NRC INSPECTION MANUAL RSI B

MANUAL CHAPTER 2535

DESI GN VERI FI CATI ON PROGRAMS

2535-01 PURPOSE

To describe the techniques to be used in the performance of the
| ndependent Design Verification Program (I DVP), the Engineering
Assurance Program (EAP), and the design review aspects of the
Readi ness Revi ew Program (RRP) for nucl ear power plants as well as
the NRC oversight and assessnent of these prograns.

2535-02  OBJECTI VE

The obj ective of the IDVP, the EAP, and the design revi ew aspects
of the Readi ness Revi ewProgrami s to gain additi onal assurance t hat
t he design process used for thefacility effectively inplenmented NRC
regul ations and other |icensing design commtnents nmade by the
applicant. In the progranms, the Applicant contracts with an
i ndependent design organi zation to performthe review or perforns
therevieww thin-house but "off project” personnel. The NRCstaff
overviews the review for adequacy. The objective of this Mnual
Chapter is to provide gui dance on the NRC oversi ght and assessnent
of these progranms. These are nultidisciplinary technical reviews
to verify the quality of design products and, inferentially, the
entire facility design.

2535-03 DEFI NI TI ONS

Applicant or Licensee. Entity that has filed an application for a
construction permt or an operating |license.

Readi ness Review Program (RRP). Formal assessnent submtted
increnmental ly by the applicant and eval uated by the NRC staff that
determ nes that regulatory design, construction, and operation
requi renents and | i censee comm t nents are bei ng i npl enent ed and t hat
t he nucl ear power plant will be ready to operate safely.

Readi ness Revi ew Modules (RRM . Basic units of the work breakdown
structure into which the total task of constructing a nucl ear pl ant
is divided and submtted by the | icensee to NRCfor review, comrent
and/ or approval as early in the licensing process as possible. A
Design Review Mbdule is initiated to reviewthe design process for
constructing a nucl ear power plant.
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| ndependent Design VerificationProgram(I1DVP). Miltidisciplinary
desi gn revi ews of nucl ear power plants simlar to that perforned by
the NRCstaff intheID Program The principal difference fromthe
| DI programis that the applicant hires an i ndependent contractor
to performthe I DVP and the NRC staff eval uates the programr at her
than performng a direct NRC i nspection.
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Engi neeri ng Assurance Program(EAP). Conti nui ng series of techni cal
audi ts of the desi gn product and desi gn process conduct ed by persons
i ndependent of the project who are intended to assess the quality
of the overall facility design. The reviewers may be from the
origi nal design organi zati on so | ong as they are i ndependent of the
original design process. This, and the fact that the applicant is
in day-to-day control of the audit process, are the prinmary
di fferences between an EAP and an | DVP.

Desi gn Revi ewer. 1Individual (s) and organi zati on(s) who performthe
| DVP, EAP and RRP design reviews for the applicant.

NRC Action Item A matter identified by the NRC review team
relevant to the reviewer's program plan, inplenentation of that
program or the design reviewer's audit observation reports and/ or
associ ated corrective actions. Design reviewer response and NRC
eval uation of response are required.

Audi t Observation Report (AOR). Areport which reports an apparent
error, inconsistency, or procedural violation with regard to
licensing commtnents, specifications, procedures, codes, or
regul ations and which is identified by the design reviewer.

Potential Enforcenent Finding (PEF). An applicant's apparent
nonconpliance with specific regulatory requirenments or specific
licensing commtnents that is identified during the review

2535- 04 RESPONSI Bl LI TI ES AND AUTHORI Tl ES

04.01 Desi gn Revi ew Aspects of the Readi ness Revi ew Program

a. Program Manager (designated by the EDO). Assi gns nodul e
review activities and coordinates related efforts, reviews
report of the results of NRC eval uati on of design aspects of
Readi ness Revi ew Modul es and i ncor por at es eval uati on of desi gn
aspects into the nodule review report.

b. Dorector, Dvision of Reactor Inspection and Safequards
(DRIS), NRR Adm ni sters the design review aspects of a
readi ness revi ewprogram i ncluding forwarding reports of NRC
eval uations of design aspects of readi ness review nodules to
t he Program Manager

c. Chief, Special InspectionBranch (RSIB), NRR. |nplenentsthe
design revi ewaspects of areadi ness revi ewprogramas Prinmary
Revi ewer and as such:

Performs primary review activities for design and design
process verification sections of the nodul e.

Desi gnates NRC staff and contractors to review the design
revi ew sections of the nodul e.

Coordi nates the work of the review effort prescribed herein

W th past or ongoi ng design verification reviews at the sane
pl ant to avoid unwarranted duplication.
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Prepares reports of NRC evaluations of design aspects of
Readi ness Revi ew Modul es.

04.02 | ndependent Design VerificationProgramandthe Engi neer -
i ng Assurance Program

a. Dorector, Dvision of Reactor Inspection and Safety, NRR
Appr oves applicants' proposalstoparticipatein]|DVPs or EAPs
for specific facilities onthe basis of NRCstaff eval uati ons
of the proposals and i nformation received fromNRCof fices at
headquarters andintheregions. Adm nisters NRCstaff revi ew
of the IDVP and EAP and i1ssues the results of inspections
either directly or through the Director of the appropriate
Division of Reactor Projects, Ofice of Nuclear Reactor
Regul ati on and i ssues the design verificationinputs to SERs.

b. Diorector of Appropriate Division of Reactor Projects, NRR
| ssues to the applicant NRC inspection reports of |DVPs and
EAPs. Incorporates | DVP and EAP i nputs intotherel evant SER

c. Chief, RSIB, NRR. Inplenents NRC staff review of the | DVPs
and EAPs, including preparation of inspection reports and
preparation of design verification inputs to SERs.

d. Regional Ofices. Assist the NRR staff as needed, in
managenent of followup actions resulting fromthe I DVPs and
EAPs, including enforcenent action.

