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Docket No. 524)02'

t

U. S. Nuclear Regulatory Commission
,.

Attn: Document Control Desk
Washington, DC 20555

Subject: Response to NRC Requests for Additional Information

| Reference: A) Letter, Materials and Chemical Engineering Ilranch RAls, T. V. Wambach
(NRC) to E.11. Kennedy (C E), dated August 8,1991

,

:
; B) Ixtter, Structural and Geoscieness liranch RNs, T. V. Wambach (NRC)
'

to E.11. Kennedy (C E), dated September 26,1991

C) Letter, Plant Systems Branch RAls, T. V. Wambach (NRC) to II.11.
Kennedy (C E), dated October 10,1991

Dear Sirs:

References A) through C) requested additional information for the NRC staff review of the
Combustion Engineering Standard Safety Analysis Report Design Certification (CESSAR DC).
Enclosure I to this letter provides our responses to a number of these questions including
corresponding revisions to CESSAR-DC.

.

Should you have any questions on the enclosed material, please contact me or Mr. Stan Ritterbusch
of my staff at (203) 285 5206.-

Very truly yours,!

COMBUSTION ENGINEERlhG, INC.

Y ck , h?k
E.11. Kennedy
Director
Nuclear Systems Licensing

Enclosures: As Stated } ,

cc: J. Trotter (EPRI)
T. Wambach (NRC)
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Question 210.8

Section 30.4.9.1.2, paragraph M. stttes, "The EFW [ Emergency
Feedwater System] system piping in the vicinity of the steam
generators is arranged to minimize the potential destructive
water hammer during startup."' A_brief-description of the
EFW pipe routing and how it physically interfaces with other
systems is given.- Provido piping layout drawings showing

-

thin arranoement along with any specie 2 design
considerations demonstrating how a potential *stor hammer
event is minimized.

Response 210.8

The design criteria which will be used to minimize water
- hammer in the EFW piping include:

A.90 degree elbow at each steam generator feedwater*

nozzle. This feature minimizes the amount of
i horizontal piping susceptible to steam void formation.

_ Continuously rising emergency feedwater (EFW) piping to*

each steam generator. 'dach EFW line has a check valve
inside containment. This piping arrangement, along
witn the feedwater ring outlet design in the steam
generators maintain the piping full in low flow.

conditions and prevent column separation during
transients.

Adequate filling and venting provisions to minimizeL
*

| voids in piping.

-Water hanmer consideration in specification of valve*

operating times.

Preoperational testing to ensure no unacceptable water*

hammer in the-FW and EFW systems during startup- normal,

operation and transients.

The dctoiled design (piping and support layout drawings,
stress reports, operating procedures '' 1. ) will depend on
vendor-supplied information.- As pre.or ed to the Staff at
the' meeting ;of November 26 thi s detailed information (1) _ is
not required for certification, (2) depends on
plant-specific details not finalized at the certification
stage, and (3) is subject to revision until specific details-

of piping and other plant design are finalized. It was also
- agreed at that meeting that a Distribution Systems Design

Guide would'be prepared to ensure that the final design
would-be completed consistent with the design basis and
methodology in CESSAR-DC.

.

is,- a-
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Prevention of water hammer will be addressed in the System
80+ Distribution Systems Guide, which was discussed during
the November 26 meeting. .This guide will provide an
integrated approach for optimizing the layout and detailed
design of piping, HVAC, cable trays and conduits. The
purpose of this guide is to facilitate a final design which
meets all safety criteria and which optimizes plant
operation and maintenance. An outline o' the guide is
currently being prepared. Design considerations and
guidance in preventing destructive water hammer will be one
of.the major topics of this document.

(See Also 210.92 Question and Answer)

{-

.
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Question 210.12 j

!

CESSAR-DC Section 3.6 states that protection of vital )
-equipment is achieved primarily by separation of redundant ;

safe shutdown systems and of high-energy pipe lines from !
safe shutdown-systems.

BTP MEB 3-1,-Rev. 2, Subsections B.I.a and B.2.a, states
that for the purpose of satisfying the separation provisions
of plant separation, reviews of the-piping layout and plant ;

arrangement drawings should verify that the offects of: 1) '

postulated piping breaks at uny location in high-energy
fluid system piping, and 2) postulated through-wall leakage ,

cracks at any location in moderate-energy fluid-system |
piping designed to seismic.and non-selsric standards are ,

'isolated or physically remote from essantial systems and
components.

Inform-the staff when the piping layout and plant
arrangement drawings will be available for these reviews.

Response-210.12

As presented to the Staff at the meeting of November 26,
1991,'the piping layout and plant arrangement drawings that
are requested (1) are not required for certification, (2)
depends on plant-specific details not finalized at the
certification stage and (3) are subject to revision until
specifi; details of piping and other plant design are
finalized.

CESSAR-DC-currently provides acceptance criteria and
analysis methodology-for postulated pipe ruptures in
high-energy piping and postulated through-wall leakage-
cracks in moderate energy piping basedion BTP MEB 3-1. It
also provides some of the information.needed for those
evaluations,1such as pipe sizes, and P& ids, and building and
seismic--response information. Specific plant data, such as
. piping layout and arrangement drawings which are necessary
-for these evaluations are not currently available.

.

4
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In lieu of detailed drawings based on detailed piping
design and specific plant data, C-E offers the following
technical approach to respond to this RAI. This approach
was outlined during the November 26th meeting.

1. Preparation of a Distribution Systems Guide. This
guidn will provide an integrated approach for
optimizing the layout and detailed design of piping,
HVAC, cable trays and conduits. The purpose of the
guide is to facilitate a final design which meets all
safety critoria and which optimizes plant operation and
maintenance. An outline of the guide is currently
being prepared. Design considerations and guidance for
pipo routing and postulated pipe rupture analyses will
be one of the major topics of the document. The
outline for the section on postulated pipo ruptures as
developed to date is as follows:

Postulated Pipe Ruptures

Classifications
Piping Interactions
Interaction Analysis Assumptions
Protection Methods

2. Preparation of a set of sample piping layouts and
analysus, which will include a preliminary postulated
pipo rupture evaluation of an economizer foodwater
line.

The purpose of preparing these samples is to
demonstrate the use of the guide in performing detailed
design of distribution systems. The economizer
feedwater line was specifically chosen to be the sample
piping system for demonstration of postulated pipe
ruptures since it is the largest high-energy line
inside containment that will not have LBB demonstrated.

The sampics will use best available information. Where
detailed information is not available, design
parameters will be assumed based on experience or
previous designs. The sample layouts and analyses
using the guide are intended to demonstrate that the
information currently in CESSAR-DC and further
developed in the guide supports the safety review by
the staff and provides additional assurance that plant
design safaty criteria will be not.

,

|
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! A Distribution Systems Guido and sample layouts and analyses
are being prepared. It is C-E's position that the above
information will preclude the necessity for including in the
design basis the detailed piping layout drawings for
verification of dynamic effects of postulated ruptures of
pipes.

.
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Question 210.13-

Section 'J.C.2.1.4 in CESSAR-DC states that the information
in_this section relative to the postulation-of pipe breaks
does not apply to those systems identified in Section
3.6.2.1.3 for which leak-before-break (LBB) evaluations will
be performed. Unless the detailed information identifi?1 in
RAI 252.03 is-submitted and approved by the staff, the
implementation of LBB for the CESSAR-DC System 80+ is not
acceptable, pending the resolution of RAI 252.03, the I

criteria in Section 3.6.2 of the CESSAR-DC should be I

applicable to all high and moderate-energy piping systems |
and Sections 3.6.2.1.3-and 3.6.2.1.4 should be either- I-

deleted or revised. In addition, all other references to i
the implementation of LBB in the CESSAR-DC should be |

revised.

Response 210.13

-Thc rystem 80+ design is optimized through an internal
-

.procssa of review and integration. It.is the intent of
CESSAR-DC to present a total optimized design package for
Staff review. In:the area of leak-before-break vs.
i'iclusion of:the dynamic effects of large diameter pipe
breaks, the commitment to demonstrate LBB for: selected :
piping systems is integral to the optimization of.such '

diverse design features as.embedment and supporting
-

structure design for jet shields and-pipe whip restraints,
the' permanent pool seal, piping and component supports,
snubber reduction, and simplification of asymmetric blowdown
-loads analyses on reactor internals ccmponents. Some of
these features-may in turn affect layouts and arrangements
of piping, ducting, cabling and other equipment in the

~

vicinity of these piping systems.:

-In response to-a question by the staff during the November
~

26th meeting,=the useLof LBB does not preclude designing
subcompartment walls and floors for pressurization due to
postulated pipe break. Subcompartments are vented and/or
designed-to the pressure developed from a postulated
double-ended-guilotine rupture in'the largest high energy
line-in that subcompartment.

ItLis_therefore-requested that the Staff reconsider their
current position requiring that tha current: design include
the dynamic.cffects of those pipe breaks identified in
CESSAR-DC to-be eliminated by LBB. In consideration of this
request, please refer to the response to RAI 252.03, which
-outlines the technical approach being taken to answer your
request for additional information on the LBB evaluation of
those.solected lines.

I

I

L
'
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Question 210.14

A) Criteria for not postulating ruptures in piping near
containment isolation valves are defined in CESSAR-DC,
Section 3.6.2.1.4.1.F. The criteria are not in
accordance with: 1) the design stress and fatigue
limits specified in BTP MEB 3-1, Rev. 2, Section
B. 6.b. (1) , for ASME Code Section III, Class 1 and 2
high-energy fluid system piping; and 2) the stress
limits specified in BTP MEB 3-1, Rev. 2, Section B.2.b,
for moderate-energy fluid system piping.

Provide justification for the CESSAR-DC, Section
3.6.2.1.4.1.F criteria or modify the criteria in
accordance with BTP MEB 3-1, Rev. 2.

B) In addition: 1) the requirement specified in Item 3 of
Section 3.6.2.1.4.1.F to satisfy the design and
in-service inspection requirements specified in MEB 3-1,
Rev. 2 lacks specificity; and 2) the BTP MEB 3-1,
referenced is no longer in effect.

Provide details of the design and in-service inspection
requirements in accordance with BTP MEB 3-1, Rev. 2
Section B.1.b; and update Reference 4 to BTP MEB 3-1,
Rev. 2.

Response 210.14

A) Section 3.6.2.1.4.1.A of CESSAR-DC will be revised in
accordance with BTP MEB 3-1, Rev. 2, Section B.1.b. (1) .
CESSAR-DC Section 3.6.2.1.4.1.F Item 5 will be added to
specify the stress limits for moderate-energy piping per
BTP MEB 3-1 Section B.2.b.

B) CESSAR-DC Section 3.6.2.1.4.1.F Item 3 will be revised
to reference Section 6.6. In service inspection
requirements are given in CESSAR-DC Section 6.6.

Also, reference 4 will be updated to BTP MEB 3-1,
Rev. 2.

_ _ _ _ _ _ _ _ _ . - .
.. . . . . ,
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2.- Leakage Cracks "

A. leekage- crack -is postulated in p' lace of a ;
circumferential break, or longitudinal break,: or
through-wall- crack, if -justified by an analysis
performed on the pipeline in accordance with the
requirements of Section 3. 6. 3.-

F. Piping Near Containmont Irolation Valves
t-

Ruptures are not postulated between the containment wall and'
the inboard or outboard isolation valves in piping, which is
designed in accordance with the rules of the ASME Boiler and
Pressure' Vessel Code, Section-III (Reference 2), and which
meets the following additional requirements:

^N :1.. The limits .for postulating intermediate rupture'

y. t, -locations, as specified in Item A.2.b for Class 1
't piping and Item B.2.b for Class 2 and 3 piping, arc not *

M.J exceeded in that portion of piping.

#
$ 2. Following a postulated pipe break of high-energy piping

~2 f 4
, beyond either isolation valvo, the stresses in the1

_.1
o. , 7 3 piping from the containment wall, to and including the
(3gg } length of- the isolation -valve, are maintained within.

p L4 y Level C Service Limits as'specified in tho ASME Boiler/

2 6 " y/ -
and Pressure Vessel Code, Section III, (Reference 2).- g w

'

:/ M w} }{ g 3. The design and' in-service inspection requirements, as
yy .specified in MEB 3-1 (Reference 4), are satinified.

hE q E.!

;{ .m y h ) 4. The- containment isolation valves are appropriately

k ^j y 7 -
g 7 qualified to assure that operability and Icak tightnessi

f - are --maintained when subjected to any combination of-
loadings, which nay.be transmitted to the valves from

_

postulated pipe breaks beyond the valven._

;3.6.2.1.4.2 Eostulated Rupture Configurations

A. Break Configurations

Where the postulated break location in at a tee, elbow, or
the following pipe locations, the configurations and types

.of breaks-are determined as fcllows:
- _1 . . Without;the benefit of a detailed stress analysis, the

'

following-are assumed:

. N '~~~ N ' N. , - .^g - -x
c' 5, Fog mooccAw E WC "E N

77 sSE# E>9 -fc sorq c9 EQs. (9) As t2 (to) IN DM ODE s

NC.~3' M D3NOT N S 9 ** " D eidmen -

Lo MS qWEM id NC'%Md-la December 30, 1988w
|

- . _ . . . . , . . . ~. . ._ ,.-~.-., . . - - - - - - - -
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3.6.2.1.3 Piping EMAUhled for Leak-Dr. fore-Dreak

F'A leak-before-break evaluation is performed for Class 1 piping
with a diauctor of ten inches or greater (i.e., the reactor
coolant system (RCS) main loop piping, surge line, shutdown
cooling and safety injection lines) and for the main steam line
inside containment in order to climinate the dynamic effects of l ipipe rupture from the design basis. The evaluation is intended
to meet the requirements of 10 CITt 50, Appendix A, General Design
Criterion (GDC) 4. The evaluation in performed using the
guidelines of NUREG 1061, Vol. 3 (Reference 1) as described in
Section 3.6.3.

3.6.2.1.4 Piping Other than Piping Evaluated for Leak-
Before-Break

This section applies to all high- and moderate-energy piping
other than that whose dynamic effects due to pipe breaks are
eliminated from the design basis by leak-before-break evaluation,
as identified in Section 3.6.2.1.3.
3.6.2.1.4.1 Postulated Rupturo Locations

A. Class 1 Piping '

Ruptures, au specified in Items D and E below, are
postulated to occur at the following locations in each
piping network designed in accordance with the rules of the
ASME Boiler and Pressure Vessel Code, Section III (Reference g
2) for c)sss 1 piping: e, c,.

D th pr u i ed po ens of tf-
/ ne- k.

y 2. intermediat ocations where - from equation (10)
exceeds 2.4S .

intermediate locatp w t .r.- U exceeds 0.1.
'

3. y
#

where, as de i in Subarticle IL-3 6 5 0,3

I wx_/ ~ s./- ,
%

ADD W FcR n^. AT IO AJ 2 **d N

ATTAC.HED &M .

Amendment I
3.6-14 December 21, . )

''
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RAI 210.14
-Insert-

1. The terminal ends of the pressurized portions of the run.
2. At intermediate locations selected by either one of the

following methods:

a. At each location of potential high streco and fatigue auch
as pipe fittings (elbows, teos, reducers, etc.), valves,
flanges, and welded attachments, or

b. At each location specified by the following:
.

1) Where the maximum stress range between any two load
sets (including the zero load set) calculated by
Eq. (10) in Paragraph NB-3653, ASME Coce, Section 111,
exceeds the limit (2,4 Sm) but 10 not greator than
3.0 Sm, and U>0.1.

