
i
.

c

1

|
|

Westinghouse Energy Systems Box 355
PmsbtJgh Pennsylvania 15230-0355Electric Corporation

NTD-NRC-94-4337
DCP/NRC0242
Docket No.: STN-52-003

November 7,1994
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

ATTENTION: R.W.BORCHARDT

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

,
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Dear Mr. Borchardt:
|

Enclosed are three copies of the Westinghouse responses to NRC requests for additional information
on the AP600 from your letters of April 29,1994, July 14,1994, August 18,1994, and September 2,
1994. This completes the responses associated with the April 29, and July 14 letters. In addition,
revisions of responses previously submitted are provided. A listing of the NRC requests for additional
information responded to in this letter is contained in Attachment A. Attachment B is a listing of the
questions associated with your letters of April 29,1994, and July 14,1994 and the date of the
Westinghouse letters that transmitted the responses.

These responses are also provided as electronic files in Wordperfect 5.1 format with Mr. Kenyon's
copy.

In addition to the RAls, your letter of September 2,1994 included the following statement.

In addition, Westinghouse should consider addressing the materials, fabrication, testing, and
inspection of the depleted uranium flywheel in a topical report, either as an appendix to the
existing WCAPs, or a separate topical report. The flywhcci design for the AP600 is a significant
departure from previous designs. It is using an unproven rnaterial, a depleted uranium alloy which
has not been used in a structural or cyclic loaded design application before. The enclosing of the
reactor coolant pump flywheel within the reactor coolani pressure boundary, a possible source of
internally generated missiles, is a major concern. A major feature of this design is that the pump
is cat .o be taken apart for inspections or maintenance during its entire service life, another major
o'w.nuie from present designs and maintenance practice. -
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Of prime importance in the consideration of reactor coolant pump and flywhcci integrity is minimizing
the potential for generation of missiles from the flywheel in compliance with the requirements of General
Design Criteria 4. The AP600 approach is to demonstrate that fragments from a postulated flywheel
fracture do not penetrate the surrounding pressure boundary and thus do not become missiles. See the
response to RAI 250.11R1 and the topical report WCAP-13734, " Structural Analysis Summary for the
AP600 Reactor Coolant Pump High Inertia Flywheel," for additional information on the analysis of the
retention of flywheel fragments. Since this information shows that the fragments from a postulated worst
case flywhcci fracture would be retained by the reactor coolant pump housing, with a large margin, the
flywhccl does not represent a source of internally generated missiles.

General Design Criteria 4 requires that "... structures, systems, and components shall be appropriately
protected against dynamic effects, including the effect of missiles, ...". The AP600 canned motor reactor
coolant pump is in full compliance with this requirement. The AP600 approach to meeting this
requirement provides for safe operation with more certainty than the Regulatory Guide 1.14 approach of
providing for flywhccl integrity by testing and inspection.

Disassembly of the reactor coolant pump for inspections or maintenance during its service life is not
required to provide safe operation of the pump since inspections of the flywhccl are not relied on to
prevent missiles from a postulated flywheel fracture.

'
A topical report specifically dedicated to the materials, fabrication, testing, and inspection of the depleted
uranium flywheel is therefore not required to demonstrate the safe operation of the reactor coolant pump.
As noted in Subsection 5.4.1 of the SSAR and the response to RAI 251.2, the AP600 canned motor
reactor coolant pump uses a fundamentally different approach to demonstrate safe operation of the
flywheel than the approach for previous reactor coolant pump designs. This approach does not rely on
the integrity of the flywheel to assure safe operation.

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

W
Nicholas J. Liparulo, Manager
Nuclear Safety Regulatory And Licensing Activities

/nja

Enclosure

cc: B. A. McIntyre - Westinghouse
T. Kenyon - NRR
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ATTACHMENT A

AP600 RAI RESPONSES
SUBMITTED NOVEMBER 11,1994 |

l

lRAI No. Issue

210.066R01: SSAR Sect 3.9.3.2.2, max stress level for valves

210.084 : Definition of passive failure

210.113 : Justification for use of uranium flywheel

210.114 : Special requirements for uranium flywheel

210.115 : Experience base for uranium rotating components

210.116 : Flywheels exposed to corrosive medium

210.117 : Corrosion resistance to uranium flywheel

210.119 : Fracture toughness of depleted uranium

210.120 Specifications for uranium castings / forgings

210.122 : Flywheel enclosure stresses

210.123 : ASME Code for rotating /high cycle application

210.124 : Structural analysis of RCP shaft & bearing support

210.125 : RCP mean time between failures

210.126 : RCP flywheelinspection criteria

210.128 : RCP flywheel retention of fracture toughness

210.129 : Retention of RCP flywheel dimensions

210.130 : RCP flywheel enclosure & weld inspection methods

210.131 : RCP flywheel enclosure leak tightness monitoring

210.132 : Personnel protection from uranium toxicity

210.133 : RCP flywheel ultrasonic testing procedures

210.134 : RCP location interference with SG tube examination

210.135 : RCP flywheel enclosure leak tightness assurance

210.136 : Pipe size used to determine maximum RCP overspeed

210.137 : Procedure for RCP repair

210.138 : RCP flywheel enclosure leak exposure hazard
,

210.139 : Introduction of uranium corrosion products in RC :
|

!
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NTD-NRC-94-4337
ATTACHMENT A

AP600 RAI RESPONSES
l SUBMITTED NOVEMBER 11,1994
>

RAI No. Issue

210.140 : Conseauences of RCP flywheel fracture

210.141 : Weld repair to cast or forged uranium flywheel'

220.050R01: Factor of safety for slidina & overturning

220.087R01: Energy component for embedment effect

220.093R01: Containment severe accident loading

231.026R01: Properties in SSAR Table 2A-6

281.022 : Basis for elemental iodinr decontamination factor

281.023 : Basis for particulate iodine removal coefficients

440.253 : PRHR drawim illustrating baffle configuration

471.023 : Sensitivity of airbome radiation monitors

471.025 : Safety related radiation monitors

471.026 : Radiation monitor local alarm module

430.015R01: WGOTHIC validation with test data

480.032R0l! Prediction of hydrogen distribution

952.101 : PCCS interior velocities using WGOTHIC code

952.103 : Water distribution model for hot conditions

952.104 : Water distribution model support of DB A anal.

1

1
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Prtrded: 11/0444*

ATTACHMENTB
CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS

TO NRC LETTERS OF APRIL 29,1994, AND JULY 14,1994

Queehan leeue NRC Washnghouse

No. Letter Trenomatal Date
<

210 029 SSAR Section 3.2.2.5 - 04/29/94 06/27/94
210.030 Acceptabilty of EPRI NP 6626 04/29/94 05/1994
210.031 Rat == tad revleian to RAI 210.9 04/2994 06/2744
210.032 SSAR Sedian 3.7.3.9 04/2994 07/06/94
210.033 Mard=Na code venficehon methods 04/2944 06/30/94

210.034 SSAR Table 3.2-3 OW29/94 06/27/94
210.035 Addihon of QA requirements to SSAR Table 3.2-3 ON29S4 06/1644
210.036 Component cooling water quality group OW29/94 06/2744 ,

210.037 Conantency of SSAR Tobis 3.2-3 & Sect 5.4.7.1.2 04/29/94 06/16/94
210.036 PRHR support safety cines . ON29/94 06/2744
210.039 Ciens A PRHR HX/ Cines C IRWST interface 04/2994 06/27/94
210.040 SSAR Sedian 3.6.2.1.1.4 0429/94 06/27/94
210.041 SSAR Sedian 3.6.2.3.1 04/2994 07/06S4
210.042 SSAR esceans 3.6.2.3.2,3.9.3.4,3.10.1.3 04/2994 06/3044
210.043 SSAR secean 3.6.2.3.4.2 OW29/94 06/27/94

210.044 SSAR escean 3 6.2.4 & 3.6.2.4.2 042994 07/06/94

210.045 SSAR sechon 3.6.2.4.2 ON2944 07/06 S 4

210.046 SSAR seccon 3.7.3.1 ON29/94 06/1994
210.047 SSAR esction 3.7.3.4 04/2944 06/2744 ,

210.046 SSAR sechon 3.7.3 5 ON2994 07/2544
210.049 SSAR seconn 3.7.3.6.2.1 OW2944 07/0644
210.050 SSAR section 3.7.3 6.2.1 04/2994 06/2744 !

210.051 SSAR secton 3.7.3.9 ON2944 07/06/94

210.052 - SSAR eeetion 3.9.1.1 OW2944 06/3094
210.053 SSAR secean 3 9.2.1 OW2994 06/2744 1

210.054 SSAR secton 3.9.2.1.2 ON2944 06/27/94

210.056 SSAR sechons 3 9.2.1.2 & 14.2.6.2.16 ON2944 06/2744
210.056 SSAR section 3 9.2.1 ON2944 06/2794
210.057 SSAR esctione 14.2,1.9.2.1.1,3.9.2.1.2 ON2944 06/27/94

210 056 SSAR esction 14.2.6.1.77 ON2944 06/27/94

210.059 SSAR sections 3.9.1.1 & 3.9.3.1.2 OS2944 07/2744
210.060 Elmnetson of OBE, SSAR ocobon 3.7 ON2944 06/30 S4

210 061 Low pressure side design crereis ON2944 06/16 S4 ,

210.062 Loadine combinshone for level D condihon 042994 06/3044
210.063 Method of combinehon of dynamic responses ON2944 07/2544 i

210.064 Use of elmehc-pisehe method of onelyses ON2994 07/25/94

210.065 SSAR esetion 3.9.3.1.7 04/2994 06/3044
210 066 SSAR sect 3.9.3.2.2, men stress level for valves OS2994 07/22 S4 !

