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Introduction

= US HL-LHC AUP (AUP) was baselined (DOE CD-2 approval) on
February 2019
= Project Scope:10 Q1/Q3 cryo-assemblies and 10 RFD dressed cavities
= Total Project Cost (TPC): $242.72M
= Included $63.4M of cost contingency
= Project Completion Date (CD-4): March 31st, 2028
= Included 38 months of schedule contingency
= The Threshold Scope, TPC and CD-4 date are a commitment of
DOE to US Congress and are very difficult to change. Changing
these constraints would require a project re-baseline and approval
by the DOE Deputy Director for Science Programs

= Approval is above the DOE Office of High Energy Physics

= Prior to the baseline, Risk Assessment and Contingency analysis
were used to help determine adequate cost and schedule
contingency plan for the project.

= Risk Assessment and Contingency Analysis are now being used to make
sure the TPC and CD-4 date constraints will not be exceeded during
project execution
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Cost Contingency

TPC: Total Project Cost

- TPC = Set at CD-2, cannot be exceeded
o ($242.72M) = For AUP, TPC = $242.72M
™ - = DOE commitment to US Congress
A EAC = Can only be changed with a project re-baseline (very
| — difficult process)
($184M)

= EAC: Estimate at Completion to execute
project scope

= Changes monthly as a result of actual performance,
approved Baseline Change Requests (BCRS),
anticipated BCRs, and estimates for future work
adjustments based on historical performance

= C: Cost Contingency
= C=TPC-EAC
= DOE Owns Contingency (not the Project Office)

ACWP = PM authorized to approve up to $1M in BCRs

= Once the $1M reserve is down to $250K, PM needs to
request DOE to replenish reserve

Start = EAC=ACWP + ETC
ar =  ACWRP: Actual Cost of Work Performed

(CD-0) = ETC: Estimate to Complete
= ETC =EAC -ACWP

ETC
($137.3M)
A

($46.7M)
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Estimate At Completion (EAC)
EAC =ACWP + ETC

ACWP: Actual Cost of Work Performed
= Updated monthly from FNAL, BNL, and LBNL accounting systems

ETC: Estimate to Complete. Includes:
= Cost of remaining activities from the P6 Resource Loaded Schedule (RLS)

= Cost impact of approved Baseline Change Requests (BCRS) not yet
implemented in the RLS

= Adjustments of estimates for future work based on historical performance
and forecast analysis
= For example, adjustments based on actual production yield
= A new EAC is generated monthly as part of the monthly Earned
Value report to DOE

AUP EAC AUP ACWP AUP ETC % Spent
(Sept. 2019) (Sept. 2019) (Sept. 2019) | (Sept. 2019)

$184,020K $46,741K $137,278K 25.4%

Available contingency (C= TPC — EAC) changes monthly
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Schedule Contingency

TO CD-4: Late Finish Date

- Late Finish = Set at CD-2, cannot be exceeded
Date (TO CD-4) = For AUP: March 31, 2028
(March 2028) = DOE Commitment to US Congress

= High-Level DOE Milestone (T0)
= Can only be changed with a project

SC
(36 months)
A

L Early Finish
Dz&te h(;I(')gf‘LSCD-4) re-baseline (very difficult process)
‘ ) = T4 CD-4: Early Finish Date. It is

the P6 RLS Finish Date

02
L £ = PM Milestone (T4)
Ne = Can change monthly as a result of
Current Date approved BCRs, status updates, etc.
et 2010) = SC: Schedule Contingency
| = SC = Late Finish — Early Finish
= SETC: Schedule Estimate To
Start Date Complete
(5RO, Apr2016) = SETC = 65 months (5.4 years)
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Contingency Analysis

Cost Contingency Schedule Contingency
$58,700K 36 months
/"= |s contingency adequate? I
= Bottom-up quantitative analysis based on Risk
Assessment

= There should be enough contingency to cover identified
risks at 90% confidence level (CL)