2535-05 BACKGROUND

The above applicant-initiated design reviews addressed in this
chapter and the Integrated Design Inspections (ID's, see chapter
2530) conducted by the NRCstaff wereinitiatedfollowngthe mrror
i mge design error at the D abl o Canyon project. It was determ ned
that sonme |icensee quality assurance prograns and NRC i nspections
had not been effective in discovering design errors because the
gqual ity assurance (QA) audits | ooked only at the process and not at

technical content. To ensure that near-term operating |icensee
(NTQL) plants did not have undi scovered problens in their designs,
a series of short-term actions were initiated. Each NTCL was

requested to provi de addi ti onal assurance that their facility design
conplied with NRC regulatory requirenments and FSAR conm tnents
t hrough the conduct of a technical review of the design. To add
greater credibility to these reviews, NRC requested that they be
perforned by organi zations total | y i ndependent of the applicant and
Its design contractors. These prograns becane known as | DVP's. NRC
al so began to performa |l imted nunber of direct i nspections of the
techni cal adequacy of designs throughits | DI s(Ref: Manual Chapter
2530). The IDVP' s were a necessary addition to conpensate for the
| ack of technical audits of design products in applicant QA
prograns. For plants not yet in the |last stages of the |icensing
process, sufficient time remained to include technical audits of
desi gn products in applicant QA prograns. These took the form of
Engi neeri ng Assurance Prograns or the design revi ew nodul e portion
of Readi ness Revi ew Prograns. Applicants could choose to perform
these reviews with i n-house personnel, provided that the reviewers
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were not placed in the position of review ng their own work. These
reviews mnust be independent of the project cost and schedul e
consi derations, which is the sane requirenent that has al ways been
applied to regular applicants' QA organi zations. Applicants are
free to contract with independent organi zations for their design
reviews but are not required to do so. This Chapter, then,
descri bes the techni ques applicants may use to performtechni cal
audits of their facility design as part of their overall programto
assure quality.

2535-06  CONCEPT OF READI NESS REVI EW | NDEPENDENT DESI GN VERI FI CA-
TI ON AND ENG NEERI NG ASSURANCE PROGRAMS

06. 01 Desi gn Revi ew Aspects. The performance of these prograns
at nuclear facilities are conprehensive exam nations of the
devel opnent and i npl enmentati on of the design for sel ected systens
of the facility being inspected. Conclusions about the overal
desi gn process nmay t hen be drawn based on the results of the design
reviewfor the sanpl e sel ected. The prograns are nul tidisciplinary
reviews including, as a m ni num areas such as nechani cal systens,
nmechani cal conponents, el ectric power, civil and structural design,
and i nstrumentation and control.

The primary focus i s on assessnent of the i npl enent ed desi gn contr ol
process for the organization and subcontractor. The process is
eval uat ed by exam ni ng actual design details. |If errors are found
inthe design details, the design processis evaluatedto seeif the
error resulted froman isolated mstake or if it reflects a nore
f undanent al weakness in the design process. Al sothe pervasiveness
of a design error or weakness i s eval uat ed i ncl udi ng i nspecti ng t hat
aspect of design in other sectors of the plant design. An
evaluation is perforned to identify consistent design process
weaknesses i n the design process such as | ack of FSAR control | ack
of verification of design calculations or | ack of docunentation of
engi neeri ng judgnment nmade in the design process.

a. A conprehensive reviewis perforned for a specified sanple
systen(s) that typically has some or all of the follow ng
characteristics:

1. essential to plant safety

2 desi gned nostly by the architect-engi neer (AE)
3. a clearly defined design basis
4

generally representative of safety-related features in
ot her systens

5. design involving internal interfaces between the major
technical discipline areas listed above and external
interfaces with the nucl ear steam supply system (NSSS)
vendor, conponent vendors, and engineering service
or gani zati ons
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6. for IDVP and EAP, mmjor portions of the selected sys-
tem(s) already installed in the facility.

Sone eval uati on wi || be conduct ed beyond t he sanpl e systen(s),
as needed, to test specific areas or functions.

An evaluation should be made of any program weaknesses
identifiedby preceding audits of the sane facility that coul d
have root causes in the design or the design process.

The review covers topics such as:

1. wvalidity of design inputs and assunptions

2. wvalidity of and conformance to design specifications
3. wvalidity of anal yses

4. systeminterface requirenents

5. inadvertent synergistic effects of changes

6. proper conponent classification

7. revision control

8. docunentation contro

9. wverification of the design and desi gn changes

10. verification of the as-built condition

2535- 07 PROGRAM GUI DANCE

07.01

Progr am Scope and Schedule. The NRC staff review of a

programshoul d be a mul ti di sci plinary eval uati on of the total design
process and shoul d focus primarily on the potential areas of concern
within each of the disciplines. The NRC staff responsibilities

i ncl ude:

a. Reviewand approval of the applicant's | DVP, EAP, RRMprogram
pl ans. !

b. Inspection of the independent reviewer's procedures and
preparations for the IDVP, EAP, or RRM

c. Inspection of the design reviewer's inplenentation of the
program pl an approved by the NRC

d. Inspection of audit results (observation reports) and the

corrective actions taken or proposed.

' IDVP, EAP, and/or RRM program plans will be called the design review (DR) module
program plan.

2535
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e. Submttal of a SER i nput based on the NRC assessnent of the
| DVP and EAP results.

f. Submt report of NRC eval uati ons of design aspects of RRMto
the RRP Program

A typical IDVP, EAP, or RRM schedule is as foll ows:

NRC Staff Activity Tinme Allocation

1. Eval uat e Desi gn Revi ew Proposed 4 weeks
Program Pl an and necessary revisions

2. NRC approves program pl an 2 weeks

3. | nspect reviewer's procedures and 2 days

preparation

for the DR (2-4 weeks after program
approval) in each major technical

di sci pline

4, | nspect inplenmentation of the design 2 weeks
revi ew when sufficient work has been
conpl eted to enabl e a neani ngf ul
prelimnary assessnent and prepare

report

5. | nspect independent reviewer's audit 2 weeks
results including justification for
audi t
observation reports and prepare report

6. | nspect corrective actions taken or 2 weeks
pr oposed

to correct design process and/or design
adequacy deficiencies

7. a. Prepare and submt SER input based 4 weeks
on NRC
staff assessment of the | DVP or EAP
results

b. Prepare and submt eval uation of

desi gn
aspects of RRM subm tted by
appl i cant
8. | dentify PEFs to region for foll owp Concurrent
with
activity
7 above
07. 02 | nspector Assi gnnents. NRC staff and consultant

assignnents to a DR program inspection shall be based on the
expertise needed to inplenment the scope of the inspection(s)
pl anned. The NRC i nspectors including consultants shoul d have an
appropri ate degree of "on the board" nucl ear power reactor design
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experience inthe technical disciplinefor whichthey are responsi -
bleinthe NRCreview All consultants and their enpl oyers on the
NRC review team wll be required to sign the "Agreenent"” and
“"Informati on Concerning Potential Conflict of Interest” forns
encl osed as Appendix Bto this chapter. Provision should be made,
where possible, for continuity of inspector(s) in each technical
di scipline frominspection of initial programpreparation through
eval uation of audit observation reports and corrective actions.