210.067 Design /requrements of pressure-reilevine devicae 04/2994 07/06 S 4

210.066 Stroes creerie for ochve component supports 04/2944 07/2544
210 069 Secton 3.9.3.4.3, snubber opersbe4y ON2994 07/2544

'
210.070 SSAR secdon 3.9.5.2.4 ON2994 06/3044
210.071 Sheet 53 of SSAT Tobis 3.2-3 ON2994 - 06/1694
210.072 SSAR esceans 3 9.7,1 & 3.9.7.3 ON2994 06/27/94

210.073 ASME Class 1,2,3 components procurement specs 04/2994 06/3094 ,

Furar an to poolbon C.7.b in RG 1.124 042944 06/1644 ';210.074 e
Furar an to pooluon C 6.b in RG 1.130 OW2944 06/1644210.075 e

210.076 SSAR esceon 3.6.2 OW2994 07/2744
210.077 SSAR escean 3.6.2 04/2944 06/3044
210.076 WCAP-13054, SSAR Tobise 3.9-5,3 94,3.9-7,3 S4 042944 07/0644
210.079 WCAP-13054, SSAR Tobies 3.9-5,3 94,3 9-7,3.94 OW2944 07/27/94

210.060 SSAR escean 3 9.3 OW2994 06/3094
210.061 Dynam6e quebfication by experience 04/2944 06/0344
210.062- Dynamic loeds for electrical equipment 04/2994 OlV2744

210.063 Supertmpoolhon of accedent load onto seeemse load ON2944 06/27/94

210.064 Dennigan of posehe failure OW2994 11/0744
210.065 impact of postulated pipe break on valve dies ON2994 07/2244
210.066 Audneble records - seemic/ dynamic quotinceeon ON2994 OlV27S4

210.067 Vehe leakage under sommic loadene OW2944 07/2294
210.066 Somme quaiencehon report ON2994 07/2544
210.069 Advers seemic interaction of nonsofety SSCs 042994 07/22/94

210 000 COL afif* =nt process for eseamc interschon ON29G4 07/2994
210.091 SRP section 3.9.3 OS2944 06/1644

Page 1
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Queetum lasue NRC Westinghouse

No. Letter Transmittal Date

210.092 Determnation of worst case onentation O #29/94 06/27/94

210 093 Aging ty onelysas ON29/94 O & 27/94

210.004 FunctioneNty of CRDM for setsmic & LOCA loads 0475W94 06/27/94

210.005 SSAR section 3 9.2.5 04/25W94 06/30/94

210.096 SSAR section 3 9.5 04/25W94 06/27/94

210.007 SSAR section 3.9 5, basis of deflection anowebies 04/29/94 06/30/94

210.096 Thermal stratmcation in design of RV & intemals 04"29/94 07/22/94

210 099 SSAR figures 3.9-5 & 3.94 04/25W94 06/27/94

210.100 Flow-induced vibrahone of reactor intemens 0475W94 06/30/94

210.101 Key dernenseone of reactor vessel & supporte 04/29,94 06/27/94
210.102 Prooperabonel vibratx.n test program 04/29/94 06/30/94

210.103 Strees limits for core support structures 0 6 94 06/30/94

210.104 Excepuons to poedsons C.1 & C.2 of RG 1.20 04394 06/30/94

210.105 wm 4 of Sechon 3.9 2 of SRP 04/25W94 06/30/94

210.106 ASME fah9ue design curve mergm for 60-yr pient 04/2994 06/27/94

210.107 SSAR sechon 3 9.3.4 0409/94 06/30/94

210.106 JustAcetion for use of ASME 1969 Addende 0479/94 06/02/94

210.100 Ust of ASME Code cases used in design 04"21W94 06/30/94

210.110 Inservice testing of pumps and velves 04/25W94 06/3094
281.020 Poet Accident Samping System comphence 07/14/94 05bO1/94

281.021 Hydrogen analyses in contemment atmosphere 07/1494 09/01/94

281.022 Basis for elemental lodinr decontamination factor 07/14/94 11/07/94

281.023 Basis for particulate lodme removal coeffcients 07/1494 11/07/94

Records printed 86
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NRC REQUEST FOR ADDITIONAL INFORMATION
i

jE ]j
Response Revision 1

_

Ouestion 210.66

As stated in Section 3.9.3.2.2 of the SSAR, active valves are those whose operability is relied upon to perform a
safety-related function during transients or events considered in the respective operating condition categories. This
section references Tables 3.9-9 and 3.9-10 of the SSAR for stress limits used for active Class 1, and Class 2 and 3

valves, respectively. These tables provide no special stress limits for active valves. Note b in Table 3.9-9 states
that valve operability is demonstrated by testing. The staff does not agree with the criteria for active valves that
allows the calculated stresses to approach Service level D limits. To provide further assurance of operability, in
addition to testing, the staff's position is that the calculated maximum stress in the valves under all Service levels
be less than 1.10 times the allowable yield strength of the applicable material. This will help to insure that the
deformation resulting from these loads will be small enough to allow operability. Revise Section 3.9.3.2.2 and
Tables 3.9-9 and 3.9-10 of the SSAR to reflect this staff position.

Response: (Revision 1)

Tables 3.9-9 and 3.9-10 will be revised to address the staff's position with these changes, SSAR Section 3.9.3.2.2
does not have to be revised. Response revision 1 clarifies that operability for active check. valves'may be shown
by analysis

SSAR Revision:

Revise Note b to table 3.9-9 to read:

b. Class 1 valve service Level D criteria for ac"= =!=c :-d inactive valves is based on the criteria in ASME
111, Appendix F, F-1420 for verification of pressure boundary integrity. V:'= cper b"5 i; de :=:rced by
N " ;;.

Add Note g to table 3.9-9 to read:

g. For active valves, pressure integrity verification will be based on'osing the ~ASME Code allowables one level
~

less than the service loading condition; For example, the evaluation of Level D loading, level C allowables
will be used.' Valve operability is demonsttsted by testing [ Check valve operability may.be'shown bpanalysis.
See Subsection 3.9.3.2.2 for an outline of test requirements (

Add' Note e to Table 3.9-10 to read:

For active valves; pressure integrity verification will be based on using the 'ASME Code |allowables one level
~

e.
less than the service loading condition.' For example, for the'~ evaluation of Level D loading', level C allowables
will be used.1 Valve operability is demonstrated by testing.| Check valve operability may be shown by analysis; ,

See Snbsection 3.9.3.2.2 for an' outline of test requirements. !

Revise Table 3.9-9 as follows:

210.66(R1)-1
W Westinghouse
-

!
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N Table 3.9-9
a
o
in Stress Criteria for ASME Code Section 111 .,,

! h Class 1 Components (a) and Supports and Class CS Core Supports N i

",

T'

N
Design / Service

Level VesselsTI'anks Core
Pumps Piping Supports Valves Disk & Components 1

Seats Supports (c)(d)
,

Design and ser- ash 1E Code, AS h1 E Code, A S h1 E Code, A S h1 E Code, ash 1 E Code,|
i vice level A Section til N B- Section ill N B- Section ill NG- Section 111 N B- Section Ill Sub-

3221,3222 3652,3653 3221,3222,3231, 3520, 3525 section NF NF-
3232 3221, 3222 NF-

3231. l(a) N F-
3240

Service level B A S h1 E Code, AS h1 E Code, A S h1 E Code, A S h1 E Code, A Sh1 E Code,

(Upset) Section til NB- Section 111 N B- Section 111 NG- Section til N B- Section 111 Sub-
3223 3654 3223, 3233 3525 section N F N F-

3223, 3231. l(a) g
N F-3240 m 4t

n -

,

Service level C Ash 1E Code, A S h1 E Code, A S h1 E Code, A Sh1 E Code, A Shl E Code, E
(Emergency Section Ill NB- Section 111 NB- Section Ill NG- Section 111 N B- Section til Sub- O

I 3224 3655 ,3224,3324 3526 section NF NF- E
H3224, 3231.1 (b)

NF-3240 $
'

, =

Service level D ash 1 E Code, AS h1 E Code, AS h1 E Code, (b) (g) AS h1 E Code, $
(Faulted) Section Ill (see i Section 111 (see i Section 111 (see i Section Ill Sub- 52

;

3.9.1.4) NB-3225 3.9.1.4) NB-3656 3.9.1) NG-3225, section NF, (see i h
(No active Class 1 3335 3.9.1) N F-3225, f z ,

pumps used) 3231. l(c) N F- j- M
3240 3 E |

I $ ,

.- = ,
! E
w >
5* -4

N 3 6
8 a z

i

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ -. . - . - - - _ - . . --
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Revise Table 3.9-10 as follows:

21o.es(n1)-a
W westinghouse
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N Table 3.9-10 4

g. .

'

Stress Criteria for ASME Code Section 111m ,,.y

h Class 2 and 3 Components and Supports """

a

Design / Service Vessels / Tanks Piping Pumps Valves. Disks, Component
level Seats Supports

Design and ASME Code ASME Code ASME Code ASME Code ASME Code
service level A Section lI! Section ill Section 111 Section Ill Section til

N C - 3 217 N C/ N D-3652, NC/ND-3400 NC/ND-3510 NF-3321
NC/ND-3310, 3653 NF-3231
3320 N F-3260

Service level B ASME Code ASME Code ASME Code ASME Code ASME Code
(Upset) Section til Section 111 Section 111 Section !!! Section ill

N C/ N D-3310, NC/ND-3653 NC/ND-3400 NC/ND-3520 NF-3321 .

3320 NF-323 %

NF-3260

Service level C ASME Code ASME Code ASME Code ASME Code ASME Code $
](Emergency) Section III Section lil Section 111 Section III Section lli

N C/ N D-3310, NC-3654 NC/ND-3400 NC/ND-3520 NF-3321 m

3320 NF-3231 O
N F-3260 1

-A

Service level b ASM E Code ASME Code ASME Code ASME Code ASME Code 3
(Faulted) Section Ill Section Ill Section til Section Ill Section III ' "

bN C/ D-3 310, NC3655 NC/ND-3400 N C/N D-3520 NF3321 s

3320 (e) NF-3231 9-
yNF-3260

|k 5 5
t c
g z

I_ ,B
-

_
=

{ i- !
e +

'N 3 6
* - z

-- . . , - . - . . _ . = _ . . _ _ . .. . . . . . _ . . , . _ _ . _ . - . . _ . ,
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. NRC REQUEST FOR ADDITIONAL INFORMATION ,

m u
,

3 I

i

1

Question 210.84'

In the exception to Section 4 of Section 3 9.1 of the SRP described in Revision I to WCAP-13054, the last sentence
states that a check valve which changes position in response to a pipe rupture event need not meet the criteria for ,

active valves. his does not appear to agree with the staff position in Section B " Definition of Passive Failure,"
of SECY-94-084, " Policy and Technical Issues Associated with the Regulatory Treatment of Non-Safety Systems :

?in Passive Plant Designs," dated March 28, 1994. The staff recommends that, for passive plant designs, check
valves be redefined as active except for those whose proper function can be demonstrated and documented. Revise
the exception in WCAP-13054, and any other applicable section in the SSAR to agree with this staff position.

Response:
,

Safety-related check valves that are required to change position during mitigation of an accident or to achieve safe [
shutdown are defined as active components. Rese active check valves will be qualified to operate with the loads (
they may see after an accident. They may be qualified for these loads by either test or analysis. They will be i

'

analyzed together with the piping system to demonstrate that they meet the appropriate ASME code. Refer to SSAR
Section 3.9, table 3.9-12 and to RAI 210.66. ,

I

The last sentence of the exception to Section 4 of Section 3.9.1 in WCAP-13054 will be deleted because there no
longer is an exception.. ,

The criteria for active valves and supports are not changed. ^ c': ' =! : W' ch=;;:: pr > ; in
rc:.p: = * : a p!p: =pr::: : . - - .2d rc' - .a. h: :Ser!: fr ::" .: =!= .

|
SSAR Revision: |

See Response Revision i for RAI 210.66 for SSAR revisions addressing valve qualification.

t

!

F

>

t

?

,

210.84-1 i

W Westi use-

|

1
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NRC OPEN ITEM

&
Question 210.113

The staff considers depleted uranium to be an unproven material for use in nuclear plants as it has not had proven
service in light-water reactor (LWR) plants.

Justify the use of uranium for the flywheel and the concept of enclosure (v. no enclosure) as specified in thea.

AP600 standard safety analysis report (SSAR). Describe the basis for the acceptability of this design over the
alternative materials considered. Include the advantages of using depleted uranium, considering there is no
previous experience with this material for flywheel applications. Discuss the disadvantages of other proven
alternative materials considered.

!ustify the concept of enclosure for the flywheel, rotorbars, etc. Include similar uses and their histories (posi-e

ave and negative).

