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RiskConsult GmbH

«RiskCon

Olymipastr. 39, 6020 Innsbruck, Austria
www.riskcon.at

Megaprojects follow different rules, thus tailored
processes and tools are required.

* Cost and Risk Management
 Team Alignment

* RAMS Analysis
 Software Development

* Training

Experience with major infrastructure projects in
Europe, North and South America.

RIAAT IR 1+111

Risk Administration and Analysis Tool
ARiSkcon www.riskcon.at Slide 4



Selected Projects

Brenner Base Tunnel '

The Brenner Base Tunnel is the main element of the new Brenner railway from Munich to Verona. At 64 km, it is
the longest underground railway connection in the world, a pioneering work of engineering and it will markedly
improve passenger travel and freight transport through the heart of Europe.

Services: Support and validation probabilistic risk assessment

Project costs: approx. $ 12 Billion

‘3 =
RIAAT

Source: http://www.bbt-se.com/projekt/bht

Subway New York: Canarsie Tunnel New York City Transit

Flooding caused by Superstorm Sandy inundated the Canarsie Tunnel with seven million gallons of
salt water. The rehabilitation includes upgrading of the Canarsie Tunnel facilities from 1st Avenue
Station in Manhattan to Bedford Avenue Station in Brooklyn and three substations.

Bedford Ave
station

o - A '-’“g;;‘,‘i'*i“ N:;ntg’ v
Risk assessment, identifying and quantifying risks for project cost and schedule, quantify %
potential reduction in risk through mitigation.

Service:

L Train service will operate close
ta narmal betwesn Badford Ave,

o
and Canarsie-Rockaway Phwy.
Source: New York Times Rl A AI i

NAGRA - Swiss National Cooperative for the Disposal of Radioactive Waste

Safe long-term disposal of radioactive waste in deep geological repositories is a challenging task that NAGRA
has committed to implementing in the interests of man and the environment.

Services: Probabilistic cost estimation and risk analysis,

n a g ra software development, process development,
@]

staff training
Source: http//www.nagra.ch/

RIAAT
BMVI (German Ministry of Transportation and Digital Infrastructure)

: . . The German Ministry for Transport and Digital Infrastructure (BMVI) initiated the "Construction of Mega
% | Bundesministerium
7 &Y

w Projects" commission. Their task is to identify problems in the planning and construction phase of large
far Verkehr und

. projects and reveal reasons for cost increases and delays.
digitale Infrastruktur

Services: Development of an integrated risk management approach in accordance with ISO 31000 and
ISO 31010 for four pilot projects. RlAAT

‘RiSkcon www.riskcon.at

Slide 5



Overview

2. Standard vs Integrated Approach

‘RiSkcon www.riskcon.at Slide 6



Uncertainty

,Would you wade through a river
4 feet deep on average?”

Information about uncertainty is necessary!

Nassim Nicholas Taleb: The Black Swan
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Impact of Delays on Project Cost

Risk Impact Schedule Delay

Severe Cost Overruns

Rel. Frequency

Project Cost
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Standard Approach

Base Cost Risk Base Schedule
Cost
Impact
Project Cost Project Completion Date
Deterministic Project Cost Deterministic Completion Date
e.g. USD 1,435,600.97 e.g.01/04/2022
Cost without uncertainty information Target Date without uncertainty information
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Large-Scale Projects Follow Different Rules

- Complex entities cannot be understood by breaking them down into
independent parts.

Even at the simplest level, studying a fish cannot explain how a
school of fish works.

complexity

dynamics

Statement
- Integrate cost and schedule.

- Consider uncertainties.

‘RiSkcon www.riskcon.at
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Integrated Cost & Schedule Model

Base Cost Base Schedule
Cost Time
Impact Impact
Base Schedule + Risk
Milestone Delays Milestone Date(s)
Delay Cost

Project Cost

Budget A

v

Probability Information on Budget

Project Completion Date

A

Target Date
Completion

Probability Information on Target Date

aRiskCon

www.riskcon.at
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Overview

3. Integrated Cost and Schedule Model
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Integrated Cost and Schedule Analysis - Process

- . )
Base Cost Estimate (1) Validation of Base Cost Estimate

Base Cost Estimate Base Cost

Cost categories: Uncertainties .

