"
s

“i ot Be=001
NoIE TO: J. Fox, GE
FROM : ¢. Posluenyg, NRR
BURBJECT: TRANSMITTAL OF REVIEW DOCUMENTS

fnelosed are the following documents related to the FEER review of
the ABWR B2AR and design certification material.

Agenda for the July 27, 100 magement meeting
Preliminary list of FSER confirmatory items.
Preliminary list of FGER open items.

Preliminary evaluation of structural ITAAC.

HFE Program Review Model and Acceptance Criteria
for Eviclutionary Plants.
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Attachment |

ABWR OPEN 18SUES MEETING
July 27, 1882
Holiday Inn Bethesda, Maryland
Verseilles ! Room

Morning Session Beginning 8:00 a.m.

Introduction (Staff/GE)
Status of GE Outstanding Submittals (GE)
FSER Etatus (Staff)
Overview of Findings
Preliminary Open, Confirmatory Items Lists
FRA Review Status (Staff)
Severe Accident Review Status (Staff)
Technical Specification Review Status (Staff, GE)
OBE for the ABWR (GE, Ztaff)
Redesign for External Missiles (GE)
UEI/GE1 Review Feedback (Staff)

Afternoon Sesaion

ITAAC (Staff)
Staff Evaluation-Status. Open Items
Roadmap Kequirements- PKA, Chap 15, Gev. Accid., etec.
Feedback on SLCS and Other ITAAC
Path to FDA (Staff,GE)
Key Milestones
Critica'l Path Iteme:
Resolution of Open/Confirmatory Items
QA Review of SSAR and ITAAC
EPRI RD Review
Preparation of Certified 5SAR and DCD

| Concluding Remarks (Staff, GE)
L_______________—-————————————————————-———~"—-—-“—‘-*“**““”‘““‘“““““‘““"’“‘
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7715792

DASETINE

1550¢

Desian besis tornaedo revision

Reanoving references to LEB from the S5AR

C.3 of RL 1.1417

Removing reterences 1o LBE “rom the SSAR

§5F damping values higher than 4%

To include the FRS procecure & revise FRE envelopes

1o provide the basis for the uncertainty factors of the
reactor burlding

1o inciude the seismic structural displacement profile
in the HBAR

lu provide the basis tor the uncertainty factors of the
control buildang

1o provide the aetailed calculations for the containment
shell

To provide the detailed caleculations tor the containment
internal structures

To adoress the pffects of winds, tornados...

1o agdress the effects of winags & and used incorrectly
calculated so1l pressure load

Te complete the iaplementation of (& programs

16 provide the getalrled caleculations for the reactor and
ragwaste buyiding substructure

To comply with the parameters used in the standard design
of the ABWH

Dynami» analysis of piping

Reactor internals flow induced vihretion

1o disasseably & inspection of safety~related pumps

1o disassenbly & inspection of safety-check valves
Frotolype testing of MOVs

To disassently & anspection of satety-related MOVS
Containment 160lation valves

Criteria for valves & pumps design specification

Te revise all tavles in Apnendix 31

Dynamic seisric analysais of ME niping

1746 verificetion of selsmic/non+seasmic anteraction
Mags point in dyhamic piping model

Pip flexibility between node point

Effecte of equip ent sttached to riping

(pde case N-411 damping values

Use 0f code ceses N-41] ang N-A20

High freguency mode analysis

OBE egqual to one half of SSE

applicable codes for ABME class 1,2 & 3

RCIC minimum flow (8O0 GPM)

RHR suction piping pressure increase documentation
Subcompartment Pressure analysis (revise table &.,2-0)
Awaiting SHAR Sec, ¢.2.5.2.7 revision

kevising S55AR Sec. 9.4.1

Revising SGAr Sec. 6.5.1 App A & B
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Binsfell
B.3.2.3
B8.3.2:3
8.3.2.48
B.J.1.4A
8.3.2.48
3 ac
3
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pressure control...,

‘U.“‘nq gs.“ Bwc., 7.!.1.‘.2 revision

Awaiting SSAR Bec, 7.1.1.6.1 revision

OPRM in the 1TAAC/DAC & Tier |

A maximum transmisvron distance veraticacaion

The overall atcuracty of both the input and output shall
be less than 1.4 % Tull scale
Wevised BS5AR figure 7.A.0-1 APF,
Revised S8AK figure 7.2-1
Commitment to anclute the EPAs in the ABUR design
Commitaent to provide & sately and hatards snalysis, 4
sreabk gircult analysis and a timing analytis
Commitment to use of softuware metrics

Connerciel dedication of software for use 16 o safely
srstem

Commercial gedication 1o include 10 the 1TAAC

Low & upper range ¢ of the EMI spectrum

AL Ve, SLT tera

AR] descratption

Revised SEAR Table 7.%-7

Revised S5AR Gec 7.6

RPE tripped & reset conditions logoing requiressnt
Commit to EFPRI requirements

Elimination of the need to Jitt leads and install jumpers
1o pertars testing

fuarting S5AF revision

Awaiting S6AR revision

Awaiting S5AR revasion

fiwaiting S6AR revision

Awaiting SRGR revision

Awaiting S5AR revision

fwaiting SSAR reviwion

Awaiting BSAR revision

fAwarting SHAR revision

Awarting SSAR revision

Awarting SHAR revision

fwal ting SGAx revision

Awalting E5AR revision

Awaiving SSAR revision

fwalting SEAR revision

Awalting BS5AK revisiOn

Auwalrting SSAR revisaon

Awarting SHAR revision

Awarting SHAR revision

fwartang LHak revision

Avatting HBAN revision

Awaiting S5AR revision

Awaiting S5AR revision

Awaiting SSAR revision

Awaitang SSAR revision

#waitting LG5AK revision

Awaiting S6AR revision

Awsiting S8AR revision

Auaiting SSAR revision

7A
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Awaiting
Awarting
Awalting
Awaitang
SHwaiting
Awaiting
Awaiting
Awalting
Awaiting
Awalting
fwdiling
Awaitling
Awai ting
Awarting
Awarting
Auaitang
Auarting
Awairting
Awaliting
Awartaing
Awalitang
Awalting
Awaltang
Awailing
fAwaiting

Shak
S5ak
S5RR
SLAR
S5AR
SHAR
ShAK
SOk
§6AR
SHAR
S5AR
HEAR
GEaR
Ehak
Ghak
LoaR
S
LEAR
BEAR
56nk
ChAR
S5ak
Ghek
SLAR
S5ak

revision
revision
revisjion
revision
revision
revision
revision
revision
revision
révision
revision
revision
rFeVINION
revision
revision
revisiIon
rEVISIONn
revislon
revision
revision
revision
revision
revision
revision
revision

Awaiting SSAR revision

Puwaiting SSAR revision

Awarting S3AR revision

Awaiting S5AR revision

The spent fuel storage racks

The spent fuel cooling srs.

Revising the response to RAL 410.43

fwaiting SLAR Sec. 9.2.,33.2 revasion

PRID wupdate

Awe.ting SH4R revision

Reference primary containaent pentrations

Confirmatins of the failure modes of the valves
Fevising the response 1o RAl 430.2\d

SLLS valves into weliadi lity Assurance Program
Kevising the table 3,2-1 & fig. 1i-2

Interface regquireaents

Froviding snoke detectors at the air intakes

SGTS revision

Revising P&LD

Te incluse the level switlches & stick gauges

Fevising figure 9.95.6 to inlude the fuel storage lanks
and their associateq instrumentation

Revising fagure 9.5.7 & Sec. 7.5.%

Revisang figure 9.%.8 to include pre & after filters intg
the design

D76 start & air systen

To incorparate the coolers in the starting air 8ys,
description

Reviting figure 9,59
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1ledud
11:%
1818
184243
1d43.0+1
l:.}ll-b
14,2+4

14.¢-11
14, 2+13
14,8434
J4.0-1%
Q.81

Isll
i8.4.2~1

18.4,2-¢
15-4-:‘3

lacﬂnz‘“
‘bvdl:‘f'

18.4.7-3

P N N PRy T RSy

To prevent crankcase explosions
b/G lubrication system
GiC 4, RO 1.11%, RG 1117 13 NUREG/ CR~
VeH0 requiresents
modifying the response to RA] 430,294
MEIV interface reguirement
Condgensate cleanup
The use of satety grade power for the manual shutoff gate
valve
1E~80~0%
Frocese & effluent rad., monitoring sys.
T1F gystem concern
Peletion of 2 interface 1lens
Turbine bldg., figures inconsistencies
Corrosion Product tontrol features
feference RG 1.68.3 in Tavle 1.8-20
A power-flow operating map figure 14,1~1
Table 14.2-1, a 1ist of startup tests and test condition
word should in Section 14,2.2
Te uee the RG 1.68 Position C.1 criteria
Fevised Section 14,2.12,1.51 to cross reference Sections
3.9.2.1 and 5.4.14.4
kevised Secticn 14,2.12.2 10 a0d Subsectaon 14.2,12.2,39
Kevised Section 14.2.12.2 to add Subsection 14,2,12.2.36
Kevised Section 14.2.12.2 tu #00 Subsection 14,2,12.2.37
Revised Section 14,2,12.2 to add Subsection 14.7,12,.2.38
The test abstracts and revise. section 14A,.2.4
RG 1.%6
The test matrix feedwater system performance & control
sysiem tests
The testing of low pressure portions of RHR cystea froe
RLs at high pressure
Veritication of proper setpoint of system relief valves
per ASME Cove reculrements
Ob'N & REDY Documentation

Human-systems interface (HS]) design and evaluation
process
Tests and analyeis to support design iaplementation: a)
Analysis conducted to date and b) further testing
Control room prototype: a) Standardized features and bU)
Frototype evaluation
flperator workload

Tesis, evaluations, and studies to support design

approaches
Invenipry
Adequacy of HGI design reguirements
Sefetly parameter display systeam desigh scope
Nemote shutdown system design rationale
Operator workload analysis (ITAAC/DAC)
Tests and anelysis 10 support design ieplementation: a)
Analysis conducted to ‘ate ang b} Turther testing
(11Aal7DaC )
Contral room prototypet &) Standardized features and b)
Frototype eveluation (I1TAAC/DAL)
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ABwR OPEN 17ENMS 7/15%/%¢
FGER SECTIONS IN PROCESS

FEEN MLUMBER SUBJELT

oo~ Turtbine maan steam JTAAL (3 1tlems)

PR T Lontrol room HVAC ITAAC (9 Jtleuws)

