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1. INTRODUCTION

The statl of the Nuclear Regulatory Commissions (NRC) Muman Factors Assessment
Branch (LMFB) s reviewing the human factors elements of the General Elactric (GE) Advanced
Boiling Water Reactor (ABWR) Standard Salety Analysis Report (SSAR). Based upon the review
of this material, the staM will prepare input for the NRC final salety evaluation renont (FSER)
Brookhaven National Laboratory (BNL) assisted the stah by pracucing & Techrical Evaluation
Repont (TER) which was used in the preparation of the drah salety evaluatioi repont (DSER)
which was completed on July 2, 1991, Many oulslanding issues were identifad in the DSER
Each of these outstanding issues will be ackiressed prior o completion of the FSER.

One issue to emerge from tha inital review is that detailad hurman-system interface
(HSI) design information will not be available for stal! review prior to design centication. To
address this issue, the NRC is considering issuing # Gesign certiication based partially on the
approval of & written design implementation process fian. GE has submitted a Design and
implementation Process Plan (DAIPP) describing the major design and \mplementation process
actvities 1o the ABWR human lactors angineering (HFE) effort. The DAIPP is characterizes in
GE's Figure 18E 141 and Table 180 1-1 of the SSAR submitiad 1o the utaft in Oclober 1981 The
first part of the plan presents the plant and system design definition stage whieh wili pe
completed prior 10 design cerufication, and the second par! outlines the minimum sctivites that
mus! be conducted by a relerencing applicant. The DAIPP will contain (1) descriptions of all
required activites in the design, development and implemerntaton oi the ABWE huran-system
interfaces, (2) identification of predetermined NRC conformance reviaw points, and 13) design
scceplance criteria (DAC) and Inspection, Test, Analysis and Acceptance Criteria (ITAAC) for
the conformance reviews.

To review the GE's ABWR DAIPF, it is necessery 1o (1) assass whethe: oll the
kppropriate humarn factors enginoerning elements are included in the plas, (2) identity which
HFE elements reguire NRC review, aid (3) evaluste *he proposed DAC/ITAAC 1o be utilized by
the NAC 1o verify sach of the review slements. Whers GE's DAIPP is found by the stalf 1o be
lacking. appropriate elements and DAC/TAAC must be developed.

The objective of the elort described in this report was 1o develop a technical basis for
the review of the DLIPF, Since a design process review has not been conducted previously oy
the NRC as part of roactor licansing and is not addressed in the presently svailable guidance,
l.e., NUHEG-0800, a firm technical basis for such a review is lscking. Thus, it is important to
identity what elements of such a plan are required 10 assure that safety goals are echieved and 1o
identity the review criteria by which sach element can be assessed. This elemant identification
should be accomplished independantly from that provided by GE in order 1o assure that GE's plan
reflccts currently acceptable human factors engineering practices and that it is a thorough,
compiete, anc! workable plan  Whilo it is likely that such gudance will be developed uider the
proposed pdate 1o the Standard Rev.ww Plan, that the gudance will not be available in a tme
frame consistent with the GE review,

The specii objectives of this effort were:

1. To develop & model of the MFE design process which can serve as a technical basis for the
review of the ["!PP proposed for certification by GE. The maodel should be: (1) based upon
curtently acoepied practices, (2) well-dsfined, and (3) valioated through experience with the
developmant of complex, high-relability systems.
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2. To entity necessary HFE alements in 8 system development, design, and evaluation process
that are requisites 1o successiul integration of the human component in complex systems.

3. To identify which of the HFE elements are the key and requite review 1o monitar the process

4. To specity the design acceptar - riteria by which key HFE elements car be evaluated.
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2. METHODOLOGY

A technical review of curren, MFE guidance and practices was conducted o identity
important human factors program plan elements relevant 1o a design process review . Sources
reviewed included a wide range of nuclear industry end non-nuclear industry documents,
including those currently unde! development as pan of the DoD MANPRINT program. From this
review & genenc sys am development, design, and evaluation process was defined Once
specified, key HFE elements were identified and criteria by which they are assessed (based upon
8 review Of current literature and accepled practices in the field of human factors engineering)
were developed,

A Generic HFE Program Mode! was developed based largely on applied general systems
theory and the Department of Defense (DoD) system development process which is rooted in
systems theory. Applied general systems theory provides a broad approach 1o system design
and deveiopment, based on a series of clearly deflined developmental steps, sach with cloarly
cefined and attainable goals, and with specific management processes 10 attain them. Kockler et
8l. define system engineering as *. . . the management function which controls the total system
development effort for the purpose of achieving an opimum baiance of all system elements. |t
ts & process which translorms an operational need into a description of system parameters and
integrates those paramelers 1o optimize the overall system atect /eness (Kockler, F
Withers, T., Podiack, J., & Gierman, M., 1890).

Utilization of the DoD system development as an input 1o the development of the Genenc
HFE Program Model was based on seveial lactors. Department of Defense (DoD) policy
ientfies the human as an element of the total system (Do, 199Ca). A system approach
implies thal eil system components (hardware, sohware, personnel, support, procedures, and
vaining) are given adequate consideratio’ 'n the developmental process. A basic assumptior is
that the personnel element receives serious consideration from the very beginning of the design
process. In aadition, the military has applied HFE for the longest pariod of time (as opposed 1o
industrial, commercial or other ‘'sers), thus ™e process is highly avolved snd formalized and
reprasents the mos! highly developed model available. Finally, since military system
development and acquisition is Ughtly regulated by federal, DoD, and military branch laws,
regulations, requirements, and standards, the mode! provides the most finely grained,
specifically oefined process avallable.

Within the DoD system, the development of 8 complex sysiem begins with the mission or
purpose of the system, and the capability requirements needed Ic salisty mission cbjectives
Systems enginearing is essential in the earliest planning penod to develop the system concep!
and to define the system requirements. During the detaled design of the system, systems
engineering assures:
balanced influence of all required design specialties;
resoiution of interface problems;
the effective conduct of vade-off analyses;
the effective conduct of design reviews
the verification of system performance.

Systems engineering ensures the efective integration of HFE considerations into the design by
providing a structured approach 10 system development and a management structure which
details the nature of that inclusion into the overall process. The systems approach is iterative,
inlegrative, interdisciplinary and requirements driven.
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The systems engineering approach was expanded 1o develop a Generc HFE Program Mode!
Kk be used for advanced through the inclusion of NR.C regulatory requirements and acceplance
criteria specific 1o the ABWR certification process.
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LB TSULTS

3.1 HFE Frogram Reguirements

A Gene ic HFE Program Mode! has been developed 1o serve as the basis for review of the
GE ABWR WFE program. The generic mode! contains 10 slements which include

* Element A - Human Factors Engineering Progra= Management

* Element B - Predecessor System Review

* Element C - HFE Issues Tracking

* Element D - Human Reliability Analysis

* Eiement E - System Functional Pequirements Analysis

* Element F . Allocation of Function

¢ Element G - Task Analysis

* Element M - Human-System interface Design

* Elemcnt | - Plant and Emergency Operating Procedure Development

* Element J - Human Factor Verification and Validation.

The elements and their interrelationships are ilustrated in Figure 1. Also illustrated
are the minimal set of items submitted 1o the NRC for review of the COL's WFE eforts. All NRC
review ilems are identified as falling into one f the five review slages:

* HF Management Planning Review

* Implementation Plan Review

* Analysis Res_its Review

* HS! Results Review

* Human Factors Verification & Validation.

The materials reviewed at each stage ere shown in Figure 2.

The specification for the NRC review materials and the acceplance criteria to be used for
their evaluation are identified in the dratt ITAAC/DAC which foliow,
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3.2 Draft ITAAC/DAC Siructure

A brie! description of he generic structure of the drakt ITAAC/DAC are briefly is
provided in this section. The dratt ITAAC/DAC are contained in Appendix A. For the presert
dralis, one ITAAC/DAC has been prepared lor sach element and | g distingtion has been made

Letwoen Tiens 1.ana 2. Each urall ITAAC/DAC is divided into three sections. Design

Commitment, Inspection/TestAnalysis, and Design Acceptance Criteria.

A concise and genecal stalement as 10 the +'FE obijective of the Element is provided in this
sechon.

A specificaiion of the inepactions, te sts, analysis, or other actions (i.e., some action that is
Tpcuired but which is nJt & specific inspection, test, or analysis, such as development of a
Arogram :dan; taken by the COL 10 ach'eve the objective. Generally these ore divided into three
Activiies: plenning, "analysis®, and review This section also defines those minimal set of
naterials o be provided to the NRC for raview Jf the slvment

R}

This section is typically divided into four sections: General Criteria, Implementation Plan
Anidysis Report, and HFE Design Team Review Fleport. The General Criteria represent the
majr slatement of design acceptante criteria. These ara the critacia the (TAAC are required to
meet and which shouis govern the Implementation ©fan, Analysis Fleport, and HFE Design Team
Review Report development. The Qenseral critena are derived from three sources:

1. Reguiatory Requirements - these are the HFE “elated ‘ouL rements stated in 10CFR.
Since regulatory requirements generally apply 16 mote tha” one MFE Program elament, they are
contained in & wble (Table Y, at the ena of the document; and are refersnced as the first general
critenia in . ach saction. It rmust be emphasizect that this represents a "coarse screening’ of
incorporatien of regulstory requirements irto ITAAC/DAC and turthes refinement is naeded.

2. Accepted HFE Practices - theoe arc the critedia derived from the HFE modal
development and HFE lieceture and current practices review. important points are listed in
the acceplance critena and applicable documents arv referenced in 2 table (Table X). This taule
nmmmmmmumam.nahmw;mmmmm

3. ABWR Specific Coiteria - Up to this point, the madel end criteria are genaric and can
be applied 1o any advanced reastor. In aodition o the generic criteria. the certification process
provides commitviants that are specific 1o the deaign. In the case, these include the list of ksy
HS! elements and the results of the inventory dovelcoment. Where appropriate, these criteria
aie kstad in the dreft ITAAC/DAC and are put ir. dancs for easy identification.
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Dreft ITAAC/DAC
Element A .- Human Factors Engineering Program Management

DESIGN COMMITMENT:

Hutaan-system interfaces (H51) shall be provided for the operation, maintenance, test, and
inspection of the ABWR 1t 4t reflec: *state-of-the-art humar. factors orinciles' (10 CFR
50.34(f)(2)(h)) as required by 10 CFR 52.47(a)(1)(i). All aspects of HS! shall be
developed, designed, and evaluated based upon a structu‘ed top-down system analysis using
accerted human factors ongineering (MFE) principlc s based upon current HFE practces HS! is
used here in the very broad sense and shall include all ope:-ations maintenance, test, and
inspection ‘nierfaces, procedures, and training materals,

INSPECTION/TEST/ANALYSIS:

To ansure the integration 5! HFE into system developmont, a HS! Dasign Team anu a HFE Program
Plan shail be established 1o assute the proper deveicpmen!, execution, overgight, and
documentation of the human factors erngineenng program. The ylan shal! be submitted 1o the
NRC tor review and epproval.

CESIGH ACCEPTANCE CRITERIA:

Gunerpl. Criteris
1. The primary goal of t'6 HFE program shall be to develop. g an HS! which makes possible

sale, afficient, and relielie operator perfcrmance and which satisty all regulatory
requirements as staled in 10 CFR as identified in Table Y. The general objectives of this
program shail be stated in "operaior-ceniered” termes which, as the WFE program develops.
snall be objectively (»nad anc shall serve as critera for tes! and evaluation activities.
Examples of such general 'operator-centsred” MFE design goals nclude:

* The cper2ting team can accomplish all ass'gned tasks within system defined
time and perfonnance criteria.

* The systam and aiocation of functions wili provide accertable workioad levels
o assure v'gilance and o assuie no operatr everload.

* The system v.4. support & high degree of operating crew *siuation awareness.*
* Signa: detecion ancl sven! recognition requiements will Ko kept within the
operators informalion processing limits and will mininuce the nesd for
operators 1o mentally tansform data in orcler to be usable.

* The systern will minimize operator memory load.

* The wperator interfaces «ill minimize operalor arror,

* The system will us eror tolerant and will provide for eror detection and
recovary capsability,

2. An HFE Design Team shal! be establisned.
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3. The ~'FE Design Team shall be govamec by an HEE team and management plan which defines
procedures to;

* Define thy scope of the Team's authority within the broade scope of (he crganization
responsible {or plant constructivn.  Included within this scope shall be lhe authority 10 suspend
from cekuery, instaliatn, or operation a.y equipment which is determired by the Team 1o be
delicient in regard to estadlished human tactors design practices and eva'uaton criteria.

* Detine the process through which the Team will execute its r@Lponsipilities,

* Define the piocesses through which findings of the Team are resolver and how
equipment design changas that may be necessary for resciution a'e incorporated into the actual
equipment ult. nately uset. in the plant.

© Esiablish the procass through which th~ Team aclivities will be assigned 1o individual
team members, the responsibilities of each team member and the procedures that will govern
the internal raanagemant of the team.

.. The HFE team and manageieni plar shall be deveicoad to he fully comphant to the Design
implementabon Process as oefined by the S5AR ano FSER.

1. Aii HFE Design Team ~:all have (he responsibility, authority and placement within the
Organizi tion 1o ensure that the design commitment is achie. ed.

2. The tearn shall be responsible for (1) the developmen: o1 all HFE plans and procedures; (2)
the ove:sight and review of ali HFE design, developm.ent, test, end ¢valuation aclivities; (3) the
initiation, recommendation, and provision of solutiors through designated channels for
problems identified in the implemeniation of the MFE activities; (4) varification of
impiamentation of team racommendations, (5) : ssurance that all HFE activities comply 1o the
HFE plans and procedures, and (7) scheduling of sctivitios and milestones.

x. The scupe of the Team's responsibility shall include:
* Control and instrumenta.on cQuiprnent
* all oparations, maintenanca, test, and inspertion intwrfaces ansd tucilitios both wathin
ard outside the control roorm,
* rocedures
s raining development.

3. The Team shail have the authority and organizational fre acom to ensure that all its ereas »f
responsidility are accomnplishad and to identify problems in the implementation of the HSI
desig-.. The team shall have the authority to delermine where its input is required, accoss work
areas, design documentation. The Team shall have the authovity v assure that further
processing, delivery, installation or use of MFZ/MSI products is controlied until proper
dispositon of a non<onformance, deficency or unsatisfactory condition has been achieved.

& The MFE Team shall be pirced at the leve! in the COL organization required to exemute its
responsibilities ind authorities. The team shall repon io a level ¢! management such that
required authority and organizational freedom are provided, including sufficient independence
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froin cost and schedule considerations.

