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Risk Management Processes

Risk Management
Planning \

Risk Monitoring s Risk
and Control Identification
Risk Response
Planning

Qualitative Risk
Analysis

Quantitative Risk
Analysis

Six processes first introduced in the PMBOK® Guide of PMI in 2000
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Quantitative risk analysis

* Quantitative risk analyses have been evolving
rapidly as the software tools and their integration
with scheduling software packages have evolved.

* NSF requires large facility recipients to develop
and follow formalized Risk Management during
the design and construction stages of sponsored
Major Research Equipment and Facilities
Construction (MREFC) projects
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Risk Data Elicitaton

* Risk data elicitation strategies should be examined for
their ability to gather credible, unbiased data with the
least amount of disturbance of the key project
participants

* Not all “'unknown unknowns” are “unknowable”

* The risk interview does this. Compared to the risk
workshop:

— Confidential 1-on-1 interviews allow people to speak
candidly without fear of consequences

— People get to talk intensely about risk to someone
interested

— People are taken away from their desks only + or — 2 hours

(C) 2016 Hulett & Associates, LLC 4
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Unknown Knowns

Risk Registers are always incomplete. New risks are found
in interviews. Often these risks are “unknown knowns”

Psychoanalytic philosopher Slavoj Zizek says that beyond
these three categories there is a fourth, the unknown
known, that which we intentionally refuse to
acknowledge that we know

German sociologists Daase and Kessler (2007) agree with
a basic point of Rumsfeld in stating that the cognitive
frame for political practice may be determined by the
relationship between what we know, what we do not
know, what we cannot know, but Rumsfeld having left
out what we do not like to know

http://en.wikipedia.org/wiki/There are known knowns, Cited 12/26/2015)
- TIulett&
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http://en.wikipedia.org/wiki/There_are_known_knowns cited January 24

Purpose of Quantitative Risk Analysis

* Answer 3 gquestions:

— How likely is the project to meet its schedule and
cost goals on the current plan?

— How much schedule and cost contingency is
needed to achieve the a desired level of certainty
of hitting both schedule and cost targets

— Which risks are causing potential overrun of
schedule and cost, including indirect schedule-
driven cost, and are thus high priority for risk
mitigation?
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Example Schedule: Offshore Gas
Production Platform Project

Activity ID Activity Name Original Start Finish 2017 2018 2019 2020 2021 20
Duration [@4]at1]az]a3]a4 [a1]a2]a3]a4 [a1]a2]a3]a4 [@1]a2]a3]a4 [a1]a2]a3] a4 [at]a2
01-Jan-17 \ ¥ 04-Apr-20, Total
-  @Gas Platform-7 Offshore Gas Pr 1190d 01-Jan-17 04-Apr-20 Y ¥ 04-Apr-20, Gas Platform-7 Offshore G
- Gas Platform-7.1 Milestones and Ham 1190d  01-Jan-17  04-Apr-20 A ¥ 04-Apr-20, Gas Platform-7.1 Milestone
A1030  Project Management Hammock 1190d  01-Jan-17 04-Apr-20 Project Management Hammock
A1020  First Gas od 04-Apr-20 irst Gas
A1010  Project Sanction 0d 19-Jul-17 Project Sanction
A1000  Project Start 0d 01-Jan-17* 4 Project Start
= Gas Platform-7.2 Decision Making 100d  11-Apr-17 19-Jul-17 19-Jul-17, Gas Platform-7.2. Decision Making
B1000  Approval Pracess 100d  11-Apr-17 19-Jul-17 Approval Process
- Gas Platform-7.3 Engineering 700d  01-Jan-17 01-Dec-18 v ¥ 01-Dec-18, Gas Platform-7.3 Engineering
C950  FEED 200d  20-JuF17 | 04-Feb-18 FEED
C300  ConceptEngineering 100d  01-Jan-17 10-Apr-17 Concept Engineering
C1010  Detailed Engineering 300d 05Feb-18  01-Dec-18 Detailed Engineering
- Gas Platform-7.4 Procurement 580d 05-Feb-18  07-Sep-19 ¥ 07-Sep-19, Gas Platform-7.4 Procurement
D1010  Procurement of Other Equipment 260d 02-Dec-18 = 08-Aug-19 = Procurement of Other Equipment
D1000  Procurement of LLE 580d 05-Feb-18 07-Sep-19 - Procutement of LLE
- Gas Platform-7.5 Fabrication 340d 02-Dec18  O06-Now-19 ye——f— 06-hov-19, Gas Platform=7.5 Fabrication
E1030 | Fabricate CPP Jacket 250d 02-Dec-18 = 08-Aug-19 | Fabricate CPP Jacket
E1025 Install LLE Equipment 40d 28-Sep-19  06-Now-19 | 'E! Install LLE Equipment
E1020 Fabricate CPP Topsides 300d 02-Dec18 27-Sep-19 Fabricate CPP Topsides
E1010 Fahricate Drilling Jacket 200d 02-Dec-18 19-Jun-19 - Fapricate Drilling Jacket
E1000 Fabricate Drilling Topsides 200d 02-Dec-18 19-Jun-19 aat! ] Fapricate Drilling Topsides
-1 Gas Platform-7.6 Drilling 100d  D4-Aug-19 11-Nov-19 o | ve—— 11-Nov-19, Gas Platform-7.6 Drilling
F1000  Drilling for First Gas Only 100d  04-Aug-19  11-Now-19 i -] " Orilling for First Gas Only
= Gas Platform-7.7 Installation 170d  20-Jun-19  06-Dec-19 : sy (0G-Dec-19, Gas Platiorm-7.7 Installation
G1030 Install CPP Topsides 30d 07-Now-19 06-Dec-19 ~@ Install CPP Topsides
G1020  Install CPP Jacket 20d  09-Aug-19 28-Aug-19 i b=t “Install CPP Jacket
G1010  Install Drilling Topsides 25d  10-Jul19 03-Aug-19 i Ingtall Drilling Topsides
G1000 | Install Drilling Platform Jacket 20d  20-Jun-19 09-Jul-19 Install Drilling Platform Jacket
= Gas Platform-7.8 HUC 120d 07-Dec-19 04-Apr-20 04-Apr-20, Gas Platform-7.8 HUC
H1000  Hook UP and Commissioning 120d 07-Dec19 = 04-Apr20 Hook UP and Commissioning