07.03 NRC ProgramOver si ght Pl anni ng, Preparation and | npl enen-
tation

a. The objectives of the NRC revi ew pl anning, preparation, and
i npl enent ati on are:

1. Readi ness Revi ew - Desi gn Revi ew bj ectives

(a) Verify that the applicant's design programverifica-
tion activities are accurately described in the
readi ness revi ew nodul e.

(b) Assure that the applicant's readiness reviewverifi-
cation activities are sufficient to provide a
conpetent verification of the programfor all design
aspects included in the nodul e subject.

(c) Determ nethe conpl et eness, accuracy, and r esponsi ve-
ness of the findings and the open itens reported in
the nodul e for design and design process verifica-
tion.

2. | DVP _and EAP Revi ew bj ecti ves

(a) Ensure that the program plan submtted by the
applicant has sufficient scope and depth to enable
the reviewer to:

(1) Verify that regulatory requirenents and design
bases as specified in the |icense application,
are correctly inplenmented in specifications,
drawi ngs, cal cul ati ons, and procedures.

(2) Verify that the correct design information has
been provi ded to t he responsi bl e desi gn or gani za-
tions.

(3) Verify that design engineers have sufficient
techni cal guidance and experience to perform
assi gned engi neering functions.

(4) Verify that design controls, as applied to the
origi nal design, have al so been applied to design
changes, including field changes.

(b) Verify that the procedures and revi ewpl ans devel oped
by the design reviewer have sufficient scope and
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depth to enabl e the design reviewer to i npl enment the
program pl an as approved by the NRC staff.

(c) Verify, during the course of the program that the
programis being i npl emented i n accordance with the
program pl an approved by NRC

(d) Ensure the results of the program including all
audi t observations nade by t he desi gn revi ewer, open
itens established by either the reviewer or the NRC
staff and resultant followup of the applicant's
corrective actions.

3. To famliarize the NRC staff and consultant reviewers
with the design review organization chosen by the
applicant and their principal technical auditors in each
of the major disciplines. The NRC inspectors shoul d
evaluate the qualifications of the applicant's design
reviewers. The evaluation should include interviews as
wel | as reviewof individual resunes and certifications.

4. To review the individual review plans of the design
reviewers The |level of detail required in these review
pl ans shoul d be in balance with the experience | evel of
the design reviewers. |In other words, the nore experi-
enced design reviewers should need | ess detail ed review
plans to performtheir audits. The review plans shoul d
be technical discipline specific and should show the
technical depth and scope of the independent design
organi zation's audit of the follow ng key design ele-
nment s:

(a) FSAR conpliance

(b) NSSS criteria conpliance

(c) calculations

(d) draw ngs

(e) diagrans and schenmatics

(f) specifications

(g) equipnent qualification

(h) vendor docunents

(i) design change control (including field changes)

(j) hazards anal yses (pipe whip, jet inpingenent and
f 1 oodi ng)

(k) use of problemreports (LERs, |E Bulletins)

(I') interfacing between technical disciplines
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2535

(m interfacing between design organi zati ons (applicant
AE, AE consultants and subcontractors, vendors)

5. To nmke specific technical discipline assignnents to
i nspecti on team nenbers.

6. To define review and i nspection schedul es.

7. To famliarize the NRC inspection teamnenbers with the
| atest version of the docunentation that defines the
desi gn (such as the FSAR, design procedures, specifica-
tions, design criteria, and draw ngs).

8. To indoctrinate the NRCinspection teamnenbers to | DVP,
EAP and RRM concepts.

Before the start of each inspection, the teaml| eader shoul d
address plans for the inspection, background and gui dance
material, significant itens pertinent to licensing, and
design-related itens identified by the regional offices and
the NRR A design work inspection cutoff date should be
established for the inspection and it should be the sane date
as the approval date of the sanple systen(s) to be audited.
The inspection work product expected from each inspector
needed for the inspection report should be delineated to
enabl e the inspector to organize his individual inspection
pl an.

The NRC inspection team nenbers should use the follow ng
materials in evaluating the fornul ation, inplenentation and
results of the I DVP, EAP or RRM

1. Applicant's program pl an

2. Final Safety Anal ysis Report (FSAR)

3. Probabilistic Ri sk Assessnment (PRA) Report (where
avai | abl e)

4. NRC Safety Eval uation Report (SER)
5. Inspection history including:
(a) Previous major NRCinspection in designor construc-
tion, obtaininginformationon any probl ens requiring
further investigation during the progran(s).

(b) Special NRC audits and reviews in design and engi -
neering.

(c) Vendor Program Branch and regional audits of AE
NSSS, and vendors i nvol ved i n desi gn and engi neeri ng.

(d) Systematic Assessnent of Li censee Perfornmance ( SALP)
reports.
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(e) Institute of Nucl ear Power Operations (I NPO eval ua-
tions of design or engineering.

(f) Inspection reports of site design activities includ-
ing those of the resident inspector.

(g) Major utility audits in design or construction.
6. 10 CFR 21 and 50.55(e) reports

7. NRC/ applicant correspondence (questions and answers,
princi pal neetings or special studies, and |icensee or AE
correspondence |isting principal commtnents and action
itens in response to NRC concerns

8. Construction status information (stage of conpletionwl|
dictate the scope and types of inspections and eval ua-
tions appropriate for a particular discipline)

d. Additional guidelines to be considered in the NRCinspection
teamnenbers i npl enent ati on of their oversight responsibili-
ties generally and for each techni cal discipline are provided
in Appendix A to this chapter.

