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Docket No, §2-002

ASEA BitDWK BWOWVER

January 24, 1992
LD-92.007

U. §. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20855

Subject:

Refereonce

iDear Sirs:

Response to NRC Requests for Additional Information

A)

B)

)

Letter, Materials and Chemical Engineering Branch RAls, T, V. Wambach
(NRC) to E. H. Kennedy (C-E), dated August 8, 1991

Letter, Structural and Geosciencos Branch RA's, T. V. Wambach (NRC)
10 E. H. Kennedy (C-E), dated September 26, 1991

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

References A) through C) requested additional information for the WRC staff review of the
Combustion Engineering Standard Safety Analysis Report - Design Certification (CESSAR-IDC).
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.

/iw

Enclosures: As Stated
cc: J. Trotter (EPRI)

Very truly yours,
COMBUSTION ENGINEERING, INC,

Ag/'{t K/?.%%«/( /L FAR

Nuclear Systems Licensing

T. Wamback (NRC)
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Question 210.6

Section 16.4.9.1.2, paragraph M. stites, "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 irterfaces with other
systems is given. Provide piping layecut drawings showing
this arrangement along with any speci.. design
considerations deronstrating how a potential ' ater hammer
event is mininized,

Response 210.8

The design criteria which will be used to ninimize wate:
hammer in the EFW piping include:

. A 90 degree elbow at each steam generator feedwvater
nozzle. This feature minimizes the amount of
horizontal piping susceptible to steam void formation.

‘ Contiiuously rising emergency feedwater (EFW) piping to
each steam generator., <Zach EFW line has a check valve
inside containment. This p.ping arrangement, along
witn '"he feedwater ring outlet design in the stean
generators maintain the piping full in low flow
conditions and prevent column separction during
transients.

" Adeguate filling and venting provisions to minimize
voids in piping.

’ Water hammer 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 detailed design (piping and support lavout drawings,
stress eports, operating procedures ~° °.) will depend on
vendor-supplied information. As pre .. ed to the Staff at
the meeting of November 26 th!: detailed information (1) is
not required for certification, (2) depends on
plant-specific details no. 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 Desjign
Guide wculé be prepared to ensure that the final design
would be completed consistent with the design basis and
methodology in CESSAR-DC.
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Question 210.12

CESSAR-DC Section 3.6 states that protection of vital
equipment ig 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.l.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 effects of: 1)
postulated piping breaks at any location in high-energy
fluid system piping, and 2) postulated through~wall leakage
cracks at any location in mouerate-energy fluid system
piping designed to seismic and non-seisric standards are
isolated or physically remote from ess.ntial 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 based on BTP MEB 3-1. It
also provides some of the information needed for these
evaluations, such 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.



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.

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

Postulated Pipe Ruptures
Classifications
Piping Interactions
Interaction Analysis Assumptions

Protection Methods

Preparation of a set of sample piping layouts and

analyseés, which will include a preliminary postulatec
pipe rupture evaluation of an economizer feedwate:

*
1

iine.

The purpose of preparing these samples 1is tco
demonstrate the use of the guide in performing detailed
design of distribution systems. The econonizer
feedwater line was specifica.ily chosen to be the sample
piping system for demonstration of postulated pipe
ruptures since it ies the largest high-eiergy line
inside containment that will not have LBB demonstrated.

The samples will use best available information. Where
detailed information 18 not availlable, 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
the staff and provides additional assurance that p
design safety criteria will be met.

|l o1 7
L.r’
iant
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A Distribution Systems GCuide 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 Lasis the detailed piping layout drawings for
verification of dynamic effects of postulated ruptures of
pipes.
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Question 210.13

Section 4.¢.,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
criteria in Section 3.6.2 of the CESSAR-DC should be
applicable to all high and moderate energy piping systems
and Sec:.ions 3.6.2.1.3 and 13.6.2.1.4 should be either
deleted or revised. 1In addition, all other references to
thciinplnmontaticn of LBB in the CESSAR-DC should be
revised.

Respense 210.13

The /stem 80+ design is optimized through an internal
proc«ss of review and integration. It is the intent of
CESSAR-DC to present a total optimized design package for
Staff review. 1In the area of leak-before-break vs.
iiclusion 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 embedwent 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 egquipment in the
vicinity of these piping systems.

In response to a question by the staff during the November
26th meeting, the use of 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.

It is therefore requested that che Staff reconsider their
current position requiring that th. current design include
the dynamic effects 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 selected lines.



4 guestion 210.14

A) Criteria for not postulating ruptures in piping nea:r
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 11]I, Class 1 and 2
" high-energy fluid system piping; and 2) the stress
limits specified in BTP MEB 3~], Rev, 2, Section B.2.Db,
for moderate-energy fluid system piping.
Provide justification for the CESSAR-DC, Section
31,6.2.1.4.1.F criteria cr modify the criteria in
accordance with BTP MEB 3~1, Rev. 2.
n addition: 1) the requirement specified in Item 3
section 3.6.2.1.4.1.F to satisfy the design and
in-service inspection regquirements specified in MEB 3~
Rev. 2 lacks specificity; and 2) the BTP MEB 3-1,
referenced is no lenger in eftect,

B) 1
§

-

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 53.6.2.1.4.1.A of CESSAR-DC will be revised 1in
accordance with BTP MEB 3~1, Rev. 2, Section B.l.b.(1).
CESSAR-DC Section 3.6.2.1.4.1.F Item 5 will be added tc
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. Iin service i1nspection
regquirements are given in CESSAR~DC Section 6.6.

Also, reference 4 will he updated to BTP MEB 3-1,
rRev. 2.
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3.6.2.1.4.2

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

2 1 The design and in-service inspection regquirements, as

2 Leakage Cracks

A leskage crack is postulated in place of a
circumferential break, or longitudinal break, or
through~wall crack, if Jjustified by an analysis
performed on the pipeline in accordance with the
requirements of Section 3.6.3.

Piping Near Containmant lrolation Valves

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

1. The limits for postulating intermediate rupture
locations, as specified 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.

beyond either isolation valve, the stresses in the
piping from the containment wall, to and includirg the
length of the isolation valve, are maintained within
Level C Service Limits as specified in thn ASME Boiler
and Pressure Vessel Code, Section 1II, (Reference 2).

specified in MEB 1-1 (Reference 4), are satisified.

4. The contaiament isolation valves are appropriately
qualified to assure trat operability and leak tightness
are maintained when subjected to any combination of
loadings, which may be transmitted to the valves from
postulated pipe breaks beyonu the valves.

fostulated Rupture Configurations
Break Confiqurations

Where the postulated break location 1u at a tee, elbow, or
the following pipe locations, the configurations and types
of breaks are deveramined as fcllows:

Without the benefit of a detailed stress analysis, the
following are assumed: . P, S e
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REFERENCES FOR SECTION 3.6

"E:uluation of Potential for Pipe Breaks," NUREG-10¢1,
Vol. 3.

ASME Boiler and Pressure Vessel Code, Section I1Il1, Nuclear
Power Plant Components, Class 1, 2 or_ 986 Edition.

7
ASME Code for Pressure Piping, Bll{ Power Piping, ANSI/ASMF
B31.1~1986 Edition. / Rev. 2 Nﬁ

/
USNRC Branch Technical Positior B 3-1“- Postulated Rupture
_bocations in Fluid System Piping Inside and Outside]

Water Nuclear Power Plants Against tue Effects of
Postulated Pipe Rupture, ANSI/ANS 58.12-1988.

R. T. Lahey, Jr. and F. J. Moody, "Pipe Thrust and Jet
Loads," T.ue Thermal Hyvdraulics of a Boiling Water Nuclear
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.

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

USNRC Regulateory Guide 1.45 "Reactor Coolant Pressure
Boundary Leakage Detection Systems," May 1973,

NUREG/CR-1319, "Cecld Leg Integrity Evaluation," Battelle
Columbus Laboratories, February 1980.

PICEP: Pipe Crack Evaluation Program, EPRI NP 3596-SR,
August, 1984,

“An Engineering Appreoach for Elastic-Plastic Fracture
Analvzis," EPRI NP29%31, by V. Kumar, M. D. German, C. F.
Shih, July 1981.

"Analysis of Cracked Pipe Weldments," EPRI NP-5057, February
1987.
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Question 210.15

BTP MEB 3~1, Rev, 2, Section B.l1.c¢.(1) and B.1.c.(2),
sfooity criteria for the effect of piping re-analysis due to
differences between the design configuration and the
as-built configuration on the postulation of pipe breaks in
high-energy fluid system piping in areas other than
containment.

These BTP MEB 3-1, Rev., 2 criteria are not included in the
criteria for postulated rupture locations defined in
CESSAR-DC, Sections 3.6,2.1.4.1.A and B.

Provide justification for not incluaing these BTP MEB 3-1,
Rev. 2 criteria in CESSAR-DC, Sections 3.6.2.1.4.1A and B;
or modify the criteria in these Sections to include the BTP
MEB 3~1, Rev. 2 criteria.

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.l.c(1) and B.l.c.(2).
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primary-plus-secondary stress-intensity
range under the combination of loadings
for which either level A or Leve B
service limits hav/e been spacifled as
calculated from eq\.caiwrt (10)

[

S allowable stress~intensity value.

