August 28, 1992

Mr. Giuliano DeGrassi

Building 475C

Brookhaven National Laboratory
Upton, NY 11973

Dear Giuliano:
Enclosed are the ABWR SSAR markups corresponding to the majority

of the Piping Design Audit open items. The markups for the
outstanding open items will be provided on the following schedule:

Open ltem Date
A-10 9/4/92
A-12 9/15/92
A-17 9/4/92
A-18 10/31/92
A-25 9/15/9”
A-28 9/4/62

Sincerely,

%,V\./‘}w

Jack N. Fox

Advanced Reactor Programs

cc: Chet Poslusny/Shou Hou
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NOTE3 (Costinued) 6

4. All otber insirument lines:

i Through the root valve the Unes shall be of the same classification as the system |
10 whuch Whey are attached.

4 Bevond the root valve, if used 10 actuate a safery system, the lines shall be of
the same classafication as the sysiers 10 which they are attached.

W Beyood the root valve, I not used 1o actuate a safery system, the lises may be
Code Group D.

“n

All sa:rple lises from the outer isclation valve of the process root valve througs the
remaiocer of the sampling sysiem may be Code Group D

€ All safety.relaed instrument sensing lines shall be in conformance with the criteria of
Regulatory Guide 1.151. |
¥ 4 Safere Relief valve discharge line (SRVDL) piping and quenche shail be Quality Group C and Seismic

Categore 1. In addirion, all weids i the SRVDL piping in the werweil above the surface of the suppression pooi
! shail be non-destructively examined to the requirements of ASME Boiler and Pressure Vessel Code, Secuon {1,
Class 2.

SR
S

VoL -; ug from the saferv/relief vaive to the quenchers in the suppression pool consisis of two pans: the
frst pant is located in the drvwell and is atached ar one end 1o the safety/reiief valve and arnached at its other
cined 10 i u...'pnr::gm floor penctranon. Thus first part of the SRVDL is anaivzed with the main steam piping as
@ compiete nstem. The second pan of the SRVDL is in the werweil and extends from the penetranon to the
guenchers in the suppression pool. Because of the penetrasion on tius pan of the line, it is physicaily decoupied '

‘} from the man steam piping and the first pant of the SRVDL piping and is therefore analvzed a5 a sepatai

ping system.

&

Eictirical devices unclude components such as switghes, controllers, solescids. fuses.
junction boxes. and transducers which are discrete components of a larger subasse=biy
moduis. Nuclear safetvorelated devices are Seismic Category 1. Fail-sale devices are

non-Seismic Category 1

ontrol rod drive insert hines [rom the drive flange up to and including the first valve
e hydrauiic control unit are Safety Class 1, and non-safety related bevond the first

O -4
3 3
o

. and stored water which coairols two contra: red drives by the appircation of

k. The hvdraulic control umit (HCU) is a factory-assembled engieered module of valves, tubing,
v
pr res and flows to accomplish rapid insertion {or reactor scram.

L
-
L SO )

Alihcugh the hvdraulic coatrol unit, as a unit, is field installed and comnected 10 process
piping, many of its internal parts differ markedly from process piping components because of
tae more complex functions they must provide. Thus, although the codes and standards igvoked
by Gr\:vs A, B. C, and D pressure integrity quality levels clearly apply at all levels 13 the
interfaces berween the HCU and the conaection to cenveational piping components (eg. pipe
m:;}cs. fittings, simple hand vaives etc), it 13 considered that they do not apply 13 the
specially parts (e.g.. solencid valves, pneumatic components. and instruments). @

Ameasmen §

e
[
poes



§ 1 e ——y

T1 4® 2 19945 "GIvd MILSAS BITIO8 Wi €-1 9 eunbj g

g S T g
SRR e T R A S Tl
o TS :
T wx pr % ¥
= i e e P 3
e e Wi T B +0 ’~
L srenmites: s e
T - .hl-,ﬂ cwhq
LRSS M) , -
B T i -z
N T 3H . m
. = |2 i 1] ) 3¢ .h.
sl w1 Kl =5
o ) - — | | _ [~} =149
N e R e B EY AN -l
Mh\ ’ - .AWV “ 'll~/ ..*.Jh /\ .. ....u”h»...—. “.0 1 a —n—v— m
SRR | | (g
; = - i - B e i iy ]
_// I'!ll\ { lv%\l _ |l|0 Al:\u .\.t.l.A-l S" — e — . mw
” S i T S s | M 1 " ol
AIPE.:III!'!I. vﬁ - wl.!‘.“l!“ul“““l l”ll’ e P e 1\ u
. EL LI,
p— 17 -iﬂ....lu.f m (=)
w B ﬁ \ e ajfg =
L T WA b =t
) .W- - u./
. .....-m.un e Acb: o -l e saB A~
i .w T8 Ll i | o
Nl e T . e "= LIUEEREEIT
.Tgnw m : Auw. _ Jt I.“‘-P = _ You A it .
2 ._u R = a™ 374 3\ 1 P soh /auu'.
s 2 4T e e
i e + - T
17" e -~y M'B - .\F‘ B
F S Sl g e S T ¥
R PR T e e g T TR i rMMM,Qr MML_
L £ LI F LB I I S S e B B = % %

Jaug g oosvpaed



ABWR

Standard Plant
SECTION 1.6

CONTENTS

Litle

.‘f‘f.xv yres in } Qg
ide and Outside of Containment

\( I\ } .§ ‘(' \‘r‘\

Rasadt ,.“Jnmhd fv’u. h“vf M&J W.
Determingtion of Break Locations angd
Dyoamic Effects Associated with the
Postulated Rupture of Piping




ABWR

Standard Plant

SECTION 3.6

CONTENTS (Continued)

[itle




ABWR

Standerd Plant
SECTION 1.6

CONTENTS (Continued)

litle

COL License information




ABWR

Standard Plant

SECTION 3.6

TABLES

Litle

ILLUSTRATIONS

litle

AEUra

I

Jrnifal & "'L‘/d/\ (o d-r‘({ AiaJe ;;:"/Cﬂ‘ {




ABWR

1.6 PROTECTION AGAINST DYNAMIC
EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

This Section deals with the structures, sys-
tems, components and equipment in the ABWR
Standard Plaat.

