2= Fermilab

MuZ2e Risk Management Process for

CD-2 _

Mike Dinnon
Risk Manager
10/21/2014



Introduction

Mike Dinnon
— 10 years experience at the lab
— Helped develop Fermilab Risk standards

— Worked with Fermilab Projects to develop risk
programs (CMS, MicroBoone, Mu2e, LBNE)

— Currently also LBNE Risk Manager
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Outline

 Introduction

* Risk Management

* Roles and Responsibilities
* Risk Identification

« Qualitative Analysis
« Quantitative Analysis
* Monitoring

 PRA Monte Carlo

« Cost Risk

e Schedule Risk

e Summary
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RISK MANAGEMENT DURING CD PHASES

CD-4

CD-0 CD-1 CD-2 CD-3
Approve Mission Approve Performance Approve Start of Approve Start of
Need Requirements Baseline Construction/ Operation or
& Alternative Authorization Project/Transition
Selection to Complete Completion
. . And Cost Range Implementation
Risk Planning
>
Q Risk Management Documentation
»
>
Qualitative Analysis Process
@ >
. Closeout
»

@

Q Risk Communications

Q Lessons Learned

Critical Decision Phases with continuous and iterative risk
management.
2= Fermilab
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Risk Management

* Risk = an event with a probability to cause change in the
project baseline and impact the project goals

— Threat: a negative occurrence
— Opportunity: a positive occurrence

« Goal of Risk Management is to reduce the project threats and
capitalize on project opportunities while managing uncertainty

 MuZ2e Risk Management plan
— Based on best practices

http://mu2e-docdb.fnal.gov:8080/cqi-
bin/ShowDocument?docid=461
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Risk Management

« We follow established standard practlces

DOE G 413374
1-12:2011
Risk Management Guide
[This Guide describes suggested for meeting i Guides
mwmmMmMmmwkaWm in any audit or
appraisal for liance with the parent Policy, Order, Notice, or Manual.]
U.S. Department of Energy
Washington, D.C. 20585
AVAILABLE ONLINE AT: INITIATED BY:
hitpswww. directives,doe gov Office of Management

FERMI RESEARCH ALLIANGE. PROCEDURES
{ suasncr: PROJECT MANAGEMENT it
Resrossmiery: G Reveson:
Armoreiv__ W — 1T
T WA Mamageemons
1w nmn
il pooject risk Risk whent deoe
socoenfully, el 10 both the t 04 cout efficincy 00 & project and y
10 masage a mnum-m“s-mp«uu-umu-em
tools end sirrulations 10 bemer characterize
This docussent describes the Risk Managemest Process foe Fermi National Accelerator
Rosk Maragerren! ive step process (hat inchedes Plasning, Meons ficaon, Analysis, Executios,
and Evaluation of sakd risks and a plan 1o tack. manage and mirigae those risks 1o ensure the
ﬂfmhn ruwu&m«m# uskenowa” risks

umu

this docement, refer progects an p
DOE Guide 4 uucwﬂnooeonuzlwswqa«pmm
Guide) provides noo-mamdiory Tisk management approaches and estimate encerainny gusdel

=plemerang the mumo u)u.hn‘-—uhmumm/wnl
mn-:’(‘qum.rb-m poovided inpet and in some msaces direct

vide o best guidance ca

Section 102 Deflaltion
Situstiors that have polestial 8 cause an uzwanted or wdairad change in schedule, cout, scope,
ES&H or techrical sucoess are described a4 & “Yisk™, A risk is explained s 2 defizable evert with &

poteatial 10 casse & wartiod or desired chasge i the foem of an “opportenity”. Risk bas &
deficste cause sod, if triggered, & reuiking effect.
Risk Severity = Probability x lespact

et Poue b ren Doae 3133000

AGUlﬁE ;
TOTHE

PROJECT MANAGEMENT

BODY'OF KNOWLEDGE
(PMBOK GUIDE) Fourth Edition

==

— http://science.enerqy.gov/opal/project-management/processes-and-procedures/

— http://www.fnal.gov/directorate/OPMO/OPMOhome.html

— http://www.pmi.org/PMBOK-Guide-and-Standards.aspx
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Roles and Responsibilities

The Mu2e Project Manager Is responsible for:

Developing the Mu2e Risk Management approach
Executing the risk mitigation strategy
Scheduling periodic reviews of project risks

Assuring that the risk analyses results are appropriately
documented, tracked, and closed in the Mu2e Project Risk

registry
Approving, modifying, or assisting in risk abatement
strategies

Chairing the Risk Management Board

Muz2e 2% Fermilab
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Roles and Responsibilities

The Mu2e Level 2 managers are responsible for:

« Performing a risk analysis including identification of potential
risks to the technical, cost, ES&H and schedule success of
their WBS system; determining their likelihood of occurring;
and estimating their potential impact on the project. This
analysis Is performed down to WBS level 3 or lower, as
appropriate.

