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Kimberlina Project Site
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FEPs ranked by Best-Guess score tally
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OUTLINE

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

3. Responding to Risk
4. Tracking Risk
5. Managing ...
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INTOLERABLE: Do not take this risk

UNDESIRABLE: Demonstrate ALARP before proceeding

ACCEPTABLE: Proceed carefully, with continuous improvement

NEGLIGIBLE: Safe to proceed
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BLACK NON-OPERABLE: Evacuate the zone and or area/country-25 to -20
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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 CO2 ... 
... 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.

6

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.
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4 Expert Panels / 4 Working Groups ...

• Science – MVA: reservoir, caprock, other strata, wellbore, aquifers, fluid movement, characterization 
uncertainties, faults, seismicity, seismic data, geomechanics, hydrochemistry, surface data acquisition, 
models and simulation, ...

• Operations – HSE: Coordination, drilling, accidents, dust, noise, CO2 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, 
CO2 capture, compression, dehydration, pipelines, plant integration, ...

• Communications-Outreach-Nonmember stakes: all offsite 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.
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Risk Assessment Matrix 
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INTOLERABLE: Do not take this risk

UNDESIRABLE: Demonstrate ALARP before proceeding

ACCEPTABLE: Proceed carefully, with continuous improvement

NEGLIGIBLE: Safe to proceed

-16 to -10
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-1
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Hazard Analysis and Risk Control
Standard SLB-QHSE-S020

Why analyze risk? 

(a) To respond:
•Reduce Likelihood (PREVENT)
•Reduce Severity (MITIGATE).

(b) To intelligently construct 
Scenarios that can be modeled.

(c) To efficiently apply simulation 
resources.
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Fundamentals

• DEFINED PROJECT VALUES.

• L AND S SCALES.

• HEURISTICS, “Rules of thumb”. 

• ANCHORING, GOOD ANCHORING, BAD ANCHORING.

• BEST GUESS, LOWER BOUND, UPPER BOUND.
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What values are at risk?

PROJECT VALUE Statements that establish this value
for RCSP Phase III in general or K3 in particular

Health & Safety The Phase III 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 CO2 fate. 

(2) Assess the acceptance by the saline reservoir of CO2 (injectivity), the ability of the reservoir to 
store CO2 (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.
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Severity scale

PROJECT VALUES that may be at risk 
(bold: SLB Severity Matrix standard. Italics: proposed standard.)

Severity of Impact Health & 
Safety

Financial
(USD);

escaped tons CO2 @ 
$30/t

Environment Research Industry 
Viability

Light -1
Minor Injury or 

Illness, First 
Aid

<10K$
<333t

Discharge < 
reporting 

thresholds; Hazmat 
Spill <100 Liters; 
Produced Water 
Spill <50 Barrels

Little or no 
progress 

toward 1 of 4 
goals.

Project Lost Time 
>1day. Moving-
vehicle citations.

Serious -2

Temp. 
Disability, 

Hospital to 1 
day, Lost Days 

1-100 

10-100K$
333-3333t

Discharge > 
reporting 

thresholds; Hazmat 
Spill <1000 Liters; 
Produced Water 

Spill <250 Barrels

Little or no 
progress 

toward 2 of 4 
goals.

Project Lost Time 
>1 wk. Regulatory 
Notice without fine. 
Local allegations of 
unethical practice 

or mis-
management.

Major -3

Perm. 
Disability, Lost 

Days >100, 
Intensive Care 

>1 day

100-1000K$
3333-

33,333t

Discharge causes 
area evacuation or 

wildlife loss; 
Hazmat Spill <10K 
Liters; Produced 
Water Spill <500 

Barrels

Little or no 
progress 

toward 3 of 4 
goals.

Project Lost Time 
>1 mo. Permit 
suspension. 
Majority local 
opposition or 

substantial negative 
local media 
coverage.

Catastrophic -4 Fatality >$1,000,000
>33,333t

Uncontrolled 
release of 

radioactive matl.; 
Hazmat Spill >10K 
Liters; Produced 
Water Spill >500 

Barrels

Little or no 
progress 

toward 4 of 4 
goals.

Project Lost Time 
>1 yr. Int'l media 
coverage of law 

violations, 
questionable ethical 

practices, or 
mismanagement.

Multi-
Catastrophic -5 Multi-

fatality >333,333t Multi-Catastrophic

No gain in 
understanding 
applicable to 

future 
projects

Negative public 
experience results 

in legal ban on 
similar projects.
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PROJECT VALUES that may be at risk 

Severity of Impact Health & 
Safety

Financial
(USD);

escaped tons CO2 @ $30/t
Environment Research Industry 

Viability

Light -1 Minor Injury or 
Illness, First Aid

<10K$
<333t

Discharge < reporting 
thresholds; Hazmat 

Spill <100 Liters; 
Produced Water Spill 

<50 Barrels

Little or no 
progress toward 

1 of 4 goals.

Project Lost Time 
>1day. Moving-
vehicle citations.

Serious -2

Temp. 
Disability, 

Hospital to 1 
day, Lost Days 

1-100 

10-100K$
333-3333t

Discharge > reporting 
thresholds; Hazmat 
Spill <1000 Liters; 

Produced Water Spill 
<250 Barrels

Little or no 
progress toward 

2 of 4 goals.

Project Lost Time >1 
wk. Regulatory Notice 

without fine. Local 
allegations of 

unethical practice or 
mis-management.

Major -3
Perm. Disability, 
Lost Days >100, 
Intensive Care 

>1 day

100-1000K$
3333-33,333t

Discharge causes area 
evacuation or wildlife 

loss; Hazmat Spill 
<10K Liters; Produced 

Water Spill <500 
Barrels

Little or no 
progress toward 

3 of 4 goals.

