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Project-wide Risk Drivers for Schedule Contingency

Activity

Associated Risks

SP_SATCOM_1070 : SAT Receiver 3: On Sky Verification - Summer

RISK-370 : Critical expertise

RISK-298 : Pandemic

SAT_0731_1020 : Contractor Final Design - Cryostat

READ_5801 : Fab/Test of 1st Batch Production Wafers - 100mK MUX Chips NonLabor

SP_SATCONST_1010 : Installation of Towers #2, and #3 [Summer]
RISK-SP-388 : Design Complexity
SP_SAT_1140 : SAT Recelver 3: Receiver Cooldown

RISK-233 : Cryostat assembly complexity

RISK-232 : 1K capacity

RISK-237 : 40K capacity

RISK-264 : Focal Plane temperature

RISK-393 : Microchip fabrication rate is lower than scheduled due to programmatic
fab site priorities

RISK-416 : 4-column Readout System performance insufficient to meet
requirements

RISK-506 : BART tower/control room constructed and available to CMB-S4
RISK-388 : Design Complexity
RISK-220 : Cooldown/warmup time

SAT_0752_5180 : Vendor Lead Time - Filters RISK-251 : IR reflecting/scattering filter
RISK-253 : Band defining filter
RISK-252 : IR absorbing filter

SP_DMCONST_1050 : Joint Review and Acceptance by Sites and Data Management RISK-499 : South Pole Computing Power

RISK-DE-472 : Detector Wafer Handling - SLAC RISK-472 : Detector Wafer Handling - SLAC

READ_9236 : Production Fab, Test - 1st Batch 100mK to 4K Cables NonLabor RISK-446 : Risk of not have multiple/sufficiently qualified vendors to produce
100mK-to-4K and 4K-to-300K cables at the production rate required
RISK-527 : Vendors for super NbTi and in cablesdon't meet

YSCMBS4  Project Workshop

promised production rate for 100mK-to-4K and 4K-to-300K cables.
RISK-155 : Wiring Yield, Reliability

| May 2024

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024 - CMBS4 Risk Mar 2024 Project

Risk Exposure at P

SP_SATCOM_1070 : SAT Receiver 3: On
Sky Verification - Summer

SAT_0731_1020 : Contractor Final Design
- Cryostat

READ_5801 : Fab/Test of 1st Batch
Production Wafers - 100mK MUX Chi...

SP_SATCONST_1010 : Installation of
Towers #2, and #3 [Summer]

RISK-SP-388 : Design Complexity -| 39d + 39.5d
SP_SAT_1140 : SAT Receiver 3: Receiver |
Cooldown 24d + 340d

SAT_0752_5180 : Vendor Lead Time - |
Filters

SP_DMCONST_1050 Joint Review and 555
Acceptance by Sites and Data Mana... -

RISK-DE-472 : Detector Wafer Handling - |

F 245.0d

SLAC 28d ‘ 27.9d
READ_9236 : Production Fab, Test - 1st 2434
Batch 100mK to 4K Cables NonLabor S
—_—_—m—m
0d 50d 100d 150d 200d 250d
W RISK-370: Critical expertise B RiSK-298: Pandemic M RISK-506 : BART tower/control room constructed and available to CMB-S4

RISK-388 : Design Complexity RISK-220 : Cooldown/warmup time

I RISK-393: Microchip fabrication rate is lower than scheduled due to programmatic fab site priorities

B RISK-499 : South Pole Computing Power RISK-472 : Detector Wafer Handling - SLAC RISK-233 : Cryostat assembly complexity
RISK-416 : 4-column Readout System p to meet W Risk-232: 1K capacity B RisK-237: 40K capacity
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Overall Budget Contingency

Deterministic - $714.17M
P50 $940.28M
P90 $S971.17M

Total Project Budget Contingency
@ 90% Confidence

S257M

36%
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Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Import - Cost Import Project Remaining Cost

- 100% $1,007.02M

90% $971.17M

- 80% $961.51M

- 70% $953.87M

- 60% $946.30M

50% $940.28M
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06298§
052488
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05°206$
052268
06°LE6S
05'256%
05°2968

Distribution (Millions)

05'286$

05'266$

- 40% $934.98M

- 30% $928.24M

- 20% $921.43M

- 10% $911.21M

0% $867.23M
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Project-wide Risk Drivers for Budget Contingency

Activity
RISK-PMSE-45 : Labor rate change

RISK-PMSE-47 : M&S OH rates

SAT_0731_1020 : Contractor Final Design - Cryostat

RISK-PMSE-65 : Production module assembly yield
RISK-PMSE-442 : Standing Army Costs - 1 year delay

RISK-PMSE-395 : Deliveries to South Pole miss the yearly cut-off
deadline

DM_PM_1400 : DOE Level 3 Management FY32

RISK-PMSE-50 : Loss or Damage of Major Components During
Transport

RISK-PMSE-58 : Detector Fabrication Throughput
RISK-PMSE-35 : Funding Profile DOE

YSCMB$4

Associated Risks

RISK-45 : Labor rate change

RISK-46 : Labor rate change

RISK-47 : M&S OH rates

RISK-48 : M&S OH rates

RISK-232 : 1K capacity

RISK-237 : 40K capacity

RISK-233 : Cryostat assembly complexity
RISK-264 : Focal Plane temperature

RISK-65 : Production module assembly yield
RISK-442 : Standing Army Costs - 1 year delay
RISK-414 : Standing Army Costs - 1 year delay

RISK-395 : Deliveries to South Pole miss the yearly cut-off deadline
RISK-493 : DOE Data Management Transition To Operations FTE Not
Funded

RISK-50 : Loss or damage of major components during transport
RISK-49 : Loss or damage of major components during transport
RISK-58 : Detector Fabrication Throughput

RISK-35 : Funding Profile DOE

Project Workshop | May 2024

Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Contribution for Cost Import - Cost Import Project

Risk Exposure at P75: $244,071K

RISK-PMSE-45 : Labor rate change - $4,141 $3916

RISK-PMSE-47 : M&S OH rates

SAT_0731_1020 : Contractor Final Design |

- Cryostat $1:881

$3,889

RISK-PMSE-65 : Production module
assembly yield

RISK-PMSE-442 : Standing Army Costs - 1 |

year delay $3997
RISK-PMSE-395 : Deliveries to South Pole
RISK-PMSE-50 : Loss or Damage of Major $4.135K
Components During Transport A
RISK-PMSE-58 : Detector Fabrication
Throughput 1 $4,126 ’ $4,126K
I —
$0 $2,000 $4,000 $6,000

Cost in Thousands (K)

B RISK-65 : Production module assembly yield B RISK-395 : Deliveries to South Pole miss the yearly cut-off deadline

B RISK-493 : DOE Data Management Transition To Operations FTE Not Funded RISK-45 : Labor rate change
RISK-58 : Detector Fabrication Throughput W RISK-47 : M&S OH rates M RISK-35: Funding Profile DOE
RISK-442 : Standing Army Costs - 1 year delay ™ RISK-46 : Labor rate change

W RISK-414 : Standing Army Costs - 1yeardelay ™ RISK-50: Loss or damage of major components during transport