* Developing and executing risk mitigation strategies for their
Level 2 system

* Informing the Mu2e Project Manager about the significant
risks and the status of risk mitigation strategies in their WBS
system

MuZ2e 2% Fermilab
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Roles and Responsibilities

The Mu2e Risk Manager iIs responsible for:

« Performing a risk analysis with Primavera Risk Analysis
(PRA) on the RLS analyzing cost and schedule impact

« Coordinating risk meetings with the Project Manager and L2
managers

* Developing Risk presentations
« Maintaining risk information in a project risk register

Link:
MuZ2e Risk Reqister

MuZ2e 2% Fermilab
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http://mu2e-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=4320

Risk Identification

* Risk items are identified by team members and documented.
« Compilation is assembled and reviewed at the Subproject
level then submitted to the Project Office.
— Many meetings with L2's and PM to discuss impacts

— Solenoids broken down further - CD-2 Director’s Review
recommendation

* Risks are then combined and the Project decides on those
risks to be included in the Project risk register.

« Currently MuZ2e risk register contains 84 entries
— 15 opportunities 69 Threats
— $6.495M Exposure At 80% Confidence

Muz2e 2% Fermilab
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Qualitative Analysis

« Initial Qualitative analysis of probability and impacts is
recorded on a risk form and downloaded to the docdb.

(o 3 % Tools~ bE ¥ -3 [ Pagel2of3 ~ p ] view Options * X Close

Mu2e Risk Form

New Mitigation Plan or Additional Risk Mitigati Description: Evaluate th ofthe
Risk ASIC for the front-end boards.
Identifier: _C. Dukes Risk Owner: C. Dukes
Risk 1Dz VETO-160 Risk Type: OPPORTUNITY Response Type New or Additional Mitigation | Schedule impact of undertaking | Probability of plan
. s (Accept, Reduce, Avoid, Cost Range the mitigation plan— delays Level | failing to achieve
Date: 5/8/2014 Date revised: Transter) ) 3 milestane or project critical | qypected mitigation
Low Bound U Bound | L Bop?:dhl [1] g Bound (HMH,MLL)
Risk Title: The BNL VMM 2 front-end ASIC can be used, e AN O pper Bou LDMETEEO pper Bou
ccel
Risk Description: We use a modified version of the VMMZ frant-end ASICIn our front-end boards. P
Residual/ Current Risk Probability and Impact Scores:
Detailed Risk Cause: Favorable evaluation of VMM2 modifications needed to make it meet requirements for the CRV. Residual IHIGH
Schedule SCHEDULE IfHIGH COST
Detailed Risk Effect: Substitution of the VMIM2 ASIC for the ultra-sound chipin the front-erd boards. Residual/ Impact . IMPACT, . Residual ES&H
IMPACT, Residual Cost Residual -
WBS Affected: 375.08.06 Current (Delays Level Upper Bound and Quality
Probability | 3milestone or | UPPeY Bound Jspecl of Residual | ScoPe Impact Im|
Other WBs Affected: (WHE VL) | profect aritiat | OFResidual | (VHHM, Lvty | FESEERE | (vi, LVL | BRSO
ActualStartDate | ActualFinish Date path (Days) e ($)
(when available (when available from (vi,m, Ly | 'MPact (Davs)
= w'wd"k:vm L v v N N
Additional Notes: Atthe present the VMM2 ASIC appears to be too slow and henceis not favored for the front-end
boards.
Initial Risk Analysis — i ity, text visk
ity): pr e icated and in sections include the flux from the entire run.
Initial Risk il Impact i lan 1 doc-461) Tables 1 and 2
Initial Point estimate Point Estimate Point estimate EXPECTATION | EXPECTATION VALUE
Schedule If HIGH (cost k$) (schedule-days) (probability) VALUE IN k$ IN Days
7 1 HIGH COST
b=t pasuLY IMPACT, Initial ES&H
Init (Delays Level IMPACT, Initial Cost . Initial Scope "
) Z Upper Bound and Quality
Probability | 3milestone or | Upper Bound Im e — Imj e
VR, LV | project oritical | of current | (VRRMUVL) | (ot | vV | B
path by) in Schedule ) i ($50,000) 0 20% ($10,000) 0
days Impact (Days)
(VH,H,M,LVL)
L vL vL N N

Exposure (What the riskwill cost when it occurs): $50,000 savings

Initial Risk Mitigation Plan considered in the Initial Risk Analysis and included in the Base Plan Cost and schedule:
Determine the detailed performance characteristics of the Vi

Plan Mitigation Cost Start and Finish Dates.

Base Plan Mitigation Cost () Uncertointy (8)

or
Description of Current Mitigation Plan Duration

MuZ2e 2% Fermilab
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Qualitative Analysis

* An overall risk score Is given to each risk item by a
composite of the impact and probability score.

