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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : N-17-001
PR & &1 (PSAR Section) : 17.1
#13% 8 #7(Question Date) : 1997.11.18
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:

PSAR Sections:

Question Date:

PSAR Question:

17.3

N-17-002

Ch17.3

November 18, 1997

Reliability Assurance Program :

This section deals with RAP but it is combined in Appendix B. After
reviewing Appendix B, it was found that the content and format are
different from GESSAR or NRC requirements (such as SECY-89-013, 93-
087, NUREG-1070 and NUREG-1503). Please clarify.

1.

GE ABWR Design Phase RAP
The D-RAP chapter includes the following :

(1) Introduction

(2) Scope

(3) Purpose

(4) Program Objectives

(5) D-RAP Organization, responsibilities and function

(6) Structures, systems and components’ identification and
prioritization

(7) Design consideration : design review and reliability analysis during
detailed design

(8) Failure Mode definition (use NUREG/CR-5635 methodology )

(9) Operation Reliability Assurance Procedures

(10) Applicant or License Holder RAP

(11) Implementation of D-RAP

(12) Example Implementation

2. NUREG-1503 O-RAP

Questions and Answers

O-RAP should include the following :
(1) Monitoring of reliability functions
(2) Reliability methodologies
(3) Prioritization
(4) Root cause analysis
(5) Corrective action analysis

(6) Corrective action implementation

(7) Corrective action verification
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(8) Nuclear power plant aging
(9) Designer feedback
(10) Program interfaces

PSAR Response:

Lungmen Preliminary Safety Analysis Report format and chapter title were
established in Lungmen licensing activities kickoff meeting with Taiwan
Power Company on November 20, 1996 which categorized Integrated
Reliability Analysis (IRA) in Appendix B as equivalent to Chapter 17.3 of
ABWR SSAR. NUREG-0800, Standard Review Plan, Chapter 17.4

describes Reliability Assurance Program.

It is recognized that the format of Lungmen PSAR Appendix B differs
from the format given in the GE Nuclear Energy ABWR Standard Safety
Analysis Report (SSAR), 23A6100. However, the same activities
specified 10 the ABWR SSAR are included in Appendix B.  Attached
table provides a comparison of the activities specified in the ABWR SSAR
with comparable activities in the PSAR Appendix B. Appendix B
content and format is consistent with NRC requirements for Design
Reliability Assurance Program (D-RAP).

The primary reasons for the format in Appendix B can be summarized as
follows:

1. The PSAR Appendix B was formatted to more adequately reflect the
Lungmen two-step licensing process (construction permit/operating
license approvals) versus the ABWR one-step design certification

process.

2. The PSAR Appendix B includes additional Lungmen specific
requirements that were not included in the ABWR SSAR. Examples
include Lungmen specific quantitative performance standards for plant
safety and plant availability that must be demonstrated during the
design and throughout the life of the plant.

3. As described in Appendix B Section B.1.1, Appendix B reflects the
concept of an integrated reliability analysis (IRA) program which
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ensures the safety and reliability are maintained as the detailed design
evolves through the procurement and construction phase (D-RAP
phase). In addition, pertinent information from the D-RAP phase is
integrated into a single program for use by Taiwan Power Company
during the operational life of the station (O-RAP phase).

The implementation process for the IRA program during plant
operation (O-RAP) will be developed and included in the Lungmen
FSAR. The process will include as a minimum the following
activities:

a) Reliability Performance Monitoring
b) Reliability Methodology

¢) Problem Prioritization

d) Root Cause Analysis

e) Corrective Action Determination

f) Corrective Action Implementation
g) Corrective Action Verification

h) Plant Aging

i) Feedback to Designer

i) Programmatic Interface

There is no change required to the PSAR from the above response.
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Components Identification and

Prioritization

Identification/Prioritization

ROC AEC's PSAR Comment ABWR SSAR Where Covered in Appendix B
PSAR
(1) Introduction 17.3.1 Introduction B.1 Introduction
(2) Scope 17.3.2 Scope B.1.2 Scope
(3) Purpose 17.3.3 Purpose B.1.1 Purpose
(4) Objective 17.3.4 Objective B.1.3 Program Objectives
(5) D-RAP Organization, 17.3.5 GE-NE Organization for | B.1.4 Organization Interfaces
Responsibility and Function D-RAP
(6) Structure, System and 17.3.6 SSC B3.1.1.1 PRA&BJ3.1.12

Unplanned Outage Analysis

(7) Design Consideration,
Evaluation at the Detailed
Design Stage by Design

Reviews and Reliability Analysis

17.3.7 Design Considerations

B.3.4 Design Considerations

(8) Defining Failure Mode (Use
NUREG/CR-5635
Methodology)

17.3.8 Defining Failure Modes

B.3.5 Defining Dominant
Failure Modes of Risk-
Significant SSCs

(9) Operational Reliability

Assurance Activities

17.3.9 Operational Reliability

Assurance Activities

B.3.6 Risk/Reliability Focused .

Maintenance Analysis

(10) Owner/License Holder

Reliability Assurance Program

17.3.10  Owner/Operator's

Reliability Assurance Program

B.S
Reliability Analysis into the

Integration of the

Program for Implementation

during Operation

(11) D-RAP Implementation

17.3.11 D-RAP Implementation

B.3.7 Example

Implementation

(12) Example of D-RAP

Implementation

Example of D-RAP
Implementation included in
Section 17.3.11

Included in Section B.3.7
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ROC-AEC Review Comments:

Please provide an implementation schedule of Integrated Reliability
Assurance Program before CP.

Further clarification:

Lungmen IRA phase I evaluation is in progress. IRA phase I evaluation
will identify the risk-significant SSCs and critical R items, unplanned
outage analysis and qualitative system performance criteria allocation. The
phase I evaluation is scheduled to complete at the end of April 1999. The
phase I IRA evaluation will identify the Lungmen design can meet the IRA
performance goals. The preliminary results of phase I evaluation will also
provide the inputs for design evaluation and failure modes of risk-
significant SSCs. The preliminary IRA evaluation will be updated in the
design phase and these results will be described in the Final Safety Analysis
Report (FSAR). The major tasks in the IRA program and targeted
scheduled submittal date for TPC review is tabulated below. The schedule
is based on the fuel loading date of Oct. 2003.

D-RAP Task Description | Where Covered in Appendix B

PSAR

Target Submittal Date
For TPC Review

(1) Introduction B.1 Introduction See PSAR
(2) Scope B.1.2 Scope See PSAR
(3) Purpose B.1.1 Purpose See PSAR
(4) Objective B.1.3 Program Objectives See PSAR
(5) D-RAP Organization, B.1.4 Organization Interfaces | See PSAR
Responsibility and
Function
(6) Structure, System and B3.1.1.1 PRA&BJ3.1.12 5/15/99
Components Identification | Unplanned Outage Analysis
and Prioritization
(7) Design Consideration, B.3.4 Design Considerations 8/16/01

Evaluation at the Detailed
Design Stage by Design
Reviews and Reliability
Analysis
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(8) Defining Failure Mode B.3.5 Defining Dominant 8/16/01
(Use NUREG/CR-5635 Failure Modes of Risk-
Methodology) Significant SSCs
(9) Operational Reliability B.3.6 Risk/Reliability Focused | 8/16/01
Assurance Activities Maintenance Analysis
(10) Owner/License Holder B.5 Integration of the 4/16/02
Reliability Assurance Reliability Analysis into the
Program Program for Implementation
during Operation
(11) D-RAP Implementation | B.3.7 Example Implementation | See PSAR
(12) Example of D-RAP Included in Section B.3.7 See PSAR
Implementation

There 1s no change required to the PSAR from the above clarification.
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4, 5% (Track Number) : N-17-003 (HBEFIR)
P28 & £ (PSAR Section) - 17A
#n 4% B #4(Question Date) : 1997.11.18

P28 P9 2. (PSAR Question) :

— E—EERE I2HEENS SN ERERT e FE MRS ERAE M IR
Ml RE &ty 0 HRAATRT?
CBIHESE T REABINGE NG ARSI EXHZEED)...(Q)... o
HREERE TSR TR R 0 BT R

P R8 %~ 75 (Responses) -

— AN MBI NRC Bz 1989 8 ASME XTI SRR EHE -
AN R EABEINSIR N ERR LA ZHEEEEE R RIS FH
;iﬁx‘(‘ﬁ&‘ﬁ_ °

JB e % 4 % R(ROCAEC Review Comment) :

LENEH TG ARSI Mfu WATEER L2 ERE TREST FE _F B
ALy o HHAATE AL 7 MU R IEE R L Z R B .

4 & /& % 3% (Further Clarification)

BTSN AERESI FE AR HAERTAESEAL (GEBESEL
S BEALERL) > UEAREFLILEEENA KBS Bibafh 880k
EELIERIMELEEIIHTS > AARAETHE I BANCEFEER
ANBTF .

2. EX T ML AR N4 87 £ 10 B 15 B ATAL 3L ©
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% %% (Track Number) : N-17-004
P78 & & (PSAR Section) : Chapter 17
#7142 8 #A(Question Date) : 1997.11.18

P 22 79 Z2-(PSAR Question) -

— -~ GE20p6 » TPC % —%
B4R &8 A 6 F ¥ 2 Reliability Class (Quality Class R) ¢, 4-7F 26 % 45 3% 4844 »
SE LA T 2 SRR AT TR RAT -

=+~ GE20p6 » TPC £ —%&
FrA&z Quality Class G B A — 4B A% BAS# TR BOP kB2 - BAT—
AR A RE B F4A ISO-9001 A 74 A B MR 2485 - RfmtbE 2 Class G 48
P ARAT RARAT R ILARYE » B S0 TR 7

P 28 % 7% (Responses)

— ~ PSAR ¥ = % Table 3.2-1 “Classification Summary” ¥ » ¥ NI -~ BOP =
Structures ,Components, and System % Quality Class &5 & - & & N BEH,
55, % 2K NSSS,T/G B Phase I A/E /AR &L # s A% 3 R-List 2% 4 F (o
f—, =) > Btk Quality Class R &, 4704k A 4 484% > 55T &8 PSAR % Table 3.2-1
B R-List & F # » Bl&F R-List E AR BEMASIRT ZZBABEPRA -
=~ 1. GE2.0.P6 T 4% #} Class S,R,G #4F & > k32 & Class G = QA Requirements °» &
EHAIRSEREFTE ) BAKEFEHE ClassG » HEFE —F F R
it Class G 2z QA Requirements -
2. ## Class G 2 QA Requirements > & E W3R ¥ T 372 454 NSSS Bid
Spec.3.2.82C (M=) - BN4EBBEL > £ T EX A% %54 1S0-9000
A7 A REAE (Kfrm) -
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# 3% (Track Number) : N-17-005 (5 Epg 3t BHAEF)
P21 % & (PSAR Section) : 17A
4% 8 #A(Question Date) * 1997 11.18

728 79 5 (PSAR Question) :

— s EF-FEQODERZEGO@)F NEmE o HEFHILERET T RAESE
Kt 5 TAFTY o

SN SR EAMBEMAKA LB AN TABENE  FAERI2EHFTES T
FRA > HHER

In

LEFHARTHEA EXRLOHTEHE -

1238 P SHRMEAESG DR ZBIHT > B3P L RE EEMEE—
BT EHEE R FERERPDFAPIT  LAERAROHHE XN
oo R 13 H AWM AT HA M FHT -

W £ELOSEEEARTER BAELAAWRE RAFEE  REBEZREX
MR e SFRi o RGeS E RN GERERRTRER K
MALEE HBARIEN £ 0 BEH ALY &2 ARIEIZ R .

P 28 % J§ (Responses) *

— - 8 THEEATRAMESARA I PEIRRERENZIRK, - BT
RESERZMANEMGAR BRESRME S - RESELIRBLHAKR
(koM ) » 7500 % AR TFHdw TR > 7500 3 £ 1 4% 5000 ¥ & &4
KT EEW > 148 5000 ¥ 7Um b dy B AR o

IS AT AR AR R AR AT -
1.2.6 #%a -
FBEETRNEIBLERLLEFR -
1.2.7 gk -
G R M E T AN EH AR HERE TR
EHUARFEEEE -

Questions and Answers 17-10



80v0'L8 Ly 32 600-ALA-dN'T SEENG S WRSHE AT i  BE YT TR ST
WL« — | Bk W
THE
ot | o i o
o | (T %Y R H % 7 g (ES AT
e A2 e

S HHE M E LBRYEY

BT W W

SNOILLSAND ¥VYSd S.03V-00 OL SISNOJSTd

17-29

Questions and Answers



0€°90°88 TR 2 N SR R TR S
S1'Z1°06 b T H 800-Add-dN'T ERNes% SR rals mec i PE: 34
1€80°L8 b T H LOO-QEV-dN'T B LEREA N A TR €
IENANA b TWH £00-Add-dN'T S LEE ML AR T RGIRT
1€TlL8 HTH £00-Add-dN'] SMEE NGB Y TR
Wl —|  MEEWHH Y
TEE
I AL - N o w o g as
L [ b T FE oy B H w ¥ 2 ¥ i ¥ L%
HepLisy .
(L2

kB B oM H K WM BE W B e EH T

SNOLLSTND ¥VSd S.03V-004 O1 SISNOLSTd

17-30

Questions and Answers



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

I

ELEL AL EAREAE R AR OSEF R B AT FHET
Ve BE “2RS5E - HHRULE -BAEBRE” - B HAHEIRESRF
ZzPfT  MEGEHs R LL (2) PHITRATEAMEMS S EM > wE
T RZHMERS o WwEBENZI4E -
2. BEREVEIBELEFTEHMEE s RAMAM OB LSRR » T4
3038 0 WEAS T kP 2/ Me1E 3B 0 SH RS G
IR ARSI R R AT SRFT EHER -

rESEEEBNSHERREEREABRARETH LB RARE -

2. B EREFIRIEBRIESEAD ST T EHFAH - 10CFR50 Appendix
B 48 ISO AAMBEREZE > Zx THFIRIESELEZEFH, > K
FOFEIRELE ~ TREE S TRBREZF0 HREFLE LT EE -

87T 22 53TFHMERE — 2N B4 T ¢

o THEHA T RA NS E TR S S TREERE N IR, A
HAGERZBHNBMGEE RELE Uy - RES TN LIEE (L
MiZ&) > 7500 BUA T E diE T R 0 7500 ¥ E 148 5000 B uE i kT
EEW > 1455000 Bl b B E AR - EANSERLAEE Nz
o) S B AR EAETS > R T E AT B S aBERKITERS 2
NE > HEWIERITIAREE > UHFSDIRIBILE E69H -

B4 F £ & R (ROCAEC Review Comment)

SENANHAMAZE — A T HAFHHRAR T I RASTANSTH

2 ERE T ENSERLEIEIARKZ NG DG IREAER 0 RIE LA

RETNFEORESIE 5 GBREBREITAERIIZ AR HAR T HEIITLIRES .

HEENARFRFSARZAET TR, CARTRERASTLALES?

TRFRAT NN CERZIANBRER SV RPITIH L B 22 4% 48 M JF 4L 24030

PI-FAT4E %, ?

& & & % 3%, 88 (Further Clarification) :

1 g EFI TSRS OFT > AHEEEMTESFRELAR T SERASARTR
Husreo Tz Tl ¥ HERTIRDE « o EHH L EREY LI
AT SHAAND EHSTRIFESREISESE  BRIERAABRBE

PAT Ty R THEE ) T MEHNEEREPI TR AL BB RTSE
A MBS RATERAT AR ERZRA -
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2. S EHBRE I ERTRESS  FERE ERARKI LI ANBTEE D M
4 10CFRS50 App.B “#4 5 /A # LHEXMREEBFELIABHIT "ZHRE -

3 ANERA > SERABERHAIT Tl & "85, T/ G PIITEL
B XX HfRIhAE °
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&35 (Track Number) : N-17-006
P 22 3 &7 (PSAR Section) : 17A
#1#% 8 #(Question Date) * 1997.11.18

P28 P9 & (PSAR Question) :

—CF225HMATRAMIMBER  REH ¢
X AT SEARIES E S 4£ PSAR 17 £z Attachment BF C » £ B N3] &
BAE NS PRI Z SRy & o
iy 17.0 & 9 43 Plant constructor will work under TPC’s QA program, and the QA
program of the plant constructor is not addressed separately in this chapter” 3 #
PSAR Y A MBA T E NG REGENNZF LR ~ ROHER SR F EMF
ho fTIEH] 7

23 12 B2 MEER AHESBRMAEXER AR T FBRETE L KT
B > HAR L

F-] 28 %5 7 (Responses) -

—~ 1 BPIIRRERGZCES TG EEREEXRKOHE F > B PSARLTO ¢
44 ik Plant Constructor %J,ﬁt & &4 QAProgram FiE4E > B85 HE QA Program
AEF M PSAR 17 ZEF

. Plant Constructor /& 4 E#956 T4 ¢,% » 2 GE & S&W 2z QA Program it
BHBEMG s EREEBOAZLMEREXITE (FIMEF—) > F 34
BE -~ WER/AEEEF K LlrE% Plant Constructor 2 QA Program & H 3,
ToREEEMREIESETELER (B —) -

3. 8E% GER S&W 2 Ta#ER/ RO #5858 GE R S&W 2442
AR ER (M=) RLERE - RBR -HEZFX  BRAIRIER
AR RASEERAEIESRIEZER -
T BAELE SRS EFEAIT
226 MmBEME
BARTHAEIRLIETE L BEREMKEIELY -
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# %% (Track Number) * N-17-007
328 Z 87 (PSAR Section) : Chapter 17
#1428 #3(Question Date) : 1997.12.17

P28 )9 & (PSAR Question) -

17A PHAZHBHSGBEEELLEEH ST 8T 0 o7 BEILTHEMFE
FR(EESERATRBH)URATETIE A £ F M0 3HEF

P9 28 % 7§ (Responses) -

— + PSAR17A £ BN "HAEIBESERESFE ) T HNEREMAREHLFIRIE
sz AFEAM > PFTENLETZ THEHTE 44 Ao FloRmEM 2 md
WAL EIEITIN T2 § 0 BEN TR OHHRATRR T E LI PATIRR R LEITH 102
o HAMASABHEH TN IS2H > HARAOAREERARSE AR ELHE
A 182 8 o S MBI THAIERSEREFE ) EFUHETE S RAE
¥R BRI ERATRUAIITEE S EIREEFE

s BBy 2HFER FEESAGRENYT -
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P 28 & £ (PSAR Section) : Chapter 17
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BAF AT ©
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4398 (Track Number) : N-17-009 (#&Eh&)
P28 % %/ (PSAR Section) * Chapter 17
#1%% B #3(Question Date) 1997.12.17

P28 79 A (PSAR Question) *
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Sy Ay SR BE SRR MR ERAE ) S PIPTHERE L R RE BT TE
g Eu PR ARKEIZEAENERARE  UEATE-—PHFSE -

P 2 % 75 (Responses)
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z A2 L B AR MY
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B e 4 £ 5 % B (ROCAEC Review Comment)
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4%k (Track Number) : 17-010

P28 & 85 (PSAR Section) * Chapter 17
#1%% 8 #4(Question Date) 1997.12.23
PA24 9 & (PSAR Question) *

%17 % SR ERATE 3 R RASEZRE  HRAMBRE 0 AR BATEHEREZ -
P 28 % 78 (Responses) *

| epis LA 2R MEE R EJRK 7 PSAR % — 32 1.8.2 “Applicability of
Codes and Standards” ¢ 2.4 S+ & °

2. 4% THREIESEREFE 4 FEIA z BAFERARE > AR EZE
ARk M UAHE R R AR T X SR BT AR ARA

3 GE /N3 SA%F E NS AR BARE 2 RR > SR Subsection 17.1B.2 ~
Table 17.1B-1 A& Attachment 17B Z Section24.0 ¢ S&W /9] AR F ERATE]
R BAZE 2 JRR 0 ©3RBAM Subsection 17.1C.2 A Attachment 17C =
Appendix VI °

LEREARA

1 1SO-90002 g Af%dk FANOART &, E X AAT 2 B M fe A o #TFE1HRE - £QA
Program?g 74 4-1S0-9001 19944 j& > # Software QA Program 4874 1SO-9000-3
1991 F bR ©

L THEIESEREF L) > BT HED T A 2TISO-9000 2 pg & °
GE/N 8 4% % » & PSAR#) Attachment17BZ Section 24.0 % 89 3T1SO-9000
Z R A

ALS&W&ﬂ%%ﬁ%’%%%%f%zﬁ%ﬁ%ﬁ%%ﬂ%BO%%zﬁi°

b‘)-[\)
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

438 (Track Number) : 17-011
P28 % #5 (PSAR Section) : 174, 17B, 17C
#14% B #3(Question Date) 1998.01.19

728 P9 2 (PSAR Question) :

1 Please have GE provide more detailed information of Lungmen organization chart (offsite vs.
on site chart). (review criteria : SRP 17, IL.1A5)

2. Please provide additional explanation on TPC QA manager ~ power to stop work. (review
criteria : SRP 17, I1.1B4)

3. The policy statement in the QA Plan should be provided by the president or vice president ofa
company. In GE  case, it was done by S. A. Hucik, General Manager of Lungmen Project

and the signature was missing. Please clarify. (review criteria : SRP 17, I1.1C1)
FA 28 % 7% (Responses) -

1. Attachment 1 is GE Lungmen Project Organization chart. The Taiwan Office on the
chart is a part of the GE Lungmen Project Organization engaged in activities that are off-
site to the Lungmen NPS site. Presently, GE is not participating in any activity that is
on-site at the Lungmen NPS site. Document 31113-0OA18-0001 included in Attachment
17B will be revised to include the GE Lungmen Project Organization. The chart will be

updated in the future when GE will participate in the on-site activities.

QAT 2B SERN THATESATE, $-F 1360) el
REIMWSR N EZHERNES !
OHITIBERHERSE ML ARTEREFETER  LEEEFER -

3. The GENE company-wide policy statement, which is provided in document NEDO-11209
of Attachment 17B carries the signature of Vice President and General Manager. The
document NEDO-11209 also includes a letter from the USNRC accepting it as acceptable
QA topical report. The document 31113-OA18-0001 included in Attachment 17B
carries the signature of General Manager, S. A. Hucik, because the document is specific

in scope of application to the Lungmen Project, i.e., as stated in Statement of Policy and

Questions and Answers 1741



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Authority, the AOCument describes the quality assurance program which is to be used for
the control of the design, procurement, and manufacture of equipment and components
for the Taiwan Power Company (TPC) Fourth Nuclear Plant, Lungmen Units 1 and 2,
Nuclear Island (NT) as specified in the contract between Taiwan Power Company and the
General Electric Company (GE).

The signature of S.A. Hucik on Page 1 of the document 31113-0A18-0001 and the
signature of Philip Novak, Manager, NPP/Lungmen Quality, on the cover sheet were not
included on the electronic version of the document prepared by WORD software. The

PSAR will be revised to include these pages with signatures as Attachment 2.

The PSAR will be revised as indicated in the responses above.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%8 (Track Number) : 17-012
P 28 % 87 (PSAR Section) ° 17 A ERE ~
#13% B #7(Question Date) * 1998.5.15

7328 7 2 (PSAR Question) °

L EERFEEAEYL 631G XS HEE o 544 SRP 17.1.IL6A1, Page
17.1-14 2z & K » ?f% %% % As-built documents, Topical reports A

Nonconformance reports. Design documents (e.g. analyses) including documents
related to computer codes.

S LERRIREANTER 6IIDE > EHRXMFER TR BT & - F IR SRP
17.1.11.6B2 & K% % “ When such a list is used, it should be updated and distributed
to predetermined responsible personnel e

GEEEE i
LBEEER EURAYTEMMEH T 0 H P Topical reports » & E &% AF
WARIIN
6.3.1(1) ------- » XFAERE D RO
SART R o
W XA EE B & A 447 E) 4 £ computer  codes
A8 R 2 XA e
PR AF o
ERFE HAT -
3% I X 4#(As-built documents) ©
ZESAHREE
RFERE -
TR p—

BEAXHRATEEI TR URARMANL - BEALBARFEN 5
BTEEAZAR -
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 %2 (Track Number) : 17-013
P28 % &5 (PSAR Section) * 17 AMEELE
4732 B #4(Question Date) 1998.5.15

r 24 73 2 (PSAR Question) *

— LT EEREMH - RHRREZES Je At~ B QA AN E
RMl4az 4 & 558 (A3 SRP 17.1.1L7A1 ) o HAEE

L EELEEIIGSRERETAR PR SRR B R R MR R
b s ~ PPE S B Ak o #R4E SRP 17.11L7A2 - QA ¥ 4 fE 4R Purchase

_ Order & K » # 44 JE 7 15 % (activities) 15 48 M g3 (Verification) © 3548 7C

=« #8245 SRP 17.1.IL7B6 » &4%H £4 T HRAEHH - BpRRGZEH  HEHT
i 7k 32 % 2 Regulatory Guide 1.38 giE R HAMAL e

P4 28 % % (Responses) *

. & BB ssEE > Lt BaGRiR) R B (K TR S BRI IR) - &
2 E B (S ER)ZHEEE N SIREN ST KL T2.1~7.2.4 8 o

2. 4%3% SRP 17.1 ILTA2 » &A% F 43 15 £ 8 Verification > Verification 7 =, .45 Audits ~
Surveillance ~ or Inspection ° &%k & 7.2.3(Q)M K 5 Bk aERIMEEARR HET
B o R 1831 BE oG AEBHEMERRPITES # /& Verification /£ ¥ -

3 mn oy E¥ITVT3.T B E HI4E £ 844 Regulatory Guide 1.38 A MHix 8BS M
A - EH Bk BEFBBHER "
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# 9% (Track Number) : 17-014
P #8385 (PSAR Section) : 17A 17TBE %
#7142 B #(Question Date) : 1998.5.15

P28 P3 2 (PSAR Question) :

B AE SRP 17.1.11, 2A(1le) » SR 7 R E/REH BB ~ S - Rl - £
17TA1TC 6 ERFERNNASFRIEE T T RARABEEHOEE  HFHL -

Fo] #8 % 7% (Responses) !

£E ~ GE B S&W 3] o i & > HIAHL RIBIEMAFAKE > 254l PSAR
Attachment 17A 2 2.3.3(2) » 17B z Reference 1 2 2.1 » & 17C 2z Section 2 % 1.2.2(3#
o i) -
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# 3% (Track Number) ! 17-015
P28 & & (PSAR Section) * 17 A
4n$% 8 #3(Question Date) 1998.5.15

P 28 /9 2 (PSAR Question) *

SPR 17.1.11.8-13 2 R &A%+ 45 T EAMEE E+ 458D #HAT A LRI R EMAL S
IRESH P U ELERRIEEANTZENNE  BRABIRAER > BPEE
TIPS AR E] S BN ) U E X3 HNEEEE T B Sh AT A R A B AR R 48 B
TR UFARKERER -

P9 28 24 f% (Responses) -

4B AR H ER TR SR EAAT AR BB H AR S EREAEY
PR B RN R LR A EERUIIT S ERBSRFTEF - F - FwE B EF
FEECBEFATZRE TAHBIREL THEGHBERBSRTENFE K
FEERE - REAOEBHEHAREE  UBERASGERLEERRIELEK -
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% %% (Track Number) * 17-016
PR % 87 (PSAR Section) : 17TA%+~+—%
#1732 8 #8(Question Date) * 1998.5.15

P 28 P9 B (PSAR Question) -

—~ 5 EXNAE+TF103.1(4) T R F IR ENEE XAFERA, o SRP
17.1IL10C2 £ & "% JEads £ 2R BB RAREAT, - H 6T &R
FEETENUHI AFEER-

= < SRP 17.111.11B1d & k7 2 B t{5E QARERTE B 48 % T K 07 S B VEMiE o
BLENNSRFEE+—F U UHESER -

P} 28 % 75 (Responses) *

AMEEER BUBRFERAMEH T

103.1(4) 2B H{EBHRBREENEEXHRRE - FERBLEFLETHRBER
%o RIFLATIR R TAF -

11.3.1(2) R%BAEFALSRBALHEE - MARRERE - S8R RSE - AdE
E RO E S RRIE L0 AR GRS SRR S SO A AT e R
ZRBAKAZE -
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4 %% (Track Number) : 17-017
P28 & %7 (PSAR Section) * 17TA¥+wE
#7342 8 #A(Question Date) * 1998.5.27

P28 79 2 (PSAR Question) *

SRP 17.1.11.143 £ £ #5424 M2 48 MRk - R BRI, oF LHBEETRT
PN, LEAWBRESARMEZRFREN - FETAF

pRa 4 5 - (Responses)
Wiy~ R RN EPES T ML RIBELERRFTESIIHAE BFE
HECREIRATIRALTTUEH  RESESRFIEILHRT  BFRAT

KNP EHE BRI T ERE > LEERFUAFMEL TR A AR ABAT
E% -
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 9%(Track Number) : 17-018
P28 % # (PSAR Section) : 17A%+EE
#714% B #8(Question Date) : 1998.5.27

P28 73 & (PSAR Question) :

1. 4% SRP17.1.U.155 28K, RAARLEZ LG LA BBERMG L E Y
HEXOERETRBIBEENIRAELE - HETRF -

2. LESRFEETEEE 152.1(4)~ 1522 ~ 1523(D)# %Q%W%ﬁikmg
BN EETE HMXIARLEAZBEMAT HRELASERASETEL
AIBREZEL -

P24 & © (Responses)

FEPIHE 2R HARL FEG4eEERFNELEE ETROHATIAEE
AL R BEERHRAE T AOHLSFEMAHELEAZRFESRETH
SEAY > RHEEXYEHRRBAZRICHELE - 5 SR EE - 8RT
F BB RK AR BRSO REZ RIEHF -

2UAEARBEFISEM T T A BAXIARAS TR ZENHEBERIFHF SRS
BB REE  HBIITRIESE -  UEEHALREEMERALKED T &
B B A ﬁwﬁ%&%i% Bas X BEAEIERBKIREHE R TS
EBEHRETEHEE RS ERRFIEETLESER -

b
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# 3% (Track Number) * 17-019
P28 % %7 (PSAR Section) : 17TAE+XE
#14% 8 #A(Question Date) 1998.5.27

7 28 P9 A (PSAR Question) :

SRP 17.1.10.16.2 & % &4% B4 Z & 33 ] (documented concurrence) 2 £ 1T 5 &7 38 t7 1%

(adequacy) ° 34 EEF °
PRa A 7E © (Responses)

SR BEMETENEAREAHOERZRAT > LITEN G ESLERFERFF QD-
G-16.1-T T# EFAHEERLS | 7 (FHoptt)
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9% (Track Number) * 17-020
928 % 87 (PSAR Section) : 17TAZE++LFE
#1732 8 #7(Question Date) * 1998.5.27

728 P9 A.(PSAR Question) :

SRP 17.1.1.17.4 & R AR 24k 73006 L8456 R G 188 (9E, OB HXEHER

WEF - FEERF
P18 % % * (Responses)

5 EufRy B EA T
17.3.1(10)  #ZAERE2H MR S fefiaue > AR RGLI ML, af
HAXEBRGETE -
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4 %%(Track Number) : 17-021
P A% &7 (PSAR Section) - 17TAE+N%E
#7432 B £3(Question Date) - 1998.5.27

Pl RE Y E(PSAR Question) :

1. SRP 17.1. H 18A4 §“ﬁ%§'7§é&%3§;m m&éﬁﬁ[l{/ﬂ , ,ﬁ;qj(a>f§1(b>;lﬁéﬂ$ﬂﬁﬁ PO #ﬁi&
AP A, ARAASMRTHEBAMZEY c FETEF
2. SRP17.1.11.18bl —ﬁ—)}{%?ﬁ%};é@%g@Ug{%¥4ﬂ/]ﬂl,/(/\#ﬁ’ P S RPT féaa%fg
PRER SR Y B2 A AN, OARTEHAMAYAMEFEE, LRELHEMRE
FHR - L TR -

P a4 8 ¢ (Responses)

1. 28 &4 H £ 183.1(D)EAE T T -
183.1(N#EEF ¢ .
Bl A TAE&y i B T AL S 3£ 48 5§ E 78 ©.45 NUREG-0800 = 17.1.
O.18A4 Fr7| 8 B R FARAEHIH -
) RSB EEERAEZ QD-G-I8I-T THASERERELAF 1 2661(Z) (W)
() 67 B 681(F4oM) S EREERLENZLLME NN  EASEKBEF
BREAREE RERL DL ETEBEESRMM 54 SRP17.1.11.18b1 &K

Questions and Answers 17-52



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

Questions and Answers

18-001
Chp 18

December 24, 1997

Please clarify that the compatibility of the arrangement for controls and
the displays of associated parameters have been taken into M-MIS
design’s consideration. Refer to Table 1874-1 and Table 18.4-3 as an
example, the locations for fixed-position controls and the locations for
monitoring the associated fixed-position display parameters shall be

arranged so as to facilitate operator’s work.

Please describe the methodology of information presentation on display
units. Whether the arrangement of information presentation will be

based on priority, functionality and the sequence of operation or not.

Please clarify that a help system for recovering from a human error
operation will be included in the HST design.

Compatible arrangement of controls and displays have been considered
in the M-MIS design.  Part II(2)(e)(i) of PSAR Table 18.7-1 on page
138.7-9 states that lessons learned from previous nuclear plant HSI
designs as defined by the attachment to Table 18.7-1 shall be
adequately addressed for Lungmen. Part II(3) of the attachment to
PSAR Table 18.7-1 on page 18.7-24 states that controls and related
displays should be in close proximity, readily associated, conveniently
used with one another, placed in an obvious and consistent order, and
arranged in functional groups.

The methodology for information presentation on display units has not
been determined at this stage of the M-MIS design. The methodology
will be determined on the basis of plant operating experience reviews

and ongoing analyses of functional requirements, operator tasks, and
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human reliability, and it will be described in the FSAR.

. The HSI design will include features that help in recovering from

maloperation of the plant as well as recovering from maloperation of
the HST equipment (e.g., the touch-screen user interface). The root
cause of maloperation might be human error, but the HSI features will
not be capable of making that diagnosis. An example of help for
potential human error operation of the plant is the capability to monitor
plant Technical Specification for violations of Limiting Conditions of
Operation (LCO) and present recovery actions to the operator. A
help system for potential human error operation of the HSI equipment
has not been fully specified at this stage of the design although it will be
based, in part, on the HSI design guidance of NUREG-0700, Rev. 1,
Volume 1, Part 2, Section 2.7 concerning prevention, detection, and

recovery (correction) of errors.

No changes will be made to the PSAR as a result of the responses to the

above questions.

Questions and Answers
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

Questions and Answers

18-002
Ch 18

December 26, 1997

Please explain how the human factor considerations will be factored
into the Lungmen design and construction for TPC personnel especially

the operations people.

The human factor consideration is concentrated mainly in the main
control room and control panel areas. However, things like NRC
position on Local Valve Position Indication as outlined in Section 18.6
of NUREG-1503 was not addressed. Please explain how it will be

implemented in the future.

The original ABWR design requires only one operator to operate the
main control panels In order to satisfy the current regulations, GE
modified the requirements to have two operators. The work interface
between these two operators should therefore be clearly defined and
human factor consideration should also be given to the work load

analysis or verification.

GESSAR Section 18.4.2.2 mentioned that there will be a laydown
space of reference documents or procedures for the operators in the
main control panel but no such description was provided in the PSAR.
Please clarify.

. This chapter does not have the Automation Design as mentioned in

GESSAR Section 18.4.2.6. Please explain the reason.

. As mentioned in PSAR Section 18.1, human factors principles are being

incorporated in the Lungmen design consistent with the HFE program
model of NUREG-0711. Plant personnel addressed by the HFE
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Questions and Answers

program include licensed control room operators, non-licensed
operators, and shift supervisors. Other personnel performing tasks
directly related to plant safety are also considered. These personnel
can include instrument and control (I&C) technicians, maintenance
personnel, radiological protection technicians, and engineering support
personnel. In particular, human factors considerations (e.g.,
anthropometrics, crew organization, and lessons learned from past
operating experience) concerning operators, shift supervisors, and
maintenance personnel, are being factored into the Main Control Room
design by having members of Taiwan Power Company with these
qualifications and expertise participate on the Lungmen control room
design engineering team. Human factors considerations for various
personnel are embodied directly in human factors engineering (HFE)
requirements published in the U.S. by EPRI for Advanced Light Water
Reactors (ALWRs). Lungmen NPS is being designed in accordance
with these ALWR HFE requirements.

No change to the PSAR will be made as a result of the response to this

question.

Local valve position indication as it relates to Chapter 18 on human
factors engineering is addressed in Part V(1)(g) of Table 18.7-1 on
page 18.7-16. Part V(1)(g) states “Analysis of functions and tasks shall
support the basis for valve position indication at local control stations,

and remote valve position indication for manually operated valves.”

No change to the PSAR will be made as a result of the response to this
question.

The HFE process for Lungmen addresses U.S. regulatory issues
concerning the number of operators at the main control console
(Sections 18.2.2.2 and 18.2.3 of NUREG-1503). The work interface
between the two operators is being defined, and human factor
considerations are being given to operator workload analysis and
verification. The work interface between the operators is influenced
by nearly every element of the HFE process including staffing, function
allocation, task analysis, human-system interface (HST) design,

procedures, and verification and validation. Operator staffing levels
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Questions and Answers

(including roles and responsibilities) are considered during initial
function allocation as part of the process of establishing an appropriate
level of automation.  The allocation of functions to operators
considers human strengths and limitations, and the operator skills
needed. Analysis of the allocations confirm that operators can
perform their allocated functions and tasks while maintaining situation
awareness, acceptable workload, and personnel vigilance [PSAR Table
18.7-1, Parts IV(1)(c and e), pg. 18.7-14]. Task Analysis addresses
job design considerations such as workload, staffing, and
communication requirements (i.e., the number of operators, their
technical specialties and specific skills, the form and content of
communications, and other personnel interaction required when more
than one person is involved) [PSAR Table 18.7-1, Parts V(2)(c)(v and
viil), pg. 18.7-17].  The HSI design implements operator interface
requirements derived from Task Analysis [PSAR Table 18.7-1, Part
VI(1)(b), pg. 18.7-19].  Procedures reflecting the results of Task
Analysis are used in the Human Factors Verification and Validation
process which confirms that the HSI can be operated using the
established MCR staffing levels [PSAR Table 18.7-1, Part VII(1)(d)(ii)

g. 13.7-21].  Human factors performance measures for evaluating

>

operator task performance test results include work interface factors
such as crew workload, communications, and coordination [PSAR
Table 18.7-1, Parts VII(1)(f)(iv and v), page 18.7-22].

No change to the PSAR will be made as a result of the response to this

question.

The Lungmen NPS will be equipped with a laydown space so that hard
copies of procedures and other documents, required by the operators
during the performance of their duties, can be viewed.

The PSAR, section 18.4.2.2, end of the 3rd paragraph, will be modified
to include the above sentence.

The automation function originally described in GESSAR Subsection
18.4.2.6 is contained in PSAR Subsection 7.7.1.5.2. The description of
this function was moved from Chapter 18 to Chapter 7 since it is more

accurately a plant process computer system function than a human
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factors engineering issue.

No change to the PSAR will be made as a result of the response to this
question.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:
1.

LI

Response:

Questions and Answers

18-003
Ch. 18

March 20, 1998

Please provide comparison of differences in main control room
operation between Lungmen NPP and conventional NPP.

During the detailed design of Lungmen in the future, please also include
the User ~ Manual which should consist of instructions on the
maintenance of interface systems and how to correct software system
errors to assure the correctness of operation.

Please clarify whether the I&C design of Lungmen includes self-
diagnostics and display function of software errors.  Also, if Lungmen
employs symptom oriented incidents control design, then during the
design of the information display of the error diagnostics,
considerations should be given to how to assist the diagnostics work.
In the HFE design of Lungmen, considerations should be given to the
specific features of the user population such as anthropometric data,
vision field, human capability and limitation in vision and control, etc.
to maximize the operator performance.

Please explain how the operator response capability and incidents
handling capability can be assured at Lungmen when more automation

is employed.

Section 18.4.2.1 of PSAR Chapter 18 lists design features of the
Lungmen main control room. Some of these features directly concern
operations and these particular features are not found in conventional
nuclear power plant control rooms. There are additional operational
features of the Lungmen main control room not found in conventional
nuclear power plant control rooms. The following provides a
composite list of several operational features of the Lungmen main
control room that conventional nuclear power plant control rooms do
not have.
a) Automation of plant startup and shutdown evolutions such that a
single operator at one control console can maneuver the unit from

application of turbine gland sealing steam to rated power operation.

18-7



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

'l\J

Questions and Answers

b) Touch-screen displays for safety system control and monitoring
(including alarms) and touch-screen displays for non-safety system
control and monitoring (including alarms). |

¢) Normal, abnormal, and emergency operating procedures displayed
electronically, in diagrammatic form (e.g., flowcharts) with
imbedded dynamic parameter indications and alarm information.
[(Note: This feature is an operator aid, for use at operator
discretion.  Unit operation is not dependent on its use.]

d) Operator display designs integrated with switching and tagging
operations so that components “tagged” out of service are
displayed in Ia distinctive manner.

e) Annunciator and alarm design based on a “quiet, dark board”
concept (l.e., no audible or visual alerts should be active when the
plant is operating normally at full power, with all systems in their
normal configuration.). Alarm prioritization, filtering, and
suppression enhance meaningful alarm presentation and reduce the
amount of information that operators must be concerned with
during abnormal conditions.

f) Integration of high-level alarms, auxiliary controls, unit mimic
display, and safety parameter display system (SPDS) functions, into
a wide display panel (WDP) used by the entire control room
operating crew. ‘

g) A control room layout (achieved through automation, distributed
control technology, control building arrangement, and location of
1&C panels) that significantly reduces personnel traffic and the need

for non-operating personnel to access the main control room.

None of the above features and characteristics change the fundamental
roles and responsibilities of the operators with respect to plant safety.
Operators retain ultimate authority and decision-making responsibility.
Operators are informed, involved, trained to understand the automation,

and able to accomplish tasks in a timely, reliable manner,

No change will be made to the PSAR as a result of the response to this
question.

The User’s Manual will include a full list of all annunciated equipment
errors.  Software will be maintained in accordance with software

configuration management requirements and procedures established for
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Questions and Answers

Lungmen I&C. Correction of software errors will therefore occur in
accordance with change control processes prescribed by the software
configuration management requirements and procedures (e.g., tracking
and reporting software errors, traceability of changes, status of reviews

and audits, collection and retention of design records, etc.).

Correctness of operation is confirmed through reviews and checks of
unit-level and system-level operating procedures (normal, abnormal,
emergency, alarm response, etc.), using operators and the Lungmen
plant simulator, during the verification and validation phase of the
overall Lungmen Man-Machine Interface System (M-MIS) design and
implementation process. [Refer to PSAR Section 18.7.2.8 and Parts
VII(1)(d)(1it) and VII(2)(c & d) of PSAR Table 18.7-1.]

No change will be made to the PSAR as a result of the response to this

question.

