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OutlineOutline

 Existing facility status/optionsExisting facility status/options

 Purpose of Facility Risk Review (FRR)Purpose of Facility Risk Review (FRR)

 Technical approach Technical approach –– threethree--step step 
approachapproach

 Risk matrix: consequences/frequency Risk matrix: consequences/frequency 
categoriescategories

 Analytical Hierarchy Process (AHP) to Analytical Hierarchy Process (AHP) to 
rank potential recommendationsrank potential recommendations

 Evaluation criteriaEvaluation criteria

 Lessons learned/keys to successLessons learned/keys to success
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Existing Complex StatusExisting Complex Status

 Existing complex is an aged facility structure not Existing complex is an aged facility structure not 
designed or constructed to current nuclear hazard designed or constructed to current nuclear hazard 
category 2 requirements (PCcategory 2 requirements (PC--3, confinement 3, confinement 
ventilation, etc.)ventilation, etc.)

 Process equipment is reaching end of life (for the Process equipment is reaching end of life (for the 
most part)most part)

 Due to the unreliability of process equipment, Due to the unreliability of process equipment, 
nuclear materials in more hazardous forms have nuclear materials in more hazardous forms have 
accumulatedaccumulated

 Until other storage is operational, this complex will Until other storage is operational, this complex will 
continue to store large quantities of uranium metal continue to store large quantities of uranium metal 
and oxidesand oxides
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OptionsOptions

 Upgrade building to meet current nuclear Upgrade building to meet current nuclear 
hazard category 2 requirementshazard category 2 requirements

 PCPC--3 3 –– significant costsignificant cost

 Significant impact to ability to Significant impact to ability to 
continuously meet mission requirementscontinuously meet mission requirements

 Impact to security and other operationsImpact to security and other operations

 Aggressively proceed with designing and Aggressively proceed with designing and 
constructing new complexconstructing new complex

 Total project cost expected to be << than Total project cost expected to be << than 
upgrading older facilityupgrading older facility

 Allows for continuously meeting mission Allows for continuously meeting mission 
requirementsrequirements

 Supports NNSA Complex 2030Supports NNSA Complex 2030
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With either option, existing With either option, existing 
complex must continue to complex must continue to 

operate safely in the interim operate safely in the interim 
to meet ongoing mission to meet ongoing mission 
requirements and reduce requirements and reduce 

the safety riskthe safety risk
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Original PlanOriginal Plan

 Phase I Phase I –– Maintenance type repairs and Maintenance type repairs and 
focused risk reduction upgradesfocused risk reduction upgrades

 Phase II Phase II –– Expert review of seismic Expert review of seismic 
analysisanalysis

 Phase III Phase III –– RiskRisk--based analysis of seismic based analysis of seismic 
upgrades with yearly evaluation (i.e., FRR)upgrades with yearly evaluation (i.e., FRR)
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Purpose of FRRPurpose of FRR

Identify what investments are Identify what investments are 
required to continue to operate required to continue to operate 
existing complex safely during existing complex safely during 

the next 15 years, while the new the next 15 years, while the new 
complex is being constructed, complex is being constructed, 

using a riskusing a risk-- informed decisioninformed decision--
making processmaking process
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Facility Risk Review ApproachFacility Risk Review Approach

 ThreeThree--step process following DOE Risk step process following DOE Risk 
Management Planning and Execution Management Planning and Execution 
GuidanceGuidance

 Step 1 Step 1 –– Risk of Safety System FailureRisk of Safety System Failure

 Step 2 Step 2 –– Production RiskProduction Risk

 Metal Production & Material RecoveryMetal Production & Material Recovery

 Step 3 Step 3 –– Identify Risk Acceptance Level Identify Risk Acceptance Level 
and Prioritized Project Listand Prioritized Project List

 Independent Peer Review Independent Peer Review –– Robert Budnitz Robert Budnitz 
& Paul Amico& Paul Amico
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Step 1Step 1-- Risk of Safety System FailureRisk of Safety System Failure

 Purpose Purpose –– To determine the likelihood of safety To determine the likelihood of safety 
system failure concurrent with event and what are system failure concurrent with event and what are 
the effects of agingthe effects of aging