07.04 NRC Review and Oversight Docunentation. Al NRC
i nspection teamnenbers shouldremainwith the teamfor the duration
of the NRC review of an IDVP, EAP or a RRM Team nenbers w ||

conduct the revieww th acconpanyi ng i nspections in accordance with
t he programgui dance provi ded herein. The NRCteamnenbers shoul d
evaluate the interface nmaintai ned between the i ndependent design
revi eworgani zati on and t he applicant's architect/engi neer's project

desi gn organi zati on. The NRC team nenbers should ensure that

adequat e i ndependence is maintained by the review organization
auditorsinrelationshipwth the applicant's/architect engi neer's
proj ect design organi zation. The provisions of this independence
shoul d be stated in the applicant's program plan. The NRC team
| eader wil|l conduct coordination neetings of all teamnenbers, as
needed, to discuss status of activities and NRC actions itens. As
a result of such neetings, team nenbers may be given additional

assignnents or their effort may be redirected.

Docunments pertinent to the NRC review that are provided to team
nmenbers, al though not marked proprietary, may contain proprietary
information. In simlar manner, docunents such as specifications
that are reviewed in the |licensee's and/or independent reviewer's
offices may contain proprietary information. Al such materi al
handl ed during the NRCrevieww || betreated as potentially propri-
etary. Teamnenbers will not nmake further copies or disclosure of
docunents received during the review or inspections. Al'l such
docunentation will be returned to the Iicensee when the review or
i nspectionis conpleted unl ess otherw se indicated by thelicensee.

07. 05 Entrance and Exit Interviews. An entrance interview
bet ween | i censee and revi ewer managenent and al | NRCinspectionteam
nmenbers shall be held before starting any onsite inspection. The
regi onal office shall beinvited to be represented at this neeting.
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| P 30703, "Managenent Meeting Entrance and Exit I nterviews," shoul d
be used as gui dance when conducting the entrance interview

An exit interviewshall be hel d between seni or |icensee and revi ewer
managenent and seni or NRR nanagenent and inspection team The
regi onal office shall beinvited to be represented at this neeting.
The exit interview will be used to sumari ze the findings and to
convey the significance thereof to senior |icensee and reviewer
managenent. All NRCactionitenms will be orally comuni cated by t he
teaml| eader to the appropriate |icensee or reviewer contacts during
the course of the inspection. The results of the i nspection shall
be di scussed, but nowitten drafts of i nspection findings shall be
given to the licensee.

07.06 | nspection Docunentation. The team will prepare an
i nspectionreport tobeissuedbytheDrector, DRI'S, that docunents
all NRC action itens identified during the inspection. The
i nspection report will conformto the requirenents of NRC Manual
Chapter 0610, "I nspection Reports.” Atypical format for a design
verification inspectionreport i s providedin Appendi x C, Part A of
t hi s manual chapter. No di scl osure of i nspection notes (prelimnary
or draft inspectionreport material s devel oped by NRCteamnenbers)
wi |l be made, except to appropriate NRC staff (see bel ow).

I n accordance with NRROfice Letter No. 106 of Decenber 7, 1987 and
Rev. 1 of June 20, 1988, "Release of NRC Draft or Predeci sional
Docunments and Information,”™ from T. Miurley and NRC Bulletin No.
3203-25 of February 9, 1988, "Policy on Release of Draft and
Predeci si onal Docunents and Information,” under no circunstances
shoul d draft inspection reports, either in their entirety or in
part, be released to licensees or their agents or to any source
out si de t he NRCwi t hout t he express perm ssion of the Director, NRR
In the event any draft inspection report is inadvertently or
ot herwi se rel eased contrary tothis policy, the Director, NRRshall
be pronptly advised in witing. The Director, NRR will take or
recomrend action, as appropriate, including pronpt notificationto
t he EDO.

07. 07 | nspecti on of Design ReviewAudit Results and Associ at ed
Corrective Actions. At the conclusion of an EAP, or RRMaudit, the
NRC staff will inspect thereviewer's audit results and associ at ed
corrective actions proposed or taken by the applicant and/or its
contractors. The specific objectives of this inspection are to:

a. Assess the design reviewer's audit observation reports and
ensure they are adequately justified.

b. Ensure theresolution of the audit observati ons are adequate.

c. Ensure proposedor initiatedcorrective acti ons are adequat e.

d. Verify that NRC gui dance provided to the reviewer on program
scope and i npl enent ati on was i ncor porated i nto the programor
ot herwi se satisfactorily resolved. The report of this

i nspection should discuss the resolution of the itens
identified in the previous NRC i nspections of the program
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e. Evaluate the programresults inorder to determ ne whet her the
programhas provi ded adequat e addi ti onal confidence that the
design of the facility under reviewis in accordance with the
FSAR, NRC regul ati ons, and other applicant comm tnents.

07.08 Inputs to a Safety Evaluation Report. For NTOL facili-
ties, a SERdesign verificationinput based on | DVP and EAP resul ts
is prepared by the NRC review team to be transmtted by the
Director, DRIS to the Director of the appropriate D vision of
Reactor Projects as an input to part of a SER Section 17.0 QUALITY
ASSURANCE and Section 17.5 | NDEPENDENT DESI GN VERI FI CATI ON. The
maj or objective of this SERinput is to provide a conclusion as to
whet her the | DVP, or EAP has provi ded adequat e addi ti onal confi dence
that the design of the facility under reviewis in accordance with
the FSAR, NRC regul ations and other applicant comnmtnents. The
format of a typical Design Verification Programinput to a SERis
provided i n the SERi nput based on the EAP of M| estone Unit 3, Ref.
NRC | ett er dat ed Novenber, 1986. The major sections of the SER are
shown in Appendix C, Part B.

07.09 Input to Systematic Assessnent of Licensee Perfornmance
(SALP). In accordance with the NRC SALP program(NRC Manual Chapter
0516), the TeamLeader is responsible for submtting SALP i nput to
regi onal managenent. This shoul d be provi ded, as needed, or within
60 days of conpletion of the SERIinput to the appropriate regionin
the case of |IDVP and EAP prograns.