Jedsd*] The Floor Kesponse Spectira Input

K Turbine building selsmc analysis

P 1TAAL for piant specatTic walkoown

Sudsdnd 1Thal For Non-Seismic Interaction (1TAAC)
2a9,1 fFloog protection should be included in

individual 1TAAC

R Sy Ty ey Ty NRINm—————

s S0 I A pipe Lreak an MET
3.4,1=¢ # pipe break i1n RSW
TS | 11440 for internal yenerated massiles from
outside
, 3931543 Sersmic sodel will have to modified by new
| tornado misvsile requirement
i 3.%9:1.8-2 ITRAC for missiles generated from natural
| pHEnOmEN A
i J.0.2 [TaAl for exterual generated missilies
i Sebuii [TAaC for protection of safety-related
f eovipment from the effects 0f postulated
l piping Tailures
' 0 MCR protection Trom & pipe tallure
i debiE=] Computer progran to be used for pipe whip
| analreers and design methodology
Ji0i272 Update 1ts referencte to SRP and
} ANS T /4NG-38.2 (1998)
; 3e7.2-1 Specity tne POA of the OBE = .1%g
: 3:.7.2-2 Araly. Against Seismic Sliding Determination
I S¢?s8%3 ftet. for Lynamic Effect Of DEFSS
I 3.7.,2-4 CH Structure - Structure Interaction Effect
3.7.2~% Diff, Between 20 & 3D 551 4nalysis of CE
{ 3.7.2+8 Accuracy Buildg. Dimensions, CAT § Structures
! 3.7:2=7 The seismic anput to the MSL analysis
; 3:.7.2-8 The structural antegrity of the turbane
i 2. O P ConfYarmation uf plant specific seismic design
i adequacy
| 3.7.2-10 Procdure tor The Seasmic Analysis & Evalu,

of Buried Fiping & Tunneis Above Lround Tanks

Did not specify the edition of AEME Code

1 it Ahe .oncrete design

? 3.8.1-2 Dig not specity ihe edition of AGMD Code

' in concrete conta nment components design

1 $:8:1°% Di¢ not specify the edition of ABME Code in

' the structural integrity test of ABUR
containment

3.8.3-1 GNGI/ALEL NETU Has Mot Been Aparoved By NRC

3:8.3-2 Did not specity the edition of AGME code in

1 for the concrete diaphragem floars
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3:9,3:1-3
D 2,3:3

5.9.652I2

. -
0.9.6.2.4‘1

3. Vb3
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Turbine Builg, Not Fail During & After & SSE
Hydrodynamic Load on Reactor Buileg.

New tornado design basis impact

No (B & Radwaste Bldage., Sub Svs., Desrapt.

& Lesign intormation in SBHAR,

Pesiygn information such as the tactor of
safely againgt slading, Overtlurning ...

Did not sp: fy the edition of ABM: Code for
the seismic Cat ] foundations

No tfoungation Infor. for CB & Radwaste Bldg.
The Accuracy of Foundation dimensions for
Fe, [B & Radwaste Bldgs.

Generic ABWR Bldag. 1TAAC (5 Items)

Reactor Bldg. I1TAAC (5 Items)

(B 1T4AC (4 liems)

Radwaste Bldg. 17AAC (2 ltems)

vard Strutture = Stack Sys. 1TAAC (3 Iteas)
Site Paraneters-Table 5.0 1TAAC (1 Item)

30 not provide design procedure & criteria
for the seismic Cat 1 cable trays & conduits
Mechanical component 0esigh piping
Confirmatory of piping analyses

Seremic Subsystenm Analyslrs methods

é4ny agditronal flexibility tetween bldg. Node
points and the pipe supoort

vow the flevibility and masses of equip.
attached to the piping are to be modelled
Criterie for decoupling of the piping sys. In
ithe analysis model

The ABWR smalli-bore piping design

Use the Modal damping for composite
structurss as an option for piping analysis
The ARWR burried piping

The enviromental effects 1ts fatigue analysis
Addytipnal Justification for the methodology
including testing to support thermal
siratificatinn load definition

Thermal analyses for all temperature
conditions above ashient

fFfesign craiteria infor. for structure design
vt Jaine instrumentation lines

Generic MOV 1Taal

Conteinment lsclation Valves Leakage Rates
Surv, Keguirements of ABWR Fressure
lsnlation Valves

Deveiopment of An Acceptable IST Plan
Generac Uther Fower Uperated valvey 1TAAC
besign Procedures & Criteria for the Seismic
(AT Cable Trays and Conduit

Integrated gamma accigent dose for EQ an
containment

Reg. 1.89

Environmental of eleciracal equipment
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The integrated gamma atcident dose
Struttural Design of Small Bore Piping
Gystens & Instrumentation Lines, Including
Seismic Design (1TAaL)

Buried Piping besagn (I1TRAL)

Resulte of Staft confirmatory Analysis on
(omputer Modeling Adeguacy (1Taal)

teisnil input (Envelope Vs, S1te-Specitic)
o1l Properties (1Taal)

anplifies Builoing Response spectrallThaC)
60 years design life cycle factor of

1.9 (1TRAL)

Envir., effecte .n fatigue design

iclass 1) (J1AARL)

Envir, effects an fatigue design

iclass 2) (1TAACH

Methodology ‘o address Thermal

siripping (1TAAC)

Modal Damping for Composite Structures(lTAAL)
minimum Temperature for Thermal

analyses (JTAAC)

Pipe Support Criteria (1TAAM)

Pescription of computer program fTor pipe WHIP
analyses and restraints (1TARD)

ANG]1/ANE Standards for High Energy Line Break
Criteria (1TRAC)

Generic paping Design ITAAL

ABWR weloing ITAAC

LPM 1TAAC (net reference Reg. 1.133)

ATWE stabilaty

SRV, Fuel 1TAAC

Control rod 1TAAC

RCE leakene detection ITaAC

6how How Neutron Population FPredicted
Recirculation flow 1Taal

RCIC 11anl

kul 1 TAAC

Hydrodynamic loacds

JT&AC for the funtional of secondary
containment

1 11.E.4.2

Valve closure condition

FCS 1s0lation valves open/closure time
leolation barrier design

Prohibited simulating venting oY the dry-
well & wetwell

Fegundant & indepenvent containment
1solation on eacth purge & erhaust line
1Taal for containment isolation system
Containment purge during operations

GE d1d not provide cost & benetit intform.
for alternate sys.

Hydrogen pentration should be ircluded
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in 65aR section &.2.%.2.7

6.2.%-4 Contasnment ventilation valves pogtition

y 6:2:9-% 11440 for containment leakage testing

; 6.cab-l Tvpe C tests
bl b8 Test methodvlogy on ECCS isolation valves
b2k Each barrier at each penetration ang closed

] piping loop outsige 18 subject to leak rate
e

b.0.6-4 Test procedures
? 6o lob- N Valve hyvtrostatic test
1 bilob* b 30 day water legs seal
E $.2.6-7 ILRTs ant LIRS
| diioo~B Leak rate testing
6i2.6v9 Bypase leakaoe paths
| 6.246%10 MHydrogen recombiners factors in ILRT results
! betn? EGU of electric components
' 6.3 MPLF 1Taal
: 6.4 CR Mabitability ITAAC

-
w
.

SGT18 (lable 6.5.1«1 R vision)

EFRT requirements

Essential multiplexin system [TAAC

ingication of Bypass or inoperable status
hedundaincy & Diversity

Setpoints [TAaC

Hardware and software gualification ITAARC
Alternate rod inserttion system

Standby liguig control system instrumentation
1 114AC

! 7.4,1,3 Reactor shutdown cooloing mode of the RWR

) GV!. ITQAC

' 4.1.4 Remopte snutdown system [TAAC

6.1.1 Neutron monitoring system 1TaAC

b.le2 Process ragiation monitoring ITAAL

b High/loww pressure interlocks ITAAC
6.1.5

616

-
L

- D e D L RS L e

NN N N N N YD
» -
P RS NG R e
.
-
By

F O R
.

Wetwell to drywell vacum breaker system J1AAC
Containment atmossphere monitoring systenm
I TRAL

7.6:1.7 Suppresion pool temperature monitoring
11848l

Nuclear boiling system 1TAAC

Rod control and i1nformation 1TAAC
Recirtulation flow centrol 1TAAC
Feedwater control system 1TAAC

Procese computer 1TAAC

Neutron monitoraing system JTaAl

Automatic power regulator system I1TAAl
Steam bypass and presture control I1TAAC
Hon-essential multiplexing 1TAAC

Fire protection system insir, ITAAC
Communications systea [TAAC

Usls and GSls

Technical Specafications

1184l for interfaces

1TAAC for physical separation (circuit &
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102
10.3
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10,4.7
11:0
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Ry Building and refueling platfora cranes
CE & secondary containment cranes

Use o1 heavy 1-a8 handling egquisment in CB
The hoists for the Ry building, refueling
platfora & steam tuunel cranes

Interioek & satety devices in heavy load
hangling equipaent.

Heavy load equipment handlang cCapacity
other Lhan Ry, building

Table 3.2.1 & 9.1 claraficaticn

Sanytary water svs. 1TAAC

A conceptual design TOr sanitary water sye.
ROW sye., HX, heat removal design capetity
Ultimate heat sink 1TRAL

Fakeup water sys. (preparation) ITAAL
Makeup weter congensate sys. l1Taal
Complete the information on the MUWP sys.
Marteup water (purified) sys., 1TAAL

RCW sys. MX, heat removal designh capacity
Reactor building cooling sys. ITAAC
lesplation valves for the secondary
containment pen2trations

HYAL normal cooling water sys. ITAAC

HVaL emergency tooling water sys. I1TaAL
Turbine Leiloing cooling sys. l11AAl
Reattor service water sys. 11AAC

Turbine service water sys. 1TAAC
Lompressed a1r sys. 1TAAC

Compliance of nitrogen supply sys. with
reauirements of ANSI MCI1.1-1976
Instrument air complience with GDC )
Ability of the sa‘ety~related air suppl.
sys., meetls the air quality of ANSI
nCY11.1-1976

ot show electiric heaters as part of E&F-
graded Talier train

Process Sampling System I1TAAL (4 Iteamy)
Post Accident Sampling Sys.

