Docket No. §2-001 - October 9, 1992
APPLICANT: GE Nuclear Energy (GL)
PROJECT; Advanced Boiling Water Reactor (ABWR)
SUBJECT: SUMMARY OF MEETING WITH GE ON SEPTEMBER 21-22, 1992

A public meeting was held between the Nuclear Regulatory Commission (NRC)
staff, GE Nuclear Energy (GE), and the Nuclear Miterials Resources Council
(NUMARC) at the offices of GE in San Jose, California, on September 21-22,
1992. The purpose of this meet1ng was to discuss issues related to the
industry and staff review of the ABWR inspections, tests, analyses, and
acceptance criteria. Enclosure 1 is a list of those who attended.

Enclosure 2 contains the agenda for the meeting and the viewgraphs presented
at the meeting. The agenda items on the review of the revised high pressure
core flooder system and the reactor building heating ventilation, and air
conditioning (HVAC) system were not discussed due to time constraints.

NUMARC opened the meeting on September 21 by prosenting a short summary of the
h

status of the NUMARC/industiry review. The results of the review were
illustrated by discussion of the changes to the Tier . material for the
standby liquid control system. GE then presented the remote shutdown system
and HVAC emergency cooling water system for discussion by the industry group.
The staff clarified its comments on the Tier ] material provided to GE in a
letter dated August 12, 1992. On September 22, the design acceptance «<riteria
for the human factors engineering and instrumentation and controls aspects of
the ABWR were discussed,

The nature of the changes to the Tier | material were discussed; however, no
conclusions were reached on the material. The staff will evaluate the changes
when GE provides a revised Tier 1 submittal to the NRC. GE will address the
staff's comments of August 12 when it resubmits the Tier 1 material for staff

review. mSignedaw

Thomas H. Boyce, Project Manager
Standardization Project Directorate

| 92101460241 921009 Associate Directorate fc~ Advanced Reactors
| Lo ABUCR DIewesR’ and License Renewal

i Office of Nuclear Reactor Regulatiun

| Enclosures:

1. Attendees List
2. Meeting Agenda
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MEETING ATTENDEES
SEPTEMBER 21-22, 1992
NAME AFEILIATION
T. Boyce NRC
W. Burton NRC
W. Russel) NRC
R. Perch NRC
R. Pierson NRC
J. Stewart NRC
C. Goodman NRC
W. Beckner NRC
W. Zimmerman AEPSC/Nuclear Safety
D. Wilson EPRT/NMPC
Y. Messer Duke Power Co.
B. Brown GE/Diagnostic Testing
$. Frantz Newman & Koltzinger (GE)
R. Louison GE
M. Ross GE
P. Bi1li GE
T. 0'Nei GE
B. Cockrel) INPO
A. Heymer NUMARC
B. Rasin NUMARC
T. McDonnell Bechtel
N. Kaushal Commonwealth Edison
A, Sterdis wWestinghouse
C. Brinkman ABB-CE
J. Rec ABP-CE
N. Fletcher DOE /ALWR
K. Mali DOE/SF

Enclosure 1



ACWR DESIGN CERTIFICATION
GE/NRC/NUMARC TIER 1/ITAAC
REVIEW 9/21 - 9/22/92

AGENDA
T0PIC

MONDAY 8:00 AM - ALl DAY

0  SUMMARY OF NU.. .. UTILITY
REVIEW RESULTS

0 REVIEW OF REVISED SLCS
© REVIEW OF REVISED HPCF

0 CONTINUATION OF GROUP REVIEW
RSS
HVAC CW (N+E)

REACTOR BUILDING HVAC

TUESDAY 8:00 AM - ALL DAY
©  CONTINUATION OF GROUP REVIEW

HFE DAC

SOFTWARE DAC

Enclosure 2

GE/NUMARC
(JAMES/HEYMER)

NUMARC (HEYMER)

GE (JAMES)

ALL

0'NEIL

MILLER

MUNSON

ALL

ROSS

SIMON
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Table 2.2.4: Standi, Ligquid Contro! System

Inspections, Tests, Analyses and - «<=e Criteria
Certified Design Commitment Inspections, Tests, Anal Acceptlance Criteria
The SLCS is capable of insen. 1 the 1. A documentation review and \ Certihed Design Commitment is met
quanhly of boron solution to prou «ce an inspechon will be conducied o ded that:
average boron concentration of > 17.20 ppm built parameters listed below: .
in the RI'V at rated conditions. a Storage tank pumpable volume range is
a Storage tank pumpable volume between 23.1 to 25.7 m3,
b. RPV waler inventory at 21°C b. RPV waler inventory is < 455 x 10° kg

c. RHR shutdown cooling system water

: c. RHR shutdown coohing system mventory s
inventory at 21°C ]

<10 x 10338

A simplified configuration for the SLC 2. Construction records will be reviewed 2 The as built configuration of the SLCS s n
system is described in Section 22 4. and visual inspections will be conducted accordance with the description in Section
for the conhguration of the SLCS 224

9/17/92



Table 2.2.4 Stand.y Liquid Controi System
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Inspections, Tests, Analyses and Acceptance Criteria (Continued
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Table 2.2.4: Stand., Liquid Control System

Inspections, Tests, Analyses and Acceptance Criteria (Continued) .
Certified Design Commitment Irspeciions, Tests, Analyses Acceptlance Criteria
The SLC System is powered from Class 1E 5. a As-built construction records will 5. SLC System receives electrical power from

buses be reviewed 1o determine the source Class 1E buses.
of electncal power. '.'
b. A test of the components descrived in
the Design Descniption in Section
2.7 4 will be conducled with power
cupphed from the permanently
mnstalied electric power busses.
Partions of the SLC System are classified & ASME Code Data Reports will be 6  Those portions of the SLCS identified as
as ASME Code class as indicated in Section reviewed and nspections of Code stamps ASME Code class in Section 2 2.4 have
224, They are designed, matenal wili be conducted for ASME components ASME Code Secton Iit, Code Data reporn=
tested, labricated, instalied, and n the SLCS. and Code stamps {or alternative markings
mspected in accordance with the ASME permitted by the Code)
Code, Section il
The ASME portions of the SLCS retan 7. A hydmsiatic test will be conducted on 7. The resulls of the hydrostatic test of the
their integrity under internal pressures those portions of the “LCS required 1o ASME portions of the SLCS conform with
that will be expernenced during service be hydrostatcally tested by the ASME the requirements n the ASME Code, Section
Code Ht,
The control -oom features provided for 8. Inspections will be performed o veriy 8. Fealures are present i the control room as
the SLC system are defined in Section the presence of control room features defined in Section 224
224, for the SLC system.
Each division os the SLC system 9. Construction records will be reviewed 9. The injection valve, pump, and suction
(Divisions A, Bj is elechically and visua! inspections will be valve within each division of the SLC
independent. performed of the electrical System {Dwision A or B) is supplied from
independence of the SLCS divisions. only one dwision of electrical power, and

this division of electrical power is
difterent from the division of electrical
power supplying the same components
within the other division of the SLC System.

9/17/92
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Certifiad Design Commitment inspections, Tests, Anslyses Acceptence Criterie

it must be shown the SLTC System csn
achisve 8 poison concsntration of 850 ppm
Of grester, assuming 8 25% ditution due to
non-unifoim mixing in the resctor and
sccounting for dilution in the RHR
shutdown cooling systems. This
concantration must be achieved under
system design basis conditions

Construction records, revisions and plant

entration in the reactor after oparation visual examinstions wili be undertaken to

2 assess as-built parameters listed bolow for
compatibility with SLC System design
caicuiations. If neceaseary, an as-built SLC
Systermn analvsis will be conducted to
demonstrate that the scceptance critens

Tha muimimuyum averasge potson
0
of the S1 C System shall be equal to

areater than RS0 DD

pre mat

This requires thet the SLC System meet the

Criticel Parameters
following values

Storage tank pumpabie volume
Storage tank pumpeble voiume range
€100-85800 gal

b. APV water inventory st 70°F

AHA shutdown cooling system water RPV water inventory < 1.00 x 1081
nventory &1 TOF
RHR shutdown rcmlmq system

inventory < U287 x 10-19

f msenig the y documentation review and visual esign Commitment is mel

capable
the a provided that

pection will be conducted on

i boeron soluhon 1o ;x'{;du; o

horon concentration of > 13120 ppm sarameters hsted below
a Storage 1ank pumpable volume range !

whition
2
= )

il rated
1 i 26, /' ' m

Jorage 1ank (,.-:yx[');;tﬁs‘ vOlume hetween 273
W watler mveniory at 21 v BPV water inventory i

IHR <h L hnn cvelem ' _ 2
iR ln 11le W coohng sy loer waler IR chastdnern wilineg

" il 2191 .
ey 130 x 1" kg




2. The systern configuration is in accordance

A simplified system configuration is shown inspections of insteslation records, together
with plant walkdowns, will be conducted to

with Figurse 2.2 .4

n Figure 2.2.4
confirm that the instsiled sguipment is in
compliance with the design configursiion
defined in Figure 2.2.4