$6,799K

‘ $8,056K

$7,823K

—
$8,000

RISK-232: 1K capacity M RISK-48 : M&S OH rates
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CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.01 - Project Management & Systems Engineering

Risk Exposure at P75: 952.4

PMSE_REV_2010 : Project Prep for
CD-2/3A

PMSE_REV_4020 : Project Ready for CD-4

PMSE_REV_3010: Project Prep for CD-3

RISK-PMSE-37 : Continuing resolution
exceeds 4 months

PMSE_REV_4050 : Directors CD-4 Review

PMSE_REV_2070 : Project Response to
CD-2/3A Recommendations

PMSE_REV_3150 : DOE IPR CD-3
Approval Process

PMSE_REV_3020 : Project Ready for CD-3

PMSE_REV_2050 : Directors CD-2/3A
Review

PMSE_REV_2110 : DOE IPR CD-2/3A
Review

29.5d

i)

222.2d

(KW

e T

0d 30d 60d 90d 120d 150d 180d 210d

| Logic | Uncertainty M Risk-38: Continuing resolution exceeds 4 months RISK-37 : Continuing resolution exceeds 4 months

240d
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Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Contribution for 1.01 - Project M & Systems Engil ing
Risk Exposure at P75: $112,681K '
RISK-PMSE-45 : Labor rate change l $8,571K
RISK-PMSE-47 : M&S OH rates ‘ $8323K
RISK-PMSE-65 : Production module
assembly yield $7.233€
RISK-PMSE-442 : Standing Army Costs - 1
year delay
RISK-PMSE-395 : Deliveries to South Pole
miss the yearly cut-off deadline
RISK-PMSE-50 : Loss or Damage of Major
RISK-PMSE-58 : Detector Fabrication
Throughput ] $4390 ‘ $4,390K
RISK-PMSE-56 : Missing scope - $4,172 ‘ $4,172K
RISK-PMSE-443 : Standing Army Costs - 2 I
year delay $1957 ‘ $4101K =1
—— —r — — =
$0 $2,000 $4,000 $6,000 $8,000
Cost in Thousands (K)
B RISK-65 : Production module assembly yield M RISK-395 : Deliveries to South Pole miss the yearly cut-off deadline N
B RISK-45 : Labor rate change RISK-58 : Detector Fabrication Throughput RISK-47 : M&S OH rates M RISK-35: Funding Profile DOE a
B RISK-442 : Standing Army Costs - 1 year dela RISK-56 : DOE Missing scope ! RISK-46 : Labor rate change RISK-48 : M&S OH rates
/< . : g Ay, ye y = g Scope: . ng #
\—/I\ CMB 84 PI’OjeCt WOI’kShOp | May 2024 W RISK-414: Standing Army Costs - 1year delay M RISK-50 : Loss or damage of major components during transport 7
I RISK-49: Loss or damage of major components during transport B Risk-443: Standing Army Costs - 2 year delay v




1.03 Detectors Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.03 - Detectors

YSCMB$4
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RISK-DE-116 : Detector Requirements |
Definition

RISK-DE-119 : Unexpected Delay in Wafer |
Fabrication Equipment Repair

RISK-DE-115 : Detector Production |
Quality Test Feedback Is Delayed

RISK-DE-109 : Stability Of Detector |
Fabrication Process and Yield

RISK-DE-522 : Detector Wafer Yield - Fab |
Site

RISK-DE-463 : Fabrication Process & |
Equipment Failures- JPL

RISK-DE-472 : Detector Wafer Handling - |

DE_1001_SLAC : Pre-Production Design |
for SLAC LAT MF NonLabor

DE_1090_SLAC : Prototype Wafer Design |
SLAC LAT MF Labor

RISK-DE-461 : Fabrication Process & |
Equipment Failures - ANL

Risk Exposure at P75: 350.8d

g

17d 59.8d

4d  207d

a

w .
b
a
~
o
g

»
w
a

g

65.7d

87.3d

20d 40d 60d

Bl ma= gy
P
[N

80d

B Uncertainty M RISK-116 : Detector Requirements Definition M RISK-119 : Unexpected Delay in Wafer Fabrication Equipment Repair

RISK-463 : Fabrication Process & Equipment Failures- JPL

B RISK-115 : Detector Production Quality Test Feedback is Delayed M RISK-472 : Detector Wafer Handling - SLAC
RISK-522 : Detector Wafer Yield - Fab Site I RISK-461 : Fabrication Process & Equipment Failures - ANL
B RISK-117 : Underestimated QA needs M RISK-465 : Fabrication Process & Equipment Failures - SeeQC M Logic

RISK-109 : Stability of Detector Fabrication Process and Yield

[l




1.03 Detectors Risk Drivers for Budget Contingency

Cost Import Uncertainty and Risk Events (No Mitigation)
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RISK-DE-115 : Detector Production
Quality Test Feedback Is Delayed

RISK-DE-118 : Technical Detector
Requirements are not Met

RISK-DE-109 : Stability Of Detector
Fabrication Process and Yield

RISK-DE-116 : Detector Requirements
Definition

RISK-DE-117 : Underestimated QA Needs

RISK-DE-470 : Detector Wafer Handling -
NIST

RISK-DE-469 : Detector Wafer Handling -
JeL

DE_MGMT_1002 : L2 CAM FY24 -

RISK-DE-473 : Detector Wafer Handling - |
uce

RISK-DE-471 : Detector Wafer Handling - |
SeeQC

Cost Cc

$391K
$371817$388K
$386  $386K

$385 J $385K

$0

ibution for 1.03 - D

$1,000

Risk Exposure at P75: $29,459K

$2,028K
—_ e
$2,000 $3,000
Cost in Thousands (K)

$4,000

B RISK-115 : Detector Production Quality Test Feedback is Delayed B RISK-118 : Technical Detector Requirements are not Met

B RISK-109 : Stability of Detector Fabrication Process and Yield

RISK-116 : Detector Requirements Definition

RISK-117 : Underestimated QA needs M RISK-470 : Detector Wafer Handling - NIST M RISK-469 : Detector Wafer Handling - JPL
| RISK-473 : Detector Wafer Handling - UCB ™ RISK-471: Detector Wafer Handling - SeeQC
RISK-496 : Underestimated Management Needs B Uncertainty B RISK-466 : Fabrication Process & Equipment Failures - SLAC

$4.279K

$4,525K

$4461K

(e »

)|
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1.03 Detectors Pre-Construction Risks

4 of 35 risks occur prior to start of construction
31 risks occur after start of construction

Quick Filter Results 2 3 Q
Key T WBSL2 Summary Status Risk Retirement Date @
RISK-116 B 1.03 - DET Detector Requirements Definition ACTIVE RISK/OPPORTUNITY  Aug 31, 2026
RISK-495 B 1.03 - DET Detector Fabrication Facility Access ACTIVE RISK/OPPORTUNITY  Sep 30, 2026
RISK-117 B 1.03-DET Underestimated QA needs UPDATE RISK Feb 28, 2027
RISK-496 B 1.03 - DET Underestimated Management Needs ACTIVE RISK/OPPORTUNITY  Oct 01, 2027

/<
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1.04 Readout Risk Drivers for Budget Contingency

Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Contribution for 1.04 - Readout

Risk Exposure at P75: $13,308

W]

READ_1846 : Fab/Test of 1st Batch - 4K | $1.943K
SSA Chip and Chip Carrier, Fab, Test... B
READ_5801 : Fab/Test of 1st Batch |
READ_10080 : Production Fab/Assem/ | $1.118K
Test of 1st Batch - 100mK Readout Boa... 4

READ_9236 : Production Fab, Test - 1st
Batch 100mK to 4K Cables Nonlabor 1330 $363 l $a73K

READ_5300 : Wafer Screening Cryostat |
Procurement - 100mK MUX Chips N... $420 ’ $420¢

READ_1601 : Production Fab/Assembly/ $360K
Test 1st Batch - 100mK MUX to Detect...