 Scope Scope -- All credited safety systems, seismic, All credited safety systems, seismic, 
ventilation, and electrical as it contributes to fire ventilation, and electrical as it contributes to fire 
initiation (did not include SIH except for postinitiation (did not include SIH except for post--
seismic events)seismic events)

 Considered both risk to public (includes coConsidered both risk to public (includes co--
located workers) (REM & ERPG) and facility located workers) (REM & ERPG) and facility 
workers (SI/D)workers (SI/D)

 Included the effects of aging on componentsIncluded the effects of aging on components

 Created event trees and then binned outcome of Created event trees and then binned outcome of 
event trees on risk matrixevent trees on risk matrix
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Safety Risk OutcomeSafety Risk Outcome

 Public Receptor (Collocated Worker)Public Receptor (Collocated Worker)

 Seismic in certain areasSeismic in certain areas

 Fire in unsprinklered areas and areas Fire in unsprinklered areas and areas 
w/dry pipe fire sprinkler systemw/dry pipe fire sprinkler system

 Facility Worker ReceptorFacility Worker Receptor

 Seismic in all areasSeismic in all areas

 Gas furnaceGas furnace

 Dock scrubberDock scrubber

 FiresFires
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Step 2 Step 2 -- Production & Material Production & Material 
Recovery RiskRecovery Risk

 Metal part production Metal part production 

 Material recoveryMaterial recovery

 Bulk process operationsBulk process operations

 Critical assumptionsCritical assumptions

 Sufficient inventory of clean uranium Sufficient inventory of clean uranium 
metal inventory to supplement product metal inventory to supplement product 
quality requirementsquality requirements

 Without clean metal production for 2 Without clean metal production for 2 
years, consequences for metal production years, consequences for metal production 
systems move to higher binsystems move to higher bin
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Step 2 Step 2 -- Production & Material Production & Material 
Recovery Risk (continued)Recovery Risk (continued)

 Developed risk matricesDeveloped risk matrices

 Likelihood of equipment failure and impact Likelihood of equipment failure and impact 
to production capability (in days) from to production capability (in days) from 
failurefailure

 Developed projected MAR reduction Developed projected MAR reduction 
curvescurves
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Production Risk OutcomeProduction Risk Outcome

 Electrical distribution and panelsElectrical distribution and panels

 Maintenance capacity/critical spare partsMaintenance capacity/critical spare parts

 Vacuum systemVacuum system

 Ventilation systemsVentilation systems

 Failure/degradation of utility/support Failure/degradation of utility/support 
systems (steam and tower water)systems (steam and tower water)

 No recovery/disposal process for chip No recovery/disposal process for chip 
cleaning fluidcleaning fluid

 Gas furnaceGas furnace

 No disposition process for reduction slagNo disposition process for reduction slag
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Step 3 Step 3 -- Identify Risk Acceptance Identify Risk Acceptance 
Level and Prioritized Project ListLevel and Prioritized Project List

 Determined level of risk acceptanceDetermined level of risk acceptance

 Identified list of projects to address the Identified list of projects to address the 
higher risk events with ROM cost higher risk events with ROM cost 
estimates and schedules for completionestimates and schedules for completion

 Used the Analytical Hierarchy Process Used the Analytical Hierarchy Process 
(AHP) pairwise comparison process to (AHP) pairwise comparison process to 
rank the projects into a prioritized project rank the projects into a prioritized project 
listlist

 Performed sensitivity analysisPerformed sensitivity analysis



16

Consequence Categories F E D C B A

Facility Worker Consequences <0.1SI/D 0.1<SI/D<0.3 0.3<SI/D<1 1<SI/D<3 3<SI/D<10 >10SI/D

Public Consequences Negligible Tc<ERPG-1

Rc<0.1 rem

ERPG-1<Tc<ERPG-2

0.1 rem<Rc<1 rem

ERPG-2<Tc<ERPG-3
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Material Recovery Low - < 3 months delay Moderate – 3 months to 6 months High – 6 months and greater delay

Metal Parts Production Low - < 5 days delay Moderate – 5 days to 30 days delay High – 30 days and greater delay

Facility Op/Process Support Low - < 5 days delay Moderate – 5 days to 15 days delay High – 15 days and greater delay
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Accepted RisksAccepted Risks