Certitied Deosign Commitment
The SLC Systam shail be capable of
delivering 100 gpm of solution with both
pumps wrerating agsmst the elavated
pressure conditions which can axist in tha
reactor durnng evants involving Si(

';.‘tbn-"y initthiation

system delivers at leas
v eohution with both

wrating agam f 1he iy

which can exi

Taislilioid

400
4

inspections, Tests, Analyses

System preoperation tests wii be
conducted toc demonstrate acceptable
pump and system performeance These
tects will involve establishing test
conditions that simulsts conditions which
will exist during an SLC Sysien design
hasis svent. To demonstrate adequste Net
Paositive Suction Head INPSH), delivary of
rated Hlow will be confirmed by tests
conductad at conditions of low level and
maximum temperature in the storags tank
snid the water will be injected from the
storage tank 1o the RPV

[.;’ FINGED

me———— D

Using mne talled controls, power

upphes and other auxihane: the
tem preoperational tes

following sy-
will be conducted ol pump amni sysie
performancs For pach les!
tfomineralized water will be injecte!
from the storage tank into the RPV

cmutated A TWS sxgnat
'

will automaty Aliiy I

ith bvth 1 HIMPS TUnNMng, Ay

o1 b ombirmeed by et
o at conditions of low leveld

M lemporatore n thi shor s

Acceptsnce Criterie

It must be shown thet the SLC System can
automaticsily inject 100 gpm (both pumps
running) against a reactor pressure of 1250
psig with simuia.ed ATWS conditions it
must siso be shown that the SLT System
pumps ~an pump the sntire storage tank

pumpabie volume

The Certified Design Commitment 1s met
[\!v:'»;tj‘uf that
The S1C system automatically wyects >
y the RPV wath both pump-

wure of 8N 9

. . r
1pon

oy thw treY riwen
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———————————————

5 The pump, haster, vaives and controls can 5. System tests will be conducted sfter 5. The instslied equinment can be powered
be powerad from the standby AC power instaliation to confirm that the electrical from the stanaby AC povrer supply.
supply 8s described in Saction 2.2.4. power upply configurstions sre in

complisnce with design commitments.

CEWNWSE D
BBl Ceat

% The SLC System is puwered from Class 1E 5. a As-built construction records will 5. SLC System receives electrical power from -
buses. be reviewed 1o determine the source Ciass 1E buses.
of elcincal power.

b A test of the components described in
the Design Description in Section
2 2 4 will be conducted with power
supphed from the permanently
installed electric power busses
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GE Nuclear Energy

ABWR Remote Shutdown System ITAAC

Presentation to NRC and Utility Review Ccmmitice

T. J. O'Nell

September 21, 1992




RSS Design Features

The following elements of the RSS design are described in the Tier 1
Design Description. ltems followed by "(ITAACJ™ have a corresponding

entry in the ITAAC table.

- Safety-related features

The RSS is a safety-related system, as it interfaces with nuclear
safety-related equipment in other systems

The RSS has two divisional panels located in or = remote shutdown
station. A physical barrier provides separation between the two

panels. (ITAAC)

The RSS provides controls and indicators for controliing the
following plant systems: (ITAAC)

1)
[ 4

)

)
)
S)
)
)

Residual Heat Removal (RHR) System

High Pressure Core Flooder (HPCF) System
Nuclear Boiler System (NBS)

Reactor Service Water (RSW) System

Reactor Building Cooling Water (RCW) System
Electrical Power Distributicn System (EPDS)

Flammability Gas Control System (FCS)




RSS Design Features {cont.)

- Safety-related featurex. nt)

The RSS provides indicators ror plant procecs parameters
supplied by the following systems: (ITAAC)

1) Atmospheric Control (AC) System

2) Emergency Diesel Generator (D/G)

3) Suppression Pool Temperature Monitoring System (SPTMS)
4) Make-up Water Cundensate (MUWC) System

Control is transferred to the RSS panels through transfer devices
which override the controls from the main controi room

TJO-3
92192



ABWR Design Document

2.2.6 Remote Shutdown System

Design Description

The Remote Shutdown System (RSS) for the Advanced Boiling Water Reactor
(AB'WR) provides remote manual control of werma-and nuclear sa.fet);\relatcd AND N - SAETY

RELD Sysiem semeesssare10 bring the reactor to cold shutdown conditions werrerdery-

“estren from outside the main control room

B T L el
Wg-mm The RSS has two divisional

panels and associated controls and indicators fo.-smenkemng he following

W JeAPACIA, i TH
<nieifaciag systems: ' N e

(1) Residual Heat Removal Systemn (RHR) 4Rosl-costing-and-shatdonn-
(2) High Pressure Core Flooder&s:c,m/(HPCF )

(3) Nuclear Boiler System (NBS) Satety-Rebet-vaives

(4) Reactor Service Water System (RSW)

(5) Reactor Building Cooling Watew(RCW)

(6) Electnical Power Distribution System (EPDS)
(7) Aunospheric Control System (AC)

(8) Emergency Diesel Generator (D/G)

(9) Make-up Water Condensate Systermn (MUWC)

(10) Flammability Cas Control System (FCS)

(1) SPpressan Too! Teapemtary Maniton e (3PTRS)
The RSS is classified as a safety-related systgn cause it interfaces with nuclear

safety-related equipment from other systems, The two remote shutdown control
panels are Seismic Category I and are located in a single remote shutdown
station in the Reactor Building. A physical barrier provides separation between
the two panels. The RSS provides remote control capability through control and
transfer switches in the RSS panels which override the controls from main
contwrel room and tansfer control to the RSS panels.

TR O] THE PeaT SHUTOOWA
Indication for plant parameters is also provided on the remote shutdown panels™

A SRR ORed-Chat e awn-oldhe i Figure 2.2 6 shows the RSS™

with the interfacing systems and conwol and indication funcuons provided.

% 6/1/92



ABWR Design Document

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2 6 provides a definition of the visual inspections, tests and/or analyses,
together with associated acceptance criteria, which will be performed for the

RSS.

226 2 6/1/92



Table 2 2 6: Remotas Shutdown System

inspections, Tests, Analyses and Acceptance Criteria
A FFeL 2} l‘,‘(’f ’

Cartified Design Commitment , FoR ‘nspections, Tests, Analyses Acceptance Critana
<4
1 ASS provides & remote meanual control of 1 Review of as-bwit-docomentat omrsnd 1 RSS has the seqused plas  eystam control-
M‘nspemumsnhho RSS will be —copeblity- Aun JUDICATORS D) THY

the following mterfacing systems 10 bunz

the reactor 15 cold shutdown conditions(? podmmdwm PAEL S FOA T ST M LISTED

¥
DEFAMIED (o SEXTION 1.2.8 Sunctions will be-perdesmed. 70 V! iy gl 2 o
At T M F i Lif 1 3T P T
A AHA tpoat-onchag e talkutdaws THE FPRESEUCE oF ~oHTROLT QNI A (T pesf g CECT i s
Mmm MBI CATOR S O/d THE RS pALUEL dazi i e N ' ‘ -8
b. HPCF
¢ NBS Safety Relisf Valves
d RASW
s RACW
i EFDS
oAb
e
R e asasaad
4 94 FCS
3  The RSS has two divisionasl panels for [ % Visus! inspections snd documeniation 2 The pane!s soniorm 1o thew requuemnents-
. monitoring snd controlting of the J 1 review 10 confirm the sppropriste location; T e e ar Bl SOpa s BLE $0d SRR
intarfacin_, systems. The panels are | ekl o ’ —armorie They are lnosted in-s-soparaie RES
2 physicsiby-separ stad and are locsted in & ! posnin “pECHAN (M | —station. 4OE PECHAMCALY SEPOLATED
| ¢ EPARATIOW | LY AROK OF A THEEE Aot Fizs BARS ew

L 4
ramote shutdown station

% i al N"’"'f‘l"ﬁ ' g |
i ASS provides 'm!oc!w;m i 3. Visus! inspectionz QMMQ aabuit | 3 The RSS hes W(mnumq

3
parameters jn RASTS panels 1o monitor 8 documonuhgwn/g to RSS monitoring capalildy—
\ conteoffed shu*down of the piant funglien -.
» \ ; CCE PRAGE 1A \
£ 4 '[hl‘ VINE S /ALY 4 /7",1_,"" Ve ! g s
IR " I SPECTIONS OF THE 55 JRLE B¢ £ S 3 s 7 A oy . e Iy £ Trié
AT PROCESS/ MG Y N Y7 y : d '
) HOCES ¢ Ry TaSE S ’;’ RFER ML D & VERI 7‘ £37 2 v £ A ’ ro D
/ L1ad=B r1) SECIrok) 2.2 ALK . » : AN« pwh e 15 i #
) MLy ' FRE SEANCE o/ DI DTrIAIS oa
e ( THE CE&TIficK e /G A Agat
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HVAC EMERGENCY COOLING WATER SYSTEM
8449

KEY SYSTEM FUNCTIONS:

SAFETY COOLING LOADS

IMPORTANT ELEMENTS OF DESIGN:

THREE INDEPENDENT LOOPS POWERED
BY EMERGENCY POWER

EACH LOOP DELIVERS CHILLED WAYER

TO ESSENTIAL ELECTRICAL EQUIPMENT
ROOMS AND DIESEL GENERATOR ZONE

COOLERS; B Anp C L00OPS SERVE MAIN
CONTROL ROOM

SeExsMic CATEGORY 1 AnND QUALITY
Group C

REMOVE HEAT WITH ONE OF rfOUR
CHILLER/PUMPS IN B AND C 1IN
STANDBY




HVAC EMERGENCY COOLING WATER SYSTEM

ITAAC

2.11.6

(CONTINUED)

STANDBY CHILLER/PUMP STARTS AUTO-
MATICALLY WHEN OPERATING
CHILLER/PUMP TRIPS

CHILLER/PUMPS CAN BE CONTROLLED
FROM MAIN CONTROL ROOM

ENTRIES:
SYSTEM CONFIGURATION CONFIRMEZD

EACH LOOP MECHANICALLY AND ELEC-
TRILALLY SEPARATED AND POWERED BY
INDEPENDENT CLASS 1lE SOURCES

STANDBY CHILLERS AND PUMPS START
AUTOMATICALLY DURING TESY ON HIGH
COOLING WATER TEMPERATURE,
OPERATING CHILLER OR PUMP FAILURE
AND MAIN CONTROL ROOM SIGNAL

CHILLER HEAT REMOVAL CAPACITY RE-
VIEWED AND LOOP FLOW TESTED
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The HECW System is capable of removing e heat loads with one of the four
pump and refrigerator units from divisior] “B” and "C" in standby. The standbs
refrigerator is equipped with an interlock which automatically siarts the unit
upon failure of the operating refrigeraior. Flow swiiches prohibit the
refrigerators from operaung unless there is water flow through the evaporator
and condenser. The refrigerator units can be conwolled individually from the
main control room by a remote manual switch.

The HECW System is designed to perf.:rm its required safe reactor shutdown
cooling function following a postulated . ss-of<coolant accident/loss of offsite
power (LOCA/LOOP), assuming a single active failure in any mechanical or
electrical division. In case of a failure which disables any one of the three HECW
divisions, the other two divisions meet plant safe shutdown requirements.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.6 provides a definition of the inspections. tests, and/or analyses
together with associated acceptance criteria whick - “' %2 .ndenaken for the
HECW System.

2 6/1/92



Table 2.11.6: HVAC Emergency Cooling Water (HECW) System

inspections, Tests, Analyses and Acceptance Criteria

ertified Design Commitment
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@ lastsmatiy tndapondant

I he MECW divisiomes are powared by
ndependeny Glases 1E anurces
= .G D

The standby :'“"‘U"’!"" and pum= ynits
-7 T bat® ) °
sutomancatily star ,.me thmperature
L=y LMY
oling water_of farlure of the operating

1

The refrigerator umits an ba cont it
0" 3 3
iividually from the mamn control
The HECW cooling capacity IS ¢ apable of
rarmcoving thoe heat loads n the system

Ak

inspections, Teats, Analyses

inspactono comstrurtionr TeCcortis wit-He
poadformed. Vestabirspertion (Vi writ be
searformed based onFigure 2116

lests snd Vi af the divisions wall inelude
ndapendant and cnincidars aparation of
ba thrae diviaians 1o demonstrate
somplete divisionsl separation Y1 will
oheek for indepandent Class 1F power

VOGRS ' - .

Tests simulating high temperature cooling

water and operating pump failure will be

conducted for each refrigerstor and pump

unit in divisions “B* snd "C*. Tests
imulating msin control room swit{ h

sianals wili be conducted for the

"‘"'?')“'R?lu units

Inspections of vendor doc¥mentation wil

ide refrigeration and pumoO Cap A« '.'S‘

nct

£

2

Elow tests will confirm that adequate flow
{0

s avatiable to the sysiem

Acceptance Criteris

The system configuration conforms .

X
s ‘e .

Figura 2.11.8. : p O

Pignt taats and Vi gonfirm proper
indenasndonce of aseh MEOW dumaran- Vi
nanficrn Clase & power scurcesfor

y ii =

MW demeaenn, E o

Refrigarator snd pump units acting as

standby units start upon a8 high

temperatura cooling water or operating

pump fae‘)\yra s.fgpqs Ee!nqeramr and pump
unite sre-oparable from main control room
signais

£ S 8T

Fach refrigeration unit shall have an ¢
L 4

affactive hapt [‘am(wm capacity of 23« +0 ’
4 g ’ ' ¥, "
Btaufhr at sz»\m FEuch pump is capable of

delivering 36€ qgpm to tha system
< q

L9 Lo



ABWR Design Document

RCWHECW - A
SURGE TANK

&

(8)

D/G ZONE (A)
COOLING COILS
(Reactor Bullding)

~
|
|
|

ESSENTIAL
ELECTRICAL EQUIPMENT
ROOM (A) COOLING COILS

(Control Bullding)

HECW HECW
(€)

pedind

HECW
CHEMICAL
ADDITION

TANK

—

Y

(o)
HECW
PUMP

®

(Contrel Buliding)

HECW
REFRIGERATOR
{Control Buliding)

P8

Ll L

ACW @ L— RCW

Figure 2.11.6a HECW Division - A

2.11.6

<

6/1/82




»
-

9Ll

Z8/L/9

Table 2.11.6: HVAC Emergency Cooling Water (HECW) System i

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment
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VOLUME !I, CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

P.mgmeh No Rogw‘nmom Rev
22 ALWR MMIS POLICY STATEMENT 0
Policy statements provide overall direction and guidance #nd form the 0

basie for many of the requirements 'n the following sections  The palicy
statements are intended 10 give the reader 8 summary view of the direc-
tion 10 be aken In the requirements which fallow Section 2

221 M-MIS Systems Approach 0

The M.MI$ wil empioy moderm dighal lechndlogy fo melement the 0
monitonng, control and protection the ALWR. Robust sys-

tem design, Including segmentatinn of major functions, separation of
redundant equipmeit within a segment, and fault tolerant equipment will
be used 10 achieve high rellability and protection against the propagation
of tallures  Application of signal validation 10 selected parameters will be
used 10 assure the operators have data of high quality and rellabiity
Whare It is appropriate and demonstrated, multiplered data communica-
tions will be used for any function, Including safety functions, 1o reduce
the cost and complexity of the instrumentation and control cable runs
throughout the plant. The high accuracy and drift free operation of the
digital systems will reduce the overall maintenance calibration burden
Where appropriaie. the use of fiber optic cables for data transmission will
be 'sed to provide high data transmission rates with electrical isolation
and protection from electromagnetic interference at reduced costs.

Standardization of hardware and software and moadularity of design will 0
be used 10 simpiify maintenance and provide protection against obsoles -
cence Bult.in test features are 10 be provided 10 perform continuous self-
diagnosis of dig“al hardware and communication paths and annunciate
detected falures. Built-in test features will provide computer-aided, peri-
adic functional testir) capabilties that austomatically verity system
functionality once they are manually inftiated locate fallures upon de’“.c-
tion, and record test results. Most M-MIS equipment is to be located in
compartn.ants with controlied environments, maintained by reliable HVAC
systems Al M-MIS squipment will be selectad 10 be compatible with its
ervironment under normal conditions and under casualty conditions as
appropriate to meet functional requirements.

Page 1022



VOLUME Il, CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No Requirement Rev
2.2.2 Design Process 0
The M-8 deson oropees wi be dracted by 8 single orgerdaston 3
tesponsitle for the ertire M-MIS design. will be camed out By a mutti-dis-
team | Include airect Plant Owner invalvement. in-

c ————
cluding engineering and maintenance personna and operations staf
famiiar with plart normal, abnormal, and emergency operating proce-
dures. The process forces coordination of the design Dy ensuring the M-
MIS design team and the plant systems designers work together and take
IMo account operation/mairntenance inputs. The design process also
calls for integration of human factons considerations into the design effort,
iIncluding the use of mockups and simuations earty in the design ‘o
ova'uate specific design features and choices and support Rerative design
development and validation. In addition, & continuous verffication and
validation effort is performed in parallel to the design by an independent
teamn (see Section 3.1.4) particularly in the dificult soffware area 10 assure
the final product meets the requirements, and . robusl and resistant 10 In-
advertent errors.  Formal doc mentation of the M-MIS design & achieved
by incduding I in the plant-wice design documentation and corfiguration
y control process.

2.23  Reilebdiiity Inherent in Design 0

The M-MIS design should possess sufficient defense against the prpaga- 1
tion of faults through segmentation, independence and other maasures
50 that a fallure or upset in one plant control function cannat propagate
10 other plant control functions and thereby overburden the operators due
10 complex transient events. Further, the M-MIS design shoukd be suffi-
Clently robust 0 prevent a singie random tallure of M-MIS equipment from
causing & forced outage. This is expected to require, for example, must-
ple computers as well as extensive use of distributed MICTOPrOCESSONs.
The emphaais Is 1o be on assuring that fallures are accommodated nrace-
fully, Sperstors will not become over-burdened, and no loss of essential
capadiity resuts.