SLC 1Ta~C

Radicactive draan transfer sys. withan
tre ABWR scope 1TAAL

Fire protection sys. 1TAAC

RG 1.140 & RALl No. 930.2%8 concerns

The effect of tornado missiles

Diesel generator & auriliary systems ITAAC
Turbine Generator [Taal

Main Steam ITRAC (7 Items)

Congenser I1TALL (6 ltems)

Condenser Evacuation System 1TAAC (7 Items)
furbine Gland Seal system ITAAL (8 [tems)
turbine Bypass (TAAC (7 Items)
Circulating Water System ITAAC (10 ltems)
Condenser/Feedwater 1TAAC (7 Items)
Racwaste System lTAAC
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1/746.% Gevere accident internal floow
19.6.6 Severe accigent external flood
19.7.2 Containment bypass aralysls
19:.7.3+1 Containment overpressure prutection sys.
19:.7.3-2 Contasnemnt venting time
19.7.4 The passive flooger system
19.7,%:1 Core concrete interaction
19:7.8.1 Direct containment heating
19,7642~} Fuel tpolent anterac’ion failure
19.7.6.2+2 fteam 2xplosiors
19.7,7 Containment analysis
19.8 Gource term uncertairty analysis
19,10 The integrated rack “esults
19,11.4-1 The RUCL suction line arrangesent
19.11.4+2 The RWCU conrern
11.8.:8 1Mis Dedicated Containment FPenetration
b l.K 3124 TMis MPCS, RCIC Space Ccvling
Pk, 326) THl: ADS Performance
 al.%.C TMi: Hyorogen Control Design
s 11.E.4,) 1015 Hydrogen Recombiners
s 11,8.4.2 TMis co~teanment Jsolation
o 11.E.4.4 TMl: Coniszcment Purge/venting
b 11.F.1 1Ml Accident Monitering Instrumentation
20 Shutdown Risé (GL-BB-17)
& intersytems LUCA

TOVAL: 338 OPEN ITEMS: € DLOP 1TEMS, 74 DET ITEMS, 202 DST ITEMS, AND
54 DREP ITEMS

160 1TaaC 1TEMS
178 NON-1TRAL TTEMS

Note: & Trl items will be addressed in Chater 20.3 of ABWR FSER
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Review Comments on
GE Tier ) Desiyn Certification Material for
the ABWR - Stage 3 Submittal
Structural and Geosciences Eranch

The staff reviewed Sections 2.15.10 through 2.15.14, 2.16.1, and 5.0 of GE's
“Tier 1 Design Certification Material for the ABWR Design - Stage 3
Submittal," dated May 30, 1992 which includes design descriptions and ITAAC
material for the reactor building, turbine building, control building,
radwaste building, service building, stack system (yard structure), and site
parameters. The staff's generic concerns related to all ABWR building: and
huilding-specific findings as well as the concerns applied to the site
paramaters are summarized below.

The staff identified saven generic ABWR building concerns:

(1) The purpose and scope of the "plant walk through" and "visual
inspection®” should be provided. Inspection should not be Timited to
"visual inspection.” Dimensional measurements need also be performed.
In addition, checking of concrete cracking should be required in the
inspections,

(2) Minimum thickness of roof and interior walls should be provided in
addition to wall, floor, and basemat thicknesses. The concrete pipe
chase needs to be presented in appropriate figures.

(3) Minimum requirements for HVAC damper tornado missile barriers need to be
provided.

(4) As discussed in FSER Section 3.7.2, site-specific seismic evaluation
need be parformed 1f the site-specific soil condition is not one of the
fcurteen generic site corditions.

(5) GE skeuld provide the concrete properties ‘o.g. -rushing strength,
shear modulus, Poisson's ratic, etc.) in this _Zucume.. because these
pro?erties are needed in developing the dynamic model for the seismic
analysis.

\6) For each seismic Category | structure, GE should provide the
environmental design parameters, such as design pressure, design
temperature, humidity, radiation, and other environmental parameters
that are necessary to perform the environmental qualification of
equipment located within the subcompartment.

(7) As a result of the second design calculation audit conducted on March 30 |
through April 3 of 1992, the staff found that the implementation of the |
QA progran for some of the design calculations was not completed. GE |
should complete all QA implementation for 211 seismic Category |
structires and finalize the thickness of the walls and floors shown in
this document.

The staff's structure-sperific concerns for the design descriptions and the
ITAAC of the individual seismic Category 1 and other ABWR structures including
the site parameters are listed in the following.




Reactor Building

(1) The directions of the planar a.mensions (59 meters x 56 meters)
specified in the "Design Descriptions” are different from those
specified in the "Major Nominal Dimensions of Seismic Category I
Structures.” A resolution of this discrepancy is needed.

(2) The directions (0-180 decree direction and 90-770 degree direction)
specified in this document are inconsistent wiih the directions (N-S
direction and E-W direction) as specified in Amendment 6 of the SSAR.
GE should resolve this discrepancy.

(3) The thicknesses of the exterior walls at the first and third through
eighth levels are inconsistent with th. exterior wall thickness shown in
Figures 2.15.10¢ through 2.15.10n.

(4) The exposed exterior walls and roofs of the reactor building as well as
the tornado dampers should be designed for a pressure drop of 13.8 KPa
2.0 psi) as specified in the revised SSAR Section 3.3.2 and Table 2.0-]
nstead of 10.] KPa [1.46 psi].

(5) The divisiona)l diesel generators and supporting c?uipmcnt. which are .
located at grade level, should also be protected from the external
missiles such as aircraft, moving vehicle, etc.

(6) GE should revise the dimensions of the super-structures and roof to be
consistent with GE May 29, 1992 submittal.

Control Building

(1) The planar dimensions and the soi)l enbedment depth shown in Sections
3A.2 and 3G.3.2 of the SSAR and in this document are inconsistent with
each other., This concern has previously been raised in Sections 3.7.2
a?d 3.?.4 of the FSER. GE should verify the accuracy of these
dimensions.

(2) The building directions referenced in this document «re incorsistent
with those referenced in Amendment 6 of the SSAR. GE should resolve
this discrepancy.

(3) The thickness of the basemat should be considered as one of the major
nominal dimensions and shown in the design description section because
thi? d:nonsion is needed to develop the dynamic model for the seismic
analysis.

(4) The design basis tornado wind loads (maximum wind speed, pressure drop,
etc.) should be updated for consistency with those specified in the
revised SSAR Section 3.3.2 and Table 2.0-1.
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Radwaste Building

(1)

(2)

The planar dimensions of 54.2 meters x &l.2 meters [178 feet x 135 feet)
as shown in this document are different frum the planar dinensions of 52
meters x 40 meters [174 feet x 131 feet] as specified in Amendment 7 of
the SSAR. GE should verify the accuracy of these planar dimensions.

GE should clarify if the building height of 13.8 meters [45 feet] is
measured from the top of the basemat or from the bottom of the basemat
to the roof.

Yard Structure - Stack System

(1

GE should provide the analysis approach, input data, and design
requirements in the SSAR prior to confirming that the design,
fabrication, and installaticn meet the design requirements.

(2) GE should take & measurement instead of visual inspection to verify that
the stack height is 76 meters [249 feet] above grade.

(3) GE should provide Tier 1 information for the field-erected tanks if they
are classified as seismic Category 1.

$ite Parameters - Table 5.0

(a) A1 units and dimensions used in this table should be in metric
system with Inglish units or dimensions provided in brackets.

(b) The site parameters 1isted in this table should be consistent with
the bounding values committed in the SSAR and acceptad by the staff.
According to the design information documented in the SSAR (up to
Amendment 16) and the revised SSAR dated May 28, 1992, and the
staff's review results stated in the FSER, the site garanutor
"Precipitation,” "Tornado," "Soil Properties,” and "Seismclogy"
should be either added to this table or changed as follows:

Precipitation (for Roof Design)

15.75 cm/5 min (6.2 in/5 min) should be added to the maximum
rainfall rate.

Jornado

According to the revised SSAR dated May 28, 1992, a)l the design
parameters should be changed as follows:

Maximum torncdo wind speed: 480 km/hr (300 mph)

Translational Velocity: 97 km/hr (60 mph)
“ Radius: 45.75 m (150 ft)
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1 MODEL DEVELOPMENT
1.1 Objectives

One fssue to emerge from the review process of evolutionary reactor control
room designs was that complete detailed HS] design information would wot be
available for review grior to design certification and that certification
would be based partially on the approval of a design and implementation
process plan. The process must contain: (1) descriptions of all vrequired HFE
program elements for the design, development and implementation o ihe
evolutionary reactor human-system interfaces, (2) identification of
predetermined NRC conformance review points, and (3) design acceptance
criteria (DAC) and Inspection, Test, Analysis and Acceptance Criterfa (ITAAC)
for the conformance reviews.

Te review the designers process, 1t 1s necessary to: (1) assess whether all
the appropriate HFE elements are included, (2) identify what materials are to
be reviewed for each element, and (3) cvaiuato the proposed DAC/ITAAC to
verify each of the elements. Since a process review has not been conducted
previously by the NRC as part of reactor licensing and 1s not addressed in the
presently available guidance, 1.e., NUREG-0800, a firm technical basis for
such a review 1s not available. To conduct the review, it is important to
identify which aspects of the nrocess are required to assure that safety goals
are achieved and to identify tue review criteria by which each element can be
assessed, Review criteria independent of that provided by the designer is
required to assure that the design plan reflects currently acceptable human
factors engineering practices and that it is a thorough, complete, and
workable plan. Thus, a technical basis for review of the process was
d::elopod and 1s described in this section. The specific objectives of this
effort are:

1. To develop an HFE program review model to serve as a technical basi’ for
the review of the process proposed for certification. The mode)
requirements are that it be: (1) based upon currently accepted
practices, (2) well-defined, and (3‘ validated through experience with
the development of complex, high-reliability systems,

2. To identify the HFE elements in a system development, design, and
evaluation process that are necessary and sufficient requisites to
successful integration of the humar ccwponent in complex systems,

3, Te dentify which aspects of each HFE element are key to & safety review
anc are required to monitor the process,

4. To specify the specific acceptance criteria by which HFE elements can be
evaluated.

1.2 Scope

The scope of the HFE Program Review Model was restricted by tuo facrors,
First, those elemenis of a complete HFE program that are already adequately
addressed by existing NRC requirements for license applicants were excluded

1



from the scope of the model. In . .ded in this category were training program
development and the details of procedure development. The second category of
exclusfon were those elements that are the responsibility of other NRC review
teams. Thiz category includes human reliability analysis which, while
important to HFE program development, is the responsibility of the SSAR
Chapter 19 reviewers. Therefore, the scope of the model de. ‘lopment described
below was restricted to those aspects of HFE design review remaining after the
above elements are excluded.

1.3 Development Method

A technical review of current HWFE g idance and gractices was conducted to
identify impurtant human factors program plan elements relevint to a design
process review. Sources reviewad included a wide range of nuclear industry
and non-nuclear 1ndustry documents, including th..e currently under
development as part of the Department of Defense (DoD) MANPRINT program
(Booher, 1980, Dcd, 1989; DeD, 19%0a). From this review a generic system
development, design, and evaluation process was defined. Once specified, key
HFE elements w -e identified and criteria by which they are assessed (based
upon a review o urrent \itereture and accepted practices in the field of
hucan factors engincering) were developed.

The yeneric HFE Program Review Model was developed based largely on applied
general systems theory (Bailey, 1982; DeGreen, 1970; Gagne. et al., 1988;
VanCott et al., 1972; Woodson, 1931) and the Department uf Defense (DoD)
system development process which is rooted in systems theory (DoD, 197%a; DoD,
1990b; Kockler et al., 1990). Other DoD documents werc utilized as well (see
References section).