 Seismic consequences if facility worker Seismic consequences if facility worker 
onlyonly

 Existing LCOs/credited safety controls Existing LCOs/credited safety controls ––
assume will be maintained at current levelassume will be maintained at current level

 Major PCMajor PC--2 seismic upgrades 2 seismic upgrades –– planned planned 
material at risk reduction in areas of material at risk reduction in areas of 
concern and lineconcern and line--item cost coupled with item cost coupled with 
the duration of the benefit do not support the duration of the benefit do not support 
making the PCmaking the PC--2 upgrades.  Relatively 2 upgrades.  Relatively 
small overall risk benefit to upgrades and small overall risk benefit to upgrades and 
still not meet PCstill not meet PC--3 requirements3 requirements
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Inventory Trends for Operating Facility

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fiscal Year

Aqueous/Organics - Process Inventory Storage Aqueous/Organics - Continuous Operations

Casting - Metals/Oxides Purification - Metals/Oxides
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Evaluation Criterion (1 of 5)Evaluation Criterion (1 of 5)

 Maximum Safety Benefit (0.243):  Maximum Safety Benefit (0.243):  
Beneficial change in the safety level for Beneficial change in the safety level for 
the facility worker and/or the public (a the facility worker and/or the public (a 
reduction in the frequency and/or reduction in the frequency and/or 
consequence of safety equipment failure), consequence of safety equipment failure), 
or a qualitative safety improvement (e.g., or a qualitative safety improvement (e.g., 
MAR reduction, initiating event reduction).  MAR reduction, initiating event reduction).  
Considers degree of compliance with Considers degree of compliance with 
applicable requirements and codesapplicable requirements and codes
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Evaluation Criterion (2 of 5)Evaluation Criterion (2 of 5)

 Maximum Operational Reliability (0.196):  Maximum Operational Reliability (0.196):  
Beneficial change in the operational Beneficial change in the operational 
reliability for metal production, material reliability for metal production, material 
reduction (MRR), and/or facility operations reduction (MRR), and/or facility operations 
& process support (reduction of likelihood & process support (reduction of likelihood 
and/or consequence of process equipment and/or consequence of process equipment 
failure).  Considers degree of compliance failure).  Considers degree of compliance 
with applicable requirements and codeswith applicable requirements and codes

17
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Evaluation Criterion (3 of 5)Evaluation Criterion (3 of 5)

 Minimum Implementation Cost (0.072): Minimum Implementation Cost (0.072): 
Total cost (initial capital and operating) to Total cost (initial capital and operating) to 
implement the project improvements for implement the project improvements for 
risk mitigationrisk mitigation

17
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Evaluation Criterion (4 of 5)Evaluation Criterion (4 of 5)

 Maximum Duration of Benefit (0.395): Time Maximum Duration of Benefit (0.395): Time 
required to realize benefit of project required to realize benefit of project 
improvements.improvements.

17
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Evaluation Criterion (5 of 5)Evaluation Criterion (5 of 5)

 Minimum Impact to Operations During Minimum Impact to Operations During 
Implementation (0.093): Impact on Implementation (0.093): Impact on 
production during project implementation.  production during project implementation.  
Assume (1) maintenance outages and Assume (1) maintenance outages and 
process improvements will be planned to process improvements will be planned to 
minimize disruption to operations and minimize disruption to operations and 
meeting programmatic requirements and meeting programmatic requirements and 
(2) all project work will have no adverse (2) all project work will have no adverse 
safety consequences when compared with safety consequences when compared with 
normal operationsnormal operations

17
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Prioritized Project List Prioritized Project List –– ROM Costs ROM Costs 

AHP AHP 
RankingRanking

Initiating EventsInitiating Events

Mitigating Actions or ProjectsMitigating Actions or Projects

DescriptionDescription
Time to Time to 

ImplemenImplemen
t (years) t (years) 

DuratioDuratio
n of n of 

Benefit Benefit 
(years) (years) 

ROM Estimated ROM Estimated 
Cost Cost 

11 Maintenance support/critical sparesMaintenance support/critical spares
Increased future expenditure on Increased future expenditure on 
maintenance activities and inventory of maintenance activities and inventory of 
critical spare partscritical spare parts