J z the cunmulative usage factor

B Class 2, Class 3, or Seismically Analyzed ANS] B3l.1 Piping
Ruptures, as specified 1n b W, are
postulated Lo occur at the Oons in each
piping network designed in ace rules f the
ASME Boiler and Pressure ection % & O
(Reference 2) for Class 2 and r with the
ules of the ASME Code for Pressure Pliping, Bll] Power
Piping, ANSI/ASME B31.1-1983 Reference 1) for eismically
analyzed ANSI B2l.1 piping:
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1) The terminal ends of the pr:;;uy:1£.'d portions of the run.

2) At intermediate locations selected by either cne of the following J
methods: |
(a) At each location of potential high stress and fatigue such as /

Pipe fittings (elbows, tees, reducers, etc.), valves, flanges,
and welded attachments, or

(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
neted 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,

If the calculated maximum stress range of Eq. (10) exceeds /
the Timit (2.4 Sa) but is not greater than 3 Sm, the limit \
of U < 0.1 should be met. }
x\ !
\\ If the calculated maximum stress range Jf Eq. (10) exceeds 3 /

Sa, the stress ranges calculated by both Eq. (12) and fa.
(13) in Paragraph NB-3653 should not exceed 2.4 Sm and ..¢

Zto.sdu limit of U < 0.1.

_//
Z\O-‘5" \/\ /\‘\N
& B |

As @ rasult of piping reanalysis due to differencos between the \

design configuration and the as-built configuratior, the
highest stress or cumulative usage factor locationt may\ be /

> shifted; however, the initially determined intermediate break
{l
|
\
/

4

locations need not be changed unless one o1 the following
congitions exists:

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

\ (11) A change is required in pipe parameters such as major dif- ‘5
ferences in pipe size, wal) thickness, and routing.
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~ T N S +
As a result of pipify reanalysis ~die o differentes -
between the design configuration and the as-built
. configuration, the highest stress locations may be
,/' shifted; however, the initially determined intermediate ‘)
break locations may be used unless 2 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) {ntermediate break .
fccations are not mitigated by the original pipe whip (
restraints and jet shields.
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Question 210.1€

BTP MEB 3-1, Rev,

2, SBection B.l.c.(2)(b)(1), provides
criteria for the postulation of intermediate pipe breaks in
high-energy fluid sys*ew piping in areas other than
contairnent penetration for ASME Code Section II1I, C.iass
and 3 piping which contains no fittings, welded attachments,
or valves. These criteria are not included in the criteria
in CESSAR-DC, Section 3.6.2.1.4.8,

2

Provide justification frr not including these criteria; ox
modify the criteria in CESSAR-DC, Section 3.6.2.1.4.1.B 1in
accordance with BTP MEB 3-1, Rev., 2

o

Response 210.16

The following paragraph will be added to CESSAR~DC Section
J.6:.2:1:4.1:.8.2.D.

. .where the piping contains no fittings, weld al“achments,
or valves, at one location at each extreme of the pining r
adjacent te the protective structure, or..."

lection 3.6.2.1.4.1.8.2.b vill ba relabeled
s PaBasdils s BsdiBs '

These "locations at =ach extreme of thé
piring run" in many cases may coincide with intermediate
locations where stress exceede 0.8 (X+Y), i1.e., criteria 1ir

3.6.2.1.4.1P.2.D.



Question 210.17

ATP MEA 3~1, Rev. 2, Section B.l.(¢).4, requires that the
consegquences of high-energy line breaks on structures which
sepurate high-energy lines from essential coaponents be
consldered in areas other than containment nenetration, but

does not limit such consideration to structures outside
containment only.

CESSAR~DC Section 3.6.2.1.1, "General Requirements, "™ states:
"Irrvespective of the fact that the criteria in Section 3.6.2
may not reguire specific breaks, if a structure outside
containment separates a high-energy line from the 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
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,
consistent with BTP MEB 3-1, Rev, 2

&

to be

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 outside
containment.
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Question 210.18

BTP MEB 3-1, Rev. 2 Section B.1.c¢(5), specifies
environmental gqualification requirements for safety-related
electrical and mechanical egquipment inside and outside
containment resulting from the postulation of pipe breaks in
high-energy fluid system piping in areas other than
containment penetraticn,

Provide justification for not including these requirements
in CESSAR-DC Section 3.6.2 or mondify this Section in
accordance with BTP MEB 31, Rev. 2.

Response 210,18

The following sentence will be added to CESSAR-DC, Section
3.6.2.1.1, in second paragraph.

"The effects of pipe rupture and/or leakage crack are
included in the environmental gualification of
safety-related electrical and mechanical eguipment,
(Environmencal qualification of safety-related egquipment s
discussed in Section 3.11).
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Question 210.19

BTP MEB 3-1, Rev, 2, Sectior B.1.d, requires that each
iping run considered in the postalation of break locations
n 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
MEB 3~1, Rev. 2, ave identified in CESSAR-DC in Table 3.6-3,
"High~Energy Lines Within Containment," and Table 3.6-4,
"High-Energy Lines 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

BTP MEB 3~1, Rev., 2, Section B.l.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 that they produce the mnost severe environmental
effects."
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guestion 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
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
3-602011‘-10! Of CESSAR-DC:

"For moderate-energy fluid systems in areas other than
containment penetratio. leakage cracks are postulated at
axial and circumferential locations that result in the most
severe environmental conseguences. 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, specifies 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.

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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u n 23

BTP MEB 3-1, Rev., 2, Section B.2.e, specilies 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 in
CESSAR-DC, Section 3.6,2.1.4.1 or modify the subsection in
accordance with BTP MEB 3-1, Rev., 2.

Response 210.23

The following paragraph will be added to Section
3.6-2.1.‘010! Of C!SSAR‘DC:

"Leakage cracks, instead of breaks, are also postulated in
the piping of fluid systems that qualify as high-energy
fluid systems for short operational periods of time but that
qualiti as moderate-energy fluid systems for the major
operational period."
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portion of the same train; for example, a "B" train high-energy
pipe may cause failure of a “B" train electrical tray, but not
failure of any "A" train component. The capability to shut the
plant down safely under such a failure will therefore remain
intact.

Given the separation criteria above, and the pipe break criteria
in Section 3.6.2.1.2, the effects of high-energy pipe breaks are
not analyzed where it is determined that all essential systems,
components, and structures are sufficiently physically remote
from a postulated break in that piping run.

3.6.2 DETERMINATION OF BREAR LOCATIONS AND DYNAMIC EFFECTS
ASSOCIATED WITH THE POSTULATED RUPTURE OF PIPING

pescribed 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 Break and Crack lLocations
and Configurations
3.6.2.1.1 General Requirements (

Postulated pipe ruptures are cons.dered in all plant piping
systems and the associated potential for damage to required
systems and components is evaiuated on the basis of the enerov i=
the systenm. System piping is classified as high-energ o
moderate-energy, and postulated ruptures are classified as
circumferential breaks, longitudinal breaks, leakage cracks, o1
through-wall cracks. Each postulated rupture 1s considered
separately as a single postulated initiating event.

For each postulated circumferential and longitudinal break, an
evaluation is made of the effecte of pipe whip, jet impingement,
compartment pressurization, environmental 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. For each postulated
through-wall crack, an evaluation is made of the effects of |
environmental conditions and flooding., The evaluation of the

required systems and components demonstrate that the protection
regquirements of Section 3.6.1 are met,
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CESSAR CERTIFICATION

Irrespective of the fact that the criteria in Section 3.6.2 may
not reguire specific breaks, if a structure outeide-conteinment
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.

3:5.8,1:3 Postulated Rupture Descriptions

A.

Circumferential Break

A circumferential break is assumed to result in pipe
severance with full separation of the two severed pipe ends
unless the extent of separation is limited by consideration
of physical means. The break plane area (A.) is assumed
perpendicular to the longitudinal axis of the pipe, and is
assumed to be the nross-sectional flow area of the pipe at
the break locaticn. The break flow area (A,) from each of
the broken pipe segments for a circumferent&al break, with
full separation of the two broken pipe segments, is equal to
the break plane area (A)). The break flow area, discharge
coefficient and discha?qe correlation are substantiated
analytically or experimentally.

Longitudinal Break

A long.tudinal 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
the longitudinal axis of the pipe and egual to the
cross-sectional flow area of the pipe at the break location.
The break flow area (A,) is egual to the break plane area
(A_). The break is agsumed to be circular in shape or
elfiptical (2D x D/2) with its 'ong axis paralliel to the
axis. The discharge coefficient and any other values used
for the area or shape associated with a longitudinal break
are substantiated analytically or experimentally.

Leakage Crack

& leakage crack is assumed to be a crack through the pipe
wall 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.

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 E
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3.6.2.1.3 Piping Evaluated for Leak-Before-tireak

A leak~before~break evaluation is performed for Class 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 eliminate the dynamic effects of
pipe rupture from the design basis. The evaluation is intended
to meet the reguirements of 10 CFR %0, Appendix A, General Design
Criterion (GDC) 4. The evaluation 1is 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 Fvaluated for Leak-
Before-Break

This section applies to all hiah- and moderate-energy piping
other than that whosrn 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.

