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ICSRA in government started at NASA to address the lack of

integration of project control disciplines

= |n 2009, NASA was facing a challenge of extraordinary cost and schedule growth
across their portfolio of programs

= |n response, NASA created their Joint Confidence Level (JCL) policy requiring
programs be budgeted and planned based on integrated cost and schedule risk
analyses.

= The JCL approach is the NASA name for Integrated Cost Schedule Risk Analysis or
ICSRA.

= |Impact of JCL policy was immediate and measurable: In 2013, the Government
Accountability Office conducted an independent review of NASA programs finding cost
growth and schedule delays had been reduced to 1/3™ of 2009 levels, mainly because
of better estimating of cost and schedule taking into account project risks.

Average Development Cost and Schedule Growth of Selected Major NASA Projects in the
Implementation Phase, Excluding JWST
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ICSRA typically involves four steps

1. Integrate

- ICSRA integrates cost estimates, schedules, and risk registers into a single analytical
model, providing a cohesive view of the three project controls functions

2. Predict

- |ICSRA forecasts future cost and schedule growth allowing project managers to
identify challenge areas and set reserve levels based on quantitative analysis

3. Analyze

— Analysis should be used to identify lead sources of cost and schedule risk,
empowering the project management team to identify actions for improving project
performance

4. Mitigate

— Analysis should be set up so that project managers can run what-if analyses in real-
time to test out impacts of mitigative actions
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$1M
$800,000
$600,000
$400,000
30
2014 2015 2016 2017 2018
- Scheduled Start
Percentlle |IIIIIIIIIIIIIIIIIIIIIIIIIIIII|II|IIIIII|IIIIIIIIIIIIIIIIIII'IIIIIIIllllllllllllllllllllIllllllllllll 70 .
0 10 20 30 40 50 60 70 80 30 100 Scheduled Finish @
@ P013 2014 2015 2016 @[
uIiD Activity = Start Date | End Date | Duration Cost < R 2 - * o - 0
Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
29459 V¥ Offshore Gas Production Platfor1 1/1/2014 7/7/2017 918 $2.03M ( [ ]
29460 ¥ Milestones and Hammocks 1/1/2014 7/7/2017 918 $237,777 " [ )
92301 A1000 - Project Start 1/1/2014 0 $0 A1000 - Project Start
92302 A1010 - Project Sanction | 10/3/2014 0 $0 It—A—i—O—l—O—PFejeet—Saﬁetfen—
92303 A1020 - First Gas 7/8/2017 0 $0 :
92320 A1030 - Project Managem| 1/1/2014 @ 7/7/2017 1,284 $237,777 PP PP I I I I I I INIITIIIIIIIIIINI I I I I I I I I I I IIIIITIO TS
29467 ¥ Decision Making 6/20/2014 | 10/2/2014 78 $174,400 WE@—W | Decision Making
92304 B1000 - Approval Process 6/20/2014 | 10/2/2014 109 $174,400 r-_q.;- I B1000 - Approval Process
29468 ¥ Engineering 1/1/2014 | 9/16/2015 446 $124,497 " .ﬂ Engineering
92305 C1000 - FEED 1/1/2014 | 6/19/2014 170 $19,312 1 @) X cio0d - FEED
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Today’s training will provide you with the opportunity to gain

hands-on experience with one product optimized for ICSRA

® Training is not meant to be comprehensive but rather to provide a primer on
how to perform an ICSRA

- One, two, and three day ICSRA training courses — including Polaris tool training - are
available from the Booz Allen Hamilton/Hulett & Associates team

— Jumpstart consulting support is also available if you would like help standing up a
ICSRA capability within your organization

= Agenda:
— Fundamental theory of ICSRA
— Preparing a schedule for ICSRA
— Preparing a cost estimate for ICSRA
— Preparing a risk register for ICSRA
— Quantifying Uncertainty
— Performing a ICSRA and analyzing the results
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ICSRA models are typically analyzed using Monte Carlo

simulations with inputs described as distributions

= The fundamental theory of Integrated Cost Schedule Risk Analysis is:

- If we can view cost, schedule, and risk as uncertain events, and assign probability
distributions to them, then we can use Monte Carlo Simulations to predict their
combined impact on project performance

Schedule Uncertainty

Duration Uncertainty

‘ m Triangular - Min:143 Mode:167 Max:198 ‘ %

Cost Uncertainty

o —
§ Resource Utilizations &) §
Uniform - Min:80 Max:130
9
Resource: D_FTE

Risk Events/Drivers z]POLARIS
m o e 5,000 Simulation Trials
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Polaris uses a transparent and well documented
methodology, endorsed by NASA and DoD and used by

commercial companies, to predict cost and schedule growth

= |[CSRA allows uncertainty to be defined around all of the project controls artifacts
® Schedule
— Schedule uncertainty can be quantified around baseline durations
- Uncertainty can represent inherent variability, estimating error and estimating bias
= Cost
— Uncertainty can be applied around the burn rate for time-dependent costs and
around the total cost for time-independent costs
— Phasing profiles allow costs to be spread according to when they are likely to occur
® Risk
- Risk events are quantified in terms of their probability of occurrence, and cost and
schedule impacts to various tasks in the schedule should they occur
— Risks can be applied as additive (discrete risks) or multiplicative (risk drivers)
— Risks can be applied to multiple activities, and some activities will have multiple risks
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29459 |¥ Offshore Gas Production Platfori 1/1/2014 | 12/15/2016 772 $1.65M P  Offshore Gas Production Platform
29460 =V Milestones and Hammocks | 1/1/2014 |12/15/2016 772 $200,000 Y \lilestones and Hammocks
92301 A1000 - Project Start 1/1/2014 0 $0 4@ A1000 - Project Start
92302 A1010 - Project Sanction | 7/20/2014 0 $0 Ii Ao H—Peetect-SaRction
92303 A1020 - First Gas 12/16/2016 0 $0 Q: A1020 - First Gas
92320 A1030 - Project Managem| 1/1/2014 | 12/15/2016 1,080 $200,000 Lef _J4{ A1030 - Project Management Hammock
29467 ¥ Decision Making 5/31/2014 @ 7/19/2014 35 $80,000 WY | Decision Making
92304 B1000 - Approval Process 5/31/2014 7/19/2014 50 $80,000 X B1000 - Approvyl Process
29468 ¥ Engineering 1/1/2014 @ 5/15/2015 358 $96,000 Engineering
92305 C1000 - FEED 1/1/2014 | 5/30/2014 150 $16,000 C1000 - FEED
92306 C1010 - Detailed Engineel 7/20/2014 & 5/15/2015 300 $80,000 X C1010 - Detailed Engineering
29469 ¥ Procurement 5/31/2014 @ 3/10/2016 464 $425,000 Procurement
92307 D1000 - Procurement of L| 5/31/2014 @ 3/10/2016 650 $250,000 J— X D1000 - Procurgment of LLE
92308 D1010 - Procurement of C| 5/16/2015 @ 3/10/2016 300 $175,000 Ny J—{ X D1010 - Procurginent of Other Equipment
29470 | ¥ Fabrication 5/16/2015 | 7/18/2016 306 $656,000 P - bricatid
92309 E1000 - Fabricate Drilling | 5/16/2015 @ 5/19/2016 370 $160,000 a J— X E1000 - FaHjricate Drilling Topsides
92310 E1010 - Fabricate Drilling | 5/16/2015 @ 5/19/2016 370 $80,000 a J— X E1010 - FaHjricate Drilling Jacket
92311 E1020 - Fabricate CPP Toj 5/16/2015 4/9/2016 330 $240,000 (— I E1020 - Fabrigate CPP Topsides
92312 E1030 - Fabricate CPP Jac| 5/16/2015 @ 6/18/2016 400 $96,000 C — I E1030 - |Habricate CPP Jacket
92321 E1025 - Install LLE and Ot| 4/10/2016 @ 7/18/2016 100 $80,000 X E1029 | Install LLE and Other Equipment
29471 ¥ Drilling 7/4/2016 | 11/30/2016 108 $80,000 # Drilling
92313 F1000 - Drilling for First G| 7/4/2016 | 11/30/2016 150 $80,000 -_{ J— X F1000 - Drilling for First Gas
29472 ¥ Installation 5/20/2016 @ 8/17/2016 64 $47,200 Installation
92314 G1000 - Install Drilling Plz 5/20/2016 & 6/8/2016 20 $8,000 G1000 - Ipstall Drilling Platform Jacket
92315 G1010 - Install Drilling To| 6/9/2016 7/3/2016 25 $13,600 G1010 -|Install Drilling Topsides
92316 G1020 - Install CPP Jacke 6/19/2016 7/8/2016 20 $9,600 X G1020 { Install CPP Jacket
92317 G1030 - Install CPP Topsi| 7/19/2016 @ 8/17/2016 30 $16,000 X G1030 - Install CPP Topsides
259473 ¥ HUC 8/18/2016  12/15/2016 86 $64,000 HUC
92319 H1000 - Hook UP and Con| 8/18/2016 | 12/15/2016 120 $64,000 — H1000 - Hook UP and Commissioning for First Gas
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In this iteration of the simulation, the critical path has shifted

and both cost and schedule grew considerably

== =
UID @ @ Activity @ @ Start Date | End Date | Duration Cost P 2014 * * 018 - 20160 * © o000 02017 . 2 o EI g
4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

29459 ¥ Offshore Gas Production Platfor1 1/1/2014 5/8/2017 874 $1.92M ( [ ) . Offshore Gas Production Platform

29460 ¥ Milestones and Hammocks 1/1/2014 5/8/2017 874 $226,666 ( [ ) . Milestones and Hammocks

92301 A1000 - Project Start 1/1/2014 0 $0 == A1000 - Project Start

92302 A1010 - Project Sanction 9/2/2014 0 $0 Ii +oH6—Preject-Sangtion

92303 A1020 - First Gas 5/9/2017 0 $0 t A1020 - First Gas

92320 A1030 - Project Managem 1/1/2014 5/8/2017 1,224 $226,666 Lo () A1030 - Project Management Hammock
29467 ¥ Decision Making 6/1/2014 9/1/2014 66 $148,800 ( 7.:. Decision Making