Response:

As noted in Subsection 5.4.1 of the SSAR and the response to RAI 251.2, the AP600 canned motor reactor coolant
pump uses a different approach to demonstrate safe operation than the approach for previous reactor coolant pump
designs. This approach does not rely on the integrity of the flywheel. The integrity of the depleted uranium alloy
flywheel is not important to the safety evaluation.

Several materials were considered for the reactor coolant pump flywheel. His discussion gives an explanationa.

for the rejection of the most obvious materials. Steel, which is known as the conventional reactor coolant pump
flywheel material, was removed from consideration due to the relative low density of steel. To obtain the
required rotating inertia from a flywheel made of steel, the flywheel size could not be practically incorporated
within a canned motor design. Other potential materials such as tungsten, tantalum, gold, and platinum were
dismissed from consideration due to characteristics that could not compete with uranium. These characteristics
included material costs and material availability, difficulties in working with the material, and inferior material
properties. Uranium offers excellent density and material characteristics for a flywheel application. Due to
these characteristics it is possible to design a flywheel that is compact enough to fit within the canned motor
pump confines and structurally sound enough to provide flywheel integrity. The chemical behavior of uranium
in reactor coolant is well known, in the unlikely event that the jacket should fail and allow contact with the

,

reactor coolant. j

b. The concept of a chromium-nickel-iron alloy enclosure to protect the flywheel from the corrosive reactor
coolant was chosen because it offers the most complete and effective means of protecting the flywheel.
Westinghouse has extensive experience using chromium-nickel-iron alloy enclosures in reactor coolant pumps

I

to protect components susceptible to the corrosive properties of the reactor coolant system. Please refer to the |
response to RAI 210.117 for a discussion on alternative means to provide corrosion resistance to the flywheel. I

SSAR Revision: NONE I
|

|

|

!

210.113-1 |
W Westinghouse
-

|
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NRC OPEN ITEM
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Question 210.114

Discuss any special requirements that need to be imposed on the reactor coolant pump flywheel because of the use
of uranium besides requiring a protective enclosure.

Response:

The use of an uranium flywheel will not reouire any special requirements during normal operation, inspection, and
maintenance of the reactor coolant pump.

SSAR Revision: NONE

|

1
|

|

210.11 o 1W westinghouse
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Question 210.115

L)iscuss any previous experience or prototypes of rotating machinery with uranium rotating structural components.

Response:

The flyw heel design has been prototype manufactured and tested. Testing has been performed up to speeds of 1785
RPM and has included:

Friction Dynometer testing (Drag less)*

Flywheel as a thrust and radial bearing*

Modifications to improve drag loss*

SSAR Revision: NONE

210.115-1W Westinghouse
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NRC OPEN ITEN
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Question 210.116

Discuss any previous experience or prototypes of rotating machinery with a flywheel susceptible to corrosion in a
welded enclosure exposed to a corrosive medium.

Response:

Westinghouse manufactures canned motor pumps for other applications, where the pump design is required to have
a minimum specified inertia. For these cases, the rotor provides the rotating inertia and acts as a " flywheel." This
design includes a rotor famination of electrical steel that is susceptible to corrosion. The rotor can serves as a
welded enclosure to separate the corrosion susceptible materials from the corrosive environment. The welds used
in the AP6(X) flywheel assembly construction are similar to the proven welds used in rotor construction.

SSAR Revision: NONE

210.116-1W Westinghouse
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Question 210.117

Have other means of providing corrosion resistance to the uranium flywheel, such as weld overlay (Zr, Ta Ti) or
plasma spray coatings been consideixl?

Response:

Other means for providing corrosion resistance to the uranium flywheel were considered. From these evaluations
it was decided that a nickel-chromium-iron alloy enclosure would be the most effective and desirable option. There
are concerns in how a plasma spray coating or a corrosive resistant plating would hold up in the reactor coolant

-

pump application. Here is broad experience with seal welded nickel-chromium-iron alloy and it has proven to hold
up well when used as a reactor coolant pump can.

SSAR Revision: NONE
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Question 210.119

How do you ensure adequate fracture toughness of the depleted uranium castings / forgings for the 60-year lifea.

of the plant? The Deel and Burian report covers only one casting, and that one data point can not justify
predicting a correlation between fracture performance and a given Cy (See Q210.121b).

b. What elements (alloy and residual) will adversely affect the fracture toughness of uranium?

| Will the alloying elements, including residual elements, cause a degradation of properties, particularly fracturec.

toughness, at the temperatures at which this material will be used over the life of the component?
|

I
'

d. Will thermal cycling os er the life of the plant cause a significant change in properties of the uranium alloy cho-
sen?

Response:

Adequate fracture toughness of the uranium alloy casting, as well as the appropriate range of other importanta.

: material properties, is provided by control of alloying elements, contaminants, casting practices, and the heat

| treatment process. Control of these parameters will provide for a material that is consistent with the 10 ft. Ib.
Charpy test data for this material that is the basis for the fracture toughness value of 50 ksidin.1he test data
came from Reference 210.119-1. Testir.g performed by a casting supplier shows that this level can be
consistently achiesed.

b. The controlled elements are listed in the SSAR Table 5.4-2 and will be specified as follows:

Carbon 150 ppm Niax.
Iron 75 ppm Niax.
Silicon 75 ppm Niax.
Copper 20 ppm Niax.
Aluminum 20 ppm Niax.

The flywheel operates in the motor bearing region, below the thermal barrier, and does not see the pumpedc.
, fluid temperature. The bearing water temperature will be around 150*F for normal operating conditions. Due

| to this low temperature, no degradation of material properties is expected.

|
| d. As described above, the service temperature of the flywheel is sufficiently low that thermal aging of the

flywheel is not expected to occur. According to Reference 210.119-2, a temperature of 350*C (662*F) is
needed for thermal aging.

References:

210.119-;. Deel and llurian, Battelle BN11-2032. "The Niechanical Properties of Depleted Uranium," prepared for
US DOE, July 16,1979

|

|
| 210.119-1

W Westinghouse'

-



.

.

NRC OPEN ITEM

210.119-2. " Metals Handbook," Desk Edition, American Society for Metals,1985.

SSAR Revision: NONE
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Question 210.120 1

1

Provide: <

|

the specifications for the uranium in both part forms (casting and forging).a.

b. the specified alloy control, residual element control, grain morphology, and NDE requirements.

Response: j

a. Please refer to RAI 210.119 response part b. for a discussion on the uranium material specifications.

b. The alloy control, grain, and NDE is controlled by melting and casting practice and by specifications in the
reactor coolant pump design specification and material procurement document.

SSAR Revision: NONE |
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Question 210.122

Demonstrate the adequacy of the flywheel enclosure's use of stresses higher than those recommended by the
Standard Review Plan guidelines for normal and design speeds.

Response:

As noted in Subsection 5.4.1 of the SSAR and the response to RAI 251.2, the AP600 canned motor reactor coolant
pump uses a different approach to demonstrate safe operation than the approach for previous reactor coolant pump
designs. 1his approach does not rely on the integrity of the flywheel. Therefore, the stresses in the flywheel
enclosure are not important to the safety evaluation.

The seal welds and the local areas next to the welds are reduced in thickness to provide flexibility and pennit
radiographic inspection of the welds. The weld and reduced areas may have stresses greater than the guidelines
in Standard Review Plan for flywheel stresses at normal and design speeds. However, the stress in the seal welds
and flywheel enclosure components for nonnat ano design speeds are within the criteria in Subsection NG of the
ASME Code. Section lit that is used as a guideline. Subsection NG is used as an attemate to the guidance in the
Standard Review Plan and Regulatory Guide 1.14 since the flywheel enclosure contributes only a small portion of
the energy in a rotating flywheel assembly. The strength of the enclosure is provided primarily by ihe strength of
the parts resisting the centrifugal forces.

SSAR Revision: NONE
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Ouestion 210.123

He ASME Code is used for pressure vessels and piping, and at most a low-cycle fatigue environment. Why would
the ASME Code be appropriate for rotating machinery, and a high-cycle fatigue application?

Response:

As noted in Subsection 5.4.1 of the SSAR and the response to RAI 251.2, the AP600 canned motor reactor coolant
pump uses a different approach to demonstrate safe operation than the approach for previous reactor coolant pump
designs. This approach does not rely on the integrity of the flywheel. Therefore, the criteria used for evaluation
of the flywheel assembly is not needed for the safety evaluation.

Subsection NG is used as an alternate to the guidance in the Standard Review Plan and Regulatory Guide 1.14 since
the flywheel enclosure contributes only a small portion of the energy in a rotating flywheel assembly. The loading
on the flywheel assembly is rot a high cycle fatigue loading because the number of large amplitude stress cycles
will correspond to the pump heatup and cooldown cycles and stop and start cycles. The use of Subsection NG
criteria developed for core supports is considered appropriate since the flywheel assembly operates in a reactor
coolant environment.

SSAR Revision: NONE

210.123-1W westinghouse



.

.

NRC OPEM ITEM

&
Question 210.124

Provide the structural analysis of the shaft and bearing supports taking into account normal operation, anticipated
transients, the design basis of a loss-of-coolant accident and a safe-shutdown earthquake.

Response:

The detailed structural analysis of the rotating components and bearings is part of the final analysis design package
and is not required to support design certification. This analysis is a post design certification activity and is done
as part of the detail design activities. This analysis will account for steady state operation, emergency, design
overspeed, and seismic conditions. Preliminary rotor dynamics analysis and seismic analysis show acceptable results
for the shaft and bearings supports. The final analysis requirements are established by the design specification.

SSAR Revision: NONE
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Ouestion 210.125

Provide, for this design, the standard reliability / maintainability information, i.e., mean time between failures,a.

etc.

b. Compare the AP600 RCP with the present RCP design.

Response:

The estimated downtime for the AP600 due to unavailability of the canned motor reactor coolant pump isa.

conservatively estimated at 10.5 hours per year. This number was developed by evaluating failures in canned
motor pumps and considering the design changes and operating practices developed to address the failures. The
AP600 canned motor reactor coolant pump is expected not to have planned inspection or refurbishment. It has
no wear components that will require replacement. Mean time between failures has not been developed.

h. The historic number for unavailability of shaft seal pumps in Wesnghouse designed two loop plants is 26.3
hours per year.

SSAR Revision: NONE
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Question 210.126

In response to Q251.14, it was stated that the welds connecting the pieces of the enclosure are seal welds. He
ASME Code does not credit seal welds, and zero joint efficiency should be used for such joints. He uranium
flywheel and its Inconel 600 enclosure are parts in rotating machinery, The factor that controls rotating machinery
design is usually high cycle fatigue, and in a water environment, cerrosion fatigue.

Demonstrate that the inspection criteria for the uranium flywheel and its welded Inconel 600 enclosure, baseda.

upon the ASME Code, are appropriate for the 60--year design life.

b. The seal weld is essentially a partial penetration butt weld. Describe the inspections and testing to be used to
assure a 60-year life. Specify the acceptance criteria to be used and the relationship of the criteria to life
performance.

Response:

He flywheel enclosure welds are not pressure boundary welds and therefore are not subjected to the ASME Code
Section XI pressure boundary weld inspection criteria. He cyclic loading on the flywheel and enclosure is due to
the heatup and cooldown cycles and pump start and stop cycles. He number of these cycles is much lower than
the number of stress cycles experienced by the shaft and bearings due to rotation.

The welds and materials that are being used on the flywheel enclosure are designed, selected, and tested to meeta.