B — * Assign cost elements to WBS structure
- Investigation >

- Tunnelling Works .
- * Review relevant Base Cost elements

(quantities, prices, completeness)

Q : /)

Work Breakdown Structure

[ [ PRI.0201 Tunnel * Add Base Cost variabilities (uncertainties)
dl OExcavarion&'Support Categories | g

Al 0 Transport to landfill
dl 0 Final Lining and other works
= . PRJ.R.BG Ground risk
- @ Risk TBM N2 - Extension Fault Zone
Eil @ Risk TBM N1 - Immobilization Squee
. @ Risk TBM 52 - Main Bearing Damage
(ol . PRJ.R.BG Project Delay Cost - Owner

a

3-Point Estimate Triangle Distribution

» Reality can be described much better with bandwidths than with single numbers.
» Triangle or Beta-Pert distribution is easy to understand.

» More complex modeling is possible at any point in the process.

best  most likely worst

‘RiSkcon www.riskcon.at
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Base Cost + Base Cost Uncertainty

100 -+

90 -+

80 - 323,015

70 A
60 -

Uncertainties in quantities and

50 - 315 388 unit prices

40 ~

30 - Standard deterministic

cost estimate —Base Cost (B)

20 ~

Probability of not exceeding (%)

10 =B + Uncertainties (B*)

0 T T T T T T T T T T T T T T T T T T T T T

O O Q O O O O O O O O
S § S KN SEREIPC S S I O R
£ P @ S

Cost (USD x 1000)

Base Cost
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Integrated Cost and Schedule Analysis - Process

/ o) .
B Base Cost Estimate (1) [} Risk Assessment (2)
Base Cost Estimate Base Cost Unknown Identified Risks
Cost categories: Uncertainties Mark-Up Probability of Occurence & Impact
- Property
- Investigation g <«
- Tunnelling Works B +
) % of Base Cost Cost Impact Time Impact
Q | /)

Work Breakdown Structure

(3 Sl PRJ.02.01 Tunnel
A 0 Excavation & Support Categories | g
‘l 0 Transport to landfill ¢
M © Final Lining and other works

"2/ PRI.RBG Ground risk
. @ Risk TBM N2 - Extension Fault Zone | <
Eil @ Risk TBM N1 - Immobilization SqUEE g
Bl © risk 18M S2 - Main Bearing Damage ¢

(3 [ PRI.RBG Project Delay Cost - Owner
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Risk Assessment Workshops

* Facilitated interdisciplinary workshops

* |dentification and quantification of risks
* Populate risk register

» Supported by appropriate tools

best most likely worst best  most likely worst

# Identified Risk Probability of Rate of | cost impact (USD x 1000) time impact (d)
Occurence Occurence | pest | most likely Iworst best | most likely | worst

1 TBMS2 - Main Bearing Damage 20% - I 1000 2000 3000 | 90 180 400
2 TBM N1 - Changein Exc.&Sup. Categ. 70% - 500 3000 4500 | 20 120 180
3 TBM N1 - Immobilization Squeezing 25% - 1500 3000 5000 @ 60 120 200
4 Contractor Appeal 50% - - - - 30 90 180
5 No Release of Design 30% - 225 900 1350 | 30 120 180
6 TBM N- Delay installation 25% - 400 1200 2000 20 60 100
7 Extension Faultzone km 2.0 80% - 0 840 1660 0 42 83
8 TBM S2 - Extension of inner lining - 3 150 200 250 5 10 20
9 Logistic Problems Crosscut S (13-25) 30% - 150 375 600 || 20 50 80
10 CC N - Mountain water inflow >401/s - 3 222 886 1782 1 3 14