. The Lungmen 1&C design, particularly the digital safety-related systems,

includes diagnostic features to detect errors.  Self-test results (e.g.,
test messages on local or portable display and printout devices) are
available to assist diagnostics work of personnel performing
surveillance, testing, and maintenance tasks in accordance with
applicable procedures. Software error was addressed by several,
previously submitted PSAR questions. Please refer to the following
responses regarding software error.
a) The response to Track Number 07-030 addresses software error
detection that meets the intent of GDC 21, RG 1.118, and IEEE
338 (Pertodic Surveillance Testing).

b) The response to Track Number 07-028 addressed meeting the
intent of RG 1.53, IEEE 379, IEEE 603 Single Failure Criteria,
and BTP-19 (Defense-in-Depth and Diversity) in protecting against
interaction-induced, common mode failures in software-controlled
systems.

c¢) The response to Track Number 07-027 explains how the Lungmen
1&C meets the intent of IEEE 603, Section 5.9 (Control of Access)
in protecting itself against malicious intrusion from a software
standpoint (e.g., virus, logical time-bomb, network intrusion, etc.).

d) The response to Track Number 07-014 addresses compliance with
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the SRP Chapter 7 and IEEE 279 by summarizing PRA analysis
covering all RPS and ESFAS components and functions (as part of
SSLC). The analysis accounted for potential common-mode
failures due to software errors.
Aiding operators in failure detection and diagnosis is not the principal
objective of an operating procedure, especially a symptom-oriented
procedure. The following information is available and presented to

operators during the course of an abnormal or emergency condition.

1. Safety parameter displays (to determine safety status, decide if
manual action is needed, monitor engineered safeguards and
mitigation, and execute emergency procedures). These displays
include for example:

a) Trend plots and validated readouts of reactor power, reactor
pressure, and vessel water level (for the RPV Control EOP)
b) Dynamic limits (e.g., SRV tail pipe level limits) including 2-
dimensional plots (e.g., suppression pool level versus reactor
pressure)
ECCS actuation status (as relevant to a given EOP)
Valve status (e.g., containment isolation valves)

Building radiation monitoring

DL e e

Presence (or absence) of system component lineups

uQ
~

Presence (or absence) of component power (electrical,

hydraulic)

2. Fixed-position alarm tiles on the Wide Display Panel (WDP).

These alarm tiles annunciate the following:

a) Entry conditions to symptomatic emergency operating
procedures (EOPs)

b) Events such as containment isolation (inclusive of MSIV
closure), reactor scram, turbine trip, and generator trip.
[Note: These type of event-based alarms have been used
with “first hit”, “first out”, “first event” or “first trip” alarm
logic in some plants.  For Lungmen operators, alarm
chronology and sequence-of-events information for post-
event analysis and diagnosis is available on the VDUs. ]

¢) The presence of abnormal conditions within an individual
system

18-10



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Questions and Answers

d) Other time-critical, plant-level conditions
3. Alarm Response Procedures (available on CRTs)

4. Automated monitoring of Plant Technical Specifications for
violations of Limiting Conditions of Operation, including display of

recovery actions (available on CRTs).

No change will be made to the PSAR as a result of the response to this
question,

HFE guidelines and practices of the U.S. nuclear industry are being
applied to Lungmen (e.g., NUREG-0700, Human-System Interface
Design Review Guideline, June 1996). These U.S. guidelines and

practices broadly accommodate the Sth percentile female to 95th

percentile male range of the U.S. adult population with respect to
anthropometrics, perceptual capabilities (sensory), and motor skills
(movement, manipulation, physical strength, etc.). It is assumed that
specific features and capabilities of the Lungmen operator population
are within the range of features and capabilities associated with the U.S.
HFE guidelines and practices.  Credible data specific to the Lungmen
operator population is accounted for in the HFE design of Lungmen
when such data is available. As noted in PSAR Section 18.4.2.2
(Main Control Console), panels and consoles in the MCR will be
designed with anthropometric consideration of the user population
applicable to Lungmen NPS.

No change will be made to the PSAR as a result of the response to this
question.

. This question is similar to Track Number 07-023. The response to

Track Number 07-023 stated that proven technologies, appropriate
human factors principles, and human-centered automation collectively
accounted for human cognitive strengths and weaknesses which were
expressly included in the Lungmen NPS function allocation
(automation) philosophy and criteria. The response to Track Number
07-023 summarized the human-centered automation approach for
Lungmen as follows:
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e The operator retains ultimate authority and decision-making
responsibility
e The operator remains involved and is able to accomplish tasks
within time, performance, and workload criteria
e The operator is informed and able to anticipate problems
e The operator understands the automation and can manage task
support resources
Track Number 07-023 also provided a table of design features that
ensured operator response and incident handling capabilities. Please
refer to Track Number 07-023 for further details.

No change will be made to the PSAR as a result of the response to this
question.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:
1.
2.
3.
Response:
1
2.

Questions and Answers

18-004

Ch. 18

April 5,1998

NUREG-0711 2.4.1 (3) stated that human factors engineering program
is applicable to main control room, remote shutdown facility, local
control stations, technical support center and emergency operations
facility but this chapter specified that human factor engineering
program is only applicable to the first three. Please clarify.

Table 18.7-1 on members of human factors engineering design team
does not include members with systems safety engineering,
maintainability/inspectability engineering and reliability/availability
engineering expertise as required by NUREG-0711, App. A. Please
clarify.

Table 18.7-1(I)(4)(f) human factors qualification requirement is not
consistent with NUREG-0711, App.A(6). Please clarify.

. The human factors engineering program is also applicable to the

technical support center and emergency operations facility as stated in
Part 2.4.1(3) of NUREG-0711.

The following sentence will be inserted immediately after the second
sentence in PSAR Section 18.1 (Introduction):

The Main Control Room (MCR), the Remote Shutdown System (RSD),
the Technical Support Center (TSC), the Emergency Operations
Facility (EOF), and local control stations are addressed by the HFE
program. '

Systems safety engineering, maintainability/inspectability engineering,
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and reliability/availability engineering expertise are not absent from the
overall M-MIS design and implementation process for Lungmen NPS.
Some clarification is needed however. The composition of the
“human factors engineering design team” (as it is called in NUREG-
0711) for Lungmen is based on the same composition defined for the
certified ABWR design. The USNRC, during its review of the HFE
program plan for the ABWR, recognized the absence of systems safety
engineering, maintainability/inspectability engineering, and
reliability/availability engineering expertise. However, the USRNC
found GE's composition acceptable, because the USNRC recognized
that these particular areas of engineering expertise were applicable to
the HSI design rather than the other HFE elements of the overall design
and implementation process (Reference: Section 18.9.2.2.1 of
NUREG-1503, USNRC Final Safety Evaluation Report for the ABWR,
July 1994). System safety engineering, maintainability/inspectability
engineering, and reliability/availability engineering expertise are
included in the HSI design as part of the M-MIS design implementation
plan for Lungmen NPS. Furthermore, system safety engineering is
applied on an as-needed basis (i.e., safety engineers are not full

permanent members of the HSI design team).

The following will be inserted as a note at the very end of Part I of
PSAR Table 18.7-1 on page 18.7-7.

The composition of the “human factors engineering design team” (as it
is called in NUREG-0711) for Lungmen is based on the same
composition defined for the certified U.S. ABWR design. The
USNRGC, during its review of the HFE program plan for the ABWR,
recognized the absence of systems safety engineering,
maintainability/inspectability engineering, and reliability/availability
engineering expertise. However, the USRNC found the composition
acceptable, because the USNRC recognized that these particular areas
of engineering expertise were applicable to the HSI design rather than
the other HFE elements of the overall design and implementation
process (Reference: Section 18.9.2.2.1 of NUREG-1503, USNRC
Final Safety Evaluation Report for the ABWR, July 1994). System
safety engineering, maintainability/inspectability engineering, and

reliability/availability engineering expertise are included in the HSI
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design as part of the M-MIS design implementation plan for Lungmen
NPS. Furthermore, system safety engineering is applied on an as-
needed basis (i.e., safety engineers are not full permanent members of
the HSI design team). '

The text in question is slightly different from the text in NUREG-0711,
but GE does not believe the difference constitutes an inconsistency with
NUREG-0711 for the following reason. The current wordingin
PSAR Table 18.7-1, Part (I)(4)(f) is identical to GE’s wording in
ABWR SSAR Table 18E-1, Part (I)(4)(f) and the USNRC’s wording in
Appendix J of NUREG-1503 (USNRC FSER for the ABWR, July
1994).  Furthermore, Part (I)(1) of PSAR Table 18.7-1 states that the
composition of the M-MIS Design Team shall include, as a minimum,
the technical skills presented in Part (I)(4). NUREG-0711, although
also published July 1994, included some changes in its Appendix A
(HFE Design Team Composition) wording as compared to the wording
in the ABWR SSAR and the USNRC’s FSER.  The following
identifies (in underline) pertinent differences in wording for the PSAR

text in question:
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Current PSAR Table 18.7-1, Part (I)(4)(f)
Wording

NUREG-0711, Appendix A(6) Wording

Bachelor of Science degree in human factors
engineering, engineering psychology or related

science,

and four years cumulative experience related
to the

human factors aspects of human-computer
interfaces. Qualifying experience shall
include

experience in at least two of the following

Bachelor  degree in Human Factors
Engineering,

Engineering Psychology or related science

4 years of cumulative experience related to
the

human factors aspects of human-computer
interfaces. Qualifying experience should
include

at least the following activities within the

human factors related activities;

design, development, and test and evaluation,

and four years cumulative experience related
to the

human factors field of ergonomics.

Again, qualifying experience shall include
experience in

at least two of the following areas of human
factors activities; design, development, and

test and evaluation.

context

of laree-scale human-machine systems (e.g..

process control): design, development,

and test and evaluation

4 years of cumulative experience related to
the

human factors aspects of workplace design.

Qualifying experience should include at
least two

of the following activities, design,
development,

and test and evaluation.

PSAR Table 18.7-1 was not intended to duplicate, word for word, portions of applicable

documents such as NUREG-0711.  The incorporation of HFE principles into all phases of

the Lungmen HSI design will be consistent with NUREG-0711 as noted in the introduction

to PSAR Chapter 18.

No change will be made to the PSAR as a result of the response to this question.
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Track Number: 18-005
PSAR Sections: Ch. 18
Question Date:  May 15,1998

PSAR Question:
When systems operate normally, it becomes a question of how to keep a
minimum work load for the operator to make sure he will maintain

vigilance.  This question jnvolves rationalization of the work load design
of digital 1&C.

Response:
A workload (both physical and mental) that is within the operator’s
capabilities, and involves tasks and skills viewed positively by the operator,
is just one of many contributors to vigilance (i.e., attentiveness, alertness,
involvement). The HFE program addresses proper workload and
vigilance which are central themes of human-centered automation for
Lungmen to ensure operators remain involved, informed, and understand
the automation. HFE principles and guidelines (most of which are
embodied in criteria for function allocation, task analysis, and human-
system interface design) are the rationale (i.e., the basis) for operator
workload. One objective of the HFE principles and guidelines is to assure
acceptable human performance under normal operating conditions.
Validity of the HFE principles and guidelines, as applied to the design, is
ultimately tested and proven as part of the Human Factors Verification and
Validation phase of the HFE program. Designing for acceptable human
performance, specifically vigilance under normal operating conditions,
requires consideration of countermeasures against symptoms, and possible
causes, of poor vigilance such as those listed in the table on the following
page.
Previous responses to Question 7-023 (Batch 18) and Question 3 of 18-002
(Batch 8) also addressed workload, vigilance, situation awareness, human-
centered automation, and design features (countermeasures).  Parts of
Question 7-023 closely related to countermeasures against poor vigilance

are summarized below for convenience:

Features of the Lungmen Human-System Interface design

e Provisions for “hands on” operation and staying involved (“in the
loop”)
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Fixed-position switches

Capability to conduct operations in a manual mode

—  Capability to assume manual control by normal procedural
methods and whenever operators elect to do so at their
discretion

—  Hold (break) points for automated unit startup and shutdown

sequences
o Displa of automation information (actions taken, in progress, and
pending) »

e Teamwork an crew interaction (joint monitoring, sharing of
information, task delegation, notification of key actions taken at
control panels).

A training program tha emphasizes

e Understanding wat the automation does (both well and not well) and
what the automation does not do

o Use of the trainng simulator to test for overdependence/overreliance
on automation

e Motivatingoperators to learn by giving them the opportunities to
experiment and learning from potential mistakes

Symptom of Possible Cause
Poor Vigilance

Somnolence (i.e., sleepy, | e A workload that is insufficient, overly simple, or highly
sluggish, drowsy) inactive

Stress and/or Fatigue e Environmental conditions (temperature, ambient noise levels,
lighting, etc.)
o Workplace/workstation designs with poor ergonomics

Complacency o Boredom / Disinterest in work

e Automation has limited the extent of manual, direct (  ands
on”) operation. Tasks are predominantly passive rather
than active (i.e., monitoring, acknowledging, confirming,
permissives, etc.).

e Over-dependence and trust on automation and ultra-quality
systems (high reliability, availability, repeatability, etc.)

Neglect e “Nuisance” indications (e.g., frequent expected alarms)
o Relatively long waiting period for reaction/response from the
automated system

Poor awareness and/or ¢ Distraction by whatever competes for the operator
intuitive response attention

e Lack of opportunity to apply skills and techniques acquired
from prior on-the-job experience

e Challenge and problem-solving (abnormal conditions,
emergencies, etc.) are rarely encountered/experienced

o Deficient training and/or procedures
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e Actions and status of the automation are difficult to
understand
e Inadequate time for operator interpretation, evaluation, and
response.
Combinations of the [ Factors that are beyond the control of the designer such as
above physical health or personal matters negatively affecting
attitude. ]

No change to the PSAR will be made as a result of the response to this question.
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B e 4 # £ & R(ROCAEC Review Comments):

WHAHEEERAE07-023 25 K o A\ 5| R WA P33 ARk Poor Vigilance F R 2

Countermeasure o

4 & 7& 7% 3%, 88 (Further Clarification):

B8 P93+ & A% & Poor Vigilance P} #8 2 Countermeasure 3 F& 4o F -

levels, lighting, etc.)

@ Workplace/workstation designs
with poor ergonomics

Symptom of Poor Possible cause Countermeasure
Vigilance
Somnolence (i.e., | ® A walkload that is insufficient, Teamwork and crew
sleepy, sluggish, overly simple, or highly inactive interaction (Joint monitoring,
drowsy) Sharing of information, task
delegation, notification of key
actions taken at control
panels).
Stress and/or @® Environmental conditions HSI design meet HFE
Fatigue (temperature, ambient noise requirements

@ Shifting organization
® Related training course

® Human Performance

Enhancement System

Function allocation to machine

® Social contact at work

Complacency ® Boredom / Disinterest in work

® Automation has limited the
extent of manual, direct ("hands
on") operation Tasks are
predominantly passive rather
than active (i.e., monitoring,
acknowledging, confirming,
permissives, etc.).

® Over-dependence and trust on
automation and ultra-quality
systems (high reliability,
availability, repeatability, etc.)

Teamwork and crew
interaction (Joint monitoring,
Sharing of information, task
delegation, notification of key
actions taken at control
panels).

Provisions for "hands on"
operation and staying involved
("intheloop ")

Fixed-position switches

Capability to conduct
operation in a manual mode

Capability to assume manual
control by normal procedural
methods and whenever
operators elect to do so at their
discretion
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Symptom of Poor

Vigilance

Possible cause

Countermeasure

Hold(break) points for
automated unit startup and
shutdown sequences

A training program that
emphasizes

Understanding what the
automation does (both well
and not well ) and what the
automation does not to do

Use of the training simulator to
test for overdependence /
overreliance on automation

Motivating operators to learn
by giving them the
opportunities to experiment
and learning from potential
mistakes

Neglect

"Nuisance" indications (e.g.,

frequent expected alarms)
Relatively long waiting period
for reaction / response from the
automated system

0o
>

Prevent " nuisance alarm
nuisance indication "

HST response time
requirements

"alert ", " prompt ", " remind

i

Training

Poor awareness
and/or intuitive
response

Distraction by whatever
competes for the operator's
attention

Lack of opportunity to apply
skills and techniques acquired
from prior on-the-job
experience

Challenge and problem-solving
(abnormal conditions,
emergencies, etc.) are rarely
encountered / experienced

Deficient training and / or
procedures

Actions and status of the
automation are difficult to

Teamwork and crew
interaction (Joint monitoring,
Sharing of information, task
delegation, notification of key
actions taken at control
panels).

Provisions for "hands on"
operation and staying
involved ("in the loop)

Fixed-position switches

Capability to conduct
operation in a manual mode

Capability to assume manual
control by normal procedural
methods and whenever

Questions and Answers
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Symptom of Poor

Vigilance

Possible cause

Countermeasure

understand

® Inadequate time for operator
interpretation, evaluation, and
response

operators elect to do so at
their discretion

Hold(break) points for
automated unit startup and
shutdown sequences

Display of automation
information (action taken, in
progress, and pending )

A training program that
emphasizes

Understanding what the
automation does (both well
and not well ) and what the
automation does not to do

Use of the training simulator
to test for overdependence /
overreliance on automation

Motivating operators to learn
by giving them the
opportunities to experiment
and learning from potential
mistakes

Combinations of
the above

[ Factors that are beyond the
control of the designer such as
physical health or personal matters
negatively affecting attitude. ]

Administration management
Safety culture
Award and penalty

Physiological and
psychological aid

[l

4 i — % 5 & R (ROCAEC Review Comments):
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& &A% %A (Further Clarification):
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Track Number:

PSAR Section:

Question Date:

PSAR Question:

PSAR Response:

19-001

19.3

January 14, 1998

The axis scaling and curve labeling in Figure 19.3-1a have caused

confusion, please re-plot it.

What is the dash-line curve in Figure 19.3-2d? Is it the same as lower

drywell temperature shown in Figure 19.3-2¢?

Figure 19.3-1a is meant to show only the drywell pressure behavior for
the analyzed station blackout accident scenario. A printing error
apparently resulted in the overlay of the labels of Figure 19.3-1b on
Figure 19.3-1a leading to the regrettable confusion. The correct figure
1s attached.

The two cited curves represent different materials in the drywell: The
dotted curve in Figure 19.3-2d shows the temperature of the corium
dropped in the lower drywell after vessel failure, and the lower
drywell temperature dotted curve in Figure 19.3-2c¢ presents the lower
drywell gas temperature. The two curves peak at 23.5 hours when the
lower drywell gas temperature reaches 533° K causing the passive
flooder to open and cool the drywell gas and the corium on the drywell
floor.

No PSAR revision is proposed in response to Part 2 of this question.

Questions and Answers
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Track Number:  19-002 |
PSAR Section:  19.4
Question Date:  January 14, 1998

PSAR Question:

1. In Section 19.4.3.3.1, the maximum drywell pressure after severe
accident is approximate 0.79 MPa, while the pressure is 0.7 MPa in
AJ.10.1, please adjust them.

2. The RPV and Containment failure probabilities in Section 19.4.3.3.2.3
and AJ.10.4.2 are inconsistent, please justify.

Response:

1. The approximate maximum drywell pressure of 0.7 MPa quoted in
AJ.10.1 is incorrect and will be corrected to the value of 0.79 MPa of
Section 19.4.3.3.1 which is more appropriate for high pressure core
melt ejection accident sequences. As indicated in Section 19.4.3.7.2,
MAAP analysis of the dominant sequences involving RPV failure at
high pressure results in the bounding drywell pressure shown in Figure
19.4-27a. As seen in that figure, the drywell pressure peaks at
approximately 0.79 MPa.

2. The RPV and containment failure probabilities of Section AJ.10.4.2 are
incorrect. An iirspection of Section AJ.10 revealed that the whole
section has been erroneously copied from the file containing the
Lungmen PRA in the original proposal to TPC. It is particularly noted
that the proposal PRA estimated a relatively low CDF which resulted in
the relatively large (0.562) conditional probability of high RPV pressure
at vessel failure. This is the main reason for the increase of the
conditional containment failure probability due to DCH from 1.0E-3
value reported in the SSAR' to the value of 3.0E-3 which is based on
the original Lungmen proposal PRA assumptions.

"The SSAR value of 1.E-3 is an approximation of the value of 1.37E03 shown in the attached Table 19-002-
1
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Questions and Answers

The Lungmen ABWR design is developed to meet requirements (TPC
Requirements Document) which are very similar to those used for the
certified ABWR (Utilities Requirements Document). These similarities
justified the use of SSAR severe accident analysis for the Lungmen
NPS as indicated in the introduction of Attachment AJ of PSAR
Appendix A. Consistent with this position, differences between
Appendix AJ and SSAR Chapter 19, Appendix EA, have been
identified and discrepancies have been corrected. The affected pages
are: AJ.10-1, 3, 26, 27, 33 through 35, and 37. Markups of these pages
are attached. |

In view of the above finding, Section 19.4.3.3 was also inspected for
possible inconsistencies. Unfortunately, errors were also found in
Figures 19.4-11 and Figures 19.4-13 through 19.4-15. These errors

were also corrected. Markups of these pages are attached.

It 1s recognized that no seismic PRA is included in the SSAR and that
the SSAR used a 0.3g SSE which 1s different from the Lungmen SSE of
0.4g. To ensure that the Lungmen DCH-induced containment failure
probability is low under severe accidents initiated by internal and
seismic events, an analysis was performed using the internal events and
seismic PRA core meltdown sequences reported in Appendix A,
Attachment AB (Internal Events PRA) and AC (Seismic PRA). The
results of the above analysis is shown in the attached Table 19.002-1
and is summarized below. The table is based on the seismic accident
sequences of Table 19.002-2. Table 19.002-2 contains CDF for all
accident sequences identified in the event trees of Figure AC.6-1,
Attachment AC of the PSAR Appendix A. The table identifies
sequences leading to high RPV pressure at vessel breach and the pre-
existing containment pressure. These pressures were used in the
estimation of the DCH-induced conditional containment failure
probability. Notice that the table identifies sequences where the
Emergency Operating Procedure (EOP) may lead to depressuriztion
before RPV breach. This is more realistic than the conservative seismic
analysis presented in Table AC.10-2, where no EOP credit was taken
for these sequences.
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Questions and Answers

The estimated frequency of the Lungmen high RPV pressure sequences
is 3.68E-8 per year for internal initiating events. With a total internal
events core damage frequency of 2.25E-7 per year, the conditional
probability of high RPV pressure on vessel failure is 3.68E-8 / 2.25E-7
= (.164. For the seismic events, the estimated frequency of the high
RPV pressure sequences is 5.52E-7 per year. With a total seismic core
damage frequency of 3.14E-6 per year, the conditional probability of
high RPV pressure on vessel failure is 5.52E-7/3.14E-6 = 0.176.
These values are lower than the SSAR value of 0.273. Using
Lungmen-specific probability distribution for pre-existing containment
pressure (see attached table) leads to a conditional probability of DCH-
induced containment failure of ~ 8. 3E-4 for internal events and 1.3E-3
for seismic events. Since seismic events dominate the Lungmen risk, the
average DCH-induced containment failure for all initiating events is
expected to be similar to the seismic value of 1.3E-3. These values
are comparable to the SSAR DCH-induced containment failure
probability value of 1.0E-3. This provides an assurance of the Lungmen

robustness against DCH containment failure.
PSAR Sections 19.4.3.323,19.43.3.2.4, AJ.10.42, and AJ.4.2.1

have been revised to reflect the results of the above Lungmen-specific

analysis. Markups of these sections are attached.
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Track Number:

PSAR Section:

Question Date:

PSAR Question:

PSAR Response:

Questions and Answers

19-003
Ch 19.4.3.1

November 24, 1997

What is the basis for the assumption that all heat generated in the
Metal-Water reaction are absorbed in the suppression pool ? Is this
assumption conservative enough for estimating the containment
pressure?

The analysis results in this section only showed that the peak pressure
will be 0.618 MPa. Please also add the changes in parameters for
Drywell Pressure, Drywell Temperature, Hydrogen Mass, Reaction
Heat, Wetwell Temperature and Wetwell Pressure, etc.

The cited assumption is based on the basic design of a pressure
suppression containment and is consistent with licensing basis
calculations. The purpose of this section is to demonstrate compliance
with 10CFR50.34f. Assuming the energy is transferred to the
suppression pool is conservative because the heatup of the suppression
pool controls the overall containment pressurization. Any energy
absorbed in-vessel or containment structures will reduce containment
pressurization. Any energy absorbed by the gases in the vessel or
drywell will initially result in an increase in drywell pressure. However,
this will cause gas flow into the suppression pool via SRVs or the
containment vent system and the energy will be transferred to the pool.
An estimate of the containment pressure using MAAP analysis of a
100% active fuel cladding-water reaction scenario indicates that the
above modeling assumption leads to a reasonable containment pressure
estimate. The MAAP analysis does not use licensing basis assumptions.
This analysis is described below.

Section 19.4.3.7.1.1 presents MAAP analysis of an accident scenario
that leads to 100% active fuel cladding-water reaction. As described in

that section, the scenario starts by an isolation event, and contains
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several intermittent operations of the ECCS and conservative
assumptions to ensure that 100% of the cladding reacts. As seen in

Figure 19.4-25a, the resulting drywell pressure is almost constant at
0.38 MPa.

2. Two models have been used for the 100% metal water reaction analysis.
The first model is the simplified model described in Section 19.4.3.1 to
ensure that the containment pressure is within the Level C pressure
limit under a combined design basis LOCA and an assumed 100% Zr-
water reaction. This analysis was a lumped analysis where the reaction
heat and hydrogen mass corresponding to the Zr mass involved in the
reaction were estimated. All the hydrogen generated was then allowed
to distribute instantly in the containment atmosphere, and the reaction
heat was deposited in the suppression pool. The second model involves
a hypothetical scenario that was developed for analysis by the MAAP-
ABWR code to ensure interaction of 100% of the active fuel cladding.
The MAAP-ABWR analysis is mechanistic and time dependent,
although the scenario used to generate the 100% of the active cladding
is extremely unlikely. The analysis accounts for the interaction rate,
reaction heat generated, and partitioning of the reaction heat between
the generated hydrogen, steam, and reactor core components and
structures through proper thermal hydraulic analysis. Section
19.4.3.7.1.1 provides the details of the scenario used in the MAAP
analysis and the results of this analysis.

The MAAP-ABWR time-dependent drywell and wetwell pressure and
temperature estimates for the above 100% metal-water reaction
scenario are presented in Figures 19.4-25a through 19.4-25¢. The total
hydrogen mass corresponding to the active fuel cladding oxidation to
Zr02 is 1,600 Kg and the corresponding reaction heatis 260,200
MJ. The hydrogen and heat estimates are based on a mass of 38,410
Kg of the active fuel cladding. These estimate are based on the SSAR
fuel. The Lungmen GE-12 fuel will produce 3% less hydrogen and heat
energy than those of the SSAR. Therefore, the SSAR results are

conservative.

No PSAR revision is proposed in response to this question.
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ROCAEC Review Comments:

(D)

2)

As indicated in the responses to 19-003 question 1, any energy
absorbed by the gas in the drywell will result in an increase in the
drywell pressure.  Thus, the assumption that all heat generated in the
MWR (Metal Water Reaction) are absorbed in the suppression pool
may underestimate the peak pressure of the drywell. Please
assumption that all heat generated in the MWR (Metal Water Reaction)
are absorbed in the suppression pool may underestimate the peak
pressure of the drywell.  Please clarify.

Responses to question 2 do not answer the question. We understand
there are two models for the analysis. We like to have the results for
simplified model analysis. Please provide the response of the siestion
2 do not answer thhe question. 'We understand there are two models
for the analysis.  We like to have the results for simplified model
analysis.  Please provide the response of the simplified model (with
peak pressure of 0.618 MPa), including the wetwell pressure, wetwell
temperature, drywell pressure, drywell temperature, hydrogen mass,
and reaction heat.

Further Clarification:

(D

)

Questions and Answers

As indicated in Section 19.4.3.1.2, page 19.4-7, the simple model used
in the 100% MWR analysis did not take credit for heat transfer to the
drywell or wetwell heat sinks. Moreover, the fnodel aanalylysis did not
take credit for heat transfer to the drywell or wetwell heat sinks.
Moreover, the model assumes that deposition of all of the MWR energy
in the suppression pool and hydrogen addition to the drywell and
wetwell atmosphere occur instantaneously at the time of peak LOCA
pressure (a few seconds after the break) although the MWR reaction is
expected to occur much later (after the containment pressure has
dropped significantly). These assumptions overestimate the pressure
increase from the MWR and more than offset the effect of ignoring the

MWR energy deposited in the containment gases.
The results of the simple MWR analysis are: wetwell pressure  0.618
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MPa, wetwell temperature 140 °C,. drywell pressure 0.618 MPa,

drywell temperature 140 °C, hydrogen mass 1684 Kg, and reaction heat
2.6ES MJ.

ROCAEC Review Comments:

As shown in response to Comment No. 1 (Track No. 19-003), the following
explanations are given.

The simplified model is a lumped, time-independent model used to calculate
an upper bound of the peak pressure. The simplified model assumes that
deposition of all the MWR energy in the suppression pool and hydrogen
addition to the drywell and wetwell atmosphere occur instantaneously at the
same time of peak LOCA pressure. The results indicate the same pressure
(0.618 MPa) and temperature (140 °C) for both of the wetwell and drywell.

Questions:

1) Please explain how the peak LOCA pressure was calculated? From
MAAP-ABWR analysis? What is the peak pressure of the drywell and
wetwell?

2) The lumped, time-independent simple model seems to calculate the final
equilibrium pressure of the lumped drywell and wetwell system, instead
of the peak pressure of the drywell. Please explain.

3) With the lumped, time-independent simple model, what is the difference
in peak pressure with the assumption that all heat generated in the MWR
is absorbed in the drywell?

Further Clarification:

1) The procedure for calculating the peak LOCA pressure is explained in
PSAR Chapter 6, Section 6.2.1.1.3. The procedure provides design
basis analysis which is more conservative than MAAP-ABWR
mechanistic analysis. As discussed in Section 6.2.1.1.3, the feedwater
pipe break design basis accident leads to the maximum drywell and
wetwell pressures. As seen in PSAR Table 6.2-1, page 6.2-82, the
drywell peak pressure is 268.7 kPaG and the maximum wetwell peak
pressure is 179.5 kPaG. Figure 6.2-8a, page 6.2-154, shows that these
maximum pressures occur in the early phase of the accident.
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2)

Questions and Answers

The simple model uses the above design-basis LOCA peak drywell
pressure and superimposes on it the pressure increase due to hydrogen
mass addition to the containment atmosphere and the metal-water
reaction energy addition to the suppression pool. To calculate the
above pressure increase, the model uses the design basis LOCA short
term maximum drywell and suppression pool temperatures (140 °C and
60 °C respectively - See Figure 6.2-7, page 6.2-152) as the initial
conditions. The model simplifies the analysis by combining the drywell
and wetwell airspace as a single node with the same pressure and
temperature as those of the drywell. The model further assumes
instantaneous uniform mixing of the 100% MWR hydrogen mass in the
drywell and suppression pool airspace, and instantaneous deposition of
the MWR heat in the suppression pool water. This assumption is made
because the containment sprays are assumed to be in operation in
accordance with the 100% MWR Licensing Basis for ABWR.
Depositing the MWR heat energy in the suppression pool increases its
temperature and consequently the steam vapor pressure. The steam
vapor pressure increase is added to the pressure increase due to
hydrogen mass addition and the peak design basis LOCA drywell
pressure to obtain the total drywell pressure. As indicated by the above
summary, the drywell pressure estimated by the simple model is not the

final equilibrium pressure (since it includes the instantaneous peak
LOCA pressure).

The simple model assumes that the operator initiates the containment
sprays to reduce the containment pressure. The sprayed water will
remove the heat from the containment atmosphere and deposit it in the
suppression pool. The assumption has been used in the ABWR
certification and accepted by the USNRC for the 100% MWR
containment analysis.

Since hydrogen generation is a time-dependent process and
pressurization of the drywell forces flow to the wetwell, assuming that
all the heat is deposited in the drywell (instantaneously as required by
the simple model) is unrealistically conservative. Use of the simple
model in this unrealistic fashion results in a drywell temperature
>22,000 °C. This, of course, is an unrealistic result and reflects the
limitations of the simple model. The proposed assumption of depositing
all the MWR reaction heat in the drywell can only be handled with a
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more complex model that accounts for time dependence of the MWR
energy and hydrogen release, drywell/wetwell pressure difference and
gas flow, and temperature-dependent specific heats and heat transfer.
The MAAP-ABWR code has the capability to take these factors into
account. As indicated in the original response to this question, the
MAAP-ABWR mechanistic analysis led to a containment peak pressure
lower than that of the simple model.

ROCAEC Review Comments:

Please commitment to perform MAAP analysis  of containment pressure in
FSAR.

Further Clarification:

Time-dependent analysis of the combined LOCA and 100% MWR accident
will be performed for the FSAR. One of two options will be considered for
this analysis: using the MAAP-ABWR code, or improving the simple time-
independent model used in the PSAR to allow time-dependent analysis. GE
likes to keep these two options open for now. A commitment to use the
MAAP-ABWR option can not be made at this time due to the following
considerations.

A key difficulty with MAAP-ABWR analysis is defining an accident
scenario that can lead mechanistically to 100% metal water reaction (MWR)
in the RPV. All mechanistic scenarios analyzed for the SSAR led to only a
few % MWR in the RPV. A fictitious case was run for the SSAR to
simulate a TMI-type accident with 100% MWR. The case is reported in
PSAR Section 19.4.3.7.1.1, page 19.4-74. The case involves an isolation
event and not a LOCA. The analysis was forced to produce 100% MWR by
assuming ECCS cycling and changing the fuel rod geometry to increase the
MWR rate. The analysis was not easy and took several iterations and more
than 14 hours on the computer without interruption to maintain the RPV
water level in the right range to obtain the 100% MWR.

Doing an analysis similar to the above for LOCA is going to be tedious and
its convergence within a realistic computation time is not certain. For this
reason, GE likes to keep the option of improving the simple time-
independent model used in the SSAR by making it able to account for the
time dependence of the hydrogen generation, reaction heat, drywell pressure,
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and other key variables. Naturally, insights from available MAAP-ABWR.
analysis will be used to define input and modeling assumptions for the
improved simple model if it is chosen for analysis.
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Track Number: 19-004

PSAR Section: Ch 19.4.3.2

Question Date: November 24, 1997

PSAR Question:

1. Please explain the difference between the calculations of MAAP-3B
and MAAP-4B for corrosion of concrete foundation.

2. ANL successfully completed the M3B Debris Coolability experiment in

1997 which helped the explanation of the debris cooling phenomenon.

It should also supplement the results of the M1B experiment in 1991 of

this section. Please explain if it should be included in the relevant

discussions ?

PSAR Response:

1. There are two main differences between the two MAAP versions in the

way they analyze concrete basemat erosion:

D

In MAAP3B, the gas liberated from the sidewalls is assumed to
bypass the debris without thermal or chemical interaction. In
MAAP4, a user option is provided to allow these interactions, with
a default value that allows complete reaction of the released gases.
The effect of this difference is substantial for deep debris beds with
significantly more concrete erosion estimated by MAAP4 than that
estimated by MAAP3B. For shallow beds like the ones in the
ABWR (due its large drywell floor area), the above difference is
expected to have little impact on the results.

In MAAP3B versions issued after revision 6.06, radiation from the
drywell debris is not accounted for. The MAAP-ABWR does not
have this deficiency because it was developed from an earlier

version,

2. The M3B experiment will be reviewed for applicability to the Lungmen
ABWR and included in the FSAR if appropriate.

No PSAR revision is proposed in response to this question.

Questions and Answers
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Track Number:

PSAR Section:

Question Date:

PSAR Question:

PSAR Response:

19-005

Ch 19.4.3.4

November 24, 1997

In the discussion of Rupture Disk vs. Temperature effects, what

accident sequence was based for the temperature range of 311 to
422K 7

In the discussion of Rupture Disk size, how was the Minimum
Acceptable Flow of 28 kg/sec obtained ?

Severe accident sequences analyzed by MAAP3.0B-ABWR in
Attachment AJ of the PSAR Appendix A that involve COPS operation
show that the wetwell air space pressure reaches 0.72 MPa at
temperatures less than or equal to 422 K. The range from 311 - 422 K
covers the operating conditions from cold shutdown to peak accident
temperatures. The discussion in Section 19.4.3.4 indicates that the
COPS disks rupture pressure changes only by 2% of the nominal
pressure of 0.72 MPa (366 K).

The above minimum flow rate was determined by the limiting ATWS
analysis discussed in the first paragraph of page 19.4-43, which
indicates that the flow of 28 kg/sec is required to keep the containment
pressure below service level C.

No PSAR revision is proposed in response to this question.

Questions and Answers
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Track Number:

PSAR Section:

Question Date:

PSAR Question:

(OS]

PSAR Response:

Questions and Answers

19-006

Ch 19.4.3.6

November 24, 1997

. In the analysis of fuel and coolant water reaction, experimental results

were used (Vapor Explosions in a Stratified Geometry, K.H. Bang and
M.L. Corradini, 1991) to deduce that there are three times margin for
the reactor foundation to sustain the FCI produced pressure wave.

But that experiment was done for Freon/Water and Liquid
Nitrogen/Water Systems. Is it applicable to ABWR ? Please explain.

Recently, in the CSARP project, lots of experiments were done for FCI
[such as KROTOS, FARO, ZREX(ANL), WFCI(University of
Wisconsin)]. Can the conclusions from those experiments be applied to

Lungmen ? Please explain.

During Vessel Breach, if Cavity is flooded then there is possibility of
steam explosion. What is the basis for the reasoning that the possibility
of Cavity flooding being too low to be taken into account ? What steps
have been taken to prevent it ? If steam explosion does occur, can the

containment take the impact ?

. As stated in p. 19.4-58, tests using simulant materials are not directly

applicable to the reactor condition, but they are help to understand the
underlying physics of FCIL. A review of the prototypical MACE and
WETCOR tests (p. 19.4-59) shows no energetic FCI for stratified
geometry. The reasons for using the experimental results of K.H.
Bang and M.L. Corradini, 1991 are that: a) They are the only tests
reporting energetic FCI in stratified geometry, b) They provide
estimates of the depth of liquid-liquid mixing which is necessary for FCI
explosions and show that the depth is very small (<1 cm) over the range

of experimental conditions used. The depth of 1 cm was used as an
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upper bound of mixing depth to calculate the FCI corium mass for the
ABWR. The factor of 3 capability of the pedestal provides a margin of

safety against uncertainties in the above calculations.

The tests conducted in these facilities aim at better understanding of
separate phenomena effects and for validation of computer codes.
However, the tests and their results will be followed and evaluated for
applicability to the Lungmen ABWR.

The USNRC suggests, as a containment performance criterion, a
conditional containment failure probability < 0.1 given the spectrum of
accidents leading to severe core damage. Consistent with this criterion,
a guideline used to simplify the ABWR analysis was to ignore
sequences leading to early containment failure if their CDF is <
0.01*Total CDF. Analysisin 19.4.3.6.2.1, page 19.4-58, shows that
the CDF of sequences that lead to water in the lower drywell before
RPV failure is less than 0.003 *Total CDF, which justified ignoring
further analysis of ex-vessel steam explosion.

ABWR features that prevent water from flooding the reactor cavity
before RPV failure are discussed in Section 19.4.3.6.2. It should also be
noted that the ABWR has intrinsic and passive features that limit the
mass of corium that could participate in a violent FCI. These features
include RPV depressurization, lower RPV penetrations and below-RPV
structures. These features slow down the corium injected in the reactor
cavity, cause incoherence in the arrival of corium debris to the lower
drywell floor, and cool the corium. This limits the potential for an

energetic FCI causing containment failure.

The above ABWR provisions provide assurance that energetic FCI will
not be a dominant contributor to the risk or significantly impact the
containment performance as measured by the above USNRC

containment criterion.

No PSAR revision is proposed in response to this question.

ROCAEC Review Comments:

Questions and Answers
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Please provide information of the guideline that ignores sequences leading
to early containment failure if their CDF is <0.01*  total CDF. Is this
guideline approved by USNRC?

Further Clarification:

The above guideline sets an upper bound for the truncation of analysis in
case this is necessary to focus on areas of risk significance and avoid
excessive detailed analysis of relatively small risk contributors. It
amounts to ensuring that at least 90% of the risk associated with early
containment failure (which is a fraction of the total risk) is analyzed in
adequate detail. The criterion has not been proposed or approved by the
USNRC. However, the FSER states in the second paragraph of Page 19-
63 that “The staff believes that the low likelihood (0.003) of a flooded
lower drywell at the time of reactor vessel failure provides a sufficient
basis to conclude that the probability of an ex-vessel steam explosion has

been reduced to an acceptably low value and is therefore acceptable.”
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Track Number:

PSAR Section:

Question Date:

PSAR Question:

PSAR Response:

19-007
Ch 19.4.3.8

November 24, 1997

Please explain how the channel width and number are determined ?
(page 19.4-87, starting line 15)

Please explain the basis and consideration of the assumption that the
total channel width is 2m (Page 19.4-104, 12th line from the bottom).

The channel size was selected to provide a flow area equal to the area
of the 10 cm diameter pipe connected to the sump draining pump. To
enhance debris freezing within the channel, the channel height was
chosen as small as possible (1 cm). From the calculated flow area ( ~ 80
cm?) and channel height, a total width of about 0.8 m was calculated.
To ensure a uniform channel height, the total width was divided into

four channels, which led to a single channel width of 0.2 m.

The 2 meter channel width was conservatively assumed in the SSAR to
estimate an upper bound for the amount of corium ingression into the
sump under very unlikely bounding corium superheat conditions
(Scenario M). This resulted in the estimated 0.006 m® of debris
ingression and the corresponding 0.2 cm debris depth in the sump. For -
the actual total channel width of 0.8 m indicated in the response to
question 1 above, the upper bound of the corium ingress and depth will
be only 40% of the above values, i.e., 0.0024 m® and 0.08 cm.

No PSAR revision is proposed in response to this question.

Questions and Answers
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Track Number:  19-008
PSAR Section: ~ Ch 19.5
Question Date: ~ November 24, 1997
PSAR Question:

The analysis tool is the MAAP3.0B (completed in January 1988) modified
MAAP-ABWR. The new version MAAP 4.0 has been issued in May 1994
with improvements in Accident Management and ALWR model, Core Melt
Progression and RPV failure model, In-vessel Cooling and containment

model, etc. Is this new version MAAP 4.0 going to be used during FSAR ?

PSAR Response:

The MAAP3.0B-based MAAP-ABWR was developed for the analysis

needed for certification of the Standard ABWR which was completed in

1994. Validity of the above analysis has been confirmed by the USNRC-

sponsored analysis reported in Reference 19-008.1. The reference includes

analysis of five of the SSAR accident sequences using the MELCOR 1.8.2

Code and compares the results to those of the MAAP-ABWR. The main

conclusions of the above comparison are:

i) MAAP-ABWR and MELCOR produced similar time trends of key
variables.

i) MELCOR generally predicts later times for core uncovery and slower
core damage progression than MAAP-ABWR.

iii) COPS disk rupture time and release fractions of radionuclides predicted
by the two codes are comparable when debris quenching is included in
MELCOR as it is in MAAP-ABWR.

Following the release of MAAP4.0, an evaluation of its new features was
performed by the US Standard ABWR Project in 1994. It was noted that
the MAAP4.0 new ALWR models have been developed to analyze passive
features of the small LWRs such as the SBWRs, and that the code must be
modified for application to the ABWR. It was also concluded that: a)
numerical instabilities have been reported by some MAAP4.0 users, and b)
for the ABWR design, the MAAP4.0 new features will not materially
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change the SSAR results (Please see related information in response to
question 19-004.). Consequently, there was no compelling reason for the
US  Standard ABWR project to allocate the resources required for
MAAP-ABWR code modification and the necessary validation and
verification (V&V).