= DOE guidance is 70-90% CL, but Fermilab procedures

adopted by AUP specify 90% CL
This Talk J

o
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Risk Assessment

The US HL-LHC AUP Project must adhere to DOE Order 413.3B
“Program and Project Management for the Acquisition of Capital
Assets”
= This DOE order mandates a Risk Management Plan (RMP)
i éd(_:lcijtional guidance provided by DOE G 413.3-7A “Risk Management
uide”

=  AUP RMP: US-HiLumi-doc-339
= AUP adopted the “Fermilab Risk Management Procedure for Projects”
(US-HiLumi-doc-89)

= Follows the DOE Risk Management Guide and the ANSI-standard “Project
Management Body of Knowledge” (PMBOK)

I I
[ [
Risk
WBS
ent
lan

AUP has Monthly Risk Management Board (RMB) Meetings
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Risk

= ARIsk is an uncertain event or condition that, if it
occurs, has an effect on at least one project objective

= Three sources of project cost and schedule risk:

1. Estimate Uncertainty (EU)

= For activities in the baseline scope (i.e., part of the P6 Resource
Loaded Schedule)

= Depend on the activity definition maturity
2. ldentified Risk Events
= Known events that may or may not happen
= Not included in baseline scope activities
= Captured in the AUP Risk Register
3. Unidentified Risk Events

= Unknown events that may or may not happen (“unknown unknowns”)
= Not captured in the AUP Risk Register

Available Cost and Schedule Contingency should be
adequate to cover all three types of Risks
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1. Estimate Uncertainty (EU)

_ = AUP follows FNAL Office of Project
ontingency contingency guidelines

Actual 0% = More details in US-HiLumi-doc-48
Level of Effort 10% * Each of the ~ 6,000 P6 RLS
activities Is aSS|gned an estimate
Advanced 15% type
Preliminary 30% = The corresponding Contingency % is
applied to Labor and M&S
Conceptual 50% = The result is added for all activities to
determine the total estimate
Pre-Conceptual 70% uncertainty contingency amount
Rough Estimate ~ 90% = The total EU contingency changes
0 monthly, as more activities are
tBheantd SIS accomplished and BCRs are
eAr processed
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1. Present Estimate Uncertainty in AUP

= AUP EU dominated by Advanced, Level of Effort
(LOE), and Preliminary Estimates

Advanced

AUP EU
(Sept. 2019)

$26,381K

Lonceptual

Prelimi nary—/f

Level of Effort Tasks

Il Advanced (58 %)

[0 Level of Effort Tasks (27 %)
Preliminary (12 %)

[0 Conceptual (3 %)
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Register.

[rran220RIsK | |

Unique risk identifier (leave blank if unsure)

RI-ID

Title | A CERN change in Quench Heater EIEHMMMI
Standalone descriptive name of risk event

Project ™ [US HL-LHC Accelerator Upgrades v
Select your project or "operations area”,

Summary If CERN introduces an additional coil Quench Heater (QH) electrical QC test at
temperatures, then there is a highem |I|§Qj&nm rve rejected, th
reducing the coil yield and causing a costand g’
Example: If <RISK> occursthen <IMPACT= jeopardizes <OBJECTIVE>

Risk Type i
Opportunity has +ve impact _ﬁ |§!§ Tygte

Uncertainty has either +ve or -ve impact (e.g. exchange rates).

Extemal Risk / Collaborators b

Risk Area (RBS)

Cwner | Giorgio Ambrosio x Risk Owner |
If name is not found, specify Ownerin Comments field below.

WBS / Ops Lab Activity 302.2.01 - Magnets Integration and Coordination v

Risk Status Risk Status

Status of the risk itself

Status and actions in the risk review ﬁﬁproval Status

Approval Status

RISK PROBABILITY AND TECHNICAL IMPACT

Start Date

[3/2512019 Std.[t Date B

Approx. date when risk might first occur or when some action is needed

202010 Expiration Date =

Approximate date after which risk should not occur

Expiration Date

Conditions for clesing risk

CERN will make a decision by end of December 2019 if a change in QH electric

requirements \@deﬂlms fOI’ C|OSIng

Nacrriba randitinne nindar whick this sk can be retired or closed
“losed after all compenents are delivered.”