‘RiSkcon www.riskcon.at Slide 16



Integrated Cost and Schedule Analysis

@l RIAAT v2.7.0.3002 - [2.6.0.3023, [\Meine Ablage\01 Arbeit\02..\Project Tunnel & Approaches_V25_F02.riaat] — O *
g i} pp

Workbaok | Help Licensed for: RiskConsult GmbH RIAAT -l
Workbook: B E Y| worbook: [~ 6] @ ||

Tree  Input  Gantt  Value adjustment Tree Input  Gantt  Value adjustment |
Sample Project “Tunnel” X | Templates ¥ | Escalation 7 | Samples ¥ | Schedule X | &
R ey & & 7A@

dl| © Information and visitor management 13 0.135 M5 0.136 © Det $820,000.00 vars $432,603.19 vamso $1,504,445.75 varos $2,981915.00 Factor | 1000 hd
J D. Risks  m$6&7360 M3 50011

. Costelement : |Risk TBM N2 - Mountain water inflow > 40l/s EE 2450

= Properties | Calculation | Tempaoral outflow | Diagrams | References | Risk Fact Sheet

Distribution Function {Impact in USD x1,000)

4 (Gl contract s-zzos msoTs % foos

oo 9

4 3 . Missing/canceled work items  mis0242 S 0478 e B0%
. @ Risk Ce i d excavation ial deviating from cost estimatit M$ 0.000 ’

. @ Risk Sediment quality water protection facility msooo0 M3 0325
4 [IEB Quantity variance s -4523 WS 0.000

. @ Risk Quantity variance M3 4623 M 0.000
. I:I . Tender/Contract Award  mMS0000 WS 0000

B © Contractor Appeal  msoo00 M5 0.000

o 10 20 30 40 50 60 0 80 %0 100

4[4 . System and process optimization  m$0o000  MS-0.037 VR
B © risk Reduced costs through use of milling machine 15 0.000 M5 -0.030
7 = =
B © risk Optimizing standard Profile  Msooo0 Ms -0.007 ()@ pet 15.00d’ vas 831d [varso 2RaL| [VSos JELIE
Sl System and process changes M$ 0.000 Distribution Function (Impact in [d] ) Lorenz Curve
4 [l Adherence to regulatory/ | requirements s 0122 S 0288 e

@ Risk Exceeding permissible noise limits M3 0036 MS 0207 12%
. @ Risk Additional access road to rescue area M3 0.000 MS 0.079

|:|. Order change M$ 0.000

4 [l Groundrisk s7=11 Mseoss
BB & risk TBM N2 - Extension Fault Zone km 2.0 150000 M35 0000
BB © risk: TEM N1 - Extension Fault Zone km 2.0 ms 0000 M3 0000 125
. @ Risk TBM N2 - Immobilization Squeezing Ground M3 0000  ME 0.000
B © risk TBM N1 - Immobilization Squeezing Ground 150000 M3 0.000 26 ms s s sea sae ne  2s a3 a3 VaR 3]
BB © risk TBM 52 - Main Bearing Damage 150000 M3 0.400
BB © risk TBM 51 - Main Bearing Damage 150000 M3 0.400
B © risk TBM 52 - Extension of inner lining 50585 M3 0,600
B © Risk TBM S1 - Extension of inner lining M5 0000 M3 0381
. @ Risk TBM N2 - Mountain water inflow > 40U's M35 1.50¢ M5 0.820

Tirve i [d]

Probability of Occurrence 5|a [] Zeroize negative fractiles | @3 G8 €1 ¢ % .

. a Risk TBM N1 - Mountain water inflow > 40l/s M3 1507 ™3 0.820 P [[Artm=n e £ varso SRS B S163,000.00 223

B © Risk CC N -Mountain water inflow > 4005 15 0355 M5 0452 10000 % Quantities e 5.54d Det 3.00d

B © risk Cave-ins of 5m° to 20m* w5 0578 M5 0505

. @ Risk Cave-ins > 20m® M3 0664 Ms 0510 dl 001 Time-related costs WaR50 $199,113.83 Det £105,000.00 2232

- @ Risk Sinkholes M3 0000 M5 0427
. @ Risk Fault zones M5 0000 M3 0017

. @ Risk Contaminated ground Mfois0 M5 0083 4l 002 Labor costs VaRs0 $73,996.52 D=t. $39,000.00 2433
J D. Change in Excavation&Support Categories w031z M5 0000
. @AS - Change in Excavation & Support Categories M35 0000 MS 0.000

10000 % /\ 1.000 2.000 14.000 d /\ 28,000.00 35,000.00 45,500,000 2014 Std.