92304 B1000 - Approval Process 6/1/2014 9/1/2014 93 $148,800 &-‘.D— X B1000 - Approval|Process

29468 ¥ Engineering 1/1/2014 | 7/12/2015 398 $99,840 ( [ ) Engineering

92305 C1000 - FEED 1/1/2014 | 5/31/2014 151 $16,107 &1 @ X cipoo - FEED

92306 C1010 - Detailed Engineel 9/2/2014 | 7/12/2015 314 $83,733 O e I C1010 - Detailed Engineering

29469 ¥ Procurement 6/1/2014 | 5/26/2016 519 $425,000 O@WY rorocurement

92307 D1000 - Procurement of L, 6/1/2014 @ 3/25/2016 664 $250,000 ® 00 - Procurement of|LUE

92308 D1010 - Procurement of C| 7/13/2015 @ 5/26/2016 319 $175,000 .:] D1010 - Procuremept [of Other Equipment

29470 ¥ Fabrication 7/13/2015 11/26/2016 360 $823,705 ‘ [ ] W rabricatipn

92309 E1000 - Fabricate Drilling | 7/13/2015 | 8/3/2016 388 $177,471 ] .:|—E E1000 - Fabridate¢ Drilling Topsides

92310 E1010 - Fabricate Drilling | 7/13/2015 @ 9/26/2016 442 $101,085 ® J— X E1010 - Fgbrjcate Drilling Jacket

92311 E1020 - Fabricate CPP Toj 7/13/2015 @ 7/28/2016 382 $293,859 o ® |- X [E1020 - Fabricatd CPP Topsides

92312 E1030 - Fabricate CPP Jac| 7/13/2015 | 11/26/2016 503 $127,690 Fabricate CPP Jacket

92321 E1025 - Install LLE and Ot 7/29/2016 | 11/8/2016 103 $123,600 hstall LLE and Other Equipment

25471 ¥ Drilling 11/10/2016  4/7/2017 107 $79,467 rilling

92313 F1000 - Drilling for First G| 11/10/2016 | 4/7/2017 148 $79,467 K F1000 - Drilling for First Gas

29472 ¥ Installation 9/27/2016 | 1/12/2017 78 $54,142 ion

92314 G1000 - Install Drilling Plz| 9/27/2016 | 10/15/2016 19 $8,113 tall Drilling Platform Jacket

92315 G1010 - Install Drilling To 10/16/2016 | 11/9/2016 25 $14,518 nstall Drilling Topsides

92316 G1020 - Install CPP Jacke  11/27/2016 12/14/2016 18 $9,223 - Install CPP Jacket

92317 G1030 - Install CPP Topsit 12/15/2016 | 1/12/2017 29 $22,289 0 - Install CPP Topsides

29473 ¥ HUC 1/13/2017 5/8/2017 82 $61,867 HUC

92319 H1000 - Hook UP and Con| 1/13/2017 @ 5/8/2017 116 $61,867 H1000 - Hook UP and Commissioning for F

< [»
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Thousands of iterations are combined to provide a risk-

adjusted prediction of future cost and schedule growth
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29459 V¥ Offshore Gas Production Platfor1 1/1/2014 @ 7/26/2017 931 $2.04M ( [ ) . Offshore Gas Production
29460 ¥ Milestones and Hammocks 1/1/2014 | 7/26/2017 931 $241,296 ( [ ) . Milestones and Hammoc
92301 A1000 - Project Start 1/1/2014 0 $0 == A1000 - Project Start
92302 A1010 - Project Sanction | 10/3/2014 0 $0 i AL H—FretectSanchqn
92303 A1020 - First Gas 7/27/2017 0 $0 l—‘— A1020 - First Gas
92320 A1030 - Project Managem 1/1/2014 | 7/26/2017 1,303 $241,296 || ® J= A1030 - Project Manage!
29467 @ V¥ Decision Making 6/19/2014 | 10/2/2014 78 $176,000 YO=—W | Decision Making
92304 B1000 - Approval Process 6/19/2014 | 10/2/2014 110 $176,000 |£. — X B1000 - Approval Process
29468 ¥ Engineering 1/1/2014 | 9/14/2015 444 $126,208 ( [ ) L Engineering
92305 C1000 - FEED 1/1/2014 | 6/18/2014 169 $19,163 o] .:— IX C1qo0 - FEED
92306 C1010 - Detailed Engineel 10/3/2014 9/14/2015 358 $107,773 () X C1010 - Detailed Engineering
29469 ¥ Procurement 6/19/2014 | 7/29/2016 553 $447,676 QWY orocurement
92307 D1000 - Procurement of L| 6/19/2014 6/8/2016 724 $272,676 [ ) ] 000 - Procurement of LLE
92308 D1010 - Procurement of C' 9/15/2015 @ 7/21/2016 318 $175,000 z [Ny ) J D1010 - Procuremerjt of Other Equipment
L - | | >

11 LN SIS Booz | Allen | Hamilton

st Associlates

Booz Allen Hamilton and Client Proprietary and Business Confidential.



File Edit View Project Enterprise Tools Admin Help =
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= “ Layout: Classic Schedule Layout Filter: All Activities
« | |Activity D Original Duration Remaining Schedule % Total Float| ||, 2010 | Qtr 1,201 [ Qtr2, 2011 | Qtr 3, 2011 | A |
Duration Complete 3 'ov | Dec | Jan Feb Mar | Apr May Jun | Jul Aug Sep | Oct [ e
=& Refinery Project Refinery 07
@ A1000F Project Finish 0 0 0% 05-Jan-15 1305 :
@ A1000 Project Start 0 0 0% 05-Jan-15 722 E}
-/ %y Refinery Project.1.1 Plant Syst 175 175 0% 05Jan-15 04-Sep-15 770 &
+ By Refinery Project.1.1.1 Refinery Requ 115 15 0% 05Jan15  124un-15 770 Ly
+ By Refinery Project.1.1.2 Refinery Planr 60 60 0% 15Jun15  04-Sep-15 770 <L
-/ %y Refinery Project.1.2 Legal and 223 223 0% 05Jan-15  11-Nov-15 722 (=
+ By Refinery Project.1.2.1 Permitting (Gc 222 222 0% 05Jan15  10-Nov-15 723 &
+ By Refinery Project.1.2.2 Environmenta 96 96 0% 23Mar-15  03-Aug15 722 g
+ By Refinery Project.1.2.3 Land Acquisiti 223 223 0% 05Jan15  11-Nov-15 722 "‘%
- %y Refinery Project.1.3 Constructi 583 583 0% 05Jan-15  29-Mar-17 722 |
O N N N 3 N :
& @ AIS Constuction Finish 05-Jan-15 1305
P + By Refinery Project.1.3.1 Site Developm 75 75 04 12:Nov-15  24-Feb-16 752
+ By Refinery Project.1.3.2 Civil structure 90 90 0% 25Feb16  29.Jun-16 907
+ By Refinery Project.1.3.3 Thermal Syste 235 235 0% 05-May-16  29-Mar-17 722
+ By Refinery Project.1.3.4 Flow Systems 573 573 0% 05Jan-15  15Mar-17 732
B Refinery Project.1.3.5 Storage Syste 0 0 0% 0 5
By Refinery Project.1.3.6 Electrical Sys 0 1] 0% 1]
By Refinery Project.1.3.7 Mechancial Sy 0 1] 0% 0 =
B Refinery Project.1.3.8 Environmenta 0 0 0% 0 «||« »
General I Status I Resources I Predecessors I Successors [ Feedback I
: Activity |A1009 IConstrucﬁon Start Project |Refinery Project
Resource ID Name |1ary Resou | Resource '|g Unﬂs/ﬁmel Original Lag | Start | Finish 1dgeted Units | \ctual Regular Units | ning Early Units | Role
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The schedule is the most important component of a ICSRA

as it is the backbone to which all other artifacts will link

® |CSRA simulations flex the schedules according to the applied uncertainty distributions
and the risks that occur on any iteration; to that end, schedules must be conditioned
prior to use in a ICSRA

- A comprehensive schedule health check should be run to ensure the schedule is of high-quality

- The schedule must be logically linked with no dangling activities to ensure downstream impacts of
duration growth are captured.

- Fundamentally, the dates should be determined by the logic and durations of their predecessors
so if predecessors change the dates may change logically

- Hard constraints should be removed and converted to “as soon as possible” or “start no earlier
than” to allow the schedule to flex

- Non-realistic relationships (such as artificial ones created across contracts) should be removed
®m Since the ICSRA will calculate risk, which can then be used to set reserves, reserve

should be removed from the schedule and the cost estimate

- Some organizations have a policy of including schedule reserve as tasks within the schedule

- These should be removed as otherwise they can push the schedule out further than realistic
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Polaris has a built-in health check to provide a quick-look

assessment of the schedule’s quality against DCMA
guidelines

chedule Health Check | ocua v +| Rerun Schedule Health Check . s
X realth Checkleee 1 | ‘ To check the viability of the

Metric Score and Reason |

e | 3% 0/15 tosks) hove o missing schedule relationste | schedule is to check it
Leads 0% (0/19 tasks) have lead time .
i Logs T ——— against CPM best

U Relationship Types 0% (0/19 tasks) have an improper schedule relationship SCh ed u | i n g p ra Cti CeS .

(3 Hard Constraints 0% (0/19 tasks) have hard constraints

(3 High Float 0% (0/19 tasks) have excessive float

{J Negative Float 0% (0/19 tasks) have negative float T h e re a re 3 rd pa rty SOftwa re

"ol buration _

(3 valid Forecast/Actual Dates o — packages such as Deltek
0% (0/20 tasks) have improper resources assigned ACU m e n F U S E , Stee I ray a n d

0% (0/19 tasks) have missed their finish dates

py——— the Primavera Risk Analysis
{11 critical Path Length Index (CPLI) e SChedUIe CheCk report_

CJ Baseline Execution Index (BEI) 1 BEI. 0% (0/0 tasks) prior to the status date were not completed

(1 Missed Tasks

(3 critical Path Test

Filters, sorts and groupings
of activities in the native
schedule package can also
be used.
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Polaris imports schedules from Primavera P6 and Microsoft

Project including the ability to import uncertainty inputs
using custom fields

! Polaris Model Builder

Schedule File (required) Primavera P6 File Options

Import WBS Summary Tasks As Hammocks

Import LOE Tasks As Hammocks

Type of task percent complete to use: :Percent complete v Read task category from the Project field:

® Microsoft Project MPP file: Broy

@ Primavera P& XER file:

Include holidays in task duration Read resource category from the Project field:

Read from Excel Files Read task duration uncertainty from the Project file

Fields
[7] Read Excel file:
Distribution type: Param 3:
Detect sheets Param 1: Param 4:
Import Sheets
Param 2:
Task data FY inflation
Resource data Cost estimate Read resource usage uncertainty from the Project file
Resource usage data Duration correlation Fields
Distribution type: Param 3:
Risks Resource rate correlation
Param 1: Param 4:
Risk drivers Risk correlation
FY budget Risk driver correlation Paxam 2=
Read resource rate uncertainty from the Project file
#~ . Build Polaris Import File Fields
Q- Per
Distribution type: Param 3:
Param 1: Param 4:
Param 2:
Remember Settings Restore Defaults
Error log
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Capital Project Cost Estimate.xls

e
. = A = eREVN 7 P =] e .
E] @ @ H = % L\;I ﬁi ‘f o~ @1~ 2 M %0' E:' & 90% = '@' (Qx~ ( search in Sheet )
\ A Home Layout Tables | Charts | SmartArt | Formulas | Review A L~
Edit Font Alignment Number Format Cells Themes
- — - e ; = : 0O - e : m,
l]:j/ . |® Fill > ¢ Arial v|10 |v|:|= == == abcv | ) Wrap Text v : General v %v - é;aﬁ . @:D . . [Aad. -
=> LD
" = | = | =|lc=|D= == 0, &.0 | 00 iti A -
Paste \) Clear » B I U S ~ A NWiHE == (IEE|RE Merge % v % | 9 00 .0 %gpg';{%:;l Styles Insert  Delete Format - Themes Aa-
B29 = Jfx| A.1Engineering v
I A | C D E F G H I ] K L M N [¢)
1 4
2 Return to Menu Capital Project Cost Estimate (RY $K)
3 Point Estimate Using Most Likely Assumptions
4]  Capital Project Cost Estimate (RY SK) FY15 EY16 FY17-19
5 A.1 Engineering $59,788.9 $49,599.3 $110.584.9
6 | A.2 Management $1.817.6 $670.3
7 | A.3 Overhead 74,513.6 $0.0
8 | B.1 Procurement $23247.5 $13.649.6
9 | 8.2 Materiel $34.117.1 $8.894.4
10 | C.1 - Pre Construction $9,131. 34,010.7
11 | C.2 Shutdown $4,348. $4,469.3
12 C.3 Major Construction $0.! $0.0
13 | C.4 Pre Comissioning $130. $0.0
14 Total $207,095. $81,293.6
15
16 | FY 2015 (RY SK) Oct-14 Nov-14 Dec-14 Jan-15 Feb-15 Mar-15___ Apri5 ___ May-15___ Jun-15 Ju-15__ Augi5  Sepib FY14
17 | A.1 Engineering $4.,924.7 $4.924.7 $4.924.7 $5,042.9 $5,042.9 $5,042.9 $4,981.0 $4.981.0 $4,981.0 $4.981.0 $4.981.0 $4.981.0 $59,788.9
18 | A.2 Management $148.8 $148.8 $148.8 $152.4 $152.4 $152.4 $152.4 $152.4 $152.4 $152.4 $152.4 $152.4 $1.817.6
19 | A3 Overhead $6,099.7 099.7 $6,099.7 $6.246.1 $6,246.1| $6,246.1| $6,246.1|  $6.246.1 $6,246.1 56,2461 $6,246.1 56,2461 $74.513.
20 B.1 Procurement $2,196. 52,1974 $2,197.9 $2,056.1 $2,056.€ $2,057.1 $2,015. $2,016.4 1.612.7 1.613.1 1.613. 1.613. $23.247.
21 B.2 Materiel $2,792. 2,792.8 $2,792.8 $2,859.9 $2,859. $2,859.9 $2,859. $2,859.9 2,859.9 2,859.9 2,859. 2,859. $34,117.
22 | C.1 - Pre Construction $1,434. 434.0 $1,434.0 $054.7 $954. $954.7 $327. $327.6 $327.6 $327.6 $327. $327. 39.1315'
23 | C.2 Shutdown $356.0 $356.0 $356.0 $384.5 $384.5 $384.5 $384.5 $384.5 $384.5 $384.5 $384.5 $384.5 $4,348.5
24 | C.3 Major Construction $0. $0.0 $0.0 $0. $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 S0.0I
25 | C.4 Pre Comissioning $32. $32.5 $32.5 $33. $0.0 $0.0 $0.0 $0.0 0.0 50.0 0.0 $0.0 $130.8
26 | Total $17.985.4 $17.9859 $17.986.4 $17.709.8 S17.677.0] $17.677.5] $16947.3] $16947.8] S16544.1] $16.544.5] $16.544.8] $16,5452]  $207.095.7
27
28 | FY 2016 (RY S Oct-15 Nov-15 Dec-15 Jan-16 Feb-16 Mar-16 -16 May-18 Jun-16 Jul-16 16 16 FY 12
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Mapping the cost estimate to the schedule ensures

consistency across the artifacts and enables analysts to
transition from a SRA to a ICSRA

® The first step in importing a cost estimate for a ICSRA is mapping it to the schedule
- Mapping is facilitated if the cost estimate and the schedule adhere to the same WBS

- This mapping can be performed at any level although it is typically above the lowest level of detail
in the schedule

- This mapping typically uncovers inconsistencies between the two artifacts — particularly if the
schedule contains any resources - that should be corrected before the analysis continues
m Costs are then divided into one of two categories time-independent (TI) or time-
dependent (TD)

- TD costs are those that grow and contract as the schedule grows and contracts (e.g., Labor,
rented equipment)

- Tl costs grow and contract independently of the schedule (ignoring inflation effects) (e.g., installed
equipment, materials)

Tl Costs =====TD Costs

Cost

Time
- | I
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Mapping the cost estimate to the schedule ensures

consistency across the artifacts and enables analysts to
transition from a SRA to a ICSRA

= \When Polaris imports a cost estimate it
automatically converts it to a dollar/day burn rate
that, when applied to the schedule, will replicate the
cost estimate

® Selecting a phasing profile allows costs to be

phased realistically as the schedule grows and
contracts

- Many of the commonly used cost estimating
phasing profiles are included in Polaris

®m As the simulation runs, Polaris calculates the cost
impact of schedule growth

100

— For each iteration, the cost is adjusted (up or
down) according to the change in schedule and
dollar/day burn rate

— The cost is then dynamically re-phased according 20
to the selected phasing profile to provide a 0
realistic view of when costs are likely to occur

Incremental Spend vs Time

ol

H Rayleigh M Uniform

Cumulative Spend vs
Time

JJIilIIIII||||||||||

H Rayleigh H Uniform
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Polaris imports cost estimates from Project, Primavera, or

Excel — the last of which allows costs to be entered at total
value, which will then automatically be converted to burn rates

! Polaris Model Builder ol ®@ =)
Schedule File (required) Primavera P6 File Options
® Microsoft Project MPP file: Browse... Import WBS Summary Tasks As Hammocks
0 Import LOE Tasks As Hammocks
Type of task percent complete to use: :Percent complete v Read task category from the Project field:

Include holidays in task duration Read resource category from the Project field:

Read from Excel Files Read task duration uncertainty from the Project file

Fields
[7] Read Excel file: Browse...
Distribution type: Param 3:
Detect sheets Param 1: Param 4:
Import Sheets
Param 2:
Task data FY inflation
Resource data Cost estimate Read resource usage uncertainty from the Project file
Resource usage data Duration correlation Fields
Distribution type: Param 3:
Risks Resource rate correlation
Param 1: Param 4:
Risk drivers Risk correlation
FY budget Risk driver correlation Paxam 2=
Read resource rate uncertainty from the Project file
#~ . Build Polaris Import File Fields
Q- Per
Distribution type: Param 3:
Param 1: Param 4:
Param 2:
Remember Settings Restore Defaults
Error log
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Consequence

Minimal or no o : Minimal or
PR— Minimal or no impact 5o jmpact
! e Minor technical < (1% of
inor technic . = o 0
- shortfall Slip <~ month(s) | g dger)
2 Low Slip < _*_month(s) of
Lali ip <_*_ month(s) o
Likelihood Moderate critical path. <(5% of
3 technical 2 ~
. chortfall Sub-system slip > * Budget) -
3 Likely S0 month(s). 8
Unacceptable. =
’ : <(10% of =
. . 4 workarounds Slip <_* months 5
< Highly Likely available Budget) 2
et
Near Unacce tal?lc, Cannot achicve key > (10% of
5 X 5 no alternative .
Certainty e program milestones Budget)

N

A

Y

Category’ 'i:eyéif‘@lihood

—
Consequence

Risk Item

Statement ..

Assessments:

Cause

Preparing a Risk Register for ICSRA
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Mapping the risk register to the schedule and cost estimates

allows downstream impacts to be calculated and enables
better risk mitigation

= All risk management methods result in the production of a “Risk Register” (or “Risk Log”)

® Risk registers typically contain, at minimum, the following information for each risk:
— Description of the risk; typically written as an IF-THEN statement
— Probability, or likelihood factor, that the risk occurs
- Impact, or impact factor, should the risk occur on the final milestone
— Risk score (generally likelihood factor x impact factor)
— Planned response should the risk occur, recovery impact

Likelihood

— Mitigation plan for the risk, action before the risk occurs

1 2
®= |CSRA is compatible with all risk management methodologies in that it used ths samé 5
. . . G . Consequence
information to model the risk within Polaris

- ICSRA, however, does require one additional, key-piece of information: the task within
the schedule that is impacted by the risk

— This is how ICSRA gives far more insight into risks than the simple “risk score” metric
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Mapping the risk register to the schedule and cost estimates

allows downstream impacts to be calculated and enables
better risk mitigation

= True ICSRA software allows the modeling of risks in many ways:
- Each risk can impact multiple activities and a single activity can be impacted by multiple risks
- Risk impacts can occur in serial or parallel depending on the type of risk

- Risks can be discrete (additive to the duration) or drivers (multiplicative applied to duration). Risk impacts
generally are specified in ranges, often using the 3-point estimate

- Opportunities (uncertain events with a positive impact) can also be modeled

m Polaris’ risk timeline allows projects to look at the risks temporally as well as to see where they are
clustered within the schedule

- This quickly identifies when/where the riskiest areas of the project are or where there may have been
shortcomings in risk identification

2013 2014 2015 2016 R E |»

— Decision Making

X B1000 - Approval Process

Engineering

X 1000 - FEED

X C1010 - Detailed Engineering
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Polaris imports the risk register from Excel or from enterprise

risk management tools through Excel macros

! Polaris Model Builder

Schedule File (required)
® Microsoft Project MPP file: Broy

@ Primavera P& XER file:

Type of task percent complete to use: -Percent complete =)
Include holidays in task duration

Read from Excel Files

[7] Read Excel file:

Import Sheets
Task data FY inflation
Resource data Cost estimate
Resource usage data Duration correlation
Risks Resource rate correlation
Risk drivers Risk correlation

FY budget Risk driver correlation

Q/ Build Polaris Import File

Error log

Browse...