READ_9235 : Production Fab, Test - 1st i
Batch 100mK to 4K Cables Labor P S170 ’55‘ $256K

READ_401050 : HT Cryostat Readout |

Procurement NonLabor 219 ‘SZWK

READ_401120 : Readout for Prototype |

SAT Procurement NonLabor 31% ’ 1ok

READ_1600 : Production Fab/Assembly/ |

Test 15t Batch - 100mK MUX to Detect... 1 S194 l $195K

KR

T

P _______EEDESES IS ____ __ EESE
$0 $300 $600 $900 $1,200 $1,500 $1,800 $2,100
Cost in Thousands (K)

B RISk-179: SQUID fab yield after process transfer to 6" wafers a B
M RISK-416 : 4-column Readout System p i ient to meet requi B RISK-173 : Readout Mux factor | Uncertainty }é

RISK-446 : Risk of not have multiple/sufficiently qualified vendors to produce 100mK-to-4K and 4K-to-300K cables at the production rate requir

\I_j_|\ CMB X4 Project Workshop | May 2024 W RISK-177 : Readout flex yield/reliability 11

B RISK-393 : Microchip fabrication rate is lower than scheduled due to programmatic fab site priorities v
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1.04 Readout Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.04 - Readout |

Risk Exposure at P75: 406.7d

READ_5801 : Fab/Test of 1st Batch |
Production Wafers - 100mK MUX Chi...

READ_9236 : Production Fab, Test - 1st |
Batch 100mK to 4K Cables NonLabor 3od — 6664
READ_7600 : Fab/Test of 10th Batch | 547d
Production Wafers- - 100mK MUX Chi... :

READ_1846 : Fab/Test of 1st Batch - 4K |
SSA Chip and Chip Carrier, Fab, Test...

READ_9235 : Production Fab, Test - 1st |
Batch 100mK to 4K Cables Labor - 7‘" 26.0d

=i

©

W

a
D

READ_16100 : Production Fab/Assembly/ |
Test 2nd Batch - 100mK MUX to Detect... R 140
READ_1601 : Production Fab/Assembly/ | 51d
Test 1st Batch - 100mK MUX to Detect... :
READ_39203 : Assembly and Test of 1st | 454
Batch- 100mK Readout Module Assem... -
READ_1600 : Production Fab/Assembly/ | 324
Test 1st Batch - 100mK MUX to Detect...
READ_6200 : Fab/Test of 3rd Batch | 254
Production Wafers - 100mK MUX Chi... = =1
T T T T T T T
0d 30d 60d 90d 120d 150d 180d
W RISK-393: Microchip fabrication rate is lower than scheduled due to programmatic fab site priorities - a
B RISK-416 : 4-column Readout System p e insufficient to meet %
|/~ . M RisK-188: Micro-chip fabrication rate is lower than scheduled due to tool down-time
\—/I\ c M B S4 P rOJ e Ct WO rkS h (0] p | M ay 2 0 24 RISK-446 : Risk of not have multiple/sufficiently qualified vendors to produce 100mK-to-4K and 4K-to-300K cables at the production rate requirec 1 2

RISK-179 : SQUID fab yield after process transfer to 6" wafers

4




1.04 Readout Pre-Construction Risks

18 of 24 risks occur prior to

start of construction

6 risks occur after start of

construction

SCMB 4

Project Workshop | May 2024

Key T wBsL2

Risk-445 O

Risk-178 O

Risk-166 O

Risk-416 O

Risk-184 O

Risk-170 @

Risk-155 @

Risk-177 @

Risk-173 @

Risk-175 B

Risk-172 B

Risk-167 B

Risk-163 O

Risk-179 O

RISK-391 O

Risk-182 B

Risk-446 O

Risk-415 B

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

1.04 -
RO

Summary

Might not have multiple/sufficiently qualified vendors to produce flex cables at the rate

required

100mK Readout Module Size

EMI effects on Readout, Grounding and Shielding

4-column Readout System performance insufficient to meet requirements

Warm Electronics module update

Crosstalk

Wiring Yield, Reliability

Readout flex yield/reliability

Readout Mux factor

Nyquist fab yield

Stray inductance and residual impedance

Magnetic Field environment for Readout

Readout Noise Performance

SQUID fab yield after process transfer to 6" wafers

Micro-chip fabrication rate is lower than scheduled due to 2nd fabrication site

unavailability

Test bed uniformity

Risk of not have multiple/sufficiently qualified vendors to produce 100mK-to-4K and 4K-

t0-300K cables at the production rate required

Micro-fabrication cost might be higher than budgeted

Status

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

PROPOSE ACTIVE RISK
AFTER UP|

UPDATE RISK

Risk Retirement Date @

Jan 15, 2025

Feb 12, 2025

Mar 12, 2025

Apr 16, 2025

Jun 18, 2025

Sep 18, 2025

Nov 12, 2025

Dec 17, 2025

Dec 17, 2025

Jan 14, 2026

Feb 02, 2026

Feb 02, 2026

Feb 02, 2026

Feb 18, 2026

Jun 17, 2026

Jul 15, 2026

Sep 16, 2026

Apr 14, 2027

Toed
coe
&

=y 008,

.
Seeisos
-M:AQ‘ PP

e

g

13



1.05 Modules Risk Drivers for Budget Contingency
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Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Contribution for 1.05 - Module Assembly and Test (MAT)
Risk Exposure at P75: $9,102K

RISK-MAT-402 : Feedhorn Beam
Systematic Effects

RISK-MAT-198 : Module Mechanical
Stability

RISK-MAT-193 : Prototype detector | $507K

module integration and testing schedule

RISK-MAT-189 : Prototype Test Cryostat |
Availability

RISK-MAT-192 : Coupling wafer vendor
schedule

$369K

RISK-MAT-190 : High-Throughput Test
Cryostat Performance

$368K

RISK-MAT-400 : Module Acceptance |
Requirements Definition

RISK-MAT-401 : Optical Coupling Design - $206 $206K

RISK-MAT-199 : RFI Shielding | | $204K
RISK-MAT-197 : Optical Efficiency | $194 $194K
S S s A — R
$0 $200 $400 $600 $800 $1,000

Cost in Thousands (K)

B RISK-402 : Feedhorn Beam Systematic Effects Bl RISK-198 : Module mechanical stability