10000 /\ 1.000 3.000 14000 d /\ 10,400.00 13,000.00 1620000 2014  Std.

- a Dé&B 51 - Change in Excavation & Support Categories M5 0.000  MS 0.000 A 003 Material vaas0 §18,603.13 Der $20,000.00 225

. @ D&E 52 - Change in Excavation & Support Categories M5 0000 M3 0.000 B o000 R ©o00 . /\ < 03000 R 2000000 205 520

. @ TBM 51 - Change in Excavation & Support Categories M3 0000 M$ 0000 - b =000 .00 000 5

Bl © 78/ 52 - Change in Excavation & Support Categories 150000 M35 0.000 - e
i i VaRs0 L Det. X 24

- @ TBM N1 - Change in Excavation & Support Categories M5 0.000 M3 0.000 4l 004 Delay in construction - 5.54d 3.00 d 2235

BB @ 78/ N2 - Change in Excavation & Support Categories 145 0,000 M5 0.000 % o000 % = 1000 s A 100 200 1400 d

|
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Integrated Cost and Schedule Analysis - Process

p

B Base Cost Estimate (1)

Base Cost Estimate
Cost categories:

- Investigation
- Tunnelling Works

- Property >

Base Cost
Uncertainties

Q | 2
|
Work Breakdown Structure
| (@l PRJ.O2.0T Tunnel
A 0 Excavation & Support Categories | g
il o Transport to landfill —
dl o Final Lining and other works _
(2 PRIRBG Ground risk
. @ Risk TBM N2 - Extension Fault Zone | <
Eil @ Risk TBM N1 - Immobilization SqUEE g
. @ Risk TBM 52 - Main Bearing Damage
(3 [ PRI.RBG Project Delay Cost - Owner

R Risk Assessment (2)

Identified Risks
Probability of Occurence & Impact

Unknown
Mark-Up

% of Base Cost Cost Impact Tlrle Impact

Schedule Simulation (3)

¥
'
Delay
*------- >
B owner Risk -i
. Contractor Risk

www.riskcon.at
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Deterministic Schedule Approach

The classic
deterministic schedule
represents only one
possible scenario.

Which tasks might
contribute to

i ?
milestone delays: How high is the

probability of
missing the
target date?

Goals ‘ ‘
- A dynamic view of the schedule

- Integrate risks — link them to tasks

- Implement risk mitigation measures based on results of the schedule analysis
- Optimize construction processes

‘RiSkcon www.riskcon.at Slide 19



CPM in Deterministic Schedule

For one scenarios
there is only one
critical path.

aRiskCon

www.riskcon.at
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Critical Path Shifting due to Risk Impact

] What If
risk impacts

_l change task

durations?

‘RiSkcon www.riskcon.at Slide 21



Critical Path Shifting due to Risk Impact

Different critical path
in a possible scenario
after risk impact(s).

‘RiSkcon www.riskcon.at Slide 22



Assigning Risks to Tasks

Probability of Rate of i i
# Identified Risk robablity of Rate o time impact (d)
Occurence Occurence pest | most likely | worst
1 TBMS2 - Main Bearing Damage 20% - 90 180 400
A What if?
10-30d A

50% 30% 30-50d

50% 30%

Contractor -
A

. Owner A
40-60d  50-70d ‘

- Monte Carlo simulation will generate thousands of realistic
scenarios, each depicting a possible project outcome.