3.56.3.%3:.4.1 Postulated Rupture lLocations

A. Class 1 Pliping
o
Ruptures, as specified in ItensSsePdeand®" .. 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 II1 (Reference
2) for Class 1 piping:

: the terminal ends of the pressurized portions of the
network.
2 intermediate locations where 8§ from eguation (1G;

exceeds 2.45m.
« - intermadiate locations where U exceeds 0.1.

where, as defined in Subarticle NB-31&6SG,
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§ = primary-plus-secondary stress-intensity
range under the combination of loadings
for which either level A or Level B
service limits have been specified, as
calculated from eguation (10).
8, = allovable stress-intensity value.
u = the cumul. Live usage factor.
Q;qf\CIass 2, Class 3, or Seismically Analyzed ANSI B31.1 Piping
v Ruptires, as spe-ified in Itemf D ®end-de below, are
('\%\ postulated to occcur at the following locatiens in each
' » ‘piping network designed in accordance with the rules of the
' g?"'\‘a~ﬁﬂﬂl Boiler and [Iressure Vessael Code, Section 111,
o AE N ¥| (Reference 2) for Class 2 and Class 3 piping, or with the
4o 1 Q¥ rules of the ASME Code for Pressure Piping, B3l, Power
§ g M,Pipinq. ANSI/ASME 331.1-1983 (Reference 3) for saeismically
&; % :; analyzed ANSI BY1.1 piping:
3 {
% U :‘1. the terminal ends of the pressuyized portion of the
- 8 o © \\i network, and '
R« 1
g‘ :\k’ E ':3 2 either
i '€ § : & & intermediate locations of potential high stress or
R ) G N\ fatigue such as pipe fittings, valves, flanges and
8 % Y . welded-on attachments, or
N ., & S———
\ ~ ¢ P- intermediate locations where the stress, §,
E*igxglé exceeds 0.8(X + Y).
v N
i ,1\:.. }- é,.‘ where, as defined in Subarticle NC-3650,
i & S | s = stresses under the combination of
: v 4 loadings for which either Level A or
!% S ! level B service limits have Dbeen
p 5 \;) 3 specified, as calculated from the sum of
! :R < | equations (9) and (10).
| | :
:\g‘t 3 c ! X = equation (9) Service Level B allowable
i b stress.
PERRL
/’ s = egquaticn (10) allowable stress.
/’ : /V.'/"ﬁ - 2 -:..-».L
' couehe LoceRyoen | o et it

-,'C' e (’ < Lk

(]25“7 3 /7%pihé At S/LL&Zf;l?( e

Amendment E
1.6-15 December 10, 1928



KOs g, LMW e S

——

Ak

4% a hon-ﬂ.:cnicully Analyzed ANSI B31.1 Piping
. K

Rupturus as specified in Itemg U and-¥y ars postulated to

peour at the following locations ir each ASME Code for
Pressure Piping, 031, Power Piping, NSIJASME &31.1-198)

(Referance 1J) piping uwetwork that (s not seismically
enalyzed,

1.

| 2.

at terminal ends of the pressurized portions of the
network, and

at each intermediate location of potential high stress

or fatigue, such as pipe fittings, valves, flanges, and
walded~on attachments,

D. Break Locations

Both circumferential and longitudinal breaks are postulated
to occur, but naot concurrentiy, in all high-energy piping
systems at the locations specified in Items A, B, or C,
i except as follows:
|
|

a: Longitudinal breaks are rHt pcstulated in piping runs
i of a nominal diameter less than 4 inches.
' 3. lLongitudinal breaks are not nostulated at terminal
ends.
:t = le5$ T whichk 13 wert .'<-‘$"’7‘5(7‘7r7” :
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Circunferential breaks are not postulated in piping

runs of & nominal diameter equal to or less than 1
inch,
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A leakagd-.crack-is ~postu a’toa i place cof T a

; circumierential break, or longitudinal break, or

L through-wall crack, if Justified by an analysis
pesformed on the ipeline in accordance with the

—— requirements of Section 31.6.3, l

Piping Near Containment lsolation Valves

e
7

Kuptures 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 ind
Prossure Vessel Code, Section 111 (Reference 2), and which
meets the following additional regquirements:

! gy S

"
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[ s The 1limits for postulating intermediate rupture

3
.
Qi lecations, as specified in Item A.2.b for Class 1
A 3@ piping and Item B.2.b for Class 2 and 3 piping, are not
w ?g; exceeded in thar portion of piping.
" n*\v I il 2. Following a postulated pipe break of high-energy piping
1 : "4 beyond either isclation valve, the stresses in the ;
4 ‘g ch 0B piping from the containment wall, to and including the (
. ~4: g length of the isolation valve, are maintained within
Q Qt"‘ level C Service Limite as specified in the ASME Bolier
3 < »-: and Pressure Vessel Code, Section 111, (Reference 2).
t Rg v | 3. The design and in-service inspection reguirements, as
y hs » ‘i specitied in MERP 3+) (Rcference 4), are satisified, :
(<]
',; L 4. The contalinment isolation valves are appropriately
% PR < qualified to assure that ocperability and leak tightness
q \‘ "E X are maintained when subjected to any combination of
eld $2¢ 3 loadings, which may be transmitted to the valves Irom
| < ‘Eg"» postulated pipe breaks beyond “he valves.

3.6.2.10.4.2 Pestulated Rupture Configurations

N A Break Configurations
i Whe“s the postulated break location 1s at a tee, elbow, or
3 the { ilowing pipe locations, the <onfigurations and types

of breaks arce determined as follows:
.t O Without the benefit of a detailed stress analysis, the
‘ 1 following are assumed:
‘

amendment B
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Question 210,24

BIP MER 3-1, Rev. 2, Saction B.3, specifies criteria for the
type of breaks and leakage cracks in high-énergy fluid
systen piping. The corresponding criteria for the
postulated break and crack configurations provided in
CESSAR~-DC, Section 1.6.2.1.4.2, are not in full accordance
with these BTP MEB 3-1, Rev. 2 criteria, VFor example, the
griteria for: 1) circumferential breaks in instrumentation
lines, one inch and less nominal pipe or tubing size in BTP
MEB 3-1, Rev. 2, Section B.J3.a.(1); <) circumfeiential
breaks selected without the benef't of stress calzulations
at piping welds to valves in BTP MEB 3-1, Rev. 2, Section
B.3.a(2); 3) longitudinal breaks in general in BTP MEB -1,
Rev. 2 Section B.3.b.(3); and 4) leakage cracks in BIP .<B
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 between the BTP
MEB 3-1, Rev. 2 and the CESSAR-DC criteria or modify the
latter in accordance with former.

Response 210,24

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

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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Piping Near Containment Isclation Valves

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 111 (Reterence 2), and which
meets the following additional recuirements:

b

Leakage Cracks

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

Th. limits fer postulating intermediate rupture
lecations, as pecified in Item A.2.b for Class 1
piping and Item B.2.b for Class 2 and ) piping, are nct
exceeded in that portion of piping.

Following a postulated pipe break of high-energy piping
beyond either isolation valve, the stresses in the
piping from the containment wall, to and including the
length of the isolation valve, are maintainid within
Level C Service Limits as specified in the ASME Boiler
and Pressure Vessel Code, Section III, (Reference 2).

The design and ine-service inspection reguirer nts, as
specified in MEB 3«1 (Reference 4), are satisifled.

The containment isclation valves are appropriately
gqualified to assure that operability and leak tightness
are maintained when subjected to any combination of
loadings, which may be transmitted to the valves from

postulated pipe breaks beyond the valves.
S — i
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e I i e e
reumfaren® ial reasks arg postulated 0 ocour

ndivldu 1ly at each tee of elbow pipe-to-fitting

veld where the criteria in Section 3.6.31.1.4.1,
re exceeded, and longitudinal \ breaks
to occutxindivsdually on ‘each gide of
r elbow ‘at its 'center and orjented
pcrpondic:l\r to the plane of ‘the littinq \

{ b\' At & branch run con ection, |\ a »ircumforontxal

‘ break'is postulated at \the braigh run=te-main' run

' weld, or the branch ru ~to=fitting wveld, and the

\ . break lane Area (A is assumed to\ be the
\ cross- sdctxonal‘tlow n’od of the Rtanch

» \ \ \

‘ e. t a wa;hed attyeh «nt (lug, stabchion, etc.) A

1 ngitudinal break is postuluted at the centerline

the welded attachment with an area equal to the

pipu surface area that \1: boundod by, the

i lttlchmont w’ld« \ \ \ \

d. At pn uxxsynm-tric pipe lbcltﬁon.\,uuch ag  a

\ reduger, circumferential and)longitudinal breaks

. are postulated. at each pipe~to~fitting weld where

\ \ the criteria ih Sectien 3.6.241.4.1, Ttem C are

\\oxcoodtd Longjtudinal broaxl\ are oriented teo

J ‘prcduco out-of=plane \bending \ of the piping

/ ontiqué‘txon \ \\ \ \
\

/ 2., Alternatively, where a ctazlcd stress pnnlyazo or test

\\ " is performed, the results are ysed to predict-the most

1 cation.“tho orifice is clnumod to be located noncurr cly
at\ each ang every point a out the \circumference 4f the p pe

unless otherwise o bstontiatcd.