Tahble 1: Risk Classification Matrix

Impact
Probability Verv Low Moderate | High Vervy
Low High

Very High (= 90%)
High (75% — 90%)
Moderate (25% - 75%)
Low (10% - 25%)
Verv Low (= 10%)

MuZ2e 2% Fermilab
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Qualitative Analysis

* Impact assessment table

Table 1: Impact Assessment Matrix. Impacts range from Fery Low to Very High.

pact Very Low Low Moderate
Risk
Cost =3530K SS0K - 100K | S100K - $2350K | $230K - $500K | = S500K
EsS&H Negligible Mimimal Concem Significant msk | High nsk
Schedule | Delays Level 3 | Delays Level 3 | Delays Level Delays level 3 | Delays Level
milestone or milestone or 3 milestone or | milestone or 3 milestone or
Project critical | Project critical | Project critical | Project critical | Project critical
path by =1 path by 1 -3 pathby 3 -6 path by 6 -9 path by =9
month months months months months
Technical | Neglizible Neghgible, if Sigmificant Technical Technical
amy, techmnical performance performance
degradation. degradation. effectively useless for
useless for attaining
attaling physics
physics objectives.
objectives.
MuZ2e
13 Mike Dinnon — DOE CD2/3a Review
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Qualitative Analysis

* The Risk Register is then populated with the data from the
forms and the forms are hyperlinked in the register.

DocDb#-4320 Next ID 205
Risk
Risk Form
DocDb #
Risk ID Type Title Date of Risk
3347 INFN cannot deliver full in-
CAL-108 Threat kind scope. FY16-FY20
Conventional construction
3351 bids are lower than estimated
CONST-049 Opportunity [cost. FY15
3366 Increase in Fermilab overhead
PM-010 Threat rates FY16-FY20
3331 Injection damper required for
IACCEL-015 Threat Delivery Ring FY16-FY19
Redesign the Remote
3833 Handling System for Water
ACCEL-151 Threat cooled target FY16-FY18
MuZ2e
14 Mike Dinnon — DOE CD2/3a Review 10/21/14
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Qualitative Analysis

 The Risk register is

- 17 High Risk Items

then populgted with the 30 Medium Risk
data supplied by M

Managers and Risk Ite.ms
Owners to generate a L 37 Low Risk Items

Project Level risk

Contingency USing pOint Opportunity| 15 Opportunities -S3M
estimates Threat 69 Threats

Risk Contingency S

Total

80°2%4CL Mitigation |$ 8,542,000
Costs

S 6,495,000

MuZze 2% Fermilab
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Preparation for Full Risk Analysis

* The Project parameters are entered into PRA

Risk Scoring

i~ Probability Scale

Wery High

High

Mediurm

Low

Yery Low

FA0%

»79%

>25%

>10%:

<=10%

Tkems in the scale |5 'l_l

=

r~ Impact Scales & Types
Add Impact Type | Delete Impact Tvpe | Items in the scale |5 Vl |

ImpactTypes  |scorer  [veryiow [low  [Medm  [High  [veryrign |

Schedule-Delays Leve. .. <=30 =30 =00 =180 =270
Cast ==$50,000  >$50,000 | =$100,000 | =$250,000  >4$500,000
Megligible Megligible, if | Significant Technical Technical
Techrical any, ) technical _ perfor_mance performance
degradation. |degradation.  effectively  useless for
| useless For | attaining
Megligible Minimal Concern Significant High Risk.
Risk.

ESaH

r~ Tolerance Scale

Items in the scale |3 VI_I

=23

=3

~Probability and Impact Scoring (FID)

Risk score is based an: €% Highest Impact ¢ Average of Impacts ¢ Average of Individual Impact Scores

Yery High %

Medium %

Very Low %

Print. .. IManageability and Proximiky. .. | Load... | Save... I ok I Cancel I

High
ol Mediurm
Low
16 Mike Dinnon — DOE CD2/3a Review
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Preparation for Full Risk Analysis

« The information is then input into the PRA tool to start the
ranking and analysis process