B RISK-193 : Prototype detector module integration and testing schedule RISK-189 : Prototype test cryostat availability
RISK-192 : Coupling wafer vendor schedule M RISK-190: High. test cryostat perf

M RISK-400 : Module acceptance requirements definition RISK-401 : Optical coupling design " RISK-199: RFI Shielding
RISK-197 : Optical efficiency | Uncertainty W RISK-194: Stray impedances RISK-202 : Optical crosstalk

$1,208K

$1,180K

——
$1,200

14



1.05 Modules Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.05 - Module Assembly and Test (MAT)

YSCMB$4

Project Workshop | May 2024

RISK-MAT-193 : Prototype detector |
module integration and testing schedule

RISK-MAT-192 : Coupling wafer vendor |
schedule

RISK-MAT-189 : Prototype Test Cryostat |
Availability

RISK-MAT-065 : Production Module |
Assembly Yield

MAT_12800 : Synthesize Production |
Detector Testing Results

RISK-MAT-190 : High-Throughput Test |
Cryostat Performance

MAT_1240 : Production Design - |
Coupling Wafers

MAT_6285 : Assemble SAT/LAT HF |
Detector Modules SeeQC 37 to 42 - Si...

MAT_2665 : REQD: T5 SAT LF Wafers |
SLAC 07-09

MAT_8720 : Dark Testing SAT/LAT HF |
Detector Modules SeeQC 37 to 42 -...

Risk Exposure at P75: 173.8d

25d 27.5d

®
&

. 6d 8.8d
l 21d
I 13d
I 13d
I 13d
R
0d 10d

154d

ey

20d 30d

39.6d

W Uncertainty M RISK-193 : Prototype detector module integration and testing schedule M RISK-192 : Coupling wafer vendor schedule
RISK-189 : Prototype test cryostat availability  RISK-190 : High

put test cryostat p: u Logic

484d

BN
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1.05 Modules Pre-C ion Risk T
. odules Pre-Construction Risks e
.
Key T WBSL2 Summary Status Risk Retirement Date @
1 5 f 1 8 . k . t RISK-189 B3 1.05 - MAT Prototype test cryostat availability UPDATE RISK Nov 01, 2024
p RISK-192 B 1.05 - MAT Development of multiple optical coupling wafer vendors UPDATE RISK Apr 24, 2025
Sta rt Of CO n St ru Ct | O n RISK-398 B 1.05 - MAT Prototype testing uniformity UPDATE RISK May 19, 2025
RISK-201 B3 1.05- MAT Module heat-sinking UPDATE RISK May 19, 2025
RISK-399 B 1.05- MAT Dilution fridge vendor delay for high-throughput test cryostats UPDATE RISK Sep 24, 2025
3 r I S ks OCC U r afte r Sta rt Of RISK-193 B 1.05 - MAT Prototype detector module integration and testing schedule UPDATE RISK Nov 03, 2025
CO n St ru Ct i O n RISK-403 B 1.05 - MAT Optical coupling layout UPDATE RISK Nov 16, 2026
RISK-401 B3 1.05 - MAT Optical coupling design PROPOSE ACTIVE RISK AFTER UPDATE Nov 16, 2026
(recently added 3 construction ... o s s s
riS kS) RISK-198 B 1.05 - MAT Module mechanical stability UPDATE RISK Nov 16, 2026
RISK-197 B 1.05 - MAT Optical efficiency UPDATE RISK Nov 16, 2026
RISK-402 B3 1.05 - MAT Feedhorn Beam Systematic Effects PROPOSE ACTIVE RISK AFTER UPDATE Dec 23, 2026
RISK-400 B3 1.05- MAT Module acceptance requirements definition PROPOSE ACTIVE RISK AFTER UPDATE Dec 23, 2026
RISK-194 B3 1.05 - MAT Stray impedances UPDATE RISK Dec 23, 2026
RISK-202 B3 1.05 - MAT Optical crosstalk UPDATE RISK Apr 08, 2027

/<
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1.06 LAT Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.06 - Large Aperture Telescopes (LAT) and Receivers .

Risk Exposure at P75

|

LAT_SPASSYUS_1560 : Interface Testing |

g

LAT_CHLATR2CRYO_1680 : Cooldown: |
Test CHLATR2 with Fully Populated... 4id -" 57.0d

LAT_SPSHP_1010 : SPLAT Ships to PTH | - 483d
LAT_SPASSYUS_1690 : Optical Pointing |
(Nighttime) - i

LAT_SPTIP_2440 : SPLAT M1 Mirror |

Factory Acceptance 26d £60d
LAT_SPTIP_2460 : SPLAT M2 Mirror |
Factory Acceptance 20d 203d
LAT_SPTIP_2480 : SPLAT M3 Mirror |
Factory Acceptance iod 184d
LAT_CHLATRICRYO_1670: LOT3 - | 1154
Integrate Detector Production Module... -
LAT_SPLATRSHP_1110: SPLATR - | 102d
Shipping to PTH )

LAT_SPLATRCRYO_1540 : Cooldown: LOT1 |
Optics Tubes, LOT1 Detector Modules

e I e |

30d 60d 90d 120d 150d 180d

21 i
B

»
1]

B RISK-488 : SPLAT Ice Buildup on Baffles M RISK-209: SPLAT Trial assembly defect M RISK-68 : SPLAT Trial Assembly Deployment delay
RISK-217 : Loss in transmissive optical components | RISK-207 : SPLAT - SPLATR Interface Incompatibility

I RISK-208 : SPLAT compatibilty issue detected during trial assembly B RISK-462 : SPLAT Pointing performance

V< . P g ng p

PO CMB 34 Project Workshop | May 2024 RISK-507 : SPLAT Primary mirror fabrication defect Wl RISK-508 : SPLAT Secondary mirror fabrication defect 17

x4
RISK-509 : SPLAT Tertiary mirror fabrication defect Bl RISK-227 : Magnetic pick-up B RISK-71: LATRs parts b

Il




1.06 LAT Risk Drivers for Budget Contingency

YSCMB$4

Project Workshop | May 2024

Cost C

LAT_SPLATROPT_1520 : LOT1 - Spot |
Check Test Lenses

LAT_SPLATRCRYO_1360 : Cryostat / |
Jacket / Windows Vendor Fabricati...