Primavera P6 File Options
Import WBS Summary Tasks As Hammocks
Import LOE Tasks As Hammocks

Read task category from the Project field:
Read resource category from the Project field:

Read task duration uncertainty from the Project file

Fields

Distribution type: Param 3:
Param 1: Param 4:
Param 2:

Read resource usage uncertainty from the Project file

Fields

Distribution type: Param 3:
Param 1: Param 4:
Param 2:

Read resource rate uncertainty from the Project file

Fields

Distribution type: Param 3:
Param 1: Param 4:
Param 2:

Remember Settings Restore Defaults
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Activity

Gas Production Platforr
ones and Hammocks
)00 - Project Start

)10 - Project Sanction
)20 - First Gas

)30 - Project Managem
on Making

)00 - Approval Process
ering

)00 - FEED

)10 - Detailed Engineer
ement

)00 - Procurement of LI
)10 - Procurement of O
ation

)00 - Fabricate Drilling ~
)10 - Fabricate Drilling :
)20 - Fabricate CPP Top

3

]

=]

Datapoints

Scope: [Project |7

Measure: [ End Date |

v l

Query: [ Percentile l v I |70

160

140

120

100

80

60

40

20

0

11/16/2016

3/12/2017

'%{ Result: 7/31/2017

7/6/2017
End Date

10/30/2017

2/23/2018

100% 5/21/2018
90% 10/15/2017
80% 8/30/2017
70% 7/31/2017
60% 7/10/2017
50% 6/21/2017
40% 5/29/2017
30% 5/7/2017
20% 4/12/2017
10% 3/9/2017

0% 11/6/2016

3|nuadtad

Statistics

Descriptive Statisti

Statistic I Value
Minimum 11/6/2016
Maximum 5/21/2018
Average 6/24/2017
Std Deviation 86.17 cal da
Bin Width 29 cal days
Deterministic Valu
Value | Percentile
12/15/2016 0.4%

Chart Markers &)

Percentile | Value l I

50% 6/21/2017

80% 8/30/2017

Quantifying Risk & Uncertainty
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How an analyst chooses to quantify uncertainty has the

largest impact on the results in the model and is the most
important piece of the risk analysis

®  Analysts should use the three following methods, in decreasing order of preference, to quantify
uncertainty distributions

- The Math: Where analytical approaches (such as parametrics) have been used to develop the baseline estimate
there is generally an associated method for quantifying uncertainty

- The Data: Statistical analysis can be performed on an organizations historical data to quantify the uncertainty
around the estimate or the likelihood of occurrence/impact of a risk

- SME Judgment: Subject Matter experts can also provide uncertainty distributions so long as their input is carefully
gathered and incorporated into the model (see next slide)

= True ICSRA software incorporates a wide array of probability distributions, quantified in both days
and as a percentage of the baseline duration, to provide a wide range of options for accurate
modeling

m  Of late there has been a shift in some tools to move away from quantitative analysis and towards
more qualitative (high-medium-low) levels of risk

- While quick, these approaches lack transparency and the ability to leverage organizational data for more accurate
modeling
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Where SME judgment has been used to develop a
distribution, be careful to correct for bias and systemic

underestimation of uncertainty

® When evoking risk distributions you should be careful not to anchor the SME at the baseline duration

- Most schedules are biased towards success, anchoring distributions around the planned finish will result in an
unrealistically optimistic analysis

- Rather than asking for a low and a high around a baseline, ask for a low, most likely, and high
- The Most Likely value may not be equal to the duration in the schedule.

= When capturing the low and high values, keep in mind that multiple studies — including several in the
oil/gas field — have shown that SMEs tend to capture no more than 60-70% of total uncertainty

- Built into Polaris is the tri-gen distribution, which automatically adjusts SME provided distributions to account for

this fact
06 Weight Distribution
. —— Adjusted Distribution
051 __ subjective Distribution
04
0.3
0.2
0.1
0 .
9 10 20
E————— Weight
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Activity

Gas Production Platforr
ones and Hammocks
)00 - Project Start

)10 - Project Sanction
)20 - First Gas

)30 - Project Managem
on Making

)00 - Approval Process
ering

)00 - FEED

)10 - Detailed Engineer
ement

)00 - Procurement of LI
)10 - Procurement of O
ation

)00 - Fabricate Drilling ~
)10 - Fabricate Drilling :
)20 - Fabricate CPP Top

3

]

=]

Datapoints

Scope: [Project |7

Measure: [ End Date

|vl

Query: [ Percentile l v I |70

160

140

120

100

80

60

40

20

0

11/16/2016

3/12/2017

'%{ Result: 7/31/2017

7/6/2017
End Date

10/30/2017

2/23/2018

100% 5/21/2018
90% 10/15/2017
80% 8/30/2017
70% 7/31/2017
60% 7/10/2017
50% 6/21/2017
40% 5/29/2017
30% 5/7/2017

20% 4/12/2017
10% 3/9/2017

0% 11/6/2016

3|nuadtad

Statistics

Descriptive Statisti

Statistic I Value
Minimum 11/6/2016
Maximum 5/21/2018
Average 6/24/2017
Std Deviation 86.17 cal da
Bin Width 29 cal days
Deterministic Valu
Value | Percentile
12/15/2016 0.4%

Chart Markers &)

Percentile | Value l I

50% 6/21/2017

80% 8/30/2017

Performing a ICSRA and analyzing the results
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ICSRA provides unparalleled insights into the drivers of cost

and schedule risk and how to mitigate them

® Predict — ICSRA provides forecasts for future cost and schedule growth — along with many other
valuable metrics — allowing project managers to optimize reserve levels and contingency plans

- Risk adjusted cost estimate, by year, at all levels of the project
- Risk adjusted schedule estimate, at all levels of the project
- Probabilistic critical path
- Combined cost / schedule scatter plots showing the likelihood of meeting both cost and schedule
= Analyze — ICSRA prioritizes the sources of cost and schedule growth by days and by dollars at a
desired level of certainty, allowing project managers to identify potential mitigative actions

- Prioritization methods model inputs contributing most to cost and schedule growth including both uncertainties
and risks

- Analysis can be parsed down to all levels of the schedule
= Mitigate — ICSRA allows project managers to test out mitigative actions for reducing project cost and
schedule growth, and to see their effect
- Mitigating risks
- Adding or removing scope

- Accelerating or decelerating work
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Use Offshore Gas Production Platform

Resource-Loaded Schedule

uID El D Task @ Start Date | End Date | Duration Cost ot ke 20150 < 20160 o @ 20017 e ke -
H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1)
Gas Plz ¥ Offshore Gas Production Platfori 1/1/2014 | 3/20/2017 1,175 $1.57M P O <( o= Gas Production Platform
Gas Plz ¥ Milestones and Hammocks 1/1/2014 @ 3/20/2017 1,175 $200,000 — Milestones and Hammocks
A1000 Project Start 1/1/2014 0 $0 Project Start
A1010 Project Sanction 5/15/2015 0 $0 i PrejestSanction
Al1020 First Gas 3/20/2017 0 $0 t First Gas
A1030 Project Management Ham | 1/1/2014 | 3/20/2017 1,175 $200,000 )« Project Management Hammock
Gas Plz ¥ Decision Making 9/8/2014 | 5/15/2015 250 $80,000 P | C=cision Making
B1000 Approval Process 9/8/2014 | 5/15/2015 250 $80,000 u K Approyal Process
Gas Plz ¥ Engineering 1/1/2014 | 8/23/2015 600 $96,000 Engingering
C1000 FEED 1/1/2014 9/7/2014 250 $16,000
C1010 Detailed Engineering 9/8/2014 = 8/23/2015 350 $80,000 tailed Engineering
Gas Plz ¥ Procurement 9/8/2014 8/7/2016 700 $425,000 Procurernfjent
D1000 Procurement of LLE 9/8/2014 @ 4/29/2016 600 $250,000 curemént of LLE
D1010 Procurement of Other Equ, 8/24/2015 8/7/2016 350 $175,000 J Procufement of Other Equipment
Gas Plz. ¥ Fabrication 8/24/2015 | 9/26/2016 400 $576,000 P || - bricition
E1000 Fabricate Drilling Topsides 3/1/2016 = 9/16/2016 200 $160,000 [ || X Fabfiicate Drilling Topsides
E1010 Fabricate Drilling Jacket | 3/1/2016 | 9/16/2016 200 $80,000 )« Fabfjicate Drilling Jacket
E1020 Fabricate CPP Topsides 8/24/2015 9/26/2016 400 $240,000 L_ Jef X Fahficate CPP Topsides
E1030 Fabricate CPP Jacket 8/24/2015 | 9/26/2016 400 $96,000 @ Jot X Fabicate CPP Jacket
Gas Plz, ¥ Drilling 11/1/2016 | 3/20/2017 140 $80,000 WY Orilling
F1000 Drilling for First Gas Only | 11/1/2016 @ 3/20/2017 140 $80,000 Ol D— X Drilling for First Gas Only
Gas Plz ¥ Installation 9/17/2016 | 11/15/2016 60 $47,200 Instgllation
G1000 Install Drilling Platform Ja| 9/17/2016 @ 10/6/2016 20 $8,000 Ingtall Drilling Platform Jacket
G1010 Install Drilling Topsides 10/7/2016 | 10/31/2016 25 $13,600 X 1nstall Drilling Topsides
G1020 Install CPP Jacket 9/27/2016 | 10/16/2016 20 $9,600 X In$tall CPP Jacket
G1030 Install CPP Topsides 10/17/2016; 11/15/2016 30 $16,000 X 1hstall CPP Topsides
Gas Plz ¥ HUC 11/16/2016  3/15/2017 120 $64,000 "% HUC
H1000 Hook UP and Commission| 11/16/2016 3/15/2017 120 $64,000 — X Hook UP and Commissioning for First Gas
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Add Basic Uncertainty and Estimating Error to Schedule Durations

Templated Uncertainty Editor L_aely | Mreplace exsting 0istetutiol | Different reference ran ges
Templates [ 0 A« L Cerrres | gre applied to different
Priority IFiIter |Schedule Uncertainty typeS Of aCtiVitieS

1 @ Approval Triangular - Min:0.9 Likely:1 Max:1.25

Note that some are
Trigen, correcting for

O 3P Procurement ‘m Triangular - Min:0.95 Likely:1 Max:1.2 Under-eStimating .