07.10 Fol | omup and Enforcenent. The focus of the | DVP, EAP and
RRMi s t he eval uation of the design process and t he adequacy of the
pl ant design, rather than enforcenment. However, the appropriate
Regi onal Branch Chief will be notified by the Chief, RSIB of the
pot enti al enforcenent findings (PEFs) found duringthe course of any
of these prograns for regional followp. The notification of PEFs
to the region will include a prelimnary determ nation of an
appropriate enforcenent classification for each PEF. The NRCteam
| eader is responsible for ensuring that regional tracking nunbers
are assigned to each PEF and other itens stemmi ng fromthe program
that require regional foll owp. During any program situations may
be encountered where the significance of a nmatter warrants
consi deration of pronpt action (e.g., |icensee stop work, NRRorder,

i nvestigation of wongdoing). |If so, nmanagenent in NRR and the
appropriate regional officew || be pronptly informed and the first

priority will be pursuing the matter until the question of pronpt

action has been resolved. In addition, the NRC team | eader wl|

identify those audit observati ons which are appropriate for Vendor

Program or regi onal prograns followp.

END
Appendi ces:
A Addi ti onal Gui dance for NRC Oversi ght Pl anni ng and | npl enent a-
tion.
B. Proprietary Agreenent and Conflict of Interest Forns.
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C. Typical Formats for Design Verification Program I nspection
Reports and SER I nputs.
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APPENDI X A

ADDI TI ONAL GUI DANCE FOR NRC OVERSI GHT PLANNI NG AND | MPLEMENTATI ON

A PURPOSE

To provi de addi ti onal gui dance for the NRCstaff oversi ght pl anning
and i nplenentation to ensure an adequate design revi ew.

B. GENERAL GUI DELI NES

These guidelines relate to Mnual Chapter 2535 Section 06.03
covering the design verification program plan and the design
reviewer's individual review plans.

1. Project Design Procedures Review. Wthin each design
discipline, ensure that the audit wll review the
proj ect-specific specifications, i nstructions, and
procedures that provide design criteria or guidance to
desi gn engi neers.

The purpose of this reviewis to determ ne the extent of
t he formal gui dance givento the engi neers for perform ng
design activities. The inspector shoul d use the inforna-
tion fromthe review to highlight areas of limted or
i nadequat e gui dance to t he engi neers and for determ ning
areas in which to focus the technical review

2. Design Calculation Reviews. Ensure that the i ndependent
revi ewof engi neering cal cul ati ons and desi gn details for
each technical discipline:

a. Verify that design information is current and
correct. This verification nmay require tracing back
to the source of the input. Internal and externa
interfaces should be verified to ensure that all
di sci plines and desi gn organi zati ons for a project
use a consi stent and up-to-date set of design inputs
and assunptions, e.g., where the output of one
anal ysi s becones the input of a second anal ysis.

b. Verify that the guidance provided by the
proj ect-specific procedures has been net.

c. Verify that assunptions wused 1in the design

calculations are based on sound engineering
princi ples and practices.
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d. Verify that +the output information has been
transmtted to the appropri ate desi gn organi zati ons.

e. Verify that the design information has been
transl ated into project docunents such as
speci fications, draw ngs, procedures, instructions,
and contracts related to plant construction.

f. Verify that design changes (includingfield changes)
result in all affected el enents of the design being
eval uated; e.g., reanalysis nmay need t o be perforned
comrensurate with the original design.

g. Confirm that design verification (design review,
al ternat e i ndependent cal cul ati ons, or qualification
testing) is being done. The extent of design
verification is commensurate with the i nportance to
safety, conplexity, degree of standardization,
state-of-the-art, andsimlarity with proven desi gns.

h. Confirmthat cal cul ati onal nethods, using both hand
calculations and conputer progranms, are being
properly controll ed. This confirmation includes
conmputer program verification and qualification
(assuring that the conputer program functions
correctly in all nodes and options and is used
correctly inrepresenting a physical process) andthe
proper use and accuracy of inputs. Particul ar
attention should be given to the basis and validity
of assunpti ons, i denti fying and assessi ng
undocunented cal culations or deci si ons, and
confirmng that as-built conditions arereflectedin
desi gn anal yses.

C. SPECI FI C TECHNI CAL DI SCI PLI NE GUI DELI NES

The NRC revi ew shoul d cover areas such as those descri bed bel ow.
These guidelines will vary for each pl ant i nspected and as such are
not intended to be a checkli st.

1.

Mechani cal Systens Design Revi ew Gui delines. The overal |
design basis of the mechanical fluid system should be
known by the inspection team Particular attention
should be given to the functional and perfornmance
requi rements inposed on the system for the purpose of
assuring reactor safety. To acconplish a review of the
mechani cal fluid system it may be necessary to review
how the |icensee intends to neet the GCeneral Design
Criteria as well as the system description for the
selected fluid system

a. |If the selected fluid systemis directly connected
toor related in function and behavi or to the reactor
coolant system it wll be necessary to reviewthe
requi rements i nposed by the reactor cool ant system
The associ ated paraneters could i nclude such itens
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as tenperature, pressure, flow rates, chenmca

characteristics as well as information related to
redundancy, acci dent anal yses, physical | ocati on and
protection from or control of the surrounding
environnment. This portion of the reviewis a good
opportunity to evaluate the interface between the
NSSS (reactor system designer) and the AE (fluid
systemdesigner). Reviewcalculations that confirm
that NSSS requirenents are net.

b. ldentify a function whichis related to the el ected
mechani cal fluid system Det ermi ne whether the
desi gn ensures that this function will be nmet during
all plant conditions. Various system paraneters,
such as tenperature, pressure, flowrates, chem ca
conposition, and action tines, should be reviewed to
verify proper design basis and to evaluate system
interfaces. The systemfl ow di agramand supporting
cal cul ati ons shoul d be revi ewed to eval uat e whet her
t he design ensures that systemfunctions will be net
under all anticipated conditions.

c. Review calculations which are inportant to the
perfornmance of the systemto be i nspected, e.g., net
positive suction head (NPSH) cal cul ations for fluid
systens, and flow cal cul ations for systens such as
auxiliary feedwater where required flow rates are
safety-rel ated itens.