5. The HFE Team shall work on an interactive 8nd timely basis with the NSSS ang BOD designars
and contractors engaged in WFE design-related acuvites.

6. The HFE design team shall include the foliowinp expertise:
finsert specific GE's Table 18.E.2.1-Part |l 1o olaborala on beluw)
* Tachnical Project Management
* Systers Engineering
~ Nuvlear Ennineenng
* Control and Instrumentation Engineering
¢« Architect Engineering
* Human Factirs
+ Plant Operations
- Computer Systems Enginoering
* Clant Procedure Development
* Personnel Training
¢ Safely Engineering
* Ralabihy/Availability/Maintainability/inspectacility (RAM! Engineering

dFE_voogram and Management Plsn

1. The Plan shall be deveioped to describe how the human fact s program shall Le
acoomplished. Tho plan shall describe the 4FE Team's ~r anization and composition and which
lays ot thy elffort 1o be urdenaken and provides a technical appreach, schedule, #rJd
management control structure and technical interfases 1o achieva the HFE prog am objectives.
The plan is *hw single docu-net which <kserides the Zesigrer's entire H™S program, identifies
its ¢’ameats, and expiaing how the elemems will be managed. The pien shall be based vpon
accepled MFE practices at the Ume o1 its develdpment. The plan shall be besed upon a review and
identification of current practices anc literatu 2, including vicee docurtants under Eiement A in
Tadle X

2. The MFE Frogram Mananement Plan shal! aduress the following.
1. Purpose and organizstion of the plan
2. Lderawre and current practices raview
* Descroe the lechuicel basis for the plan.
d. Overall MFE program goals onvd objectives
4. The relationship betwwen the HFE program and the cvwesll p/ant design program
forganizéun and schedule).
§. HFE Team
» Qrganization within e #FE nrogram
» dertily &)\d Jescribe the privae'y KITE organization o tunction within the
ciganication of the total program, including chanta to show organizat onal and
functional ralationstips, repurticg relationships, ana lines of colimunication
» Functions angd interna! structure of the HFE Drganizatior,
« Qascribe the responsibiity, authorty and accountabiiity ¢ the HFE
Jreanization
- identity ti.e organizational uiilt responsible for sach M®C task
- Descrice the process thiough which management decisicns will oe
made regarding HFE
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« Describe the process through wnich design dacisions will be made regarding
o
- Descrioe all tools and techniques (e.g., review forms, documentation) 1o be
utifized by the Team 1o ensure they tufill their responsibilities
* Statting
- Dascribe th) sta¥ing of the HFE Team
- Provide job descriptions of persornel of the HFE Tear
- Indic ate the assignmart of key personnel and provide their
qualifications with regaJd 10 the areas of expertise indicated above
. MFE requirements
* Kkientity s0d describe the HH-E requremonts imposed on the design
process
* List the standards and spe _ifications which are sources of Wi requiements
7. HFE program
Identity and descrivy HI°E partic pation in the gevelopment of implementation pilans,
anslyses, and evaustion/verificetion of:
* Predecessor Sysiem Review
* HFE issues Tracking
* Human Reliability Anrlysis
* System Funchional Requitements Developrment
¢ Aliocation of Function
¢ Task Analysis
* interface Design
* Plant and Emergency Operating Procedure Development
* MF Verification and Validation
8. HFE program milestones
* idantfy MFE milestons s, so that evaluations of the efiactiveness of the HFE effort cor
be made at critcal check points and show the relationship 1o the plant cesign
scheduie
* Provide a program schedule of HFE lasks shuwing:
» comphance 10 the process implamentation plan
«+ 8irt and completon dates
« renorts
- TRVIews
* ldentify irtegraled design activities applicable 1 the WFE program but specified in
other areas
¥. HFe Documentation
* ldentify and beefty describe sech required HFE uocumented item
© Icentify ackditional M'E data and desciibe proce<ures for accessibiity and
retention,
* identity and briefly describe all HFE ceports and data (0 be submitteo for MIRC review.
* Doscube the supporting documentation and ite audit trail mahtainey for NRC audits
10. HFE In aubcontractor efforts
» Provide & copy of the HFE raquirements proposed ior inclusior in sach subcontract
» Describe the manner by which the designer proposes 1o monitor the subcontractor's
comnpliance with HFZ requirements
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ITAAC/DAC
Element B . Prodecessor System Review

DESIGN COMMITMENT:

Problems and issues sncountered in similar aystems of previous designs shall be identfied and
analyzed 50 b.at special atiention may be given to those problems and issues in the development
of the current sysern in order 10 avoid their repetition, of In the case of positive featurcs
ensure their relention,

INSPECTION/TEST/ANALYSIS:
» A Predececsor System Review implementatior Plan shall be developed 1o assure hat the
Nalysis is canducted according 1o accepted HFE principles.

* An analyais of predecessor systems shall be conducted in accordance with the plan and the
tindings will be coc mented in an Analysis Results Repori,

* Tne anilyses shall be reviewed by the HFE Design Team and shall be documenited in an
Evalugtion Repon.

¢ The Predecessor System Feview Implementabon Plan, Analysis Results Report, and HFE
Design Team Evaluatior Repont shall be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:

Qeperal  Cellerls
1. The snalysis shall meet all 10CFR regulatory squirementr su specified under Element B in

Tabls Y,

2. Problems and issues encountered in similar systems of previous dosigne shall be idantified
and analyzed:
« Human performance issuas, problems and sou.ces of human error ahall be
identified .
+ Design elements which dupport and erhance human performance shall be
wentihied.

3. The roview shall include both 8 review of liters.urs pertaining the humen actors issves
related to sindlar systams and operator interviews.

4, Tne tollowing sources both industy’ wice and plaint o7 subsysten relevant should be
investigated al a minimum:

Government and Indus.ry Studies of Similar Systems

Licensee Event Repouns

Outage Analysis Feports

Final Safety Analysis Fleports and Safet; Evalmﬁm Repors

Hunan Engineering Deficiencies ident.iect in TnoRDRs

Modifications of *he Technica! Spec.fications lor Oparanon

interna! Memoranda/Reports as Availabio
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5. Tha following topics should be included in nlersiews 8- & minimum
. Screen Design issues

Lata Presentation Formats

Data Entry Reguiremants

Situational Awareness

Communicetions

Procedures

Staffing and Job Design

Training

impiementetion. _Plan
1. The plan shall describe the designer's approach o Predscessor System Review. The olan

shall be based upon acceptad HFE practices at the tima of its development The plan shall be
based upon a raview and ident“ication o! curreny prazices and lerature. including those
documents under Element 8 in Table X.

& & 2 & *

2. AL 8 minimum, the plan shall address the follow'ng:
* Literature and current prac’ .3 review
* Describ s the technical baais for tho plan
* Documentation review and analye's
* Usar survey methodology (for conducting interviews) and analysis plans
* Methad of docuinenting leseons learmned
* Integration of lessons 'samed into the design process

' n
Al a minimum, the report shall address the following:

* Objectives

* Description of the Methods

* identification of any deviations rom the implementation plan

* Hesults and Discussion

* Conclusions

* Recommendations/implications for HS! Design

r
At a minimum, the report shall address the following:
* The review methodology and procedures
» Compiiance with implementation Plan Procedures
* Review findings
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ITAAC ‘DAL
Eleman! € « MFE ‘ssues Yueku;g

DESIGN CONMITMENT:

# mithod or procedure shall be developed 1o document and track HFE reiated problems and
coacens. To assure that the system is cond: clad according o accepted |4FE pnnciples, a HFE
Issie. Trorking Plan shall be developsd. “he plan shall be based Lpon accente ) HFE prantices at
the e ol its develvpment.

INGPECTION/TEST/ANALYSIS:
* An HI'E lssues Tracxing implementation Plan shall Ye developed 'o assure that the vacking
system is established accorain, 1n accepted HFE principles.

* An HFE ‘ssues Tracuing system shazl be maintained in 2ccordance with the plan ad the
findings wi. be documentea in an Analysis Results Fapont.

* The aralyses shall be re.iewed by the | FE Design Team und shall be documented in an
Evaluaton Re;.on.

* The HFE lxsuns Tracking Implementation Plan, Analysis Resulls Report, and HFE Design Tean:
Evaliaton Report shall be submittad 12 the NG for review and approve!,

DESIGN ACCEPTANCE CRITEPIA:

: L oo

1. The analysic shall mweet all 10CFK ‘egulatory requirements as cpecified under Element C in
Tatwe Y.

2. Toe tracking svstem shall adciress humen factors issues that are (1) ganerally known 1o Ui
industry (such as TMI related HF issves und other NRC, industry wnd genanc human lactors
isues), (<) Kentified in the Predacessur systen: review, and (3) those dentified Liroughowt
the lile cycie of the ABWR systern design, development and evaluation.

3. The method shall document and treck human factors engineenng issues end concerns, L om
wenufication untii elwnination or reduction i a le sl acceptable 1o the review taam.

4. €ach issue/concerr thet mets or exceeds th. threshoki effects established by the raview tear)
shal Le entered on the fog when first identified, and sach action taken 1o eliminate or reduce the
‘seue/concem should be thorooghly documented. Tha fina! re ~ution of 1he issue/concem. as
accepiad by *he reviow tearm, shall be daocumented ©, detail, alor., with information regarding
review @arq acceplance (eg., person accepling, date, eic.)

§. The trarking procedures shali carefully spell out individual responsibilites when an
seus.concemn e dentified, identity who should Ing it, who is responsible for tracking the
resolution effor's vho @ responsidle for scceptance Cf a resolution, and whe should entar
cicseout date.
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1. The plan shall descnbe the designers approach 1o HFE Issues Trecking, The plan shali be
based upon accepted HFE practices at the time of its Cevelopment. The plan shall be based upon a
review and identification of current practices and literature, including those documents urder

Element C in Table X.

2. The WFX Issues Tracking plan » all address:
¢ Literature and current practices review
* Responsibilities
- Responsibilities on ls3ue Identification
- Responsibilities for lssue Logging
- Responsibilities for 1ssue Resclution
- Responsibilities for issue Classout
* Procedures
- ISSUE IDENTIFICATION
Cescripuion
Effects
Criticality and Likalihood
- Issye renolution
Proposed Solutions
Impiamented Solution
Residual Eifecis
Resultant Criticality and Liselihood
* Documentation
» Audit of the “isue Klentfication and tracking system

rn
Al & minbaum, the report shali add ess the following:
¢ Objectives
+ Description of the Msthocs
* identification of any deviations rom the implemantatiun plan
* Resul() and Discussion
* Conclusions
* Recommendations/impiications for HS! Design

HEE Deslgn Teum Evaluation Heport

Al 8 minimum, e repor! shall adc ess the following:
» The re. lew meth:dology and procedures
« Complance with ‘mplementation Plan Procedures
* Review findingy
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ITAAC/DAC
Element D . Hunan Rellabllity Analysls

DESIGN COMMITMENT:

Caretul avention chall he given 1o the identification of thosa human intoractions with the plant
systems which aiv impo lant t¢ olant risk and reliability. A * uman reliabdity analysis shall
be conduced in support of both HFEMS! dzsign activiies and probabilistic risk assessment
sctivites. Tne ronduct of the analysis an~ the leedback of the results and findings shall Ly fully
nlegrated between ~“FE and PRA teams.

INBPECTION/TEST/ANALYSIS:
* An HRA implementaon Plan srall be developed to assure that the analysis is conducted
sccording to accepted HFE principles.

* Ar analysis of buraan reliability shall be conducted n accordance with the plan ant the
lindings will be documented in an Analysis Results Report

* The analyses shall be roviewsd hy the HFE Design Teen and shall be documented in an
Evaluaton Report.

* ihe HRA Imoiementation Plan, Analysis Results Report, ang (4FE Design Team Evaivatn
Report shall be cubmitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:

Gengral . Criterls

1. The analysis shall mee! all (0CFR regulslory requirements es specifiec under Element D in
Tabis v,

2. A thorough documentation system shall be established, inchuding procedures 1o document the
HRA inciuding a description of the anaiyses, an audit trai for each analysis partormed and sach
human error probabiliy (MEP) derived, suppurting rationale and source inaterials.

3. Eoecifeation shall be made of the materisis (such as procech.al guidance and coctrel reom
panel design infarmation) v be utilized by the HRA taam m order 1o provide & reasonably
accurate understanding of human involvement in the ABWS,

4. Specnication shall be made of the hunan-system snalyses utilized by the HRA team (surh as
screening analyses, detailed task aralyses which would provide an understanding of the task
requiramants and demands on the operating ateff, their interfaces with plant squipment, and the
tme constraimis within which critical tasks must be sccompi'shed),

L. Tha HRA shall at'cress & hroad divershy of human intecactions with the plant systans and
components.

€. Human acton shall be adequataly modelied within the event .nd tault Yees.

7. Quantification inetheds and the human error data scurces used v estimate “uman error
probetilitiag (HEP) shall be selacted based upun el apprupriateness 1o the ypes of acuons
being quantified. Where data from earlier PRAS i to be wsed in the HRA, the rationale o ristfy
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these generaiizations, and vhyhow the values will be modified for use ir the MRA shali be
maca.

8. Performance shaping factsrs shall be specificclly identified and used in ME®? qQuantification.

0. The intivences of the advanced technoicgy aspects of the huiian task aliocation and MS! shall be
accounted for in the analysis. In adaition, specification shall be mode of how the maodeiling will
reflect changes in the opesslor's tasks and role in the sysiem resufting from the increases in
sysiem avtomanin.

10. Critical human actions shall be quantifis J by the HFE review eam {or their dasignes)
ncapendently from the primary HFE team o serve as & verificalion of their vaiLes.

V1. Sensitivity and uncertainty analyses shall be performed on the HEP values.

12. The HRA erfort shail be thoroughly integrated with the develcpment of the PTA. The insights
gained from the analyses will be factored into system/operational design.

implemaniation _Plan

1. The pian shall describe the designe:'s apprmach to HHA. The plan shall be based upon
acceptad HFE practices al the time of its Cevelopment. The plan shall be based upon  review and
Kentification of current practioa* and terature, including those documents under Element D in
Tabie X.

