5
saturation exceeds 30% is expected to be limited to a 1250-ft radius
(above which there are few or no basements, excavations, or low areas
now). The plume could move beyond this area.

Lower Bound / Lowest Credible L -'

Upper Bound / Highest Credible L
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Scenarios and Risk Reductions from scored FEPs

5| 3[HF ] |
FEP Project-Specific Information LSBU‘; E,i[ LLBULB al;l w|wlER, Sce?frfsc?u:mg Risk Reduction Measures
a| *\ B ] 1 5| u| highervis
1a) Piping design and protective structures should
1) Catastrophic release |minimize oppartunifies for catastrophic release. 10) The
due to impact with EPC contractor should provide a comprehensive piping
surface piping or failure \materials specification thatensures adequate structural
due to weld flaws, strength, including reference to standard welding
CO2 release to the Before injection, CO2 could be released directly to the fh‘a!grgﬁaelyfsatfu%r;t\sfnln PIOCBELRE, FeQUed coTosion aoWances, fenecement
! | ) H, E, details for attachment points (valves, sample taps, efc ).
phere - fom fom e delery system b accident ot 13121315) 4128 Rlvveﬂtmqfur 12a) Vent points should be at adequate height and location
suface factes through ntentonalventing. ?;J?;ic«anlc/eemer o to ensure dispersion. 20) O&N procedures should specify
shutdowns. 3) Fugg\t\\(/Z acceptable and unacceptable venting procedures for
emissions from valves, foutine and emergency maintenance and other anticipated
flanges, compressor  |0perating scenarios. 3) Scan iterature for arlcles
seals. evaluating the possibility of future fugitive emissions
standards applicable to CO2
Plan is for K3 Project injector and verification wells to be 1) Inadequate
abandoned, per requlatory acceptance criteria to be .
Well Plugging / Sealing / determmed\gmturge.WhrKeweHiea\awwH eventually H, vf,irgreggnﬂgﬁg‘rgﬂ'z) Seledmnofserwcecontractors[andcontradorpersonne.\)
Closure degrade, this is not expected for the duration of the project. 43 12)4) 3 [12)9ER) performance; 3) BB (T g P ETEE-E ARG
gace. P P i’ procurement
Seal monitoring or repair may be needed: could be unanticipated downhole
unsccessful. condtions.
K3 Project has research abjectives for which extensive pre- 1) Inadequate design
Pre-losure moritoring of c\uwe mumturmg\sp\aﬂne.d.Pre—c\usum monitoring could 2m :gs:rjg:esggﬂiuture W)Peﬁ.urmWhat—\.rexercisespﬂmtuweH construction. 2)
storsge be inadequate to achieve various project goals. Some 113 2(2(4| 3|96 ’v’monitoring. 2) Greatest Maintain communicafions channels and currency of
monitaring actiities may themseles involve risks. Assume riskis in DOE and CEC_|1R0ring o supportfulure project success.
that “pre-closure” ends 2-3 years after injection staps. budgeting?

_

Impacts and Responses

All text info. both coherts. all FEPs
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One FEP > Multiple Scenarios

FEP Name

RISK-BEARING SCENARIO

IAccidents and unplanned events: External

Accident damages custom-manufactured equipment, sensor, tool; replacement or
repair delay causes irretrievable information loss during an injection phase.

|Accidents and unplanned events: External

Action causes public opposition which results in permit or project delay.

|Accidents and unplanned events: External

Cost implications of any accident, including emergency response, medical,
equipment damage, delay.

|Accidents and unplanned events: External

Heavy rail traffic results in derailment blocking access to site.

S T——

Multiple FEPs >

Same Scenario

FEP Name

RISK-BEARING SCENARIO

Data acquisition activities at well

Weather conditions prevent using a monitoring method or retrieving data at
acritical point in time.

Data acquisition activities away from well

Weather conditions prevent using a monitoring method or retrieving data at
acritical point in time.

IGeographic location

Weather conditions prevent using a monitoring method or retrieving data at
a critical point in time.

Human activities in the surface
lenvironment: off site

Weather conditions prevent using a monitoring method or retrieving data at
acritical point in time.

Meteorology, weather

Weather conditions prevent using a monitoring method or retrieving data at
acritical point in time.

S ——
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IBDP: 89 Scenarios from 1350 FEP text responses

Count of RISK-

RISK-BEARING SCENARIO BEARING
SCENARIO

A permit is modified by government agency to require increased data access and 1

approval by NGOs and/or public; this causes delays leading to price escalation.

Accident damages custom-manufactured equipment, sensor, tool; replacement or 7

repair delay causes irretrievable information loss during an injection phase.

Action causes failure to comply with permit. 25

Action causes permit delay 38

Action causes public opposition which results in permit or project delay. 42

After injection ceases and the pre closure monitoring continues there will be a shift

of focus on HSE that existed during the active injection period, resulting in an 3

accident or unplanned event.

/An accident by any member of the team reflects badly upon the project, and/or 8

upon the image of another consortium member.

/An unexpected situation arises that is not technically impacting, but the appearance| 14

of unpreparedness spurs public concern ...