Over the past three years, the MAAP4.0 code has been increasingly used
for Level-2 PRA analysis by USA utilities. The Spanish Nuclear
Regulatory Commission (CSN) reported its intent to use the MAAP4.0
Accident Response System (MARS) for real-time severe accident tracking
and management. Unfortunately, however, the MAAP Users Group have
reported some errors discovered during their application of MAAP4.0. A
serious error which is important for the issue of severe accident
management has been reported in 1997. The error was discovered in a heat
transfer subroutine which resulted in significant underestimation of the time
to vessel failure. Although the error has been corrected by the MAAP4.0
developer, modifying the code for ABWR application and performing the
necessary V&V remains a significant undertaking with questionable
benefits.

Based on the above considerations, the Lungmen Project will continue
using the USNRC validated MAAP3.0B-ABWR along the following lines:
i) To show that the USNRC-accepted and validated SSAR analysis
adequately bounds the severe accidents identified for the Lungmen NPS
1) To conduct further sensitivity analyses using the MAAP3.0B-ABWR to
evaluate the effect of key uncertainties that may be identified from
review of MAAP4.0 new features and reported analyses, and from on-

going severe accident tests.
No PSAR revision is proposed in response to this question.
References:

1. L. N. Kmetyk, “MELCOR 1.8.2 Calculations of Selected Sequences
for the ABWR,” SAND94-0938, July 1994,
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Track Number:

PSAR Section:

Question Date:

PSAR Question:

PSAR Response:

Questions and Answers

19-009
Ch 19.6

November 24, 1997

Please explain what the ABWR Severe Accident Management (SAM)
Strategies are 7

Ex-vessel Cooling is a main strategy to prevent Vessel Breach. Is it
going to be abandoned for ABWR 7 If yes, is there a replacement
strategy 7

One of the major improvements of MAAP 4.0 is its added accident
management capability. Please explain if MAAP 4.0 going to be used in
FSAR for the analysis of this section.

The ABWR severe accident management strategies include those

actions by the plant operator and local authorities aimed at reducing the

public risk from such accidents should they occur. Risk reduction areas

include:

i) To terminate core damage

i) To ensure long term retention of a damaged core within the reactor
pressure vessel

i) To ensure containment integrity

iv) To minimize radioactive materials release from the secondary
containment

v) To minimize public exposure due to accidental release of
radioactive material.

Actions to accomplish the above safety objectives will utilize available

safety-related and non-safety related equipment. Examples of such

actions include alignment of an isolated water source or an electric

power source. The specific actions to be taken depend on the specific

accident scenario and availability of equipment that can accomplish the

safety objective. As stated in Section 19.6, development of the

Lungmen-specific risk management strategies will be based on insights
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from the Lungmen PRA and the identified strategies will be included in
the FSAR.

1. Ex-vessel cooling has never been considered as a risk management
strategy to prevent reactor vessel breach in the ABWR. It is recognized
that such a strategy has been recommended as a last resort and under
certain constrained conditions for conventional BWRs in Revision 4 of
the BWR Owners Group EPGs. However, application of this strategy
to the ABWR has been ruled out from the beginning because it was
judged as risky with questionable reliability and benefits as illustrated
below:

i) Containment flooding compromises the containment integrity in
two respects:

a) It requires containment venting to prevent containment
overpressurization as a result of the reduced gas space caused
by water addition.

b) It increases the chances of violent molten fuel coolant
interaction which threatens the containment integrity.

ii) Containment flooding must be quick enough to reach
approximately the top of active fuel height and requires electric
power which is not available under the risk important SBO
conditions.

i) Applying the concept of ex-vessel cooling before vessel breach
requires a significant R&D effort to establish an adequate level of
understanding of the heat and mass transfer processes under
prototypical conditions.

iv) The ABWR safety philosophy is based on making the containment
as fully independent fission product barrier as is reasonably
possible by use of the preventive, passive measures against
containment threats discussed in Chapter 19. These measures
include:

a) RPV depressurization by the ADS to prevent direct containment
heating

b) Minimizing the chances of having water in the lower drywell
before vessel breach in order to avoid FCI-caused steam
explosion

c) Use of sacrificial basaltic concrete to minimize the impact of
corium-concrete interaction
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d) Use of the passive drywell flooder which is actuated after vessel
breach to quench the released corium.

e) Holding the released fission products in the containment as long
as possible while allowing containment pressure relief through
the COPS after the contaminated containment atmosphere has

been decontaminated by scrubbing in the suppression pool.
The above provisions have been accepted by the NRC as viable
engineered provisions to protect the containment and minimize the
impact of uncertainties in such phenomena as FCl-initiated steam
explosion, which may occur in case of containment flooding.

1. Please see response to question 19-008.

No PSAR revision is proposed in response to this question.

ROCAEC Review Comments:

It seems unrealistic to analyze the modern ABWR severe accident
management related work in the FSAR (long time from now) with an
obsolete tool for the following reasons:

(1) MAAP3B does not have most of the capability of recovery actions
in the severe accident management guideline (SAMG) analysis and
so does the MELCOR.

(2) USNRC consider the SCDAP/RELAPS as the tool for SAMG
analysis. EPRI develops MAAP4.0 as the tool for SAMG
analysis and consider MAAP3.0 as obsolete.

(3) Utilities in the US have applied MAAP4.0 for SAMG development

Further Clarification:

Questions and Answers

The MAAP3.0B-ABWR has been used for the Certified ABWR. It is
an integrated severe accident analysis code with modular structure that
allowed evaluation of severe accidents over a wide range of
assumptions and sensitivity analyses. The Certified ABWR severe
accident analysis involved both MAAP analysis and special analyses
(e.g., debris freezing in the drywell sump shield) to address issues
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which are beyond the MAAP capabilities. This MAAP/special analyses
combination has been reviewed by the USNRC and ACRS and formed
the basis for the ABWR certification.

An effective severe accident management (SAM) should be based on
plant-specific, risk-informed decisions. For example, a SAM strategy of
ex-vessel flooding, which may be effective for a future-generation
passive PWR such as AP600, is not considered an effective strategy for
the ABWR for the reasons indicated in the response to Track No. 19-
009, Item 2. A significant effort by the USNRC SCDAP/RELAPS5 code
improvement has been related to passive performance issues related to
future generation LWRs such as AP600 and SBWR, and to PWR

related issues of steam generator tube failure and high pressure melt-

~ ejection. The USNRC has determined that these are high risk-

Questions and Answers

significance issues that require detailed analysis capability to reduce the
large uncertainties associated with them so that reliable risk-informed

decisions can be made.

The detailed analysis capability of SCDAP/RELAPS comes at a
significant analysis cost. A typical SBO analysis case, for example,
takes a week of computer time when analyzed by SCDAP/RELAPS.
The USNRC reported in Reference 1 a MELCOR - SCDAP/RELAP
code comparison for the Browns Ferry SBO which prdduced
comparable results but took 300 hours of computation time by
SDCAP/RELAP as compared to only five hours by MELCOR. This
severely limits the potential for using SCDAP/RELARP as a sensitivity
analysis tool.

In view of the above differences in analysis capability and cost, the
USNRC maintains a two-tier philosophy in severe accident code
development: 1) MELCOR as an integrated, flexible, fast-running,
and user friendly code that models a wide range of phenomena and their
interactions, and 2) detailed codes such as CONTAIN and
SCDAP/RELAPS for detailed modeling of specific areas or phenomena
of severe accidents. The above two types of codes produce consistent
results, but only MELCOR realistically allows for evaluating
uncertainties in phenomena through sensitivity analysis.
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. Historically, severe accident computer code development has been

Questions and Answers

done in stages. It is expected that the same trend of code improvemenﬁ
will continue both at the USNRC and EPRI. While new code versions
provide improvements over older ones, they may be susceptible to
coding errors as was indicated in the previous response to this question.
Moreover, the development in these codes may be directed to risk-
significant issues for a specific type of nuclear power plants. Thus, use
of MAAP4.0 by some utilities in the USA as a tool for SAMG analysis
does not mean that earlier versions of the code are not adequate for the
ABWR SAM analysis. The decision to change the MAAP3.0B-ABWR.
code which is an already established and flexible code that allowed for
analysis of different accident scenario assumptions and
phenomenological uncertainties requires careful evaluation of the cost
and benefit of such a change. An evaluation of the MAAP3.0B-ABWR
and MAAP4.0 capabilities to adequately address Lungmen-specific
SAM issues will be made before the FSAR.

Reference:

1. USNRC Official Transcript of Proceedings, Advisory Committee on
Reactor Safeguards Severe Accidents Subcommittee Meeting,
Rockville, Maryland, April 8, 1996.
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Track Number: 19-010

PSAR Section: 19.7

Question Date: December 3, 1997

PSAR Question:
19.7.1 states that “The SSAR evaluation found that no liner leakage will
occur before the containment capability pressure is reached”, please
provide the evidence.

PSAR Response:
Appendix 19F of the SSAR describes the analysis leading to the above
conclusion. The conclusion has been accepted by the USNRC in the FSER,
NUREG-1503, Section 19.2.6.2. Appendix 19F of the SSAR analyzes the
structural capability of the containment concrete shell and Drywell head,
and the leakage potential from the liner plate and penetrations. Please refer

to PSAR Section AJ.17 which reproduces the above analysis.

No PSAR revision is proposed in response to this question.
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Track Number:  19-011
PSAR Sections:  Ch 19.4.3.1
Question Date:  November 24, 1997

PSAR Question:

1. Please briefly describe the method, using a multiplier to non-
mechanistically generate oxidation of the active cladding, for the 100%
Metal-Water Reaction simulation. Has the heat energy from the

oxidation reaction been considered at the same time?

2. What is the basis for the assumption that the probability of hydrogen
combustion can be ignored when the containment is not inerted (e.g.,
under shutdown or low power operation conditions) ? Any procedures
for these conditions  to avoid hydrogen combustion ?

(8]

. How long does it take to go from containment un-inerted state to inerted
state when necessity arises ? Is it sufficient to prevent hydrogen

combustion during the whole time ?

4. Have the same Passive Autocatalytic Recombiners as used in ALWRs

been used for Recombiners ?
PSAR Response:

1. The multiplier used for the MAAP-ABWR model increased the number
of clad sides, and thus effectively increased the cladding surface area and
rate of metal-water reaction. This was not sufficient by itself to cause
interaction of 100% of the active fuel cladding, so injection of water to
the vessel was started and stopped many times to increase the time
available for metal water reaction to occur. It is clear that this type of

scenario is unrealistic.
The MAAP-ABWR code used for the above analysis accounts for the
interaction rate, reaction heat generated, and partitioning of the

reaction heat between the generated hydrogen, steam, and reactor core
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components and structures through proper thermal hydraulic analysis.
Section 19.4.3.7.1.1 provides the details of the scenario used in the

MAAP analysis and the results of this analysis.

2. As indicated in the response to item 3 of Question 19-006, a guideline
used to simplify the PRA has been to disregard a group of accident
sequences that may lead to early containment failure if they contribute
less than 1% of the total CDF. Use of this guideline results in dismissing

accidents that may cause containment failure due to hydrogen burning.

The core damage frequency (CDF) during shutdown is less than 1% of
the total CDF  (Table Al-4 of the PSAR Appendix A). As indicated in
Page A7-17 of the PSAR Appendix A, 97% of the shutdown CDF is
due to events occurring during modes 4 (cold shutdown) and 5 (refueling)
where the PRA did not take credit for the containment integrity by
assuming that the drywell head is removed. Thus, hydrogen burning
during these modes does not impact the risk. Consequently, hydrogen
burning will impact the shutdown risk only for accident sequences
occurring during mode 3 (hot shutdown) which contribute 3% of the
shutdown CDF (or less than 0.03% of the total CDF) and only if no
inerting of the containment is initiated.

The containment is not inerted during startup (mode 2; from shutdown to
15% power) following refueling and unplanned shutdowns that require
containment entry. The containment may continue to be de-inerted for up
to 24 hours after power is increased above 15% (mode 1). In
preparation for shutdown, the containment may also be de-inerted for up
to 24 hours prior to decreasing power below 15%. The total time in
modes 1 and 2 during which the containment is de-inerted is about 3 days
or less. Since refueling is done every 18 months, the average refueling
mode 1 and mode 2 time during which the containment is de-inerted is no
more than 2 days/year. Unplanned shutdowns are projected for Lungmen
to be less than 1 shutdown per year. Assuming that containment entry
will be needed in 50% of unplanned shutdowns, the average containment
de-inerting time due to unplanned outages is no more than 1.5 days/year
(0.5 de-inerted shutdowns/year x 3 days/shutdown ). Thus the total
(refueling and unplanned outages) mode 1 and mode 2 time during which

the containment is not inerted is conservatively estimated as 3.5
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days/year or less than 1% of the time of plant operation. Should
hydrogen release become a real threat or occur during this time, the
containment can be re-inerted within 4 hours to prevent hydrogen
combustion. The risk of hydrogen burning during shutdown or startup is
further reduced by the use of the hydrogen recombiners.

Based on the above considerations, the CDF for accident sequences
involving hydrogen burning is expected to be much less than 1% of the
total CDF. This is the basis for ignoring hydrogen burning during the
time the containment is not inerted.

Please see response to question number 3 for the containment inerting

and hydrogen recombiners capability.

3. As stated in Page 19.4-2, the Atmospheric Control System (ACS) is
capable of reducing the wetwell and drywell oxygen concentration from
atmospheric conditions to less than 3.5% by volume in less than 4 hours.
This oxygen concentration limit is maintained during operation. The limit
1s below the oxygen concentration limit of 5% by volume specified in
Regulatory Guide (RG) 1.7 to prevent burning in accidents which result
in hydrogen concentrations greater than 6% by volume. The possibility of
hydrogen burning is further reduced by use of the hydrogen recombiners.
The hydrogen recombiners can be used to maintain the hydrogen
concentration below the RG 1.7 limit of 4% by volume which will
prevent hydrogen burning before the containment inerting is complete

during shutdown or startup.

4. Passive autocatalytic recombiners have been evaluated for use in the
Lungmen ABWR but were not selected because of the need for further
testing to gain confidence in their reliable performance and approval of
their use by the USNRC. The Lungmen ABWR will use thermal
recombiners.

No PSAR revision is proposed in response to this question.

ROCAEC Review Comment:

The most important advantage of the Passive Autocatalytic Recombiners is
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that it does not need the electric power, which contributes significantly to
plant safety. Although it needs further testing to gain confidence in its
reliable performance, USNRC is considering to use it in ALWR. If
USNRC approves its application to ALWR in the near future, will Lungmen
ABWR take it into consideration?

Further Clarification:

During the proposal stage for Lungmen 1 & 2, GE proposed the Passive
Autocatalytic Recombiner (PAR) as another option to the Thermal Type
Hydrogen Recombiner. However, the USNRC has not accepted the PAR
at this time due to pending resolution of questions from the ACRS.

Further, TPC requires that equipment used in Lungmen must have at least a
twelve month demonstration of successful performance in an operating
plant. Therefore based upon the above two circumstances, TPC selected
the use of the Thermal Type Hydrogen Recombiner for Lungmen NPS
Units 1 and 2.

Upon USNRC approval of PAR for ALWR application and satisfactory
demonstration of performance in an operating plant, GE would definitely
consider using PAR  for the control of combustible gases inside the
primary containment for future plants. At this point, it would be too late
to apply PARs to Lungmen NPS 1 & 2 because of schedule. In addition,
the contract for the supply of the thermal hydrogen recombiners for units 1
& 2 has been placed.

ROCAEC Review Comment:

In the PSAR Response to Item 2 of Question 19-011, the following
explanation is shown.

“The CDF for accident sequence involving hydrogen burning is expected to
be much less than 1% of the total CDF. This is the basis for ignoring
hydrogen burning during the time the containment is not inerted.”
Furthermore, in the Response to Track Number 19-006 question 3
(ROCAEC further comments), the above guideline (ignore sequences
leading to early containment failure if their CDF is < 0.01 * Total CDF) has
not been proposed or approved by USNRC. The above guideline can
simplify the severe accident analysis a lot,
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Question:

Please provide the supporting reasons for application of this guideline.

Further Clarification:

The 1% total CDF guideline is consistent with the USNRC policy statement
on the use of PRA for risk-informed regulatory decisions (Reference 1) and
its implementation in draft Regulatory Guideline DG-1061 (Reference 2) as
discussed below.

PRA provides two primary advantages for safety decisions:
1) A thorough account of plant challenges and their safety consequences.
2) A rational approach for differentiating between risk-significant and

non-risk-significant accident sequences.

Because of the extremely large number of possible accident sequences, it
has been the general practice to truncate the analysis of non-risk-significant
sequences; 1.e., those sequences that make a “very small” contribution to the
risk (See below for USNRC definition of “very small”). Focusing on
analysis of risk-significant sequences enhances better understanding and
communication of dominant contributors to the risk. This in-turn leads to
more efficient use of resources for risk management. This is a primary
motivation for the policy statement of Reference 1. Specifically, in its
approval of that policy statement, the USNRC envisioned its
implementation to improve the regulatory process in three areas (Reference

2, page 1-1):

B Enhancement of safety decision making by the use of PRA insights.
B More efficient use of agency resources.

B Reduction in unnecessary burdens on licensees.

On implementing the above policy in Draft Regulatory Guide DG-1061, the
USNRC indicated that CDF and LERF (large early release frequency) can
be used as suitable metrics for making risk-informed regulatory decisions
(Reference 2, page 2-3). Section 2.4.2.1, page 2-8, of Reference 2 provides
the following CDF and LEREF criteria for acceptance of changes to the
current licensing basis proposed by a licensee:

Questions and Answers 19-30



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

For plants with a mean CDF of less than 1.0E-4 per reactor year,
applications will be considered which, when combined with the LERF
guidelines described below:

Result in net decrease in CDF or are CDF-neutral;

Result in increase in calculated CDF that are “very small” (e.g., CDF
increase of less than 1.0E-6 per reactor year); or

Result in an increase in calculated CDF in the range of 1.0E-6 to 1.0E-
5 per reactor year subject to increased NRC technical and management
review ...

AND

For a plant with a mean LERF of less than 1.0E-6 per reactor year:
Result in net decrease in LERF or are LERF-neutral;

Result in increase in calculated LERF that are “very small” (e.g., LERF
increase of less than 1.0E-7 per reactor year); or

Result in an increase in calculated LERF in the range of up to 1.0E-6
per rector year subject to increased NRC technical and management

review .. ..

The above criteria suggest that an increase of 1% of the total CDF and 10%

of the LERF are acceptable (because they are “very small”) and do not

require increased NRC technical or management review.

Lungmen PSAR Appendix A, Table A1-3, page A1-22 show a total CDF of
3.45E-6 per reactor year, and a total LERF of 5.3E-7 per reactor year.

Using these estimates, a 1% increase of the total CDF is equal to 3.45E-8

per reactor year. If the accident sequences contributing this 1% increase

of the CDF are assumed to lead to early containment failure, and
consequently large early release, this will increase the LERF by 3.45E-8 per
reactor year, which is equivalent to an increase of 6.5% of the total
Lungmen LERF. Therefore, the 1% total CDF truncation criterion used for
Lungmen is consistent with the above 1% CDF and 10% LERF acceptance
criteria. Please note that the CDF for accident sequences involving

hydrogen burning is expected to be much less than 1% of the total CDF.

Therefore, disregarding hydrogen burning during the time the containment
is not inerted has a very small impact on the CDF and LERF.

Questions and Answers
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References:

1. “Use of Probabilistic Risk Assessment Methods in Nuclear Activities:
Final Policy Statement,” 60FR42622, USNRC, August 16, 1995.

2. “An Approach for Using Probabilistic Risk Assessment in Risk-
Informed Decisions on Plant Specific Changes to the Current Licensing
Basis - Draft for Comment,” Draft Regulatory Guide, Draft DG-1061,
USNRC, March 28, 1997.
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Track Number:  19-012
PSAR Sections: Ch 19.4.3.4
Question Date: ~ November 24, 1997

PSAR Question:

When Firewater Spray is activated, the drywell to wetwell pressure
difference is 0.1 MPa and when Firewater Spray is not activated, the
drywell to wetwell pressure difference is not more than 0.05 MPa. Why the
setpoint of COPS is based on 0.05 MPa and not on the more conservative

0.1 MPa pressure difference ?
PSAR Response:

The choice of 0.05 MPa pressure difference provides longer holdup of
fission products within the wetwell airspace than does the choice of 0.1
MPa pressure difference. This allows for more fallout and plateout of the
suspended aerosol and for more decay of the fission products relative to
earlier release.

As explained in Section 19.4.3.4.1, the setpoint was selected by considering

both the desire to delay the release as long as possible, and the desire to

minimize the probability of containment structural failure. Three severe
accident cases were considered in the selection of COPS setpoint:

1) Cases with no reactor pressure vessel failure which result in wetwell
pressurization and have no significant pressure difference between the
wetwell and drywell )

2) Cases with 0.05 MPa pressure difference which result from sequences
with drywell pressurization with no water addition to the containment

3) Cases with 0.1 MPa pressure difference which result from sequences in
which the Firewater Spray System is used.

Based on the results of the studies documented in Section 19.4.3.4, the

COPS setpoint of 0.72 MPa was selected.

No PSAR revision is proposed in response to this question.
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Track Number: 19-013

PSAR Sections

Question Date:

: Ch19.4.35

November 24, 1997

PSAR Question:

Vaughan aerosol plugging model is only applicable to results that the escape
path is less than 1 cm (USNRC considers acceptable range). But it has been
used for cases longer than 1 cm (~1.6 cm) and shorter duct length (~2 cm)

in the PSAR (see page 19.4-51, third paragraph). Please explain.

PSAR Response:

The plugging phenomenon is treated probabilistically in Section 19.4.3.5 in
recognition of the uncertainties in the size of the leak and plugging
possibility. As pointed out in the review of plugging experiments in page
19.4-51, there is a significant uncertainty in the plugging possibilities for
leak sizes larger than 1 cm. For this reason, the probabilistic analysis
conservatively assumed no plugging for leak sizes larger than 0.9 cm. Even
for leak sizes smaller than 0.9 cm, the probabilistic analysis did not take full
credit of plugging by assuming a plugging probability of 0.9 (See
19.4.3.5.2.1.2(3), page 19.4-49, second paragraph). The parametric
deterministic analysis reported in Section 19.4.3.5 includes a range of leak
sizes beyond the 1 cm size to show the sensitivity of the radioactive release
to the leak size.

No PSAR revision is proposed in response to this question.
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Track Number: 19-014
PSAR Sections:  Ch 19.7 Capacity of Primary Containment
Question Date: December 4, 1997

PSAR Question:

Setting point of Rupture Disk for COPS is 0.72 MPa, which is below the
containment capacity. What is the effect during severe accident due to this
difference? '

PSAR Response:

As discussed in the response to Question 19-012, the setpoint was selected
to delay a potential radioactive release while minimizing the potential of
containment structural failure. The selection of COPS set point below the

containment pressure capacity has three main effects:

1. The potential for containment structural failure 1s reduced by an order of
magnitude
2. The release of volatile fission products is virtually eliminated

3. The timing of the noble gas fission product release is slightly earlier.

The above effects are discussed in Section 19.4.3.4.4, p.19.4-43 and in
Section 19.4.3.4.7, p. 19.4-45. Section 19.4.3.4.4 describes several
MAAP-ABWR analyses for various accident sequences both with COPS
relieving the pressure when the set point is reached, and without COPS
pressure relief. The section compares the time of radioactive release and
total release for cases with and without COPS. Table 19.4-3, p. 19.4-114
shows significant reduction in the radioactive release for the cases with
COPS pressure relief. Section 19.4.3.4.7 presents the significant reduction

in containment failure probability as a result of the COPS pressure relief.

No PSAR revision is proposed in response to this question.
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Track Number: ~ 19-015
PSAR Sections: Ch 19
Question Date:  December 26, 1997
PSAR Question:

1. P.19.2-1 listed four key elements and the third one mentioned that
further requirements are provided. An example was given in the 2nd
paragraph from the last of the same page. However, all the features listed
in pages 19.2-2 and 19.2-3 did not identify which ones are used to satisfy
the requirements of the 3rd key element. Please explain.

2. The Overview in P.19.2-4 should add a summary description on how the
three guarantees and one minimization requirement listed in P.19.1-1 can

be met.
PSAR Response:

1. The added selected requirements of the third key element of P.19.2-1
have been derived from consideration of severe accidents that involve
reactor vessel melt-through or are accompanied by suppression pool
bypass. The following features are presented in pages 19.2-2 through
19.2-4 as examples of design features specifically added to meet these
requirements:

1) Intersystem LOCA prevention provisions (1)(b), page 19.2-2

2) Large lower drywell floor area to enhance core debris coolability
(2)(c), page 19.2-3

3) ACIWA, for containment cooling and radioactive material removal
(2)(d)(i1), page 19.2-4

4) Lower drywell flooder for debris cooling (2)(d)(iii), page 19.2-4

5) COPS for controlled pressure relief (2)(e), page 19.2-4.

Other mitigative features presented in Section 19.2 provide further

assurance that the containment function will be preserved for a broad

range of accidents. Please note that the examples given in Section 19.2

do not cover all features used to meet the above requirements. Please see

response to question 19-016 and Table 19.5-1 for a more complete

overview of the features used for severe accident mitigation.
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2. The suggested summary is considered an excellent idea to provide a
complete picture of the severe accident prevention and mitigation
assurance provisions of the Lungmen NPS. Such provisions are not
confined to design features only, but extend to operation requirements
such as leak testing of the containment, to the design process such as the
application of codes and standards to safety systems, ...etc. As indicated
in the second paragraph in page 19.2-1, some of these provisions fall
under the scope of other PSAR chapters. In fact, the whole PSAR may
be considered as an account of how the severe accident prevention and
mitigation assurance philosophy of page 19.1.1 is applied in the Lungmen
NPS design and operation. For this reason, the PSAR Chapter 19 SRP
(Reference 19.1-4) confines the scope of Chapter 19 to only those issues
discussed in Sections 19.3 through 19.7.

The overview of Section 19.2, pages 19.2-1 through 19.2-4, presents a
preliminary summary that aims at placing the contents of Chapter 19 in
the context of the overall approach to meet the severe accident
protection requirements of page 19.1-1. Specifically, the first paragraph
of the section defines the four elements used in the PSAR to meet these
requirements. This is supplemented by the examples shown under
Prevention Features in pages 19.2-2 and 19.2-3 which address items 1 .
(accident resistance) and 2 (core damage prevention) identified as the
two levels for severe accident prevention in P. 19.1-1. Section 19.3
covers accident prevention issues that have been identified in the SRP of
PSAR Chapter 19. Section 19.6, Severe Accident Management, also
contains actions for accident prevention. The examples shown under
Mitigation Features in pages 19.3-3 and 19.3-4 address the third element
(challenges to containment, its internal structures, and enclosed
equipment). This item is also addressed more fully in Sections 19.4 and
19.6. Sections 19.5 through 19.7 address the fourth element

(containment safety margin against severe accidents).

The above preliminary summary will be updated in the FSAR where it
will be supplemented by a table that shows direct relationship between
the above requirements, the defense-in-depth provisions for meeting -

them, and where these provisions are covered in the FSAR.
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Track Number: 19016
PSAR Sections: Ch 19
Question Date: ~ December 26, 1997
PSAR Question:

The mitigation discussion in this chapter (Section 19.4) is very confusing
and too long (compared with Section 19.5 or 19.6) and some of the levels
even go up to nine levels such as 19.4.3.8.2.1.5.2.1 which makes effective

review impossible. Please reorganize this section and summarize.
PSAR Response:

Section 19.4 is organized similar to Section 19.2.3 of NUREG-1503,
“Final Safety Evaluation Report Related to the Certification of the
Advanced Boiling Water Reactor Design,” July 1994. The organization is
consistent with the SRP developed for Chapter 19 which used NUREG-
1503 as a primary source. To improve the readability and clarity of the
section, the summary given below will be considered for inclusion at the
beginning of Section 19.4 in the revised PSAR. Restructuring the section by
adding similar summaries and moving detailed analyses to appendices,

rather than in the main text, will be considered for the FSAR.

Section 19.4 presents evaluations of severe accident mitigation capabilities
of the Lungmen NPS. The section covers three primary areas: 1) severe
accident challenges to the structural integrity of the containment,
containment floor, containment floor drain sumps, RPV pedestal, and
equipment inside the containment needed for severe accident mitigation, 2)
the Lungmen features that reduce the probability and severity of these

challenges, and 3) analysis that was performed to evaluate the effectiveness

of these features.

The section contains three main subsections. Section 19.4.1 presents an
overview of the containment design with brief description of  the
containment structures, containment cooling systems, and the Atmospheric

Control System (ACS) which provides containment isolation and includes
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systems for containment inerting, flammability control, containment
overpressure protection, and flooding of corium debris that may be released
to the lower drywell. Section 19.4.2 presents an overview of in-vessel and
ex-vessel potential severe accident scenarios and key phenomena, and
highlights the causes of uncertainties in predicting severe accident
progression. Section 19.4.3 provides detailed analysis and discussion of
eight issues that have been identified in NUREG-1503 and Chapter 19 SRP
as key issues to be addressed in evaluating severe accident mitigation
capability, namely:

- Hydrogen generation and control (Section 19.4.3.1)

- Core debris coolability (Section 19.4.3.2)

- High pressure core melt ejection (Section 19.4.3.3

- Containment vent design (Section 19.4.3.4)

- Suppression Pool bypass (Section 19.4.3.5)

- Fuel-coolant interaction (Section 19.4.3.6)

- Equipment survivability (Section 19.4.3.7)

- Protection of containment sumps (Section 19.4.3.8).
The content of each of the above sections is briefly described below.
1) Hydrogen Generation And Control (Section 19.4.3.1, p. 19.4-6)

Section 19.4.3.1 discusses the extent and consequences of hydrogen
generation from zirconium-water reaction in the reactor vessel.
Mechanistic analysis using the MAAP-ABWR computer code is reported
for four scenarios that present different challenges to the containment.
The analysis uses conservative metal water reaction modeling
assumptions that allow such a reaction to continue in the presence of
flow channel blockages and eutectic formation. A non-mechanistic
analysis is also presented which assumes reaction of 100% of the active
core zirconium cladding. These analyses lead to the following main
conclusions.

1) MAAP-code analysis leads to metal-water reaction involving less than
40% of the cladding.

2) Use of the MAAP analysis assumptions indicated above increases the
radioactive release if the ac-independent water addition system
(ACIWA) is not initiated. However, this increase virtually diminishes
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if the ACIWA is initiated. Therefore, the ACIWA provides a
protection against uncertainty in the fraction of metal reacting.

3) The non-mechanistic hydrogen release corresponding to reaction of
100% of the zirconium cladding increases the containment pressure to
0.618 MPa which is below the 0.72 MPa setpoint of the containment
overpressure protection system (COPS) and the 0.77 MPa level C
capability of the containment. Therefore, the COPS elevated setpoint
and containment structural capacity provide two more levels of safety

assurance against the uncertainty in the fraction of metal reacting.

2) Core Debris Coolability (Section 19.4.3.2, p. 19.4-8)

Section 19.4.3.2 discusses the core debris coolability potential and its
impact on core concrete interaction (CCI). Core-concrete interaction
could cause vertical erosion of the containment concrete floor, radial
erosion of the pedestal walls, and containment pressurization due to the
generated heat and released gases. The section provides an overview of
the CCI preventive and mitigative features. These include: 1) a large
containment floor area to enhance debris coolability, 2) ACIWA and the
lower drywell passive flooder which provide both cooling capability and
fission product scrubbing, 3) basaltic concrete in the containment floor to
reduce the gas release from CCI, 4) COPS to protect against
containment overpressurization, 5) large depth of the basaltic concrete
floor to protect the containment liner, and 6) thick pedestal walls to
ensure its load bearing capability with CCI erosion. The section also
presents analyses of the CCI prevention and mitigation capability. Due to
the large number of possible CCI scenarios and uncertainties, both
probabilistic and sensitivity analyses are performed. Probabilistic analysis
uses decompositibn event trees (DET) to establish debris coolability
scenarios and their probabilities, and pedestal attack scenarios and their
probabilities. The DETSs identify the key factors that affect these
scenarios, e.g., the initial amount of corium released to the lower cavity,
the level of corium superheat, if and when cooling water is available for
debris quenching, upward heat flux, and whether the debris flows to the
suppression pool. Sensitivity to various modeling assumptions is
investigated using the MAAP-ABWR code. Finally, the section provides
evaluations of the pedestal strength and the effect of using different types
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of concrete for the pedestal walls. These analyses lead to the following

main conclusions:

1) For the core melt sequences that release core material into the
containment, the probability of no significant CCI is 0.9.

2) Even for the unlikely cases with significant CCI, axial erosion in 24
hours is less than the sacrificial basaltic bed depth and radial erosion is
below the allowable structural limit for the pedestal.

3) For the dominant scenarios with successful operation of the ACIWA
to provide water to the core debris, release starts at 24 hours after
melt inception for the wide range of assumed upward heat transfer
rates. Therefore, the ACTWA provides a level of safety assurance
against uncertainty in the upward heat transfer rates.

4) For all sequences with successful operation of the passive flooder, the
release time is in the order of 20 hours. Thus, the passive flooder acts
as a level of safety against early containment failure given uncertainty
in the CCI phenomena.

5) The fission product release for a sequence with CCI is determined
primarily by operation of the COPS. The release, which occurs at
about 24 hours, is not distinguishable from a case with no CCIL
Therefore, the COPS provides protection against uncertainties in the
CCI phenomenon.

3) High Pressure Core Melt Ejection (Section 19.4.3.3, p. 19.4-28)

Section 19.4.3.3 discusses the issue of high pressure core melt ejection
(HPME). High pressure core melt ejection into the containment could
lead to direct containment heating (DCH). The DCH phenomenon
involves fragmentation and dispersal of the debris into the containment,
with subsequent rapid heat transfer to the containment atmosphere which
may cause early containment failure by overpressurization. Direct
containment heating has been identified as a PWR severe accident
phenomenon which results from HPME. Since BWRs operate at lower
pressure and have automatic depressurization systems (ADS), the
phenomenon is generally not important for BWRs. However, the
significant cooling capability at low pressure in the ABWR also has

reduced the importance of low pressure melt ejection and consequently
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may have increased the relative importance of HPME, thus justifying its
evaluation. Section 19.4.3.3 discusses the potential and consequences of
DCH in the Lungmen ABWR. The section provides an overview of the
DCH preventive and mitigative features which include the ADS, the
lower drywell configuration, and the containment structural capacity.
Similar to Section 19.4.3.2, both probabilistic and sensitivity analyses are
used for evaluating the above features. Probabilistic analysis uses DETs
to establish DCH scenarios and their probabilities. Sensitivity of the
probability of early containment failure to various modeling assumptions
is also investigated. These analyses lead to the following main

conclusions:

1) The conditional probability of early containment failure due to DCH
given core damage is 1 x 10™. This low probability presents the
combined effects of the ADS, lower drywell configuration, connecting
vents configuration and area, and the containment structural capacity.

2) The conditional probability of early containment failure depends on
the containment pressure prior to the HPME. Sensitivity analysis
using conservative assumptions that elevate the initial containment
pressure show worst-case conditional containment failure probability
value of 1.5 x 107 given core damage. Thus the containment
structural capacity provides protection against uncertainties in the
initial containment pressure which may result from uncertainties in the
initial steam fraction, hydrogen release, and clearing of the wetwell

connecting vents before the DCH event occurs.

4) Containment Vent Design (Section 19.4.3.4, p. 19.4-40)

Section 19.4.3.4 presents the containment vent design which is used to
protect the structural integrity of the containment. Containment
structural failure by overpressurization leads to uncontrolled radioactive
release. Although the containment water spray provides a mitigative
feature which reduces the containment pressure and airborne fission
products, an overpressure protection system, COPS, is used in the
Lungmen ABWR to further scrub the fission products by forcing their
passage through the suppression pool before their release, and to

terminate the radioactive release when the containment
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overpressurization threat is removed. Section 19.4.3.4 describes the
COPS design, including the basis for selecting the COPS rupture disk
setpoint and size. The section also presents MAAP-ABWR analysis that
compares the radioactive release timing and magnitude with COPS and
without COPS operation. The analysis covers the spectrum of accident
scenarios which are used in the PRA (PSAR Appendix A). Finally, the
section provides evaluations of the sensitivity of the containment failure
probability to COPS setpoint, sensitivity of COPS performance to
suppression pool bypass, and the impact of hydrogen burning on the
COPS performance. The analysis leads to the following main

conclusions:

1) COPS reduces the release of fission products aerosol by several orders
of magnitude as a result of the suppression pool scrubbing. As
expected, the MAAP analysis shows no reduction (or increase) in the
aerosol release for accident sequences involving suppression pool
bypass. .

2) By limiting the wetwell airspace pressure to the COPS setpoint of
0.72 MPa, the containment structural failure probability is reduced by
one to two orders of magnitude.

3) Since the COPS setpoint is lower than the drywell failure pressure of
1.023 MPa, the use of COPS leads to earlier release by up to a few
hours depending on the accident sequence. The longer time to release
initiation if COPS is not used has a minor impact on the probability of

recovery from the accident to prevent the release.

5) Suppression Pool Bypass (Section 19.4.3.5, p. 19.4-45)

Section 19.4.3.5 describes the investigation of suppression pool bypass,
e.g., due to containment isolation failure, as a containment failure mode.
The section discusses the suppression pool bypass prevention features,
develops bypass leakage scenarios, and estimates the corresponding
consequences. An extensive screening investigation of the suppression
pool bypass pathways (containment isolation lines, ex-containment
LOCA, wetwell/drywell interface) shows that the wetwell/drywell
vacuum breaker leakage presents the only potentially risk significant
bypass. Probabilistic analysis using DETSs is performed to identify
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leakage scenarios and probabilities. The DETs account for uncertainties
in the vacuum breaker leak size and aerosol plugging of leakage paths.
The section also presents MAAP-ABWR analysis of the radioactive
release to the environment for five accident scenarios involving vacuum
breaker leakage. The above analyses lead to the following main

conclusions:

1) Suppression pool bypass does not add significantly to the risk because
the bypass areas resulting in increased release are offset by low
probabilities of occurrence.

2) The conditional probabilities of no bypass leakage, small leakage (1-
10% of volatile fission product inventory), and large leakage (10-20%
of volatile fission product inventory) are 0.978, 0.018, and 0.004
respectively.

3) The time of radioactive release initiation does not change with vacuum
breaker bypass if the containment spray is initiated. Thus the ACIWA
use in the spray mode provides a protection against vacuum breaker

bypass uncertainties.

6) Fuel-Coolant Interaction (Section 19.4.3.6, p. 19.4-56)

Section 19.4.3.6 discusses the potential and consequences of molten
fuel-coolant interaction (FCI). This interaction refers to the rapid heat
transfer from fragmented fuel to water and could cause containment
overpressurization, or explosive impulse or water missiles that may
challenge the structural integrity of the containment and pedestal. The
section covers both in-vessel and ex-vessel FCIs. The section provides an
overview of the FCI preventive and mitigative features. These include:
1) in-vessel and ex-vessel structures that result in incoherent relocation
of molten corium, 2) ABWR containment configuration which limits the
potential for water to be in the lower drywell at the time of vessel failure,
3) drywell connecting vents, and 4) the pedestal and containment
structural capabilities. The section presents an evaluation of the
probability of drywell flooding prior to vessel failure. The section also
reviews energetic FCI tests which involve fuel injection into the coolant
and tests for the more benign stratified configuration where the cooling
water is injected on top of the fuel as is the case for ABWR severe
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accidents. Finally, the section presents bounding deterministic
calculations of the pedestal loading resulting from explosive steam
generation and water missiles, and containment overpressurization.

These analyses lead to the following main conclusions:

1) In-vessel FCI presents a negligible risk to the structural integrity of the
containment and consequently can be dismissed as a viable
containment challenge.

2) The pedestal can stand a peak pressure of at least 0.85 MPa during a
steam explosion. It will take more than three times the amount of fuel
shown experimentally to participate in an FCI to reach this pressure.
Therefore, the pedestal strength provides an adequate margin against
uncertainties in energetic FCls.

3) Water mussiles present a negligible risk to the structural integrity of the
pedestal or containment and can be dismissed as a viable challenge to
these structures.

4) FCl-initiated containment overpressurization does not present a viable

containment challenge.

7) Equipment Survivability (Section 19.4.3.7, p. 19.4-73)

Section 19.4.3.7 identifies the equipment important for severe accident
mitigation and specifies requirements to ensure their survival during the
accident. The section develops a list of equipment needed to terminate
accidents in-vessel or ex-vessel from reviews of 10CFR50.34, SECY-
90-106, PRA, Emergency Procedures Guidelines, and safe shutdown
equipment list. The section presents bounding environmental conditions
for the identified equipment based on MAAP-ABWR analysis. These
bounding conditions are then compared to the equipment specification to
provide a measure of confidence that the necessary equipment would

survive the severe accident conditions.

8) Protection of Containment Sumps (Section 19.4.3.8, p. 19.4-85)

Section 19.4.3.8  presents the evaluation of the sump shield which has
been designed to protect the drywell sumps and prevent corium
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ingression through their channels. The Lungmen NPS has two drain
sumps in the periphery of the lower drywell floor which could collect
core debris during severe accidents if ingression is not prevented.. The
section establishes design criteria for the shield material and specifies the
shield height, depth below the lower drywell floor, and channel length
and height. The section reviews applicable experimental work on flow
and freezing of molten debris in narrow channels. The design adequacy
to prevent debris ingression is demonstrated using bounding flow and

heat transfer calculations.

The evaluations summarized above demonstrate the robustness of the
Lungmen preventive and mitigative features against severe accidents
challenges and uncertainties. The conservative equipment survivability
requirements provided ensure that instrumentation and active as well as
passive equipment will be available to terminate and contain such

accidents.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:
1
2
Response:
1
2

19-017

19.4.3.1

January 20, 1998

. Does Lungmen plant design use igniters to maintain oxygen

concentration?

. Are the recombiners capable of avoiding local hydrogen burn?

. The Lungmen NPS does not use igniters to maintain oxygen

concentration.  The containment is inerted by purging with nitrogen.

. Recombiners reduce the chance of local hydrogen burning in the

Lungmen NPS by reducing the hydrogen and oxygen content of the
containment atmosphere. However, local hydrogen burn is prevented
primarily by maintaining an inerted containment with its low oxygen
concentration well mixed in the containment atmosphere.

As stated in PSAR Section 6.2.5.2.1, in an oxygen-deficient, well-mixed
containment atmosphere, mixing of any hydrogen generated by a design
basis LOCA. is not required to prevent local hydrogen burn. Any oxygen
evolution from radiolysis following a design basis LOCA is very slow
such that natural convection and molecular diffusion are sufficient to
provide uniform mixing of the oxygen in the drywell and suppression
chamber atmosphere. The mixing will be further promoted by operation
of the containment sprays and the drywell cooling fans.

Furthermore, the ACS maintains an oxygen deficient atmosphere (<3.5%
by volume). This provides a safety margin against measurement errors
and inadequate mixing of the containmnet atmosphere. The above
provisions prevent local and global hydrogen burning from occurring.
The hydrogen burning risk is further reduced by activating the FCS
recombiners to process the combustible gases drawn from the primary
containment.