& Hulett &
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Test the Schedule against GAO 10-
point Scheduling Best Practices

 SCHEDULE

ASSESSMENT GUIDE

& Huletts http://www.gao.gov/products/GAO-16-89G :
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Third-Party Software Can Help in
Testing the Quality of the Schedule

ORACLE
PRIMAVERA RISK ANALYSIS

Schedule Check Report

Plan Summary

Oracle
Primavera Risk
Analysis
Schedule Check
Report

Title Offshore Gas Production Platform
File name C\Users\DavidDocuments\Architect of the Capitol\Chiller ProjectiSchedule ReviewiOffshore Gas Production Platform.plan
Plan finish date 04/04/2019 Tasks with no progress 30
Plan remaining duration 1920 In progress tasks 0
Normal tasks 17 Completed tasks 0
Summary tasks Total tasks 30
Milestone tasks 3 Resource assignments 17
Hammock tasks 1 Budget cost $1,317,200
Monitor tasks 0 Remaining cost $1,317,200
Calendars 5 Actual cost $0
Links 27 Total cost $1,317,200
Resources 14
Report Summary
Taskview All tasks
Constraints 1
Open-ended tasks (Does not include ignored links) 2
Out of sequence updates ("broken logic”) 0
Lags longer than 0 units ]
Negative lags (‘leads”) 0
Positive lags on Finish-to-Start links 0
Start-to-Finish links 0
Lags between tasks with different calendars 0
Links to /from summary tasks 0
Duration uncertainty distribution shape 2 Not checked
Total number of items found 3
Ribbon Analyzer

Sase e Open Start = Open Finish Lags Leads Harq SOft_ Score

Predecessors | Successors Constraints Constraints

& Hulett &
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(0%) (0%) (0%) (0%) (5%) (0%)
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Import to Integrated Cost-Schedule
Risk Analysis Software

@] & 7 2016|2017 2018 2019 2020 2021
uID Task Start Date | End Date | Duration Cost ° * * * 2008 0 *
3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Gas Plz ¥ Offshore Gas Production Platfor1 01/01/2017 04/04/2020 1,190 $1.697M Offshore Gas Production Platform
Gas Plz ¥ Milestones and Hammocks 01/01/2017 04/04/2020 1,190 $80,000 Milestones and Hammocks 3 9_ m O nt h
A1010 Project Sanction 07/19/2017 0 $0 t Project Sanction . .
A1020 First Gas 04/04/2020 0 $0 Ii First Gas S 1 o 7 b I I I Io n
A1030 Project Management Ham 01/01/2017 04/04/2020 1,190 $80,000 ¢ Project Management Hammock
A1000 Project Start 01/01/2017 0 $0 Project Start P roj e Ct
GasPlz ¥ Decision Making 04/11/2017 07/19/2017 100 $8,000 WY ( Decision Making
B1000 Approval Process 04/11/2017 07/19/2017 100 $8,000 X Approval Process
Gas Plz ¥ Engineering 01/01/2017| 12/01/2018 700 $256,000 Engineering
C950 FEED 07/20/2017 02/04/2018 200 $80,000
C1010 Detailed Engineering 02/05/2018 12/01/2018 300 $160,000 CC X Detailed Engineering
€900 Concept Engineering 01/01/2017| 04/10/2017 100 $16,000 X Concept Engineering
Gas Plz ¥ Procurement 02/05/2018| 09/07/2019 580 $350,000 urement
D1000 Procurement of LLE 02/05/2018 09/07/2019 580 $250,000 rocurement|of LLE
D1010 Procurement of Other Equ 12/02/2018 08/08/2019 250 $100,000 urement of|Other Equipment
Gas Plz ¥ Fabrication 12/02/2018 11/06/2019 340 $836,000 Fabrication
E1000 Fabricate Drilling Topsides 12/02/2018 06/18/2019 200 $180,000 T:— I Fapricate Drilling Tdpsides
E1010 Fabricate Drilling Jacket | 12/02/2018  06/19/2019 200 $140,000 L) & Fabricafe Drilling Jafket
E1020 Fabricate CPP Topsides 12/02/2018  09/27/2019 300 $320,000 | Fabricate CPP Topsides
E1030 Fabricate CPP Jacket 12/02/2018  08/08/2019 250 $164,000 _J Fabfricate CPP Jacket
E1025 Install LLE Equipment 09/28/2019| 11/06/2019 40 $32,000 |—| X Install LLE Equipment
Gas Plz ¥ Drilling 08/04/2019| 11/11/2019 100 $80,000 Drilling
F1000 Drilling for First Gas Only | 08/04/2019 11/11/2019 100 $80,000 X Drilling for First Gas Only
Gas Plz ¥ Installation 06/20/2019 12/06/2019 170 $47,200 Installatipn
G1000 Install Drilling Platform Ja 06/20/2019 07/09/2019 20 $8,000 Install| Orilling Plafform Jacket
G1010 Install Drilling Topsides 07/10/2019  08/03/2019 25 $13,600 IX 1nstpll Drilling Tppsides
G1020 Install CPP Jacket 08/09/2019| 08/28/2019 20 $9,600 Install CPP Jagket
G1030 Install CPP Topsides 11/07/2019 12/06/2019 30 $16,000 _E X Instal] CPP Topsides
Gas Plz ¥ HUC 12/07/2019 04/04/2020 120 $40,000 HUC
H1000 Hook UP and Commission 12/07/2019 04/04/2020 120 $40,000 - @ Hook UP and Commissioning for First Gas

