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Problem Definition for Major Infrastructure Projects
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1. Introduction RiskConsult
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Introduction to RiskConsult GmbH

«RiskCon:

w w w . r

Founded in 2007
15 Employees

Experts in Construction Cost and Risk Management:
* Risk Management

Headquarters:
«  Olympiastr. 39 * Cost Estimating
6020 Innsbruck, Austria * Project Cost Controlling
* Alternative Contract Models
Additional Offices: * RAMS - Reliability, Availability, Maintainability, Safety — Analysis
* Vienna, Austria » Software Development

*  Munich, Germany . . . . .
Proven experience from years of supporting large infrastructure projects in

Europe, North and South America and Australia.
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Selected References

Rail Tunnel

OBB Koralm Base Tunnel

Project volume appr. € 1.5 billion

4 " ¢
- Quelle: http://www.koralmtunnel.eu o B B

Rail Tunnel

Conference

Brenner Base Tunnel

Project volume appr. € 9 billion

OBB Lower Inn-Valley Railway

Project volume appr. € 2.3 billion

_ .
BEGw

Brenner Eisenbahn GmbH
Ein Unternehmen der OBB
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Hydropower Plant

Gemeinschaftskraftwerk Inn

Project volume appr. € 500 million

New International Airport Lima

Project volume appr. $ 2.5 billion

LA
AIRPORT PARTNERS

Delaware Aqueduct
New York City DEP

Environmental
Protection
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Selected References

Risk Management — Urban Transit (Metros/Subways)

Vienna Crossing / Extension U2/U5 New York MTA Canarsie Tunnel, L-Train

ACSIE T OE e SR T Project volume appr. $ 1.5 billion

Metropolitan

P s Transportation
-ar Authority

U6 Extension Martinsried SF Bay Area, USA BART Silicon Valley — San Jose Ext.

Project volume appr. € 150 million Project volume appr. $ 6 billion

ppppppppppppppp

U5 East (Phase 1) Ottawa, Canada Confederation Line

Project volume appr. € 1.7 billion ) .
Project volume appr. $ 2 billion

O
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2. Problem Definition for Major Infrastructure Projects
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Impact of Delays on Project Costs

Risk Impact — Schedule Delay

v
Severe Cost Overruns

Relative Frequency

Project Costs
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Cost
Impacts
Base Costs l

Project Cost Pro;ect Completlon Date

Deterministic Costs Deterministic Date
e.g., $1,435,674,571.47 e.g., 1 April 2022
Cost without information on uncertainty Cost without information on uncertainty
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Consider your uncertainty

Would you wade across a river with an average depth of one meter?
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Cost Schedule
Impacts Impacts

¥

I

Base Cost Time Related

Costs Schedule incl. Risk

Completion Date

1 Delay Costs

Project Completion Date

Budget Target Date

S d
Probability Information for Budgeting Probability Information for Completion
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Probability of not exceeding in %

Conference
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Cost Results

1,102.9

P11

//

==-Bud

get

Base Cost Q2/2019

Base Cost + Uncertainty Q2/2019
——Base Cost + Risk Q2/2019
——Total Cost Q2/2019

1/ !
700

BR + Escalation
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1,200

1,300

Cost in € Million

Key

Cost estimate vs. P80

' Budget vs. P80
| Cost estimate vs. P80
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3. Digital Project Risk Twin
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o Input {2

Condensed

B Schedule

[: .( =

A
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Project Risk Twin

<= PROJECT
= RISK

Risk Cost
Register

Integrated Analysis of
Cost and Schedule

Budget
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Sample
Model

Conference

Workbook Edit View Help

“Eanmp g o6

Input Gantt Value adjustment

Sample Project Tunnel X | Risk Register X |Schedule X | Templates X | &
@X | 9 e by Tilaa @ is,

“Fgl 4 Risk Register
“ (MEBR Risks
“ [ rIR Identified Risks

4 (A RIRP Procurement Ms2982 M$0.100
- @ ROO1 Market Ms 2866 MS 0.000
- o RO02 Contractor bid protest M$0.000 MS$0.100