ASME Code, Section !!I criteria. These welds and materials are similar to the welds and materials that are
used to seal the stator and rotor cans and operate in the same environment. Westinghouse has a great deal of
operational experience in designing and manufacturing stator and rotor cans. This experience will transfer to
creating an enclosure that is sufficiently robust to withstand the cyclic fatigue and corrosion fatigue experienced
by a canned motor reactor coolant pump flywheel assembly.

b. He welds are designed and examined to ASME Code Section 111 requirements. The inspections and testing
of the enclosure welds are not relied on to assure the 60-year design life. Here will not be any requirement
for inservice inspection or testing of the flywheel assembly enclosure welds. He enclosure welds are not
credited in the flywheel miss;te analysis. The approach used to show safe operation of the reactor coolant pump
does not rely on the integrity of the flywheel. Therefore, the inspection and testing criteria for the flywheel
enclosure are not important to the safety evaluation.

SSAR Revision: NONE

210.12S1W westinghouse
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Question 210.128

Provide the data that has been developed to demonstrate the retention of adequate fracture toughness of the uranium f
flywheel for the 60-year life under operating conditions, i.e., constant temperature, temperature cycling, and stress ,

and temperature cycling together.

Response:

As noted in Subsection 5.4.1 of the SSAR and the response to RAI 251.2, the AP600 canned motor reactor coolant
pump uses a different approach to demonstrate safe operation than the approach for previous reactor coolant pump
designs. This approach does not rely on the integrity of the flywheel. Therefore, the fracture toughness of the
flywheel does not need to be considered in the safety evaluation.

He heat treatment on the flywheel material is 1000'C for 24 hours followed by a slow cool at less than 100'C per '

4hour in a vacuum of 10 torr. He slow cooling will provide a stable metallurgical structure that is relatively stress
free. He operating temperature of the flywheel is approximately 150*F. Even in less stable, quenched condition, ;

aging will only occur with temperatures in the region of 300'C (518'F). (See Reference 210.128-1). He stresses
on the flywheel are low and will not produce strain induced changes in the flywheel properties. He low thermal
and stress transients of the design are not expected to produce degradation of properties.

Reference:
,

!

210.128-1 Metals Handbook, Desk Edition ASM 1985
,

!

SSAR Revision: NONE i
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Question 210.129

Uranium is an anisotropic material, i.e., it has different mechanical properties in different crystallogragbic
directions. The WCAP allows for the uranium flywheel to be forged. With forged components, the plastic
deformation of the process promotes preferred crystallographic orientations. What data has been developed to
demonstrate the retention of dimensions of the uranium flywheel as a casting and as a forging for the 60-year life
under operating conditions, i.e , stresses at constant temperature, temperature cycling, and stress and temperature
cycling together?

Response:

The AP600 canned motor reactor coolant pump will not use forged material for the flywheel. The uranium casting
material does not exhibit anisotropy, Metalograpy shows an equiaxed grain structure to exist.

SSAR Revision: NONE

210.129-1
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Question 210.130

Provide the inspection methods, procedures, and rejection criteria for the finished Inconel 600 enclosure and its
welds.

Response:

The nondestructive examination for the enclosure is visual SX, and I'T with no bleeds.

SSAR Revision: NONE
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Question 210.131

Specify the means of monitoring the leak tightness of the Inconel 600 enclosure during the 60-year life and revise
the SSAR accordingly.

Explain how the soundness (freedom from significant casting defects) of the parts produced from cast depleteda.

uranium is ensured.

b. Describe the inspection requirements for the finished machined uranium flywheel,

c. Provide procedures, special techniques, and acceptance standards used.

Response:

As stated in SSAR paragraph 5.4.2.3.6.3, a leak in the flywheel enclosure will be detected by an out of balance
vibration in the RCP, which is monitored by the RCP vibration monitors. He pump vibration monitors are
designed and will be calibrated to detect small variations in the flywheel mass,

Soundness and (freedom from significant defects) is ensured by a two-step process. The first step is to employa.

strict casting procedures. The melting and casting processes are performed in a vacuum. He second step
involves strict inspection techniques. He soundness of the casting will be verified by UT and Irr and then the
final machined surfaces of the flywheel will be Irr tested for flaws.

b. He finished machined uranium flywheel will be liquid penetrant tested (I'T) for flaws.

The liquid penetrant examination of a sample flywheel was performed to ASME Code, Section V criteria. Thec.

planned dye penetrant method to be used is the solvent removable red dye on 100 percent of the finished
machined surfaces. Acceptance will be as specified in the applicable code or standard. Specific procedures
and acceptance criteria will be developed by the pump design organization as part of the final design efforts.
These procedures will not be developed in time to support Design Certification.

The ultrasonic testing of the uranium alloy casting is performed in both the axial and radial directions.
Ultrasonic testing of a sample flywheel casting used a 1/8 inch diameter flat bottom hole and good resolution
was obtained. Based on this experience, the acoustic properties of a uranium casting support inspection to the
requirements of SA-609. He configuration may allow shear wave examination although there is not an
available history of performing shear wave testing on this material. Specific procedures and acceptance criteria
will not be developed in time to support Design Certification.

SSAR Revision: NONE

210.131-1W Westinghouse
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Question 210.132

Provide any special procedures required to protect personnel from toxicity of the uranium while performing routine
maintenance and inspection in an operating plant.

Response:

There are no routine inspection and maintenance activities that would require opening of the reactor coolant pump
flywheel assembly. No special AP600 plant procedures are required during routine inspection and maintenance to
provide protection from uranium toxicity. I

SSAR Revision: NONE

210.132-1
W Westingflouse
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' Ouestion 210.133
,

a. Explain whether or not the ultrasonic testing procedures of the uranium flywheel will be subject to the
requirements of Appendix Vill of Section XI,1989 Addenda.

b. Demonstrate that the ultrasonic testing procedure (s) for the uranium flywheel is adequate and appropriate.

" Response;

Ultrasonic examination will be performed in accordance with ASME Code Section Ill, Paragraph NB-2574.a.

There are not requirements to do insevice inspection of the flywheel assembly.

b. Since it is not feasible to perform radiographic examinations on the flywheel casting due to the thickness and
density of the uranium, ultrasonic testing is the choice for volumetric inspection that satisfies the ASME Code
requirements. Based on results from UT testing that has been performed on the sample flywheel, the acoustic '

properties of uranium cast material are acceptable. This material is capable of being inspected to the
requirements of the ASME Code, Section Ill.Parapaph NB-2574, specifically using criteria from procedure
ASTM-A-609.

SSAR Revision: NONE
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Question 210.134

Evaluate whether or not the location of the RCP housings and associated components interfere with eddy-current
examination of aj.) of the steam generator tubes.

Response:

He reactor coolant pump is attached to and supported by the steam generator nozzle. It does not interfere with
access through the steam generator manways, eddy current inspection, or other inspection or maintenance activities
of steam generator tubes.

SSAR Revision: NONE
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|Question 210.135

Desv:7>e the means of ensuring the leak tightness of the Incone! 600 enclosure for the 60-year design life.

Response:

The leak tightness of the flyw heel enclosure is provided by the manufacturing and inspection procedures as outlined
in the response to RAI 210.130. The response to RAI 210.131 describes how a leak in the flywheel enclosure
would be detected.

SSAR Revision: NONE
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Question 210.136

Identify the largest pipe (system, size, and maximum pressure) that is not qualified for leak-before-break that is used
to determine maximum overspeed of the RCP.

Response:

The largest diameter pipe connected to the reactor coolant loop tha: wi!! not be qualified for leak-before-break is
3 inches. Previous piping and reactor coolant pump analyses have demonstrated that a 3 inch pipe break will not
release sufficient reactor coolant system volume to create a reactor coolant pump 125% overspeed condition.
Therefore, the maximum overspeed is conservatively 125 percent of nominal speed.

SSAR Revision: NONE

210.136 1
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Question 210.137 |

|

In the case of a loss in leak tightness of the Inconel 600 flywheel enclosure, will there be procedures in place that
will specify the shipping, storing, handling, and overhaul to be required for the repairs of the RCP and its associated
heat exchanger contaminated with uranium corrosion products? Is Westinghouse providing guidelines for the
development of each procedures? These guidelines should be referenced in the SSAR.

Response:
1
'

The procedures required to store, handle, ship. ' t what the canned motor pump with postulated depleted
uranium contamination are not significantly dif twet t*:~1 those for any type of radioactive contamination.
Precautions for addressing postulated depleted uraniu.u contamination will be included in the reactor coolant pump
inspection manual. Referencing these guideline in the SSAR is not required.

SSAR Revision: NONE
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Question 210.138

In the event of a leak developing in the Inconel 600 enclosure:

What controls or operational procedures will exist to prevent spreading the uranium corrosion productsa.
once failure of the flywheel's enclosure has been detected?

t:

b. What would be the consequences of the spread of uranium corrosion product to all components in
contact with reactor coolant 7

c, .What would be the exposure hazard to workers in the worst-case scenario?

d. What are the specified corrective measures in the event of a loss of leak tightness of the Inconel 600
flywheel enclosure?

What are the requirements / procedures for repair in the event of loss of leak tightness of the inconele.

600 enclosure? ,

Response:

To prevent spreading of depleted uranium contamination from a postulated leak of the flywheel enclosure thea.

plant would be shut down and the affected pump stopped.

b. He consequences of the spread of postulated depleted uranium flywheel corrosion product to components in ,

contact with the reactor coolant would be no more adverse than the consequences of corrosion product transport
or the release of fission products from fuel failures.

c. There would be minimal exposure hazard due to the worst case postulated leak of a flywheel enclosure to
properly protected workers. |

d. Recommended corrective measures for addressing a leak in the flywheel enclosure will be included in the <

reactor coolant pump instruction manual. These could include shutdown and replacement or refurbishment of !

the pump,

He requirements for the repair and refurbishment of a pump found with a leaking flywheel enclosure will be .e.

determined during an inspection of the reactor coolant pump.

SSAR Revision: NONE
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Question 210.139

Specify the effectiveness of the heat exchanger water system and its motor purge water to restrict the introduction
of uranium corrosion products into the reactor coolant.

Response:

The flywheel is encased in a welded enclosure. It is not expected that there will be any communication of depleted
uranium corrosion products across the enclosure or the enclosure welds.

The function of the coolingjacket on the outside of the motor housing and the thermal barrier between the pump
casing and rest of the pump internals is to maintain the pump motor at en acceptable temperature. The cooling
jacket and thermal barrier have no effect on the movement of contaminants into or out of the pump. 'Ihe AP600
reactor coolant pump will not have a motor purge.

SSAR Revision: NONE

210.139-1
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Question 210.140

In the event of flywheel fracture with the boundary remaining intact:
t

What is the threat of these broken parts getting into the reactor vessel and causing other damage or preventinga.

other components from performing their functions?

b. Are there any radiation hazard conditions in such a scenario? ,

;

i

Response:

I

In the event of a flywheel failure, the parts will remain contained within the flywheel region of the reactora.

coolant pump. The pump has been designed to limit the communication between the fluid in reactor coolant
system and the fluid internal to the pump. This is accomplished by the circulatory flow of the reactor coolant ,

'
pump cooling system and the labyrinth seal between the reactor coolant pump motor region and hydraulic
region.

b. There is no special radiation hazard in the event of a fracture of the depleted uranium flywheel. ,

,

SSAR Hevision: NONE ,
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Question 210.141

Are weld repairr. to a cast or forged uranium Oyw heel allow ed? Will weld build-up repair be allowed for rnachining
errors, dents or gouges on the Oywheel?