LAT_SPLATRCRYO_1480 : Assemble
Cryostat: Shields, Cryogenics, Wiring

LAT_CHLAT2_1200 : CHLAT2 - LAT Team
Verification

LAT_SPSHP_1010 : SPLAT Ships to PTH |

LAT_CHLAT1_1700 : CHLAT1 - Vendor |
Acceptance Final Payment

LAT_CHLAT2_1210 : CHLAT2 - Vendor |
Acceptance Final Payment

LAT_CHLAT2_1060 : CHLAT2 CDR |
Complete Payement 2

LAT_CHLAT1_1280 : CHLAT1 CDR |
Complete Payment 2

LAT_SPLATRCRYO_1540 : Cooldown: LOT1 |
Optics Tubes, LOT1 Detector Modules

Cost Import Uncertainty and Risk Events (No Mitigation)

ontribution for 1.06 - Large Ap Tel pes (LAT) and Re
Risk Exposure at P75: $20,329K

$2,159

o
\-

'I+ $1,103 ‘ $1,111K

$1,007K

B uncertainty M RISK-224 : LATR Spill

RISK-218 : LATR Cryostat Fabrication complexity

W RISK-217 : Loss in transmissive optical

RISK-216 : CHLAT Pointing performance

e
$0 $500 $1,000 $1,500 $2,000

Cost in Thousands (K)

lover (excess loading) B Risk-219: LATR Integration complexity

components M RISK-71: LATRs parts M RISK-223 : LATR Pole Deployment

RISK-69 : CHLAT Deployment M RISK-68 : SPLAT Trial Assembly Deployment delay
M RISK-222: Focal plane (FP) temperature 171 RISK-213 : CHLAT Fabricated Mirror Performance M RISK-433 : Silicon AR coating production

$2,354K
‘ $2,268K

$2,221K

) »

RISK-435 : Alumina AR coating Performance M RISK-226 : Optics tube testing throughput v

i
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1.06 LAT Pre-Construction Risks

2N
‘:: t.: =% 3
.

08'C0
vesw

7 of 29 risks occur prior to construction
22 risks occur after start of construction

Key

RISK-488

RISK-226

RISK-208

RISK-224

RISK-539

RISK-227

RISK-433

/e
{

5CMB S4

1.06 - LAT

1.06 - LAT

1.06 - LAT

1.06 - LAT

1.06 - LAT

1.06 - LAT

1.06 - LAT

Summary

SPLAT Far sidelobe contamination

Optics tube testing throughput

SPLAT compatibility issue detected during trial assembly

LATR Spillover (excess loading)

CHLAT Vendor bids exceed budget estimate

Magnetic pick-up

Silicon AR coating production

Project Workshop | May 2024

Status

PROPOSE ACTIVE RISK AFTER UPDATE

ACTIVE RISK/OPPORTUNITY

UPDATE RISK

UPDATE RISK

ACTIVE RISK/OPPORTUNITY

ACTIVE RISK/OPPORTUNITY

UPDATE RISK

Risk Retirement Date @

Mar 31, 2026

Sep 30, 2027

Nov 15, 2027

Jun 01, 2028

Jul 10, 2028

Sep 29, 2028

Dec 01, 2028

19



1.07 SAT Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for C Risk Mar 2024.1.07 - Small ApertureTelescopes (SAT) :

- Cryostat
AT_07! 180 : Ve Time -
SAT_0752_5180: Vendor Lead ime - | 25d 254 753d
Filters
SAT_0792_4040 : Integration of Focal | s84d
Plane Array (detectors, Cold RO, cablin...

SAT_0792_2040 : Integration of Focal |
Plane Array (detectors, Cold RO, cablin...

45d
SAT_0721_1030: Finalize Cryostat | 2114
Prototype Design 4

SAT_0792_3270 : Cooldown and load test |
with window open

SAT_0752_2410: Vendor Lead Time -
Lenses

SAT_0731_1010: Internal Final Design -
c 1 3.8d
ryostat
SAT_0752_4180 : Vendor Lead Time - AR | *
0d

Coatings

SAT_0792_2030 : Vacuum & Cold Testing |
of SAT3

30d 60d 90d 120d 150d 180d 210d

B RISK-233 : Cryostat assembly complexity M RISK-229 : Detector module integration issues Ml RISK-237 : 40K capacity N
RISK-232 : 1K capacity RISK-275 : Staffing needs during installation W RISK-264 : Focal Plane temperature
W RISK-251: IR reflecting/scattering filter RISK-252 : IR absorbing filter RISK-253 : Band defining filter

\I/_I\ CMB&4 Project Workshop | May 2024 RISK-240 : SAT Cryostat Power Consumption Ml RISK-274 : Staff ramp up M RISK-239 : Cryostat configuration (3 vs 1 tube) - 20

7 B RISK-250: Lens production M RISK-238 : Gas handling packaging I/ RISK-241: Cooldown time M Uncertainty v
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1.07 SAT Risk Drivers for Budget Contingency

Cost Import Uncertainty and Risk Events (No Mitigation)

Cost Contribution for 1.07 - Small ApertureTelescopes (SAT)

SAT_0731_1020 : Contractor FmaICDes:gn ] 7796k
- Cryostat

SAT_0751_7030: Final Design Optics |
Tubes - Cold Optics $2,101 $1,994 +Bd,103!(

SAT_0743_1025 : Optics Stack Prototype - |
SAT_0792_3270: Cooldo}m\ apd load test | &1k
with window open

SAT_0721_1030:: Finalize Cryostat |

Prototype Design i i‘”GSK
SAT_0751_7010: Installation & Test Plan |
Development - Cold Optics 3T +S949K
SAT_0752_4200 : ACCEPT: AR Coatings - 5615*35633K

SAT_0722_1440 : ACCEPT: Cryostat & DR §252K
Prototype Proc/Fab

SAT_0792_1020 : SAT1 Integration & Test | $210K
@ 1&T Center A

SAT_0792_4040: Integration of Focal | .} L i
Plane Array (detectors, Cold RO, cablin...

[EmD

————

$0 $2,000 $4,000 $6,000 $8,000
Cost in Thousands (K)

»
1]

W RISK-232: 1K capacity M RISK-234 : AR Coating Performance Ml RISK-237: 40K capacity | RISK-235 : beams/sidelobe suppression
RISK-231 : Polarization systematics B RiSK-240: SAT Cryostat Power Consumption B Risk-233: Cryostat assembly complexity
RISK-236 : External baffling RISK-238 : Gas handling packaging RISK-230 : Production Lens AR Coating Rates M Uncertainty

/e .
\I_,|\ CMB X4 Project Workshop | May 2024 B RISK-272: Interface problems (SAT L3-L3) M RISK-264 : Focal Plane temperature M RISK-239 : Cryostat configuration (3 vs 1 tube) Fi 21

RISK-229 : Detector module integration issues M RISK-274: Staff ramp up RISK-441 : Helium Rotary Joints %

]




1.07 SAT Pre-Construction Risks S .sir.,f

“eessmcomee
£

Key i X WBS L2 Summary Status Risk Retirement Date @
RISK-234 O 107-sAT AR Coating Performance UPDATE RISK Oct 27, 2027
12 of 25 risks occur | |
RISK-235 O 107-saT beams/sidelobe suppression UPDATE RISK Jul 24, 2028
p rl O r to Sta rt Of RISK-231 O 107-saT Polarization systematics UPDATE RISK Jul 24, 2028
CO n St I'U Ct | O n RISK-264 O 107-saT Focal Plane temperature UPDATE RISK Sep 22, 2028
RISK-241 O 107-sAT Cooldown time UPDATE RISK Sep 22, 2028
1 3 ri s ks OCCU r after RISK-240 O 107-sAT SAT Cryostat Power Consumption UPDATE RISK Sep 22, 2028
Sta rt Of CO nSt ru Ct | O n RISK-239 O 107-saT Cryostat configuration (3 vs 1 tube) UPDATE RISK Sep 22, 2028
RISK-238 O 107-sAT Gas handling packaging UPDATE RISK Sep 22, 2028
RISK-237 O 107-saT 40K capacity UPDATE RISK Sep 22, 2028
RISK-233 O 107-saT Cryostat assembly complexity UPDATE RISK Sep 22, 2028
RISK-232 O 107-saT 1K capacity UPDATE RISK Sep 22, 2028
RISK-236 O 107-saT External baffling UPDATE RISK Nov 13, 2028