2) - Where the maximum stres:' range of Eq. (10) exccods
3.0 Sm, and the stress rang ca Nulated by either

,Eq. (12) * Eq. (13) in Paragraph NB-3653 exceeds
2.4 Sm, awd U<0.1.

OR.-

_

9

.

+
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REFERENCES FOR SECTION 3 _g

1. = " Evaluation of Potential for Pipe Breaks," NUREG-1001,
. _Vol. 3.

2. ASME Boiler and Pressure vessel code, Section III, Nuclear
Power Plant Components, Class 1, 2 or 986 Edition,

3. ASME Code for Pressure Piping, B31;,' Power Pip.n , ANSI /ASMF*

_ B31.1-1986 Edition. Red. o-
04. USNRC Branch Technical Position B 3-1 - Postulated Rup p e >

Locations in Fluid System P' pin @ Insidei and outsi d N

[Co'ntai'nment , attached to Standar'd46(iew flan 3.6. , 3n17 i
,

M44. JJ.Jf.
19b1

5.- American . National Standard Design Basis for Protectiorr#Br
ght Water Nuclear Power Planta Against the Effects of

Postulated Pipe Rupture, ANSI /ANS 58.2-1988.

6. R. T. Lahey, Jr. and' F. J. Moody, " Pipe Thrust and Jet
Boilino Mater NuclearLoads," The Thermal Hydraulics of a

-Reactor, Section 9. 2. 3, pp. 375-409, Published by American
Nuclear .- Society, Prepared by the Division of Technical
Information ' United States Energy Research and Development -

Administration, 1977.

7. RELAP 4/ MOD 5,. Computer Program User's Manual-098. 026-5.5.

S' USNRC Regulatory _ Guide 1.45 " Reactor Coolant Pressure,

Boundary' Leakage Detection Systems," May 1973.

9, NUREG/CR-1319_, " Cold Leg Integrity Evaluation," Battelle

|
Columbus Laboratories, February _1980.

10. - _PICEP:- Pipe Crack Evaluation Program, EPRI NP _3596-SR,
August,-1984.

.

!-

E -11. 1"An LEngineering Approach for- Elastic-Plastic Fracture
L . Analysis," EPRI NP2931, by V. Kumar, M. D. German, C. F.

Shih. July.1981.

12. '" Analysis of Cracked Pipe Weldments," EPRI NP-5057, February
1987.

.

Amendment E
3.6-30 December 30, 1988
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Question 210.15i

JBTP MEBf3-1,.Rev. 2,:Section B.1.c.(1) and B.1.c;(2),
|

specify criteria ~for-the.effect-of-piping re-analysis due to_ ' j

: differences-between the design configuration-'and the.
. .

'

:as-built configurationion the-postulation of pipe _ breaks in
high-energy fluid-system piping in areas other than,

containment.-- ;

'

I
-These BTP MEB 3-1, Rev. 2. criteria-are not included in the I

criteria for postulated rupture locations defined in |
CESSAR-DC,; Sections 3.6.2.1.4.1.A and B.- ]

Provide-justification for not including.these BTP MEB 3-1, i
-Rev. 2 criteria in CESSAR-DC, Sections 3.6.2.1.4.1A and:B; I

or modify the criteria in-these sections.to-include the BTP !

-MEB.3-1, Rev. 2 criteria.-
, .

,

1

Response 210.15; |
- !

-CESSAR-DC Sections 3.6.2.1.4.1.A and B'will be revised to-
-incorporate the= criteria provided in BTP MEB 3-1 Sections'

B.1. c (1) -- and - B.1. c. (2 ) .' ,
!

s

E

-

. + -

K

4 p

-..

Y

_

,imk.c_~ ..._,,._s._l ~,,m . y c'c , ,, . . . . w-,,.-., _ , , , , , - , ~ , . ,,y,.~,r.,, , . , , , .,,,,,,e.,,_ 7., y , 4, w

'
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4
primary-plus-secondary stresc-intensityS =

range under the combination of loadings
for which either Level A or Level B
service limits have been specified, as
calculated from agar.'cien (10) .

'

S, allowable stress-intensity value.=

the cumulative usage factor.U =

B. Class 2, Class 3 or Seismically Analyzed ANSI B.31.1 Piping

Ruptures, as specified in Items D and E below, are
postulated to occur at the following locations in each
piping network designed in accordance with the rules of the
ASME Boiler and Pressure Vessel Code, Section III,
(Reference 2) for Class 2 and Class 3 piping, or with the
rules of the ASME Code for Pressure Piping, B31, Power
Piping, ANSI /ASME B31.1-1983 (Reference 3) for seismically,

'
analyzed ANSI B31.1 piping:

1. the terminal ends of the ' pressurized portion of the'

network, and9 E

2. eithar

a. intermediate locations of potential high stress or
fatigue such as pipe fittings, valves, flanges and
welded-on attachments, or

b. intermediate locations where the stress, S,

exceeds 0.8(X + Y). -

where, as defined in Subarticle NC-3650,

stresses under the combination ofS =

loadings for which either Level A or
Level B service limits have been
specified, as calculated from the sum of
equations (9) and (10).

equation (9) Service Level B allowableX =

stress.

equation (10) allowable stress.Y =

,-% " N '

,

Ac PactAqRAPH io RE AD AL rN*Wed obJ
MTAC.ME D SWEET ,

' '' -'
. _ . _

, . . . < -- -

Amendt.ent E
3.6-15 December 30, 1980
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1) The-terminal ends of the pressurized portions of the run.

2) At intemediate locations selected by either one of the following
methods:i

(a) At each location of potential high stress and fatigue such as
pipe fittings (elbows, tees, reducers, etc.), valves, flanges,

4

and welded attachments, or
,

1

(b) At all intermediate locations between terminal ends where the
following stress and fatigue limits are exceeded,

(1) The maximum stress range should not exceed 2.4 Sm except as
noted below.

(2) The maximum stress range between any two load sets (including)
{.the zero load set) should be calculated by Eq. (10) in Paragraph '

'NB-3653, ASME Code, Section III, . -
{- - . - - . _ . _ , _ _ , -

ndy {n: rd n :; m t'-- b::f: zd.; u (000 . c.; '

W. WYuw y gyyyy

-[ If the calculated maximum stress range of Eq. (10) exceeds
the limit (2.4 Sa) but is not greater than 3 Sm, the limit

. of U < 0.1 should be met. .
_,

'

.

If.the calculated maximum stress range af Eq. (10) exceeds 3 |

Sa, the stress ranges calculated by both Eq. (12) and Eq.r

(13) in Paragraph NO-3653 should not exceed 2.4 Sm and he2)o.14 limit of U < 0.1.

Z 10.15 - s

V
As. a result of piping reanalysis due to differences ~tietwee'n the

~

design configuration and the as-built configuration, the
)-highest :; tress or cumulative usage factor locations maygbe, j

shif ted; however, the initially determined intermediate break /7 locations need not be changed unless one of the following Tconditions exists:

(i) The dynamic effects from the new (as-built) intermediate /
- break locations are not mitigated by the original pipe
whip restraints and jet shields.

(ii)
(

A change is required in pipe parameters such as major dif-
ferences in pipe size, wall thickness, and routing.

,x ". -
vQfy 7, //x wfdv N

-. .. _ ..
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3,4,2.1,4, |
B,

71MkMo7ifTerEh-

between the design configuration and the as-built
+. configuration, the highest stress locations - may be[ shifted; however, the initially detemined intennediate

.- break locations may be used unless a redesign of the
| piping resulting in a change in pipe parameters (diameter,

wall thickness, routing) is required, or the dynamic
effects from the new (as-built) intermediate break *

.

.

locations are not mitigated by the original pipe whip,

,I, restraints and jet shields.
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Question 210.16

BTP MEB 3-1, Rev. 2, Section B.1.c. (2) (b) (1) , provides
criteria for the postulation of intermediate pipe breaks in
high-energy fluid system piping in areas other than
contain.nent penetration for ASME Code Section III, Class 2
and 3. piping which contains no fittings, welded attachments,
or salves. These criteria are not included in the criteria
in CESSAR-DC, Section 3.6.2.1.4.B.

Provide justification for not including these criteria; or
modify the criteria in CESSAR-DC, Section 3,6.2.1.4.1.B in
accordance with BTP MEB 3-1, Rev. 2

Response 210.16

The following paragraph will be added to CESSAR-DC Section
3.6.2.1.4.1.B.2.b.

..,where the piping contains no fittings, weld attachments,"

or valves, at one location at each extreme of the piping run
adjacent to the protective structure, or..."

Section 3.6.2.1.4.1.B.2.b will be relabeled
3.6.2.1.4.1.B.2.C. These " locations at each extreme of the
piping run" in many cases may coincide with intermediate
locations where stress exceedn 0.8 (X+i), i.e., criteria in
Section 3.6.2.1.4.10.2.b.

.
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Question 210.17

DTP MEd 3-1, Rev. 2, Section B.1.(c).4, requires that the
consequences of high-energy line breaks on structures which
separate high-energy lines from essential components be
considered in areas other than containment penetration, but
does not limit such consideration to structures outside
containment only.

CESSAR-DC Section 3.6.2.1.1, " General Requirements," states:
" Irrespective of the fact that the criteria in Section 3.6.2
may not require specific breaks, if a structure outside
containment separates a high-energy line from the essential
component, that separating structure is designed tot:

withstand the consequences of the pipe break in the
high-energy line that produces the greatest effect at the
structura."

Explain why the consequences of high-energy line breaks on
structures which separate high-energy lines from essential
components are limited only to structures outside
containment; or modify CESSAR-DC Section 3.6.2.1.1, to be
consistent with BTP MEB 3-1, Rev. 2.

Response 210.17

The words "outside containment" in CESSAR-DC Section
3.6.2.1.1, last paragraph, will be deleted, making the
criteria applicable to structures inside and outsido
containment.

j

.
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Question-210.18.

BTP MEB~3-in Rev. 2LSection B.1.c(5), specifies . .
.

environmental qualification requirements for safety-related-

' *
<
*. ;

electrical and mechanical equipment incide and outside
,

containment resulting from-the postulation of pipe breaks in ;

- high-energy fluid system piping in areas other than
containment penetratien.

#

Provida-justification for not including these requirements
in'CESSAR-DC Section-3.6.2'or' modify this Section in
accordance-with BTP-MEB 3~1,-Rev. 2. -

_ :

Response 210.38 :
1

The following sentence will be added to CESSAR-DC, Section
+ 3.6.2.1.1,2in1second paragraph.

"The effects:of pipe rupture and/or leakage crack are
included in the environmental qualification of-
' safety-related electrical and mechanical equipment., .

-(Environmental qualification of safety-related equipment '.s
discussed in Section 3.11).-

.
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Question'210.19

.'BTP,ME833-1, Rev. 2, Section'B.1.d,-requires-that each
-piping run considered-in the-postalation of break locations--

in ASME~ Code, Section III,-Class 1,-2 and 3 and seismically
analyzed non-ASME Class high energy fluid system piping in
areas other than containment penetration be identified.

' Identify the ping runs considered.

Response 210.19

Piping runs' utilized for postulating break locations per BTP
-MEBL3-1,'Rev. 2,-ake identified in CESSAR-DC in Table 3.6-3,-

"High-Energy. Lines Within Containment," and Table 3.6-4,
"High-Energy. Linen-Outside-Containment." Tables-3.6-3 and
3.6-4|will be updated in the next amendment to CESSAR-DC.

-; ; -
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Question'210.20

g BTP MEB 3-1,-Rev.-2, Section.B.1.e.(3), specifies criteria
for the-postulation of break locations in-high-energy
nonsafety class fluid system piping which has'not been-
analyzed to obtain stress information in areas other than
containment penetration.

Provide justification for not including-these criteria in'

CESSAR-DC Section 3.6.2.1.4.1 or_ modify the; subsection in- '

accordance with BTP MEB 3-1,'Rev. 2.

Response 210.20

The:following~ paragraph will be added to the end of Section
3.6.2.1.4.1.C in CESSAR-DC:-

' "For non-safety. class' piping which is not seismically
- analyzed, leakage cracks are postulated-at: axial locations
- such that1they produce the nost severe environmental
effects."

,

4
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Question 210.21

-BTP MEB 3-1, Rev. 2, Section B.2.c, items (2) and (3) '

specify criteria for the postulation of-leakage cracks in:
1) ASME Code, Section III, Class 1, 2 and 3 moderate-energy
fluid system piping;'and 2) other moderate-energy fluid
system piping designed to non-seismic standards which are

.

I

located in areas other than containment penetration. !
!

Provide justification for not including these criteria in |
CESSAR-DC, Section 3.6.2.1.4.1 or modify the subsection in |
accordance with BTP MEB 3-1, Rev. 2. |

Response 210.21

The following paragraph will be added to the end of Section
3.6.2.1.4.1.E of CESSAR-DC:

"For moderate-energy fluid systems in areas other than
containment penetration leakage cracks are postulated at*

axial and circumferential locations that result in the most
severe environmental consequences. Where a break in a
.high-energy fluid' system is postulated which results in more
limiting-environmental conditions, the leakage crack in the
moderate-energy fluid system is not postulated.

.

.
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Question-210;22

BTP MEB 3-1,:Rev.-2, Section B.2.d,!specifles criteria for---

- the postulation of' leakage cracks-in moderate-energy.. fluid-
- systems in= proximity to high-energy. fluid systems.--

Provide justification-for'not including.these criteria in
CESSAR-DC,-Section 3.6.2'1.4.1 or modify the subsection:in-.

- accordance with BTP MEB 3-1, Rev. 2.- 1

Response 210.22

- See response to-Question'210.21. (Section 3.6.2.1.4.1.E of
~

-

CESSAR-DC-Will be revised)

,
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Question ~210.23

BTP MEB 3-1,-Rev.-2,-Section B.2.e, specifies criteria _for
the postulation of leakage cracks in. fluid systems.

'

, , .

qualifying as high-energy or moderate-energy _ systems.
_

~

Provide justification for not including these criteria inJ.

:CESSAR-DC, Section 3.6.2.1.4.1 or modify the subsection in*

accordance.with BTP MEB 3-1, Rev. 2.

-Response'210.23

The following paragraph will be added to Section
3.6.2.1.4.1.E of-CESSAR-DC

~ " Leakage' cracks, instead of breaks, are also post'ulated in
the-piping of: fluid systems that qualify-as high-energy
fluid systems for short operational. periods of_ time-but that ,

-qualify =as moderate-energy fluid systems for the major
operational period." ,

,

1
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portion of the same train; for example, a "B" train high-energy
pipe may cause failure of a "D" train electrical tray, but not
failure of any ."A" train component. The capability to shutL the
plant down safely under such a failure will therefore remain
intact.- i

Given the separation criteria above, and the pipe break criteria |

in'Section:3.6.2.1.2, the of f ects of high-energy pipe breaks are
not~ analyzed where it is determined that all essential systems,
components, and structures are sufficiently physically remote
f rom a postulated break -in that piping run,

j

|3.6.2 DETERMINATION OF BREAK LOCATIONS AND DYNAMIC EFFECTS
ASSOCI ATED WITH THE POSTULATED RUPTURE OF PIPING ,

Described herein are the design bases for locating breaks and
cracks. in piping inside and outside containment, the procedure
used to define the thrust at the break location, the jet
impingement loading criteria, and the dynamic response models and
-results.

