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Supply Chain Is Global

• Source:  Dale Lloyd, Vogtle 3 & 4:  Current Status and Owners Perspective (October 26-27, 2010).

• Number of suppliers with ASME code certificate down from last build out; most in foreign countries
• Many SSCs for US market will be manufactured outside US
• Increasing demand on historically stable supply chain
• NRC will inspect vendors throughout world

9/14/2010 3



Excellence in Technology Development

Practical Approaches to Nuclear QA

• DOE & commercial nuclear industry QA operating experience 
provide practical approaches:
– QA programs similar:  Appendix B & Part 830 both apply NQA
– DOE constructing & procuring safety-related SSCs during last twenty 

years; limited commercial OpEx
– Designers, suppliers, and EPCs same for DOE and commercial 

nukes—Areva, Wright Industries, Bechtel, URS, Fluor, B&W,  Shaw, 
etc.

• Illustrative cases:
– Hanford 100 K East Basin Sludge & Water System (SWS) 
– Hanford Waste Treatment Plant (WTP)
– Not picking on Hanford; cases just happen to illustrate supply-chain 

management issues
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Hanford 100 K East Basin 
Sludge & Water System 

(SWS)

• Nuclear facility (essentially 
vacuum) to recover sludge in SNF 
pool

• ≥

 

$100M
• Design began in 2000; projected 

2003 ops; EPA-State-DOE 
milestones tiered to that schedule

• Failures in management processes, 
training, design, corrective action & 
quality improvement, inspection, 
testing processes, and documents 
and plans discovered during ORR!

• Lead to 18 month schedule delay, 
missed EPA-state milestones and 
consequent fine, $1M fine for 
nuclear safety violations, $4M fee 
loss, and reputational damage
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Hanford SWS (continued)

• Key Deficiencies:
– Design did not properly translate documented 

safety analysis (DSA) (i.e., SAR)
• Design changes noncompliant with design requirements

– 6,000 psig (pounds/in2

 

gauge) He supply connected to 2,400 
psig piping

• Redesigned components incapable of performing 
intended safety function credited to safety basis

– Safety-significant relief valves installed on 90 psig piping but 
relief pressure set at 135 psig
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Hanford SWS (continued)

– Inadequate design reviews and safety reviews
• Primary design authority changed several times with no 

formal training at turnover;  design authority possessed 
inadequate knowledge of processes, systems design, and 
safety function

– Inspection and acceptance testing was deficient
• Test requirements specified that supplier must conduct 

pressure test followed by leak test on pressure vessel 
(sludge transportation cask)

– But vendor files provided to contractor showed that leak test 
performed before pressure test

– EPC inspection and acceptance testing did not discover
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Hanford SWS (continued)

– Commercial Grade Dedication (CGD) process poorly 
implemented

• Safety function of SSC (safety-significant PVC spray shield) 
not determined based on critical characteristics, performance, 
and dependability

– CGD identified SSC’s capacity to withstand 75 psig spray but did 
not account for particulates in spray or time duration

– CGD identified SSC’s material thickness rather than ability to 
withstand erosion from particulate spray for design-basis duration

– Senior management provided no oversight
• Project manager failed to ensure that contractor’s own 

construction services adhered to contractor’s QA procedures
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Hanford SWS (continued)

• NRC Appendix B Map:
– I. Organization
– II. QA Program
– III. Design Control
– V.  Instructions, Procedures & Drawings
– VI. Document Control
– IX. Control of Special Processes
– X. Inspection
– XVI. Corrective Action
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Hanford Waste Treatment 
Plant (WTP)

• Nuclear facility to vitrify high-level liquid 
waste (borosilicate frit & HLW poured into 
SS canisters)

• Will be world’s largest chemical-radioactive 
waste treatment plant

• Design-build project (Arghhhhh!!!)
• Design = 78% complete
• Procurement & construction underway

• 

 

$12.3B; at times cost has looked toward 
baseline + ∞

 

(“old-school”

 

nuclear 
construction)

• 12/2000 cost estimate

 

$4.35B
• 12/2003 cost estimate

 

$5.78B
• 12/2005 cost estimate

 

$8.35B
• 2/2006 cost estimate

 

$10.9B
• Current (6/2010) cost estimate

 

$12.3B
• Numerous issues associated with translating 

design to procurement, corrective action & 
quality improvement, inspection, testing 
processes, and documents and plans
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Hanford WTP (continued)

• Key Deficiencies:
– Two recurrent themes in numerous events addressed repetitively

• EPC Design deficient and poor flow-down of requirements into 
specifications

• EPC Manufacturing defects during fabrication and failure of inspection 
and test processes to identify before receipt, installation, or both

– Examples
• Acceptance criteria and test process call for full volumetric inspection 

of welds on black-cell vessels primary-confinement boundary but 
discovered after installation of 1 vessel and fabrication or procurement 
of another 70 vessels that no volumetric test performed.

