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Risk-Informed Decision Analysis [

-Farshad A. Sohi
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Dissertation: Background







Dissertation: Goal

Hurricane Katrina, New Orleans, 2005



Dissertation: Goal
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Teton Dam Failure, 1976




Western Canada _
Transmission & Processing

Express

Transmission Pipe:
~21,000 miles
Natural Gas Storage:
~300 billion cubic feet
Crude Oil Storage:
4.8 million barrels

Natural Gas Gathering Pipe:

70,000 miles

Distribution Pipe:
39,900 miles

Union Gas Retail Customers:

1.4 million
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DCP storage



Burrillville C/S
AIM Project Facilities Add Mars 90 + Cooling, Generator, &
Repipe one unit (C1) to 24” M/L
Ramapo to Pts East 342,000 Dth/d .
With 433 Compression Chaplin C/S )
Add Taurus 60, Cooling '\
for all units, & Generator Y
X Vo
Cromwell C/S \\ ‘\ %
Add Mars 100, Cooling for all *\ \ :j;,
turbines, Generator, & Repipe \\\ \® \
2 Recips (C3 & C4) to 26” M/L N \‘ \‘
S N D,
Southeast C/S \\ \?04,5 “‘
Add Mars 90 + Cooling, Generator, \\ Y \
Restage two units (C4 & C5), s, c 5
15 ppm NOx upgrade and new \\0/’711, L
compressor body on Mars 90 (C3) NG i
. ™ A -
Stony Point C/S . : B
Add Mars 100 & Centaur 50 + ‘\ % ) 3
Cooling, Generator, Restage \?;5% \‘ 1‘
two units (C5 & C6), & 15 ppm \\“‘P‘ \ !
NOx upgrade on Mars 90 (C7) \ ] b <\ B
—""'--...__._ S ) \ S \
~—— \‘ \‘ \\\ [}
Y \ . West Roxbury Lateral
B \ \\ 4.2 mi New 16”
! N \ S 0.6 mi New 24"
,1' ‘\‘ ‘\\ \\ E-1 System
! \ X \ \ 9.1 mi L&R 6”"w/16”
5 .' \ N ; ‘
a,)% ! \ \\ \ E-1_System
8. ! \ S \ 1.4 mi 12" Loop
',' \‘ \\\ Cromwell Discharge
§ ONEWYORK \ 2.1mi 36” Loop Meter Stations
ll' ‘\‘ Southeast to MLV-19 2 new meter stations
". \ 4.4 mi L&R 26" w/42" 24 meter stations need detailed review
i Stony Point to MP 91.2 AIM Project — 342,000 Dth/d
® } 11.9 mi L&R 26”w/42 S i
LAMBERTVILLE 1 (Includes new 1.2 mile 42” Hudson River crossing) Facilities Dlagram
. Rev: 12-September-2013
With 433 Compression

Ramapo to Stony Point
3.3 mi L&R 26"w/42”




Risk: Right of Way

" . . —
I'm gonna give him an offer he

can't retuse."
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Risk: Demonstrations
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Environmentalists’ Protests

Risk
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Risk: Ntive American & First Nations
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Native American chamber
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First Nations Map

Know the language, know the land
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Risk: Permits
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Risk: Sever Weather Condition




Risk 3: Challenges in Laying the Pipe




Risk: Dropped Module During
Transportation




Horizontal Drilling Accident




Integrated Cost & Schedule Risk Analysis

ag

Cost Risk

U

\l Time Independent Costs

U

“Burn Rate” per day

Project
Cost Risk



Integrated Cost & Schedule Risk

Occurs? i Unit / comment
Cost Item -25% 0% 40% 5% Percentage Deviation
Scope Option 50% 500,000 750,000 1,000,000 750,000 Cost
Schedule ltem 4 8 16 9 Week to Complete
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T Estimate Monte Carlo
) i ——y - - :
Spettra) Cost Low | Most Likely | High | Value | Forecast
Energy ) '
- Contractor Labor & Material $2,596,709 $2,337,038 $2,596,709 $3,116,051|  $2,701,793 2,701,793
- 15% Added for Winter Construction $9,263,926 $68,289
- Change Orders @ 5% $126,085 $81,054 $162,108 $270,179 $275,598 $275,598
- Escalation $389,098 18.3% $556,313
Subtotal Prime Contractors|  $2,722,794 $3,045,68C