S 2 P Engineering Trigen - Min:0.9 Likely:1.05 Max:1.2 UncertCap:0.8

O 4 @ Fabrication Triangular - Min:0.9 Likely:1.05 Max:1.2

Five of these have a Most
| Trigen - Min:0.85 Likely:1.05 Max:1.3 UncertCap:0.8 leely mUItlpller >1.0
indicating correcting for
optimistic bias

A 5 P Drilling

O 6 P Installation Triangular - Min:0.95 Likely:1.05 Max:1.3

O 7 HUC Trigen - Min:0.85 Likely:1.1 Max:1.3 UncertCap:0.7
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Schedule Risk with Inherent Uncertainty and Duration

Estimating Bias

500

Data Points

6.
45%
0%
35%
| II. - = o
2017

EEEEEE

80% 7/28/2017

5% 7/19/2017

0% 7/11/2017

5% 7/3/2017

6/26/2017

55% 6/18/2017

o 6/5/2017

5/28/2017

5/20/2017

5/13/2017

5/5/2017

b 4/25/2017

4/15/2017

4/4/2017

12/28/2016

o
®

a
6/11/2017 ]

=1

Schedule
Date is 20
March
2017

P-80 is 28
July 2017,
4+ months
later with
uncertainty
only

The P-80 date of 28 July 2017 uses correlation = 0.0. With correlation at
30% the date is 4 August 2017. With 100% correlation it is 2 September 2017
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Cost Risk with Uncertainty and Schedule Estimating Error Only

Offshore Gas Production Platform
800 100% $1.91M
95% $1.79M
90% $1.77M
700
85% $1.76M
Cost Estimate |
5% i OSl EStimate Is
" .
1.57 billion
L]
70% $1.73M
65% $1.72M
500 "
P-80 is $1.75
55% $1.71M . - -
g g lon wi
[=4 ©
o a
a 400 50% $1.7M &
3 g 0
[} ®
8 4s% s1.60m uncel talnty and
e schedule
300
35% $1.68M
timati
- estimating error
200 ] 25% $1.67M
20% $1.66M
5 | 15% $1.65M
100 /
| 10% $1.63M
g |
/ |
o . -,——-——-I-~—-~--;— B . . - - - - —— ————— 5% $1.62M
‘ ! | []
|
0 1N BN N T B WL Ba WS =S = = - — 0% $1.53M
$1.55M $1.59M $1.62M $1.66M $1.7M $1.74M $1.77M $1.81M $1.85M $1.89M
Cost
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Cost — Finish Date Scatter

JCL Percentile

40% I I 50% | | 60% I |

70%

Total Project Cost

Offshore Gas Production Platform
$1.92M

O

$1.9M

$1.88M

$1.86M

$1.84M

$1.82M

$1.8M

$1.78M

$1.76M

$1.74M

$1.72M

$1.7M

$1.68M

$1.66M

$1.64M

$1.62M

$1.6M

$1.58M

$1.56M

$1.54M

$1.52M

12/25/2016 2/3/2017 3/15/2017 4/24/2017 6/3/2017 7/13/2017

Total Project End Date

8/22/2017

10/1/2017

11/10/2017

12/20/2017

Cost and time are
46% correlated

Cost varies only
as durations
cause time-
dependent
resource cost to

vary
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Add Risk Drivers & Apply to Activities’ Durations

Risk Driver Editor

Enabled [V] | uUID 1 Risk Driver Name Probability | Description Notes
™ 1 Bids may be Abusive leading to delayed approval 60%
™ 2 Engineering may be complicated by using offshore design firm 40%
™ 3 Suppliers of installed equipment may be busy 30%
™ 4 Fabrication yards may experience lower Productivity than planned 60%
™ 5 The subsea geological conditions may be different than expected 75%
1 6 Installation may be delayed due to coordination problems 80% ] J
™ 7 Fabrication and installation problems may be revealed during HUC 85%
™ 8 The organization has other priority projects so personnel and funding may be unavailable 65%

- - - = Duration Factor
/ék Driver Impact Edl% Tasks [ © Add |[ © Rremove |
m Triangular - Min:0.9 Likely:1.1 Max:1.3
Task \ ‘ In Parallel[ |

G1030 - Install CPP Topsides
G1000 - Install Drilling Platform Jacket
\ G1010 - Install Drilling Topsides
\wA Install CPP Jacket

~—
Here, the risk “Installation may be delayed due to coordination problems” is
assigned to all 4 Installation activities. It is assigned 80% probability and a
triangular distribution with multiplicative factors of .9 - 1.1 - 1.3. Risk drivers
have different probabilities, impact ranges and activity assignments
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Schedule Risk with Risk Drivers Added

700

600

500

400

Data Points

300

200

100

Offshore Gas Production Platform

95%

90%

85%

—————————————————————————————— 80%

I
|
I
I
I
|
I
I
I
|
I
I
I
I
|
I
I
|
I
|
[
I
I
|
I
|
1

3/4/2017 5/19/2017 8/3/2017 10/18/2017 1/2/2018 3/19/2018 6/3/2018
End Date

8/18/2018

25%
20%
15%
I 10%

0% 1/26/2017

11/2/2018

75%

70%

65%

60%

55%

———————————————————————————— 50%

45%

40%

35%

30%

1/17/2019

100% 2/24/2019

5/20/2018

3/25/2018

2/15/2018

1/18/2018

12/25/2017

12/5/2017

11/18/2017

11/2/2017

10/17/2017

10/4/2017

9/19/2017

9/5/2017

8/22/2017

8/9/2017

7/27/2017

7/13/2017

6/25/2017

6/4/2017

5% 5/6/2017

anualsad
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Cost Risk with Schedule Risk Drivers

Offshore Gas Production Platform
800 100% $2.42M

95% $2.08M

90% $2.02M

- Cost risk is now

- $1.94 billion at P-80,
o all due to longer
durations

60% $1.86M

55% $1.84M

_ /_ _____________________________ There is no cost risk

/ il except that caused
/ ; by the effect of

// schedule risk on

300
35% $1.78M

200 25% $1.75M

| = time-dependent
. // i 15% $1.71M resources

10% $1.69M

|
|
/——-_---—---~--—--‘—--—-——--— A A . 5% $1.66M
‘Q l I U
' =
0 . a B B EH N H 2 = =N B e 8 0% $1.52M
$1.57M $1.66M $1.75M $1.84M $1.93M $2.02M $2.11M $2.19M $2.28M $2.37M
Cost
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Cost — Finish Date Scatter with Schedule Risk Drivers Added

There is no cost
risk except that
caused by the
effect of
schedule risk
on time-
dependent
resources. The
cost — finish
date correlation
is 83%

o T - T - [ s ] L~ [ - |
ffsh oduct latf:
$2.5M
(]
$2.4M
(]
® o
$2.3M 8
) ) )
) ® o0 09
® o0 ® [ X ®
8 Y o0 o
$2.2M ) e
) ° e, % o
@ [
. @
$2.1M ] ‘ @
$2.
[}
- u! °
5] (@] )
4 o, > ofe ©
3 s2m (oT5) 8 ®
£ © o 0®
8 o (6]
o @
g ° ) TR
$1.9M .‘.
@0 Q@O
@ ® Oo
o 5}
$1.8M : ®
Yo ®
® ©
$1.7M ® @
i
® o
LI @
$1.6M
e vesE
..
® e "¢
$1.5M
10/26/2016 2/3/2017 5/14/2017 8/22/2017 11/30/2017 3/10/2018 6/18/2018 9/26/2018 1/4/2019 4/14/2019
Total Project End Date
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Add Cost Burn Rate Uncertainty
for Risk Drivers with Labor Resources

NINREREE

Risk Driver Impact Editor

-
)
]
A
']
0
>
0
o
<]
2

5
DooOopooODOoD0O DDD}
B
O
!'
5

For cost of labor resources there may also be uncertainty on the daily rate.
Each risk (except for that on Procurement) has its own burn rate range.

The Cost Factor generates cost uncertainty independent of the schedule risk
Notice that the “EPC Contractor quality is questionable” is placed on all
activities.” Also, notice the risks are inserted in series, not in parallel.
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Cost Risk with Uncertainty added to the Burn Rate of Labor

Resources

Offshore Gas Production Platform
700 100% $2.73M

95% $2.26M

90% $2.18M

600 85% $2.12M

80% $2.08M

The P-80 for
cost is now
— $2.08 billion
s T The burn rate
e risk has
added $140
million at the
P-80

20% $1.77M

500 /

400 /
w
c
o
A | =
m

3

Data Point
|

300

200 /

Al

100 / 15% $1.75M

g 10% $1.72M
Rl — [ — . . ] - = - - = = «HD» —————————————— 5% $1.69M
0 9—[ BEEE [N [N, | [ N | I [T 0% $1.53M

$1.59M $1.71M $1.83M $1.95M $2.07M $2.19M $2.31M $2.43M $2.55M $2.67M
Cost

=
|
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Scatter with uncertainty, schedule and Burn Rate Drivers

D T T o [ s [ e ([ e ] | T T
. . With Uncertainty
and risk drivers
on schedule and
T burn rate the
correlation
between cost
and finish date
is 75%
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Add Uncertainty to Procurement Cost

Dlscretel Driver I

Risk Driver Editor

1 Enabled [ I uID l Risk Driver Name Probability | Description Notes
[ .E] 1 Bids may be Abusive leading to delayed approval 60% i
4 g Y PP
‘ 2 Engineering may be complicated by using offshore design firm 40%
g 9 Y P! Y g g
‘ V1 3 of i lled i may be busy 30% { ]
4 Fabrication yards may experience lower Productivity than planned 60%
‘ ™ y y exp y p
[ 5 The subsea geological conditions may be different than expected 75%
g g Y (o)
b 6 Installation may be delayed due to coordination problems 80%
Y Y p
7 Fabrication and installation problems may be revealed during HUC 85%
p! g
8 The organization has other priority projects so personnel and funding may be unavailable 65%
™ g priority proj p g may
i i i 2 add | [ 3 rRemove ] Duration Factor >
Risk Driver Impact Editor Tasks | @ Add || & Remove

Triangular - Min:1 Likely:1.05 Max:1.2

‘ D1000 - Procurement of LLE ]
O

[ D1010 - Procurement of Other Equipment Triangular - Min:0.9 Likely:1.15 Max:1.4

i Task ] In Parallel [ ] Lm
s

Uncertainty Type | Triangular -

There was schedule risk on Suppliers of Installed Equipment may be busy
but no cost risk since it is a material (time-independent resource).

