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COMMENTS:

Bull,

l Atti ched is proposed agenda for our WC/T meeting on 3/13. Please give a copy to
Larnbrose and let me know if he has any comments.

2 Attached is the revised NOTRUMP agenda for the 3/12 meeting, which we discussed
today.

3 *.on-".OCA SAR revision 1s in final stages of publication and 1s scheduled to be shipped
LOMOrrow

3

The questions that we are working on from the original set are numbered:

ledea(l)

2e.1.8. 3. Tef

Ra.b.fg.

9ac., 10ab.c.d. R 12¢.d.e.g.hi)klm

13, 14, 15; 16; 17

Please pass on to Cliff for prioritization. Thanks

From the desk of

Earl H. Novendstern

Manager » dvanced and VVER Plant Satety
Analysis

westinghouse

PO Box 355

Pittsburgh, PA 15235

412) 374 -4790
Fax (412) 374-4011

9703280152 970321
PDR ADOCK 05200007
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AGENDA
March 13, 1997
Thursday, 8:00 am
Westinghouse Rockville Office

NOTRUMP MEETING

1. Introduction
2. SPES Results
3. OSU Resuilts
4. ACRS Meeting
a. Executive Summary

b. Proposed Agenda
c. NRC Feedback on Approach

5. Documentation Closure
a. Repont
b. RAls/Open Items/DSER

6, Wrap-up
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AGENDA
March 12, 1997
Wednesday, 12:00 pm
Westinghouse Rockville Office

LONG TERM COOLING MEETING

Introduction

PIRT

WC/T Plant Model

Summary of Westinghouse Topical Report
Recent Extended Time Calculation Results
Summary

ACRS Agenda



FAX to DINO SCALETTI

February 14, 1997

CC:  Sharon or Dino, please make copies for: Bill Huffman
Ted Quay
Robin Nydes
Chip Suggs
Ed Cummins
Bob Vijuk

Brian Mclntyre
OPEN ITEM #172 (M5.2.5-29)

In my quest to make sure we have provided NRC with everything needed to prepare an FSER, | am
researching open items from the smallest item number on. The relevant documentation related to
Open Item #172 (M5.2.5-29) is attached. We provided the original comparison to STS with NSD-
NRC-96-4833 on October 11, 1996. We then provided probability risk assessment information
related to the differences from STS with NSD-NRC-97-4939 on January 14, 1997. This was
reiterated in the RAI responses provided by NSD-NRC-97-4972 of February 6, 1997 This item
(#172) was asked by a technical branch other than the Tech Spec branch. The letters identified above
were in response to questions asked by the Tech Spec branch. Please help us provide the branch to
branch coordination required to obtain proper review of this information. We believe that the letter
identified above resolve the concerns of item #172. It seems a reasonable request that NRC
acknowledge receipt of the information. We request that NRC provide a definitive action for
Westinghouse or provide direction to change the status of this item. We recommend "Action N".
Thank you.

\y;‘\”*
Jim Winters
412-374-5290
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No Branch
172 NER/SPLB
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AP600 Open ltem Tracking System Database: Executive Summary Date: 2/1497
Selection: {item no| between 172 And 172 Sorted by liem #
DSER Section/ Tutle/Descnption Resp W) NRC
— Type - e i s é P2 Na el s
$2§ MTG N TECHSPEC Suggs. C Closed Action W
M5 2 S 29 (REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE) STS 34 15 states that. should the contamment air cooler condensate flow
rate montor become inoperable. a channel check should e performed on the contasmment stmosphere radioactivity monstor once per § howrs  The AP0
TS 34 9 states that 2 grab sample should be performed once per 24 hours  Westinghouse should provide justification regarding the acceptabality of the
shemnate action
Action submat TS 149 with June 96 rev  rkn V28
Closed - With sssuance of the Tech Specs in SSAR Rev 9
Action W - Need an explanation of Action Times as they relate 10 STS
Total Records |
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EV:::'MC C tion Pmsburgh Pennsyivania 15230 0358
/ NSD-NRC-96-4833
DCP/NRCO616
/ Docket No.: STN-52-003
f October 11, 1996
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
ATTENTION: T R. QUAY
SUBJECT: CLOSING THE LAST DSER OPEN ITEM FOR AP600 SSAR SECTION

16.1, TECHNICAL SPECIFICATIONS (TS)
Dear Mr. Quay:

This letter is written to close the last DSER open item for AP600 SSAR Section 16.1. Technical
Specifications (TS). Westinghouse committed to provide written explanation of technical differences
between the AP6U0 TS and those presented in NUREG-1431, the Standard TS (STS). Attached are:

1. A roadmap which identifies the sections comprising the STS versus those included in the
AP600 TS. For any TS that are included in the STS but not in the AP600 TS, an explanation
is provided. For any TS that are included in the AP600 TS but not in the STS, those sections
are shaded in the roadmap and explained. Explanations are also provided for other content
differences between the STS and AP600 TS.

2. A description of general or overall changes whose explanations apply to multiple TS.

5 A list of technical differences between the STS and AP600 TS. The TS and BASES are
grouped by section and an explanation of each difference s provided.

4 A table of and enplanation for those LCOs whose endpoint is defined as MODE 4 for the
AP600, rather than MODE $ or "Go to LCO 3.0.3" per the STS.

Discussions regarding ties between the AP600 PRA and the Technical Specifications will be provided
in the response to RAI 630.10.




VSD-NRC-96-4833
DCP/NRC0616 -2 October 11, 1996

This submittal closes Open Item Tracking System (OITS) item 2353, which is the final open item for
the AP600 Technical Specifications. If you have any questions regarding this transminal, piease
contact Robin K. Nydes at (412) 3744125,

g-—\-//f‘

Brian A. Mclintyre, er
Advanced Plant Safety and Licensing

/nja

Attachment

cc: W. Huffman, NRC
A. Chu, NRC
C. Grimes, NRC

N. Liparulo, Westinghouse (w/o0 Attachments)
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NSD-NRC-97-4939
DCP/NRC0705
Docket No.: STN-52-003

January 14, 1997

Document Control Desk
U. §. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION: T. R. QUAY

SUBJECT: WESTINGHOUSE RESPONSE TO RAI 630.10

Dear Mr. Quay:

Enclosed are three copies of the Westinghouse response to RAI 630.10 regarding AP600 Technical
Specification deviations from NUREG-1431 based on probability risk assessment. The NRC technical
staff should review this response as part of their review of the AP600 Technical Specifications. This

closes DSER open item tracking system item #3054. If there are any qu:stions regarding this
transmuttal, please contact Robin K. Nydes at (412) 374-4125.

Wﬂﬂ%f»)

Brian A. Mcintyre, Manager
Advanced Plant Safety and Licensing

/yml
enclosure
cc: Angela Chu, NRC - (w/enclosure)

W. C. Huffman, NRC - (w/enclosure)
Nicholas Liparulo, Westinghouse - (w/o enclosure)




NRC REQUEST FOR ADDITIONAL INFORMATION

Question 630.10 Provide a list of proposed AP600 Technical Specification requirements that deviate
from NUREG-1431 based either totally or partially on probabilistic risk assessment
(PRA) or PRA insights,

Response: The deviations from NUREG-1431 are explained in Reference 1. There are no AP600
Technical Specifications which deviate from NUREG-1431 with the PRA as the basis.

However, selection of a standardized Completion Time or Surveillance Frequency

considers.axailable PRA results as described in Reference 2. Per NRC request,
artached is a list companing the NUREG-1431 Standardized Technical Specification
(STS) completion times and surveillance frequencies to the AP60) TSs. Deviations
from STS times which are less restrictive than STS times are highlighted and any PRA
relationship is given in the comment column.

s f
X }‘.f"""/ -
P4/ 1

SSAR Revision: NONE

References: . NSD-NRC-96-4833, Closing the Last DSER Open ltem for AP600 SSAR Section
16.1, Technical Specifications (TS), 10/11/96.