CapEx Monte Carlo Results

10,000 Trials Frequency View 7 7 0/
AIM BASE CASE 0
Probability of being
0.04 - | less than
Base Case CapEx
$1,130.3 MM
320
0.03 -
280
= T
= 240 g
A A
= =
S D.02 - 200 %
('R
180 Q
M35, = 51,166,231 808 |
. EAC =$1.130,307.147 120
0.01 - : E Mean = 51,101,343, 842 20
; E': b =51,040,176,564
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< ..
0.00 et i el 3
&1, 000 OO0 D00 21,040, OO0 Q00 &1,080, 000 000 21,120,000, OO0 &1, 160,000 000 &1, 200 000, GO0

b |51.040,176 564

Certainty: | 50.00 % 4 $1.166,231,808




Schedule Monte Carlo Results

10,000 Trials Frequency View 5 6 0/
AIM In-Service Dale 0
Probability of being
earlier than
0.08 - Target In-Service
11/1/2016
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2 0.04 - 400 T
= e ]
| A
[ ] -
= 5
i 0.03 - J0
o 2
{557 = 11232016 |
0.0z - Mean = 11/3/2076 | 200
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South Pars- Phase 11




South Pars- Phase 11

ONSHORE
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Risks

* Time to First Gas

* Ramp-up time to maximum production
 Maximum production level in phase 1

e Duration of compression platform construction

e Duration of maximum production with
compression

* Production decline profile

* Direct capital cost of phases 1 and 2 (DCC)

* Indirect cost of phases 1 and 2 (IDC)

e Operation expenditure (Opex)

e Cost of Money(CoM)

e Contractor expenditure profile in both phases
e Qil price fluctuations




Risks: Start of Phase 1 &2

PHASE-11 RICH SOUR GAS PRODUCTION FORECASTS - IMPACT OF START-UP DATE

==Earliest: First Gas 2020

===Delayed First Gas 2022

120 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040



Risk: Reservoir Behavior + Maximum
Plateau Production

PHASE-11 GAS PRODUCTION FORECASTS - IMPACT OF RESERVOIR (with compressitm
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Risk: Oil Price Fluctuations
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1862-1865

raises demand for oil

1865-1890
Prices boom
and bust with
fluctuations in
US drilling

US Civil War drives up commaodity
prices; tax on competing illuminant

L

1861

1866

1890-1892

Risk:

1891-1894
Pennsylvania oilfields
begin to decline,
setting the stage for
higher prices in 1895

1894

Cholera epidemic cuts
production in Baku,
Azerbaijan, contributing
to 1895 spike

Recession and strong production from
US and Russia bring prices down

1871
1876
1881
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Oil Price Shocks

1920

Rapid adoption of the
automobile drastically
raises oil consumption,
leading to the "West
Coast Gasoline Famine"

1931
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Recession

1936

Prices hit record low
as onset of Great
Depression reduces

1941

1980
Iran-Iraq War begins;
exports from the region

2011

Arab Spring; civil

slow further war disrupts
Libyan output
1978-1979
Iran cuts production and
exports du’raing revolution; 1980s
cancels contracts with US rzesms:se
companies | spupply Mid-2000s
shocks Asia drives
prices as production
down stagnates and
Saudi spare
capacity
1973-1974 1988 declines || [2013-2014
1047 Arab states institute Iran, Iraq Prices rise
Poskwiar embargo against increase at prospect
autotiGHYEHOaI countries supporting output with of US
Croatas Fisl Israel in the Yom end of war action in
shortages in some Kippur War Early 2000s Syria;
US states Production reaction to
falls due to Iraq conflict
1972 lack of mid-2014
US oll investment is less
production pronounced
peaks
1956-1957 1999
Suez crisis takes 10% Asian 2007-2008
of world's oil off the demand Global
market — but recovers Financial
production outside of after 1997 Crisis
the Middle East crisis
stymies a price spike
in the interim
I 2001-2003

9/11 and

1946
1951

= Crude oil prices in 2013 USD/barrel

81::; invasion of Iraq
A abin raise concerns
Hetaasad 1990 about Middle
production Iraq invades East stability;
to regain Kuwait: VVenezuelan oil
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Risk: LIBOR (London Interbank Offered Rate)
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South Azadegan- Early Production Phase




South Azadegan- Early Production

e The main risk factors:
— 3 Contractors
— Material Delivery (Long-Lead Items)

— Payments to Contractor and
Subsequently to Procurement
Companies

— Delivery from Builder’s Site to Azadegan
Site
— Construction and Commissioning



Risk: Payments For Procurement
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Risk: Shipping
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Risk: Customs




Risk: Shipping to Site
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Risk: Mines at Site




Risk: Site Operation; Three Contractor




Questions?