This action causes cost risk to affect total cost of procured equipment
using . 9-1.15-14
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Cost Risk with Uncertainty, Schedule Risk Drivers and Cost Risk

Offshore Gas Production Platform

700 100% $2.69M Adding COSt risk
(burn rate, total

- 90% $2.2M
_— 85% $2.15M prOCu rement)
80% $2.11M
— 75% $2.07M
500

70% $2.04M T h e P-8 O
increases to

60% $1.99M
SAfo
o 2.11 billion
55% $1.97M . .
2 ]
£ 1]
8 I A 50% $1.94M 8
8 | =1
g m
: 45% $1.92M
e / 'he schedule
40% $1.80M

N 35% $1.87M riSk iS
30% $1.84M u naffected by

25% $1.82M

200 /

B -

SN
e

] adding cost
/ risks
AEEHEEELET LT P—
U‘E—Q/:_____L__ L HED:D— oeslssm

$1.59M $1.7M $1.82M $1.94M $2.05M $2.17M $2.29M $2.4M $2.52M $2.63M
Cost
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Uncertainty, Schedule Risk Drivers

and Cost Risk Drivers

——— sl e e m——— | \\ith cost risk
added there is
more scatter, the

link between cost
risk and schedule

risk is looser —
5= cost risk is greater
even if the

schedule were
Fixed (vertical

cross-section)

With cost risk
e s e s o | | @dA€d cOrrelation

) is 71%
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Schedule Criticality Index

C1000 - FEED

C1010 - Detailed Engineering

H1000 - Hook UP and Commission-
ing for First Gas

G1030 - Install CPP Topsides

G1020 - Install CPP Jacket

E1030 - Fabricate CPP Jacket

D1010 - Procurement of Other E-
quipment

E1020 - Fabricate CPP Topsides-

F1000 - Drilling for First Gas-
Only

G1010 - Install Drilling Topsi-
des

o
e
[N}

Offshore Gas Production Platform

°
IS

e
o

e
®

Standard Criticality
Index

Shows activities
only, not risks

-
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Schedule Duration Sensitivity by Activity

Offshore Gas Production Platform

fA1030 - Project Management Ham-
mock

C1010 - Detailed Engineering

E1030 - Fabricate CPP Jacket

C1000 - FEED

E1020 - Fabricate CPP Topsides-

Standard sensitivity
tornado by activity

E1010 - Fabricate Drilling Jac-
ket

E1000 - Fabricate Drilling Top-
sides

Shows activities only,
not risks

D1010 - Procurement of Other E-
quipment

D1000 - Procurement of LLE

B1000 - Approval Process

0.2

o
o
S
e
E| o
o
)
-
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Impact on Schedule by Risk

Tornado shows impact

8 - The organization has oth " "
S on finish date by RISK
and funding may be unavailabl n I n I Ll

probability of the risk,
its impact if it happens
and the activities it
impacts, including
whether they are risk
critical or not

3 - Suppliers of installed equ-
ipment may be busy

6 - Installation may be delaye-
d due to coordination problems-

Correlation coefficients

are hard to interpret.

—_— I This is at the means,
not at the P-80 level.

1 - Bids may be Abusive leadin-
g to delayed approval

g _ Takes account of the

xpected

-0.1 0 0.1 0.2 0.3 0.4
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Impact on Cost by Risk

4Fb atiol

3 - Suppliers of installed equ-
ipment may be busy

2 - Engineering may be complic-
ate dby g offshore design
firm

EItIItnmyb dly
d du ordin. n problem

1 - Bids may be Abusive leadin-
g to delayed approval

5 - The subsea ge l g al cond-
itions mayb e differ: than e-
xpected

-0.1 0 0.1 0.2

- _
pe-
1 owe P d ct tyth an-
piann

Impact on cost of RISKS

The order of the risks is
slightly different, but
these risk affect cost
through their effect on
schedule so much of the
influence is the same.

Still, this is correlation
with total project cost
and not in dollars or at
the P-80 level.
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View shows P-80 scenario

Percentile 4 b 4 \
O — e e s Vo [ P e e e ] ESUS VEbEg| R R e e ke i e e e s g e e e b o i e sl R R R R R N LRSS SRS T il b=
[® costofpelay || 0 10 20 30 40 50 60 70 20
LIJEJ i 2013 2014 2015 2016 2017 2018 2019
uIiD Task Start Date | End Date Duration Cost s 2 * * o * o0 > & * *
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 04 Q2 Q3 Q4 Q1 Q2

Gas Plz ¥ Offshore Gas Production Platfori 1/1/2014 | 1/16/2018 1,477 $2.11M ( ® W offshore Gas Production Platform
Gas Plz ¥ Milestones and Hammocks 1/1/2014 | 1/16/2018 1,477 $257,708 K ® W Milestones and Hammocks
A1000 Project Start 1/1/2014 0 $0 Project Start
A1010 Project Sanction 8/25/2015 0 $0 Ii Prejeet
A1020 First Gas 1/16/2018 ] $0 _I'i1 First Gas
A1030 Project Management Ham | 1/1/2014 @ 1/16/2018 1,477 $257,708 () Jo Project Management Hammock
Gas Plz. ¥ Decision Making 11/8/2014 /25/2015 301 $104,391 Decision Waking
B1000 Approval Process 11/8/2014 @ 8/25/2015 301 $104,391 X Approyal Process
Gas Pl ¥ Engineering 1/1/2014 | 12/31/2015 730 $129,445 ( B| Engineering
C1000 FEED 1/1/2014 | 11/7/2014 311 $21,737 X FEED
C1010 Detailed Engineering 11/8/2014 | 12/31/2015 437 $108,888 () )+ neering
GasPlz ¥ Procurement 11/8/2014 | 2/19/2017 847 $554,396 WY :ocurement
D1000 Procurement of LLE 11/8/2014 | 10/23/2016 730 $326,116 ! LLE
D1010 Procurement of Other Equ  1/1/2016 | 2/18/2017 426 $228,281 ':- ﬁ—ﬂ rement of OtHer Eqyipment
Gas Plz ¥ Fabrication 1/8/2016 | 6/11/2017 545 $835,939 | i @ Fabrication
E1000 Fabricate Drilling Topsides| 8/5/2016 | 4/4/2017 264 $233,130 @I )<l IX Aabricate Drillirjg Topfides
E1010 Fabricate Drilling Jacket | 7/31/2016 | 3/30/2017 264 $116,947 @)« || R Ffbricate Drillin Jacket
E1020 Fabricate CPP Topsides 1/18/2016 @ 5/29/2017 529 $351,116 () )X Fabricate CPP Topsides
E1030 Fabricate CPP Jacket 1/16/2016 5/31/2017 529 $140,775 () I Fabricate [CPP J3cket
Gas Plz ¥ Drilling 5/29/2017 | 11/5/2017 174 $106,673 [ Drilling
F1000 Drilling for First Gas Only | 5/29/2017 | 11/5/2017 174 $106,673 [ : X Drilling for First Gas Only
Gas Plz ¥ Installation 3/31/2017 | 8/6/2017 161 $72,427 [ ] ¥ W Installation
G1000 Install Drilling Platform Ja| 3/31/2017 | 4/25/2017 27 $12,420 { ] m M |Install Drilling Platfgrm Jacket
G1010 Install Drilling Topsides 4/27/2017 | 5/28/2017 34 $21,085 ® d% Install Drilling Tgpsides
G1020 Install CPP Jacket 6/1/2017 = 6/25/2017 27 $14,892 [ ] X Install CPP Jafket
G1030 Install CPP Topsides 6/30/2017 8/6/2017 41 $24,840 [ ] X Install CPP Topsides
Gas Pl Y HUC 8/7/2017 | 1/12/2018 182 $123,084 ® L 4 W | Huc
H1000 Hook UP and Commission  8/7/2017 | 1/12/2018 182 $123,084 [ — & Hook UP and Commissioning for First Gas

The P-80 It d to pl d start: G = CPM Starts, Blue =

e r- resuits compared 1o plannea start. reen = arts, blue =
" .
CPM Finishes, Bars = P-80 dates
J
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Color shows Percentile Dates

End Date Percentile Scheduled St
| [ R, R —, N—"—) | T T
uiD EJ D Task @ [@J Start Date | End Date | Duration Cost 2 ik 20150 20106 ° i * 020150 °wo-o-o * 02019 it @[
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
Gas Plz ¥ Offshore Gas Production Platforr  1/1/2014  1/7/2019 1,833 $1.57M I g W T Iy  (fshore Gas Production Platform
Gas Plz ¥ Milestones and Hammocks 1/1/2014 | 1/7/2019 1,833 $200,000 ( —.m Milestones and Hammocks
A1000 Project Start 1/1/2014 0 $0 Project Start
A1010 Project Sanction 3/10/2015 | 2/18/2016 346 $0 O "I Frojct Sanction
A1020 First Gas 2/3/2017 | 1/7/2019 704 $0 First Gas
A1030 Project Management Ham ~ 1/1/2014 | 1/7/2019 1,833 $200,000 Project Management Hammock
Gas Plz ¥ Decision Making 7/12/2014 | 2/18/2016 587 $80,000
B1000 Approval Process 7/12/2014 @ 2/18/2016 587 $80,000
Gas Plz ¥ Engineering 1/1/2014 | 8/19/2016 962 $96,000 Engineering
C1000 FEED 1/1/2014 | 3/1/2015 425 $16,000
C1010 Detailed Engineering 7/12/2014 | 8/19/2016 770 $80,000 I Detailed Engineering
Gas Plz ¥ Procurement 7/12/2014 | 12/28/2017 1,266 $425,000 Procurement
D1000 Procurement of LLE 7/12/2014 | 8/20/2017 1,136 s250000 | LEN e [ ) peseuremen
D1010 Procurement of Other Equ| 5/3/2015 | 12/28/2017 971 $175,000 of Other Equigmient
GasPlz ¥ Fabrication 5/8/2015 | 6/4/2018 1,124 $576,000 Fabrication
E1000 Fabricate Drilling Topsides 10/9/2015  2/6/2018 852 $160,000 bricate Drilling Topsides|
E1010 Fabricate Drilling Jacket | 9/23/2015 | 2/6/2018 868 $80,000 te Drilling Jacket|
E1020 Fabricate CPP Topsides 5/16/2015 | 6/4/2018 1,116 $240,000 X Fabricate CPP Topsides
E1030 Fabricate CPP Jacket 5/8/2015 | 4/6/2018 1,065 $96,000 pbricate CPP JacKe
Gas Plz ¥ Drilling 8/15/2016 | 12/13/2018 851 $80,000 DOrilling
F1000 Drilling for First Gas Only | 8/15/2016 | 12/13/2018 851 $80,000 [ Drilling for First Gas Only
Gas Plz ¥ Installation 6/16/2016 | 7/8/2018 753 $47,200 Installation
G1000 Install Drilling Platform Ja| 6/16/2016 3/11/2018 634 $8,000 [l Install Drilling Platform|Jacket
G1010 Install Drilling Topsides 7/17/2016 | 4/18/2018 641 $13,600 I I [install Drilling Topsides
G1020 Install CPP Jacket 6/27/2016 | 5/2/2018 675 $9,600 Install CPP Jacket
G1030 Install CPP Topsides 8/16/2016 /8/2018 692 $16,000 opsides
GasPlz Y HUC 9/18/2016 | 1/7/2019 842 $64,000 HUC
H1000 Hook UP and Commission| 9/18/2016 = 1/7/2019 842 $64,000 I Hook UP and Commissioning for First Gas
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Reviewing Critical Path Tree

Elapsed Duration (days) | c1010 - Detailed Engineering

o g
<
/
<

C1000 - FEED
200 400 600 800 1000 1200 1400 1600

(> [ E1030- Fabricate CPP Jacket

H1000 - Hook UP and Commissi

G10320 - Install CPP Topsides
B G1020- Install CPP Jacket
D1010 - Procurement of Other
E1020 - Fabricate CPP Topsided
20 E1010 - Fabricate Drilling Jack
B 61010 - Install Drilling Topsides
[ 61000 - Install Drilling Platfors
F1000 - Drilling for First Gas O
B 01000 - Procurement of LLE
E1000 - Fabricate Drilling Topsi

40
B1000 - Approval Process

Percent of Trials

60

> 100 = — - : - ; -
> [ color Only Most Crucial:

Analysis shows project has three, parallel, critical paths — potentially
50 creating a risk for significant schedule growth N

= T T
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Scatter Plot with Trend Line and Color to Show Percentiles

JCL Percentile
50% | 60%
Offshore Gas Production Platform
$2.8M
@
$2.6M ®
oo ®
=
$2.4M @
[}
@
@
g $2.2M %0
=}
(O]
g o
g
a
™
o
o
=oog2Mm
$1.8M
$1.6M
y = 1131.41x + 388824.72
$1.4M
10/26/2016 2/3/2017 5/14/2017 8/22/2017 11/30/2017 3/10/2018 6/18/2018 9/26/2018 1/4/2019 4/14/2019
Total Project End Date
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Booz Allen Hamilton and Client Proprietary and Business Confidential.