/<
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1.08 DAQ Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.08 - Observatory Control and Data Acquisition System (DAQ) |
Risk Exposure at P 8d
RISK-DAQ-283 : Insufficient Expert | =]
Developer:Staft _ b
RISK-DAQ-481 : Incomplete or |
Undocumented Large Aperture Telesco... - e 3119
RISK-DAQ-480: Incomplete or | 203d
Undocumented Small Aperture Telesco... =
RISK-DAQ-484 : Incomplete or | 201d
Undocumented South Pole Site Interfa... .
RISK-DAQ-483 : Incomplete or |
Undocumented Chile Site Interfa... + e 183d
DAQ_MA _2030 : Develop visualization of | 284
identified metrics
DAQ_MA_3000 : Develop Alarms | 23d
Framework
DAQ_MA_2010 : Develop data providers -| l 2.0d
DAQ_0020 : FND: START Prototype | 15d
Cryostat Control (**Can Start as Soon... -
DAQ_MA_1000 : Monitoring Framework -| i! 12d K
T T T T T T T 1
od 20d 40d 60d 80d 100d 120d 140d
B RISK-283 : Insufficient Expert Developer Staff Ml Uncertainty M RISK-484 : Incomplete or Undocumented South Pole Site Interface Definition ]
RISK-483 : Incomplete or Undocumented Chile Site Interface Definition
/< . P
PO CMB 34 Project Workshop | May 2024 RISK-481: or Und d Large Aperture Telescope Interface Definition 23
M Risk-480: orl Small Aperture Telescope Interface Definition | Logic




1.08 DAQ Risk Drivers for Budget Contingency

YSCMB$4

Project Workshop | May 2024

Cost Import Uncertainty and Risk Events (No Mitigation)

Cost Contribution for 1.08 - Observatory Control and Data Acquisition System (DAQ)
Risk Exposure at P75: $10,617K

RISK-DAQ-283 : Insufficient Expert
Developer Staff

RISK-DAQ-282 : Hardware Emulators
Availability

RISK-DAQ-280 : Observatory Control
System Test Stand Availability

RISK-DAQ-277 : Observatory DAQ Test
Stand Availability

RISK-DAQ-281 : Controls Hardware/
Simulator Availability

RISK-DAQ-484 : Incomplete or
Undocumented South Pole Site Interfa...

RISK-DAQ-481 : Incomplete or
Undocumented Large Aperture Telesco...

RISK-DAQ-480 : Incomplete or |
Undocumented Small Aperture Telesco...

$207 ‘ $207K

RISK-DAQ-288 : Insufficient End-to-End

Testing Resources J $205K

RISK-DAQ-482 : Incomplete or |
Undocumented Data Manageme...

$186 ‘ $186K

. it . IS _________ ==
$0 $500 $1,000 $1,500 $2,000
Cost in Thousands (K)

W RISK-283 : Insufficient Expert Developer Staff M RISK-282 : Hardware Emulators Availability
B RISK-280 : Observatory Control System Test Stand Availability RISK-277 : Observatory DAQ Test Stand Availability

RISK-281 : Controls Hardware/Simulator Availability B RISK-484 : Incomplete or Undocumented South Pole Site Interface Definition
W RISK-481 : Incomplete or Undocumented Large Aperture Telescope Interface Definition

RISK-480 : Incomplete or Undocumented Small Aperture Telescope Interface Definition

$2,362K
$2,235K

$2,214K

—T
$2,500

(g »

Wi

[ERE
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1.08 DAQ Pre-Construction Risks

e : :

"' . 1 008 &
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“

14 of 14 risks occur
prior to start of

construction

O risks occur after
start of construction

N
x4

/<

P

CMB 34

Project Workshop | May 2024

Key

RISK-497

RISK-281

RISK-280

RISK-278

RISK-484

RISK-483

RISK-482

RISK-481

RISK-480

RISK-288

RISK-286

RISK-283

RISK-282

RISK-277

0D bbb o ooooooo o o o -*-

WBS L2

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

1.08 - DAQ

Summary

Delay in Fiscal Year 2025 Ramp Up

Controls Hardware/Simulator Availability

Observatory Control System Test Stand Availability

Incomplete or Undocumented Readout Interface Definitions

Incomplete or Undocumented South Pole Site Interface Definition
Incomplete or Undocumented Chile Site Interface Definition

Incomplete or Undocumented Data Management Interface Definition
Incomplete or Undocumented Large Aperture Telescope Interface Definition
Incomplete or Undocumented Small Aperture Telescope Interface Definition
Insufficient End-to-End Testing Resources

Early R&D DAQ Test Stand Availability

Insufficient Expert Developer Staff

Hardware Emulators Availability

Observatory DAQ Test Stand Availability

Status

ACTIVE RISK/OPPORTUNITY

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

ACTIVE RISK/OPPORTUNITY

ACTIVE RISK/OPPORTUNITY

UPDATE RISK

UPDATE RISK

UPDATE RISK

Risk Retirement Date @

Sep 30, 2024
Mar 23, 2026
Mar 23, 2026
Mar 23, 2026
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028
Mar 14, 2028

Mar 14, 2028

25



1.09 DM Risk Drivers for Schedule Contingency
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CMB 34

Project Workshop | May 2024

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.09 - Data Management

Risk Exposure at P75: 453.8d

DM_DC_1670 : Define CHLAT Instrument |
forDE2A _ by
DM_SI_1320 : Sl Processing Model DD&D | [ i
FY33 (CON) :
\
M_PM_1100: 12M t
el BB

DM_PM_1400 : DOE Level 3 Management |
Fy33

DM_SPHW_2300 : Install South Pole Site | 247d
Hardware - DELETE ¢

DM_USCR_1310 : CY32 NERSC Allocation | l 6d 6d 193d

1d 29d ‘ 29.6d

DM_REV_1340 : Point Design for Mid- | |
Construction Review '

DM_REV_1350 : Point Design for Pre- |

|
Commissioning Review Sd! e

Foreground Model(s) for DC4 |

DM_DC_1910 : Define Extragalactic “J 37d
|

DM_DC_1890 : Define Cosmological | |
Parameters Set(s) for DC4 |

0

P

B RISK-303 : Oversimplified instrument model M RISK-300 : Pipeline computational efficiency M RISK-305 : Hiring DM staff ' Uncertainty
RISK-493 : DOE Data FTE Not Funded M RISK-306 : South Pole site hardware installation

B RISK-310: Pipeline validation & verification [ RISK-304 : Compute cycle sufficiency

[0 RISK-308 : Experiment design validation & Logic M RISK-78 : Computing architecture novelty

Transition To Oy

T
60d 80d 100d 120d 140d 160d

26
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1.09 DM Risk Drivers for Budget Contingency

