RT-402-1-01-D  PM - Change to specifications or interface to CMS (DOE)Review this risk and either update it or close it.

	Risk Rank:
	3 (High)   Scores:  Probability : 4 (H) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Under review

	Summary:	
	Project specifications or interfaces-- technical, shared facilities, scheduling, etc. --change as a result of  R&D activities. This risk covers changes that are  consistent with the project's original scope and objectives.

Requests from international CMS for significant changes of scope would require careful consideration with the agencies and international colaborators and may be considered to be programmatic issues requiring directed changes to the project goals. 

	Risk Type:
	Threat
	Owner:
	Vivian O'Dell

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	Technical Risk / Interfaces

	Probability (P):
	40%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 250 k$
Maximum 	= 500 k$
Mean		= 250 k$
P * <Impact> 	= 100 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3 months
P * <Impact> 	= 1.2 months

	Basis of Estimate:
	​We assume the probability is  reasonably low per L2 system (about 10%). Allowing for four L2 areas,  we assess the overall probability to be about 40%.

We assume the risk could have an  impact of  5% of the base cost of a L3 subsystem (which cost up to about $10M) in a worse case scenario  (i.e. about $500k). We assume the most likely impact is about half this  amount ($250k).
  We estimate the delay could be up to 6 months. The  average burn rate  per L2 area is $xxxk per month (CMS-doc-13408). For 6 months this adds  $xxxk to the cost impact.
Likely impact = $250k+$xxxk = $250k.
  Max impact = $500k+$xxxk = $500k.

	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Oct/2016
	End date:
	

	Risk Mitigations:
	​Considerable effort is invested  together with the international CMS collaboration to clearly define and  agree on the scope and interfaces. Much of this is documented in the  Technical Design Reports which are reviewed in detail by the LHCC. 

	Risk Responses:
	

	More details:
	CMS-doc-13481



			
		
	

RT-402-1-05-D  PM - Significant funding delay during project execution (DOE)
	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  3 (H)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	It is assumed that DOE funds will not necessarily arrive promptly at the start of each fiscal year for various administrative or other reasons. In addition, the Project may temporarily receive somewhat less than the expected level of funding if there is a Continuing Resolution in place. The Project expects to be able to continue working through such (non-catastrophic) scenarios with the help of carry-over funds, such as unspent contingency.

There is, however, a more significant funding delay risk: if the decision to approve the Project’s initial use of MIE funds coincides with a Continuing Resolution (CR) – that prohibits any 'new starts' – then all MIE-supported work would be held up for the duration of the CR.

This delays many activities and has an cost impact due to escalation and standing army costs.

	Risk Type:
	Threat
	Owner:
	Steven C. Nahn

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	21%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 3339 k$
Mean		= 1,113 k$
P * <Impact> 	= 234 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 9 months
Mean		= 3 months
P * <Impact> 	= 0.6 months

	Basis of Estimate:
	 Congressional Research Service data on CR durations (https://fas.org/sgp/crs/misc/R42647.pdf) indicate that in the last two decades there have been more than five CRs per year lasting an average of 138 days per year (4.5 months or 38% of the whole year) and, in three cases for an entire fiscal year.

We assume that we will seek approval for MIE spending at least 3 months before the funds are actually needed. Therefore the first three months of a CR would not have an impact. We find that on 21% of the days from FY1998 – FY2016 a CR would delay CD-3A approval by between 0 months and 9 months (i.e. 21% of the days analyzed have a CR of duration between 3 months and 12 months). We model this risk as a triangle p.d.f. with P=21% and min/likely/max = 0 / 0 / 9 months.

The full project burn rate is $371k per month (CMS-doc-13481) comprising $249k for standing army costs and $122k for escalation. This estimated standing army cost includes the possibility that  some, but not all, personnel can charge their time to other off-project activities during the delay. 

9 months at $371k/month is $3,339k. 

	Cause or Trigger:
	​​C​hanges in funding agency priorities, or in Congressional appropriations due to political or other reasons.
	Impacted Activities:
	

	Start date:
	1/Oct/2019
	End date:
	

	Risk Mitigations:
	​​It is assumed that modest funding  delays are inevitable. The project plan will mitigate the  potential impacts by avoiding large procurements early  in each fiscal year and using carry-over funds (e.g. unspent contingency). The Project will aim to seek approval to spend MIE funds (i.e. 'new start' approval) in the second half of the fiscal year if this is possible given the various pre-requisites (e.g. R&D results, vendor information, etc.). This will reduce the likelihood of coinciding with a CR.


	Risk Responses:
	​​If significant delays due  to limited availability of funds start to look inevitable, the project  will pro-actively re-prioritise work to minimise the consequences for  critical path activities. The project will work closely with the  agencies to optimize the flow of even limited funds to ensure the  project does not grind to a halt.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-1-09-D  PM - ES&H incident at US-CMS institute (DOE)
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​​If a contractor or laboratory/university employee is injured or if material is  severely damaged in an safety incident, or if an unplanned  environmental release occurs during the construction or installation  phases, the resulting investigation and implementation of corrective  actions could shut down the project and cause schedule delays, depending  on the severity of the incident and its impact on critical path work.

	Risk Type:
	Threat
	Owner:
	TJ Sarlina

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	Technical Risk / ES&H

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 4 k$
Most likely 	= 52 k$
Maximum 	= 471 k$
Mean		= 176 k$
P * <Impact> 	= 9 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0.25 months
Most likely	= 0.5 months
Maximum 	= 2 months
Mean		= 0.92 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	This risk assessment is based on experience with CMS Phase 1 Upgrades (only 1 minor ES&H incident in 5 years) and expert input from Amber Kenney, Deputy Head of Fermilab ESH&Q.

The apparently high value of the probability (for a safety-related risk) reflects the involvement or more than  30 institutes for a period of about 5 years. If a safety incident occurs, the institute, host Lab, DOE, NSF or other stakeholders may require a work stoppage until they are satisfied the issues are resolved and work can resume. Historical experience indicates this is usually a few days or weeks but in exceptional cases it could be months, particularly if there is a fatality.
     The cost impact may include rework or repairs (beyond what is covered by insurance) and burn rates (as described in CMS-doc-13481). The schedule impact includes delays due to work stop orders while the incident is analysed and corrective action is taken. To capture a range of possible consequences we consider three scenarios:

Min impact: One L3 area is impacted for 1 week without any damage. The average L3 burn rate ($18k/month) results in a cost impact of about $4k (for 1 week).

Likely impact: One L2 area is impacted for 2 weeks. There is $20k of corrective action cost. The average L2 burn rate   ($68k/month) results in a cost impact of $32k (for 2 weeks). Total cost impact = $52k.

 Max impact: A serious incident  results in $100k of corrective action cost. A work stop order halts related activities project-wide for 2 months as  failings are addressed. Some activities continue (e.g. design, firmware, software, etc.). We assume the monthly burn rate in this scenario is 50% of the total project burn rate of $371k/month. The total cost impact = $100k + 2months * 50% * $371k  = $471k. 


	Cause or Trigger:
	​Despite rigorous ES&H program at collaborating institutes, an accident could happen due to unsafe practices, being distracted while working, being lax about attention to environmental regulatory requirements, or poor enforcement of contract ES&H provisions.
	Impacted Activities:
	

	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	Comprehensive use of ISM program across entire project including complete HA process; good ESH contractual provisions as well as enforcement; working up front during construction contracts to gain buy-in of construction contractor management to ESH issue prevention. Oversight roles and responsibilities for contractor and project team to include ensuring adequate training and attention to site specific risks, and compliance with their ESH program. The host Labs and agencies provide review/oversight on regular basis.

	Risk Responses:
	

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-1-12-D  PM - Major import or export issue (DOE)
	Risk Rank:
	3 (High)   Scores:  Probability : 4 (H) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	There is a major unforeseen import/export issue. For example, rules change in such a way as to delay or increase the cost of importing or exporting certain items (e.g. restrictions on rad hard components or changes to tariffs). If insufficient interagency and international regulatory coordination has occurred, then items moved between countries may be delayed or subject to additional costs.

	Risk Type:
	Threat
	Owner:
	Steven C. Nahn

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	External Risk / Regulatory

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 18 k$
Most likely 	= 136 k$
Maximum 	= 500 k$
Mean		= 218 k$
P * <Impact> 	= 109 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 4 months
Mean		= 2.33 months
P * <Impact> 	= 1.2 months

	Basis of Estimate:
	Probability of an import/export problem of some sort is estimated to be fairly high (P=50%). Most of the time, the impact will be modest but we include a tail out to high impacts (that are less likely due to the falling shape of the  triangle p.d.f.). 

 Unexpected customs delays of up to several months have happened in the past. Allow for a long tail (but unlikely) to even higher values if, for example, there is an issue that also requires the involvement of the host Labs, funding agency or the State Department. 

Direct labor costs to address the issues are already covered on-project (e.g. management) or  by indirect costs (e.g. Lab procurement officers). The burn rate costs (escalation and standing army of on-project technical staff) are described in CMS-doc-13481. We assume the delay impacts one L3 system with a typical burn rate of $18k per month

Minimum impact: 1 month delay. No direct cost impact. $18k of burn rate.
Likely impact: 2 month delay. Direct cost impact = 10% duty on $1M of foreign costs = $100k. Plus $36k of burn rate. Total impact = $136k.
Maximum impact scenario: It is hard to predict  the future relating to major policy changes (e.g. tariffs). We consider there could be a direct cost impact from a few 10s of % of tarrifs charged on  several $millions of foreign-procured goods, yielding a maximum cost impact of up to about $0.5M (including $72k for the burn rate from 4 months of delay).

	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	​Pro-actively work with host lab and funding agency procurement, shipping, and import/export experts to identify potential issues. Prepare plans and work in advance to ensure that all rules and regulations are complied with. Monitor shipping activities closely, talk to goverment agencies, put assumptions about who pays duties into contracts. Consider holding logistics reviews. Talk to other projects to better understand probabilities & impacts and mitigation strategies.

	Risk Responses:
	Work with the host lab and funding agencies procurement, shipping, and import/export experts to address the issues.

	More details:
	CMS-doc-13481




RU-402-1-01-D  PM - Foreign exchange rates are uncertain (DOE)Update canonical exchange rates in all BoEs, P6 and in risk analysis before DOE CD2 DR

	Risk Rank:
	3 (High)   Scores:  Probability : 5 (VH) ; Cost:  3 (H)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​Future exchange rates are  more or less favorable than the canonical value in the baseline plan  resulting in a change in the cost to the project.

	Risk Type:
	Uncertainty
	Owner:
	Steven C. Nahn

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	External Risk / Market

	Probability (P):
	100%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= -6600 k$
Most likely 	= 1,120 k$
Maximum 	= 9420 k$
Mean		= 1,313 k$
P * <Impact> 	= 1,313 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	The cost impact parameters are the  result of a detailed scenario analysis. Historical exchange rate data  were used to replay typical rate variations (scenarios) and hence  model potential future changes (typical percentage changes from quarter   to quarter -- not absolute rates), as described inCMS-doc-13481  and calculated in CMS-doc-11825.  The risk uncertainty is applied to  the amount of foreign costs per fiscal year (determined from P6)  throughout the project allowing for the fact that the uncertainty  increases further into the future.To be updated


	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Oct/2019
	End date:
	30/Jun/2026

	Risk Mitigations:
	​The exchange rate uncertainty  increases  the further in the future the cost is incurred.  Therefore the project will seek to advance foreign exchange transactions  where possible and consistent with the availability of funds. For  example, it may be possible to front-load the payment of the CMS common  fund (in Swiss Francs) or procure silicon (in Yen) earlier than is  absolutely needed (on technical grounds).

	Risk Responses:
	​If the cost impacts are acceptable the  risk response is to use contingency to cover the increased costs. For  extreme exchange rate changes that cannot be covered by contingency,  work with the agencies to address the issue. In extremis, do not complete the objective KPPs if there are insufficient funds.

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RU-402-1-02-D  PM - Future escalation rates are uncertain (DOE)Update before DOE CD2 DR

	Risk Rank:
	3 (High)   Scores:  Probability : 5 (VH) ; Cost:  3 (H)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	The cost estimates in the Basis of Estimate (BoE) documents are expressed in terms of the base-year dollar when the estimate was made (typically FY19). For budgeting purposes [GAO-09-3SP, page 102], projected escalation rates are then applied to escalate the base-year dollars to then-year dollars and hence reflect the expected cost in the year in which it will be incurred. If actual inflation in future differs from the assumed escalation rates, then the project cost may increase or decrease. 

	Risk Type:
	Uncertainty
	Owner:
	Steven C. Nahn

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	External Risk / Market

	Probability (P):
	100%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= -2220 k$
Most likely 	= 1,250 k$
Maximum 	= 2980 k$
Mean		= 670 k$
P * <Impact> 	= 670 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	The cost impact is estimated by applying various sets of historical escalation rate time profiles(seperately for both M&S and labor) to the project cost profile to see how much is the cost impact compared to the default assumption in the base plan.
The main analysis is described in [CMS-doc-13481].
The historical data sets assessed are [CMS-doc-12866]:
-- general inflation (CPI);
-- the US Bureau of Labor Statistics (BLS) Producer Price Index (PPI) for all manufacturing industries;
-- the BLS Employment Cost Index for University Labor costs; and
-- a sample of actual and project labor rates from US-CMS institutes. 

	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	​​Monitor actual escalation annually and update project plan accordingly.

	Risk Responses:
	​If the cost impacts are acceptable the  risk response is to use contingency to cover the increased costs. For  extreme inflation rate changes that cannot be covered by contingency,  work with the agencies to address the issue. If need be, descope options  (that have already been identified) may need to be exercised to ensure  the overall project cost remains within the agency guidance.

	More details:
	CMS-doc-13481



			
		
	
	

RU-402-1-03-D  PM - Future Fermilab overhead rates are uncertain (DOE)Update before DOE CD2 DR

	Risk Rank:
	3 (High)   Scores:  Probability : 5 (VH) ; Cost:  3 (H)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	Fermilab charges indirect costs on funds spent at the lab and also -- subject to thresholds and at different rates -- on funds that are transferred to US-CMS institutes through sub-awards. The  overhead rates are adjusted each year and may become more or less favorable compared to the canonical value in the baseline plan.

Note: given the number of US-CMS institutes involved, we assume that increases and decreases in their rates roughly cancel on average. In addition, institutes generally do not charge any indirect costs for capital M&S expenditures (e.g. large procurements of equipment).

	Risk Type:
	Uncertainty
	Owner:
	Steven C. Nahn

	WBS:
	402.1 PM - Project Management (DOE)
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	100%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= -1710 k$
Most likely 	= -30 k$
Maximum 	= 1820 k$
Mean		= 27 k$
P * <Impact> 	= 27 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	Since FY08, the Fermilab Labor and M&S standard rates have varied by typically 3.6% per year for MIE funds. In this period the rates trended systematically upwards. Such a trend cannot continue unabated forever and could stop, or even revert to lower rates, during the lifetime of the project. In fact, discussions about a possible decrease in indirect rates are currently ongoing at the Lab and with the DOE.  

In future years, we therefore assume that the indirect rates could increase, decrease or remain the same with approximately equal probabilities. To model the impacts of this we construct a toy MC. The Project spends about $58.6 M at Fermilab (direct costs + indirect costs + escalation + estimate uncertainty) . We take the profile of these costs and assess the cost impact if the indirect rates in future years are  varied randomly by between ±3.6% compared to the previous year. This covers a range of scenarios in which rates can trend upwards, trend downwards, or fluctuate randomly from year to year.  The min/likely/max cost impacts are determined  from this toy MC. 

If the rate decrease that is currently under discussion is ultimately agreed, it has been estimated that the maximum saving to the project is approximately equal to the lower bound of the cost impact estimated as above. This favorable scenario is therefore covered by this risk uncertainty.

See: CMS-doc-13501 and CMS-doc-13481.

	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Oct/2016
	End date:
	30/Sep/2025

	Risk Mitigations:
	

	Risk Responses:
	​Update project plans to account for indirect rate changes at least annually and carefully monitor changes in the remaining contingency.


	More details:
	CMS-doc-13501 (see also CMS-doc-13481)




RO-402-2-03-D  OT - Module assembly can be automated
	Risk Rank:
	3 (High)   Scores:  Probability : 5 (VH) ; Cost:  2 (M)  Schedule: 1 (L))
	Risk Status:
	Open - Realized

	Summary:	
	​If automation in module assembly comes to fruition, then labor costs and schedule durations both decrease

	Risk Type:
	Opportunity
	Owner:
	Leonard G Spiegel

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Facilities

	Probability (P):
	66%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= -500 k$
Maximum 	=  k$
Mean		= -500 k$
P * <Impact> 	= -330 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= -2 months
Maximum 	=  months
Mean		= -2 months
P * <Impact> 	= -1.3 months

	Basis of Estimate:
	From the Module Assembly Workflow_v7-June2019.pdf document the fraction of labor hours for 2S/PS assembly that could be saved by implementing metrology measurements and hybrid gluing tasks on a gantry robot is about 1/3. Since the P6 estimate for the 10 2S and 10 PS production assembly batches is $2.4M (fully burdened), this would suggest a savings of $800k in labor. However, technician labor at Brown would be replaced with undergraduate labor, which would incur some cost, so the total savings would be reduced to about $700k (for both FNAL and Brown). From this the cost of a gantry system, laser, and other related equipment for Brown should be subtracted. (All of the equipment is currently in place at FNAL). This is approximately $200k, so the total estimated savings due to gantry automation is about $500k. This does not address possible further savings from the PS module assembly automation being developed at Brown.

Orignal assumptions (left for reference):

A reduction of  $1.6M in fully burdened labor costs throughout the production period is determined assuming that 2 technicians per assembly site are replaced with 2 students (uncosted graduate students at FNAL and moderately costed undergraduates at Brown = $30/hr). The cost of two gantry robots ($150k each) and engineering+programming development costs ($300k) leads to a  $1.0M opportunity. 
The impact on the schedule is expected to be 2 months of savings based on the current estimate of the labor required to carry our the steps being considered for automation​.

	Cause or Trigger:
	
	Impacted Activities:
	​All PS and 2S Module assembly activities in aggregate. Implemented as a risk hook between start and completion of production of 2S modules.

	Start date:
	1/Oct/2019
	End date:
	1/Oct/2022

	Risk Mitigations:
	​In the R&D phase we will pro-actively explore automating certain steps in the module assembly process with the aim of realising the associated cost and schedule savings.  

	Risk Responses:
	​Accept the risk , produce modules more efficiently

	More details:
	



			

RT-402-2-01-D  OT - Sensor quality problem during production
	Risk Rank:
	3 (High)   Scores:  Probability : 4 (H) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	If the sensor vendor delivers sensors that do not meet specifications then the degraded performance of the tracker jeopardizes the physics performance of the upgraded detector. 

	Risk Type:
	Threat
	Owner:
	Ulrich Heintz

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	50%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 46 k$
Most likely 	= 79 k$
Maximum 	= 163 k$
Mean		= 96 k$
P * <Impact> 	= 48 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.67 months
P * <Impact> 	= 1.8 months

	Basis of Estimate:
	The contract will be written for the vendor to deliver a specified number of good sensors that satisfy CMS specifications. Thus we do not have to pay for sensors that do not satisfy the specifications and there is no impact on sensor cost. The only cost impact is that we will have to repeat the QC testing of the replacement sensors.  Minimal impact: this happens during production and is corrected quickly after feedback from sensor QC leading to a delay of about 2 months and negligible direct cost.

Maximal schedule impact: this happens during preproduction and the preproduction cycle has to be repeated, leading to a delay of about 6 months and extra labor cost of about $25k (cost for preproduction cycle of one sensor type).

The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).

Min cost = $0k + 2months * $23k burn rate = $46k.
Likely cost = $10k + 3month * $23k burn rate = $79k.
Max cost = $25k + 6months * $23k burn rate = $163k.

The problem has to either persist over many batches or not be noticed during QC at the vendor (for example a degradation of performance over some time). Problems that affect a single batch of sensors  (eg because of some contamination or processing mistake) will not lead to a significant delay because reprocessing a batch will only add a week or two to the production period. Based on past experience with the vendor we expect this to happen at least once during production and we assign 50% probability for each sensor type.

	Cause or Trigger:
	​Sensors do not satisfy specifications
	Impacted Activities:
	Sensor procurement activities and downstream activities. ​This should be implemented for each of the three sensor types (2S, PS-p, PS-s) so that the probability of 50%/sensor type.

	Start date:
	1/Apr/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	We carry out extensive prototyping work with the vendors prior to placing the contract for sensor production to make sure that vensors understand our specifications and can meet them.​
The vendor will carry out a first set of QC measurements before the sensors are shipped to CERN and distributed to QC centers. This ensures that most problems will be caught quickly and do not lead to significant impact on the project. The cost of these measurements is factured into the sensor cost.