"3.6.2.1 Criteria Used to Define _11reak and Crack Locatigna
and-Confi_gnyationa ,

3 . 6 .' 2 .1.1 - General Reg'airements

postulated pipe ruptures . ' are cons _dered in all plant piping
systems and the associated potential for damage to required
systems and components is evaluated on the basis of the enero" in
the- system. System piping is classified as high-energ or
moderate-energy, -and postulated ruptures are classified as
circumferential breaks, longitudinal breaks, leakage cracks, or
through-wall cracks. Each postulated rupture is considered
separately as a single postulated' initiating event.

For each postulated circumferential _ and longitudinal break, an
evaluation is-made;of the ef fecte of pipe whip, jet impingement,
compartment pressurization,_ .cnvironmental conditions, and
flooding. Also, if required to demonstrate safe plant shutdown,
an ' interna; fluid system load evaluation is performed on the
effects of. fluid forces on components within or- bounding the
fluid system. For'each postulated leakage crack, an evaluation
is _made' of the effects of compartment pressurization,*

-environmental conditions and flooding. Por each postulatedg" through-wall crack, an evaluation is made of the cf fccts of -h
environmental conditions and flooding.c The evaluation of the ,

required systems and ' components demonstrate ' that the-~ protection
-requirements of Section 3.6.1-are met, j'

-_q _ _, -- -
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Irrespective of the fact that the criteria in Section 3.6.2 may
not require specific breaks, if a struc ture <Wde-cont'ninment
separates a high-energy line from an essential component, that
separating structure is designed to withstand the consequences of
the pipe break in the high-energy line that produces the greatest
effect at the structure.

3.6.2.1.2 Postulated Rupture Dencriptions

A. circumferential arcak

A circumferential break is assumed to result in pipe
severance with full separation of the two severed pipe ends
unless the extent of separation in limited by consideration
of physical means. The break plane area (A is assumed

t he")p i pe ,perpendicular to the longitudinal axis of and is
assumed to be the cross-sectional flow area of the pipe at

' the break location. The break flow area (Ar) from each of
the broken pipe segments for a circumferential break, with
full separation of the two broken pipe segments, is equal to
the b:cak plane area (A ). The break flow area, discharge
coefficient and discharge correlation are substantiated E

analytically or experimentally,
s

B. Longitudinal Break

A longitudinal break is assumed to result in a split of the
pipe wall along the pipe longitudinal axis, but without
severance. The break plane area (A is assumed parallel to

p3)pcthe longitudinal axis of the and equal to the
cross-sectional flow area of the pipe at the break location.
The break flow area (A ) is equal to the break plane area |
(A . The break is a sumed to be circular in shape orelT)iptical (2D x D/2) with its 'ong axis parallel to the
axis. The discharge coefficient and any other values used
for the area or shape associated with a longitudinal break

substantiated analytically or experimentally.are

C. Leakage Crack

A leakage crack is assumed to be a crack through the pipe
vall where the size of the crack and corresponding flow rate
are determined by analysis and a leak detection system,
as described in Section 3.6.3.

D. Through-Wall Crack
.

A through-wall crack is assumed to be a circular orifice
through the pipe wall of cross-sectional flow area equal to
the product of one-half the pipe inside diameter and~

one-half the pipe wall thickness.

Amendment C
3.6-13 December 30, 1988
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3.6.2.1.3 piping INaluated f or Leak-nef ore-Ur cak

E
A leak-before-break evaluation is performed for Claus 1 piping
with a diameter of ten inches or greater (i.e., the reactor
coolant system (RCS) main loop piping, surge line, shutdown ,
cooling and safety injection lines) and for the main steam line
inside containment in order to climinate the dynamic effects of l t
pipe rupture from the design basis. The evaluation is intended
to. meet the requirements of 10 CFR 8i0, Appendix A, General Design
Criterion (CDC) 4. The evaluation is performed using the
guidelines of IWREG 1961, Vol. 3 (Referenco 1) au described in
Section 3.6.3.

3.6.2.1.4 piping Other than Piping INaluated for 1,eak-
Defore-Break

This section applies to all high- and moderate-energy piping
other than that whose dynamic effects due to pipe breaka are
eliminated from the design basis by leak-before-break evaluation,
as identified in Section 3.6.2.1.3.

3.6.2.1.4.1 Postulated Rupture Locations

A. Class 1 Piping
D ,

Ruptures, as specified in ItemWM n~de*%. below, are
postulated to occur at the following locations in each
piping network designed in accordance with the rules of the
ASME Doiler and pressure Vessel Code, Section III (Reference

E
2)_for Class 1 piping:

1. the terminal ends of the pressurized portions of the
network.

2. intermediate locations where S from equation (1G)
exceeds 2.4S .

g

3. internadiate locations where U exceeds 0.1.

where, as defined in Subarticle 118-3650,

))(skw m
Y, M^cb f ..^2. . MH- 'R = /k C&w 1 /? 'p ' 7f

,
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SI : primary-plus-secondary stress-intensity=
'

J range: under the -combination: of_ loadings
-A_:or. Level--D 4_'

- for- which either D Ievel _'
. service limits have been specified, as ;

>-

-calculated from equation:(10).4

>

S, allowable stress-intensity value.=

i

the=cumul.:tive usage-factor. j
~

U ' ='

. . .

-!

B Class 2,; Class 3, or;Seinmically Analyzod ANSI B31.1 Piping- y
'

DlRuptdres;: as- spellfled in Itemsf D and e below, are-
'.d(N postulated - to E occur at the foll'owing locations in each

,

- u
, N - E ipiping; network designed in accordance with the rules of the4-

f:Qg%(k'.ASME-
,

Boller - and ; ; Pressure .Vossal Code, Section' III,
,

(Reference 2) - for Class 2 and Class 3 piping, or with thev-
i.-g g

- '_ rules of __ the -- ASME - Code for Pressure Piping, B31, Power;E .0 g
. Q ~ ,. h

Piping, := ANSI /ASME B31.1-1983 (Reference 3) for- eoismically' ,

y - analyzed J ANSI-; B*ll_.1 piping : ;
+

7(%,;U,V y
,

t3, toy,1,,1 on3, ,, eno..p,,,,yy1,,3 p,yeion or_ tu ,.

("3--J1$4-tm - . -

,
30 ~ network, and'.

-

1 E

-r 3. U '{ X -2.-
"

h either-
l Q- 1

' 4

y}1 [, (N -J a . - Tintermddiate --locations of potentia 1; high- stresa or;
'

4fatigue.such.as pipe fittings, valves,_ flanges _and-'"

Welded-on-attachments, or~Q-UV-$ Q, y n. ---C-:
'

-! _' - c. A - intermediate Llocations =where the. stress, .S.- |
'

'

3
: -foxceeds 0;8(X + Y).

h; f where,-as. defined in Subarticle NC-3650,I.M;y,

f p. -

stresses under :the _ com_in_ation ofb3- =

' %-[ f::P . i p:. loadings forJ which either - Level "A or +

7 4 = toy,1 -. - B service: limits have been e,

'
:|1 c[ ]yg

specified,--:as: calculated from; the sum - of-

equations,(9)Jand (10).i

)?g;k: .
;

,

.

( X -6 - equation -'(9) : Servico ' Level' B allowable.-

IIeh W X
- stress.NVd

! .. - 1

[N ,Y equation (10)= allowable stress.=

f h c..Y' |C% C /-g' . :% r u)% -d. :
,

(bn, ;3 )ipi~, a * 5( & ''
*

,

. . .
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'L' . ffon-Seismically Analyzed ANSI D'l l .1 Pi p i tig

d
''I Rupturou as specified in Items D and-h are postulated to

occur at the following locations i t. each ASMU Code for
Preur,ure piping, 031, Power Piping, 4.N S I / ASitE L31.1 - 19113
(Reference 3) pipino network that is not seismically
enslyzed.

1. st terminal ends of the pressurized portions of the
network, and

2. at each interrnediate location of potential high stress
or fatigue, such as pipe fittings, valves, flanges, and
welded-on attachments.

D. Break Incations

Doth circumferential and lorigitud i nal breakr. are postulated
to occur, but r.ot concurrently, in all high-energy piping
systens at the locations specified in I terns A, D, or C,
except as folloss:

1. Circunferential breaks are not postulated in piping E -

runs of a nominal di arnete r equal to or less than 1
inch. ,

i 2. Longitudinal breaks are n at pcstulated in piping runs
of a nominal diameter ess than 4 inches.

3. Longitudinal breaks are not nostulated at terminal
ends.

,

.. - . _ -
,

,
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/. A leskag wcrack-in pontufated--it place of~a
I circunforential break, or longitudinal broaK, or >

,

' 'N through-wall crack, if justified by an analysin !

/| pactorned on the pipeline in accordance with the j
'

-

s
% requirements of Section 3.6.3. !

'y O - |

7 .

r piping Noar Containment Isolation valves ;

J
.

kupturen are not postulated between the containment vall n'id .

'

. ,*g gg the inboard or outboard isolation valves in piping, which is !
designed in accordance with the rules of the ASME 13 oiler end'3 ( q (g

-

pressure vesnol Code, Section III (Referenco 2), and which {'K g .
, M moots the following additional requirernontst'

1

b- %

k* 1. Tho limits *ostulating intermodinte rupturofor
speck >fiedg . $ w% locations, as in Item A.2.b for Class 1 1

b

. 5| p;<,d',
piping and Iton 11.2.b for Class 2. and 3 piping, are not

'

?
.

exceeded in that portion of piping.g
..

,

'
, t 2. Following a-postulated pipe break of high-energy piping

[; Y M' be ond either isolation valvo, the stronnes in tho

(- |) "J pi ing from the containment wall, to and including the

W* Y longth of the isolation valvo, are rnainta ined within'

w Lovel C Service Limits as specified in the ASlit Dolier
y 4- and Prossuro Vessel . code, Section III, (Reference 2),

N.j %
5v

(4 3. -The design and in-servico inspection requirements, as*
% p, ) speciu od in tiEB 3-1 (Referenco 4), are satisitied..y M.*, A, E ,

-( (' d k 4. The containment isolation valves are appropriato1y ,

h qualified to assure that operability and leak tightnous |NC
. d,n $ , {

are maintainod when subjected to any combination of~

.

&
'

loadings, which may be transmitted to the valvon fromh' postulated pipe breaks beyond the valves. !

;

q
2.1.4.2 . Postulated Rupture Configurations

5A A. Break Configuration.s

D '

ey Who" the postulated break location ir. at a too, c1 bow, or -
.

A- the 1 41owing pipo locations, the contigurations and types
J of breaks are determined as f ollows:

'4
o 1. 'Without tho bonofit of a detailed stress analysis, the

following are assumedt *

I
' S -

'Amendment I:i,
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gpm por equare inch for the prinary system for the range of pipe y'

sizes of interest. The crack opening area corresponding to the
10 gpm rato is found to' be 0.04 square inch. This crack opening ji
area is uced to determine the length of the detectable crack for
stability evaluation.

3.6.3.4 f.creening of Irakage Crack Sizen thiing El'IlljGU
Estimation Scheme

prior to detailed calculations of through-wall leakage cracks and
corresponding margins on loads and crack sizes, a preliminary
scoping valuation is performed. In thir. part, all pos t. . bl o
locations in the piping evaluated are screened to identify the
most critical candidates for detailed study. The screening study

Eis perfortned using the LPRI/cn estimation scheme (t2ference 11)
for,.the determination of crack opening areas using clastic
plastic fracture mechanics ine t hod s , and the C-E developed JLST
comp. uter ptogram for the leakage rates through cracks.

This estimation procedure is used to cornpa re the severity of
hypothesized flaws in all piping locations in order to reduce the
*)u rnbe r of cases to be subjected to detailed analysis. The
procedure also provides ai estimate of the leanage crack length

[, for input to the detaile. I ini t e-ele rae nt analysis, d iccussed-in.
( 'S e c tr io n--376M Mv 6--

3.6.3.5 Naterial Propertion

l'or the main coolant loop, the hot and cold leg piping material
in SA516 Gr70. All hot- and cold-leg pipe-to-pipe welds and the
pipe-to-reactor vessel, steam generator and reactor coolant pump
safe end wolds are carbon steel. All main loop component nozzles
are SA508 CL 2 or 3 carbon steel or Sh541 CL 1, 2 or 3. The

!

surgo line is 5A351 GR CPGM stain 1ccc steel, resulting in
'birnet a l lic safe end welds. The shutdown ccaling lino and the

direct vessel safety injection line are both Type 304 stainless I

steel. The main steam line in SA516 Gr70.

The detailed analysis of cracks in pipe welds requires '

consideration of the propertjes of the pipe and the wold
materials. Previous work by C-E has shown that a conr.orvative i;

bounding analysis results when the material strocc-strain
properties of the base metal (lower yield) and the fracture
proporties of the weld (lower toughness) are used for the entire
structuro, (Reference 12). This material representation in used
for all analyses. The tensilu (stress-strain) curves and the J D
vs. aa curves are required for each material type.

,

.

Amendment 1
3.6-27 December 21, 1990
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, Question 210.24

BTP MED 3-1, Rev. 2 Section D.3, specifins criteria for the
type of breaks and leakage cracks in high-cnergy fluid
system piping. The corresponding criteria for the
postulated break and crack configurations prov1ded in
CESSAR-DC, Section 3.6.2.1.4.2, are not in full accordance
with these BTP MEB 3-1, Rev. 2 criteria. For example, the
criteria fort 1) circumferential breaks in instrumentation
lines,.one inch and less nominal pipe or tubing size in BTP
MEB 3-1, Rev. 2, Section B. 3.a. (1) ; 2) circumferential
breaks selected witF.out the benefit of stress calculations
at piping wolds to valves in BTP MEB 3-1, Rev. 2, Section
B.3.a(2); 3) longitudinal breaks in general in DTP MED 1-1,
Rev. 2 Section B.3.b.(3); and 4) leakage cracks in BTP n2B
3-1, Rev. 2 Sections B.3.c(2) and B.3..c(4); are not
accurately reflected in CESSAR-DC Section 3.6.2.1.4. 2.

Provide justification for the differences betwoon the BTP
MEB 3-1, Rov. 2 and the CESSAR-DC criteria or modify the
latter in accordance with former.

Responso 210.24

CESSAR-DC will be revised to incorporate the criteria of BTP
MEB 3-1, Rev. 2 Section D.3.

Section 3.6.2.1.4.2 will be completely revised.

Section 3.6.2.2.2.1.E will be added.

NRC Regulatory Guide 1.11 reference will be added to the
references for Section 3.6 of CESSAR-DC.

.

. - - .
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2. Leakage Cracks '

A leakage crack is postulated in place of a
circumferential break, or longitudinal break, or
through-wall crack, it. justified by an analysis
performed on the pipeline in accordance with the
requirements of Section 3.6.3.

.

F. Piping Near containment Isolation Valves

Rupturas are not postulated between the containment wall and
the inboard or outboard isolation valves in piping, which in
designed in accordance with the rules of the ASME Doller and '

Pressure Vossel Code, Section III (Retorenco 2), and which
meets the following additional recuirements:

1. Ths limits for postulating intornodiato rupture
locations, as ;pecified in Item A.2.b for Class 1 .

piping and Item B.2.b for class 2 and 3 piping, are not
exceeded in that portion of piping.

2. Following a postulated pipe break of high-energy piping
beyond either isolation valvo, the stresses -in the
piping from the containment wall, to and including the

.

length of the isolation valvo, are maintaincd within ;

Level C Service Limits as specified in the ASME Boiler
and- Pressure Vessel Code, Section III, (Referenco 2).