224  Testhh g of M-MIG 1

Signifl ant improvements in the area of system testing are 10 be provided 0
with ' w ALWR M-MIS design. Accordingly, the equipment should be

Jes' jned and configured 10 readly support in-service testing by Incor -

P cating Qood human factors principies, avoiding the use of undesirable
8atures such as addition of test jumpers or Iifting of leads, and proviaing
bullt-in test features, including self diagnostics for continuous ondine test-

Ing and automated functional testing for penadic survellance iesting.

Page 1023
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Configuration of Operator Interface System
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Establish the HFE Team and Plans

(1)

First HFE Conformance Review

HFE Design Team Camposition (1a)

HFE Program Plan k)

Sysiem Functional Requirements Analysis
Implementation Plan (2a)

Allocation of Fenction Implementation Plan (3a)
Task Analysis !mplementation Plan (4a)
Human-System Interface (HSI} Design Implementation Pian (5a)

Piant and Emergency Operating Procedure Development
Implementation Plan (6a)

Human Factors Verification and Validation (V&Y)
implementation Plan (7a)

MAR 922752 3



Implement the Design Per the Plans

* (ll) Second HFE Conformance Review
—  Function Requirements Analyses (2b)
—  Function Allocation (3b)
—  Task Analyses (4b)

e (Ill)Third HFE Confornance Review
—~  HSI Uesign implementation {5b)

~  Plant and Emergency Operating Procedure
Development (6b)

e (V) Fourth cn2 Final HFE Conformance Review
—  Verification and Validation (7b)

MAR 92292 4



Aw HFE Progran Puaw SHALL BE
ESTABLISHED By THE HFE Desien TEAm

ABWR Design Document Te ASSURE PROPEE PEVELOPMENT EXECUTION,
: OVERSIGHT AND DOCumpNTATIon oF THE
3.6 Human Fsctors Engineering HFE rroGcram. THe HFE Prosran, /
| PEVELorPED BY THE -
Design Description A A e A AN e o’

The ABWR cerufied design's primary human-systern interfaces (HSI) will be
developed. designed, and evaluated based upOD 2 eiiveiused-top-down human "‘:
factors svstems analvsis and shall reflecieiase-obiheass human factors principles ‘
The HS!I scope will include operaucns, maintenance, test, and inspection .’
interfaces, operauons technical procedures, and training needs ¢f the Main |
Control Room and Remote Shutdown System funcuons and equipment

nm&he HSI design effort will be directed by a muludisciplnary HFE )
Design Team comprised of personnel with experuse in HFE and in othe
technizal areas relevant to the HSI design, evaluatio and operations | Fie HFE
Design Teapgwill establish the methods which will implement the HSI design
through thé-process as shown in Figure $. 6%, Implementation of that pr..

will be as tollows:
i q )

)/ Plant Svstem requirements will be analyzed o identify those functions
which must be performed to satisfy the objectives of each funcuonal
area. System functon analysis shall determine the objective,
performance requirements, and constraints of the design; and establish
the functions which must be accomplished to meet the objecuves and
required performance.

"
b.
@ g | | e
ethodislogy of allocating funcuons

to personnel, system elements, and personnelystem combinations will
bé established and implemented.

&

t\"} Task analysis will be conducted and used to identify the behavioral
requirements of the tasks the peisonnel s .bsystem is required to
perform in order to achieve the functions allocated to them. A task will
be a group of activities that have a common purpose, often occurring
in temporal proximity, and which utilize the same displays and contols
The task analysis will be used to maintain human performance

{m requirements within human capabiliues; be used as an input for

Sanciounis Sf developing personnel skill, personnel training,/and system

N DA communication requirements and as an input to the evaluagon of

established plant operations control room staffing levels; and form the
basis for specifying the requiremens for the displays, data processing
and controls needed to carry out tasks

18 1 616982
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Table 36 Human Factors Engineering

inspections, Tes?s, Analyses and Acceptance Criteris

Des:pn Commitment

Hyuman system iniefaces (HS! shait be
VPON Sl imtediop-down human factors
systems saalys:z and shali Jeflect stete-el-
-shha-ee-hoiman tactors penciples. The HSI
shall inc - wde operstions, mamtenance, test,
and s pection interfces, cperations
techsscel ov mummu

mf"‘,;m o< gy

inspections, Tests, Anslyses

- . : SHEE
B e
1.8. A HFE Deas«gn Team shail be
estsblished, and

1.5 A HFE Program Plan shail be
estisblhished 10 assure the proper
and documentation of the human
factors ergineering program.

gea'li"’ oF

1. 2. The HFE dasign team sho‘n-l-‘-m

following expertise

(1) Technical Project Managerent
(2) Systems Enginesning

{3} Nuclear Engineerning

{4} Control snd Instrumentation
St .

(5] Architect Engmneerning
(8} Hunan Factors

{7) Plant Operations

(8} Computer Systems Engineenng
{9) Plant Procedurs Development

(10)Personnel Traming

1.b The Human Factors Engineenng (HFE)
Program Plan shall establish:

i1) Human System interface (HSH design
and svaluation methods and critena
which are consistent with accepted
HFE practices and prnciples
e

{2} The prmary objectives of the HFE
P i g 807 Shall svetsste ot e £
Ahe alnpestive. 10 develop an HE' which
rehable operstor parformance



TABLE 18 E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

1.

(Satisfaction of the requirements presented herein shall result in the creation of a Human
Factors Engineening Program Plan which is in full compliance with the Item 1 b.
Acceptance Criteria presented in Table 3.6 of the Tier 1 Design Centification material for the
GE ABWR design). The Hurnan Factors Engineering (HFE) Program Plan shall establish:

a. Methods and criteria, for the development and evaluation of the Main Control Room
(MCR) and Remote Shutdown System (RSS) HS! which are consistent with accepted
HFE practices and principles. Within the defined scope and content of the HFE
Program Plan, accepted HFE nicthods and criteria are presented i.: the follow'ng
documents:

(i) AR 602-1, Human Factors Engineering Program, 1983, (Dept. of Defense)
(i) DI-HFAC-80740, Human Engineering Program Plan, 1989, (Dept. of Defense)

(11)DOD-HDBK-763, Human Engineeﬁn&?rocedurcs Guide, Chapters 5-7 and
Appendices A and B, 1991, (Dept. of Defense)

(iv)EPRI NP-3459, Human Factors Guide for Nuclear Power Plant Control Room
Development, 1984, (Electric Power Research Institute)

(v) IEEE Std. 10231988, [EEE Guide to the Application of Human Factors
Engineering to S{Egms. Equipment and Facilities of Nuclear Power Generating
Stations, 1988, (IEEE)

(vi)MIL-H-46855B, Human Enginecrmg Requirements for Military Systems,
Equipment and Facilities, 1979, (Dept. of Defense)

(vil)NUREG-0700, Guidelines for Control Roum Design Reviews, 1981, (U §.
Nuclear Regulatory Commission)

(vilh)NUREG-0737, Clarification of TMI Action Plan Requirernents (Item 1.C.5,
"Feedback of Operating Experience 10 Plant Sta”™), 1983, (U. S, Nuclear
Regulatory Commission)

(ix)NUREG-08%9, Guidelines for the Preparation of Emergency Operating Procedures,
1982, (U. S. Nuclear Regulatory Commission)

(x) NUREG/CR-3331, A Methodology for Allo~sring Nuclear Power Plant Control
Functions to Human and Automated Control, 1983, (U. S. NRC)

(xi))TOP 1-2-610, Test Operating Procedure - Part 1, 1990, (Dept. of Defense)

Note that within tiie set of documents listed above, differences may exist regarding specific
methods and cniteria arplicable to the HFE Program Plan. In situations that such
differences exist, all of the methods and criteria presented within those documents are
considered to be equally appropriate ar' * alid and, therefore, any of the above listed
documents may be selected as the basis ror clements of the HFE Program.