	Risk Responses:
	If a modest problem occurs, work closely with vendor to solve it (e.g. testing). Replace the flawed sensors.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-06-D  OT - Temporary loss of Sensor QC Site
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	If a Sensor QC facility temporarily becomes inoperable due to loss or damage of critical equipment (e.g. due to a water leak) then the resultant dip in sensor throughput may jeopardize timely completion of the project​.

	Risk Type:
	Threat
	Owner:
	Ulrich Heintz

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / ES&H

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 33 k$
Most likely 	= 71 k$
Maximum 	= 132 k$
Mean		= 79 k$
P * <Impact> 	= 16 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 4 months
Mean		= 2.33 months
P * <Impact> 	= 0.5 months

	Basis of Estimate:
	Probability = 20% is approximately estimated from 2 sites * 10% per site. This is based on experience from original CMS tracker, original pixel, and Phase 1 pixel where one incident occurred in O(10) sites.
If one center has a major equipment failure the second center can pick up the additional load within the 100% cushion.

Min/likely/max delay = 1/2/4 months delay for the inefficiency in the logistics to transfer materials and people back and forth. Min/likely/max repair estimate is 10/25/40 k$. This assumes insurance will cover loss/damage of major equipment. The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).
Min cost = $10k + 1 month * $23k burn rate = $33k.
    Likely cost = $25k + 2 months * $23k burn rate = $71k.
    Max cost = $40k + 4months * $23k burn rate = $132k.

	Cause or Trigger:
	
	Impacted Activities:
	This is implemented as two independent risk events for the two QC sites (Brown and Rochester). At each site, 3 tasks are impacted in a correlated way, representing the QC work on the 3 sensor types. The impact is modeled in the middle of the QC work (Lot 5).

	Start date:
	1/Apr/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	Having two sites is already a hedge against the complete stoppage of sensor testing, and should one site become temporarily inoperable, sensors w​ould be redirected to the other site temporarily to mitigate the impact.

	Risk Responses:
	Sensors can be diverted to the unaffected site to utilize its full throughput, and additional resources added to increase module production throughput at both sites (once the affected one is re-established) to regain time in the schedule.

	More details:
	CMS-doc-13481



			
		

RT-402-2-09-D  OT - MaPSA yield is lower than expected
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	If MaPSA yield is lower than expected, the additional wastage also sacrifices the associated sensors and MPA chips, which would need to be replaced at the project's cost.

	Risk Type:
	Threat
	Owner:
	Ron Lipton

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	15%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 370 k$
Most likely 	=  k$
Maximum 	= 640 k$
Mean		= 505 k$
P * <Impact> 	= 76 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​For each loss of 10% in yield, we would need 10% more sensors, estimated at 245k, and 10% more MPA chips, estimated at 125k.  The range covers wastage between 10 and 20%.  Implemented between Testing batch 3 and Vendor producing batch 5.

	Cause or Trigger:
	​A myriad number of problems at the bump bonding stage might reduce the yield, or handling during the assembly.
	Impacted Activities:
	​Increased wastage during the MaPSA assembly would require additional components, namely PS sensors and MPA chips

	Start date:
	2/Sep/2021
	End date:
	20/Sep/2023

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-10-D  OT - Vendor cannot perform MaPSA qualification tests
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​MaPSA qualification is done at the vendor site.  The current cost estimate may increase considerably if the vendors do not have the proper infrastructure to qualify the parts.

	Risk Type:
	Threat
	Owner:
	Ron Lipton

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / Complexity

	Probability (P):
	33%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 200 k$
Most likely 	= 400 k$
Maximum 	= 600 k$
Mean		= 400 k$
P * <Impact> 	= 132 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Qualification of MaPSAs may require sophisticated probing equipment, which can cost up between 200-600k for procurement, installation, and comissioning of the requisite equipment, potentially at several vendors.


	Cause or Trigger:
	
	Impacted Activities:
	​MaPSA procurement costs would increase.  Implemented as a cost increase after round 2 of MaPSA prototyping.

	Start date:
	1/Jan/2019
	End date:
	14/Jun/2023

	Risk Mitigations:
	

	Risk Responses:
	​Work with vendor to improve their infrastructure or move testing to different site (other vendor or collaborator)

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-11-D  OT - MaPSA bump bonding cost increases
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  3 (H)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​Currently we have several MaPSA estimates,with a very broad range between high and low, indicating the industry does not  give a clear indication of the actual cost.  This risk is to cover  the possibility that this high cost item exceeds the nominal  estimate uncertainty, M5 at the moment.

	Risk Type:
	Threat
	Owner:
	Ron Lipton

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 500 k$
Most likely 	= 1,000 k$
Maximum 	= 1500 k$
Mean		= 1,000 k$
P * <Impact> 	= 200 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	Currently we have several MaPSA estimates,with a very broad range between high and low, indicating the industry does not give a clear indication of the actual cost. This risk is to cover the possibility that this high cost item exceeds the nominal estimate uncertainty, M5 at the moment.

	Cause or Trigger:
	
	Impacted Activities:
	The costs of MaPSA bump bonding would increase, increasing the costs of PS module fabrication.

	Start date:
	1/Jan/2019
	End date:
	14/Jun/2023

	Risk Mitigations:
	​ Prototypes will be used to validate low bidders, for which there is not yet confidence of delivering with requisite quality.  There is more confidence for high cost bidders, which will also be validated in the prototyping phase, but even there the quotes are still preliminary.

	Risk Responses:
	​​Qualify additional vendors for Bump Bonding

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-14-D  OT - System test hardware has insufficient capacity
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	If unforeseen problems occur during assembly and testing, then the baseline testing systems may not be sufficient to maintain the required  throughput. This would necessitate the procurement and commissioning of additional test systems and additional labour for testing. 


	Risk Type:
	Threat
	Owner:
	Anadi Canepa

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 71 k$
Most likely 	= 169 k$
Maximum 	= 292 k$
Mean		= 177 k$
P * <Impact> 	= 18 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 3 months
Maximum 	= 4 months
Mean		= 3 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​The maximum cost impact corresponds to a scenario in which the capacity of all the production test systems (total cost about $200k) needs to be doubled, i.e. a cost impact of $200k. The minimum and likely costs reflect the need to duplicate parts of the test systems.
The min/likely/max schedule impact of 2/3/4 months is estimated assuming that the problem becomes apparent during production. The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).
Min impact = $25k + 2 months * $23k/month = $71k.

Likely impact = $100k + 3 months * $23k/month = $169k.
Max impact = $200k + 4 months * $23k = $292k.

	Cause or Trigger:
	
	Impacted Activities:
	More module testing equipment would be required, possibly more cold boxes, single module testing, or hybrid testing equipment.  Implemented as a cost impact on FNAL PS module production, A, East Coast PS Module production  (B), FNAL 2S Module Production (C), and East Coast 2S module production (D).    Sites should be delayed the same amount, but the probability should be split evenly between PS (A,C) and 2S (B,D)

	Start date:
	1/Jan/2022
	End date:
	31/Dec/2024

	Risk Mitigations:
	The testing hardware  is an external deliverable. We will monitor the progress of the USCMS module production  and ensure that new testing equipment is purchased when necessary and delivered when the production rate is increased to meet the schedule. Labour is increased accordinly to support the higher production rate.​ 

	Risk Responses:
	

	More details:
	CMS-doc-13481



RT-402-2-23-D  OT - Vendor is unable to produce PS-p sensors to specifications
	Risk Rank:
	2 (Medium)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​If vendor is unable to produce PS-p sensors that meet CMS Specification then the additonal cost and delay of identifying a new vendor jeopardizes the timely and on-budget completion of the project

	Risk Type:
	Threat
	Owner:
	Ulrich Heintz

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	5%
	Technical Impact:
	3 (H) - extremely substandard or KPP in jeopardy

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 210 k$
Most likely 	= 315 k$
Maximum 	= 891 k$
Mean		= 472 k$
P * <Impact> 	= 24 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 9 months
Maximum 	= 12 months
Mean		= 9 months
P * <Impact> 	= 0.5 months

	Basis of Estimate:
	If the selected vendor is unable to produce sensors to specifications
  a new vendor has to be developed. At a minimum this will require another preproduction run (6 month delay). At a maximum one to two prototype runs may also be required (12 months delay).

The burn rate for the entire Outer  Tracker is $70k/month (CMS-doc-13481). We assume half of the OT scope is  impacted by a delay from this risk, thereby incurring a burn rate of $35k/month.

Min impact = no direct cost increase. Burn rate = 6 *$35k = $210k.

Likely impact: cost increase is covered by the 15% sensor estimate uncertainty.Burn rate = 9 *$35k = $315k.

Max impact: the worst case scenario based on info

	Cause or Trigger:
	​Sensors delivered by vendor are substandard and vendor is unable to fix the problem.
	Impacted Activities:
	​Sensor production and QC.  Cost risk is implemented as a single risk. Schedule risk is implemented as a single risk. There is one risk hook for the PS-p sensors. Note: PRA does not support fractions of percent.


	Start date:
	1/Apr/2020
	End date:
	3/Dec/2024

	Risk Mitigations:
	​CERN is carried out a market survey to identify possible vendors. Companies were selected based on their capability to produce sensors that satisfy CMS specifications and to produce all the sensors needed by CMS and ATLAS within a three-year period. Companies were qualified by producing prototype sensors to CMS specifications. This minimizes the probability that the selected company cannot deliver the order. 

	Risk Responses:
	​A new vendor has to be identified and production restarted.



RT-402-2-24-D  OT - Problem with module mechanical parts vendor
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​​Major problems with the vendor of mechanical (bridges, spacers, etc) parts for modules

	Risk Type:
	Threat
	Owner:
	Leonard G Spiegel

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 324 k$
Mean		= 108 k$
P * <Impact> 	= 22 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 6 months
Mean		= 2 months
P * <Impact> 	= 0.4 months

	Basis of Estimate:
	​Minimum impact: no extra cost nor delay

Maximum impact: significant delays causing a standing army cost of $324k (54k/month module assembly labor burn rate for 6 months).  The burn rate is assumed to be 1/3 times the total module assembly labor cost of 5M during the production divided by the production interval of 31 months.   The 1/3 assumes that a certain fraction of the labor force is either matrixed out to other areas or can advance some of the other activities while waiting for parts.

	Cause or Trigger:
	
	Impacted Activities:
	​Implemented as a delay between batch 3 and 4 of AL- CF spacer production for 2S (A) and PS (B), probability should be split between the two.

	Start date:
	1/Apr/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	Vendor qualification will provide some experience with reliability, and the contract will include schedule expectations.

	Risk Responses:
	 Increased resources for labor and infrastructure to parallelize downstream activities in Module Assembly and Plank/Layer Assembly to recoup delays

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RT-402-2-25-D  OT - Module assembly yield is low
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If the yield from Module Assembly is lower than expected, then the additional resources needed to compensate jeopardize project schedule and budget

	Risk Type:
	Threat
	Owner:
	Leonard G Spiegel

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 605 k$
Maximum 	= 805 k$
Mean		= 470 k$
P * <Impact> 	= 47 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 6 months
Mean		= 2 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	​Minimum: no cost impact, no delay.
Likely: no delay. 40k$ is the cost of additional labour and additional components.
Maximum: 240k$ is the cost of additional labour and additional module components.​  6 month delay: time to diagnose the problem and improve the module assembly procedure.  An additional 10% of sensors would cost: 2S ($304k), PS-s ($100k) and PS-p ($90k). An additional 10% of MaPSA bump bonding would cost: $71k.


	Cause or Trigger:
	
	Impacted Activities:
	​Implemented as a Risk Hook between completion of 2S/PS Modules Batch 3 (assuming that is when you assess the yield) and Mechanical Assembly of Batch 5  (Batch 4 is in progress).
Share probability equally between PS (hook A) and 2S (hook B).


	Start date:
	1/Apr/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	​Extensive prototyping should mitigate the risk of overestimated yields in Module assembly.

	Risk Responses:
	​Additional resources both to compensate for the lower yield and further parallelize the assembly procedure to regain schedule would be needed

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RT-402-2-33-D  OT - More preproduction modules needed
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	If more pre-production modules are needed to qualify the production components and assembly, then there may be cost increases and delays.

	Risk Type:
	Threat
	Owner:
	Meenakshi Narain

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 330 k$
Mean		= 110 k$
P * <Impact> 	= 28 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 6 months
Mean		= 2 months
P * <Impact> 	= 0.5 months

	Basis of Estimate:
	​Additional labour: 22k/month and additional mechanical components 10k/month. Total = 6 months * ($22k + $10k) = $192k.
The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).
Total max impact = $192k + 6 * $23k = $330k.


	Cause or Trigger:
	
	Impacted Activities:
	​Module preproduction activities would stretch an additional 3 months.  Implemented as a hooks between 2S (hook B) or PS (hook A) Preproduction  Module Assembly activities complete and 2S/PS Ready for production. Share probability equally.


	Start date:
	1/Apr/2020
	End date:
	31/Dec/2020

	Risk Mitigations:
	​Preproduction activities are adequately estimated assuming no major problems arise, after extensive prototyping.​Add additional time for both  prototyping and pre-production, with a substantial gap to allow  extensive validation of preproduction (which is not compatible with a  "fabrication line" production model utilized by most vendors)


	Risk Responses:
	

	More details:
	CMS-doc-13481



			
		
	
	
	

RT-402-2-43-D  OT - Problem with carbon fiber vendor
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	Although it is very unlikely that carbon fiber prepreg vendor will go out of business, there is some risk that deliveries will be delayed because of 1) Swings in the market where a much larger customer has a suddent need for prepreg thereby tying up the production lines at the vendor, or 2) Problems with the supply of fibers from Japan. Within the current period there is also a risk of price volatility.


	Risk Type:
	Threat
	Owner:
	Douglas R. Berry

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 23 k$
Most likely 	= 99 k$
Maximum 	= 198 k$
Mean		= 107 k$
P * <Impact> 	= 27 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.8 months

	Basis of Estimate:
	​Minimum impact: the problem is relatively modest and is solved by the vendor within 1 months without any direct cost impact to the project.
Likely impacts: the problem is more significant and requires additional prototypes with the vendor resulting in a delay of 3 months and a cost of $10k for CF and machining.

Maximum impact: if we need to switch vendor we would need to qualify a second vendor resulting in a 6 month delay. The cost increase could be $20k for prototyping and setup costs with the new vendor.
The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).

Min cost = $0k + 1month * $23k burn rate = $23k.
Likely cost = $10k + 3month * $23k burn rate + $20k cost volatility = $99k.
Max cost = $20k + 6months * $23k burn rate + $40K cost volatility = $198k.


	Cause or Trigger:
	
	Impacted Activities:
	​​Carbon fiber based structures in both module mechanics and flat barrel mechanics.  Implemented as a delay in procurement for production planks (hook A) and spacers (hook B).

	Start date:
	1/Jan/2019
	End date:
	31/Dec/2024

	Risk Mitigations:
	​Prototyping experience in the next two years should result in a reliable cost estimate of the necessary carbon fiber for both module and flat barrel structures.​Buy carbon fiber as early as possible, taking into account the shelf life (12 months for epoxy).


	Risk Responses:
	

	More details:
	CMS-doc-13481



RT-402-2-46-D  OT - Problem with carbon foam vendorUpdate risk owner

	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	If there is a problem with the Carbon  Foam vendor then there could be delays or cost increases. Examples of  problems include: vendor going out of business, vendor delivering  substandard Carbon Foam, or the vendor cannot deliver according to the agreed  schedule.

	Risk Type:
	Threat
	Owner:
	Stefan Gruenendahl

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 23 k$
Most likely 	= 158 k$
Maximum 	= 396 k$
Mean		= 192 k$
P * <Impact> 	= 48 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 6 months
Maximum 	= 12 months
Mean		= 6.33 months
P * <Impact> 	= 1.6 months

	Basis of Estimate:
	​The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).
Minimum impact: the problem is  relatively modest and is solved by the vendor within 1 months without  any direct cost impact to the project. Cost impact = 1 month * $23k/month (burn rate).

Likely impacts: the problem  is more significant and requires additional prototypes with the vendor  resulting in a delay of 6 months and a cost of $20k for Carbon Foam and technical work. Total likely impact = $20k + 6 * $23k = $158k.

Maximum impact: if we need to switch vendor we  would need to qualify a second vendor resulting in a 12 month delay. The  cost increase could be $120k for increased vendor costs, prototyping and setup costs with the new  vendor.Total likely impact = $120k + 12 * $23k = $396k.


	Cause or Trigger:
	
	Impacted Activities:
	​Fabrication of the carbon foam structures in Mechanics - implemented as a delay in the carbon foam procurement for production planks.

	Start date:
	1/Jan/2019
	End date:
	31/Dec/2024

	Risk Mitigations:
	​​Buy carbon foam as early as possible.

	Risk Responses:
	​Join with the rest of the LHC community in seeking out a new vendor of Carbon Foam

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RT-402-2-54-D  OT - Mechanics materials degraded by radiationUpdate risk owner

	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If the mechanical materials are susceptible to integrity degradation due to radiation exposure, the resulting material modifications and design changes jeopardize timely completion of the flat barrel​.

	Risk Type:
	Threat
	Owner:
	Stefan Gruenendahl

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	10%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 48 k$
Most likely 	= 96 k$
Maximum 	= 144 k$
Mean		= 96 k$
P * <Impact> 	= 10 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	​Total cost of the materials involved is about $300k (MandS) and $220k in labor to make the production planks (x80) and rings (x6). It is assumed that any problems are found early in the mechanics production such that the likely cost impact is about 10 of the MandS and labor: min/likely/max = 25/50/75 k$ and a delay of 1/2/3 months.

  The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).

Min cost = $25k + 1months * $23k burn rate = $48k.
Likely cost = $50k + 2month * $23k burn rate = $96k.
Max cost = $75k + 3months * $23k burn rate = $144k.    

	Cause or Trigger:
	
	Impacted Activities:
	​Plank and ring fabrication would be delayed.

	Start date:
	1/Jan/2019
	End date:
	1/Apr/2021

	Risk Mitigations:
	All materials and assemblies will be radiation tested in the prototyping phase

	Risk Responses:
	

	More details:
	CMS-doc-13481



			
		
	
	
	

RT-402-2-57-D  OT - Major failure of layer assembly infrastructureUpdate risk owner

	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If there is a longer term non-availability of FNAL CO2 system, survey/alignment equipment, autoclave/oven, etc, then the subsequent delay until a alternative is in operation jeopardizes timely completion of the flat barrel

	Risk Type:
	Threat
	Owner:
	Stefan Gruenendahl

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Facilities

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 56 k$
Most likely 	= 112 k$
Maximum 	= 178 k$
Mean		= 115 k$
P * <Impact> 	= 6 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 4 months
Maximum 	= 6 months
Mean		= 4 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	​Estimate we need min/likely/max = 2/4/6 months to complete repairs or procure replacement  at a  cost of min/likely/max = 10/20/30k$.
The L3 burn rate due to the delay of downstream activities is $23k/month (CMS-doc-13481).
Min cost = $10k + 2months * $23k burn rate = $56k.
Likely cost = $20k + 4month * $23k burn rate = $112k.
Max cost = $40k + 6months * $23k burn rate = $178k.



	Cause or Trigger:
	​major component failure (e.g. pump, accumulator)
	Impacted Activities:
	Implemented as three risk hooks, one each for Inner (hook A), Middle (hook B), and Outer (hook c) Layer assembly, delay between start milestone and actual assembly.  Suggest splitting the probability equally.

	Start date:
	13/Jun/2017
	End date:
	31/Dec/2025

	Risk Mitigations:
	​monitor system performance & perform regular maintenance


	Risk Responses:
	​repair system; buy replacement (mobile) system

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RT-402-2-58-D  OT - Damage to Flat Barrel PlanksUpdate risk owner

	Risk Rank:
	2 (Medium)   Scores:  Probability : 1 (VL) ; Cost:  1 (L)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If an accident damages a flat barrel component (e.g. a plank or an end ring) then repair work would cause a delay and cost increase. The damage could be purely physical (e.g. the components are crushed), chemical (e.g. water contamination), or other hazard.


	Risk Type:
	Threat
	Owner:
	Stefan Gruenendahl

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Management Risk / Logistics

	Probability (P):
	5%
	Technical Impact:
	3 (H) - extremely substandard or KPP in jeopardy

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 30 k$
Most likely 	= 91 k$
Maximum 	= 141 k$
Mean		= 87 k$
P * <Impact> 	= 4 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 1 months
Maximum 	= 2 months
Mean		= 1.33 months
P * <Impact> 	= 0.1 months

	Basis of Estimate:
	Minimum Impact: the physical damage is not permanent and only rework is needed to effect a repair. The estimated delay is 1 month at a cost of 2 FTE-months of engineering or about $30k. Min impact total = $30k.