‘RiSkcon www.riskcon.at

Slide 23



Workbook:

Tree Input Gantt

Application: Assigning Risks to Schedule Activities

Enmm ey veeeoe @ -“EN§Nnscfk

Value adjustment

Sample Project "Tunnel” 3 | Templates ¥ | Escalation ¥ | Samples ¥ | Schedule X | &

X W e P by

& TH A [T

4 [SED Risks wssr3s0
4 (G contract
. Missing/ean

M5 3596

M$ 59511
M 0725
iceled work items

MS 0242 MS DAT6

Risk Contaminated excavation material deviating from cost estimation 3 0.000
. @ Risk Sediment quality water protection facility M3 o000 M3 03235
4 [l Quantity variance s -s523 150000
- @ Risk Quantity variance ms 4623 M$ 0000
4 [l Tender/Contract Award 150000 M5 0.000
B © Contractor Appeal w5 0000 15 0000
4 [ System and process optimization 1450000 15 0.057
@ Risk Reduced costs through use of milling machine 50000 M5 -0030
B © Risk Optimizing standard Profile M5 cooe M5 -0.067
@l System and process changes
I:I- Adherence to regulatory/external requirements s 0122
. @ Risk Exceeding permissible noise limits  M5.0036 M$0.207
- @ Risk Additional access road to rescue area  Ms0000 M5 0073

M$ 0.000

M5 0.286

(Sl Order change
4 MM _Ground risk
B @ risk TBM N2 -

B ) Rk IBM N T -
@) Risk 78M N2 -

B O risk TBM N1 -

KIS 7211

M5 0.000

148 6028

Extension Fault Zone km 2.0 M5 0000 M5 0.00¢
Extension Fault Zone km 20U M5 0.000 M3 0.000
Immobilization Squeezing Ground M3 0.000  MS 0.000
Immobilization Squeezing Ground msooo0 M5 0.000

D © risk TBM 52 - Main Bearing Damage s 0.000 M5 0400

Bl © rRisk 78M ST - Main Bearing Damage w5 0.000 M5 0400

- @ Risk TBM 52 - Extension of inner lining M3 0586 MS 0.600

D © risk TBM 51 - Extension of inner lining 15 0000 5 0.981

B © risk T8M N2 - Mountain water inflow > 40l/s 5 1504 M3 0520
@ Risk TBM N1 - Mountain water inflow > 40Us M3 1507 M3 0830
- @ Risk CC N -Mountain water inflow > 4005 ms 0835 M3 0.452
@) Risk Cave-ins of 5m" to 20m* mss7s M3 0505

B © risk Cave-ins » 20m® msosss msasio

@ Risk Sinkholes M3 0000 M3 0427

- @ Risk Fault zones  ms 0000 M3 0071

Bl © risk Contaminated ground  ms 150 s 0083

Change in Excavation&Support Categories 30313 M5 0.000

. @ AS - Change in Excavation & Support Categories M 0000 M3 0.000
&) D&B 57 - Change in Excavation & Support Categories s 6,000
B @ 0aB 52 - Change in Fxcavation & Support Categories 15 0.000
@ TBM 51 - Change in Excavation & Support Categories M5 0.000

- @ TBM 52 - Change in Excavation & Support Categories M3 0.000

@) T8M N1 - Change in Fxcavation & Support Categories 145 0.000
B © 781 N2 - Change in Excavation & Support Categeries s 0.000
@ D&B N1 - Change in Excavation & Support Categories M5 0.000
D @ D&8 N2 - Change in Excavation & Support Categories 115 0.000
@) D&E F1 - Change in Excavation & Support Categories s pooo  MS 0900
- @ D&B F2 - Change in Excavation & Support Categories M3 0.000  MS 0.000
B ® &5 - Change in Excavation & Support Categories 150000 M$ 0900