No PSAR revision is proposed in response to this question.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Response:

19-018

19.4.3.2

January 20, 1998

In section 19.4.3.2.2.7 Impact of Pedestal Concrete Selection (p. 19.4-27,
line 16), it is mentioned that the type of concrete to be used in the pedestal
is not specified.

a) Is the type of concrete for the pedestal determined now?

b) Please provide the comparison results of various types of concrete used

in the pedestal.

a) The pedestal concrete type has been defined. It is normal weight

structural concrete with compressive strength of 27.6 MPa at 90 days.
Please see section 3.8.3.6.2, page 3.8-27 of the PSAR for further
information on the pedestal concrete.

The above concrete is a limestone sand concrete. This type of concrete
was evaluated as a candidate for use in the pedestal wall during the
Standard ABWR certification. The results of this evaluation are
presented in Section 19.4.3.2.2.7, page 19.4-27. As concluded in that
section, use of limestone sand concrete for the pedestal sidewall will
reduce the rate of sideward ablation by corium-concrete interaction (CCI)
relative to that presented in Section 19.4.3.2 analysis. The rate of non-
condensable gas generation may be slightly higher for limestone sand
concrete than the basaltic concrete used in the drywell floor. However, as
concluded in page 19.4-28, because of the relative CCI areas of the
sidewall and the drywell floor, the impact of  differences in the rate of
non-condensable gas generation will be small, and the conclusions of the
uncertainty analysis of Section 19.4.3.2.2.8 will not be affected. Based
on these conclusions, no new analysis for the selected concrete type will
be performed.

b) The comparison between the two types of concrete considered for the
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pedestal is reported in Section 19.4.3.2.2.7. As indicated in that section,
the basaltic concrete used for the sacrificial bed on the drywell floor has
the advantage of reduced release of non-condensable gases, while the
limestone common sand concrete has the advantage of slower erosion by
the corium. As seen from the discussion in the third paragraph of that
section, these differences have a second order effect on the pedestal
performance due to the small area of the pedestal side wall relative to
that of the drywell floor.

PSAR Chapter 19 will be revised to reflect the response to part (a) of this
question
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

NS}

(S}

19-019

19.4.3.7

January 20, 1998

. In page 19.4-84 (13) Temperature Instrumentation, “The GE standard

practice is to use thermocouples rated to 575 K and 14 MPa. These

ratings are well above the drywell and wetwell thermodynamic loads

experience.”

a) In Fig. 19.4-28d (Drywell Temperature for Ex-Vessel Low Pressure
Core Melt), the drywell temperature exceeds 575 K after 65 hours.
Please discuss the equipment survivability and reliability.

b) No discussion was made on the in-vessel thermocouple survivability.

Please add such discussion in the text.

. In line 6 of page 19.4-85 “Both wetwell and drywell radiation sensors are

qualified to 595 K and 0.65 MPa. therefore, there will be no threat to the

performance of the wetwell radiation sensor.”

a) InFig. 19.4-26¢, 19.4-27¢, and 19.4-28c, all the wetwell pressures
reach 0.72 MPa and actuates COPS. Please discuss the survivability

and reliability of the wetwell radiation sensors.

_Inline 11 of page 19.4-85 “The COPS limits the drywell pressure to

0.72 MPa. This is only slightly over the qualification pressure and
should not damage the sensors.”

a) The COPS limits the wetwell pressure to 0.72 MPa, instead of drywell
pressure. In Fig 19.4-28a, the drywell pressure reaches 0.83 MPa
which is well above the equipment qualification pressure (0.65 MPa).
Please discuss the survivability and reliability of the drywell radiation

. Sensor.

b) Please provide a table with comparison of the qualification condition
and the expected severe accident conditions.

¢) Please describe the improvement of instrumentation in the ABWR

design concerning severe accident.
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Response:
1.2)

PSAR Figure 19.4-28d is the same as SSAR Figure 19E.2-29d. A
review of SSAR Fig. 19.E.2-29d and the MAAP-ABWR results for
the low-pressure melt accident sequences used to establish the figure
revealed that the figure is incorrect. Specifically, none of these
accident sequences leads to temperature above 560 K. Therefore, the
drywell temperature is not expected to exceed the drywell
thermocouples qualification temperature of 575 K.

Figure 19.4-28d will be revised to represent the correct drywell
temperature envelope.

b) The reason for not discussing survivability of in-vessel thermocouples

Questions and Answers

is that there is no in-vessel thermocouples in the ABWR. The last
paragraph of PSAR Chapter 7, page 7.5-11, discusses the regulatory
basis for not requiring core temperature thermocouples in BWRs. As
stated in the first line of page 7.5-12, “Instrumentation other than
RPV water level indication is not required to assure indication of

adequate core cooling.”

As explained in the second paragraph of page 19.4-85, the wetwell
radiation sensors are located in shafts embedded in the primary
containment wall and are isolated from the primary containment
environment by a substantial amount of concrete. This provides a high
degree of confidence that the wetwell radiation sensors will survive
the bounding severe accident conditions and will provide reliable

radiation levels over the duration of these conditions.

We concur with the statement that COPS limits the wetwell (not the
drywell) pressure to 0.72 MPa. The statement will be corrected in the
revised PSAR.

Figure 19.4-28a presents the envelope of drywell pressure for the
accidents analyzed. The pressure peaks shown in the figure represent
different accidents. As seen in Fig 19.4-28a, the drywell pressure
exceeds 0.65 MPa over a period of less than 3 hours for any of the
accidents enveloped by the figure. The drywell temperature during
this time is less than 520 K which is 75 K below the qualification
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temperature. It is also noted that the pressure of 0.83 MPa is less than
30% above the qualification value of 0.65 MPa.

In the FSER of the certified ABWR design, the USNRC indicated that
short time of exposure to beyond-design-basis environment is an
acceptable criterion to demonstrate equipment survivability under
severe accidents. This is based on the universally recognized fact
that design basis qualification and analysis are conservative and more
realistic assessment in similar situations shows a substantial margin.
For example, the SSAR ABWR containment pressure has to increase
to ~ 2- times its design pressure before the containment Service Level

C stress is reached.

Based on the above criterion, the drywell relatively benign
environment conditions for the short duration indicated provide a
reasonable level of confidence that the drywell radiation sensors will
survive severe accident conditions and will provide reliable radiation

levels over the duration of these conditions.

It should be noted that failure of the drywell radiation sensors has an
insignificant impact on public consequences from severe accidents,
since they are backed up by the protected wetwell radiation sensors.
The wetwell sensors will survive the severe accident conditions as
discussed in part (a) of this question. Since the radioactive release
path is through the suppression pool then the COPS stacks, the
wetwell radiation sensors will provide a more direct indication of the

released radiation.

b) Table 1 provides the locations, qualification temperature and pressure,

and maximum severe accidents temperature and pressure for the
sensors of Table 19.4-7.

c¢) The ABWR has the following main improvements in instrumentation

Questions and Answers

used for severe accidents prevention or mitigation:
i) Use of four independent divisions of self-tested Safety System
Logic and Control (SSLC) instrumentation designed on the
basis of two out of four actuation logic. Combined with

quarterly testing of the Essential Multiplexing System and
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SSLC to discover faults that are not identified by the
continuous self-test, the SSLC reliability has been significantly
improved.

it) Use of two divisions for remote shutdown operation as

opposed to only one division used by all BWRs except one
(Limerick).
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Table 1 - Design Basis Qualification / Maximum Severe Accident Pressure and
Temperature Comparison (1)

Sensor Location (2) Qualification Maximum Severe
Acec.

Temp (K) / Press (MPa) Temp (K) / Press (MPa)

RPV WL (3) Outside containment

RPV Press Qutside containment
SP Temp. - SP 5751714 430/0.72
WW Rad. WW - Embedded in 595/0.65 430/0.72 (4)

containment wall
DW Rad. DW 595/0.65 560/0.83 (5)
DW/WW H2 Outside containment

DW/WW 02 Outside containment

DW Temp. DW 575/ 14 560/0.83
DW Press. QOutside containment

WW Press. Outside containment

DW WL. Outside containment

WW WL Qutside containment

(1) Table contains sensors identified in Table 19.4-7.

(2) Sensors located outside the primary containment are not exposed to severe accident
environmentand consequently are expected to survive the severe accident
environment.

(3) WL = water level sensor
SP = suppression pool
DW = drywell
WW = wetwell
Rad. = radiation sensor

(4) Sensor is isolated from the ww environment by a substantial amount of concrete and
consequently will survive the severe accident pressure.

(5) Pressure exceeds 0.65 MPa for less than 3 hours and at temperatures less or equal to
500 K.
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Track Number: 19-020
PSAR Sections: 19.0
Question Date:  March 2, 1998

PSAR Question:

In Chapter 19.0, a number of references are made to frequency without an
expression of confidence level. Where confidence levels are not

specifically identified, what confidence level should be assumed?

Response:

The frequency and conditional probability estimates in Chapter 19 are
quoted from Appendix A of the PSAR, PRA, where only point estimates
have been calculated. Uncertainty analysis and confidence interval
estimation are planned for the FSAR. Since the uncertainty analysis involves
complex sums and products of random variables that have different
statistical distributions, an evaluation of the confidence levels can not be
provided at this time.
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Track Number:  19-021
PSAR Sections:  19.1
Question Date:  March 2, 1998

PSAR Question:

Reference is made to Chapter 19 of the Standard Review Plan (SRP) in
defining the specific accidents and accident phenomena that should be
evaluated. However, Chapter 19 of the SRP issued by the U.S. Nuclear
Regulatory Commission (USNRC), Revision L dated March 27, 1997, deals
only with licensing amendment requests submitted by existing plants for
which probabilistic risk assessment (PRA) is used in risk-informed decision
making. Is the Lungmen SRP Chapter 19 different from that issued by the
USNRC? If so, please provide the Lungmen SRP chapter 19. What
additional regulations, regulatory guidance, or other criteria have been
employed in defining the scope of Chapter 197 What additional
information relevant to severe accident analysis will be contained in the
Lungmen FSAR which is not contained in the PSAR?

PSAR Response:

The Lungmen design is committed to comply with only those USNRC
applicable regulations issued before June 24, 1996. As can be seen from the
issuance date and purpose of the USNRC Chapter 19 of the SRP noted in
the question, the USNRC Chapter 19 of the SRP is not applicable to
Lungmen. An SRP addressing severe accident anlysis, Chapter 19,
specifically for Lungmen NPS has been prepared and is attached.

The attached SRP is based on the USNRC Final Safety Evaluation Report
(FSER) for the certified Standard ABWR. Although the attached SRP is
different from that issued by the USNRC in March 27, 1997, the FSER
used the Standard ABWR PRA for drawing risk-informed conclusions. The
Lungmen SRP Chapter 19 identifies the key severe accident issues
discussed in the FSER.
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The attached SRP has been the primary source for defining the scope of
PSAR Chapter 19. Unless explicitly stated in the Lungmen PSAR Chapter
19, no additional regulations, regulatory guidance, or other criteria have
been employed in defining the scope of Chapter 19. Please see response to
Question 19-016 for the basis of PSAR Chapter 19 contents and
organization.

Please note that the Lungmen PSAR also differs from the certified ABWR
Standard Safety Analysis Report (SSAR) in that the Lungmen PSAR
contains the PRA in Appendix A and the resolution of Unresolved and
Generic Safety Issues and TMI-related Issues in Appendices 1A, 1B, and
1C of Chapter 1. In contrast, the SSAR contains the PRA and resolution of
the above issues in Chapter 19.

As stated in Section 19.7 of the PSAR, the FSAR will contain additional
analysis related to the containment capacity evaluation. Please see Section
19.7.2 for the specific analyses planned. The FSAR will also provide more
specific information on severe accident management (Section 19.6) and will
update the severe accident assessments of Sections 19.3 and 19.4 as

necessary to reflect new PRA assessments or insights that will be reported
in Appendix A of the FSAR.
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Track Number:  19-022
PSAR Sections:  19.2
Question Date:  March 2, 1998

PSAR Question:

1. Please provide information to explain how the defense-in-depth
philosophy as well as independence, redundancy, and diversity
requirements are implemented in the design of the Lungmen NPS for the
vessel pressure control function in preventing the occurrence of severe
accidents.

2. On page 19.2.3, it is indicated that only one RBCW/RBSW ESF
division is capable of removing heat loads associated with operation of
ECCS pumps and only one division is capable of removing suppression
pool heat during LOCA. Please explain how the independence and
redundancy requirements are satisfied for the heat removal function
provided by the RBCW/RBSW.

~

3. Please identify the pressure head capacity of the ACIWA.

PSAR Response:

1. Reactor vessel pressure control in Lungmen NPS is accomplished
through three paths:

i) Turbine bypass valves (TBPVs), where steam is discharged from the
main steam lines (MSL) directly to the main turbine condenser.

if) RCIC, where the steam is discharged through the RCIC’s  turbine to
the suppression pool (SP).

iii)  Safety/Relief Valves (SRVs), where the steam is discharged
through piping to the SP.

There are10 TBPVs and 18 SRVs in each of the Lungmen ABWR units.
The SRV are distributed between the four MSLs (4, 5, 5, and 4 SRVs in

Questions and Answers 19-58



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

MSL A, B, C, and D respectively). Eight of the SRVs are assigned to the
Automatic Depressurization System (ADS). Each MSL contains 2 ADS
valves which are separated within a MSL by a non-ADS valve.

The SRVs provide three pressure control modes:

i) Overpressure relief operation, where the valves are opened using
pneumatic actuators upon receipt of automatic or manually-initiated
signal. The pressure set points for the automatic relief mode of
operation are lower than the safety operation set points (See next
item).

if) Overpressure safety operation, where the valves function as safety
valves to limit the RPV pressure to less than the ASME code limit for
the RPV. In this mode, the valves are self actuated when inlet steam
pressure is high enough to overcome the retaining spring and
frictional forces. The valves are divided into five pressure set point
groups.

i)  Automatic depressurization by the ADS; where the ADS valves
open automatically as part of the ECCS to allow LPFL operation.

Each SRV is provided with its own pneumatic accumulator and inlet
check valve. The accumulator capacity is sufficient to provide one SRV
actuation at normal drywell pressure. Each ADS SRV is equipped with
another pneumatic accumulator and check valve. The accumulator
capacity 1s sufficient for one actuation at drywell design pressure or five
actuations at normal drywell pressure, whichever is more demanding.
Makeup supply for the accumulators is provided by the safety-related
portions of the nitrogen gas supply system which contains two redundant
safety-related nitrogen gas supply trains. Each train has 10 high-pressure
nitrogen gas bottles. The capacity of the nitrogen bottles in each train is
about 16 times that is needed to open the 8 ADS valves. After the ADS
valves are open, the other train can provide enough nitrogen to substitute
for 7-day leakage from the valve accumulators.

The SRVs can be operated in the relief mode by remote-manual control

from the main control room. Four SRVs can also be operated from the
remote shutdown panel.
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The number of SRVs and TBPVs required to depressurize the reactor
given an accident initiating event depends on the event and whether the
MSIVs are closed (isolated events) or open (non-isolation events) as
shown in the following summary:

- Small and medium LOCA: 3 SRVs

- Transients with scram: 3 SRVs with LPFL or condensate cooling, 8
SRVs for ACIWA cooling

- Pressure relief: Isolation Events 6 SRVs, Non-isolation: 6 SRVs, <6
SRVs with one or more open TBPVs.

- ATWS: Isolation Events: 15SRVs, Non-isolation events: 15 SRVs, <
15 SRVs with one or more open TBPVs.

As seen above, the Lungmen ABWR pressure control function has

significant defense-in-depth, diversity, and redundancy that ensures its
high reliability.

2. The cited statement will be corrected to read as follows (corrections
underlined):

“Three 100% RBCW/RBSW ESF divisions, with any one division
capable of removing all heat loads associated with operation of ECCS

pumps and any one division capable of removing suppression pool heat
during LOCA.”

The above divisions are electrically, mechanically, and hydraulically
independent. The structures housing each RBCW and RBSW  division
have three-hour fire rated boundaries. In addition, each division is
protected from flooding, spraying, steam impingement, pipe whip, jet
forces, fire from other divisions, and the effect of any non-seismic
Category I equipment failure. The RBCW and RBSW systems are
designed to meet the foregoing design basis with or without preferred AC
power available and with a single active failure.

3. The ACIWA pump pressure capacity is 0.862 MPa (Flow rate: 674.4 m’
/hr).
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Track Number:  19-023
PSAR Sections:  19.3
Question Date: ~ March 2, 1998
PSAR Question:

As part of the U.S. Nuclear Regulatory Commission (USNRC) certification
requirements for the Evolutionary Light Water Reactor (LWR) designs,
unresolved and generic safety issues must be addressed and compliance
with technically relevant portions of the Three Mile Island requirements set
forth in 10 CFR Part 50.34(f) must be demonstrated. Resolution of these
issues for the standard Advanced Boiling Water Reactor (ABWR) was
included in the Standard Safety Analysis Report (SSAR) and reviewed by
the USNRC. How are these issues being resolved for the Lungmen NPS?
Will the resolution for any of the technical issues applicable to the severe
accident prevention be affected due to the differences in design between the
ABWR and the Lungmen NPS? If so, please provide information
explaining the differences in resolution of the affected issues.

PSAR Response:

As stated in the response to Question 19-021, unresolved safety issues and
TMI related issues are discussed in Appendices 1A, 1B, and 1C of Chapter
1 of the PSAR. Please refer to these appendices for resolution of these
issues in the Lungmen NPS.

The above issues are resolved for Lungmen using the standard ABWR
approach except for one exception: Unresolved Safety Issue A-44, “Station
Blackout.” As seen in the PSAR Section 1C.2.16, page 1C-34, the
Lungmen NPS uses an independent Safety-Grade swing EDG as an
alternate AC electric power source instead of the Non-Safety Grade
combustion turbine generator (CTG) used in the standard ABWR.
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Track Number: 19-024

PSAR Sections: 19.3.1

Question Date:  March 2, 1998

PSAR Question:

1. Shutdown decay heat removal was one of the Unresolved Safety Issues

(A-45).

This issue is resolved for the existing U.S. plants as part of the

Individual Plant Examination (IPE) program. Please provide specific

information to demonstrate resolution of this issue for the Lungmen NPS.

. 2. The Lungmen NPS is designed to minimize challenges by accident

initiating events. In addition, redundant and diverse systems have been

included in the Lungmen NPS design to provide various safety function

s(e.g. reactivity control, vessel pressure control, vessel water

level/Inventory control, decay heat removal, etc.) to mitigate the effects

of accident initiating events. The adequacy of the design with respect

to these protection features can also be measured by the following

probabilistic parameters:

Questions and Answers

Frequencies of accident initiators

Conditional likelihood of safety function failure given

occurrence of an accident initiator.  This can be further

divided into:

Conditional failure likelihood of the scram function given

occurrence of

an accident initiator.

Conditional failure likelihood of the pressure relief function

given occurrence of an accident initiator (with success and

failure of the scram function separately).

— Conditional likelihood of a transient-induced LOCA given
occurrence of an accident initiator.

— Conditional failure likelihood of the high pressure
injection function given occurrence of an accident initiator
and successful scram function (with and without
transient-induced LOCA).

— Conditional failure likelihood of the vessel
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depressurization function given occurrence of an accident
initiator, successful scram function, and failure of the high
pressure injection function (with and without transient-
induced LOCA).

~ Conditional failure likelihood of the low pressure injection
function given occurrence of an accident initiator,
successful scram function, failure of high pressure
injection, and successful vessel depressurization.

— Conditional failure likelihood of the decay heat removal
function given occurrence of an accident initiator and
successful scram function (with vessel water inventory
being maintained separately by high pressure injection and
low pressure injection).

— Conditional likelthood of core damage given occurrence
of an accident initiator.

— Conditional likelihood of core damage given a transient-
induced LOCA.

Based on the results of the analysis performed for the Lungmen NPS,
please provide the estimated values of the preceding parameters by

accident initiator.

3. This section addresses only four evolutionary LWR certification issues
related to severe accident prevention. Please provide rationale for not
addressing such Lungmen-specific hazards as earthquake and typhoon in
this section. How is the defense-in-depth approach incorporated in the
design of the Lungmen NPS for the prevention of severe accidents

resulting from these hazards?
Response:

1. According to NUREG-0933, 12/31/88, Section 2, “Task Action Plan
Items,” page 2.A.85-2 paragraph 2, one of the alternatives proposed by
the USNRC staff to resolve USI A-45 was to have each licensee perform
a risk assessment for its plant. This assessment would be done in
conjunction with the IPE program. Available options for acceptable risk
assessments include a Level-1 PRA.

Appendix A of the PSAR contains a Level-3 PRA for the Lungmen NPS
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in response to the USNRC Policy Statement on Severe Accidents.

The scope of the Lungmen PRA covers a broader spectrum of challénges
and consequences than an IPE. Included within the Lungmen PRA is
consideration of loss of shutdown heat removal. The Lungmen PRA.
demonstrates that the Lungmen risk goals are met and identifies risk
significant systems, structures, and components to ensure that their
reliability is maintained via the Integrated Reliability Assurance Program
(IRAP). Therefore, USI A-45 is considered resolved for the Lungmen
NPS.

It is to be noted that NUREG-0933, Appendix B, Revision 15, 12/31/92,
does not include Issue A-45 because it is considered resolved with no
new regulatory requirements by the USNRC. For this reason, the
USNRC did not require the issue to be addressed in the SSAR. However,
the cited NUREG-0933 defines a related generic issue, GI A-31, “RHR
Shutdown Requirements.” Please see PSAR Chapter 1, Appendix 1C,
Section 1.C.2.10, page 1C-24, for resolution of GI A-31 for the
Lungmen NPS.

2. We concur with the statement that probabilistic parameters like the ones
cited in the question provide a quantitative insight into the adequacy of
the Lungmen safety approach. Appendix A of the PSAR contains the
Lungmen PRA which covers internal and external initiating events and
evaluates the risk at power as well as shutdown. Please refer to the
Executive Summary of Appendix A for an overview of the PRA scope,
important accident sequences, and risk important equipment and human
actions. The Executive Summary reports the contribution of various
initiating events to the core damage frequency and identifies which of the
failure sequences specified in the question are important. ~Please refer
to Attachment AB of Appendix A for a more detailed account of the
internal initiating events (Table AB.3-1) and for accident sequence event
trees. System fault trees are contained in Attachment AA of Appendix A.

3. External events PRA, including earthquake and typhoon, are addressed
in Appendix A, Attachments AC through AF. They are outside the
scope of Chapter 19 as defined in the Lungmen Chapter 19 SRP.
Please see response to Questions 19-016 and 19-021 for further
information on the contents of Chapter 19.
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Track Number:  19-025
PSAR Sections:  19.3.1.1
Question Date:  March 2, 1998

PSAR Question:

1. Redundant and diverse actuation signals are provided in the Lungmen
NPS design for the scram function. However, all scram signals will not
be generated or applicable following all accident initiating events.

Please provide a list of the diverse scram signals, by accident initiators,

which are designed to be available during plant response to these events.

2. In the event of failure of high pressure coolant injection following failure
of control rod insertion and successful SLCS injection, vessel
depressurization and low pressure coolant injection are necessary to
mitigate the consequence of this event scenario.  As the Low Pressure
Core Flooder System starts to inject after the reactor pressure vessel
(RPV) is manually depressurized, the continued addition of a large
quantity of unborated water would tend to displace a portion of the
borated water previously in the reactor core region since they may not
initially mix well. Large power oscillation may result from this
“displacement” of borated water by the cold, unborated water. How
will the Lungmen NPS be designed and operated to prevent or reduce
this type of power oscillation causing the fuel failure limit to be
exceeded?

3. What are the estimated ATWS frequencies and ATWS core damage
frequencies for the various external events?

PSAR Response:

1. The list of diverse scram signals, by accident initiators, which are
available during plant response to these events are shown in the attached
Table 1.

Questions and Answers 19-65



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

2. SLC injection at 22.7 m3 /hr (100 gpm) provides backup reactor
shutdown capability independent of the normal reactivity control system
as required by 10CFR Part 50, Appendix A, GDC 26. SLC is sufficient
to bring the reactor from full power to a cold subcritical condition
without control rod movement, at any time in a core cycle, and at design
basis conditions with the reactor in the most reactive xenon-free state and
maintain the reactor shutdown. The SLC injects boron which produces a
minimum concentration of 850 parts per million (ppm) by weight of
natural boron in the reactor at 20°C.  To allow for potential leakage and
imperfect mixing in the reactor, an additional 25% (220 ppm) is added to
the above requirement, resulting in a total requirement of greater than or
equal to 1070 ppm. By design, the SLC system injects borated water
into the HPCF Loop B discharge piping downstream of the HPCF pump
inside the containment testable isolation check valve. This arrangement
provides desirable boration of the cold HPCF water that comes in at the

top of the reactor core.

For an ATWS event, a requirement to shutdown the reactor with the
reactor not shutdown causes entry into the plant’s Emergency Operating
Procedures (EOPs). EOPs provide instructions to insert control rods,
control reactor pressure and water level, and inject boron if necessary to
shutdown the reactor. For an ATWS with HPCF failure following
failure of control rod insertion (and Alternate Rod Insertion), as well as
all other attempts to insert enough control rods within the three minute
time period, the Lungmen ATWS logic will continue to sense that the
reactor power is not low (Startup Range Neutron Monitor sensed power
level > 6% power and High Reactor Pressure for three minutes) and will

automatically inject boron with SLC initiation.

With a failure of all high pressure makeup, EOPs would require that the
reactor be depressurized so that low pressure systems may be used to
control reactor water level. EOPs based on the BWR Owners’ Group
Emergency Procedure Guidelines (EPGs) specifically address the
potential for cold water related power excursions for scram failure events
by limiting the rate of cold water injection (e.g., LPCF injection) during
and following reactor depressurization. The purpose of limiting the rate
of cold water injection is to take advantage of the negative reactivity
feedback from the increased void fraction in the core region.
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Assessments of these conditions to support EPG development concluded
that a short-term power surge may occur, but it would not develop into a
reactor instability (oscillation) even if borated water was not injected by
SLC into the core. Large power oscillations may develop at low flow
and high power conditions, but with sufficient core void fraction or
boron in the reactor there is not sufficient power to produce a large

power oscillation due to controlled cold water injection.

It should be recognized that the probability of the accident postulated in
the question is negligibly small, since it involves the failure of multiple
redundant and diverse safety systems for reactor shutdown and cooling.
The Lungmen NPS design includes ATWS mitigation features of
Alternate Rod Insertion, automatic Reactor Internal Pump (RIP) Trip,
higher flow rate and boron-concentration SLC, and automatic initiation
of the Feedwater Control System (FWC) runback, (which reduces water
level and results in the rapid reduction of core inlet subcooling). The
Lungmen NPS also has upgraded high pressure ECCS (2 HPCF and
safety grade RCIC). These Lungmen design features and operation
with EOPs based on the BWROG EPGs are effective in limiting the

magnitude of possible reactor power oscillations for ATWS events.

LI

. Appendix A of the PSAR shows that of the four analyzed external
events (seismic, fire, internal flooding, and typhoon) only ATWS initiated
by seismic events has a non-negligible contribution to the CDF of the
external event. The CDF due to seismic-induced ATWS is 4.5E-7 /
reactor year (Total seismic CDF is 3.14E-6 / reactor year). The primary
cause of the seismic ATWS is structural deformation that prevents
control rod insertion in the core. The ATWS CDF due to the other three
external events is negligible. This is to be expected in view of the high
degree of redundancy, diversity, and separation of the reactor shutdown
systems and the instrumentation and logic channels.

The PRA in Appendix A is quantified using minimum cutsets that lead to
core damage. The annual frequency of ATWS events, whether they lead
to core damage or not, is not readily available from these cutsets.
Separate calculations will be performed to provide these frequencies in
the updated PSAR.
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TABLE 1 PSAR Question 19-025

Scram Sensors For Initiating vents

g = i 5

lElalg| |8 ]|

Slelzl=|2|218|12|¢8

=15 E|E|E|B|5|B B

5

3
Initiating Events
Loss of FW Heating X 1
Pressure Regulator Fails High X B )
[ORV X
Feedwater Controller Failure- X 0]
Maximum Demand
Pressure Regulator Fails Low X B
Turbine Bypass/Control Fails closed X |B 18
Load Rejection w/ Bypass 0 |2
Load Rejection w/o Bypass B X
Turbine Trip w/ Bypass 0O |2
Turbine Trip w/o Bypass B X
MSIV Closure (partial one) X X 3
Loss of Condenser Vacuum B X 0 4
Loss of Non-Emergency AC Power X 015
(grid or Aux)
Loss of all FW Flow X
FW Line Break X | B
Inadvertent Rod Insert 6
RPS Fault 17
Manual or Auto scram due to misc. 17
plant occurrences
MSIV closure (all) B B X
Loss of Feedwater X
Recirculation Pump Trip (one, X 0O 7
multiple, all)
Recirculation Flow Control Failure- | X 3
Increasing Flow
Recirculation Pump Failure 7
Rod Withdrawal Error at Low Power 9
Rod Withdrawal Error at Power 10
Inadvertent Startup of Idle Recirc. 16
Pump.

X: Primary signal to initiate the reactor scram.
B: Backup signal to initiate the reactor scram.
O: Scram occurs on this signal if bypass valves fail to open during the events.
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TABLE 1 PSAR Question 19-025 (Continued)

Scram Sensors For Initiating Events
2212|2818 8|8
212|552 (2|22 |87
NEEIEIEEIHEE
s
S
Initiating Events
Control Rod Drop 11
Control Rod Ejection 12
Inadvertent HPCF Startup 13
Feedwater Flow In Core 14
Small Line Break Inside or 15
Outside Containment
Steamline Break Outside B X
Containment
RWCU Break Outside X
Containment
Interfacing System LOCA X
DBA LOCA (spectrum) X |B
RPV Rupture X |B

X: Primary signal to initiate the reactor scram.
B: Backup signal to initiate the reactor scram.

O: Scram occurs on this signal if bypass valves fail to open during the events.
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Table 1 PSAR Question 19-025 Remarks:

10

11

Questions and Answers

Because this event is very slow, the operator action or automatic
SCRRI will terminate this event. A loss of 55.6° C feedwater
temperature is analyzed to bound this event.

Automatic opening of the turbine bypass valves during load rejection
or turbine trip will inhibit automatic reactor scram and RPT.

A closure of a single MSIV at any given time will not initiate a reactor
scram directly. Credit is taken for the operation of reactor high
pressure or flux signals to initiate a reactor scram if reactor power is

greater than 80% power.

scram is not expected to occur on turbine trip with bypass on
condenser low vacuum.

Reactor is expected to scram on low reactor level for Lungmen due to
loss of Condensate Pumps, Lungmen PSAR Table 15.2-16 analysis
event is based on Standard ABWR design.

This event describes about  the control rod removal error during
refueling. The event considers the possibility of inadvertent criticality
due to complete withdrawal or removal of the most reactive rod
during refueling. The refueling interlock will assure the core shutdown
margin is maintained.

Reactor scram will be initiated after tripping of all RIPs. Tripping of
one or three RIPs, or one RIP seizure event will not cause the reactor
to scram, core power will be settled at its steady state after the event.
This event assumes fast runout of all RIPs. Reactor power will be
settled at new steady state if one RIP experienced a fast runout.

The startup range neutron monitor (SRNM) has a period-based trip
function that stops continuous rod withdrawal by initiating a rod
block. The period-based trip function also initiates a scram if the flux
excursion generates a period shorter than 10 seconds.

The Automatic Thermal Limit Monitoring (ATLM) operating thermal
limit protection function of either MCPR or MAPLHGR protection
algorithm stops the rod withdrawal or core flow increase when either
operating limit is reached. There is no operating limit violation due to
this preventive function. '

The performance of the FMCRD separation-detection devices and the
rod block interlocks virtually preclude the cause of a rod drop
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12.

13.

14.

15.

16.

17.
18.

Questions and Answers

accident.

The FMCRD brake mechanism prevents the rod ejection event from
occurring.

This event is a mild transient. The flux level settles out slightly below
operating level during this event.

These events are presented in decrease in reactor coolant temperature
and increase in reactor pressure analysis.

This event is bounded by the postulated events. Termination of the
analyzed event is dependent on operator action. The action is initiated
with the discovery of the unisolable leak. The action consists of the
orderly shutdown and depressurization of the reactor vessel.

This transient assumes the interlock fails to prevent restart of the RIP.
The overcurrent protection logic trips the electrical bus. One or two
more RIPs are tripped due to the bus trip. Reactor power settles at the
steady state after the RIPs have been tripped.

These events are not specifically described in Chapter 15 of PSAR.

This event assumes that one of the control valves fast closed at power.
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Track Number:
PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

19-026

19.3.1.2

March 2, 1998

. During the initial operation of RCIC following an SBO event, the

operators are instructed by EPG to manually control the reactor pressure
by opening and closing the safety/relief valves (SRV). How many SRV
operations (i.e., opening/closing cycles) are necessary until the rate of
steam generation is within the range of steam demand by the RCIC
turbine? How do the capacities of the SRV accumulators and N
backup bottles compare to the total N requirement to support the initial
SRV pressure control operations during RCIC injection, vessel
depressurization after RCIC failure, and prevention of repressurization

by holding open the SRVs (including consideration for normal leakage)?

. Weather in northern Taiwan is hot and humid for approximately 6

months in a year. After restoration of AC power and air-conditioning
following an extended SBO event, is there any possibility of moisture
condensation leading to electrical faulting of critical equipment (e.g.,
condensate dripping from the ventilation duct into electrical cabinets or

onto electrical devices), based on the Lungmen design?

.Figure 19.3-1 indicates that at least two curves (temperature and

pressure) should be included in the figure but only one is shown. In
addition, there appear to be inappropriate labels on the figure and
abscissa. Why is vessel pressure not included in Figure 19.3-17 The
last paragraph in Section 19.3.1.2.2 is somewhat confusing and its

inclusion in the text seems unnecessary.

4. What are the estimated SBO frequencies and SBO core damage

frequencies for various external events?
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1. The purpose of manual relief operation is to reduce SRV cycling while
maintaining enough steam pressure for RCIC operation until recovery of
off-site power, one of the EDGs, or the Swing EDG. To estimate an
upper bound for the number of manual SRV open/close cycles, a
bounding SAFER analysis was used. The analysis was performed for an
ABWR with similar sized SRVs assuming a Main Steam Line (MSL)
break from 102% RTP. In the analysis the MSIVs auto closed after 3.0
seconds into the event. One or two SRVs cycled in the safety mode a
total of 14 times within 700 seconds of the start of the transient. The
SRV cycling was terminated by RCIC and decreasing reactor pressure
below the lowest SRV setpoint. The reactor operator is expected to
manually open the SRV to maintain the reactor pressure below the high
reactor pressure scram setpoint. Depending on the decay heat in the
reactor, the operator can elect to close the SRV at lower reactor
pressures to minimize the SRV operation. Because of the wider band of
reactor pressure control by the manual operation of the SRV, it is
expected that the number of manual SRV cycles would be less than 14
(bounding case) in combination with RCIC injecting cold water into the
reactor.

As indicated in the response to Question 19-022, the capacity of the
nitrogen bottles is large enough to provide 16 times the nitrogen needed
to open the 8 ADS SRVs, and after the ADS valves are open, to supply
enough nitrogen to substitute for 7-day leakage from the valves
accumulators. It is concluded that there is a sufficient nitrogen capacity

for RPV pressure control during an SBO.

2. The raceway and enclosure design includes features to minimize the
entrance of moisture, including condensation, into enclosures and to
minimize the impact of moisture that may enter. Design features are
investigated and used as practical, such as gasketed enclosures,
avoidance of top entry of conduit, drip loops in conduit, weep holes
drilled in cabinet bottoms, and seals in conduit. The restoration period
following an extended SBO event is a severe design condition and will be
considered in the equipment and raceway design to minimize impacts.
Electrical protection is also provided by fuses or circuit breakers to
remove electrical faults before significant equipment or cable damage can
occeur,
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3. For questions on Figure 19.3-1, please see response to part 1 of
Question 19-001. Please see Figure AJ.2-6a, page AJ.2-54, Attachment
AJ of PSAR Appendix A, for the RPV pressure for the SBO accident. As
for the last paragraph in Section 19.3.1.2.2, the intent is to describe the
behavior of the transient during the first 6 hours in those figures where
behavior during this period has been truncated. We agree that the
paragraph could be confusing and will be replaced by a more clear and
concise statement in the revised PSAR.

4.SBO CDF is 2.55E-6 /reactor year for seismic events, 7.95E-9 /reactor
year for fire, 1.5E-10/ reactor year for typhoon, and is negligible for
internal flooding.
As explained in the response to Question 19-025, item 3, the frequency
of SBO (with and without core damage) due to external events is not

currently available and will be calculated for the revised PSAR.
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Track Number:  19-027

PSAR Sections: 19.3.1.3
Question Date:  March 2, 1998
PSAR Question:

1. Given inadvertent actuation of the automatic fire suppression system,
how will the Lungmen NPS be designed to reduce the likelihood of
equipment damage caused by electrical faulting resulting from water

spray and subsequent dripping of water onto electrical devices?

2. In the currently operating nuclear plants, hot shorts induced by fires
could result in adverse impact on the ability of the plant to respond to the
event. Hot shorts in control cables can cause repositioning of valves,
spurious operation of equipment leading to component damage, LOCAs,
and other undesirable equipment operation, etc. In instrumentation
circuits, hot shorts may cause misleading displays potentially leading to
inappropriate control actions. How will the Lungmen NPS be designed
to minimize the extent of the adverse conditions caused by fire-induced
hot shorts?

3. A fire in an area shared between the two adjacent units might cause a
simultaneous trip demand and impact equipment on both units. Are
there any locations in the Lungmen NPS that are shared between the two

units; e.g. control room?

4. What are the estimated fire initiation frequencies in the most risk-
significant plant location in terms of fire compartments? What are the

fire-induced core damage frequencies associated with these locations?
PSAR Response:
1.Control and electrical equipment is contained in enclosures which provide
some protection from water spray. Additionally, the raceway design
includes features to prevent the ingress of water to a cabinet or panel.

Section 9.5.1.1.7, Spurious Control Actions, addresses this issue further.

Questions and Answers 19-75



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

2. Control circuits are protected from short circuits by fault detection
circuitry, fuses, or circuit breakers. It is highly unlikely that a control or
instrumentation circuit could suffer limited damage so that it would short
to another conductor, cause an undesired action or indication, and yet
remain in service without blowing a fuse or tripping a circuit breaker.
For further reference please see Section 9.5.1.3.10, "Electrical Cable Fire
Protection"; Section 9.5.1.3.11, "Fire Separation for Safe Shutdown";

and Section 8.3.3.6, "Independent Redundant Systems".

3. The Swing Diesel Generator is shared between the two units and is
located in the Auxiliary Fuel Building (AFB). The Swing DG is a backup
for three divisional EDGs serving each unit. The Swing DG is designed
in accordance with IEEE 384 separation methods to preclude the
possibility of common mode failure disabling more than one DG during a
fire in the AFB. The shared hot machine shop, radwaste building, service
water pump house, circulating water pump house, and related tunnels are
similarly designed to preclude the possibility of a fire-induced common
cause failure causing a simultaneous trip demand or impacting safety

equipment on both units.

4. Please see page AD.3-1, Attachment AD of the PSAR Appendix A, for
the fire initiation frequency in the fire risk-significant plant locations and
Table AD.1-1, page AD.1-3, for the corresponding core damage

frequency due to fire.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Questions and Answers

19-028
19.3.1.4

March 2, 1998

Resolution of the ISLOCA issue requires that low pressure piping
systems interfacing with the reactor coolant pressure boundary (RCPB)
be designed to withstand reactor pressure to the extent practicable.

For some low pressure systems attached to the RCPB, it may not be
practicable or necessary to provide a higher system ultimate pressure
capability for the entire low pressure connected system. The systems
interfacing with the RCPB that have not been designed to withstand the |
full reactor pressure should include (1) the capability for leak testing the
pressure isolation valves, (2) indication in the control room of valve
position when isolation valve operators are deenergized, and (3) high
pressure alarm to warn control room operators when rising reactor
pressure approaches the design pressure of attached low pressure
systems or when both isolation valves are not closed. Please provide
information to show which of these additional protection features will
be included in the Lungmen NPS design for each of the applicable

systems that have been determined to interface directly or indirectly
with the RCPB.

In Section 19.3.1.4.1, one of the design requirements listed for
satisfactory ISLOCA protection is that “the design pressure for the
low-pressure piping systems that interface with the RCPB should be
equal to 0.4 times the normal operating RCPB pressure of 7.07
MPaG.” This implies that the ultimate capacity of the interfacing
piping is 2.5 times the design pressure. For some interfacing LOCA
scenarios, the interfacing system’s piping and components may be
exposed to temperatures greater than those experienced during their
normal operating modes. How are temperature effects, if any, taken
into account for interfacing systems’ piping exposed to primary coolant
at normal operating temperature? How are uncertainties in the
ultimate pressure capacity taken into account?
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PSAR Response:

Questions and Answers

Based on the Lungmen NPS design, what are the estimated frequencies
of challenges to the low pressure systems by the full reactor pressure
due to failures at the various high/low pressure interfaces?

Considering the upgrades to the pressure capacity incorporated in
selected Lungmen low pressure systems, what is the estimated
frequency of ISLOCA leading to a direct release to outside of the
primary containment? What are the CDF contributions from the
various potential pathways?

Please see Appendix 3M and 3MA of PSAR Chapter 3 for a detailed
discussion of the low pressure interfacing systems design provisions to
prevent ISLOCA. In particular, Section 3M.3, “Boundary Limits of
URS,” discusses the protection provided for those systems where it 1s
impractical to upgrade to URS.

As stated in Section 19.3.1.4.1, the USNRC has defined four design
requirements (as well as periodic surveillance and leak testing). The
fourth design requirement specifies that the design is to be in

accordance with ASME BPV Code Section III, Subarticle NC/ND-
3600. This subarticle prescribes the proper temperature to use in the

analysis.

The frequency of ISLOCA and LOCA outside the containment are
estimated to extremely low as explained in the PSAR Appendix A,
page Al-14. Because of their low frequencies relative to other LOCAs,
and the minor contribution of LOCA to the core damage frequency,
~2% of the internal initiating events CDF, the ISLOCA and LOCA
outside the containment were not explicitly considered as significant
initiators in the PRA of Appendix A.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

19-029

19.4.1

March 2, 1998

. Although the access tunnels are addressed in Section 19.4.1, there is no

discussion relative to how these tunnels are isolated from the lower
drywell region during normal operation or what role, if any, these tunnels
play in severe accidents. Assuming that hatches are provided for such
isolation, have their pressure capacities been evaluated? Please provide
some additional details in this regard.

.On page 19.4-2, it is noted that “during plant startup, inerting of the PCV

is initiated at least 24 hours prior to the plant’s reaching 15% power.”
However, no reference is made to the deinerting procedure during
shutdown of the plant. What are the requirements imposed for the
shutdown process?

.On page 19.4-3, it is noted that the Flammability Control System is

manually operated if hydrogen is present. Has the potential for

operator error induced deinertion and/or ignition been addressed?