3. The design and in-service inspection requiren:nts, as
specified in MES 3-1 (Reference 4), are satisifi'od.

E

4. The containment isolation valves are appropriately
qualified to assure that operability and Icak tightness
are maintained when subjected to any combination of
loadings, which may be transmitted to the valves from
postulated pipe breaks beyond the valves.

53.6.2. 74. 2 t dR nfigu t

II A. Bre . Confi ration
i

'here he post lated reak lo ation a at too albow or
the following - p pe loc tions, he co figurabons, nd ty a h
of reakh are do rmined as fell vs: j

\

. . - 1

Athou the bqefit o a det iled agress o alys\1
the,

followi areagsume :

E

CE Om A174CRED DJ5ERT

Amenument E,

l' 3.6-18 December 30, 1988
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REPl4cE uh7N ATr40HCc> Wsegf

,f ./ ./ N /" f ,

[ a. ' I cumferential breaks ary postul'ated go occur
/ ndividuhlly at oAch ten or elbow [{ipe-tor f itting
/ veld who're tho et\it o ria iri Section 3. 6. .l.4.1,

{ Item C \t ro exceeded, andi longitsdinal brohkn
) postulate to occury individdally on \oach dide of }the too r elbow 9t its 'pentor and ot*ented

t fitting. [perpendicci'pr to tho
\)lano of \ hecirc \ j\ \

b .\ At a branch run connection, a t;m f e ro ritial

\ break \is postulated at \the branch run-t'p-ma i n \ runi

, wold, 'gr the pranch rurrto-fitting wold) and .the ;

break plano area (A andured to\ be the I
\

k cross-sectional \ flow afe)\ isd of the branch. \ fss

N \ \ \ \ \ \ x /
/ c. At a wolded attqch. snt (lug, stanchion, etc.) a i
/ 1'ongitudirial broat is posthluted at', the conterline }
[ of; the wolded attdchment wi'th an area equal'to the j

pipo surfsco arAs that is bodpdod bpi thei
,

'
attachment vold. \ \ j

\ \ \ \ ' ''

d. . At 'o n axisymmetric\ pipo location, such a'c 'a

k \ reducer, circumferential and\ longitudinal broake i

\ are p'pstulated\ at each pipo-to-fittirs wold where
'.\ the critoria l'n S e cti'on 3.6.211.4.1, 7 tom C are

r exceed 6d. Lontyf tudina'l breaks are oriented 't o !
produco\ out-of a lano \ bonding of t h() i

\
pipit)g

on t igu rtition.

Alternatively,\yhere a qctailed stress onalysis\
,

f

2.s .or tes.' to trodict the rt e s tis pe rf'ormed, the results are hsod i

(f. Crack

probable' rupture locatior\(s) an type of break. j

onfigurations Ej
s \ rpostulaty leaktge cra k or througt wall ' rackt a

,
1 cation,\the orr ico is assumod to bo .ocated oncurra,ntlyateachaniovery{pointaout the circumference f the plpo,
un oss otherwise substantiated. I \

w/ P%s% '
3.6.2.1.5 Details of Containment Ponotrations

Details of containment penetrations are discussed in Sections
3. fl .1 and 3. 8. 2.

1
*

i

|

|
|

Amendment E
|

J.6-19 Decerber 3 0, '
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3.6.2.1.4.2 Postulated Rupture Contigurations

A. Dreak Configurations

Where break locations are postulated at fitt4ngs without the
benefit of a detailed stress calculation, breaks should be
assumed to occur at each pipe-to-fittings weld. If detailed
stress analyses or tests are performed, the maximum stressed
location in the fittings may be selected as the break
l oc a t. ion .

Circumferential breaks shall be postulated in fluid system
piping and branch runs as specified in CESSAR-DC Section
3.6.2.1.4.1.D. Instrument lines, one inch and less nominal
pipe of tubing size shall meet the provisions of Regulatory
Guide 1.11.

Longitudinal breaks in fluid system piping and branch runs
shall be postulated as specified in Sectich 3.6.2.1.4.1.0.

B. Crack Configurations

Leakage cracks shall be postulated at those axial locations
specified .in Section 3.6.2.1.4.1.E.

For high-energy piping, Icakage cracks shall be postulated to
be in those circumferential locations that result in the most
severe environmental consequences. The flow from the crack
shall be assumed to wet all unprotected components within the
compartment with consequent flooding in the compartment and
communicating compartments. Flooding effects shall be
de*armined on the basis of a conservatively estimated time
period requireo to effect corrective actions.

.

.

|
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positivu pump-controlled tiow, and the absence of energy
reservoirs are taken into account, an applicable, in the
reduction of jet discharge.

pipinq mos'ement in assurned to occur in the direction of the
jet reaction, unlonn limited by otructural membera, piping
restraints, or piping stiffnesn.

c. pipe Blowdown Foren and Wave Force

The fluid thrunt forcen that recult f rorn either pontulated
circumferential or longitudinal breako, are calculated using
n s iinpli fied one step forcing function methodology. Thic
methodology in baued on the cinplified methods doucribed in
AtJSI 58.2 (Reference 5) and in Reference 6.

Wnen the simplified rnethod dincussed above leads to

impractical protective meanuren, then a more detailed

S coraput er solution which more accurately reficcts the

postulated pipe cupture event in used. The computei
,.-

solution is based on the 11RC's computer progran developed/ .

{ n*.9
l)

for calculating two-phane blowdovn forcen (Referenco 7).I ?

lD. Evaluation of Jet Impingement Effects
f

E
| w
$ 9 Jet impingement force calculations are performed only if
I O structures or components are located near postulated high

q| j' N energy line breahn and it cennot be demonstrated that

(failure of the tructure or ~ e--e m n t will not adversoly

(f u Itect safe shutdown capa_ilitc/~

h2 3.6.2'.2.2.2 Hethods for the Dynamic Analysis of Pipe Whip

9 4 *) p/
s'#[-T ipe whip restraints usually provide clearanen for thermal,

expansion during normal operation. If a break occurc, the
resttaints or anchora nearest the break are designed to prevent
unlimited movement at the point of break (pipe whip). A finite
difference model will be used to analy:o simplified models of the
local region near the break. Displacementa and strains of the
pipe and restraint will be estimated using a power law moment
curvature relationship.

A. Finite Difference Analynis
'~

A finito difference fornulation $pecieli:cd to the caso if a
straight beam and neglecting axial inertia and largo
deflection effects is uced for the analysis of pipe whip.
The dynamic analysis in performed by direct numerical time
integration of the equations of motion procented in Appendix
3.6A.

Amendment E
3.6-21 December 30, 1983
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A lonejitudinal break results in an axial split wit.hout severance.

pipe, or alternatively at the point of highest stress as justified by detaileshall be assumed to be orientated at any point about the circunference of the
The splits

f
f stress analyses. ,

For the purpose of design, the longitudinal break shall be
assumed to be circular or ellipical (20 x 1/20) in shape, with an area equal

-

to the largest piping cross-sectional flow area at the point of the break and) have a discharge coef ficient of 1.0.
Any other valaes used for the area,f

diameter and dischargo coefficient associated with a longitudinal break shall. ,

v w be verified by test data which defines the limiting break geometry.
-

;

v ,
,/- ,?\

*
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Question 210.25

SRP 3.6.2, Subsection III.1.b, specifies items to be
reviewed to ensure that the pipo break critoria have boon
properly implemented. These items include sketches showing
the locations of the postulated piping ruptures and the data
developed to nelect the break locations as doucribed in SRP
3.6.2, Subsection III.1.b.(1) and (2), respectively. These
items have not been provided.

Provido tho items described in SRP 3.6.2, Subsections
III.1.b.(1) and (2), for review.

Responso 210.25

Son the responso to NPC RAI 210.12 for C-E's proposed
actions to resolve level of detail lacues for postulated
pipo ruptures.

.
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Question 210.26
SRP 3.6.2, subsoction 113.2, specifice that analyses of
pipe motion caused by the dynamic effectu of postulated
breaks be reviewed. Areas to be reviewed includt
dynamic analysis criteria, dynamic analysis modr.,10 of
piping system and justification of dynamic anaiynin
models for jet thrust. These analysea have not been
provided.

A) Provide the analyses described in SRP 3.6.2, Subsection
III.2, for review.

13 ) In addition, CESSAR-DC Section 3.6.2.2.2.1 states that
fluid thrust forces that result from alther pontulated
circumferential cr longitudinal breaks will be
calculated using, in part, a simplified on, step forcing
function based on the ANSI /ANS-58-1988 standard. Clarify
the une of this standard.

Desponse 230.26

(A) CESSAR-DC currently provides acceptance c11teria and
analysis methodology for postulated pipe ruptures and
pipe whip. It alco provides some of the information
needed for these evalu.stions, such as pipe sizes, P i,I D s ,
and building and ceismic responne information. Specific
plant data, such as piping layout and arrangement
drawings which are necessary for these evaluationu are
not currently available.

A description of the methods for analyzing the
' interaction effects of a whipping pfpo with a restraint

is provided in the response to RAI 210.30.

As presented to the Staff at tr.o meeting of November 26,
1991, piping layout, analysis of pipe motion caused by
the dynamic effects of postulated pipe breaks, and pipe
whip restraint design represents detailed information
(1) are not required f or cert ification, (2) depend on
plant-specific details not finalized at the
certification stage and (3) are subject to revision
until specific details of piping and other plant design
are finalized. It was also agrood at that meeting that
a Distribution Systems Guide would be prepared to ensure
that the final design would be completed consistent with
the design basis and methodology in CESSAR-DC.

,

See resporae to NRC RAI 210.12 for further discussion of
C-E's proposed actiont to resolve level of detail issues
for postulated pipe rutures.

_ _ - _ - .__--___ ___ -_ _______-
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B) ANSI /ANS-58.2-1988, Appendix B, presents conservativo j
approximations for the time dependent thrust forco j

acting at the break location of a ruptured pipe. In i

cases where the steady state thenat > initial thrust, :
d 'ANS-58.2 describes a s/splified approximation for which

the applied thrust Issos from zero to steady state thrust i

in one millisecond, where it remains constant for the
duration of the tino history analysis. In casos whero ,

'

steady state thrust < initial thrust, ANS-58.2 describes
a simplified approximation for which the applied thrust
is suddenly applied at time zero and is reduced to a
steady state thrust level when steady state is reached.

The ANS-58.2 approach defines the applied thrust forcing
function for fluid systems where the thrust coefficient,
C, is loss than, equal to or greater than 1.0.
t

The approach described in CESSAR-DC refers to the uso of
the following one-stop forcing functions based on the
method discussed in ANS-58-2. For the first case above,
where C 1.0, a suddenly applied thrust equal to C
A and rkm>aining at that level for the entire analysiE,p
is used. For the second caso above, where ct < 1.0, a
suddenly applied thrust equal to the initial tErust, 1.0
p A, and remaining at that level for the entire
analysis, is used. Those one-stop forcing functions are
at least as conservative as the simplified forcing
functions described in ANS-58.2.

.

i

|

. . _ . _ , . _ , _ _ , .. ._ . _, - . . - . . , ._ .



- _ _ - - - _ - .

. .

D339 - 31 -

Question 210.27

CESSAR-DC Sections 3.6.2.1.1 and 3.6.2.1.1 and 3.6.2.1.2
identify " leakage cracks" which are to be postulated an
-described in CESSAR-DC Section 3.6.3, "Loak-Before Break
Evaluation Procedure." The piping to which this LBB
procedure is to be applied is defined in Subsection
3.6.2.1.3.

Currently, the LDB procedure has not been approved by the
staff for the CESSAR-DC standard design (reference RAI's
210.13 and 252.03). Pending such approval, the CESSAR-DC,
including Sections 3.6.2, 3.9.1 through 3.9.6, and 3.10,
should be revised to account for the-effects of postulated
ruptures, in accordance with BTP MEB 3-1, Rev. 2, in the
piping described in subsection 3.6.2.1.3.

Response 210.27

Refer to response to RAI 210.13.

|

..

-
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Question 210.28

In t;SSAR-DC Section-3.6.2.4.1 " Postulated Rupture
Locations," the definition for 8, the primary-plus-secondary
stress-intensity range for ASME Code, Section III, Class 1
piping, does not include the zero load set as specified in ;

BTP MEB 3-1, Rev. 2, Subsection B.1.h. (1) . (a) . >|

Modify the definition to include the zero load set. !

Response-210.28 !

CESSAR-DC Section 3.6.2.1.4.1 will be revised to incorporate
the information in BTP MEB 3-1 Rev. 2 Section B.1.b. (1) . (a)

'

which specifies the use of the zero load set in the stress
,

range calculation.
1
'

t

Revision is incorporated in the response to question 110.14. 't

;

,
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Question 210.29
:

In CESSAR-DC-Section 3.6.2.1.4.1.0 "Non-Saismically Analyzed
ANSI B31.1 Piping," the criteria for da postulatlun of
rupture is not in total agreement with the applicable
criteria specified in BTP MER 3-1, Rev. 2, subsection
B.1c(3). The BTP MEB 3-1, Rev. 2 criteria require that

.

breaksLin-non-seismic, i.e., non-Category I, piping are to '

be taken-into account as described in SRP 3.9.2, Subsection i
'

II.2.K.

Provide justification for differences between the CESSAR-DC
and BTP MEB 3-1, Rev. 2 criteria or modify the former in
accordance with the latter.

1 Response 210.29-

CESSAR-DC Section 3r6.2.1.4.1.C will be revised in
accordance.with SRP.3.9.2 Section II.2.X (interaction of '

other piping with category I piping),

i

_

>
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R'Dptalre s , as specified in Items D and E, are postulate # to
o c c u r %a following locations in each AGME tio for- a

PipinghpD31, Power Piping, ANSI / 'U4 D31.1-1983Pressure
(Referenco 3) g network that i- not seismically
analyzed.

1. at terminal ends of o essurized portions of the
network, and

2. at each rmed; .ito location of poton % igh stress
I or f such as pipo fittings, valves, hngos, and

^

,

( w ed-on attachments.

D. Break Locations

Doth circumferential and longitudinal breaks are postulated,

t to occur, but not concurrently, in all high-energy piping
/ systems at the locations specified in Items A, B, or C,

,

except as follows:'

1. Circumferential breaks are not postulated in piping E

[ runs of a nominal dianoter equal to or less than 1
/ inch.

2. Longitudinal breaks are not postulated in piping runs
of a nominal diameter less than 4 inchos.

'

3. Longitudinal breaks are not postulated at terrainal

V VN .f ~'N
c , weM. sasary RutATEbgNt1 83).1 PiPi% > *

,
,

S97gg 809 PIPI N$ DE MG,d C) no AL To h,

-

gs.otut E suisMicALLy ANALyED PIPING 4 AoM mom-
( su ss MscALL Ar44LgEED PIPiq . IN CA2iE E WHER,g N

-

f rt ts Nert p.,4,tgB LE, oQ, PAAcitc hL .To (LcLIrTE. 'TM E 'g
i sest.mic. Psenwa,3 Atc Ac.sm NoW-Luismm r'Piwg matA. <5

,

i

SE LMAL E.D AccoP DING To TUE L AmE .ssismC CRiTERt A
AS LPPLicaGLE *T6 SE6smic. PtPINg . fbe. Nov- r,Eismic pipi

i
_ ATTAc.HLCh io 5Gnsentt, Piping ) Tu'E qM hmit, E7G Et"Ts oF Tug

a/ul.-!