M5 0.000
M$ 0.000
ME 0.000
M§ 6.000
M$ 0.000
M$ 0.000
MS 0.000
M$ 0.000

Tree Input Gantt Value adjustment

Diagram: Schedule+links, uncertainti

¥

Blanning | Ranges

Schedule+links, uncertainties, risks

LI E L R S NS 1) - -

2258

(]
2017 2018 2013 2020 2021 2022
Code Name Start Duration
~ M North Drive from AccessS| | 4/24/2018 584 i i i . Tt o s
10 == TBM north 1t tube 4242018 448 | | 4 S S
1 = TEM north 2nd tube 6/23/2018 357 ey o e
12 = crosscut north (5-12) 8/29/2019 2 P o o 512
~ ™ Drill&Blast from North Por |~ 7/11/2017 1282 I o Harth Para
13 == earth and civil works, roa | 7/11/2017 2o Imnlmuuw works, raad construction
14 == D&B st tube incl. crosse | 1270078 230 Y l" [ —
13 == D&B 2nd tube incl ciee€™ 3/28/2018 222 (B e e e o
16 == D&B faulsrlne Isttube | 9/14/2018 284 . . witzone s e
17 p>*0&8 fault zone 2nd tube | 11/5/2018 283 -Jzaa-u-.fuzi-d-;.:e
12 = inner lining north Tsttub  12/13/2018 337 . ] e i e 1 e
19 = innerlining north 2nd tul |~ 2/11/2020 337 [] i e ke
~ M Emergency Stop 10/28/2018 867 I ‘ 1 Erergency Stop
20 = emergency stop 10/28/2018| 420 H Ferers il
21 = innerlining ES Tst tubs 14272021 29 P
22 == _inperlining FS 2nd tube 12021 32 | —
dl General | Duration | Links | dl Milestone Next |E]
@ ® Total duration Det. 448.00d vaRs 32893 d wvamso 45707 d  vames 621.38d
Distribution Functicn (Impact in [d]) Lorenz Curve
1T%
I
005
&£ &g £ P VER
HER 4P |
® Bascline Time 30400d 10000 % @ 304.00 ? Baseline Time
0 Uncertainty 000d 10000 % A -20.00; 0.00/ 40.00| @ Uncertainty
® owner 3000d 000 ¢ 0004 152702 @ @) from @) Risk TBM NI - Immobilization Squeezing Ground 2436 Risk Owner
@ owner 15.00d 8024 2500 56270 @ @) from @) Risk TBM NI - Mountain water inflow > 40/s 2224 Risk Owner
0 QOwner 84.00d 0.00d 8761 d 153.82d @ @ from @ TBM N1 - Change in Excavation & Support Categories 235¢  Risk Owner
@ contractor 15.00d 0000 000 74710 % @) from ) Risk TBM NI - Delay installation 2:2¢ Risk Contractar

aRiskCon
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Critical Paths after Monte Carlo Simulation

Critical in 75% of scenarios

Critical in 25% of scenarios

B
W s

- Due to uncertainties, numerous critical paths become
possible, each with a different probability.

ARiSkCO”SUItE www.riskcon.at Slide 25



Example: Lima Airport Extension Project

Base Schedule Base Schedule + Risk

Environmental Impact Assessment - Environmental Impact Assessment
RFP. PP, FC. CC RFP. PP, FC, CC
Contract Award :%—Contract Award
—Design Terminal Foundation —Design Terminal Foundation
Mobilization & Preliminary Works |-| Mobilization & Preliminary Works
| Earthworks l Earthworks
E Earthworks Airfield -h !-I Earthworks Airfield
| N m— |
|—Earthworks Terminal & Apron : +Earthworks Terminal & Apron:
Earthworks Landside i
] l "7' ] Earthworks Landside
Earthworks Advanced Midfield Apron Earthworks Advanced Midfield Apron
"’—. I Advanced Midfield Apron Civil & Systems "b—‘l ! Advanced Midfield Apron Civil & Systems
| Advanced Midfield Apron Completion Advanced Midfield Apron Completion
a | |

Runway Civil & Systems . -| Runway Civil & Systems
11l

Taxiways Civil & Systems Taxiways Civil & Systems
11l |
ATC Tower
[

ATC CNS Equipment

l AT(IZ Tower

ATC CNS Equipment

Rescue & Fire Fighting Station . Rescue & Fire Fighting Station

” :’—I.Airﬁeld Complri*tion | l ” yo—lAirﬁeld Completilon

Main critical path is changing to ATC tower due to risk impact

‘RiSkcon www.riskcon.at Slide 26



Milestone Results after Monte Carlo Simulation

Each simulated
scenario yields a
I different
milestone delay,
with respect to a
given target date.