– EPC organizations had differing interpretations of confinement and  
containment, which remained unresolved , and resulted in failure

 

to flow down 
correct definition of terms and NDE requirements to supplier
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Hanford WTP (continued)

• EPC flowed down 
fabrication specifications 
for structural steel that 
contained calculation 
errors and steel details 
inconsistent with design 
requirements
– EPC relied on preliminary 

calculations even though its 
own design procedures 
required approval of 
calculations prior to issuing 
“design output documents”
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Hanford WTP (continued)

• Neither design processes, 
procurement processes, design 
documents, nor procurement 
documents provided a means for 
translating design quality 
requirements and black-cell 
location information into 
fabrication specifications.
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Hanford WTP (continued)

• Lessons Learned:
– Poor processes introduced design defects in safety-related SSCs
– Oversight processes of numerous organizations provided defense-in-

 
depth

• EPC line-management and line-assessment organizations discovered problems 
but those executing procedures and work took little or inadequate action

• Supplier QA assessments pointed out design and procurement document 
deficiencies to EPC

• Owner HQ line management, site office, HQ QA-support organizations, and 
regulator (Defense Nuclear Facilities Safety Board) oversight and assessment 
discovered design and procurements document deficiencies

– Craft must be trained and empowered to observe quality issues
• Craft are last line-of-defense against installation of sub-standard SSCs, the 

defects in which can often be visually observed
• Just work environment (i.e., “don’t kill the messenger”)
• Adopt Safety Conscious Work Environment (SCWE) and Integrated Safety 

Management System (ISMS) to create positive nuclear safety culture
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Hanford WTP (continued)

• NRC Appendix B Map:
– I. Organization
– II. QA Program
– III. Design Control
– V.  Instructions, Procedures & Drawings
– VI. Document Control
– X. Inspection
– XVI. Corrective Action
– XVIII. Audits
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DOE OpEx Relevant? NUPIC Data

• How Does DOE’s Operating Experience Compare with 
or Inform Commercial Nuclear supply-chain 
management?

• NUPIC audits between 2006 and 2008†

 
show 

commercial experience mirrors DOE’s
– QA program deficiencies (38%)
– Nonconformance & corrective action deficiencies (14%)
– Procurement (12%)
– CGD (10%)

16

†

 

Data analyzed and released in Spring 2009.
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NUPIC Audit Trends

• Sherry Grier, NUPIC Facts and Figures, NUPIC NEWSLETTER 6 (Spring 2009).
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NUPIC Audit Trends
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NUPIC Audit Trends
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Part 21 unique to 
commercial nuclear; 
similar process at DOE



Excellence in Technology Development

NUPIC Audit Trends
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NUPIC Audit Trends
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DOE OpEx shows anecdotally higher 
but commercial nuclear industry 
procurement and construction 
demands not at same level
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DOE OpEx Relevant?  NRC Data

• NUPIC evaluated NRC inspection reports 
between 2006 and 2009 and found commercial 
experience mirrors DOE’s†

– Nonconformance & corrective action deficiencies 
(48 findings)

– QA program deficiencies (13)
– CGD (13)
– Procurement (3)

22

†

 

Data analyzed and released in Spring 2009.
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NRC Issue Identification
• NRC issues identification also shows parallels with 

DOE OpEx
• Suppliers (new and existing) unfamiliar with NRC 

regulations
• Inadequate implementation of Part 21
• Inadequate CGD program
• Inadequate administrative and programmatic controls

– Corrective action
– Design Control
– Instructions, Procedures & Drawings
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NUPIC Analysis of NRC Inspection 
Data
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Lessons Learned
• QA Program

– Resource load schedule to provide time and funding for QA 
activities

– Embed QA activities in line but provide adequate independence 
or independent oversight to ensure information flow to senior 
management, especially about risk-significant issues (safety, 
cost, schedule)

– Expect that foreign suppliers will have different view of 
relationship with regulator and different compliance strategies

• Build your specific

 