Applied general systems theory provides a broad approach to system design and
development, based on a series of clearly defined developmental steps, each
with clearly defined and goals, and with specific management processes to
attain them. System engineering has been defined as “...the management
function which controls the tota) system development effort for the purpose of
achieving an optimum balance of ail system elements. It is a process which
transforms an operation2) need intuv a description of system parameters and
integrates those parameters to optimize the overall system effectiveness
(Kockler et al., 1990).

Utilization of the DoD system development as an input to the development of
the Generic HFE Program Model was based on several factors. DoD policy
identifies the human as & specific element of the total system (DoD, 1990a).
A systems approach implies that all system components (hardware. software,
personnel, support, procedures, and training) are given adequate consideration
in the developmenta! process. A basic assumption is that the personnel
element receives serious consideration from the very beginning of the design
process. In addition, the military has applied HFE for the longest period of
time (as compared with industrial/commercial system developers), thus the
process is highly evolved and formalized and represents the most highly
developed model available. Frinally, since military systemn development and
acquisition is tightly regulated by federal, DoD, and military branch laws,



regulations, requirements, and standards, the model provide. the most finely
grained, specifically defined HFE process available.

Within the Dol system, the development of a complex system begins with the
mission or purpose of the system, and the capability requirements needed to
satisfy mission objectives. Systems engineering is essential in the earliest
planning period to develop the system concept and to define the system
requirements, During the detailed design of the system, systems engineering
assures:

balanced influence of all required design specialties;
resolution of interface problems;

the effective conduct of trade-off analyses;

the effective conduct of design reviews; and

the verification of system performance.

The effective integration of HFE considerations into the design is
accomplished by: (1) providing a structur:d top-down approach to system
development which is iterative, integrative, interdisciplinary and
requirements driven and (2) provid1ng a management structure which details the
HFE considerations in each step of the overall process. A structured top-down
approach to NPP HFE is consistent with the approach to new control rcom design
as described in Appendix B of NUREG-0700 (NRC, 1981) and the more recent
internationally accepted standard, IEC %64 (1989) for advanced contrel room
design. The approach is also consistent with the recognition that human
factors issues and problems emerge throughout the NPP design and evaluation
process and therefore, human factors issues are best addressed with a
comprehensive top-down program.

The systems engineering approach was expanded to develop an KI'E Program Review
Model to be used for the evolutionary recctor design and impiementation
process review by the incorporation of NRC HFE requirements.



2 GENERAL MODEL DESCRIPTION

In this section an overview of the model is presented to generally dJescribe
the HFE elements, products reviewed for each element, and the acceptance
critevia used to evaluate the element.

The model is intended as the pregrammatic approach to achieving a design
commitment to HFE. The overall commitment and scope of the HFt effort can be
stated as follows: Human-system interfaces (HSI) shall be provided for the
operation, maintenance, test, and inspection of the NPP that reflect "state-
of-the-art human factors principles” (10 CFR 5C.34(f)(2)(111)) as required by
10 CFR 52.47(a)(1)(11). For the purposes of model development "state of the
art" human factors principies are defined as those principies currently
accepted by human factors practitioners. “"Current" is defined with reference
to the time at which this model was developed. "Accepted" is defined as a
practice, method, or guide which is (1) documented in the human factors
literature within a standard or guidance document that has undergone a peer-
review process, and/or (2) justified through scientific/industry research
practices.

A1l aspects of HSI should be developed, designed, and evaluated based upon a
structured top-down system analysis using accepted HFE principles based upon
current HFE practices. HSI is used here in the very broad sense and shall
include all operations, main‘enance, test, and inspection interfaces,
procedures, and training materials.

The model developed to achieve this commitment contains eight elements:

. Element 1 - Human Factors Engineering Program Management

. Element 2 - Operating Experience Review

. Element 3 - System Functional Requirements Analysis

. Element 4 - Allocation of Function

. Element & - Task Analysis

. Element 6 - Human-System Interface Design

. Element 7 - ¢lant and Emergency Operating Procedure Development
. Element 8 - Human Factors Verification and Validation.

The elements and their interrelationships are illustrated in Figure A.1. Also
illustrated are the minimal set of items submitted to the NRC for review of
the COL’s HFE efforts. A1l NRC review items are identified as falling into
one of the five review stages:

HF Management Planning Review
Implementation Plan Review

Analysis Results Review

HSI Results Review

Human Factors Verification and Validation

The materials reviewed at each stage are shown in Figure A.2.



Elternent 1 . Human Factors

neering Progran: Managemaent
+ HFE Program Mansgement Plan

Elament 3 - Development of
Syetem Functional Requirements
* Implemaniation Plan

» Analys Re.uls Report

« M5! Deaign Team Evaivation Report

]

Element 4 - Allocation «f Functions
* Implemeniation Plan

o Analysis Results Repor

+ HS| Design Team Evaluation Report

|

Element § - Task Analysis
Implementation Plan

* Analysis Results Report
* HS! Design Team Evaluation Repont
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Element 6 - intarfacs Design

Eler ant 7 - Procedure Development
* Implamentation Pan P Implementation Plan
+ Analysis Rasulis Report * Analyss Residis

Raport
* HS! Design Team Evaluaton Raport » M8 Design Yeam Fvaluaton Repart

Y

Eloment & - HF Veritication and Validation
+ implermaniaton Plan

* Analysis Resuits

» 18! Desgn Team Evalaton Report
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Figure A1. HFE Program Review Model Elements



1. HF Management Plan Review

Revew of HWFE Program Mansgsment Pian
“,

« Elament 1 - Human Factorn Enginesnng
Program Meragament

'

2. iImpiementation Plans Review
Feveaw Implementationr Pians lor

« Bloment & « Operaling  xparience Review
+ Elament 3 - System Functional Fegquirements
» Elgment 4 - Allocation of Funations

» Emmant § - Task Andvyss

s Elamant € - intertace Design

+ Clemant 7 - Procedure Development

« Emment 8 - HF Verfication and Vakdaton

3. Analysis Results Review

Review of Analysis Results Reports &
HS! Design Team Evalustion Reports jor

+ Element 3 - Systam Funciional Requeements
+ Elament 4 - Aliocation of Fundions
« Elament 5 - Task Analysis

1

4. HSI Dasign Review

Review o Analysis Resulis Reporta &
NS/ Design Team Evaluation Reports for

« Elemant 6§  intartiacs Design
» Eiemant 7 - Procedurs Development

!

§. HF Verification &Validation Review

Review of Antlyss Regulte Reporte &
HS/ Design Team Evalvation Reports for:

« Elemnent B - HF Verfication and Valideion
« Elmant 2 - Operaiing Expadence Review

Figure A2, HFE Program Review Stages



A brief description of the purpose of each element follows:
Element ] - Human Factors Engineering Program Mansgement

To assure the inteyration of HFE into system development and the achievement
of the goals of the HWFE effort, an HSI Design Team and an WFE Program Plan
shall be est blished to assure the proper development, execution, oversight,
and documentation of the human factors engineering program. As part of the
program plan an HFE issues tracking system (to document and track HWFE related
problems/concerns/issues and their solutions throughout the KFE program) will
be established.

Element 2 - Operating Experience Review

The accident at Three Mile Island in 1979 and other reactor incidents have
1lustrated significant problems in the actual design and the design
philosophy of NPP HSIs. There have been many studies as a result of these
accidents/incidents. Utilities have implemented both NRC mandated changes and
additional improvements on their own initiative. However, the changes were
formed based on the constraints associated with backfits to existing control
rooms (CRs) using early 1980s technology which limited the scope of corrective
actions that might have been considered, 1.e., more effective fixes could be
used in the case of a designing 3 new CR with the modern technology typical of
advanced CRs. Problems and issues encountered in similar systems of previous
designs shall be identified and analyzed so that they are avoided in the
development of tha current system or, in the case of positive features, to
ensure their retention.

fiement 3 - System Functiona! Requirements Analysis

System requirements shall he analyzed %o identify those functions which must
be performed to satisfy the objectives of each functional area. System
function analysis shall: (1) determine the objective, performance
requirements, and constraints of the design; and (2) establish the functions
which must be accomplished to meet the objectives and required performance.

Element 4 - Allocation of Functions

The allocation of functions shall take advantage of human strengths and avoids
allocating functions which would be impacted by human limitations. To assure
that the allocation of functions is conducted accordit to accepted HFE
principles, a structured and well-documented methodology of allocating
functions to personnel, system elements, and personnel-system combinations
shall be developed.

Element S - Task 8nalysis

Task analysis shall provide the systematic study of the behavioral
requirements of the tasks the personnel subsystem is required to perform in
order to achieve the functions allocated to them. The task analysis shall:



. provide one of the bases for making design decisions; e.g.,
determining before hardware fabrication, to the extent
practicable, whether system performance requirements can be met by
combinations of anticipated equipment, software, and personnel,

. assure that human performance requirements do not exceed human
capabilities,

. be used as basic information for developing procedures,

. be used as basic information for developing manning, skill,
training, and communication requirements of the system, and

. furm the basis for specifying the requirements for the displays,
data processing and controls needed to carry out tasks.

Element 6 - Human-System Interface Design

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

Element 7 - Plant and Emergency Operating Procedure Development

Plant and Emergency Operating Procedures snall be developed to support and
guide human interaction with plant systems and to control plant-related
events and activities. Human engineering principles and criteria shall be
applied alon? with all other design requirements to develop procedures that
are technically accurate, comprehensive, explicit, easy to utilize, and
validated. The types of procedures covered in the element are:

. plant and system operations (including start-up, power, and

shutdown operations),

. abnormal & emergency operations,
«© preoperational, start-up, and surveillance tests, and
. alarm response.

Element 8 - Human Factors Verification and Validaiion

The successful incorporation of human factors engineering into the final HSI
design and the acceptability of the resulting HS! shall be thoroughly
evaluated as an integrated system using HFE evaluation procedures, guidelines,
standards, and principles.

The specification for the NRC review materials and the arceptance criteria to
be used for tLheir evaluation are identified in the next section. Generically,
each element is divided into three sections: Design Commitment,
Inspection/Test/Analysis, and Design Acceptance Criteria.

Qesign Commitment

A concise and general statement as to the HFE objective of the Element.



Inspection/Jest/Analysis

A specification of the inspections, tests, analysis, or other actions (i.e.,
some action that is required but which is not a specific inspectiorn, test, or
analysis, such as development of a program plan) to assure the achievement of
the objective. Generally these are divided into three activities: planning,
*analysis," and review. The set of materials to be provided to the NRC for
review of the element is specified.