2 NSD-NRC-96-4699, Westinghouse AP600 Technical Specifications Approach, 5/3/96.

630.10-1
@ Westinghouse 2




Westinghouse Ere e Box 385
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NSD-NRC-97-4972
DCP/NRC0732
Docket No.: STN-52.003

February 6, 1997
Document Control Desk
U. S. Nuclear Regulator’' Commision
Washington, DC 20555
TO: T. R. QUAY
SUBJECT: RESPONSE TO RAls 630.11 THROUGH 630.14
REFERENCE: LETTER FROM NRC TO WESTINGHOUSE (HUFFMAN TO LIPARULO),
"REQUEST FOR ADDITIONAL INFORMATION ON WESTINGHOUSE AP600

TECHNICAL SPECIFICATIONS OPTIMIZATION METHODOLOGY", DATED
DECEMBER 12, 1996.

Enclosed for NRC review are the Westinghouse responses o the following Technical Specification
RAls, provided by the above Reference.

630.11 Completion Time Anchor Point
630.12 Surveillance Frequency Baseline
630.13 Request for Response to RAI 630.10

630 14 Differences Between the Proposed Tech Specs Approach and Tech Specs Rev. 2

This completes Westinghouse activity for Open Item Tracking System: items 4224 through 4227, a
report for which is attached. Please advise as to the NRC status for these items. If you have any
Questions regarding this transmittal, please contact Robin K. Nydes (412) 3744125

O /et

Brian A Mclintyre, Manager
Advanced Plant Safety and Licensing

/jml
enclosure
attachment

ce: W. Huffman, NRC (w/enclosure/attachment)
A Chu, NRC (w/enclosure/attachment)




wQsﬂnghouse FAX COVER SH EET

RECIPIENT INFORMATION SENDER INFORMATION
DATE: Feeuony (7 1997 NAME. Lo U T
TO: ‘ LOCATION: ENERGY CENTER .
B Hummmmn EAST

PHO~E FACS'M‘LE pHONE om“ ‘/(Z i N‘ s 290
COMPANY: Facsimile: win' 284.4887

Uswc outside: (412)374-4887
LOCATION:

Cover + Pages 1+ 2

The following pages are being sent from the Westinghouse Energy Conter, East Tower,
Monroeville, PA. If any problems occur during this transmission, please call:

WIN: 284-5125 (Janice) or Outside: (412)374-5128,

COMMENTS

(R

H

EXF (5 OuR 45‘1'1“1”‘"2 Woro WL IR CABLE Mixius A mm.fr

(3 A Couamd m.nmwoo—m»v 7 MN GN?ﬂu :ﬂ“ (AT WK, Tr

Wit €0 /v JSAm e‘-v«hw // O"‘-_*L (X WE LeT Yoot Bl ecmopur By

— r g

Cunse o Bug 2 8 I//womna@/ 2/’2- Cﬂ-g_twu

-l 2l - o -

We ACRes oA itk Co A /euiipy /2.

ce '.Zwomvu : QJL’

M 4«.’17'0‘

Cum ;s

Aoas Ji Ju
wuv

/1™ ES

Jeamwe Euvmsid




8. Electric Power

involve exclusively limited energy content cables (instrumenta’ on and control), these
minimum distances are reduced to 3 inches and 1 inch respectively.

*  Within panels and control switchboards, the minimum horizontal separation between
components or cables of different separation groups (both field-routed and vendor-
supplied intemal wiring) is 1 inch, aud the minimum vertical separation distance is
6 inches.

The exceptions to the guidance in Regulatory Guide 1.75 are based on test results used to
support exceptions to the separation guidance for operating nuclear power plants. A cummary
of test results from ten electrical separation test programs is documented in Reference 13.
These test programs support the AP600 exceptions.

Non-Class 1E circuits are electrically isolated from Class 1E circuits, and Class 1E circuits
from different separation groups are electrically isolated by isolation devices, shielding and
wiring techniques, physical separation (in accordance with Regulatory Guide 1.75 for circuits
in raceways), or an appropriate combination thereof.

When isolation devices are used to isolate Class 1E circuits from non-Class 1E circuits, the
circuits within or from the Class 1E equipment or devices are iden’ified as Class 1E and are
treated as such. Beyond the isolation device(s) these circuits are identified as non-Class 1E
and are separated from Class 1E circuits in accordance with the above separation critena.

N Power and control cables are installed in conduits or ventilated bottom trays (ladder-type).
‘ Solid tray covers are used in outdoor locations and indoors where trays run in areas where
falling debris is a problem. Instrumentation cables are routed in conduit or solid bottora cable
" tray with solid tray covers as required. The cables are derated for specific application in the
e location where thiey are installed as stated in subsection 8.3.1.3.3. The environmental design
of electrical equipment including Class 1E cables under normal and abnormal operating

conditions is discussed in Section 3.11.

Separate trays are provided for each voltage service level: 4.16 kV, low voltage power
(480 Vac, 120 Vac, 125 Vdc), high-level signal and control (120 Vac, 125 Vdc), and low "
l . level signal (instrumentation). 480 V-ee-power cables may-be-mixed-with-120 Vac/125 Vdc signat—
I and control cables. Vertically stacked trays are amanged from top to bottom as stated in
subsection 8.3.1.34. In general, a minimum of 12 inches vertical spacing is \naintained
between trays of different service levels within the stack.

The electrical penetrations are in accordance with [EEE 317 (Reference 2). Class 1E and non-

Class |E electrical penetration assemblies are mair..ained in a separate nozzle. The physical

separation of the Class 1E electrical penetration assemblies are in accordance with Regulatory
I Guide 1.75. The containment building penetratic 1s are described in subsection 8.3.1.1.5.

Raceways installed in s~izraic Category I structures have seismically designed supports or are
shown not to affeci safery-related equipment should they fail. Trays are not attached rigidly

Revision: 8
June 19, 1996 8.3-20 @ Westinghouse




INSERT 8.3-Y

A tray designed for a single class of cables shall contain only cables of the same class except that low
voltage power cables may be mixed with high level signal and control cables if their respective sizes
do not differ greatly and if they have compatible operating temperatures. When this is done in trays,
the power rable ampacity should be calculated as if all cables in the tray were power cable, unless
position and grouping are controlled.



FAX to DINO SCALETTI
Februcry 18, 1997

CC:  Sharon or Dino, please make copies for: Bill Huffman
Ted Quay
Don Lindgren
Chip Suggs
Ed Cummins
Bob Vijuk
Brian Mclntyre

OPEN ITEM #177 (M5.2.5-34)

In my quest to make sure we have provided NRC with everything needed to prepare an FSER. | am
researching open items from the smallest item number on. The relevant documentation related to
Open Item #177 (M5.2.5-34) is attached. We provided the original responses to RAls 410.16
through 410.20 with ET-NRC-93-3840 on March 18, 1993. We then provided a revision to the
SSAR describing our conformance with Position C.9 of the Reg Guide on December 20, 1996. this
information is consistent with the technical specifications. We believe that this information resolves
the concerns of iicin #177. It seems a reasonable request that NRC acknowledge receipt of the
information. We request that NRC provide a definitive action for Westinghouse or provide direction
to change the status of this item. We recommend "Action N". Thank you.

o

Jim Winters
412-374-5290
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AP609 Open Item Tracking System Database: Executive Summary Date: 2/18/97
Selection: [1tem noj between 177 And 177 Sorted by ltem #

DSER Secuon/ Title/Descnption Resp (W) NRC
G O i< AR N T B _ tewie: e
$2S MTG-Ot Lindgren.D Closed Action W

Total Records

MS 2 S 34 (REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE) Add the responses to the following RAls to the SSAR 410 16, 41017,
410 18, 410 19,410 20

Closed - SSAR Rev 1 included the mformanon from the RAT responses
Action W - Describe the conformance with Posiion C 9 of Reg Guade  See respoase to RAT 410 17 for conformance mformation
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Hocmnﬂ:wmﬂon Pittsturgn Pennsylvania 15230-0355

ET-NRC-93-2340

[ NSRA-APSL 93-0078
AR Docket No.: 5TN-52-003

;u, IR

/‘“"' i"wmns.xm

\{ MAR1 31993 |if

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 . Brian A Mc Intyre

ATTENTION: R. W. BORCHARDT '

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON THE AP600

Dear Mr. Borchardt.