Likely impact: One entire Layer 2 plank (plus associated modules) needs to be replaced including about 11 modules maximum (11 * $5k = $55k). To this is added the mechanics cost and labor (about 10 hours per plank) for a total of about $6k. The delay is 1 month (assuming that modules are available). Likely impact total = $30k +$55k + $6k = $91k.

Maximum impact: the damage is catastrophic for a Layer 3 plank,including about 15 modules (15  * $5k = $75k). To this is added the mechanics cost and labor (about 10  hours per plank) for a total of about $6k. The delay is 2 month  (assuming that modules are available). Likely impact total = $60k +$75k + $6k = $141k.

The risk occurs late in the schedule and hence does not have a significant burn rate from escalation. The standing army costs (they are not idle!) are included in the labor costs above.


	Cause or Trigger:
	​Damage to a plank during plank assembly or during layer assembly or transport.

	Impacted Activities:
	Implemented as a delay between QC testing of Inner, Middle, and Outer Layer (whichever is last) and milestone of completion of Flat Barrel

	Start date:
	1/Jan/2021
	End date:
	31/Dec/2024

	Risk Mitigations:
	Plank handling procedures are designed to reduce damage due to handling. Transport enclosures are desgined to minimize risk to detector.

	Risk Responses:
	​The damaged plank would need to be replaced, increasing both time and labor depending on the extent of the damage

	More details:
	CMS-doc-13481



	

RT-402-2-59-D  OT - Damage to Flat Barrel LayerUpdate risk owner

	Risk Rank:
	2 (Medium)   Scores:  Probability : 1 (VL) ; Cost:  3 (H)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	If an accident destroys a major flat barrel component (i.e. a whole layer) then repair work would cause a delay and cost increase. The damage could be purely physical (e.g. the components are crushed), chemical (e.g. water contamination), or other hazard.

	Risk Type:
	Threat
	Owner:
	Stefan Gruenendahl

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	

	Probability (P):
	1%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 930 k$
Most likely 	= 1,880 k$
Maximum 	= 3150 k$
Mean		= 1,987 k$
P * <Impact> 	= 20 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 9 months
Maximum 	= 12 months
Mean		= 9 months
P * <Impact> 	= 0.1 months

	Basis of Estimate:
	Cost to rebuild an entire layer using planks at $6k labor per plank and modules at $5k/module, for either Layer 1 (minimal risk), Layer 2 (likely risk) or Layer 3 (maximum risk). The cost to replace the modules for Layer 3 (assuming the total number of spares needed by CMS remains the same) = 540 * $5k = $2.7M (including M&S and module assembly labor). The cost for the mechanics of a layer is about $ 150 k (1/3 of the total). Labor cost estimate (plank construction + module mounting) ranges from 200k$ (layer 1) to 400k$ (layer 3) or $300k on average. Maximum direct cost impact = $3.15M$. Layers 1 and 2 scaled accordingly.


	Cause or Trigger:
	​catastrophic damage to a majority of components of a Flat Barrel layer.

	Impacted Activities:
	​Implemented as a delay between QC testing of Inner, Middle, and Outer Layer (whichever is last) and milestone of completion of Flat Barrel

	Start date:
	1/Jan/2021
	End date:
	31/Dec/2024

	Risk Mitigations:
	​Design and enforcement of Flat Barrel handling and transport procedures, and design of Flat Barrel layer tranport enclosures.


	Risk Responses:
	​rebuild planks using spare modules, and reassemble layer.


	More details:
	



			
		
	
	
	
	
	

RT-402-2-60-D  OT - Problems with wire bonding
	Risk Rank:
	2 (Medium)   Scores:  Probability : 5 (VH) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​Temporary loss of a bonding machine at FNAL, Princeton, or Rutgers. While the repair costs are covered there would be additional expenses in the hold-up of module assembly until the machine is repaired or the work load could be rebalance.

	Risk Type:
	Threat
	Owner:
	Leonard G Spiegel

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	80%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 13.5 k$
Most likely 	=  k$
Maximum 	= 27 k$
Mean		= 20 k$
P * <Impact> 	= 16 k$
	Schedule Impact:
	PDF 		= 2-point - flat range
Minimum	= 1 months
Most likely	=  months
Maximum 	= 2 months
Mean		= 1.5 months
P * <Impact> 	= 1.2 months

	Basis of Estimate:
	​Probability is assumed to be 20% per machine (four machines: two at FNAL, one at Princeton, one at Rutgers) so roughly 80% probability in total (the number that is used in risk ranking). In the MC the probability is treated  as 4 independent events each with P=20%.
Based on a Module Assembly monthly labor burn rate of $54k and the assumption that a single wire bonder fails over the course of the production period, thus affecting 1/4 of the module assembly (burn rate = $54k/4 = $13.5k per month). 
This is modeled as a delay of 1-2 months in wirebonding at each of 3 sites independently, both for PS and 2S modules (correlated).

	Cause or Trigger:
	​Failure of a wire bonder, for example from the crash of a bonding head.
	Impacted Activities:
	​Wire bonding and all OT module assembly activities that are downstream of bonding.In the MC the probability is treated  as 4 independent risk events with P=20% each -- one per bonding machine.


	Start date:
	20/Dec/2021
	End date:
	2/Aug/2024

	Risk Mitigations:
	​With time the bonding load can be rebalanced amongst the 3 bonding facilities. It may be possible to pay for expedited service from the bonding machine vendors.

	Risk Responses:
	​Understand how quickly a machine can be brought back into service.

	More details:
	



			
		
	
	
	

RT-402-2-61-D  OT - Change in interface definitionNEW: to be reviewed and approved
Update risk owner

	Risk Rank:
	2 (Medium)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Proposed

	Summary:	
	​Late discovery of a change in interface definition or detector specs causes a delay to evaluate the impact, engineer any necessary changes, and implement the changes.


	Risk Type:
	Threat
	Owner:
	Stefan Gruenendahl

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Technical Risk / Interfaces

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 60 k$
Most likely 	= 180 k$
Maximum 	= 360 k$
Mean		= 200 k$
P * <Impact> 	= 10 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 6 months
Maximum 	= 12 months
Mean		= 6.67 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​​The cost for the necessary redesign (engineering) and detector modification has been estimated using the standard burn rate of $30k/month for 2, 6, and 12 months.

	Cause or Trigger:
	​Late discovery of a significant change in an interface definition or detector specification, for example a change in the PS module power budget and thus the heat load to the Flat Barrel planks.

	Impacted Activities:
	

	Start date:
	1/Jan/2020
	End date:
	1/Jan/2025

	Risk Mitigations:
	​Follow interface change control procedures within international CMS.


	Risk Responses:
	

	More details:
	



			
		
	
	
	

RT-402-2-62-D  OT - BTST: damage during handling and shippingNEW: to be reviewed and approved

	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Proposed

	Summary:	
	​The   BTST structure is foreseen to be manufactured in the US and upon acceptance   of structure being shipped to CERN. Handling and transportation/shipment of a   large structure is non-trivial and potential damage / breaking / loss during   the process is possible             

	Risk Type:
	Threat
	Owner:
	Andreas Jung

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	5%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 350 k$
Maximum 	=  k$
Mean		= 350 k$
P * <Impact> 	= 18 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	​Mold, jigs, and experience is available even in the event of a total loss. Risk is mostly related to delay due to CF procurement and production schedule with the partner itself. Fiber cost alone is 250k$, hence another 100k$ for getting the structure re-done seems reasonable

	Cause or Trigger:
	
	Impacted Activities:
	​Final manufacturing of BTST


	Start date:
	11/Nov/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
		


RT-402-2-63-D  OT - BTST: single tube vs segment manufacturingNEW: to be reviewed and approved

	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 3 (H))
	Risk Status:
	Proposed

	Summary:	
	​​The BTST manufacturing is currently foressen to be done in multiple segments which are bonded together into the complete BTST structure. This method allows for adjustment during assembly into full BTST. An alternative manufacturing as a single tube comes with a higher risk since no adjustment is possible.

	Risk Type:
	Threat
	Owner:
	Andreas Jung

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	25%
	Technical Impact:
	1 (L) - somewhat substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 300 k$
Maximum 	= 300 k$
Mean		= 200 k$
P * <Impact> 	= 50 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 5 months
Maximum 	= 10 months
Mean		= 5.33 months
P * <Impact> 	= 1.3 months

	Basis of Estimate:
	​If for some reason the manufacturing method is chosen to be a single tube, this risk applies in full. The cost is the cost needed to acquire/finish a 2nd mandrille for a single tube cure, which is expensive. The risk similarly applies also if the currently prefered vendor drops out for some reason and we have to go with the 2nd vendor. The latter is also a risk and included as separate risk.

	Cause or Trigger:
	
	Impacted Activities:
	​Final manufacturing of BTST.

	Start date:
	11/Nov/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-64-D  OT - BTST: problem with CF procurementNEW: to be reviewed and approved

	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  0 (N)  Schedule: 2 (M))
	Risk Status:
	Proposed

	Summary:	
	​The BTST manufacturing requires two skin made from CF, and in the current design this is assumed to be M55-J by Toray. Given the large structure the cost of the required large amount of CF prepreg is signiciant.

	Risk Type:
	Threat
	Owner:
	Andreas Jung

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 25 k$
Most likely 	= 50 k$
Maximum 	= 100 k$
Mean		= 58 k$
P * <Impact> 	= 15 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.8 months

	Basis of Estimate:
	​Assume a 50% cost increase of the CF prepreg by vendor, not much of a delay but cost risk. Synergies between ITST and BTST exists since for now both use the same CF prepreg as design default.

	Cause or Trigger:
	
	Impacted Activities:
	​Final manufacturing of BTST.

	Start date:
	11/Nov/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-65-D  OT - BTST: problem with the internal scheduling of multiple projects at Purdue CMSCNEW: to be reviewed and approved

	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Proposed

	Summary:	
	​Purdue has taken on mutiple large tracker support structure projects: the IT Service Cylinder, the IT Support Tube, and the BTST itself, as well as Carbon Fiber structures for the OT module production and IT dee structures.

	Risk Type:
	Threat
	Owner:
	Andreas Jung

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Management Risk / Logistics

	Probability (P):
	10%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 20 k$
Most likely 	= 50 k$
Maximum 	= 120 k$
Mean		= 63 k$
P * <Impact> 	= 6 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 4 months
Maximum 	= 6 months
Mean		= 4 months
P * <Impact> 	= 0.4 months

	Basis of Estimate:
	​Purdue has taken on multiple projects, any one of them can delay other projects. Largely mitigated because of Andy Jung being on the CMSC council. Typicall delays can be between 2 and 6 months, this duration is the basos of the estimate. 6 month delay leads to additional cost of 100k$, which is assuming labor needs to be added to the end of the foreseen project period.

	Cause or Trigger:
	
	Impacted Activities:
	​BTST project but also other activities at Purdue, namely IT SC, ITST, dee's, and OT stiffening structures.

	Start date:
	11/Nov/2020
	End date:
	31/Dec/2014

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-66-D  OT - BTST: problem with the outside manufacturing partner of the BTST
	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  3 (H)  Schedule: 2 (M))
	Risk Status:
	ProposedNEW: to be reviewed, updated, approved



	Summary:	
	​An outside manufacuturing partner will manufacture the BTST in collaboration with Purdue CMSC. Given the early stage of the project it is not yet certain that partner is able to finish the project within the tolerances required. The existing market survey done by Purdue CMSC in Fall 2019 to Spring 2020 has revealed only one more viable partner. However, the manufacturing method and preliminary cost represent a risk to the project given a change in procedure and considerable higher costs.

	Risk Type:
	Threat
	Owner:
	Andreas Jung


	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors


	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact


	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 3,500 k$
Maximum 	=  k$
Mean		= 3,500 k$
P * <Impact> 	= 875 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.8 months


	Basis of Estimate:
	​The market survey performed in Fall 2019 to Spring 2020 only leaves one alternate outsidse vendor to carry out the manufacturing task. Currently the cost for that process is estimated to be around 4.3 million so about 3,300k$Big impact – needs more detail




	Cause or Trigger:
	
	Impacted Activities:Need risk hook info

	​BTST structure as a whole


	Start date:Need to provide text describing risk mitigations (in baseline) and risk contingency response plans 

	16/Nov/2020

	End date:
	31/Dec/2024

	Risk Mitigations:
	


	Risk Responses:
	


	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-90-D  OT - Key Outer Tracker personnel need to be replaced
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​Key engineer or senior  technician with special knowledge leaves the project and needs to be  replaced. If the transition can be managed such that the incoming and  outgoing personnel  overlap and exchange knowledge, then there is mainly  a labor cost impact. If the transition is more abrupt, then there is no  cost impact of overlapping personnel but there can be a delay to the  project activities as the incoming person gets fully up to speed. This  risk does not include the risk of losing key managers because  the project ensures that each manager has a well-trained deputy.

	Risk Type:
	Threat
	Owner:
	Steven C. Nahn

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 75 k$
Most likely 	= 225 k$
Maximum 	= 570 k$
Mean		= 290 k$
P * <Impact> 	= 73 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 3 months
Mean		= 1 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​This L2 area has  5 senior technical staff whose functions are particularly hard to replace on a short timescale by existing team members: 4 senior engineers and 1 senior technician.
Experience in the CMS Phase 1 Upgrade project suggests the probability per key person is roughly 25% (probability they leave during the entire project).
Some input numbers to the cost impact analysis:
 -- Labor cost  per person = $15k/month (fully burdened  senior enginer =  $185k/year).
-- Average burn rate per L3 area is  = $23k/month (CMS-doc-13481).
Minimum scenerio: person leaving is replaced by an existing skilled person in the team. 1 month of full overlap costing $15k of labor. No schedule delay.
Likely scenario: person leaving is replaced by a person less familiar with the specific work. 3 months managed overlap of the outgoing and incoming people costs 3 * $15k = $45k of labor. No schedule delay.
Maximum scenario: person leaves unexpectedly with no transfer of knowledge. It takes about 6 months to find a new person and get them fully up to speed. There is loss of productivity during this difficult transition period resulting in a net 3 month delay to L3 activities. Cost of  ramp-up effort of the new person (learning but not fully contributing to deliverables) =3 FTE-months * $15k = $45k. The burn rate cost is 3 * $23k = $69k. Total cost impact = $114k
Total for 5 persons: Min/Likely/Max cost impact = 5 * $(15/45/114)k = $(75/225/570)$.

	Cause or Trigger:
	
	Impacted Activities:
	​​Each key persons is independently  modeled in the MC (each at P=25% and with corresponding share of the total cost impact). Typically  hook the risk to the persons main activity during the production phase  (maximum consequences).


	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	​A number of  engineers and technicians  have overlapping skills, both within a given institute and across  US-CMS institutes. This provides some backup in case of non-availability  of a key person. Pro-active cross-training of engineers and technicians  helps ensure key skills are not completely lost if a key person is no longer available.

	Risk Responses:
	​Aim for outgoing and incoming  personnel to overlap if possible to ensure a smooth transition. Hire  from skilled members of the team if appropriate. Interim support may be possible using engineers or technicains from elsewhere in the institute or project.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-2-91-D  OT - Shortfall in Outer Tracker scientific labor
	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  3 (H)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If a significant amount of the  (uncosted) scientific labor is unavailable, then the project would then  need to fund additional (costed) personnel to perform the work. It is assumed  that the risk is  triggered by a seriously unfavorable overall base program funding  situation.

	Risk Type:
	Threat
	Owner:
	Steven C. Nahn

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 1049 k$
Mean		= 350 k$
P * <Impact> 	= 105 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	I​n the past US-CMS has not experienced a  significant lack of scientific labor (postdocs and graduate students).  When shortfalls occured they were usually  resolved by  collaborators at   US-CMS institutes or sometimes from iCMS.

We  assign a 30%  probability that a significant shortfall  occurs in future,  due to   unfavorable funding conditions in the base program.

The contributed labor for the scope of this L2 area is 60.8 FTE-years spread over about 5 years. This does not includethe more secure L2 and L3 managers who are tenuredfaculty and senior Fermilab scientists.

We  estimate the loss could be up to 20% of the total contributed labor or  12.2 FTE-years (e.g. this is a loss of 50% of all contributed labor for a  two year period or a loss of 1/3 of the contributed labor for 3 years). 

The missing labor could be replaced by costed personnel: a  mixture of mid-range technicians, junior technicians, or undergraduates  costing respectively 62$/hr, 50$/hr and 18$/hr fully-burdened (43$/hour  on average). Allowing for four years of escalation at 3.1% per annum  yields an average cost of 49$/hr or 86k$/FTE-year (1768hrs worked per  year). 

The (min/likely/max) cost impact is therefore:  86k$ per FTE-year * (0/0/12.2) FTE-years = $(0/0/1049)k.

	Cause or Trigger:
	​​The risk is triggered by an unfavorable  base program funding situation.
	Impacted Activities:
	

	Start date:
	1/Oct/2018
	End date:
	

	Risk Mitigations:
	​Work with institutes and agencies to  ensure the anticipated amount of scientific labor will be available.  Where shortfalls look likely to occur, seek alternatives  amongst other US-CMS  institutes or even from iCMS institutes.

	Risk Responses:
	​Seek replacement scientific labor in other institutes. If this labor cannot be found  then contingency will need  to be spent to supplement the effort with costed labor (e.g.  technicians).

	More details:
	CMS-doc-13509 (FTE data at CD1)



			

RU-402-2-01-D  OT - Uncertain performance of Hybrids vendor
	Risk Rank:
	3 (High)   Scores:  Probability : 5 (VH) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	There is uncertainty in the performance of the vendor of hybrids for modules​ which could have a range of impacts from negligible to significant cost impact and delay.


	Risk Type:
	Uncertainty
	Owner:
	Leonard G Spiegel

	WBS:
	402.2 OT - Outer Tracker
	Risk Area:
	External Risk / Vendors

	Probability (P):
	100%
	Technical Impact:
	1 (L) - somewhat substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 168 k$
Maximum 	= 648 k$
Mean		= 272 k$
P * <Impact> 	= 272 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 2 months
Maximum 	= 12 months
Mean		= 4.67 months
P * <Impact> 	= 4.7 months

	Basis of Estimate:
	Minimum impact: no extra cost nor delay
Likely impact: issues with the vendor causing a delay at delivery of 2 months. Use a module assembly labor burn rate of $54k/month without escallation.

Maximum impact: we need to find an alternative vendor or significant rework is needed at the selected vendor. This implies a cost impact of $648k (12 * 54k/month). 


	Cause or Trigger:
	
	Impacted Activities:
	​Module assembly. This risk should be implemented in series with the module risk on receiving the mechanical parts.

	Start date:
	1/Apr/2020
	End date:
	31/Dec/2024

	Risk Mitigations:
	The prototyping experience should inform the hybrid fabrication time estimates

	Risk Responses:
	​Increased resources for labor and infrastructure to parallelize downstream activities in Module Assembly and Plank/Layer Assembly to recoup delays from Hybrids

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RT-402-4-01-D  CE - Additional FE ASIC engineering run required
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​​The FE ASIC is not a USCMS deliverable. The required FE ASIC are expected to be received free of charge from the international project in exchange for the concentrator ASICs provided for the electromagnetic section of the CE (CE-E). However, the US, along with the rest of the collaboration, would share a portion of the cost of an additional engineering run for the FE ASIC beyond the current planned two engineering runs.  If a significant flaw is observed after the second engineering run, a third cycle may be required.  In this case, US ASIC engineering resources may be required to consult, validate, or finalize some specific part of the design. The likely risk is a radiation effect in the digital part of the ASIC, since that part of the chip will likely be completed last and the irradiation campaign will not be completed until after the engineering run.

	Risk Type:
	Threat
	Owner:
	Jeremiah Michael Mans

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	15%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 336 k$
Maximum 	=  k$
Mean		= 336 k$
P * <Impact> 	= 50 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 8 months
Maximum 	=  months
Mean		= 8 months
P * <Impact> 	= 1.2 months

	Basis of Estimate:
	​Cost: Assume four months of ASIC engineering ($108k) and $60k MandS based on a 27% cost-share for the ASIC = $168k. ​​The 27% fraction is the standard USCMS contribution to international CMS common costs.

Schedule: An eight-month delay would be incurred.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).
Some downstream activ​ities may need to be accelerated if deemed necessary to complete production on schedule. The cost associated with such an acceleration is not included here but included as a separate risk. 

Total impact = $168k + 8months * $21k burn rate = $336k.

	Cause or Trigger:
	
	Impacted Activities:
	​Silicon module PCB completion, silicon module assembly, scintillator tile-module assembly, and cassette assembly.