Response:

There are no weld repairs allowed or qualified for repair of the uranium flywheel.

SF AR Revision: NONE
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Question 220.50

The f actor of safety against sliding and overturning the nuclear island due to tornado and wind should be provided.
In Table 3.K.5-1. provide the rationale for the huoyancy force criterion for the submerged structure (Section 3.8.5
of the SS AR).

Response: (Revision 1)

SSAR Subsections 3.8.5.5.3 and 3.8.5.5.4 are revised to provide the factors of safety against sliding and overturning
of the nuclear island due to tornado and design wind loads.

In Table 3.8.51, the buoyant force on submerged structure. "B", is applied to consider the effect of high ground
water table. Table 3.8.5-1 is revised to clarify that "B" is considered in conjunction with SSE, wind and tornado
events in the AlWX) design.
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SSAR Revision:

Replace existing SSAR Sections 3.8.5.5.2, 3.8.5.5.3 and 3.8.5.5.4, and SS AR Table 3.8.5-1 with the following
revision as shown helow. Please note that the revision to SSAR Section 3.8.5.5.4 includes changes identified per
Revision I of RAI WO.78.

220.50(R1)-1
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3.8.5.5.2 Flotation

The f actor of safety against flotation of the nuclear island is calculated as follows:

W
F.S. =-

t

w here:

F.S. = factor of safety against flotation from design basis llood
W = tot;d weight of structures and foundation
F = buoyant force due to the design basis flood

Thc f actor of safety against flotation for the nuclear island is 3.2. As shown in Table 3.8.5-1. the minimum
required factor of safety against flotation is 1.1.

3.8.5.5.3 Sliding

The factor of safety against sliding of the nuclear island during a tornado or a design wind is calculated as
follows:

F +F
' 'F.S. -
fn

w here:

factor of safety against sliding from tornado or design windF.S. =

shearing or sliding resistance at bottom of basematFs =

maximum soil passive pressure resistance, neglecting surcharge effectFr =

maximum lateral force due to active soil pres ure, including surcharge. and tornadoFu =

or design wind load

The factor of safety against sliding of the nuclear island during a tornado is 6.9 in .ne north-south direction
and 6.1 in the east-west direction. The factor of safety against sliding of the nuclear island during a design wind
is 12.5 in the north-south direction and 9.5 in the east west direction.

When only 50% of the maximum soil passive pressure resistance is considno| the factor of safety against
sliding of the nuclear island during a tornado equals 5.4 in the north-south direction and A.4 in the east-west
direction. The factor of safety against sliding of the nuclear island during a design wind equals 9.8 in the north-south

220.50(RI)-2
W Westingh00Se
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direction and 6.9 in the east west direction.

At shown in Table 3.8.5-1, the minimum required factor of safety against sliding during a tornado and a
d gn win i are 1.1 and 1.5, respectively.

The factor of safety against sliding of the nuclear island during a safe shutdown earthquake (SSE) is
c:dculated as follows:

F+F
' 'F.S. =

F,, + l ,,

w here:

factor of safety against sliding from a SSEFN =

shearing or sliding resistance at bottom of basematF3 =

maximum soil passive pressure resistance. neglecting surcharge effectl'p =

maximum dynamic lateral force, including dynamic active canh pressuresF,, =

maximum lateral force due to all loads except seismic loadsF,, =

As shown in Table 3.8.5-l. the minimum required factor of safety against sliding during a SSE is 1.1.

For the hard rock and soft rock sites, the factor of safety against sliding of the nuclear island during a SSE
is 1.5 in the north-south direction and 1.6 in the cast-west direction. When only 50% of the maximum soil passive
pressure resistance is considered, the factor of safety equals 1.2 in the north-south direction and 1.3 in the east-west
direction.

For the soft-to-medium stiti soil site, the factor of safety against sliding of the nuclear is'and during a SSE
is 1.3 in the north-south direction, and 1.5 in the east-west direction. For a factor of safeti equal to 1.1, the
rninimum required factor of safety as shown in Table 3.8.5-1, the repred soil passive pressure resistance equals
67% and 51% of the maximum, in the north-south direction and the ust-west direction, respectively.

3.8.5.5.4 Overturning

I The factor of safety against ovenurning of the nuclear island during a tornado or a design wind is calculated as
follows:;

F.s. . M!.(
l

M,,

W WestinEhouse-
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where:

F.S. = factor of safety against overturning from tornado or design wind
Af, = tesisting moment

Mo = overturning moment of tornado or design wind

The factor of safety against overturning of the nuclear island during a tomado is 17.7 in the north-muth
direction and 8.6 in the east-west direction. The factor of safety against overtuming of the nuclear island during a
design wind is 61.0 in the north-south direction and 24.5 in the east-west direction. As shown in Table 3.8.5-1, the
minimum required factor of safety against overturning during a tornado and a design wind are 1.1 and 1.5,
respectively.

The factor of safety against overturning of the nuclear isLuid during a safe shutdown earthquake (SSE) is
evaluated using the static moment balance approach assuming overturning about the edge of the nuclear island at
the bottom of the basemat. The factor of safety is defined as follows:

Af"
F. S. <

Af,,

where:

factor of safety against overtuming from a SSEF.S. =

nuclear island's resisting moment against overturningA f, =

maximum SSE induced overtuming moment acting on the nuclear island, appliedAfa =

as a static moment

The resi3 ting moment is equal to the nuclear island dead weight minus maximum SSE vertic:d force and
buoyant force from ground water table multiplied by the distance from the edge of the nuclear island to its center
of gravity. The factor of safety against overturning of the nuclear island during a SSE is 3.5 in the north-south |

direction and 2.0 in the east. west direction. As shown in Table 3.8.5-1, the minimum required factor of safety
against overturning during an SSE is 1.1.

i

I

|
|

|
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i
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Table 3.8.5-1

Minimum Required Factor of Safety
for Overturning and Sliding of Structures

I,oad Combination (herturning Sliding Flotation

D + 11 + B + W l.5 1.5 -

D + H +B + E 1.1 1.1 -

s
D + H +B + W II II -

t
D+F - - 1.1

where:

D = dead load excluding the fluid loads
11 lateral carth pressure=

B = buoyant force on submerged structure due to high ground water table
W = wind load
E = safe shutdown earthquake loads

W': = tornado had
F = buoyant force due to the design basis fLod

W Westinghouse
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Question 220.87

For evaluating the dynamic stability of the NI structures against overturning. provide formulas for calculating the
energy component due to embedment effect *Wp" and energy component due to buoyancy "Wb" in Section
3.8.5.5.4 of the SSAR.

Response: (Revision 1)

He methodology used in the dynamic stability evaluation of the nuclear island structures against overturning was
changed from the energy balance techtique to the static moment balance method. He factor of safety against
overturning of the nuclear island during a safe shutdown earthquake is defined as follows:

F.S. =
Sfo

where:

factor of safety against overturningF. S. =

R nuclear island's resisting moment against overturningAf =

Afg maximum SSE induced overturning morrut acting on the nuclear island, applied as a=

static moment

his calculation uses the static moment balance method assuming overturning about the edge of the nuclear island
at the Imttom of the basemat. He resisting moment is equal to the nuclear island dead weight minus maximum SSE
vertical force and buoyant force from ground water table multiplied by the distance from the edge of the nuclear
island to its center of gravity. He factor of safety against overturning of the nuclear island is 3.5 in the north-south
direction and 2.0 in the east west direction. As shown in Table 3.8.5-1, the minimum required factor of safety
against overturning during an SSE is 1.1.

Inh 4ymun:- "-H!ityevelaation =r ''- %= > . g:!r :-+u- ing, '' energym:pene-: du: :c e:nhed:r - >
,ga q _ . . - . . p gw3y . . 73 4y ,, . m- . e.,3 ,.t

"Wh"-c.41esenninc44w-441ow4 i-

l

!Y, - 2 h |

w):r: o - ' ny:n: few
h - 'c;gh: :: W6 the : er af :-^ n= ' !!hed .e ? the s urning-postion

1

SSAR Revision:

SSAR Section 3.8.5.5.4 is revised as shown in the SSAR revision presented in the response to RAI 220.50,
Revision 1.

220.87(R1)-1
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Question 220.93

Under severe accident loading, thermal expansion of the containment shell is restrained at the transition region. The
restraint of thermal expansion produces a compressive hoop stress in the containment vessel in the vicinity of the
discontinuity. Thus, the effect of severe accident temperature loading needs to be evaluated to assure that the
expected compressive hoop stresses resulting from the load at the transition region (along the entire periphery of the
shell) do not lead to buckling of the containment shell causing a loss of containment function. Provide the results
of the buckling analysis of the containment shell under the severe accident temperature loading in the SSAR.

l

I

Response: (Revision 1) j

I
The-elled*4-4empwature-loading ' me 5:e.e 44hemaimnem u.e! . Ni::g evaluated. He resa!t. nr W. i

evahation-wiW mwide44*y-DenherdmA |
i

The containment vessel design includes a Service Level A combination in which the vessel above elevation 100'is
conservatively specified at the design temperature of 280 F and the ponion of the embedded vessel (and concrete)
is specified at a temperature of 70'F. Stress analyses and buckling analyses have been performed for this condition.

Containment shell buckling was evaluated using a BOSOR-5 model of the portion of the shell above elevation 100'
extending up to the horizontal stiffener at elevation 132' 3" Material yield and stiffness properties were based on
properties at the design temperature of 280*F. Temperature differences were raised by small increments until
buckling was predicted. Buckling occurred 20 inches above elevation 100' for a circumferential wave number, N
= 190. at a factor of 6.0 times the design differential temperature condition. The half buckling wave length is less
than 0.5 Wn). This is not a significant buckling issue; buckling did not occur for wave numbers below N = 60
which is the critical range for the cylinder and top head under external and internal pressure.

The containment pressure and temperatures during a severe accident are described in the response to RAI 480.78.
There are no cases to be considered within ASME Service Level C limits. He case for severe accident concurrent
with loss of the PCS water cooling is a very low probability and is outside the design basis. The maximum
containment shell temperature for this case is 295*F as described in the response to RAI 480.78. This is close to
the 280 F evaluated against Service Level A limits for the design basis accidents. This severe accident case would
not be critical since the design basis accident is evaluated against Service Level A limits and would be more critical
than the severe accident case.

The thennal, stress and buckling analyses described above demonstrate that the compressive hoop stresses resulting
from the load at the transition region do not lead to buckling of the containment shell causing a loss of containment
lunction.

SSAR Revision: NONE

22 W MW Westinghouse
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Question 231.26

The properties of the sof t.to-medium soil column given in Table 2A-6 of the SSAR show the shear wave veh> city
varying linearly Irom 1(XWI f ps to 24(M) fps. Typical variations at sandy soil sites are expected to be curvilinear, with
most of the increase in soil stiffness occurring near the upper one-third part of the soil layer due to the nonlinear
ettects of depth of burial on stif fness. Becau;e such variations may lead to significant ditferences in soil pressures
over the depth of e ..hedment of the N1, as well as changes in free. field ground motions at the foundation mat,
provide a comparison of free-tiehl motions at the foundation level obtained from SHAKE deconvolution analysis to
indicate the sensitivity of response to this assumption.