Enclnsed are three copies of the Westinghouse responses to NRC requests for additicnal information
on the AP600 from your letters of November 16, 1992 and January 26, 1993. This transmittal
completes the responses 1o the November 1€, 1992 letter. A listing of the NRC requests for additional
information respond=d 1o in this letter is contained in Attachment A. Anachment B is a complete
listing of the questions associated with the November 16, 1992 letter and the corresponding
Westinghouse letters that provided our response.

If you have any questions on this material, piease contact Mr. Brian A. Mcintyre at 412-374-4334,

Nlcholul hpnnllo ger /

Nuclear Safety & Regulatory Activities
/mja
Enclosure

cc:  B. A Mclntyre - Westinghouse
F. Hasselberg -

el



ET-NRC-93-3840
ATTACHMENT A
AP600 RAI RESPONSES
SUBMITTED MARCH 18, 1993

RAYNo ™ Issue

410016 | Reactor Coolant Leakage

410017 { Reg. Guide 145, Position C9

410018 |, Reg. Guide 145, Position C 8

410019 s Reg. Guide 1.45, Position C.7

410020 - | Reg. Guide 1 .45, Position C.6

410023 | First stage ADS hydrostatic loads

410025 | Reg Guide 1.52

410027 | Equipment requiring protection from flooding
410028 | Potential sources of flooding

410.030 | Maximun flood level

410033 | Flood protection

410034 | Flood protection

410037 | PXS equipment location

410.040 | Multi-door passageways leakage prevention
410.043 | CCW layout

410.044 | Flood hazards

410046 | Break protection from open cycle systems
410047 | Water tight doors

410048 |  SFP cooling pumps & heat exchangers flood prot.
410.049 | Flood consequences

410050 { Flooding protection 1or remote shutdown panel
410051 | Equipment requiring missile protection
410.052 | Turbine missiles

410.053 | Secondary missiles

410054 | Equipment protection

410.059 | Stored energy - nuts, bolts and studs




NRC REQUEST FOR ADDITIONAL INFORMATION

Question 410.17

Position C.9 of RG 1.45 states that the technical specifications should address the availability of various types of
instruments for RCPB leakage to ensure adequate coverage at all times. Describe how the AP600 design will meet
this regulatory position (Section 5.2.5).

Response:

SSAR Chapter 16, Technical Specification 3.4.9, defines the operability requirements for RCS leakage detection
instrumentation. In addition, instrumentation used to identify reactor coolant pressure boundary leakage is designed
so that its operability may be determined at all times.—Shoutd a det Wn&w range or
self-monitored trouble detected), the )lm‘rnslrumemmon system will alarm in the main control roo|

specific leak detection momtor readout is questionable. The alarm prompts the operators to observe other sensors
providing leak detection i tion. Technical Specification 3.4.9 allows leakage to be averaged over 24 hours;
therefore, operators haye sufficient time to determine if small leaks are from the reactor coolant system and to take
corrective action in ag orderly manner.

SSAR Revision: NO

410.171
@m ; 5& b



5. Reactor Coolant System and Connected Systems

5.2.5.1

5.2.5.1.1

5.2.5.1.2

Reactor coolant pressure boundary leakage is classified as either identified or unidentified
leakage. Identified leakage includes:

*  Leakage from closed systems such as pump gasket or reactor vessel seal leaks that are
captured and conducted to a sump or collecting tank

< ——

*  Leakage into auxiliary systems and secondary systems (intersystem leakage) (This
leakage 1s not considered to be part of the 10 gpm limit identified leakage in the
bases of technical specification 3.4.8. This additional leakage must be considered in
the evaluation of the reactor-coolant inventory balance.)

Other leakage 1s unidentified leakage.
Coliection and Menitoring of Identified Leakage

Identified leakage other than intersystem leakage 1s collected in the reactor coolant drain
tank. The reactor coolant drain tank is a closed tank located in the reastor cavity in the
containment. The tank vent is piped to the gaseous radwaste system to prevent release of
radioactive gas to the containment atmosphere. The liquid level in the reactor coolant
drain tank and total flow pumped out of the reactor coolant drain tank are used to calculate
the identified leakage rate. These parameters are available in the main control room. The
reactor coolant drain tank, pumps, and sensors are part of the liquid radwaste system. The
following sections outline the vanous sources of identified leakage other than intersystem
leakage.

Valve Stem Leakoff Collection
Valve stem ieakoff connections are not provided in the AP600.

Reactor Head Seal

The reactor vessel flange and head flange are sealed by two concentric seals. Seal leakage
is detected by two leak-off connections: one between the inner and outer seal, and one
outside the outer seal. These lines are combined in a header before being routed to the
reactor coolant drain tank. An isolation valve is installed in the common line. Duning
normal plant operation, the leak-off valves are aligned so that leakage across the inner seal
drains to the reactor coolant drain tank.

A surface-mounted resistance temperature detector installed on the bottom of the common
reactor vessel seal leak pipe provides an indication and high temperature alarm signal in
the main control room indicating the possivility of a reactor pressure vessel head seal leak.
The temperature detector and drain line downstream of the isolatuon valve are part of the
liquid radwaste system.

The reactor coolant pump closure flange is sealed with a welded canopy seal and does not
require leak-off collection provisions.

Revision: 10
@ Wastinghouse T o §.2.21 December 20, 1996




FAX to DINO SCALETTI

February 18, 1997

CC:  Sharon or Dino, please make copies for: Diane Jackson
Ted Quay
Don Lindgren
Richard Orr
Ed Cummins
Bob Vijuk

Brian Mcintyre
OPEN ITEMS FOR SSAR SECTION 3.8.3

This is a background package for the remaining open items for SSAR section 3.8.3. SSAR section
3.8.3 is of interest because by our joint NRC/W schedule, the FSER for this section should be turned
into Projects by the end of Mar .. There are 18 Open Items with NRC Status of Action W. Two (2)
of these items (711 and 725" sall require some Westinghouse action.  Westinghouse believes the
other sixteen (16) items were addressed in or prior to the January 16, 1997 meeting with NRC.
Currently, our records show no additional outstanding Westinghouse action required for section 3.8.3,
except items 711 and 725, and we request that NRC provide a definitive action for Westinghouse or
provide direction to change the status of these items. We recommend "Action N". Thank you.

AW
Jim Winters
412-374-5290

/
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Page

Hranch

NRRECGH

NRRECGH

NRRECGHE

NRRECGH

NRRECGH

NRRECGB

NRR/ECGH

AP600 Opun Item Tracking System Database: Executive Summary Date: 21897
Selection:  [nrc st code}="Action W' And [DSER Section] like '3 8 3* Sorted by liem #
DSER Sectnon/ Tuke/Descnption Resp (W) NRC
38311 DSER O1 Orr / Bechwel / NRCSM  Closed Action W

Westinghouse should provide o the SSAR the connection detasls between "M™ modules. and between "M™ modules and other types of modules

Module behavior study 1s m progress  Design calculanions for modules will be updated tollowing completion of the behavior study to include any changes
n methodology defined by the study  Addimonal connection detatls will be developed dunng this update and will be includcd i design data to be audited

dunng a meeing scheduled for Seprember/October of 1996 Typical connection detasls will be described in SSAR
Closed i meeting with NRC 11687 - nunor SSAR change shown in draft revision

Inli2 DSER O1 Orr /INH/ NRCBM Action W Action W
Westinghouse should demonstrate that the structure wiil not hift up dunng an SSE

Liftoff of the CIS basemat from the comtamment vessel and NI basermnat was included i the nuclear island basemat analyses  Addiional analyses of the
C1S and NI hasemat response 10 sersmc loads 1s in progress  These analyses will demonstrate that hftoff of one side of the CIS basemat 1s not sigmificant

Result will be avaslabie a1 structural audw
18325 DSER - Of O / NRCSM Closed Action W

Westinghouse should justify the use of the ANSVAISC N690 Standard and the ACT 349 Code for concrete filled steel M modules

Closed - This issue 1s addressed i the module behavior study and included in SSAR Rev 7 Based on review by the NRC i a meeting on May 22 thas

1sswe s closed
Meeting notes dated July 1. 1996 show this item as sull open  Westinghouse to finalize all design cntena for structural modules
Closed in meeting with NRC 171657