2. The HRA implementation Plan shell address:

» [Merature and curren. practices review

¢ Docun.entation Procedures

* Material Avaiiable to Supp - the MRA Team

* Use of Human-System Anaiyses ,comploted as part of HFE design)

* Types o Human Task Actions Anaryzed

* Adequacy ¢f the Human Action M “lling

* Quantifica*ion Methods Used 1o Estrnate HEPS

¢ Evaluation of Perforn.ance Shaping Factors

* Treatment of Advanced Technclogy

s Vtilization of duraan Ervor Data Sources

» Basie for Guneralization from Earlier PRAs

* Approach 10 Sensitivity Modeliing

* Lulizetion of insights Gained from the Analyses and assurance . bidirectional feedback
between the PRA and HFE orgenizationy

Avalysis Rexuils Raport
Al @ minimum, the report shall aduress the foliowing:
+ Objectives
» Description of the Methods
» identification of any devistions from the implementation plan
s Pesults und Discussion
» Cornclusions
» Recommendations/implications for HS! Design
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HEE _DRasign Team Evaluition Report
Al a minimum, the report shall address the folluwing

* The review mathodology and procedures
¢« Comphance with Implemental

Lon Pre
+ Heview findings




ITRAC/DAC
Llement € - Systam Functional Recquirements Analysis

s

VESIGN COMMITMENT:

Sy 'm requirements shiali be analyzed 1o ident™ those functions which must be performed o
$ the ubjectives of each functional area. L ystem function analysis shall: (1) determine the
oL, . tive, performance requirements, and consiraints of the design, and (2) establish the
unctions which must be accomplished 1o meet the olyectives and required performance

INSPECTION/TEST/ANALYSIS:
* A Syster Functional Requirements Analysis implementation Flan shall be developed (o assure
that the analysis is conducied actording 10 accepted HFE principles.

* An analyss of System Functional Mequirements shall be conducted in accordarce with the plan
and the findings will by documanted in an Analysis Results Peport.

* The analyses shall be reviewad by the HFE Design Team and shal! be dosumented in an
Evaluaton Report.

* The System Funciionai Roguiremants Aralysis Implementation Plan, Analysis Results Repun,
and IHFE Dosign Team Eval iation Repont shall be submittad 1o the NEC for review and spprovai.

DESIGN ACCEPTANCE CRITERIA:

General  Crijeris

1. The analysis shall meet ali 10CFR regulatory requivements as specified under Element E in
Table Y.

2. System requiraments shall determine system functions, and the funcaon itself snai
datennine what perfcimance is necessary 1o carry out that tunction.

3 The system function requi-ements shall utilize the results i the precertificatios analyses as
contained 1 ihe SSAR, (RE dusign files, and in the system analyses ulil zed to derive the
inventory.

4. Ciitical tunctions shall be defined (Le., those hunctions requires (o achiave major systam
parformance requirements; of those functions which, if falled, ~oukd vegrade system or
#quipment porlormance ur pose & safely nazard 1o plan: personnel or io the general nublic),

§. Those functions identified ae sofaly functions ehall be idendfied and their functiona!
relaionship with non-salety systems shai! ba Wentified.

6. Functicas snall be defined as the most genorsl yat diffarertiable means whereby the systein
requirements are meat, discharged. or sa%isfied. Functions shall be arranged in 8 logical sequence
50 that any specified operational usage of the system can be ac d in an end-to-end path,

7. Functions sha'l be described initially in graphic form, since graphic renresentation
generally is more effective is prasenting loosely delined matesial in an gasily understoxt
mannear. Function diagremming s typicaily duae at se ety levels, starting at 2 "top leve!”
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where » very gross picture of raajor functions is dascribad, and cortinuing to decomposy major
functions o several lower levels util 8 specific critizcal end-item require ment will emerge,
€.g.. 2 piece of equipment, 50™.care, o1 an operator.

8. Detailed rarative descriptions shall be developed for each of the identified functions ang for
the overali system configuration design itself. Each function shall be identifiee and deacied in
terms of inputs (observable parameters which wili indicate system status), functionad
processing (control process end performance meas.res required 1o achisve the tur stion;,
outputs. feedback (how to determine correct dischargs of function), and interface requiraments
from the top down 50 that sublunctions are recognized as pan of larger functinnu! areas. U,
addition, the allarnatives available I "oirect functioning is losi shall be spectfied along witl
and bow alternatives can be chosen.

. Functionai cperations or activities shall minimally include:
* detecting signals
* measu.ing information
* comparing one measurement with cnother
* processing information
* acting upen decisions 10 produce 8 desired condition of resull on the system of
whvironment (e.g., system an coinponent aperation, acwation, and trips )

10. The functior, analysis shall continue over the fife cycie of dusign development.

11. Verification
* Al the functions necesaary 't ™e achisvement of operaticnal and salety pnals are
dentitied.
» All requitements of sach function are ilentfied,

Impiementatice  Plan

*. The plan shall describe the designers approa.h to Systern Functional Requirements Analysis.
The plan shall be based upon acceptes! MFE practices al the tme of its develxpmeant. The plan
shali be based upon a review and identif~ation u! current practices and Ineraturs, inciuding
those documents under Elamen: D in Table X

2. The System Finctional Maquirernents Analysis implomentation Flun shall acidress
¢ Literutura and currant practicas teview
- Describe the technical basis for ihw plan.
* List required system leve! functions
- Based on System Performance Requircments
« Craphic functinn descriptions
- 0.9, Functional Flow Block Diagrams and Time Line Diagraiis
* Qetailed funclion narrative descriptions
Describe:
- Observatle Parameters Which Will indicate Systen Status
- Contral Process and Performance Measues Requived 1o Achieve the
Function
- How 1o Delenmine Corract Discharge of Funcbon
- What Alternatives are Available it Correct Functioning is Lost and How
Allernatives Can Be Chosen
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hd N'IM'
« Define an integration of aublunctans thet ere rlosely relat«d so that they can be
realed as & unit
+ Divide wdentified subrunctions into two groups
- Common achievement is an assential sondition o7 the
accomplishment of 2 higher '“ve! function
« Allernative supporting functions to 8 higher level fu~zlion or
whose accomplishiinant is not necessurily a requisite [Or
higher leve! tunction
- dertify for each integrated sublunction:
< Logical revuirements for accorplshment (Wh accomplishment
is required)
- Control acto.n necessary for accomplisoiment
- Parametors necessary for control action
- Criteria fo. evaluating tho result of control actions
« Parameters necessary for the evalugtion
- Evaluation coiteria
- Criteria for choosing aliernatives
- identify charactenstic measurement and de'ine for each miasuremeit
important factors such as Load, Accuracy, Time lactors, Complexity
of wction logic, Types and complexities of decision making, mpacts rasv'ting
from the loss ol function and associated time factors
+ Vurificat.on
« Dascribe the approach 1o system function verification

Analyxais. Hasulls Report
At 8 minimum, the report shall address the following:
. Mo'.‘
* Description ef the Methods
¢+ identification of any deviations frorn the implemeniation plan
* Results and Discussion
+ Conclusions
+ Recommendauons/implications for HS! Design

HEE Design Team Evalugtion Raport

Al a minimum, the report shall address the ilowing.
* The review mathodalogy and procedures
* Compliance with implemerntation Plan Procedures
* Review findings
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ITAAC/DAC
e Elemeit F . Aliocation of Function

-

DESIGN TOMRITMENY:

The HFE crganizetion eh:Y insura that aliocation takes advantage of human strengths ard avoids
uliocaiing ‘unstions whici: wouid be impacted by human limtations. To 2ssure that the slicestion
of tunctic.y is conductsd ernording 10 accepted m'E rinciples, & stuctured & d well-docurrertes
nethocology of aflocating functions 72 persunne! system elen ents, and personnel-system
compinations shall be developed ana daiar'ed in » 4"k -ssue: Trackinn Plan. The plan shall be
tased upon accepted HFE nracticus at the Ume of & development.

INSPECTION/TEST/ANALYSIS:
* An Allocation of Function 'mplementation Plan <hai be developed 1o avsurs that the analysis is
conducled according to accepted HTE prinipics

* An analysis of Aliocation of Functicn shall he sonaucted in 2 cordance with the plan and the
findings will De docu rerted in an Ana'ysiy Resul's Report,

* The analyses stall be reviewed by the HFE Design Team anc shall be documanted in an
Cvaluation Repont.

* The Allocation of Function implureniation Pian, Analysis Results Fuport, and MFE Design
Taam Evaluction Report shall be submitted 10 the NOIC for reviw wivd approval.

DEF'GN ACCEPTAMCE CRITeRIA:

Qenersl. Crlteris
1 The unalysis shall meet 2!l 10CFR regulatory requiiaments as specified under Eleme. F i

Table Y,

2. nll aspects of sysiem and functions defiiition must be analyzed in 18:m+ o rasuitng human
perior.ance requirements baswd or the sxpected user populetion.

3. The aliccution of functions 1o perso..nel, sysiem slaments, and persor J-sysem
combinations shall be made reflact (1) eansitivity, precision, time, and sufety requiraments,
{2} 'equirad roliability of system performance, anc' {4) the number and level of sxills of
personne reguired 0 operate and maintain thy sysiem.

4. The allocation rriteria, rational, analyses, and procedires shal be thoroughy dooume nted.

5. As altemative allocation concepts are developad. analyses and trade studies shall be ~ondicted
1 delerming optimum configurationt of parsonnal- and system- performeid funclions Analyses
should comirm thut the psisonns! elemanis can properly parform tasks allocated 1o tham a~d
assure appropriale operator situalion awareness, workload, and vigilance. Praposed finction
assignment shall lake the (naximum adverlage of the capabiliies of human and machine without
mposin untaverable requirements on gither.

€. Functiors shall be re-aliocaied i an ityrative mannai, in response to Jeveloping design
specifics and the outcomes of on-going analyses and rade studies.
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7. Function assignment shall be evaluated.

lan
1. The plan shal! descris the designer's approach 1o Allocation of Function. The plan shall be
based upon sccepled HFE practices at the time of its development. The plan shall be based upon a
review and identification of current practices and lerature, including those dcouments under
Element F in Tabile X.

2. The Aliocation of Function Implementation Plan shall address:
* Lllerature and current praclices review

« Establishment of a structured basis for function allocation

* Allernative systems analysas
- Specification of criteria for selection

* Trace studes
- Define objectives and requirements
< ldenti’y alternatives
- Fuormuate selention criteria
« Weight oriteila
< Prepare utity functions
- Evalua@ alleratives
- Perform Sensitivity Check
- Salect Preterred Allarnatives

v [(terative allocation
« The Hasis of iterative allocaton shall be defined,

« Evaluation of funstivn assignmant
« The plan shall describe the tesis and analyses that wil! be performed 1o
evaluate the tunciar aliocation

Anclysls Results Repeat
At a minimum, the report shall uddress the following:
¢ Objectives
« Description of the Methods
+ Identification of any deviations from the imalsmentation plan
« Results and Discuasion
» Cunciusions
* Flece. nmendutions/implications for HSI Dasign

BIE Design Team Evaluation fasert

Al @ minimurm, the repornt shall address the foliowing:
« Th- review tnethodology and procedures
« wompliance with Implementation Plan Procedures
» Review ‘indings

U.att HFE ITAAC/DAC (March 19, 1982) Page 28



ITAAC/DAC
Element G - Task Analysis

DESIGN COMMITMENT:

Task analysis shall provide the systematic study of the behavicral requirements ol the
tazks the personnel subsystem is required to perform in order 1o achieve the functions allccated
1o theri. The task analysis shall:

* provide one of the bases for making design deci.ions; &.g., Celermining bafore hardware
fabrication, 1o the exien! practicable, whether systam performance
requirements can be net by combinations of anticipated aqu.prnent, software, and
pecsonne’,

* assure that human performance requir-ments do not exceed human capabilities,

* be used as basic information for deveinring procedures,

* be used as basic informadon for developing ma.ning, skill, training, and
crmmunication requiraments of the system, and

¢ form the basis for specifying the requirements for the displays, data processing and
controls needed 1o carry cut tasks,

INSPECTION/TEST/ANALYS!S:
* & Task Analysis Implementation Plan shall be developed 1o assure that the analysis is
conducted according to accepted HFE principles.

* An analysis of tasks shall be conducied iIn accordance with the plan and the findings will be
documented in an Analysis Resulis Raport.

* The analyses shallbe reviewed by the HFE Design Team and shall be documented in an
Evaluation Report.

* The Task Analysis Implementation Plan, Analysis Results Report, ana HFE Design Team
Evalvation Report shall be submitted to the NRC for “eview and approval.

DESIGN ACCEPTANCE CRITERIA:

General Criterla

1. The analysis shall meet ail 10CFR regulatory requirements as specified under Element G in
Table Y.

2. The svope of the task analysis shall include all operations, maintenance, test and inspection
tasks. The analyses shall be directed to the fuil range of plant cperating modes, inciuding stan-
up, normal operations, abnormal operations, ransient conditions, low power and shutdown
conditions. The analyses rhall inciude tasks performad in the control room as well as outside of
the control room.

3. A task shall be a group of activities that have & common purpbose, often occur in temporal
proximity, and which utilize the same displays and contols.

4. . The analysis shall fink the identified and descrived tasks in operational sequeance diagrams.
A review of the descriptions and operational sequence diagrams shall reveal which tasks can be
considered “critical” in terms of importance for fur-tion achiavement, potential for human
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error, impac. of task failure, etc. Where critical functions are automated, the analyses shall
consider all human tasks including monitoring of an automated safety system and back-up
actions if it fails.

5 Task analysis shall begin on a gross level and involve the development of detailed narrative
descriptions of what personne! must do. Task analyses shall be defined the naiure of the input,
process, and output required by and of personng!  Detailed task descriptions shall address (as
appropriate):
* Information Requireaments
-Information requited, inciuding cues for task initiation
-Information available
» Dacision-Making Requirements
-Description of the decisions 10 be made (relative, absolute, probabi. stic)
- Evaluations to be performed
-Decisions that are probable based on the evaluation (opportur ities for cogniive
errots, such as capture error, will be identified and curefully analyzen)
» Response Requirements
~Action 1o be taken
+ Overlup of task requirements (serial vs. parallsl task elements)
-Frequency
-SpeedTime line requirements
-Tolerance/accuracy
LQperational limits of personnel performance
-Operational limits of machive and software
-Body movements required by action taken
* Fewtback Requitements
-Feedback required 1o indicate adequacy of actions taken
¢ Workivad
- Cognitive
« Physical
- Estimation of difficuity leve!
* Task Support Requirements
- Speciziprotective clothing
- Job aids or reference materials required
~Tools and equipment required
- Computer processing suppon aids
» Workplace Factors
“Workspace #rwglope required by sction taken
Workspace conditions
-Location and conditicn of the work
-Environment/habitability
+ Saffing and Communication Renuirements
-number of parsonnel, their technical specially, and specific sills
- Lommunications required, including type
-Personnel interaction when more than one person is involved
* Hazard ldentfication
-ldentification of Mazards involvad

6. The task analysis shall be iterative and become progressively more detailed over the design
cycle. Tne task analys. shall be detailed snough to iklentity information and controi
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requirements 1o enable specification of detailed requirements for alarms, disglays, data
processing, and contols for human task accomplishment.