Response: (Revision 1)

The case of soft-to-medium soil with shear wave velocity of 1000 ft/sec at grade level increasing to 2400 ft/see at
240 ft depth with parabolic distribution was analy7ed. The maximum low-strain shear wave velocity and the strain-
compatible velocity obtained from the SHAKE analysis, using the 1990 Idriss soil strain degradation curve described
in the response to RAI 230.79, are shown in Figure 231.26-1. The response spectra of the free-field motion at 40
ft depth (foundation mat elevation) corresponding to parabolic and linear distribution of shear wave velocity case
are compared in Figure 231.26-2. As shown in this figure, the response motion using pambolic velocity distribution
shows small variations above and below that of the linear velocity distribution depending on the frequency. In order
to study the effect of parabolic velocity distribution on the SSI responses, the SSI model in the EW direction was
re-analyzed. In this case, the water table was considered at the grade level and the base rock was modeled at 120
ft depth. The strain-compatible properties obtained from the SHAKE analysis were used in the SSI analysis.

The SSI responses of this case are compared with the SSI responses of the same case with linear vekeity distribution
aad enveloping design responses obtained from 3D analysis in Figures 231.26-3 through 231.26-13. These
comparisons show that the responses with the pambolic distribution are generally similar to those with the linear
distribution and enveloped by the design response spectra obtained for the 3D analyses. There is additional rocking
of the nuclear island at a frequency of 3 Hertz which also results in higher peaks at this frequency for the
containment internal structures (CIS) and the steel containment vessel (SCV). This iucrease at the 3 Hertz frequency
is attributahic to a combination of the following:

The . seismic input at the foundation level is higher for the parabolic distribution as shown in Figure 231.26-2..

The stiffer soil properties for the paratx>lic distribution increase the rocking frequency for the nuclear island..

This increased stiffness shifts the response closer to that of the soft rock. A comparison of the responses from
the 3D design analyses are provided in SS AR Figures 3.7.2-25,3.7.2-26 and 3.7.2-27.
The H2 seismic input has significant frequency content at 3 Hertz. This is shown in SS AR Figure 3.7.1-7.-

The design soil profile used for the 3D SASSI design analyses for the soft-to-medium soil case will be revised to
the parabolic profile using the 1990 Idriss soil strain degradation curve. As shown in the figures, this will amplify
the responses at about 3 Hertz and slightly reduce the responses at 2 Hertz. The revised analyses will be documented
in the SSAR by July,1995.

SSAR Revision: NONE

W WestinEhouSe-
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Figure 231.26-1
.2D SASSI Analysis, E-W Direction |

Parabolic Soil Profile Evaluation |
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Figure 231.26-2 |
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Figure 231.26-3
2D SASSI Analysis. E-W Direction

' Parabolic Soil Profile Evaluation
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Figure 231.26-4
2D SASSI Analysis, E.W Direction

Parabolic Soil Profile Evaluation
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Figure 231.26-5 |

2D SASSI Analysis, E-W Direction |
Parabolic Soil Profile Evaluation i
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Figure 231.26-6
2D S ASSI Analysis. E-W Direction

Parabolic Soil Profile Evaluation
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Fi ure 231.26-7F
I2D SASSI Analysis, E-W Direction

Parabolic Soil Profile Evaluation
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Figure 231.26-8
2D SASSI Analysis. E-W Direction

Parabolic Soil Profile Evaluation
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Figure 231.26-9
2D SASSI Analysis, E-W Direction

Parabolic Soil Profile Evaluation
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Figure 231.26-10

2D SASSI Analysis, E-W Direction
Parabolic Soil Profile Evaluation
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Figure 231.26 11
2D SASSI Analysis. E-W Direction

Parabolic Soil Profile Evaluadon
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Figure 231.26-12
2D SASSI Analysis. E-W Direction

Parabolic Soil Profile Evaluation
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Figure 231.26-13
2D SASS 1 Analysis, E-W Direction

Parabolic Soil Profile Evaluation
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Question 281.22

in the description of elemental iodine removal by deposition on containment walls (Section 15.6.5.3.2.1 of the
SSAR), a limiting decontamination factor of 200 was postulated. What is the technical basis for specifying this
value?

Response:

As stated in the response to RAI 470.1, the value of 200 for the limiting decontamination factor (DF) for
elemental iodine removal was selected to be consistent with Section 6.5.2 of the SRP. While this DF limit of
200 is specified by the SRP as applying to the ;tention of elemental iodine in the sump solution, its use for
defining a limit to the deposition removal of elemental iodine is appropriate since it is expected that a portion of
the iodine that has deposited onto surfaces would be washed off into the containment sump as the result of water
condensir?g on the surfaces. It is conservatively assumed that all of the deposited iodine is carried to the sump.

Based on a post-LOCA sump soluticn volume of 78,900 cubic feet, a containment free volume of 1.73E6 cubic
feet, a sump solution pH of 7.0 and iodin <: partition coefficients from Figure 33 of Reference 281.22-1, there is
suf ficient retention capacity in the sump solution to support the DF of 200 for elemental iodine.

Reference:

281.22-1 NUREG/CR-2900, " Technological Bases for Models of Spray Washout of Airborne Contaminants
in Containment Vessels,* Oct.1978, A. K. Postma, R. R. Sherry, P. S. Tam

SSAR Revision: NONE

i

281.22-1W Westinghouse |
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A ;

Question 281.23 i

i

in the description of particulate iodine removal by sedimentation and deposition (Section 15.6.5.3.2.2 of the
SSAR), three different values for removal coefficient were postulated for three different time periods: 0.35 hr'I
for 0 - 5 hrs,1.3 hr-I for 5 - 5.5 hrs, and 0.5 hr~l for >5.5 hrs and the limiting decontamination factor was
assumed to be 1000. What is the technical basis for postulating these values? Also, what were the specific
mathematical models or computer codes that were used in calculating them?

Response:

Reference 281.23-1 provides the basis for the determination of post-LOCA particulate removal coefficients.
This document was transmitted by EPRI to the NRC on April 30, 1943. The document reports the following
removal coef ficients for the AP600.

0 - 10.3 hours 0.49 hr-I
10.3 - 11.0 hours 0.72 hr-I
> I1.0 hours 0.52 hr-I

Westinghouse has conservatively simplified these values to 0.5 hr-I for all time periods. His value supersedes
the removal coefficients that were used in the LOCA dose analysis reported in the SSAR (0.35 hr-I for 0 - 5
hrs,1.3 hr-I for 5 - 5.5 hrs, and 0.5 hr-I for > 5.5 hrs). Implementation of the 0.5 hr-I removal coefficient
for all time periods results in a slight reduction in the calculated thyroid doses both at the Site Boundary (0 2
hour dose) and at the low population zone (LPZ) boundary (0 - 30 day dose); thus, the doses currently reported
in the SSAR remain bounding. He SSAR will be updated in Revision 2 to reflect the change in particulate
removal coefficients.

In Reusion 1 to the response to RAI 470.9, an analysis has been provided of the LOCA doses based on the
draft NRC source term (June 1992 draft of NUREG-1465). This analysis utilized the revised particulate
removal coefficient of 0.5 hr-I for all time periods and is thus consistent with the set of values presented in
Reference 281.23-1.

He selection of a limiting decontamination factor (DF) of 1000 for particulates removal was made to assure a
conservative determination of activity releases during the later stages of the accident. He particulate removal is
expected to continue until virtually all particulates are removed from the containment atmosphere and, with the
high humidity environment, there would be little chance of resuspension of particulates. The use of a DF limit
of 1000 for particulates is a more conservative approach than past practice of taking unlimited removal credit
for particulates (e.g., paragraph Ill.4.d of Section 6.5.2 of the SRP).

28t234W Westinghouse
-
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!
Ouestion 281.23 |

In the description of particulate iodine remosal by sedimentation and deposition (Section 15.6.5.3.2.2 of the !

SSAR), three different values for removal coefficient were postulated for three different time periods: 0.35 hr'I |
for 0 - 5 hrs.1.3 hr-I for 5 - 5.5 hrs, and 0.5 hr-I for >5.5 hrs and the limiting decontamination factor was {
assumed to be 1000. What is the technical basis for postulating these values? Also, what were the specific

'

mathematical models or computer codes that were used in calculating them?

Response:

Reference 281.23-1 provides the basis for the determination of post-LOCA particulate removal coefficients.
This document was transmitted by EPRI to the NRC on April 30,1993. The document reports the following
removal coefficients for the AP600:

0 - 10.3 hours 0.49 hr-I
10.3 - I l.0 hours 0.72 hr'I
> 11.0 hours 0.52 hr-I

Westinghouse has conservatively simplified these values to 0.5 hr-I for all time periods. This value supersedes
the removal coefficients that were used in the LOCA dose analysis reported in the SSAR (0.35 hr-I for 0 - 5
hrs.1.3 hr'I for 5 - 5.5 hrs, and 0.5 hr-I for > 5.5 hrs). Impicmentation of the 0.5 hr-I removal coefficient
for all time periods results in a slight reduction in the calculated thyroid doses both at the Site Boundary (0 - 2
hour dose) anu at the low population zone (LPZ) boundary (0 - 30 day dose); thus, the doses currently reported
in the SSAR remain bounding. The SSAR will be updated in Revision 2 to reflect the change in particulate
removal coefficients.

In Revision I to the response to R AI 470.9, an analysis has been provided of the LOCA doses based on the
draft NRC source term (June 1992 draft of NUREG-1465). His analysis utilized the revised particulate
removal coefficient of 0.5 hr'I for all time periods and is thus consistent with the set of values presented in
Reference 281.23-1.

He selection of a limiting decontamination factor (DF) of 1000 for particulates removal was made to assure a
conservative determination of activity releases during the later stages of the accident. He particulate removal is
expected to continue until virtually all particulates are removed from the containment atmosphere and, with the
high humidity environment, there would be little chance of resuspension of particulates. The use of a DF limit
of 1000 for particulates is a more conservative approach than past practice of taking unlimited removal credit
for particulates (e.g., paragraph Ill.4.d of Section 6.5.2 of the SRP).

281.23-1
W Westinghouse
-
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Reference:

281.23-1 " Passive ALWR Containment Natural Aerosol Removal." April 29,1993, prepared by David E.
Leaver (Polestar Applied Technology Inc.), Jun Li (TENERA, L.P.), and Rudolph Sher
(Rudolph Sher Associates).

SSAR Revision: NONE

281.23-2
W Westinghouse
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Ouestion 440.253
|

Provide a drawing of the PRHR illustrating the con 6guration and dimensions of the baffle surrounding each tube |
bundle, including the dimensions of the flow openings. The figure attached to letter NTD-NRC-94-4108, dated j

April 29,1994, does not show the configuration of the plate above the tube bundles or of the outward-facing plate,
and does not provide dimensions for the How openings. (If this drawing is to scale, the scale is not legible on our
copy of the drawing, and a full-sized print is needed.) The figure also appears to show that the highest opening
for How in the baffles is below the upper horizontal section of the PRHR tubes; is that the case? If not, clarify the
design of the side baffles. ;

Response:

The figure attached to letter NTD-NRC-94-4108 showed an early design of the passive heat removal system heat
exchanger. 'Ihe current design has an open type frame as opposed to the sheet metal housing with the cutouts as
shown in the previous figure. A figure showing the design of the passive beat removal system heat exchanger is
included with the response for RAI 210.039,

SSAR Revision:

See the SSAR Revision provided with the response to RAI 210.39.