Using Booz Allen Hamilton Polaris©
http://www.boozallen.com/consulting/products/polaris

# Hulett&
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http://www.boozallen.com/consulting/products/polaris

Adding Uncertainty to Activity Durations and
Resource Quantities by Reference Ranges

* Uncertainty in schedule duration is similar to “common cause”
variation related to six sigma process control concepts
developed by Walter Shewhart and championed by Edwards
Demming

 “Common cause variability is a source of variation caused by
unknown factors that result in a steady but random distribution
of output around the average of the data .... Common cause
variation is also called random variation, noise, non-controllable
variation ... ” (http://www.isixsigma.com/dictionary/common-
cause-variation/ )

(C) 2016 Hulett & Associates, LLC 11
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http://www.isixsigma.com/dictionary/common-cause-variation/

Uncertainty

* Inherent variability
* Estimating Error
e Estimating Bias if it exists

e These must be taken into account in the Risk
Analysis

* Uncertainty is generally not reducible. Risk
from uncertainty alone is the best you can do,
even with aggressive risk mitigation

& Hulett &
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Uncertainty to Activity Durations
by Reference Ranges

Templated Uncertainty Editor

Templates | © Add |[ & remove |

; Priority [ Filter ‘ Schedule Uncertamty

1 7 [ Engineering ] v] (=) I& Triangular - Min:0.9 Likely:1.05 Max:1.2
O 2 < [ Procurement lv} (=) ‘m Triangular - Min:0.95 Likely:1.05 Max:1.2
S 3 <& [ Fabrication lvl‘ e ‘m Triangular - Min:0.85 Likely:1.1 Max:1.3
O 4 < [ Drilling lv) e ‘m Triangular - Min:0.8 Likely:1.1 Max:1.3
O 5 < [ Installation lvl g ‘m Triangular - Min:0.9 Likely:1.1 Max:1.3
. 6 l HUC ] vi —) ‘m Triangular - Min:0.9 Likely:1.1 Max:1.4

These represent uncertainty parameters for the entire activity class
(engineering, procurement, fabrication...). To achieve that while using the
specified ranges on each activity within the class, these uncertainty
values must be correlated 100%

§ Hl.hc:u.ca

(C) 2016 Hulett & Associates, LLC
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Resource usage Uncertainty Ranges

Resources | © Add Apply to Al Utilizations (_appiy
I uUIiD I Resource Type lMax.,. I Category 1 Rate per unit or day I

B RrR-3 Fabrication Time Dependent 1 Fabrication - m I:LZTfuslggmr::aiggo

B R4 Installation Time Dependent 1 Installation - m I:"(ae?euglgg .I"iha“)?::f,ggo

B R6 Hook Up and Commissioning Time Dependent 1 HUC (-] \Am Eﬂ?e??tgggh!r:;?ﬁggo

B RrR1 Time-Dependent Time Dependent 1 Time-Dependent —) m Ilfl'(ae'l‘?uggg 'Mr:;?::f,%go

B RS Drilling Time Dependent 1 Drilling @ m Ilae?&?‘gggr\::g‘iggo

B R-15 | Procurement Time Independent 1 Procurement =) m Irii?fufig -Mf:;:\::ffo

8 RrR-7 Engineering Time Dependent 1 Engineering -] m Ir&ae??uslggmr:?ﬁ%o

B R-10  Approval Time Dependent 1 Approval ® m I&Z??USISB M':;?;OSOO

B 3358 Cash Time Independent 1 No category selected None - Original Value: 1

(C) 2016 Hulett & Associates, LLC
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Scatterplot: Effect of Uncertainty on
Durations and Resources
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Correlation Finish Date — Cost calculated at 62%. Upward
slope reflects effect of uncertain durations on cost
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Effect of Uncertainty on Finish Date