N o M 5 6 it.n t c. P6 PL N C, r n 0 ; :::imV LAT cb ps run (nWE Liu g
*-

TW81 EU lsmit, PLP Mg , TuS .aTT AcuE D NoN. sE nsnmc PiPig y
/ 08

j TO TyE ANAL TEg>/QNAyg ggg gygygggt
,

E9up g ,[
kcT CouSE A FAILORg y Tug sais,uit, Pip,ng ova,q 4 gg m,m( g

$-

. -' '~ s'
Amendment E . 1988
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Question 210.30

In CESSAR-DC Section 3.6.2.2.2.2, it is stated that pipe
whip dynamic analyses at pipe whip rostraints will bo
performed to estimato displacements and strains of the pipo
and restraint. Those analyses will be based on the power
law moment curvature model in Appendix 3.6A.

SRp 3.9.1, Subsoction III.4, speciflob criteria for the
review of clastic-plastic methods for aafety-related code or
Non-code items for which Servico Level D limits have boon
specified.

,

provide justification for the Appendix 3.6A power law
movement curvature inolastic model in accordance with SRp
3.9.1.

Responso 210.30

Section 3.6.2.2.2.2 will be modified to prosent a more
comprehensivo doncription of the approach to pipo whip
analysis (soo paragraphs below). Since the methods involved
do not employ the power law moment curvature model, Appendix
3.6A will be doloted and applicablo descriptive information
included in the text of Section '3.6.2.2.2.2. The methods
presented are consistent with SRp 3.9.1.

In gonoral, the loading that may reauit from a break in
piping is determined using either a dynamic blowdown or a
conservativo static blowdown analysis. The method for
analyzing the-interaction nffects of a whipping pipo with a
restraint will be one of tho followings (1) Equivalent
Static Method, (2) Lumped Faramotor Method, or (3) the
Energy Balanco Method.

In cases where timo history or energy balanco method is not
used, a conservative static analyses model will be assumed.

The lumped paramotor method is carried out by utilizing a
lunpod mass model. Lumped mass points are interconnected by
springs to take into account inertia and stiffness
proporties of the system. A dynamic forcing function or '

y

| equivalent static loads may be applied at each postulated
| break location with unacceptablo ,*po whip interactions. A

nonlinear alastic-plastic analysis of the piping-restraint
system is used.

i- The energy balanco method is based on the principle of
conservation of energy. The kinetic onorgy of the pipo

,

generated during the first quarter cycle of movement is
assumnd to be converted into equivalent strain onorgy, which

! is distributed to the pipe or the whip restraint.

.

_ _ -
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e
positivo pump-controlled flow, and the absence of energy
reservoirs are taken into account, as applicabin, in the
reduction of jet discharge,

piping movemont in assunod to occur in the direction of tho
jet reaction, unless limited by structural mortbe rs , piping
rostraints, or piping stiffness.

C. Pipo Dlowdown Force and Wava Forco

The fluid thrust forces that result f rorn either postulated
circumferential or longitudinal broaka, are calculated using
a simplified one stop forcing function methodology. This
methodology is based on the simplified methods described in
Alls 7 58.2 (Reference 5) and in Reference 6.

When the simplified method discusoud above leads to
.

impractical protactive measures, then a more detailed
computer solution which more accurately reflects the
postulated pipe rupture event is used. The computer
solution is based on tho 11RC's computer program developnd
for calculating two-phase blowdown forces (Referencu 7).

D. Evaluation of Jat Inpingement Effocts

Jet impingement force calculations aru performed cnly if
structures or components are located near postulated high
onergy lina breaks and it cannot be domonstrated that
failure of the structure or component will not adversely
affect safe shutdown capability.

3.6.2,2.2.2 Methods for the Dynamic Analysis of Pipe Whip

Pipe whip restraints usua:.ly provido clearance for thormal
expansion during normal operation. If a break occuro, the
rostraints or anchors nearenc the break are designed to prevent
unlimited movement at the point of break (pipo whip), inigo

ere o o el ill e us d to na ze le liti d a d s f h
df[al g n nea th bro X. isp ace en an at a o of t
p e ad e tra nt ill e es ima od ni g a ow r la mm t

c rva ar r lat ons p.

ri i e D for nce naly s.

'

tio s ocia iz o he ae pf. nit di fare
e to mu)actnd og g axi r) rt a n get aig t am'

ys13 of p4 o p .jd fleg io eff. ts s .ud or the n-
T.e cyna. ca .lys . i pe fo ,ed y irect nu,oricg n)t

fednte/ [hpptydixnte rat'on o the equ,atio f no o j

? . inser t nur p3d
6 Amendment t
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The dynamic nature of the piping thrust load '-il b; / Econsidered. In the absence of analytical justification, a
dynanic load factor of 2.0 la applied in determiningrestraint loading. (Elastic-plastic) pipe and whip
restraint material propertica may be considered as
applicable. The effect of rapid strain rate of materialproperties is considered. A 10 percent increase in yield-strength is used to account for ntrain rate effects.
In general, the loading that may renult from a break in
piping is determined using either a dynamic blowdown or a
conservative static blowdown analysis. Tha unthod foranalyzing the interaction effectn of a whipping pipe with a
restraint "''' ' kumped Parameter Method, or (3) the Enorgy'bne of the followings (1) Equivalent
Static Method (2)
Balance Method.

In cases Where time history or energy balance method in not
used, ~ a conservative static analyses model will bn annuned.

The lumped parameter nothod is carried ot.t by utilizing alumped mass model. Lumped mass points are interconnected bysprings to take into account inertia and stiffnona
properties of the system. A dynamic forcing function or
equivalent static loads may be applied at each postulated
break location with unacceptable pipe' whip interactione. Anonlinear elastic-plastic analysis of the piping-restraint
system is used.

The energy balance nothod is based on the principle ofconservation of energy. The kinetic energy of the pipe
generated during the first quarter cycle of movement la
assumed to be converted into equivalent strain arergy, which
'is distributed to the pipe or the whip rentraint..

.

e-
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,
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3.6.2.2.2.3 Nothod of Dynamic Analysis of Unrestricted

Pipee

The impact velocity and kinetic energy of unrestricted pipes is
calculated on the basis of the assuicption that the segmentn at
each side of the break act as rigid-plastic cantilever beams
subject to piecewise constant blowdown forcon. The hingo
location is fixed either at the nearent restraint or at t. point
dotermined by the requirornent that the chcar at an intorier
plastic hinge is zero. Tne kinetic onorgy of an accolorating
cantilever segment is equal to the dif f er ence betwenn the work
done by the bloVdown force and that dono on the plartic hinge.
The impact velocity V is found from the expronsion for the
kinetic energy:

2KC = (1/2) H,9 gV

where H in the mass of the single degree of froedom dynamic
roodel of9the cantilover. The impacting mass is assumed equal to
Mog'
3.6 2.3 Dynamie AnalysiaJMh9AL_tp _verif y Integrity and

coerability

3.6.2.3.1 Pipo Whip Restraints and Jet Deflectora for
Piping Evaluated for Leak-Before-Break

There are no pipe whip restraints and jet deflector for the
reactor coolant icop, surge 1. in e , shutdown cooling line, cafety
injection line and innin n t er.m lino based upon elimination of
dynamic offacto duo to pipe breaku by leak-beforo-break
evaluation.

3.6.2.3.2 Pipe whip Restraints and Jet Deflectors for
Piping other than that Evaluat.ed for Leak-Before-
Break

This section applies to pipe whip rostraints for all piping other
than that whc..e dynamic effecto due to pipe breaks are eliminated
(com ,M s5 sign " sin by leak-beforn-break evaluation.

(N . %m ,,}31 2. .d
General Demeription of Pipe Whip Restraints;.;

Wlt e.rt r e p @'s re::ttf ainta
4

pripe F aro provided to protect the plant against

J)fULot"e&n4 f whipping during postulated pipo break. The donign
o pire whip restraints is governed not only by the pipe break,

b'iowdawn thrtat, but also by functional requirements, deformation
lirications, propertion of whipping pipo and the capacity of the
',upport stru::mru. Typically, a pipe whip rentraint consists of
a ring arov M ie pipo and components supporting the ring irom

Amendment E
3.G-22 December 30, 19Ft
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1.0 EQUAnqNS or Motlot{ 3. A-1
2.0

.

" TIC-PLASTIC MOMENT-CURVA 1R W 3.6A .1 l

0
E0k' R 1AE liO110!iT_.GRYAIUEI 3.6A-2HEIA1 OlisiElf

(
4.0 tiIFA11Litet ErrtcLS a.6A-3
5.0 BISTRAINT YLQE \ 3.6A-3

0

.
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o EcuaTroxs or. nati

The ervations of motion us'd in the finito Dif'arence nalynto ofSect en 3.6.2.2.2.2 are of ho forms
! pk ~ "k k =, -M + 1 + 2 -Mk 1) ( GA-1)

Y k
whore

L the nodo spacing=

i g the externally applio laterai loads at nodo k
=

m =
g c lumped mass at node

yh the lateral deficction at ode k=

M., the -i ternal resisting mome in the beam at node
a

^ k.
E

PoVer law nomont-curva ute re l a t'.onship is ausumed and thuontral dif ference approx mation fr,r the curvatt a,

- 7 = (-Ypg + 2yk ' -1) (3.6A-2)h

is use

A timewin contral-ditforence sche e is used to solve th dynamicequationa
2y(t + a = at y(t) + 2y(t) -y t - at) (3.6 -3)

and for t he tir t time step
2y(t) = at y( (3.6A-4)

A time ni:ep equal 1/10 the shortant pa od of vibration losed in t.he integrati n.

2. Ela) TIC-PLAS7_ C HOMENT-CURYJLINRE_.L&M

Ti.e ipo is assumod to ob y an elastic-strain ha gie ning plastic
momen curvature law with\ isotropic strain hablening. Thesymbols used are defined as llows:

*

M moment

S current yield mome t

= .N

Amendment E
3.6A-1 December 30 19?'
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E elastic modulun of material at to orature

i I o noment of inertia
Z = IL-

e = curva re
-

t M/Z = old ic curvaturn-
o

ae + increment lastic curvature \p g
,

e 164) = ef f t:ccio plasticcurvaturk-o =
p

e =

g = permanont sequrvaturo
<g

At thg and of en integration s now values o 4 are,

calculd ed at each notie.
The known alues of g,N , and M at

<

th start of the atopNareused to cal late H, W an se by the folloD ng proceduresp

if lo-c|< /s2o

H=Z (4 -t o (3.6A-5) t

and

64 =0
P (3 6A-6)

\.if |4 - t > M/7o

H=E=T e-0 3| + *p) a. (0 -to) ,

an

- . - e, - MSa

where

F (4) (4 ) n .=

E9EER.13W MOMEtiT*_CMA KTURE R I

owingstre\sstrainlawi\asu$LATIQNSHPmedinthebpThe s tic rar,qo:,

o - K (4) 3.6A-7)
The corresph dang moment-cu 'ature law ist-M = K (e), () a.A )

Amendment E
3.6A-2 December M 19"'
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erst

If (1 in + 11" _1_JL 3+n
3+n) f((1/ n + 3/2)

-:I ~N I' (3.GA-9)3 + il i

or, to good approk ?mation,

2K=3 :1 - .291n .076n ) gg 3+n , p 3+n) (),,.,1g)

\ n which: |

R, p o outside ra iusa

pipe nside radiu=

In the h astic range t a moment-curvsturo law ist'

M >> E e - .6A-11)
the transit:. n from a:ast c to plas behavior on nitialS ading occurs at \c

O '

x
4 (3.6A-12)

4.o IBA U J TE t.rrrEIS E

\boeffect of strain rat in carbon segel is acco ted for by
ud ng a rate hapendent strd a st:tain law 6' the form:

1';
* (8, l) "{ + (49,4) ) . (4 ) (3. -13)

Where G( is the static str.gs stain rel tionship. orstair.less col, the e(fect of stra'in rate is icsA pronounced o
hat a 10% crease in ? nld and ultI ste strength 1 used.

5. REAT JINT BE}[hy10
~

The alysis is apable of \ handling a ilinear or p er law
restra e benavio The behavior of the restra gt is
unidire ional. Tl restrain unloads e antica11y onN to

.

; e alon't a bin,near or poUNlawcurvh' permanent \ sat,
zero sta e being ett with a and rolgads

Amendment E
3.6A-3 December 30. 19ES
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Question 210.31

In CESSAR-DC Section 3.6.2.2.2.4, the allowable stressos for
the design of whip re traints are not in accordanco with the
criteria of SRP 3.6.2, Subsection III.2.a.

Provido justification for the differences betwoon the
CESSAR-DC and SRP 3.6.2 critoria.

Responso 210.31

CESSAR-DC Section 3.6.2.3.2.4 will be revised in accordance
with the critoria of SRP 3.6.2, Subsection III 2.a. as
follows:

Allowable stressos used in the design of the pipo break
restraint components are conslutent with the component
function. In general, the allowable stresses associated
with the total reaction force, including impact, on the
structure extension, anc!?arago and structuro are tahon as
the minimum yield stress for structural stool and concreto
embodmonts. For thoso situations where structuro load
li'alting features cannot be provided to maintain the
allowable stresses to within yield, plastic deformation in
structural components is tolerated as long as the structuro
is capable of conti.auing its functional requirements after
the deformation occurs. Tho upper design limit for-pipe
break restraint is 50 percent of the restraint material
ultimate strain.

.-

. . - - - . - - . - - - . .
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3.6.2.3.2.4 Allowable Stroanos

The allowable stressos are as follows:.

Y
E A.l for Anorgy absorbing members: 0. 9 8[ F with G eu strain

is c,btool in ,tonsion, wh6ra the dytamTN yield trungth, r'
' forp

onsidorod' 15% higher than tho , static yielt strbngtn F)'dg
w ;andis in thofASTM specified minimum alongation fotithe I ,d
g given as a percontage hith
g energy absorption material in compression an.j for50% usable strain crucha lo

determined byg dynamic testing. j .

I

) l B. Foti non-energy absorbing mt.mbe r 1.6 times that pISC
'

0 allowable stress, but not to exceed 0.95 [ for bondihq and') 0.55 F
compression ,membet M, tis considertM 10%for shear,whoro F highof-than

i F'I foYd Y
(the allowable stress is 0.9tlSon the b'uckling stress F-

CRC "8 f II ""'

k Ycgg = Sf x F, x Dir
N T \ \

,

' '

. here 1
g w

b k \5/3 3 Lower bound factor of safety ,in AISC for=,

f | ! j ; compression stress j i
|

' ,

l I ; f
'

,

F *
AISfallowablecompressionstress| a j ,

,
,

,

DIF Dynamic i.ncrease factor = 1.1=
'

I :
C.* For structural attachments and structural componorkts -

allowable stresses will be che same as described ink / Sections 3.8.3 and 3.8.4.
3.6.2.3.2.5 Design Critoria

E

The unique foetures in the design of pipe whip restraint
corponents relative to the structural stool design are geared to
the loads used and the allowable stresses. Those are as follows:

A. Enorgy-absorbing members are designed for the res train t
reaction and the corresponding deflection establishedaccording to the pipe size and material and the blowdown
force using the critoria delineated in Section 3.6.2.2.

D. Non-onergy-absorbing members and their attachments aro,

designed for 1.25 times the restraint reaction to encuro
that the required deflection occurs in the energy absorbing
members and that the connecting members romain clastic.

O
1

Amendment E
| .6-24 December 30, 1989
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Allowable stresses3.6.2.3.2.4

The allowable stresses are as follows:

l. -
~

,

i \Allowable stresses used ir. the design of the pipe break restraint compo- i
*

- .