183310 DSER-O1 Onr / Ritz / NRCSM Closed Action W
Westinghouse should address in the SSAR the entire construction process. from off-site fabncation to final on-ssie placement
Closed - NRC will review revision 7 of SSAR . subsections 38 3and 38 4

See NRC letier dated 7/15/96 - Address use of sections 1 23, 1 25, and | 28 of AISC N6%O
Action W - See NRC lenter of 12996
Closed w meeting with NRC 171687 - minor SSAR change shown in draft revision

IR332 DSER - O1 Ot / NRCSM Closed Action W
Westinghouse should address the construction nduced stress foliowing the cunng of the concrete
Closed - SSAR subsection 3 B was revised 10 address stress in module doe to concrete

NRC meeting notes 7/1/96 show this as Achion W - expand SSAR description of the methods for considenng the hydrostaire pressure due to constiuction in

the design
Closed i meetng with NRC 1716897 - munor SSAR change shown n draft revision

3I%333 DSER-O1 Onr / NRCSM Resolved Action W

Westinghouse should consider, in the design of the IRWST, the combmation of the load from ADS actuaton and the SSE load In addtion, the thermal

loading should be considered n the internal structural steel frame design

SSAR Revision 7 subsection 3 8 3 3 | combines ADS and SSE loads  Thermal joading on stees  uctures 15 considered as shown n Table 318 4.1
Calculations will be reviewed duning the structural module audit

18343 DSER 01 O / NRCSM Resolved Action W
Westinghouse should demonstrate the adequacy of the design based on the assumption of a composite section
Resolved Sased on informanion in the module behavior study

Total Records 18



AP6M Open item Tracking System Database: Executive Summary Date: 2/18/97
Selection: {nrc st code}="Acuon W' And [DSER Section] hike '3 8 3* Sorted by ltem #

fem DSER Secton/ Trtke/Descnption Resp (W) NRC
- o oo DRI, ... OACOPORE, VLI ... . SIS AT S CBMBATOIIOLE. ... i - - Lenter No. / Date
724 NRRAECGR 18345 DSER O1 O Closed Action W
Westinghouse should use a local 3D sohd model of the module geometry and matenals as the basis for developing equivalent isotropic shell properties. or
for pustifymg the equations currently used

Closed - Thes issue was addressed i the module behavior study

NRC meeting notes 7/1796 show thus as Acthion W - 1o provide the analysis and design results to demonstrate and confirm the adeguacy of the method used
for design  Dvsign calculations are avaslable for audit

Closed in meeung with NRC 1/16/97

728 NRRECGR Iglas DSER O1 O Action W Action W
Westinghouse should acceptably address issues relating 1o the sersmc modehing of the contanment internal structures

Closed - Thas 1ssue was addressed i the module behavior study
NRC meenng notes 7/1/96 show this as Action W - design calculanions to be audited by NRC

729 NRRECGR IRs4.10 DSER-OM Onr Closed Action W
~A Westinghouse should revise the combined stress equations in Section 3A 11 3 of the SSAR to reflect realistic action of the walls if buaxial bending 15
S required

& Closed  This 1ssve was addressed i the module behavior study

NRC meeting notes 7/1/96 show this as Action W - 10 reexamune interaction equaiions described m SSAR
Closed i meeting with NRC i/16/97
730 NRRECGH IR34n DSER O O / NRCSM Resotved Action W

Westinghouse should complete the destgn of the connection detals and provide the design for siaff review
Resolved - Setected connection detasls will be avarlable for review dunng the structural module audn

™ NRR/ECGH 3Ig34an2 DSER-OF Orr / NRCSM Resolved Action W
Westinghouse should compile design summary reports using the format and attnbutes described i Appendix C to Secron 18 4 of the SRP, and should
subrmit the reports for staff review
Resolved - The design report wili be avaslable for review dunng the structural module audit

ERN NRRECGH LERE SR DSER O1 On / NRCSM Resolved Action W

The stafi will perform a structural design audit of the contamment internal structures
Resolved - The structural moduie audit 1s planned for late 199

2347 NRRECGH 3183 MTG- Ot Orr / NRCSM Closed Action W
Westinghouse should describe the design process used for the structural module design 1n the SSAR

Thas 1s past of the module behavior study i progress as well as the update 1o the hydrodynamic analyses  See open item 1K 1410 (tem # 729) and vtem #
2348
Closed in meeting with NRC 1/16/97

MTG OF O / NRCSM Audu N Action W
Westinghouse should revise Appendix memwmmm:wmmsmmmmmmm

Appendix 3F has been replaced by matenal in subsection 38 3 Wmhwmm:nmmmmtnnmwnm

in late 1996
Review of documentation not completed during audst

2348 NRRECGH 383

Page 2 Total Records. 18



No

2349

3247

Page

NRRECGB

NRRECGH

3

AP6D0 Open Item Tracking System Database: Execustive Summary Date: 2/1897

Selection:

1813

18134

Total Records

RAI-OL

e st codel="Action W’ And [DSER Section] hike 3 8 3% Sorted by liem #

Tutie/Description Resp (W) NRC
B .. SNSRI T SR DB, . vy ol N i e
O / NRCSM Closed Action W

Westinghouse should complete analysis of a 30 inch wall in the M- | structural module and make the analysis avaslable for audn

Analyses of 30” wall are being finalized and will be avastable for audit wn late 1996
Closed in meetng with NRC 171687 - munor SSAR change shown n draft revision
Onr Closed Action W NSD-NRC 964732  5/31/96

Describe how concrete cracking 1s considered in the thermal analysis and provide justificaiion for the adaguacy of the methods used

Closed - Respoase provided i ttem | of leter NSD NRC 96 4732, dated May 3G, 1996
Orr Closed Action W
RAI 23098 Apni 5, 1996 lenter Westinghouse should complete the new design of structural modules (using shear studs ) and submat the design for siaff

review

Closed - The structural module design with shear studs and other changes is described in SSAR subsection 38 3 1 Rev 7
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v 6. Engineered Safety Features

the capacity of the recombiners. Consequently, the containment hydrogen concentration will
exceed the flammability limits. This massive hydrogen production 1s postulated to occur as
the result of a degraded core or core melt accident (severe accident scenano) in which up to
100 percent of the zirconium fuel cladding reacts with steam to produce hydrogen

The hydrogen ignition subsystem consists of 3860 hydrogen igniters strategically distnbuted
throughout the containmen = Since the igniters are incorporated in the design to address a
low-probability severe accident, the hydrogen ignition system is not Class 1E. Although not
class 1E, the igniter coverage, distnbution and power supply has been designed to minimize
the potential loss of igniter protection globally for containment and locally for individual
compartments. The igniters have been divided into two power groups. Power to each group
will be normally provided by offsite power, however should offsite power be unavailable, then
each of the power groups is powered by one of the onsite non-essential diesels and finally
should the diesels fail to provide power then approximately 4 hours of igniter operation is
supported by th : non-Class | E batteries for each group. Assignment of igniters to each group
is based on pre viding coverage for each compartment or area by at least one igniter from each
group.

.

The locations of the igniters are based on evaluation of hydrogen transport in the containment
and the hydrogen combustion charactenistics. Locations include compartmented areas in the
containment and vanous locations throughout the free volume, including the upper dome.

For enclosed areas of the containment at least two igniters are installed. The separation
between igniter locations is selected to prevent the velocity of a flame front initiated by one
igniter from becoming significant before being extinguished by a similar flame front
propagating from another igniter. The number of hydrogen igniters and their locations are
selected considering the behavior of hydrogen in the containment during severe accidents.
The likely hydrogen transport paths in the containment and hydrogen burn physics are the two
important aspects influencing the choice of igniter location.

The pnimary objective of installing an igniter system is to promote hydrogen burmning at a low
concentration and, to the extent possible, to bum hydrogen more or less continuously so that
the hydrogen concentration does not build up in the containment. To achieve this goal,
igniters are placed in the major regions of the containment where hydrogen may be released,
through which it may flow, or where it may accumulate. The criteria utilized in the evaluation
is provided in Table 6.2.4-6. The location of igniters throughout containment is provided in
Figures 6.2.4-5 through 6.2.4-12. The location of igniters is also summarnized in Table 6.2.4-7
identifying subcompartment/regions and which igniters by power group provide protection.