	Start date:
	1/Jun/2020
	End date:
	1/Mar/2021

	Risk Mitigations:
	
​Managers will work with engineering and development team to provide full quality assurance for the ASIC design before engineering runs occur. We have 1 FTE of extra engineering over 2 years to work with CERN and FE ASIC engineers to help validate the FE ASIC, in addition to the work that is needed to interface the chip into USCMS deliverables.

	Risk Responses:
	​Some downstream activ​ities may need to be accelerated if deemed necessary to complete production on schedule. The cost associated with such an acceleration is not included here but included as a separate risk.

	More details:
	CMS-doc-13481




RT-402-4-02-D  CE - Infrastructure failure at module assembly facility
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​A significant failure could occur in a module assembly facility which renders it unable to operate for some period of time. Examples would include flooding of the facility or severe damage to the gantry system used for the gluing of modules.

	Risk Type:
	Threat
	Owner:
	Manfred Paulini

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	External Risk / Facilities

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 100 k$
Most likely 	=  k$
Maximum 	= 336 k$
Mean		= 218 k$
P * <Impact> 	= 65 k$
	Schedule Impact:
	PDF 		= 2-point - flat range
Minimum	= 1 months
Most likely	=  months
Maximum 	= 4 months
Mean		= 2.5 months
P * <Impact> 	= 0.8 months

	Basis of Estimate:
	Probability = 30% for 3 sites. Probability per site = 10%, based on experience from original CMS tracker, original pixel, and Phase 1 pixel where one incident occurred in O(10) sites.
Cost: Cost for sufficient modules to recommission the system and a possible standing-army cost to maintain the team while repairs are carried out.  Assume 40 modules for recommissioning at a cost (including labor) of $40k.  Standing army costs are estimated at $58k/month.  Costs for repair of flooding are assumed to be covered by insurance, while costs for a damaged gantry are estimated as 25% of total replacement cost or $64k.  Total of $100k to $336k depending on damage and delay.
Schedule: delay of 1 to 4 months.

	Cause or Trigger:
	
	Impacted Activities:
	In the risk MC this risk needs to be duplicated once for each centre


	Start date:
	1/Jan/2022
	End date:
	30/Sep/2023

	Risk Mitigations:
	​Mitigate schedule delays and standing army costs by using uniform procedures at all module assembly sites.  The plan is constructed to allow some excess capacity at each site. 

	Risk Responses:
	​In the case of a serious failure, some staff and production work can be transferred to the other sites, possibly adding a weekend day to the shift cycle. Costs for travel would be incurred, assumed to be at the level of $4k/month/technican.

	More details:
	



			
		
	
	
	
	
	
	

RT-402-4-04-D  CE - Concentrator does not meet specifications
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  3 (H)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	If the concentrator ASIC does not meet specifications after the production masks are produced then an additional set of masks will need to be produced and additional engineering effort is required to adjust the design so that the ASIC meet specifications.  The risk probability depends on how many engineering/multi-project wafer runs are done and tested before the production masks are produced, and also on the exact maturity of the design (progress made), and on the schedule, e.g. if all irradiation tests can be done before the production masks are fabricated. The full packaging costs are realized only once since we would find the problem before packaging.  The masks will include both TRG and DAQ chips.


	Risk Type:
	Threat
	Owner:
	James F Hirschauer

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	10%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 907 k$
Most likely 	= 971 k$
Maximum 	= 1035 k$
Mean		= 971 k$
P * <Impact> 	= 97 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 7.5 months
Maximum 	= 9 months
Mean		= 7.5 months
P * <Impact> 	= 0.8 months

	Basis of Estimate:
	The M&S cost is $690k for masks and wafer and $25k for a single set up to package a few chips.   The labor cost for the additional engineering effort is a 3-pt triangular PDF: 0.25-0.375-0.5 FTE.  The min/likely/max cost is hence 781/813/846 k$.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).

Min cost = $781k + 6 month * $21k burn rate = $907k.
Likely cost = $813k + 7.5 months * $21k burn rate = $971k.
Max cost = $846k + 9 months * $21k burn rate = $1035k.
 

	Cause or Trigger:
	Concentrator ASIC as returned from production does not meet specification despite the two previous multi-project wafer runs (MPWs)
	Impacted Activities:
	

	Start date:
	30/Aug/2021
	End date:
	29/Aug/2022

	Risk Mitigations:
	This risk is mitigated by prototyping and testing the full design through two multi-project wafer submissions, and by design and production reviews. The ASICs from these will be used in full vertical slice tests, as well as beam tests and irradiation tests.

	Risk Responses:
	​To reduce the impact due to the delay of this ASIC we will need to implement a combination of the following: accelerate the production and testing of motherboards (MB) once the ASIC is available, and also the assembly of cassettes; do more assembly and testing in parallel for pieces that do not require the ASIC (for the MB), or that do not require the MB, to minimize the time to complete assembly of the MB and cassettes, and to minimize the time needed to for tests.

	More details:
	CMS-doc-13481



			
	

RT-402-4-09-D  CE - Module PCB batch failure
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​​One batch worth 1000 module PCB's has low quality yield and is unusable. This risk covers a number of scenarios where the assembled module PCB's are unusable. This could include problems in the performance of the parts or in the module PCBs or in the assembly process, or in shipping or handling. We assume all PCBs will be remade and the parts on the assembled PCB are lost.

	Risk Type:
	Threat
	Owner:
	Manfred Paulini

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	External Risk / Vendors

	Probability (P):
	5%
	Technical Impact:
	1 (L) - somewhat substandard

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 144 k$
Most likely 	=  k$
Maximum 	= 186 k$
Mean		= 165 k$
P * <Impact> 	= 8 k$
	Schedule Impact:
	PDF 		= 2-point - flat range
Minimum	= 2 months
Most likely	=  months
Maximum 	= 4 months
Mean		= 3 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	​​One batch worth 1000 module PCB's has low quality yield and is unusable.Cost impact is $102k and 2-4 month delay. Cost includes total cost of parts and assembly.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).

Min cost = $102k + 2 months * $21k burn rate = $144k.
Max cost = $102k + 4 months * $21k burn rate = $186k.






	Cause or Trigger:
	
	Impacted Activities:
	​Module assembly at modules assembly sites.


	Start date:
	1/Oct/2019
	End date:
	2/Oct/2022

	Risk Mitigations:
	​The design, and module PCB will go through two prototype stages and vertical slide tests, as well as beam tests. The production parts will go through QC, and the vendors will be qualified through the prototype cycles. Costs will be mitigated by writing the purchase contracts so we only pay for good parts.

	Risk Responses:
	​We will need to request additional funds from contingency to pay for the replacement assembled PCBs and we may need to accelerate module production, and/or cassette production in these are on the critical path.

	More details:
	CMS-doc-13481



			
		
	

RT-402-4-10-D  CE - Silicon sensor has low yield
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	Silicon sensors show less than anticipated quality, or are unsable in some way. This risk is meant to cover a number of issues that could affect the usability of the sensor, like handling, QC process issues, radiation effects, post-assembly effects on leakage currents, and single-vendor-related problems. We use an effective 10% yield for the purpose of quantifying this risk.

	Risk Type:
	Threat
	Owner:
	Manfred Paulini

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	External Risk / Vendors

	Probability (P):
	1%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 542 k$
Most likely 	=  k$
Maximum 	= 784 k$
Mean		= 663 k$
P * <Impact> 	= 7 k$
	Schedule Impact:
	PDF 		= 2-point - flat range
Minimum	= 2 months
Most likely	=  months
Maximum 	= 4 months
Mean		= 3 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Use a 10% yield issue to quantify this risk. Cost impact is 500-700k$ and a delay of 2-4 months.

The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).
Min cost = $500k + 2 months * $21k burn rate = $542k.
Max cost = $700k + 4 months * $21k burn rate = $784k.

	Cause or Trigger:
	
	Impacted Activities:
	​​Implemented between 'delivery of production sensors batch 3' and 'fabrication of production sensors batch 4'

	Start date:
	1/Oct/2019
	End date:
	1/Oct/2021

	Risk Mitigations:
	​The design will be prototype starting with test structures and proceeding to full-sized sesnors of final design. Tests of these with include irradiation studies and test beam studies, as well as assembly into prototype modules that will undergo two major system prototypes that serve as vertical slice tests. The contract for the sensors will have full specifications to ensure we pay only for eventual good sensors, and we will qualify a second vendor that has the capacity to fabricate at least some fraction of the sensors. Order the sensors as early as possible.

	Risk Responses:
	​Request additional funding from contingency to purchase additional sensors. Activate a second vendor if needed. Accelerate downstream production if needed. Use less than ideal sensors if needed in regions so they don't overlap and that would affect less the performance of the calorimeter. 

	More details:
	



			
		
	

RT-402-4-13-D  CE - HGCROC front end chip is delayed
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If the HGCROC front end chip delivery date is delayed then the assembly of module boards and therefore the assembly of the modules gets delayed. This may jeopardize the delivery of cassettes on time. This risk can include delays in any of the prototype HGCROC chip submissions besides the final production run.

	Risk Type:
	Threat
	Owner:
	Jeremiah Michael Mans

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	External Risk / Collaborators

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 21 k$
Most likely 	= 63 k$
Maximum 	= 126 k$
Mean		= 70 k$
P * <Impact> 	= 14 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.7 months

	Basis of Estimate:
	​The min/likely/max delays are estimated to be 1/3/6 months. Updated because the downstream impact is lower as schedule is now more driven by silicon sensors; the HGCROC mainly delays the hexaboards.

The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).
No addition costs have been assume in this risk entry for a possible acceleration of module and cassette production. These are incluided as a separate risk event.

Min cost = 1 month * $21k burn rate = $21k.
Likely cost = 3 months * $21k burn rate = $63k.
Max cost = 6 months * $21k burn rate = $126k.


	Cause or Trigger:
	
	Impacted Activities:
	​Assembly of module boards. JM: Implemented between:

(A) 'vendor fabricates HGROC' and 'vendor delivers HGROC' for silicon, and
 (B) 'prepare and place orders' and 'delivery of HGROC-SiPM' for scintillator.
LT: assume burn rate cost is equally shared between these two items.


	Start date:
	21/Nov/2022
	End date:
	1/Nov/2023

	Risk Mitigations:
	​Develop test stands so that components that depend on the HGCROC can be tested as much as possible using emulators and older/prototype/non-production versions of the HGCROC chip. Include significant engineering so that we can help verify and validate the prototype and production HGCROC chip functionality and quality as quickly as possible. Use prototype and pre-production HGCROC chips in the 2 major system prototypes for vertical slice tests and in beam tests, and irradiation studies. Ensure the module and cassette production facilities are setup to be able to accelerate production if needed.

	Risk Responses:
	​Help validate or test the HGCROC chips as quickly as possible to reduce the testing time. Accelerate downstream production (modules and cassette) as needed.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-4-14-D  CE - Cassette cooling plate fabrication failure
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If cassette cooling plate fabrication fails specification in terms of flatness, location of features, or cooling tube performance then the assembly of the cassettes cannot proceed and may jeopardize the delivery of assembled cassettes to CMS.


	Risk Type:
	Threat
	Owner:
	Zoltan Gecse

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	External Risk / Vendors

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 73 k$
Most likely 	=  k$
Maximum 	= 83 k$
Mean		= 78 k$
P * <Impact> 	= 8 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	The cooling plate manufacturing process contains a non-standard operation of embedding a cooling tube. This is the reason for a non-negligible failure during production even if the vendor qualification was successful. The 3 month delay was estimated as a time needed to shift production to an alternative vendor, or work with the vendor to fix issues. The cost impact ($10k - $20k) is based on the assumption of needing to ship back one or two failed batches of cooling plates.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).
Min cost = $10k + 3 months * $21k burn rate = $73k.
Max cost = $20k + 3 months * $21k burn rate = $83k.
A burn rate is used to cover the risk that we may not be able to schedule production of cooling plates early enough to avoid being on the critical path, or some other delay pushes this into the critical path.

	Cause or Trigger:
	
	Impacted Activities:
	​​Cassette Assembly.​Inserted between delivery of batch 1 and fabrication of batch 2

	Start date:
	1/Jan/2021
	End date:
	12/Dec/2023

	Risk Mitigations:
	The cassette prototyping program already under way addresses issues of manufacturability of the cooling plates and experience gained will feed back to the design. The cooling plates are desigbed by the project but provided by international collaborators. Three rounds of prototype cassettes are planned with the collaborators and their vendor prior to the start of production. 

Require a rigorous QA/QC program by the collaborator/vendor. Begin cooling plate production in advance of cassette assembly to ensure a buffer of components so that interruption of the supply does not affect cassette production.

	Risk Responses:
	Work with collaborator/vendor to fix production problems or have collaborator distribute production to other vendors. Increase the cassette assembly rate, utilizing planned backup capacity of the assembly sites, to reduce the schedule impact. The cost of accelerated cassette production is covered by a separate risk.

	More details:
	CMS-doc-13481



		

RT-402-4-15-D  CE - Motherboard and interface board fabrication failure
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If larger than expected failure rate is identified during motherboard and interface board production then the cassette assembly will slow down and may jeopardize the delivery of cassettes to CMS on time.

	Risk Type:
	Threat
	Owner:
	Zoltan Gecse

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 73 k$
Most likely 	=  k$
Maximum 	= 193 k$
Mean		= 133 k$
P * <Impact> 	= 13 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​The cost impact (10 -130k$) is based on the assumption that at maximum 10% of the motherboards for the whole detector have to be produced due to Motherboard failures. The base cost includes an additional 10% spare motherboards on top of that needed for the detector. These spares partly cover more minor failures and yield of individual components, or motherboard variants, and may not cover a more significant failure covered by this risk where the production motherboards are done in two batches. We assume a failure scenario where 10% of the motherboards would need to be produced and assembled to ensure that we have sufficient spares to cover losted motherboards of any of the variants by the end of the production. 
The duration impact (3 months) is based on the assumption that another vendor might be needed to be qualified to take over the production, or some specific variants have to be made again beyond what was ordered for spares.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).

Min cost = $10k + 3 months * $21k burn rate = $73k.
Max cost = $130k + 3 months * $21k burn rate = $193k.


	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Jan/2021
	End date:
	12/Dec/2023

	Risk Mitigations:
	Thoroughly qualify the design through the cassette prototype program and, as appropriate, focused mockups.
Qualify several vendors for board fabrication such that they can pick‐up production if one vendor fails. Require a rigorous QA/QC program by the vendor.
Begin motherboard and interface board production in advance of cassette assembly to ensure a buffer of components so that interruption of the supply does not affect cassette production. Design cassette assembly sites to allow rework without interrupting production flow. 

	Risk Responses:
	​Depending on the schedule and which motherboard variants need to be replaced we may need to order a new round of motherboards and assembly. If otrher delays or this delay causes this task to be on the critcial path we will accelerate the cassette production and testing. The possibility of needing to accelerate the cassette production is covered by a separate risk. 

	More details:
	CMS-doc-13481



	

RT-402-4-16-D  CE - Cassettes damaged or lost in assembly, testing or shipping
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If a cassette gets damaged during assembly or a batch of 15 cassettes get damaged during cold testing or a batch of 15 cassettes get lost during shipping, then the lost cassettes need to be fabricated and assembled again, which may jeopardize the delivery of cassettes to CMS on time.

	Risk Type:
	Threat
	Owner:
	Zoltan Gecse

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Management Risk / Experience or Capability

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 100 k$
Most likely 	=  k$
Maximum 	= 1000 k$
Mean		= 550 k$
P * <Impact> 	= 28 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	The cost estimate is based on the cost of losing up to 15 cassettes. We will be assemblying and testing in batches of 15, and shipping them to CERN in batches of 15. We calculate the cost by simply rolling up the cost of producing 375 cassettes, and taking (15/375) of this cost for the maximum cost impact. The cost of producing and testing all components, including silicon modules and scintillator tile-modules, and the cost of cassette assembly, testing, and shipping, are included. We do not include the cost of HGCROC and ECON ASIC as enough spares are expected to be purchased so we do not need an addition production run of these chips. The delays is based on the time needed to replace the lost cassettes.

	Cause or Trigger:
	
	Impacted Activities:
	Linked to Ship cassettes 331 - 360


	Start date:
	1/Jan/2021
	End date:
	12/Dec/2023

	Risk Mitigations:
	
Set in place carefully designed tooling and safe handling procedures.
Do not handle many cassettes at the same time; limit number of cassettes in a shipment to 15 and no more than one of each type per shipment.
Planned production includes 1 spare cassette of each type (for the test beam wedge). Ensure adequate quantity of spare parts to allow rapid assembly of replacement cassettes.
Ensure that all shipments are adequately insured.
Contracts to include options for later delivery of additional components.

	Risk Responses:
	​Response depends on the exact lost, if losing an entire batch of 15 cassettes in shipping, or damaging some cassettes in a batch(es) during handling in the assembly, testing, or shipping. In the worst case of losing all 15 cassettes in a batch, we will order additional parts as needed and make the additional 15 cassettes. The 15 test beam wedge cassettes may be used in the detector if this is needed tgo avoid significant delays. As needed we will accelerate the cassette assembly and testing. The cost of accelerating the cassette production is included in a separate risk entry.

	More details:
	



			
		
	
	

RT-402-4-17-D  CE - Cassette assembly site failure
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​If the cleanroom area of the cassette assembly site gets damaged or if the CO2 cooling plant fails then the assembly and testing procedure will stop until the problems are fixed and it may jeopardize the delivery of cassettes to CMS on time.

	Risk Type:
	Threat
	Owner:
	Zoltan Gecse

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	External Risk / Facilities

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 2-point - flat range
Minimum	= 73 k$
Most likely 	=  k$
Maximum 	= 163 k$
Mean		= 118 k$
P * <Impact> 	= 12 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​The estimate is based on the range of costs needed to replace the damaged equipment = 10 - 100k$. The 3 month delay is estimated based on the time it may take to fix the problems.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481).

Min cost = $10k + 3 months * $21k burn rate = $73k.
Max cost = $100k + 3 months * $21k burn rate = $163k.

	Cause or Trigger:
	
	Impacted Activities:
	​​JM: Inserted into assembly between 150 and 151

	Start date:
	1/Jan/2021
	End date:
	12/Dec/2023

	Risk Mitigations:
	To mitigate the impact on the schedule, the capacity of the assembly and testing facility is planned to twice larger than required for normal operations.

	Risk Responses:
	

	More details:
	CMS-doc-13481



			
		
	
	
	
	

RT-402-4-18-D  CE - Additional concentrator ASIC engineering (MPW) run is required
	Risk Rank:
	3 (High)   Scores:  Probability : 4 (H) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​Current planning includes the cost of two Multi-Project Wafer (MPW) prototype runs.  If a significant flaw is observed after the second  run, a third cycle may be required. This risk addresses the need an additional single run (either DAQ or TRG). 


	Risk Type:
	Threat
	Owner:
	James F Hirschauer

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 164 k$
Most likely 	= 241 k$
Maximum 	= 385 k$
Mean		= 263 k$
P * <Impact> 	= 132 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 7.5 months
Maximum 	= 9 months
Mean		= 7.5 months
P * <Impact> 	= 3.8 months

	Basis of Estimate:
	​​Current planning includes the cost of  two Multi-Project Wafer (MPW) prototype runs.  If a significant flaw is observed after the  second run, a third cycle may be required.   This risk addresses the  need an additional single run (either DAQ or TRG). The M&S costs  are $136k for the MPW run and $28k for packaging.  The labor cost for additional design work to fix the observed flaw is a 3-pt  triangular PDF : 0/0.17/0.5 FTE. It is assumed the flaw is fairly easy to fix and the exact time needed depends on when when the issue is discovered, if in the beginning, middle, or end of the cycle. The additional testing is assumed to be modest and covered by the labor included for ASIC testing in the baseline.

The min/likely/max cost is hence 164/209/295 k$.
The L3 burn rate due to the delay of downstream activities is $21k/month (CMS-doc-13481), but there are 6 months of float available before cassette assembly is affected.  therefore:
Min cost = $164k  + 0 = $164k.
Likely cost = $209k + 1.5 months * $21k burn rate = $241k.
Max cost = $295k + 3 months * $21k burn rate = $385k.


	Cause or Trigger:
	
	Impacted Activities:
	​JM: Implemented in P6 between 'ECON p2 test parts' and 'ECON v1 finalize design'

	Start date:
	31/Aug/2020
	End date:
	30/Aug/2021

	Risk Mitigations:
	​We will work closely with engineers to make sure that two planned engineering (MPW) runs are sufficient. We will be using some code blocks from the lpGBT that would have undergone some testing before the two MPW runs, and we will be including the prototype ECON ASIC in a major system prototype vertical slice test before the production run.

	Risk Responses:
	​​Request additional funding for a third MPW run and for design changes. Reduce the needed testing time. Accelerate or parallelize the production of the motherboards if possible and if needed accelerate the cassette assembly and testing. The cost of accelerating the assembly of cassettes is covered by a separate risk.