REV3 9n1182
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Table 3 6. Human Factors Engineering (Continued!
Inspections, Tests, Ans.ysas snd Acceptance Criteria

Deasign Commitmaent Inspections Tests Ansiyses Design Acceptance Criterie
Continuad 1 6 Continued (4) HSI design and evaluation scope which
consists of the Main Control Room asd
Ramote Shutdown System

operations mantanance, test snd
mnspechon mterfaces opersting
tachmcal procedares and wdentibicstion
of parsonnel training needs

iS5} The HFE Des:gn Team as beuag
respoasible for

{i! the devsiopment of HFE plans and
procadure”

(51} the oversight and review of HFE

(i} the , ahwon recommendaton,
) of solutons through

ivi) schaduhing of activiies and
msastones
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1

Continiued

Teble 3.6 Human Factors Engineering (Continued)

ingpections, T2¢%z, Anslyses and Acceptance Criteria
nspections Tests Anslyses

Design Accepisnce Criteris

1.0 Continued {8} The HFE Design Team having the
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Table 3 6 Humasn Factors Engineering {Continued)
inspections, Tests, Anslyses snd Acceptance Criteris

Design Commitment

Plant Sysiem requiraments shell be
snalyred to ientify those functions wiuch
must be performaed 1o satisty the objectives

of each ares. Systeam function
analysie the objc “‘ve,
‘ snd

constraints of the design; and {2} establish
the functions which must be sccomplished
1o mest the objectives and raquired
pearformance.

inspections. Tests, Anslyses

2 a A System Functions! Requiremants
Anslysis implementstion Pian shall be
developed 1o assure that the analy sis s
conducted sccording 10 sccepted HFE

pr—

Design Accrptance Criterie

2 s The System Functionsl Requitements
Analys:s implementaton Plan shell
astablish

requiremeant

12, That crawcal functions sheii be
defined (i @ . those functons
required 10 achie » Major system
performance require Tents o
thosa functicns which, f fesled,
could pose a safety hazerd to plant
personnel or to the general publc),



Table 3.6: Human Factors Engineering [(Continued)

inspections, Tests, Analyses snd Acceptance Criteria

Desig 1 Commitrment inspactions. Tests, Ansiyses

Design Acceptance Criteria

{4 E"»,? salety nctwons shall he

fientifiact ». g wilh any fund
Brongi interreliationsing those safety
functions may have with non cafety

sysisms

5l thst fTunctions snhall he dafines
the most general yat diffe tishie

maans whereby the &

(BQUITOMeNtS Bra dischargad

or satished Fun ons shail be
arranged n "(:g.. sl seguence 80

that any )t‘u ihed operational
”~

58 f the system can be traced
pan end 10 end peth

”
’

( T;‘l? functions shall be described
inmally o graphic form Functhion
dragramming shail be done starting
st 8 “top leve!” where maror
functions are cescribed snd

J‘h"i‘.-'-u 1O GeCOoMpPoOse MO
funchions 1o lower lgvels until »
specifyc crical and 18m
reQuiremeant emages. o g. & piece

of SQunpment son . eare ¥ M

MM BT O



setAwuy ‘SI89; SUORISCEL uswipswe ) ulliseq
w10 Soueldeddy pus sesAjpuy ‘5158 suondedsu)
{penunuog) BuneewBuj $10108 ) UTWaY G E Mg

peanuINnNo) ¢ 7 penuuo} 7



St

Qi

6LL9

" Lule 3 6: Human Factors Engineering (Continued)
inspections, Tests, # nalysos and Acceptance Criteria

I e e 3.& An Allocetion of Function impiementstion 3.8 The Allocstion of Function
B e S Y PP TP e T Plan shall be developed to sssure that the implementation Plan sheil establish
B e sliocation of function is conducted
B Bl n MK PN B SOEASDL S B P~ Wi sccording to sccepted HFE principles. {1) The methods and criteria for the

A —documentes methodology of sliocsting ¢ xecution of function slfocstion
functions 1o personnel. system eslements which are consistant with accepted
and personnesl-system combinations shall HFE practices and prinaiples
be as.shiishet and implemented

(2) That eli-aspects of system snd
functions defintion shall be
anslyred in terms of resulting
vesed 0N the expectsd user
pPopuistion.

(3} That the eliocation of functions to
personnel system elements and
personne. ¢ ystem combiunations
shali reflect

(1} sensitivity  precision, time snd

(1) squusesdr @liabiiity of gystam
performance. and

{isi) the number and the necessary
skills of the perronnel required
10 operate and mamitan: the
System

AT
(4) The sitocation craena. rationsls.
anslyses snd procedures shall be
documeste,



Table 3.6 Human Factors Engineering (Continuad)

(“

"'

inspections, Tasts, Anelyscs and AcLeptance Criteria

Design Commitment

>

3b

 anthinued 3s

inspections, Tesis. Ansiyses

Comtinued

An anslysis of the aliocaton ol tunction
shali be conducied n 8CC aordence with the
Aliocation of Function implementstion Plen
and the findings will be documentad w 8N
Allocstion of Function Analysis Rasulis
Reporf.The analyses of the si’ocation of
function shall be reviewed by the HFE

Design Team and the resufts of that review
shall be documented in an
Allocstion of Function Evalustion Fepon

Design Acceptance Criteris

(51 Anslyses shali confirra that the
perasonne! slements Can Coer ectiy
perform 1asks s'locatad 1o them
while maimntsmng Oper stor
SHMUBTION BWAIBNASS B ceptable
parv:nna' winklosd snd
tscilitating personne! vigdsnce

2 b The functior sllocaton anatysas shall be
conducted i acCcoOr dance wath the
reqguirements of the Human Feciors
Engineenng Program Plan and the
Adocstion of funchions implemeantaton

Pian
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Tabie 3 6 Human Factors Engineering (Continued)

inspections, Tests, Analyses and Acceptance Criteria

Design Commitmaent Inspactions Tests Ansiyees Design Accepisnce Uriterie
_

4) Task snalys:s shal bea'n with the
{tavelopment | detaisd narralive
$escriphions o the pers: wina!l acthiviliss
requn od fowr musccassiul complethon of

the g,,q'WWchnt' dafine the
nput, process, end sutput required by
snd of personne’
« Ak
5 The task analysis shai oe n Aot sl
c su*fic.ent encugh 1« identihy
information and control requirements
such that reqQuer akneants for slarms
displays dets pfocessing and controls
for humean task sccomphishr ent Mmay
be specrimd
Tk
8} The task analys 15 shall be made
avsilabie as input 1o the personnel
tramng programs

4 b An sretysis of tesks ahall be « onducted ir The tssk anaiyses shall be conducted

accordance wath the Tesk Anslysis

implementation Plan a~d the HSndings will
he documented in 8 Teak Analysis Results

Report. The task anaslyres shail be

caviawed by the HFE Deign Team and the

rasults of that review sh:il be documentsd

scrordance wath the reguirements of the
Human Factors Engineenng Progrem Plan
and the Task Anslys:is Implamentstron

in 8 Task Ansiysis Evaiugtion Repoe




Table 3 6: Human Factors Engineering (Continued)
inspections. Tests Analyses and Acceptance Criteris

9t

Design Commitment inspections. Tests, A-siyses Degign Acceptance Criteria
5 Human sngineering principles snd criteria %5 a A Human System interface (HSH Design 5 8. The HSI Design hmplementation Plan shall
shall be appled in the design definition impiementaiion Plan shall be developad to esiablish
and svaiustion of the Humen System sssure that humaen factors analvses of the {1) The methods and criternis for HSE
interface (HT1) HSI Design are conducted sccording to sguiyment desigr . end evaiustion of
accepied HFE principles. HSI human performance. eguipment
design and associsted workpisce

2) That the (4SI design shelt implefmen

axecution of those tasks :dentified in
the sk analyses as being critical tasks.
§ Sy,

3 NWM&.
HSI human performance. equipment
design and as_ocisted workpisce
factors sre consistent with " ose
modetad snd evel ated in the
compieied task 8« _‘ysis.

.45

(4) That the HSI design shell nos
Www&.
Mam
has not been "

.2 task analysis.

9.9

»
-
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Table 3.6. Human Factors Engineering (Continued!
inspections, Tests, Ansi/ses and Acceptance Criteria

Desicr Commitment

Plant snd Emergency Oy, « wiing
Frocadures shall be devsioped 10 suppon
80 guide human intersction withi plant
Systems and to support snd guide hur .an
interactiona in the control of plant
operatons. Humen engineering principles
and criteria shall be sppilied i the
procedures develonment.

Inspactions Tasts Analyses

Sa AMMEMWOp«nmg
Procsdure Development
implementastion Plan shal! be
developed to sssurs that the

daveiopment of *he Plant and
Emergency Opersting Procedures is

conducted sccording to sccepted HFL

principles.

Design Acceptance Criteris

LE'S m’m»dfmwoc’tuhg
PIWDMWM

i1

{2)

] ]

S

4)

Thet operator actions identified in the
task analysis st all be used as the basis
for specifying the procedures for
cpestions.

That the procedures io b;::?‘.a
shail acdress normal a* L ard
eme. gency plant operations inciuding
consideration of plant operations
during periods when plent Systems/
interface (i e, meain controt room)
eqQuIDIMment isg undergomng test,
msintensnce or inspection.

Mathods and criteria for develop ment
Ui the o ating technicalprocedures
which are conmgiesi<on accepted
HFE practices and principies.