P /\M\,

3.6.2.1.5 Details of coatuiancnt !onnttoticnl

probabld\rupturo\locntio (8) ana type of)\ break. x
¢ Crack Bonfigurations \\\x

}pstulat loakhqc cr:E\F or \ through~wall ¥rauk

Petails of containment penetrations are discussed in Sections
3.n.1 and 3.8.2,

:
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A longitudinal break resuits in an axial 11t without severance. Tie 011t
shall be assumed to he Orientated at any point about the circusference of the
pipe, OF altamatively at the point of highest stress as fuuhin by detaile
SLress anaiyses. For the PUrpose of design, the longitudinal break shall be
assumed to be circular or ellipical (20 x 1/20) in shape, with an ares equal
80 the largest "Diﬂ, Seqsi-sectional flow ares at the point of the breas snd
have a4 discharge coefficient of L0, Any other values used for the ares,
diaseter and dischargu coafficiant associated with s longitudinal break shall
be verified by tast data which defines the limiting break geometry. J
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ANSI/ANS~58.2~1988, Append.x B, presents conservative
approximations for the time dependent thrust force
acting at the break location of a ruptured pipe. 1In
cases where the steady state thruat > injtial thrust,
ANE~58.2 describes a s’ plified approximation for which
the applied thrust r.ses from zero to steady state thrust
in one millisecond, where it remains constant for the
duration of the time history analysis. In cases where
steady state thrust < initial thrust, ANS-58.2 describes
a simplified approximatior 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,
ct' is less than, equal to or greater than 1.0.

The approach described in CESSAR-DC refers to Lhe use of
the following one-step forcing functions based on the
method discussed in ANS-58-2, For the first case above,
where C, » 1.0, a suddenly applied thrus' equal to C_ p
A and rimaining at that level for the entire lnalyoii,
is used, For the second case above, where ct < 1.0, a
suddenly applied thrust equal to the initial “thrust, 1.0
p A, and remaining at that level for the entire
analysis, is used. These one-step forcing functions are
at least as conservative as the simplified forcing
functions described in ANS-58.2.
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Question 210.27

CESSAR-DC Sections 3.6.2.1.1 and 3,6.2.1.) and 2.6.2.1.2
identify "leakage cracks" which are to be postulated as
described in CESSAR-DC Section 3.6.3, "Leak-Before Break
Evaluation Procedure." The piping to which this LBB
procedure is to be applied is defined in Subsection
’.‘.’Qll,.

Currently, the LBB procedure has not “een agprovod by the
staff for the CESSAR-DC standard design (reference RAl's
210.13 and 252.03). Pending such spproval, 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 respons” to RAI 210.13.




Question 210,28

In C _88AR~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

:%gt , does nu. include the zero load set as specified in
3=1, Rev. 2, Subsection B.1.b.(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)
wvhich specifies the use of the zero load set in the stress
range calculation.

Revision ie incorporated in the response to guestion 710.14.
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Question 210,29

In CESSAL-DC Section 3.6.2.1.4.1.C "Non-Seismically Analyzed
ANSI B31.1 Piping," the criteria for .“2 postulativn of
rufturo is not in total agreement with the applicable
criteria specified in BTP MER 3-1, Rev. 2, SBubsection
B.1e(3). @ BTP MEB 3~1, Rev. 2 criteria require that
breaks in non-seismic, i.e., non-Category I, piping are to
be taken into account as described in SRP 3.9.2, Subsection
11.2.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.

Response 210.29

CESSAR-DC Section 3 6.2.1.4.1.C will be revised in
accordance with SRP 3.9.2 Section 11.2.X (interaction of
other piping with Category I piping).



CES'AR CERTIFICATION RAL 210.2¢

c.

/

/

]

Do

B

-~
_,( \ 1. at terminal ends of

-

-

o
Nc.

NN ETIoRiCat iy AMTtysed - ANLL- B3 b4 PIPINY

Circumfe.ential lreaks are not postulated in piping
runs of a nominal diameter equal to or less than 1
inch.

2, wongitudinal breaks are not postulated in piping runs
of a nominal diameter less than 4 inches,

b Longitidinal breaks are not postulated at terminal
ends. i Ry

— TN N S e T o 1

es, as specified in Items D and E, are postulated to

occur Jie following locations in each AJME for

Pressure Pip B3l, Power Piping, ANS1/ B31.1~1983
3)

(Reference network that | ot seismically
analyzed.

ssurized portions of the
network, and

2. at each rmed, :te location of poten
@, such as pipe fittings, valves,

ed~on attachments.

high stress

t &, and

Break Locations

Both circumferential and longitudinal breaks are postulated
to occur, but not concurrently, in all high-energy piping
systems at the locations specified in Items A, B, or C,
except as follows:

AR N\ —

NOW - BAFETY Reumuuu B’i\.l PIPING,

SustEm 82+ PIPING, %b‘;\q’mo S A Te ,
|SolaTe smsmncm.u\ AuAt.utalD PIPING, Faom NoN~- L
StisMically ANALMEED PIPING . TN CABES whee

(T 1S NOT PSS \BLE oR FRACTICLAL Te I1Sa8LOTE “TWE
SEEML PIPING, o ADIACENT NON-SEISMIC F RPING Swatl ¢ 5
- wuu‘leo ALLCRDING To TUE SAME SEeMC CRITER(A
AS LPPLICARLE ™ SEismic PIPING . Fea New- BEEMIE Pip e
ATTACLWEDS Te Se\snne :&N;’) TUE BUNBMIC EfeRLTS aF Tug‘,
Non «Sgizmig P.Dms m SIMUlaTeEs IV Tug rnauu_.ws
28 THR BRIAMIC PIPING, THE ATTACMED Newn«SEiamic FIPING UP
To;gﬁ AN‘UUI‘ED/UNQMQL“‘%ED &UNDAQV MsﬁEgu:MED i
NET\CAVBE 4 FLILURE of ThE SEsahc PIBING DURNG & 3¢

»

s Amendment E
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Question 210,30

In CESSAN-DC Section 3.6.2,2.2.2, it is stated that pipe
whip dynamic analyses at pipe whip restraints will be
performed to estimate displacements and strains of the pipe
and restraint. These analyses will be based on the powver
law moment curvature model in Appendix 3,6A.

SRP 3.9.1, Subsection 11X.4, specifies criteria for the
review of elastic-plastic methods for safety-related Code or
Non~Code items for which Service Level D limits have been
specified.

Provide justification for the Appendix 3.6A power law
movement curvature inelastic model in accordance with SRp
3:9:d,

Response 210,30

Section 3.6.2.2.2.2 will be modified to present a more
comprehensive dercription ot the approach to pipe whip
analysis (see paragraphs below). S8ince the methods involved
do not employ the power law moment curvature model, Appendix
3.6A will be deleted .nd applicable 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 general, the loading that may result from a break in
piping is determined using either a dynamic blowdown or a
conservative static blowdown analysis. “he method for
analyzing the interaction maffects of a whipping pipe with a
restraint will be one of the following: (1) Equivalent
Static Methced, (2) Lumped rarameter Method, or (3) the
Energy Balance Method.

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

The lumped parameter method is carried out by utilizing a
lunped mass model. Lumped mass points are interconnected by
springs to take into account inertia and stiffness
properties of the system. A dynamic forcing function or
equivalent static loads may be applied at each postulated
break location with unacceptable "pe whip interactions. A
nonlinear alastic-plastic analys.s of the piping-restraint
system is used.

The energy balance method is based on the principle of
conservation of energy. The kinetic energy of the pipe
generated during the first gquarter cycle of movement is
assumed to be converted into equivalent strain energy, which
is distributed to the pipe or the whip restraint.

i
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pesitive pump-contreolled flew, and the absence of energy
reservolirs are taken into account, as applicable, in the
reduction of jet discharge.

Piping movement (s assumed to occur in the direction of the
jet reaction, unless limited by structural members, piping
restrainte, or piping stiffness,

C. Pipe Blowdown Force and Wa e Force

The fluid thrust forces that result from either postulated
circumferential or longitudinal breaks, are calculated using
a simplified nne step forcing function methedology. This
nethodology is based on the simnplified methods described in
ANSY 58.2 (Reference %) and in Reference 6,

When the simplified method discussed above leads to
impractical protactive measures, then a more detailed
computer soluties which more accurately reflects the
postulated pipe rupture event s used, The computer
solution is based on the NRC’'s computer progran developed
for calculating two-phase blowdown forces (Reference 7).,

D. Evaluation of Jet Impingement L{fects

Jet impingement force calculations are performed cnly it
structures or components Aare located near postulated high
energy line Dbreaks ana it cannot be demonstrated that
failure of the structure or compenent will not adversely
affect safe shutdown capability.

3.6.2.2.2.2 Metheds for the Dynamic Anslysis of Pipe Whip

Pipe whip iestraints usua_ly provide clearance for tharmal
expansion during normal operation, If a break occurs, the
restraints or anchnars nearest the break are designed to prevent
unlimited movement at the point of break (pipe whip). nife

Anendment E

[%ﬁr insert next F°j¢}

6=21 Decanrber 10 198
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The d ie nature of the piping thrust load ahadi-be &
considered. 1In the absence of analytical Justification a
dynamic load factor of 2.0 iw applied in determining
restraint loading, (Elastic-plastic) pipe and whip
restraint material :roportto- may bo considered as
applicable, The effact of rapid strain rvate of material
properties ie considered. A 10 persent increase in yleld
strength Is used to account for strain rate effocts,

In general, the loading that may result from a break in
piping i{s determined using either a dynamic blowdown or a
conservative static blowdown analysis. The wethod for
analyzing the lntogcetten effects of a whipping pipe with a
restraint one of the tollowing: (1) Fquivalent
Static Method (Z)ALQIPOQ Parameter Method, or (3) the Energy
Balance Method,

In caser where time history or energy balance method is not
used, & conservative static analyses model will be assuned,

The lumped parameter method ie carried o t by utilizing a
luzped mass model. Lumped mass points are interconnected by
springs to take into account inertia and stiffness
properties of the system. A dynamic torcing func.ien or
equivalent static loads may be applied at each postulated
break location with unacceptable pipe whip interactions. A
nonlinear elastic-plastic aralysis of the piping-restraint
syeten ls used.