22 1313
$4,000,000/yr $4,000,000/yr 

(approx (approx 
$60,000,000 total)$60,000,000 total)

22
Degradation of key utility systems Degradation of key utility systems –– tower tower 
water & steamwater & steam

Replace lines 2 inch and smaller (tower Replace lines 2 inch and smaller (tower 
water): repair numerous leaks, remove old water): repair numerous leaks, remove old 
abandoned piping (steam)abandoned piping (steam)

44 1111 $1,000,000$1,000,000

33 MCC failureMCC failure Replace motor control centersReplace motor control centers 44 1111 $1,500,000$1,500,000

44 Failure of switchgearFailure of switchgear Replace switchgearReplace switchgear 44 1111 $7,000,000$7,000,000

55
Loss of electrical panels Loss of electrical panels –– process area process area 
(18 panels)(18 panels)

Replace lighting panelsReplace lighting panels 55 1010 $1,800,000$1,800,000

66 Power panel failurePower panel failure Replace power panel 230Replace power panel 230--5A5A 33 1212 $200,000$200,000

77 Loss of process exhaust Loss of process exhaust –– Stack XStack X Replace airflow control systemReplace airflow control system 44 1111 $600,000$600,000

88 Loss of casting furnace vacuum systemLoss of casting furnace vacuum system Refurbish and upgrade in placeRefurbish and upgrade in place 44 1111 $700,000$700,000

99 Electrical panel failure (5 panels)Electrical panel failure (5 panels) Replace lighting panelsReplace lighting panels 22 1313 $500,000$500,000

1010 VentilationVentilation--4 Stack Y4 Stack Y

Replace fans and motors, replace 2400V Replace fans and motors, replace 2400V 
electrical breaker, install new damper, electrical breaker, install new damper, 
replace baghouse filter, replace HEPA filter replace baghouse filter, replace HEPA filter 
housinghousing

44 1111 $4,400,000$4,400,000

1111 VentilationVentilation--1 Stack Z1 Stack Z Replace ductwork in basementReplace ductwork in basement 33 1212 $900,000$900,000

1212 Loss of ventilation Loss of ventilation –– Stacks A & BStacks A & B
Upgrade fan motor spare parts, etc.; Upgrade fan motor spare parts, etc.; 
replace filter housing with HEPA housingreplace filter housing with HEPA housing

44 1111 $2,400,000$2,400,000

1515 No chip cleaning process fluid disposalNo chip cleaning process fluid disposal Design and install new processDesign and install new process 55 1010 $3,000,000$3,000,000

1616 LCOLCO--6 Gas Furnace6 Gas Furnace
Replace with new furnace using current Replace with new furnace using current 
technologytechnology

99 66 $15,000,000$15,000,000

1717 VentilationVentilation--3 Stack C3 Stack C
Upgrade fan motor spare parts, etc.; Upgrade fan motor spare parts, etc.; 
replace filter housing with HEPA housingreplace filter housing with HEPA housing

44 1111 $1,200,000$1,200,000

1818 Reduction salvage dispositionReduction salvage disposition
Refurbish and reconfigure existing Refurbish and reconfigure existing 
equipment into a new process system to equipment into a new process system to 
replace existing systemreplace existing system

66 99 $4,000,000$4,000,000

$104,200,000Total:
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Lessons LearnedLessons Learned

 Communication, cooperation, and Communication, cooperation, and 
integration are necessary for successintegration are necessary for success

 Use preliminary risk analysis technique to Use preliminary risk analysis technique to 
perform FRRperform FRR

 Good technique to combine events that Good technique to combine events that 
result in different consequence categoriesresult in different consequence categories

 There are minimal tradeoffs between There are minimal tradeoffs between 
safety risk and production risk safety risk and production risk 

 Healthy production = healthy safetyHealthy production = healthy safety

 Some level of risk must be accepted (both Some level of risk must be accepted (both 
in the safety world and production world)in the safety world and production world)
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Keys to SuccessKeys to Success

 Accurate operations and engineering Accurate operations and engineering 
informationinformation

 Strong NNSA planning and management Strong NNSA planning and management 
supportsupport

 Strong technical and process Strong technical and process 
professional inputprofessional input

 Willingness to brainstorm “what could Willingness to brainstorm “what could 
happen”happen”