Uus
HL-LHC
AUP -

Probability

% Prg obabilit

Est mated risk probability . havesd range enter the mid-point. Impacted Activities
Technical Impact [0 (N} - negligible technical impact v] Explanation of Estimate

Technical impact after risk mitigations and risk responses are done,

COST IMPACTS

Type of function used to model the cost impact.
1-point - single value --> specifymaost likely impact only
2-point - flat range --> specifymin / max impacts only
3-point - triangular --> specify min / most likely / max impacts

X
&

Min. cost impact (k$) fiol -point estimates {not needed for 1-point)
&

Maost likely cos:é@? {k5) of risk event AND associated response plans.

Does not includSSAitigation costs -- these are part of the project baseline.
+ve for overruns, -ve for savings

Impact (k$) - Function

Cause or Trigger

Impact (k$) - Min

Impact (k$)

Risk Mitigatians
Impact (k$) - Max 6,312
Max. cost impact (k§) for 2- / 3-paint estimates (not needed for 1-point)
SCHEDULE IMPACTS
Impact (months) - Function [2-point - flatrange ¥
Risk Responses

Type of function used to model the scheddle impact.
1-point - single value --> specify m, ehpimpact only
2-point - flat range --> specify min / n@}-'r‘::nars only
3-point - triangular --> specifif m Q‘acs ikely / max impacts

PR

Min. impact {monthsyfiog Q\Qf-:sirt estimates (not needed for 1-point)

Most likely s ch%émpact {in months) for impacted activity.

+ve for delays, -ve for schedule advances

Min. impact {months) for 2- / 3-point estimates (not needed for 1-point)

Impact (months) - Min

Impact (months)

Impact (months) - Max
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ldentified Risk Events: AUP Risk Register

= Each identified risk event is fully documented and quantified in the AUP Risk

= Example: Risk RT-302-2-01-017: “A CERN change in Quench Heater electrical
requirements reduces coil yield”

= |mpacted Activities |

Activities that are directy impacted by risk evertt

GERN is considering the addition of a new QH cold hipot test: 850 V at 100K. This new
test would provide a substantial slectrical margin compared to the operating conditions of
the MQXFA QH. Although AUP has already verified that coils with the present MQXFA
QH design are capable of passing this test, the yield under this this new acceptance
requirement is unknown because of imited statistics. It is possibe that some magnets

may fail, ptance gfter vertical tesi because one 0ils ganol pass this new
«-Explanation of Estimate
bled with new coil(s)

vertical Iestmg

m o need to be

replacing the non-conforming coi(s), and retested in veriical condition. These test
failures are in addition to the failures covered by risk RT-302-2-01-003, because they are
caused by a different mechanism.

On January 11,2019, the "Review / Technical Meefing on the Quench Protection Heaters
and Electrical Tests of the 11T Dipole” was held at GERN. The review report says "The
Panel supports the proposal to add an intermediate Hi-pot test (3.2 kV coil to quench
heater) before ihe last warm up, at the above He 035 temperature/pressure (150 - 200K

...Cause or Trigger =~
Quench Prot Elettfical Te: irupoles

is expected before or during the HL-LHC Collaboration Mtg (October 2019). Hfa similar
recommendation will be made for MQXF magnets, a new version of the HL-LHC:
Inner Triplet Elecirical Requirements is expected before the end of 2019.

OPTIONAL Gescribe event of creumstance that rives this fisk.

