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Project Risk Analysis & Simulation: Applications

= Public infrastructure
= Transportation
= Utilities
= Buildings
= \Waste management
= Etc.

= Private ventures
= Facilities
= Product development
= Software
= Etc.
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How do we model a project?

= Sequence of activities,
defined by predecessor-
successor relationships

= Key milestones and
objectives

= Possible decision points

= Resource expenditure
(e.g., cost)

= Risks
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Project Risk Analysis & Simulation: Uses/Objectives
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Project Model Inputs

= Activity costs and durations
= Logistics (e.g., inventories, shipment rates, etc.)

= Other project metric descriptors, as appropriate (e.g.,
environmental impacts, etc.)

= Estimating uncertainties associated with the above,
Including correlations

= Resource limitations / constraints (e.g., annual funding
caps)

» Risks to project metrics, including potential impacts and
probability of occurrence
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Project Risk Analysis & Simulation: Outputs

=  Probability distribution of
cumulative cost

= Probability distributions of
milestone completion dates

= Expenditure rates / cash flow

= Sensitivity of input uncertainties
and risk events on key outputs

= Probability of activities and
milestones being on critical path

= Comparison of alternative
scenario performance

= Probability of failure
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Some Useful GoldSim Capabilities for Model
Construction

= Event-driven models (no basic timesteps)

= Conditional containers to represent activities

= Milestone elements to track start and completion dates
= Decision elements to handle branching logic

= Allocator elements to assign available funding
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Project Model Structure Example




Event-Driven Models
Simulation Settings... [&2]

MOdeI Only updates When Somethlng Time | Monte Carlo | Globals | Infarmation |
113 1] . . Specify timestepping options for the model.
happens” (e.g., activity starts or G

[ Show Scheduled Updates... l
finishes, event occurs). e 5o ome Depiy Ut (]

Duration: 4130 day

CaICUIatlonS (eg’ Spend rateS) are Start Tirme: g/10/2018  [Ev  12:00:00 AM =
assumed to be uniform between dTime: 1232029 G 120000 W [
u p d a.tes . Timestep Settings

Alignment: [ Calendar aligned v]

This is efficient and reduces sascstep: [Nobasesten )

Reporting Steps: Major Period: Minor Period:

simulation time, but can result in loss s . s
Of accuracy If trlggers not Set up Period Label:  Major Minor

Save Results: |Reporting Steps vl

Carefu I |y- o 137 scheduled update times, 137 saved
Result Size: 0 byte historias, 0 byte final values Adyanced...

» For example, should avoid use of “On
True” triggering because the model will

0K H Cancel H Help ]

not necessarily update immediately
upon the condition being met.
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Use of Conditional Containers

Use of triggers to represent the activity’s
activation and completion

Useful triggering mechanisms include:

* On Event: for completion events of
predecessor activities

At Duration: for specified or internally-
calculated duration

At Stock Test: for decrementing “work
remaining” approach

At Date: for specified (future) date
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Container Properties : Containerl

| General | Graphics | Information | Conditionality |

Conditionality

This Container is conditional. Conditional Containers can be activated
and deactivated when specific events occur and/or conditions are met.

Activation

Define requirements to activate: .~ Activation...
Operation

Define operating Resource Requirements.
Deactivation

Define requirements to deactivate: .+ Deactivation...

Treat deactivation as cornpletion if this condition is true:

true

If a Container is deactivated due to an operating Resource Requirement
not being met or deactivation of a parent Container, the Container is
considered to neither have terminated nor completed.

L Define Triggering Events

—

— | Auto Deactivate

On Event -
i
On Changed

On True

On Falzse

At Stock Test

At Date

At ETime —
Auto Deactivate 2
At Duration




Conditional Container Event-Driven Triggering

- . =] =] ]
Conditional containers 4
produce additional 0 i .
outputs, including several Container2 | + JJ}] Contaimer2)
events that can be used = " 4.7 Conditionality
to trigger activation and/or | P Activity_Status
deactivation of successor | > Completion_Status
e e } Num_Activations
containers. | ) Duration

------ } Activation_Ewvent
------ } Completion_Event

------ } Termination_Event

4 4

Activityl Activity2

12

b GOLDER



Milestone Elements

« Useful for recording
achievement dates

« Standard triggering
mechanisms are available

¢,

. Miles}nnef-l A{! Milestone4 |
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Milestone Properties : Milestonel e
Definition | Rasults
Element ID: Milestonel Appearance... ]
Description: -

Milestone Activation

@ Event may only occur once
(0) Event may occur multiple times
(@ Store time of the first occurrence
Store time of the latest occurrence

Trigger...