That 8 Write~'s Guide sha:l be
developed which establishes "0
process for developing the
procedures for norma’

sSystem operation, shnorma. p'ent
Operstions. emiergency plent
Ooperstions and for respon fing to plent
slarm condtions. The Writer's Guide
shaill contain obyecrive critens which
will requiie that the operations
techmcal procedives davelop «f are
consistent in Jrganuzziion style
content snd usage of term-
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Table 3 6: Human Factors Fngineering (Continued)]
inspactions, Tests, Ansiyses and Acceptence Criteria

Design Commitment inspections, Tests, Ansiyses 1 Design Acceptance Criteria
7. Cortinuad 7.a. Continued (J&Iho sccpe of the sveluations of the
integrated HSI shall imclude:

it The Human System interface e
{including both the interface of he
operstor with the HSI aquipment
hardware and the interface of the
opearstor with the HSI equipment’s
roftware driven functions)

(i} The plant and emergency
oparating tachmcal procedures, snd

(i) The oversll HSI vork environment

(4} That static snd/or “part task™ mode
evalustions of the HSI aquipment shali
be conducted to confirm the 'he
controls, displays, and dsts processing
functions identified in the 1ask analyses
are provided and that those controls,
displsys and dats processing fun. -ions
are designed in accordance with
accepted HFE practices snd prnciples.
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7

Cominued

Design Commitment

Table 3 6 Human Factors Engindering (Continued)

inspections, Tests, Ansiyses and Acceptance Criteria
inspections, Tests, Analyses

Cesign Acceptance Criteris

7 8 Continued {7} The HFE performance measures (0 be

used as the basis for w.lum the
dynamic task perfurm@ncetestresults.
These padformance measuies shail
includea:

i} Opersting crew primary task
performance charactenistic's, such
as task times and procedure

violations, -
N
(1} operating crew errors and/of
rates, k_»»

(11} operating créew situstion
BWBIENAsS,

{iv) operating crew workload,

{v} opersting Crew COMmmMunications
and coordinstion,

{vi] snthropometry svalustons
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Table 3. 6: Human Factors Engineering (Continued)

inspactions, Tests, Analyses and Acceptance Criteria
Design Commitment inspac ‘ons. Teuts, Anslyses Dezign Accepiance Criteris

7. Continued 7.a. Continued {vit) physical positioning snd
interactions, and

fviii) HSE squipment periormance
messures

{8) The methods to confirm that HFE issues
identified and dacumantad in the
Human Factors lssue Tracking System
have been resoived in the integrated
HSi design, snd

{91 Tha methods snd criteria to be used to
confirm that critical human actions, as
defined by the task anaiysis have baen
addressed in the integisted HSI design
in & manner consistent with accepted
HFE practices snd principies.

(10} The methods and criteris 1o be usedto
confirm that the operating technical
proceduras are correct end csn be
executed within the resim of accepted
human parformance capabulities.



Tabie 3 6 Humen Fectors Engineering iContinued)

ingpections, Tests, Analyses and Acceptance Criteria
esign Commitment inspections Tests Ansiysss Design Acceptance Criteris
7. Continuad 7 b A humean factors angineering snslysis of 7 b. The human factors verificat. on end

9t

the integrated HSI design shall be
conducted in sccordance with the Human
f ectors Verificstion e~ Vali- ds‘ion
Implementstion Plan and the findings will
be documented in Human Factors
Verificstion snd Validstion Recuits Raport.
The anasiyses of the integrated HSI desgn
shail be 7eviewad by the HFE Design Team
and the resulis of that review shail be
documanted in Human Factors Vent
cation and Validation Evetuation Report.

validation (V&) of the human system
interface (HSE) design shail be con ducted
in sccordance ath the requiremaents of the
Humaen Factoss Engineenng Program Plan
and the (fumsn Factors VAV

implementastion Plan
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The following are LKFB's comments:

l. The numbering scheme should match the numbering scheme in the ITAAC,

2. The implementation process described in the *design description® needs
to include reference to the HFE Program Plan.

_The HFE {ssues tracking system needs to be referenced in the *design
description.®

. Sub-titles would help to divide the different concepts discussed in the
*design description.®

The HFE Review Team and the reports that the HiE Review Team will be
responsible for producing must be referenced in the “design

description.®

.Each of the reports that will be generated by the applicant should be
1isted in the "design description.®
(@) (b)
7. Figure 3.6.1 should be revised tosinclude the Program Plan and,
*definition® should be replaced with *analysis* in the first box,

"

(0

“
>
o
»
™
™

Number 2 under “"design commitment® {s missing (1).

A ¢

3
9. Number 7.a.(2) is missing a sentence.

(::::)lo.ﬂumber 7.a(7)(11) should be revised to delete the “or.'

II. The entire section should be reviewed to correct the typographical
errors,

47

/,.
b)
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Section 3.6, pages 3.6 -1 thru -24 (6/1/92)

The Design Descriprion (Page -1) states the HSI scope will include the Remote
Shutdown System. The Design Commitment number | (Page -3) and the Design
Acceptance Criteria number 1(4) (Page -5) are consistent with that stope.

However, in the later steps which are more concerned with implementatic.a ot
HFE the Remote Shutdown System appears to have been parually omutted from
consideration as in Design Acceptance Criteria number 5.a(5) (Page -15) and
Design Acceptance Critenia number 6.a(2) (Page -16).

In Table 3.0, Application of Geperic Material to ABWR Systems, the matrix box
for applicability of 3.6, Human Facters Engineenog, shows 0o to RSS (2.2.6)
(Although | haven't researched this quesnon, | believe NRC and industry
standards provide for HFE to be applied to a much wider scope than just the
MCR and RSS. In fact. Table 3.0 shows applicability tc ARM and PRM as wel
as the MCR, but to pothing else.)




ITAAC SUMMARY

3.5 Software (Computer) Development

¢ Format

- Generic ITAAC plus DAC for specific acceptance criteria confirming
scftware development process

~ Not a system ITAAC, but reterenced by plant systems using software-
based control and monitoring equipment

* Applicability

- Full ITAAC/DAC process, which specifies a formal verification and
valication (V&V) plan, is applicable to development of safety-related
software

- Modifisd ITAAC/DAC process for non-safety-related software will
use design reviews to verify developnient phases similar to those
for safety-rel2ted software (EPRI requirerient)

e Tier 1 Commitment
~ A plan for developing software shall exist and shall include certain
specific elements, as defined in the acceptanre criteria, for
controlling the dcvelopment prezess
~ These elements in turn shall impose acceptan.e criteria on the
planned phases of the development process to determine the

acceptability of the design documents produced during each
developmer:! phase and the adequacy of the V&V process

» Two versions of software ITAAC/DAC exist
~ GE submittal with markups from internal review

- NRC staff/Lawrence Livermore National La%oratory version
developed after NRC review of eriginal GE Phase 2 submitial



GENERIC ITAAC and DAC for SOFTWARE DEVELOPNENT

INTERFACE DIAGRAM
Safety-related System ITAAC Nm.sahty-ﬂhhld System ITAAC
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Yable 3.5: Softvsars for Programmable Oigits! Computr.-= .1 Safety-related Applications (Continued)
Inspections, Tesis, Analysas and Acceptance Critena
Certifiect Design Commitmaeant inspections, Tests, Analyses Accesptance Critsris

1. (Continued)
The plan meets the design acceptarce
criteria described in Acpendix B.

¢. Verificstion and Vahidation Plan
astablishas verification reviews ~nd
validation testing procedures wnh the
following cmponents:
(1) Independeant design varificstion
{2) Baseline reviews
{3) Testing
{8) Unstructured tasting
{b) Formal validation tesung
{8) Firmware issue and validation
procadurs
{5} Procedure for future revisions

The plan meets tha design scoaptance
criteria described in #ppendir C.

2. Thowﬁwandoumdoww 2. Revisw design documenistion: / 2. Thcdmmmmwh(n M
meet the requiremante of dach siement - Hardware/Scftware raquirements of the software
m.wmwmnm Spechicstion plan. The design documentsiion sted
_irfem 1. . Software Requirdfents Spacification by the definition and i

. maiumsmﬁwsm described in Appendix A aliews Corralation
re Requirsmants Specification of the design each specific
<" Hardwara Design Specification MWQM&WM
v&vmwmwc
,/
The copaputer system hardware
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Tabie 3.5: Softwars for Programimabla Digital Computers in Safety-related Applications
Appendix A: Design Acceptance Criteria for Software Managoment Plan

Inspections, Tests, Analyses and Acceptance Criteria

Ceortifisd Desigr Commitment

The standards, conventions, and design
processes to ba followed during tne
dasign, devsiopment, end maintensnce of
safoty-relsted software shall be established
in the softwars management plan.