Design Acceptance (riteria

Acceptance criteria are typically divided into four sections: General
Criteria, Implementation Plan, Analysis Report, and HSI Design Team Review
Report. The General Criteria represent the major statement of design
acceptance criteria. These are the criteria the element is required to meet
and which should govern the Implementation Plan, Analysis Report, and HSI
Design Team Review Report development. The general criteria are derived from
accepted HFE practices. These are the criteria derived from the WFE model
development and HFE literature and current practices review.

The HFE Program Review Model requires that HFE elements be governed by
accepted N?g practices as specified in applicable condes, standards, and
guidelines. Eaci element requires an identification of the codes, standzrds,
and guidelines which are to be applied. Applicable codes, standards, and
guidelines for the HFE Program Review Model Elements are provided below. With
respect to Element 2 - Operating Experience Review, the documents listed also
provide further issue description. Whiie these documents contain generally
recognized scceptable approaches to the conduct of the HWFE activity described
by the element, several caveats should he identified:

« There tay be inconsistencies or contradictions within and between
documents. Such conflicts should be resolved on a case-by-case basis
depending upon the specific application under review,

+ Not each document listed under a given element necessarily address all
aspects of the element. In the conduct of a review of each element a
combination of the applicable section of several of the identified document
may be appropriate.

« It should not be inferred that the listed documents provide complete
guidance for each and every activity encompassed by the element., HFE is not
at a state of maturity to be confident that all HFE activities are adequately
covered in codes, standards, and guidelines.

« Yhe listed documents represent currently accepted documents in the
human factors community. Alternative approached can be found acceptable if
judged by the reviewer to be based in firm rationale. Propesed alternative
approaches should be evaluated on a case-by-case basis.



3 ELEMENT DESCRIPTIONS AND ACCEPTAMCE CRITERIA

3.1  Element 1 - Human Factors Engireering Program Management
DESIGN COMMITMENT:

Human-system interfaces (HSI) shall be provided for the operation,
maintenance, test, and inspection of the NPP that reflect “"state-of-the-art
human factors orinciples® (1C CFR 50.3t(f)(2)(i1|)¥ as required by 10 CFR
52.47(3\31)(11). A1l aspects of HEl shall be developed, designed, and
evaluated based upon 2 structured top-down system analysis using accepted
human factors enqineering (HFE) nrinciples bases upon current HFE practices,
HSI 1s used herc in the broad sense and shall include all operations,
maintenance, test, and inspection interfaces, procedures, and training needs.
The tier 1 commitment addresses main control room and remote shutdown system
functions and equipment. Local control stations should be included in the
overall program.

State of the art human factors principles is defined as those principles
currently accepted by human factors practitioners. “"Current" is defined with
reference to the time at which a program management or implementation plan is
prepared. “"Accepted" is defined as a practice, method, or guide which is (1)
documented in the human factors literature within a standard or guidance
document that has undergone a peer-review process and/or (2) can be justified
through scientific/industry research/practices.

INSPECTION/TEST /ANALYSIS:

To assure the integration of HFE into system development: a HSI Design Team
shall be established and a MFE Program Plar shall be established to assura the
proper development, execution, oversight, and documentation of the human
factors engineering program.

DESIGN ACCEPTANCE CRITERIA:

General Criterfa

1. The primary goal of the HFE program shall be to developing an HSI which
makes possible safe, efficient, and reliable operator performance and
which satisfy all regulatery requirements as stated in 10 CFR. The
general objectives of this program shall be stated in "human-centered"
terms which, as the HFE program develops, shall be objectiveiy defined
and shall serve as criteria for test and evaluation activivies. Generic
"human-centered" HFE design goals include:

® The operating team car accomplish all assigned tasks within
system defined time and performance criteria,

- The system and allocation of functions will provide

acceptable workload levels to assure vigilance and to assure
no operator cverload.
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. The system will support a hign degree of operating crew
"situation awareness.”

. Signal detection and event recognition requirements will be
kept within ihe operators’ information processing limits and
wil) minimize the need for operators to mentally transform
data in ovder to be usable.

. The system will minimize operator memory load.

. The cperator interfaces will minimize operator error and
will provide for error detection and recovery capability.

L

The program shall be developed using the following documents as
gu.dance:

MIL-}-468558: Himan engineering requirements for military systems, equioment
and facilities, 1979, (Department of Defense).

AR 602~1: kuman factors engineering program, 1983, (Department of Defense).

DI-HFAC~BOT40: Human engineering program plan, 1989, (Departmert of
Defense).

AR €02-2: Manpower and personnel iutegration (MANPRINT) in the malerie!
acquisition process, 1990, (Depariment of Defense).

DOD-HDBK-763: Human enginearing procedures guide, 1991, (Capartment of
Defense).

TEEE Std 1023-1988: [EEF guide to the application of human fectors

engineering to systems, equipment, and faciliiies of nuclear power gencrating
stations, 1988, (IEEE).

HS1 Cesign Team

3 An HS] Design Team shall have the responsibility, authority and
placement within the organization (as defired below) to ensure that the
design commitment is achieved.

2. The team shall be responsible for (1) the development of all HFE plins
and procedures; (2) the oversight <nd review of all MFE design,
development, test, and evaluation activities; (3) the iaitiation,
recommendation, and provision of solutions through designated channels
for preblems identified in the implementation of the HFE activities; (4)
verification of implementation of leam recommendations, (%) assurance
that all HFE activities comply to the HFE plans and prucedures, and (7)
scheduling of activities and milesiones.

3. The scope of the Team’s responsibility shall include:
. Contrel and instrumentation equipment

il



. all operations, maintenance, test, and inspection of interfaces
and fecilities both within and outside the control room,

- procedures
. training requirements development.
4, The Team shal) have the authority and organizational freedom to ensure

that all its areas of responsibility are accomplished and to identify
problems in the implementation of the HS1 design. The team shall have
the authority to determine where its input is required, access work
areas, design documentation. The YTeam shall have the au‘herit. to
control further processing, delivery, installation or use of HFE/HSI
products until the disposition of a non-conformance, deficiency or
unsatisfactary condition has been achieved,

S, The HSI Design Team shall be placed at the level in the COL organizatien
required to execute i1s responsibilities and authorities. The team
shall report to a level of management suck that required authority and
organizaticnal freedom are provided, including sufficient independence
from cost and schedule considerations.

6. The HSI Desigr Team shall include the following expertise:
Technical Project Management

- Bachelor's degree,
- five years’ experience in nuclear power plant design or ¢perations, and
- three years' management experience.

Systems Engineering

- Bachelor’'s of Science degree, and

- four years’ cumilative experience in at least thiee of the following
areas of systems engineering; design, development, integration,
operation, and test and evaluation.

Nuclear Eng'neering

- Bachelor’s of Science degree, and
- four years' nuclear design, development, tes’ or operations erperience

Control and Instrumentation Engingering

- Bachelor's of Science degree,

- four vears’ experience in design of qrocess eontrol systems, and

- experience in at least ons of the follawing areas of C&l engineering;
development, power plant operation., and test and evaluation.

Architect Engineering

- Bachelor’s of Science degree, and
four years' experience in design of power plant conirel rooms,
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Human factors

- Bachelor’s degree in human factors engineering, engineering psychalogy
or related science,

- four years' cumulative experience related to the human factors aspects
of human-computer interfaces. Qua11f{ln experience shall include
experience in at lease two of the following human factors related
activities; design, development, and test and eveluation, and

- four years' cumulative experience related to the human factors field of
ergonomics. Again, qualifying experience shall include experience in at
least two u’ the following areas of human factors activities; design,
developmenc, and test and evaluation.

Plant Operit.gns

Have or have held a Senior Reactor Operator license, and
- two years' experience in relevant nuclear power plant operations.

Computer System Enaineering

»

- Bachelor's degree in Electrical Engloeering or computer Science, or
graduate degree in other engineering discipline (e.g., Mechanical
Engineering or Chemical Erjineering), and

- four years' experience in the design of digital computer systems and
real time systems appiications.

Plant Pr-cedure Dev

- Bachelor's degree, and
- four years' experience in developing nuclear power plant oper:ting
procecJres.

Personnel Training

- Bachelor's degree,
- four years’ experience in the development of personnel training programs
for power plants, and

- experience in the applization of systematic training development
methods.

Systems Safety Engineering

- Bachelor's degree in Science,

- certification by the Board of Certified Safety Professionals in System
Safety, and

- four years’ experience in System Safety Engineering.
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Reliability/Availability/Maintainability/Inspectability (RAMI) Engineering
Maintainability/Inspectability Engineering

- Bachelor's of Science degree,

- four years' cumulative experience in at least iwo of the following areas
of power plant maintainability and inspectabiiity engineering activity;
design, development, integration and test and evaluation, and
experience in analyzing and resolving plant system and/or equipment
related mainienance problems.

Reliability/Availability Engineering

- Bachelor's degree,

- four years' cumulative experience in at least two of the following areas
of power plant reliability engineering activity; design, develupment,
integration, and test and evaluation, and

- knowledye of compirter-based, human-interface systems.

1. The education and related professional experience of the HSI Design Team
personne) thall satisfy the minimum personal qualification requirements
specified in (6) above, for each of the areas of reguired skills. In
those skill areas where related professional experience iy specified,
qualifying experience of the individual HFE design team personnel shall
include experience in the technologies and techniques, of the particular
skill area, utiiized in the HSI design and implementation activities.
The required professional experience presented in those personal
qualifications are to be satisfied by the MSI Design Team as a
collective whole. Therefore, satisfaction of the professional
experience requirements associated with & particular skill area may be
realized through the combination of the professional experience of two
or more members of the HSI Design Team who each, individually, satisfy
the other defined credentials of the particular skill area but who do
not possess all of the specified provessional experience. Similarly, an
individual member of the HSI Design Team may possess all of the
credentials sufficient to satisfy the qualification requirements for
two or more of the defined skill areas.

8. Alternative personal credentials may be accepted as the basi. for
satisfying the minimum personal yualification requirements specified in
& above, Acceptance of such aliernative personal credentizls shall be
evaiuated on a case-by-case basis and approved, documented and retained
in auditable plant ronstruction files by the (OL Applicant. The
following factors are examples of alternative credontials which are
considered acceptable:

s A Professional Engineer’s license in the required skill area may
be substituted for the regquired Bachelor’s degree.

. Successful completion of all technical portions of an engineering,
technulogy or related science baccalaureate program may be
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elements, and explains how the elements will be managed. Generally, it
shall address:

The scope of the HSI Desion Team's authority within the broader
scope of the organization responsible for plant construction.
liucluded within this scope shall be the authority to suspend from
delivery, installation, or operation any equipment which is
determined by the Team to be deficient in regard to established
human factors design practices and evaluation criteria.

The process through which the Team will execute its
responsibilities.