7. The task analysis shall be used to specity the procedures for opsrations (normal, abnormal,
and emergency), test, maintenance and inspection.

8. The task analysis results shall provice input to the personnel training programs.

8. The task analysis shall utilize the results of the precertfication analyses as contained ir the
SSAR, GE design liles, and in the system analyses utilized fo detive the Inventory.

Implementation Plan

1. The plan shall describe the designer's approach to task analysis. The plan shall be based
upon accepted MFE practices at the time of its development. The pian shall be based upon a
review and identification of current practices and literature, including those documents under
Eiement G in Table X.

2. The Task Analysis Implementation Plan shall address.
* Literature and current practices review
* General methods and data sources
» Gross task analysis
- Convent Funcuions to Tasks
‘Develop Narrative Task Descriptons
- General statement of task functions
-~ Detailad task descriptions
- Broakdown of tasks 1o individua! activites
-Develop Operational Sequene Diagrams
» Critical task analysis
-Identitication of Critical Tasks
‘Detailed Task Descriptions
* Information and control requirements
* initial alarm, display, processing, and control requirements analysis
- Develop & task-based I&C inventory
* Application of task analysis results o procedure development
* Application of task analysis results to training development
* Evaluation of task snalysis
« The pian shal! describe the methods that will be used to ovaluste the results of
the tash analysis.

Analysle FHesulls Feport
At & minimum, the report shell address v.e foliowing:

¢ Dbjectives

* Description of the Methods

* identification of any deviations from the implementatior, plan
* Aesults and Discussion

* Conclusions

* Recommendationsdmplicatiors for HS! Design
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Al a minimum, the report shal' address the following:
* The review methadology and procedures
¢+ Compliance with iImplementation Plan Procedures
* Review findings
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ITAAC/DAC
Element H - Human-System interface Design

DESIGN COMMITMENT:

Human engineering principles end criteria shall be applied along with ail other design
requirements to identify, select, and design the particular equipment to be
operated’'maintained/controlled by plant personnel.

INSPECTION/TEST/ANALYSIS:
* A Human-System Interface Design Implementation Plan shall be developed to assure that the
analysis is conducted according to accepled HFE principles.

* An analysis of Human-System Interfac - Design shall be conducted in accorgance with the plan
and the findings will be documented in | Analysis Results Report.

* The analyses shal!l be reviewed by the HFE Design Team and shali be docurnented in an
Evaluation Report.

* The Human-System Interface Design Implementation Plan, Analysis Results Report, and HFE
Design Team Eve'uation Report shall be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:

1. The anawysis shall meet all 100FR reyulatory reQuirements as specified under Element H in
Table Y.

2. The design configuration shall satisty the functional and technical design requirements and
insure that the MSI will meet the appropriaie MFE guidance and criteria.

3. The HFE effort shall be applied to HSI both inside and outside of the control room (local HSI).

4. HSI design shall utilize the results of the task analyeis and the 14C inventory to assure the
adequacy of the HSI,

5. The HSI and working environment shell be adequate for the human parformance requirements
I* supports. The HS! shall be c. sable of supporting critical operations undor the worst
plausible environmental conditions.

€. The HSI shall be free of elements which are not required for the accomplishment of any task.

7. The selection and design of HSI hardware and software approaches shali be based upon
demonsirated criteria that maximize human task performance &nd minimize errors. Criteria
can be bas«d upon test results, demonstrated experience, and trade studies of identified options.

B. HFE standards shall be employed in HS! sslection and dasign. Human engineering guidance
regarding the design particulars shall be developed to (1) insure that the human-system
intertaces are designed to currently accepied MFE guidelines and (2) insure proper
consideration of human capabilities and limitations in the veveloping system. This guidance
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shall be derived from sources such as expert judgement, design guic Mines and standards, and
quantitative (e.g.. anthropometric) anc  “tative (e.g., relative eMactiveness of differing
fypes of displays for different conditions) data. Procedu es shall be employed to ensure MS|
adherence with standards.

. HFEMSI problems shall be rescived using studies, experiments, and laboratory tests, e 9
* Mockups and models may be used to resolve access, workspace and related HFE
problems and incorporating these solutions into system design
* Dynamic simulation and HSI prototypes shall be evaluated for use 1o evaluate design
details of equipment requiring critical human performance
* The rationaie for selsction of design/evaluation tools shall be documented

10. Human factors engineering shall be applied to the design of equipment and software for
maintainability, testing and inspection

11. HSI desigr: elements shall be evaluated to assure their accepta’ ity for task performance
and HFE, criteria, standards, ard guidelines.

12. The HS! design shall incorporaie the key HS/ slements as defined in the SSAR and FSER
* Include Yist and description of key features
* include valve position indication position

13. The HSI design shall incorporate the I&C inventory as dofined in the SSAR,
* includle summary table of invento.y items

lmpiementation Plgn

1. The plan shall describe the designer's approach 1o Human-System Intetface Design. The plan
shall be based upon accepted HFE practices at the time of its development. The plan shall be
basad upon a review end identification of current practices and literature, including those
documants under Element M in Table X.

2. The Human-System Interface Design Implementatior: Plan shall address:
* lterature and current praclices review
* 'AC requirements analysis ard design
- Compare Task Reguirements to I&C Availability
- Modifications to 1&C Inventary
* General MS! approach selection
- Trade Studies
- Analyses
* The criteria to be used o mest General Criterion # 7, described above
« HFE design guidance developmant and docurmentation
* HS! detailed design and evaluations
- Use of design/evaluation tcols such as prototypes shall be specifically
identified and rationale for selection

Analysis. Resuile Report
Al 3 minimum, the report shall address the following:
* Objectves
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« Description o! the Muthods

* identification of any deviations from the implamentation plan
* Results and Discussion

+ Conclusions

* Recommaendations/Implcations tor HS! Design

HEE Deslgn Tvam. Evaluation Heport

Al a minimum, the report shall address the lollowing:
¢« The review methodalogy wnd procedures
+ Compliance with Implementation Plan Procedures
* Review findings
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ITAAC/DAC
Element | « Plant and Emergency Opersting Procedure Development

** Under construction «gnore this DAC for now - Procesd to Element J **
DESIGN COMMITMENT:

T assul ) thal procedures reflect ancopted MFE principles, & Plant ar Emergency Operating
Procedure Development Plan shall be developed. he plan shall be based upon nccepled HFE
prachices at the time of its development.

INSPECTION/TESY/ANALYS!3: |
¢ A 77 Implamentation Plan shall be developed 1o assure thal the analysis is conducted |
according 1o 8c ipted HFE principles.

* An analysis of 77 shall be conducied in sccordance with the plan and the hndings wil te
decumentad in an Analysis Fesults Repont.

* The analyses shall be ravewoed by the HFE Design Team and shall be documented in an
Evaluation Repon.

* The 77 Implemartetion Plan, Analysis Results Report, and HFE Design Team Evuluatior Repor
shal be aubromad 2 the NAC lor roview and approval

DES!IGN ACCEPTANCE CRIYERIA:

General . Critecis
1. The tasc analysis sha'l be used 1o specity the procedures for opetations (normal, abnormal,

W ernergency), tesl, maintenance and inspection,

Implementation  Plan
1. The analysis shall meet all 1OCFR regulatory requirements as specitied uncer Elerment | in

Table .

1. The plan shall describe the designor's epproach 1o . The plan shall be based upon accepted
HFE practices at the time of its development. The plan shall be based upen o review and
wentification of current practices and lite"atury, including those documents under Eleraent | i
Table X.

2. The 7/ hrplementation Pian sha!l address:

Ane.ysle Besults_Report
Al & minimum, the report shall address the loilowing:
* Objectives
» Description of the Methoris
« identification ol any deviations from the implementation plen
* Qesults une Discussion
» Conclusiong
* Recommendationg/implications for HS! Design
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HEE Dealgn Twam. gyvaliation Bepert

Al & minimum, the teport shall address the following:
* The review methodoiogy and procedures
* Compliance with !mplementation Plan Procedures
* Review findings
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ITAAC/DAC
Elemant J . Humar Faclors Verification and Valldation

DESIGN COMMITMEN'

The successiul incorporation of human factors engineering into the final MSI design process and
the acceptabiiity of the resulting HSI shall be thorcughly evaluate~ as an Wtegrated system
using HFE evaluation procedures, guidelines, standards, and principles.

INSPECTION/TEST/ANALYSIS:
* A Muman Factors Verificatior and Validation implementation Plun shall be developed 1o assure
tha' the analysis is conducted according 1o accepted HFE principles.

* An analysis of Muman Factors Verification and Validation shall be conducted in accordance with
the slan and the findings will be documented in an 2 nalysis Results Report.

* The analyses shall be reviewed by the HFE Design Team and shall be documented in an
Evaluation Report.

* The Human Factors Verification and Validation implementation Pian, Analysis Results Hepon,
and WFE Design Team Evaluation Report shall be subimitted to the MG for review and approval

VESIGN ACCEPTANCE CRITERIA:

1. The analysis shall meet all 10CFR regulatory fequiremenis as specified under Eloment . in
Table Y.

2. The evaluation shall varity that the performarce of the MSI, when all elements are fully
intograted into & systern, meets (1) all MFE design goals s established in the program plan; and
{2) ali systam functionsl requiremants and properly support human operations, maintenance,
lesl, and inspection task sccomplahment.

9. The evaluation shall address et & minimum:
* Human-Hardware interfaces
¢ Human-software inlarfaces
+ Procodures
* Waorkglation and consols configurations
* Control room design
* Local conl.ol station design
+ Design of the overall work environment

4. Individual HSI elements shall be evalualed in & statc and/or “part-task® mode 1o assure that
all approptiate controls, displays, end data processing that sre required are available and tha!
they are designed according to generally ¢-.sepled MFE guideines, standards, and principles.

5. The integration of MSI elements with eech other and with personnel shall be evaluated and
validated thiough dynamic task performance evaluation using evaluation tools which are
appropriate to the accomplishment of this objective. It is expected that a fully functional HS!
prototype and plant simulator shall be used as pant of these evaluations |f an alternative is
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proposed its acceplability shall be documented in the impiementation plan cnd approved by the
staff in advance of testag. Tha evaluations shan have as their minimum objectives:

* Adequacy of entire ! iSI contiguraton for achievement of safet, Qouls

« Corfirn: allocation f function and the st'uctuie of tasks assigned to personnel

* Adequacy of staffing and the MSi to support stat! & sccomplish their tasks.

* Adeyuacy of Proceaures

* Clfirm the adequacy of the dynamic aspects o! a! interfaces lor task sccomplishment

* Eveluation and demonstration of e*ror tolerance 1o hun.an and system fallures

6. Dynamic wvaluations shall evaluate HS| _nder a broad range of operational condivons and
upse',, including &t @ miimum:
* Notnval plant evolutions (e 9., e'art-up, fui power, and shutdown operations)
* Instrument Failures (0.9, Salety System Logic & Control (SSLC)Unit, Fault Tolerant
Controlier (NSSS), Local *Field Unit® for MUX system, MUX Controlier (BOP),
Sreak in MUX line)
* HS! equipment and processing failure (e.g., luss of VODUs, loss of date processing, loss
of large overview Jisplay)
* Transients (0.9., Tu:oine Trip, Loss nf OMsite Power, Station Blackout, Loss of all FW,
Luss of Service Wator, Loss of power to selected buses/CH power supplies , and
SAV transients)
* Accidents (e.9 ., Main steam line break, Positive Roactivity Additon, Contro! Rod
insertion at pows:, Conirol Rod Ejectiun, ATWS, and various-sized OCAs)

7. Performance measures for dynamic evaluations shall be adequate 10 tast the ach evamen' off
all cbjectives, design goals, and parformance requirements and shall include &t a minimurn:

* System perfermance me.asures ri'evant 1o safety

¢+ Crew Primary Task Performance (e.g., task times, procedure violations)

*Crew Enors

* Sitvation Awareness

*» Workioad

* Lrew communications and coordination

* Anthropometry evaluations

* Physical positioning and interactions

8. A verification shall be mada thet all issues documented in the Numan Eaciors losue Tracki~g
System have by adequate’y acdressed.

9. Avuﬁc.ﬁonmummmunmhummocﬁm.udoﬁmdbylhoHRAhawbo
adequately supported in the design. The cesign of tests and evaluations to be perforined as part of
HFE VAV activities shali spacifically examine these sations.

implameniation  Plan '
1. The plan shall describe the designer v approach 1o Human Factors Verification and Validation.
Tre plan shall be based upon acoupted HFE practices at the time of its development. The plan
shal b2 based upon a review and identification of current practices and literature, ncluding
those documents under Element | in Table X.