Record 3 warning message if this milestone is never achieved

Save Results

Final Values Time History

I oK ” Cancel H Help
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Decision Elements

m Useful for triggering subsequent
logic based on a condition that
can be tested

m Triggers events (up to 3) based on
test condition

m Standard triggering methods apply

@

. DECiEiDnE a Eg? Deci5i0n2|

...... P Casel

Septembe:r v, cuio 14

b GOLDER

Decision Properties : Decisionl

Definition

Element ID: | [REE]yH8

Appearance...

Description:

-

Triggering

Trigger...

Output selection when triggered

Condition to test

ID of output

If Iﬁlse Casel
[ else i I
else
Save Results
Final Values Time History
I 0K I [ Cancel ] [ Help




Allocator Elements for Resource Distribution

Allocator Properties : Funding_Allocation_Global -f .

Can be used to allocate available —
funding (or resources) among Clment ;. Fnding_Alocatn_Goba
activities or groups of activities :

. . L Display Units: |M$J"‘.-'r Type:  |Value -
based upon user-specified priorities.

Amount: I.ﬂwaiIahIe_Funding_GIohaI f 4
N Qutputs
ReqUIreS. Priority Mame Demand
FundingPriorityCrossCut |to_Crosscuts Desired_Spend_ U
FundingPriarity_SitingPro ito_Siting Desired_Spend_

FundingPriarity_StorDes ito_Storage_Design Desired_Spend_

e Avallable amount FundingPriarity_StorMEP to_Storage_MEFPA Desgired_Spend_

FundingPriarity_StorReg ito_Storage_Regulatoi Desired_Spend_

FundinaPriarity. Tranen  itn Tranennatinn PriNesired Snand

¢ DeSIred amount for eaCh + X 1' Nl-'l o [ : AIIO'..'uetliitinjofPr:rrties
allocation group sove i

Final Values Time History

* Priority for each allocation group o J[ cnal J[ e
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Stochastic Properties : Cost_Vector @

Correlation Matrices =

Element ID:  Cost_Vector
Can be used to define correlation | __*
coefficients among groups of

Type: Mormal ,/' Edit...

Inputs (e.g., activity costs or cost
components).

Deterministic Value: Mean Define...

Importance Sampling: \-; Mone

Data Source: [None -

= Stochastic inputs grouped into

Final Values Monte Carlo Histories

a. VeCtor [ OK ” Cancel H Help ]

[ | GOIdSlm Wl” ensure that the Correlation Algorithm: [Cﬂpula.: Gaussian ,]

1 2 3 4 3

matrix is internally consistent S
3 0.5 0.5 1 0.5 0.5
4 0.5 0.5 0.5 1 0.5
5 0.9 0.5 0.5 0.5 1
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Correlation Matrices: Example

Correlation Matrix Pairwise Correlation

N\ N,

Cost_Vector Correlations_Matrix Cost2 \
) —
N
/VE_JI « | .
/\ Cost3 / CC_Pt5
Ell\

) Correlations_Individual
Cost1 /\
o ——/m
Cost4
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Correlation Matrices: Example

I Correlations_Matrix = @
ik 2D Chart  ;fl 3D Chart [ Table Correlations | g Sensitivity = Use Ranks T, [}
. . Cost_Vector[1] | Cost_Vector[2] | Cost_Vector[3] | Cost_Vector[4] | Cost_Vector[5]
Correlation Matrix Results Cost 1 0.505 0.501 Py 0.901
Cost 0.505 1 0.511 (0502 \ 0.508
Cost 0.501 0511 1 \ 0499 / 0.501
Cost 0.510 0.502 0.499 -~ 0.505
Cost 0.901 0.508 0.501 0.505 1
| Correlations_Individual = @
ik 2D Chart i 3D Chart  Ff|Table [fg Sensitivity !=UseRanks T [}
Pairwise Correlation Costl Cost2 Cost3 Costd Costs
Costl 1 0.502 0.506 [y 0.901
Results Cost2 0.502 1 0.253 (0252 \ 0453
Cost3 0.506 0.253 1 \0.252 / 0454
Cost4 0.515 0.252 0,252 T 0461
Cost5 0.901 0.453 0.454 0461 1
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Some Useful GoldSim Features for
Output Evaluation

= Scenario Manager

= Sensitivity Analysis

O GOLDER
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Scenario Manager

Allows for comparison of
alternative scenarios within
a single simulation.