The processes through which findings of the Team are rescived and
how equipment design changes that may be necessary for resolution
are incorporated into the actual equipment ultimately used in the
plant.

the members and qualification of the Team members.

The process through which the Team activities will be assigned to
individual team members, the responsibilities of each team member
and the procedures that will govern the internal management of the
Team,

The procedures and documentation requirements of the HFE Issues
Tracking System.

The HFE Program Management Plan shall provide the following infurmation:

o B L PO e

Purpese and organization of the plan

Literature and current praciices review

fNveral)l HFE program goals and objectives

The relationship between the HFE program and the overall piant
design program (organization and schedule).

HSI Design Team

Organization within the HFE program

- Identify and describe the primary HFE organization or
function within the organization of the total program,
including charts to show or¥anizational and functional
relationships, reporting relationships, and lines of
communication.

Functions and intern2] structure of the HFE Organization
- Describe the responsibility, authority and accountability of
the HFE organization.

- Identify the organizational unit responsible for each HFE
task.
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Describe the process through which management decisiors will
be made regarding HFE,

Describe the process through which design decisions will be
made regarding HFE.

Describe all tools and techniques (e.g., review forms,
documentation) to be utilized by the Team to enrsure they
fulfill their responsibilities.

Staffing

Describe the staffing of the HSI Design Team.

;rovido job descriptions of personnel of the HSI Design
eam.

Indicate the assignment of key personne] and provide their
qualifications with regard tn the areas of expertise
indicated above.

6. HFE Issue Tracking System

L
.

Literature and current practices review
Responsibilities

t & 1 3

Responsibilities on Issue ldentification
Responsibilities for Issue Logging
Responsibilities for Issue Resolution
Responsibilities for Issue (loseout

Procedures

Issue identification
Description
Effects
Criticality and Likelinood
Issue resolution
Proposed Solutions
Implemented Solution
Residual Effects
Resultant Criticality and Likelihood

Documentation
Audit of the issue identification and trackiny system

7. HFE Requirements

Identify and describe the HFE requirements imposed on the design
process

List the standards and specifications which are sources of HFE
requirements

17
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3.2 FKlement 2 - Operating Exnerience Review

DESIGN COMMITMENT -

The accident at Three Mile Island in 1979 and other reactor incidents have
117ustrated significant problems in the actual design and the design
philosophy of NPP HSIs. There have been many studies as a result of these
accidents/incidents. Utilities have implemented both NRC mandated changes and
additioral improverents on their own initiative. However, the changes were
formed based un the constraints associated with backfits to existing CRs using
carly 1980s tochnoln?y which limited the scope of corrective actions that
mighi have been cunsidered, i.e., more effective fixes could be used in the
case of a cesiyning & new CR with the modern technology typical of advanced
CRs. Problems and Iseues encountered in similar systems of previous designs
shal) be identified and analyzed so that they are avoided {in the development
of the current system or, 1in the case of positive features, to ensure their
retention.

INSPECTION/TEST /ANALYSIS:

B An Operating Exgerience Review Implementation Plan shall be developed.
. An analysis of operating experience shall be conducted in accordance
:ith the plan and the findings will L2 documented in an Analysis Results
eport.

. The analyses shall be reviewed by the HS] Design Team and shall be
documentad in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria
1. The following industry operating experience issues shall be reviewed:
See the 1ist of issues identified in the "Operating Experience
Review lssues” attachment at the erd of this document
R The issues shall be reviewed and analyzed for:
. Human performance issues, problems and sources of human error
shall be identified.
* Design elements which support and enhance human performance shall

be identified.

3. The following topics should be included in interviews as a minimum:
o Display factors

Contrel factors

Informetion processino factors

Communication facters

Procedures
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. Training factors
. Staffing and Job Design

4. The review shall include both a review of literature pertazining the
human factors issues related to similar systems and operator interviews.

5. The following sources both industry wide and plant or subsystem velevant
should be included ir. review of the identified issues:

Government and Industry Studies of Similar Systems

Licensee T.ent R ports

Outa?e Analysis Reports

Final Safety Analysis Reports and Safety Evaluation Reports
Human Engineering Deficiencies identified in DCRDRs
Modifications of the Technical Specifications for Operation
Interna)l Memoranda/Reports us Available

6. Each operating experience issue shall be documented in the HFE Tracking
System,

7. The program shall be developed using the following drcuments as guidance
and issue definition:

NUREG-0737: Clarification of TMI action plan requirements (Supplement 1,
Ttem 1.C.5 *Feedback of Operating Experience to Plant Staff"), 1983, (V.S.
Nuclear Regulatory Commission).

NUREG-0933: A prioritization of generic -afety issues (Main Report and
Supplemeats 1-123, 1991, (U.S. Nuclea: wegulatory Commission).

Draft NUREG-1449: Shutdown and low-power operation at commercial nuciear power
plants in the United States, 1992, (U.S. Nuclear Regulatory Commission).

EGG-HFRU-9446: The onsite analysis of the human factors of operating events,
1991, (U.S. Nuclear Regulatory Commission - Meyer).

Implementation Plan

The pian shall describe the designer's approach to Operating Experience
Review. The plan shall address the following:

Documentation review and analysis
User survey methodology (for conducting interviews) and analysis

plans
. Method of dovumenting lessons learned
. Integration of lessons learned into the desiqn process
Analysis Results Report

The report shall address the following:
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Obhjectives
Description of
Identificatior
Results and Discuss
Conclusions

Recommendation

HS1 Design Team Evaluation Report

The report shal' address the following

The review methodoloegy and procedire

ompliance with Impiementetion Plan
Review findings
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3.3 flement 3 - System Functional Requirements Analysis
DESIGN COMMITMENT:

System requirements shall be analyzed to identify those functions which must
be performed to sat‘:f{ the objectives of each functional area. System
function analysis shall: (1) determine the objective, performance
requirements, and constraints of the design; and (2) establish the functions
which must be accomplished to meet the ohjectives and required performance.

INSPECTION/TEST /ANALYSIS:

. A System Functional Reguirements Analysis Implementation Plan shall be
developed.
. An analysis of System Functional Requirements shall be conducted in

accordance with the plan and the findings will be documented in an
Analysis Results Report.

. The analyses shall be reviewed by the HSI Design Team and shall be
documented in an Evaluation Repert.

DESIGN ACCEFTANCE CRITERIA:
General Criteria

1. System requirements shall determine system functions and the function
shall determine the performance necessary to carry out the function.

2. Critical functions shall be defined (i.e., those functions required to
achieve major system performance requirements; or those functions which,
if failed, could degrade system or equipment performance or pose a
safety hazard to plant personnel or to the general public),

Safety functions shall be identified and any functional
interrelaticnship with non-safety systems shall be identified.

4. Functions shall be defined as the most general, yet differentiable means
whereby the system requirements are met, discharged, or satisfied.
Functions shall be arranged in a logical sequence so that any specified
operational usage of the system can be traced in an end-to-end path.

S. Functions shall be described initially in graphic form. function
diagramming shall be done at several levels, starting at a “top level”
where a very gross picture of major functions is described, and
continuing to decompose major functions to several lower levels until a
specific critical end-item requirement will emerge, e.g., a piece of
equipment, software, or an operator.

6. Detailed narrative descriptions shall be developed for each of the
identified functions and for the overall system configuration design
itself. Each function shall be identified and described in terms of
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inputs (observable parameters which will indicate system status),
functional processing (contra) process and performance measures required
to achieve the function), outputs, feedback (how to determine correct
discharge of function), and interface requirements from the top down so
that subfunctions are recognized as part of larger functional areas.

) {8 Functional operations or activities shall include:
. detecting signals
. measuring information
. comparing one measurement with another
. processing information
. acting upon decisions to produce a desired condition or result on

the system or envirorment (e.g., system and component operation,
actuation, and trips)

8. The function analysis shall be kept current over the life cycle of
design development.

9. Verification

. A1l the functions necessary for the achievement of operational and
safety goals are identified.
. A1l requirements of each function are identified.

10. The effort shall be performed using the following documents as guidance:

1EC 964: Design for control rooms of nuclear power plants , 1989, (Bureau
Central de 1a Commission Electrotrotechnigque Internationale).

MIL-H-468558: Human engineering requirements for military systems, equipment
and facilities, 1979, (Department of Defense).

AD/A223 168: Systems engineering management guide, 1990, (Department of
Defense - Defense Systems Management College - Kockler, F.et al.).

Implementation Plan

The plan shall describe the designer’s approach to System Functional
Requirements Analysis.
The System Functional Requirements Analysi- Implementation Plan shall address:
. Literature and current practices review
- Describe the technical basis for the plan.
. List required system level functions
- Based on System Performance Requirements.
° eraphic function descriptions
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HSI Design Team Svaluation Report
The repert shall address the following:
. The review methodology and procedures

. Compliance with Implementation Plan Procedures
. Review findings
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3.4 [Element 4 - Allocation of Function
DESIGN COMMITMENT:

The allocation of functions shall take advantage of human strengths and avoids
allocating functions which would be impacted by human limitations. To assure
that the allocation of function is conducted according to accepted HFE
principles, 2 structured and weli-documented methodology of allocating
functions to personnel, system elements, and personnel-system combinations
shall be developed.

INSPECTION/TEST/ANALYSIS:

. An Allocation of Function Implementation Plan shall be developed.

. An analysis of Allocation of Function shall be conducted in accordance
with the plan and the findings will be documented in an Analysis Results
Report.

. The analyses shall be reviewed b the HSI Design Team and shall be
documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

3, A1)l aspects of system and functions definition must be analyzed in terms
of resulting human performance requirements based on the expected user
population.

2. The allocation of functions to personnel, system elements, and

personnel-system combinations shall be made to reflect (1) sensitivity,
precision, time, and safety requirements, (2) required reliability of
system performance, and (3) the number and level of skills of personnel
required to operate and maintain the system.

3. The allocation criteria, rational, analyses, and procedures shall be
documented.
4. As alternative allocation concepts are developed, analyses and trade-off

studies shall be conducted to determine adequate configurations cf
personnel- and system- performed functions. Analyses shall confirm that
the personnel elements can properly perform tasks allocated to them
while maintaining operator situation awareness, workload, and vi ilance.
Proposed function assignment shall take the maximum advantage of the
capabilities of human and machine without imposing unfavorable
requirements on either.

S. Functions shall be re-allocated in an iterative manner, in response to
developing design specifics and the outcomes of on-going analyses and
trade studies.
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6. Function assignment shall be evaluated.
7. The effort shall be performed using the following documents as guidance:

NUREG/CR-2623: 7he allocation of functions in man-machine systems: A
perspective and literature review, 1982, (U.S. Nuclear Regulatory
Commission - Price, H., et 21.).