The locations identfied are considered ximations (+ 2.5 feet) with the final locations  G—"
/;ovemed b | jon_detail igniter Tocations identifiedare— considered . 4
( approximations (+ 2.5 feet) with the final locations governed by the installation deuuls./ ™ 4

B

ThT: igniter assémbly is designed to maintain the surface temperature within a range of 1600
to 1700°F in the anticipated containment environment following a loss of coolant accident.
A spray shield is provided to protect the igniter from falling water drops (resulting from

Revision: 11
6.2-43 Draft, 1997




6. Engineered Safety Features

Table 6.2.4-6
‘V;‘"" -
IGNITER LOCATION RITFRI)

Arsr
. A sufficient number of igniters M'(placcd in the major transport paths (including dominant natural
circulation pathways) of hydrogen so that hydrogen can be burned continuously close to the r:lease point
This prevents hydrogen from preferentially accumulating in a certain region of the containment.
ana

. Igniters (minimum of 2) shewd-#¥ located in/ major regions or compartments where hvdrogen may be

released, through which it may flow, or where it may accumulate.

. It is preterable to ignite a hydrogen-air mixture at the bottom so that upward flame propagation can be
promoted at lean hydrogen concentrations. Igniters within each subcompanmcn@ﬁf&caled in the
vicinity of, and above, the highest ﬁ(emial release location within the subcompartment. — 242
. ‘ : e 27 PAE .
. In compartments with relatively small openings in the ¢€iling, the potential may exjét for the hydrogen-air

mixture to rise and to collect pear the ceiling. Thcrzorc. one or more igniters %wu\:\_
ceiling of such compartments. | Igniter coverage provided within the upper 1§% 5l the vertic

height subcompartments or 1f/'ft from the ceiling whichever is less. In cases where the highest potential
release point is low in the compartment, both this and the previous criteria w-v.‘onsidered‘

AN~ [ ¥ =

. To the extent possible, igniters should-®e-placed away from walls and other large surfaces so that a flame

front created by ignition at the bottom of a compartment can travel unimpeded up to the top.

ANR
. A sufficient number of igniters whowd installed in long, narrow compartments (corridors) so that the

flame fronts created by the igniters need to travel only a limited distance before they merge. This limits

the potential for, significant flame acceleration.
. )

, A A .
. Igniter coverge shouwldW-provided to contol combustion in(gl areas where oxygen rich air may enter into
an inerted region with combustible hydrogen levels during awdem scenario.

o !
° Igniters should b located above the flood level, if possible. Those which may be ﬂoodcd.shovlfﬁve
redundant fuses to protect the power supply.

. In locations where the potential hydrogen release location can be defined, 1.e. above the IRWST spargers,
at IRWST vents, etc igniter coverage shoud-tR-provided as close 1o the source as feasible.
At

. Provisions for installation, maintenance, and testing swwst-alse-o® considered.

RCVilion: 11 o scamevi 08021 R11-021897
Draft 6.2-200 @ Westinghouse
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A telecon was held on Wednesday, February 12, 1997 between Westinghouse and NRC Probabilistic
Safety Assessment Branch to discuss NRC questions on an AP600 PRA sensitivity study. One of the
questions the NRC asked during the telecon related to the failure rate Westinghouse used for squib
valve failure to operate. Westinghouse accepted an telecon action item to provide to NRC the Sandia
data which was used to develop the AP600 PRA squib valve failure rate.

Attached is a copy of the Sandia data for squib valve failure 10 operate. This information is being
provided to NRC in response to the 2/12/97 telecon action item.
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Sandla National Laboratcrie.

Lvotmore Cai'orra 9485 €9E9

dete: Fecr.ary 19 1996

to. T.m Bueter Wastr3house

Oh ooy Lo G L

v

from: C J DeCaru-uy11'6

subject: Explosive Valve Rellabllity Information p——_ i

Jere Haran asked me 10 send you Information on the reliability of our expiosively
actuated valves.

Expiosively actuated valves that cut tubes or punch membranes have assessed
‘ailure rates that range from 0002 to .0006. No fallures have been observed n
inese valves Tnere are aifferences in assessed 'aiure rates because of different
quantit as of 18st gata, nol Decause falures rave occurred.

| am enclosing the cata assessment sheets for our standardized mini-valves.
Trese are cu mat have standardized :nternal leatures. The assessed
failure rate ecause \here have been no fallures n over 3600 post-

gevelopment Jesiructive 1@sts combined over (he several valves in the family.

! ‘ -
Feel Iree 10 Gall me &l 510-294-2581 If you have questions.

cd 8116

Copy t0.

MS 1452 J. Q. Harlan, 1552
MS 9202 R. L Blerbaum, 8116

M
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STANDARDIZED MINI-VALVES

WEAPON SYSTIEM Several Weapon Sys:ems

Companants 13 valves, MC 3006, MC3205. MmC3208
MC3294/MC 3784, MC3295, MC3297
MC23785 Sige B, MC3298, MC3425,
MC3427'MC3427A, MCI428/MCI428A,
MC3570/MC4232, MC3604 MT4a241

MAJOR ASSEMBLY Gas Transier System ¢ »
FALURE EVENT ‘
General Failure of the standardized mini-valve 10

properly cut one or two tubes and trarster
gas, given the proper input to the
MC3004/MC294SA/MC 3479 MC37953

actuators.
ASSESSED FAIWLURE BATE 0.0002
ASSESSMENTI RAIE —Junuary 7926
BELIABILITY ENGINEER o] |
C.J. DeCarti, 81186
REVIEWESR Date
; R S Tiley, 8116

Rellebility Assessment Dete: :

Cumulative data for thineen mini-veives is summarzed below. The sampling rate
‘or proguction acceptance D-testng of all mini-valves was 5§%. This was acopted
n October 1981 because of ine success history of the MC3008. MC3205 and
MC 3206 valves and because so many mini-valves were 10 be produced. Prorto
‘RIS IMe. Mini-vaves were 18s1ed at a much higher rale 10 accumulate a cata base.

R




UNCLASSIFIED

D sirbution 3

CUMULATIVE VALVE TEST CATA FOR THIRTEEN MINI-VALVES

Laa SoLce NQ. Tesied No Faled Commensg
A Development 1048 0 See Table
8 Progucton D-1es's 2703 0 See Table !

C Surveiliance

C1 NMLT/SLT 1362 0 See Table *
C2 NMFT,SFT 607 0
Total 5720 o See Table *
Tolal w/o gevelopment 4672

The 0.0002 assessment is @ S0% upper binomial confidence limit Dasea on zero
‘alures in 4672 post-development 1ests.

s
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UNCIASSIFIED

TABLE 1 - SUMMARY OF MINI-VALVE D-TEST DATA (JANUARY 19896,
Proguct Acceptance Stockpie Cvaaten

AMC NS L8yeoR NQ Lal NO -1 e

3CCO *43 547 ‘07 161 100

3205 354 318 a5 355 86

32068 194 210 33 223 86

3294/ 97 161 4 31 59

3784 78 37

3295 41 116 a4 3N 72

3297/ 66 227 14 a 72

3785 415 38

3298 6 174 38 3 36

« Vaives 29 279 . a8

3570 59 76 34 78 48

4232 48 13

424" 56 30

TOTALS 1048 2703 1382 607

GRAND TOTAL WITHOUT DEVELOPMENT TESYs = 4672

* Includes ¢ valves: MC3425, MC3427/A, MC3420/A, MCI604
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TECHNICAL MEMORANDUM

THE RELIABILITY OF PYROTECHNICALLY
ACTUATED VALVES

14 FEBRUARY 1996
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Jalin Greensieds, Senior Staff Bapnes



1.0

Pacific ScentficEnergy Dynamics Division (PS/EDD) has prepared this
wechnical memeorandum 1 response o an informal request for infarmation reative
w the general reliability of pyrotechnically actuated valves, one of this company s
product lines. Such valves, in both Normally-Open (N-O) and Normally-Closed
(N-C) sonfiguranons, heve been widely vsed for many years in military and
scrospace applicanons where rapid and posiuve valving of & iquid or gaseous
working medium 15 required in & one-ume conwol eveny, such s fusl shut-off,
fire suppressant deployment or gas samphing. The charactenstcs which heve
made pyro actuated valves so suitable for such applicaons, in fact the only
ressonable choice \n many cases, are their small nize end weight (compared with
ol ether compenuve approsches), thar sbility © valve very hign pressure
working medis (in some cases &3 high as 10,000 peig), thewr extremely rap'd
sctuston time (typically <5 maecs) and their relative lack of comglexity. The
latter actnbute no doubt contrbotes ® ther high operational reliability which
typrcally 1s well 1n excess of 0999, even after long penods of dormancy
FS/EDD produced s number of hugh reliability pyro velves for the DQOE, for use

N NUCI e WEADONS

All pyre acrusted devices (PADs), mcluding valves, by their very nature ars
“ane-shot’ devices. Consequently, the relishniny of a PAD cannot be established
-ap'fic.diy by condueung 3 lwge number of oparadbonal tests repeatedly on the
e Individusl unit, & 16 done with slectrical and electronic components for
instance. Lnstead, the predicted reliadility of PADs must be derived using data
from tests of @milar assemblies, the resuits of stress analysss and recorded
failure rate daa relenve © similar individual components of the device.