2. The Human Fac.ors Verificauon and Validation Implementation Plan shall address:
« HS! elemen! evalustion
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« Control, Nata Processiny, Display audit
« Comparison ol .1S] element design 1o HFE guidelines, rtandards, and
principles
* Dynamic performance evaluation of fully integrated MS!
« Seneral Objectives
+ Test methodoingy and procedures
+ Tost participants (nperators to participate in the tes! piogram)
+ Test Conditions
< MSI descriplion
- Perlormence measures
- Data enawysis
« Criteria for evaluation of rosults
< Utilizauon of evaluations
* Documentaton requirements
- Test & Evaluation Plans and Procedures
+ Tast Reports

Analysis. _Besuils_Baport
Al a minimum, the repont sha!' audress the following:
* Objeci es
* Desuription of the Meti.ods
¢+ lwentificaton of any deviations from the i nlumentation plan
* Rosults and Discuss. .
» Conclusions
* Recommandcations/Implications for HSI Design

HEE Design Team_ £valuaiion Hegert

Al 8 minimum, the “Iport shall sddress the following:
* The review methodoiogy and procedures
* Corpliance with Implmentation Plan Procedures
* Review findings
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Table ¥

Human Factore Requirements In 10 CFR

10 cmni'eﬁ‘"‘

HFE
ELEMENTS
o 2Q. Slangads 1o Prowestion Agaunsl Radiaten
203 - Cautio wions, labels, s:gnals, and controis 18
0.207 « Blorage and conirol of licensed malerials In unrestricled areas BE
Al S0 Domestc | icanaing ol Productan and Milzaten Facilies
M)« Addivong! TMicrelated Requirements. Consider all sections bul
articylarly;
(1)) « Site specitic "RA 0
(1)tv) « HPCUVRCIC initmtion levels BEFG
(1)(vl) «+ Reduction of challenges ‘c relie! valves BEGHI
(1)vit) « Elimination of manusl sctivetion of ADL B.EFGHI
{(1)vil} « Automation issuer of ECCS restant BEFGMI
(D « Dapressutization methods BEFGMI
(1)) + Mydrogen control sysisins BEFGM.I
(@)(1) - Control roem aimulator B.%J
(2)(H) « Improved plant procedures I
(2)(W) « Contrnl room design that reflects state-ol-the-art human factors A
princinles
(2)lv) - SPDS BEFGMI
2)lv) -« 'ndication nf byrassed & Inoperable sysiems BEFGMI
(2)(vi) « Vent spsterns in the control room B.EF.GMI
(2)(xl) « \ndication o reis! valves in control room G.6M
(@)wvi} « ECCS & RPS actumtion = cies B.EFGHI
(2)(xvil) 10 (xix) « post acoident instrumentslien in coriol B.EGMH.I
r“m (2)(xxi) « Moat remeval wysiern controls BEFGHI
(2)(xxiv) - Joactor vossel lavel I~strumentation BGH
(@)xxv) « TSC, QSC, and EOF ABEGMH,I
{(2)(xxvi) « Racation monitoring BEF G
() xxviil) « Control room radiation protection w.E,
(3M1)  « Incorporation o operating, design And consiruction expenence AR
(3)vi)) « Management controls duri: design and construction ACJ
3da - Design objectivas for equipment to control reisases of radicacive BEF
{in & lyenty
A4(l) « Migh point vants in RCS, coerable from controi room BEFGM,I
0.47 « Emargency planniny, including procedures, faciliies, eic BEGM,I
48 - Fin Prolection, relerences Appandix R and includes sele rv. ~tor BEFGHI
hutdown (squitements oulside the main control roon:
N.64 « Conditions ol licenses, contuing control room stathing requiremen. . BEFG
0.558 - Codes und s andards - establishics inservice inspection and testing B.EGM.I
squirements, which should be considersd when desijning outside contiol room
i t and interfaces
62 « ATWS requraments, includes system specifications such as BT FGHKI
Soum relablity and sutemiation
63 - Loss of all alternating curren! powst, (sguires analyses, squidmant and BEFGHI

oceduing
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hroughou' the GDC thers are inspecton end testnn requirements apecitivd for
@ Vanous rystems. These must ba consicered wie. designing the M8
hroughoy! the plant, Some aJded specilic ariteria, as loliows are also .mportant
2. Suprresiion of sactor nower oscillstions - They mus! be readily delected
&nd suppresse”
t4 Instrume tation and contrel - Spacifies IAC for variablet and systems
8. Control Finom - Snecifies both » normal and remote conteol room
6. and 7. Reactn'ty coutrol « Requires reliable control of reactvity changos
F‘ Moniioring radioaclivity releises - Establishus mnonioring requitements

BEFGMI

BUGHI
AE
BEFG M
BE.G,I

ndix B - Quality Assurancy Criera - Esiablishes design contryl and other
nent QA requirements

Al

ix € - Emergency Pianning - Establishas mar, pertinent CP require ments
or faciliies, procegures, etc

ABE

ppendix | « ALARA Guides - Provides guidance for Trdianon dose reduction,
hieh s particulatly pertinent 10 the design stage ~f a NPP

ABFAOMIY

ndx J « Prinary seciminment lenkage *o'e testing - This seciion s also
finent 1v the design slage oulsioe the control room. Existing provisions for
RT in NPPs cons der human ‘actors enly marginally.
L

BEGHI

art 52 « Early sie permits, stancery design certficationy, and combined
icenses for nuclesr powsr plarts.

his part sslablishes the requirernents for advenced reactors and is particulariy
elevant,

41 55 « Operators’ hcanses - Subpart E - Weitten examinations snd tests -
iscusses source ol inlormation for required operat:r knowledge, & ills any
bilities.

art 73 Physical protection ¢ plants snd materias - Delais prote ton snd

ecurity requiremaents, which in exi~#np plants have caused snificent
tational conflicts.  These must be carefully considertd 8t the ‘esign stage

or & humar engineerng standpoint 10 avoid repetition of these protiems

.

ABE.GHI

e
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DEFENSE-IN-DEPTH AND DIVERSITY
ASSESSMENT OF THE ABWR
INSTRUMENTATION AND CONTROL SYSTEMS

* POTENTIAL COMMON MODE FAILURES/VULNERABILITIES

* REVIEW BASED UPON NUREG-(0493
"A DEFENSE-IN-DEPTH AND DIVERSITY ASSESSMENT OF
THE RESAR-414 INTEGRATED PROTECTION SYSTEM" (1979)

¢ LLNL STUDY OF THE ABWR SSAR AND ADDITIONAL
INFORMATICON FROVIDED BY GE

o LLNL STUDY EVALUATED ALL CHAPTER 15 EVENTS

° TWO EVINTS SELECTED AS PILOT TASES

e GENERATOR LOAD REJECTION WITH NORMAL BYPASS

e STEAM SYSTEM PIPING BREAK OUTSIDE CONTATINMENT

¢ SYSTEMS ASSUMPTIONS HAVE BEEN REVIEWED BY
LLNL/SICB/RSB/PSB AND GE

e ASSUMPTIONS OF ANTICIPATLD OPERATOR ACTTIONS HAVE
gngggg BEEN REVIEWED BY OPERATIONS OK HUMAN
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ABWR DESIGN CERTIFICATION
ATAAC - GE VIEW OF STAIYS

0 SYSTEN ITAAC SCOre,
PILOTS

« GE IN PRODICTINY

0 GLNERIC ITAAC

FORM AND CONTENY ESTABLISMED via

MOVE

= GE POSITION ON THE TABLE

= GE PROPOSALS ON
(SSLC LATER)

« NO GE/NRC AGREEM

0 DAC ACTIVITIES

EQ, SETPOINTS, SOFTWARE REFORE NRC

ENT ON TOTAL LIST

= PIPING, RAUTATION PROTECTION MOVING TOWARD
RESOLUTION (NO MAJOR DIFFERENCES)

~ W'E STALLED

0 ON CURRENT SCHENULE,
SUSMITTED BY §/31/92

ALL GE TIER 1 PROPOSALS TO BE
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ABWR DESIGN CERTIFICATION

ITAAC'S - QTHER ISSUES MEEDING DISCUSSION

ROCUMENTATION STRUCTURE

n PPOLEEUING PER STAGE 2 OUTLINE
« 5 SECTION REPORT COVERING ALL YTAAC-RELATED ISSUES
« FULL SET U7 TIER 1 MATERIAL (GE PROPOSAL)

= HEAVY TNVESTMENT IN THIS FORMAT; STRUCTURAL
CHANGES WTLL BECOME TINCREASINGLY BURDEMSOME

@ NRC REVIEW/CONCURRENCE REQUESTED

POADMARY

0 SAMPLE IN STAGC 2 SUBMITTAL
(CHAFTER 6/CHAPTER 15 ANALYSIS VERIFICATION)

0 GE HOLDING ON OTHERS PENDING MRC COMMENTS ON SAMPLE

AJJ
3/25/92



IHIIREALLIIMLLEER_BAB_LJH

0 ULTIMATE HEAT $SINK

@ GRID CHARACTERISTICS

0 HANOLE BY EXISTING SYSTEM, GENERIC STRUCTURE

0 NO SPECIAL ITAAC CATEGORY



ABWR_DESIGN CERTIFICATION

ITAAC'S - QTHER ISSUFS WEEDING DISCUSSION
GENERIC ITAAC/DAC LIST
CANDIDATE GE_VIEW

SEISMIC CATEGORY 1 STRUCTURES

ECJIPMENT QUALIFICATION
INSTRUMENT SETPOINTS
SOF TWARE

SSLC

MUX (EMS AND NEMS)
HFE

RADIZTION PROTECTION
PIPING

FLOODING

MISSTLES

FIRE PROTECTION

PIPE BREAKS

WELDING, REBAR, CABLE
TRAYS, ETC.

PER BUILDING ITAAC
GENERIC ITAAC
GENERIC ITAAC
GENERIC ITAAC
GENERIC ITAAC
SYSTEN ITRAC
DAC

DAC

DAC

COVER AS
REQUIRED

IN

SYSTEMS

NO TIRR I
TREATMENT

AdJ
3/25/92
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ABWR DESIGN CERTIFICATION

STATUS OF STAGE 2

DRAFT SENT INFORMALLY TO NRC 3/20/92. MISSING ONLY:

= REACTOR BYILDING
- SOME FIGURES

CURRENT PLAN IS TO SUBMIT COMPLEYE OM SCHEDULE 3/31/92

= FORMAL DOCKET SUBMITTAL

GE ANTICIPATED FORMAL NPC COMMENTS (DATE?)



| X

AFWR_DESIGN CERTIFICATION
PROPOSED XTAAC SUBMITTAL JCHEDULE

AUMMARY QOF CONTENTS

g PILOTS
SAMPLE GENERIC
OAMPLE DAC

GENERAL DESCRIPTION
38 SYSTEMS (TOVAL)
3 GENERIC ITAAC

3 NaC

1 INTERFACE ITAAC

1 ROADHAP

COMPLETE TIER 1 SET

SUBMIT
-RATE

COMPLETED
1/17/92

3/31/92

5/31/92

Al)
3/28/92



PO imAse sce G0YE

| I

30  Generic ITAAC L o
31 Equipmen: Qualificanon (EQ) ViV
2  Instrument Setpoint Methodology v 1V L |
,3 J!n D'ﬁ"h v v 1 4 |
4.0 3# c}m Criterie v |V |3 |
4.1  Software Nevelopment ‘ v vV b
42 Man-Macnine Interface Systems (MMIS) Design Team DAC ITMC @
43  Radiavon Protecuun DAC ITAAC | v W ] %
5.0 Interface ITAAC
VI V] &

51  Ulumate Heat Sink

@) sTALLED, | |




ABWR DESIGN CERTIFICATION

SYSTEM TIER 1 MATERIAL
RD_ENTRISS ITAAC ENTRIES

STAGE 2 A 39
STAGE 3 65 46
(ADDITIONAL ITEMS)

TOTAL TO BE SUBMITTED 105 85

AS SEPARATE ENTRIES

COVERED ELSEWHERE 17 17
TOTAL SYSYEM LIST RS | | R——

NOT ADDRESSED AT ALL 17 37

AJJ
3/25/92
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] Foundauvon Work
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Elevator
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Fire Protection Swem
Floor Leakage Dewecnon System
Vacuum Sweep Svsiem
Decontaminaton System
Reactor Building
Turbine Building
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15 Raawaste Building
| service Building

Yard Swructures and Equipment
Stack
Qil Swrage and Transfer Systems
Site Securin




212

2.1%

Station Auxihiary

211

211¢%
2118
24
21(5
2114

-~
C

Makeup Water Svsiem (Punfied)
Makeup Water svstem (Condensate)
Reactor Building Cooling Water Svstem
Turbine Building Cooling Water Sistem
HVAC Normal Cooling Water Svstem
HAVAC Emergency Cooling Water Svstern
Ox.gen Injection Svstem

!
l
11
i
2118 Ulumate Heat Sink
2119 Reacior Service Water Svitem
21110 Tu'biie Serace Water Svstem
P1LIE S won Servace Air Svstem
21012 Instrumen: Aur Svstem
21118 High Pressure Nitorg:n Gas Supply Symiem
21014 Heaung Steam and Condensate Water Return Svstem
21113 House Boiler
21116 Hot Water Heatng System
210117 HMvdrogen Water Chernisiry System
21118 Zinc Injection System
2119 Breadhing Air Svstem
21120  /This section not used)
21120 Process Sampling System
21122 Freeze Protection Sysiem
41123 lron lon Injecton System
Scauon Electrical
2121 Jlectrical Power Distribution System
2,92 Unit Auxiliary Transforrer
2128  lsolated Phase Buy
2124 Nonsegregated Phase Bus
2125  Meuwl Clad Switchgea
2116  Power Center
2127 Motor Control Cenwer
2.8 Racewsy Sysiem
2129  Grounding Wire
21210  Electrical Wiring Penetrauna
212101  Combusuon Turbine Generator
232.'%  Direct Current Power
wl¥ 1 Emergency Diesel Ganerator System
212.4 wet ATD i
21215 Vil A C. Power Supply
212.1¢  Instrument and Control Power Supoly
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PO 1TARL STACE ‘t'i‘(g

2511 Plant Startup Test Equipment | ., - . y
2512  Inservice Inspection Equipment | - 3 -

26  Reactor Auxilian
261 Reactor Water Cleavup Svsiem Vv Vv r A
262 Fuel Pool Cooling and Cleanup Svstem v . “ -
268 Suppression Pool Cleanup Svstem v " "

27 Conirol Panels ’
271 Muin Control Room Panel Ve -
272 Radioactive Waste Control Panel L - - - 2.9,
278 Local Control Panels | g - E -
274 Instrument Racks V/ - 2 -
275 Muluplexing Svstem BRIV S o
276 Local Control Box | v - 8 -

28  Nuclear Fuel | ;
281 Nuclear Fuel ' v - "
282 Fuel Channel |V g -
283 Control Rod ! v v |2 -

29  Radioactve Waste ' : :
291 Radwaste System ’ ' j

210  Power Cycle ‘
2101 Turbine Main Steam Systern v v 2 _’ -
2102  Condensate Feedwater and Condensate vi r v [ 2 | -
2108  Heater Drain and Vent System - R R
2104  Condensate Purification System IV T &% -
2105  Condensate Filiter Faciliry l - 2= zu0
2106  Condensate Demineralizer | ] e W10
210.7  Main Turbine s ivilie =
2108  Turbine Contrei System | o | - ‘ -l
2109  Turbine Clan s Steam System | v (V| 2 -
21010  Turbine Lubvicating Oil System S PR (ST
21011 Moisture Separator Heater - e = =
21012 Extraction 5)stem il B at C- I
21018  Turbine Byp s Jystem v L < -
210.14  Reactor Feeowater Pump Driver - | e |- RO
21015  Turbine Auxiiiary Steam System - | - | - -
21016 Generator - | o= = 20"
21017 Hydrogen Gas Cooling System 8] T (=T
210.18 Generator Cooling System o e e
21019  Generator Sealing Oil System R [FRVIRE SR
21020 Exciter o w | o
21021 Main Condenser vViv | & =
21022  Ofi<Gas Sysiem v [V =
2.10.28 Circulating Water Systen Y IV 1L -
21024 Condenser Cleanup Faciiy; - = e -

———— e e
.
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ABWR DESIGN CERYIFICATION
ITAAC/DAC STATUS

OVERVIEW OF TOTAL TIER 1 SCOP¢

PROPOSED SUBMITTAL SCHEDULE

STAGE 2
STAGE 3

STATUS OF STAGE 2

OTHER ISSUES NEEDING DYSCUSSION

Enclosurns 16



HZCLASSIFICATION OF DSER INTERFACT ITEMS

ITEN INTERFACE SSap BSER

M, SUBJELT RECLASSIFICATION SECTION SLCTION
Advanced Techneliogy Aspects of the ACWR HF /DAC i9.3.7.2.8
GESSAR 11 PRA in the Plant-Specific ASWR PRA HF /DAC i8.3.7.2.10
Site-Specific Design Verifization for
"External”™ fvents oL i 4.1
internal Fleods Unreso!ved 19.4.1
Seismic (apacities for Components and i9.4.3.3.1
Structures COL JTTARL 19.4.3.3.3
Potential feor Seismic-Induced Soil Failures oL 19.4.3.3.2
Walkdown of the Final Ceastructed Plamt Piping /DAL 1 TARC i9.4.3.3.2

: Deterministic and Probabilistic Site-

Specific Response Spectira oL 1943.3.2
Seisaic Capacities Assigned 1o Active
flectrical fguipment COL/ITARC 19.4. 3.2
Systes Reliability Regquirements and Risk
Sigaificant . sumptions Interface issue 19.3.5
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RECLASSIFICATION OF DSER INTERFACE IT-MS

SUBJECT

Engineered Safety Feature Ve ‘ilation
Sysiem Design

Essential Electrical Fgquipment HVAC
Honitering and Electrical Comirels

Assurance of Proper Function of
Standby Gas Treatment System

Ensuro Mo Health Hazards “rosm
Noncembustibie Liguid Insulator
Transformers

Provide Fire-Reiated Administrative
Controls

Diesel Generator Maintenance and Training

Plant-Specific leak-Before-Break
Analysis

Precedures to Avoid Steam Hammer and
Relief valve Discharge Lcads

Main Steam Isclatior Vilve Protection
frem Postulated Pipe Failures

Procedure to Sxiih Over te Aux‘liary
Steam

Provide iicuid [fflvent Source Terms
{Admin Controls)

Provide for Q& of Liquid Radwaste Sys.

