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Outline (1)

« Some limitations of the traditional 3-point estimate
guantitative risk analysis

* Introducing cost risk analysis using the Risk Driver
Method

— Method
— Simple example

* Hulctt & © 2008 Hulett & Associates, LLC

Associates



Risk Prioritization — New approach

« More complete and powerful than the standard qualitative
risk analysis using the Probability and Impact approach

« Compute the effect of individual risks on the cost, then sort
risks by priority

 Risks are prioritized by probability and impact as they affect
the cost model of the project

o Distinguish the priority caused by the risks’ probability from
their impact range
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Limits of the Traditional 3-point Estimate
Approach (1)

 Traditionally we estimated the risk of each line item
by applying a 3-point estimate of possible costs and
a probability distribution

 This approach does not use the results of the
gualitative risk analysis very well

« We want to know which risks are important to guide
risk responses. Instead we find out which line items
are important. There Is a difference
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Limits of the Traditional 3 oint Estimate

Approach (2

« What Is the probability that the risk will occur? 3-

point estimate Is an impact only

« What Is the correlation between activity
will model it instead of estimate it from |

 Which risks (not line items) are most im
risk affects several line items it may be
Important than It appears at first
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~ Introducing the
Risk Driver Method (1)

o Start with the Risk Register risks — the linkage to
the qualitative risk analysis exercise Is obvious and
direct

 Characterize the risks by their probability and
Impact, not just Impact range as distinct from just
the 3-point estimate. These are the TWO
dimensions of a risk
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Risk Driver Methodology

* |dentify risks to be included from Risk Register
 Quantify risks’ probability and impact range

— The impact is a factor

— The line item costs will be multiplied by the factors

* Assign risks to cost line items
— Risks can affect several line items
— A cost line item can be affected by several risks

* Run Monte Carlo simulation for overall cost risk
* Prioritize risks (either impact or probability)
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|dentify Risk Drivers
from the Risk Register

Risk Register - Model Input Data

ID Risk Name

R.1 Contracting Strategy (LSTK) may cause bidders to bid high

R.2 Design Changes may be greater than anticipated

R.3 Equipment Suppliers may be busy

R.4 Quality Key Staff JV / PMT may not be available

R.5 Number of Bidders may be limited due to availability of other work
R.6 Integration Management of detailed engineering may be inadequate
R.7 Labor Rate may differ from expectations

R.8 Construction Labor Productivity may differ from expectations

R.9 Bulk Material Cost may differ from expectations
R.10 Construction Management Staff may be lacking in experience
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Risk Drivers and their Probability and Impact Range,
Expressed as Factors

Risk Drivers and their Properties
—_— S 3-Point Estimate of Risk Factor
Minimum ML Maximum

Contracting Strategy 80% 0.90 1.10 1.30
Design Changes 100% 0.95 1.05 1.15
Equipment Suppliers Busy 30% 1.00 1.05 1.10
Availability of Key Staff JV / PMT 60% 0.85 1.00 1.20
Number of Bidders 30% 0.95 1.00 1.10
Integration Management 40% 1.00 1.05 1.10
Labor Rate 25% 0.80 0.95 1.05
Construction Labor Productivity 45% 1.00 1.10 1.20
Bulk Material Cost 100% 0.90 1.00 1.05
Construction Management Staff 100% 1.00 1.05 1.10
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Use Trigen Function to Correct for Narrow
Ranges from Interviews

| Design Changes 3-
Design Changes / Value point estimate is .95,
0.9500 1.1500
: 105,115
Trigen makes it .87,
> 1.05, 1.23
4 Trigen
(0.95,1.05,1.15,10,90)
3 Minimum 0.8691
Maximum 1.2309
Mean 1.0500
2 Std Dev 0.0739
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A 100% Risk Factor
Applied to Cost

Total Direct Feld Costs / Risked Dollars A Cost of 1.00 million impacted
| 02253 L17% | by a 100% Risk Factor
0.006. 5.0% 90.0% 5006 |
| TriGen .95, 1.05.1.15, 10,90
0.005
Minimum 870.3515
0.003 Maximum 1229.3683
Mean 1050.0003
0.002 Vs, fpreces
0.001
0.000
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A 40% Risk Factor
Applied to Cost

A Cost of 1.00 million impacted
Total Direct Field Costs / Risked Dollars by a 40% Risk Factor
0.9582 1.1406 _
= —— 0% The spike has 60% of the
oo probability, indicating that the risk
0.06 occurs only in 40% of the
0.05 | IfETAtions
RiskeaDomars
0.04 Minimum 875.7877
Maximum 1228.8883
0.03 Mean 1019.8465
Std Dev 52.7815
0.02 Values 10000
0.01
0.00
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Values in Thousands
ﬁ' Hulctt & © 2008 Hulett & Associates, LLC 12

Associates



A Cost of $1.0 million
Affected bx Two 100% Risk Drivers

]
Total Direct Feld Costs / Risked Dollars Affected by Two 100%
= - Trigen (10,90) Risks

10.0%%6 30.%%6 10.%0
0.0045
o (1) .95, 1.05. 1.15
0.0035 o |(2) .90,1.00,1.05

Total Direct Field Costs
0.0030 Risked Dallars
0.0025 Minimum 760.5205
Maximum 1323.4558
0.0020 Mean 1027.3492
o oo e
0.0010
0.0005
0.0000
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Values in Thousands
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A Cost of $1.0 million
Affected bx Two 50% Risk Drivers

]
Total Direct Held Costs / Risked Dollars Affected by Two 50%
0.927 1.111 . .
o — — Trigen (10,90) Risks
(1) .95, 1.05. 1.15
0.020
(2) .90, 1.00, 1.05
Total Direct Field Cobw
Risked Dollars