The software management plan shall
defina and document the following major
dasign phases of the software enginesring
process:

a. Definition and Planning

b. Product Performance Defir ition

c. High Leve! Software Design

d. Detsilea Design/Code/Module Test

e. Integration Test

f. Validstion a-.d Firmwesre issue

g. Firmware Releass

comprises the identification of applicabls

requirements {contrsctual or from design

specifications} snd confirmation of

suite” ility of the softwars planning

documents. The documents required to be

baselined #t the completion of this & .sign

phase sre:

s. Design Requiremants

b. Software Cc “figuration Management
Plan

c. Sofrwars Management Pian

d. Software Verification sna Validetio:  /

/
Flan /

e. Baseline Revisw Record

*_ ™
—

1

(

inspeactions, Tests, Anvlyess Ac-sptance Criterie
A review shaii be performed of the 1. A softwesre mansgement pisn has been
contents of tha software managemeant issued.
plan.
Las Spec ,(eJ e
/ ¢l Cor 'F ’___}—-J
A review shail be performed cf the 2. The plan contains » phonolooch
contents of the software management —apambid phase of sofiware
plar. angineanng Mkmt

M«WW

&

Sae Apoendix C for datails ot and
scceptance criteria -~ "~ verification and

validation process.
A reviaw shail be performad of the 3. mmmmwm’,,w.(c}
contents of the software management W‘pmm the NJ
pisn. Definition ar.d Planning Phase. C,,.f.f:

et s it et

| Defirition of Laseline: Auto'dooumom’. A The plan aleo states that-ellseqdiree

| sssumptions, snd opan hems that reflect verification reviews sre to be conipleted

| the current siste of a design phase and before the design maoves to the naxt phase,
Mnom&ummpmbtﬂnmdosm 8s atiestad to in the Baseline Reviiww
phass. _ / Record.

7

/

7
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Tabie 3.5: Software for Programmable Digital Computers in Salety-reisted Applicsiions

Appendix B: Design Acceptancs Criteria for Configuratiur Management Plan {Cosdinued)

inspections, Tests, Anziyses and Acceptance Criteriz

Certified Dasign Commitment
Applicable procedures, such as standards

shall be described in the,pisrior
spacificsily referenced. P software rhall
be identifiad such that the version can be
varifiad directly, either embedded in ths
software if in & non-programmabie/
wrasable lormat or permeanently inscribed

direct oomponoﬂi

[P
The shall dncﬁ the oudits and
reviews that are to be parformed 10 verify
that the softweare is being maintained
uader configuration management The
plan shall desc.ibe a procedurs for
corrective actions if sny problems are
discoverad.

The conf gurstion management of tools,
taechniques, and methodologi is shail be
specifically delineated. The pan hasll
26C. os8 control of deveiopn nt raethods
to he used (such as formal upecification)
and tools (such as compilers).

Thoploncholduu'both-muhodo'
rocordccolloctiono 1 retention.

T e S
Tho,plnn shail audress control of the final
user documentation and the informastion to
be supplied. The method of informing the
vuar of each product ~.. xnown faults,
tailuras, and changes shail be specilicelly
descr‘b«;..‘ - TAe g/,

Inspections, T~sts, Anslyses

4. A review shall be performad of the

for the designation of noltw,n vgnoons, +

contents of the configuration management
plan.

The ,f‘—n 5 f\ou

sttt

A roview sha!l be performed of the
contents of the corfigurat.on management
plan.

A review shall be parformed of the
comunts of the configuration mansgement
plan.

A review shall be performed of the

contants of the configuration msnage ' nent

plen.

A review st.>!l be performed of the
contents of the configuration manajement
plan.

v 1 m———

4. The,pls.mscnbos the procedures for
implementation of the plan.

:rJ«w s S0

8. doocdbooooﬂrolo'toolsmd

motm

oS marsga J

7. ﬂmmmm“onooum.

,.‘r J;.\ w%f

8. Thoplm-dom:ﬁoslhonmhodbywmch

ioum failures, and changes e idantified
to the afiected user.
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3.5 Computer Development

Design Description

The certified design uses microprocessor-based digital equipment to
perform many of the safety-related and non-safety-related functions of
the instrumentation and control systems. The safety-related software
shall be developed in full conformance with these requirements. The
non-safety-related software shall be developed using a planned design
process similar to the safety-related software. Digital equipment is
also used for design and operational support of the on-line systems.
The primary focus of this section is onﬂioftware. owever, the
implementation of the software includes hardware aspects of tle design,
such as hardware/software integration, which are not addressed in other
sections and are, therefore, included in this section. Examples of
equipment for which software performance and quality is necessary for
equipment performance and quality inciudes; programmable logic
controllers (PLCs), microprocessors, application specific integrated
circuits (ASICs), and computers. These equipment may have a variety of
safety related applications including, but not limited to meter and
display functions, recording devices, data transmission, control
functions and alarms.

Because microprocessor and cigital control technology is rapidly
evolving it is important that the certified design description (Tier 1)
a. . the ITAAC do not "lock in" a design which would be obsolete at the
time of construction. The approach is to "lock in" a design process and
specific acceptance criteria (termed design acceptance criteria (DAT))
which if met would result in a design which is acceptable. The DAC will
be in the same format as the ITAAC used for other systems in that it



will specify the certified design process commitment and will specify
the method of demonstration that the commitment has been met., The
method of demonstration #i1l be by inspection, test, or analysis against
estaciished acceptance criteria. The functional I&C system requirements
are provided in other ITAAC. The software DAC will describe a formal
design implementation process with a phased test, analysis, and
acceptance criteria (ITAAC). The ITAAC will be inspected by the NRC to~
verify conformance with the requirements at several phases or stages
during the safety related digital crntrol system design process. The
gocuments which demonstrate satisfactory implementation of the ITAAC
will be available for inspection at the completion of each of the above
stages. The stages or phases are shown in Figure 3.5-1. The COL holder
will be required to satisfactorily complete each ITAAC phase prior to
proceeding to the next phase of the design development. Failure to
successfully complete a phased ITAAC may require repeating an earlier
ITAAC and/or changing the system design. The NRC staff will issue an
inspection report for each phased ITAAC and identify any open issues
which require resolution. Significant open issues which are not
resolved could result in the NRC staff concluding that the ITAAC had not
been satisfactorily completed. At each nhased ITAAC the design
development must be verified to be in accordance with the certified
design process and that the detailed design developed (through that
stage) meets the certified design. Upon cempletion of each phased ITAAC
the COL holder will certify to the NRC that the stage has been completed
and the design and construction completed up through that stage is in
compliance with the certified design. The COL holder will also provide
a description of the next phase of design development and associated
testing, analysis and acceptance criteria in enough detail that the NRC
staff can determine whether or not the proposed design development and
testing is consistent with the certified design process and next ITAAC.
This phased process will continue until all ITAAC steps for all the
safety-related software are complete.

The certified design description and design development process continue
for the lifetime of the plant. Any safety related software that is

2
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Conformance Review Plan

The Conformance Review Plan will include descriptions
of the documentation and tests which are recuired for
the software developer to demonstrate conformance to
the requirements and provide adequate information for
the NRC staff to confirm that conformance,



ABWR Design Document

3.5 Software Development
Design Description

The certified design uses microprocessor-based digital equipment to perform
selected satety-related functons. Development of the necessary software is

dependent upon the as-procured hardware and is thus not pan of the certified
design. The process to be used for software development and implementatuon

e s1)-ge . ren #will apply to: a) each
ABWR safety system that uses the safety-related software functions of the Safety
Systern Logic and Control (SSLC) equipment and b) other safety-related

equipment that contains software to perform sarety functions.
Inspections, Tests, Analyses and Acceptance Criteria

Table 3.5, together with Appendices A, B, and C, provides a definiuon of the
processes that will be used to demonstrate compliance with the requirements
governing development and implementation of software for safety-related
functions. This material is structured as follows:

Table 8.5: Generic inspections, tests, analyses, and acceptance criteria
(ITAAC) material for the overall software development
process. Key elements of this process are a Software
Management Plan, Configurauon Management Plan, and a
Verification and Validation (V&V) Plan.

Appendix A: Design Acceptance Criteria \DAC! for the Software
Mana, ..nent Plan

Appendix B: Design Acceptance Criteria (DAC) for the Configuration
Management Plan

Appendix C: Design Acceptance Criteria (DAC) for the Verification and
Validaton (V&V) Plan

3.5 + 8192



Table 3.5: Software tor Progran-mabile Digma Computers in Safety relsted Applicstions

inspections, “ests. Analyses and Acceptance Criteria
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Tabie 3.5: Software for Programmabile Digital Computers in Safety-reiated Applications (Continued
Inspections, Tests, Analyses and Acceptance Crite. .8

. The assembied, fine! production

systam shsil be exercised through

and dynamic sim_lstions of input
presant during normai operstion
M%mmm
COMP” 187 svEtem action.

The railidstion test pisn identify the
valide, on tests for softwaere based
system Safety System Logic
and Control . The plan shall siso
include tests wvalidste correct operation
for sach system requirement of the
systemu that interface with SS.C. The
rw‘m”mmihm
WWWMdud\

e /omorhdnguluvm

4

inspections. Tests Anaslyses
3. MeviEw the sentware development plan

- | ' ’ g‘g I‘

Acceptance Critena

3. The documentstion for m- o

WMW
MMW'WM as

WWA! and C.

1 mmmmmm:ﬂ/

the compater system vahdation testing & d
shows how the svatem is in :
wit, the requirements.