For example:

* Funding scenarios
= Design alternatives
= Delivery methods

= Project development
strategies

O GOLDER

Scenario Manager

Existing Scenarios

Scenario Name Scenario Description Style Show Action
Wf =FErEE Single Federal facility following extended CBS proess. [— | .] Run Scenaria
Scenario 2 - Private Initiative .. - . R . .
Single facility as private initiative with an accelerated transportation & X
w/ Accelerated NEPA, . [— | .] Run Scenario
Following NRC EIS storage EIS, which follows NRC's EIS.
Scenario 3 - Private Initiative Single facility as private initiative with a site-specific EIS [ ||:|] Run Scenarig
w site-specific NEPA : —
Scenario 4 - Private Initiative .. - . S " .
Wi Accelerated NEPA, ;l:rg;:efaEclllsltywaﬁi:’:n;:;ed;nm;gz lg:g‘l an accelerated transportation & [ “:” Run Scenario
Leading NRC EIS ! i
New... ] [ Delete Move Up [ Move Down ] [ Scenario Data... Run Al
Active Scenario: [Scenam 1 - Federal Extended v] [ Close ] [ Help
L M1 1 Completion (1 =R E—
| PoF ([ZCOF) b ocoF [ O] M Table 2§ B ol[@i®]|
v Wean iefat) = o Reaik: Pict SF B Ress z R =

Pilot|SF Begin Receipt Date
* Prior to Optimization o Risk Mitigation *

Probabillty of Not Exceeding

[~ M14_1_Pilol_ISF_Begn_Receil Date (Baseline Scenario)
hH14 1 Pilot_|SF_Begin_Receipl Date (Baseline with Early Volunteer)
-+ M14_1 Piot|SF_Begin_Receipt Date (Baseiine with Constrained Starn

Pilot ISF Expenditure Rate
* Prior to Optimization or Risk Mitigation *

>

&

Z

g

T

E‘

d

&

LIJ‘

u

2

Il

5

z \

Time:
Piot ISF_EXp_Rate (Mean)

|—— Baselne Scenario Baseline with Early Volunteer  —-#--  Baseline with Constrained Start
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Sensitivity Analysis

Selected inputs are
Independently varied over
their range of potential
values (e.g., 10t to 90
percentiles for stochastic
Inputs)

The value of a specified
dependent variable (e.g.,

Sensitivity Analysis

=

Select the result that you are interested in, enter the Independent Variahles that you want to
analyze, and then click on the appropriate button to carry out the desired analysis.

Result to Analyze:

Central Value Result: |

Independent Variables

Calculate

# | Name Units Lower Bound Central Value Upper Bound |Plot o

1 |Risk_CHO1_1_Cost_... M 10.0 % 50.0 % 0.0 % ;V' E

2 |Risk_CHO1_1_5%che... 1 10.0 % 50.0 % 90.0 % ,"\(’

3 [Risk_CHO1_2_Cost_.... M$ 10.0 % 50.0 % 90.0 % Fevd

4 |Risk_CHO1_2_Sche... T 10.0 % 50.0 % 0.0 % ;V'

5 |Risk_CHO4_1_Cost ... M$ 10.0 % 50.0 % 90.0 % ,"\(’

6 [Risk_CHNO4_1_5Sche... yr 10.0 % 50.0 % 90.0 % Fevd

7 IRick rHMN2 rnct Sao M A0 N oL BN N oL an nos Asf N
[ Add... ] ’ Delate l ’ Add all Stochastics ] [#] Use guantiles for Stochastic elements
Analysis
[ Tornado Chart... ] l Result Data... l [ X-¥ Function Chart... ] #Points:

|'-LRe5uIts\CDstsByCategurvPhase'\Fu||_C05ts_AII'-LC...'-LCumuIat'n.fePrngramCDst x