File Edit View Tools Reports  Help

Qualitative | quantitative |

Rick. Fra-Mitigation (Data Date — 05/01/2014) -
=) TS Title. | Probability | Schedule. ., [ cost | Technical [E.. [Score | pescription Cause | Effect RES Status | Manageability | Proximity. | start Date | End Date Exposure
P52 SOL-171 Praduction cable does not mest ... VL (5%) H(225) WM. N N VL (5% H (225) n N Propozed Micl Term 08/03/2014 08f03/2014 o [
P53 50L-172 T Magnet fabrication Fallure due to L., VL (S%e) H(225) " ™M Cl WL (5%) H(22%) ™M N Proposed Mid Term 09/03/z014 09/03/z014 40
P55 50L-173 Completed magnet doss not pass... VL (5%) M (135) N Mo B L (see) M (135) N N Froposed Mid Term 09/03/2014 09/03/2014 40 F
P56 SOL-174 T wendor delays not caused by FNAL L (17%) L (80} N N B Larw) L (B0) N N Proposed Mid Term 09§03/2014 09§03/2014 0 F
P59 50L-175 [ Magret i damaged during shippl... VL (%) H(225) N N R L (ses) H (225) N N Proposed Mic Term s/o3(z014 sfo3(z014 40 [
PS10 S0L-176 0 operational Falure during Final ac,. VL (S%) VH (405 "N M Cl WL (5%) WH (405) M " Proposed Mid Term CEIGETECIE] CEIGEIECIE] 0
D5-3 50L-177 Maanet fabrication failure dus to WL (5%) M (135) N Mo R L (s) M (135) N N Froposed Mid Term 09/03/2014 o9f03fzoLe 40
£S5 50L-178 VL (5%) M (135) N N @ YL (5%) M (135) N N Proposed Mid Term 09/03/z014 09/03/z014 0
D56 50L-175 L1790 L (50) N T ) N N Proposed Mic Term Osfo3/z014 Osfos/z0L4 40 |
059 50L-180 WL (5%) H(225) " Mo L (5% M N Propased Mid Term 08f0af2014 0of0AfZ014 $0 [
D5-10 50L-181 T opsrational failure during final ac,.. VL (5%) VH (405) N N Cl WL (%) N N Froposed Mid Term 09/03/2014 09/03/2014 40
T5-1 SOL-182 Delay in FNAL supplied processes... L (17%:) L {80y [ N EN 7 N N Proposed 050172014 O1fz6/z022 40 E
T5-3 SOL-183 T Magnet fabrication Fallure due to ... M (50%) L (80} N N 10 M (5D%) L (&0} M N Proposed 05401/2014 01262022 0L
T5-6 SOL-164 W vendor delays not caused by FHAL L (17%) L (80) N no E L7 L 6oy N N Proposed 05f01/2014 01262022 40 [
T5-9 S0L-185 Damage to the coll module during, ., VL (5% L(60) N [T ETS) L (o) N N Proposed osio1/zo14 01/z6/z022 40
15-10 SOL-106 VL(s)  Hiz2s) N N viesw)  Hzes) N N Fropesad osforfzole 01jzejzoez 40 [
T5-11 50L-187 VL (5%) L B0y N N a L) L (&) N N Proposed 05§01/2014 01jz6/2022 0 F
T5-12 SOL-168 VL (%) H(225) N N L L) H(z28) N N Proposed 05f01/2014 01262022 0
7513 SOL-189 Fermilab space or personnel reso.., VL (5% m(135) N N8 WL (5%) ™M (135) ™ N Proposed os/o1/zo1a 01/z6/z022 0 [
cAL-108 L(17%) (o) H n L (17 (o) H N Proposed os/01/z014 01/26{z022 40 [
CONST-049 & Conventional construction bidz ar... M (50%) LEGH N M M (50%) N (o) M L Proposed 05012014 01/z6/2022 40
Pr-010 Increase in Fermilab overhead rates M(50%) N (D) N N Ms0%e) M) N N Proposed os/a1/z014 01/z6/z022 40 E
ACCEL-015 | Injection damper required for Dell.., L (17%) N(O) vH N L (17%) ™ (o) wH N Froposed 0s/01/z014 01/z6/z022 40 |
ACCEL-181 Redesign the Remote Handling 5... L {17%) WD) L M L(17%%) N (o) M N Proposed OSfo1f2014 Dijzéfenzz 0
CAL-148 B Cannot dewelop Uv-sxtended sall... M (50%) N(0) L1 ™ M (50%) oy M L1 Proposed 05§01 /2014 01fz6[2022 40|
CONST-050 Conventionl construction bids exc,.. L N N M@ L N N Managed(cl, .. Cverdue os/o1/z014 o1/ze/z0z2 40 [
LoN-138 T Detector instalation takes longer ... M (80%) M (135) N v S ¢ sow)  Mcias) N w Propozed [ e 40 F
PM-005 Construction funds not available ... L N N N oL N N N Managed(cl, ., Cverdue 0s§01/2014 o1jze/z022 0
183 [B00 Commodity prices decrease L1790 Ny N N L (179 N (o) VHo. N N Propozed 087012014 017262022 0 [
W commodity prices sscalate Faster, ., L N N N L N vHN N Proposed osio1/zo14 01/z6/z022 40 [
L H N n L H vH N N Open os/01/z014 01/26/z022 o[
L wH N N 0 wH vH N N Proposed os/o1/z014 01/z6/z022 #0[
" N N N M N H N N Proposed 05/01/2014 Oifz6/z022 40 [
m v N N M wH vHon N Proposed os/o1/zo1a 01/z6/z022 o[
] N N N ™M N H N N Proposed 0sf01/fz014 o1fz6fzo0zz 40|
T More CRY coverage s nesded, H (82%) LRGH N N & Hezw) M) Voo M N Proposed 05§01/2014 01j26/2022 0 F
W 16 Tracker stations is inadequate. .. M N " N M N H M N Proposed 0s{01 /2014 01jz6/2022 40 [
B Connot use TUMs to control bearm... L (17%) (O] N ™ L (179%) () n N Proposed 05/0172014 O1fz6[2022 0 E
T Additional resources required in P... L (17%) DRGH N N 12 L(17%) N (o) N N Froposed 0s/01/2014 01fzefzoze 40 |
Mylar creep limits tracker iFetime L (17%) L (18 H Nz L (17%) WL (15) H N1z Unassigned Fropesed 0s/01/z014 017z6/z022 0|
T Simulations indicate that neutron ... L (17%) N0} H N 12 L {17%) N (o) H N 1z Unassigned Proposed 0s5f01/2014 01262022 0
Cant conkrol size and shape of A, L (17%) H(228) " Nz L (179%) H (228) ™ N2 Unassigned Propozed 08f01 /2014 01fz6[2022 40 |
10 Fewer Resources than anticipats.., L (17%) LRGH N N & L(17%) N (o) N N & Unassigned Proposed osio1/zo14 o1/ze/z0z2 40 |
Drop in price of COTS components M (82%) N (0} N N e H (82%) (o) n N & Unassigned Proposed os/01/z014 01/26/2022 40|
& Drop in price of 30 printing M (50%) N0} N N 10 M (S0%) N ) N N 10 Unassigned Proposed 0sfo1/zn14 01jz6fznzz 0
JER ic=c o swicch straw maruFackurer |L (179) H(228) N N |12 L (i79) H (z28) N N1z Unassigned Proposed 057012014 017262022 0 [
T Gainloss in tracker, L(17%) ™ (135) L N 1z L (17%) M (135) L N 12 Unassigned Proposed EIGIVECTE] 01jz6/z022 0 F
T Detector support struckure nok s... L (17%) RO " N 6 L{17%) Ny M N & Unassigred Proposed 085f01/2014 01f26/2022 0
CN | |
=== . . . .