Offshore Gas Production Platform
500 100% 01/01/2021

95% 11/01/2020

90% 10/06/2020

85% 09/18/2020

__________________ Deterministic Finish Date
75% 08/16/2020 4/4/20

70% 08/01/2020

400
|
|
|
|
|
|

65% 07/21/2020

60% 07/10/2020 P'80 FiniSh Date 9/1/20

55% 06/27/2020

300

50% 06/18/2020

45% 06/06/2020 Effect = + 5 months

Data Points
a|guadiad

200 40% 05/25/2020
35% 05/15/2020
30% 05/02/2020

25% 04/18/2020

1

o
(=1

20% 04/02/2020

15% 03/14/2020

10% 02/26/2020

5% 02/07/2020

0 0% 12/17/2019

12/18/2019 01/27/2020 03/07/2020 04/16/2020 05/26/2020 07/05/2020 08/14/2020 09/23/2020 11/02/2020 12/12/2020
End Date

Hulett &
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Effect of Uncertainty on Project Cost

600

500

400

Data Points

300

200

100

Mt

$1.594M

Offshore Gas Production Platform
100% $2.565M

95% $2.258M

90% $2.197M

85% $2.156M

80% $2.124M

75% $2.095M
70% $2.07M
65% $2.051M
— 60% $2.03M
55% $2.008M

R - - - e 50% $1.987M

|
|
i
{
{
i
|
{
{
|
|
{
{
|
i
{
{
: 45% $1.967M
|
{ 40% $1.946M
{
|
|
{
{
i
i
{
{
|
|
{
{
|
|
i
{
{
i
|
I

35% $1.926M
30% $1.907M
25% $1.886M
20% $1.861M
15% $1.834M

10% $1.799M

|:| 5% $1.745M
SRS [0 Y S
$1.696M $1.798M $1.901M $2.003M $2.105M $2.207M $2.31M $2.412M $2.514M

Cost

3|puaniad

Baseline =S1.69 billion
P-80 cost = $2.12 billion

Over cost = $427 million
or 25%

# Hulett&
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Add Project-Specific Risks

e Risk is similar to “special causes” in six sigma

e “..special cause variation is caused by known
factors that result in a non-random distribution of
output...Special cause variation is a shift in output
caused by a specific factor such as environmental
conditions or process input parameters. It can be
accounted for dlrectly and potentially removed...

(http://www.isixsigma. com/dlctlonary/varlatlon—
special-cause/)

* Hence, pre-mitigated risks are the subject of risk
mitigation workshops

% Hulett &
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Risk Drivers (1)

* Each identified risk has a probability that it
will occur with some effect on time or cost

e |fthe risk occurs it affects activities’ durations
and costs

— If time-dependent resources (labor, rented
equipment) it will vary the daily burn rate

— If time-independent resources (equipment to be
installed, material) it will affect the entire cost

directly

& Hulett &
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& Hulett &

Risk Drivers (2)

A risk may affect multiple activities
Activities may be affected by multiple risks

If a risk driver occurs it has a multiplicative
effect on the durations of the activities it
affects

— Multiplier < 1.0 =2 shorter duration, opportunity
— Multiplier > 1.0 =2 longer duration, threat

Multiplier is chosen at random from input

distribution (usually 3-point estimate, triangle)

Associates (C) 2016 Hulett & Associates, LLC
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Introducing Risk Drivers that
Cause Additional Variation in the Simulation

D\screte. | Driver ‘

Risk Driver Editor R
Enabled [¥] ‘ uID Risk Driver Name Probability | Description Notes
v 1 Engineering company productivity may differ from planned 100% l
™ Construction Contractor may or may not be familiar with the technology 40%
™ Testing may reveal issues that need to be resolved 65%
] Organization's quality controls may not be sufficient to avoid issues in Delivered Product 50%
Risk Driver Impact Editor Tasks | © add @ \

m Triangular - Min:0.9 Likely:1.05 Max:1.3
ask
‘WBIUOO - Design 1 h ~
C1000 - Design 2 0 None - Original Value: 1
N

\/

Four risk drivers are specified. The first is a general risk about engineering

productivity, which may be under- or over-estimated, with 100% probability. It
is applied to the two Design activities

& Hulett &
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100% Likely Risk Driver’s
Effect on Design Duration

With a 100% likely
risk the probability
distribution of the
activity’s duration
looks like a triangle.