440.2534W Westinghouse
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Question 471.23

Verify that the airborne radiation monitors described in Section 11.5.2.3.2 of Chapter 11 of the SSAR will be
sensitive enough to detect 10 DAC-hrs in any area of the plant that can be accessed by plant personnel.

Respo ..e:

Ten (10) airborne process radiation monitors are described in Section i1.5.2.3.2. These radiation monitors are
part of the permanently installed AP600 radiation monitoring system and provide general area monitoring.
These radiation monitors are supplemented by local portable continuous air monitors (CAhls). CAM use is
directed by the Health Physics staff during maintenance operations with a high potential for airborne
radioactivity levels.

Of the ten radiation monitors mentioned above, nine (9.i monitor selected areas of the plant that can be accessed
by plant personnel. These selected areas are as follows:

1) Fuel Handling Area
2) Auxiliary Building
3) Annex Building
4) Main Control Room and Technical Support Center
S) Containment
6) Health Physics and Hot Machine Shop
7) Radwaste Building

The tenth airborne process monitor (Gaseous Radwaste Discharge Radiation Monitor)is strictly a process
monitor and measures the concentration of radioacti-e materials in the release from the gaseous radwaste system
to the plant vent. Therefore, this monitor will not be discussed in terms of its ability to detect 10 DAC-hours.

Areas 1, 2,3,6, and 7 are monitored by measuring the concentration of radioactive materials in the exhaust air
from each area.

Area 4 is monitored by measuring the concentration of radioactive materials in the supply air.

Area 5 is monitored by three separate airborne process monitors:

1) The Containment Air Filtration Exhaust Radiation Monitors measure the concentration of radioactive I

materials in the containment purge exhaust air.

2) The Containment High Range Radiation Monitors measure the radiation from the radioactive gases in
the containment atmosphere.

3) 'lle Containment Atmosphere Radiation Monitor measures the concentration of radioactive airborne
"I

particulate, iodine, and gaseous contamination inside the containment. -

1

l.

471.23-1 '

W Westinghouse
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The Containment High Range Monitors are strictly used to monitor post-accident conditions inside containment.
Therefore, these monitors will not be discussed in terms of their ability to detect 10 DAC-hours.

The remaining eight (8) monitors are sensitive enough to detect 10 DAC-hours as discussed below.

SSAR Table 11.5-1 provides a listing of each detector, the principal isotope (s) it monitors, and the detector's
nominal range. The lower value of the detector's nominal range corresponds to the detector's minimum
detectable level. 'Ihese minimum detectable levels are achieved with a 95% confidence level at standard
operating conditions. The following table summarizes Table 11.5-1 and includes the DAC occupational values
from Table 1, Column 3, of Appendix 11 (Annual Limits on intake (Alls) and Derived Air Concentrations
(DACs) of Radionuclides for Occupational Exposure; Effluent Concentrations; Concentrations for Release to
Sewerage) of 10 CFR 20.

DAC Occupational
Detector Minimum Values - 10 CFR 20,

Airborne Process Radiation Monitor Isotope (s) Detectable Level Appendix B, Table i

Fuel Handling Area Exhaust Kr-85 1.0E-6 Ci/cc 1.0E-4 pCi/cc
Xe-133 1.0 E-6 Ci/cc 1.0E-4 pCi/cc

Auxiliary Building Exhaust Kr-85 1.0E-6 Ci/cc 1.0E-4 Ci/cc
Xe-133 1.0E-6 pCi/cc 1.0E-4 Ci/cc

Annex Building Exhaust Kr-85 1.0E-6 pCi/cc 1.0E-4 Ci/cc
Xe 133 1.0E-6 Ci/cc 1.0E-4 pCi/cc

MCR Supply Air Duct Particulate Sr90 1.0E-13 pCi/cc 8.0E-9 pCi/cc
Cs-137 1.0E-13 pCi/cc 6.0E-8 pCi/cc

MCR Supply Air Duct lodine 1-131 1.0E-12 Ci/cc 2.0E-8 Ci/cc

MCR Supply Air Duct Gas Kr-85 1.0E-7 Ci/cc 1.0E-4 Ci/cc
Xe-13' l.0E-7 pCi/cc 1.0E-4 Ci/cc

Containment Air Filtration Exhaust Kr-85 1.0E-6 pCi/cc 1.0E-4 Ci/cc
Xe-133 1.0E-6 pCi/cc 1.0E-4 pCi/cc

Health Physics and Hot Machine Shop Exhaust Sr-90 1.0E-13 Ci/cc 8.0E-9 pCi/cc
CH C 1.0E-13 Ci/cc 6.0E-8 pCi/cc

Radwasta Building Exhaust Sr-90 1.4 :3 Ci/cc 8.0E-9 Ci/cc
Cs 137 1.0E-13 Ci/cc 6.0E-8 pCi/cc l

Containment Atmosphere Particulate Sr-90 1.0E-13 Ci/cc 8.0E-9 pCi/cc )
Cs- 137 1.0E-13 pCi/cc 6.0E-8 pCi/cc

_.

m 212
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EFME!

DAC Occupational
Detector Minimum Values - 10 CFR 20, !

Airborne Process Radiation Monitor Isotope (s) Detectable level Appendix B. Table 1
:

Containment Atmosphere lodine I-131 1.0E-12 Ci/cc 2.0E-8 Ci/cc

Containment Atmosphere Gas Kr-85 1.0E-7 pCi/cc 1.0E-4 pCi/cc
Xe-133 1.0E-7 Ci/cc 1.0E-4 Ci/cc

|
The above table shows that for each principal isotope, the minimum detectable level for each monitors ;

'
detector (s) is two (2) to almost five (5) orders of magnitude below the corresponding 10 CFR 20 DAC
occupational value.

Rese radiation monitors utilize two basic types of detectors, as described in Section 11.5.2.3.2. He
particulate (Sr-90/Cs-137) and iodine detectors use shielded fixed filters, located in the sample stream, that are
viewed by beta and gamma sensitive scintillators, respectively. The radiogas detectors use beta sensitive
scintillators with their sensitive volumes directly exposed to the process or sample stream.

He response time for each fixed filter detector depends upon background radiation levels, airborne radioactivity
levels, sample flow rate, and system configuration. When the detectors have achieved statistically accurate
operating conditions, the detector response times are as follows:

,

'

1) Step change in radioactivity levels above the ALERT setpoint - < 4 seconds, not including sample
transport time.

2) Gradually increasing radioactivity levels above the ALERT setpoint - < 2 seconds, not including
sample transport time.

He step change requires a longer response time to assure that the change is not a spurious radioactivity spike. |

Re time to achieve statistical accuracy (95% confidence level) can vary from ten minutes to one hour, ;

depending upon radioactivity concentrations. He only time the detectors will not be operating under ;
statistically accurate conditions will be the time following a filter change or a system shutdown for maintenance. |
Sample transport times are minimized by locating the detectors as close as practicable to the process sample '

point.

The response time for the in-line detectors is less than ten seconds. Rese detectors are provided with dynamic
background radiation compensation. .

I

Combining the minimum detectable levels shown in the table above with the detector response times discussed |
above, it has been shown that each monitor is sensitive enough to detect 10 DAC-hours. |

|
4

SSAR Revision: NONE i

I
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Question 471.25

Section i1.5.2.1 of Chapter 11 of the SSAR states that the radiation monitoring system safety-related channels are
powered from the Class IE de and UPS system. Further, nonsafety-related channels are powered from non-Class
IE de and UPS system. Describe and justify which radiation monitors are safety-related.

Response:

Section 11.5.1.1 of Chapter 11 of the SSAR describes the radiation monitoring channels that are safety-related.
These are the Main Control Room Supply Air Duct Radiation Monitors and the Containment High Range Radiation
Monitors. The respective subsections of Section 11.5.2.3.2 of Chapter 11 of the SSAR state that the local radiation
processors for each radiation monitoring channel receive Class IE power.

The Main Control Room Supply Air Duct Radiation Monitors are safety-related to support the safety related
requirements of an engineered safety features actuation signal and to support the safety-related isolation of the MCR
envelope as described in SSAR Sections 7.3 and 9.4.

The Containment High Range Radiation Monitors are safety-related to support the safety related requirements of
an engineered safety features actuation signal and the sr.fety-related qualification requirements as a post accident
monitoring variable as described in SSAR Sections 7.3 and 7.5.

The remaining radiation monitoring channels are nonsafety-related. As stated in Section 11.5.1.2, these monitoring
channels are designed to support the requirements of 10 CFR 20. These monitoring channels do not perform any
of the safety-related functions defined in Section 3.2.2.1.

SSAR Revision: NONE

,
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'Question 471.26

Section 11.5.6 of Chapter 11 of the SSAR states that area radiation monitors will have a local readout and alarm I

module located in each area so that it is visible to the operating personnel before entering the monitored area.
Describe what is meant by local alarm module (.i.e., is this a local audible and/or visual alarm, is a Hashing light t

used in high noise areas).- Justify your answer.

Response: I

Local alarm modules represent botis audible and visual devices that alert local personnel to the following:

1) radiation levels exceeding the ALERT setpoint
2) radiation levels exceeding tt, HIGH setpoint -

3) radiation levels rate-of-change exceeding a predetermined setpoint. !

The audible alarm is physically located within the local radiation processor. The visual alarms can be located at
the local radiation processor or at an area where the alarm can be seen prior to entry into the monitored area, and
at a visible location within the monitored area.

These alarms are in accordance with Section 5.5 of ANSI /ANS-HPSSC-6.8.1-1981.

SSAR Revision: i

Sections 11.5.6.2 and 11.5.6.3 will be revised as follows to clarify " alarm modules"-
|

11.5.6.2 Post Accident Sample Room Monitor

The post accident sample station is the location w here samples are collected and/or analyzed after the postulated |

accident. The post accident sample room area radiation monitor (detector RMS-JE-RE008) is located so that its I

readout is representative of the radiation to which the operating personnel are exposed. A local' readout', an audible j
alann, and visual alarms are provided in the post accident sample room to alert operating personnel of increasing '

exposure rates. A local rendout, an audible alarm, and visual alarms are provided outside of the post accident
sample room and am visible to opemaing personnel prior to entry. F rdi:Sen d- : : dEp5 d =d .::::d ::3_

-

th :==. M !4=! ::d!:de, pm : =d :=='":d ec t' :=is ::::: ! :::- ;
The monitor detector is a gamma sensitive Geiger-Mueller tube. The monitor is an extended-range monitor. |

The monitor range and principal isotopes are listed in Table 11.5-2.