NUREG/CR-3331: A methodology for allocation nuclear power plant control
functions to human and automated control, 1983, (U.S. Nuclear Regulatory
Commission - Pulliam, R., et al.).

IEC 964: Design for contrel rooms of nuclear power plants , 1989, (Bureau
Centra)l de la Commission Electrotrotechnique Internationale).

AD/A223 168: Systems engineering management guide, 1990, (Department of
Defense - Defense Systems Management College - Kockler, F.et al.).

Implementation Plan

The plan shall describe the designer’s approach to Allocation of Function.
The Allocation of Function Implementation Plan shall address:

. Establishment of a structured basis for function allocation
. Alternative svstems analyses

- Specification of criteria for selection
. Trade studies

Define objectives and requirements
Identify alternatives

Formulate selection criteria
Weight criteria

Prepare utility - :tions

Evaluate alternat,ves

Perform Sensitivity Check

Select Preferred Alternatives

-4 ¥y -9 % & N

. Evaluation of function assignment

- The plan shall describe the tests and analyses that will be
performed to evaluate the function allocation

Analysis Results Report
The report shall address the following:

° Objectives
. Description of the Methods
. Identification of any deviations from the implementation plan

7



. Results and Discussion

. Conclusions
. Recommendations/Implications for HSI Design
HS1 Design Team Evaluation Report

The report shall address the following:
e The review methodology and procedv °s

e Compliance with Implementation Plan Procedures
* Review findings
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3.5 Element § - Task Analysis
DESIGN COMMITAENT.

Task analysis shall identify the behavioral requirements of the tasks the
personnel subsystem is required to perform in order to achieve the functions
allocated to them. A task shall be a group of activities that have a common
purpose, oftes occurring in temporal proximity, and which utilize the same
displays and controls. The task analysis shall:

. provide one of the bases for making design d>cisions; e.g.,
determining before hardware fabrication, to the extent
practicable, whether system perforrance requirements can be met by
combinations of anticipated equipment, software, and personnel,

. assure that human performance requirements do not exceed human
capabilities,

. be used as basic information for developing manning, skill,
training, and communication requirements of the system, and

. form the basis for specifying the requirements for the displays,

data processing and controls needed to carry out tasks.
INSPECTION/TEST/ANALYSIS:
. A Task Analysis Implementation Plan shall be developed.

. An analysis of tasks shall be conducted in accordance with the plan and
the findings will be documented in an Analysis Results Report.

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

DESIGN ACCEPTANCE CRITERIA:
General Criteria

The scope of the task analysis shall include all operations,
maintenance, test and inspection tasks. The analyses shall be directed
to the full range of plant operating modes, including start-up, normal
operations, abnormal operations, transient conditions, low power and
shutdown conditions. The analyses shall include tasks performed in the
contro)l room as well as outside of the control room.

2. The analysis shall link the identified and described tasks in
operational sequence diagrams. A review of the descriptlions and
operational sequence diagrams shall identify which tasks can be
considered "critical™ in terms of importance for function achievement,
potential for human error, and impact of task failure. Human actions
which are found to affect plant risk in PRA sensitivity analyses shall
also be considered "critical.® Where critical functions -rz automated,
the analyses shall consider a1l human tasks including monitoring of an
automated safety system and back-up actions if it fails,
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Task analysis shall begin cn a gross level and involve the development
of detailed narrative descriptions of what personnel must do. Task
analyses shail define the nature of the input, process, and output
required by and of personnei. Detailed task descriptions shall address
(as appropriate):

Information Requiremerts

- Information required, including cues for task initiation
Information available

Decision-Making Requirements

- Description of the decisions to be made (relative, absolute,
robabilistic)
- valuations to be performed
- Decisions that are probable based on the evaluation
(opgortunftios for cognitive errors, such as capture error,
will be identified and carefully analyied)

Response Requirements

- Action to be taken

- Overlap of task requirements (serial vs. parallel task
elements)

Frequency

Speed/Time 1ine requirements

Tolerance/accuracy

Operational 1imits of personnel performance
Operational 1imits of machine and software

Body movements required by action taken

t & £ & v

Feedback Requirements
- _Feedback required to indicate adequacy of actions taken
Workload

- Cognitive
Physical
Estimation of difficulty level

Task Support Requirements

Special /protective clothing

Job aids or reference materials required
Tools and equipment required

Computer processing support aids

B aE B

Workplacz Factors
- Workspace envelave required by action taken
30
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- Identification of Critical Tasks
- Detailed Task Descriptions

Information and control requirements

Inftial alarm, display, processing, and control reguirements
analysis

- Develop a task-based I&C inventory

Application of task anuiysis results to training development
Evaluation of task analysis

- The plan shall describe the methods that will be used to
evaluate the results of the task analysis,

Analysis Results Peport
The report shall address toe following:
. Objectives
. Description ¢f the Methods
. ldentification of any deviations from the implementation plan
. Results and Discussion
. Conclusions
. Recommendations/!mplications for HS1 Design
HS1 Design Team Evaluation Report

The report shall address the following:

Y
L
.

The review methodology and procedures
Compliance with Implementation Plan Procedures
Review findings

k¥4



3.6 Element 6 - Human-Systen loterface Design

DESIGN COMMITMENT:

Human engineering principles and criteria shall be applied along with all
other design requirements to identify, select, and design the particular
equipment to be operated/maintained/controlied by plant personnel .

INSPECTION/TEST /ANALYSIS:

A Human-System Interface Design Implementation Plan shall be developed,

An analysis of Human-System Interface Design shall be cond «wted In
accordance with the plan and the findings will be documented in an
Analysis Pesults Report,

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

DESIGN ACCEPTANCE CRITERIA:
Genera) Criteria.

i

The design configuration shall satisfy the functional and technical
design requirements and insure that the HSI will meet the appropriaste
HFE guidance and criteria.

The HFE effort shall be applied tu WSI both inside and outside of the
control room (local WSI).

HS! design shall utilize the results of the task analysis and the I&C
inventory to assure the adequacy of the HS].

The HS! and working environment shall be adequate for the human
porformance requirements it supports. The HSI shall be capable of
supg?r§1n9 critical operations under the worst credible environmental
conditions.

The H31 shall be free of elements which are not required for the
accomnlishment of any task.

The velection and desfygn of HWSI hardware and software approaches shall
be based upon demonstrated criteria that support the achievement of
human tack performance requicements, Criteria can be based upon test
ro:*lts. demonstrated experience, and trade studies of identified
options,

HFE standards shal) be employed in HSI! selecticn and design. Human
engineering guidance regarding the design particuiars shall be developed
by the HSI designer to (1) insure that the human-system interfaces are
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designed to currently accepted HFE guidelines and (Z) insure proper
consideration of human capabilities and limitations in the developing
system. This ?uidanco shall be derived from sources such as expert
judgement, design guidelines and standards, and quantitative (e.q.,
anthropometric) and qualitative (e.q., relative effectiveness of
differing tyoes of displays for different conditions) data. Procedures
shall be emp yed to ensure HSI adherence with standards.

8. HFE/HST problems shall be resolved using studies, experiments, and
laboratory tests, e.q.

. Mockups and mocels may be used to resolve access, workspace and
related HFE problems and incorporating these sulutions into system
design
Dynlgic simulation and HS1 protot pes shal) be evaluated for use
to evaluate design details of equipment requiring critical human

erformance

. he rationale for selection of design/evaluation tools shall be
documented

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

10.  HS$1 design elements shall be evaluated to assure their acceptability fes
task performance and WFE, criteria, standards, and guide’ ‘nes.

11.  The effort shall be performed using the following documents as guidance:

NUREG-DE96: Functional criteria for emergency response facilities, 1980,
(U.S. Nuclear Regulatory Commission).

NUREG-0700: CGuidelines for control room design reviews, 1981, (U.S. Nuclear
Regulatory Commission).

NUREG-0800: Standard review plan (kev 1), 1984, (U.§. Nuclear Regulatory
Commission).

NUREG/CR-5908: Advanced humin-system interface dcsi?n review guideline, 1992,
(U.$5. Nuclear Regulatory Commissfon - O'Hara, et al.).

EPRI NP-4350: Human engineering design guidelines for maintainability, 1985,
(Electric Power Research Instituie - Pack R., et al.).

EPR] NP-3659: Muman factors guide for nuclear power plant control room
:;;olopnous,)lﬂcl. (Electric Power Research Institute - Kinkade, R.G., and
erson, J.).

EPRI NP-3701: Coupu:cr~genorotod display system guidelines (Vols 182), 1984,
(Flectric Power Research Institute - Frey, R. et al.).

1EC 964: Dosign for control rooms of nuclear power plants , 1988, (Bureau
Central de 1a Commission Electrotrotechnique Internationale).
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3.7 Element 7 - Plant and Emergency tperating Procedure Development
DESTGN COMMITMENT :

Plant and [norgoncy Operating Procedures shall be developed to support and
guide human interaction with plant systems and to control plant-related
events and activities, Human cn?inecrin? principles and criteria shall be
applied tlon? with a)l other design requirements to develop procedures that
ars technically accurate, comprehensive, explicit, easy to utilize, and
validated. The types of procedures covered in the element are:

. plant & system operations (including start-up, power, and shutdown
operations)

. abnormal & emergency operations

. preoperational, start-up, ard surveillance tests

. alarm response

INSPECTION/TESY/ANALYS]S:

. A Plant and Emefgency Operating Procedure Levelopment Implementation
Plan shall be developed.

. The procedures shall be developed in accordance with the plan and the
results will be documented in a Precedure Development Report.

. The procedure development shall be reviewed by the HS! Design Team and
shall be documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:
General Criteria

3 The task analysis shall pe used to specify the procedures for operations
{(normal, abnorm2l, and emergency), test, maintenance and inspection,

2. The basis for procedure development shall include:

Plant design bases

system-based technical requirements and specifications

the task analyses for operations (normal, abnormal, and emergency)
significant human actions identified in the HRA/PRA

initiating events to be considered in the LOPs shall include those
events present in the design bases,

IR A Writer's Guide shal! be developed to establish the process for
developing technical procedures that are complete, accurate, consistent,
and easy to understand and follow. The Guide shai\ cortain sufficiently
objective criteria so that procedures developed in accordance with the
Guide shil)l be consistent in organization, style, and content. The
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Guide shal) be used for al) procedures within the scope of this Element,
The Writer's Guide shal)l provide instructions for procedure content and
format (including the wiiting of action steps and the specification of
scceptavie acronym 11sts and acceptable terms to be used).

4, The content of the procedures shall incorporate the following elements:

Title

Statement of Applicability

References

Prerequisites

Precautions .(including warnings, cautions, and notes)
Limitations and Aclions

Required Muman Actions

Acceptance (riteria

Checkoff Lists

5 A1l procedures shall be verified and validated. A review shall be
conducted o assure procedures are correct and can be performed. Final
validation of operating procedures shall be performed in a simulation of
the integrated system as part of VAV activities described in Element 8.