Not any different
.. | from placing a
. | triangle directly on
- the activity
# Hulett & |
(C) 2016 Hulett & Associates, LLC 22
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Risk Driver with
Risk at < 100% likelihood

Risk Driver Editor
‘ Enabled [] ‘ uID Risk Driver Name Probability | Description Notes
™ 1 Engineering company productivity may differ from planned 100%
‘ v 2 Construction Contractor may or may not be familiar with the technology 40%
™ Testing may reveal issues that need to be resolved
O Organization's quality controls may not be sufficient to avoid issues in Delivered Product 50%
Risk Driver Impact Editor Tasks | @ add || & Rremove |
N ) . m Triangular - Min:0.9 Likely:1.1 Max:1.4
Task In Parallel | | ‘
3 | Cost Factor
B1010 - Build 1 (]
C1010 - Build 2 " None - Original Value: 1

With this risk, the Construction Contractor may or may not be familiar with the
technology, the probability is 40% and the risk impact if it happensis .9, 1.1 and
1.4. It is applied to the two Build activities

& Hulett &

Associates (C) 2016 Hulett & Associates, LLC
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With a 40% Likelihood, the “Spike” in the
Distribution Contains 60% of the Probability

85% 232

75% 218

65% 200

———————————————————————————————————————————————

35% 200

25% 200

10% 200

aaaaaaaaaaaaa

% Hulett &

Associates
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Here is where the Risk
Driver method gets
interesting. It can create
distributions that reflect:
* Probability of
occurring
* Impact if it does occur
Cannot represent these
two factors with simple
triangular distributions
applied to the durations
directly

24




Using Risk Drivers Method

i Discrete l Driver l Selected Risk Scenario: ’ Baseline ]'| | Edit l

Risk Driver Editor

Enabled [V ’ uID [ Risk Driver Name R i S k D rive rs Wit h l Description / Probabili; | Notes

E 1 Bids may be Abusive leading to delayed approval 70%

™ 2 Engineering may be complicated by using offshore design firm b b o I 't 60%

™ 3 Suppliers of installed equipment may be busy p ro a I I y 50%

™ 4 Fabrication yards may experience lower Productivity than planned 65%

[Z s The subsea geological conditions may be different than expected 70%

E 6 Installation may be delayed due to coordination problems 60%

™ 7 Fabrication and installation problems may be revealed during HUC ”

“ 8 The organization has other priority projects so personnel and funding may be unavailable / VO% / dj\

7 —

Risk Driver Impact Editor Tasks [ © add

I — m Triangular - Min:0.95 Likely:1.05 Max:1.25
| Task/ \ I Parallel \;j\\

None - Origif —d

| BYMO - Approval Process

1010 - Detailed Engineering

D1000 - Procurement of LLE

‘ D1010 - Procurement of Other Equipment
E1000 - Fabricate Drilling Topsides A t A 't Q t

‘ E1010 - Fabricate Drilling Jacket C IVI Ies 0
E1020 - Fabricate CPP Topsides h . h D . .

‘ E1030 - Fabricate CPP Jacket W IC rlve r IS

| F1000 - Drilling for First Gas Only

.
‘ G1000 - Install Drilling Platform Jacket a SS I g n e d

G1010 - Install Drilling Topsides

Risk Drivers’ impact

| G1020 - Install CPP Jacket
G1030 - Install CPP Topsides
‘ H1000 - Hook UP and Commissioning for First G:

C900 - Concept Engineering
| OGO - FEED

BDBDOBDDDERDDEODDDEE

~__—

# Hulett&
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Risk Factors Model How Correlation Occurs

« H

Coefficients are Calculated (1)

Risk Probability = .5,
Range .95, 1.05, 1.15

Activity 1 Activity 2

Correlation = 100%

We are very bad at estimating correlation coefficients directly

ulett &

Associates (C) 2016 Hulett & Associates, LLC
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Risk Factors Model How Correlation Occurs
Coefficients are Calculated (2)

Risk Probability = .25,
Range .8, .95, 1.05

Risk Probability = .5,
Range .95, 1.05, 1.15

Risk Probability = .45,
Range 1.0, 1.10, 1.20

Activity 1

Activity 2

Correlation = 37%

(C) 2016 Hulett & Associates, LLC

* Correlation is modeled as it is caused in the project
* Correlation coefficients are generated, not guessed
* Correlation drives the results correctly
* By modeling correlation we never get an inconsistent correlation

coefficient matrix

27




What End Date and Cost
should be put forward?

Offshore Gas Production Platform 1l Offshore Gas Production Platform
700 100% 03/15/2022 J 900 100% $3.216M
95% 06/04/2021 95% $2.46M
90% 04/01/2021 90% $2.376M
800
600 85% 02/25/2021 85% $2.318M
80% 01/27/2021 80% $2.273M
700
75% 01/03/2021 75% $2.235M
500
70% 12/14/2020 70% $2.204M
600
65% 11/25/2020 65% $2.178M
60% 11/08/2020 60% $2.149M
400
55% 10/22/2020 500 55% $2.123M
a h-J g
= ] &
& 50% 10/06/2020 § & 50% $2.099M
]
2 g §
e 45% 09/20/2020 S 00 45% $2.074M
200
40% 09/03/2020 40% $2.051M
35% 08/19/2020 35% $2.027M
300
30% 08/03/2020 30% $2.004M
200
25% 07/18/2020 25% $1.976M
200
20% 06/30/2020 20% $1.945M
100 15% 06/09/2020 15% $1.914M
10% 05/13/2020 oo 10% $1.873M
5% 04/08/2020 5% $1.817M
0 0% 12/09/2019 0 0% $1.537M
01/07/2020 03/31/2020 06/23/2020 09/15/2020 12/08/2020 03/02/2021 05/25/2021 08/17/2021 11/09/2021 02/01/2022 $1.621M  SL789M  $1.957M  $2.125M  $2.203M  $2.46M  $2.628M  $2.796M  $2.964M  $3.132M
End Date Cost

ajguanag

P-80 finish date is 1/27/21, adding another 5 months to the project
P-80 cost is $2.27 billion, adding another $150 million to the project from uncertainty
Is this enough?