:nents-are constJtent with the component function. In general, the |
", allowable stresses associated with the total reaction force, including /impact, on the structure extension, anchor *qe and structute is taken as 'N

l
the minimum yield stress for_ structural steel and concrete embedmentr. !
For those* situations.where structure load Listitirg features cannot be '

.

provided to maintain the allowable stresses to within yield, plastic
deformation in structural components is tolerated so-long as the struc- ,ture is' capable of . continuing its functional requirement after thes

! -deformation occurs.~ The upper design limit for pipe brerk restraint
'b is 50 percent of the restraint material ultimate strain,

g \- >

,
'..* |

/- j' ,rs
'

.

..

. -
..

.

r

346.'2.3.'2.5 Oc4.i r ' Criteria
I,. .

E
* The.. unique features in the design of pipe whip restraint

components relative to the' structural steel design are geared to
the: loads.used.and the allowable stresses. _ These are as fellows:

,

TA._ Energy-absorbing -members are designed fcr the restraint
reaction andi the corresponding deflection established
according ; to :'the pipe. size and material and the blowdown
force using the criteria! delineated in.Section 3.6.2.2..,

,

, .

'N B. : Non-energy-absorbing: members and their attachments are.

M. ' designed foi 1.2;5 times the restraint reaction to ensure
''

that the' required - deflection occurs _n the energy absorbing
members and that the connecting members remain elastic.-

,

..

S

Amendment E
Dece.ber 19, 1"it- ;_,.
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Question 1230.32

LIn CESSAR-DC Section 3.6.2.3.2.5, criteria for the design of
- whip restraints are defined. - These criteria specify: 1) a
1.25 load factor of.the restraint, and 2) an unspecified
dynamic load factor for structural components and their
attachment to the_buildtug structure.

Provide justification for the whip restraint load factor and
=specify.the component and attachment load factor.

.

Response 210.32.

Item C to CESSAR-DC Section 3.6.2.3.2.5 will be deleted and
Item B 5.11 be revised to read as followas:

,

;LNon-energy-absorbing ;. embers, structural components, and
'their attachment to the building _ structure _are designed for

ic 2.0 times theirestraint reaction to ensure that the required
,

deflection occurs in-the energy absorbing members and that-
Ethe._ connecting members-remain elastic.

,

1

>

J

. ,

, s

I h -~

.

9

5
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'
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3.6.2.3.2.4 Allowable Stresses

T!a allowable stresses are as follows:

A. For energy absorbing members: 0.95 P with 0.5 eu strain
in tension, where the dynamlb yield strength,for steel F

is considered 15% higher than the atatic yield strength FY
and e is the ASTM specified minimum elongation for the r$El
given as a percentage with 501, usatle strain for crushable
energy absorption material in compression as determined by
dynamic testing.

B. For non-energy absorbing member: 1.6 times the AISC
allowable stress, but not to exceed 0.95 F for bending and

foY compression membeEI, is considercY 10%0.55 F for shear where F higher than
F the allowable stress is 0.9
tlSes the bucklir.g stress FCRC ^

F = 5/3 x F x DIFCRC a

where

5/3 Lower bound factor cf safety in AISC for=
,

compression stress {
x

AISC allowable compression stressr =
a

DIF Dynamic increase factor = 1.1=

C. For structural attachments and structural components -

allowable stresses will be the same as described in
Sections 3.8.3 and 3.8.4.

= 3 .-6 . 2 . 3 . 2 . 5 Design CriLoria ..

The unique features in the design of pipe whip restraint
components relative to the structural steel design are geared to
the. loads used and the allowable stresses. These are as follows:

A. Energy-absorbing members are designed for the restraint
reaction and the corresponding deflection established
accordina to the pipe sis:e and material and the blowdown

force using the criteria delineated,,in-SectTo N g2 e N
C PN c.T u R M., CCM Po N Ems y ,' To TuEeatm

B. Non-energy-abs r ng members A and"ElicIrdtachments A are IWW 8
designed for 1.25 times the-rstItraint reaction to snsurtr - %

-

that the re ire deflection occurs in the energy absorbing
members a that the connecting members remain elastic.

2. 0

Amendment E
3.6-24 December 30, 1988
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-c. Ctructur-a4- someonent; and--thse--ettaehment tc t-he-hn-1 ding- E

-eteueture arc- des 4 ned for the rcotraint- reactic.- vitt an.9'

-apfwcpri2tc dyna-ic I cad f act ce,-
x g

Um NAll es'sential components eva ed for jet ingemuht and
pipe whip effects using a dynamic or an equivalent static
analysis of testing to demonstrete either the functional
capability and/or operability in addition to the structural
integrity of the component.

3.6.2.3.2.6 Materials

The materials used are as follows:
A. For energy-absorbing members: ASTM A-1093 Grade B7 or

equivalent for tension rods, and crushab'3 honeycomb made of
stainless steel for compression.

,

B. For other components: ASTM A-588, ASTM A-572 Grade 50, and
ASTM A-36. Charpy tests will be performed on steels ;
subjected to impact loads and lamination tests are performed '

on stools subjected to through thicxness tension.

3.6.2 J.2.7 Jet Impingement Shields

Protection from jets is provided by using separation and
redundancy, as described in Section 3.6.1, in lieu of jet E

shields.

3.6.2.4 Guard Pipe Assembly Design Criteria

Guard pipes to limit pressurization effects in the containment
~

penetration area will not be used.

3.6.3 LEAK-BEFORE-BREAK EVALUATION PROCEDURE

This section describes Leak-Before-Break (LBB) analysis to all
applicable piping. LBB analysis is used to eliminate, from the
structural design bases the dynamic effacts of double-ended
guillotine breaks and equivalent longitudinal breaks for an
applicable piping system.

3.6.3.1 Applicability of LBB

Piping evaluated for LBB is firct shown to meet the applicability
requirements for NUREG 1061, Volume 3. The piping is designed to,

meet the requirement to be not particularly susceptible to

Amendment I
3.6-25 December 21, M

l
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-Question 210.37

CESSAR-DC Sections 3.7.1.3 and 3.7.3.b states that damping
values are based on RG 1.61 or ASME Code Case N-411-1 as
given in Table 3.7-1. Damping values for piping in Table
3.7-1 are based on RG 1.61 but a footnote states that when
response spectra method of analysis is used, piping damping
values may be based on Code N-411-1.

RG 1.84 specifies additional limitations on the use of Code
Case N-411 damping values. Either revise the footnote in
Table 3.7.1 to include a commitment to all of the conditions
in RG 1.84 or provide justification, for not including these
additional RG 1.84 limitations on the use of Code Case N-4?.1
damping values.

.

Response 210.37

When the response spectra method of analysis is used,
damping values may bo based on Code case N-411-1. When
employed the code Case damping will be used completely and
consistently and limited to only response spectral analyses.
The Code case damping will not be used for piping cystems
analyzed by the time history or independent support motion
method, for those systems using supports designed to
dissipate energy by yielding, or for those piping systems in
which stress corrosion cracking has historically occured.

The footnote in Table 3.7.1 will be revised to include the
above restrictions to the'use of Code Case N-411-1 by
including a commitment to all of=the conditions of
Regulatory Guide 1.84.

..

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _
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TABLE 3.7-1e

DAMPING VALUES **

na -i

Operating Safe -- |
'

Basis Shutdown .f
'

Earthquake Earthquake +

~~ '

' Structure (Percent of Critical). (Percent of Critical) {

'

<

Welded steel structure's 2.0 4.0
Bolted steel str tures 4.0 7.0- *

. I ;
: Prestressed concrete structures 2.0 5.0
. Reinforced concrete structures' 4.0 7.0 1-

Equipment (steel assembly) 2.0 3.0 4
.,

% -Piping * (diameter <!2 inches) 1.- 0 2.0-

p -;g, .-
Piping *.(diameter >12 inches) 2 0. 3.0g..

. .
-

m
,

u. ;x-
:y s' .>

f

>

.;c :-

4

.

-

* When response-spectra method of analysis is: Used

ased' on. Code Case N-411-' IN do Qg
,; damping values may be-

Mj,g
~^

_

**-' So[l materTITTampin N clion I.T Z W,-

,

u

|:, >

:$

4A

h' $['
:(,-..|

.' 'L,
'

Amendment I
December 21, 1990
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Qucstion 210.38

A) CESSAR-DC Section 3.7.3.3 describes seismic subsystem
modeling techniques. No criteria for decoupling
subsystems including piping systems are provided. In
addition the criteria for the piping mass point spacing,
and accordingly the number of mass points and number of
degrees of freedom, are not in accordance with SRP
3.7.2. Rev. 2, Subsection II.1.a(iii), criteria.

B) Provide seismic subsystem, including piping, criteria
and demonstrate that the number of mass points and
degrees of freedom in piping system models are in
accordance with SAP 3.7.2, Rev. 2, Subsection
II .1. a (iii) , criteria.

Response 210.38

A) Where dynamic doupling of subsystems is used, the
criteria of SRP 3.7.2, Rev. 2, subsection II.3.b is
utilized. Where dynamic analysis methods are used, the
criteria of SRP 3.7.2, Rev. 2 subsection II.1.a. (iii)
is utilized to determine the number of masses, degrees
of freedom and mass point spacing. The description of
subsyntem modelling techniques in CESSAR-DC Section
3.7.3.3 is reflective of the SRP criteria in that it
states that the dynamic model is generated "to
accarately evaluate the dynamic behavior of the
component."

B) Refer to response to RAI 210.26 (a), which outlines the
technical approach to answer the request fou additional
information on the issue of dynamic analysis modelling.
This technical approach will outline dynamic modelling
pertinent to both pipe break and seismic analyses of
piping systems.

|

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _
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Question 210.40
CESSAR-DC Section 3.7.3.7 states that the seismic response
of supports and equipment are not directly included in the
seismic analysis of piping initially, but does not address
whether or not these responses are included in subsequent
analyses, if any.

Provide an explanation of how significant support and
equipment responses are to be included in the piping
analyses. Specifically address how piping input loadings
are developed for ficxible equipment and supports (if any),

Response 210.40

In the pre-certification design phase prior to equipment
procure.nont , equipment and piping supports are assumed to be
significantly more rigid than the piping itself. Upon
completion of the piping analysis and subsequent support
design and equipment procurement, support and equipment
stiffnesses will be included in the piping analysis if a
more accurate representation is warranted.

.

.- _ . _ . _ _ . . _ . _ - - . - _ _ _ _ - _ _ _ _ _ _ . _
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Question 210 41g

CESSAR-DC Section 3.7.3.9 " Multiple Supported Equipment
Components with Distinct Inputs" states that when equipment
or components are supp.*rted at points with different
elevations, either the unvelope of these elevation responce
spectra or multiple support excitation is used for the
seismic qualification of the equipment. The staff's
position is that the multiple support excitation method of
analysis is applicable only if used as recommended in
NUREG-1061, " Report of the USNRC Piping Review Committoo,"
volume 4, Sections 2.3 and 2.4. In this position, a support
group is defined by supports that have the same time history
input. This usually means all supports located on the same
floor (or portions of a floor) of a structure. Revise
Section 3.7.9.3 and any other applicable section of
CESSAR-DC to agree with the above position.

Response 210.41

The following will be added to CESSAR-DC Section 3.7.3.9

For multiple support excitation, time history analysis method
or independent support motion responso npectrum method, as
described in Reference 10, is used.

NUREG 1061 will be added to the references for Section 3.7
of CESSAR-DC.

.

I

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _
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pips, . the stiffness matrix for the piping systam is datormined. l

This includes the effects of torsional, bending, shear, and 6xial
deformations, as well as the local flexibilities of piping curvedmembers. Next, the frcquencies and mode shapes far all thesignificant modes of vibrations are calculated. After thefrequency is determined for each mode, the cortnepondinghorizontal and vertical spectral accelerations with appropriata,

damping are read from the appropriate response spectrum curves.For each modo, the- inertia response forces, meants, u

displacements and accelerations are datormined due-to excitation
in the three directions simultaneously (two h9rizontal and onovertical). Finally, the stresses are determined by taking theSRSS of the int *.ividual components. The relative displacement
effects between piping supports are discussed in Section 3.L 3,1.
3.7.3.8.2 Allowable Stresses

-

Allowable stresses in the piping caused bf an earthquake are in
accordance with Section III of the ASME cede. Allowable stressesin the earthquake sstraint components, each as anubbers, are in
accordance with nay additional stress ljmits that may have been
established by ASME code, Section III at the time the restraintcomponents were purchased.

I

3.7.3.9 Multiple Supported Equipment Components with
Distinct Inp g

When the equipment or component is supported at points withdifferent elevations, either the enveilope of these elevationresponse spectra or multiplo support excitation is used for theseismic qualification of the equipment.
3.7.3.10 Use of constant verti 1 Load Suctorn_

In general, Seismic categor subsystems are analyzrJ in thevertical direction usin the methods specified in u H on3.7.3.1. No vartical a tic factora are used for subsystems. 6

3.7.3.11 ' 'rors onel Effect.s of Eccentric Masses -
,

Piping systems a modeled to include projecting masses such asvalve motor . op ators. The actual stiffness of the connecting
member is not expected to influence the system appreciably.
However, an ap roximation is made by assuming a member stiffnessequal to that f the piping in which the valve is installed.,

Nw

peg gumm.E wroo5u u.t%%od) Tmg 4ssnon.q uatqss MEmoD
eg, twesPEucEUT sop 5but twcTiec Resrec.E SPEtmurvj MEmob ,g5 psx,Rae.Et> N Rscentwc.E to.y iy s ustc>,

N Amendment !,
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Question 210.44

CESSAR-DC Section 3.7.3.13 provide criteria for the
interaction of other piping with Category I piping. These
criteria are not totally consistent with criteria in SRP
3.7.3, Rev. 2 Subsection II.8, and SRP 3.9.2, Subsection
II.3.K.

Provide jt'stification for the criteria in CESSAR-DC, Section
3.7.3.13 or modify the criteria to be consistent with SRP
3.7.3, Rev. 2, Subsection II.8, and SRP 3.9.2, Subsection
II.2.K.

Response 310.44

CESSAR-DC Section 3.7.3.13 will be revised in accordance
with SRP 3.7.3 Rev. 2 Subsection 11.8.

_

+

_ - _ . _ _ - _ _ _ _ _ - - - _ - - _ _ ~ _ _ _ . - - ___



.
- _-

| CESSAR EnWicaricu--

gx1 .cio,44

3.7.3.12 Piping outside containtient Structure

3.7.3.12.1 Duried Piping

Seismic design criteria for buried piping are as follows:

A. Intake structure is designed such that the differential
movement between this structure and the earth is negligible
and tha seismic response spectrum utilized is the ground
surface response.

B. Conformance to allowable structural and piping stresses
after the line penetrates the Auxiliary Building is assured
by the use of expansion joints.

An alternate design method is to use flexible seals as the lines
pass through pipe sleevec in the structure.

Important factors considered are the flexibility, supports, and
restraints of lines which are virtually anchored in earth but
which penetrate a structure. A flexibility analysis of these
lines is performed to cemonstrate that the piping and structures
are not overstressed under the additive differential movement of
the earth and structure.

7

3.7.3.12.2 Above Ground Piping

Seismic design criteria and metnods of accounting for the effects
of differential movement of buildings on piping and penetrations
are described in Sections 3.7.2.1.2 and 3.7.2.7.