BECLASSIFICAT 0N

INTERFACE

Deleted

Deieted

T2 E B

oL
o

3641

$.5.5

9.45.4

9.4.5.5

$.5.:.4.8

92.5.1.%
9.5.4.1

10.3

1e.3

10.3

10.4.3

i1.2.2



RECLASCIFICATION OF DSER INTERFACE §. 748

ITER INTERFACE S3aR DIER

RO, SUBJELY RECLASSIF ICATION SECTION SECTION
Submit Plans fer Preservize ixamination
of Reactor Pressurc Vesse! welds UNRES 5.2.4.3
Seomit Complete Site-Specific ISi Program CoL £.2.4.3
Docket Complete and 7 & <able PS5}
Prog. am oL 52.43
Plant-Specific 157, Pst o 5.2.4.4
Brywell Leak Rate “alcolational
Precedures ot 5.2.5
Plant-Specific Pressure-Temperature

. Informaiion i 5.3.2

Steam Isolztion Valve Testing RCIC JTAAC 5.4.8
fdentification from Inservice Imspection UNRES
of Class 2 and 3 {Tied to item 3.15) 6.6.1
Piant-Specific PSI/IS! Program Infermaticn oL €.5.2
interface Requirements for Heavy ioad
Handling fguipment oL 9.1.5
Makeup ¥ater (Purified) Interface $.7.10
Reactor Building Cooling Water Sysiem interface
Design Parameters {inciude in RSW Interface) 9.2.11

Reactor Service Water Systlem Design to
Prevent Urganic Fouling - Interface 80.2.15



RECLASSIFIC - ' . .- “SER INTERFACE ITEMS

ITeR INYERFACE SSAR DseR

HC. SUBJECT #ECLASSIF ICATION SECTION SECYION
Excavation and Backfilling for
foundation Construction ot 2.3.2 £.5.4%
Ground Water Level BSP 2.3.1 2.5.4.7
Liquefaction Potentials 8sp 2.3.1 2.5.4.8
Response of Soil and Rock to
Bynamic Loadings B5P 2.3.2 2.5.4.9
Maximum Soil Bearing Pressures ot 2.3.1 2.5.4.iC
farth Pressures oL 2.2.2 2.5.4.11
Seil Properties for Seismic Analysis
ef Beried Pipes COL/Seismic Cat § ITAAC 2.3.2 2.5.4.12
Static and Dynamic Stability of Faciiities C0L /Seismic Cat § ITAAC 2.3.2 2.%.4.13
Subsurface Insirumentatioas COL;/S=ismic Cat | 17AAC 2.3.2 2.5.4.14
Stebility of Slopes oL 2.3.2 2.5.5
Embankemencs and Dams oL 2.3.2 2.5.6
Turbine Missile Kaintenance Inspection CGL 3.545% 3.5.1.3
Seismic Instrumentation €01 /Seiswic Cat ! ITAAC 3.7.4
Structural-lntegrity Test Pregram (0L /Containment iTAAC 3.8.1%
Containment Structural Details and UNRES/Building Siructure
Other Seismic Lategory ! Structures Desion Details 3.8.4



ITen
HO.

- - -

AECLASSIFICATION OF DSER INTERFACE ITEMS

SUBJECT

Hydrologic Features Descripticn

Potential Dam Failures

ite Flooding or Blackage

Hydraulic Design of Canalc and Reservsirs
Cooling Water Suppty

Surface Water Dispersion of fmerg ncy
Operation and Shutdown Waier Supp.y

Tech. Spe. and fmergency Cperaiion and
Shutdown Water T pply

Gealogy and Seismolegy
¥ibratory Ground Motion
Surface Tauiting*®

Stability and Subsurface Maierial and
Foundstion

Site and Facilities
Field Investigatiens
iaboratory Investigaiions

Subsurface Conditions

- CONSIDER ADDING TO T2BLiE 2.01-1, SITE PARAMETERS

INTERFACE
BECLASSIFICATION

ESP

BSP

Interface

interface

interface
oL

oL
gs?
Bs?
oL

B8sP
[
ct

SSAR
SECTION  SECTION

o8]

~

m N N

NN NN

NN N NN

(5
o

L=
N NN

o

W W W W
NN N

~

L]

25E7

2.4.1
2.4.4
2.4.7
Z.4.8
2.6.11

2.4.13

26 14
2.5.1
2.5.2
2.5.3

2.5.4}
2.5.4.2
2.5.4.3
2.5.40.4
2:.5.4.5



1%.10

19.11

i%9.12

" 1%.12a

1%.13

19.14

i9.16

19.17

1¢.18

Tabla 1.9-1 (Contipued)

SUBJECT

Peedback of Operating, Design and Construction Fxpar ience

Organization and staffing to oversce design and Cunstruction

Guality Bssursnce Program

Preventicn of Core Damage

frotection frow Rxtevmal Threats

Ultisates Reat Sink Models

Ultimate Haat Sink Relicbhility

Hain Traneforser Design

Fiant Siting

Interdeacipiinary Design Reviows

Sabotage Vulnerabllity During Piant Shutdown

Impact of Security Systes on Flant Operation, Testing,
and Haintenance

Security Plan Compatibility with ALWR Requirements
Plant Security Systems Electrical Requirements

Boitinc Degradation or Pailure

INTERFACE

RECIASSIFICATION

COL

CoL,
COLJDAC
oL

oL
interface
interface

interfacs

RREE

SUB-
SECTION

19A.3.5
19A.2.7
i%R.3.1
196.3.2
18B.3.3
iIS8.3.4
i98.3.5
188.3.&
198.3.7
i%8.2.8
188.2.%

198.3.10

198.3.11
198.3.12

198.3.13



ITEM

1t.1
12.1
12.2
12.23
12.4
12.5
12.6
13.% -
13.1a
14.1

18.1

Table 1.9-1

SUBJECT

Cement Giass Solidification System
Requiatory Guide 6.10
Regulatory Guide 1.8
Cccupational Radiation Exposure
10 CFR 20 and GDC&L Compliance
Turbine Building Comp!iance
FWCU installation

Security Plan

Physical Security Interfaces
Other Testing

Main Control Room

Long-term Training lpgrade

{Cont inued)

Long-term Program of Upgrading of Frocedures

Purge System Reliability

Licensing Emergency Support Faciiity

(TSC, OSC, EOF)

In-piant Radiation Monitoring

INTERFACE

5UB-
SECTION

11.4.3.1
17.1.4.1
12.1.4.2
12.1.4.3
12.2.3.1
12.2.3.2
12.3.7
13.6.2
13.6.3
1£.2.13
18.5
1%9A.2.1
194.3.2
192.3.3

19A.2.4

295.3.5



ITEM
t’ "!

9.9
9.19
§.11
S.11a
9.11ik
9.11c
9.11d
S.1le
9.11f
%.11g
S.1ih
S.231
9.12
iv.1
iu,2

1G.3

Tablie 1.9-1 (Continved)

INTFRFACE
SUBJECT RECIAS 1t LCATION
Contaminaticn of DG Combustion Aly Intake ITAAC
Use of Communication System in mergencies CCun

Maint=nance and Testinc Procudures for Commun cation Yguipment oL

U e of Portable Hand Light in Eme gency col
VYendor-Specific Design of Die.el Cenerator Ausilliaries ITAAC
Diesel Generator Coolinag Vater Sys.em Design Flow and 1TAAC
Fire Rzting for Pene:iration Seals ITAAC
Diesel Generatoc P_juirexants ITAAC
Arplicant Fire yrotection Program coL

HVAC ¢re._sure Calculations COL

Plant Security Systeas Criteria CuL

Fire HMazards Analysis “OL/IT&AT
Fire Hazard Analysis Database (9.11.%) ITAAC
Low Pressure Turbine Risk Fract.ure Toughness SAAC
Turkine Design Overspeed ITAAC
Rad’ouiogical Analysis of TGSS Effluents COL

SuUB~-
SECTIvN
2.5.13.1
$.5.13.2
9.5.13.3
9.5.13.¢
9.5.13.5
9.5.13.6
9.5.13.7
9.5.:3.8
3.5.13.9
9.5.13.10
9.5.13.11
9.5.13.12
9 .6.2
10.2.5.1
10.2.£.2

id0.4.10.1



ITEM
EO.

5.17
a.18

s- 19

8.21

8.22

Tabie 1.%-1 {(Continued)

SUBJECT
Mirimum Starting Voltages for Class 1E Motors

Identification and Justification oi Associated Circuits
Admin. Controis for Bus Grounding Circuit 8reakers
Testing of Thermal Bypass Contacts for HOV’s

Emergency Operating Procedures for SBO

Common Industrial Standards Referenced in Purchase
Specifications

New Fuel Stcraqge Racks Criticality Analysis

New Fuel Storage Racks Dynamic and Impact Analysis
Spent Fuel Storage Racks Criticality Analysis

Spent Fuel Sterage Rack Load Orop Analysis

Ultimate Heat Sink Capzbility

Makeup Water System Capability

Yotable and Sanitary Water System

Reactor Service wWater System

Turbine Service Water Systen

Radicactive Train Transfer Syste. Collection Piring

6

INTERFACE
BECLASOIFICATION

P.Dist/ITAAC

SSAR/ITAAC

SSAR/COL
ITAAC
COL

UNRES

ITAAC
ITAAT
ITAAC
IFAAC
Interface
Interface
Interface
interface
Interface

ITAAC

sug-
SECTION

8.3.4.12
8.3.4.13
8.3.4.14
8.3.4.15
8.2.4.16

§.3.4.17

9.1.6.1
9.1.6.2
9.1.6.1
$.1.€6.4
%.2.17.1
9.2.17.2
9.2.17.)

2.2.17.4



Table 1.9-1 {Continued}

ITEM INTERFACE slig-

BO. SUBJECT RECLASSIFICATION  SECTION
6.2 Diesel Generatsr Kaliabilicy - {Training Requirements) COL £.1.4.2
8.3 Seéparated Power Feeds f5r 6.9 Xv Switchgear SSAR/ITAAC 8.1.4.3
8.a Ciass IE Feeder Circuits Deleted 8.2.3.1
8.4 Nen~class IE Feeders Deieted 82.2.3.2
8.5 Ofisite Power System Interfacs B.2.3
B.6 Interrupting Capability of Flectrical Distribction Equipmen® 1TARC 8.3.%.1
8.7 Diesel Generator Design Details ITAAC 8.3.4.2
8.L" " Certified Procf Tests on Cuble Samples FQ ITAAC €.3.4.3
8.9 Elecirical Penetration Assemblies R.BLDG [TAA" B8_3.4.3
8.190 Analysis Testing for spatial Separacion per IEEE 334 Delets 8.3.4.5
8.11 OC Voltage Analysis ITAAC 8.5.4.6
8.12 Seismic Qualification of Eyewash Sguipment LUeilete/SEAR 8.32.4.7
8.13 Diesel Geraratur Load Table Changes Delete/SSAR 8.3.4.8
8.11 Offsite Power Supply Arrangements CCL 8.3.4.9
8.15 D esel Gererator Qualification Tests ITRAC 8.3.4.10
8.16 Difective Refurbished Circuit Breakers Pelete/SSAK 8.3.4.11



Table 1.9~-1 {Continued)

Thersal Lisits

1oose-parts Mopicloring Svstems

CPT Iwespection Proyran

Water ‘hemistry

Conversion of Indicators (Drywell iex:age Rat= - Piocedurc)
Fracture Toughnesgs Data

Materials and Surveiilance Cspsule

Protection Coatings and Grganic Materials

ECCS Performcnc:: kesuits

ixternal Temperature

Meteroiogy (X/0s)

Texic Gases

Effects of Saticn Blackout on HVAC

Zlactrostztic Pischarge cu Exposea cquipment Compor.:n*s

Lovalized High Heat 5.0ts in Semiconductor Material for
Computing Dev_ces

Stability oi Gff.ite Power System

INTERFACE
RECLALSIFICATION

ITAAC °
UNRFS-DESIGN
COL

Delated

vOL

Cor,

BSP
BSP
COL
coL
iTAAC/DAC

ITAAC/DAL

Interfacs

SUB~
SECTION

4.4.4.2
4.4.4.3
4.5.3.i
5.2.6.1
5.2.%.2
5.3.4.1
5:3.4.2
6.2.3.3
6.3.6.1
6.4.7.1
6.4.7.2