.On page 19.4-3, it is also noted that nitrogen is added to the COPS

discharge piping by opening the COPS purge supply and exhaust valves
then adding nitrogen via pressurized nitrogen bottles. The outboard
rupture disc has a very low setpoint. How is rupture of the outboard
disc avoided during the vent line inertion procedure? Is instrumentation
provided to indicate the outboard rupture disc is intact subsequent to the
addition of nitrogen?

. The purpose of Section 19.4.1 is to provide an overview of the

containment design. Access tunnels and their airlocks and closures are
part of part of the primary containment boundary, and their integrity is
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maintained in accordance with PSAR Section 16.3.6. Detailed analysis
and discussion of severe accidents and mitigative features including the
containment are included in Sections 19.3 through 19.7. In particular,
Section 19.7 will address the containment structural capability and
leakage through penetrations during severe accidents. Please see PSAR
Chapters 3 and 6 for detailed design description, structural design, and

design basis accident analysis.
2. Please see response to Question 19-011

3. Deinerting the containment is controlled by technical speciﬁcations,
(PSAR Section 16.3.6.3.2) and plant procedures. It is allowed only for
no more than 24 hours before (shutdown) or after (startup) 15% RTP is
reached. FCS is designed to recombine hydrogen and oxygen generated
by metal-water reaction during LOCA. Although manually initiated, the
LOCA initiation signal from the main control room is used to start the
system. The chance of an operator error that will deinert the containment
especially with hydrogen present in excess of the flammability limit is
extremely remote.

4. Inerting the COPS discharge piping uses nitrogen at pressure below the
set point of the outboard rupture disc. The nitrogen pressure will be
controlled and monitored during inerting to ensure that the pressure in
the discharge piping is within specification limits. The specific test
procedure to ensure that the disc is intact after inerting will be defined in
the FSAR.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

19-030
19.4.2

March 2, 1998

In Section 19.4.2, it appears MAAP is the basic code employed for
severe accident progression analyses. However, the discussion from
page 19.4-11 on contains numerous references to the BWRSAR code
and a few references to the MELCOR code. Please clarify which codes
were used for the various parts of the analysis.

The MAAP-ABWR code is the code used by GE for severe accident
analysis of the ABWR. The BWRSAR and MELCOR codes have been
used by USNRC consultants to validate the MAAP-ABWR analysis. The

recommended clarification will be included in the revised PSAR.

Questions and Answers 19-81



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Response:

19-031

19.43.1

March 2, 1998

_Section 19.4.3.1.1 discusses clad oxidation and hydrogen generation for

MAAP runs in which the blockage and eutectic cutoff models are
disabled. Isit correct to assume that all references to blockage refers
to the MAAP 3.0B “channel blockage model?” While the assumption
of no blockage is conservative with respect to hydrogen productions, it
may be nonconservative with respect to fission product retention. Was
the impact on source terms assessed for both the no blockage and local

blockage cases?

. Throughout Chapter 19, the units of pressure are stated as MPaA, MPaG,

or Mpa. It is not always obvious that Mpa is used only for differential
pressure. For example, in Section 19.4.3.1.2 (page 19.4-7), it is stated
that “consideration of 100% fuel clad metal-water reaction results in a
peak pressure of about 0.618 MPa.” s this an absolute or gauge
pressure? This same comment applies to the pressure capability goal
listed on the next page as well as throughout Chapter 19.  Is there an

implied default unit when the suffix A or G is not provided?

. The analysis in Chapter 19 used the ABWR version of MAAP3.0B. It is

true that the MAAP3.0B channel blockage control parameter has been
set to the value that disables the blockage and eutectic cutoff models.
The following tables present key fission products release parameters for
the four cases discussed in Section 19.4.3.1.1. Cases | and 2 in Table 1
refer to low pressure core melt scenarios with debris cooling in the
containment by ACIWA spray and LDF, respectively. Cases 3 and 4
(Table 2) are high pressure core melt scenarios with debris cooling in the
containment by a combined LDF/ACIWA spray and LDF, respectively.
Except for Case 4, where absence of containment spray leads to leakage
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through upper drywell penetrations before COPS rupture disk opens,
radioactive release in the other cases is through COPS after scrubbing in
the suppression pool and occurs when the wetwell airspace pressure

increases to the rupture disk set point.

The MAAP3.0B-ABWR results for the four cases of Tables 1 and 2
below indicate that the assumption of no blockage increases the source
term. As seen in these tables, disabling the blockage and eutectic cutoff
in the MAAP analysis results in an earlier RPV failure (compared to the
blockage case or Base Case) which results in an earlier containment
challenge. The earlier containment challenge leads in turn to an earlier
release from the containment through COPS (Cases 1 through 3) or
upper drywell penetrations (Case 4). The earlier containment release
provides less time for radioactivity decay and aerosol settling within the
containment, and consequently a higher radioactivity level of released
fission gases, and higher release fractions of radioactive aerosols . This is
illustrated by the CsI release fractions with and without blockage shown
in the following tables for Cases 1 and 4. The MAAP results of Cases 2
and 3 also show increase in the release fractions when the blockage and
eutectic cutoff'is disabled in the MAAP analysis. However, the increase
in these latter cases is not large enough to increase the Csl release
fractions above 1.E-7.

2. For consistency with the practice utilized during the US ABWR
Certification Project, an A, G, or D will be applied to the pressure units
to indicate absolute, gauge, or differential pressure.

In the PSAR Chapter 19, all MAAP code output pressures and
unqualified pressures are in absolute units.
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Table 1 - Low Pressure Melt Cases

Parameter Case
Case 1 Case 2
Base Case Block/eutectic Base Case Block/eutectic

Disabled Disabled

Zr Oxidized

(%) 6.3 15.8 6.3 15.8

RPV Failure

Time (hr) 1.8 1.1 1.8 1.1

Rupture Disk

Open Time (hr) 31.1 30.6 20.2 16.7

Csl Release Fract

at 72 hrs ~1E-7 ~1E-6 <1E-7 <1E-7
Table 2 - High Pressure Melt Cases

Parameter Case
Case 3 Case 4*
Base Case Block/eutectic Base Case Block/eutectic
Disabled Disabled

Zr Oxidized

(%) 5.1 35.9 5.1 35.9

RPYV Failure

Time (hr) 2.0 1.8 2.0 1.8

Rupture Disk

Open Time (hr) 25.0 19.7 18.1%* 7.1%*

Csl Release

Frac. at 72 hrs  <1E-7 <1E-7 8.7E-2 12.5E-2

* Case assumes no containment spray, which leads to leakage through upper drywell

penetrations.

** Start time for Release through drywell penetrations.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

19-032

19.4.3.2

March 2, 1998

1.In Section 19.4.3.2.1.4, it is stated that the use of a low gas content

(basaltic) “translates into a long time to pressurize the containment.”
This type of concrete, however, typically ablates faster than other types
of concrete leading to faster times to melt-through to the embedded liner.
Were any sensitivity studies performed using different types of concrete
for the sacrificial layer in the lower drywell?  If so, what were the
results and conclusions of these studies relative to overpressure failure
and liner melt-through? It is noted that the impact of the type of

concrete selected for the pedestal is discussed in Section 19.4.3.2.2.7.

. Section 19.4.3.2.1.6 does not address the capability of the Containment

Overpressurization Protection System (COPS) relative to pressure spikes
(.. sudden pressurization). For example, is there sufficient vent area
to limit peak pressures that might exceed the COPS setpoint? A brief
discussion of this capability, or lack thereof, should be addressed in this

section along with a reference to more detailed information.

. The decomposition event tree concept is introduced in Section

19.4.3.2.2.1 with essentially no explanation. Has the reader been
introduced to this concept earlier in the PSAR?  There should be a brief
mtroductory explanation as to the purpose of these trees and how they

relate to traditional containment event trees.

4. In the discussion of the decomposition event tree for debris coolability

in Section 19.4.3.2.2.1, no reference to the possibility that the debris
might not spread uniformly over the entire lower drywell floor area could

be found. How have uncertainties in the drywell spread area been
addressed?
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Response:

S. For the discussion of Case 3 on page 19.4-18, the argument does not

appear to support the assignment of probabilities that is identified.
Would not a split of 0.5 for “No CCI” and 0.5 for “Wet CCI” be more
appropriate?

.For the decomposition event tree for pedestal resistance to CCI which is

discussed in Section 19.4.3.2.2.2, what is the rationale for the ordering of
events? Event 4 (ratio of radial to axial erosion) appears to have no
prior dependencies but Event 2 (suppression pool water floods lower
drywell after downcomer penetration) would appear to be dependent on

the degree of radial erosion.

.In the evaluation of pedestal strength in Section 19.4.3.2.2.3, it appears

as though only axial compressive stresses are considered. ~ Are there any
significant stresses due to bending?

. No sensitivity studies using different types of concrete for the sacrificial

layer in the lower drywell were performed. The fact that basaltic concrete -
ablates faster than other types of concrete is recognized in the MAAP-
ABWR calculations. MAAP calculations of most likely severe accident
scenarios confirm that the sacrificial bed has an adequate depth to protect
the containment liner. In effect, the faster ablation rate is compensated

for by the basaltic concrete depth.

. A discussion will be added to Section 19.4.3.2.1.6 on the question of

pressure spikes. The discussion will cover the likelihood and severity of
such spikes and COPS design basis. The above discussion will be
included in the revised PSAR.

. An introduction to the Decomposition Event Trees (DET) will be added

to Section 19.4.3.2.2.1. The introduction will describe the DET logic,
event types and their quantification, and DET relation to the CET. The
above introduction will be included in the revised PSAR.

4. The impact of non-uniform distribution of the debris has been excluded

from discussion because it was judged to have second order effect. A
discussion will be added to Section 19.4.3.2.2.1 to explain the basis for
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this conclusion. The discussion will identify potential causes and
configurations of non-uniform debris distributions, and the probability
and effect of such distributions. The above discussion will be included
in the revised PSAR.

5. The basis for Case 3 probabilities may be explained as follows. As stated
in page 19.4-18, the range of upward heat flux for this case is from 200
to 400 kW/m® It is convenient to divide this range into two parts:

1) From 300 - 400 kW/m”. This range is similar to that of Case 2. As-
indicated in page 19.4-18, the probability of “No CCI” for Case 2 is
1.0.

2) From 200 - 300 kW/m®. This range falls between Case 2 and Case 4.
Therefore, the probability of “No CCI” for this range is between 0.0
and 1.0. A value of 0.5 for the “No CCI” probability has been
chosen as an unbiased value. .

Assuming equal probabilities (0.5) for Case 3 to be in one of the
above two ranges, the resulting “No CCI” probability is estimated as
05x1.0+05%x0.5=0.75. The “Wet CCI” probability is 1.0 - 0.75
= 0.25. These are the probabilities assigned for Case 3 in page 19.4-
18.

We find the suggested split of 0.5 for “No CCI” and 0.5 for “Wet
CCI” to have merit and will be evaluated in sensitivity analysis
planned for the FSAR.

6. Radial erosion by CCI up to the pedestal vertical channels (25 cfn)
presents an insignicant threat to the structural integrity of the pedestal.
The decomposition event tree of Figure 19.4-4 applies for CCI erosion >
25 cm. This allows the possibility of  suppression pool water flow to the
lower drywell, and debris flow to the suppression pool. The first three
events in the decomposition event tree are related to the issue of debris
coolability and account for the above flow between the lower drywell
and the suppression pool. This determines the extent of axial erosion.
The events are followed by the ratio of radial to axial erosion since radial

“erosion impacts the pedestal integrity or pedestal failure which is the last
event in the tree.

7. Please see Section AJ.12.4 of Appendix A for the basis of the strength
evaluation approach.
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Track Number:  19-033
PSAR Sections:  19.4.3.3
Question Date: ~ March 2, 1998
PSAR Question:

1. In the discussion of the fraction of entrained debris fragmented and
transported to the upper drywell at the bottom of page 19.4-36, it is
noted that “a 50/50 split would occur based on equal flow areas in both
directions.”  Are the lengths of these pathways also equal?

2. In NUREG/CR-6338 (Ref. 1), which assessed the direct containment
heating issue for Westinghouse PWRs with large dry or subatmospheric
containments, load distributions were convoluted with containment
strength distributions to determine the conditional containment failure to
probability.  This approach has also been used in a number of PRA and
IPE studies to assess containment failure probability for rapid pressure
increases. Based on a review of Section 19.4.3.3.2.2 and Figure 19.4-
18, it appears as though this approach was not used in the Lungmen
analysis. The approach used for Lungmen appears to ignore the
possibility of containment failure at less than the median failure pressure.
How might the conditional probabilities of drywell failure discussed in
Sections 19.4.3.3.2.2 through 19.4.3.3.2.4 be impacted if the stress-
strength interference approach is applied? What impact does COPS
have on pressure spikes?

PSAR Response:

1. The 50/50 split choice is an engineering judgment that accounted for the
area and other factors such as length and geometry. As stated in page
19.4-35, the gas transport pathway to the upper drywell is relatively
convoluted and the impacted debris is likely to flow downward toward
the wetwell vents. As indicated in page 19.4-36 the 50/50 split value is
believed to be conservative.

2. The conditional probabilities of drywell failure in Section 19.4.3.3 are
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the same as those developed in the Standard ABWR SSAR. The SSAR
containment failure conditional probabilities have been derived using a
stress-strength approach. Please see Section AJ.18 of Appendix A for the
containment strength distribution. As for the second part of the question,

COPS will relieve the drywell pressure if the wetwell airspace pressure
reaches the COPS rupture disk set point.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

19-034

19.4.3.4

March 2, 1998

_In the last paragraph on page 19.4-40, reference is made to “moveable”

penetrations. What are these penetrations?

.How were pressure spikes considered in the COPS pressure setpoint

determination (Section 19.4.3.4.17  What was the basis for selecting
the configuration in which the rupture disc is normally exposed to
containment pressure as contrasted to a situation in which the rupture
disc and vent line is normally isolated and venting is controlled by the
operator? What offsite dose impacts result from opening of the

containment rupture discs?

_In Section 19.4.3.4.5, it is stated that relatively small time differences of

2 to 4 hours will not significantly affect the magnitude of the offsite dose.
While this may be true, won’t the additional time be important in

emergency response actions, and hence risk?

_“movable”, or “operable” penetrations refer to non-fixed mechanical or

electrical penetrations such as the drywell head closure, equipment
hatches, and personnel airlocks.

. Please see response to Question 19-032, part 2 on the issue of pressure

spikes. The COPS concept was chosen because it is passive and requires
no operator action to relieve the containment pressure. Once this relief is
obtained, the containment integrity can be recovered by the COPS two
isolation valves. Please see Table 19.4-3 for the effectiveness of COPS in
reducing the radioactive release.

3.The time elapsed from the severe accident initiation to radioactive release

Questions and Answers 19-90



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

via COPS is on the order of 20 to 24 hours for most of the accident
scenarios analyzed. The addition of 2 to 4 hours to this elapsed time will
not have a significant impact on the probability of successful recovery

action.
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Track Number:

PSAR Sections:

Question Date:

19-035

19.4.3.6

March 2, 1998

PSAR Question: _

1.

PSAR Response:

On pages 19.3-11 and 19.4-57, reference is made to a Firewater Addition
System. This system did not appear to be addressed in Section 19.1 or
19.2. In addition, a Firewater System is cited in Section 19.4.3.6.5.2 4.
Are the Firewater Addition System, Firewater System, and the ACIWA

System one in the same?

_In the second sentence of the fourth paragraph of Section 19.4.3.6.3.2,

“impulse loading” or “impulse pressure” is missing. It is also noted that
“the pressure experienced by the pedestal wall will be reduced because
the shock wave has to pass through some amount of water before it
impinges on the wall.”  Won’t the existence of a free surface also

diminish the shock wave as it passes through the water?

_In the calculation of T (the natural period of the pedestal) on page 19.4-

65, all material properties used in the formula are for steel except for
density which is for concrete. What is the justification for using

concrete density in this application?

. The “Firewater Addition System”, “Firewater System”, and the

2

“ACITWA?” refer to the same function which is formally referred to as the
AC Independent Water Addition System or ACIWA. The use of
“Firewater” is derived from the fact that water from the Fire Protection
System is used by the ACIWA.

. The second sentence will be changed to read “The impulse pressure in

Figure 19.4-22 is conservative because ....”  We agree that the free

surface will diminish the shock wave as it passes through the water.
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3

Questions and Answers

As stated in page 19.4-65, the determination of the various parameters of
the composite pedestal structure can be very complicated. The use of
concrete density is a simplifying approximation for the composite

structure because of the large relative concrete mass in the structure.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

(%]

PSAR Response:

19-036

19.4.3.7

March 2, 1998

.Figures 19.4-25a through 19.4-25¢ show essentially no increase in

drywell pressure and temperature for the accident scenario (100% clad
oxidation) discussed in Section 19.4.3.7.1.1.1.  Furthermore, the peak
containment pressure indicated in these figures is less than 0.4 MPa
whereas in Section 19.4.3.1.2 (p. 19.4-7), a value of 0.62 MPa was
reported.  Are these results consistent with one another? Why is no
increase in pressure and temperature apparent in Figure 19.4-257  Why

are the peak pressures different in these two sections?

_In the first paragraph on page 19.4-80 (last sentence), it is stated that

“heat transfer in the long pipe runs allows the process fluid to remain
within survivability limits.” What are the survivability limits being

referenced?

.InItem (10) on page 19.4-83, reference is made to operable penetrations.

Are these the same as the “movable” penetrations alluded to in Question
12? A discussion of the various types of penetrations should be

provided in Section 19.4.1, Overview of the Containment Design.

. The containment pressure of 0.62 MPa of Section 19.4.3.1.2 is based on

non-mechanistic, conservative, design basis calculations which assume a
design basis LOCA combined with 100% metal water reaction at the
same time. The drywell pressure of Figure 19.4-25a was obtained by
MAAP code analysis. Although the analysis included conservative
modeling assumptions to produce 100% metal water reaction, the results
are more realistic in that they considered a TMI-type (isolation) accident
with multiple operator actions to turn ECCS on and off to obtain the
100% metal water reaction. As stated in the second paragraph of Section
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19.4.3.7.1.1.1, page 19.4-74, a multiplier that effectively increased the
rate of metal water reaction was used in the MAAP model. This led to
the rapid increase of the containment pressure from ~0.1 to ~0.4 MPa
which corresponds to the oxidation of 100% of the Zr cladding. This
explains why the pressure remains almost constant (notice that the unit of

the time axis is in hours).

2. The “survivability limits” are pressure and temperature limits for the
RHR components (piping, valves, ...etc.) which are discussed in pages
19.4-80 and 81.

3. Please see response to Question 19-034 part 1 for the definition of
movable and operable penetrations. The recommended discussion in
Section 19.4.1 will be included in the revised PSAR.
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Track Number: 19-037
PSAR Sections: 19.4.3.8

Question Date:  March 6, 1993

PSAR Question:

In Section 19.4.3.8.2.1.5.2.1, a formula is given for the change in energy
due to additional superheat. The results of applying this formula are
given in Table 19.4-13.  As shown in Table 19.4-9, both the debris
specific heat and the latent heat of fusion are functions of temperature.
Were these temperature dependencies factored in to the calculations
leading up to the results tabulated in Table 19.4-97

PSAR Response:

The difference in the specific heat and the latent heat in Table 19.4-9 is
due to differences in the debris composition. The properties have been
derived using the debris material composition for each scenario shown in

Table 19.4-9 and the properties of Table 19.4-10 which are temperature
independent.
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RECOMMENDATIONS/TYPOS

PSAR Sections:

Question Date:

Questions and Answers

19.4.3.8
March 6, 1998

Throughout Chapter 19, a number of typos were found. This section
lists some of the typos identified. It is suggested that a thorough
editing of this chapter be performed and a revision to this Chapter be

issued.

The pressure head capacity of the ACIWA should be identified in
Section 19.2 or 19.3.

In the first sentence of Section 19.3.1.2.1.1, it 1s stated that “the RCIC
provides water to the reactor vessel to assume core cooling during a

2

station blackout....”  Should the word “assume” be “resume?”

In Section 19.4.1, various containment dimensions are provided but no
information 1s provided relative to the free volumes of the various
containment regions. The identification of these free volumes in this

particular section would appear to be appropriate.

On page 19.4-4 (line 7), it is stated that the Lower Drywell Flooding
System (LDF) is a subsection of the CMS (i.e., the Containment
Monitoring System). The passive LDF does not appear to be
functionally similar to the CMS. Subsequent paragraphs indicate that
perhaps “CMS” should have been “CCS”.  Is the latter the correct
citation?

Relative to the four sensitivity studies discussed in Section 19.4.3.1.1,a
tabulated summary of the results for the four sensitivity cases as well as
the cases with the blockage and eutectic cutoff models not disables
would be useful. The accident scenarios preceding the time of
ACIWA initiation should also be described.

In the first paragraph of Section 19.4.3.6.2.3, Figure 19.4-21 is
incorrectly cited. The correct citation is Figure 19.4-20.

19-97



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

8.

10.

11.

PSAR Response:

Questions and Answers

In the fourth paragraph on page 19.4-66, Figure 19.4-23 is incorrectly
cited. The correct citation is Figure 19.4-23.

In Section 19.4.3.2.1.1, it is stated that “the walls of the floor drain
sump shield have channels which permit water flow, but which will not
permit debris flow.” A brief explanation as to why water flow is
possible but debris flow is not possible should be included at this point
of the text with a reference to the more detailed analysis found in
Section 19.4.3.8.2.

In Section 19.4.3.6.3.4.2, it is stated that the smallest impulse load
expected to fail the pedestal is 0.024 MPa. the correct units should be
MPa scc.

Figure 19.4-11 appears to have the split fractions on the wrong
branches (i.e., nothing is provided for the intermediate containment

pressure case for which this figure applies)

Al the recommendations will be included in the revised PSAR except

as follows:

#3. The word “assume” will be changed to “assure”

#5. The LDF is a subsystem of the CMS as shown in PSAR Figure
6.2-46 (Sheet 2 of 5)

#8. The Figure number at the end of the first paragraph and the fourth

paragraph in page 19.4-66 will be corrected to read “Figure 19.4-22”
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458 (Track Number) : A-001
P & 3 7 (PSAR Section) Appendix A- overview
#13¢ B #4(Question Date) * 1997.12.22

7 %8 P9 2. (PSAR Question) :

1. 10CFR100 requests the two conditions to be fulfilled.

(1) An individual located on the exclusion area boundary for two hours immediately
following the onset of the postulated fission product release would not receive a
total radiation dose to the whole body in excess of 25 rem or a total radiation dose in
excess of 300 rem to the thyroid from iodine exposure.

(2) An individual, located on the LPZ(Low Population Zone) boundary during the entire
period of radioactive cloud resulting from the postulated fission product release,
would not receive a total radiation dose to the whole body in excess of 25 rem or a

total radiation dose in excess of 300 rem to the thyroid from iodine exposure.

2. The TPC bid specification requires that the PRA analyses include internal and external
- events (earthquake, typhoon, fire, internal flood, tsunami, etc.). However, the tsunami
is not analyzed in the PRA. Please explain.

LI

. Plant changes could potentially introduce new initiating events or result in previously
screened out events becoming more important. Please show the systematical process to
this 1ssue.

4. Population center distance means the distance from the reactor to the nearest boundary of
a densely populated center containing more than about 25,00 residents
(10CFR100.3(C)). Asdepicted in figure2.1-4. Keelung is the nearest one. Please
show statistics that no other areas are closer to Lungmen.

P %8 & 5% (Responses)

1. The Lungmen Nuclear Power Station (NPS) meets both deterministic licensing
requirements, such as those specified in of 10 CFR 100, and probabilistic requirements
specified in the TPC Bid Specifications. The scope of PSAR Appendix A is confined to
probabilistic risk analysis to confirm that the Lungmen NPS meets the specified
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probabilistic requirements. Please see Chapter 15 for discussion of Lungmen NPS
compliance with 10CFR100 requirements. Some of the key differences between the
scope of deterministic and probabilistic analyses to meet the above requirements are
noted below.

The deterministic requirements of 10CFR100 apply to “Design basis” accidents (DBAs).
In contrast, PRA covers a spectrum of low probability accidents which are more severe
than DBAs. The PRA also covers more consequences and radiation-exposure locations
than those specified in I0CRF100. Specifically, the PRA consequences include short
term and long term health effects due to radicactive release for individuals residing at
different directions and radial distances from the plant. The health effects are derived
from estimated doses to the whole body, thyroid, as well as other organs. The doses in
turn are calculated for the spectrum of identified low probability severe accidents using
the spectrum of weather conditions appropriate for the plant site. Please refer to PSAR

Appendix AL for PRA consequences calculations.

. Section A6.6, Other External Events, presents external events that were evaluated

qualitatively only and why they were not considered for detailed quantitative analysis.
Tsunami is discussed in page A6-12, where it is shown that the maximum flood level will
be below the plant grade level and therefore tsunami need not be considered for detailed
PRA quantification.

Figure Al-1 of the PSAR Appendix A presents an overview of the methodology used to
develop the Lungmen PRA. The same methodology and the Lungmen baseline PRA data

and analysis results will be used as a basis for evaluating the impact of plant changes.

As seen in Figure Al-1, the approach starts by qualitative evaluation. Such an evaluation
will indicate whether the plant change is significant enough for detailed quantitative
analysis, or its impact is beneficial or insignificant based on simple bounding or qualitative
analysis. The “Plant Familiarization” task will relate the design change to the baseline
PRA system(s), structure(s), or component(s) (SSC). Other qualitative and quantitative
tasks shown in Figure A1-1 provide a checklist of the issues that must be addressed for
qualitative evaluation. A quick walkdown through all of these tasks should be performed
to identify tasks that need closer evaluation and those that can be safely ignored. To
ensure that such an evaluation is both reliable and efficient, maximum use should be made
of the Lungmen baseline PRA data and analysis results, and insights of the proper experts
(PRA, system engineers, licensing, O&M).
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A key feature of the Lungmen baseline PRA is the discrete and hierarchical structure of
the results of the various tasks shown in Figure A1-1. The fault tree of Figure A4-1, for
example, starts at the top by dividing the initiating events (IE) into local and global ones.
Each is then divided into 1IE categories. Finally, the IE categories are related to SSC-
related events, specific external events, ...etc. Similarly, Table A11-1, presents the core
damage categories and the SSC-related accident sequences contributing to each
category. The dependency matrices of Section A3.6 also provide a convenient format for

assessing the potential dependencies of the plant changes.

The results of the above walkdown will be locating the specific IE, accident sequences,
core damage categories, containment event sequences, and radioactive release categories
that may be significantly impacted by the plant change. They will also include new or
increased vulnerabilities to external events or dependent failures that may result from the

change.

Given the above results, the importance of the change can be evaluated by relative
comparison of its contribution to the frequency of IE categories, core damage categories
and radioactive release categories. The change in the risk can then be estimated using the

contribution of the above categories to the risk.

If such a qualitative evaluation leads to satisfactory results, with the concurrence of the
proper experts, the results will be reported. Otherwise, additional selective modeling

and requantification of the baseline PRA will need to be performed.

4. a) Please refer to attached Figure-1. The figure shows that the distance from the
nearest boundary of Keelung city to the Yenliao site is more than 15 km, which 1s far
more than the distance of one and one-third times the low population zone. (300 meters
x 4/3 = 400 meters).

b) From attached Figure-2, all population centers other than Keelung city are more than
20 km away from the Yenliao site.

No PSAR revision is proposed in response to this question.

ROCAEC’s further review comments:

1. What is the data collection period in calculation of the maximum flood level of
tsunami ?

2. What is the reference plant in your PRA? Are there initiating events added in or
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deleted from the reference plant PRA? Please list the added/deleted events.

3. Please provide the electronic file for all the Lungmen PRA input data (suchas LE.

frequencies, Basic Event Values, Seismic fragility,...etc.)

4. According to PSAR Appendix AK there is no Lungmen specific radioactive release

categories, how can you compare the design change of SSCs contribution to the
frequency of release categories? What will be the impact of release categories for SSE

increase from 0.3g to 0.4g?

Further Clarification:

L.

o

3.

AN E) 4% v B AT AR Bl AR 235 A RS B LR K 6 s K TSR
WATERE > RARE 73 44 L BMAL S %) & B ¢ Standard Review Plan ¥ sec.
9.4.5 ( Probable maximum surge and seiche flooding ) & sec. 2.4.6

( Probable maximum tsunami flooding ) Z&RAFA#ME  LHALEBER
sz (ANSI) SR e BB T ERERR -

BT BRI T A S AR R BB RATRMERS RS IR
ATAEI1901£1 A2 198356 AxMEREA@sbE  TUMELBIRR
HEMGERE FH 0. 2 A BRTEE A ZRRERE

FH AR EA 193282 1983 £ 45+ FRAEZRBEAARETH £
FesinE N (L& 15° ~28° » & 121° ~132° ) SR T AR FE A LA
ARG SEEZBEA T OREAERME -

. The reference plant modeled in the PRA is the Lungmen NPS design described in the

Lungmen PSAR. The US Standard ABWR, which has been certified by the USNRC, is
similar, but not identical, to the reference plant. Please see response to Track number

A-017, item 3, for a discussion of key similarities and differences between the two
ABWR designs.

The significant similarities between key design features and design ground rules of the
Lungmen and US Standard ABWR plants made it possible for the Lungmen PRA to
benefit from the significant data base and licensing experience of the Standard ABWR
and use this information where applicable. On the other hand, the Lungmen PRA
includes site-specific seismic PRA and typhoon PRA, which are not included in the uUsS
Standard ABWR PRA reported in the SSAR. Table A-001a-1 provides a comparison of
the internal and external initiating events used in the two PRAs.

Electronic files for component data used in the CAFTA code for internal events Level 1
analysis, and fragility data used in the seismic PRA are attached.
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<<LNG_INTL1.XLS >> Internal PRA fault trees basic events probability
<< LUNGFG82.XLS >> Seismic PRA components fragility

4. The following overview of the Lungmen PRA approach for calculating the frequency of
release categories will help in explaining how design differences are factored in the PRA.
Tables AL-8 and AL-9 of PSAR Appendix A define the release parameters of 15 release
categories which were used in the Lungmen PRA consequence analysis. The second
column of Table AL-7, page AL-14, presents the accident sequences contributing to each
of the above 15 categories. Each sequence is formed of 8 characters' which represent the
accident type that led to the core damage (first four characters), mitigative features that
operated (next two characters), containment release mode (next character), and
magnitude of the release (last character). For example, the first sequence of Case 1 in
Table AL-7 (LCHPFSRN) refers to an accident involving loss of core cooling with vessel
failure at high pressure (LCHP), ACIWA fire water spray operating (FS), release through
COPS after rupture disk ruptures (R), and the radioactive release 1s dominantly noble

gases (N: <100% noble gases, <0.1% volatiles). Please see Section AJ.2 for the definition
of these characters.

The frequency of any of the above sequences can be expressed as the sum over the range
of initiating events of the product of the following terms:

(1) Frequency of the initiating event

(2) Conditional probability of an accident type, e.g., LCHP, given the initiating event

(3) Conditional probability of mitigative features operation, containment release
mode, and magnitude of release, e.g., FSRN, given the intiating event and
accident type.

The first term above depends on the plant design for internal events and some external
events such as fires and internal flooding, and also on the plant site for external events
such as seismic and typhoon. As indicated in the attached Table A-001a-1, the

Lungmen PSAR PRA used the Yen-Liao site hazard curves for seismic and typhoon
events.

The second term above is obtained from accident sequence event trees and fault trees

which represent the design and operator actions for the specific plant analyzed. For

' A few 9-character sequences ending with “D90” appear in the table. These sequences present the low
probability event of drywell failure before the rupture disk design pressure of 0.72 MPa (90 psig) is
reached.
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seismic events, component fragilities are used to estimate the conditional probability of
components failure. These fragilities depend, among other factors, on whether the
component is seismically qualified or not, the component strength margin to meet the
SSE design requirement, soil-structure interaction (SSI), ...etc. Please see PSAR Section

AC.3 for the factors considered in the seismic capacity analysis in the Lungmen seismic
PRA.

The third term in the above product may represent events which are random, e.g., random
failure of the ACIWA (therefore FS does not appear in the sequence), events induced by
the initiating event, e.g., seismically induced failure of the RHR heat exchanger with
subsequent suppression pool draining to the RHR room, or accident-induced event, e.g.,
activation of the passive flooder when the temperature increases in the lower drywell.
Containment event trees are used for estimating the conditional probability of the third

term.

As seen from the above discussion, design changes may impact any of the above three
items. For this reason, evaluation of the impact of design changes on the risk requires a
walk-through the PRA approach as explained in the response to Track # A-001. It should
be noted, however, that the change in the SSE from 0.3g to 0.4g does not necessarily
mean design change. For example, if a component designed for a 0.3g has a significantly
large seismic safety factor because of considerations other than seismic loadings, then the

same component may be qualified for 0.4g or larger SSE.
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Table A-001a-1
Comparison of PRA Initiating Events Used in
the Lungmen PSAR and the US Standard ABWR SSAR

Operating Initiating Initiating Event SSAR | PSAR
Mode Event Type
Power Internal - Manual Shutdown yes yes
- Isolation/Loss of Feedwater
- MSIV Closure yes yes
- Loss of Cond. Vac. yes yes
- Press. Reg./Bypass yes yes
Valve Closed yes yes
- Loss of Feedwater yes yes
- Non-Isolation
- Turbine Trip with yes yes
Bypass yes yes
- JORV yes yes
- Loss of Off-site Power yes yes
- Small LOCA yes yes
- Medium LOCA yes yes
- Large LOCA
External - Seismic no (1) |yes(2)
- Fire
- Three Safety Divisions yes yes
- Control Building yes yes
- Turbine Building yes yes
- Switchgear Building no yes
- Internal Flooding
- Control Building yes yes
- Reactor Building yes yes
- Turbine Building yes yes
- Tornado yes (3) | no
- Typhoon no yes (2)
Shutdown Internal - Loss of RHR yes yes
- Loss of Off-site Power yes yes
- Loss of Service Water yes yes
- Draindown no yes
-LOCA no yes
- Loss of AC Bus no yes
External - Seismic no yes
- Fire yes (4) | yes
- Internal Flooding yes (4) | yes

(1) Seismic margin assessment only. Not site-specific

(2) Yen-Liao-site specific

(3) Non-site specific

(4) Qualitative assessment was performed to evaluate the design defense-in-depth capability
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Track Number: A-002

PSAR Sections: Al.3

Question Date:  December 9, 1997
PSAR Question:

In Table A1-6, the top rank of event “FASTRAN-Fast Transfer to Main
Generator” is assumed to be 0.5 of probability for operator error.  Please
provide the technical base for such an assumption and briefly explain why

this value is considered to be conservative,

PSAR Response:

In the current Lungmen design, the normal preferred off-site power supply
and the main generator provide 29 kv power to three unit auxiliary
transformers (UATSs). The UATs supply medium voltage power to the
Class 1E and non-class 1E distribution buses. The event “FASTRAN”
refers to the unavailability of UAT power from the main generator given

loss of off-site power.

The main generator is connected to the UATs through the normally closed
generator breaker. On loss of offsite power, the switch yard breaker
opens and the main generator continues to provide power to the UATs, as
long as the turbine provides the needed power and the generator breaker
remains closed. This is accomplished without automatic or manual
transfer between buses.  The balance between reactor power production
and house loads is achieved by the load following capability of the plant,
where turbine steam control (by throttling and turbine bypass) is used to
prevent turbine over-speed and reactivity control (and not scram) is used to
reduce the nuclear power to the appropriate level.  Turbine trip, or failure
of a UAT or the generator breaker will lead to the FASTRAN event.

Several BWRs in Europe and Japan have the capability to accept load
rejection incidents without scram.  The GE-Leibstadt BWR6 design has
shown an excellent scram-avoidance reliability record, where power from

the main generator has been available to run house loads in all known tests
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and incidents involving loss of off-site power. No data is currently
available on other BWR experience other than the knowledge that initial
plant startups were successful. Due to the small data base and lack of
detailed unavailability analysis at this time, the value of 0.5 was assigned
for the “FASTRAN” event. The value is believed conservative based on

the positive BWR operation and startup experience indicated above.

No PSAR revision is proposed in response to this question.
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Track Number: A-003
PSAR Sections:  Appendix AA
Question Date: December 9, 1997

PSAR Question:

Please describe the differences between pre-accident and post-accident

human errors.  why the screen values have 2 orders of differences?

PSAR Response:

Appendix AH of the PSAR contains detailed analysis of the pre-accident
and post-accident human error probabilities (HEPs) used in the PRA.
Tables AH.2-1 and AH.3-1 summarize the obtained results. As seen from
these tables, both pre-accident and post-accident HEP values cover a broad
range (from 107 to 107 for pre-accident HEPs and from 10%t0 1.0 for
post-accident HEPs.) The tables also show that pre-accident human
actions are generally routine and simple, e.g., instrument calibration, while

post-accident actions cover a broad range of complexities.

The above wide ranges of values are not uncommon in HEPs used in PRAs.
It has long been recognized that, HEP estimates do vary by several orders
of magnitudes even among seemingly similar actions. Such variations can

be attributed to various factors including differences in:

1) Clarity and completeness of emergency and maintenance procedures

2) Accessibility and unambiguity of information required to determine what
action to take. '

3) The specific steps to be taken to complete the action

4) Complexity of the above steps

5) Operator training and familiarity with the action

6) Extent to which action is independently verified or validated

7) Time allowed for the action

8) Stress level

9) Dependence of the action success on plant conditions and prior actions

10) HEP Modeling and basic data
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In recognition of the above factors, the Lungmen PRA devoted a
significant effort to analyze human reliability and to document the
procedures, assumptions, and data used in the HEP quantification in
Appendix AH.

No PSAR revision is proposed in response to this question.
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Track Number: A-004
PSAR Sections: Appendix AJ.2
Question Date:  January 20, 1998
PSAR Question:
In the LCHP-PS-R-N sequence,

(a) What is the fraction of debris that may fall in the lower vessel head
before vessel breach?

(b) What is the fraction of the corium are assumed to be carried to the
drywell and wetwell when vessel breach occurs?  How is the fraction
determined?

Response:

(a) The UO2 mass in the RPV, upper and lower drywells, and the wetwell
is shown as a function of time for this scenario in Figure AJ.2.3e, page
AJ.2-45. The fraction of debris in the lower vessel head before vessel
breach is 53% of the core.

(b) The corium fractions carried to the drywell and wetwell when vessel
breach occurs are 86% and 14% of the ejected corium (53% of the
core), respectively. The drywell/wetwell split fraction has been assigned
by judgment based on insights from the direct containment heating
model of Section AJ.10.

No PSAR revision is proposed in response to this question.
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Track Number: A-005
PSAR Sections: Appendix AJ.3.1
Question Date:  January 20, 1998

PSAR Question:

L. In section AJ.3.1.4, the triggering condition of steam explosion with
RPV depressurization was demonstrated. However, the steam
explosion under high RPV breaching pressure is very much
concerned.

(a) Please discuss the possibility and triggering condition for steam

explosion under high RPV breaching pressure.
(b) Does the containment maintain its integrity under this condition?

2.(a) In Table AJ.3-1, the mass flow rate of corium from vessel is500 kg/s.
Please explain how this value is obtained.

(b) In Section AJ.11.6.1.1 (p. AJ.11-19), it is mentioned that “The
maximum rate of debris ejection from the vessel is about 6000 kg/s.”
Please use that flow rate to re-calculate AJ.3.1.4 and to determine the
possibility of steam explosion in ABWR.

(c) Insection AJ.11.6.2.1.1, it is mentioned that “The bound areaof the low
plenum vessel failure is 0.1 m”” In Table AJ.3.1, Q(volumetric flow
rate of corium from vessel) = 0.056 m’/s. If A = 0.1 m’, then v = 0.56

m/s.  This result quite differs fromthat in AJ.3.1.4 (the debris stream

velocity = 11 m/s). Please explain the difference.

Response:

(a) As concluded in Section AJ.11.1.1, the total frequency of accidents
involving core damage and a pre-flooded lower drywell is less than
4 5E-10 per year. Since core damage frequency in the ABWR is
dominated by low pressure accident sequences, the frequency of a
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high pressure melt and a pre-flooded lower drywell is even lower than
the above frequency. Despite such a low frequency, a scoping
conservative calculation using the approach of Section AJ.3.1.3 and
the ABWR application of Section AJ.3.1.4 was completed to
demonstrate that the necessary conditions for steam explosion are not
satisfied for the most likely high pressure melt ejection accident

sequences as summarized below.

Section AJ.10.2 indicates that the most likely HPE accident will
involve a small vessel failure area (< 0.1 m”) and a small fraction of
the core ( ~ 10% or 24,000 Kg). The SRVs in the ABWR are
designed for pressure relief before the RPV pressure reaches 9.5 MPa.
The acceleration of the above mass under the maximum pressure is

estimated as follows:

Acceleration

=9.5 MPax (101,972 Kgf/m® / MPa ) x (9.81 m/sec?) x 0.1 m*/
24000 Kg

=137.93 m/sec’

The above acceleration leads to a drag acceleration (Equation AJ.3.-

4) of ~ (37.93 +9.81) / 9.81 = 4.87 times the drag acceleration of the
low pressure case.

Using Equation AJ 3-3, the stable droplet radius for the high pressure
case is estimated to be larger than the square root of (1/ 4.87 ) or ~
0.45 the radius of the low pressure case. From Equation AJ.3-12, the
time constant T, is proportional to the droplet radius. Using the
value of T, 0f 9.2 s estimated in page AJ.3-11 leads to the follwoing
high pressure time constant Ty, (HP): |

T, (HP)> 92x045=43s

Therefore, the necessary condition for steam explosion of Equation
AJ.3-29 is not satisfied. This result provides confidence that steam
explosion is not possible for the most likely high pressure melt
gjection accidents.
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(b)

2
()

(b)

(©

Although the above scoping calculation shows that steam explosion is
not possible for the high pressure melt ejection, the analysis in Section
AJ.11 shows the impact of a bounding steam explosion does not
present a threat to the containment. Please refer to Section AJ.11 for

details on this bounding analysis.

The value of 500 kg/sec is an average flow rate for the initial release
based on MAAP analysis. (Please see Figure AJ.11-9 for the range of
initial values).

A scoping calculation similar to the one used in the response to
Question 1 (a) above leads to the conclusion that the time constant

Th In this case can be given by:
Tn (6,000 Kg/s)> 9.2x500/6,000=0.77s

Therefore, the necessary condition for steam explosion of Equation
AJ.3-29 is not satisfied. Consequently, no steam explosion is expected
for this case.

The speed of Section AJ.3.1.4 is estimated at the surface of the water
pool which is 6 m below the bottom of the reactor vessel according to
Table AJ.3-1. (Ignoring the initial speed, the speed at the pool surface
can be estimated asv=V2 gH=V2%x9.81x6=10.85~ 11 m/sec).
Naturally, this is different from the speed of the corium as it leaves the
RPV.

No PSAR revision is proposed in response to this question.