3.7.3.13 Interaction of Other Piping with Category I Piping

The protection of Category I piping from possible adverse effects
of other piping during an esrthquake is accomplished by several
methods. Specifically, these methods are:

A. Ca.eg yI lihes ar
hysically%parirted}lu' re \qf/a lit 16' has nofroNother__lintfsse

to e . nt pgssib* ,s hat7
.ef. ct C * gor d 1 es.

B. All Category I boundary valves are designed to meet seismic
criteria. A valve always serves as a pressure boundary and
constitutes the seismic to non-seismic boundary. If failure
in the non-seismic portion of the system could cause loss of
function of the safety system, then an appropriate automatic-

or remote manual operator would be used if the valve is open
during normal reactor operati .-

g w N
j/ me ruvagneriec cc CATEC)o I UWEL WM H McW 6ATEgoR.q I
/ LmesSu 4 L B E D i s tq,hJ E. D As DE SC.Rt B E D ird CESTLaR- A
#

S E C.i m 4 3.c'o. 2.I A .l. CL . ' ~ ~ , Amendment I '

_ .- ,

. _ , . 3.7-22 '' - Dec6TmT61- 21719 9 0
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Question 210.49

CESSAR-DC Section 3.9.1.4.1 states that for the
-evaluation of RCS faulted conditions, the pipe break
load analysis procedure conaidered only those breaks not
eliminated by leak-before-break,(LBB).

(A) As indicated by a previous question, the LBB procedure
has not been approved by the staff for the CESSAR-DC
Standard Design and pipe breaks not considered on the
basis of LBB must be-included in the analysis.

(B) Morcover, CESOAR-DC Section 3.9.1.4.1 states that the
branch line breaks analyses were performed using the MDC
STRUDL computer code. Explain if the MDC STRUDL code
includes ASME Code elbow flexibility factors and if the code
was utilized for inelastic methods of analyses.

Responso 210.49
,

(A) Refer to response to RAI 210.13.
_

(B) The MDC STRUDL code includes ASME code elbow flexibility
factors. THe MDC STRUDL code was not utilized for
inelastic methods of analysis.

.;,

- - , . - ~ , , - r
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Question 210.54

|

CESSAR-DC Section 3.9.2.5 indicates that based on LBB l
arguments, all main RCS loop pipe breaks and all major. |

primary branch line breaks were eliminated fron dynamic
i

effects. Consequently, faulted conditions evaluation for i
tha reactor vessel internals and CEDMs were based on 110
porcent of SSE loads only.

The use of the 110 parcent of SSE loads only for the
evaluation of the reactor internals and CEDMs faulted i

cor.ditions is currently unacceptable. Use of LBB proceduren |
for the CESSAR-DC System 80+ Standard Design has not yet been
approved by the staff.

Accordingly, faulted conditions evaluations of the reactor
internals and CEDMs should include the effects of ruptures
currently not considcred on the basis of LBB arguments.
Revise Section 3.9.2.5 accordingly.

Desponse 210.54

Refer to responsa to RAI 210.13.

.

6
-
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Question 210.55

CESSAR-DC Table 3.9-2 " Loading Combinations ASME Code Class
1, 2,-and 3 Components" shows the level D condition to
include component DF in the design loading combination. In
footnote a., the description given for-load component DF
does not clearly indicate that a LOCA is-a-part of this load
component. It is the staff's position that any level D
loading combination shall include a LOCA and SSE. Revise
the definition of DF in footnote a. to clearly indicate
LOCA. Also, revise any other tables in CESSAR-DC which show
loading combinations for which this would apply (e.g. Tables
3.9-10, 3.9-11, 3.9-14).

.

Response 210.55

Table 3.9-2 " Loading Combinations ASME Code Class 1, 2, and
3 Components" showc the level D condition to include
component DF lLn the design loading combinations. DF is
defined as systems loadings associated with a postulated
pipe rupture for branch line breaks not eliminated by leak
before break analysis. This includes LOCA and secondary
side pipe breaks not eliminated by leak-before-break.

Table 3.9-2, 3.9-10, 3.9-11, 3.9-12, and 3.9-14 will be
revised to clarify that postulated pipe ruptures include
LOCA and secondary side pipe breaks not eliminated by
leak-before-break.

,

,

i
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IAllE 3.9-2

LQ1DLliG_101BlNAT10NS_ASHl CODE CLASS 1. 2. AND 3 COMPONENTS

Design loading (a)
Cond i t.151 QombinA ion

Design P0
ILevel A (Nor.nal PO+DW

Level B (Upset) PO+0W+0BE
Level C (Emergency) PO+0W+0E E

level D (faulted) PO+DW+5SE+0F

a) Legend: PD Design pressure-

P0 Operating pressure-

DW Dead weight-

OBE Operatir.g Basis earthquake-

'SSE Safe shutdown earthquake-

emergency condition / /$C4. W [n , _,OE , Dynamic system loadings associated with t e /
-

,

--

1

Of Dynamic system loadings associated with a postulated-

pipe rupture for branch I ne breaks, not eliminated by lea} _

before break analysis. ' ;

J~_ - ..
,.

b) As required by ASME Code Section Ill, other loads, such it thermal transient,
thermal gradient, and anchor point displacement portions of the OBE require
consideration in addition to the primary stress producing loads listed.

>
Amendment E
December 30, IM3
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TAD _LE 3.9-10

.1&hDING COMBIEATIONS FORJSME LFCTIO)L.JJJ CLASS 1-PIPING

Service
-_ Level Loadins Combination

Design Design Pressure,
Design = Temperature,
Deadweight

Level A Level A
Transients,
Deadweight

Level B Level B '

'
Transients, De.adweight,
Operating Basis
Earthquake

Level C. Level C E

Transients,'--

Deadweight -

Level D Level D
Transients,
Deadweight,

Safe-Shutdown. d -tfp e,hEa rthquake, pos /w /< j
h ya b !to ici. (led.a utl %) ACS _
4 | ( g (,vo I e d b y Mr.a l c ( of. M/-t

T

NOTE: The dynt.mic loads'are combined by the square
root of the sum of-the. -luares' .

d .

5,
,

...:

h
Amendment E
December 30, 1988
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TABLE 3.9-11

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR PRJSSURIZER
EAUTY VALVE P1 PING AND__A.EPPORTH

MJE CLASS 1 PORTIOJ

8ervice Level Load Cgab_Litatione

-Dosign' Design. Pressure, Wolght-

Loyol A Lovel A Transients, Weight

Lovel B Lovel B Transients, Weight,
OBE, VT**

Lovel C Level C Transients, Weight, ,

VT**

Level'D Level D Transients, Weight,. i

SSE, VT**, po}tvice kE (,qws k lon C -
fs f 4 'b!Po k '. (lot 4 41)

at.ksA))_Qt ,tf ;
- els m cm < d Ly 14

-Dynamic loads are combined by the square oot of the*

Esum of the squares (SRSS).

**~ Valve thrust loads -(VT) are loads resulting from the
rapid -.accelerativn or deccleration of a water mass, -

noncondensible gases, or both.-

YVSece i

siY
I

/'

.

'

t

: f.
*

-

, . ,

.i [
Amendment E
December 30, 19 '?

.;;,-,,-..,._.-.-.,...-,,.,.-...,-.,,,_--. _ . . - - ..m. , , - _-. e , ,- . . . - - - - . .. . , , , . . , , , , . . . 4-1.,_ . . . , . , . . - , - -



, _

-

z, ..

' C E S S A R 1! Sinc m x y n ,a e r >

(;.

TABLE 3.9-12
~

LOADING COMBINATIONS-FOR.ASME.SECTION III
pl.AffEF_ 2_JND 3 PIPING

EAE1ER
Leve l_,, Loadino Cpab_ipg.1]oD

Level A Design Pressure,
Design Temperature,
Deadweight

Level B Level B Transiente
Deadweight,

,
Operating Basis.

!- Earthquake

Level C Level C Transients
Pressure,
Deadweight

.. Level D Level D Transients
-(. Deadweight, Safe Shutdown. -

'

Earthquake, or safe-Shutdown
'

& " f es N |&$4 b ;N~Y W S l*'n L P f L
Earthquake and IL- , , -

~

I

$tt*ks (LOM Ani recandary fM
hef climinebd by ICAk 8'O "

_

NOTE: Dynamic:loadn'are combined by-the square root of the
-

sum of the squares-(SRSS),

j-

. ,

,

!

t - . ,
.

|- . [-
.

Amendment E
December 30, 1988
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M Rht 3 9-1.1

DESIGN LOADING COMBINATIOj[8 FOR_ASME_ CODE, CJASBIfl 1, 2 uBMp_,,1
PIPING BRJQB.TR

aervic_e - Leye1 LgAding ,gs.ptb1DAt191)

Level A and Design DW

Level B DW + OBE + RV
DW + OBE + DU

Testing DW + DT

Level C- DW + SSE + DE
E

Level-D DW + SSE + DF

,

Legend:-

. Piping deadweightDW -

Operating Basis EarthquakeOBE -

Safe Shutdown EarthquakeSSE' -

Loads associated with testingDT -

Relief Valve-RV -

DU Other- transient dynamic events associated
-with the upset plant condition
Dynamic events defined as emergency conditionDE -- -

Dynamic events defined as a faulted condition Nd4v/ng,DF -

NOTE Dynamic loads are combined by the| square root
.

,
.

of the sum of the squares (SRSS).
-$t$O

- gf -

,

, _ . _ . . . . . . - - -
,.m-~~~~~~ yy

| C sag y,,, ugu~s uou +" /
7

Q, M 4.<g bs4. - k* '
!

,.

I

$
Amendment E
December 30, 1988
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Question 210.56

CESSAR-DC Section 3.9.3 states and a number of loading
combination tables indicate that pipe ruptures eliminated on
the basis of LBB analyses were not considered'in the Level D
cvaluation of ASME Code, Section III, Class 1, 2, and 3
components, component supports and Class CS core support
structurca. Currently, the staff has not approved the LBB
methodology for CE System 80+ Standard Design (reference
RAIs 210.13 and 252.03). Accordingly, pipe ruptures
eliminated by LBB analyses must be considered and included
in the load combination tables.

Response 210.56

Refer to response to RAI 210.13.

. _ _ _ _ - - _ _ _ _ _ _ _ _ - .. .
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Questipn 210.74

CESSAR-DC Section 3.9.4.3 and Table 3.9-15 do not includo
foCA among the loads considered in tha CEDM stress analysis
and the stress / deformation limits considered for the CEDM
pressure housing, respectively.

Include the consideration of the LOCA loading to Section
3.9.4.3 and Table 3.0-15 pending staff approval of LBB
procedures for CE System 80+ plants.

In addition, Table 3.9-15 should indicate that dynamic loads
will be combined by the SRSS method in accordance with the
guidelines of NUREG-0484, Rev. 1, 1980.

-Response 210.74

Paragraph 3.9.4.3 and Table 3.9-15 will be revised to
include dynamic loads produced by LOCA and secondary side
pipe breaks not eliminated by LBB. (Refer also to response
to RAI 210.13)

Table 3.9-15 will be revised to indicate that Lovel D
dynamic loads produced by LOCA and secondary sido
pipe breaks not eliminated by LBB are combined by th9 SRSS
method per NUREG-0484.

.
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Question--210.75 ,

- CESSAR-DC Section-3.9.5.2 does not include LOCA among:the-

-core support'and internal structures loading conditions. In.:
6 - addition,: CESSAR-DC: Section 3.9.5.3.2 refers -to branch line

breaks not eliminated ~by_LBB criteria. -

Include'LOCA among the_ loads considered in-Section 3.9.5.2
and delete referance to'LBB criteria in' Subsection 3.9.5.3.2
|pending staff approval of LBB analyses for System 80+ plant *

. designs.

iResponse 210.75 ,

,

Rafer~to response to RAI 210.13.
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* Question 210.90

The proposed resolution to GSI-119.1 concerning pipo ruptura
requirements indicated that LBB will be applied to certain
piping systems including the pressurizer surgo line. Also,
the response to NRC Question 440.46 (sco Enclosure I in your
letter LD-91-024, dated May 16, 1991), indicated that
measures are taken to ensure design adequacy of the surge
line, including appropriate routing and arrangement of the
surgo line to minimize the effects of thermal stratification
and to maintain acceptable stress, fatigue, and def.loctiod
levels.

Since LBB application requires staff approval of system
specific analyses, verify that LUB analysis is complete and
can be utilized to justify that protection against dynamic
offects of the postulated pipo break is not needed in the
surge lino (reference RAI's 210.13 and 252.03). In
addition, verify that analysis concerning thermal
stratification and striping effects to the surge line is
completo. Provido drawings of surge lino layout and a
summary description of the analysis results to demonstrate
compliance with the applicable Code and Standard
requirements.

With respect co increasing the SSE loads by a small factor
to account for asymmetric blowdown loads associated with a
small break IOCA, provide explanations of the magnitude,
direction and dynamic nature of the blowdown loads to verify
the adequacy of the factor used.

Response 210.90

CESSAR-DC currently provides design requirements, load
combination criteria, leak-before-break acceptance criteria
and methodology and the design basis to allow preparation of
design specifications, piping and support designs and piping
stress analyses. LBB analysis of the surge line is not
complete. Please see the response to RAIs 210.13 and
252,03. The response to 252.03 outlines the technical
approach to answer requests for additicnal information on
the overall LBB issue and how it will be applied to the
surge line.

As noted in our response to RAI 252.03, a surge line piping
analysis including thermal stratifications and stripping
offects will be performed.

A typical small cold leg break LOCA blowdown response is
shown in attached Figure 1. Two curves are presented, one

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ - _ _ - _ _ _ -
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Response 210.90 (Continued)

for the resultant load parallel to the hot legs and the-

other perpendicular to the hot legs. Also, a study was made
to determine the System 80+ internals responses for a 30
inch cold leg break. Table . , hows the resulting peak
component shear loads and at.snts and SSE responca loads.
The rasults show in all cases that thn combined SRSS design
load increases are less than 10 percent since the LOCA loads
are all less than 0.46 times the SSE leads, thus verifying
the adequacy of the factor used.

.
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Question 210.9a

For USI A-2 concerning integrity of reactor internals and
vossol supports under rapidly occurring internal end
external asymmetric pressure transient 16ading induced by a
break of the primary coolant piping, your resolutioh
indicated that the LBB nothodology is used. Thus the
resultant LOCa loads on the primary syntom component are no
longer significant. Since LBD application requires staff
approval of system specific analysis, clarity your intention
wither to submit LBB analysis, or to perform LOCA analysis
for the primary system components based on a break of the
primary coolant piping.

Hosponso 210.91

Refer to response to RAI 910.13.

_

9
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Question 210.92
,

For USI A-1, provide a list of systems for which you have
incorporated water hammer loads in piping designs. Vocity
that for these systnas, you have the following detailed
information documented for ensuring design adequacy of
piping and supports: (a) detail piping and support layout
drawings, (b) calculation psckages or stress reports to show ,

definition of loads and calculation details for verifying '

that the analytical approach used and analysis results
obtained are in compliance with applicable codes and
licensing requirements, and (c) operating procedures,
technical specifications or administration controls that are ,

applicable to provent or minimize the occurrence of water
,

hammer in those systems.
.

Responso 210.C2
,

,

The USI A-1 respon?o in CESSAR-DC discussos syntoms which
are susceptibio to water hammer, and design featurce to
minimize water hammer. CESSAR-DC contains design critoria ,

which will ta used to precludo dnatructiv; water hammer
including:

90 degreus downward vertical elbow at each steam*

generator foodwater nozzlo. This featuro minimizes the
amourJ: of horizontal piping susceptible to steam void
formation.