M$ 40367 MS$ 12471
MS 40.367 MS 12471

M$ 32.209 MS$ 13.956

eologica eotechnica M 882  MS$ 9390
- @ R0O03 TBM N1+N2 - Extension fault zone km 2.0 MS$ 1.087 MS G900
LY RO04 TBM N1+NZ2 - Immobilization squeezing ground M$ 0.000 M§
Fl 8 R00S5 TBM N1+N2 - Extension of final lining M 10.727 M$ 4250
- RO06 TBM N1+N2 - Tunnel water inflow > 40l/s M$ 1.507 MS$ 0.820
o ROO7 TBM N1+N2 - Change in excavation & support categories M$ 0.088
@ R0O08 TBM S1+52 - Advancing through fault zone M$§ 1.265 MS$ 1.200
8 RO09 TBM S1+52 - Change in excavation & support categories M$ 0.000 |
RO10 NATM N1+N2 - Change in excavation & support categories Mg 0.353
o RO11 NATM N1+N2 - Tunnel water inflow >40 I/s ™S 1.358 M$0.750
. 8 R012 NATM F1+F2 - Change in excavation & support categories M$ 0.045
RO13 NATM 51+52 - Change in excavation & support categories Ms 0.020
B @ R014 NATM Cave-ins of 5m® to 20m® Ms0.582 M 0.505

RO15 NATM Cave-ins > 20m* M$ 0647 MS0.510
- RO16 AS - Change in excavation & support categories M§ 0047 M$ 0.036
- RO17 UR - Change in excavation & support categories MS$ 0000 M$ 0.004
D- RIRE Environmental

4 CAEMRIRA Authorities M$0.158 MS0018
- @ R023 Closure main access road M$0.123 M$ 0.000
BB @ Ro24 Permission for access road M5 0000 M$ 0078
a D- RIR.D Design & engineering  M$0.000 MS$ 0.005
- o R0O25 Incomplete design M$ 0.000 MS 0.005

4 (G RIRC Construction M$0.000 MS$0.200
- 8 R026 TBM S1+52 - Main bearing damage M$ 0.000 MS$ 0.200
RO27 TBM S1 - Startup delay M$ 0.000 MS 0.000
- 8 RO28 Logistic problems crosscut north (5-12) ms 0.000 0.000
- RO29 Logistic problems crosscut south (13-25) Ms 0.000 PMS 0.000
4 (Ml RDC Delaycost Ms3041 Ms-1.485
. @ RO30 Owner's delay cost M§ 6626 M§ 2520
8 RO31 Contractor's cost  MS 0000 MS 0495
- R032 Contractor liquidated damages Ms 0.000 M§ -1.980
- @ RO33 Economic gains/losses due to deviation from target date |v$3.547 MSo0