Questions and Answers
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Track Number: A-006

PSAR Sections: AJ. 16 RCCV Nonlinear Analysis
Question Date:  January 19, 1998

PSAR Question:

1. Please provide major input data of parameters necessary for the non-
linear analysis.

2. Which computer code (and why) was used in the non-linear analysis?
What are the element types used and numbers of iteration cycles for

non-linear computation?
3. Please provide the locations of maximum stresses in Table AJ.16-1.
Response:

1. As stated in the first paragraph of page AJ.1-1, Attachment AJ of
PSAR Appendix A contains analysis that was performed for the US
Standard ABWR. Prior to the certification of the Standard ABWR, the
USNRC has reviewed the SSAR containment structural capacity analysis
and validated the results by performing independent analysis as discussed
in the USNRC Final Safety Evaluation Report (FSER), Section 19.2.6,
pages 19-70 through 19-75. Lungmen-specific input data will be *
prepared on completion of the containment design and compared to
those used for the Standard ABWR to ensure that the Lungmen
containment has the same structural capability when compared to that of
the Standard ABWR. The above evaluation will be reported in the
FSAR.

2. Please see response to part 1 above.
3. Please see response to part 1 above.

No PSAR revision is proposed in response to this question.
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Track Number: A-007

PSAR Sections: AJ.17.1.1 Concrete Shell

Question Date:

January 19, 1998

PSAR Question:

Response:

It is mentioned that the pressure buildup rate within the containment is
longer than one second. What  the fastest pressure buildup rate and the

associated accident?

There are three types of accident phenomena that can result in relatively fast
pressure buildup: hydrogen detonation, steam explosion, and direct
containment heating (DCH) resulting from high pressure melt ejection. As
discussed in PSAR Chapter 19, the ABWR has protective features against
each these mechanisms. These features include containment inerting which
prevents hydrogen burning or detonation, incoherent melting process inside
the vessel and unavailability of water in the lower drywell which prevent
steam explosion, and RPV depressurization by the ADS which prevents
high pressure melt ejection. Moreover, Section AJ.11 contains an analysis of
an extremely unlikely bounding fuel-coolant interaction scenario in the
lower drywell and shows that such an extreme steam explosion will not
challenge the containment integrity. Direct containment heating is discussed
in Section AJ.10 where it is shown that the risk from DCH is also

insignificant.
Apart from the above risk insignificant accidents, the severe accidents
analyzed by MAAP for the ABWR show a drywell pressure buildup rate of

less than 0.2 MPa / hr. as the pressure approaches its peak value.

No PSAR revision is proposed in response to this question.

Questions and Answers APPA-17



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number: A-008

PSAR Sections: Appendix AE, AG, AJ
Question Date: January 3, 1998
PSAR Question:

1. The flooding analysis discusses the capabilities of the US ABWR
Standard Plant to withstand internal flooding (e.g., service water,
suppression pool line breaks.) The report does not address the feasibility
to Lungmen plant (Attachment AE).

2. In thermal hydraulic calculations, it is clearly depicted that no fuel
damage will occur as long as the fuel remains covered by water.

However, does the coverage include two-phase water in success criteria?

3. Please clarify the success criteria used for core integrity among such
terms as core damage, core uncovery, 2/3 core height in the thermal

hydraulic analysis.
Response:

1. As described in Section Al.1.2, the first step in the Lungmen PRA
approach was to assess the applicability of the Standard ABWR PRA to
the Lungmen NPS. Investigation of the SSAR flood PRA indicated that
its use for Lungmen was appropriate based on the following
observations:

1) The accident sequences contributing most to the flood risk are
dominated by human error, flooding detection, failure to close
watertight doors between Control Building and Access Control
Building, and failure to provide adequate core cooling.

2) The insights gained from the SSAR flood PRA have been
incorporated in the Standard ABWR design.

3) The Standard ABWR and Lungmen water sources, flood detection
and mitigation features, operator actions, and floor arrangements are
basically identical.
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Consequently, except for seismically-induced flood, where Lungmen
NPS is designed for 0.4g SSE vs. 0.3g for the Standard ABWR, the
flood risk for Lungmen NPS is expected to be similar to that of the
Standard ABWR.

Based on the above conclusions, Lungmen-specific flood PRA was
performed only for seismic events. Please see Section AC.8 for the

summary of Lungmen seismically-induced flood PRA.

2. In the thermal hydraulic calculations, fuel coverage by water provides a
sufficient, not a necessary, condition for no fuel damage. As described in
Question 3 below, two phase coverage of the core will be sufficient to
prevent core damage provided that the collapsed water level 1s at 2/3 the
core height or higher. This provides a more restrictive sufficient
condition for core damage prevention. Please see response to Question

number 3 for the necessary condition for core damage.

3. Shutdown accidents that lead to core damage involve RPV water level
drop. Core uncovery starts when the water level drops to the Top of
Active Fuel (TAF). Core damage is considered to occur when the fuel
cladding is breached, leading to gap release of the fission gas. As
described in the last paragraph of page AG.4-11, Sandia National
Laboratories calculations for Grand Gulf indicate that BWR gap release
does not occurs until a few hours after the collapsed water level reaches
TAF. Using the Sandia results, the Lungmen shutdown PRA developed

the following simple relationship to estimate the time to gap release.

Time from shutdown accident intiation to gap release =
Time (from shutdown accident intiation) for the collapsed water level to
drop to 2/3 core height + &T,

where &T is the time to gap release, measured from the time at which the
collapsed water level reaches 2/3 core height. The value of 8T depends
on the decay heat level at the time the water level reaches the 2/3 core
height. Based on Sandia ‘s results, &T is estimated to be 0.5 hour if the
water level drops to 2/3 core height 1 day after shutdown. The time to
core damage (i. e. gap release) is estimated for other times after
shutdown by Equation AG.4-19, page AG.4-12.
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The time for the water level to reach 2/3 core height is estimated in the
shutdown PRA assuming an adiabatic heat up. The calculation starts by
estimating the time required to raise the RPV water temperature to the
saturation temperature, then add the time required to evaporate the water
initially above the 2/3 core height to the point which corresponds to 2/3
core height, and the time to gap release, 5T. Please see Tables AG.4-3
and AG.4-4 for estimates of the time to the start of core uncovery (water
level reaching TAF), time to the 2/3 core height level, and time to core
damage for shutdown accidents postulated to occur 2 days and 30 days
after reactor shutdown.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

A-009

Overview, A

January 3, 1998

. According to 10CFR50.34(f)(1)(vit), the applicant is required to perform

a feasibility and risk assessment study. The purpose of this study is to
determine the optimum automatic depressurization system (ADS) design
modifications that would eliminate the need for manual activation to

ensure adequate core cooling. This is, however, not clearly shown in the
PSAR. Please explain.

2. The safety goal of societal risk and individual risk are both set to 0.1%.

Response:

Both goals are considered relative to risk from other causes. Please

provide the relative data used for the calculations.

. GE claimed to make a number of design modifications to the ABWR both

early in the design and later during NRC ~ review of the ABWR PRA
that were motivated by the results of the PRA. Please provide list of the

major modifications made to the design for Lungmen.

1. The intent of 10CFR50.34(f)(1)(vii) is to provide more assurance of

adequate core cooling in the event of transients and accidents not
producing a high drywell pressure signal under conditions where high

pressure makeup systems are unable to maintain reactor inventory.

In response to the above item, General Electric and the BWR Owners’
Group participated in a program to evaluate potential modification of the
ADS initiation logic. The program investigated the feasibility of
automating the ADS for isolation events with and without a stuck open
relief valve, and assessed the changes in the overall plant risk resulting
from such automation. The program identified and evaluated five options
and the results were submitted to the USNRC in March 1981. The
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USNRC judged that two of the options are acceptable and either option

may be used. The two options are:

1) Eliminate the high pressure trip from the ADS initiation logic and add
manual inhibit switch, or

2) Bypass the high drywell pressuré trip after runout of a timer started at
low pressure ECCS initiation level and add manual inhibit switch.

In the certified ABWR, the second option has been chosen where an 8
minute high drywell pressure bypass timer has been added to the ADS
initiation logic. This timer will initiate on a Low Water Level 1 signal.
When it times out, it bypasses the need for a high drywell pressure signal
to initiate the standard ADS initiation logic. For all LOCAs inside the
containment, a high drywell pressure signal will be present and the ADS
will actuate 29 seconds after a Low Water Level 1 is reached. Please see
Chapter 1, Appendix 1A; “Response to TMI Related Matters,” Section
1A.2.26: “Modification of Automatic Depressurization System Logic -
Feasibility for Increased Diversity for Some Event Sequences,” for a

more complete discussion of the bypass logic.

2. Risk of cancer fatality per person per year (due to all causes) is based on

the USA statistics reported in Reference 1. The value used for PRA
calculations is 2.0E-3 per person per year. This leads to a societal risk
goal of 2.0E-3 x 0.1/100 = 2.E-6 cancer fatalities per reactor year.

Individual risk of accidental fatality per person per year (due to all causes)
is based on the USA statistics reported in Reference 2. The value used
for PRA calculations is 3.9E-4 per person per year. This leads to an
individual risk goal of 3.9E-4 x 0.1/100 = 3.9E-7 early fatalities per
reactor year.

References:
1. “1986 Cancer Facts & Figures,” American Cancer Society, USA,
1986

7 “Accident Facts - 1988 Edition,” National Safety Council, USA, 1988

3 The Standard ABWR final design is the product of several years of

Questions and Answers
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design simplification and quantitative risk reduction goals. Specifically, in
the early phase of the design, PRA was used to guide design decisions in

the following areas:

1) Core cooling systems

2) Reactivity control reliability

3) Instrumentation reliability

4) Control rod design improvement

5) RIP simultaneous trip prevention

As part of the ABWR certification effort, the PRA was further used to
improve the design. This effort resulted in the addition of the following

mitigative features:

1) AC-Independent Water Addition (ACIWA)

2) Combustion Turbine Generator (CTG) as an alternate electric ac
power supply

3) Lower Drywell Flooder

4) Containment Overpressure Protection System (COPS)

Please see SSAR Section 19.7 for detailed description of the above and
other improvements in the Standard ABWR.

The above improvement led to an optimized design which has been used

as a basis for the Lungmen NPS with three main differences;

1) Designing the Lungmen NPS turbine with increased steam bypass
capability in order to accept a load rejection incident without scram

2) Adding a Safety Class Swing DG as an alternate ac source (The
certified ABWR CTG has been removed.)

3) Designing the Lungmen NPS for a higher SSE (0.4g as opposed to
0.3g for the certified ABWR).

Robustness of the ABWR design was demonstrated in the Lungmen NPS
internal events PRA by importance analysis and sensitivity analysis which
did not uncover any particular design weakness. However, the seismic
PRA identified components requiring enhancement of their capacity
beyond the generic values. This 1s understandable, since the Lungmen
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NPS requirements specify quantitative risk goals which include
contributions from internal as well as external events (Standard ABWR
quantitative risk goals are specified for internal events only). Table
AC.3-10 of PSAR Appendix A, Attachment AC, identifies the
components requiring seismic capacity enhancement and how the
capacity may be improved. Please see Section AC.10 for a detailed

discussion of the seismic risk results and insights from the seismic PRA.
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Track Number: A-010

PSAR Sections: Appendix AB:
Question Date: February 18, 1998
PSAR Question:

1.In page A6-4 (section A6.2.3.1) of seismic PRA at power, the Figure
A6-1 1s mistyped as Figure A6-2.

2 Figure A6-2 is missing (current Figure A6-2 is actually Figure A6-3),
please resubmit this figure.

3.In Figure AB.5-3 and Figure A11-3, the legends for IB and ID are

obviously reversed, please adjust them.

Response:

1.Figure A6-1 has been relabled as Figure A6-2 and missing Figure A6-1

has been added as shown in the attached figures.
2. Figure A6-2 has been relabled as Figure A6-3.

3. Errors in Figures AB.5-3 and A11-3 have been corrected as shown in the

attached markups of these figures.
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Track Number: A-011
PSAR Sections:  Appendix A6, AD
Question Date: ~ February 18, 1998
PSAR Question:
The titles of Fig. AD:4—7 and AD.4-8 are wrong. Please correct thém.

Response:

The titles of Figures AD.4-7 and AD.4-8 have been corrected as shown in
the attached markups.
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Track Number: A-012

PSAR Sections: Appendix A13, Al4, AB, AG, AJ, AL
Question Date: November 28, 1997

PSAR Question:

Figures AJ. 15-2, AJ. 16-2, AJ. 16-3 have inconsistent units and errors.
Please correct them.

Response:

The PSAR Attachment AJ does not have Figures AJ.16-2 or AJ.16-3. A
review of Sections AJ.15, AJ.16, and AJ.17 revealed inconsistent units or
errors in the following figures: AJ.15-1, AJ.15-2, AJ.16-1, AJ.17-1, and
AJ.17-5. These inconsistencies have been corrected as shown in the

markups of these figures.
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Track Number: A-013
PSAR Sections:  Appendix A6.2, AC
Question Date:  February 18, 1998

PSAR Question:

1. For seismic PRA analysis, the top five accident sequences listed in section
A6.2.3.2.1 is inconsistent with section A1.4.1.2 and AC.10.2.1, please
justify.

2. The CDF (core damage frequency) of SBO (station blackout) and ATWS
(anticipated transient without scram) are very much incorrect.  Please
justify.

3. Please explain why all sequence frequencies for seismic event tree of
Figure AC.6-1 (sheet 1 through 6) are set to zero.

4 For CDF distribution over seismic hazard curve (Figure Al-11, A6-3,
AC.10-3), please explain why group 0.4-0.6g has lower CDF than the
group 0.0-0.4g.  What are CDF values for those five groups?

Response:

1. Section A6.2.3.2.1 has not been updated to reflect the latest results of the
Lungmen seismic analysis. Section A6.2.3.2.1 has been corrected to be
consistent with Sections A1.5.1.2 and AC.10.2.1 as shown in the
attached markup.

2. As indicated in Item 1 above, Section A6.2.3.2.1 has not been updated
resulting in the incorrect values for the SBO and ATWS percent
contribution to the seismic CDF. This error has been corrected as shown

in the attached markups.

3. The sequence frequencies column will be deleted from Figure AC.6-1

Sheets 1 through 6. Since transfer to some of these event trees comes
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from more than one event sequence (e.g., transfer to Sheet 4 from
sequences number 10 and 11 of Sheet 1), it was found preferable to
present the sequence frequencies in tabular form with proper reference to
Figure AC.6-1 sheet number. The attached table A-013-1 shows the

annual frequencies of the sequences and their relation to Figure AC.6-1.

4. The CDF contribution of each ground acceleration range depends on
three factors: the frequency of a seismic event within the specified
ground acceleration range, random failure of the components in the
accident sequences leading to core damage, and seismically-induced
failure of these components within the given ground acceleration range.
Over the range of ground acceleration 0.0 - 0.4g, the only significant
seismically-induced failure is the loss of off-site power (median capacity
0.3g). Random failure of components is the main contributor to the CDF.
In the range of 0.4 - 0.6g, random failure is also the dominant failure
mode. Since the frequency of seismic events within this range (1.264E-3
/year) 1s much smaller than in the range from 0.0 - 0.4g (9.106E-1 /year),
the CDF contributions from the seismically induced loss of off-site power
and random failure are smaller. This explains the lower CDF frequency
over the range 0.4 - 0.6g relative to that of the range 0.0 - 0.4g. For
ground accelerations greater than 0.6g, contributions to the CDF from
seismically-induced failures become significant. This explains the increase
in the CDF contribution beyond 0.6g.  The seismic CDF contribution
redeclines in the range of 1.0 - 1.2g because the decline in the seismic
frequency is more significant than the increase in seismic-induced failure
probabilities in this range. The CDF contribution of seismic events within

the five ranges is shown in the following table.

Ground Acceleration Range. g CDF
0.0-0.4 1.33E-07
0.4-0.6 6.87E-09
0.6-0.8 3.89E-07
0.8-1.0 1.54E-06
1.0-1.2 1.06E-06
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Track Number: A-014
PSAR Sections: Appendix A, Attachment AC
Question Date:  November 28, 1997

PSAR Question:

1. Current result shows 1.8g is the lowest fragility value for Reactor internal.
Please verify that the fragility value for RIP (reactor internal pump)
would be higher than 1.8g.

2. Some components capacities have been raised as shown in Table AC.3-10.
Are all of these components within GE’s scope? Is GE responsible for
the increased fragility value of fire protection water pump (from 1.3g to
2.8g)?

3. Please include all components appeared in seismic fault tree cutsets in
Table AC.3-11 “Seismic capacity summary”. For example, swing DG,
fire protection water pump.

4. Has plant-specific SSI analysis been completed yet? If yes, please
reflect the result to the fragility (i.e., Fsa or Fsg) calculation.  If not,

when will the SSI analysis be done?

Response:

1. The failure mode of interest for the reactor internals is structural
deformation that may prevent full insertion of the control rods. The
relatively low median value of 1.8g is, in part, a result of this failure
‘mode definition. Since the RIP does not interfere with the control rod
insertion, the failure mode of interest is different. Specifically, since the
RIP forms a part of the reactor coolant boundary, seismically-induced
leakage of the primary coolant is a more appropriate failure mode.
However, the RIP capacity against leakage should be the same as that of
the RPV since it is a part of  its boundary. According to Table AC.3-11,
the RPV seismic median capacity is 5g which is much larger than 1.8g.
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2. All of the components in Table AC.3-10 are within GE scope. The fire
protection water pump is included in Table AC.3-11 and not AC.3-10.
As seen in Table AC.3-11, last line in page AC.3-26, the fire water pump
median capacity used in the seismic PRA is the generic value of 1.9g.

3. Table AC.3-11 has been revised to include all the component categories.
Markups of the table are attached. Table A-014-1 below shows the
correspondence of Table AC.3-11 and the fault tree components used to

quantify the seismic event tree models.

4. Plant-specific SSI analyses for Seismic Category I buildings have not yet
been completed. The plant-specific fragility calculations will be provided

in the FSAR.

Questions and Answers APPA-31



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Table A-014-1 Relation of Seismic Fault Tree Events and Table AC.3-11

MODEL TABLE AC.3-11 CATEGORY
DESIGNATOR
R BLDG Reactor Building
CONTNMNT Containment
PEDESTAL RPV Pedestal
CTR _BLDG Control Building
RPV_ANC Reactor Pressure Vessel
SHROUD Shroud Support
CRD_GD CRD Guide Tubes
CRD_HS CRD Housing
FUEL_ASS Fuel Assemblies
CRD HYCU Hydraulic Control Unit
AC TRAY Cable Trays
DC_TRAY Cable Trays-critical; DC trays
CST Large flat-bottom storage tanks (CST,
TNK_FW ACIWA Tank)
TNK1 FW
HX SW Heat Exchanger (SW)
HX ECW
HX RHR Heat Exchanger (RHR)
OP_XFORM Off-site Power
BAT RACK Batteries and battery racks
INVT Inverters
CIRT BRK Switchgear/Motor control center
MCC
RIOMCCSEFAIL
E11IMOVSEISOL
XFORM Transformers (480V)
DG Diesel generators & support systems
DG7
PUMP_UR Turbine-driven pumps (RCIC)
PUMP_SW Motor-driven pumps (SW)

Questions and Answers
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MODEL TABLE AC.3-11 CATEGORY
DESIGNATOR

PUMP_UH Motor-driven pumps (HPCF, LPCF,
PUMP_SLC SLC)

PUMP_V
PUMP_RCW
PUMP ECW

PUMP_FW Fire Water Pump

TNK_SLC Small tanks (SLC)

VLV_MOSW Motor-operated valves
VLV_MOSS
VLV_MODS
VLV_MOMF
VLV _INJ
VLV_MOINJ
VLV_MFW
VLV_FMIJ
VLV _SLC
VLV _RCW
VLV _ECW
VLV_CKSW Safety relief and check valves
VLV_SRV
VLV_CHK
VLV CKDS
AC DUCT HVAC ducting

ROOM_ACU Air handling units/Room A.C.

PIPE SW Piping
PIPE UR
PIPE UH
PIPE V
PIPE RHR
PIPE CNT
PIPE SLC
PIPE RCW
PIPE ECW
PIPE FW Buried piping

PUMPH _FW Fire water pump house

PUPH_SW Service water pump house
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Track Number:
PSAR Sections:
Question Date:
PSAR Question:

1.

Response:

ROCAEC Review

1.

A-015
"Appendix Al, A4

November 28, 1997

Please provide MCSs of important sequence, up to 90% of CDF
contributors. They should be listed sequence by sequence, including all
modes of operation (power and shutdown, internal and external).

. Please provide detail calculation or reasoning sheets for those

“negligible” special initiators listed on Table A4-2.

. The MCSs of important sequences, contributing to 90% of the internal

events CDF at power and 90% of the shutdown CDF are attached. The
top accident sequences contributing to 90% of the seismic CDF during
power, fire CDF, internal flooding CDF, and typhoon CDF are also
attached.

" Detailed discussion of the reason for concluding that the special initiators

of Table A4-2 result in negligible risk contribution will be provided in the
PSAR Amendment.

Comment:

As the most important contributor, Seismic PRA contributes up to 90%
of the total CDF. In the attachment, only sequence information (which
can be easily found in the PSAR) is provided, but not the useful MCS
information. Without MC, review cannot be continued. We need GE's
commitment on when can this information be provided to reviewers.

2. We expect to see the detail explanation in the Amendment.

Further Clarificat

ion:

The ISAP computer code that GE used for seismic analysis does not
provide the requested minimum cutsets (MCS). The calculation logic of the
code is confined to the resolution of event tree sequences which we sent to
the ROCAEC. To obtain minimum cutsets which include fault tree basic
events (similar to those obtained by the CAFTA Code for internal events)

wil

| require a significant effort either to change the ISAP Code calculation

logic, or to expand the event trees to the basic events level. Either of these
options will increase the number of accident sequences exponentially. We
recognize also that the ISAP Code logic does not include the calculation of
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CAFTA-like importance measures.

As a part of our plans for the FSAR, we will identify and evaluate options to
deal with the above ISAP Code shortcomings later this year. The best
option will be implemented for the FSAR calculations.

Although the ISAP code does not provide minimum cut sets, the output
includes the contributions to each event tree node from the corresponding
fault tree basic events. These contributions provide an insight into the
relative importance of basic events to the event tree node probability. We
think this insight can serve as a realistic substitute for the insight gained
from minimum cutsets. We can develop an adequate description of the ISAP
output and send it along with the code output to the ROCAEC. Although
this can not be provided in time for Amendment I, we will provide it as
supplemental information before the end of 1998.
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Track Number: A-016
PSAR Sections:  Appendix A6, AD
Question Date:  November 28, 1997
PSAR Question:

1. Fire Core Damage Frequency shown in Table AD.1-1 are different from
those in Table AD.4-2 and A1-10. Please explain. There are two
different results in different places of the report, e.g. paragraph A.1.4.2,
A.63.2 AD.1.3.

2. Please provide more detail information about how to get the fire

compartment ignition frequency in page AD.3-1.  Calculation sheets are

preferred.

LI

_ Please add CDF data on the last column of Fig. AD.4-1 through AD.4-6.
The information currently available is not enough to review and check

the results.
Response:

1. Table AD.1-1represents the most recent Lungmen fire PRA results. We
regret that the other tables and parts of the text have not been properly
updated. These errors have been corrected as shown in the attached

markups.

2. The fire compartment ignition frequency has been derived from the
detailed evaluation reported in Appendix 19M of the SSAR.
Specifically, adjustments to the calculations in the SSAR have been made
to reflect differences between the standard ABWR and Lungmen design
features that could significantly affect fire frequencies, e.g., use of non-
qualified cable, and fire frequency trends in operating nuclear power
plants.

The calculation sheets and SSAR tables used in the calculation of the

Lungmen fire ignition frequencies are attached. The following summary
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identifies the area affected, the change in the Lungmen design
implemented in estimating the Lungmen fire ignition frequencies, and, the

basis for the change in the fire frequency.

Area Affected : Turbine Building

Change Remove Offgas systems and non-qualified cables.

Basis: Lungmen does not use non-qualified cables.
Offgas system fires have trended down from a very
high frequency to a very low frequency since the mid
1980s.
Credit fire watch for welding fires: Industry
experience indicates that a continuous fire watch will
substantially reduce the chance of a significant fire.
(The value 0.028 is a typical factor used in many
studies submitted by US utilities to the USNRC for
GL 88-20 Supplement 4.)

Area Affected :  Divisional areas

Change: Remove diesels and non-qualified cables

Basis: Lungmen does not use non-qualified cable.
Diesels are in a separate area.
Credit fire watch for welding fires. See Turbine
Building discussion for welding fires.

Area Affected : Control Room

Change: Remove all but electrical panels
Basis for The original SSAR analysis applied the EPRI FIVE
Change: method to the Control Room in a manner contrary to

its intended application. Control rooms have not
experienced fires for reasons other than electrical
panels. The other causes, the largest of which is
welding, have never occurred in a control room.
Using the SSAR fire frequency, we would have
expected to see approximately 60 to 70 more control
room fires than we have seen in the approximately
2000 reactor-yrs of US experience.

3. The CDF data has been added to the last column of Figures AD.4-1
through AD.4-6 of the attached markups.
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Track Number: A-017
PSAR Sections: Appendix A13, Al4, AB, AG, AJ, AL
Question Date:  November 28, 1997

PSAR Question:

1. It was mentioned in Section A13.1.1 that CET of external events are
described in Attachments AC, AD, AE and AF. It was found that the
CET for Fire (AD), Flood (AE) and Typhoon (AF) are described in
specific subsections but the one on Seismic (AC) is missing. Please

supplement this part of the information.

2. Section Al4.1 (3) indicated that “The elevation of the release is
conservatively assumed to be at the reactor building roof height” which is
not consistent with the information TPC provided to AEC in the
November 14, 1997 meeting. Please clarify.

3. Section A14.6 explained that the Source Term and Containment release
Analysis described in Attachment AJ were all based on US Standard
ABWR and the major changes for Lungmen such as SSE goes from 0.3g
to 0.4g, etc. were not taken into account. Brief discussions of the
impacts of these changes should be provided and also the schedule for
modification should be planned.

4. Tt was pointed out in Section AB.6.11.3.3.2 that the probability of
recovery of high pressure injection system was described in detail in
subsection A.J.4.2 but no quantitative results in that subsection was
provided to support the data in this section.

5. Section AG.8.4.1.8 declared that Shutdown CET for subclass VIA
similar to that for internal CET for class ID but the probabilities
referenced were not correct. For instance, in class ID, the RHR recovery
probability for core melt not arrested and no active injection to lower
D/W is “0” but in subclass VIA it was “0.8”. (Ref. pages AB-6-38 and
AG-8-13)
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Response:

6. Please explain whether MAAP 3.0B-ABWR code has been reviewed and

approved by USNRC ? (Section AJ.1.1.2)

7. The assumptions used for the present analysis (such as Limestone sand

concrete used for containment structure, Basaltic used for lower drywell
flow, and RCIC room cooling can sustain 8 hours, etc.) should have a
schedule for their verification. (Section AJ.1.2.1)

1. The CETs used in the seismic PRA are attached. The first event in the

CETs is the core damage category. The annual frequency of these
categories were estimated by the ISAP Code. The probabilities of other
events shown in the CETs were estimated using the approach described
in the Proposal seismic PRA, Section C.5. A section that explains the
CETs and the basis for the probability values used will be included in the
revised PSAR.

. The second sentence of A14.1(3), page A14-2, indicates that two release

elevations are used in the PRA consequence analysis; reactor building
roof height, and ground level. As explained in item (3) of Section Al4.1,
conservative rules are used for selecting one of these release elevations
depending on the expected release location. The use of two elevations
instead of only one conservative elevation, such as the ground level used
in the design basis analysis, is consistent with the PRA groundrule of

providing realistic, though conservative, analysis.

3. Tables 1.3.1 through 1.3.4 of the PSAR provide a comparison between

the design characteristics of the Lungmen NPS and the certified US
Standard ABWR. The tables show two primary areas where the two
ABWRs are different; fuel design and performance, and seismic design
basis. A brief discussion of these differences is given below. This 1s
followed by a discussion of differences not included in the above tables
which have been accounted for in the PSAR PRA, and the general plan
to ensure that the PRA adequately reflects the risk of the as-built
Lungmen NPS.

The Lungmen NPS will use the GE-12 fuel type. Key differences between
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this fuel and the GE-8 type assumed for the certified ABWR design are
shown in PSAR Table 1.3.1. It is particularly noted that the Lungmen
fuel has the following characteristics:

- Lower maximum and average volumetric fuel temperature (500
degrees F lower than the Standard ABWR) which means that it will
take longer time for core heatup to melting.

- Smaller Zr mass in the fuel cladding and fuel assembly ducts, which
means less hydrogen and energy generation from metal fuel

interaction under severe accident conditions.

These favorable characteristics suggest potentially more benign severe
accidents for the Lungmen NPS than those analyzed in the SSAR.

The SSE for Lungmen is 0.4g, as opposed to the certified ABWR SSE of
0.3g. Although this design basis earthquake may result in larger seismic
capacity for structures, systems, and components (SSCs), the PSAR
seismic PRA did not take credit for such a potential advantage.

The PSAR seismic PRA indicate that the risk peaks at ground
acceleration around 0.9¢  (See Figure AC.10-3). This is lower than the
fuel seismic capacity (1.8g) and much lower than the RPV capacity (5.0
g). This indicates that the severity of core meltdown accidents will be
primarily impacted by non-seimic fuel characteristics and by the initial and
boundary plant conditions leading to core meltdown. The PSAR
estimated the annual frequency of these initial and boundary conditions,
or equivalently core damage categories, using the plant-specific seismic
hazard curve. Since the RPV, RPV internals, and the fuel will not be
significantly impacted by the seismic events, the fuel characteristics
discussed above will determine the accident progression. Consequently,
the SSAR Level 2 analysis has been judged as providing a conservative

analysis for estimating the source term and radioactive release.

The seismic PRA reported in the PSAR is based on the Lungmen site
seismic hazard curve. The SSCs seismic fragilities were either generic
values or values based on an SSE of 0.3g. Only for those components
where enhanced seismic design was found necessary to meet the

Lungmen safety goals, upgraded seismic capacities were identified as

Questions and Answers APPA40



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

design requirements. Table AC.3-10 contains the list of these
components. Meeting the seismic capacity requirements of Table AC.3-

10 will be verified when the design of these components is completed.

BOP design differences, e.g. the Lungmen capability for 110% steam

bypass and electric load rejection, have been modeled in the PSAR Level
1 analysis.

As a general rule, key PRA assumptions, models, and data will be
reviewed for applicability to the design as it evolves and for consistency
with operating procedures as they are finalized. The validation of PRA
assumptions and necessary updating of the PRA risk models will be
performed in stages which are scheduled based on the Lungmen Project
schedule for developing final system design descriptions, plant and
equipment layouts, structural (including seismic) analysis, safety analysis,
RPS hardware and software design, control room and simulator design
and operating procedures,...etc. This stage-wise updating of the PRA
models allows for timely feedback to the design process. It is conceivable
that this PRA-design process interaction will involve iterations. The final
risk model and analysis will be reported in the FSAR and will be

consistent with the final design and operating procedures as described in
the FSAR.

4. Section AB.6.11.3.3.2 reference to Section AJ.4.2 is related only to the
available time for recovery before RPV breach. A typographical error
resulted in missing the following sentence which should appear before
the last sentence of the second paragraph of Section AJ.4-.2, page AJ 4-
2. The sentence provides a lower bound estimate for the available time
for in-vessel recovery. Section AJ.4.2 will be revised to include the

- following sentence.

“Based on MAAP Code analysis reported in this attachment, it is
expected that the in-vessel recovery would be possible for at least one
hour from the initial loss of coolant injection.”

5. The shutdown CET of Figure AG.8-2, page AG.8-13, is similar to the
at-power CET for core damage category ID of Figure AB.6-8. Both
CETs assign a value of 0.8 for the probability of RHR recovery if either
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active injection or passive mitigation by passive flooder is successful.
Please see the attached event trees. Table AB.6-5, page AB.6-38 will be
revised to indicate that the probability of RHR recovery is 0.0 if both
active injection and passive mitigation fail. Section AG.8.4.1.8, page
AG.8-7 will also be revised to include discussion of the case for failure of

both active injection and passive mitigation.

6. The MAAP3.0B -ABWR was developed for the analysis needed for
certification of the Standard ABWR which was completed in 1994,
Validity of the above analysis has been confirmed by the USNRC-
sponsored analysis reported in Reference A-017.1. The reference
includes analysis of five of the SSAR accident sequences using the
MELCOR. 1.8.2 Code and compares the results to those of the MAAP-

ABWR. The main conclusions of the above comparison are:

i) MAAP-ABWR and MELCOR produced similar time trends of key

variables.

i) MELCOR generally predicts later times for core uncovery and slower
core damage progression than MAAP-ABWR.

iii) COPS disk rupture time and release fractions of radionuclides
predicted by the two  codes are comparable when debris quenching
is included in MELCOR as it is in MAAP-ABWR.

References:
(1) L. N. Kmetyk, “MELCOR 1.8.2 Calculations of Selected Sequences
for the ABWR,” SAND94-0938, July 1994.

7. We agree. Validation of PRA key assumptions and their applicability to
the as-built structures, systems, and components (SSCs) is scheduled
based on the Lungmen Project schedule for developing the needed design
and operating procedure information. Please see response to Item # 3

above for further discussion.

Questions and Answers APPA-42



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number: A-018
PSAR Sections: Appendix A PRA
Question Date: June 15, 1998

PSAR Question:

The initiating events employed in Lungmen PRA study should be different
from existing BWRs. Please clarify how the probabilities of those new

events are determined.
Response:

PSAR Section A4 describes the approach for identifying a comprehensive
set of initiating events for the Lungmen PRA. The identified initiating events
cover different plant operating modes as well as external and internal
challenges. The internal challenges are divided into those that have a plant-
wide impact such as loss of off-site power, and those that are more localized.
The fault tree of Figure A4-1presents the identified exhaustive set of
initiating events which reflects operating experience and past PRA analyses.
Section A4 discusses the rationale used to develop Lungmen-specific
transients and LOCA events frequency from historic data and unique
Lungmen design features such as the upgrade of low pressure piping to
prevent ISLOCA. The following discussion provides further description of
the approach for developing initiating events frequency and how it accounts
for the differences between initiating events employed in the Lungmen PRA
and existing BWRs. 1t is to be noted that full implementation of the
following approach will be reported in the FSAR.

Differences between initiating events employed in the Lungmen PRA and
existing BWRs may be divided into three categories: 1) Site-related events,
e.g., seismic events which are site-specific, 2) Plant equipment-related
events, e.g., LOCA from reactor recirculating water piping for BWRs but
not for the Lungmen ABWR, and 3) Human action-related events, e.g.,

inadvertent control rod withdrawal.

1) Site-Related Events:

Questions and Answers APPA-43



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

The Lungmen PRA of PSAR Appendix A is based on the seismic and
typhoon hazard curves for the Yenliao site. These hazard curves provide
the annual frequency of exceeding a given peak ground acceleration .
(seismic) or wind speed (typhoon). The qualitative screening of other
site-related external events discussed in Section A.6 was also based on

the Yenliao site.

Lungmen-specific annual frequency of loss of off-site power is used in
the PSAR PRA. However, off-site recovery probability is based on US

experience and will be updated for the Lungmen site in the FSAR.

The frequency of the above events is based on the Yenliao site historic

data and standard frequency estimation techniques.

2) Plant Equipment -Related Events:

Questions and Answers

These events include internal fire and flooding. Lungmen-specific
evaluation of the fire ignition sources, fire propagation, and annual
frequency in risk significant plant locations is included in PSAR
Attachment AD. Lungmen-specific internal flooding sources, water flow

paths, and flooding annual frequency are included in Attachment AE.

Other equipment-related events include transients, LOCAs (inside and
outside containment), ISLOCA, and single initiating events which may

cause multiple failures.

The general approach for determining the frequency of the above
Lungmen initiating events from BWR historic data and other applicable
data involves five primary steps which may complement each other to

ensure validity of the frequency values used:

a) Failure modes and effects analysis (FMEA) of new systems e.g. RIP,
or system upgrades, e.g. low pressure piping upgrade to reduce the
chance of ISLOCA. The purpose of the FMEA is to identify new
initiating events and those traditional initiating events which may
have been removed by design, supplemented by

b) Collecting available prototypical historic and test data of identified

APPA-44



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

d)

initiating events. Applicability of the data is assessed by relating the
initiating event to the failing system (or component), then comparing
the design of the BWR system for which data has been collected to
the corresponding Lungmen system to identify differences that could
impact the initiating event frequency. The above assessment is
supplemented by

Statistical data analysis and probabilistic analysis such as fault tree
analysis to estimate initiating event frequency from prototypic
historic or test data available for more basic events, supplemented by
Uncertainty and sensitivity risk analysis to assess the risk importance
of the variability and accuracy of initiating event frequency values,
supplemented by

IRA Program (PSAR Appendix B) activities to ensure that the
performance of risk significant systems, structures, components
(SSCs) and human actions remain under control and consistent with

the frequency values used in the PRA during plant operation.

3) Human Action-Related Initiating Events:

The approach used to determine Lungmen-specific frequency of this

category of initiating events is similar to that used above for the

equipment-related events, where the BWR/Lungmen differences of

interest include operating procedures, human/machine interface, and

design provisions for mitigating human error.

No PSAR revision is proposed in response to this question.
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Track Number: A-019

PSAR Sections: Appendix A PRA

Question Date:

June 15, 1998

PSAR Question:

Response:

Please explain how the Goal values are determined in Table A-3 (A1-3) of
Lungmen PSAR Appendix A. Please also provide comparisons of those

values with similar, existing domestic and foreign plants.

PSAR Table Al-1 shows the references for the risk goal values used in
Table A1-3. Specifically, the core damage frequency (CDF) and large early
release frequency (LERF) goal values are from Reference 1 below. The
individual and societal risk goal values are the USNRC Safety Goals

specified in Reference 2.

The Lungmen CDF and LERF goals are similar to those defined in the
Electric Power Research Institute (EPRI) Utility Requirements Document
(URD) for US ALWRs. The USNRC does not specify CDF or LERF goals
in Reference 2. Later analysis by the USNRC (Reference 3) of the
Individual Plant Examination (IPE) PRAs for US nuclear power plants
suggests that a CDF value of 1.0E-4 provides a sufficient condition for
meeting the societal risk goal. The analysis also suggests that a LERF value
of 1.0E-5 provides a sufficient condition for meeting the individual risk goal,
where an early release refers to core damage accompanied by early
containment failure and suppression pool bypass for BWRs. The USNRC
intends to use the above CDF and LERF values in its risk-informed

regulatory decisions (Reference 4). It is noted that:

1) The Lungmen CDF goal value of Table A1-3 (1.0E-5) is lower than the
above USNRC CDF value by a factor of 10. This provides higher
margin of investment protection and public safety, and is consistent
with the US ALWR and future generation passive LWRs (e.g. SBWR)

goals of enhancing the economics and safety of electric power
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generation.

2) The USNRC definition of “large early release”, which assumes no
suppression pool scrubbing, leads to higher whole body site dose than
the 0.25 Sv used for the definition of “large early release” for
Lungmen. Moreover, the Lungmen LERF goal value of Table A1-3
(1.0E-6) is a factor of 10 lower than the above USNRC LERF goal
value. The Lungmen conservative large early release definition and
small LERF goal value are consistent with the US ALWR and future
generation passive LWRs goals of enhancing the public safety of

electric power generation.

Probabilistic safety goals like the USNRC individual and societal risk goals
of Reference 2 have not been defined by regulatory authorities outside the
USA. One of the high priority needs identified in Europe following the
Chernobyl accident is the harmonization of the regulatory requirements
between the European countries. The European PWR (EPR) is a joint
German-French project being designed to meet common European Utility
Requirements (EUR) which have been framed after the ALWR
Requirements developed by EPRI in the USA. The EPR will meet the
following EUR criteria (Reference 5):

B Global probability of core melt < 1.0E-5 per year, with the additional
goal that the high pressure paths of core melt represent less than 10%
of the global risk. This CDF goal is consistent with the Lungmen CDF
goal of PSAR Table Al1-3.

m Probability < 1.0E-6 to have a source term exceeding 100 Tbq of Cs.

The limit of 100 TBq of Cs stated above amounts to 2.0E-3 of the core
inventory and has been included in the EUR criteria as a result of the
Chernobyl accident. This is to be compared to the 1.0E-7 of the Cs
inventory released via COPS in Lungmen severe accident sequences (See
PSAR Appendix A, Table AJ.2-14, page AJ.2-33)

References
1. Taiwan Power Company Nuclear Island Bid Specification, 874-MS-

001-1, Appendix A, Chapter 1, Appendix A: Key Assumptions and
Groundrules, June 1995.
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USNRC, Safety Goals for the Operation of Nuclear Power Plants,: 51
Federal Register 28044, August 4, 1986. '

USNRC, Advisory Committee On Reactor Safeguards,
Probabilistic Risk Assessment Subcommittee
Meeting, Rockville, Maryland, USA, February 20,
1997

USNRC, “An Approach for Using Probabilistic Risk Assessment in
Risk-Informed Decisions on Plant-Specific Changes to Current
Licensing Basis - Draft” Predecisional Regulatory Guide 1.174 (Draft
Guide DG-1061), January 1, 1998.

Pierre Bacher, “European Utilities Objectives and Requirements for
Future Nuclear Power Programmes,” International Conf. on Design
and Safety of Advanced Nuclear Power Plants, October 25 - 29, 1992,
Toklyo, Japan, ANP’92, pl.2-1, October 1992.

No PSAR revision is proposed in response to this question.
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Track Number: A-020

PSAR Sections:  Appendix A PRA

Question Date:  June 15, 1998

PSAR Question:
Even though it is more conservative to use risk bases of a foreign origin, but
for comparison purposes it i1s suggested that domestic data be also
employed to truly evaluate safety of design.

Response:
We agree that applicable domestic (i.e. Taiwanese) data should be employed
in the Lungmen PRA. One of the primary objectives of the Lungmen PRA is
to provide realistic plant-specific risk estimates of the as-built plant design

and operation. This will be accomplished in two broad steps:

1) Use of prototypical data, including applicable domestic equipment and
human error data, in the FSAR PRA.

2) Use of the IRA Program (PSAR Appendix B) to ensure that the
performance of risk-significant systems, structures, components, and

human actions are consistent with the probability and unavailability
values used in FSAR PRA.

No PSAR revision is proposed in response to this question.
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Track Number: A-021

PSAR Sections:  Appendix A PRA
Question Date:  June 15, 1998
PSAR Question:

Historic experiences showed that there were tsunami occurrences along the
northern Taiwan coast. Please clarify whether the risk assessment has
included seawater retreat that could possibly cause loss of coolant or even

jeopardize core safety.
Response:

The Lungmen PRA included qualitative screening analysis of tsunami events
to show that these events present insignificant risk. The analysis accounted
for drawdown of the seawater that could lead to loss of the heat sink, as
well as wave run-up that could cause flooding. The Lungmen ultimate heat
sink (UHS) design meets Regulatory Guide 1.27, which requires the UHS
functions to be assured during and following the most severe natural -
phenomena postulated for the site. As stated in PSAR Section 9.2.5.1 (3),
page 9.2-5, the UHS is sized such that sufficient cooling water is provided
during maximum tsunami drawdown. Please see PSAR Section 2.4.6 for the
probable maximum tsunami flooding, Section 2.4.11 for low water

considerations, and Section 9.2.5 for the ultimate heat sink design.
The Tsunami discussion in PSAR Appendix A, page A6-12, will be
amended to include discussion of the risk from seawater drawdown caused

by tsunami. This discussion will be included in the PSAR Amendment.

ROCAEC Review Comment:

Please provide the proposed PSAR changes for Tsunami discussion as

committed in the above response.