Project Lost Time >1 
mo. Permit 

suspension. Majority 
local opposition or 

substantial negative 
local media coverage.

Catastrophic -4 Fatality >$1,000,000
>33,333t

Uncontrolled release of 
radioactive matl.; 

Hazmat Spill >10K 
Liters; Produced Water 

Spill >500 Barrels

Little or no 
progress toward 

4 of 4 goals.

Project Lost Time >1 
yr. Int'l media 

coverage of law 
violations, 

questionable ethical 
practices, or 

mismanagement.

Multi-
Catastrophic -5 Multi-

fatality >333,333t Multi-Catastrophic

No gain in 
understanding 
applicable to 

future projects

Negative public 
experience results in 
legal ban on similar 

projects.
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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.

Likelihood scale
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FEP* scoring: Expert Panel consensus

* Feature, Event, or 

Process
Project-Specific Information L

LB
L

Best
Guess

L
UB

S
LB

S
Best

Guess

S
UB

Best-
Guess 
L*S

Accidents and unplanned 
events: External 

Activities unrelated to the project, such as traffic on site-margin roads, 
including those related to ADM or other nearby industrial operations, 

could expose personnel, wellhead, wellbore, and image to risks.
2 3 4 1 2 4 6

Accidents and unplanned 
events: Project

Activities of driving, drilling, CO2 compression, field data acquisition, 
and other surface operations could expose personnel, wellhead, 

wellbore, and image to risks.
3 3 4 2 2 3 6

Add a New FEP (Add information for new FEP) L L L s S s = L * S

Asphyxiation effects

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. 

Within 100 years after injection ceases, the subsurface area where CO2 
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. 

1 1 2 5 5 5 5

“Best-Guess” Likelihood “Best-Guess” Severity

Lower Bound / Lowest Credible L

Upper Bound / Highest Credible L
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FEPs ranked by Best-Guess score tally

16

FEPs ranked by Upper Bound score tally
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Scenarios and Risk Reductions from scored FEPs

18

Impacts and Responses
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One FEP > Multiple Scenarios

FEP Name RISK-BEARING SCENARIO

Accidents 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.

20

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 
a critical point in time.

Data acquisition activities away from well Weather conditions prevent using a monitoring method or retrieving data at 
a critical point in time.

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

Human activities in the surface 
environment: off site

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

Meteorology, weather Weather conditions prevent using a monitoring method or retrieving data at 
a critical point in time.
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IBDP: 89 Scenarios from 1350 FEP text responses

RISK-BEARING SCENARIO
Count of RISK-

BEARING 
SCENARIO

A permit is modified by government agency to require increased data access and 
approval by NGOs and/or public; this causes delays leading to price escalation. 1

Accident damages custom-manufactured equipment, sensor, tool; replacement or 
repair delay causes irretrievable information loss during an injection phase. 7

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 
accident or unplanned event.

3

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

An unexpected situation arises that is not technically impacting, but the appearance 
of unpreparedness spurs public concern ... 14

Any 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. 7

22

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. g100 - Risk Mgmt

Execute a thorough risk ID process to reduce likelihood of 
unexpected situations. g100 - Risk Mgmt

Sample natural-gas storage facilities to observe similar 
effects. g101 - Site & AOR

Use all obtainable data sources (governmental, private, and 
anecdotal) to minimize the chance that an unidentified 
active or orphan well exists within the Area Of Review.

g101 - Site & AOR

Conduct regional study of the geologic occurrence of toxic 
components, and site the project to minimize risk from this 
source.

g101 - Site & AOR
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IBDP: Scenarios x RRAGs crosstab

24

K3 Project Risk Database
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K3 Project Risk Database: Table Relationships 1/2

26

K3 Project Risk Database: Table Relationships 2/2
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K3 Project Risk Database: Intended Usage

28

K3 Risk Database: Scenario Score Summary form
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Draft Risk Response Action Groups (IBDP)
QHSE PLAN: 
Subsurface and Seismic Operations COMPLETION PLAN: Geophone wells COMMUNICATIONS POLICY

QHSE PLAN: 
Surface and Injection Operations

COMPLETION PLAN: Shallow groundwater 
monitoring wells COMMUNICATIONS PREPARATION

SITE SELECTION AND AOR CO2-RESISTANT WELL CONSTRUCTION COMMUNICATIONS PROACTIVE

WEATHER EFFECTS PREPARATION MVA PLAN COMMUNICATIONS GROUNDWATER

USDW BASELINE CHEMISTRY SURFACE SEISMIC INJECTIVITY BACKUP PLAN

PERMITS STATIC EARTH MODEL INJECTION OPS AND SHUTIN PLAN

SITE SECURITY PLAN SIMULATION PLAN EQUIPMENT SPARING PLAN

DRILLING PLAN DATA MANAGEMENT PLAN OPERATIONAL MONITORING PLAN

LOGGING PLAN: In-Zone Wells BUDGET INJECTION OPERATIONS ENVELOPE

LOGGING PLAN: Geophone wells STAFF AND COORDINATION NONCONTAINMENT RESPONSE PLAN

LOGGING PLAN: Shallow groundwater 
monitoring wells TECH AND LEADERSHIP TEAMS GOAL TRIAGE

COMPLETION PLAN: In-Zone Wells ACTIVITY LOG OVERALL RISK MANAGEMENT

30

RRAGs & RACI (IBDP)
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Risk re-assessment

32

Ken Hnottavange-Telleen
Risk and Performance Manager
Schlumberger Carbon Services
(508) 395-2730 (office / mobile)

hnottavange-telleen@boston.oilfield.slb.com
One Hampshire Street, Cambridge, MA 02139