" [ @) RUR Unknown risks

M$ 4329 M$4.243

MS 0.000

Tree Input Value adjustment

Send Feedback

“manmpD e

Diagram: E Base + Risk Schedule hd
L Base + Risk Schedule X 2.
Planning | Ranges
QEEH w=m12 @ @ ¢ » iy ~TrH-" M= v, = s
Project Start: 12/25/2018 (Construction Start)
Default Calendan 2019 2021 2022 2023 2024 2025
Code Name Start Duration [d]
~ M Tender, Access Shaft 12/25/2018 729 ) T | Tender, Access shart A~
1 * Construction Start 12/25/2018 0 O-Construction stant
2 == Tender, Contract Award 12/25/2018 393 1'!«..12. Contract Awsrd
3 = Access Shaft 1/22/2020 336 _]—ATm Snafe
~ M South Drive from Access S| 12/23/2020 1,160 1 Soutn Drive from Access Shaft
== NATM south 1st tube 12/23/2020 88 \AT'V‘snutr' 1strube
5 tube 2/21/2021 88 [HATM south 2nd tube
6 TBM south 1st tube 7/19/2021 604
7 = TB-;G B4R 1 NP BB Ton raut®one km 2.0 ws 1087 ms o) TBM south 2nd tube
8 == crosscut south (13-25) 4/28/2023 169 crogscut south (13-25)
9 == final lining south 1sttube  10/14/2023 107 final fining south Tst tube
10 = final lining south 2nd tut  11/13/2023 105 final lining south 2nd tube
~ M North Drive from Access S/ 3/21/2021 602 1 \‘w Drive from Access Shat
1 = TBM north 1st tube 3/21/2021 433 i TBM north 15t tube
12 = TBM north 2nd tube 5/20/2021 433 o north 2 s
13 ™= crosscut north (5-12) 8/10/2022 95 mcrosseut nomth (5-12)
~ ™M Drill&Blast from North Pt 6/20/2020 1,337 I Drill&Blast from North Portal
14 = earth and civil works, roa ~ 6/20/2020 200 —_I.-im Muwillwcw road construction .
4 General Duration Cost | Links | 4 Milestone Previous Next |Ad
(%) @ Total duration Det. 604.00d VaRS 456.49d VaRs0 555.38d VeRgs 923.36d
R P
0~ @ saseline Time 472.00d 10000 % | = 472.00
0 ~ @ uncertainty 000d 10000 % A -40.00 000 60.00
0 v @ Owner 21.00d -27.93d 414d Tr2d @ from @ RO09 TBM S1+52 - Change in excavation & support categ
0 v G Contractor 18.00 d 000d 0.00d 19859 d o from @ R026 TBM $1+52 - Main bearing damage 2432
0 v @ contractor 15.00d 0.00d 0.00d 72704 @ from @ R027 TBM S1 - Startup delay 22
0 ~| @ Owner 7800 d 000d as2d ass00d (@ from @ R008 TBM $1+52 - Advancing through fault zone 320
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Default Calendar