Further Clarification :
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Proposed changes to PSAR Page A6-12 are as follows:

Tsunami

Tsunami waves present two types of potential hazard: flooding that may be
caused by wave run-up, and ultimate heat sink (UHS) loss that may be
caused by seawater drawdown. Review of the Lungmen NPS design
indicates that these hazards have been removed by design and need not be

considered as initiating events for detailed PRA evaluation.

The Yen-Liao site is located above the worst case flood for the region.
Section 3.1.4.5 of Chapter 3 of the TPC Bid Specification specifies that
grade-level for the site will be 12 m above mean sea level (MSL). The
probable maximum tsunami for the Yen-Liao site is developed in Subsection
2.4.6. As indicated in Subsection 2.4.6.5, the probable maximum tsunami
water run-up level is 8.57 m MSL. Therefore, the maximum tsunami-

induced flood level will be 3.43 m below plant grade.

Subsection 2.4.6.5 also shows a tsunami minimum drawdown water level of
-8.68 m MSL. The RBSW intake is designed to ensure UHS availability
under this condition. Specifically, the Lungmen UHS design meets
Regulatory Guide 1.27, which requires the UHS functions to be assured
during and following the most severe natural phenomena postulated for the
site. As stated in Subsection 9.2.15.3, the RBSW pumps take suction from a
submerged pond to guarantee service water during a maximum tsunami
drawdown period. The UHS pond is sized such that sufficient cooling water
is provided during maximum tsunami drawdown (Subsection 9.2.5.1 (3)).
Therefore, the minimum drawdown seawater level will not disrupt the UHS
availability.

The above preventive design features provided the basis for screening
tsunami events from further PRA consideration.
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Track Number: B-001 and B-002
PSAR Sections: Appendix B
Question Date:  February 9, 1998
PSAR Question:

Track B-001

1. A method similar to PRA was said will be adopted for the Reactor Scram
in the PSAR. Tt is requested that a detailed description of the method of
analysis and its contents be provided.

2. Finding the failure modes of SSC based on historical records will not
always encompass all the farlure modes of the same equipment. Please
re-evaluate if anything is overlooked.

3. Please explain in detail how the “preventive maintenance” (PM) is
decided for SSC. Does it include considerations of supplier’s design
information, past maintenance experience or FMEA analysis results that
show the correctness of the PM program ?

Track B-002 (Related to Item 1 of B-001 above)

B.3.1.1.2 and B.3.1.2.1 Unplanned Outage Analysis indicated that S&W
will develop the model regarding the BOP non-safety equipment which will
affect the reactor trips and establish the database for related parameter.
Based on the output of this model analysis, will provide the key data for
critical components for which may affect the reactor trips. ROC-AEC ask
TPC to provide the analysis model and methodology which were developed
by S&W, in order to verify whether the analysis model meet the
requirements.

Response:

1. (Includes B-002) Lungmen Integrated Reliability Analysis (IRA)

Program for unplanned outage analysis will include the reactor trip
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frequency and forced outage as described in Appendix B. GE is
responsible for the integration of Nuclear Island and Balance of Plant
portions of the Lungmen integrated reliability analysis. The program is
being developed and the methodology for IRA unplanned outage analysis
will be described in the Final Safety Analysis Report. The description of
the preliminary methodology will be incorporated into PSAR Appendix
B as a new Attachment BE, Methodology For Unplanned Outage
Analysis. Therefore, GE will add, “(See Attachment BE)” after sentences
« . that used in the PRA." in Sections B.3.1.1.2 and B.3.1.2.1.
Attachment BE will be included in the PSAR as follows:
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Attachment BE: Methodology For Unplanned Outage Analysis

The IRA evaluation will use proven fault tree analysis techniques,
consistent with PRA models, to develop fault trees for each systém and
Jor the integrated plant to assure that reactor trip frequency and forced
outage performance standard will be met. Since unplanned outage
analysis will be part of the results from Lungmen IRA  evaluation, the
process for Lungmen IRA evaluation is provided. The major steps and
summary of Lungmen IRA analysis activities are described in the
Jjollowing steps:

Step 1: Definition of plant and system success criteria

The first step of the system analysis is to determine the system impact to
support the plant operation. Some systems can be in a test or maintenance
alignment and still support full power operation, whereas other system
may need to operate in a normal alignment fo prevent plant tripping off
line. The following assessment will define the plant and system success
criteria. The typical items to be reviewed are:

e identification of system dependencies

e determination of system success criteria to support plant operation

e capability fo maintain equipment with plant in power operation

e limiting conditions of operation in Technical Specifications
Step 2: Plant level and system level fault tree construction

The goal of this step is to find combinations of events that impact power
operation which may result in a sudden plant trip or manual shutdown.
For the plant level fault tree the top event for the plant is, “Plant Unable
to Generate Electrical Power.” The top logic of this fault tree accounts for
all ways that may cause interruption to power operation in terms of
hardware states and human actions. The following system alignments or

conditions which will impact plant operations are:
e evenls that cause a need fo effect an orderly plant shutdown fo correct

a problem

e events that would cause a sudden reactor trip
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The plant level fazélt tree will develop the logic until system interfaces are
identified. These system interfaces will be used to define top events for
system level fault trees. Once the system level fault irees are developed,
they will be integrated into a single large linked fault tree to perform the
integrated plant analysis function.

Step 3: Minimal cutset determination

The implementation of this step is the same as the standard fault free
solution with one exception: special flags must be used to prevent Boolean
reduction of certain cutsels that are not important for estimating the fault
tree fop event probability but are extremely important (o support
ih?plementation of this methodology.

Once the power reduction and shutdown mode flags have been placed on
the tree, Boolean reduction of the model can proceed with a standard fault
free analysis.

Step 4: Definition of scenarios for each cutset

The purpose of this step is fo define a set of scenarios that are derived
from the faulf tree minimal cutsets. For each culset, there are one or more
scenarios that meet the conditions for the cutset to occur. Each scenario
has an initiating event and a set of plant conditions which are necessary to
produce the cutset conditions. The scenarios are developed from each

cutset using a set of simple rules summarized as follows.

‘o For each basic event corresponding to normally operating equipment,
the events include the equipment failure to continue operating or the

equipment is taken out of service for testing or maintenance.

e For each scenario initiating event identified for a given cutset, there
may be one or more individual scenarios that would meet the condition
for a cutset to occur. For example it there is a cuiset {4,B} the typical

scenarios for this cutset might include:

- Failure of A with B out of service for maintenance
- Failure of A and B fails while A is being repaired
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- Failure of A and B fails to start on demand
e For basic events associated with either standby or operating
equipment subject to limiting conditions of operation (LCQO), there
may be manual plant shutdown scenarios for an LCO and remaining
out of service that exceeds the LCO requirement.  There may also be

anticipatory manual shutdowns for basic events which degrade the
plant  ability to continue to operate, but which do not cause an

immediate trip.
e For critical test and maintenance alignments, there may be other

scenarios for operator induced trips.
Step 5: Modeling and quantification of scenario frequencies

The system level models may include, as appropriate:

e failure rates and repair times for scenario initiating events and basic
events

e test and maintenance unavailability models

e models for probability that an equipment is out of service longer than
LCO requirement

e human reliability models

e common cause failure models
Step 6:  Characterization of scenario impacts

This task is to characterize the consequences of each scenario which will
cause plant trip or manual plant shutdown. The duration of any plant
outage is assessed in terms of time when generator is off line for the

purpose of determining the plant availability.
Step 7 : Integrated plant quantification for reliability and availability
Utilizing the information in the previous steps, the analysis tool will

provide an integrated plant assessment in terms of the following plant

level performance measures which includes frequency of plant trips:

L 3

plant availability factor

forced outage rate

[ )

Jfrequency of plant trips

expected hours of forced outage/year
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2.

Questions and Answers

The determination of dominant failure mode of risk-significant SSCs
will include historical information, analytical models and existing
requirements. The process for determining dominant failure modes of
risk-significant SSCs is described in Figure B-3 of PSAR. Use of the
failure history to determine failure mode is one of the assessment paths
as describe below.

Failure history to define failure modes, as described as assessment path
A in Figure B-4 of PSAR, is used for less complex equipment when
failure history data is available. Since a reasonable long failure history is
necessary for most components to determine the dominant failure
modes from failure and repair data, it may be useful to combine
components into categories that allow pooling, or mixing of the failure
histories from several components. The first step in this option is to
develop the analysis boundary in terms of categories of equipment
whose repair and failure data would be pooled. The next step of this
option is to construct the list of failure modes found in the failure data.
This could be accomplished in terms of piecepart failure using piecepart
failure cause data. If the piecepart failure data is not available, the list
should be constructed by major piecepart failure. The occurrence
frequency of each category is then computed, and the categories are
ranked by occurrence frequency, with the most frequently occurring
piecepart failures indicated as the prime candidates for inclusion as the
dominant failure modes.

The assessment path B, analytical assessment to define failure modes,
as described in Figure B-5 of PSAR is used for complex equipment, or
when failure history data are not available. In this option, a qualitative
analytical tool such as fault tree, Failure Mode and Effect Analysis
(FMEA), or reliability block diagram is used to identify pieceparts of

risk-critical components as shown in the large box of Figure B-5.

In addition to the assessment path A and B to define the dominant
failure mode list as described in Question 2 response, the process to
review existing maintenance related activities and requirements are
described in Figure B-6 of the PSAR. The ASME Section XI

requirements, vendor recommendations, Technical Specification
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Questions and Answers

requirements, environment requirements and other regulatory-
mandated requirements will be listed to the associated risk-significant
SSCs. This explicit set of steps could serve as a starting point for the
assessment of maintenance needs for the component. These
recommended maintenance activities are further reviewed to identify
failure modes affected and frequency of maintenance, and identify if
there are any failure modes that are not maintained. The process as
defined on Figure B-6 will identify the maintenance strategies to defend

against the dominant failure mode of risk-significant SSCs.

The process of determining the risk-significant SSCs preventive
maintenance program considers the vendor ~ recommendations,
failure mode and effect ahalysis or failure history. The performance
monitoring of the risk-significant SSCs during plant operation will
provide the feedback of the maintenance program effectiveness and, if
needed, the maintenance activities will be revised to defend any newly

identified dominant failure mode.

The PSAR will be revised to add a new Attachment BE as described in
the response of item 1 above.
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Track Number: ~ B-002
PSAR Sections: ~Appendix B
Question Date:  March 23, 1998

PSAR Question:

B.3.1.1.2 and B.2.1.2.1 Unplanned Outage Analysis indicated that S&W
will develop the model regarding the BOP non-safety equipment which will
affect the reactor trips and establish the database for related parameter(s).
Based on the output of this model analysis, [it] will provide the key data for
critical components which may affect the reactor trips. ROC-AEC ask
TPC to provide the analysis model and methodology which were developed

by S&W, in order to verify the analysis model meet(s) the requirements.

PSAR Response:

The following description of the IRA evaluation applies to the BOP system
models under development by S&W that will include the contributors to
unplanned plant trips and forced outages as stated in Appendix B, Lungmen
PSAR, paragraphs B3.1.1.2, and B3.1.2.1.

The IRA evaluation will use proven fault tree analysis techniques,
consistent with PRA models, to develop fault trees for each system and for
the integrated plant to assure that reactor trip frequency performance
standard will be met. Since reactor scram frequency will be part of the
results from Lungmen IRA  evaluation, the process for Lungmen TRA
evaluation is provided. The major steps and summary of Lungmen IRA

analysis activities are described in the following steps:
Step 1: Definition of plant and system success criteria

The first step of the system analysis is to determine the system impact to
support the plant operation. Some systems can be in a test or maintenance
alignment and still support full power operation, whereas other system may
need to operate in a normal alignment to prevent plant tripping off line. The
following assessment will define the plant and system success criteria.
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e identification of system dependencies

« determination of system success criteria to support plant operation
o capability to maintain equipment with plant in power operation

e limited conditions for operation in technical specifications

Step 2: Plant level and system level fault tree construction

The goal of this step is to find combinations of events that could cause
perturbation to power operation which may result in a sudden plant trip
or manual shutdown. For the plant level fault tree the top event for the
plant is “Plant Unable to Generate Power”. The top logic of this fault tree
accounts for all ways that may cause interruption to power operation in
terms of hardware states and human actions. The following system
alignments or conditions which will impact plant operations are:
s events that cause a need to effect an orderly plant shutdown to correct
a problem

e events that would cause a sudden reactor trip

The plant level fault tree will develop the logic until system interfaces are
identified. These system interfaces will be used to define top events for
system level fault trees. Once the system level fault trees are developed,
they will be integrated into a single large linked fault tree to perform the
integrated plant analysis function.

Step 3: Minimal cutset determination

The implementation of this step is the same as the standard fault tree
solution with one exception: special flags must be used to prevent Boolean
reduction of certain cutsets that are not important for estimating the fault
tree top event probability but are extremely important to support
implementation of this methodology.

Once the power reduction and shutdown mode flags have been placed on
the tree, Boolean reduction of the model can be proceeded with a standard
fault tree analysis.

Step 4: Definition of scenarios for each cutset
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The purpose of this step is to define a set of scenarios that are derived from

the fault tree minimal cutsets. For each cutset, there are one or more

scenarios that meet the conditions for the cutset to occur. Each scenario

has an initiating event and a set of plant conditions which are necessary to

produce the cutset conditions. The scenarios are developed from each

cutset using a set of simple rules summarized as follows.

For each basic event corresponding to normally operating equipment,
the events include the equipment failure to continue operating or the
equipment is taken out of service for testing or maintenance.
For each scenario initiating event identified for a given cutset, there
may be one or more individual scenarios that would meet the condition
for a cutset to occur. For example it there is a cutset {A,B} the typical
scenario for this cutset might include:

- Failure of A with B out of service for maintenance

- Failure of A and B fails while A is being repaired ~

- Failure of A and B fails to start on demand
For basic events associated with either standby or operating equipment
subject to limiting conditions of operation (LCO), there may be-manual
plant shutdown scenarios for an LCO and remaining out of service that
exceeds the LCO requirement.
For critical test and maintenance alignments, there are scenarios for

operator induced trips

Step 5: Modeling and quantification of scenario frequencies

The standard models include, as appropriate:

failure rates and repair times for scenario initiating events and basic
gvents

test and maintenance unavailability models

models for probability that an equipment is out of service longer than
LCO requirement

human reliability models

common cause failure models

Step 6: Characterization of scenario impacts

This task is to characterize the consequences of each scenario which will

cause plant trip or manual plant shutdown. The duration of any plant

Questions and Answers
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outage is assessed in terms of time when generator is off line for the
purpose of determining the plant availability.

Step 7 : Integrated plant quantification for reliability and availability

Utilizing the information in the previous steps, the analysis tool will provide
an integrated plant assessment in terms of the following plant level
performance measures:

e plant availability factor

e forced outage rate

e frequency of plant trips

o expected hours of forced outage/year

The integrated plant model, for which GE is responsible, combines the
analyses for both BOP systems, and reactor plant systems. When
completed, it will identify critical components which may affect the

frequency of plant trips and forced outage rate.

No changes will be made to the PSAR as a result of the response to the
question.

ROCAEC Review Comment:

Responses to item one of PSAR question B-001 and B-002 are identical.
However, GE committed to incorporate the changes identified in B-001 into
PSAR Amendment but the response to B-002 "REPLY TO TPC REVIEW
COMMENTS" stated that "No changes will be made to the PSAR as a

result of this question”. Please clarify and also include the 7 steps into PSAR
from the original GE response.

Further Clarification:

The question and response are combined with Track No, B-001 based on
ROCAEC comment.
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F 78 2 7% (Responses) -

(1) & B 4% v Bk Bk M 3R 85 33 49 18 ) £& %€ P PSAR % 12 & “Radiation
Protection” ¥ LA EANBH Z 23R » K ZHEEAME C “%5&
HE P EAM

(2) A Mg B SN RIR R AT B R > AN BIKR Fombx TRigs
G488 RS | A B AT 0 EFFE FIFSAR # 11.6 & “Offsite
Radiological Monitoring Program”:$ 4= 37,30 » #3ZH &8 F A MC %
EET PEHEAGL -

B i a % % & LROCAEC Review Comments) *

PSAR 12%F A 1168 734t ¥ — M E FEHRILEATRA - FEEREK
AEFRRE > B3R ARG AB TR  ¥UBA BAHRA -

4 E & 7 3.8 (Further Clarification) -

() CHARAAMTEIRETRTEFTUAGEANREFNZEHTE
Bl E R E 4o i sRCES .88 BN R o

Q) L ABET  ADINFEWMALECEAFSART AR AL WET
L4345 R 3t R B TS AT BB AR BB R B 0 AR R E M A
4 3EP-C-001 1 & T2 FIPSARM4CE SRBEEE —F £, 1 #013) -

Questions and Answers APP.C-11



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

3% (Track Number) : P-C-007
Pl %8 % # (PSAR Section) - Mgk C
41 3¢ B #(Question Date) - 1997.12.15

B & P Z(PSAR Question) *

A ey ZEEN - TR RBFTOCANA R ERBEHEAD
PREF TR RMEEEEH o ket BT (KFTKR) ~ TR
A\ iansaiyNn (C1058) -

P A8 & 7 (Responses) :

AT EH A HOSCHEMZERIME R A8 MA /e T

—-IEE3 @rE* AE—BU k.. ... s BERE c EAHXAEE
o KA~ BIEE - m%%%% cAREANE THEERE ST E

#A] b4 AE ﬁﬁz%\i& AR IR, e
B e % E E BROCAEC Review Comments) :
fi’%’ﬁé@ ?Z#Zﬁ%gﬁff CRERITIFXESHBTIVALK KT R &
BTEHBMEE MRS BATREERIREELE - RENEMK
B, o

4 F & % 3 % (Further Clarification) *

(1) BERIEARB X E P A BYIBMZIEw AMECES2H “HEiok
NG aRARIAA S =M RECS2-1 -

(2) ﬁ/\ﬂﬁ%/‘\ﬁ*kﬂ&z&*aﬁ » BRI B A BRI L
%&%ﬁﬁ% v A — F 3R {LBINAE S zLﬁk%gﬁu%;éifﬁngg%ggp-c-ool

Ak " éFﬁPSARFﬁﬁﬁEC""”TW}K tEIE—% &,  #009) -

Questions and Answers APP.C-12



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-008

P %2 % % (PSAR Section) : Mgk C

#713% B #(Question Date) - 1997.12.15

P 78 ) 2 (PSAR Question) :

5 &8 BN A F Lo T E SRR~ BESA - RREMF S @
Wt~ FREEF BN AR BB RAE AT AL -

P28 2 & (Responses) *

(1) EHFE TN THhex B ERFEBRALEHR - BHEIMEERR
WUTEFERINR R E > TG A EGBEAMN QTR BINRIE
iBEsE R (LR R EFAGZEIIBEET T 0 B E AR E
FIT 77 o

Q) rzEReHFFFEEEAFACLACRE  AHRAGK
B X 2 M E KRS BF T A A e R IR
£ BEBEMA LB AR ELTEH > koF REZHFHI
WA IE — G NK I » AE  R 2R ARG R R IRAT 13
e -

() BAADFAH EXMAFALTREG ANARDEOETLA
SR GRAEE B TRABIAR 40 RE 2 EFIE
BEIEARER TR BREAITLERAENS G 2RERE
B AR A B AR 5 BAL A K -

1) UARATSBERAZERTT - BEb BT —RESRERK
s BB AR R A EE TN B
BUR 8RN RO AT B 0 BAEA B AT R E A A S B
LA T A

Bia® 3 E ALROCAEC Review Comments) :

APABANAS TR EHR A EM AR A RBRER AT

Questions and Answers APP.C-13



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

WA AEERNLERMHAMEREAELERTARE L ESAR

th BT AT AT B R AR
4 E & 7% 3 % (Further Clarification) *

() FHF S EN] T2 H EFEAKKARETH - ASMFRA
TEATAAE B A BORB & 0 AR eF R R b R R AR R BRI
B R B AE LTS Z BN R A ZE 0 BRI NE
FIT o ©

Q) BEHeIITHREM AT AL LR TAEER > R EHE L
M M MES AR EREU IS A AT SRR EREES
e BIFELZBEE O MALEBE LR WMNELENHEZ > RE&KE
Z IR BB ET AT R -

B) AN BACERIZELHHB ORI RXFELLEEIL—EHILHE
BRI RS o

(4) AnEl A% BREZHZRZEY  ESEWREBRIRIEHE
AIPAE SRR B 2 AR AR BT A MERIL - BE S
M~ BRAEM s R BRI AR EEE N B EA ORI IR
B, IR REERGLIESCREZIARIA -

(5) B AN S AREEB LS B AHIEP-C-001 1 & " A2 FIPSARM 4:C
SEAEEFE—-F &, »#010)-

Questions and Answers APP.C-14



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 5% (Track Number) - P-C-009
P8 % # (PSAR Section) © 4% C
#7132 8 B (Question Date) - 1997.12.15

] %8 P9 & (PSAR Question) :
LERARRAAEMRFE SRHF ORI RALRTHN X -
P %8 % % (Responses) °

1. &N B4 e BEEMRERFTIMER THEE, AT
M bE R TR oz A EE > LUEMR B F Em EEa Azt
TR AT m A e

2. LENEBEELHAR EBHME AR EER(EEUE T
A ISR MARAE R TR A ZYREE > XF R IIXBHE
o AEZA AR TYTAE-

e £ 3% & RBL(ROCAEC Review Comments) *

LENNBHREIFHUFAERTT B A RAHENRD - TH
ExFMAERE THRENE | o TN HERZEABE LW - MK E
ME R BTN DR RREHE AR H RETHEZXRENE
Hi4Z ~ A RE O MKBEFTA -

%

X~
i3
e

& E % 7% 3.9 (Further Clarification) -

(D) FHEFREEER & -
LENCHEEEORERRERFTHER IS ZIHET T
Yo NAAMBHAERETA TS ERY TR WERRITFEME
Er — AR TSN maoHk e
AN B ALE S EHAT Eﬁ’z » ZEFSAR P 8 #£ 37, 98 Ep L 25 £ 1
7;3;&0 RLpmuEs RABLA245AMEEHE2 ST (W AR

%)

Questions and Answers APP.C-15



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

() AMAFAERBITH X @
& F NG B B ATHUE > B AR SRR A% AR wo BRI L
PHR(EFUEFTAER D) BB BRUARTALEZINRR
2o LA AP AAWEY LIBEZAEHMELEYTH -
BESTENNHEALEGFEDITENLZA " PRB LA EH
TR MBS T FU R SR YN T @ AT

3) A M EEERNE - R ARERPAMHKCECIH “TEE
AR ER R AR E

(4) Ea(1) AN 8] AEF AL F SR AHIEP-C-001M & " AL PIPSARM
#CoETABFHE TR, #011D)-

B €% 5 (=)& BL(ROCAEC Review Comments) *
RAAERIREAETENRE > RAENEE -
& F 7 %3, % (Further Clarification) *

AEHRATHE2 B EONCIA320)R R REEEE LHEP-C-
0012 B % B ¥ /REHRA -

Questions and Answers APP.C-16



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 3% (Track Number) - P-C-010
P8 3 # (PSAR Section) : 4% C
#7132 B #(Question Date) - 1997.12.15

178 P9 2 (PSAR Question) :
3 P AT R 4R AT B4 B A S LA M HISIEAL -
R84 & (Responses)
[l & R
B4 % %5 & RROCAEC Review Comments) -
HE T RE > B AL ey TH A E A o
4 E 7% % 3R 9 (Further Clarification) :

CEBME > $ OB ek C o FAE 14T B8 2 A M HISIE
AL e

Questions and Answers APP.C-17



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

# %% (Track Number) : P-C-011
] %8 % & (PSAR Section) - fit 4% C
#7132 8 8 (Question Date) : 1997.12.15

P 28 79 A (PSAR Question) :

ﬁ%#ﬂ%rﬁm REMEHE > RBEHEAEXTE  BRHER TR
#al ~ T#451288 %) 5K COBAa2AHE T oBBIEETR
BB E o B MT > AMLEZHEREBENINEITEEZREMNRE
$ o

P #8 & j (Responses) -

B E ARk -

e 4% 5 & B(ROCAEC Review Comments) *

ARG EA A ke R EAMIE o 4 F 05 B o PSAR At

& 4 TN 5 #P-C-014 ~ P-C-018 % M arrit 2 B F » 47 F Fallsh
C(?‘?%?Jrﬁ)ﬁfr%m& » FEEHRITLE ©

&
R
b
2%

& E % 7% 3R A (Further Clarification) *

€ 2% mik APSARM 4k CPA A WAL T T K E °

Questions and Answers APP.C-18



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 5t(Track Number) : P-C-012
] 78 & &7 (PSAR Section) - fit sk C
#1713 B #3(Question Date) : 1997.12.15

Bl %8 P9 & (PSAR Question) :
A CRAB A BB &k - UEHNER] -
P78 & % (Responses) *
Fl &I Bk UHEER -
B tee %% & B(ROCAEC Review Comments) *

2%

L TN AR CIRAGEHE TS > NBHMXBART wELERE
Z ALHE BOAE o

4 'E % 7% 3R 8 (Further Clarification) :

€38 BB ¥33E o

Questions and Answers APP.C-19



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

3% (Track Number) : P-C-013
] 7 % & (PSAR Section) - M C L1 (hemskC L1
413 8 #7(Question Date) : 1997.12.15

7 %8 P A (PSAR Question) :

KGR TR (o TRA% 2T BEMLE - HHERY - BRE
AT AT EELR R RS ) w4 o

] 7R & & (Responses) *

A #% & K42 APSAR Chapter 1( Introduction and General Description of
Plant) ~ Chapter 2( Site Characteristics)X ¥ 354 # a3 90 > L EREFTE

s R Ao LA E R AR -

F e %% E BLROCAEC Review Comments) *
FERRAEES TN NEHE - M C(REF DA B KRHE
BRE IR LR BRIE > SRR LB A T BRI o sboh
CFEPIH EMMR M BREE - —FAREXT R BAREEA
hERERGZFEANE

4 E & 7% 3 9 (Further Clarification) :

O A TR Bemsk CELLIS “ERm -

Questions and Answers APP.C-20



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 %% (Track Number) : P-C-014

M RA & # (PSAR Section) © 4k C 12 (3R C 12)
47 3¢ B #7(Question Date) : 1997.12.15

P %8 1 2 (PSAR Question) :

A B PR RARIE R A -
] 72 & 7% (Responses) -

Bl B RC T 238 & 2 1A 73 ) 70 B 27 AR A o
B4 % % E BLROCAEC Review Comments) *

YRE—FER HETLARBEEEZ M CRERS  SUBER
%8 LR -

4 E & 7% 3 9 (Further Clarification) :

CAMECEL2E VERRET o BRI B EZIERARIEIRA o

Questions and Answers APP.C-21



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) * P-C-015

] 78 % & (PSAR Section) : e C 13 (MrmsrC  13)
473 8 #(Question Date) - 1997.12.15

Bl %2 M A (PSAR Question) -

$Wy%ﬁﬂ WA BAATERENE  BHHEEES - A8y
FiHERA o

P %8 & 7% (Responses) -

R ERERE - EERES, Ao % > AmskC .1 7345 48 B
ZIBWAA > HERETAE] 3P EHLGE -

EBiee £ L E RBLROCAEC Review Comments) -
K4 TREHEARES  HREMEBRERA  FLEARF 28

ko BENE AR EREE T EARXERALERETERE
BARE > HFH I mBZ -

£

4 B 7% 7% 3, ¥ (Further Clarification) :

CEBME > HANERERE  THHAEES ARSI TFEHER
i skCHEL3H “TE& /R -

Questions and Answers APP.C-22



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-016

P %% & (PSAR Section) : 4% C 1L 1 (#IRMAERC  2.2)
47 3% B #A(Question Date) : 1997.12.15

Bl %8 P9 A (PSAR Question) :
KEAMEEHERITEN R REE -

P %8 % 7 (Responses) :
Bl & B RRE3T -

B e % % & RL(ROCAEC Review Comments) :
REAMEESERNITES ERIEHE o

4 E % % 3 W (Further Clarification) :

CHBRME HAMTR T ST ER A I ERAmWEEC H228 %
B EEBXRAT -

Questions and Answers APP.C-23



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

# 358 (Track Number) :

P-C-017
P18 % (PSAR Section) © 4% C  IL 1 (33 C  2.2)
#73% B #4(Question Date) - 1997.12.15
# #8 P9 2 (PSAR Question) :
EM T L EEYEARL NEXHE G » HHwFEERA -
P %8 %5 & (Responses) °

Bl & B TCGRA R 43R P-C-0162 A7)
B4 %% E RLROCAEC Review Comments) -

AL G A B — ~ =~ Z B2 AR 0E 0 o0t B Foed 3R 8 A% v ik
Z ek o

& E & 5% 3,9 (Further Clarification) :

CEREIT ) wHskCHE228 "R &I ERXRAT -

B E %+ (=)& L(ROCAEC Review Comments) -

C22 mE&&
" .

FRINAHTEEH BB E > LTI REE > FHioA

4 & & 7% 3 ¥ (Further Clarification) :

3

ZHEBBARFRERACEABTELTSE

Bt E o B & CRETLEE
HE7 EBEZAMAE c BAMAE— ~ =~ ZFETXRRE "RHFEE
HE” e

Questions and Answers APP.C-24



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-018
] 78 3 # (PSAR Section) : M C LT (MiecC  3.1)
#73% 8 #73(Question Date) - 1997.12.15

P # 13 & (PSAR Question) :
LERREEMS RIEHAETARLAER B2 -

P #2 & & (Responses) :
FNMERCEI 18 AT SRR A e Al T ST NETH
FEREGHSE I B FARLATEREMIE  AENELETELT
sk s B R B R E -

B e e % % & RBROCAEC Review Comments) :

TRE-FER FHETOARBEEZXMERCTERE » SUE AR

4 ' & 7% 3 ¥ (Further Clarification) *
CAHERCEI LG " RERY BB X B e TSI NEFHLLTH

UL TR A RARLAMER BB > BB LR EIERS
ISR RE M AAHEL -

Questions and Answers APP.C-25



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) * P-C-019

PR ¥ # (PSAR Section) © 4k C 1L 1 (#hmskC 3.1)
#732 B #1(Question Date) :  1997.12.15

B 28 W 2 (PSAR Question) -

BRNEAERA TR A POBEARLKRIEA Biam BHASE
JE T oA sEIRE] ~ RO o

] 78 % 7 (Responses) -
1 REBATLAREE » RS T o E s 8 2% AR 8 i

FER o MHIBNETEIRE - PR FARRKEA - A
BELASE » BArd &AL -

2. RN AFEKRAEFSARZ B 0T - F L F R T LAAERA -
B g% 2% & RLROCAEC Review Comments) *

5B BRGSO AE MBI EANR Rkt R A RET
%/_% Bl b TR BRI 3G Z AN P 6 BN RO BER T KA
RA MR TEEERI AR FREETEITAFREEA i AR A
FAEPT T G AR e

4 'E A& 7% 3 9 (Further Clarification) -

CERMEAENELTE TR @8- ?m%;k&ﬁﬁﬂkxﬁﬁ&g
AR A ko KI5k CE3 g "L EY Bl hu s E o

Questions and Answers APP.C-26



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

# %% (Track Number) : P-C-020

P %83 # (PSAR Section) M4 C  IIL 1 (#&MEC  3.1)
#73E B #7(Question Date) : 1997.12.15

1 %8 P9 & (PSAR Question) :

2V RRPLZERIZE M P QXAEF 5 $hATPASSIRE 2 T BB 4878
JEF 5 A o

1 #8 & 7 (Responses) -

1. RERBZERNT 22854 %£20-1 (FIR%HIEP-C-048) F €K BHEE R,
B o

2. ATPASSE AR X T e e e & 1-3 (PR 43EP-C-018) F 7R A BH#4 37,
B o
8% £ & R(ROCAEC Review Comments) :

FI2F P EBRREFTEZAB X I2EHRA BHRELERIAET R PO
S BB THE - A OBMPASSRESHELEGTEBAKRREY
BB RHAIT 0 RETHREFEL > Mk "TERA, T -

4 B A& 7% 3 9 (Further Clarification) :
CEBHINTERIFETNT OXAEHRA > L4 LPITPASSI A2 T

Ve 2 4 AR F R R ko SR CH3. 15 T4 M8 % 40 2 46 fa SR &
1”7 B#£C3.1-3-

Questions and Answers APP.C-27



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

3% (Track Number) : P-C-021
] %8 & i (PSAR Section) - e C IIL 2 (FremecC  5.1)
413% B #(Question Date) : 1997.12.15

7 %8 P9 & (PSAR Question) :

kWA ERE (K A TR BMBAER - BAXIFRERNEFE
a3 -

1 #2 & 7 (Responses) :

ﬁﬁéﬁ 'f%']’»t %}Lg_ %DHT#&.E/VEﬁ/ML%ﬁ/VF}? EJ izéf@'g‘ ER éﬁ/\é =] 3\,
boz BAIAB ~HRNEE BWEEmEify  ANSERENFRZ
MrmmEast T aMEERFE P MRE -

e e £ & & A(ROCAEC Review Comments) *

FRAAAB R EAN BN LA TANE  NERE AT T
BFe] T e

4 E 7% 7% 3 % (Further Clarification) *

(D) k2B uBRTETTRMFELERFEZRANER LS AN E
Cl4-1 “iwmTasstEEHz AT » £KCl42 "EHERSE
I E @Mﬁﬁmgzﬁ*”’&%CMﬁ“ﬁ%@&?%#§?%
BAENBZRE °

() BN B F — R A A R AT R BARE L FENES
5eP-C-001 1 & " REPIPSARMM4RCE EAREFE —F &, - #002) -

Questions and Answers APP.C-28



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-022
PR % # (PSAR Section) © M4 C L2 (#&M4C  5.1)
#73% 8 #(Question Date) : 1997.12.15

B 72 M & (PSAR Question) :

F_BPE2FHT BENTAa8 2 Edkars (R8s
B) BB IARAERE THEITT  £2-1EBRHEMSEE -

] %8 & 7 (Responses) :

. R2-VARABRNE T EFET AL B FRANEEATXZE B 5
o ENBNELEIREGYBNESRRAFEETS A EE
¥ lta i IR AAPSARA FHM > AN RAWE ;S EMBEmRE S
IERMEERSZ PRS-

#% 5385 TSC ~ OSC ~ HPC ~ EPICA % — 3 F 4 052 &) B 054k 0f ok
R 8F o

o

BiEe % E & AROCAEC Review Comments) :
RIM2BXFAE  FBEEFUSFENTZARAAYE - HE2-
I A—2 - Bt FBEIFURTRATI B2 ATHkA
FAR(BIRDI) S HIFHEXIFHRAEMBFREFTRA  LHEUEE
A8 B P e

4 & & 7% 3. % (Further Clarification) :

CERAMHCI2TAE T ERANT S AR A FHay > pg
BARREAELY  ARNTAASRE I A E -

Questions and Answers APP.C-29



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-023

P78 % # (PSAR Section) © M55 C L3 (¥4 C 2.1
#1713 B #(Question Date) : 1997.12.15

7 %8 P9 & (PSAR Question) :

KA H AR AR S F R H R o AR
B At %5 E o AR T  AGBOTE TR M A R LR

P %8 & & (Responses) :

R & i R paE -
B fe e %% & LROCAEC Review Comments) :

A AR WA R LR BRI RN B AT -
4 § % 7% 3 ¥ (Further Clarification) :

CE BT BT AHECE21EH " REaFU s -

Questions and Answers APP.C-30



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-024

] %8 % & (PSAR Section) : M C 1L 4 (FmRmeC  3.2)
#13% B #1(Question Date) : 1997.12.15

P %8 19 2 (PSAR Question) :

PLBIRZIBEY > W —EERBEPoxEY  HEEBREEER

SR R R R HEGRE EITESET A H— &5 BRI
2;F§&u o

BAHARBHERESTTZABENTE

F #2 % 7% (Responses) :

Bl &4 70

(1) 62EN 2/ RRABRZAETRIEHGEH G E ATEHFHNE
It Z3ta 8 o

2) 6HEARNNBHBRR(BAGEH ST O)FEHIFHERE
A H(E M)

(3) B & B AR E(ITEIRE 4 £84.8%81%)
B 454 % & & B (ROCAEC Review Comments) :

2%

FETNARELASHNRERTRFREZAAME S L (4o & FiARE
B2 ANBE~FR-MHEZRE) 54531 A -

& & & %3 ¥ (Further Clarification) :

CHERAAMEZ S %m%ﬁ%?%%%’%w%C%ﬂﬁ“&%?%
Btz T HERLT” -

B i 8% E(=)E AL(ROCAEC Review Comments) :

CI2x v ek R E. . RAGEMEE ERAEE  FHEHNE

3\ o
& & /& 7 3% ¥ (Further Clarification) :

EiE AT > {5 FE4C32

Questions and Answers APP.C-31



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) - P-C-025
B} 78 3 &7 (PSAR Section) - e C 1L 4 (FrhaierC  3.2)
#14% B #1(Question Date) : 1997.12.15

%8 3 & (PSAR Question) :

MBI P T RRANSILEE R E BRI RS RE B
MEZMARGERAR —BEX BREN  BEAITEM S SR -

Bl #8 & % (Responses) -

SAEMTFERG > S REEXT & BRGE

(VRN T wEN AT EFAAGZ T TEBREE L) ZRE
TR A E R MBIGITEIR S A F)E ¢ B F I B X B AR (09 B0
LB HERB TERAERBKET L -E(T) KT
B RARLE T EME TSR RNE LS  ALEH A TFY
B> THEREHAMEIZFEERMEMA BT REEXTE
B 3y 3 o

(= )42 v B PR AL Ml 3T R SR 2 B B

(2~ BR)
& Sl 82 R 4 E W Wik % F | OH

E

BERR EFHHEERT S |BHRHH

REBM B

5447704858 02-24941020
W5 4w SERRIT K T 1938 02-24931210

WP B IR

N

(Z)is48 A8 B BB R A AR 44C M AR I0RE F -

Questions and Answers APP.C-32




RESPONSES TO ROC-AEC’s PSAR QUESTIONS

B e %% E BLROCAEC Review Comments) *

BB N BATHSE AT A R ERE RS IT S &R T
Kol TH B E EIRR I 2154 F B H AR 7u%1 g 2 4548

“fi ///\ m ’ °
4 & & A 3 (Further Clarification) :

BEEEREE RS IR RRE LTS BRERA L MECH

5138 SR B4 ‘”}?Hﬂﬁé%?afﬁfi %7}’@” » BN B0E B AL v BRFR

SN R S R G FRLB R T BURSE B
BB APATT ) -

Questions and Answers APP.C-33



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

438 (Track Number) - P-C-026
]R8 3 #7 (PSAR Section) : MsrC 1L 4 (FhrRMsRC  3.2)
#71 3¢ 8 #A(Question Date) - 1997.12.15

P %8 P9 2 (PSAR Question) :
B AR L E AR AR W e
P28 2 % (Responses) *
Bl & Al ZI A AR e
B a %% E ALROCAEC Review Comments) -

LN B A 38 T B R A v R B E
%2 48 B 1 € -

4 & & 7% 3R ¥ (Further Clarification) :

RIBATHIRBHZ T TFEREEREIE ) 2R ¢ L BN atsB W
HE K B_’\éé"*'ﬁ‘y’t;@#?i%‘?'u—k#a “HE S FZBEFO AT R
HEPOHBRENRKRER BRAETEECTREABRGILEXHEAE R
HEZHRFTRZGASTEART - TR BALTETR BEFTEK
18 AL & B F 23:20.2mSv/hr Q0mu/hr)8% » % 3% &0 %A% 3 0 3L Bpdk
Ex@%ﬁ If)’i%é;[lﬁ??ix E%J&Eﬁf& &"T’“EHL@ $&a§ﬂy\/5 T)l('ffi
TE -

Questions and Answers APP.C-34



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-027
PA#E % # (PSAR Section) : 45 C 1L 5 (¥ C  5.3)
#13% B #7(Question Date) : 1997.12.15

B %8 W 2 (PSAR Question) :

A s miE Ll @M XX WA~ LB E FELAE R EHIE A

F1 %8 &~ 7& (Responses) -

1. ARG RAMWPSART Y EEIETFTH Ny FRNTE I EMFE
R EREAE Lt MR R B a0 B R (A Jo LA ALl R 3R
Bpel » EN ez EABEFBARORAT ERFE T BT MUR
& o

MEB A BN A FEEARRTHEF AT E > N WFSAR
PR (BRI R AT ERFE )

[\

B tea® 5 & B(ROCAEC Review Comments) :

BPif B ATA R > LB BMRERF REMEE > b0 RABwBR R & E
B ERAFEZANRE NEBEAA  FMEFTEHE -

4 E & 7% 3 %A (Further Clarification) -

(D CEBMEELAAREU LB - SEBMEFRELAEBRE
WA R B E R A A CESIH " FuHMMEAT NG
iﬁ” °

Q) R A OEEES EAMFERFERARNER T E o AMERCE 4
ﬁ“ﬁ‘m&@%%fW¥ﬁﬁﬁﬁ%” o BINALR B E — A
MR E ML AT AT BRI R B B EP-C00l A 3T
PSARM4CE BAREEE—E £ | » #002) - |

Questions and Answers APP.C-35



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) - P-C-028
] 78 & 8 (PSAR Section) - Mk C L6 (MrikMEskC  5.8)
#7132 B #7(Question Date) : 1997.12.15

B 78 W Z(PSAR Question) -

TEAS U U FAIILITH > 40 5 BAH HBRE - PG
BB BT S8 WA RBOTHIEA B 2 R A4 R B > B45 T K
BeAbil g EHARRNFRE A FRERIRATH LA RGBT -

B %8 & & (Responses) -

1. AN R AEZmPSAR(R &2 FRANT A EHEREF L AR
JB R Y B K (S AR o SAALH R RBABP T 0 AR sk de B RLE AL
WEEERFETZITRE -

B PREMBET T RERITEHES k1 aEda ] > {20k
BRERERENEN EEAFRE A REAREHEFENA
Bt S B X AR R RARY -

3. Htb B R FEE > AN 8 A AAFSAR T P LA E AR -

B e e % % & B(ROCAEC Review Comments)

o

ARESENAGEME - AMREAZRKBTERIRETHIEARRK
FHBERAGELGEREF T FEENABMEEERYA -

4 & 7 % 3 ¥ (Further Clarification) :

BB HERTEEKEATY  REEREITHEAEZTSE
AR B IR AT I AR A E S MBI EAE R
AE 23R 8 o R 4R CE5. 880 “B NS SRy E I o

BHeEE(=)E RLROCAEC Review Comments) -

C5822 xFQARB)F UM EMmRETmS W R R L ERA
e S48 B 2 AL B B K

4§ 7% 7% 3 9 (Further Clarification) :
RIS > B RBAE > BXCHEEWRCS822 -

Questions and Answers APP.C-36



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

3% (Track Number) : P-C-029

F4 78 & &1 (PSAR Section) - M C L6 (FrhMeeC  5.8)
#13% 8 #(Question Date) : 1997.12.15

B %2 M 2 (PSAR Question) :