6.‘.7.3

7.8.3

8.1.4.1



Table 1.9-1 (Continued}

ITEM I*TERFACE suB-

NO, SUBJECT BECLASSIFICATION SECTION

32.13 Site Spec'.fic Phys’ca. Proo rties and Fouadasticn Settloment COL/NEW .TAAT 3.8.6.2

3. 14 Reactor Interncls Vibration Analysis Heasurement and ITRAC 3.9.7..
Inspection Vrogrexs

ol ASUF Class 2 or 3 Quality Group Components .ith 60-Year C3Ly ITAAC 3.9.7.3

Design Life

3.15a Pump and Valve Jrserv.ce Tegtivrg Program ‘ co.L 3.9.7.3

GL 899-10-ITAA~

3.155 2udits of Pesign Specifications anc Design Reiorts TULJUNRES* 3.9.7.a

3.1 Equipment Quaiifj>etion Report ITLAC 3.1€.5.1%

3.17. Dyramic Quzalification Report ITAAC 3.10.5.2

3.12 Zavaironmental Qualification Document ITAAC 3.2l.8.3

3.31% - Enviromental Qualification facords ITAAC . 3.11.6.2

d.1 Fuel Design ITLAC 4.2.2.1

4.2 Controi Blade Design ITAAC 4.2.%2.2

4.3 Core Loar.ing Pattern COL .3 2.1

4.4 Core Effcctive Multiplication Values CLL 4.3.2.2

4.5 Power Flow Operatirg kap s TAAC 4.4.4.2

* SUAFY AUDIT WIL:. CLARIFY



Table :.9-1 [Cuntinued)

INTERFACE
SUBJECT RECLASSIFICATION
Site -Specific Desian Basis Tornado 8BS

Effect of remainder of plant structures, systems, and compcnents COL
on systeas not designed to tornadc .cads

Flood Elevation BSP
Crcund Warer Elevation asp
ieak-Before-Brezk Analysis CoL
rlood Protection Recuirements for Jther Structures ‘ COL
Protaction of uitimate hect s=ink interface

Missiles generated by nutural phenomena {ror resainder of plant <COL

Site proximity missil=ss and aircraft hazards coL
- Protection against secondary missiles inside containement ITAAC

Impact of Noi: Safety-Related Item Fai_ ure - Design Basis Tornade COL

.urbine System Maintenance Prograwm COoL
Details of pipe break anaiysis results and protection methods 1TARAC/DAC
Leak-before-preak analysis results COL
Seismic Parameters BSP

Foundation wWaterprocfing : COL

[t

SUR~

3.3.3.2

3.3.3.2

3.4.3.12
3. 4.3.2
3.4.3.3
3.4.3 4
3.5.4.1
3.5.4.2
3.5.4.3
3.5.4.4
3.5.4.5
3.5.4.6
3J.6.4.1
3.6.4.2
3:7.5.12

3.8.6.1



Table 1.9-1

SUMMARY CF SBWR STANDARD PLANT IFTE! FACES
WITH REMAINDER CF PLANT

INTERFACE
SUBJECT BECLASSIFICATION
Standard review plan sect.ons for remainder plant coL
identified in ®"Interfzce™ in Tabie i.8-i%
Appiicability of requlatary guides for remainder of plant CCL
identiiied zs "Interface® ir Table 1.8-20
Appiicability of Experience Informacion for remainder of JOL
plant idencified as *Interface” in lable 1.8-22
Epergency procedures and emecrgency procedures training CoL.
program
Procedures for removing safety-relatad eyrtenc from serv.ce CLL
Inplant radiatiom monitoring ~GL
Reporting of Faillures of Reactor System Relief Valives col,
Report on ECCS Ou-age COoL
Envelope of ABWR Standard Plant Site Design Parameters Bsp
Standard keview Plan Si*e Characteristic~ Bsp
CHRAC 2 Computer C.de Ca'‘culations 859

Site-Lpecific Design Basis Wind BsSP
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LCESIGN INFORMATION

LOOSE PARTS MONITORING SYSTEM

UNRESCLVED

AUDITS OF DESIGN SPECIFICATIONS AND DESIGK REPGRIS

COMMON IRDUSTRIAL STANDARDS REFERENCED IN PURCHASE SPECIFICATIONS
LICENSING EMERGERCY SUPPORT FACILITY (ISC, 0SC, £05)

IN-PLART RADIATION MONITORIMG

CONTAINMENT STRUCTURAL DETAILS AKD OTHER SEISMIC CATEGORY I STRUCTURES
PLANS FOR PRESERVICE EXAMINATION OF REACTOR PRESSURE VESSEL WELDS

ISI OF CLASS 2 AND 3 COMPONENTS

PRA FOR INTERRAL FLOODS



SIGNIFICANT ITAAC/DAC

(Comvinucn}

OC YOLTAGE ANALYSTS

FIRE HAZAERDS AMALVSIS

TUKBIRE MATERIALS, DESISH

DESIEN QUALYYY ASSURANCE

HUMAR RELIABILITY ANALYSIS ITEMS (PRA)



SITTMOISSY WOLIVNIINIG WOIRLDTT3

SKZLISAS ANVITINGY 13S3Ia

SIS ROLAVOIATIVR/STIVISg MIISIC BOIVEINIS T13ISIIG
SEOVE 3OVHGLS 1IN IN34S OV MIN

SLIROBED GIEVINCSSY

JHIdId MOLLIFTIOD MIISAS HI4SAVEL NIVEG 3A1LOVOIOVY
HOTLOZdSNI/ I NBOIENSY IR WOIIVEHIA SIVNNZINT ¥010V3s
STV 2414 WOBS MOTLDZI0N AISH

SGOHIIN ROTLD3108d ‘SISATVNY A4S 1414

IRILSIL IATVA NOILVIDSE Wyiic

INIWMRIVINGD JTISHI SITISSIN ASVONGI3S

IVA7IYVIT INVIIINDIS



INTERFACES
ULTIHATE HEAT SINK
OFFSITE POWER SYSTEM
MAKEUP WATER SYSTEM
POTABLE AND SAWITARY WATER SYSTEX
SERVICE WATER SYSYEM

VURBINE SERVICE WATER SYSTEM



RESULTS OF REVIEW

137 S5AR INTERFACE ITEMS
69 DSER INTERFACE ITEMS

RECLASSIFICATION RESULTS:
- 18 INTERFACE

- 83 ITAAC/DAC

- 110 COL ACTIOK ITEMS
- 1 DESIGE JTEM

- 10 DELETIONS

- 21 SITE PARAMETERS

- B UNRESOLVED
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2) FOR THE ABOVE FIVE PLANTS:

A)

8)

c)

D)

E)

OETAIN INFORMATION FROM DLPO/LPEB, AND THE PM
TO OBTAIN NRR VERSPECTIVE ON | ICENSEE PRE-OP
AND BTART-UP PROGRAMS

FREFARE A MATRIX CF THE PRE-OP TESTS PEFORMED
AT EACH SITE BASED ON THE FSAP AND THE IP
94300 LETTER

REVIEW TESTS PERFORMED AS PART OF THE MU 2512
(CONSTRUCTION) AND MC 2514 (STARTUP) FROGRANS
FOR INCLUSION IN ITAAC AND INCORPORATION IN
THE ABOVE MATRIX

OBTAIN REGIONAL  INSIGHTS REGANDING  THE
INPLEMENTATION OF MC 25.3 AND 2514 PROGRAXS
AND 14PUTS REQUIRED FOR THE IP 94302 LETTER

CONDUCT A BRJEF ONSITE REVIEW OF LICENSEE
PRZ-OP AND STARTU® PROGRANS. _AS TINE PERMITS,
IDENTIFY THE KEY PROCESS V‘h!a%Lﬁ& CR YEST
FARAMETERE MEASURED THAT FORMLD THE BASZS FOR
THE DETERHISATION C7 SUCCESS.

2) USING THE INFORMATICN AND INSIGHTS GAINED FROM (HE FIVE
RECENTLY LICENSED B¥ae DEVELOP THE INFOPMATION SIECIFIED
+N VHE TASK IMPLEMENTATION STATERENT

COMPLEYION DATE

APRIL 30,

1992



PRE-OPERATIONAL (STGRTUR) = ° %

TESTS FOR ABWR CERTIFICATION

TASK

1) DEVELOP COMPREWENSIVE LIST OF PRE-CPERATIONAL (STARTUP)
TESTS YO BE PERFORMED FUR THL ABWR PRICR TO FUEL LOAD

) FAKEE LIET DEVELOFED IN ITE¥ \ INTO:

A) TESTS THAT SHOULD BE INCLUDED AS PART CF THE
TYIER ) DESIGN CERTIFICATION RULE (ITAAL),

8 TESTS THAT SHOULD BE INCLUDED IK THE ITAAZ FOR
THE SITE~SPECIFIC PORTION OF THE DESIGN TO BE
APPROYED A% COL, AND

C) TESTS THAT SHOULD BE PEKRFORMED BUT DO NOT NEED
TO BE INCLUDED IN THE DESIGN CLRTI+ICATION
RULE (ITAAD)

3 FOP THE TESTS RECOMMENDED AS ITAAC, PKOVIDE IWSIGHTS
REGARDING LICENSEE AND RECIUN ACCEPYANCE 7TRITERIA

4) PROVIDE THE ABOVE INFORMATION TO DLPQ/LPEBR FOR U%: asS
APPROPRIATE IN REVIEW OF ABWR CHAPTER 14 AND DEVEZLOALENT
OF PRE-OF AND START-UP TESTS (ITAAC) T9 BE INCLULSD IW
THE ABWR DESIGN CERTIFICATION RULE

ETAFF INTERFACEER
1) CODRLINATE CLOSELY WITd DLPQ/LPEE (Gery Zech, Ray
Kamirez) DURING TASK PERFORXANCE TO ENLURE 4 USEFUL
PRODUCT AND AVODID FOSRIBLE DUPLICLTION OF EFFORT

27 OBTAIN INSIGHTE FROM TAE REGIONS PEGARUING YMFLEMENTATION
OF BC 2512, 4513 AFD 2514 PROGRANS AND IP €490

RESOURCES

ONE RSIE STAFF PERSON (Sam Malur) AKDL OKE CONTRACTOR FOR EIGHT
WEEKS

AR ROADH
1) FELECT FIVE RECENTLY LICENWSED BWkS:

CLINTON

NINE WILE POINT 2
PERRY

LIMERICK

HOFE CREEK

T3 OBTAIN A HYUTORICAL FERSPECTLIVE ON THEIR PRE-0OP AND
ETART UP TEST PROGAAMNS
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GENERIC ITAAC

"AGREED JC": {* => DAC AREA)

SEISMIC CATEGORY I STRUCTURES (GENERIC COMCERN--
MAY BE PUT IM RUILDING SYSTEM ITAAC)

EQUIPMENT QUALIFICATION (MAY BE SEPARATED)
- ENVIKONMENTAL QUALIFICATION

- SEISMIC QUALIFICATION

- EMI/SWC»

INSTRUMENT SETPOINT METHODOLOGY=
SOFTWARE+

SAFETY SYSTEM iOGIC AKD CONTROL«

ESSENTIAL MULTIPLEXING* (GENERIC CONCERN--MAY BE A

SYSTEM ITAAD)
HUMAN FACTORS»

RADIATION PROTECTION»
PIPING=

SUBMITTAL:

MAY
MARCH

MARCH
MARCH
MAY

MAY
MAY
MARCH
MARCH



SUMMARY OF ITAAC STATUS

GENERIC ITAAT STATUS

"AGREED" LIST GF GENERIC ITAAC (9}
- CARDIDATE LISY OF GENERIC ITAAC (6)
-  ADDITIONAL ITAAC MAY RESULT FROM INTERFACE RECLASSIFICATIONS

- SEVERAL KEY SSAR ANALYSES AND ISSUES TO BE CROSS-REFERENCED TC ITAAC
iK A "ROADMAP"

~  SUBMITTAL SCHEDULE T0 BE DETERMINED
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REFERENCING OF CODES AND STANDARDS

Licensing raview basas cutoff

-~ March 30, 1887

Most branches silent on code/standard effectiveness

Seme muiually agreed upon updates beyond Parch 36, 1987

Six IEEE standard, effective March 30, 1987, not yet approved by NRC

MRC requests spacific code editions for PS1 and ISt not be rifercaced
~ Per 10CFR50.55a

Piping codes utilization to recogrize developing technoiogy

~ Not adopting current version of ASME Section Kl

NKEC requests common industrial stasxdards be referenced in purchase spacifica*ious

83/25/92
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ARWR
Standard Plant

Table 12.2.24

ACTIVITY LEVELS OF THE TRANSVERSING INGCORE PROBE SYSTEM

Decay Thone (duy)  Rad/br @ | meter  Major brolopes

A28 TS

l,. 4‘ »

Ma 4 Cuda
N34, Cod), Cr.51

Mu-$ M' 27, NS
Mp S NiéaS Fe
Mo S, Fe 9 Mp-
Fe-59 Mo G151

3¢ e 0.00, Mn 56 ALIS TSI

M# 48 Nodd, NS
Cotd Ng-2¢ D18

Ma- o6, Mg-27, Hi6s
Ma 5 Ni4S Ve
Mo 56, Fo 59, Ma-5
Fe 50, My 54, Cos0
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F Fa TARNESSE  INSTRUMENTATION AND CONTROL SYSTEMS BRANCH
- ,

OIVERSITY DISCUSSION

* SOFTWARE DRIVEN SYSTEMS ARE OF SPECIAL CONCERN FOR
SEVERAL REASONS

1. THE COMMONALITY OF TIMING SUCH THAT AN ERROR IN
ONE CHANNEL IS EXPECTED TO OCCUR IN ALL
IDENTICAL CHARNELS AT TE SAME TIME

2. THE POSSIBILITY THAT THE INITIATING EVENT

CREATES A SET OF CIRCUMSTANCES THAT REVEAL THE
SOFTWARE ERRUR

3. THE INABILITY TO DEMONSTRATE SPECIFIC
RELIABILITY OR PROOF OF CORRECTNESS

4. REDUNDANCY IN SOFTWARE DOES NOT INCREASE
RELIABILITY/AVAILABILITY OF THE OVERALL SYSTEMS
AS IT DOES WITH ANALOG SYSTEMS

5. SELF DIAGNOSTICS AND NORMAL SURVEILLANCE
SIGNIFICANTLY REDUCE THE POSSIBILITY OF
gngagggED FAILURES BUT DO NOT PREVENT THE
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DISCUSSION OF THE ABWR
DESIGN FEATURES FOR DIVERSITY

* THE TURBINE INPUTS TO THE RPS ARE HARDWIRED (DO
NOT USE THE EMS)

® THE NEUTRON MONITO) 7#( 5 v57 24 IS INDFPENDENT OF
THE EMS

* MANUAL SCRAM AND MSIV ACTUATION IS HARDWIRED
* ARI (ATWS) IS INDEPENDENT OF THE EMS

® THE NON-ESSENTIAL MULTIPLEXOK IS DIVERSE (HARDWARE
AND SUFTWARE) FROM THE EMS

* THE REMOTE SHUTDOWN STATION IS HARDWIRED

* FINAL DISPLAY TO (HE OPERATUR HAS MIMIC AND VDU
DIVERSITY

* NEUTRON MCNITORING BYPASSES THE DTM
* ARI BYPASSES THE DTM

* ARI IS DIVERSE FORM THE RPS

* DTM FUNCTIONAL DIVERSITY

* TLU FUNCTIONAL DIVERSITY



N
-

£
¢
:
2
|
i
!
i
¢
i




GE Nuclea: Energy

AT
l
!