d. Review the design nethods and assunptions used in
evaluating the effects of pipe rupture on targets.
Interfaces are involved in review ng the desi gns of
protective structures, pipe whip restraints, break
excl usionruns, environnental effects of piperupture
on essenti al el ectri cal equi prment and
i nstrunent ati on, subconpartnment pressurization, and
i nservice inspection of piping within protective
structures or guard pipes.

e. Verify that the portions of the system penetrating
the contai nnent barrier are designed with isolation
features that are acceptable for naintaining
contai nment integrity for all operating and acci dent
condi ti ons. Check I nterfaces W th t he
i nstrunmentation and control functional arearelative
to isolation valve actuation and control

f. Evaluatetheclassificationof thestructuresrel ated
to the selected fluid systemfor confornmance to the
requirenents for safety-related systens. Evaluate
t he spectrumof conditions that have been consi dered

in the design of the structures. Eval uate the
| oading conditions that arise from events such as
pi pe rupture, loss of coolant accident (LOCA),

eart hquakes, operational transients, reactor trip,
| oss of component cooling, etc.
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Verify the conpatibility of the materials and
conponents of the selected fluid system with the
service conditions, including normal and acci dent
conditions as well as the design life. Ensure that
the fluid system s conponents have proper safety and
code cl assifications.

2. Mechani cal Conponents Design Revi ew Gui deli nes

a.

2535 Appendix A

Sel ect a sanple of calculations to be reviewed. It
shoul d include the following itens:

(1) piping anal ysis problens

(2) major conponents attached to the piping problem
such as a punp or tank

(3) valves in the pipe run
(4) pipe supports: rigid, snubber, and spring

Review all input information used in the piping
analysis. This wll require coordi nation w th other
teamnmenbers to determ ne that the correct i nputs are
used. Also, to the extent possible, verify that the
correct as-built information has been obtained from
the field (see Inspection Procedure 37051).

Revi ew t he nodel used in the piping analysis. This
i ncl udes (thernmal, deadwei ght, seismc, reviewof the
anal yses performed (etc.), review of the conputer
prograns and the analytical nodel for conformance
withlicensee commtnents and procedures. Particul ar
attention should be given to the nodel used for
seismc analysis for the appropriateness of the
boundary conditi ons assured at anchors and supports.

Revi ew stress and support |oad summary sheets for
correct |load conbinations as specified in the
licensing commtnents. Also verify that these
docunents have been transmtted to the appropriate
group for support evaluations.

Revi ew conmponent design reports to verify that the
basic prem ses are correct and that data are in
conformance with |icensee commtnents. Reviewtest
qualification docunents, if applicable, including
correctness of the test paraneters for confornmance
with the licensee commtnents. This review should
verify that the loads fromthe piping analysis are
i ncl uded in the conponent eval uati on.

Revi ew val ve design reports for confornmance wth
| icensee commtnents. Particular attention should
be given to the operability evaluation for seismc
events. Al so, valve actuator qualification
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dpcunEntationshouId be revi ewed for conformance wi th
| i censee conm tnents.

g. Review the loads used in the evaluation of pipe
supports and verify that these are the correct | oads

from the piping analysis. Revi ew the support
anal ysis for conformance with |icensee comm tnents
and procedures. The | oad conbi nations should be

checked for the correct specification of primry and
secondary | oadi ngs.

h. Verify that integral attachnments have been eval uat ed
for their effects on the piping and that buckling of
conpressi on nenbers has been consi dered. For spring
hangers and snubbers, verify that thermal novenents
have been considered. Reviewthe attachnent to the
structure and verify that the |oads have been
consi dered by the structural group.

3. Civil and Structural Design Review Qi delines

a. ldentify the location of the fluid systens sel ect ed.
I ncl ude associ ated equi pnent, such as:
(1) punps
(2) tanks

(3) power supplies

(4) control systens

(5) piping supports
(6) heat exchangers

There is no attenpt in this guidance to eval uate the
gl obal behavior of the individual buildings or the
foundati ons. However, the |l oad path of the structure
or structural elenments should be reviewed to ensure
that the applied | oads are properly carried through
the structure or structural elenents to the
supporting points.

b. Verify that structural safety categories are
consi stent and correct. Consider the |ocation and
possi bl e effect of non-safety-related itens on the
fluids system

c. Reviewthe safety categories definedin FSAR Secti on
3 and the classification of structures. Conpare the
safety categories of the nechanical fluid system
sel ected against these criteria for conpatibility.

d. Reviewthe nodel and boundary conditions used inthe

structural analysis of the design configuration
utilizing the output and information from other
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functional areas such as nechanical, electrical
power, instrunentation and control, and systens
design to verify the correctness. Also reviewthe
out put provided fromthe civil structural areatothe
ot her disciplines. Assess the safety inpact of these
revi ews.

Verify that all pertinent | oads and | oad conbi nati ons
are considered in the analysis of structura
el ements, in addition to the pi ping system Exam ne
the sensitivity of the structural anal ysi s and desi gn
to changes in piping system | oads, supports, and
configurations as well as the influence on resulting
structural deformations. Enphasis should be pl aced
on the identification of the discipline boundaries
and necessary interfaces in the design process.
Ascertain that the correct | oads and | oad
conbi nati ons have been used and that techni ques for
conbi ning | oads or |oad el enents are correct.

Revi ew sanpl es of the design cal cul ati ons based on
the internal forces resulting from the anal yses.
Ascertain that the design techniques commttedtoin
the FSAR have been or are being net. AIso review
speci fic areas of the design cal cul ati ons.

Revi ew exanpl es of the design docunents produced as
aresult of the design cal cul ati ons, such as detail ed
speci fications, draw ngs, and procedures.

Revi ew exanpl es where t he basi ¢ desi gn docunents are
used t o produce product, conmponents, or el enents t hat
will be integrated into the final structure. This
review woul d i nclude such itens as fabrication and
shop draw ngs, produced by a subcontractor, or
installation procedures, defined by a supplier.
Revi ew and evaluate the process by which design
docunents are checked and verified and the process
by which the final docunents are i ssued for use and
construction.

Revi ew and eval uat e several types of desi gn changes,
such as those initiated by:

(1) design office

(2) field engineering

(3) the licensee

(4) errors or interference in construction

(5) errors in engineering

Revi ew and eval uate the acceptance process used in

thecivil/structural areafor final acceptance of the
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structures or el enments thereof. As-built information
per Inspection Procedure 37051, should be used in
this portion of the effort.