The energy balance method is based on the Frineciple ot
conservation of energy. The kinetic enerygy of the plfo
genersted during the first quarter cycle of movement is
assumed to be converted into equivalent strain erergy, which
is distributed to the pipe or the whip restraint,

2 VA |
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evations of motion used in the Finite Dif ‘srence alysis of
n 3.6.2.2.2.2 are of e form:

h\pk L T O GE L M (N 6A=1)

I \
vhnro) \E> \\ \\

\ the node spacing \\\
N\
t‘ - the externally applied laterz, loads at node k\\\
\

\ \
B, = ¢ lumped mass at nodo‘{ N
¥y * the\lateral deflection a’ ‘node k
| - the ihternal resisting mome in the beam at node
: g .

Power .aw moment-curvature relat .onship 18\ assumed and the
qsntrcl difference approximation fer the curvatiye,
\ \

\
N\

1, \\ (J-GA’R)

is uu\;& \,\

A tipewin
equation.
Yt + o = atdy(e) ¢ 2y(t) - y X = ot (3 h\-\n
and for the firht time step \\
yit) = at?y( (J.SA-C)\\

A time ritep equal
sed in the integratiyn

1/10 the shortast p:X{?d of vibratien is

2. =CURVATURE LAW

re is assumed to obwy an elastic-strain ha fining plastic
nementrcurvature lav  with' i{sotropic strain ha lening. The

Symbols' used are defined as Bollows: \
N\
M moment \\
M - current yield momeht
\

N\, :

Amendmernt F
d.6A~] Decerber 10 | s
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. \ ¢
2 elastic nodulu)\gf material at t:hQ:raturo
N
1 " moment of inertia \.
2 . 1 \\\\\ ™
) N\
¢ - curva N\ N\
S . M/7 = elagtic curvature \\
AOP g\ increment of plastic curvaturc\“\ {
op - 1o = cttcccva\plastic curvatu;¥\
By @ ‘ = permanent s)v\ curvature \\\
At ¢ end of ea integration sh%ep, nev values of ¢ are
calouldted at each node, N\
™ \\\ \\
' » and M at the“start of the step . are

POVER.
The llowing stress

\0

N
n

o \{(o) N

The corrcnﬁbnd

\Anq nomont-cbﬁx:furo law
\ ™

MK (¢
.

J.6A=2

an op by the tollovng procedure:

\Q::ain law is\\qoumod in the plastic rarje:
N

N\

\

N\

~
N
N\

b
(N8A=6)
\

(3.6A=5)

N\

N\

N
s ‘

J.6A-7)
\\

N
(3 LAY“)

Amendment ¥
Dacember "
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N\
\ \
| gdJ ( 3+n - 3’“) .':LLL ln < 1) ¥ \\
34 FLG/AN 7377 \ 1 0asT)
goed approwvimatien, \\ \\
\ N \
\ 2 Jon‘\\ J+n \
- 291nw .076n%) (R, “\R¢ ) (J.e»\w)
N\ N\
n which: \\ \
\\
@ outside radius
'k
pipa *:;1do rndiu& \
In the astic range t . moment«curﬁgture law is: ’
\, \ \
\ \
N =E \\ . !Q.GA-IX)
3 \
he transit.wn from e! aazxp to plasQXp behavior on ‘\nitial
\pdinq occu-l\er \ \ p |
\ \,
\ \ L
\ \\\ \\‘\ \\
\ \ (3.6A=12))

.0 unm.nr

e affect

US\ng a rate dgpandent stress st.ain law &f the form: \

is the static stain r;\itxonship

Where G( for
stairless eel, the e toct of atra n rate is less pronounced \9
Crease in fld and ultiwste strength used, \
\\

\ \ \
apable of “\handling a ilinear or er law
The havior of the rolt?f¥\§’ is
restraink  unloads elastically to
ft with a permanent \set, and rc‘ggdc

©olaw CUI'V‘(\\.

Amendment [
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guestion

In CESSAR-DC Sec O 6.,2.2.2.4, the allovable stresres
the design of w! raints are not in aceordance wit
griteria of SRP 6.2, Subsection 111.2.4.

Provide justificatio for the differences betwveen thi
CESSEAR~DC and SRP 3 } ¢riteria

Responge 210 31

CESSAK~DC Section 1.6.2.3.2.4 vill be revised 11
witl the Ccriteria ¢ SRP 3 .6.4 Subsection 111
follows:

' £

Allowable stresses used in the design of the pipe break
restraint components are consistent with the component
function. In general, the allowvable stresses ag9sociated
with the total react

3

ion force, including impact on the
; ’

ien, anc' ‘rage and structure are talken ats

the minimum yield stress i1ur structural steel and

:

structure extens
concretes
enbedments., >r those situations wvhere structure load

liaiting features cannot be provided to maintaln the
allowable stresses to within yvield, plastic deformat
gtructural components 18 tolerated as long as the

lon Ar
structurd
ig capable of con? auing 1ts functional requirements afte:
the deformation occurs. The upper design limit for j§

L pe
break restraint is 50 per Lt of the restraint meterial

Jitimate strain.
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3:8:3:%.3:4 Allowable Stresses

The allowable stresses are as follows:

for Bteel in tension, where the dysau!g yield Sstraength, Fod
is considered 15% higher than the 'static yield strengtn ¥/
and '« is the ASTM specified minimum elongation for the
given as a percentage with 50% usable strain for crushadle
energy absorption material in compression as datnrﬁdnod/by

dynamic testing. I

A.! For gnergy absorbing members: 0.99 F with },5 (U strain
|
1

/
! : i ‘ 4’

B. For non-energy absorbing hsmbor: 1.6 times the Al&C
allowable stress, but not to exceed 0.9% Foq for bending and
0.5 F for shear where F__ \is ccnsid.ri@’lot higher-than

N A :cXP compressicn membe ,‘\the allowable stress is 0.9

tifes the buckling stress FCRC as follows:

FCRC = {/3 % Fa X DIF

\ \ -
,wherq \ \ \
\ \ \ \ |
5/ = |lLower bound factor of cafety in AlISC for
i ’ compression stress it .
i / { - /
{ , - AISC allowvable compression stress :
| . |
DIF = Dynamic increase factor = 1.1
€. ' For structural attachments and structural components =

allowvable stresses will be che same as described in
/ Sections 1.8.3 ana 1.8.4.

3.6.2.3.2.5 Lesign Criteria

The unique feztures in the design of pipe whip restraint
corponents relative to the structural steel design are geared to
the lcads us~d and the allowable stresses. These are ~s follows:

A. Energy-absorbing members are designed for the restraint
reaction and 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,

B. Non-energy-absorbing members and their attachments are
designed for 1.25 times the restraint reaction to ensure
that the required deflection occurs in the enerqy absorbing
members and that the connecting members remain elastic.

Amendment b
b=24 December 10,
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A———— — v —
3.6.2.3.2.4 Allowable Stresses
The allowable stresses are as follows:
—-—-\\ /__/"\\ A e
~‘ . "\\///""\\\— ’ w .\\/"‘__‘

.7 Allowable siresses used ir the des.gn of the pipe break restraint compo-
nents are consiJtent with the component function. In general, the
allowable stresses associated with the total reaction force, including
impact, on the siructure extension, anc.ur=qe and siructuire is taken as

/ the minimum yieia stress for structural steel and concrete embedments.

For those situations where structure 'ocad ({mitirg features cannot ke
provided to maintain the allowable stresses 1o within yield, plastic
deformation in structural components is tolerated so long as the struyc-
ture 1s capable of continuing its functional requirement after the

! deformation occurs. The upper design limit for pipe brerk restraint

A is 50 percent of tne restraint material ultimate strain.

~ v
S s s

3:.86.0:3:2:%8 Ges3 ¢ Qriteria

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

A. Energy-absorbing members are designed fcr the restraint
reaction and 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.

B. Non-energy-absorbing members and @heir attachments are
designed for 1.25 times the restraint reaction to ensure
that the required deflection occurs . the energy absorbing

members and that the connecting members remain elastic.

Amendmenr E

Decerbter
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Question 230.32

In CEZSSAR-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 rujilding structure.

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

Response ¢10.32

Item C to CESSAR-DC Section 3.6.2.3 2.5 will be deleted and
Item B v .. 1 be revised to read as follows:

Non-energy~absorbing ..eambers, structural components, and
tieir attachment to the building structure are designed for
2.0 times the restraint reaction to ensure that the required
deflection occurs in the energy absorbing members and that
the connecting members remain elastic.
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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 footncte 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 be 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 eystems
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.