Iterative Approach to

Prioritizing the Risk

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

= Compute the Baseline with All Risks In

m [teration # 1: Simulate with each risk disabled in turn,
recording the P-80 date

— The risk with the earliest P-80 date is 1st priority
— Take it out for Iteration # 2

m [teration # 2: Simulate the remaining risks, disabling each in
turn, recording P-80, choose earliest. Take it out for Iteration
# 3

= Etc.
52 - Hulett & BgQZ | Allen | Hamilton
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Progressively Fewer Risks are Considered as the Most

Impactful Risk is Chosen at Each Level

Iterative Approach to Prioritizing Risks (Based on Days Saved at P-80)
Risk # 1 2 3 4 5 6 7 8
Coordinati Resources
Priority Level Abusive Offshore | Suppliers Fab Geology oo(;ulr?: on Problems | may go to
riority Leve Bids design firm Busy productivity | unknown g at HUC other
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
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Prioritize Risks Using Iterative Simulations to Pick Most

Important Risks to Schedule

Risk Prioritization

View: [Tomado [ v] Show: [ schedule

M Filter by Top: \

8 - The organization has othe...

4 - Fabrication yards may exp...

2 - Engineering may be compli...

7 - Fabrication and installat...

3 - Suppliers of installed eq...

6 - Installation may be delay...

1 - Bids may be Abusive leadi...

5 - The subsea geological con...

40

Days Saved (Baseline = 1477)

60

80

aaaaaaaaa

Risks prioritized as
they affect the finish
date

These are
prioritized at the
P-80 level and in
days saved if they
were fully mitigated,
in priority order

100
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Prioritizing Risk Drivers

to Finish First Gas at P-80

Gas Platform-1 - Risk Prioritization to Schedule (80%)

Days
UID Name Saved
The organization has other priority projects so personnel and funding may
8 |be unavailable 99
4  |Fabrication yards may experience lower Productivity than planned 32
2  [Engineering may be complicated by using offshore design firm 14
7  |Fabrication and installation problems may be revealed during HUC 15
3  |Suppliers of installed equipment may be busy 10
6 |Installation may be delayed due to coordination problems 4
1 |Bids may be Abusive leading to delayed approval 0
5 [The subsea geological conditions may be different than expected -2
TOTAL DAYS SAVED RISK DRIVERS 172
Uncertainty, estimating error and bias 130
TOTAL DAYS SCHEDULE CONTINGENCY 302
55
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Prioritizing Risks to Cost

Risk Prioritization

jv\ Filter by Top:

view: [ Tornado [+] show: [cost

8 - The organization has othe...

4 - Fabrication yards may exp...

3 - Suppliers of installed eq...

7 - Fabrication and installat...

6 - Installation may be delay...

2 - Engineering may be compli...

1 - Bids may be Abusive leadi...

5 - The subsea geological con...

$0 $20,000 $40,000 $60,000 $80,000 $100,000 $120,000 $140,000 $160,000

Risks prioritized by
their impact on Cost

The order of risks is
different for Risks 2, 3
and 6

These risks are
calibrated at the P-80
in dollars saved when
they are removed

Cost Savings (Baseline = $2.107M)
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Prioritizing Risk Drivers

to Total Cost at the P-80 Level

Gas Platform-1 - Risk Prioritization to Total Cost (80%)
uiD Name Cost Saved S Millions

The organization has other priority projects so personnel and funding
8 |may be unavailable $169,824
4  |Fabrication yards may experience lower Productivity than planned $110,115
3  |Suppliers of installed equipment may be busy $41,135
7 |Fabrication and installation problems may be revealed during HUC $26,789
6 |Installation may be delayed due to coordination problems 57,849
2 |[Engineering may be complicated by using offshore design firm $7,357
1 |Bids may be Abusive leading to delayed approval 51,781
5 [The subsea geological conditions may be different than expected (S2,669)
TOTAL COST FROM RISK DRIVERS $362,180
Cost Risk from Uncertainty, Estimating Error / Bias $180,000
TOTAL COST CONTINGENCY RESERVE AT P-80 $542,180

The program is now ready to address Risk Mitigation
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Contact Information

David T. Hulett, Ph.D. Eric Druker

Senior Associate

i Hulett & Booz | Allen | Hamilton

Associates

1003 East Wesley Drive

12233 Shetland Lane Suite C
Los Angeles, CA 90049 O’Fallon, IL 62269
Tel 310-476-7699 Tel 314-368-5850
info@projectrisk.com druker_eric@bah.com
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Predict (Gantt View Percent and Color Confidence)

5 Polaris - Offshore Gas Production P

Percentile view allows the USEr rercentie| o i s s s Yo | || 25

t lect thei fid | | o [OF oy, O] cotome [ouston| o [, s L s B @
O selecC elr conridence level, \ vle @ o e @ o te o @e W e ts e o @ o e e
. . 29459 ¥ Offshore Gas Production Platfor  1/1/2014  7/1/2017 913 $2.02M K Offshore Gas Production Platform
represented as a %. By slidin | AT e Err e R
p 0. DY g o | s || o som- e
e bar to the left or rig ht o | w o i e
’ 92320 A1030 - Project Managem 1/1/2014  7/1/2017 1,278 $236,666 () A1030 - Project Management Hammock
decreas'n or raISIn res eCtheI 29467 ¥ Decision Making 202018 10272018 | 79 $177,600 YW@= | Decision Haking
. . . 29468 | ¥ Engineering 1201e | 9172015 | 447 | $125408 K Engineering
the model will d|Sp|ay dlfferent sz30s c1000- rezp viaos | oo | w0 | sz @i rem
52306 C1010 - Detailed Engineel 10/3/2014 | 9/17/2015 | 358 | $106,638 S - [X C1010 - Detailed Engineering
outputs for start, finish and S AV
. 2308 01010 - Procurement of  9/16/2015 | 7/23/2016 | 318 | $175,000 @I 01010 - Procurement o (e Equipment
. 92309 E1000 - Fabricate Drilling = 9/18/2015 ' 11/14/2016 431 $199,865 o B X E1000 - Fabricgte Drilling Topsides
92310 E1010 - Fabricate Drilling  9/18/2015 ' 11/13/2016 432 $100,402 L) )| X £1010 - Fabricdte Drilling Jacket
Note the Progress Bars exceed 5 o e
92: E1030 - Fabricate CPP Jac 9/18/2015 ' 12/18/2016 467 L) | ) B E1030 - Fabfifate CPP Jacket
th | d t rt d f H h d t £1025 - Install LLE and OF 92872016 | 13/2017 | 110 © CE m 1025 - 1ffol L and Other Evipmers
€ planned start ana finisn aates .. ... .
92313 F1000 - Drilling for First G 1/5/2017  6/14/2017 164 L - |X F1000 - Drilling for First Gas
noted as Green and Black Dots wivens 22| o o W ko
" o210 61000 - Instal Driling Ple| 11/14/2016 | 12/5/2016 | 23 . 50 ] 51000 - 1nstal oriling Platform Jacket
Critical path is outlined in Red. = Cololliliol o o Ul o O imamo nhucmn
92317 G1030 - Install CPP Topsii 1/22/2017 = 2/23/2017 34 $25,451 L] X G1030 | Install CPP Topsides
Risks are flagged in the Gantt. ~ e i) s 5

Offshore Gas. iscrete Ri

ore Gos Poducton Pltfom Discete sk ol NN e o) jwiel
[Mew I-)[ewote _|-] [ @ Run | [view:cor -] [llg Cos Phasing | [ (1 Task Detais | [ ) Simultion Details | [ Ris Prioitzation | (¥] neaki ] Beta

cor T T — e e — . C0lOF view displays

O P O R o5 the Progress Bars
29459 | ¥ Offshore Gas Production Platfori  1/1/2014 | 1/25/2018 1,062 $1.65M K Offshore Gas Production Platform .
R e e ] with a color that
corresponds to a %
. o
L o ot As the confidence %
92304 B1000 - Approval Process 5/15/2014  12/7/2014 207 $80,000 X B100p - Approval Process
grows the Progress
92306 C1010 - Detailed Engineel 7/11/2014 | 3/6/2016 605 $80,000 NONET TN (X C:0:0 - Detailed Engineering
25465 ¥ procurement sspon oo sss | saasoo — ¢rocurement Bars on the Gantt
92307 D1000 - Procurement of L| 5/15/2014  11/6/2016 907 $250,000 J— & D1000 - Procurement of LLE
92308 D1010 - Procurement of C 4/16/2015 = 1/10/2017 636 $175,000 & o1010 quipr .
will change colors.
92309 [E1000 - Fabricate Drilling | 4/16/2015 = 5/22/2017 768 $160,000 X E1000 - Topsides
92310 £1010 - Fabricate Drling | 4/16/2015 | §/14/2017 | 791 | $80,000 P (X 1010 - Fabricafe Driing Jacket Planned start and
92311 [E1020 - Fabricate CPP Toj 4/16/2015  4/7/2017 723 $240,000 i IIXE 020 - Fabricate CPH Topsides
92312 E1030 - Fabricate CPP Jac 4/16/2015  7/11/2017 818 $96,000 B T ‘lx 030 - Fabrifate CPP Jacket - -
| i D | Caas | | G a S finish dates noted
20471 | ¥ oriling a0t y2ez0i8 | 453 | $80000 = : oriling
02313 F1000 - Drillng for First G| 5/1/2016 | 1/24/2018 634 480,000 E © O cumm J-{ & 1000 - Driling for First Gas. G d
sneaois snwz | s seram -——————— as Green an
2315 G010~ Instll Driling To| 47772016 | /92017 | 4s0 | $13,600 Iftal Orilng Topsides Black Dots

g ;
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Predict (Cost Phasing and Resource Utilization)