Selected risk: SOL-070 - Interface problems with the solenalds.

| By ed L [@ G
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Quantitative Analysis

« Many different scenarios are run against the RLS to
determine what effects the risk items have on the schedule.

« Estimate the impact on the project by using probability, cost
Impacts, schedule impacts, and mitigation plans.

 Determine the best action to reduce the risk effect
— Develop Mitigations
— Transfer Options

« Update the risk register with quantitative data and prepare to
analyze the schedule.

MuZ2e 2% Fermilab
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PRA Monte Carlo

Risk Monte Carlo using the PRA tool

. Read in all the required input data to PRA

Full RLS from P6 database

Current Fermilab (labor + escalation) rates exported from Cobra
Risk register entries from forms
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PRA Monte Carlo

Risk Monte Carlo using the PRA tool

2. Set up the MC using parameters from risk entries
Cost and schedule impacts

Link to RLS activities

Correlations included in analysis

Risk
Fle Edi View Tl Reparts Heln
Qualtative | quantitative |

Pre-Miigation (Data Dk = 05/0172014)
Probabilty [ Schedus. .. [Cost | Techrical [Ee [score [Guantifel

161 50L-190 Building is Mot Ready-Unable to 5., 1 " NN 10 Accept #0M " NN T Proposed osjmjzo1s  01fzejz02z #0 [=]

PGS, PEwIEr, OF VACLUM IT... M noon W o Aceopt 0 m " oo T 0 [=]

Marpawer ok avalsble to start c... 1 " oo W o Aceepe o0 M " oo T 0 o

Suppert Frames require major re... L " Lo N6 Aceop 0L " Loow (I 0 o
165 500194 T Installetion Taoling not adequate L L Lo u Accept oL L LW N w0 [w]
MUOH-146 - Rates exceed Muan Stopping Tar... 1M n moom [T Accept oM " Mmoom T Froposed 01jz8)z022 40 [=]
U147 Dearader needed for calbration 1 N Mmom w10 Accept oM n Mmoom w1 Froposed 01jz6)2022 40 [m|
PM-D0S onstruction funds not avaisble ... L N NN N Accent $0 L N NN N B mManagsd(cl. Coverdhae 05401 /2014 014262022 #0 o
PM-D07 T oo Hoat inadequate, L "M L N N6 Accopt 0L " L N N6 Proposed o5f01 {2014 01426/2022 0 =]
Pro0e Addditional resources required P, L " "o Wz Aceepr oL " oo Nz Proposed osjoifzois o1zejz02z 0 [=]
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PRA Monte Carlo

Risk Monte Carlo using the PRA tool

3. Run the Monte Carlo

£ Primavera Risk Analy:

Throw the dice based on inputs
Create risk scenarios and run many iterations

PNEH SR G x|

uZe ALL 2014 10 06 DoE Review Baseline MG sandbox 47510 IK Operations no resources WORKS 3(Good,