(i.e., specify rules and modes of compliance) 
compliance expectations into contract

• Mentor to those standards; do not simply impose remedy for failure; 
need teaming relationship for mutual success

– Review supplier QAP prior to contract award
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Lessons Learned (continued)

• QA Program (continued)
– Define “graded approach,”

 
especially as it affects QA 

obligations throughout supply chain
– Define process for approving deviations from 

specifications or processes to avoid erosion of 
standards or “normalization of deviation”; e.g., NASA 
and DOE central technical authority

– Build agile program that can anticipate simple, 
obvious issues

• WTP:  Cold joints occurred in unplanned locations during 
concrete pours because batch plant failed; so built redundant 
batch plant; then water supply failed
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Lessons Learned (continued)

• QA Program (continued)
– Create HQ QA program

• Umbrella framework for expectations and ensures senior 
management involvement

– Tier to site specific
• Operational awareness and oversight mechanism

– Cf., Tony Hayward, BP CEO:  no operational awareness  or oversight of 
critical processes, procedures, and exceptions

• Mechanism for transmitting and socializing OpEx across 
stovepipes

– Provides insights from nuclear and non-nuclear to all organizations
– DOE COLUMBIA-DAVIS BESSIE REPORT (July 2005) identified 

corporate need to evaluate generic OpEx and to transmit across DOE 
stovepipes, whether nuclear or non-nuclear

– Commercial nuclear industry does a reasonably good job of assessing 
OpEx  but greater insights from other parts of operations (e.g., fossil, 
government, non-NQA, etc.)
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Lessons Learned (continued)

• Design and Design Control
– Ensure that all details flow to fabrication designs, 

especially those necessary to determine safety-related SSCs
– Audit and test drive linkages in automated design systems 

that produce designs for procurement
• Ensure that flow indicators, plant location, quality levels, critical 

characteristics, and other important design information ends up in 
procurement design documents as the system vendor claims it will

– Many suppliers in foreign countries but most design 
specifications written in English; how will you 
communicate

• Consider enhanced drawings with more technical detail
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Lessons Learned (continued)

• Procurement Documents & Contracts
– Provide specifications in contract
– Access to suppliers and subcontractors’

 

activities
– Establish responsibility for corrective action
– Provide terms granting access to and approval for disposition of

 

non-

 
conforming items

• Define whether you will destroy or return suspect, counterfeit, defective items (SCDI)
• Indemnities for classifying items as SCDI

– Specify that Part 21 applies and must be observed
• Require deviation examination to determine whether defect exists
• Define timeliness requirements
• Consider more detailed terms if foreign shop (see “QA Program”

 

supra)
– Consider industry-wide Basic Ordering Agreements for commonly used items; 

leverage design center approach (e.g., AP1000, USAPWR, ESBWR, etc.)
• Sets out basic terms (e.g., SCDI), specifications, acceptance criteria, test procedures, and 

oversight provisions
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Lessons Learned (continued)

• Oversight
– Graded approach

• Enhanced oversight and shop presence appropriate for safety-, cost-, or 
schedule-significant components

• Observe critical tests and inspections
– Maintain real-time operational awareness of supplier and 

subcontractor QA program and fabrication processes
– Verify each level of procurement chain

• Audit sub-tier suppliers often but on graded approach
– Face-to-face meetings between proposed supplier and owner

• Part of ongoing operational awareness and oversight process
– Define roles for and scope of necessary oversight in 

documentation
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Lessons Learned (continued)

• Corrective Action & Part 21
– Tailor corrective action program to construction and 

procurement
– Build interface between corrective action program and Part 21

• Procedures to evaluate deviations to determine whether defects
• Evaluate deviations for potential safety hazards, not simply for

 
technical issues

• Areva WebCAP tool—web-based process integrating corrective action 
and Part 21

– Conduct:
• Extent-of-condition review to integrate individual findings and to 

evaluate true extent of issue
• Effectiveness reviews to assess whether corrective action addressed 

root cause  to prevent recurrence
– See also “Procurement Documents & Contracts”

 
supra
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Lessons Learned (continued)

• CGD
– Evaluate long-term maintenance and replacement

• Document critical characteristics, acceptance criteria, 
inspection and testing methods

– Verify and accept complex or composite items at 
several steps during design, fabrication, and factory 
testing; e.g., digital I&C