The test report identifies the
system raquirement in addsfion the

The test report the herdwars snd
software used, test equipment and
calibrstions, gimulstion modais used test
resuits, and discrepsncies and corrective
actions.

exgtuted, and the test results evalusied by
individusis who did not perticipate i the



Table 2.5 Software for Programmable Digital Computers in Safety-related Applications

Appendix A: Design Acceptance Critena for Software Management Plan

inspections, Tests, Analyses and Acceptance Criteria

Cartified Design Commitment

The standards, conventions, and design
processes to be followed during the
derigr. deveiopment, and maintensnce of
safety-reisted sofiware shail be estshiishad
in the software mansgement plan

The softwars management plan shsli
define and document the following ma, o
design phases of the software enginesnng
procsss

-

Definition snd Planning

b Product Performance Definition
High Level Software Design
Detailed Design/Coda/Moduis Test
intagration Test
Validstion a".J Fiommwars Issue
Fimware Relesss

Definiticn and Planning Phase This phese
compr.ses the icentification of apphicable
raquiramaents {contrsctusi or from design
specifications) and confirmation of
suntability of the soffware pianning
documents. The documents required to be
basslined st the compistion of this design
phase are
- Deasign Aegumrements
b. Software Configurstion Managamen®

Pian

Software Management Plan

oftwarse Venhication snd Vahidation
Pian

Bassiine Review Pacord

inspections. Tests Analyses

A review shall be performad of the
tents of the software management
plan

A review shall be performed of the
comtants of the softwars management

plan

A review shail be performed of the
coments of the softwars mansgament
pian

Definition of baseline: A set of documaents,
sssumptions, 1.ad open tems the! reflect

the current state of 8 design phase snd
define the des:gn input for the next design
phase

Acceptance Criteris

A software management plan has hean

isssad

o A

i

The plan contains » ¢ ~ription of esch fl

apocsihed phase of th=  foware

angineenng Procass, A Loy rSeeertar-dewgn €
phase shall be weric @ watll 06wt 1o he
8l o (Oeermanis o oduced o that nhaas
Theew “ncurmmemts are haled o the degn

rorrTE Tty T the delinanng Sectone.

See Appendix C for detasis of, snd
sccaptance crtei.s for, tne verthcstion and
vahdation process

The plan statas that the ecasemesed™
documents are the bhasaline of the
Definition and Planning Phase

The pisn siso states that ellsogdieed
verificaticn reviews ara to he compiated
before the design moves to the next phase
as sttastad 10 in The Baseline Raview

Record




St

8\9

Table 3.5 Software for Programmable Cigitai Computers in Safety-related Applicstions
Appendix A: Design Acceptanc s Criteria for Software Management Plen (Continued)

inspections, “asts, A-alyses and Acceptance Criteria

Ceartfied Desirn Commivmen!

Product Performance Definition: Defines
the genaral product design and the spin
t.- tweaen hardhvare snd software. The
documernts required 1o be bassiined at the
compietion of this desigr nhase are’

s
b Product Performance Specification,

¢c. Product User's Manuasl
4. Communicstions Protocols
# Bassline Review Record

Figh Leye. Softenis Cesign: TV is phese
comprises the design of the softwars
architecture gnd structurs and the
determination of genersi (nodule
functions. The documents requirec to be
baselined st the co nple’.on of this design
phase are’

s Softwsre Design Specification

b. Baseline Review Record

Det.iled Design/Code/Module Test- This
phase comprises dJetsiled design of the

software and testing of individusi softwars
modules by the designer. The documents
required to be baselined at the complstion
of this design phase are:

s Sowurce Code

b Module Testing Report

¢ Bassline Review Record

inspecions Tests Analyses

4. A review shaill be performed of the
contents of the softwsere management
pian.

&. A raview shall be parformed of the

coments of the software management

8. A review shail be performed of the

« ‘ntents of the software mansgement

- Definition of module: Executsbie

. computer code that implements »
functionsl requirement or part of 8
mmwo!mmwm

4 opersting system

g o ———

The pian siso states that alirequwed <
verification reviews ars to be compieted
before the design moves 1o the next phase,
#s sttested to i the Lasehne Review

Record.
— spaubed

/"’ - (."“ ‘Q{.’

X mwmﬁmm"""

documentsgire the basaline of the High
Leve! Softwars Design Phase

The pian siso states that al-eeaured ™
varification reviews are 1c be compieted
before the design movas to the ne>1 phiase,
2 aftested 10 in the Basshne Review
Record.

. The pisn states that the comwmntted

documents ares the bassling of the Detadled

The pian 8i80 stsies that ol cenweed

verification reviews tre to Le completea 44
the design moves (o the 1ext phase,
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Table 3.5: Software for Frogrammasie Digital Computers in Safety-reisted Applications
Appendix B: Design Acceptance Criteria for Configuration Managemaent Plan

inspections, Tests, An~lyses and Acceptance Criteria

Certified Design Ty nent

. Daveiopment of softwire for the

microprocessor-based safety s, steras
shail be controlled excurding to a
configurstion mansgemant pisn

. The configurstion management plan wail

define the purpose snd scope of the plan
with smphasis on the groups to which it
appliss and the specific prc Juct which is to
be deveioped. The product description
shail include both executabils and nhon-
axecutable material

. The configurstion, plan shali deacribe the

organizational responsibilities. The
organizations! indepcndencs or
dependence of the groups responsible for
the softv. . » configuration shali be
specifica..y described. The pisn shall
describe » function independent of the
software designers that is resporsible for
verifying thst the softwsre is maintsined
under thes plan. The pian shell deteil the
retationships of the conigurstion control
with the softwere GA developrent, and
other groups.

inspections, Tests. Analyses

. A review shail be pe-formed of the

contents of the configuration management
pian.

. A review shall be performad of the

contents of the configur stion mansgement
plan.

. A review shall be performed of the

contents  { the configuration management

Acceptance Criteris

. A configurstion management pian has

been issued.

or maintaing software for safety systems.
The pian inciudes both executable and
non-executable portions of th- design.



e Tabie 3.5: Software for Programmabie Digital Computers in Safety-reiated Applhications
Appendix B: Design Acceptance Criteria for Configuration Mansgement Plan (Continued)
in-pections, Tests, Analyses and Acceptance Criteria
Ceortified Des.gn Commitment inspectiona, Tests. Anaiyses Acceptance C “g.ﬂ’
4 Anogplicable procedures, such as standsrds 4 A review shsll be performed of the 4 ?an-..p,i describas the procedures |
for the designeation of mhw"e Varsions " ~antents of the configurat-on mansgemernt implemen*ation of the plan
shall be described in thg_p!nf 7 . plan
soecifically referenced adf sofrwace sha'l ¥ The plae 35 ¢f
be identified such that the varsion can be '+ +1.4
verified directly, sither smbedded in ths o
softwara if In 8 NnON-progs emmabile/
arasable iformet or permanently inscribed
- mymry O"jf" componont J: .,
5 Tho}y ": shall doun ‘hv audna snd & A review shall bs performed of the 5. The pian cCescribes audits and reviews and
o
ravigws that sre to be performed to venfy contents of th configurstion management describes s procedure for corre” hive
that the softwere is being meintsined plan sctions
under configuration mansgement. The
pian shall describe 2 procedure for
corrective actions if any problems sre
2 discoverad. h SIS : 4
L] The conﬁgurp{ion m.ﬂ.o"“vf“ of toois, 8 A review shall be performed of “he F f’~.‘wl_gn describes contr3l of tools and
technigues, snd methodoiogies shall bs comtants of the configur stion mansgement methodolcgres
specifica'ly dslinested The plan shall plan
address control of devalopment meathods
10 be used such as ‘ormal specification)
and tools {such as compilers) " 4
i ,J -~ 'I'
el sl
7. The plan shall describe the method o 7 A review shail be performed of the 7. The p'.n describes the racord storage pian
racords collection and retention contenis of the configurstion managemeant
ien #
Ro . i P RN
y '-))""’N ,,»f ’-()“A f
. £l The plan shgil address controd of the find ] A reaview shail be performed of the - The plan idemhes the meathod by whach
2 user documenishon and the informastion 10 contents of the configurstion management faults faluras and changes are identied
-~ »s be supplied The method of inforrmng the plan to the sffected use-

use: of sech product of known faults
iniiures and changes shall be specifically

- The o

describec
ol
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Table 3.5: Softwsre for Programmable Digits! Computers in Safety-related Applications
Appendix B: Design Acceptance Criteria for Configuration Management Plan (Continued)

inspections, Tests, Analyses and Acceptance Criteris

Certified Datign Commitment

. The configurstion managemaent pian sha'l
be in place snd spprove by the
implementor prior 1o the first concept
devalopment physes of scftware
devesiopment.

The configuration man sgement pisn shail
require that the design documents (such ss
software requirements specificstions)

9. A review of this

10. A review shail be performad of the
contents of the configuration managemant
plan.

inspections, Teats, Analyses
1he 4..«5,—:-*- e

pian shai be conducted
during a product’s Definition and Planning
deaign phase (ses Appandix A}

4 ccoptance Criteria

9. mcmmmplsld’
e spproved and in piace at the beginning
of the project.

g, vw*"_?"f

10 The plan requires that the design
management plan.
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