	More details:
	CMS-doc-13481




RT-402-4-22-D  CE - Additional production acceleration required
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	If upstream project delays absorb all float before series production begins then additional funds would be required to accelerate production to avoid jeoparizing the international need-by date

	Risk Type:
	Threat
	Owner:
	Jeremiah Michael Mans

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 564 k$
Most likely 	= 564 k$
Maximum 	= 677 k$
Mean		= 602 k$
P * <Impact> 	= 60 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	=  months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Minimal cost impact is based on acceleration of module production from 120 modules/week to 160 modules/week.  This requires a staffing increase of 33% during this period which is balanced by a decreased production period.  Due to the limitations in how quickly staff can be trained, however, we assume that the labor level during the ramp-up of production would be 100% instead of the ramped process in the baseline plan. (costs determined from P6 to be $564k)
Maximal cost impact includes the module production acceleration and also includes labor (1 FNAL technician full-time = $113k) to accelerate the cassette testing capacity from 2/day to 3/day.

	Cause or Trigger:
	​Primary causes are a delay on one of the critical inputs for production: HGCROC, concentrator, silicon sensor, module PCB, motherboards
	Impacted Activities:
	

	Start date:
	16/Feb/2023
	End date:
	18/Sep/2024

	Risk Mitigations:
	​Active management and careful tracking of milestones and a complete prototype 2 validation of the system to avoid surprises at the start of production.

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
	
	
	
	

RT-402-4-23-D  CE - Si Motherboard complexity is much higher than expected
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​The silicon motherboard is expected to exist in several varients (~5).  Depending on decisions made elsewhere in the project, the number of designs could increase by a factor of two or even ten.  If this were to occur, the unit cost for motherboards would increase and the design time would also significantly increase.

	Risk Type:
	Threat
	Owner:
	Zoltan Gecse

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Technical Risk / Interfaces

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 383 k$
Most likely 	= 575 k$
Maximum 	= 767 k$
Mean		= 575 k$
P * <Impact> 	= 29 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Low end of cost range assumes 6 months of additional engineering ($120k) and a factor of 50% in unit cost increase for PCBs and assembly only ($263k) , while high end assumes 12 months of additional engineering ($240k) and a factor of 100% increase in unit cost for PCBs and assembly ($527k).  The schedule delay assumes that the issues are identified sufficiently in advance that additional engineering can be brought onto the project to avoid delays.

	Cause or Trigger:
	​Triggered by design choices which require significant additional motherboard designs, separate from cost uncertainty in a single design.
	Impacted Activities:
	

	Start date:
	1/Jan/2019
	End date:
	11/Dec/2020

	Risk Mitigations:
	​Working with international collaborators to adjust designs of cassette and module PCB to avoid requiring additional designs to meet overall design constraints.

	Risk Responses:
	

	More details:
	



			
		
	

RT-402-4-24-D  CE - Cleanroom space is not available for Cassette Assembly Facility
	Risk Rank:
	2 (Medium)   Scores:  Probability : 4 (H) ; Cost:  1 (L)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​During prototyping of Cassette Assembly we will use half of the Lab C North cleanroom, shared with the CCD Lab. In preparation for productuon and during production CMS needs the full Lab C North cleanroom space. The CCD Lab is projected to move into IERC space in time for this based on the IERC shcedule. If this does not happen we will need to build a new cleanroom. The lead time for a new cleanroom is about one year.


	Risk Type:
	Threat
	Owner:
	Zoltan Gecse

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Management Risk / Planning

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 230 k$
Most likely 	= 250 k$
Maximum 	= 300 k$
Mean		= 260 k$
P * <Impact> 	= 130 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 0 months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Probability based on current knowledge of IERC schedule and budget for cleanroom space, CE schedule, and CCD Lab schedule. Cost based on previous budgetary quote from vendor, estimate could be improved by sending out an RFP for a cleanroom in Lab B which is ready to submit to purchasing. Schedule impact is zero assuming we build a clean room early enough that is does not  delay the start of production, or slow down the planned ramp up to the start. We estimate one year lead time to get the new cleanroom purchased and installed


	Cause or Trigger:
	​For implementing the P6 Risk trigger events, the predecessor should be 14 months before CA31230 "Assemble and warm-test batch 1a wedge 1a cassettes 1-5 (FNAL)", and the successor should be CA31260 "T5 - Ready to begin production assembly of cassettes"​.



	Impacted Activities:
	​production Cassette assembly and testing


	Start date:
	1/Mar/2022
	End date:
	1/Mar/2023

	Risk Mitigations:
	Keep track of IERC schedule and ​evaluate risk early enough to trigger a purchase and installation of a new clean room at Lab B. Keep Lab B space available and cleared for a new cleanroom when it will be needed. Prepare for ramp up when starting production with only half the cleanroom space. Have PPD management give a guarantee that it will give CMS the full cleanroom space when it is needed.


	Risk Responses:
	​Move quickly to purchase and build the cleanroom space in Lab B.​


	More details:
	



			
		

RT-402-4-90-D  CE - Key Calorimeter Endcap personnel need to be replaced
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​Key engineer or senior  technician with special knowledge leaves the project and needs to be  replaced. If the transition can be managed such that the incoming and  outgoing personnel  overlap and exchange knowledge, then there is mainly  a labor cost impact. If the transition is more abrupt, then there is no  cost impact of overlapping personnel but there can be a delay to the  project activities as the incoming person gets fully up to speed. This  risk does not include the risk of losing key managers because  the project ensures that each manager has a well-trained deputy.

	Risk Type:
	Threat
	Owner:
	Jeremiah Michael Mans

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 75 k$
Most likely 	= 225 k$
Maximum 	= 555 k$
Mean		= 285 k$
P * <Impact> 	= 71 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 3 months
Mean		= 1 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​This L2 area 5 senior  technical staff whose functions are particularly hard to replace on a  short timescale by existing team members.

Experience in the CMS Phase 1 Upgrade project suggests the  probability per key person is roughly 25% (probability they leave during  the entire project). Some input numbers to the cost impact analysis:
 -- Labor cost  per person = $15k/month (fully burdened  senior enginer =  $185k/year).
-- Average burn rate perL3 area is  = $21k/month (CMS-doc-13481).

Minimum  scenerio: person leaving is replaced by an existing skilled person in  the team. 1 month of full overlap costing $15k of labor. No schedule  delay.

Likely  scenario: person leaving is replaced by a person less familiar with the  specific work. 3 months managed overlap of the outgoing and incoming people costs 3 * $15k = $45k of labor. No schedule delay.

Maximum scenario: person leaves unexpectedly with  no transfer of knowledge. It takes about 6 months to find a new person  and get them fully up to speed. There is loss of productivity during  this difficult transition period resulting in a net 3 month delay to L3  activities. Cost of  ramp-up effort of the new person (learning but not  fully contributing to deliverables) =3 FTE-months * $15k = $45k. The  burn rate cost is 3 * $21k = $66k. Total cost impact = $111k

Total for 5 persons: Min/Likely/Max cost impact = 5 * $(15/45/111)k = $(75/225/555)$.

	Cause or Trigger:
	
	Impacted Activities:
	​​Each key persons is independently  modeled in the MC (each at P=25% and with corresponding share of the total cost impact). Typically  hook the risk to the persons main activity during the production phase  (maximum consequences).

Note: current MC model takes care of the total probability and cost impact. But we should ultimately model the 5 engineers individually at appropriate points of the schedule.


	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	​A number of  engineers and technicians  have overlapping skills, both within a given institute and across  US-CMS institutes. This provides some backup in case of non-availability  of a key person. Pro-active cross-training of engineers and technicians  helps ensure key skills are not completely lost if a key person is no longer available.

	Risk Responses:
	​Aim for outgoing and incoming  personnel to overlap if possible to ensure a smooth transition. Hire  from skilled members of the team if appropriate. Interim support may be possible using engineers or technicains from elsewhere in the institute or project.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-4-91-D  CE - Shortfall in Calorimeter Endcap scientific labor
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If a significant amount of the  (uncosted) scientific labor is unavailable, then the project would then  need to fund additional (costed) personnel to perform the work. It is assumed  that the risk is  triggered by a seriously unfavorable overall base program funding  situation.

	Risk Type:
	Threat
	Owner:
	Jeremiah Michael Mans

	WBS:
	402.4 CE - Calorimeter Endcap
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 982 k$
Mean		= 327 k$
P * <Impact> 	= 98 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​I​n the past US-CMS has not experienced a  significant lack of scientific labor (postdocs and graduate students).  When shortfalls occured they were usually  resolved by  collaborators at   US-CMS institutes or sometimes from iCMS.

We  assign a 30%  probability that a significant shortfall  occurs in future,  due to   unfavorable funding conditions in the base program.

The contributed labor for the scope of this L2 area is 57.1 FTE-years spread over about 5 years. This does not includethe more secure L2 and L3 managers who are tenuredfaculty and senior Fermilab scientists.

We  estimate the loss could be up to 20% of the total contributed labor or  11.4 FTE-years (e.g. this is a loss of 50% of all contributed labor for a  two year period or a loss of 1/3 of the contributed labor for 3 years). 

The missing labor could be replaced by costed personnel: a  mixture of mid-range technicians, junior technicians, or undergraduates  costing respectively 62$/hr, 50$/hr and 18$/hr fully-burdened (43$/hour  on average). Allowing for four years of escalation at 3.1% per annum  yields an average cost of 49$/hr or 86k$/FTE-year (1768hrs worked per  year). 

The (min/likely/max) cost impact is therefore:  86k$ per FTE-year * (0/0/11.4) FTE-years = $(0/0/982)k.

	Cause or Trigger:
	​​​​​​The risk is triggered by an unfavorable  base program funding situation. 
	Impacted Activities:
	

	Start date:
	1/Oct/2018
	End date:
	

	Risk Mitigations:
	​Work with institutes and agencies to  ensure the anticipated amount of scientific labor will be available.  Where shortfalls look likely to occur, seek alternatives  amongst other US-CMS  institutes or even from iCMS institutes.

	Risk Responses:
	​Seek replacement scientific labor in other institutes. If this labor cannot be found  then contingency will need  to be spent to supplement the effort with costed labor (e.g.  technicians).

	More details:
	CMS-doc-13509 (FTE data at CD1)



		

RT-402-6-02-D  TD - Board or parts vendor non-performance (DOE)
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If the vendor has intermittent problems during the production causing sub-standard batches to be delivered then parts from batch N do not meet electrical specs causing a delay of order one batch length or another vendor is sought.  Similarly if there is significant vendor delay to due to internal technical or inventory problems. The risk is repeated per L3 area.


	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	External Risk / Vendors

	Probability (P):
	20%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 60 k$
Most likely 	= 180 k$
Maximum 	= 310 k$
Mean		= 183 k$
P * <Impact> 	= 37 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.7 months

	Basis of Estimate:
	Based on previous dealings with similar vendors and effects from production issues.  Possible cost increases due to new vendor choice and additional procurement of boards and parts: Min/likely/max cost = 50/150/250k$ for 2/6/10 new board equivalents. Min/likely/max delay = 1/3/6 months for another production batch or vendor selection.
The average L3 burn rate due to the delay of downstream activities is $10k/month (CMS-doc-13481).

Min cost = $50k + 1 month * $10k burn rate = $60k.
Likely cost = $150k + 3 months * $10k burn rate = $180k.
Max cost = $250k + 6 months * $10k burn rate = $310k.


	Cause or Trigger:
	
	Impacted Activities:
	​Procurement of production electronics.Probability is shared between Calo Trigger and Correlator Trigger.


	Start date:
	1/Jan/2021
	End date:
	1/Jan/2024

	Risk Mitigations:
	Baseline board production proceeds in well defined steps:  (1) a preproduction of a few boards ensures that the quality of the parts provided by the vendor meets the specifications, (2) a pilot production of further ensures that the quality of the parts provided by the vendor meets specifications, before the final production is started.  This phased approach provides reasonable assurance that any quality performance issues with the vendor will be discovered and mitigated before full production begins.

	Risk Responses:
	Diagnose the problem.  If a simple technical fix is available, consider reordering.  If not, find another vendor. ​If the vendor is found to supply  sub-standard parts that do not meet the quality specifications, then the  issue will be communicated to the vendor and potential solutions that  mitigate the problem discussed and contractually​ agreed upon.  If the  vendor is further found to be in non-complience or non-performant in  other areas, then alternate vendors will be sought.



RT-402-6-03-D  TD - I/O performance does not meet requirements (DOE)
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	If the I/O requirements of a trigger subsystem change, thus jeopardizing the ability of the trigger to receive/transmit all trigger primitive data from/to the source/sink system. 

	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	20%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 280 k$
Most likely 	= 550 k$
Maximum 	= 820 k$
Mean		= 550 k$
P * <Impact> 	= 110 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 3 months
Most likely	= 5 months
Maximum 	= 7 months
Mean		= 5 months
P * <Impact> 	= 1 months

	Basis of Estimate:
	10-30% upscope of a 100-board production to meet changed requirements, with min/likely/max cost of 250/500/750k$.
Schedule delaysof 3/5/7 monthsdue to the acquisition of more batches.
 The average L3 burn rate due to the delay of downstream activities is $10k/month (CMS-doc-13481).

Min cost = $250k + 3 month * $10k burn rate = $280k.
Likely cost = $500k + 5 months * $10k burn rate = $550k.
Max cost = $750k + 7 months * $10k burn rate = $820k.



	Cause or Trigger:
	​The interface between the detector backend electronics and the trigger subsystems could change to accomodate increased bandwidth requirements.  This can take the form of either more links or higher link speeds.  If more links are required, this could cause the number of boards required to absorb the number of links to increase.  Alternatively, if the link speeds change, this could necessitate new optical transceivers on the boards, to meet the new link speed requirements.
	Impacted Activities:
	​Production procurement, assembly, and testing.Probability is shared between Calo Trigger and Correlator Trigger.


	Start date:
	1/Jan/2021
	End date:
	1/Jan/2024

	Risk Mitigations:
	​The baseline includes extra link capacity for all trigger subsystems, to reasonablly account for possible changes in the number of input links to the trigger subsystem.  The baseline also includes optical transceivers that operate across a range of 10-25 Gb/s link speeds, allowing for reasonable changes in link speed interfaces.

	Risk Responses:
	(1) ​Attempt to optimise (reduce) the word bit definition of the received or transmitted trigger primitive data, so that the total bandwidth in/out is consistent with the I/O capacity of the board, while attempting to preserve the science goals. (2) Increase the number of electronic boards to match the number of input links.

	More details:
	CMS-doc-13481



RT-402-6-04-D  TD - Additional board redesign is required (DOE)
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	A prototype or production batch has design flaws.

	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	10%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 60 k$
Most likely 	= 180 k$
Maximum 	= 310 k$
Mean		= 183 k$
P * <Impact> 	= 18 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	2-10 boards at 25k each are found to require a technical redesign. Min/likely/max cost = 50/150/250k$ for 2/6/10 new board procurements. Min/likely/max delay = 1/3/6 months for redesign and procurement.
The average L3 burn rate due to the delay of downstream activities is $10k/month (CMS-doc-13481).

Min cost = $50k + 1 month * $10k burn rate = $60k.
Likely cost = $150k + 3 months * $10k burn rate = $180k.
Max cost = $250k + 6 months * $10k burn rate = $310k.

	Cause or Trigger:
	
	Impacted Activities:
	​Design of next protoype/batch.Probability is shared between Calo Trigger and Correlator Trigger.


	Start date:
	1/Jul/2017
	End date:
	1/Jan/2024

	Risk Mitigations:
	​Baseline board R&D and production proceeds in well defined steps:  There are two prototype designs during the R&D phase.  If the first prototype does not meet the requirements, the second prototype will be redesigned to meet the requirements, based on the experience learned.  If the second prototype also does not meet the requirements, a redesign can be incorporated into the preproduction cycles (involving a few boards), which provides reasonable assurance that the production board will meet the requirements.  If the preproduction board itself also does not completely meet all requirements, the pilot-production cycle can be used to tweak the design so that all requirements are met before going into final production.

	Risk Responses:
	​If a prototype or preproduction board does not meet the requirements, redesign the board in the next cycle so that it does meet the requirements.

	More details:
	CMS-doc-13481



			
		
	

RT-402-6-05-D  TD - Additional firmware development is required (DOE)
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	Firmware does not meet technical or scientific requirements at time of milestone releases.

	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	20%
	Technical Impact:
	1 (L) - somewhat substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 10 k$
Most likely 	= 30 k$
Maximum 	= 60 k$
Mean		= 33 k$
P * <Impact> 	= 7 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 0.4 months

	Basis of Estimate:
	A necessary firmware block requires 1/3/6 months of rework or redesign, with a firmware engineer at 0.5 FTE.
No standing army cost (there is no idle workforce in the event of a delay).


The average L3 burn rate due to the delay of downstream activities is $10k/month (CMS-doc-13481).

Min cost = 1 month * $10k burn rate = $10k.
Likely cost = 3 months * $10k burn rate = $30k.
Max cost = 6 months * $10k burn rate = $60k.


	Cause or Trigger:
	
	Impacted Activities:
	​​Prototype and production firmware releases. Probability is shared between Calo Trigger and Correlator Trigger.

	Start date:
	1/Jul/2017
	End date:
	1/Jan/2024

	Risk Mitigations:
	​Infrastructure and algorithm firmware are developed in cycles and progress tracked.  If the technical or science requirements are not met for a particular milestone, this allows engineers to modify the firmware so that it meets the technical and science requirements in the next cycle.  The use of high-level synthesis tools enable scientists to translate high-level algorithms into firmware, reducing the potential for inconsistencies between firmware and software emulation, as well as reducing the potential to introduce bugs in the firmware implementation, compared with the scientific intent of the algorithm.

	Risk Responses:
	​​(1) If the technical or science requirements are not met for a particular milestone, then allow the engineers to modify the firmware so that it meets the technical and science requirements in the next cycle.  ​(2) hire additional firmware engineering, either by allocating more time to on-project engineers, or hiring additional persons.

	More details:
	



			
		

RT-402-6-06-D  TD - Baseline FPGA does not satisfy requirements (DOE)
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	If the computation requirements of calorimeter trigger and correlator are not satisfied by the baseline FPGA, then the science requirements are jeopardized.

	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	20%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 136 k$
Most likely 	= 282 k$
Maximum 	= 564 k$
Mean		= 327 k$
P * <Impact> 	= 65 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.7 months

	Basis of Estimate:
	12.5/25/50% FPGA cost increase on (36+48=) 84 FPGAs at 12k/chip base cost.. Min/likely/max cost = 126/252/504k$.
1/3/6 months delay for procurement.
The average L3 burn rate due to the delay of downstream activities is $10k/month (CMS-doc-13481).

Min cost = $126k + 1 month * $10k burn rate = $136k.
Likely cost = $252k + 3 months * $10k burn rate = $282k.
Max cost = $504k + 6 months * $10k burn rate = $564k.


	Cause or Trigger:
	Increasingly realistic, better performing algorithms or increased number of algorithms per FPGA might require more than the limit of 50% utilization of FPGA logic resources or might require clock speeds that are higher than available for the baseline FPGA, which may necessitate the use of a higher performance FPGA or an increased number of FPGAs.  Alternatively, lower latency requirements placed on the trigger subsystems might require faster calculations and hence higher performance FPGAs.
	Impacted Activities:
	​Probability is shared between Calo Trigger and Correlator Trigger.

	Start date:
	1/Jan/2020
	End date:
	31/Mar/2021

	Risk Mitigations:
	​​The baseline FPGA supports the processing of some prototype algorithms, which have been demonstrated to utilize not more than 40% of the logic resources at nominal clock speeds, providing about 10% headroom.  The prototype algorithms have been demonstrated to complete within one microsecond of latency (consistent with the current latency allocation), potentially providing some limited ability to trade logic resources for more clock-cycles (i.e. longer latency).  The total latency budgets are only guideline estimates, and are subject to change.  The current guidelines for the calorimeter trigger is 1.5 microseconds of latency (including RX and TX) and for the correlator trigger 2.5 microseconds of total latency, split (roughly evenly) between layer-1 and layer-2 (including RX and TX).

	Risk Responses:
	​(1) attempt to optimise the firmware implementation of the algorithm to reduce the logic utilization to fit within a total of 50%, (2) increase the latency (number of clock cycles) of the calculation in an attempt to reduce the logic utilization, while remaining within the allocated latency budget, (3) use a higher performance FPGA (such as  a VU13P) or use a higher-speed grade FPGA or buy more baseline FPGAs (i.e. more boards)

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-6-07-D  TD - Calorimeter trigger firmware does not satisfy requirements (DOE)
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	If the firmware requirements for the calorimeter trigger subsystem change, it could jeopardize the ability of the trigger system to deliver the required trigger decision inputs.