[ order ® illustrate the methods used © wrive 1t the predicted relisbility Jevels
of & pyvo sctusted valve, & relighility snalysis is presented in the following

-
—




2.0

2.1

secton reiative 1 8 typica PS/EDD 2-way pyro actumied valve somewhat more
complex than most & 1t might be used n & ground-based appiication such as &
nuclear reactor cooling sysem An eshmate i1s denved of 1t operanona
reliagility as well a3 i1ts mission rehability The later takes inw sccount an

assumed penod of dormancy

1 PY
ACTLATER YALYE

The Amuined Scenario

The valve seieced as an example for analysis 13 PS/EDD's §1-5875.2 Puel

Valve, shown in Figure | which was qualified for use in the TSSAM program

In this 2-way valve, which performs both N-O and N-C functions, the inlet and
by-pass ports ae in contact wath the fuel and are interconnscted. prier W ’
actvaton Dunng sctuadon of the valve, & nipple covenng the outler port is
shearsd away and the inlet and outiet porty we then interconnected by way of &
ransverss bore through the piston. The piston blocks off the by-pass port as it
completes 1ty stroke

In the following sub-sections, 8 refiability analyms of this device is presented
which 15 based on the assumptions below, which we believed to be consistent
with & ground-besed spplication at & nuclesr energy facility

o)  Dammast Non-Qperagenal) Penod 10 yeurs
b)  Yalvs Actustion Tims S msecs
€) Yalys Puncnon® Time 20 minutes

(*During this penod the sctuated valve would handle pressun zad flow-down
without logs of structural or sealing integrity A function ume of 20 minutes
may be longer than required but will provide & conservanve estimate of
reliabrility )



12 Ihe Reliability Megel
The valve can be zonsidercd as an aasembly of ‘mechanical® components, beth
functuona and structural. o set of interface seals and & maung sel{-comaned
awssembiy which provides the required actuabon gas pressure, namaly, the pyro
carmidge Since all of the componenis of the overall assembly must funcuon
carrectly and/or muntun ther structural integnty during the overall iife of the
dewice, the components we conmdered senes dependent This permiws the
following very simple Reliability Model.
| i |
| eeoTTOwC ! o ', . u!?:'u:".
ST Y | l ® . | )
] |
COMPONENT REL R, R, R,
Valve Assembly (Inci. Carwidge) Operanonal Ral: R, = (R NR)(R,) (1)
13 Reliability Asabyse
23.1 Querasienal Raflabdiny ()
13.11 The Pyre Carmridee Rallabiity (R

Aa spproach oftsn used for predicting the operational reliability of pyro
cartndgas is based on & relasionghip batween the number of tests conducted
without failure (N) the Confidencs Level (CL) and the Reliability (R). This
redationship, which is darved from the binomial theorem (Raf. 1) it expressed by
the equation

Ne (= .= =2
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which gives

R ..uu-c.u.. o w o8

Through the yews, allGAS 2,000 umua pyro cantrdges have besn successfylly
fired by PS/EDD aone, therefore 25,000 would not be an unrcasonabie value for
N in Equaton 3 Then ai s CL of 90%, which i3 also a reasonable level, the
operaponal relisbility of the pressure cartndge (Re). as gven by Equauon 3,

would be

X * e !Maite BII/A 000 o 599808

The Seal Ralizbiliy (.
The $2-5875.2 valve incorporaies nine (9) O-nng ssals. Failure rate data for O-

nngs 15 given n NPRD-SI (Ref. 2). That document pives & gwners)ized fwlure
ram (1) of 6.3090 failures/1 %" hours for “MIL" type O-nngs subjected © &
“Ground Mobile" (GM.) snvironmant [ the currenty essumed scenssio the
valve would be subjected t5 & mors benign *Oround Pixed® (GF) snvirenment.
n the MudwﬁcLuhmdnﬁmntum-uhdf

that of the GM savironment 1 8., hgy = 05 Aoner 07, Aoy 0.5 (6.5090) = 3 2943
falarsg/l0’ As sused in 2.1, he assumed Functon Time (1) could be 20
minutes. e, 3333 hours. As stted 10 MIL-STD-756 (Ref. 3), if the fulure rata
w4 operstional me are known the relisbility 15 given by the equabon

ReeMe-=-=4)

This equation, which is for & ungie component can be modified for (n) Jike
components & follows

Re o™t .- --(9)
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Subsututng for n, t and A 15 (5) gives the seal Operationa reliability

R, 2 M50 ¢ 999990

The Mechanisal Pass Relapiiy (R)
In the $1-5875.2 Valve there are nine (9) ‘mechanical” parts, all of which must

retan their structural integnty dunng the operation of the valve and three of

them must perform certun funcnons. Thus

Companenys (3) Euncucns O)

Body

Adaptor

Plug

Lee Plug

Inlet Fitung

By-Pass Fitong

Outles Fitung Shesr the Closure Nippie

Piston ——— —o= Release the Imne) Lock
\\. - Provide Metal/Meta) Sex

Provide Final Lock
Seal Plug e Must Sheas Opan

We can consider the oversll oparstionsl reliability of the mechasical components
(R =
By = BaadReg) - - - - (6)
Where R, s the structwral rel.

R.g is the funchonal rei.
Then, if we assume that sach composent has been dasigned with a sructural
Sefety Pacwr of ot leant 1 § (venfied by strees analyns), expenence has shown
that its seructure) reliability will be of least 999999 Therefore:
Ry = (999999) = 9599991
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2312

For each of the five |isted funcnons we will conservatively assume 2 funenonal
reliability of 599950 Thus

Ro = (999990)' = 999950

The mechanical parts rel:abriity foliows

R, = (99999 )( 959950) » 59594|

Calculatien of Ry

Subsutuang frem 23 12, 2312 and 211 3 1n Equanon (1) we obsain the
valve's operanonal rehability

R, = ( 999908)( 999990)( 999941) « 595819

Missies Raliabilaty (Ro)

According o MIL-STD-756 (Ref. 1) the “Mission Relisbility” is given by the
equaton

Ry * (R Rew) = - -+ (T)

Where Ry, s the probab.!ity of the anit fusetioming as required after being
dormant for a speaified penod of time. NPRD-91 (Ref 2) gives the following
defininon for “dermant”

"Dormant - Compenent or squipmant is connected ® & systam in the normal
operstiona) configurubon end expenences noa-operstonal and/or penodic
opersbons stresses wnd environmental stresses. The systerm mey be in & dormant
stzta for prolonged penods before bang vsed in & mismaon *

A value for R, for the entire amembly can be derived from Equation 4, given
fwlere rase (A) data for nmilar equipment under dormant condibons. The closest
eveilable dats in NPRD-S| (Ref 2) is for & *Velve, Hydrulic® at 2 "MIL"
quality level, which has o (\)D of 0018 failures/10° hours. For the sssumed



dormancy peried of 10 years, 1 ¢, 87 648 hours (which includes 2 extrs days for

lenp yewrs) we obuun

’.. e g N O LY o 599842

Then from Bquanon 7, the esumatad Migsion Reliability for the velve is

Ry * (Ry) (Ryy) (.999039) ( 99906s2) = 9920}

i) A

/ I
-
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Technical Memorandum - Pyromechanical Rehiability ' - N Burerfield, June 1981,
n-numbered. Mamin Manema TM