A AUl LL X

(C) 2016 Hulett & Associates, LLC 28
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Use the Time — Cost Scatterplot to Estimate
Targets to meet BOTH Objectives

* The histograms / cumulative distribution
functions estimate finish date and cost to
meet each target individually

 To meet BOTH targets, use the scatterplot

* Meeting both targets requires a more
conservative (later date, more cost) estimate

* How much more time and cost depends on
their correlation

& Hulett &

Associates (C) 2016 Hulett & Associates, LLC 29



Plan to Meet BOTH Finish Date and
Cost Targets from JCL Scatterplot

Date: [03/14/2021 Cost: 2,310,739 = JCL Percentile: 79.8%
| JCL Percentile ]
o | I (| T

Offshore Gas Production Platform

$3.4M

8.2% 7.42%

$3.2M ®

$3M

$2.8M

$2.6M

$2.4M

Total Project Cost

$2.2M

$2M

$1.8M

$1.6M

79.84%
$1.4M

A somewhat more conservative plan would involve meeting
BOTH time and cost targets, from the JCL Scatterplot

10/31/2019

# Hulett&

(C) 2016 Hulett & Associates, LLC
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JCL-80 compared with P-80 Results

Histogram/Cumulative Distributions (P-80) and Joint Confidence Level (JCL-80)
Results with Project-Specific Risks and Uncertainty
Baseline
Finish Date 4/4/2020
Budgeted Cost $1.70Billions
Risk Analysis Results
Schedule Date Months added
P-80 1/27/2021 9.8
JCL-80 3/14/2021 11.3
Difference 46 1.5
Cost Billions Dollars Added (billions)
P-80 2.27 $0.58
JCL-80 2.31 $0.61
Difference 0.04
# Hulett & |
(C) 2016 Hulett & Associates, LLC 31
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Compare what Risk Analysis Typically
Predlcts vs. What Actually Happens

When an engineer says their estimate is +/- 10%
they mean...IF nothing changes, no risk events
occur, and control is excellent. They say this
because they can’t control these things...but we
must estimate Reality

—As Estimated
—=Reality

Relative Frequency of Occurrence

OOOOOOsOOOOOOOOOOOOO
N e N Y N O o O = N M T N O~
v vl vl el v e e e

180
190
200

Percentage Cost Over/Under Estimate Including Contingency

Actual CPI Estimate Accuracy versus As Estimated; Large Projects

Source: John K. Hollmann, PE, “Reliable Risk Quantification for Project Cost and
g Schedule”, AACE International webinar December 15, 2015

ASSOClatES (C) ZUI1b Hulett & AssocCiates, LLU




Incorporate Systemic Risks
into the Monte Carlo Simulation (MCS)

e Systemic Risks that include:
— Technical complexity, new technology challenging
— Scope not fully known
— Process definition not complete
— Megaproject complexity, size / duration, participants
— Project organization, e.g., joint venture, multiple EPCs

— Project management, scheduling and estimating
process, bias

* These factors can be measured and their impact
oh project success estimated using parametric
techniques

& Hulett &

. (c) 2016 Hulett & Associates, LLC 33
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Mistakes made by Senior Business
Managers and Sponsors

* Most mistakes are not made by the technical
or engineering people, or even from the
project controls people, but by senior
management in a company, sometimes in
collusion with clients or sponsors

* These mistakes are quite common

From Industrial Megaprojects, Edward W. Merrow (2011 Wiley)

& Hulett & . 34
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Mistakes of Management that Get the

Project in Trouble

e |wantit NOW!

— “Schedule pressure dooms more megaprojects than any other
single factor” (E. W. Merrow)

— Ambitious managers see early completion as ways for
promotions

— But, every megaproject has an appropriate pace that becomes
known early. Pronouncements do not change this pace

* We need to shave 20 percent off that cost number!