	Risk Type:
	Threat
	Owner:
	Keith Ulmer

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	10%
	Technical Impact:
	1 (L) - somewhat substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 77 k$
Most likely 	= 154 k$
Maximum 	= 192 k$
Mean		= 141 k$
P * <Impact> 	= 14 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 12 months
Maximum 	= 15 months
Mean		= 11 months
P * <Impact> 	= 1.1 months

	Basis of Estimate:
	Add additional cycle of firmware and software development for the calorimeter trigger including development, initial, testing, and final releases. Cost estimates for additional firmware and software engineering labor is based on current pilot production budget of $154k for the 12 month pilot production, scaled to a min/likely/max of 6/12/15 months = $77k/154k/192k. The schedule delays of 6/12/15 months are due to the additional time needed for the extra firmware engineering cycle.

Min cost = $77k
Likely cost = $154k
Max cost = $192k



	Cause or Trigger:
	​​The firmware requirements for the calorimeter trigger subsystem could change to accommodate better performance in achieving the physics goals. This can take the form of more advanced algorithms to deliver better or expanded performance or adapting to new board components such as smaller feature size FPGAs. If such features are needed to meet new subsystem requirements, additional firmware labor would be required to develop the new capabilities.
	Impacted Activities:
	
This risk could delay the start of the design for the final production firmware.
The risk hook activity in P6 should be inserted (Finish to Start relationships) between P6 activities:
TD1190 TD - RCT pilot production firmware final release (this is the predecessor of the risk hook) and

TD1250 TD - CTI system integration firmware testing release (this is the successor of the risk hook).​


	Start date:
	1/Jan/2021
	End date:
	1/Jul/2022

	Risk Mitigations:
	​The baseline includes prototype and pilot production cycles for software and firmware development, during which many adaptations can be made to changes in requirements.​ Further, the baseline hardware design is flexible to accommodate many different options in firmware design.


	Risk Responses:
	(​1) Attempt to integrate firmware features that satisfy the requirements, but do not require an additional design cycle.
(2) Add additional firmware and software design cycle to include the features needed to satisfy the subsystem requirements.

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-6-08-D  TD - Correlator trigger firmware does not satisfy requirements (DOE)
	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	If the firmware requirements for the correlator trigger subsystem change, it could jeopardize the ability of the trigger system to deliver the required trigger decision inputs.


	Risk Type:
	Threat
	Owner:
	Keith Ulmer

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	30%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 156 k$
Most likely 	= 311 k$
Maximum 	= 389 k$
Mean		= 285 k$
P * <Impact> 	= 86 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 12 months
Maximum 	= 15 months
Mean		= 11 months
P * <Impact> 	= 3.3 months

	Basis of Estimate:
	​Add additional cycle of firmware and software development for the correlator trigger including development, initial, testing, and final releases. Cost estimates for additional firmware and software engineering labor is based on current pilot production budget of $311k for the 12 month pilot production, scaled to a min/likely/max of 6/12/15 months = $156k/311k/389k. The schedule delays of 6/12/15 months are due to the additional time needed for the extra firmware engineering cycle.

Min cost = $156k
Likely cost = $311k
Max cost = $389k


	Cause or Trigger:
	The firmware requirements for the correlator trigger subsystem could change to accommodate better performance in achieving the physics goals. This can take the form of more advancedalgorithms to deliver better or expandedperformance or adapting to new board components such as smaller feature size FPGAs. If such features are needed to meet new subsystem requirements, additional firmwarelabor would be required to develop the newcapabilities.
	Impacted Activities:
	
This risk could delay the start of the design for the final production firmware.
The risk hook activity in P6 should be inserted (Finish to Start relationships) between P6 activities:

TD14450 TD - CORL1 pilot production firmware final release - UW (this is the predecessor of the risk hook) and

TD16060 TD - CORI system integration firmware testing release - UW (this is the successor of the risk hook).​



	Start date:
	1/Jan/2021
	End date:
	1/Jul/2022

	Risk Mitigations:
	The baseline includes prototype and pilot production cycles for software and firmware development, during which many adaptations can be made to changes in requirements.​ Further, the baseline hardware design is flexible to accommodate many different options in firmware design.


	Risk Responses:
	​​(1) Attempt to integrate firmware features that satisfy the requirements, but do not require an additional design cycle.
(2) Add additional firmware and software design cycle to include the features needed to satisfy the subsystem requirements.





	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-6-09-D  TD - Calorimeter Trigger board design does not satisfy requirements (DOE)
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If the board requirements for the calorimeter trigger subsystem change, it could jeopardize the ability of the trigger system to deliver the required trigger decision inputs.


	Risk Type:
	Threat
	Owner:
	Keith Ulmer

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	10%
	Technical Impact:
	1 (L) - somewhat substandard

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 134 k$
Maximum 	=  k$
Mean		= 134 k$
P * <Impact> 	= 13 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Add additional board production cycle for the calorimeter trigger. Cost estimate for extra hardware ($134k) is based on current pilot production budget. Estimate includes M&S only because labor needed to design the new board is in common with Correlator Trigger, and is included in Risk-TD-xxxxx (the corresponding Correlator Trigger risk).



	Cause or Trigger:
	​​​​The board requirements for the calorimeter trigger subsystem could change to accommodate better performance in achieving the physics goals. This can take the form of more advanced technology in board components , such as smaller FPGA feature size, next generation optics, or more advanced system-on-chip technology. If such technologies are needed to meet new subsystem requirements, a redesign of the trigger subsystem boards would be required to accommodate the new components.
	Impacted Activities:
	
This risk could delay the start of the design for the final production boards.

The risk hook activity in P6 should be inserted (Finish to Start relationships) between P6 activities:

TD1150 TD - RCT pilot production testing (this is the predecessor of the risk hook) and
TD790 TD - CTI system integration assembly (this is the successor of the risk hook).​


	Start date:
	1/Jan/2021
	End date:
	1/Jul/2022

	Risk Mitigations:
	​The baseline includes a flexible system, which can accommodate many possible options, including the ability to adapt to changing requirements such as extra link capacity and upgraded FPGA options. The baseline also includes prototype and pilot production cycles for board design, during which many adaptations can be made to changes in requirements.


	Risk Responses:
	​(1) Attempt to use new board components that satisfy the requirements, but do not require a redesign of the board. For example, the baseline includes an FPGA that is pin-compatible with other more powerful FPGAs, which could be used with minimal rework of the board design.
(2) Iterate on the board design to include the components needed to satisfy the subsystem requirements.


	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-6-10-D  TD - Correlator Trigger board does not satisfy requirements (DOE)
	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​If the board requirements for the correlator trigger subsystem change, it could jeopardize the ability of the trigger system to deliver the required trigger decision inputs.


	Risk Type:
	Threat
	Owner:
	Keith Ulmer

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	30%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 242 k$
Most likely 	= 359 k$
Maximum 	= 418 k$
Mean		= 340 k$
P * <Impact> 	= 102 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 6 months
Most likely	= 12 months
Maximum 	= 15 months
Mean		= 11 months
P * <Impact> 	= 3.3 months

	Basis of Estimate:
	
Add additional board production cycle including design, procurement, assembly, and testing. Cost estimates for extra hardware ($124k) are based on current pilot production budget​​​. Cost estimates for additional hardware engineering labor is based on current pilot production budget of $235k for the 12 month pilot production, scaled to a min/likely/max of 6/12/15 months = $118k/235k/294k. The schedule delays of 6/12/15 months are due to the additional time needed for the extra board production cycle.

Min cost = $124k + $118k = $242k
Likely cost = $124k + $235k = $359k
Max cost = $124k + $294k = $418k


	Cause or Trigger:
	​The board requirements for the correlator trigger subsystem could change to accommodate better performance in achieving the physics goals. This can take the form of more advanced technology in board components, such as smaller FPGA feature size, next generation optics, or more advanced system-on-chip technology. If such technologies are needed to meet new subsystem requirements, a redesign of the trigger subsystem boards would be required to accommodate the new components.

	Impacted Activities:
	This risk could delay the start of the design for the final production boards.
The risk hook activity in P6 should be inserted (Finish to Start relationships) between P6 activities:
TD14420 TD - CORL1 pilot production testing - UW (this is the predecessor of the risk hook) and
TD16560 TD - CORI system integration assembly - FL (this is the successor of the risk hook).​








	Start date:
	1/Jan/2021
	End date:
	1/Jul/2022

	Risk Mitigations:
	​The baseline includes a flexible system, which can accommodate many possible options, including the ability to adapt to changing requirements such as extra link capacity and upgraded FPGA options. The baseline also includes prototype and pilot production cycles for board design, during which many adaptations can be made to changes in requirements.​​


	Risk Responses:
	(1) Attempt to use new board components that satisfy the requirements, but do not require a redesign of the board. For example, the baseline includes an FPGA that is pin-compatible with other more powerful FPGAs, which could be used with minimal rework of the board design.


(2) Iterate on the board design to include the components needed to satisfy the subsystem requiremen


	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-6-90-D  TD - Key Trigger or DAQ personnel need to be replaced (DOE)
	Risk Rank:
	1 (Low)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​Key engineer or senior  technician with special knowledge leaves the project and needs to be  replaced. If the transition can be managed such that the incoming and  outgoing personnel  overlap and exchange knowledge, then there is mainly  a labor cost impact. If the transition is more abrupt, then there is no  cost impact of overlapping personnel but there can be a delay to the  project activities as the incoming person gets fully up to speed. This  risk does not include the risk of losing key managers because  the project ensures that each manager has a well-trained deputy.

	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 30 k$
Most likely 	= 90 k$
Maximum 	= 150 k$
Mean		= 90 k$
P * <Impact> 	= 23 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 3 months
Mean		= 1 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​​​​This L2 area has 2 senior  engineera whose functions are particularly hard to replace on a  short timescale by existing team members.

Experience in the CMS Phase 1 Upgrade project suggests the  probability per key person is roughly 25% (probability they leave during  the entire project). Some input numbers to the cost impact analysis:
 -- Labor cost  per person = $15k/month (fully burdened  senior enginer =  $185k/year).
-- Average burn rate per L3 area is  = $10k/month (CMS-doc-13481).

Minimum  scenerio: person leaving is replaced by an existing skilled person in  the team. 1 month of full overlap costing $15k of labor. No schedule  delay.

Likely  scenario: person leaving is replaced by a person less familiar with the  specific work. 3 months managed overlap of the outgoing and incoming people costs 3 * $15k = $45k of labor. No schedule delay.

Maximum scenario: person leaves unexpectedly with  no transfer of knowledge. It takes about 6 months to find a new person  and get them fully up to speed. There is loss of productivity during  this difficult transition period resulting in a net 3 month delay to L3  activities. Cost of  ramp-up effort of the new person (learning but not  fully contributing to deliverables) =3 FTE-months * $15k = $45k. The  burn rate cost is 3 * $10k = $30k. Total cost impact = $75k
            
Total for 2 persons: Min/Likely/Max cost impact = 2 * $(15/45/75)k = $(30/90/150)$.

	Cause or Trigger:
	
	Impacted Activities:
	​​Each key persons is independently  modeled in the MC (each at P=25% and with corresponding share of the total cost impact). Typically  hook the risk to the persons main activity during the production phase  (maximum consequences).

	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	​A number of  engineers and technicians  have overlapping skills, both within a given institute and across  US-CMS institutes. This provides some backup in case of non-availability  of a key person. Pro-active cross-training of engineers and technicians  helps ensure key skills are not completely lost if a key person is no longer available.

	Risk Responses:
	​Aim for outgoing and incoming  personnel to overlap if possible to ensure a smooth transition. Hire  from skilled members of the team if appropriate. Interim support may be possible using engineers or technicains from elsewhere in the institute or project.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-6-91-D  TD - Shortfall in Trigger or DAQ scientific labor (DOE)
	Risk Rank:
	1 (Low)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If a significant amount of the  (uncosted) scientific labor is unavailable, then the project would then  need to fund additional (costed) personnel to perform the work. It is assumed  that the risk is  triggered by a seriously unfavorable overall base program funding  situation.

	Risk Type:
	Threat
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 292 k$
Mean		= 97 k$
P * <Impact> 	= 29 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​I​n the past US-CMS has not experienced a  significant lack of scientific labor (postdocs and graduate students).  When shortfalls occured they were usually  resolved by  collaborators at   US-CMS institutes or sometimes from iCMS.

We  assign a 30%  probability that a significant shortfall  occurs in future,  due to   unfavorable funding conditions in the base program.

The contributed labor for the scope of this L2 area is 16.8 FTE-years spread over about 5 years. This does not includethe more secure L2 and L3 managers who are tenuredfaculty and senior Fermilab scientists.

We  estimate the loss could be up to 20% of the total contributed labor or  3.4 FTE-years (e.g. this is a loss of 50% of all contributed labor for a  two year period or a loss of 1/3 of the contributed labor for 3 years). 

The missing labor could be replaced by costed personnel: a  mixture of mid-range technicians, junior technicians, or undergraduates  costing respectively 62$/hr, 50$/hr and 18$/hr fully-burdened (43$/hour  on average). Allowing for four years of escalation at 3.1% per annum  yields an average cost of 49$/hr or 86k$/FTE-year (1768hrs worked per  year). 

The (min/likely/max) cost impact is therefore:  86k$ per FTE-year * (0/0/3.4) FTE-years = $(0/0/292)k.

	Cause or Trigger:
	​​​​​​The risk is triggered by an unfavorable  base program funding situation. 
	Impacted Activities:
	

	Start date:
	1/Oct/2018
	End date:
	

	Risk Mitigations:
	​Work with institutes and agencies to  ensure the anticipated amount of scientific labor will be available.  Where shortfalls look likely to occur, seek alternatives  amongst other US-CMS  institutes or even from iCMS institutes.

	Risk Responses:
	​Seek replacement scientific labor in other institutes. If this labor cannot be found  then contingency will need  to be spent to supplement the effort with costed labor (e.g.  technicians).

	More details:
	CMS-doc-13509 (FTE data at CD1)



			

RU-402-6-07-D  TD - DAQ STMS I/O performance does not meet requirements (DOE)
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	The I/O requirements of the DAQ STMS could change in response to changes in event size or HLT output event rate.  This event, in turn, requires more (or less) STMS resources in response.


	Risk Type:
	Uncertainty
	Owner:
	Jeffrey W Berryhill

	WBS:
	402.6 TD - Trigger and DAQ (DOE)
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	20%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= -192 k$
Most likely 	= 384 k$
Maximum 	= 768 k$
Mean		= 320 k$
P * <Impact> 	= 64 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	Purchase cost of DAQ STMS (768k$) scaled down/up by -25%/50%/100%


	Cause or Trigger:
	Specifying HLT output event rate or event size different from TDR values.

	Impacted Activities:
	​Procurement cost of DAQ STMS


	Start date:
	1/Oct/2018
	End date:
	3/Jun/2025

	Risk Mitigations:
	Ongoing evaluation of DAQ configuration in response to HLT design and T0 computing.  


	Risk Responses:
	Negotiation with CMS DAQ on re-configuration of project to meet startup goals.


	More details:
	



			
		
	
	
	
	

RT-402-8-90-D  TL - Key Timing Layer personnel need to be replaced
	Risk Rank:
	1 (Low)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​Key engineer or senior  technician with special knowledge leaves the project and needs to be  replaced. If the transition can be managed such that the incoming and  outgoing personnel  overlap and exchange knowledge, then there is mainly  a labor cost impact. If the transition is more abrupt, then there is no  cost impact of overlapping personnel but there can be a delay to the  project activities as the incoming person gets fully up to speed. This  risk does not include the risk of losing key managers because  the project ensures that each manager has a well-trained deputy.

	Risk Type:
	Threat
	Owner:
	Christopher Carl Neu

	WBS:
	402.8 TL - Timing Layer (general risks)
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 45 k$
Most likely 	= 135 k$
Maximum 	= 261 k$
Mean		= 147 k$
P * <Impact> 	= 37 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 months
Most likely	= 0 months
Maximum 	= 3 months
Mean		= 1 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​This L2 area has 3 senior engineers whose functions are particularly hard to replace on a  short timescale by existing team members. They work in the following areas: (1) SiPM R&D and quality assurance; (2) EE for BTL CC; and (3) ASIC engineering.Experience in the CMS Phase 1 Upgrade project suggests the  probability per key person is roughly 25% (probability they leave during  the entire project). Some input numbers to the cost impact analysis:
 -- Labor cost  per person = $15k/month (fully burdened  senior enginer =  $185k/year).
-- Average burn rate per L3 area is  = $14k/month (CMS-doc-13481).

Minimum  scenerio: person leaving is replaced by an existing skilled person in  the team. 1 month of full overlap costing $15k of labor. No schedule  delay.

Likely  scenario: person leaving is replaced by a person less familiar with the  specific work. 3 months managed overlap of the outgoing and incoming people costs 3 * $15k = $45k of labor. No schedule delay.

Maximum scenario: person leaves unexpectedly with  no transfer of knowledge. It takes about 6 months to find a new person  and get them fully up to speed. There is loss of productivity during  this difficult transition period resulting in a net 3 month delay to L3  activities. Cost of  ramp-up effort of the new person (learning but not  fully contributing to deliverables) =3 FTE-months * $15k = $45k. The  burn rate cost is 3 * $14k = $42k. Total cost impact = $87k

Total for all key persons: Min/Likely/Max cost impact = 3 * $(15/45/87)k = $(45/135/261)$.

	Cause or Trigger:
	
	Impacted Activities:
	​​Each key persons is independently  modeled in the MC (each at P=25% and with corresponding share of the total cost impact). Typically  hook the risk to the persons main activity during the production phase  (maximum consequences).

	Start date:
	1/Jan/2018
	End date:
	

	Risk Mitigations:
	​A number of  engineers and technicians  have overlapping skills, both within a given institute and across  US-CMS institutes. This provides some backup in case of non-availability  of a key person. Pro-active cross-training of engineers and technicians  helps ensure key skills are not completely lost if a key person is no longer available.

	Risk Responses:
	​Aim for outgoing and incoming  personnel to overlap if possible to ensure a smooth transition. Hire  from skilled members of the team if appropriate. Interim support may be possible using engineers or technicains from elsewhere in the institute or project.

	More details:
	CMS-doc-13481



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-8-91-D  TL - Shortfall in Timing Layer scientific labor
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If a significant amount of the  (uncosted) scientific labor is unavailable, then the project would then  need to fund additional (costed) personnel to perform the work. It is assumed  that the risk is  triggered by a seriously unfavorable overall base program funding  situation.

	Risk Type:
	Threat
	Owner:
	Christopher Carl Neu

	WBS:
	402.8 TL - Timing Layer (general risks)
	Risk Area:
	Management Risk / Funding or Resources

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 0 k$
Maximum 	= 611 k$
Mean		= 204 k$
P * <Impact> 	= 61 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 0 months
Maximum 	=  months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​​I​n the past US-CMS has not experienced a  significant lack of scientific labor (postdocs and graduate students).  When shortfalls occured they were usually  resolved by  collaborators at   US-CMS institutes or sometimes from iCMS.

We  assign a 30%  probability that a significant shortfall  occurs in future,  due to   unfavorable funding conditions in the base program.

The contributed labor for the scope of this L2 area is 35.7 FTE-years spread over about 5 years. This does not includethe more secure L2 and L3 managers who are tenuredfaculty and senior Fermilab scientists.

We  estimate the loss could be up to 20% of the total contributed labor or 7.1 FTE-years (e.g. this is a loss of 50% of all contributed labor for a  two-year period or a loss of 1/3 of the contributed labor for 3 years). 

The missing labor could be replaced by costed personnel: a  mixture of mid-range technicians, junior technicians, or undergraduates  costing respectively 62$/hr, 50$/hr and 18$/hr fully-burdened (43$/hour  on average). Allowing for four years of escalation at 3.1% per annum  yields an average cost of 49$/hr or 86k$/FTE-year (1768hrs worked per  year). 

The (min/likely/max) cost impact is therefore:  86k$ per FTE-year * (0/0/7.1) FTE-years = $(0/0/611)k.

	Cause or Trigger:
	​​​​​​The risk is triggered by an unfavorable  base program funding situation. 
	Impacted Activities:
	

	Start date:
	1/Oct/2018
	End date:
	

	Risk Mitigations:
	​Work with institutes and agencies to  ensure the anticipated amount of scientific labor will be available.  Where shortfalls look likely to occur, seek alternatives  amongst other US-CMS  institutes or even from iCMS institutes.

	Risk Responses:
	​Seek replacement scientific labor in other institutes. If this labor cannot be found  then contingency will need  to be spent to supplement the effort with costed labor (e.g.  technicians).

	More details:
	



			

RT-402-8-04-D  BTL - Inputs for Assembly Centers delayed
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If received Al plates, LYSO crystals, SiPMs, FE cards, CCs, etc do not meet performance or geometric specifications then there will ultimately be a delay in production at the Assembly Centers.