A RRABHBUABFEFIXEARBIE - S EE M ER A EE
% o

;1 %8 & 7 (Responses) -

. BHABFLGEFRARRLBIEL  FREGOEREEIEIERE - BHLEMD
R 0 S aFSARMS B 0 R-T8 R B4F £ 35 3] AR RS 85 46 7]
WA EEEF

2. LR AMENIERETHINALIAREKC MOP -

B E & E ALROCAEC Review Comments) *

Wak—FER HEITNIRBEERIMKCTERSL > B
FEH WM -
& E & % 3 9 (Further Clarification) *

CEBEESRMABRNBRARFTEFXARRTBILE 1§ E43EH%
g2k R Ao 4R CES 88 BB I E LT o

Questions and Answers APP.C-37



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 %% (Track Number) : P-C-030

P #2 ¥ &7 (PSAR Section) - MR C IIL7 (HmRMEC  5.9)
#13% 8 #3(Question Date) - 1997.12.15

P %8 /3 2 (PSAR Question) :

KE KBS BB T HETERVBE S RELTEZRE I EELEE
Bl | AT B 2 ok -

P #8 & 7 (Responses) -
Bl EMAAD “H4RC .7 R EHET A HERA -
B e %5 E BROCAEC Review Comments) :

YahiE—FER B LT ARBEERIMHKCTERE » MEERE

4 'E & 7% 3 9 (Further Clarification) *

GBI o

Questions and Answers APP.C-38



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

# %% (Track Number) : P-C-031
] #2 3 & (PSAR Section) * e C 1L 8 (MraMsrC  3.2)
1997.12.15

#13% 8 #(Question Date) :

F1 %8 g & (PSAR Question) -
%% m ia‘a?@

L /ﬂ]Fﬁ )L‘

P18 % & (Responses) *
% E %2R 2 RTHBIMEZ

L BROh2 B~ B~ RS
TAERYE AN -

2. B EERMEITAAKEH -

B fee % 4% & ALROCAEC Review Comments) *
REBEFMZ IRTF

K ESHAZOBRAGTRERE ~ 2~ HE ~ &

B MIFRALEGMHEFER -

& E A& 7% 3 A (Further Clarification) *
(1) Besh=F~ - RBHFEEMR
2 REREGREE -
(2) #R BB A% AE %&%é%%z%ﬂ’ B AE B E R B AT F M R
P& %"5 fMR IR AE T 2
j’&ﬁt’;ﬁiﬁi)ﬁ“ ‘#"&"ﬁ% /)%J 7~

°F

B2 GIUTRHESNBE

W

3 ARIGN 5L
inf}‘é%‘;%% > Ju é’é‘ “119” (2 Fﬁi{i EIRE:
2 F B EEMBIFER -
G) BAT=ZEARET MG — ~ =~ ) RAEIIZE - Z - HH - XA
% R0 B IR R -

Questions and Answers APP.C-39



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) - P-C-032
P %8 3 #p (PSAR Section) - e C L9 (i C  5.12)
#14% 8 #3(Question Date) - 1997.12.15
Bl %8 ) & (PSAR Question) :
A AR TG R S IR T R AL A
P %8 & 5 (Responses) -
F] &R -

B e &% £ & R (ROCAEC Review Comments) *

ek —H TR BTN EIEESERHECTERSE » NELALLE
BEHEHME

Questions and Answers APP.C-40



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-033
P1#8 % # (PSAR Section) : 4% C 1L 10 (37MRM4EC 5.13)
#13% B #1(Question Date) : 1997.12.15

B 7R 1§ & (PSAR Question) :

$éﬁ?%7f%fﬁ%ﬁ,9}%%‘n*4 BAMHAR T ZIREHEN BRI ERZ
i RSB EE BT A o

FA #2 2 % (Responses) -
Fl i R
B e e %5 & ALROCAEC Review Comments) *

HHATEELENSTENS VEE ALV RERREHELRGEKES
%E‘Mfa% °

& & 7 % 3 98 (Further Clarification) :

S BMIE > AR AL AMRCES 138 RS T & BRI LG
#k 5"

Questions and Answers APP.C-41



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-034

P #2 3 87 (PSAR Section) : Mgk C 1L 11 (#Frprmd4k C 5.14)
#7 3% 8 #3(Question Date) : 1997.12.15

B 78 P9 & (PSAR Question) :
A RES FEMAARG  ANREEEDTH -
] 72 & & (Responses) :

Bl &AL m4kC M1l "B QB REE/RE BRENTE 2% - A
hEREFEBEEHN -

B e % % E BLROCAEC Review Comments) :

AR LB ORH AL IE R B 0 B AT BB gk C E AT &8 ST AR AE
—Amo > MR ERSE

4 & & % 3 ¥ (Further Clarification) :

CERNEELMARLMEMNAAROBIREHRSG ERG - ANRREE
Fho AMSRCHS 148 KN BB L LG BN

Questions and Answers APP.C-42



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 5% (Track Number) - P-C-035

F #8 3 &7 (PSAR Section) - 4R C L 12 (#rMEC 6.1)
#13% 8 #(Question Date) - 1997.12.15

B #8 P & (PSAR Question) -

REEHAINERFERNE ~ S8~ FARBEZL T LEF -
P %8 2 7% (Responses) -

SR ELHAE HMINGERERNE -~ BFE - JARBE T A ERA -

e £ 3F E RLROCAEC Review Comments) *

AR C2Z A 2’.\% HREBEAMBLG S E NS EHBEEBEFHAEL
Zih o BATMAN . SENIRMEEGE T~ EIRFEREALE AR
B BAMBEANEZ -y 25 CARLR R #IE > BFEF
A o

4 E & % 3 W (Further Clarification) *

S B A M DIARARAL I B~ B SRR I K R R
CHO61tn " FEREEERIBARIRITE

Questions and Answers APP.C-43



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

#35%(Track Number) : P-C-036

P %8 & (PSAR Section) © 4%k C IIL 12 (3784 C  6.1)
#7138 #7(Question Date) : 1997.12.15

B #8 P 2 (PSAR Question) :

KRE A8 » 3T TR LA B 294kt E o
Pl 28 & & (Responses) :

Bl &8 RBymiE o
B a4 % 3 & B(ROCAEC Review Comments) *

AN FE ST I SEﬁ(PCCN)’\#ﬁQ*% BATE~E - FRBELHE
ANEBZskztE ~ B8 - BEREBEETH -

& E & 7 3 88 (Further Clarification) -

BT e de ANRCEG 15 VR BB LB A Bl 7 -

Questions and Answers APP.C-44



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

% %% (Track Number) : p-C-037

P %% # (PSAR Section) M55 C 1L 13 (#71J&MEC  5.2)
473 8 #A(Question Date) - 1997.12.15

P78 M 5 (PSAR Question) :
AGHWAEFBIZAR - BANE - BFREATEFRE -
P 78 45 5 (Responses) :

1. %EEWEI & EFRIZ AE » BT ERFR -
). BLABiond i EssC M2F O F3HE 0 AL RBEESL -

i?"\s\éﬁoﬁqx& REUREZEEMARAR #EFNT2 %2
i 40/%h 8 8544 —E-‘i‘/f/'z%/}ll_%fﬁ// & 3# ’;Z/ﬁ%bﬁ%@fﬁ

O8]

B e % % & BL(ROCAEC Review Comments) :
AR ERFRIAEIGNE -
& E 72 7% 3 8 (Further Clarification) :

() CERBEERNI AT B2 MEREABRAEFMomHCE
52*,}5 Eéfic’}éé’% f:{/k éﬁf"&&&ﬁ%ﬁﬁﬁﬁ ﬁ/fﬂa’fﬁaﬁ 7 e

QD #BERFNEFRIAR - BNE > BB HATH L RH
#CES 1 " RaBryarakEig” -

Questions and Answers APP.C-45



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-038

F] % % & (PSAR Section) : M4k C L 13 (FrhrMsC 5.2)
#1432 B #(Question Date) : 1997.12.15

#1789 2 (PSAR Question) :

C-698 > HUE HHEN T X RALRGNE ~ B ©
] 72 %4 & (Responses) *

) &8 BB yprE o
B fe e %% & BROCAEC Review Comments) :

TaiE—FSER FEELIRBHELRIMHCTERE  EER
N
A&

Questions and Answers APP.C-46



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

% (Track Number) : P-C-039
] % % &7 (PSAR Section) - Mtk C UL 14 (ke C 5.10)
#73% 8 #(Question Date) - 1997.12.15

152 P 2 (PSAR Question) :

AEGREEREIIERTEFEENADT ~FHE -~ EBH - BRI~ A
55 FORHBATHRL AT

1 %2 & & (Responses) -

L BREHTERNAD - % il TBKAEEH > AHFH2
sk B A {2 B AT X PSARPE B BP UL A AT LB AR E &
E ™ T 0 NFSARPFEIR BB F TR -

EATIAB W ZA > FHEZHECRNAT ~HF - @B~ X
BRI REEEHYBEFTEWUAE - BE - K3 - Wd - 4
it AR BN BETHRERR AL
FoyelREREBH AL ERTHRRATATSHIBNAD
HEEH - BRI A RFARBATHISH 0 EHAEFSAR T
T LABRFE R o

(8]

(OS]

B i g% % & RROCAEC Review Comments) *

AEnAEPSARFBHIF > o RERBFTRT ST ZER R R4 0 Al
JEHPSAR P37 & BB k542 » B ARENFSAR P H % 53k
L BEENEAMANSNES (e AR REEY BAEEREZHEH
LB AR o

& E & 7% 3 % (Further Clarification) -
(D BEFEFEZERAD ~HE~ER - JBRAFEEAHR > LEHHZ

MEME RN o ERITHIBEREITZAT AHETEITEENA
UNBECER - RBEA RRFEEMEAFTANUASLE - RE

Questions and Answers APP.C-47



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Gost ~ BB AR A URBNE o BT IR A K -

2) Al AW RAELE G WERRMAERTZFEENAT ~ 3%
B dH o BRI RRF B ETER AT > BAAFSAR ¥ A5
3785 o

(3) LA 8 AEFIEFE E M AHIEP-C-001 & T FEFIPSARM4RC
£EAEFHE-F R, - #006) -

B ARG E E(=)E BLROCAEC Review Comments) :

SENARPIATREN EENFERE RO AT REZ L T F
RiFA B AR R R AR ?

>

4 F % % 3, ¥ (Further Clarification) :

BT RN TETEFESL Yy AN ON8THFIATE 2 H &
FESITEREXM S A FhdE e ERTEEN S ENIW
o BB TR A ESAAMBEST AT EFE A AT ZHAT
B EE NN REA —F ARG B o uRE S
HEERNAD MM BAETHEABTHET TR EERL T 24 37
BAEESITEEITE MR ORARER  RBAET  SERKALE
RS (FHAOEFIR) UEL O HEANZA LBE LS
AR A v B OB R AT F R AR

Questions and Answers APP.C-48



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

5% (Track Number) : P-C-040
P28 % 4 (PSAR Section) : 44 C 1L 15 (#fRMEC  5.11)
#73% B #7(Question Date) : 1997.12.15

P72 P & (PSAR Question) :

e
e

ABERAMESEE - FARREEEE BRSNS - AR X AN
w4

F] 78 & 7 (Responses) -

N

I MMEBAEITAREHERNAT ~ HF - #ER - LBERAFEH
BB oA S R IZIE R B AT (P-C-039) -

2. ARG AEREBRALZCRRT RN ERETE - RAEHE
2 a5 =

EEENRE EREBNT AT XEMEY > FHFAFSAR T T LAH
FEIR AR o
B &% % & A(ROCAEC Review Comments) :
A EARIL. 148 (P-C-039)pr3Teidz > B M A M a2 8~ %4
BT WA X EERMERAE - AT XRAIRF -
& & & % 3 9 (Further Clarification) :
() B EBATHATENEERNADT - A~ 5% - LBRAEETH

HH o AN RIEHEHEA(HE S MM ASIKP-C-0392 5 F R
Bq) -

Q) ARSI ARBEWRALEY  REEHUEBES AR BAETE
EAEETEEAE - AR A AR EZE > HFSAR P aRzE 3R] -

(3) L AN E AL FE oL B ML IEP-C-00111 & " £ PIPSARF4C
L EAREEE-F L 0 #006) o

Questions and Answers APP.C-49



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

BiaEE(=)E AL(ROCAEC Review Comments) :

A EARCS 108 (R REP-C-039) B R oA & RPAT R XL & BB N E
IR WA RT XBRARE - § oS REZERE A -

4 E & % 3 ¥ (Further Clarification) :

1. A MBI IGESZRE > Ko s] CN8THIATE 2L o4
FHATELAMEW ARG LS oL e ESRTEER 68
NEWE > RHEIMBBERARTETEERNADT - E B
RBEAEER > RAAERRI N K ERER R ER > &3
RS B EE R o

AMEEBRRAE  GhIUTHE TR —TERELE > £X
PEETERREIEBBATIUAERLE -

[\

Questions and Answers APP.C-50



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

% (Track Number) : P-C-041

] 7 3 & (PSAR Section) : mex C L IS GHrarmsr C 5.11)
#14% 8 #(Question Date) - 1997.12.15

P78 W & (PSAR Question) :

- EE15-1 -
- JEAREE A AEFSARR > AR N TRERAHRLL -

F] #A % 7% (Responses) -

1. JBELS-1 &F 48 5 A48 08 -
2. ARG REBAFSARR B BB EEEZHEZ B TREMER
Gy E 4 EL o

B iee % % & BL(ROCAEC Review Comments) -

1. 3FH/ePSARABR] F & Fh BAK3E -

2. HERHEIS-189E & - HRARIS-18 T8 P ey F TR 1% -

3. SN WA R 2R GMEFTE RABERETRETHUEL
e -

4 & & 5% 3 9 (Further Clarification) :

(1) 3£ BCS5.11-1 > FE3%hots B 3H8A o

(2) AN AER WAL EEH  AFSART AR HTAREAMERE
P

(3) £ Q)2 AN 5] AL EH 4o B 5 P A% IEP-C-001 1% T3 PIPSAR
MRCE EAREFE -S4, - #012) -

Questions and Answers APP.C-51



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) - P-C-042
] %8 & # (PSAR Section) - mex C ML 16 (kM C  5.4)
#14% 8 3 (Question Date) : 1997.12.15

B #E P & (PSAR Question) :

REE KR AMEAL PO R ~ AR E I E > LIEARERE I B4R
W RAME AL o (£APSARMERA)

] 78 & & (Responses) -
)& i B pIE o
B e % & E RROCAEC Review Comments) *

KB TR A — AR IR 0 FATH o foT R AR AL W Al SRR X

o

4 F A 7F 3 ¥ (Further Clarification) *

O 8 BBAR JUR P ho R SR B S5 480 BN S92 A R AR B AE S
;%73‘/{‘// o

Questions and Answers APP.C-52



RESPONSES TO ROC-AEC’S PSAR QUESTIONS

4 %%(Track Number) : P-C-043
] #2 % &1 (PSAR Section) - Mer C  IL 17 (FhRMEC 5.5)
#73% B #7(Question Date) - 1997.12.15

B %8 ) & (PSAR Question) :

AR RUESRAMEAE T ARG R~ RGBTk GAEANE AR R LR
b RAMEDAEE o (£FPSARMERA)

P #8 & 75 (Responses) -
F) & B o
e &£ E & RROCAEC Review Comments) -

cHi B ER HL TR AETA L MECEERE ST &R
ZEHEEM-

4 & & % 3. 9% (Further Clarification) :

2 AR I o

Questions and Answers APP.C-53



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : P-C-044
B 78 & &7 (PSAR Section) : Mk C L 18 (a4 C  5.6)
#7132 B #(Question Date) - 1997.12.15

# %8 i £ (PSAR Question) :
A HJE B RS KB AL FSAR ¥ BA 4% £ T 48 4718 B B 48 R AR B 28 o
7] % % & (Responses) :

1. M4 C .18 “HA &5 4% 5 B IgstE R FIRkERA” HAB AT
FHAEREC RGBT RARE T -

AN B A AFSARZ H > BRB AL E 12 HAES T 41885
R AR R B -

[\

B s & £ %5 & BR(ROCAEC Review Comments) *
FHAEPSARME B F 8 FALH BADRE o
4 F & % 3 A (Further Clarification) :

(1) AN 4R E CHRINRESHETH 29046 A M3AT 45 W ik
ERZHE— >~ = - OEREEESERTMEEE Kesy
A% V9 B R 35 48 4148 R B 4R R BB ZEAE R B o

(2) AN WAL E &% > ALFSAR ¥ BA#E 3] T 42 44 18 A 25 47 B AR R 26
AR K RCES6H YA 2R NS ERIRERA

(3) m—_zh/\ S A EB I E L %L EP-C-001 1 & T 32 FIPSAR M 45C
SEAREEFA—FER, #013)-

Questions and Answers APP.C-54



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

% %% (Track Number) : P-C-045
] # ¥ & (PSAR Section) : e C UL 18 (e C  5.6)
#13% 8 #7(Question Date) : 1997.12.15

B8 P & (PSAR Question) :

REHRA T PEA L EAREELERS -
] %8 & & (Responses) :

ENAFHPEATMERAE PARZAMEMEERS -
B Hae %3 E BLROCAEC Review Comments) *

YhE—FER > FLTAARMEEEZMBCTIERS > URER
£ E R FE

& E & %3 ¥ (Further Clarification) :

R IR

Questions and Answers APP.C-55



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) - P-C-046

P 8 % # (PSAR Section) : s C L 19 (Frhrmsc C 5.7
#7132 8 #7(Question Date) - 1997.12.15

B W & (PSAR Question) -
B bR RO SRR R o
M7 & & (Responses) :
Bl &4 LR GG SR E 2 A8 B3R -
B tea% & & BLROCAEC Review Comments) :

ok —FETRHELS TN EE RS RCREIRE » UF g
EE R LM o

4 E % 7% 3 ¥ (Further Clarification) :

8 BB IR IE o

Questions and Answers APP.C-56



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

# 3% (Track Number) : P-C-047
] %2 & & (PSAR Section) : M4k C ML 19 (FirmeC  5.7)
#13¢ 8 #(Question Date) - 1997.12.15

B #2 1§ 2-(PSAR Question) -
3 1 M PADES- 1 85 & A 74 £ ©
R %8 & & (Responses) -

) & 48 LPADES-1 A Ao e 2 A (3 4 A M A4 95 P-C-046 2 A K 3R
’E}%)o

B A& %F £ & AL ROCAEC Review Comments) -

YRE—FER HEETRARBEELIMHECTERSE > NELDE

4 E & 7% 3 A (Further Clarification) :

BRI o

Questions and Answers APP.C-57



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) * P-C-048

P2 % (PSAR Section) © 4% C  IIL20 (3RM4kC  4.1)

#1732 B 3 (Question Date) : 1997.12.15
P78 9 & (PSAR Question) -

B JEARBE N & R B IEHHPZAR

R R EER AESE
3 PR3 B 20 BE B35 AT KD e
F] %8 % 7% (Responses) -

FAzfevo Braask ~ BEEM AT MEBEFHETEERGHAZIAR ~ %
;éfrjg,j\ >

TR T 0 A EARAGNETHNERSIERGMERLR
ZHBERERZNE  BHEERREGIRE

HEBHE - AR EE
o MRABHIER T B R B -

At % £ & A (ROCAEC Review Comments) *

g e 5@>L§%iﬁﬁﬁﬁéﬁk£%saauEPEL:&%%~ BB TR AofrdEm ? R
AR N T ARG AR R B EE

Koo REEIR B KI5 AT
%ﬂ%%ﬁﬁb’lﬁﬁf%ﬂ’uﬁgﬁiﬁwo

& & & % 3 ¥ (Further Clarification) :

B8 BB 535 3k B EE BOR AT RN do i ERCHALE “RNEE S
g RAE EH TR ERAT o

F e % E(=)& RLROCAEC Review Comments)

. ABMEERBRYEGMeE (L OSC -~ TSCE )@ECPLX%?TEP%%%U%
Jo K[éﬁFSAR%‘anﬁz‘$MT°

[\

SENNRIBEEREE

AP ORI PR —EHAN > HIE
AE A Bids ¥4 B AT TR RAEE ©

Questions and Answers APP.C-58



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

& & & 7% 3 ¥ (Further Clarification) -

1. ks FERESHAB AT R LT ¢
TSC : f# Switchgear Building #93F —4E - @4 £600-F F £ (181
) o
OSC : R 15 BB G 09348 » @A £420F 7 Kk (1275F) -
HPC @ i 14 B ik B 6934 » @& #1009 77 £ (305R) -

HAEFOFERRETMF OEPIOMN KA RBR TSI T ERS
1o — BB e a4k b 89940 77 3k (2843%) o

2. 45 ¥ ouAoEPICEE B A (e B] —#RE RN » B Hhiefo ZRIA T2
o BARBE -
B e % E(=)E L(ROCAEC Review Comments) -

Cl142 TSCHEIHMUMZEEMZWTERSTGE e RTHITIEY
BAITEMBE  FEMMERTETAAEG LR FHA -

4 & 7% 7 3R ¥ (Further Clarification) :

TSCHL# B B Bk & (Switchgear Building)dh T — 4% » ¥ B8 A 5 L
#1 B B 5 ANUREG-0696 “TSCey4x £ 328 Main Control Room(MCR)
B AT2 487 ZHRE o TSCRL b T — 4% » AP E TAE2 34T - TSC2 A
E AR E ko g -

B e %3 (w)E L(ROCAEC Review Comments) :
Cl42(3)FRETSCZHERN » L BFARBE —HELEFEZ K
FRERAE BN ERfT 2 — ~ =~ ZBBATSRALAF » X
— RN EZ R wOBERSSER £ 8B BfT 0 A o

4 E & % 3 ¥ (Further Clarification) -

[ SEHZETRZBERN  MRAZEIEETAFRAZER -

2. k3% £ BENUREG-0696 §2.58 47 % 3% ¥ .o (TSC)» &4 & R4w=k “The
TSC complex must be able to withstand the most adverse conditions
reasonably expected during the design life of the plant including adequate
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capabilities for (1) earthquakes, (2)high winds (other than tornadoes), and
(3) floods. The TSC need not meet seismic Category I criteria or be
qualified as an engineered safety feature (ESF). Normally, a well-
engineered structure will provide an adequate capability to withstand
earthquakes. Winds and floods with a 100-year-recurrence frequency are
acceptable as a design basis. Existing buildings may be used to house the
TSC complex if they satisfy the above minimum criteria.” °

RIETEEEANNTEFEER  §SI23RME T ORERLER
BEERE D THMIBEICREREASHERERANRAZLF
K 0 ko ()3 E (2)38 BU(3) it K 5 > {245 K 5 45 540 ESF(Engineered
Safety Feature)#% 2 5 & — # #9 & K (Seismic Category 1) » 5 & AE 77 B4
BAERBEERMRZEFEZR  BERAERAUNEFRALES
B e X5

3 H— o o~ = BB EE TR EE AR ERER A
3 B AR T AT IR o B w BT 4R Pou A B G AT R 2 A 1IC
4 Hwd E R4 £0.18GH sE m B 89 SSEA0.4G » OBE®02G -

4. K RE e B BT X35 P oo (TSO) M B X34 HAT = 5 #8475 F 6538
E Bt EEERMERMSE > X ARG 1.50mF A E
% E0.18G(HRE R T AR, X EE AL0~1.5 BB L
By oA RET TH%RGHE ) 1500586 K E 33t -

5. AT E A A0 ISCZ M E M X B T o SR E R X
W XIEF R B THEEESERE LM EFX LB REITIE
7%
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%5 (Track Number) : P-C-049
Bl #8 & & (PSAR Section) : M4 C L 20 (Frrmisr C 4.1)
47 3% 8 #3(Question Date) : 1997.12.15

s} A M 2~ (PSAR Question) -

ARG EZHELEZRGTOEHIBE A KM P FmeyiH A -

F 78 & % (Responses) -

A LR EREEREELZ LT BZHA(MERC I .20B) & 44 %3]

NUREG-0696z ¥ £4,& | R P HN AR~ EHRE - dEX

BEGREN ~TTHEMATRE HEZHE ... F5AFFEREZIH
ft & &£ & & R(ROCAEC Review Comments) -

Waik—FER B ETBNNIREIEIESE 2 HERCRERE » UF AR
FEEHL FE@M -

4 E & # 3 ¥ (Further Clarification) :

8 BB IE o
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%58 (Track Number) : P-C-050

B %8 = & (PSAR Section) : e C L 21 (MpefieR C  4.2)

#7 3% 8 #3(Question Date) : 1997.12.15

] %2 )9 Z(PSAR Question) :

A BARTIE P OAR ~ RBERIEH T K AR K B I RIS K
N B NFSARME B4 Fou ks o

M #8 & & (Responses) :

1. Bl EERAELAHAA -

2. AN ERFEFAFSARI W 67 0 BT 45 T oo TS -

B e £ EE RBROCAEC Review Comments) :

LTI ER T T BN T AN EEN B —#
BHAT ) FXFRIG 0 MAF R o AT R R
BYREHETOAR  RBRBEHER > AUMORLSE T R ELL
BFFT RN © 4R F oo do 8RR

WEEFEEN  LEREREFAT -

& & & # 3 9 (Further Clarification) :

(D) e8BMAmMnAaizif o AR - R ERBHFER  RIK
36 PG A AR A ERCHEA2E CRIEER A T R ERA -

(2) R 8) RIS FE P oI R E A RIB A AL

(3) bufiAnaAREFEwE S M ALHIEP-C-001/ & " #2PIPSAR M 44C
SEREFHE-F L, 0 #014)-

B4 % E(=)E L(ROCAEC Review Comments) :

® C4-277 ¥ HHindh PR EAET E¥ S AR fe AL E
1% A Py kB BAAEAREE o :
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® C427TENFE P OHIERA » FAH TR ES TR, M
?mﬁ&%ﬁﬁtﬁ’““ REFHEGN > BIEL—HBBHMT
WA BIER FAH A T BB IREZ KRR RMAAPSARA

% o

® FSAR#RH > HHEFOCRFRETK » BHEF
4 F 7% 7% 3R 9 (Further Clarification) *

i A% v T4 ‘?'\»& B BT 2 7% R EMAON BT AR AT ERER T
M I S ENABRATEH TR A RE—RBBEE T I
WAL RORE B AT mﬁk

HBbEEAEAERT

1w PR EEXEEEN -
BHRGZHIIBMNALK o

3. BHERZEZHMTAM

&

B tea % F(=)E& L(ROCAEC Review Comments) *
Cl142 k$FBUEIEF R EMWE -
4 E A % 3 A (Further Clarification) :

CiE R IE » S F4C.142 -
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%% (Track Number) : P-C-051
PA%E% # (PSAR Section) © 4% C 1L 22 (3 aM4:C  6.2)
#1713 8 #7(Question Date) - 1997.12.15

Pl % 79 & (PSAR Question) :

ARG P > RERETE (B3E24) o TAXIAERNE @R F
—E ML R AT R R AW EERERAE —RERT A
EREFE > BHATORES - BFBHEE Y BRYETZEE N E—
o EREN RS BREBEZEN SN TETEZEEIRAET X
BRAE—RFTEHEEEH TR EE T ExmHE  REAHD
BRRGAETHELD LERZERLFCH HEH -

X M Z PR H283EIR THRTFERTERE S 03 B
EHANZRA AEBEEREI ) PRI UBRKZOETETZEENE
RHE

] %8 & & (Responses) *

1. KNERER FREERE =TGR E > MW RT FZEMTF
RJE %18 BB F > BN A R ATIRMEFSAR > E P g
%Y»%élrg o

JN i @

o

B ANE 4 # 2 BB ERIOCFRSOAppE. VZRE » BB
HFRBEEEAABISORAT  REABWELEEHES  EZR
UREBARNGHITH O E ST T2/ -

Jfe &% % & BR(ROCAEC Review Comments) :

FEENARFARA MORREHETRES RTLFARAER
HEN  BOMR RN TR ERAFE -

4 E & 7% 3 9 (Further Clarification) *

() EMBENEETETHEERAFE
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%% (Track Number) - P-C-052

P #i (PSAR Section) © 4% C  IIL 23 (#7/RME C  6.3)
#74% B #8(Question Date) : 1997.12.15

Bl %8 P9 & (PSAR Question) :

AMFMABIORE B T 2 A - BERIHERBEER
F o BT RRZR T R R B S HE -

] %2 & 7 (Responses) :

Bl & i IR HIE o

B R ¥ % £ & RL(ROCAEC Review Comments) :

FIRRE) BB AR RME - ERFFAMANERE  MARE “HR#
27 AR ELSA HUTRAE RS EATRE BE K EHE
BT E -

& E & % 3 (Further Clarification) :
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4 9% (Track  Number) : F-D-001
P #8 & & (PSAR Section) : Appendix D
#1742 B #4(Question Date) : 1997.11.10

P 28 79 2 (PSAR Question) :

L. 4 B % 30 Bp 4R R 36 SUA 7 R DECON 7 % — PS8 i BB BN 2217 K
B mAARDBRKE -

2. KA WA RESFRAGEEHAZHET (1997 £H40)  AERRXFT LR
BEER

3. BE P E TR MM AR AR RS BRI T LA

Lsn S EHERALUEREREAMET AL 2 XRAR LGB T ETH
Z AR R~ TR0 AR R A G BN E 0 BRI RE R T APIT
%ok BIETAE

|

e

g

Fo] #8 % 7% (Responses) :

1. DECON 4% DECONtamination followed by dismantling 2 45 % ; SAFESTOR {4 SAFE

STORage z.45% ; ENTOMB 14 ENTOMBment 245 % -

B ERIRE - IFERA AT ERE B U AT EFTARE -

BFI R A EMSD E D-13 BE8E +47 0 b s -

“E PSR AR A B R E R AR B E RN TR
B -

2. AMEHEGZALTAREEHEFALERAUAZBEL GOBRERES

Fg °

RFEBNET NI ABEBHRELE BT T > K EHEEME T S8 i

SRS KAWERY > BEEEZABEBE B TAHRERIRLER

EHRE -

4 FEBBEZARAMBHRNANG AL 2 ZEE > S ENNIEFREIE > A
FMNBERALH X HE > EARABEERIT R - B A LTHENETFT7 A1
BAREH AREMA{IETERLSL ARELES R ALRERE
Bk IaiTy S EMBEXEECE SR REanAtniesexd
X E -
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495 (Track Number) : F-D-002
%] R8 % & (PSAR Section) : Appendix D
4n#% B #3(Question Date) * 1997.12.04

F-] #8 P9 2 (PSAR Question) :

1. D-4 FHEEFIEZRABBIATHEEE TERARER L) F 2R E T
B R BB 2% 11 & 11-5-10 ¥ 2 radwaste building ventilation
exhaust monitoring P& ¥ Kr-85 -~ [-129 = 4+M range Z 4Lk > 33
B A4 70 o

2. £ D4 Fr3tErE 20,000 Mt A e R A 40 FarA 0 23
fa & &%4’?4&%’[%}‘ if%?ﬂﬂié’lf‘? EHE?

3. 40 #8758 0 BEMHARE - ﬁiﬁe%zﬁﬂﬁ%ﬁ%ﬁﬁ%ﬂa LUEE AR 22 BT
77

f-] 28 % 7% (Responses) -

1. The ranges of channel instrument for Kr-85 and [-129 are not specified
in PSAR Section 11.5.2.2.7 since many vendors specify the sensitivity
of their equipment in terms of Xe-131 for noble gas and iodine detection,
respectively. Specific nuclides are not listed for some radiation
monitors since the detection channel 1s typically looking for a large
array of radioisotopes and not necessarily for a small specific set -
BB BEA SRS HENYSE > ERANEFNAN Ao EHiEid T
B ST RFHE N B R E R BT -

3. AMBEESZME  RECHAMERCHFABERLE A0 BKRERSTER

WL o

8]
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498 (Track Number) : F-D-003
P 28 & &7 (PSAR Section) : Appendix D
4142 B #4(Question Date) 1997.12.09

7728 P9 & (PSAR Question) :

*&%Wﬁ%ﬁ%ﬂé%&ﬁﬁﬁ%’&ﬁ%%ﬁﬁﬂmgﬁﬁo
TRAR R @M EERE (BRRERESRELHTH) » HFRER
%0

f-] #8 % 5% (Responses) -
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A PFEEBHAEREEALAE LR PR ERCERR N RRELST
T BB 4T 2 A% Bk > WA RRETAT A iﬁi}ﬂ
B. 5 # M AR A5 42 A B RGE SR P 8 LM ST S B 2 AR Bkt NI BT AT A
& FEAE o
C. A HE AR #1445 42 88 B M af B PR 3B AT IR 75 LA BB MR B A AT M AR A HEK
AT 4S8R FE S AE R PT A AR -
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WA A A PR AR E E oA M A 290 Ly R~ 22,380 AR
R 24,634 st A /NE 0 48 47,310 s F AR e
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4%k (Track Number) : F-D-004
P28 % 87 (PSAR Section) : Appendix D
#1 4% 8 #3(Question Date) : 1997.09.30

Pl 28 79 2.(PSAR Question) :

1445 1990 4 8 AR F /7 £ ¢35(Vol, 32, No, 5) ARk 20 R 4 KRR F 45 (ABWR)
ZRBEARERAL, — X2 FTF " ABWR 2 B4 347 , £ 108 TEEMHL SR
WAMT ) (p. A3l BRBEZHELEHFEL 1004BUT -

2. THEHBERERENE 2 T~ (FENAE ) REER L SR RARKA
MEEZBRZER > FH7 8 AF ABEAHEERE -

fo] #8 % & (Responses)
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REZFABMAE ARSI R LR B HZ R R ERIE -
2. Ao
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9% (Track  Number) : F-D-005
P =8 & & (PSAR Section) : Appendix D
#7#% B #7(Question Date) - 1997.11.11

P 28 M 2-(PSAR Question)

AR N R SR BT T2 a @& FHoHE INHREEAFLEERE
B R SRR AR o

P28 % & (Responses) !
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4%k (Track Number) : D-006
A #8 & &5 (PSAR Section) : Appendix D
4742 8 #3(Question Date) : 1998.05.12

A #2 2 (PSAR Question) :

BAarB b g S EA A T BB w2877 5 X (Monitored Retrievable
Storage), EAERLEPTREBFINAETE, WRERELFHZTEE, FEF -

F-] R& % & (Responses)

B shrrik MRS frf37 & 0 B EBA A B0 ET 5 R RRMEBEIIMEF T
Tz omiEIEM T BENAGEBH XS ETHLIREGw+ 4
Rz B E R WA EHF Tk MRS Z24MNTHF 5 -
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%% (Track Number) : E-001

7128 % 7 (PSAR Section) : Appendix E
474¢ B #7(Question Date) : 1998.01.07
P1 %8 P9 B-(PSAR Question) :

— . BREHURE%SHEP-12 TRE EM  FRE AL B AERBT BN
RBERRRNEBEE > W EAo B8 E ~ B4 % 2 (Cable Tray) B B 45 2
WS~ EHICRRA B BAAEANE S A S

o BAERZEERTHHEHBEWEHRAREERSZFENNMESEE?
P #8 % & (Responses) :
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THELEREF 2 43RS ERARABBITEARETRAFLEENRELE -

Z s #RIEPSAR3Z.73.12 > PR ML E - FE 1 R 2 24 3 % % #» Tunnel st Trenchry > 4%
9 SSW &, 2% 3+ 42 2 #trench P+ B R A% w9 B A% RUE 35 BE M B & 4o 40 80 FiH4RA
FOoEFA24 1822k o EHEREZEHM -
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# % (Track Number) E-002
PA 28 % 7 (PSAR Section) * Appendix E
732 B £#A(Question Date) 1998.01.07

P2 2 (PSAR Question)
ohEL A A T AR RS SR B BT R > AB ARt b A BB
P #2847 (Responses)

T Tt St Y R DU LSV RABWR) A E A 1 &
N3] & £ B E B AR A% A5 4 48 Shippingport¥ ik 2 Decommissioning Operations Contractor *
St 3% 3HABWRES > Bp € % %% J Shippingport Z ¥ A 4888 > TR E R Z AR o FHARBR AT
BN A2 A IR A o
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Attachment of ROCAEC Track No. E-002
Deccommissioning Experience

GE, as the Decommissioning Operations Contractor, was responsible for decommissioning
the Department of Energy (DOE) owned Shippingport Atomic Power Station. The
Shippingport Atomic Power Station was the first large scale, commercial central station
nuclear power plant constructed in the United States, and the first full size nuclear power plant
to be decommissioned. It operated from 1955 to 1982, when it was shutdown for testing.
After two years of testing, the fuel was removed, and the plant turned over for
decommissioning in late 1984. The decommissioning was completed in January,1990, more
than six months ahead of schedule. The work was performed safely and cost effectively.
Techniques and processes employed by GE resulted in personnel radiation exposure
accumulation at less than 20% of those estimated by DOE. The DOE returned the site to the
Duquesne Power Co. for its unrestricted use. The decommissioning of Shippingport Atomic
Power Station was done using standard tooling, equipment and demolition methods coupled
with careful planning and innovative methods to minimize workers’” exposure and meet budget
requirements. The project was completed at $1 million below targeted cost. It is anticipated
that additional nuclear plants will have been decommissioned during the forthcoming 65 years,
and that significant advances, as yet undefined, will be made in the tooling and methods for
decommissioning.

Enhancement of Accessibility

Various elements of the ABWR design enhance the accessibility of personnel, equipment
(contaminated and non-contaminated), and machinery during plant operation and maintenance.
These same features support the decommissioning activity. Special attention has been given in
the ABWR design to provide access and equipment handling capabilities for the maintenance
of the major components. Overhead monorails, or similar lifting devices, are installed for the
removal of valves, pumps and heat exchangers. The design and location of these handling
devices, installed to ease the removal of the equipment for maintenance, are closely
coordinated with access hatches for equipment removal. Piping is laid out to avoid the need to
remove piping for equipment removal. Studies have been made which show the building and
equipment layout affords space to transport the removed equipment, out of the building if
necessary, for maintenance. Electrical and control panels and cabinets are [ocated so they can
be readily removed. The ABWR is, in fact, designed to provide access to equipment for its
inspection and maintenance without the need of special access equipment, such as temporary
scaffolding or ladders.

Decommissioning is greatly simplified because of the ABWR’s emphasis on ease of equipment
removal and accessibility:

*  Equipment removal can proceed without demolition of structures, or the need to provide special
handling equipment.

*  The existence of coordinated lifting/handling equipment, hatches and access routes during plant
operation will make it possible to benefit, during decommissioning, from the experience and
procedures used to remove the equipment during plant maintenance.
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*  Because equipment can be removed without removing piping, removal of piping and equipment
can be decoupled from each other, to afford more decommissioning flexibility.

The ABWR is designed to meet the intent of Regulatory Guide 8.8 (ALARA). The same

features that reduce personnel exposure during operation serve to reduce decommissioning
worker exposure:

*  Clean, uncontaminated areas are maximized. More locations and equipment will be able to be
removed without expensive and time consuming radiological controls.

*  Contaminated areas are better defined, contained, and limited. This restricts the amount of areas
that will require radiological controls restrictions and personnel protective measures, thus
enhancing productivity. It also minimizes the amount of contaminated waste generated.

*  High dose rates associated with external recirculation systems are a major contributor to the
exposure in current BWRs. This external system has been eliminated in the ABWR.
Decommissioning workers will not be exposed to it.

*  Flushing, draining, and decontamination provisions incorporated in the ABWR design will permit
periodic reduction if necessary of piping dose rates during operations. These same systems can be
used to reduce contact and general area dose rate levels in preparation for decommissioning.

*  Materials used for components subjected to radiation have been selected to limit the radioactivity
from neutron activated products. There will be less dose to decommissioning workers, and less
Curie content to deal with at the time the plants are to be dismantled. It is possible to process some
of these materials to reach levels of radioactivity that are below regulatory concem.

*  Implementation of optimized water chemistry recommendations will minimize the inventory of
corrosion products during plant operation. This reduced inventory will also benefit
decommissioning activities.

These design elements, along with the material application practices discussed later, directly
enhance the ability to decommission the ABWR.

Optimization of Material Selection

The material selection for the metallic components subject to radiation effect considered the
reduction of radioactivity from neutron activated products. However, the characteristics of
the material selected also meet other requirements in the Bid Specification and will not
adversely reduce neutron economy nor cause any detrimental effects on reactor operation.

Matenal application for piping, tubing, vessel internal surfaces and other components that come in
contact with radioactivity is discussed below. Low cobalt and nickel contents have been specified
wherever possible. As noted above, these low levels minimize the inventory of activated corrosion
products. This reduces the contact and general area dose associated activated corrosion film layer on
these components. It also reduces the potential of this material collecting in a location and causing “hot
spots” that contribute to dose during plant operation as well as decommissioning,. Stainless steel is used
in portions of the system such as the reactor internal components and heat exchanger tubes where high
corrosion resistance 1s required. The nickel content of the stainless steels is controlled in accordance
with applicable ASME material specifications and is typically in the range of 9 to 10.5%. The cobalt
content is controlled to less than 0.05% in the XM-19 alloy used in the control rod drives.

Ni-Cr-Fe alloys such as Alloy 600 and Alloy X-750, which have high Nickel content must be
used in some reactor vessel internal components, since no suitable alternative low Nickel

Questions and Answers APPEA4



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

material is available. An example of this need would be locations that require materials with
special thermal expansion characteristics along with adequate corrosion resistance. Note that
the cobalt content in the Alloy X-750 used in the fuel assemblies is limited to 0.01% in the
active core. The high cobalt alloy, Stellite, is only used for hard facing of components which
must be extremely wear resistant and for which no suitable alternative exists. An alternative
material (colmonoy) has been used for some hardfacings in the core area.

Carbon steel is used in a large portion of the system piping and equipment outside of the
nuclear steam supply system. This material is typically low in Nickel content and contains a
very small amount of Cobalt activity.

Prevention of Concrete Contamination

The application of appropriate coatings on the concrete surfaces to reduce the complexity of
the future decontamination and decommissioning is considered in the ABWR design. Epoxy-
type wall and floor coverings have been selected which provide smooth surfaces to ease
decontamination surfaces. Expanded metal-type floor gratings are minimized in favor of
smooth surfaces in areas where radioactive spills could occur. These coatings have been
demonstrated to be effective in currently operating plants. Equipment and floor drain sumps
are stainless steel lined to reduce crud buildup and to provide surfaces easily decontaminated.

All the concrete surfaces that are exposed for long periods to potentially contaminated water
are lined with stainless steel. The steel liners avoid concrete contamination, enhance the ability
to maintain water clarity and provide easily decontaminated surfaces. The lined areas are: the
Spent Fuel Storage pool, the Dryer/Separator pool, the New Fuel Vault and the Suppression
Pool. In addition, the containment (wetwell and drywell) and the reactor pedestal and shield
walls within the containment are lined with carbon steel. This prevents this material from being
contaminated as a result of operational leakage. Additionally, this material does not contain
reinforcement bars, which if present would become activated. The absence of the rebar
enhances dismantling.

It should be noted that the Shippingport plant had large concrete spent fuel, reactor cavity and
equipment storage pools that were largely unprotected throughout the 20+ years of plant
operation. Even under these conditions, core sampling showed that contamination had
penetrated only about 3.2 mm into the surface of the concrete. In those areas where cracks had
formed, the activity migrated along the crack opening, but again, only penetrated about 3.2
mm into the adjacent surface. Standard concrete scabbing techniques, with appropriate
engineering controls to contain the contaminated concrete dust permitted the bulk of this
material to be released for unrestricted use. Therefore, should any unprotected concrete area
become inadvertently contaminated, the effort to recover the area and the waste generated
should be minimal.
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