\1}/‘]

L

TR

11} !‘ .
L.‘.j!_.
A BN
ll!!: g‘ }Hi
h
i




At m"‘ﬂ,

f p --“!;‘ St INSTRUMENTATION AND CONTROL SYSTEMS BRANCH
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GENERATCR LOAD REJECTION
WITH NORMAL BYFASS

* POSTULATED COMMON MODE FATLURE - ESSENTIAL
MULTIPLEXING SYSTEM (EMS)

FAXLURE ANALYSIS

* THIS FAILURE WILL (WORST CASE) PREVENT A REACTOR
TRIP ON REACTOR PRESSURE RPS INPUT, THIS IS THE
¥nI§DE3£N;"E EXPECTED REACTOR TRIP SIGNALS FOR

1

* THIS FAILURE WILL ALSO SIGNIFICANTLY REDUCE THE
INFORMATION AVAILABLE TO THE OPERATOR, SPECIFIC TO
THIS EVENT, THE 1E RPV NARROW AND WIDE RANGE WATER
LEVEL AND THE 1E DOME PRESSURE ARE DISABLED

¢ THIS FAILURE WILL DISABLE CONTROL AND INDXYCATION
OF THE ECCS SYSTEMS FROM THE MAIN CONTROL ROOM



F) ) W SR ISTRUNCNTATION AND CONTRO! SYSTIMS BRA).CH
. b
: '}
e
r,‘ 'D‘
L]

DEFENSE-IN-DEPTH AND DIVERSITY
SENERATOR LOAD REJECT WITH NORMAL BYPASS

* REACTOR TRIP WILL OCCUR ON TURBINE FAST CLOSUPE
SOLENGID VALVE RPS INPUT WHICH IS HARDWIRED AND
DOES NOT USE THE EMS, THIS IS THE PRIMARY EXPFCTED
TRIP INPUT FOR THIS EVENT

» THIS POSTULATED FAILURE DOES NOT DEGRADE
FEEDWATER, THE FEEDWATER MEMS IS DIVERSE IN
HARDWARE AND SOFTWARE FROM THE EMS, ECCS IS NOT
RELIED UPON FOR THIS EVENT/FAILURE

* THE INFORMATION AVAILABLE TO THE OPERATOR WILL
iNCLUDE ZLASS 1t RPV FUEL ZONE WATFR LEVEL (RG
1.97), NON-1E SAUTDOWN '.EVEL, NON-1E FEEDWATER
LEVEL CONTROL, AND NCN-1E WIDE RANGE PRESSURE

* LLASS 1E NEUTRON FLUX INFORMATION IS AVAILABLE
SINCE IT DOES NOT USE THE EMS

* INFORMATION AND AUTOMATIC ACTUATION ARE AVAILABLF
T0 MITIGATE THE EVENT/FAILURE

* POTENTIAL PROBLENS
© INDICATION AND CONTROL OF THE ECCS 1S DISABLED
IN THE MAIN CONTROL ROOM
¢ E?EI?E?ﬁINING DISPLAYED VARIABLES ARE FEW AND



" STmmmiE INSTRUMENTATION AND CONTROL SYSTEMS PRANCM

ADDITIONAL CONSIDERATIUNS

GENERATOR LOAD REJECT WITH NORMAL BYPASS
* ADDITIONAL REACTOR SCRAM INPUTS ARE AVAILABLE
* IF TEE TURSINE TRIP INPUT IS ALSO FAILED, THE

REACTOR TRIP SIGNAL WILL BE PROVIDED BY THE
CLASS 1E NEUTRON FLUX INPUT TO THE RPS

* THE

ALTERNATE ROD INSERTION (ARI) FEATURE OF THI

ATWS MITIGATION DESIGN USES THE WIDE RANGE DOME
PRESSURE SENSORS OF THE STEAM BYPASS AND

PRESSURE CONTROL SYSTEM (SB&PC) TO INITIATE ARI
THIS IS A NON-1E SYSTEM WHICH DOES NOT USE THME

EMS

* MAN
A.

B.

C.

D.
E.
P

UAL (HARDWIRED) SCRAM IS AVAILARLE FROM:

TWO BUTTON SCRAM (DISCONNECTS SOLENOID POWEI
SOURCES)  (1f IN THE CONTROL ROOM)
OPERATION OF TWO CUT OF FOUR DIVISIONAL
REACTOR TRIP SWITCHES (1E IN THE MCR)
MANUAL DISCONNECT OF SOLENOID POWER SOURCES
QIE}HE REMOTE ELECTRICAL DISTRIBUTION PANEL
TWO BUTTON MANUAL ARI INITIATION (NON-1E) II
THE CONTROL ROOM

OPERATION OF PAIRED-ROD SCRAM TEST PANEL
(NON-1E) IN THE CONTROL ROOM

MODE SWITCH - SHUTDOWN (1E)

e ECCS SYSTEMS ARE AVAILABLE ON THE HARDWIRED REMOTE
SHUTDOWN STATION
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STEAM SYSTEM PIPING BREAK
OUTSIDE CONTAINMENT

* POSTULATED COMMON MODE FAILURE - ESSENTIAL
MULTIPLEXING SYSTEM (EMS)

FAILURE ANALYSIS

* THIS FAILURE WILL (WORST CASE) PREVENT AUTOMATIC
AND MANUAL INITIATION OF RCIC/HPCF AND RHR FROM
THE MAIN CONTROL ROOM

* MAIN STEAM LINE FLOW SENSOR INPUT IS DISABLED,
THIS IS THE PRIMARY MSIV INITIATCR

* THE 1E INCICATION, WITH THE EXCEPTION OF THE

HARDWIRED INPUTS AND THE NEUTRON MONITORING WILL

BE DISABLED, THE NON-1E INDICATIONS WILL BE
AVAILABLE



o"»‘ "‘o,"

% A SAm— ¢ - 8 —

*

- 4 R
X ¥ 5

%. !

, ww

Poant

INSTRUMENTATION AND CONTHOL SYSTEMS BRANCH

DEFENSE~IN-DEPTH AND DIVERSITY
STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT

e MAIN STEAM LINE LOW TURBINE INLET PRESSURE WILL
INITIATE CLOSURE OF THE MSIVS

* MSIV CLOSURE WILL INITIATE REACTOR SCRAM

© THE POSTULATED FAILURE DOES NOT DISABLE THE
FEEDWATER SYSTEM WHICH USES THE DIVERSE NEMS

* THE INFCRMATION AVAILABLE TO THE OPERATOR
INCLUDES. CLASS 1E RPV FUEL ZONE WATER LEVEL(RG
1.97), NON-1E SHUTDOWN, FEEDWATER CONTROL, AND
REACTOR WELL(ISI) WATER LEVELS, NEUTRON FLUX IS
AVAILABLE, NON-IE NARROW RANGE RPV PRESURE
INSTRUMENTATION AND CONTROL IS AVAILABLE

© INFORMATION AND AUTOMATIC ACTUATION ARE AVAILABLE
T0 MITIGATE THE EVENT/FAILURE

* POTENTIAL PROBLEMS
* INDICATION AND CONTROL OF THE ECCS 1S DISABLED
IN THE MAIN CONTROL ROOM
. E?EI%&?AINING DISPLAYED VARIABLES ARE FEW AND
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ADDITIONAL CONSIDERATIONS

STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT
* ADDITIONAL REACTOR SCRAM INPUTS ARE AVAILABLE

¢« THE

ALTERNATE ROD INSERTION (ARI) FEATURE OF THI

ATWS MITIGATION OESIGN USES THE WIDE RANGE DOME

PRE
PRE
THI
EMS

* MAN
3‘0
B.

C.

D.
k.
K.

SSURE SENSO"S OF THL STEAM BYPASS AND
SSURE CONTROL SYSTEM (SB&PC) TO INITIATE ARI
S IS A NON-1E SYSTEM WHICH DOES NOT USE THE

UAL (HARDWIRED) SCRAM IS AVAILABLE FROM:

TWO BUTTON SCRAM (DISCONNECTS SOLENOID POWE!

SOURCES)  (1E IN THE CONTROL ROOM)

OPERATION OF TWO OUT OF FOUR DIVISIONAL

REACTOR TRIP SWITCHES (1E IN THE MCR)

MANUAL DISCONNECT OF SOLENOID POWER SOURCES

?IETHE REMOTE ELECTRICAL DISTRIBUTION PANEL
)

TWO BUTTON MANUAL ARI INITIATION (NON-1E) I

THE CONTROL ROOM

OPERATION OF PAIRED-ROD SCRAM TEST PANEL

(NON-1E) IN THC CONTROL ROOM

MODE SWITCH - SHUTDOWN (1E)

* MSIV CLOSURE WILL CAUSE TURRINE TRIP WHICH WILL

CAUSE

REACTOR TRIP

* ECCS SYSTEMS ARE AVAILABLE ON THE HARDWIRED REMOTE
SHUTDOWN STATION
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STEAM SYSTEM PIPING BREAK
QUTSIDE CONTAINMENT

O?QEB?LATED COMMON MODE FAILURE - TRIP LOGIC UNIT
FAILURE ANALYSIS

* THIS FAILURE WILL(WORST CASE) DISABLE THE RPS AND
ECCS AUTOMATIC ACTUATION

* THIS FAILURE WOULD DISABLE THE MANUAL ECCS SYSTEM
ACTUATION

° ALL 1E AND NON-1E INFORMATION TO THE OPERATOR IS
AVAILABLE

« ALL NON-1E SYSTEMS REMAIN AVAILABLE
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ADDITIONAL CONSIDERATIONS
STEAM SYSTEM PIPING BREAK OQUTSIDE CONTAINMENT

*» ADDITIONAL REACTOR SCRAM INPUTS ARE AVAILABLE:

* MANUAL (HARDWIRED) SCRAM IS AVAILABLE FROM:

A. TWO BUTTON SCRAM (DISCONNECTS SOLENOID POWEFR
SOURCES) (1E IN THE CONTROL ROOM)

B. OPERATION OF TWO OUT OF FOUR DIVISYONAL
REACTOR TRIP SWITCHES (1E IN THE MCR;

C. MANUAL DISCONNECT OF SOLENOID POWER SOURCES
QIE{HE REMOTE ELECTRICAL DISTRIBUTION PANEL

D. TWO BUTTON MANUAL ARI INITIATION (NON-1E) IM
THE CONTROL ROOM

E. OPERATION OF PAIRED-ROD SCRAM TEST PANEL
(NON-1E) IN THE CONTROL ROOM

F. MODE SWITCH - SHUTDOWN (1E)

* STANDBY LIQUID CONTROL AUTOMATIC AND MANUAL
INITIATION IS AVAILABLE (NON-1E)

° ECCS MANUAL INITIATION IS AVAILABLE AT THE REMOTE
SHUTDOWN STATION
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DEFENSE-IN-DEPTH AND DIVERSITY
STEAM SYSTEM PIPINC BREAK OUTSIDE CONTAINMENY

* REACTOR SCRAM IS PROVIDED BY THE ARY FEATURE OF

THE ATWS MITIGATION SYSTEM, ARI IS DIVERSE FROM
THE RPS

* MANUAL (HARDWIRED) MSIV CLOSURE IS AVAILABLE I
THE MAIN CONTROL ROOM RY TRIPPING TWD OUT OF FOUR
DIVISIONAL ISOLATION SWITCHES OR BY OPERATING THE
EIGHT INDIVIDUAL MSIV CLOSURE SWITCHES

* THE FEEDWATER SYSTEM REMAINS AVAI'ABLE

* INFORMATION AND ACTUATION (MANUAL MSIV) ARE
AVAILABLE TO MITIGAYE THE EVENT/FAILURE

* POTENTIAL PROBLEMS

* CONTROL OF THE ECCS IS DISABLED IN THE MAIN
CONTROL ROOM

AN ANALYSIS HAS NOT YET BEEN DONE WHICH

DEMONSTRATES THAT THE OPERATOR HAS TIME TO
INITIATE MSIV CLOSURE
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DEFENSE-IN-DEPTH/DIVERSITY
GENERAL CONCLUSIONS

®DEFENSE IS PROVIDED IN REVIEW OF TWO
EXAMPLES

® REACTOR SCRAM
® LEVEL AND PRESSURE CONTROL
o INDICATION TO THE OPERATOR

® AUTOMATIC AND MANUAIL. ACTIONS
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CONCERNS

RESPONSE NEEDS TO BE CONFINED TO THE MAIN
CONTROL ROOM

INCOMPLETE ANALYSIS ON TIME AVAILABLE FOR
OPERATOR ACTINNS FOR EACH EVENT

LACK OF NECESSARY SYSTEM LEVEL ACTUATION FRCM
THE CONTROL ROOM - ECCS

LACK OF NECESSARY CLASS 1E VARIABLES DISPLAYED
IN THE MAIN CONTROL ROOM

NRC ACTION

* EVALUATE THE CONCERNS AND GE RESPONSE AND PRESENT
RECOMMENDATIONS TO THE COMMISSION - SECY PAPER

REQUEST FOR GE ACTION
COMPLETE ANALYSIS

*EVALUATION OF THE REMAINING EVENTS AND
ASSUMPTIONS IN THE LLNL STUDY

*RESPOND TO THE ABOVE NRC CONCERNS




Enclosure 20 DRAT

Defense Against Common Failure in Digital) 18C Systems

NRC Pusition

e

Uiversity is to be provided for all common mode vulnerabilities.

For softucre common mode vulnerabilities, diversfiy <ha') be provided iy
# diverse suftware and hardware system or a non-software ba.ed sy.tem,
Marual action from inside MCR may constitute acceptable viversity 1f
time and information availahle,

The capability for manus! system-leve! uctuatioe “nd control (rom the
main control room shall be providad. Necessary “isplays a d concrals
(class 1€) shall be independent, the necessa~y display shall be ana oy
and the necessary control shall be corventionally b wired to as low
8 level in the 18C architecture as practical.

Applicants must show that 1-3 ahove have beer satisfied by performing a
*Defense 1n Depth" and “Divarsity Assessment® of the proposed Jigita'
Instrumentation and Control System. An acceptable method for perfurming
this anealysis s described in WUREG 049”, Other methods 111 require ¢
case<by~case NRC approval.



GENERIC ITAAT and DAC for TCFTWARE DEVELOPMENT
INTERFACE DIAGRAM
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