= 2 @A BA &2-% Fay FLEIEY

Fle Edt View Insert Format

Plan  Risk Reports Took Window Help

i el |Fl - T =2 FR=E2eees @y B s ulE B oluamesss
Remaining ‘ ‘ Free | Total
o Description Duration Start Finish | Cost Class 1 nish Flos| inish Flost
475.04BL-2-47504.341 001740 | PP: Assemble TS Magnet - M2S ATHOROT7 | 1MA0R0T7 | CB E] 245 None (ASAP)
|| 475.008L2.47504341.001750 | PP: Prepsre Engineering Notes - TS 20 MHOROT 1212017 o 205 | None (AS4P)
|| 4750081L.0.47504341.001760 | PP: Engineering Mote Review - TSu 20 12M20M7 | 0120018 o 208 None (AS4P)
|| 475048L2.47504344.001770 | PP: Engineering Mote Approval - TSu 10 oieiE | o1oemots o 208 None (AS4P)
|| 475.04BL2.47504541.001780 | PP: Frepare test plan documertation - TSu 10 OIsNEE | 02422015 180 206 | None (AS4PY
|| 475.04BL2.47504544.001780 | PP: Test TSu Magnet - Labor 40 HOSROE | D1A1E0E o 16 | None (AS4PY
E 475.04BL-2-47504 344 001800 | Test TSu Magnet - M&S 1 H08R01E | 1MmSRoE 38 165 | None (ASAR)
B 475.04BL-2-47504.3 41 001810 Complete test report 10 oiMaois | o1@8201a o 126 | None (ASAP)
E 47504BL-2-47504.3 41 001820 Prepare TSu magnet for installation and delivery to the MuZe Exp. 15 oi/29m0is | 02M8R019 o 126 | None (ASAP)
E 475.04BL-2-47504.3 41 001830 | Deliver TSu magnet to the Mu2s Experimental Hall 10 0292018 | 030472019 126 | None (ASAP)
E AT5.03BL-2-4T504.3.41.001830 | T4- TSu magnet readyfor installation o 030472019 123 126 | Hone (ASAP)
|- a7s.04BL-2.03.0402 TSd Assembly 1989 0500212014 10/11/2019 0 lone (ASAP)
E 47504BL-2-47504.34 2 001348 | Write assembly travelers 130 0103017 | O7A0BR0TT 0 220 Nons (ASAP)
E 47504BL-2-47504.34 2 001350 | Review and revise travelers 20 OTO7ROT7 | OBMBR0TT 0 220 Nons (ASAP)
E 47504BL-2-47504.34 2 001360 | Approve travelers 5 08D420IT | 0BAOR0TT 220 220 | Nons (ASAP)
|| 475.04BL-2.47504342001520 | Prepare Engineering Notes - T5d 20 MA0RNT | 1ztR0T
E 475 04BL-2-47504 3 4 2.001 530 Engineering Note Review - TS 20 1ZAZEMT 0MA22018
|| 475.008L2.47504342.001533 | Engineering Note Approval - TS 10 023018 07M32018 | pnabeetor [I 2 erations
475.04BL-2-47504342.001540 | PP: Ascemble TSd Magret - Labor 250 0677 | OGEB01S
|| 475008L2.47504342001550 | PP secemble TSA Magnet - MaS 1 o8n8po1s | oBmsno1s| | || Show stepthrough analysis option
E 475 04BL-2-47504 3 4.2 001570 PP: Prepare test plan documentstion - TSd 10 OTAER0E 072772018
E| . I+ Show [Distribution Graph | sfterwards
475.04BL-2-47504342.001580 | PP: Test TSe Magnet - Labor 40 oeR7RONS | 082202019
[ | 97s00BL2.47504342001580 | Teet TSd Magnet - Mzs 1 DEREIROIS | 0SETRONS | | haniiln o osie
475.04BL-2-475043 42001800 | Complete TS test repart 10 08PIOIe | 0ONEROTS
E 475 04BL-2-47504 3 4.2 00110 Prepare TSd magnet for installation and delivery to the Mu2e Exp. 15 09/0920M9  0927/2019
475.04BL-2-475045 42001620 | Delier TSd magnet to the MuZe Experimental Hal 10 08s0EE | ADA1E0E
E| AT5.04BL-2.47504.3.4.2.001630 T4 _TSd magnet ready for installation 1368 05/02/2014  10/12019 o 0 HNone (ASAP)
475.04BL-2-47504.3.4.2.001630: 1 T4 - TS magnet ready for installati 0 101112019 0 o lone (AsAP)

Earned Remaining Remaining
Cost Cost Cost

271,329 271,329
519619 319519
$a.808 $a503
3,924 3824
33,303 8,509
$135.530 $135.530
$99,083 393,053
510,133 310,133
p27 242 327,242
96,598 96,808

0 0
1,823,363 $1,829,368
165,358 165,360
526,395 526,395
$2.443 $2.443
519619 319619
93,503 $a503
$3.924 53924
1333415 1233415
312,348 312,948
$3.508 $a,508
135,530 $135,530
599,053 399,053
510,133 310,133
527,242 527,242
$7.051 $7.051

0 40

0 0

Budget Budpetal | Scheshled
cast Completion | \ariancs

527,29 $271,929 30
519619 $19619 30
39,809 59,800 30
33,924 53,924 30
38,803 33,508 0
$135,530 $135,530 0
393,053 399,053 0
310133 310133 30
527,242 527 242 30

35,598 35,898 30 [ |
0 0 40
§1,823,368  §1,823,368 $0
5165,368 165,366 30
526,395 526,396 30
32,449 B2.448 30
319619 319619 30
39,609 59,508 0
33,924 53,324 0
$1293415  §1393.415 30
512949 312949 30
39,809 9,500 30
$135,530 $135,530 30
999,053 999,053 30
310133 310433 30
927 243 327,242 30
37,051 37,050 0
s0 0 40
0 0 40