NPRD - 9! - “Non-Electronic Parts Reliability Data 1991 - Rehability Analysis Center
Rome, NY Document generated under contract w Rome Laboratory, Gmffis AFB.
NY

MIL-STD-7:4 - Rehability Mode/ing and Predicton
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FEB 191897

February 18, 1997

Subject: Informal Transmittal of Information on
- Revision to WCAP-14407 Chapter 2 Tables rian A. Mc Intyre

To Ed Throm
Fax: 301-415-3577 (B pages)

o Jim Gresham
Brian Mcintyre
Mike Loftus

This transmittal provides to NRC a draft of a sample revision of WCAP-14407, Section
2. Tables 2-3 and 2-4 which provide the link between the PIRT phenomena and the
containment pressure Evaluation Model. A revision to Tables 2-3 and 2-4 1s an action
from a telecon between Westinghouse and NRC on January 17, 1997

The sample phenomena chosen cover a range of methods used to bound
phenomena, and are Density of Break Source (1D), Mixing and Stratification in
Containment Volume (2A), Gas Compliance in Containment Volume (2C), and
Evaporation on Steel Shell (7N). The following are being addressed :

- Consistency in terminology and numbering with December 19, 1996 PIRT:
- Minor updates for consistency.
"Page format" rather than the more cumbersome “table format.”

This table is being provided early to aid in the review process. It is anticipated that a
draft of revised tables 2-3 and 2-3 could be available in time for the March 6, 1997
meeting.

g B ,
Bilfn it

Joel Woodcock’




PIRT Application to Evaluation Model: Inside Containment-LOCA-All Phases and MSLB

See bowes for Sne IV A

§ Buoysscy L Buoysacy forces are LST tnternel WOAP- 124, Separate | umped modeting overmincs | Stesm iejection pownt | WGOTHIC has been
\D inctiadnd i the fumged | Sunyant fows riiects teer reondens abiss shove elevanon and validsted with the | ST
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Table 2-7? Summary Bases and Report Cross Reference for PIRT Phenomena

Phenomena - Density of Break Source (item 1D in PIRT)
Ranking - High for all phases

AP600 BC's or Phenomena Models - Buoyancy forces are included in the lumped parameter
junction governing equations

Test Bases - LST internal buoyant flows

Report Submutted to NRC:

0 WCAP-14326, Separate Effects Tests

0 WCAP-14382, LST validation results

0 WCAP-14407 Section 9, Mixing within containment

Report Conclusions:

0 Lumped modeling overmixes noncondensibles above operating deck, thereby reducing
heat removal from vessel when PCS is dominant

0 Distributed parameter modeling shows good agreement with 550 node LST model.
Modeling of buoyancy and entrainment is acceptable.

Applicability of LST with respect to Phenomena:

0 Steam injection point elevation, direction, and momentum affects tests performed.

0 LST had prototypical buoyancy driving forces and covered the range of Froude
numbers for LOCA and MSLB.

Vahdation of Modeling Method and/or WGOTHIC:

0 WGOTHIC has been validated with the LST.
0 £ ffect of density on break source 15 evaluated in WCAP-14407, Section 9.

Use of Validation Results in this Evaluation Model:

0 Buoyant plume rising from the SG compartment is shown to be a limiting scenaro for
pressure (WCAP-14404, Section 9)

How Uncertainty 1s Handled:

0 Bounded by selection of limiting scenario with respect to circulation and stratification
effects relative to break density.




Table 2-7?
Phenomena - Mixing/Stratification in Containment Volume (item 2A in PIRT)
Ranking - High for all phases

AP600 BC's or Phenumena Models - Mixing within the containment upper regions and
mixing between the upper and lower portions of the containment, as it is influenced by
circulation and stratification, 1s examined outside of the evaluation model (WCAP-14407,
Section 9) and methods are developed to bound the potential effects.

Test Bases - Large Scale Tests
Report Submutted to NRC:

0 WCAP-13566, "AP600 1/8th Large Scale Passive Containment Cooling System Heat
Transfer Baseline Data Report”

0 WCAP-14135, "Final Data Report for PCS Large-Scale Tests, Phase 2 and Phase 3"

0 WCAP-14382 shows code influence on mixing/stratification using measured and
nominal inputs

0 WCAP-14407 Section 9, Mixing evaluation

Report Conclusions:
0 Biowdown is the same as standard plants.
0 Post-blowdown LOCA is driven by buoyant plume and LST covers range for AP600.
0 MSLB is well mixed above the operating deck due to high velocity jet.
0 Distributed parameter modeling shows good agreement with 550 node LST model.
0 Buoyancy and entrainment effects on condensation to internal sinks are bounded.
0 Effects of circulation on steam distribution were ranged to select a bounding scenario.
Applicability of LST with respect to Phenomena:
0 Upper and lower regions of containment represented in the LST,
stratification data from above deck region is applicable
lack of SG flow path in LST prevents its use for studying circulation effects
Validation of Modeling Method and/or WGOTHIC:
0 WGOTHIC model has been validated with the LST (WCAP-14382)

Use of Validation Results in this Evaluation Model:

0 Evaluation model bounds effects of mixing/stratification as discussed in Section 9




How Uncertainty 1s Handled:

0 Bounded



Table 2-7?
Phenomena - Gas Compliance in Containment Volume (item 2C in PIRT)
Ranking - High for all phases
AP600 BC's or Phenomena Models - Gas constituents in the governing equations.
Test Bases - All tests analyzed with WGOTHIC
Report Submitted to NRC:
0 NTD-NRC-95-4563
Enclosure | - GOTHIC Qualification Report provides large database of tests with air,
hvdrogen, and helium
Enclosure 2 - GOTHIC Technical Manual describes governing equations
Enclosure 3 - GOTHIC User's Manual describes how to invoke various gases
0 NTD-NRC-95-4462, EPRI Report RA-93-10, GOTHIC Design Review Final Report
0 WCAP-14382 vahidates WGOTHIC with separate ¢ffects, integral tests with steam
and air

Report Conclusions:

0 Effects of multi-component compressible gases are correctly included in governing
equations.

Applicability of LST with respect to Phenomena:

0 ST includes air and steam in an enclosed volume.
Validation of Modeling Method and/or WGOTHIC:

0 WGOTHIC has been validated with the LST (WCAP-14382).

Use of Validation Results in this Evaluatior Model:

0 Governing equations in WGOTHIC are a valid = resentation of compressible, multi-
component gas behavior.
0 Maximum Technical Specification pressure ..ed in conjunction with low estimate of

containment volume.
How Uncertainty 1s Handled:

0 Bounded



Table 2-7?
Phenomena - Evaporation on Steel Shell (item 7N in PIRT)
Ranking - High for all phases

AP600 BC's or Phenomena Models - Empirical correlation for the Sherwood number which s
derived by dimensional analysis using the heat and mass transfer analogy and Colburn
factors. Application of a correction for mass transfer rate gives the AP600 forced convection
mass transfer correlaticn.

Test Bases - Gilliland and Sherwood evaporation tests and Westinghouse STC flat plate
evaporation tests.

Report Submitted to NRC:

0 NTD-NRC-95-4397, "Supporting Information for the Use of Forced Convection in the
AP600 PCS Annulus”

0 WCAP-14326, Separates Effects Tests gives correlation (sections 2.0, 2.1), entrance
effect used for separate effect test (section 2.2), and correlation validation with tests
(sections 3.6, 3.7, and 42)

Report Conclusions:

0 AP600 shown to operate in forced convection dominant regime.
0 Correlation is biased 6.4% conservative with reasonable scatter over the range.
0 Once the outer shell heats up to at least 2F above ambient, the AP600 annulus

operates in forced convection.

Apphicability of LST with respect to Phenomena:

0 LST includes tests with and without fan on, covering the annulus from mixed
convection through forced convection regimes.

0 WCAP-14382: Predictions of total evaporation (page 8-3)and wall heat flux (page 8-6)
validate models in an integral setting.