‘ CESSAR 23Ncarion AT 21037

TABLE 3.7-1
DAMPING VALUES**
Operating Safe
Basis Shutdown
Earthquake tarthquake
Structure . f{Percent of Critical) (Percent of Critical)
Welded steel structures 2.0 4.0
Bolted steel str tures 4.0 7.0 y
Prestressed concrete structures s % 5.0
Reinforced concrete structures 4.0 7.0
Equipment (steel assembly) 2.0 3.0
Piping* (diameter <12 inches) 1.0 2.0
Piping* (diameter »>12 inches) 2.0 3.0
. .—"‘V
i EeEe e - "/\\‘ e
¥7When response spectra method of analysis is used, damping values may be
ased on Code Case N-411-1le~e 2o M‘V M Al ey
" %.) matmfmpiﬁwdéﬁn SectToh 2.5 2 e

Amendment I
December 21, 1%90
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Question 21 )

A) CESSAR-DC Section 23 1,3 describes selsmic subsysten
modeling techniques No criteria for decoupling
subsystems including pilping 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 freedow, are not in accordance with SR}
3.7.2. Rev., 2, Subsection 1I.1.a(111), 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 1ir
accordance with S&P 3 2, Rev, 2 Subsect r
I1.1.a(111), criteraia.

Kesponse & :

; Where dynan | pling { \bsysten 18 ed the
riteria of SRi 2, Rev, 2, subsection Il b 1
itilized wWhere iynamil analysis nethods are useéed the
riterisa f SRI ) 4 Rev ¢ Bubsectlo: 1843 3
18 utilized t deternine the nunber of masses iegreet
of freedom and mass | nt spacing l'he de ript i
subsyntem modelling technigue 1T k AR~ Sectiol

18 reflect)ve f the SR} riteria n that it
tataes that the iynamil model 18 generated "t
a rately evaluate the iynamic betl | f The
nponent ., "

! Refer t response 1t RA] & 26 a which tline the
technica approach t answer the reguest f{ additiona
information on the lssue of dynami analysis modelling
This technical approach will tl e dynan mode 1T
pertinent t both pipe break and seisml VS € {

—
’n
*
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Question 210,41

CESSAR~DC Sectlon 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 :.nvelope of these elevation responge
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 i{s applicable only if used as recommended in
NUREG-1061, "Report of the USNRC Piping Review Committee, "
Volume 4, Sections 2.3 and 2.4. 1In 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

ollowing will be added to CESSAR-DC Section 3.7.3.9:

For multiple support excitation, time history analysis method
or independent support motion response spectrum method, as
described in Reference 10, 18 usedq.

NUREG 1061 will be added to the references for

section 3.
of CESSAR-DC.




6 Vhad

C SAR CERTIRCATION RAT 210. 4|

pipe, the stiffness matrix for the piping systam is detarmined.
This includes *he effects of torsional, bending, shear, and axial
deformations, as well as the local flexibilities of piping curved
penbers. Next, the frequencies and mode shapes for al1 the
significant modes of vibiations are calculated. Afts. the
frequency is determined for each wmode, the Corrasponding

_ horizontal and vertical gpectral accelerations with appropriate

damping are read from the Appropriate response gpectrur curves.
For each  mode, the irertia response forces, BRODGNTS ,
displacemeni.s and accelerationg are determined due to excitation
in the three directions simultanecusly (two h-arizental and one
vertical). Finally, the stresses are determined by takiry the
SRSS of the individual components. The relative displacement
effects between piping supports are discussed in Seztien .7, 2.:

-t

3:.7:.3:.8.2 Allowable Stresses

Allowable stresses in the piping caused by an earthquake are in
accordance with Section TII of the ASME Ccde. Allowvable stressee
in the earthquake -sgtraint componenta, esach as snubbers, are in
accordance with zay additional stress limits that may have been
established by ASME Code; Section IIT a* the time the restraint
components were purchased.

3.7.3.9 Multiple Supported Equipment Componerts with
Distinct Inputs

When the equipment or Component is supported at points with
different elevatiors, either the anvelope of these elevation
response spectra or multiple support excitation is used for the
seismic qualification of the eguipnment.

3.7.3.10 Use of Consta

In general, Seismic Categor
vertical direction uysin
3.7.3.1. No vertical

t Vert
subsystems are analyze. ‘n the
tic factors are used for subsystens.

10

3.7-’011 !'w.l of Eccentric ’Rug

Piping systems e modeled to include projeciing masses such ag
valve motor op@rators. The actual stiffness of the connecting
member is not/ expected to influence the Syatem appreciably.
However, an approximation is mace by assuming a meaber stiffness
equal to that bf the piping in which the valve is installed,
TN ’/—\/A N \/_—\\/-m. S
i Fora MULTIBLE aufPeRT EXLITENON . TimE MiSTeRL

|

OR. TNERPENOELT SUPFRET Moo RgsAoNee SPECTRUM METHOD .
AS DENCR\BED N RevRRELCE Q48 USED, r
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Sy

I —
/*«. ’
\ A~ e P e Amendment I

’/\""'»«-..»-—/' p, T &

“-‘

S P St B E E 1 DURE ENGR & SEVS-200 285 280l :

the mnethods specified {n _ *ion

ANALUSIS METHOD

v



BENT BY DE&S 12-13-81 + 8: 14PN DLKE ENGR & SRVS=208 285 2801

CES‘AR W—ISA?ON RAL 2(0.4|

REPERPNCES FOR SPCTION 3.7

-t Tsal, N.C., "Spectrum-Compatible Motions for Design
Purposes", Journal of ineering Mechanics Division, AscEk,
Vel. 98 EM2, T'D‘IT'TTSEM;:: 1972, e

2. Fritz, R.J., "The BEffect of Liguids on the Dynamic Motions
of Immersed Solids", Journal of Engineering for Industry,
Paper No., 71-~VIB-100.

1. McDonald, C.K., "Seismic Analysis of Vertical PUMPs Enclosed
in Liquid Filled Containers", ASME Paper No. 15=-PVP-5§,

4. Pahl, P.J., "Modal Response on Containment Structures",
s.ilm*c Des i for Nuclear Power Plants, MIT Press,
anbridge, Mass.

5. Forsberg, XK., “Axisymmetrical and Beam-Type Vibrations ot
These Cylindrical Shells", AJAA Journal, Volume 7, February
1969,

6. Lysmer, J., Tabatabaie, M., Tajirian, F., Vahdani, g.,

Ostadan, F., *“sassr - 2 System for the Analysis ot

_ Soil-Structure Ii.teraction", Report No. UCB/GT/81~02, Univ.
| of California, Berkeiey, April, 1981.

: Idriss, 1I.M., "Earthquake Ground Motions - Selection of
Control Motion and Development of Generic Soil Sites".

8. ABB Impell Report No. 01~8507-1784, "Seismic Analysis of the
Reactor Building of the System 80+ Certified Design",

9. Impell Corporation, Calculation No. ALWR-2, "$5. Analysis of
Case Bl.5 with Common Basemat", Job No. 8503-003-11355,

Revision 6. I e R
IR ——— e
| : e S, Nuclea Reguiatoriy Commissian) 3 f NURES 10 : ) o
. REPORT oF THE Ve, goslnu. Recvlaway Commisn on PipiNG /
‘_’{ REvView) TEAM y APRIL, 1885 , i P2 T

e il il

-

\ o - - /’\v hat WSS <
\'/\ __/ _//"‘\\__._,4 i Ry e e e

B Aem o os



Question 210,44

CESSAR~DC Se

tion 3 .3.13 provide criteria for the
interaction of other piping with Category 1 piping. I'hese
criteria are not totally consistent with criteria in SR}
}o 7.3, Rev 2 Subsection 11.8, and SRP 3.9.2, Subsection
11 K
Provide jvstification for the criteria n Ck AR~ Sect
) ). 1 r modify the crite a t e consistent with SRI
* }, Rev ‘ Subsect n 11 and SRI Subsectio!
11.2.¥
ResSponse 1 44
ESSAR-D Section 3 }1.13 will be rev.sed in a rdance
with SRI Ré bsect 1
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Quut;on 210,459

(A)

(B)

CESSAR~DC Secticn 3.9.1.4.1 states that for the
evaluatinn of RCS favlted conditions, the pipe break
load ana.ysis procedure conaicered only those breaks not
eliminated by leak-before-hreak (LBB).

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

Moreover, CESCAR-DC Section 17.9.1.4.1 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.

Response 210,49

(A)

Refer to response to RAI 210.13.

(Bj The MDC STRUDL code includes ASME code elbow flexibility

factors. THe MDC STRUDL code was nct utilized for
inelastic methods of analysis.
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Question 210.54

CESSAR-DC Section 3.9.2.5 indicates that based on LBB
arguments, all main RCS loop pipe breaks and all major
primary branch line breaks were eliminated fron dynamic
effects. Conseguently, faulted conditions evaluation for
tha reactor vessel internals and CEDMs were based on 110
percent of SSE loads only.

The use of the 110 poercent of SSE loads only for the
evaluation of the reactor internals and CEDMs faulted
corditions is currently unacceptable. Use of LBB procedures
for the CESSAR~DC System B0+Standard Design has not yet been
approved by the staff.

Accordingly, faulted conditions evaluations of the reactor
internals and CFDMs shovid include the sffects of ruptures
currently not coasidered on the basis of LBB arguments.
Revise Sectinn 3.9,2.5 accordingly.