Cost Import Uncertainty and Risk Events (No Mitigation)

/e
{

rd

P

CMB 34

Project Workshop | May 2024

DM_PM_1400 : DOE Level 3 Management |
FY32

DM_DC_1670 : Define CHLAT Instrument |
for DC3.1

DM_SPHW_2280 : ACCEPT: <DM South |
Pole site system hardware>

DM_PM_1100 : DOE Level 2 Management |
FY25

DM_PM_1390 : DOE Level 2 Management |
FY32

DM_PM_1370 : DOE Level 2 Management |
FY31

DM_PM_1350 : DOE Level 2 Management |
FY30

DM_PM_1240 : DOE Level 2 Management |
Fy28

DM_PM_1290 : DOE Level 2 Management
FY29

DM_PM_1210 : DOE Level 2 Management |
Fy27

B RISK-493 : DOE Data T

R -l B
] = |

Cost Contribution for 1.09 - Data Management

_35,876‘(

$258K

0$110K

“
)]

$105K

EES

5 $85K

g

g
=

“
b+
@
=

$76K

$11,303K

T
$1,000 $2,000 $3,000 $4,000 $5,000 $6,000
Cost in Thousands (K)

FTE Not Funded M Uncertainty B RISK-303 : Oversimplified instrument model

To Op:

RISK-305 : Hiring DM staff B RISK-300 : Pipeline computational efficiency M RISK-498 : Algorithmic Scaling

27



1.09 DM Pre-Construction Risks

4 of 7 risks occur prior to start of construction
3 risks occur after start of construction

Key T WBSL2 Summary Status Risk Retirement Date @
RISK-305 B 1.09-DM Hiring DM staff ACTIVE RISK/OPPORTUNITY Oct 02, 2023
RISK-78 O 1.09-DM Computing architecture novelty ACTIVE RISK/OPPORTUNITY Sep 30, 2028
RISK-498 B 1.09 - DM Algorithmic Scaling ACTIVE RISK/OPPORTUNITY Oct 02, 2028
RISK-303 B 1.09-DM Oversimplified instrument model ACTIVE RISK/OPPORTUNITY Oct 02, 2028

N

YSCMBS4  Project Workshop | May 2024 28



1.10 Chile Risk Drivers for Schedule Contingency
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CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.10 - Chile Site

Risk Exposure at P75: 514.0d

CH_IC_1770 : CHLAT2 Extended
Integrated Commissioning

CH_CIVIL_1360 : Request approval from
either UChicago Procurement Office...

CH_CIVIL_1000 : Draft Technical
Specification or Requirements a...

CH_CIVIL_1310:: <Site Buildings> Vendor
Fabrication/Shipping Period

CH_CIVIL_1320: Site Building Installation
and Assembly

CH_CST_2140 : General Facility
Maintenance [when building is comple...

CH_CIVIL_1390 : Civil Construction <Site
Civil Construction> [Electrical Distributi...

CH_PWR_1330 : Diesel Power Generation
System Installation, Certification and Si...

CH_CIVIL_1380 : <Site Civil

10d imznd b

Construction> Vendor Fabricatio... fad
CH_CST_2160 : FY29 Operate and 784
Maintain Site Buildings and Utilities
k T T T T T T
0d 20d 40d 60d 80d 100d 120d
B RISK-83 : NSF: Chile 1&C requirements not clear B RISK-337 : Major construction contract: Delays in start of work N
I RISK-336 : Major construction contract: delays in executing work =
RISK-383 : Equi| qui not achieved on site (not due to damage)
RISK-315 : Electrical grounding: Solution does not meet specification M RISK-321: Earthquake damage to equipment
W Risk-319: Major construction contract: Weather delays during construction ! Logic v
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1.10 Chile Risk Drivers for Budget Contingency

Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Contribution for 1.10 - Chile Site

Risk Exposure at P75: $9,945K

CH_CST_2140: General Facility | $1193K
Maintenance (when building is comple... .
CH_CIVIL_1320 : Site Building Installation | »

and Asseinbly §
CH_IC_1270: CHLATCR - Ground |
Commissioning — i
CH_CIVIL_1390 : Civil Construction <Site |
Civil Construction> [Electrical Distributi... - $201 +“°‘K

CH_BO_2040 : FY27 REUNA SLA |
Payments

CH_PWR_1360 : Photovoltaic (PV) Power | $277K
Generator Fabrication and Factory Testi...

CH_EHS_1020 : FY28 EH&S Staff 5
[Paramedics & Guards]

$92 ‘ $545K

©

$361 ‘ $363K

$261 ‘ $276K

CH_PWR _1370 : Photovoltaic (PV) Power |

Generation System Installation, Certifi... $275K

$273K

CH_IC_1770 : CHLAT2 Extended *-

Integrated Commissioning

CH_DATCOM_1180 : Installation of Fiber $214K
Optics and Networking Infrastructure 1
T
S

[ER[O

e

T 1
0 $200 $400 $600 $800 $1,000 $1,200
Cost in Thousands (K)

B Uncertainty M RISK-321: Earthquake damage to equipment B RISK-379 : RFI contamination at High Elevation Site
RISK-344 : High-bandwidth communication fees increase RISK-326 : Pandemic: local outbreaks
I RISK-83 : NSF: Chile I&C requirements not clear M RISK-348 : High i ication i not installed

\I_:T\CMBS4 Meeting Name | Month 2024 | RISK-315 : Electrical grounding: Solution does not meet specification 30

I RISK-338 : Electrical grounding: Solution is more expensive then planned v

(i »




1.10 Chile Pre-Construction Risks

19 of 52 risks occur
prior to start of
construction

1 risk retires in 2020
- needs checking

33 risks occur after
start of construction

YSCMBS4  Meeting Name | Month 2024

Key T WBSL2

RISK-320 B 1.10 - Chile
Site
RISK-382 B 1.10 - Chile
site
Risk-348 B 110 - Chile
Site
RISK-344 B 1.10 - Chile
Site
RISK-335 B 1.10 - Chile
Site
RISK-333 B 1.10 - Chile
Site
RISK-332 B 1.10 - Chile
Site
RIsk-322 B3 1.10 - Chile
Site
RISK-314 B 1.10 - Chile
Site
RISK-324 B 1.10 - Chile
Site
RIsk-338 B 1.10 - Chile
Site
RISK-331 B 1.10 - Chile
Site
RISK-317 B 1.10 - Chile
Site
RISK-346 B 1.10 - Chile
Site
RIsk-373 @ 1.10 - Chile
Site
RISK-340 B 1.10 - Chile
Site
RISK-337 B 1.10 - Chile
Site
RISK-336 B 1.10 - Chile
Site