C1.26-1W Westinghouse
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A
11.5.6.3 Normal-Range Area Monitors

Normal-range area radiation rnonitors are located in accordance with the location criteria given in Subsection
11.5.6.1. A local readout, an audible alarm, and visual alarms are provide in each monitored area to alert operating
personnel of increasing expostre rates. Visual alarms are provided outside of each monitored area so that they are
visible to operating persormel prior to entry. %: : d!:t:en :' :: : d: p!::.M nd :' ed i- 'he : ^ :' ; 'c c::::d
hmkedugian pr -- :d traw.mH@Mhe :ncin u c' : --

The monitor detectors are gamma sensitive Geiger-Mueller tubes. The monitors. their ranges, and principal
isotopes are listed in Table 11.5-2.

|
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Response Revision 1

~

1

Question 480.15(R1)

EGOTillC Validation Using (Integral and Large Scale) Test Data

Provide justification for the use of,WGOTHIC to predict AP600 prototype behavior based upon integral and large
scale test data, discussion and analysis of the _WGOTHIC models. and a rigorous scaling analysis that shows that
the range of test paran.d.ers (when properly scaled) are representative of conditions that would be expected in the
AP600 prototype.

In addition, provide information on the modeling approach and model validation of:
,

(a) subcooling in WGOTHIC,

(b) condensation models for use inside the containment vessel, and
,

.

(c) steam / air / hydrogen stratification. |
.

Provide additional information and justification for the use of WGOTHIC in a lumped-parameter mode to predict ;

hydrogen stratification. The staff believes that any lumped-parameter code will tend to underestimate the '

concentration of hydrogen in the containment dome and overestimate the amount of mixing. These effects are '

nonconservative. Herefore, justify the exclusive use of a lumped parameter approach (see Q480.32).
,

!

Alternatively. Westinghouse may provide finite-difference-based WGOTHIC calculations to predict hydrogen
stratification and a justification for why the finite-difference based calculations accurately predict hydrogen
distributions (Chapter 14).

Response: (Revision 1)
.

WCATHIC 1 -!!de' - E. .s "- :d :c "' *:; :! :-d h:;: : ^ !r >:-t d ::" ==::::. WGOTHIC validation is based
upon several separate effects tests (AP600 University of Wisconsin Condensation Tests',7 AP600 Heated Flat Plate

_

Tests), as well as the integral and large scale tests and other valid data sources necessary for validation (dry free
convection tests using selected literature sources, such as Hugot. Siegel and Norris, Eckert and Diaguila, etc).

I

WGOTillC contains a set of :"^ :! boundary layer heat and mass transfer options which Westinghouse added
to the GOTHIC code. H : "' # ; hen:e adiF ::; :: ::: dme"=' ' "' CAP !344, and The GOTHIC
. equations and models are discussed in Reference 480.15-1. Nur :! ^.pp!'::d^ :, ! . d===-- "GOU!!C
Cans: " ^ :!y::: P:d:;; Ted. .!::! W:::", " ::: ' i, ? !y - !: :'ud:d i A.; p: d : ^ c ' " 'C.^ "
! W ,;;;r * ' :: ." !95, Enhancements to the WGOTHIC heat and mass transfer models presented in WCAP.
13246, Revision 0 (Reference 480.15-2) have been made. The code enhancement 6 meet the objective of developing '

an accurate tool for assessing the passive containment cooling system (PCS) performance of the AP600. ; The I

revimi heat and mass transfer correlatione and their validation with separate effects tests are given in References I

480.15-3 and 480.15-4, respectively. . A liquid film energy transport model to account for the subcooled film.has

!

|
480.15(R1)-1 |W Westinghouse
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i

also been incorporated into the code (Reference 480.15-5). As demonMrated in the "AP600 Passive Containment
Cooling Sptem Design Basis Analysis Model and Margin Assessment' Report (Reference 480.15-6), r net increase
in rnargin is shown due to model enhar.:ements made since SSAR Rev._0.

An-opda4+,eanngenalp . and = *= * "' 'iOTHIC*ill4+p=n"J in Re an ' " "'C.' " ! 44A

The rhdu!: fa- Revi* ion-4-ef "' CAP-!31%is-pre :- d i : Re% c ! . He AP600 PCS scaling analysis has
been submitted to the NRC in two iterations (Retaences 480.15-7 and 480.15-8). The scaling analysis demonstrates
the adequacy of the test program to validate the significant phenomena affecting containment heat removal over the
range of conc tions expected for design basis analysis.u

i

(a) Enthalpy transport by a subcooled liquid film is only-*peeted-h4e significant only over a small fraction of
the dome surface area in a full-scale plant. Neglecting this in the AP600 analysis produces a small, cap:25!e

>nservative under prediction of containment heat removal. The large scale test has somewhat more heat removal
by subcooling (~ 20%) compared to the AP600 (~ 5 %). He addition of the liquid film energy transport model to
WGOTillC allows analytical modeling of this effect in both the test and full scale plant, The test cases reported
in WCAP-13246 were modeled by forcing the model with the measured heat flux on the dome, so that the code
calculation of noncondensable distributions and overall heat transfer could be validated. ^ cuh ac!!ng rude' i:
eumaly und - dev+1*pment fc "' COTHIC : r":-:!y va!!d:::4h cade with de" f- =d trw:::

Since the liquid film energy transport model has been incorporated into the code, the method used in WCAP-13246
Revision 0, will no longer be applied to the large scale test analysis. The net effect of the revised heat and mass
transfer models and the energy transport model on the large scale test WGOTHIC predictions of vessel pressure
and temperature was reported in Reference 480.15-6. The improved vessel temperaturu predictions on the dome,
where the liquid film enerFy transport is most effective, are illustrated in that report.

4he-**b.wimg-mmlel-will.*=y 5: alidated+,ing , "'' ' the 02: p!" : : .: rah: : ^" - ': i ', _ nd 4 - :he
ice.14 m*4*rp re' t & Additional vabdation of the liquid film energy transport model will be provided.
Validation resulu will be presented in Revision I of WCAP-13246 to be submitted in April 1995,

tb) Validation of condensation models is covered in :F- cpr a: ! " A! " !4. Reference 3. It is shown that
condensation over the full range of noncondensables expected in AP600 and covered in separate effects tests is well
predicted with only a snull bias. Additional validation using large scale test locsi data will be pre vided in WCAP-
13246 Revision I to be submitted in April 1995.

(c) Validation of WGOTHIC lumped paramete.r mode is given in WCAP-13246 Revision O. The lumped parameter
formulation in 1.hown to over mix'the containment, and the net effect on total heat removal through the PCS is
shown to be conservative. A significant part of the confirmatory PCS analysis plan is to demonstrate the effects
of noncondensable distribution on the sbility to predict heat removal capability. It is expected that the results will
continue to show that an over mixed prediction gives conservative results for long term hea; removal, A discussion
of this is provided in Reference 4. The additional validation of predictions for steam / air /hyd c;; n stratification
will use results from the large scale Phase 2 and Phase 3 tests. '^ arrrn!!y und= , Results will be1

presented in Rev 1 of WCAP-13246 to be submitted in April 1995.

480,15(R1)-2
W Westinghouse
-
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Response Revision 1 ' ' *

;
I

A discussion of the hydrogen distribution analysis is given in the Westinghouse response to RAI 480.32(RI)(to be
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Question 480.32

liydrogen Control - Prediction of Ilydrogen Distribution

Provide a discussion of the methods used to predict the hydrogen distribution within the containinent. In particular,
the SSAR appears to rely on the WGOTIHC code used in a lumped. parameter mode. Lumped-parameter codes are

_

notorious for overprechetmg mixing, and underpredicting the stratificatice of hydrogen in the containment dome.
This is non-conservative. Why is WGOTlHC (used in the lumped-parameter mode) any different? Have any other

- 1

experiments or calculations been performed to cmfirm Westinghouse's ability to predict hydrogen distributions in i
the AP600 contamment (WCAP 13388)7 (see Q480.15) !
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Hydrogen combustion and distribution analyses which address 10 GR 5034(f) am not pmsented in the SSAR, but
am pmaented in the PRA Report Hydmgen bummg analyses using the MAAP4 code are presented in Chapte 14 ,

and Appendix N. Hydrogen mixing analyses ining the WGOTHIC code are presented in Chapter 15 and Appendtx |
0. These analyses use lumped-parameer nodahzation and prahct a high degree of mixmg in the AP600 ;
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In App nh R of revision 1 of the PRA. Hydrogen mixing and burmng is also discussed in detail in the deflagration
and detonatice decomposition event tree (DET) analyses which support of the quantification of the contmnment event
tree. The decomposition event tree analyses present mixing and burning results for in-vessel hydrogen generation
consequential to 46 to 118 percent oxidation of the active zirconium cladding in the core. The Appendtx R mixing
analyses were performed with the venion of the MAAP4 code enntai'ina sub-nodal physics which model
stratification in the enntain=nt. The MAAP4 sub-nodal physics model has been benchmarked with good resuhs
against the large-scale HDR tests E11.2 and T31.5 (ref. 480.32(RI) 1). The AP600 MAAP4 cnntamnw nr model
employs eight nodes inside the pressure boundary, and stratification of hydrogen was observed in t% analyses.

Based on the Appendix R analyses the overall resuhs in Chapters 14 and 15 am still considered to be' valid. . As
predicted in the Otapter 14 analysis, the peak pressures predicted in Appendix R for deflagrations of hydrogen
inventories up to 100 percent oxidation of the active cladding do not ewM service level C sticas intensity limits.
As in the Chapter 15 analyses, the peak hydrogen concentrations are predicted in the IRWST gas space, and
hydrogen does not accumulate unexpectedly in contamment compartments.

Reference

480.32(RI).1 EPRI Research Project 3131-02. MAAP4 - Modular Accident Analysis Pmgram for LWR Power
Plants. Volume 3. May 1994.

SSAR Revision: NONE
PRA Revision: NONE
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Question 952.101

Provide a commitment to submit calculations of PCCS interior velocities using the WGOTHIC code.

Response:

Westinghouse willinclude velocity field information predicted by WGOTHIC in WCAP-13246, Revision 1, to be
submitted in April 1995. Comparisons to large scale test velocity measurements and the influence of velocity
predictions on the ability to ca!culate passive containment cooling system heat removal will be discussed.

SSAR Revision: NONE
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Question 952.103

Provide a commitment to submit an analysis demonstrating the validity of the (cold wall) water distribution tests
to predict percent film coverage when the wall is hot.

Response:

The analysis has been submitted in the water distribution report and its supplement, References 952.103-1 and
952.103-2 respectis ely.

References:

952.103-1 Letter DCP/NRC0172 N.J. Liparuto to R.W. Borchardt (NRC), Westinghouse AP600 letter Report,
" Method for Determining Film Flow Coverage for the AP600 Passive Containment Cooling System,"
J uly,1994.

452.103-2 letter DCP/NRC0198 N.J. Liparuto to R.W, Borchardt (NRC), " Supplemental Information on AP600
PCS Film Flow Coverage Methodology". August 1994.

SSAR Revision: NONE
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Question 952.104

Povide a commitment to submit information on how the water distribution model findings support the design-basis
acc)Jent analyses.

Response:

The analysis has been submitted in the water distribution report and its supplement, References 952.104-1 and
952.104-2 respectively.

References:

952.104-1 1.etter DCP/NRC0172 N.J. Lipan2io to R.W. Borchardt (NRC), Westinghouse AP600 letter Report,
" Method for Determining Film Flow Coverage for the AP600 Passive Cantainment Cooling System."
July,1994.

952.104-2 1etter DCP/NRC0198 N.J. Liparulo to R.W. Borchardt (NRC), " Supplemental Information on AP600
PCS Film Flow Coverage Methodology", August 1994.

SSAR Revision: NONE
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