Continuously rising feedwater (FW)-and cmorgency*

feodwater (EFW) insido containment Also, all FW end.

EFW linen have check valvos insido containment. Tnose
piping layout critoria, along wit?. the foodwater ring
outlet design in tho steam generators maintain the
piping full during low ilow conditions and provent
column sep? ration during transients.

Adequate-filling an! venting provisions to minimigo*

voids in piping.

Steam piping arrangement and drain system design to- '

preclude condensation-induced water hammer during normal
operation and startup.

Water hammer consideration in specifying valve operating*

times.
,

prooperational testing to ensure no unacceptable water*,

hammer in the PW and EFW systems during startup, normal
operation and transients.

1
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1

The detailed design (piping and support layout drawings,i

stress reports, operating proceduros, etc.) will dopond on
vendor-supplied information. It is the position of ABB-CE
as presented to the Staff at the mooting of November 26 that
this detallod information is (1) not required for
cortification, (2) depends on plant-specific details not
finalized at the cortifications stage, and (3) is subject to
revision until specific uotails of piping and other plant
design are finalized.

Prevention of water hammer will also be addressed in the
System 804 Distribution Systems Guido, which was discussed
during the November 26 mooting. This guide will provido an
intograted approach for optimizing the layout and detailed

'

detailed design of piping, HVAC, cable trays and conduits.
The purpose of this guido in to facilitato a final design
which moots all safety critoria and which optimizes plant
operation and maintenanco. A detailed outlino of the guido
is currently being uropared. Design considerations and
guidanco in proventing destructive water hammar will bo one
of the major topica of this document.

The Distribution Systems Guide will be included on the
docket and will be available for audit by the Staff.

(500 also 210.8 Question and Answer)

,.

r

1

:
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Question 210.93

verify that the following information is available and
properly documented for resolution of USI A-13 concerning
snubber operability assurancot (a) dota11 piping layout .
drawings to show numbor, types and locations of snubborn in
all Soismic Category I systems, and (b) procedures of
snubbor operability assuranco program. If such information
la not availablo, the schedule to comploto such information
should bo provided.

I
Be,npopco 210.93

A. It is the position of C-E, as presented to the Staff
ut the mooting of November 26, that piping layout and
plant arrangement drawings that provido number, types,
and locations of snubbers in soismic category 1 piping
represents detailed information that is (1) not required

i

a for cortification, (2) doponds on plant-specific details
not finalized at the cortification stage and (3) is-

subject to revision until specific details of piping and
other plant design are finalized. It was also agrood at
that mooting that a Distribution Systems Design Guido
woeid bo prepared to ensure that the final design would
be vampleted consistent with the design basis and
mothodology in CESSAR-DC.

The issuo is considorod to be a question of the loval

',~ of detail necessary for ALWR cortification. Soo
response to NRC RAI 210.12 for C-E's position on level
of detail.-

jh B. This issue is considered to be a question of the level
of detail necessary for ALWR cortification as responded
to in part a. abovo. Assuranco of snubber operability
for the System 80+ Standard Design will bo provided by
specification, qualification testing, and/or production
testing with guidelines and procedures established in
parallel with industry standards. Refor to CESSAR-DC,
Appendix A and the response to RAI 210.89 for the
resolution to USI A-13: Snubbor operability Assuranco.

,
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Question 220.50

Section 3.8.3.1 and Section 3.6 - It is stated that "The
secondary shield wall... protects the stool containment

,

vessel from internal missiles." Are there potential sources
of misailes and high energy line breaks between the
secondary shield wall and steel containment, between the
steel containment and the shield building, and between the
steel containment and the operating floor and refueling
cavity walls?

Response 220.50

There are high energy lines betwoon the secondary shield
-wall and steel containment, and between the stool
containment and the shield building. liigh energy linen to be
considered for high energy line breaks are listed in
CESSAR-DC, Tables 3.6-3 and 3.6-4, which include those
areas. Tables 3.6-3 and 3.6-4 will be updated in the next
amendment to CESSAR-DC.

Some high energy lines in contairdsat will be analyzed to
demonstrate leak-before-break (LBB) to eliminate them from
consideration for high energy line break potential. For the
remainder of the high energy lines in containment,
protection of safety-related components and equipment from
high energy line breaks and missiles will be provided by
separation, guard pipes, shields, whip restraints, oto.
Postulated missiles from equipment in containment are listed
in CESSAR-DC, Table 3.5.1.

There are no lines to be considered for high energy line
breaks in the area between the stool containment and the
operating floor and Iofueling cavity walls.

High energy lines between the steel containment and the
shjeld building vill be enclosed in guard pipes. There are -

no postulated missiles from equipment betwoon tho steel
containment and the shield building.

.
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Question 252.03

Section 3.6.3 Leak-Bofore-Break Evaluation Procedure

The application of Leak-Bofore-Break (LBB) to piping systems
is permitted in GDC-4 in Appendix A to 10 CFR part 50,
published in Federal Register, Volume 52, No. 207, Rules and
Regulations, pagos 41288 to 41295, October 27, 1987. GDC-4
states, in part, tha+,, ".... dynamic offects associated with
postulated pipo ruptures in nuclear power units may be
excludod from the desi.3n basis when analysos reviewod and
approved by the commission demonstrato that the probability
of fluid system pirenq vupture is extremely low under
conditions consisteht un s the losign basis for the piping."

|

|The analyses referr,/ to in roc-4 should be based on|-

specific plant data, e..h .s piping geometry, matorial
specifications, piping loads, and pipo support. locations.
Tho staff must review ar.J approved the LBB analysis for
specific piping systems before dynamic offects can be
excludod from the design basis. The staff doon not
pro-approve the LBB proceduro. The staff requires the
following:

The LBB analysis must includo a datorministic fracturo-

mechanics evaluatica. The acceptance critoria for the
LBB analysis are delineated in NUREG-1061, Volume 3,
" Report of the U.S. Nuclear Regulatory Commission

i
piping Review Committoo, Evaluation of Potential for
pipo Break."i

The LBB analysis must ovaluato the potential for water-

hammer, corrosion, fatiguo, crosion, environmen*T1
conditions, indirect failuro mechanisms and other
degradation sources which could lead to pipo rupturo.
The offectivonoss of any mitigating measures should bo
supported with actual data.

The LBB analysis must show from the results of a-

fracture nochanics analysis that a substantial range of
stable pipo crack sizes can exist for an extended
period which provides detectablo leaks and that the
fluid systems piping will not rupture under those
conditions consistent with the design basis for the
piping.

The staff has the following comments on the LBB procedures
in Section 3.6.3; however, responso to the comments is not*

necessary. They are provided for futuro referencest

|

|
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In Section 3.6.3.3.1, CE indicated that the LDB analysis
will be used for the main steam lino. The futuro applicant
that references the System 804 donign needs to nubmit the
LBB analycin for review.

Section 3.6.3.1.6 referred to in Section 3.6.3.4 doon not
exist in CESSAR-DC.

Rogypnno 252.03

As piosented to the Staf f at the mooting of Hovember 26,
leak before break (IBB) ovaluations represent detailed
information that (1) 10 not required for cortification, (2)
doyends on plant-specific details not finalized at the
certification stage and (3) in subject to revision until
specific details of piping and other plant design aro
finalized.

CESSAR-DC currently providos acceptanco critoria and
analysis methodology for LBB ovaluations. It also providea
como of the information needed for LDB cvaluations, such no
pipo sitou, p&IDu, and building and HCS seinmic responso
information. Specific plant data, which in necessary for
the datorministic fracture mechanics ovaluations that the
Staff requests, are not currently availablo.

In lieu of LDB ovaluations based on detailed piping doolgn
and specific plant data, C-E offers the following technical
approach which was outlined during the Novonber 16th
mooting.

2. preparation of a Dintribution Syntoma Guido.

This guide will provido an integrated approach for
optimizjng the layout and detailed design of piping,
llVAC , cable trays and conduits. The purpose of the
guide is to. facilitate a final dealgn which moots all
cafety critoria and which optimizes plant operation and
maintenance. A dotalled outlino of the guido in
currently being preparod. Design considerations and
guidanco in LDB ovaluation will be one of the major
topics of the document. The general outline for the
section on LBB in as follows:

.
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Leak Beforo Break (LBB)

Plant and Piping Design Considerations :

LDB Acceptanco Critoria |

Analysis |

The LDB section of the guide will includo consideration i

of loak detection systems, pipo sizes and material
proportina, system transients, stops to minimize i

strati.'t(<d flow, water hammer and steam hammer, *

potent 191 for pipe degradation sources, LDB acceptance '

critoria, the analytical process, and evaluation of :
analytical results. ;

2. Preparation of a set of samplo piping layoutu znd
analysos, which will includo a preliminary LBB :
ovaluation of tho-surgo lino.

,

The purpose of preparing thoso samplos in to demonstrato
the use of the guido in performing detailed design of
distribution Jystems. The surgo line was spucifically
chosen to be the samplo piping system for demonstration
of LDB bocause the ovaluation will demonstrato LDB
methodology and use of the guido for a tributary pipo
and specifically demonstrato that the surgo lino thormal
flow stratification issue is natisflod. ;

The samplos will uso best available information. Where
detailed information is not availabin, design paramotors
will be assumed based on experience or previous designs.
The samplo layouts and.analysos using the guido are
intended to demonstrate that the information currently
in CESSAR-DC and further developed in the guido supports i

the safety review by the Staff and providos additional
ausurance that plant design safety-critoria vill be not.

It in C-E's position that tho abovo information Will
preclude the necessity for including in the design basis
the dynamic offects of postulated ruptures of pipes for
which CESSAR-DC statos that LBB is demonstrated,

s

The reference to Section 3.6.3.1.6 will be doloted fro.m
Soction 3.6.3.4 of CESSAR-DC.

.

|

.
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failuro from the offects of corrosion, water l'ammer or low- and
high-cyclo fatiguo, or degradation or failure of the piping from
indirect causos.

3.6.3.2 leakago Crack location
|

A survey of the piping is performed to determine the locations of
highest stress loading and coincident poorout material
proportion. AlI base metal, wold materials, heat affocted tonos
in the vicinity of who terminal onds, and all intermediato albow '

locations are considorod.

3.6,3.3 leak Detection g ,

Thoro are two major aspects to leak rate based on crack detection
in addition to the crack opening sito; :and flow rato correlation for leakage through a crack.leakdetectioncapability,) '

3.6.3.3.1 1, oak Detection Syntom

A leak detection system is recommended by Regulatory Guide 1,45, |t
Re,$ ca 8, capable of detecting a leakago rato of L 1.0 I
gpm rom the primary system. HUREG-1061, Volume 3, recommends a VIy-
saf y margin of ton on the leak detection .s y s t e m. Diverso
measurement means are provided, including yaterr inventory -

monitoring', sump levol and flow monitoring, and measuromont of
airborne-radioactivo particulates or gases (see Section 5.2.5).
Leak detection system requirementu to support the LDD analysis !.for main steam-lino piping are mot by a combination of' humidity-

detectors, air coolors', radioactivo airborno activity sensors and
sump flow and lovel motors.

3.6.3.3.2 Plow Hato correlation

The othnr major aspect of crack detection based on the leak rato,
namely the flow rato correlation for leakage through a given
crack ' size, cannot be predicted precisely. Variablos auch as
surface roughness of the side walls of the crack,-the nonparallel
relationship of the side walls due to th elongated crack shape,
and possibly- zigzag tearing of the material during crack
format. ion all introduce uncertaintion in defining an exact flow g
rato correlation.

The leakago rate required .to be detectable is 1.0 gpm. The
licensing guidelines-(HUREG 1061, Volume 3) recommand a factor of
10 on that lonkag for conservatism; therefore, a crack
length ' whicI Tedk,o gaty(pm |selectedasthedes]ignleakagecrack.s 10 at normal operating conditions is,

Using recent work-by EPRI I

(Ref erence 10), the leakage rato por square inch of leak area in
k'the 10 gpm leakage rato rango is co Juted to be approximately 250

|n cto.ts{ s ec urs cy n,( tm , hi & 4$t /t*.k f* ec
is s% we

gN/Hed, wArre potty /c, +}, reh'%mWJmo01
*

* & 1C
3.6-2 oocomber 21, 1990c h) n /**fgt c e r<l g jc y 7,,fj4 o,

I. /e.fr bn /0 pm.
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gpm per r,quate inch for the primary syntem for the range of p1 "P r~siten of interest. The crack opening area correnponding to the
10 gpm rate is found td be 0.04 nquare inch. This crack opening |g
area is used to determino the length of the dotectable crack for
r.tability evaluation.

3.6.3.4 Screening of I.nakage Crack Siren tining I:pHlfCl;
Entimation Schema'

Prior to detailed calculations of through-wall Icakage cracks and
correnponding margins on loodn and crack sizen, a prellinina ry

i

neoping evaluation is performed. In thin part, all poscible I

locations in the piping evaluated are nereened to idt..ti f y the I

mont critical candidaten for detailed otudy. The screening study j
in performed using the EPRI/GE estimation scheme (Reference 11) L

!
for the determination of crack opening areas using clantic '

I plantic fracture mechanico methodn, and the C-E developed JEST
computer program for the leakage rater, through cracks,,

i

This estimation procedure is used to compare the ceverity of '

hypothenized flaws in all piping locationn in order to reduce the i

number of cases to be subjected to detailed analynic. The
procedure alco providen an estimate of the leakagn crack length

[. Ifor input to the detailed finite-element analysis,"2 - - l- ' '
- , . , . . s . .-

4

3.6.3.S htorial Propertion

for the main roolant loop, the hot and cold leg piping material
is SA516 Gr70. All hot- and cold-leg pipe-to-pipe welds and the
pipe-to-reactor vessel, steam generator and reactor coolant pump
safe end wolds are carbon steel. All main loop component nozzlen
are SA508 CL 2 or 3 carbon steel or SAS41 CL 1, 2 or 3. The
surge line in SA351 GR Cr8M stainless steel, rer.ulting in
bimetallic safe end welds. The shutdown cooling line and the
direct ve.ssel safety injection line are both Type 304 ntainless I

steel. The main steam line it., SA516 Gr70.

The detailed analynin of cracks in pipe welds requires
consideration of the properties of the pipe and the weld
materials. previous work by C-E han shown that a conservative ,

bounding analysis results when the material stress-strain
properties of the base metal (lower yield) and the fracture
properties of the weld (lower toughness) are used for the entire
structure, (Reference 12). This material reprocentation in used
for all analysec. The tensile (stress-strain) curves and the J Dvs. Ao curven are required for each material type.
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Question 25.2.15

USI 15 Radiation Effects on Reactor Vossol Supports

In the Rosolution section, CE states that irradiation
offects are addressed in the fracturo analysis of the
supports. HRC needs to approve this analysis before tho |
1ssue is resolved. CE also states that "the conservatism of
this analysis is further enhanced by the adoption of the
leak-bofore-break (LDB) nothod in the System 80+ Design
Basis." CE cannot adopt the LBB nothod without the staff
approval.

CE also noods to provido the fracture toughness data of the
reactor vossol supports in Section 5.4.14.2.

Responso 252.15

Refer to response to RAI 210.13 concerning request for
information on LBB.

Section 5.4.14.3 of CESSAR-DC Ltates that the structural
intogrity of RCS support components is ensured during
fabrication. Fracture toughness data for reactor vossol,

supports will be nado available during the construction
stage.
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