	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Vendors

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 32 k$
Most likely 	= 64 k$
Maximum 	= 96 k$
Mean		= 64 k$
P * <Impact> 	= 13 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.33 months
P * <Impact> 	= 0.7 months

	Basis of Estimate:
	If there is a delay of any of these necessary components that is translated to BTL Assembly, then there will be knock-on standing army costs there. 

The standing army is (2 Centers * 2 Technicans per Center) = 4 Technicians. 

Min / likely / max delay is estimated to be 1 / 2 / 3 months, implying standing army impacts of 4 / 8 / 12 FTE-months.

The average fully-burdened mid-range technican (ELEC/MECH) costs $8k per month.

Min / likely / max standing army cost = $32k / $96k / $192k.


	Cause or Trigger:
	​Measurements of sensor performance during module assembly.

	Impacted Activities:
	Risk could delay any one of the batches during BTL Assembly


	Start date:
	1/Jan/2020
	End date:
	18/May/2022

	Risk Mitigations:
	​QA/QC procedure in the LYSO procurement, strict definition of QA criteria with vendor.​Increase QA/QC activity to include more detailed testing of every single LYSO element.


	Risk Responses:
	​Once delivery of qualified components restarts, run x2 shifts of BTL Assembly and QC testing, run x2 shifts of BTL Integration. 

	More details:
	



			
		

RT-402-8-05-D  BTL - Change in interfaces of tray assembly components
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​If the dimensions, connections or assembly sequence details of the tray change then the procedures in the integration center have to be adjusted incurring delays and jeopardizing completion of the BTL by the CMS need-by date.


	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Collaborators

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 150 k$
Most likely 	= 250 k$
Maximum 	= 350 k$
Mean		= 250 k$
P * <Impact> 	= 50 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.6 months

	Basis of Estimate:
	​If the assembly of the trays from the three principal components, cooling bar, sensor moules and front end cards, is changed the manpower needs may increase and additional tooling and skilled labor need to be a added to the task.
Most likely impact is 1 FTE-year of addtional engineering at an estimated cost of $250k.


	Cause or Trigger:
	​Change of the interfaces on one or several of the components entering into the tray assembly procedure.

	Impacted Activities:
	Risk could delay the completion of the BTL Assembly R&D and prototyping

	Start date:
	1/Oct/2019
	End date:
	10/Feb/2023

	Risk Mitigations:
	​Work with collborators during the R&D phase to ensure designs are coherent, agreed upon and properly communicated to all stakeholders. Further, ensure detailed testing of all prototypes and preproduction items to ensure performance and technical specs are met at all times.Conduct regular technical reviews.  Follow the detailed R&D and preproduction schedule to minimize the  probability of late design changes.


	Risk Responses:
	​If interface changes are necessary, ensure that design changes remain as compatible as possible with the assembly center procedures. Update procedures pursuant to updated interfaces. Lost time made up through increased labor.


	More details:
	



			
		
	
	
	

RT-402-8-07-D  BTL - Concentrator Card delay in external component deliveries
	Risk Rank:
	3 (High)   Scores:  Probability : 4 (H) ; Cost:  0 (N)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​If external components are delayed then the delivery deadline objective is jeopardized.

	Risk Type:
	Threat
	Owner:
	Yurii Y Maravin

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Vendors

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	=  k$
Maximum 	=  k$
Mean		= 0 k$
P * <Impact> 	= 0 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 3 months
Most likely	= 6 months
Maximum 	= 9 months
Mean		= 6 months
P * <Impact> 	= 3 months

	Basis of Estimate:
	​A conservative estimate based on the fact that the lpGBT prototype was delayed by about half a year.​ Given the fact that the lpGBT pinout is delayed by 6 months, this estimate is rather reasonable that the delay will be on the order of 6 months.



	Cause or Trigger:
	Delay with the pre-production or the final production design components
	Impacted Activities:
	Risk could delay any batch of CCs during CC production

	Start date:
	1/Oct/2021
	End date:
	1/Aug/2022

	Risk Mitigations:
	The lpGBT will be used even if it arrives late. This is a risk to many HL-LHC upgrade projects at CMS and ATLAS. That being said we can mitigate this risk by following the lpGBT production schedule closely and planning work such that SA costs are minimized. There is sufficient float in the intlMTD schedule to accommodate a delay of 6 months in delivery of production lpGBTs such that the installation schedule of BTL is noit jeopardized.


	Risk Responses:
	

	More details:
	



			
		
	
	

RT-402-8-08-D  BTL - Delay in cooling plate delivery
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If the delivery of cooling plates by international partners to the assembly centers is delayed, the assembly of BTL trays and subsequently the delivery of trays to CERN gets delayed.


	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Collaborators

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 20 k$
Most likely 	= 40 k$
Maximum 	= 60 k$
Mean		= 40 k$
P * <Impact> 	= 4 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 4 months
Maximum 	= 6 months
Mean		= 4 months
P * <Impact> 	= 0.4 months

	Basis of Estimate:
	​If cooling plate delivery is delayed the undergradute workers will not be able to assemble trays. Extra time needs to be worked later to make up the delay to keep the delivery schedule to CERN. The assembly of the BTL trays is designed such that additional FTE can work in parallel and increased throughput at the center. Cost reflects cost for addtional FTEs to mitigate the schedule impact.


	Cause or Trigger:
	​Delay of cooling plate delivery.

	Impacted Activities:
	Risk could delay any one of the batches during BTL Assembly


	Start date:
	28/Jan/2022
	End date:
	31/Jan/2024

	Risk Mitigations:
	​Communicate closely with iCMS partners to maintain schedule awareness.


	Risk Responses:
	​Accelerate tray assembly. Hire additional undergratuate students to work overtime and weekend.


	More details:
	



			
		
	
	

RT-402-8-14-D  BTL - Problems with SiPM vendor
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​This is a general catagory that includes multiple problems associated with the SiPM vendor.

1) If the production SiPMs do not meet specifications due to a processing error at the vendor, then there will be a six month delay in the schedule for testing and characterizing the SiPMs.  This may impact the overall project schedule and cost.
2) If the production of SiPMs is delayed at the vendor, that delay will propogate to the SiPM testing and characterization schedule, and in turn the overall project schedule.

	Risk Type:
	Threat
	Owner:
	Mitchell Wayne

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Vendors

	Probability (P):
	20%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 32 k$
Most likely 	= 96 k$
Maximum 	= 128 k$
Mean		= 85 k$
P * <Impact> 	= 17 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 6 months
Maximum 	= 8 months
Mean		= 5.33 months
P * <Impact> 	= 1.1 months

	Basis of Estimate:
	​1) In the event the production SiPMs do not meet specifications, we estimate a 6 month schedule delay to produce a new set of production SiPMS.  This delay includes fabrication of new wafers, testing and packaging of the SiPMs.  The cost impact will be 6 months of half-time support for two engineering physicists.
2) In the event delivery of the production SiPMs is delayed by some amount of time, we estimate the impact from a minimal delay of 2 months up to a maximum delay of 8 months.  The cost impact will be additional support for two engineering physicists for each month of delay.

	Cause or Trigger:
	
	Impacted Activities:
	​Risk could delay any batch of SiPM QC


	Start date:
	1/Oct/2019
	End date:
	18/Jan/2022

	Risk Mitigations:
	​Work with vendor to establish quality and good yield through prototype and preproduction SiPM runs. Could use multiple (currently there are 2) vendors if the quality is comparable. 


	Risk Responses:
	​ ​1) In the event of SiPMs not meeting specifications, work with vendor to identify the source of the problem, then restart the production process.

2) In the event of a delay in SiPM delivery, work to the extent possible to speed up testing and characterization once they are delivered.  

	More details:
	



			
		
	
	
	

RT-402-8-15-D  BTL - Batch shipment of SiPMs lost in transport
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  1 (L)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If a batch of test SiPMs is lost in shipment to a production site, then there will be a one month delay of the SiPM completion date.  This may impact the overall schedule and cost.

	Risk Type:
	Threat
	Owner:
	Mitchell Wayne

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	Management Risk / Logistics

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 224 k$
Maximum 	=  k$
Mean		= 224 k$
P * <Impact> 	= 11 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 1 months
Maximum 	=  months
Mean		= 1 months
P * <Impact> 	= 0.1 months

	Basis of Estimate:
	​We estimate a 1 month delay to QC a new batch of production SiPMs.  This may interrupt the module assembly by one month and delay the delivery of the final SiPM batch by one month.  The cost impact will be $224k, based on 28,000 channels and per channel cost of $8. The impact is the same for any US batch, as the US delivers the first half of the SiPMs.

	Cause or Trigger:
	
	Impacted Activities:
	Risk could delay any one of the batches during BTL Assembly


	Start date:
	1/Jan/2021
	End date:
	18/Jan/2022

	Risk Mitigations:
	​Divide up the batch shipment into a number of smaller shipments, thus mitigating the impact of a lost shipment. Of course this implies more shipments, increasing the probability of one being lost.  We need to optimize this for minimal risk.

	Risk Responses:
	​If a shipment is lost, we will need to purchase additional production SiPMs from the vendor, have them delivered, and then run through the standard QC and characterization.

	More details:
	



			
		
	
	

RT-402-8-18-D  BTL - Concentrator card production & testing facility problem
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	This is a general catagory that includes multiple issues that can lead to a slowdown or stoppage. For example, if a test stand fails to test concentrator cards, it impacts the schedule for CC delivery to the assembly centers

	Risk Type:
	Threat
	Owner:
	Yurii Y Maravin

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	Technical Risk / Requirements

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 10 k$
Maximum 	=  k$
Mean		= 10 k$
P * <Impact> 	= 2 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 0.5 months
Most likely	= 1 months
Maximum 	= 2 months
Mean		= 1.17 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	Previous experience in testing Mu2e FEB cards indicated the need for a special card ($1k) and modifications to the testing jig ($9k) components due to changes in the FEB functionality and features that prohibited using existing components at KSU. Total cost impact is $10k. 


Ordering new parts + installing them + testing them caused a delay of up to 2 months, including software adjustments.


Burn rate is zero as the affected personnel can work on other tasks.




	Cause or Trigger:
	​Failure of the testing jig to provide a thorough test of the assembled CC
	Impacted Activities:
	Risk could delay any batch of CCs during CC production


	Start date:
	15/Mar/2021
	End date:
	15/Jul/2022

	Risk Mitigations:
	Keep the components maintained and order spare items for critical components to be available on a short notice in case of failure.

	Risk Responses:
	​Implement manual testing protocol for undergraduates while testing jig issues are understood and fixed.Hire extra undergraduate students to perform manual testing while the testing jig is being repaired.

	More details:
	



			
	

RT-402-8-30-D  BTL - Concentrator Card requires significant design changes
	Risk Rank:
	3 (High)   Scores:  Probability : 4 (H) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​This is a general category that includes multiple issues that can lead to a design or layout change.

1) If scope for the BTL CC changes, it will impact the cost of the project due to a re-design as well as delay the schedule.

2) If the interface to the PCC changes, it will impact the cost of the project due to a re-design as well as delay the schedule. For example, The CC-PCC interface design depends on the final implementation of the DC/DC convertor.

3) If the "pure clock" clock distribution option is chosen for BTL,  it will impact the cost of the project due to additional lpGBT-VTRX+ components needed to accommodate that choice.




	Risk Type:
	Threat
	Owner:
	Yurii Y Maravin

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	Management Risk / Controlling

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 60 k$
Most likely 	= 80 k$
Maximum 	= 136 k$
Mean		= 92 k$
P * <Impact> 	= 46 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 4 months
Maximum 	= 6 months
Mean		= 3.67 months
P * <Impact> 	= 1.8 months

	Basis of Estimate:
	​In the past, changes in design caused delays from 1-2 weeks to a month, incurring additional costs due to engineer time. However, a major redesign of the board, for example: a decision to double the bandwidth by requiring using two lpGBTs instead of one would require doubling the complexity of routing, essentially requiring an increase of the design time by engineer by a factor of two, including increase in time for testing. Given the esitmate of 400 hours of engineering to design & layout, doubling of this time is a good estimate of impact in cost and time. Estimating that the engineer is split between two different tasks, an average estimate of 5 months of delay is extracted.
The increased M&S costs associated with a possible move to an additional set of lpGBT+VTRX+ components is $85k. 
We add these two effects to determine the cost impact.

	Cause or Trigger:
	​New changes to the scope of the CC after the prototyep design is complete.

	Impacted Activities:
	Risk could impact the completion of CC R&D and prototyping


	Start date:
	1/Oct/2019
	End date:
	31/Oct/2021

	Risk Mitigations:
	​Keep a close contact to the international BTL effort to ensure timely response to potential changes in the scope of the BTL electronics and keep international CMS informed of impacts of design changes to the US scope. 

	Risk Responses:
	​Delegate a fraction of the task at hand to another available engineer, at the KSU Electronic Desgin Laboratory if available, or at another institution.

	More details:
	



RT-402-8-33-D  BTL - Difficulties procuring LYSO from international suppliers
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​If LYSO becomes the subject of high tariffs or quotas from a specific country, then the increased cost jeopardizes project budget and/or delays ​subsequent dependent activities.

	Risk Type:
	Threat
	Owner:
	Christopher Carl Neu

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Market

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 53 k$
Most likely 	= 132 k$
Maximum 	= 210 k$
Mean		= 132 k$
P * <Impact> 	= 13 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 3 months
Most likely	= 6 months
Maximum 	= 9 months
Mean		= 6 months
P * <Impact> 	= 0.6 months

	Basis of Estimate:
	The direct cost for LYSO from the US is $504k ($526k including indirect costs and escalation). Assuming a 10-25-40% tariff means a cost impact of 53-132-210k. Max value of 40% is consistent with the level of tariff that has been placed on other commodities exported from China. Range is a rough estimate. There is a 10% overall probability that this will happen. The LYSO purchase is going through CERN, which means the purchase is more insulated from the impact of trade disputes than if the purchase went through a US institute, for instance. Still a 10% probability is reasonable.


	Cause or Trigger:
	​Example: The Chinese gov't applies a tariff on exported rare-earth metals or their related commodities. International suppliers apply export controls or an embargo on these materials.
	Impacted Activities:
	​Risk could delay the delivery of the production LYSO crystals.


	Start date:
	1/Mar/2020
	End date:
	4/Mar/2021

	Risk Mitigations:
	​We have qualified vendors in multiple countries so that we are insulated from effects associated with purchasing from a single foreign country. Also, this purchase will be routed through CERN, insulating us from US-originated or US-response market effects.


	Risk Responses:
	​Work with at least two providers that can increase their LYSO provision in the case of the application of a tariff affecting one. Make sure the contract contains appropriate language. Have the purchase go through CERN so that it is insulated from these US-specific effects.​ ​Increase the provision of LYSO from alternative vendor that is not subject to the political/economic obstacle confronted.

	More details:
	



			
		

RT-402-8-34-D  BTL - Delay in delivery of components from iCMS
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If the delivery of ​LYSO, SiPMs or electronics components for the modules is delayed, the module and tray production and subsequent tray integration is delayed.


	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Collaborators

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 10 k$
Most likely 	= 20 k$
Maximum 	= 30 k$
Mean		= 20 k$
P * <Impact> 	= 4 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 0.4 months

	Basis of Estimate:
	​If the delivery of any of the components entering into the tray integration is delayed we would need to catch up production by increasing avaiable manpower. The module and tray assembly is very granular and can be scaled easily by adding manpower. Multiple teams can work on a single tray to integrate components. The cost impact reflects the cost of hiring additional labor. The schedule impact accounts for the fact that hiring additional labor and training new people may cause delays.


	Cause or Trigger:
	​Delivery of components is delayed.

	Impacted Activities:
	Risk could delay any one of the batches during BTL Assembly


	Start date:
	28/Jan/2022
	End date:
	31/Jan/2024

	Risk Mitigations:
	​Ensure strict definition of delivery schedule and integrate in the contractual agreement with vendors and collaborators. 


	Risk Responses:
	​Hire additional unskilled labor to work on the module assembly and tray integration with multiple teams on one tray.


	More details:
	



			
	

RT-402-8-35-D  BTL - Delays or damage of tray in transport to CERN
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  1 (L)  Schedule: 0 (N))
	Risk Status:
	Open

	Summary:	
	​If a tray is delayed or damaged in transport of BTL to CERN then the integration and commissioning task may be delayed, with a potential cost increase.

	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	Management Risk / Logistics

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 220 k$
Maximum 	=  k$
Mean		= 220 k$
P * <Impact> 	= 11 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 1 months
Maximum 	=  months
Mean		= 1 months
P * <Impact> 	= 0.1 months

	Basis of Estimate:
	​One assembly site produces 2 trays per month. We plan to ship in boxes of two trays since we will make two spare trays. A loss of one box could be compensated. The cost estimate corresponds to the component cost of 1 tray plus extra labor to make the tray. After integration is finished we want to keep at least one extra tray for further testing and studies of the detector components eg. in test beams outside of the operating detector.


	Cause or Trigger:
	​Loss of one shipment.

	Impacted Activities:
	Risk could delay any one of the batches during BTL Assembly


	Start date:
	10/Feb/2023
	End date:
	31/Jan/2024

	Risk Mitigations:
	​Schedule shipments in small quantities - 2 per box in our case.


	Risk Responses:
	​There is sufficient buffer in the schedule so that the loss on one box will have no impact on the schedule.


	More details:
	



			
	

RT-402-8-36-D  BTL - Interface to iCMS changes
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If the mechanical, thermal or service connections of the BTL to the rest of CMS change, the respective designs have to be adjusted.


	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	Technical Risk / Interfaces

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 60 k$
Maximum 	=  k$
Mean		= 60 k$
P * <Impact> 	= 12 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 0.4 months

	Basis of Estimate:
	If eg. the details of the service routings to BTL get changed we need to modify the respective design.  This may delay start of assembly to allow adjustments on tray connections. For the integration into CMS this may complicate integration procedure. The cost impact reflects additional design work and additional labor for the assembly procedure. Schedule impact accounts for possible delay in assembly or need to accelerate assembly to compensate time it takes to implement changes.


	Cause or Trigger:
	​Change of services and mechanical interfaces by CMS TRK or CMS TC

	Impacted Activities:
	Risk could delay the completion of the BTL Assembly R&D and prototyping


	Start date:
	1/Apr/2019
	End date:
	3/Jan/2024

	Risk Mitigations:
	​Keep design flexible enough to allow modifications to services and mechanical interfaces. Ensure proper communication, review of designs and tight collaboration in particular with the CMS tracker group.


	Risk Responses:
	​Adjust service and mechanical interface design. May have impact on readiness of components or complexitiy of the assembly process


	More details:
	



			
		

RT-402-8-42-D  BTL - Problems with module assembly site
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​This is a general category that includes multiple issues that can lead to a slowdown or stoppage at the integration center. If such an event occurs, a delay is incurred while the issue is being resolved.


	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Facilities

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 10 k$
Most likely 	= 20 k$
Maximum 	= 30 k$
Mean		= 20 k$
P * <Impact> 	= 2 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 0.2 months

	Basis of Estimate:
	If in any of the procedural steps of the tray integration a problem occurs, the assembly procedure will be delayed. Possible problems are breakage of tools or test equipment, accidents in handling components, quality problems eg. in gluing or mating of components caused by external factors such as improper enviromental conditions or temporary disruption in the functinality of the integration center infrastructure.


	Cause or Trigger:
	Stopage of serious slowdown of assembly procedure.

	Impacted Activities:
	Risk could delay any one of the batches during BTL Assembly


	Start date:
	28/Jan/2022
	End date:
	31/Jan/2024

	Risk Mitigations:
	Production schedule is designed with sufficient float to offset possible delays. The use of a second production center can offset production capacity issues in one center.


	Risk Responses:
	​Hire additional unskilled labor to integrate trays with two people working in parallel.


	More details:
	



			
		
	
	
	

RT-402-8-46-D  BTL - Problems with sensor gluing facility 
	Risk Rank:
	2 (Medium)   Scores:  Probability : 4 (H) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​If the site where LYSO-SiPM gluing occurs encounters throughput problems then the delay in coupled sensor modules jeopardizes the BTL tray assembly at the BACs.


	Risk Type:
	Threat
	Owner:
	Adolf Bornheim

	WBS:
	402.8.3 BTL - Barrel Timing Layer
	Risk Area:
	External Risk / Facilities

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 90 k$
Maximum 	=  k$
Mean		= 90 k$
P * <Impact> 	= 45 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 1 months

	Basis of Estimate:
	If a second site needs to be brought into operation, there will be M&S costs associated with the apparatus and time needed to get the location up and running.

​The apparatus needed to perform the gluing costs 90k (85k for a p&p robot, 5k for the stencil printer). This single-valued results determines the cost impact.