Pesponse 210,54

Refer to responsa to RAI 210.13.
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Question 210.55

CESSAR~DC Table 3.%-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. 1In
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, »Mlso, reviee 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® shows the lavel D conditiun to include
component. DF in 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 sec¢~ndary
side pipe breaks not eliminated by leak-befcre-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.
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TABLE 3.9-10
LOADING COMBINATIONS FOR ASME SFCTION XIX CLASS 1 PIPING

Service
Level w...loadin Combination
Design Design Pressure,
Design Temperature,
Deadweight
Level A Level A
Transients,
Deadweight
Level B lLevel B
Transients, Deadweight,
Operating Basis
Earthquake
Level C Level C 3
- Transients,
( Deadweight
Level D Level D

Transients,

Deadwelght, Safe Shutdown
Earthquake poskilad ppaeel o
Pips bifukes ((LOCR ae gmbiley) not

Llim e ied by Male rweete

NOTE: The dyn.mic loads are combined by the sguare

root of the sum of the : juares'
¢ (.m"m
S

Amendment F
December 30, 1988
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RAT Zie: !
TABLE 3,9-11
LOAD COMBINATIONS AND ACCEPTANCE RESSBURIZER
SAFETY VALVE P1PING AND SBUPPORTS
ASME CLASS 1 PORTION
gervice Level v lond Combinatione
Design Design Pressure, Weight
Level A Level A Transients, Weight
Level B level B Transients, Weight,
QBE, VTw¢
Level C Level C Transients, Weight,
VT
Level D Level D Transients, Weight,

SSE, VIns poxbiloied Grams b (in €

Pire breaks (108w 4oilg eyt snil |
Climimade d by 1ok b - sok.

* Dynamic loads are combined by the sguare foot of the

sum of the squares (SRSS).

* Valve thrust loads (VT) are loads resulting from the

rapid acceleratiun or deceleration of
noncondensible gases, or both.

a jwater mass,

ISch/‘"?'

sid¥”

Amendment E
Decembeyr 30,

P
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Level B

Level C

Level D

NOTE:

TABLE 3.9-12

LOADING COMBINATIONS FOR ASME SECTION 111
CLABSES 2 AND 3 PIPING

Loading Combinatjion

Design Pressure,
Design Temperature,
Deadweight

Level B Transientc
Caadweight,
Operating Baris
Earthquake

Level C Transients
Pressure,
Deadweight

Level D Transients
Deadweight, Safe Shutdown
Earthquake, or Safe Shutdown

Farthquake and‘f't-l-pt!v' ‘
stleted brameh line pipe

0
fveo.ks' (LochA and vecondeary t.de)

net ehmmoM LY leak bedore break

Dynamic loads are combined by the square root of the
sum of the sguares (SRSS).

Amendment E
December 20,

16¢
1
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TABLE 3.9-14
DEEIGN LOADING COMBINATIONS FOR ASME CODE, CLABSBES 1, 2, AND 2
PIPING BUP ORTS

..Bervice Level Loading Combination
Level A and Design DW
Level B DW + OBE + RV

DW + OBE + DU
Testing bW + DT
Level C DW 4+ SSE + DE
Level D DW + SSE + DF
Legend:
DW - Piping deadweight
OBE +~ Operating Basis Earthguake
SSE =~ Safe Shutdown Earthguake
DT - Loads associated with testing
RV - Relief Valve
pu - Other transient dynamic events asscclated

with the upset plant condition
DE Dynamic events defined as emergency condition
DF Dynamic events defined as a faulted conditionw(ivé
NOTE: Dynamic loads are combined by the square root ;
cf the sum of the sguareg (SRSS). a‘g
i sc,cnclﬂvs’

: Jphees (Lo
~—p ,'»'as/v/a/fc{ pipe FuP

Amendment E

7

December 30, 19BR
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1
: Quest) 21 5¢
“
CESESAR-DC Sectior 9.3 states and a nunber of ad ing
pbination tables indicate that pipe ruptures eliminated
the basis of LBB analyses were not considered in the 1 [
evaluation ¢ ASME Code, Sectaion 111, Cless 1 ‘ and
mponents componecnt supports and Class CS core support
- tructurea, Currently, the staff has not approved the LI
nethodology for CE System B0+ Standard Deslg (refere ¢
AAls 21 13 and 25: ) . / rdingly, plpe ruptures
‘ ‘ eliminated by LBB analysi n t be neldered and 1ir led
l in thie load combinat table
Response 21 L
Refer t response 1t R
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Quest‘nn 210,74

CESSAR~DC Section 3.9.4.3 &and Table 1.9~15 do not include
IOCA among the loads considered in the 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 3.9-15 pending staff approval of LEB
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.

Respunse 210.74

Paragrapli 3.9.4.3 and Table 3.9~15 will be ravised to
include dynamic loads produced by LOCA and seconrdary side
pipe breaks not eliminated by LBB. (Refer also tc response
to RAI 210.13)

Table 3.9~15 will be revised to indicate that lLevel D
dynamic loads produced by LOCA and secondary side

pipe breaks not eliminated by LBB are combined by tha 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 supperrt and internal structures loading conditions. 1In
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 reference to LBE criteria in Subsection 3.9.5.3.2

g.nglng staff aspproval of LBB analyses [for System 80+ plant
esigns.

Response 210,75
Rafer to response to RAI 2.0.13.,
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Response 210,90 (Continued)

for the resultant load psrallel to the hot legs and the
other perpendicular to the hot legs, Also, & study was nmade
to determine the System 80+ internals responses for a 30
inch cold leg break. Table -hows the resulting peak
component shear loads and me .nts and SSE responuce loads.
The rasults show in all cases that the combined SRSS design
load increases are less than 10 percent since the LOCA loads
are all less than 0.46 times the SSE loads, thus verifying
the adequacy of the factor used,
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D339 =~ 101
guestion 210,91
“ For US]I A~4 concerning integrity of reactor internals ar

v vessel supports unda rapidly « Iry A0 internal evad
external asynmetri pressure transient Jlouading inauced by a

v break of the primary coolant piping, your resolution
indicated that the LEBE methodology 18 used Thus the
resultant 10C4 loads on the pvimary system component are n "
longer significant Since LBBR appl ation reguires staft
approval of systenm specific analysis, clarify your intentio

wither tc submit L#B analysis, or to perform LOCA analysits
for the primary asaystem components based on a break of the
primary coolant piping

"!‘\1"‘ nee Jif 91
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Question 210.92

For V'SI A~1, provide a list of l{lttll for which you have
incorporated water hammer loads in piping designs. Veuify
that for these systams, you have the following detailed
in*ormation documented for onourtng design adequacy of
piping and supports: (a, detail piping and support layout
drawings, (b) calculation packages or stress reports to show
definition of loads and calculation datails fo: verifying
that the analytical approach used and analysis results
obtained are in compliance with applicable Codes and
liccnllnt requirements, and (¢) ogorutlnq procedures,

a st

technic ntootticatlonl or administration controls that are
applicable to prevent or minimize the occurrence of waler
hammer in those systens.

Response 210.¢2

The US1 A-1 respor<e in CESSAR-DC discusses systems which
are suvsceptible to water hammer, and design features to
minimize water hammer. CESSAR-DC contains design criteria
vhich wili ras used to preclude destructiv. vater hammer
including:

. 9C degreuvs Jdownward vertical elbow at each steam
genar/tor feedwatar nozzle. This feature minimizes the
amour.; of horizontal piping susceptible to steam void
formation.

. Continuously rising feedwater (FW) and emergency
feedwater (EFW) inside containment. Also, all FW and
EFW lines have check valves inside containment. These
piping layout criteria, along wit.. the feedwater ring
outlet design in the steam generators maintain the
piping full during low flow conditions and prevent
column sep-ration during transients.

. Adeguate filling an‘ venting provisions to minimize
voids in piping.

. Steam piping arrangement and drain system design to
preclude condensation~induced water hammer during normal
operation and startup.

* Water hammer consid: ration in specifying vaive operating
times.

’ Preuperational testing to ensure no unacceptable water

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

e P e LR e
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The de.ailed design (piping and support layout drawings,
stress raports, operating procedures, etc.) will depend on
vendor-supplied information. It is the position of ABB-CE
as presented to the Staff at the meeting of November 26 that
this detailed information is (1) not required for
certification, (2) depends on plant-specific details not
finalized at the certifications stage, and (3) is subject to
revision until specific uetails of piping and other plant
design are finalized.

Prevention of water hammer will alsc be addressed in the
System 80+ Distribution Systems Guide, which was discussed
during the November 26 lcatinT. This guide will provide an
integrated approach for optimizing the layout and detailed
detalled design of piping, HVAZ, cable trays and conduits.
The purpose of this juide is to facilitate a final design
which meets all safety criteria and which optimizes plant
operation and maintenance. A detalled outline of the guide
is currently being .repared. Design considerations and
guidance in prevent ing destructive water hammer will ve one
of the major topics ¢f this document.