• Complexity or composite nature makes post-fabrication CGD 
next to impossible

• Include oversight of sub-vendors
– Anticipate more CGD due to atrophy of supply chain
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Suspect, Counterfeit Items
• EPRI provides excellent overview of 

SCDI in presentation (report on DOE 
OpEx Wiki):

http://adamswebsearch2.nrc.gov/idmws/docconten

 
t.dll?library=PU_ADAMS^PBNTAD01&ID

 
=101620159

• Recent DOE activities:
– Web-based Supplier Nonconformance 

System with auto e-mail notification to SCI 
coordinator

– Implemented receiving procedure for high-

 
risk items; e.g., cost, nation-of-origin

– Specific SCI awareness training
– Government/Industry Data Exchange 

Program (GIDEP) Alerts on SCI to 
standard distribution

– New SCI terms and conditions in contracts 
(see “Backup Slides”

 

for text)
– SCDI and details, such as model and part 

numbers, where found, included in 
occurrence reports

SCI valve discovered during receipt inspection at Savannah River

 

Site, Aiken, SC.  This old valve was sold as new but note clamp 
marks, different rivet sizes on tag, scratches, grove in bolt hole, and 
lack of cleanliness.

• Recent DOE SCDI report (June 2010) shows 
most SCDI in bolts, fasteners, shackles, valves, 
electrical components, and ammunition 

9/14/2010
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QA for Nuclear Safety Only?
• NRC, ASME, NUPIC, and NIAC focused on nuclear-safety QA—not 

reliable and profitable operations (organizational silos)
• But to be successful, a QA program for a nuclear project must also address 

business processes, industrial safety, and environmental performance
– Project management, budget & schedule, strategic planning, policy 

development, & constructing profitably operable asset
– Industrial safety through OSHA and process-safety management  approach and 

managed through Integrated Safety Management System (ISMS), OSHAS, 
ANSI, or ISO standards

– Environmental performance through NEPA, pollution-control statutes, and 
managed through Environmental Management System (EMS), such as ISO 
14000

• Performance systems for business, industrial-safety, and environmental  
management processes will feedback to and positively affect nuclear safety

• Integration of standards?
– Nuclear is special v. need to have coherent management system that is an 

operating system not an after-the-fact add-on
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Questions?

From this . . .
Chicago Pile-1,  West Stands, Stagg 
Field, Univ. of Chicago, Chicago, IL
December 1942

To this . . .
Happy nukes, happy stakeholders, happy 
regulators, happy Congress . . . 

C. Russell H. Shearer
Vice President, New reactor Programs
Energy Division, Nuclear Operations
ISL, Inc.
11140 Rockville Pike, Suite 650
Rockville, MD
(301) 255-2271  RShearer@ISLinc.com
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BACKUP  SLIDES
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NRC QA Criteria:
 10 C.F.R. Part 50, Appendix B

• Criterion I.  Organization
• Criterion II.  QA Program
• Criterion III.  Design Control
• Criterion IV.  Procurement 

Document Control
• Criterion V.  Instructions, 

Procedures & Drawings
• Criterion VI.  Document Control
• Criterion VII.  Control of 

Purchased Material, Equipment, 
& Services

• Criterion VIII.  Identification & 
Control of Materials, Parts, and 
Components

• Criterion IX.  Control of Special 
Processes

37

• Criterion X.  Inspections
• Criterion XI.  Test Control
• Criterion XII.  Control of 

Measuring and Test Equipment
• Criterion XIII.  Handling, 

Storage and Shipping
• Criterion XIV.  Inspection, Test 

and Operating Status
• Criterion XV.  Nonconforming 

Materials, Parts or Components
• Criterion XVI.  Corrective 

Actions
• Criterion XVII.  QA Records
• Criterion XVIII.  Audit

9/14/2010
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QA Program Regulatory Authority
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QAP Authorities
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Safe Harbor

• No Attorney-Client Relationship:  Nothing in this presentation is 
intended to or shall be construed as legal advice, legal opinion, or 
any other advice on any matter to determine the application of law 
to any particular circumstances.

 
This presentation does not and shall 

not be construed as creating any attorney-client relationship between 
ISL or its employees and any user.

• Materials in this Presentation—No Legal Advice:  This presentation, 
including links and all information provided, is for informational 
purposes only.

 
You should not act or rely on any information in this 

presentation without seeking the advice
 

of a competent attorney 
licensed to practice in your jurisdiction for your particular problem.  
The information contained herein does not necessarily reflect the 
opinions of our clients.
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