We expect the gluing process to be well-defined and for the logic of the p&p robot to be directly transferable without additional development. We expect this can be done in 1-3 months time.


	Cause or Trigger:
	​Stoppage or serious slowdown of assembly procedure.

	Impacted Activities:
	​Risk could delay any one of the batches during BTL Assembly


	Start date:
	28/Jan/2022
	End date:
	14/Jun/2023

	Risk Mitigations:
	​​Production schedule is designed with sufficient float to offset possible delays. Will demonstrate throughput in pre-production era using dummy sensor and SiPM arrays. 

	Risk Responses:
	​Set up second gluing site in the event of lower throughput that expected.


	More details:
	



			
		
	
	
	

RO-402-8-01-D  ETL - Use AltiROC
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​If the AltiROC meets our specification, we will be able to use it and we will not have to pay for the cost of the production maskset.


	Risk Type:
	Opportunity
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Management Risk / Planning

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= -720 k$
Maximum 	=  k$
Mean		= -720 k$
P * <Impact> 	= -72 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= -8 months
Maximum 	=  months
Mean		= -8 months
P * <Impact> 	= -0.8 months

	Basis of Estimate:
	​The probability is initially set to 10% since the initial test results of the AlitROCv0 does not meet our specification. We will evaluate the performance of the AltiROC as new versions become available and we will remain in close contact with the AltiROC developers. The cost savings correspoonds to the cost of the production maskset.


	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	1/Jan/2022
	End date:
	1/Jan/2023

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
	



			
		
	
	
	
	
	
	
	
	
	
	
		


RT-402-8-01-D  ETL - Additional FE ASIC prototype cycle is required
	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	This risk can have multiple causes.

​1) If the necessary performance (precision vs power consumption) is not achieved during the last prototype cycle, an additional prototype cycle may be necessary causing a delay and incurring a cost increase.
2) ASIC specification has changed due to external reasons, such as lpGBT clock distribtution does not meet specifications.


	Risk Type:
	Threat
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 500 k$
Most likely 	= 600 k$
Maximum 	= 700 k$
Mean		= 600 k$
P * <Impact> 	= 180 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 7 months
Most likely	= 9 months
Maximum 	= 12 months
Mean		= 9.33 months
P * <Impact> 	= 2.8 months

	Basis of Estimate:
	The cost for a MPW run is 400k, and we include 100-200-300k for additional engineering.

	Cause or Trigger:
	​Prototype 2 does not meet requirements and we cannot include changes in the preproduction submission.

	Impacted Activities:
	​Risk could delay completion of ASIC prototyping


	Start date:
	15/Jan/2021
	End date:
	1/Mar/2022

	Risk Mitigations:
	All critical design blocks have been prototyped and will be extensively tested. The system interfaces and main digital blocks will be prototyped in firmware in the ETROC2 emulator and will be tested with the backend system via the readout board.  Extensive ETROC2 design verifications is in the plan


	Risk Responses:
	​We include an additional prototype cycle.


	More details:
	



			
		
	
	

RT-402-8-02-D  ETL - ETL module facility unavailable
	Risk Rank:
	2 (Medium)   Scores:  Probability : 4 (H) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	​This is a general catagory that includes multiple issues that can lead to a production slowdown or stopage. If a Module Assembly facility temporarily becomes inoperable due to loss of critical equipment, an act of god or interference from other projects, then the resultant dip in module throughput may jeopardize timely completion of the project​.

	Risk Type:
	Threat
	Owner:
	Frank Golf

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	External Risk / Facilities

	Probability (P):
	50%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	= 10 k$
Most likely 	= 20 k$
Maximum 	= 30 k$
Mean		= 20 k$
P * <Impact> 	= 10 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 1 months

	Basis of Estimate:
	If one center has a major equipment failure or is otherwise unable to meet its throughput expectation the second center can pick up the additional load within the 100% cushion.
It is assumed that in max 3 months the equipment would be replaced or facility made becomes available and assembly could then be resumed  at the affected site.
An expected delay of max 3 months due to a need to transfer components to the second production site and to organize second shift module production. 


	Cause or Trigger:
	
	Impacted Activities:
	Risk could delay any one of the batches during ETL Assembly

	Start date:
	1/Jan/2023
	End date:
	1/Jul/2024

	Risk Mitigations:
	Having at least two US sites is a risk mitigation, and should one site become temporarily inoperable, components could be redirected to the other site temporarily to mitigate the impact​, while the affected production site is being repaired.

	Risk Responses:
	​Module components can be diverted to the unaffected site to utilize its full throughput, and additional resources added to increase module production throughput at both sites (once the affected one is re-established) to regain time in the schedule.

	More details:
	



			
		
	
	
		


RT-402-8-03-D  ETL - FE ASIC does not meet specs - needs another pre-prod run
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  2 (M)  Schedule: 3 (H))
	Risk Status:
	Open

	Summary:	
	​If the preproduction Front End ASIC does not meet specifications after the masks are produced then an additional set of masks will need to be produced and additional engineering effort is required to adjust the design so that the ASIC meets specification. 

	Risk Type:
	Threat
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	20%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 874 k$
Most likely 	= 930 k$
Maximum 	= 986 k$
Mean		= 930 k$
P * <Impact> 	= 186 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 5 months
Most likely	= 7 months
Maximum 	= 9 months
Mean		= 7 months
P * <Impact> 	= 1.4 months

	Basis of Estimate:
	The M&S cost is $720k for new masks and qualification wafers. The labor cost for the additional engineering effort is estimated as a 3-pt triangular PDF: 0.25-0.375-0.5 FTE. The estimated schedule delay is 3-pt triangular PDF:5-7-9 months and we use the standing army cost estimate for the MTD, as described in DocDB #13481, for the burn rate (14k$ / month).

Min cost = 720k$ + 0.25*280k$ + 6 month * 14k$ burn rate = $874k
Likely cost = 720k$ + 0.375*280k$ + 7.5 months * 14k$ burn rate = $930k
Max cost = 720k$ + 0.5*280k$ + 9 months * 14k$ burn rate = $986k

	Cause or Trigger:
	​ETL Front End ASIC as returned from production does not meet specification despite the previous MPWs.
	Impacted Activities:
	​Risk could delay completion of ETL preproduction


	Start date:
	1/Jan/2022
	End date:
	1/Jan/2023

	Risk Mitigations:
	​​This risk is mitigated by carrying out several prototype cycles and increased design simulation and verification effort.


	Risk Responses:
	​If the first pre-production run does not meet our requirements we will have to fix the problems and produce a new maskset. If the ASIC is delayed and we cannot meet the milestone of installing the ETL during LS3 we may have to install the ETL during one of the YETS.


	More details:
	



			
		
	
	

RT-402-8-10-D  ETL - Sensor quality problem during production
	Risk Rank:
	2 (Medium)   Scores:  Probability : 2 (L) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	If the sensor vendor delivers sensors that do not meet specifications then the degraded performance of the ETL jeopardizes the physics performance of the MTD detector.

	Risk Type:
	Threat
	Owner:
	Christopher S. Rogan

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	External Risk / Vendors

	Probability (P):
	15%
	Technical Impact:
	2 (M) - significantly substandard

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 28 k$
Most likely 	= 52 k$
Maximum 	= 109 k$
Mean		= 63 k$
P * <Impact> 	= 9 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 3 months
Maximum 	= 6 months
Mean		= 3.67 months
P * <Impact> 	= 0.6 months

	Basis of Estimate:
	​The contract will be written for the vendor to deliver a specified number of good sensors that satisfy CMS specifications. Thus we do not have to pay for sensors that do not satisfy the specifications and there is no impact on sensor cost. The only cost impact is that we will have to repeat the QC testing of the replacement sensors. 
Minimal impact: this happens during production and is corrected quickly after feedback from sensor QC leading to a delay of about 2 months and negligible direct cost. ​

Maximal schedule impact: this happens during preproduction and the preproduction cycle has to be repeated, leading to a delay of about 6 months and extra labor cost of about $25k. 

The L3 burn rate due to the delay of downstream activities is $14k/month (CMS-doc-13481).​

Min cost= $0k + 2months * $14k burn rate = $28k. 
Likely cost= $10k + 3month * $14k burn rate = $52k. 
Max cost= $25k + 6months * $14k burn rate = $109k. 

The problem has to either persist over many batches or not be noticed during QC at the vendor (for example a degradation of performance over some time). Problems that affect a single batch of sensors (eg because of some contamination or processing mistake) will not lead to a significant delay because reprocessing a batch will only add a week or two to the production period. Therefore, the probability of this threat to occuris moderate–15%.


	Cause or Trigger:
	​Sensors arriving from vendor do not satisfy specifications 
	Impacted Activities:
	​Risk could delay any one of the batches duringETL sensor QC

	Start date:
	1/Jan/2022
	End date:
	1/Apr/2024

	Risk Mitigations:
	​We carry out extensive prototyping work with the vendors prior to placing the contract for sensor production to make sure that vensors understand our specifications and can meet them. The vendor will carry out a first set of QC measurements before the sensors are shipped to CERN and distributed to QC centers. This ensures that most problems will be caught quickly and do not lead to significant impact on the project. The cost of these measurements is factured into the sensor cost. 

	Risk Responses:
	​​If a modest problem occurs, work closely with vendor to solve it (e.g. testing). Replace the flawed sensors. 

	More details:
	



			
		
	
	
	

RT-402-8-31-D  ETL - Storage-related degradation of LGADs
	Risk Rank:
	1 (Low)   Scores:  Probability : 2 (L) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If the LGAD inventory is left around for too long during the assembly process then some ageing may occur that degrades the performance or renders the LGADs unusable. This effect was observed in production of sensors for the current CMS Tracker.


	Risk Type:
	Threat
	Owner:
	Slawomir M Tkaczyk

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Technical Risk / Quality

	Probability (P):
	10%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 18 k$
Maximum 	=  k$
Mean		= 18 k$
P * <Impact> 	= 2 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.3 months

	Basis of Estimate:
	​On-shelf degradation of sensor quality was observed for one vendor during procurment of sensors for the present CMS tracker.  The production was put on hold for about 3 months to understand the problem and find a solution. ​Provide regular maintenance to the  humidity controling devices for propoer component storage. In case of  smaller storage cabinets ensure that dry air is circulated.

	Cause or Trigger:
	
	Impacted Activities:
	Risk could delay any one of the batches during ETL Assembly

	Start date:
	1/Jan/2023
	End date:
	1/Oct/2025

	Risk Mitigations:
	​Careful QC of the delivered LGADs upon reception and repeat QC prior to assembly of modules will aloow to identified problematic sensors. Proper storage of components and handling in a controlled environment e.g. clean room with controlled humidity and filtered air circulation.


	Risk Responses:
	Replace affected modules.


	More details:
	



			
		
	

RT-402-8-51-D  ETL - Problem with vendor provision of module components
	Risk Rank:
	1 (Low)   Scores:  Probability : 1 (VL) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If there is a problem with the vendors providing module components (for example, AlN) then there could be delays or cost increases. Examples of problems include: vendor going out of business, vendor delivering substandard components, or the vendor cannot deliver according to the agreed schedule. Vendor here also refers to international partners providing components for multi-module testing.


	Risk Type:
	Threat
	Owner:
	Slawomir M Tkaczyk

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	External Risk / Vendors

	Probability (P):
	5%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 0 k$
Most likely 	= 15 k$
Maximum 	= 30 k$
Mean		= 15 k$
P * <Impact> 	= 1 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 1 months
Most likely	= 2 months
Maximum 	= 3 months
Mean		= 2 months
P * <Impact> 	= 0.1 months

	Basis of Estimate:
	​Minimum impact: the problem is relatively modest and is solved by the vendor within 1 months without any direct cost impact to the project.
Likely impacts: the problem is more significant and requires additional prototypes with the vendor resulting in a delay of 2 months and a cost of $15k for AlN and machining.

Maximum impact: if we need to switch vendor we would need to qualify a scond vendor resulting in a 3 month delay. The cost increase could be $30k for prototyping and setup costs with the new vendor.



	Cause or Trigger:
	
	Impacted Activities:
	Risk could delay any one of the batches during ETL Assembly

	Start date:
	1/Oct/2022
	End date:
	1/Jun/2024

	Risk Mitigations:
	
Prototyping experience in the next two years should result in a reliable cost estimate of the necessary AlN for module assemblies.
​Buy AlN support structures as early as possible.


	Risk Responses:
	​If we need to switch vendor we would need to qualify a second vendor resulting in a month delay.

	More details:
	



			
		
	


RT-402-8-53-D  ETL - Integration facility at CERN runs out of components 
	Risk Rank:
	1 (Low)   Scores:  Probability : 3 (M) ; Cost:  0 (N)  Schedule: 1 (L))
	Risk Status:
	Open

	Summary:	
	If ETL component delivery to CERN is delayed then the subsequent delay in integration jeopardizes the completion of the project in time for scheduled start of ETL data taking.

	Risk Type:
	Threat
	Owner:
	Slawomir M Tkaczyk

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	External Risk / Facilities

	Probability (P):
	25%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	=  k$
Most likely 	= 21 k$
Maximum 	=  k$
Mean		= 21 k$
P * <Impact> 	= 5 k$
	Schedule Impact:
	PDF 		= 1-point - single value
Minimum	=  months
Most likely	= 3 months
Maximum 	=  months
Mean		= 3 months
P * <Impact> 	= 0.8 months

	Basis of Estimate:
	​The I&C activities will be delayed and additional COLA support for US personnel needs to be provided. We assume 4 students and 2 postdocs need COLA support at 1k$ /student/month and $1.5k/postdoc/month (total COLA cost = $7k/month).

	Cause or Trigger:
	​Components for ETL module assembly on the Dees/wedges are delayed.
	Impacted Activities:
	Risk could delay any one of the batches during ETL Integration and Commissioning

	Start date:
	1/Jan/2025
	End date:
	1/Jun/2026

	Risk Mitigations:
	​Front load delivery schedule of components to get ahead of needs of assembly schedule. 

	Risk Responses:
	​ ​US will provide personnel at CERN to assist in integration and commissioning of the ETL detector.  

	More details:
	



			
		
	
	


RT-402-8-54-D  ETL - Schedule delay in submitting ETROC3
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If ETROC3 design takes longer than originally anticipated due to additional work, then the resultant delay in ETROC3 availablility will delay module pre-production work. Delays may occur due to worse than expected performance of ETROC2, such as its timing resolution, power consumption, or radiation tolerance, or additional design work required to modify ETROC2. 


	Risk Type:
	Threat
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Technical Risk / Complexity

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 55 k$
Most likely 	= 110 k$
Maximum 	= 165 k$
Mean		= 110 k$
P * <Impact> 	= 33 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 4 months
Maximum 	= 6 months
Mean		= 4 months
P * <Impact> 	= 1.2 months

	Basis of Estimate:
	Assume 1 full time ASIC designer aided by 2 graduate students. Cost is 27.5k$ per month, and we estimate that it will take 2-6 months to incoprortate improvements in the design. ASIC designer costs about 25k/month, and students 2.5k/month.


	Cause or Trigger:
	​Problems discovered during the design process or during testing of ETROC2
	Impacted Activities:
	​Module pre-production


	Start date:
	1/Sep/2021
	End date:
	1/Apr/2022

	Risk Mitigations:
	All components of ETROC3 will have been implemented ETROC2 and tested. Sufficient time and effort has been allocated to extensive design verification of ETROC2.


	Risk Responses:
	​We include 1-3 additional monhts of engineering effort 

	More details:
	



			
		
	

RT-402-8-55-D  ETL - Schedule delay in submitting ETROC2
	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  1 (L)  Schedule: 2 (M))
	Risk Status:
	Open

	Summary:	
	​If a ETROC2 design takes longer than originally anticipated due to additional work, then the resultant delay in ETROC2 availablility will delay module prototyping work. Delays may occur due to worse than expected performance of ETROC1, such as its timing resolution, power consumption, or radiation tolerance, or due to unexpected design difficulties of the large-size ASIC.


	Risk Type:
	Threat
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Technical Risk / Complexity

	Probability (P):
	30%
	Technical Impact:
	0 (N) - negligible technical impact

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	= 55 k$
Most likely 	= 110 k$
Maximum 	= 165 k$
Mean		= 110 k$
P * <Impact> 	= 33 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 2 months
Most likely	= 4 months
Maximum 	= 6 months
Mean		= 4 months
P * <Impact> 	= 1.2 months

	Basis of Estimate:
	Assume 1 full time ASIC designer aided by 2 graduate students. Cost is 27.5k$ per month, and we estimate that it will take 2-6 months to incoprortate improvements in the design. ASIC designer costs about 25k/month, and students 2.5k/month.


	Cause or Trigger:
	​Problems discovered during the ETROC2 design process or during testing of ETROC1

	Impacted Activities:
	​Module prototyping


	Start date:
	1/Mar/2020
	End date:
	1/Feb/2021

	Risk Mitigations:
	The most critical component in ETROC1 has been already prototyped in ETROC0, and tested and validated blocks are implemented into ETROC1. Additionally, the other critical component, the TDC design concept has been prototyped in FPGA first, and fully implemented in ASIC with extensive design verification in preparation for ETROC1 submission. Where applicable, small prototype ASICs of the core components of ETROC1 are produced in order to maximize the probability of ETROC1 meeting the specifications. Standard libraries and practices from RD53 and lpGBT developments are used throughout the chip design, to ensure radiation hardness meets the requirements. 


	Risk Responses:
	​If the risk is realized the module prototyping work will continue using an FPGA emulateing the ETROC functionality, thus reducding schedule delays in module R&D. 


	More details:
	



			
		
	

RT-402-8-56-D  Scope of ETROC2 prototypeComplete review of risk, either approve or reject it, then update risk register

	Risk Rank:
	2 (Medium)   Scores:  Probability : 3 (M) ; Cost:  2 (M)  Schedule: 2 (M))
	Risk Status:
	Under review

	Summary:	
	​If the ETROC2 prototype is chosen to match the full-size 16x16 pixel form factor for ETL, then the mask set cost for ETROC2 will increase but engineering design time for ETROC3 could be reduced.​​ 


	Risk Type:
	Uncertainty
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	Technical Risk / Reliability or Performance

	Probability (P):
	30%
	Technical Impact:
	0 (?) - Not yet defined

	Cost Impact:
	PDF 		= 1-point - single value
Minimum	= 300 k$
Most likely 	= 400 k$
Maximum 	= 500 k$
Mean		= 400 k$
P * <Impact> 	= 120 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= -6 months
Most likely	= 0 months
Maximum 	= 6 months
Mean		= 0 months
P * <Impact> 	= 0 months

	Basis of Estimate:
	​Approximate change in cost for full-size prototype.


	Cause or Trigger:
	​Success or failure of design and simulation of full-size version of ETROC2. Decision point is based on review of the simulation results. Latest this decision would come is Q2 CY2021.

	Impacted Activities:
	​Could reduce ETROC3 required development time. Could reduce risk probability for RT-402-8-01-D.  Could significantly advance the rest of the system design by allowing full scale system prototype testing much earlier​.


	Start date:
	2/May/2020
	End date:
	16/Apr/2021

	Risk Mitigations:
	​Assessment of the results from ETROC1 chip prototypes and their consistency with expectations from simulation. Simulation of the 8x8 and 16x16 versions of the ETROC2 chip. Paper review of ETROC status beofre size decision.


	Risk Responses:
	​A full-size ETROC2 reduces the exposure to risk of needing an additional future development cycle on ETROC3. That risk is expressed in RT-402-8-01-D. ​


	More details:
	



			
		
	

RT-402-8-xx  ETL – ETROC2 design delay due to bump bonding study delay NEW: to be reviewed and approved

	Risk Rank:
	3 (High)   Scores:  Probability : 3 (M) ; Cost:  0 (N)  Schedule: 3 (H))
	Risk Status:
	Proposed

	Summary:	
	​ETROC2 design delay due to bump bonding study delays.

	Risk Type:
	Threat
	Owner:
	Tiehui Liu

	WBS:
	402.8.4 ETL - Endcap Timing Layer
	Risk Area:
	

	Probability (P):
	30%
	Technical Impact:
	0 (?) - Not yet defined

	Cost Impact:
	PDF 		= 3-point - triangular
Minimum	=  k$
Most likely 	=  k$
Maximum 	=  k$
Mean		= 0 k$
P * <Impact> 	= 0 k$
	Schedule Impact:
	PDF 		= 3-point - triangular
Minimum	= 3 months
Most likely	= 5 months
Maximum 	= 7 months
Mean		= 5 months
P * <Impact> 	= 1.5 months

	Basis of Estimate:
	​The estimated labor is 0.3 - 0.5 - 1.0 FTE.



	Cause or Trigger:
	
	Impacted Activities:
	

	Start date:
	
	End date:
	

	Risk Mitigations:
	

	Risk Responses:
	

	More details:
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