In anticipation of CERN specifying this additional requirement, AUP has already
introduced in the baseline the development and validation of an alternative QH
design that is expected provide additional electrical margin to avoid any potential
yield reduction. Details are in BCRs #66, 65, 108, and 88_ The total investment for
these mitigation actipns is ~ $101. The alternative QH design is based on a concept of
swapping l ﬁ nnﬁgﬁgm lation and the
distance batYe g ed e QH design will
not be known until validation in a mirror magnet test, currently scheduled to end ~
February 2020 (see BCR #108 and #88). If the validation is successful and this
alternative QH solution is adopted by AUP, then the secondary risk of this action
would be considered vary low risk. However, all coils already fabricated with the
nre<ent (OH decian would he <ubiert to a natential lower vield <n there wil <l he

I this risk triggers and the mirror test successfully validates the alternative QH design, a
ECR will be processed to change the present QH design 1o the QH design with swapped
layers. The main impact of this change will be the slowdown of the first two coils where
this change is implemented in each coil fabrication site (BNL and FNAL), te make sure all
steps are caref R Fro ion, the impact
of this respons &gﬁﬂﬂg ﬁaﬂmﬁgmm LOE
extension and escalation cost increase is $1,259

If this risk triggers and the newr QH design validation fails, then coils will continue to be
fabricated with the present QH design at a higher risk of some of them not passing the
new QC test after cold testing. A BCR may need to be processed to add more failed
ertical tests and coil replacements to the baseline if some coils start showing difficulties
passing this new QC test.

Short description of actions that can be token to reduce the risk impacts AFTER the risk event occurs



AUP Risk Register

= Risk Ranking Criteria (matrix from “Risk
Management Plan” at US-HiLumi-doc-339):

Maximumvalue of allimpacts (above)
detemmines overall isk impact (below)

Low Medium High {Probability vs. Impact) Impact Impact Impact

Risk Impact Scoring

Impact Impact Impact Very High B4 - 100% Medium High High
Slightl Moderatel Significantly = — Rark
Technical Impact ghtly y sub-standard or Medium High High
sub-standard sub-standard KPP in icopard Rank Rank Rarik
Jeoparey Low M edium High
HL-LHC AUP <0.5M$ (0.5-2) M$ >2M$ Rank Rank Rark
Low M edium M edium
Rank Rank Rarnk
Slcn:]eg(tjtle HL-LHC AUP < 6 months (6-9) months > 9 months Law Low Medur
B Rank Rank Rark

= Risk Count and Ranking in AUP Risk Register:
EENEEETEEREE
43 24 86

Threats 1 9

Opportunities 3 9 2 14

Total 22 52 26 100
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Top Risks

2-01-014 - Pre-series magnets fail to mest specification

2-01-017 - & CERM change in Guench Heater electrical requirements reduces the coil

1-015 - Unidentifed Cold Mass Azsembly scope

45%

35%.

2-01-019 - CERM directs an External Guench Heater design change to increase elect...

1-006 - Escalation rate greater than predicted

1-018 - Unidetifed Cryo Assembly Scope

4-05-003 - Damage to Cryo-assembly shipmert from FNAL to CERN

2.01-003 - Magnet assembly does not mest specifications

1-004 - Increase in Overhead Rates

2-02-005 - Additional QC reguested by CERN

Top 3 Cost Risks:

RT-302-2-01-014 Pre-series
magnets fail to meet specification

RT-302-2-01-017 A CERN change
in Quench Heater electrical
requirements reduces the coil yield

RT-302-1-018 Unidentified Cold
Mass Assembly scope

4-05-002 - Urtrained magnet faiure in & cryo sssembly during horizontal testing

1-008 - CERN acceptance of project deliverables takes longer than assumed

4-03-004 - Cryo-azzembly fails to meet specifications

5%

41%

39%

1-020 - Elements of CD-3k scope do not meet performance reguirements

2-01-014 - Pre-geries magnets fail to meet specification

4-05-004 - Meed an addtional reweork of cold mass and cryo-assembl

4-03-007 - Cold Mass gets damaged during instalation

4-05-003 - Damage to Cryo-assembly shipmernt from FMAL to CERN

2-01-015 - Delay of CERM supplied magnet parts

0-04-05-002 - Frist cold mass assembly and cryoassembly do not need re-work -

— Uus ,
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Top 3 Schedule Risks:

RT-302-4-05-002 Untrained magnet
failure in a cryo assembly during
horizontal testing

RT-302-1-008 CERN acceptance of
project deliverables takes longer
than assumed

RT-302-4-03-004 Cryo-assembly
fails to meet specifications

|
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Risk Analysis

Monte Carlo simulations are performed on all Open Risks in the Risk Register
AUP uses “Primavera Risk Analysis” (PRA)
Cost and Schedule contingency is determined at 90% Confidence Level (CL)
CL specified in the “Fermilab Risk Management Procedure”

Project Cost Contingency Distribution Project Scheddule Contingency
Entire Plan : Cost Entire Flan : Finish Date

_ 100% 537,881,723 — 100% O7A 272026

| o5% 26,068 446 ] //_fi b o5 3082027

a0% $23,774 596 300 I 0% 07/062027

w4 | 5% $22,168,156 ) L 85% 09042027

| 0% 320,859,791 1 1 L 80% 25M2/2027

| 75% 320,008,713 250 T L 75% 21/m/2027

| 70% $19,157 808 L 70% O8M2/2025
i d | B5% $18,361,359 E 1 ! L B5% 03/1/2026 E
- B0% $17,581674 @ 200 M - BO% 05M02026 @
I 55% $16,916,353 uE:- I m- Ml L 55% 08M9/2026 g
] i £ i
= - S0% 318218537 g = ] - S0% 10082025 g
| 45% $15451902 § 150 | M . F45% 15072026 E
400 L 400 $14,737 645 E ' L 40% 17/0602026 E
| 35% 14028284 S L 35% 190502026 (5

I 30% 3$13,285,328 100 | L 30% 22m4i2026

I 25% $12,487 993 m L 25% 2532026

4 5 I 20% $11,669,403 | L 20% 20/02/2026

I 15% $10551 414 50 | L 15% 1212025

I 10% 39,404,473 L 10% 19/1/2025

5% §7 230472 | HHH L 5% 29092025
o 0% (5219,241) o L& ; N r!””"“" —L 0% o7m4ros
$0 $20,000,000 40,000,000 01/06/2025 141072026 260272028
Distribution (start of interval) Distribution (start of interval)

$23,775K 26 months




Cost of Schedule Delay

= The Risk Cost Contingency does not include increased
“Level of Effort” (LOE) cost associated with schedule delays
(Management “Standing Army” cost)
= Examples of LOE cost includes the Project Office and WBS
management
= |t does not include technician “standing army” impact

= For AUP, this cost is ~ $340K/month on average for the last 26
months of the project (the 90% CL schedule contingency duration)

Cost of Schedule Delay

(September 2019) For AUP, time is
26 months @ $340K/month = $8,840K ~ *—— money!

= The Total Risk Contingency Cost is the sum of the Risk
Cost Contingency and the Cost of Schedule Delay:

Total Risk Contingency Cost @ 90% CL
(September 2019)

$23,775K + $8,840K= $32,615K
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Cost Contingency Breakdown

(dollar amounts in $K)

Contingency CD-2 Sept.
(Feb. 2019) 2019

Available Cost Contingency (TPC — EAC) $63,437  $58,700 -$4,737
1. Estimate Uncertainty (EU) $29,136  $26,381 -$2,755
2. Total Identified Risks Contingency Cost $28,257* $32,319**  $4,062

3. Available for Unidentified Cost Risks $6,044 B0 -$6,044

*At 90% CL
**Slightly below 90%CL ($32,615K at 90% CL, or $296K higher)

= Cost Contingency available for Unidentified Risks (“Top-Down” cost contingency) is the
remaining available contingency after accounting for EU and Total Risk Contingency

= At CD-2, about 9.5% of the total cost contingency was available for Unidentified Risks
= In September 2019, there is no longer any contingency left for Unidentified Risks
= Between CD-2 and Sept. 2019, % spent increased from 8.1% to 25.4%
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Schedule Contingency Breakdown