. Reviewthe seismc analysis of one seismc Category
| structurethat is associated with the sanpl e system
bei ng i nspect ed.

(1) Reviewseismc inputs, such as the devel opi ng of
ground response spectra, artificial time-history
gener at i on.

(2) Review procedure of seism c nodeling, including
stiffness, masses, danping values. Verify that
the seismic nodel is representative of and
consi st ent with t he act ual structural
configuration.

(3) Review the techniques dealing wth nodal
conbi nati ons, peak broadening, closely spaced
nodes, etc.

(4) Reviewthe adequacy of conput er prograns used for
sei sm c anal ysi s.

(5 Review the procedure for soi |l -structure
interaction (SSI), if applicable, to ensure that
t he adequacy of t he procedure and t he net hodol ogy
prescribed is consistent with FSAR conm t nents.

4. El ectric Power Design Review Guidelines

a. ldentify all conponents of the nechanical fluid
system selected that require electric power to
performtheir safety function(s). Determ ne whet her
the el ectric power systemsuppl yi ng power to each of
t hese conponents will be capable of providing the
required el ectric energy as needed by each conponent .
Exam ne required voltage, current, and frequency
mexi muns, mni muns, and nom nal (i ncl udi ng transient
values) and conpare with power source voltage,
current and frequency for several sanple sets of
conditions representative of maxi num and m ni num
| oads and expect ed perturbations onthe power source.
Determne if required power quality can be provided
for the needed time of interest. A review of
di esel -generator |oad sequencing of the selected
mechani cal fluid systemconponents (requiring power
to perform their safety function) should be
per f or med.

b. ldentify all conponents of the mechanical fluid
systemt hat require di sconnectionfromtheir electric
power source in order to perform their safety
function. Review the control circuit for at |east
two such conponents to determne if it neets its
desi gn requirenents. Focus on tine allowed for
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di sconnection frompower sourceinthe electric power
system desi gn and the corresponding tinme assuned in
safety anal ysi s.

Exami ne the control relaying for at l|east two
conmponents of the mechanical fluid system that
require power to performtheir safety function and
two t hat requi re power di sconnectionto performtheir
safety function. Eval uate the docunentation and
actual installation of these circuits and assess t he
ability of the circuits to performas required.

For several sanples of each kind of electric
conmponent (i.e., notors, valve operators, relays,
connections, cables), determne if the design neets
acceptance criteria for performng the required
safety function in the presence of the nost severe
environnment specified in the conponent's design
basi s. Verify that acceptance criteria are
consistent with Iicensee commtnents.

Exam ne the physical arrangenent of redundant
el ectric power source conponents, i ncl udi ng
separation, barriers, and environnental controls, to
ensure that singlefailures affecting such conponents
wi |l not cause the nmechanical fluid systemto fai
to be able to performits safety function(s).

Exam ne the qualification docunentation of at |east
t wo not or s, val ve operators, rel ays,
connections/ connectors, and cables to determne if:

(1) Thetest conditions specifiedareconsistent with
predi cted accident conditions at the equi pnent
| ocati on.

(2) Required -equipnent performance is properly
specified for the worst accident for which the
equi pment is required to operate.

(3) Test results show the equipnment able to neet
speci fied performance under the design-basis
condi tions specified.

Conpare procurenent specifications for equipnent
examned initem(f) above to determine if they are
consistent with qualification specification for
performance and environnent.

Exam ne net hods and procedures for providingelectric
power to operate electric equipnment when the nor nal
of fsite source and t he normal onsite energency source
are unavail abl e. Determne if these nethods or
procedures coul d conprom se redundant power source
I ndependence or prevent supply of electric power to
one or nore redundant | oads.
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i. Confirm the power di stribution system to
safety-related electric |oads has been adequately
designed with regard to breaker, notor starter, and
cable sizing, as well as breaker coordination.
Revi ew several sanple calculations in this area.

j. For at least 2 electric |oads, determ ne the basis
for interruption of electric power in the case of an
el ectric power demand i n excess of the normal rating
for the | oads. Determ ne what basis was used to
deci de whet her the systemwas desi gned to ensure the
performance of the safety function or to protect the
equi prent in cases of overloads. Review design of
el ectric notor-operated val ves provided with torque
sw tches used to cause notor shutdown when excess
torque is detected. Determne the validity of basis
for torque switch settings. Review procedures for
testing such swtches.

k. Exam ne specifications for several itens of electric
equi prent and conpare to t he expected environnment in
their designated |ocation to determne if specia
environnmental controls shoul d have been provi ded or
if a different |ocation should have been sel ected.

|. Determne how the need for special environnental
controls (e.g., battery roomventilation) onelectric
equi prent was det er m ned. Revi ew design
docunentation (descriptions, drawings, etc.) to
determ ne howt he environnment i s to be mai ntai ned and
how operati ng personnel are nmade aware of the needs
for these special environnental controls.

5. | nstrunentati on and Control Design Review Guidelines

a. Select two different process neasurenents, such as
flow, | evel, pressure, tenperature, etc., associ at ed
wi th the nechani cal fluid systemsel ected and sel ect
two associ ated control (or non-safety neasurenent)
systens. The sel ected neasurenents (at | east one)
shoul d be selected fromthose that performa safety
function, such as reactor trip or actuation of one
or nore engi neered safety features (ESFs).

b. Reviewall input information used for the design; it
w Il be necessary to interface with the electrica
power systemdesi gn and t he nechani cal systemdesi gn.
Verify that the design input paraneters neet the
design requirenents for the fluid system design
This should include the ranges of system process
paraneters required for normal and acci dent
condi tions.

c. Review the appropriate functional, wring, and

installation drawings to assure confornmance to
i censee commitnents.

Issue Date: 03/24/89 A-9 2535 Appendix A



2535 Appendix A

Sel ect several field design change requests and
verify that the vendor's design verification program
is being effectively and accurately inplenented. The
i nspector should review. the verification nethod;

the procedure for inplenentation; the authority for
the design change, the associated equi pnent
docunentation, such as equipnment specification
purchase orders, | EEE Standards, Regul atory Cui des,
"Approved for Construction" drawings, and the
as-built installation drawings that conplete the
desi gn change cycle; the results of the functiona

tests after the conponents and systens have been
install ed; the docunentationto assurethat thefield
change had been eval uated for general inplications.