— Construction task force is a counterproductive exercise
— May just reduce estimates, this is foolish

— May actually identify scope to come out, but the scope needs to
be added back in later, so only temporary reduction in cost

& Hulett &

. 5 Hulett & Associates 5
Associates © 2015 Hulett & ' 3




Inserting 3 Systemic Risks

* |dentifying the systemic risks and inserting them
with appropriately-large impacts allows us to:

— Specify the probability of occurrence
— ldentify the risks for risk mitigation

* In this case study, these megaproject risks:

— May have interdependency issues between project
elements

— May have complex offshoring of supply chain and
even EPC contractors

— May have excessive schedule pressure “l want it
sooner”

& Hulett &

. (c) 2016 Hulett & Associates, LLC 36
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Adding Systemic Risks

Discrete Driver ‘

Selected Risk Scenario: [ Baseline i' | [

Edit ‘

Risk Driver Editor

Enabled [/] ‘ uID | Risk Driver Name ‘ Description Probability | Notes
rﬂ 1 Bids may be Abusive leading to delayed approval 70%
%) 2 Engineering may be complicated by using offshore design firm 0%
~ 3 Suppliers of installed equipment may be busy 0%
™ 4 Fabrication yards may experience lower Productivity than planned 65%
[ s The subsea geological conditions may be different than expected 70%
E[ 6 Installation may be delayed due to coordination problems
™ 7 Fabrication and installation problems may be revealed during HUC
™ The organization has other priority projects so personnel an unavailable
9 Megaproject may have interdependency problems
10 Megaproject may have coordination problems offshore sourcing
| 1 Megaproject may have excessive schedule pressure L_‘
Duration Factor

Risk Driver Impact Editor

Tasks | O add © Remove

T —
Task / \

Parallel [ ]
| B10g# - Approval Process D
010 - Detailed Engineering O
C900 - Concept Engineering Ij

m Triangular - Min:1.4 Likely:1.5 Max:1.7

None - Original Value: 1

€950 - FEED

D1000 - Procurement of LLE

D1010 - Procurement of Other Equipment
E1000 - Fabricate Drilling Topsides

E1010 - Fabricate Drilling Jacket

E1020 - Fabricate CPP Topsides

E1025 - Install LLE Equipment

3 Systemic Risks assigned with low
probability but high consequences and
assigned to the entire project

E1030 - Fabricate CPP Jacket
F1000 - Drilling for First Gas Only
G1000 - Install Drilling Platform Jacket
G1010 - Install Drilling Topsides
G1020 - Install CPP Jacket

1030 - Install CPP Topsides

HIWQO - Hook UP and Commissioning for First Gas

DOoooo0oq

J )
nulett &

Associates

(C) 2016 Hulett & Associates, LLC
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Complexity and Pressure Combined

Many projects are within

1200 100% 10/11/2024

95% 11/08/2022 tOIeranceS (+ - 20%) but
some have serious

85% 03/10/2022

********************************** problems, with overruns
75% 06/23/2021
70% 04/06/2021 nearer to 7O%l
BDD 65% 02/15/2021
B Hollmann, John, “Risk Analysis
fw ! ERR e S on the Edge of Chaos,” Cost
§ j 45% 10/30/2020 5 / !

Engineering (© AACE
International),

35% 09/20/2020

0% 08/29/2020 January/February 2015
25% 08/11/2020
20% 07/19/2020

- In our case: P-80 =»10/28/21
B or about 19 months total

5% 04/23/2020

l | I WA e P-80 cost =» 2.49 or about

03/14/2020 12/03/2020 08/24/2021 05/15/202 02/03/2023 10/25/2023 07/15/2024

« Hulett&

$793 million (47%) over
© 2015 Hulett & Associates baseline (WithOUt
contingency)
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Scatterplot with Systemic Risks Added

Date: [02/07/2022| [ Cost: [2,568,461 =] 3L Percentile: 80.8%
[ JCL Percentile
P L |, e —" ———

Offshore Gas Production Platform

$3.8M

$3.6M

$3.4M

$3.2M

$3M

$2.8M

$2.6M

Total Project Cost

| T T

13.58%

$2.4M

$2.2M

$2M

$1.8M

$1.6M

80.78%

$1.4M

10/31/2019 05/18/2020 12/04/2020 06/22/2021 01/08/2022 07/27/2022

Total Project End Date

02/12/2023 08/31/2023 03/18/2024 10/04/2024

2.72%

04/22/2025

- Hulett &

(C) 2016 Hulett & Associates, LLC
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The 80t percentile is
approaching the second
mode in the histogram

JCL-80 finish date =>»
2/7/22 or about 22.2
months beyond

scheduled finish date

JCL-80 cost =» S2.57
billion or about +$873
million (+ 51%) from
baseline
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Iterative Approach to Prioritizing the
Risk

e Purpose, discover which risks contribute the most days at
the P-80 level

1. Compute the Baseline with All Risks In

2. lteration # 1: Simulate with each risk disabled in turn,
recording the P-80 date
a. The risk with the earliest P-80 date is 1%t priority
b. Take it out for Iteration # 2

3. lteration # 2: Simulate the remaining risks, disabling
each in turn, recording P-80, choose earliest. Take it out

for Iteration # 3
4. Etc.