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

(See also 210.8 Question and Answer)
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guestion 210,.9)

Verify that the following information is avallable and

properly documented for resolution of USI A«] concerning

snupber operabllity assurance! (a) detall piping layout

drawings to show number, types and locations of snubbers 1

all Seismic Category 1 systems, and (1} procedures of

snubber operabllity assurance program, 1f such informatior

is not available, the schedule to complete such informat)

(% i M provided

Resporue 210.9

P 1t 18 the position of E, ag presented to the Starft
ut the meeting f Novenber 2¢ that piping layout and
plant arrangemaent drawings that provide number, types
and locations of snubbers in seismif ategory 1 piping
represents detailed informati that is (1 not reguire
for certificatior (4 iepends on plant-specifi letalls
not finalized at the certification stage and ) 4
subject to revision until specific detalls of piping and
other plant design are finalized It was als aagreed at
thet meeting that a Distribution Systems Design uide

prepared to ensure that the final design w
eq X

te
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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 steel containment
vessel from internal missiles." Are there potential sources
of misciles 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 anergy lines between the secondary shield
vall and steel containment, and between the stee

containment and the shield building. High energy lines to be
considered for high energy line breaks are listed in
CESSAR-DC, Tables 3.6-3 and 3.6~-4, which include these
areas. Tables 3.6~3 and 3.6-4 will be updated in the next
anendment to CESSAR-DC,

Some high onorql lines in contairn.c.it wiil be analyzed to
demonstrate leak-before~break (LBB) to eliminate them from
consideration for high energy line hrreak potential. For the
remainder of the high energy lines in containment,
grotoctiou of safety-related components and equipment from
igh energy line breaks and missiles will be provided by
separation, Yuurd pipes, shields, whip restraints, etc,
Postulated missiles from equipment In containment are listed

There are no lines to be considered for hi?h energy line
breaks in the area between the steel containment and the
operating floor and 1 efueling cavity walls.

Hi’h ene lines between the steel containment and the
shield building will be enclosed in guard pipes. There are
no postulated missiles from equipment between the uteel
containwent and the shield building.
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Question 252,03
Section 3.6.3 Leak-Before~Break Evaluation Procedure

The application of Leak-Before-Break (LBB) to »iping svstenms
is permitted in GDC-4 in Appendix A to 10 CFK Part 50,

g:b ished in ;ggggg%nggiiggf, Volume 52, No. 207, Rules and

gulations, Pages 0 41295, October 27, 1987, GDC=4

states, in part, tha%, "... .dynanic effects associated with
postulated pipe ruptures in nuclear power units may be
excluded from the desiin basis when analyses reviewed and
approved by the commission demonstrate that the probability

of fluid system pir :nhy ‘upture is extremely low under
conditions consistin’ »° N ths lesign basis for the piping.*

The analyses referr. <~ in ' 0C~4 should be based on
specific plant data, .. & .s piping geometry, material
specifications, piping loasds, and pipe suppor® locations.
The staff must review arag approved the LEB analysis for
specific piping systems before dynamic effects can be
excluded from the design basis. The staff does not
pre-approve the LBB procedure. The staff requires the
following:

= The LBP analysis must include a deterministic fracture
mechanics evaluation. The acceptance criteria for the
LEB analysis are delineated in NUREG~1061, Volume 3,
"Report of the U.8. Nuclear Regulatory Commission
Piping Review Committee, Fvaluation of Potential for
Pipe Break."

= The LBB analysis must evaluate the potential for water
hammer, corrosion, fatigue, erosion, environmen*\l
conditions, indirect failure mechanisms and other
degradation sources which could lead to pipe rupture.
The effectiveness of any mitigating measures should be
supported with actual data.

= The LBB analysis must ghow from the results of a
fracture mechanics analysis that a substantial range of
stable pipe crack sizes can exist for an extended
period which provides detectable leaks and that the
fluid systems piping will not rupture under these
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, response tc the comments is not
necessary. They are provided for future references:
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24

Leak Before Break (LBB)
Plant and Piping Design Considerations
LBB Acceptance Criteria
Analysis

The LBB section of the guide will include consideration
of leak detection systems, pipe sizes and material
proparties, system transiente, steps to minimize
strati' ¢! flow, water hammer and steam hammer,
potentiql for pipe degradation sources, LBB acceptance
eriteria, the analytical process, and evaluation of
analytical results,

Preparation of a set of sample piping layouts nd
analyses, which will inciude a preliminary LBB
evaluation of the surge line.

The purpose of preparing these samples is to demonstrate
the use of the guide in gorforminq detajled design of
distribution ngtcml. The surge line was specifically
chosen to be the sample piping system for dermcnstration
of LBB because the evaluation will demonstrate LBB
nothodoloqx and use of the guide for a tributary pipe
and specifically demonstrate that the surge line thermal
flow stratification issue is satisfied,

The samples 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 demonstirate that the information currently
in CESSAR-DC and further developed in the guide supports
the safety review b{ the Staff and provides additional
assurance that plani design safety criteria will be met.

It is C~E’s position that the above information will
preclude the necessity for including in the design basis
the dynamic effects of postulated ruptures of pipes for
which CESSAR-DC states that LBEE is demonstrated.

The reference tv Section 3.6.3.1.6 will be deleted fron
Section 3.6.3.4 of CESSAR-DC,
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fallure from the effects of corrosion, water rammer or low- and
high-cycle fatigue, or degradation or fallure of the piping from
indirect causes.

1.6.3.2 leskage Crach location

A survey of the piping is pertormed to determine the locations of
highest stress loading and coinclident poorest material
properties. All base metal, weld materials, heat affected zones
in the vicinity of .he terminal ends, and all intermediate elbow
locations are considered.

1.6.3.) leak Detection

There are two major aspects to leak rate based on crack detection
in addition to the crack opening size; leak detection capability,
and flow rate correlation for leakage through a crack,

3.6.3.3.1 Leak Detection System

A leak detection system is recommended by Regulatory Guide 1,45,
R ce B, capable of detecting a leakage rate of jeew-sywn | O
qa*,”en the primary system. NUREG-1061, Velume 3, recommends a
latﬁ\y margin of ten on the leak detection system. Diverse
measurement means are provided, including water  inventory
monitoring, sump level and flow monitoring, and measurement of
airborne radicactive particulates or gases (see Section %.,2.5).
Leak detection system requirements to support the LBB analysis
for main steam line piping are met by a combination of humidity
detectors, air coolers, radiocactive airborne activity sensors and
sump flow and level meters.

3.6,3,3.2 Fiow Rate Correlation

The other major aspect of crack detection based on the leak rate,
namely the flow rate correlation for leakage through a given
crack =ize, cannot be predicted precisely. Variables such as
surface roughness of the side walls of the crack, the nonparallel
relationship of the sjide walls due to th elongated crack shape,
and possibly zigeag tearing of the material during crack
formation all introduce uncertainties in defining an exact flow
rate correlation,

The leakage rate required to be detectable is 1.0 gpm. The
licensing guidelines (NUREG 1061, Volume 3) recommend a factor of

10 on that _1l t for conservatism; therefore, a crack
length vhi&"*sm "pm at normal operating conditions is

(Referenc~ 10), the leakage rate per Aquare inch of leak area in
the 10 gpm leakage rate range is copfPuted to be approximately 250

/ht‘h(ﬂt&( nuunt’ 4 gore v ot ghe Senk oo h\
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gpm per square inch for the primary system for the range of pipe
sizes of interest. The crack opening area corresponding to the
A0 gpm rate is found to be 0.04 square inch, This erack opening |,
area is used to determine the length of the A tectable crack for
stability evaluation.

3.6.3.4

"’Ekg!&!’! Crack Sirzes Using EPRI/GE
ene

Prior to detailed calculations of through-wall leakage cracks and
corresponding margins on loads and crack sizes, a preliminary
scoping evaluation is performed. In this part, all possible
locations in the piping evaluated are screened to idi.tify the
most critical candidates for detailed study. The screening study |
| is performed using the EPRI/GE estimation scheme (Reference 11) | |
| for the Jdetermination of crack opening areas using elastic
plastic fracture mechanice methods, and the C-E developed JEST
computer program for the leakage rates through cracks.

This estimation procedure is used to compare the severity of ’ |
hypothesized flaws in all piping locations in order to reduce the | |

number of cases to be subjected teo detailed analysis. The i

, procedure also provides an estimate of the leakage crack length |
( for input to the detailed finite-eienent analysis, Geoousadadend |
Ny T et e &

1.6.3,% Material Properties

For the main roclant loop, the hot and cold leg piping material
is SAS16 Gr70. All hot- and cold-leg pipe~to-pipe welds and the |
pipe-to-reactor vesse., steam generator and reactor cooclant pump |
safe end welds are carbon steel. All main loop component noziles i
are SASOR CL 2 or 3 carmon steel or SAS41 CL 1, 2 or 3, The
surge line is SA3S51 GR rFENM stainless steel, resulting in
bimetallic safe end welds. The shutdown cooling line and the
direct vessel safety injection line are both Type 304 stainless r
steel. The main steam line is SAS16 Gr70.

consideration of the properties of the pipe and the weld
materials. Previous work by C~E has shown that a congervative
boundin? analysis resuits 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 representation is used
for all analyses., The tensile (stress-strain) curves and the J,_ |

VE. 48 curves are required for each material type, )

The detailed analysis of cracks in pipe welds requires |
|
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Question 252.1%
USI 15 Radiation Effects on Reactor Vessel Supports

In the Resolution section, CE states that irradiation

effects are addressed in the fracture analysis of the

supports. NRC needs to approve this analysis before the

issue is resolved. CE also states that "the conservatism of

thie analysis is further enhanced the adoption of the
leak~before-break (LBB) method in the System 80+ Design |
Basis." CE cannot adopt the LBB method without the staff |
approval. |

CE also needs to provide the fracture toughness data of the
reactor vessel supports in Section 5.4.14.2.

Response 252,19

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

Section 5.4.14.3 of CESSAR-DC gtates that the structural
integrity of RCS support components is ensured during
fabrication. Fracture toughness data for reactor vessel
supports will be made available during the construction
stage.