File |+ Lexpor [ =) | @ Run || view: percentie | - |olicoséPhasing] | (5] Tosk Oetais | | 5 Simuiation Detals | (5] Heath | BAH 3

Cost Phasing a”OWS the N Scope: [Project | v] Measure: [Cost [7] Mode: [Cumulative | +] Resource Category: [al <] view: [Coumn ... [~] [ sudgettines Total: $1.9M

user to select their o
confidence level, and then e -
show the projected cost o L —

2014 2015 2016 2017 2018

(orange) and current budget

Scheduled Start
Scheduled Finish @

(black) This can be wo (B, DB ‘m‘ com [z lme e s | Jme fon,  Jwe Jos _j»» @R
. 29459 ¥ Offshore Gas Production Platfor! 1/2014 | 5/28/2017 888 $1.9M K Offs Gas Production Platform
displaved as both bar chart :
-Curve, cumulative costs A
’ ’ 92320 A1030 - Project Managem 1/1/2014 = 5/28/2017 1,244 $230,370 1 777727 77777777® A1030 - Project Management Hammock:
|nd|V|dua| erIOd roect and 20467 ¥ Decision Making 222014 822018 3| $84800 Decision Makjng
. 29468 ¥ Engineering 014 8/4/2015 415 $126,600 [T K Engineering
task. This can be broken v | s | sse K cioso-re

92306 C1010 - Detailed Engineel 8/13/2014 = 8/4/2015 360 X C1010 - Detailed Enginedfing
d H t rt 29469 ¥ Procurement 6/22/2014 | 6/29/2016 529 Procurement
own INto years, quarters or 07| 01000 rocmemenc ot ozzraons | vz | 72e DS E——
. 2308 01010 - Procurement of ¢ 8/5/2015 | €/15/2016 319 D P1010 - Procjfement of Gther Equipment
months in the OUtpUt 29470 | ¥ Fabrication a/s2015 1271272018 358 Fabridhtion
92309 E1000 - Fabricate Drilling  8/5/2015 = 10/8/2016 437 X E100{) - Fabricate Drilling Topsides
92310 E1010 - Fabricate Drilling = _8/5/2015 _ 10/9/2016 438 KX £1010] - Fabricate Drilling Jacket .
Fie B T2 (2 ron ) [view: perceniie -] ([l costomasingy] [ 1 Tosk peteis | [ & simulation betais | (51 reath | B AN 3 :
Scope: [project | +] Measure: [Cost | Mode: [Cumulative | ~] Resource Category: [Al [-] view [scuve  [-] Boudgettines Total: siom
- .o . -
40% 40% 40% 40% 100% 25% Under used Over used
o -
20% 20% * 20% 20% s A Resource utilization | LI
o ol IS ol IR Joll 4 Resource Utilization
SE0000  §20000 260000 X000 Sa0000  S600000 600000 SN SLM SLAW SLSH SLeW SL7M Siew oM siew  siew . 2
201 s "y . Heat Map d|Sp|ayS E |<|w|o|n|w
il I I Resource 2 ; ; ; ; ;
Percentie‘ Lo, e HH . s |N[N|N|nN|
5 b 5 ES B b % & g scried e @ utilization of resources H
o BTy DBt e v [ ouration| comt |22 252 i | 22 IO CY . 2132 - Project Manageme 1 ®
| 3 08 0 g2/ 02 @1 2Taa o 1 g2 Ga s oo 5 G s Qa0 s o 2 o o 1 aa]s s @tz ot e o throughout the project 2133 - Engineering 1
oy | D .|| () | EReny | b | (B b P . 2135 - Fabrication 1
ws0r| oo prjec st | t/uaose o | This can be used to 2136 - Inetallation . . m
92303 A1020 - First Gas 5/29/2017 0 $0 A1020 - First Gas. 2137 - DI’I”IHQ N
help level resources or |z ook s e com
s34 51000 - Approval Process §/22/2014 s20s | 53§40 51000 - Apprpval Process forecast Where [ sort low to high | [ Sort high to low |
29468 ¥ Engineering 1/1/2014  8/4/2015 415 $126,600 [T e Engineering
92305 1000 - FEED 1/1/2014 | 6/21/2014 172 $19,462 X C1000 - FEE| e
N T additional resources
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Analyze (Sensitivity, Critical Path Tree, CDF/PDF Charts

S .t. .t = e o) mon ) [Viw: sensivty__[=)) ([l ost Phasig | (5L ook oot ) ] Siuletion et | (5 o Ban &
ensitivity w Q8 e, EE stannate‘zndnate Duration | cost || 5 [P 2] venere: (S
Chart d|sp| ays e e o TP e e el S o | S L i
29450 ¥ Milestones and Hammocks 1/1/2014 | 12/15/2016 772 $200,000 (Calicity Restest
92301 A1000 - Project Start | 1/1/2014 o E 92320 - A1030 - Project Manag... purstion Crucialty
the tasks and .| -
. 92303 A1020 - First Gas 12/16/2016 o s Ouretion-Cost Sensiiity
rlsks that are = AL030 - Project Managem| 1/1/2014 | 12/15/2016| 1,080 | $200000 | | 52306 - 1010 - Detailed Engi.
29467 | ¥ Dsciion king souzose |soaose | 35 | sanovo
- . T | e S e | |
driving duration, == ..
| e e | s | 150 | s16,000
cost ana criuca 0 T R TEI s2512 - 100 - i ov.
Gy o207 | 01000 Procwementof | 332016 | 102016 | 650 | s2s0000
path within the sz | otoio-rocrementof | stznis | yiozois | 30| §i75000
2070 | ¥ rtrcation snams | 7ieois | 05| 5956000 | | apas0- £1010 - abrcate i
1 t 52309 E1000 - Fabricate Drilling | 5/16/2015 | 5/19/2016 370 | $160,000
project. ct0| 1010 rabcae g | i6/2015 | asiaots 0| sa0000
e A TR 11511 - 10 - abrcars oo
T R R
71| v orting s |wsorzons| 108 | 580000 | | gm0 1000 Fabrcate o
sarts | riooo- b fo it e| rarts |svauzoss| 130 | seno00
472 | ¥ ialaion svaos | s | 66| sarano
e ool Sa0ae | g s || g
ois| Gu10- msalorlingTo| 672016 | 72016 | 25| 513600
e e e
= ansrzns |nnsaons| e | ssa0u0
52314 6100 - Insal ..
; . or 0z o3 s o5 os 07 os oo :
- _ Duration (days) B 92205- c1000 - FEED (& ‘oo [ Teskpetas |\ Simuinton bais | 5 eath
Critical Path ) V| 52206- cto10- Datatad ngi Ep e —r CDF/PDF Chart
0 200 400 600 800 1000 1200 oy percanie[)[e [ e i70r7

92317 - G1030 - Install CPP To,

Tree shows the  © . s = displays the S-Curve
probability that 2211 - 1020 Fabrcate oo i e output of the simulation.
a task or tasks N e wem W5 S5 The confidence level
will land on the = 40 92304-31000-Appu:|nlpmc ” o }\ can be adjusted by the
critical pathas ¢ .. b——— S RN user to show different
the project e P results. The CDF/PDF
progresses. v b et o o for | L chart can display
b 1o RS — : S project dates, task
——— . - dates, project cost, task
u I costs, durations as well

Percent of Trials

-
Datapoints
[r—
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Mitigate (Risk Sheet and Percentile View)

C -] [Export ~] [ 2 Run J [View: per Phai C [ Simuiasion Detaiis | + Heatn |

Templated Uncertaint

Risk Sheet takes into account
the % of occurrence, the
impact of the risk both duration

Risk Drivers [ 0 Ad | [ remove

Probability of Occurence | Description Enabled

; and cost and applies those
L factors to the tasks/ activities
7 7 ‘ | selected by the user. Risks

- and risk perimeters can be

Cost Factor

removed or changed within

— =y
=== "

- Polaris to model mitigation
actions
File.. [+] [Expor... [-] [ View: percentie o T
Task Details: 92304 - B1000 - Approval Process x *Once Rl‘sks are [views percentie | ~] [ lig Cost Phasing | [ &) Task etaiis | [ [ Simuistion Detais | [+ rieskth |
= m’t’gated 5 0 = 0 7 F Hr) | seheduied Finish @
. . wo (B9 iy BB pur | cnd vate [puration| comt |72 o o R R - OEY
At Task Duration ;{100 5] uncertainty is s e e i o e T e | e
Override Efcency Relationship (] adjusted the model = o roeasen e o s o 00 - oot e
92302 AL010 - Project Sanction | 7/27/2014 o $0 =
Predecessors | is re-run and the . o © 8 A1020 - s Gos
g N T s B T
29467 | ¥ Decision Making 6/5/2014 | 7/26/2014 37 $80,000 )I@ | Decision Making
user can compare S| T CEED | || M || Ghe |
29468 ¥ Engineering 1/1/2014 | 5/31/2015 368 $96,000 K ‘@) Engineering
the results Of the 92305 1000 - FeED 112014 | 642014 | 155 | $16,000 Eimmme | cifoo - reen
92306 €1010 - Detailed Engineel 7/27/2014 | 5/31/2015 310 $80,000 G1Ie) - 1010 - Detailed Engineering
47 H T k 29469 ¥ Procurement 6/5/2014 | 4/20/2016 490 $425,000 Procurement
mitigation. Tasks gy |
Risk Impacts ) 92308 D1010 - Procurement of ¢, 6/1/2015 | 4/4/2016 310 $175,000 [@)—1010 - Procurement quipr
s 1-permits may b graned e th plrned can also be oraons | s | | seseono S -
Risk Impact: Late granting of permits 92309 E1000 - Fabricate Drilling =~ 6/1/2015 | 6/17/2016 384 $160,000 E1000 - Topsides
accelerated or om0 |  ctot0- rabrcaecrling | 205 | s | 3 | saoano
decelerated as a
par[‘ Of the analys,s D £1000 - Driling for Frst G 8/6/2016 | 1/7/2017 | 155 | $60,000 @3- 1000 - oriting for First Gas
T 29472 |V Installation 6/16/2016 | 9/26/2016 72 $47,200 (W Installatiof
and the results to | o o et | ot | w | v 1] S
92316 61020 - Install CPP Jacke| 7/19/2016 | &/7/2016 | 21 $9,600 83, 020 - rsa cop ace
cost and schedule o7 | 1050 et cowropa| rarzois | srzizots | 31| 1000 O oo - o rosies

T srons | yasreonr | e | seson0 | i
dlsplayed in the a0 11000 - Hook UP and Con 572712016 | 1/26/2017 | 125 | $64,000 @30 11000 - Hook UP and Commissioning for First Gas
Gantt T =
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