Hulett &

© 2015 Hulett & Associates 40
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Picture of Prioritized Risks
Selected by their Days Saved at P-80

Iterative Approach to Prioritizing Risks (Based on Days Saved at P-80)
Risk # 1 2 3 4 5 6 7 8
o Resources
Priority Level |Abusive dozzsigr?re Suppliers [Fab Geology gs(:jr::na; Problems |may go to
(Iteration #) |Bids . Busy productivity lunknown . lat HUC other
firm Installation .
projects
1 X X X X X X X 1
2 X X X 2 X X X
3 X 3 X X X X
4 X X X X 4
5 X 5 X X
6 X X 6
7 7 X
8 8
# Hulett& |
ey © 2015 Hulett & Associates 41
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Risks Prioritized at the P-80 Confidence
Level measured in “Days Saved”

Risk Prioritization at 80%

%) Predict Run

view: [ Tornado [+] show: [schedule

11 - Megaproject may have excessive
schedule pressure

8 - The organization has other
priority projects so personnel and
funding may be unavailable

9 - Megaproject may have
interdependency problems

4 - Fabrication yards may experience
lower Productivity than planned

2 - Engineering may be complicated by
using offshore design firm

10 - Megaproject may have coordination
problems offshore sourcing

3 - Suppliers of installed equipment
may be busy

7 - Fabrication and installation
problems may be revealed during HUC

6 - Installation may be delayed due to
coordination problems

l 'J Filter by Top: E‘ﬁ

Schedule Impact

40

60

Systemic Risks are Important

80 100 120 140 160 180
80th Percentile Schedule Impact (Baseline = 1807)

200




Risks Prioritized to P-80 and Days
Saved, plus Effect of Uncertainty

Risks Prioritized to P-80

Name Days Saved
Megaproject may have excessive schedule pressure 210
The organization has other priority projects so personnel and funding may be

unavailable 112
Megaproject may have interdependency problems 52
Fabrication yards may experience lower Productivity than planned 32
Engineering may be complicated by using offshore design firm 18
Megaproject may have coordination problems offshore sourcing 17
Suppliers of installed equipment may be busy 12
Fabrication and installation problems may be revealed during HUC 12
Installation may be delayed due to coordination problems 2
Bids may be Abusive leading to delayed approval 0
The subsea geological conditions may be different than expected

Contingency due to Project-Specific and Systemic Risks 467
Contingency due to Uncertainty 150
Total Contingency | 617

1L1UICTLL ¢
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Risk Mitigation

* Risks can be mitigated but usually not completely

* Mitigation actions are:

— New, not known to the interviewees, different from
yesterday

— Committed to by management so funded, staffed,
monitored and reported on

* Once agreed to, estimate the owner, cost and
timing of the mitigation
* Estimate the improvement to risk parameters

& Hulett &

Associates (C) 2016 Hulett & Associates, LLC a4



Mitigation
Strategy and Simple Scenario

* Prioritize the risks according to days saved

* Recognize that as schedule risk is addressed, the
indirect effect on cost risk will be good

* Each risk mitigation has a cost and that cost will
be added, so cost risk will represent two
conflicting forces

* Simple scenario,
— Cut probability in half

— Add S5 million to project specific risk cost and S10
million to systemic risk for cost of risk mitigation

& Hulett &
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Compare
Pre- and Post-Mitigation Schedule

Scenario Modeling

100% = — —
95%

90%

85%
B0% === mmmmmmmm e e e e o e
75%

|

70%
65%

60%
55%

robability

50%
45%

Simple mitigation for Schedule mitigates from
10/28/21 to 1/24/21 or about 9 months. It is

E a0%
35%

still about 9.7 months later than baseline of
4/4/20

<
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

05/25/2020 12/11/2020 06/29/2021 01/15/2022 08/03/2022 02/19/2023 09/07/2023 03/25/2024 10/11/2024
End Date

Task Data [ O 11 | sonoe v [ime [ Chart Markers [o]:] [0 2

Enabled H Name l Original J 80% VO

™ PRE-MITIGATION 04/04/2020  10/28/2021
) POST-MITIGATION 04/04/2020  01/24/2021

# Hulett&
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Compare
Pre- and Post-Mitigation Cost

Scenario Modeling

100% - —
95%
90%
85%
e e et e
75%
70%
65%
60%

35%

50%
45%

Simple mitigation for Cost mitigates from
$2.48 billion to $2.36 billion or about $120
million. The cost includes total $70 million
assumed for Mitigation Costs.

The cost of $2.36 billion is still S663 million a
above the baseline cost (39%) of $1.697
billion

40%

Cumulative Probability

35%
30%
25%
20%
15%
10%

$1.858M $2.258M

$2.458M $3.838M

& Remove

Task Data[ @ au Measure: [ Cost - Chart Markers %[ @ add

Enabled Name | Original ‘ 80% V&
& PRE-MITIGATION $1.697M $2.487M

) POST-MITIGATION $1.607M  $2.361M

& Hulett &

Associates (C) 2016 Hulett & Associates, LLC 47




Summary

* Get a good schedule per GAO Best Practices

* Add costs as time-dependent and time-independent
resources

* |nterview for good Risk Data
 Model uncertainty

 Model project-specific and systemic risks using Risk
Drivers

e Use JCL-80 as promise dates and costs

* Prioritize the risks @ P-80 and days saved

e Mitigate risks partially, recording mitigation costs
e Commit to the risk mitigations

& Hulett &
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Quantitative Cost-Schedule Risk
Analysis in the 2015 LFM

2016 National Science Foundation Large Facilities
Workshop May 25, 2016

David T. Hulett, Ph.D., FAACE
Hulett & Associates, LLC
Los Angeles, CA
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