Revi ew qual i fication docunentati on associated with
safety-related instrunents to determ ne conpliance
with regulations, regulatory guides, and national
standards applicable to qualification.

| dentify alarnms or annunciators provided from the
instrunentation for the selected nechanical fluid
system and review the bases for providing these
al arms or annunciators, their set points, and their
| ocati ons.

Review the system description for any unusual
operating requirenents. Exanpl es  of t hese
requirenments could be: special operation required
of the systenms during and after an accident,
capability of the systens to shut down the reactor
froma renote | ocation, or any special autonmatic or
manual control features.

Verify that the instrunmentati on and control system
det ect s and mai ntai ns essenti al paraneters during al l
anticipated plant conditions. Check if the
capability to provide the required detection and
control during loss of offsite power, or other
antici pated operational occurrences and accident
conditions neets design requirenents.

Assure that all logic functions, i.e., interlocks,
automati c actuation and perm ssives, are properly
i npl enent ed.

Assure that bypassed and inoperable status is
i ndi cated as necessary.

Revi ew procedur es and basi s f or devel opi ng set points
and for ensuring that as-built deviations are
consi der ed.

END
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APPENDI X B

PROPRI ETARY AGREEMENT AND CONFLI CT OF | NTEREST FORMS

PROPRI ETARY AGREEMENT

Proposed Consul t ant Consultant's
Enpl oyer

For proprietary and potentially proprietary information that is
di scl osed to ne in connection with ny work on the NRC s Pr ogr am

Nane of the Pl ant nane , | agree:

1. Not to make further disclosures.

2. Not to maeke further copies.

3. To return ny copies to the NRC team| eader upon conpl eti on of

the Program unless copies were previously returned to the
applicant or applicable design organizations.

4, Not to make further di scl osures or copi es of inspection and/ or
reviewnotes that containpotentially proprietary information.

SI GNATURE DATE
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| NFORMATI ON CONCERNI NG POTENTI AL CONFLI CT OF | NTEREST

(Program Nane)

Proposed Consul t ant Consultant's
Enpl oyer

My participation in the (Program Nane) of (Pl ant
Nane) does ( ) does not ( ) involve situations or
relati onships of the type set forthin 41 CFR 20-1.5403(b)(1). In
particular, | have ( ) do not have ( ) direct previous involvenent
wWth activities at the plant that | will be review ng and have ( )
do not have () conflicting roles which mght bias ny judgnent in
relation to nmy work for the NRC. In addition:

1. ( ) I have not been previously enployed by the Applicant or
the Design Verification Reviewer to do simlar design
wor k.

( ) | have been previously enployed by the Applicant or the
Design Verification Reviewer. (State the nature of the
enpl oynent .)

2. () I do not own or control significant anounts of Applicant
or the Design Verification Reviewer stock. (State anmount
and nature of ownership)

() I owm or control significant anounts of Applicant or the
Design Verification Reviewer stock. (State the nature of
t he ownership.)

3. () Menbers of ny present household are not enployed by the
Applicant or the Design Verification Reviewer.

() Menbers of ny present household are enployed by the
Appl i cant or the Design Verification Reviewer. (Statethe
nature of the enploynent.)

4, () My relatives are not enployed by the Applicant or the
Design Verification Reviewer in a managenent capacity.

() My relatives are enpl oyed by the Applicant or the Design
Verification Reviewer in a managenent capacity. (State
the nature of the enpl oynent.)

In the above statenent, the "Applicant” is construed to nean the
applicant ( ), the architect-engineer

), or the NSSS vendor
( ) for (Pl ant Nane)

2535 Appendix B B-2 Issue Date: 03/24/89



Si gnat ure " Date

Issue Date: 03/24/89 B-3 2535 Appendix B



APPENDI X C

TYPI CAL FORVATS FOR DESI GN VERI FI CATI ON PROGRAM
| NSPECTI ON REPORTS AND SER | NPUTS

A TYPI CAL FORVAT FOR A DESI GN VERI FI CATI ON PROGRAM | NSPECTI ON
REPORT

1. Transmttal Letter. The transmttal letter should
discuss all major itens requiring applicant nmanagenent
attention and foll owup acti ons.

2. Cover Page. The cover page should provide basic
identifying information about the |icensee inspected,
facility inspected, place and tine of inspection, and
identification of i nspection team nenbers and
responsibilities (see Exhibit 1 of IE MC 0610).

3. Inspection Report. The inspectionreport should have the
foll owi ng maj or sections.

(a) Backaground. The background should provide an
overvi ew of the programstatus and a statenent of the
maj or mlestones to be performed by the NRC staff
during its review and eval uati on of the program

(b) Purpose. This section should state the purpose of
t he i nspection.

(c) Personnel Contacted. This section should |ist the
key licensee, design verification reviewer, and AE
proj ect personnel contacted during the inspection.

(d) Ceneral Conclusions. This section should provide a
summary of the maj or concl usions of the inspection.
A statenment should be made as to whether the areas
of the program inspected are adequate to neet the
programobj ecti ves, assum ng sati sfactory resol ution
of open itens resulting fromthe inspection.

(e) Specific Comments. Specific conments on a technical
di sci pli ne basi s shoul d be i ncl uded as an attachnent.
The attachnent should typically consist of the
fol | ow ng sub- secti ons; mechani cal systens,
mechani cal components, el ectric power ,
i nstrunentation and control, and civil/structural.
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B. TYPI CAL FORVAT FOR A DESI GN VERI FI CATI ON PROGRAM SER | NPUT SER
SECTI ON
17 QUALI TY ASSURANCE

17.5 Design Verification
17.5.1 Background. This section should be a discussion of

the applicant's i ndependent reviewer's programpl an
and NRC nonitoring of the conduct of the audit.

17.5.2 Program Technical Audit. This section is a
description of the inplenentation of the program by
the design verification reviewer.

17.5.3 Concl usions of the | ndependent Revi ewer .

17.5.4 Assessnent by the NRC staff.

17.5.5 NRC staff concl usions.

END
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