6. An analvsis shall be tonducted to determine the ingact of providing
computer-based procedures and to specify where such an approach would
improve procedure utilization and reduce operating crew errors related
to yrocedure use,

¥s The effort shall be performed using the following documents as guidance:

NUREG-0B99: Guidelines for the preparation of emergency operating procedures,
1982, (U.S. Nuclear Regulatory Commission).

NUREG-1358: Lessons learned from the special inspection program for emergency
operating procedures, 1989, (U.S. Nuclear Regulatory Commission).

NUREG/CR-5228: Techniques for preparing flowchart format emergency operating
croc:du;e; (Vols. 182), 1989, (U.5. Nuclear Regulatory Commission - Barnes,
« % B

NRC Regulatery Guide 1.33 (Rev. 2): Quality assurance program requirements ,
1978, (VU.S. Nuclear Regulatory Commission).

ANSI-N18. 7-1976: Administrative controls and quality assurance for the

operational phase of nuclear power plants, 1976, (American National
Standards Institute).

luplementation Plan

The Plant and Emergency Operating Procedure Development Implementation Plan
shall address:
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ldentification of source data/information to be used as a basis
for procedure development

Methodology for the evaluation of procedures (plan shall describe
tests and analyses that will be used to evaluate procedures)
Requirements for the effective development and use of & Procedural
Writer's Guide

Procedures for traininy program - procedure integration
Verification and validation procedures

Procedv~e development documentation requirements

Procecure Develcpment Repor:
The report shall address the following:
’ Objectives
o Description of the Methods Used
. Jdentification of any deviations from the ing\ouantation plan
0 Results, including a 1ist of procedures developed, and a
discussion of the resulting procedures including sample procedures
. Conclusions
. Recommendations/Implications for H5] Design
HSI Design Team Evalvation Report

The report shall address the following:

The review methcdology and procedures
Compliance with Implementation Plan Procedures
kReview findings
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3.8 [lement 8 ~ Human Factors Yerification and Validatien
DESIGN COMMITMENT:

The successful incorporation of human factors engineering into the final HSI
design and the acceptability of the resulting HSI shall be thoroughly
evaluated as an integrated system using MFE evaluution procedures, guidelines,
standards, and principles.

INSPECTION/TEST /ANALYSIS:

. A Human Factors Verification and Validation Implementation Plan shall
be developed.

. An analysis of Human Factors Verification and Validation shall be
conducted in accordance with the plan and the findings will be
documented in an Analysis Results Report,

. The analyses shal) be reviewed by the HS! Design Team and shall be
documented in an Evalualion Repert.

DESIGN ACCEPTANCE CRITERIA:

General Criteris.

1. The evaluation shall verify that the perferinance of the HSI, when all
elements are fully integrated into a system, meets (1) all HFE design
goals as established in the prograom plan; and (2) all system functional
requirements and support human operations, maintenance, test, and
inspection task accomp!ishment.

i The evaluation thall address:

Human-Hardware interfaces
Human-software interfaces

Frocedures

wWorkstation and console configurations
Control rove design

Remote shutdown system

Design of the overall work environment

B Individual HSI elenerts shall be evaluated in a static and/or “part-
task™ mode to assure that all controls, displays, and data processing
that are required are availasble and that they are designed according to
accepted HFE guidelines, stardards, and principles.

4. The integration of WSI elements with each other and with personnel shall
be evaluated and validated through dynamic task performance evaluation
using evaluation tonls which are agproprlato to the accomplishment of
thisy objective. A fully functional HS! prototype and plant simulator
shall be used as part of these ev2luations. If an alternative to a HSI
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prototype 1s proposed its acceptability shall be documented in the
implementation plan. The evaluations shall have as their objectives:

Adoguacy of entire HS! coenfiguration for achievement of safety
oals

onfirm allocation of function and the structure of tasks assigned
to personnel

Adequacy of staffing and the HSI to support staff to accomplish
their tasks.

Adequacy of Procedures

Confirm the adequacy of the dynamic aspects of all interfaces for
task accomplishment

Evaluation and demonstration of error tolerance to human and
system failures

Dynamic evaluations shall evaluate HSI under a range of operational
conditions and upsets, and shall include:

Normal plant evolutions (e.g., start-up, full power, and shutdown
operations)

Instrument Failures (e.g., Safety System Logic & Control
}SSLC)Unit. Fault Tolerant Controller (NSSS), Lozal "Field Unit"
or MUX system, MUX Controller (BOP), Break in MUX line)

HS]1 equipment and processing failure (e.g., loss of VOUs, Toss of

data processing, loss of large overview display)

Transients (e.g . Turbine Trip, Loss of Offsite Power, Station
Blackout, Loss of all FW, Loss of Service Water, Loss of power to
selected buses/CR power supplies, and SRV transients)

Accidents (e.g., Main steam 1ine break, Positive Reactivity
Addition, Control Rod Insertion at power, Control Rod Ejection,

ATWS, and various-sized LOCAs)

Performance measures for dynamic evaluations shall be adequate to test
the achievement off all objectives, design goals, and performance
requirements and shall inciude at a minimum:

System performance measures relevant to safety

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

Crew Errors

Situation Awareness

Wurkload

Crew communications and coordination

Anthropometry evaluations

Physical positioning and interactions

A verification shall be made that all issues documented in the Human
Factors Issue Tracking System have been addressed.

A verification shall be made that all critical human actions as defined
by the task analysis and PRA/HRA have be adequately supported in the

4]



design. The design of tests and evaluations to be performed as part of
HFE VAV activities «hal) specifically examine Lthese actions.

9. The effort sial) be performed using the following documents &s guidance:

NUREG-J700: Guidelines for control room design reviews, 1981, [U.S. Nuclear
Regulatory Comuission).

WUREG-0800: Standard review plan (Rev 1), 1984, (U.5. Nuclear Regulatory
Commission).

NUREG/CR-5908: Advanced hvaan-system interface design review guideline
(Oraft), 1992, (U.S. Nuclear Regulatery Commission ~ O’Hara, et al ',

EPR] NP-3701: Colputor—goncratod display system guidelines (Vols 142), 1984,
(Electric Power Research Institute - Frey, K. et al.).

TEEE Std B45-1588: IFEE guide to evaluation of man-machine performance in
?ugz:ar power qenerating station control rooms and other peripheries, 1988,
IEEE).

IEC §.4: Design for control rooms of nuclear power plants , 1989, (Bureau
Central de la Commission Electrotrotechnigue Internationale).

AR 602-1: Muman factors engineerirs program. 1983, (Department of Defense).

TOP 1-2-610: Test operating procedure ~ Parts 1 & 2, 1990, (Department of
Defense).

DODT 5000.2: Defense acquisition management pclicies end procedures, 1991,
(Department of Defense).

Jmplemertation Plan

The plan shal) describe the designer’s approach to Muman Factors Verification
ani Validation, The Human Factors Verification ard Validation
implementation Plan shall address:

. HS1 element evaluation

- Control, Data Processing, Display audit
- Comparisen of HS] element design to KFE guidelines,
standards, and principles
. Dynamic performance evaluation of fully integrated HS!
- General Objectives
- Test methodology and procedures
- Test participants (operators to participate in the test

rogram)
- est Conditions
. H5] description
. Performance measures
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- Data analysis

- Criteria for evaluation of » isults
- Utitization of evaluations
¢ Documentation requirements

- Test & Evaluation Plans and Procedures
Test Reports

Analysis Resuits Report
The report shall address the following:
. Objectives
. Description of the Methods
. Identification of any deviations from the implementation plan
. Results and Discussion
. Conclusions
. Recommendations/Implications for HSI Design
HS1 Design Yeam Evaluation Report
The report shall addréss the following:
. The review methodology and procedures
. Compliance with Implementation Plan Procedures

. Review findings
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Attachment
Operating Experience Review Issues
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4. B-32, lce effects on safety related water supplies: The build-up of ice
on service water intakes can occur gradually and can require improved
instrumentation to allow operators to detect its occurrence before it causes
system inoperability.

§. Gl-2, Failure of protective devices on essential equipment: A large
number of LERs have noted the incapacitation of safety-related equipment due
to the failure of protective devices such as fuses and circuit breakers.
Operators are not always aware of the failure of the equipment due to the
design of the instrumentation.

6. GI-23, Reactor coolant pump seal failures: This 1s a multi-faceted
issue, which includes a numgor of proposed resolutions. One sub-issue is the
provision of adequate seal instrumentation to allow the operators to take
corrective actions to prevent catastrophic failure of seals.

7. G1-51, Improviny the reliability of open cycle service water systems:
The build-up of ¢lams, mussels, and corrosion products can cause the
degradation of open cycle SW systems. Added instrumentation is one means of
providing operators with the capability te monitor this build-up and take
corrective action prior to loss of system functionaiity.

8. Gl-87, Effects of fire protection system actuation on safety-re’ated
equipment: This issue resulted from spurious and inadvertent actuations of
fire protection sgstoms. often rosuItin? from operator errors during testing
or n:;?tonanto. esign of systems should prevent such errors to the extent
possible.

9. G1-75, Generic implications of ATWS events at the Salem NPP: This Gl has
many sub-issues, several of which are related to human factors, for example,
scram data for post-scram analysis, capability for post-maintenance testing
of RPS, and a specific sub-issue titled "review of human factors issues.”

10. G1-76, Instrumentation & control power interactions: This issue raises
several concerns, including control & instrumentation fauits (ne could blind
or partially blind the operators to the status of the plant.

11. Gl-96, RHR suction valve testing: The design uf the RHR suction valves

with respect to valve position indication and instrumentation to detect
potential leakage from high to low pressure areas is important to the
:ro::ntion of ISLOCAs. This is important for normal operations and for
esting.

12. GI-101, Break plus single failure in BWR water level instrumentation:
This 1ssue attempts to ensure that robust information is avaiiable to the
operators for both reactor water level and for plant status during the
progression of an accident.

13. Gl1-105, Interfacing system LOCA at BWRs: This issue relates to pressure
isolation valves for BWRs. Many failures in this area were due t7 personnel
errors. The design should address human factors considerations to correct
these potential errors. (The NRC work in the ISLOCA area has generally
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5. LOW POWER AND SHUTDOWN ISSUES

A current area of active NRC work is that of the risk associated with
operation during low power and shutdown. The NRC has identified the
operator-centered and human factors issues as particularly important in this
area. The COL applicant should address those human factors finally developed
by the NRC as a resolution to this issue. The most current status of these
fssues 1s contained in Draft NUREG-1449, *Shutdown and Low-Power Operation at
Commercial Nuclear Power Plants in the United States.”®
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