Milestone Delay

= On the critical path the delay can be assigned '
to different responsibilities (cost components): ‘

Contractor Delay Owner Delay

[ Time

aRiskCon www.iskcon.at Side 27



Integrated Cost and Schedule Analysis - Process

p

B Base Cost Estimate (1)

Base Cost
Uncertainties

Base Cost Estimate

Cost categories:

- Property

- Investigation

- Tunnelling Works

Q

Q |

Work Breakdown Structure
[ M PRJ.02.01 Tunnel

Fa 0 Final Lining and other works

Eélﬂ 0 Excavation & Support Categories | g
ﬂ 0 Transport to landfill )

R Risk Assessment (2)

Identified Risks
Probability of Occurence & Impact

Unknown
Mark-Up

A A K

% of Base Cost Cost Impact T|71e Impact

(3 PRIRBG Ground risk

(3 [ PRI.RBG Project Delay Cost - Owner

. @ Risk TBM N2 - Extension Fault ZoNne | e
Eil @ Risk TBM N1 - Immobilization SqUEE g
Bl © risk 78M S2 - Main Bearing Damage o

— Delay from Risks

Schedule Simulation (3)

¥
'
Delay
1 |
¥
B owner Risk -i
. Contractor Risk
Results — Schedule

Completion Date
Critical Paths

aRiskCon
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100 -

90 -+

80 ~

70 ~

60 -

50 ~

40 ~

30 -

20 -

Probability of not exceeding (%)

Base Cost + Base Cost Uncertainty + Risk

cecccccccccccsccccogecccccccccse

426,204

—-Base Cost (B)

—B + B* + Risk (R)

=B + Uncertainties (B*)

o:)Q
%
%

Cost (USD x;1000)
(]

Base Cost

Base Cost + Uncertainty
VaR80

Base Cost + Risk Cost
VaR80

aRiskCon
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Integrated Cost and Schedule Analysis - Process

p

B Base Cost Estimate (1)

Base Cost Estimate

Base Cost

Cost categories:

- Property

- Investigation

- Tunnelling Works

Uncertainties

Q

Q |

Work Breakdown Structure

R Risk Assessment (2)

Unknown Identified Risks

Mark-Up Probability of Occurence & Impact
% of Base Cost Cost Impact Tlrle Impact

[ M PRJ.O2.01 Tunnel

A 0 Excavation & Support Categories | g

d 0 Transport to landfill —

F 0 Final Lining and other works
"2/ PRI.RBG Ground risk

. @ Risk TBM N2 - Extension Fault Zone | <

Eil @ Risk TBM N1 - Immobilization SqUEE g

Bl © risk 18M S2 - Main Bearing Damage ¢
(3 [l PRI.RBG Project Delay Cost - Owner | g

\{

Results

— Costs (5)

. Total Project Cost

@ Escalation Cost
n Risk Cost

. Base Cost

— Delay from Risks

Schedule Simulation (3)

¥
'
Delay
v |
¥
B owner Risk -i
. Contractor Risk
Results — Schedule

Completion Date
Critical Paths

‘RiSkcon www.riskcon.at
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Escalation calculated from Cash Flow

Escalation

$128,634 744.48 \

292,681, 26P.64

$72,621,011.10 $73,509,467.05

$38,177,543.80

$12,357,530.27 $11,972,631.52
$1,912,117.49 - :
2014 2015 2016 2017 2018 2019 2020 2021 .