2021 2022 2023 2024 2025 2026
Name Start Finish Duratior
+ ™ North Drive from Access Shaft 3/21/2021 11/12/2022 602 | ' 1 ﬁm Drive from Access Shat A
== TBM north 1st tube 3/21/2021 6/17/2022 454 TEM north T‘sttube
== TBM north 2nd tube 5/20/2021 7/26/2022 433 TBM nor"th 2nd tube
m= crosscut north (5-12) 8/10/2022 11/12/2022 a5 'c‘rolsscut north (5-12)
~ M Drill&Blast from North Portal 6/20/2020 2/16/2024 1,337 I Drill&diast from North Fortal
m= earth and civil works, road construction 6/20/2020  1/5/2021 200 2arth and civil works, road construction
== NATM 1st tube incl. crosscuts 1-3 1/6/2021 7/27/2021 203 NATM 15t tubs incl. crosseuts 1-3
== NATM 2nd tube incl. crosscuts 1-3 3/7/2021 9/26/2021 204 NATM 2nd tube incl. crosscuis ‘1-|3
= NATM fault zone 1st tube 7/28/2021 5/7/2022 284 NATM fault :IaTelunube
== NATM fault zone 2nd tube 9/27/2021  7/6/2022 283 NATM fault zone 2nd tube
== final lining north 1st tube 11/27/2022 12/18/2023 387 final lining north 15t tube
== final lining north 2nd tube 1/26/2023 2/16/2024 387 final lining north 2nd tube
+ M Underground Refuge 9/24/2021 3/28/2024 917 I Underground Refuge v
 —————————————————
 d General Duration | Cost ‘ Links | 4 Milestone Base Uncertainty | Previous | Next |E|
® Total duration Det. 454.00d VaRS 343.06d VaRS0 471.23 d VaRpS 633.54d
1+ i Parallel / serial grouping Risk Driver
D o Baseline Time 304.00d | 30451d 31036 d 325.09d oI @ Base Time TBM north 1st tube 392
ﬁ
D~ 0 Owner 6.08d [ -332d 10.41d 2890d B‘\‘m‘n @ Risk Driver According to Project Readiness Questionnaire 3973
f
0 v 0 Owner Ris k 84.00d 0.00d 8761d 153.82d @ from @ RO07 TBM N1+N2 - Change in excavation & support categorie:
) .
0 v |@® owner . . Discrete 8.16d 2863 d s676d @ from @) R0O06 TBM N1+N2 - Tunnel water inflow > 40l/s 2450
attribution :
0 v @ Owner risks 0.00d 0.00d 15267 d @ from @ R004 TBM N1+N2 - Immobilization squeezing ground 2440
0 v G Contractg; 15.00d 0.00d 0.00d 62,68 d @ from @ RO71 Logistic problems TBM north 1st tube 3977
—
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SampeProct Tumel X |k Rogoir X |Schede X | Tempsies % | G Ll S P P Tt Pt FI7E Cer s
L QLS SV 10 Froperties (Papporelcuslons | Cngparns Lot s [l ¢ (Base s sk schesie (5] s Propetes | Temporst cutiows | Cograms. | Cost efererces
= uston Temadis
“ Bl A PRI Tumnel Project  yog 36704 w9383 (2) Forcamantals  Dawome: azsavs 53] : Evalustion | Cost outfow | Dise Chart | Cost compontets Rages
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@ ceoiogaaiin [ Grapticn evsuason aiomes & mmons wee -0 | Cate Nome Sart  Durson ]
“ [l 015 Design & anginesring = 0 e, Access Shatt w0 T 158 .
Project management 14 33 Sat of evsiuated comt comparants. Man liews R 1 * Consiruction Start 1272508 [] Bei sz | @ e
Design & engrneering 5 2 - Tender, Contrac
WO S scrion O 1 5 @ B Ttboeacon s SsIm25ET SOTETMBIND0 wess  SUMIETORIN200 s 81106,596,48000 : _L’ S:  horerd ;:: [ Jitruar ot
RO25 Incomplete design e )
IR e | e pet - . P
Yo u"hw_ ’“_ » . 4 - ATM south st fube ] [
I © o33 Economic gainsosses dot 1o devatian rom target date s 1555 s 0sen ¥ o > = AT south 2nd tube "‘ Y - o
- i b 6 =T st T e 0 i— e Qv
B © Escasion ! o - T = TEM o 2nd e sa [ —
« mEma o i § . = s souh [13.25) 18 [ p—
. b-m::r"'y""“ . . = o =i g south Tt tube | TUI4Z08 07 o
ot s 13 : | e ] Qs
=50 LR S ' P = 2 North Drive from Access 5 a2 [ J—
Lot e R N = TMw e o .
Foal iy 53 K3t @ © sowion te S an  TSESIANM W SHRSIBSAD s STRSVENO0 ? =TBMrernianbe N 43 Qouinzvarans
) llonances on ase cost o s l - cosctneth 52 U022 95 P
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RN NATM 51+52 - Chamge in excevation & suppart categones. +5 0020 M5 0027 . . 1 - eacthand vl works, e 6202020 200 [ et
FOT2NM 1.2 G cxcrtion R g 1000 Faes . - s PSR - °
N2 - Tusm woter nfow >80 Vs 1357 70 i n b B ]
R4 NATM Cave-ims of S’ 10 20m" seg 05m0 rey 0505 | p ¢ AT 2 el e o
RS NATM Cave-ra > 20 wf s oo | o " = NATM faudt 20ne st hubs 284 10 2052 Comtucse cpsctinns dimages
1RO2E Logistic problems crosscut morth (3-12] e oo ses a0 ! 8 = AT fudt 3000 20 1t w3
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RO2TTOM 1 - Stup elay g 0000 g co0e . Tee (D) (D) » ou Va0 s ) waso ar2y2a. s aiojan2s
4 [ M PRIODTON Accessshaft wiiste M &P PPy # 8 4 Tima (WD) [ @ 013 ramart s - e g
) Q Eresvoson &suppon s 0z wrs @ fase - : ‘
[T @ @euecon Cw SEIESIEZ Wi SUMIZ Wi STLISSAADD K $60956896000 R
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02704 Underground refoge v isesa wsiasss - n T i
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WBS with structures cost Probabilistic results for all cost components for Integrated schedule with assigned risks and millstone Tornado chart with sensitivity analysis
components the selected WBS level analysis
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Results and Dashboards

= Escalation
W individual Risk
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* Yoral Project Cost
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