0.015

Minimum 756.0717

Maximum 1317.4738
0.010 510 Dev s
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0.005
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Simplified Cost Model

of a Refinerx Project glz

Refinery Construction Project Baseline Estimate (1)

Cost Category Labor Equipment Total
Direct Field Costs ($ millions)

Long Lead Equipment (LLE) 15 330 345

Equipment 30 1,513 1,543

Materials 288 2,248 2,536

Total Direct Field Costs 333 4,091 4,424
Indirect Field Costs

Supervision 360 0 360

Time-Related Overhead 315 0 315

Total Indirect Field Costs 675 0 675
Total Direct & Indirect Costs 1,008 4,091 5,099
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Simplified Cost Model

of a Refinerx Project gzg

Refinery Construction Project Baseline Estimate (2)
Labor Equipment Total

Cost Category ($ millions)

Material Related 180 540 720

Home Office Engineering Staff 540 540

Overhead & Fees 560
Total Contractor Related 1,728 4,631 6,919
Owner-Related

Project Management Team 450 0 450

Materials 0 400 400

Total Owner-Related 450 400 850
TOTAL BASE ESTIMATE 7,769
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Cost Category

Assign Risk Drivers
to Cost Elements

Risks

Direct Field Costs

Contr.

Strat.

Design
Changes

Equip.
Suppl.

JVIPMT
Staff

Integ.
Mgt.

Labor
Rate

Labor
Prod.

Bulks
Cost

CM
Staff

Long Lead Equipment (LLE)

X

Equipment

X

Materials

Total Direct Field Costs

Indirect Field Costs

Supervision

Time-Related Overhead

Total Indirect Field Costs

Total Direct & Indirect Costs

Construction Management

Material Related

Home Office Engineering Staff

Overhead & Fees

Total Contractor Related

Owner-Related

Project Management Team

Materials




Cost Risk Analysis Results (1)

TOTAL BASE ESTIMATE / Risked Dollars
7.2 9.87

. | 50% 90.0% 5.0%
i h
4 TOTALBASE ESTIMATE/
?‘ Risked Dollars
= Minimum 6218.4438
x 3 Maximum 11743.8870
% Mean 8431.4094
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Cost Risk Analysis Results (2)

TOTAL BASE ESTIMATE / Risked Dollars
7.77 9.13

N Y 20.0%
Base Cost is 20.2%
08 likely
— TOTALBASEESTIMATE/
0.6 Risked Dallars
' Minimum 6128.5000
Maximum 11628.4144
ean 8436.0300
0.4 g/ltd Dev 808.0824
Values 10000
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P P :
— 9,132 fora 17%
0.0 : | Y -
© ~ M > S o N Contingency
Values in Thousands Reserve
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Cost Risk Analysis Results (3)

Percentile Cost % Contingency
10% 7,469 -4%
20% 7,769 0%
30% 7,967 2%
40% 8,150 5%
50% 8,336 %
60% 8,556 10%
70% 8,810 13%
80% 9,132 17%
90% 9,566 23%

'”-' Hulctt &

Associates

© 2008 Hulett & Associates, LLC

20



Risk Sensitivity

TOTAL BASE ESTIMATE / Risked Dollars

Correlation Coefficients (Spearman Rank)

Contracting Strategy / Value -

Design Changes / Value

Availability of Key Staff JV/ PMT / Value -

Equipment Suppliers Busy / Value A

Number of Bidders / Prob A

Construction Labor Productivity / Prob -

Construction Management Staff / Value

Labor Rate / Value

— — (9\] o < Lo © N~ (o0}
CIS o o o o o o o o
Coefficient Value
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Risk Drivers Listed in Priority Order

Risk Drivers Effect on the Contingency to 80th Percentile
All-In Risks 9,132
Improvement if Mitigated

: Type of Risk
Risk Name Dollar %
Contracting Strategy 820 9.0% Threat
Design Changes 169 1.9% Threat
Equipment Suppliers Busy 88 1.0% Threat
Number of Bidders 48 0.5% Threat
Construction Management Staff 44 0.5% Threat
Availability of Key Staff JV / PMT 36 0.4% Threat
Construction Labor Productivity 32 0.4% Threat
Integration Management 24 0.3% Threat
Labor Rate -4 0.0% Opportunity
Bulk Material Cost -57 -0.6% Opportunity
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Risk Mitigation (1)

« The Contracting Strategy of Lump-Sum-Turnkey
(LSTK) Is by far the most important cost risk driver
In today’s heated oil and gas industry environment

» Contractors are expected to include high levels of
risk and profit into their bids
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Risk Mitigation (2)

e Suppose that we were willing to entertain cost-based bids.
What would happen?

Mitigating the Contracting Strategy Risk

3-Point Estimate of Risk Factor
Name Prob.
Minimum ML Maximum
Contracting Strategy Before Mitigation 80% 0.90 1.10 1.30
Contracting Strategy After Mitigation 30% 0.90 1.00 1.10
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Effect of Allowing Cost-Based Bids

The Cost-Based contracts
may provide less certainty
for the owner.

However, in today’s heated
environment the LSTK
premium bid by contractors
may be so large that owners’
accepting the extra
uncertainty could pay off, as
In this example

Percentile I.Blefor_e .’.“tef
Mitigation Mitigation
10% 7,469 7,518
20% 7,769 7,685
30% 7,967 7,804
40% 8,150 7,909
50% 8,336 8,006
60% 8,556 8,103
70% 8,810 8,210
80% 9,132 8,339
90% 9,566 8,534
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