Legend: eﬂase Cost @ Identified Risk 0 Unkonwn G Escalation

ARiSkCOﬂ www.riskcon.at
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100

Probability of not exceeding (%)

Total Project Costs

Budget | S 430,000

382,789

405,153

L eccccccaRbocccccnaand

480,077

463,353

—Basg Cost (B)

—B +EUncertainties (B*)
—B +EB* + Risk (R)
—Totial Project Cost (T)

ceccom-

Base Cost

Base Cost + Uncertainty

VaR80

Base Cost + Risk Cost
VaR80

[ ] [}

T T 0 T T T ; T T

S i S $

QY Q" QO N \ S \ O § \
i Y of W S

Cost (USD x1000) '
]
[}
(]

Base Cost + Risk Cost
+ Escalation
VaR80

-

Delta Cost

VaR80 Total Project Cost — Base Cost

aRiskCon
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Results in RIAAT — Risk Administation and Analysis Tool

RIAAT

Workbook: [ sy -feler e

Tree Input Gantt Value adjustment  Search
Samples X Schedule X
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RIAAT is an advanced project management software, which integrates and links
information from cost management, risk management and schedule planning.
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Overview

4. Results and Alternative Delivery Methods
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Alternative Delivery Methods — Fix Price Incentive Fee (FPIF)

« The delivery method is a critical determinant

e We need to match the delivery process to the project
environment (considering risk, applicable regulations, agency practice,
experience and capability)

 Delivery procedures generally used for Infrastructure:
* Design-Bid-Build (DBB) — most common
* Design-Build (DB) — substantial number of projects

* Newer delivery procedures being used or of interest:
* Early Contractor Involvement
* Fixed Price Incentive Fee
» Alliancing / Relationship / Consensus Contracting

e« Otherinternational contract applications (FIDIC, NCE-3c, PPC2000 Docs)
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Alternative Delivery Methods — Fix Price Incentive Fee (FPIF)

Profit Contractor

A

Range of Probable Cost

; Contractor Share 50/50 (Owner/Contractor)
increased profit
.g zone
W Target Profit
N (10%=$10) Emrrmmmereeeneen
®] )
+  ZeroProfit O Share 50/50
(1]
| .
)
c
8 Contractor =
p::fgi: tzlt\:;lse £ | Share 0/100
A
o ™~ < o ()] (Yo} o ~ N [e)) O o — [e0] o ()]
) © ~ %) %0 > =) — — ~ o N < Ln © © 00 60
— — — — i i i — — i i
Target Cost PTA Total Project Cost
$ 100 $ 144
LTarget Profit
v -50% of the savings + profit Range Project Cost Owner j - -50% of the overrun cost + profit at PTA | ) . >
Target Price Ceiling Price Total Project Price
\J $110 $132

PTA = Point of Total Assumption
(above the point the Contractor pays for all costs)

Owner’s View
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Alternative Delivery Methods — Fix Price Incentive Fee (FPIF)

Relative Frauency

Target Cost

Total Project Cost

Range of Probable Cost

1 .
$ 100 Total Project Cost
8 & ¥ 8 8 & 8 82 5 8 8§ 8 &8 B8 383 8 B 8 8
S = = 9 2 8 F 8 8 8 5 o8 03
PTA = Point of Total Assumption
(above the point the Contractor pays for all costs)
Share 50/50 (Owner/Contractor) ‘ ‘ Share 50/50 ‘ ‘ Share 0/100 ‘
’ .
Contractor’s View
|| Profit
Target Profit Zero Profit Profit at PTA Total Profit
$10 $-12
12 7 -13 -18 -23 -28 -33 -38 -

Positive Profit Zone (62%)

Negative Profit Zone (38%) ‘

Relative Frauency.

nw s @ N
g 5 & 9§
2 8 =2 =

90
%2
9%
97
99
101
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Target Price
$110

Owner’s View
Project Price

9% probability that
the ceilling price
will be exceeded.

I Total Project Price

s @ ® o o mon @ o

T2 2288 38K 2388

IR A A T

Ceiling Price
$132

Price below Target (38%) ‘ ‘

Price above Target (62%) ‘
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