Vahdation of Modeling Method and/or WGOTHIC:

0 WCAP-14382 summarizes WGOTHIC separate effects validation results (sections
321, and 44)

Use of Validation Results in this Evaluation Model:
0 Forced convection correlation, modified for mixed convection effects to allow transient

startup is appropriate for AP600.
A conservative bias of 0.83 times the nomunal correlation 1s used.



How Uncertainty 1s Handled:

0 Bounded
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7. Instrumentation and Controls

APG60O0

7.7.1.12

Operability, Availability, and Testing

The diverse actuation system is designed to provide protection under all plant operating
conditions in which the reactor vessel head is in place. The automatic actuation processors,
in each of the two redundant automatic subsystems of the diverse actuation system, are
provided with the capability for channel calibration and testing while the plant is operating
To prevent inadvertent DAS actuations duning online calibration, testing activities or
maintenance, the normal activation function is bypassed. Testing of the diverse actuation
system 1s performed on a periodic basis.

Equipment Qualification and Quality Standards

The diverse actuation system is capable of functioning during and after normal and abnormal
events and conditions that include:

*  Excessive temperature
*  Ambient vibration
*  Radio frequency and electromagnetc interference .

Jineludia actuottd dA'V"J"’SJ .
The diverse actuation system equipmentAis designed and qualified in accordance with the
industry standards listed in subsection 7.1 4.1.8. The adequacy of the hardware and sofrware
is demonstrated through the venfication and validation programr- discussed in
subsection 7.1 2 15. This program provides for commercial dedication of commercial off-the-
shelf hardware and software. As the diverse actuation system performs many of the protection
functions associated within the ATWS systems used in existing plants, the diverse actuation
system is designed to meet the quality guidelines established by Genenic Letter 85-06,
"Quality Assurance Guidelines for ATWS Equipment that is not Safety-Related "

Signal Selector

The plant control system for the AP600 derives some of its control inputs from signals that

are also used in the protection and safety monitoring system. The advantages of this design
are:

*  The nonsafety-related plant systems are controlled from the same measurements which
provide protection. This permits the control system to function :n a manner which

maintains margin between operating conditions and safery limits, and reduces the
likelihood of spunous tnps.

*  Reducing the number of redundant measurements for any single process vanable reduces
the overall plant complexity at cnitical pressure boundary penetrations. This leads to a
reduction in separation requirements within the containment, as well as to a decrease in
plant cost and maintenance requirements.

To obtain these advantages, measures are taken to provide the independence of the protection
and control systems. The critena for these measures are contained in the Standard [EEE

Revision: 10
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7. Instrumentation and Controls

Operation procedures prohibit testing two divisions at the same time. There are no built-in O
interlocks 1o prevent simultaneous testing of two integrated protection cabinets. However, the
use of bypasses by the tester provides that the protection and safety monitonng system cannot
be placed in an unsafe condition if the procedure prohibiting simultaneous testing 1s violated
For example, testing two divisions results in two bypasses, which causes the voting logic 10
revert 1o a one-out-of-two coincidence for the remaining two unbypassed divisions
Attempting 1o test three or four divisions at the same time causes a plant tnp. The operational

procedure restncting simultaneous testing of two or more divisions is for operability reasons i
to avoid unnecessary tnps.

In addition to penodic tests, the system performs error detection and data link testing as pan
of its normal operation. Where practical, the on-line error detecting features are designed 1o
automatically place the channel in which the error was detected into a tnp o bypass state
(either by direct bypass or reconfiguration). When a channel is automatically placed into a
tnp state, the operator has the option to subsequently place that channel in a bypass state. If

the automatic configuration of the channe! is not practical, the on-line error detecting feature
causes alarm annunciation to the operator.

7.1.2.13  Safety-Related Display Instrumentation

Safety-related display instrumentation provides the operator with information to determine the
effect of automatic and manual actions taken following reactor trip due to a Condition I1, [II.*
or IV event as defined in Chapter 15. This instrumentation also provides for operator display
of the information necessary to meet Regulatory Guide 1.97. A description of the equipment
used to provide this function is provided in subsection 7.1.26. A description of the data
provided to the operator by this instrumentation is provided in Section 7.5.

7.12.14  Auxiliary Supporting Systems

The safety-related system equipment is supporied by the supply of uninterruptable electrical
energy. This electrical power is supplied by the Class 1E dc and UPS system discussed in
Chapeer §.

4 71215  Verification and Validation
A
g Adequacy of the hardware and software is demonstrated for the protection and safety
:,“ \ monitonng system through a verificauon and validation (V&V) program. Details on the
£ verification and valiJation program are provided in WCAP-13383 (Reference 4). The
software development process which i1s documented in this document is consistent with the
following standards:

*  ANSUVIEEE ANS-7-4.32 (1993); "Applicaion Cnteria for Programmable Digital

Computer Systems in Safety Systems for Programmable Digital Computer Systems in
Safety Systems of Nuclear Power Generaung Statons”

February 29, 1996 71-26 @W
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IEC 880-1986. "Software for Computers in the Safety Systems for N
Generating Stations”

uclear Power

IEEE 828-1983; "[EEE Standard for Software Configuration Management Plans”
. EE 829-1983. "IEEE Standard for Software Test Documentation”

* ..EE 830-1984, "[EEE Standard for Software Requiremenis Specifications”

[EEE 1012-1986§"[EEE Standard for Software Venfication and Validation Plang.~

e |ECE 1C42-19€7T . " 1E€€ Guide 4 SFftuare Gondaeaneas Moo gve F (AT ‘
WCAP-13383 also provides for the use of commercial off-the-shélf hardware and software

through 2 commercial grade dedication process.

Plant Control System

The plant control system is a non: afety-related system that provides control and coordination
of the plant dunng startup, ascent to power, power operation, and shutdown conditions. The
plant control system iniegraies the automatic and manual control of the reactor, reactor
coolant, and vanous reactor support processes for required normal and off-normal conditions.
The plant control system also provides control of the nonsafety-related decay heat removal

systems dunng shutdown. The plant control system accomplishes these functions through use
of the following:

Rod control

Pressunzer pressure and level control
Steam generator water level control
Steam dump (turbine bypass) contra!
Rapid power reduction

The plant control system provides automatic regulation of reactor and other key system
parameters in response to changes in operating limits (load changes). The plant control
syslem acts to maximize margins 10 plant s3 © "imuts and maximuze the plant transient
performance. The plant control system als es the capability for manual control of

piant systems and equipment. Redundant ..zt .l logik is used in some applications to
increase single-failure tolerance.

The plant coatrol system iacludes the equipment from the process sensor input circuitry
through to the modulating and nonmodulating control outputs as well as the digital signals to
other plant systems. Modu'ating control devices include valve positioners, pump speed
controllers, and the control rd equipment. Nonmodulatng devices include motor starters for
motor-operated valves anel pumps, breakers for heaters, and solenoids for actuation of air-
operaled valves. The control cabinets contain the process sensor inpuis and the modulating

and nonmodulating outputs. The plant control system also includes equipment to monitor and
control the control rods.

Revision: §
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7.1.4222 Conformance to the Requirements for Identification of Redundant Safety System
Equipinent (Paragraph 4.22 of [EEE 279-1971)

Distinctive markings are applied to redundant divisions of the protection and safety monitonng
system.

The color coded nameplates descrnibed below provide identification of equipment. associated
with protective functions and their divisions associations

Division Color Coding

Division A BROWN with WHITE lettering
Division B GREEN with BLACK lettering
Division C BLUE with WHITE lettening
Division D YELLOW with BLACK lettering

Non-cabinet mounted protective equipment and components have an identfication tag or

nameplate. Small electncal components such as relays, have nameplates on the enclosure that
houses them.

7.1.8 AP600 Protective Functions

Protective functions are those necessary to achieve the sysiem responses assumed in the safety
analyses, and those needed to shut down the plant safely. The protective functions are
grouped into two classes, reactor tnp and engineered safety features actuation.

Reactor trip is discussed in Section 7.2. Engineered safety features actuation is discussed in
Section 7.3.

S¢W ﬁ‘fS F:(
7.1.6 Combined License Information perech e Cndions
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