[ Close ] ’

Help

l

milestone completion date) is

recorded with each variation.
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Sensitivity Analysis

Tornado Sensitivity Chart - Analyzed Result: M14_1 Pilot_ISF_Begin_Receipt.ETime (day)

7500 7600 7700 7800 7900 8000 8100 8200 8300 8400 8500 8600 8700 8800 8900 9000 9100
Base_Duration_A5_4 N L N L L ‘—‘ ——
Base_Duration_A5 3 1 \
Base_Duration_no_TSAR_A610

Risk_I2_Occurrence

Risk_LR1_Occurrence
Risk_S1_Occurrence
Base_Duration_A11_2
Risk_M2_Occurrence

Risk_LR6_Occurrence
Base_Duration_A2_2_2
Base_Duration_A11 1
Base_Duration_no_TSAR_A321
Base_Duration_A6_15_2
Base_Duration_A6_15_1

Base Duration_A2 2 1
Base_Duration_A922b

Risk I6_Occur A3 2 1

Base_Duration_A6_5

Independent Variables

Risk_110_Occurrence

HHI 1

Risk_19_Occurrence

0 tow W Hgh
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What Works Well? (1 of 3)

= GoldSim provides a great deal of flexibility to address
complex modeling situations (e.g., risks, branching logic,
decision rules, etc.) and allows the developing of custom
decision support models free of constraints introduced by
commercial scheduling products.

* Dashboards to develop custom user interface.

= GoldSim’s output capabilities facilitate powerful, interactive
discussions with decision makers.
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What Works Well? (2 of 3)

= The GoldSim scenario S —— o
manager provides an
excellent tool for easy
comparison of alternative
scenarios or strategies
(e.g., funding constraints,

schedule acceleration,
design alternatives, etc.).

o 04
o
3
203
02

= Reporting periods support
cost reporting (e.g., by
fiscal year).

Date

[——M14_1_Piol_ISF_Begin_RecejptDale
——  M14_1_Piol_ISF_Begin_RecejptDate
——  M14_1_Piot_ISF_Begin_Receipt Date
——  M14_1_Piol_ISF_Begin_RecejptDate

Baseline Scenario)
Baseline without risks)

Baseline with Third Party Risks)
Baseline with All Risks)

September 20, 2018 24

b GOLDER



What Works Well? (3 of 3)

= The GoldSim sensitivity analysis capabillity is useful to
determine the relative significance of stochastic inputs
(particularly with respect to the nonlinear schedule
results); however, careful structuring is required to
achieve maximum benefit.

» GoldSim’ s modular framework allows for relatively rapid
model development once the basic building block
structure Is established.
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What are the Challenges? (1 of 2)

» GoldSim does not offer a “canned” solution for project simulation, and a
solid understanding of GoldSim’s triggering methods is necessary.

= Calculation of critical path has to be done manually because GoldSim
doesn’t record the element responsible for a triggering action.

» This is a potential area for software enhancement.

= Project models typically involve a large volume of input data (e.g.,
costs, durations, risks, etc.).

= Carefully-structured input spreadsheets (with associated spreadsheet
elements) can alleviate the data management challenges.

= Selective saving of results (particularly time histories) can help manage
file size.
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What are the Challenges? (2 of 2)

= Handling correlations among a large number of
probabilistic inputs requires careful consideration.
» GoldSim provides mechanisms to address correlations (including

correlation matrices), but careful thought should be given to this
topic when developing model inputs and designing the structure.

* The logic can be complex and difficult to verify.

= Recommend performing independent, deterministic, calculations
of schedule and cost (e.g., in a separate spreadsheet) for
comparison with model results.
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Conclusions

= GoldSim provides a powerful environment for simulation of
complex projects.

= Particularly suitable for projects requiring key decisions to be
made despite significant uncertainty related to cost, schedule,
or other key metrics, branched logic, and multiple alternatives.

= GoldSim particularly shines in situations where the model can
be used as an interactive demonstration tool.

= Such models tend to be complex and the modeler will be
presented with challenges related to data management and
probabilistic calculations, but GoldSim provides tools to
overcome these challenges
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Questions?