(duration in months)

Contingency CD-2 July 2019
(Feb. 2019)

Available Sch Contingency (TO CD-4 — T4 CD-4)
Schedule Risk Contingency at 90% CL 23 26
Available for Unidentified Schedule Risks 15 10

= Schedule contingency available for unidentified schedule risks (“Top-
Down” schedule contingency) is the remaining available contingency after
accounting for schedule risk contingency at 90% CL

= About 28% of the total schedule contingency is available for unidentified
schedule risks

= This is mostly top-down contingency to assure the DOE project completion
commitment to the US congress is met.

= See next slide for CERN deliverables schedule contingency
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Schedule Contingency for CERN Deliverables

AUP has adequate schedule contingency for the DOE CD-4 date

The current AUP P6 RLS schedule meets the CERN Early Need By delivery dates (see
table below) with no float

Schedule contingency to CERN Late Need-by dates is tight (~ 11 months float)

Q1/Q3 Early Late Need
Cryoassembly  Need By By
LQXFA/BO1 Mar. 2022 Feb. 2023
LQXFA/BO2 Jun, 2022 May 2023
LQXFA/BO3 Jan. 2023 Dec. 2023
LQXFA/B04 Mar. 2023 Feb. 2024
LQXFA/BOS Jul. 2023 Jun. 2024
LOXFA/B06 Sep. 2023 Aug. 2024
LQXFA/BO7 Dec. 2023 Nov. 2024
LQXFA/BO8 Feb. 2024 Jan. 2025
LQXFA/B09 Jul. 2024 Jun. 2025
LQXFA/B10 Nov. 2024 Oct. 2025

AUP is strongly schedule-driven to meet the CERN early

Need By dates for LS3
~ _US
e
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Changes since CD-2 Baseline

= Changes on EAC includes impact of:

= Make-up of rejected AUP coils above baseline production yield assumption
= ~$1.6M for 3 coils
= Mitigation actions for possible new QH cold hipot electrical requirement

= ~$1M for QH internal layers “swap” design change option validation with short coils
and mirror cold test

= CERN cryostat tooling delivery schedule delay
= ~ $0.5M for CD-4 schedule delays
= Miscellaneous BCRs

= Changes on Risk Contingency includes impact of:
= Increased threat of more pre-series cycles needed to meet requirements
as a result of prototype performance shortcomings

= No prototype has been able to fully demonstrate currently approved acceptance
criteria

= Threat of reduced coil yield because new QH cold hipot electrical
requirements
= Up to 4 coils may not pass the new cold hipot test during vertical testing (guess).

= If "swap layers” mitigation actions underway are successful in increasing margin, then
this risk can be retired

= Miscellaneous Risk Register updates
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ldentified Risks Exposure vs Time

= Each risk in the Risk Register has a Start Date and an
Expiration Date. Aggregating risks exposure over time yields
the following curve:

Identified Risks Exposure vs Time

90.0%
We are here, approaching

80.0% peak risk exposure

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

D 2D D D D> A WAV A D DD A A D DDA
F TR P TIPS F P
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Summary

HL-LHC AUP is a baselined project (DOE CD-2 approved)
with a fixed Threshold Scope, Total Project Cost (TPC) and
End Date

= The TPC and End Date include cost and schedule
contingency that must remain adequate for the entire project
execution duration
* Risk Assessment and Contingency Analysis are performed
on a monthly basis to monitor contingency adequacy
= Monthly AUP Risk Management Board (RMB) Meetings
= Compared to CD-2, the available contingency is no longer
enough to support unidentified risk events with Top-down
contingency
= Project is more vulnerable if significant new risks are identified
= |dentified risks are now supported slightly below the 90% CL

= AUP is entering a period of maximum risk exposure

= Risk exposure starts to decrease in 2021 as open identified risks
start to expire and can be retired

: Us ,
HL-LHC
L%'

9th HL-LHC Collaboration Meeting - R. Carcagno