IAny unexpected situation arises for which prep is inadequate, thus impact occurs. 6

Breakdown of sensor or tool; replacement or repair delay causes irretrievable
information loss. e

IBDP: Risk Response Action Groups (RRAGS)

"micro" Risk Reduction Action RRA Group
Conduct thorough risk-management practices to minimize .
the chance of a justified suit. 9100 - Risk Mgmt

unexpected situations.

E. h h risk ID likelih f .
xecute a thorough ris process to reduce likelihood of glOO - Risk Mgmt

effects.

Sample natural-gas storage facilities to observe similar 9101 - Site & AOR

Use all obtainable data sources (governmental, private, and

iactive or orphan well exists within the Area Of Review.

ianecdotal) to minimize the chance that an unidentified gl01 - Site & AOR

Conduct regional study of the geologic occurrence of toxic

source.

components, and site the project to minimize risk from this gl01 - Site & AOR

S ——
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IBDP: Scenarios X RRAGs crosstab
min o 2
(highest) = G £ &&
Seen rank .é? Y, 5 & Q{: FIE/E ég’ F
& |oyanyora & OQ'; 5:@’ 2 §§ "’oqfieﬁu% < gg.’fu &
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#Cint Action eauses public spposton hieh | g | g | o o|ojofo|ojojlo|ojofla|o|joflo|ofjoflofl1]o]n 01
results in permit or project delay
Cement dissolution results in very small
amounts of CO2 gas present in
#0p0d intermesiatefiniection string annuius afier | 0 | 0 [ 0| 0| 0| 0 oflojojolojo|oflofo|ofo]o]o 0 0o
two years of injection causing remedial
work to be performed to finish project.
#Ci19 Action causes permit delay o)1f{0o)1|{0ofojojojojojojoj1jofojofojofojoj0ojO]3 [
#gos C0Z exts storage reservorana croszes | o | o [ o[ o o [0 lololololololali|alolololololololo 0o
caprock via faut or fracture.
Public knowledge of significant planning
#Ci09 3 error causes loss of public confidence in | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ability to conduct CCS.
Subsurface condition impairs seismic
#RsD4 | 3 |™eng. proundwater samping, w9gng. o) | g | g | g | g o |o|o|ofo|o|ofla|o|joflo|o]joflo|o]jo]olo 0o
other data acquisition, impairing abilty to
track plume.
#cio| 4 pcton causes IbBtocomheit g 13 1|30 t|of2fo2]ajof2fa|1|1|o]ofajojz]0|o0 olo
#Hs02 [ 4| CoRmovesvis webe artadtareety | g | g | g fofo oo 1|11 1|o[1]|1]|o|ofofafafofo]o]0 olo
CO2-acidified brine moves via wellbore or
#Hs03 4 fault, dissolving metals along the way, inte| 0 | O | O[O0 |0 | O |01 | 41|41 |1 |0|0|JOofOfo0o]Oo|OofofO|O|O|OD (]
USDWY.
Public fears of COZ injection or monitoring,
#Ci10 5 though technically not well founded, olofoJo|oflojojojojo|jojo|lOo]JofoJofo]ofo]o|o|oO]|oO ]
create opposition that impedes operations.
Prominent accident (especially invelving
CO2 release) raises questions about
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K3 Project Risk Database: Intended Usage

2.3 Intended usage

Asof 1 April 2009, the next intended directusage of the K3 risk database is as a resource for further definition of scenarios
and risk reduction measures (RRMs). RRMs - often imprecisely and/or complexly described atfirst — are to be converted into
precise, assignable, and trackable Risk Reduction Actions (RRAs). The Forms should simplify bringing together the
infarmation fram FEPs of interest (e g. high-risk FEPs), and from scenariosthat are related by theirlinkage to FEPs.

When scenarios and risk reduction measures have been fully captured and their tableslinked, the final database will enable
instantly finding, for example, all FEPs (and their risk ratings) that are related to a given RRA; or all RRAs that address
scenarios thatare of high risk to projectfinances; or other desired outputs. If desired, additional tables may be created to
track progress and status of RRAs, or this information may be retained using other software.

K3 Risk Database: Scenario Score Summary form
- TTIII—

| 3 #om i scores summary | ] bom,_scenan_scores summary
r

Scenanio D 5003 -

Scenario: Ary party/parties fail to timely negotiste, draft, and/for execute &

contract, causing project delay.

Scores Summary
Scoring Metric Average -
Severity Likelihood Risk.
Work Group 3.00 3.00 9.00.
Individual 78 275 7.56

Scores By Risk Receptors | SCores By Scorers

FEP Scores By Work Groups

FEPSID Work Group Severity LB Severity UR Severity BG  Likelihood LB Likelihood UB Likelihood BG.
¥ k3100 Legel 1 4 ] 1 4 3
| Recard: 1 1afl M [ Search

FEP Scores By individuals
FEPSID Individual

Severity LB Severity UB Severity BG  Likelihood UB  Likelihood LB Likelihood BG

——

Hnottavange-Telleen p.14

Scottsdale, AZ

September 15-17, 2009



West Coast Regional Carbon Sequestration Partnership Scottsdale, AZ
Annual Business Meeting September 15-17, 2009

Draft Risk Response Action Groups (IBDP)

RRAGS & RACI (IBDP)
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Risk re-assessment

REVIEW RRMs

Figure 4, Flow chart of risk re-assassment process
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