[~ ToTALS 173,425,321 $218,31,993 | $218,431,993
£l |
Primavera Gantt | Logic Trace | RiskIrputs | Risk Outputs | Garkt and Graph | Ganttand Shesk | Impork Check | -
Task Details a x
<< | >> | ID: [47504BL-2-47504 34 2. 001630  Deseription: [Failure of desion or fabrication of Femilab designed crwngenic system
General { Gates  Constraints ' Links )’ Resources " Costs  Risk and Uncerkainty *( User Fields  Suspend and Resume:
Details [ Uriits |
o) [ unit of Measure Loading [ Units/period | Remaining Budget Actual [Earned [actual |
ZCRI - Threat Impact Cost Spread =] 375,000 [ [ $0
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PRA Monte Carlo

Full Risk Monte Carlo using the PRA tool

4. Analyze the data

]}, Distribution Graph
Fle Edit Yiew Format Tools Help

[_[F]x]

Mu2e DOE CD2 Risk Schedule {Pre-mitigated)
Entire Plan : Cast

Risk- and activity-level data,
e.g.

 Confidence levels
 “Tornado plot” of cost per
risk

Hits

Probability distributions, e.g.

e Cost of all risks

 End dates of milestones,
activities, and entire project

T T T T T
$180,000,000 $150,000,000 $200,000,000 $210,000,000 $220,000,000
Distribution (start of interval)

3$230,000,000

— 100% $244,724,035

- 95% $238,310,323

[~ 0% $237 453526

- 65% $236466523

60% $235,690,435

- 75% $235,118,363

[ 70% $234 654494

F 65% $234,147 284

- BO% $233,703 676

[ S5% $233,212963

3$240,000,000

50% $232,528/107

F 45% $232451414

Cumulative Frequency

b 40% $232,087 580

[ 35% $231,597 502

[ a0% $231,301 846

[ 25% $230,738602

- 20% $230,005759

[ 15% $229,440350

- 10% $228,804 436

- 5% §227 675,205

= 0% $224 615,558

Finish Date  Start Date / Duration - Float ). Cost { NF% { IRR.

Histogram—————  Highlighters
Bar wicth:  [automatic (§1,000,000) v [ Selected: S0%

[V Deterministic ($173,425,327)
coer: [l wi50%

80%

I~ Use as default For new projects
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Cost Risk
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Cost Risk

F Tornado [(E1]

File Edit Wiew Format Help

Mu2e DOE CD2 Risk Schedule (Pre-mitigated) Definition of Cost Sensitivity

Cost Sensitivity The cost sensitivity n_fa risk event iz a measure of the correlation between the
occurrence of any of its impacts and the cost of the project {or a key task)

Sensitivity calculation
Caorrelation between:
Cost of Entire Plan
And

Existence of each risk

38%

PS-10 SOL-176 - Operational failure during final acceptance tests at FNAL

Using: Pearson's product moment.

Display

Risks only

Showing & highest values

34% Walues greater than: n]

DS-10 SOL-181 - Operational failure during final acceptance tests at FNAL.

TS-10 SOL-186 - Failure of design or fabrication of Fermilab designed cryo... 22%

@

PS-3 SOL-172 - Magnet fabrication failure due to vendor supplied process ... 21%

SOL-070 - Interface problems with the solenoids. 18%

Duration Sensitivity ;. Cost Sensitivity /

Display mode | [ Task types to displa Filker —I
Bookmark Visible Tasks
P~ I~ Hormal basks: I Risk summarsy tasks 7 | show to m
Tasks I~ Summary tasks | Base basks P =
I=| tiestone tasks [ Riskimpacts I Tgnore values smaller than +{- 0%
& Risks I= Monior basls ¥ Tanore negative values
™ Hammack tasks

OF, Cancel

™ Use as deFault for new projects
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Cost RiIsk

» Risk Register entries

Risk Form Point estimate
DocDb # (costkS)
Risk ID Type Title
Operational failure during
4561 final acceptance tests at VL VH VH N N M S 4,500
SOL-176 FNAL.
Operational failure during
4566 final acceptance tests at VL VH VH N N M S 4,500
SOL-181 FNAL.
Failure of design or
4571 fabrication of Fermilab VL H H N N 2,500
SOL-186 designed cryogenic system
DS Magnet fabrication
4557 failure due to process or VL H VH M N S 4,000
SOL-172 component
Interface problems with the
SOL-070 3368 solenoids. . i VR N N 1,000
MuZe £& Fermilab
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Schedule Risk