RISK-319 B 1.10 - Chile
Site

Summary

Site access: Access road degrades

Weather conditions stop I&C work

High-bandwidth communication infrastructure not installed

High-bandwidth communication fees increase

Site layout: Geotechnical problem

Agency payments: "10% rule" costs increase

Land use fees increase

Land use permit: late in establishing any permit

ICDs not ready

Legal entity in Chile not established in time to prepare for construction

Electrical grounding: Solution is more expensive then planned

Delays establishing legal entity in Chile put it on critical path

Site access: no access after snowstorms

Land use permit: cannot be established with PAA for full period required

Failure of concrete validation for major pour

Concrete pour during austral winter

Major construction contract: Delays in start of work

Major construction contract: delays in executing work

Major construction contract: Weather delays during construction

Status

PROPOSE AUC;‘;\AE_ENISK AFTER
UPDATE RISK
ACTIVE RISK/OPPORTUNITY
ACTIVE RISK/OPPORTUNITY
ACTIVE RISK/OPPORTUNITY
UPDATE RISK
ACTIVE RISK/OPPORTUNITY
ACTIVE RISK/OPPORTUNITY
UPDATE RISK

PROPOSE ACTIVE RISK AFTER

UPDATE

UPDATE RISK
UPDATE RISK
UPDATE RISK
ACTIVE RISK/OPPORTUNITY
ACTIVE RISK/OPPORTUNITY
ACTIVE RISK/OPPORTUNITY
UPDATE RISK
UPDATE RISK

UPDATE RISK

Risk Retirement Date @

Jun 30, 2020

Mar 22, 2023

Sep 30, 2024

Sep 30, 2024

Sep 30, 2024

Sep 30, 2024

Sep 30, 2024

Sep 30, 2024

Sep 30, 2024

Mar 31, 2025

Sep 29, 2025

Sep 30, 2025

Sep 30, 2025

Apr 05, 2027

Jul 05, 2028

Jul 05, 2028

Jul 05, 2028

Jul 05, 2028

Jul 05, 2028
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1.11 South Pole Risk Drivers for Schedule Contingency

CMBS4 Risk Mar 2024 Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Predecessors) for CMBS4 Risk Mar 2024.1.11 - South Pole Site .
Risk B t P75: 1,081.7d
SP_SATCOM_1070 : SAT Receiver 3: O j
& ] : eceiver 3: On | =
Sy Vertication = Summer _ e
SP_SATCONST_1010: Installation of |
Towers #2, and #3 [Summer] G ’ f63d
RISK-SP-388 : Design Complexity | 77d ‘ 771d
SP_SAT_1140 : SAT Re(ewer.’;Recewer ] 1- p—
ooldown
SP_DMCONST_1050 : Joint Review and | 55.6d
Acceptance by Sites and Data Mana... A
SP_LATCOM_1000 : SPLATCR Summer | 55.1d
Off-site Support <
SP_SATCOM_1090 : SAT Summer Off-site | 475d
Support (SAT2-3) "
RISK-SP-299 : NSF/OPP/AIL Does Not |
Agree to Planned Levels of Logistic... +35d | 350d
RISK-SP-518 : Insufficient electrical power |
available *m ‘ 329d
RISK-SP-296 : South Pole Site Cogtractov ] ! ‘ o |
upport i =
R —— I ___ ____ N L=
0d 100d 200d 300d 400d
B RISK-370: Critical expertise M Uncertainty M RISK-298 : Pandemic a 8
RISK-506 : BART tower/control room constructed and available to CMB-54 RISK-388 : Design Complexity L
B RISK-220 : Cooldown/warmup time M RISK-499 : South Pole Computing Power 1
/< . P puting
\—/I\ CM B S4 Meetl ng N ame | M Onth 2024 RISK-299 : NSF/OPP/AIL Does Not Agree to Planned Levels of Logistical Support RISK-518 : Insufficient electrical power available 32
RISK-296 : South Pole Site Contractor Support M RISK-387 : Change in Assumed Construction Environmental Conditions at South Pole Site v




1.11 South Pole Risk Drivers for Budget Contingency

Y;CMBS4

Project Workshop | May 2024

Cost Import Uncertainty and Risk Events (No Mitigation)
Cost Contribution for 1.11 - South Pole Site
Risk Exposure at P75: $29,060K

s sucons oot | I i v
SP_AIL_1200: FY33 NSF ROM (Fs::le(r:;g 1 _ Sii02k

RISK-SP-404 : CMB-54 Pn:]\::;:;:g i e | -

RISK-SP-365 : USAP Crane Availability _ 041K

RISK-5P-437 : On-site Acceptance of SATs -| _ $929K
$0 $500 $1000 51,500 52000 2500

Cost in Thousands (K)

a8

=] Uncertainty B RISK-518 : Insufficient electrical power available B RISK-89: South Pole Site Delivery of Cargo and Personnel
RISK-404 : CMB-S54 Project Crane Availability RISK-506 : BART tower/control room constructed and available to CMB-S4

I RISK-365 : USAP Crane Availability B RISK-437 : On-site acceptance of SATs I/ RISK-405 : Equipment handling damage

W RISK-371: Receiver operation does not match North American performance W RISK-294 : Schedule Delay in On-site Activities

I RISK-297 : South Pole Site Delivery of Fuel for Equipment and Building Heat Ml RISK-370 : Critical expertise

(i) »
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1.11 South Pole Pre-Construction Risks

2 8F 00006
Coceesiiabos
ssco -
se's

4 of 31 risks occur prior to start of construction
27 risks occur after start of construction

Key

RISK-299

RISK-523

RISK-388

RISK-506

/e
{

5CMB S4

T WBSL2

B 1.11 - South Pole Site
B 111 - South Pole Site
B 1.11 - South Pole Site

B 1.11 - South Pole Site

Summary

NSF/OPP/AIL Does Not Agree to Planned Levels of Logistical Support
Design Updates for Changing Site Environmental Conditions
Design Complexity

BART tower/control room constructed and available to CMB-S4

Project Workshop | May 2024

Status

UPDATE RISK

UPDATE RISK

UPDATE RISK

UPDATE RISK

Risk Retirement Date o

Sep 25, 2025
Oct 22, 2026
Oct 22, 2026

Oct 08, 2028
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Next Risk Workshop: late June
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e Focus 1: Missing construction stage risks

e Focus 2: Review mapping from Jira to P6 activities

e Focus 3: Does risk description explicitly include cause
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Risk Description Guidance

From the DoD Risk, Issue, and Opportunity Management Guide

A good risk statement will include two or, potentially, three elements: the
potential event or condition (Risk), the consequences (Impact) and, if known,
the cause of the event.

The risk statement should not include a potential risk mitigation strategy, other
solution, or other extraneous information

Example

IF fabrication rates are slower than planned (RISK) because facility maintenance
is not performed (CAUSE) then integration of the final assembly will be delayed
(IMPACT)

/<
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Fishbone Tool for Root Cause Analysis
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CMB 34

Operator
Availability

Commercial

Demand

Testing
Throughput

Training

\\i’rog ram

Sole source supplier /

Reliability Issues /

World demand

Calibration vendor

surge

availability

Material Maintenance
shortage Problems of
Machines
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Actual Production
Rate < Planned
Rate
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5 Whys Root Cause Analysis

Consequence/Effect

Actual Production Rate <
Planned Rate

1) Why>> Material Shortage >
2) Why>> Worldwide demand >
surge

3) Why>> Market demand shift >
Root Cause

4) Wh >> Low volume customer > Insufficient lead time for
Y orders delayed procurement

5)Why > >
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