n Analyzer

File Edt Format Help

Distribution Analyzer
= hiu2e DOE CDZ Risk Schedule (Pre-mitigated) - Entire Plan - Finish Date MuZe DOE CD2 Risk Schedule - Entire Plan - Finish Date
100%
95% |
- 95%
0% -| 0
326 Days at 80% Lo
85% | f d
Confidence Less
20% e ariation: 326 L
L - 80%
75%
- 75%
70%
F70%
B5% |
- 65%
- 60%
Fe5x B
E
5
Foox %
z 2
= ®
E 4% n B
3 5% E
) [ =]
5 sz
2 w0z Lews
3% Fass
€039 - 30%
5% Fesz
20z F20%
15% F15%
10% F10%
5% - 5%
o T ‘ . ‘ ‘ p—
12/05/2022 01/24/2023 03/15/2023 05/04/2023 06/23/2023 08/12/2023 10/01/2023 11/20/2023 01/03/2024 02/28/2024 04/18/2024 06/07/2024 07/27/2024 09/15/2024 11/04/2024 12/24/2024 02/12/2025
Show | Deterministic Valus | Deterministic probability |Minmum | Maximum | Mean [ Selected: 50% [90% [ tandard Devition [85% =3 [70% _
11/14/2022 9% 11/14/2022 |02/24/2025 | 06/13/2023 05/26/2023  01j09/2024 155.0 11/17/2023  10/05/2023 | 08/21/2023
inish Date { Cost { All
[¥ Remember data betwesn sessions o =]
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Schedule Risk

F Tornado [(E1]

File Edit Wiew Format Help

Mu2e DOE CD2 Risk Schedule (Pre-mitigated) it aff e Sty
Duration Sensitivity The duration sensitivity of a risk event is a measure of the correlation between the
occurrence of any of its impacts and the duration {or dates) of the project (or a key
task)

Sensitivity calculation
Caorrelation between
Duration of Entire Plan

47% And

Existence of each risk,

PS-10 SOL-176 - Operational failure during final acceptance tests at FNAL

Using: Pearson's product moment.

Display
Risks only

DS-10 SOL-181 - Operational failure during final acceptance tests at FNAL. 46% Showing & highest values

“alues greater than u]

TS-12 SOL-188 - Final assembled magnet does not perform as designed 28%

@

TS-10 SOL-186 - Failure of design or fabrication of Fermilab designed cryo... 28%

1C-4 SOL-193 - Support Frames require major rework 18%

Duration Sensitivity | Cost Sensitivity /.

Display mode | [ Task types to displa Filker —I
Bookmark Visible Tasks
P~ I~ Hormal basks: I Risk summarsy tasks 7 | show to m
Tasks I~ Summary tasks | Base basks P =
I=| tiestone tasks [ Riskimpacts I Tgnore values smaller than +{- 0%
& Risks I= Monior basls ¥ Tanore negative values
™ Hammack tasks

™ Uss as default for new projects oK Cancel
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Schedule Risk

* Risk Register Entries

Risk Form Point estimate
DocDb # (costk$)
Risk ID Type Title
Operational failure during
4561 final acceptance tests at VL VH VH N N M S 4,500
SOL-176 FNAL.
Operational failure during
4566 final acceptance tests at VL VH VH N N M S 4,500
SOL-181 FNAL.
Final assembled magnet
4573 does not perform as VL H H N N S 2,500
SOL-188 designed
Failure of design or
4571 fabrication of Fermilab VL H H N N S 2,500
SOL-186 designed cryogenic system
1578 Su?port Frames require VL M L N N § 1100
SOL-193 - major rework

28 Mike Dinnon — DOE CD2/3a Review 10/21/14



Top Risk Drivers

e Common to Cost and Schedule

Risk Form
DocDb #
Risk ID Type
4561
SOL-176
4566
SOL-181
4571
SOL-186
MuZ2e

Point estimate
(cost kS)
Title
Operational failure during
final acceptance tests at VL VH VH N N M S 4,500
FNAL.
Operational failure during
final acceptance tests at VL VH VH N N M S 4,500
FNAL.
Failure of design or
fabrication of Fermilab VL H H N N S 2,500
designed cryogenic system
2& Fermilab
10/21/14
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Monitoring

* The risk owner has a significant role in risk monitoring.

« The risk owner will update information on the risk item'’s form
promptly following recognition. The risk form revision is
submitted to the Risk Manager who assigns the change for
review with the PM. Upon approval of the change, the Risk
Manager will update the Risk Register accordingly.

« After CD-2, the Risk Manager will prepare a monthly report
that identifies any and all changes to the Risk Register in the
previous month for discussion with the RMB.

MuZ2e 2% Fermilab
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Updates since CD-1

Updated solenoid analysis at a more granular level —
helps to differentiate the risk between the DS, TS
and PS

55 risk events retired or transferred to operations
6 opportunities realized at a savings of $1.7M
> $8.5M spent to mitigate risks

Realized Accelerator and Tracker Opportunities and
merged them into the schedule

Expanded analysis to include cost delta of risk
events

MuZ2e 2% Fermilab
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Summary

« MuZ2e has a solid foundation of risk entries that all members
have agreed on.

* ARIisk Management Plan has been developed by the project
and established a robust risk management process.

* Risk items have been evaluated qualitatively and
guantitatively.

* Risks have been simulated in the full RLS using the PRA MC
to support Project cost and schedule risk estimates.

« The MuZ2e Project can be completed on time within budget
with:
— Risk Contingency of $ 6.495M
— Schedule float of 24 months

MuZ2e 2% Fermilab
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Thank You

MuZ2e 2% Fermilab
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