Subsections 361 and 3.6.2 describe the
design bases and protective measures which ensure
that the containment, essential systems, compo-
nents and equipment; and other essential struc-
tures are adequately protected from the conse-
guences associated with a postulated rupture of
high-¢nergy piping or crack of moderate-energy
piping both inside and outside the contaiament.

Before delineating the criteria and assump-
noas used to evaluate the consequences of pip-
ing failures inside and outside of containmen,
it 1s necessary to define a pipe break event and
a postulated piping failure:

Pipe break event: Any single postulated
piping failure occurriag during normal plant
operation and any subsequent piping failure
and/or equipment failure that occurs as a direct
consequence of the postulated piping f2ilure.

Postulated Piping Failure: Longitudinal or
circumferential break or rupture postulated in
high-energy fluid system piping or throughwall
leakage crack postulated in moderate-energy fluid
sysiem piping. The terms used in this definition
are explained in Subsection 3.6.2.

Structures, systems, components and equipment
that are required to shut down the reactor and
mitigate the consequences of a postulated piping
failure, without offsite power, are defined as
essential and are designed to Seismic Category |
requirements

The dynamic effects that may result from a
postulated rupture of high-energy piping include
missile geacration; pipe whipping; pipe break
reaction forces; jet impingement forces, compart-
ment, subcompartment and cavity pressurizations;
decompression waves within the ruptured pides and
seven tvpes of loads identified with loss of cool-
ant accident (LOCA) on Table 3.9-2.

Amendment 21

2IAE100A
REV I

Subsection 3.6.3 and Appeadix JE describe the
implementation of the leak-before-break (LBB)
evaluation procedures as permiited by the broad

scope amendment to General Electric Criterion 4

(GDC-4) published in Reference 1. It s antici-
pated, as mentioned in Subsection 3.6 4.2, that

a COL applicant will apply to the NRC for |

approval of LBB qualification of selected piping

by submitting a techanical jusufication report

The approved piping, referred to in this SSAR as |
the LBB piping, will be excluded from pipe |

breaks, which are required to be postulated by
Subsection 3.6.1 and 3.6 2, for design against
their potential dynamic eftects. However, such
piping are included in postulation of pipe
cracks for their effects as described 1n
Subsections 3.6.1.3.1, 3.6.1.2.1.5 and
362162 1Itis emphasized that an LBB
qualification submittal is not a mandatory
requirement; a COL applicant has an option to
select from anone to all technically feasible
piping systems for the benefits of the LBB
approech The decwsion may be made based upon a
cost-benefit evaluation (Reference 6).

3.6.1 Postulated Piping Failures
In Fluid Systems Inside and
Qutside of Containment

This subsection sets forth the design bases
description, and safety evaluation for determin-
ing the cffects of postulated piping failures in
flurd systems both iaside and outside the con-
tainment, and for including necessary protective
measures.

16.1.1 Design Bases
15.0.1.1 Criteria

Pipe break event protection conforms to 10CFRS)
Appendix A, General Design Criterion & Environ-
mental and Missile Design Bases. The design
bases for this protection is ia compliance with
NRC Branch Technical Positions (BTP) ASB 3-! and
MEB 3-1 included in Subsections 3.6.1 and 3 6.2,
respectively, of NUREG-0800 (Standard Review
Plan)

Y&
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MEB 3.1 describes an acceptable basis for
selecting the design locations and orientations
of postulated breaks aud cracks in Muid systems
piping. Standard Review Plan Sections 3.6.1 ind
4.6.2 describe acceptzble measures that could be
taken for protection against the breaks and
cracks and for restraint against pipe whip that
may result from breaks.

The design of the containment structure, com-

pouent arrangenent, pipe runs, pipe whip re-
straints and compartmentalization are done in

Amendment 11
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consopance with the acknowledgment of protection
agaiost dynamic effects associated with a pipe
break event. Analytically sized and positioned
pipe whip restraints are engineered to preclude
damage based on the pipe break evaluation.

16.1.12 Objectives

Protection aga:ast pipe break event dyoamic
effects 1s provided to fulfull the following ob-
jectives

(1) Assure that the reactor can be shut dowp
safely asd maintained in a safe coid shut-
down condition and that the consequences of
the postulated piping failure are mitigated
to acceptable limits without offsite power.

(2) Assure that containmen! integrity is main-
tained

(3) Acsure that the radiological doses of a pos-
tulated piping failure remain below the
lim*ts of /#CFRI1CO

36.1.13 Assumptions

TLe following assumptions are used to deter-
mine the protection requirements

(1) Pipe break events may occur during normal
plast condi’ions (i.e., reactor startup,
operation at power, normal hot standby® or
reactor cooldown to a cold shutdown cond:-
tions but excluding test modes).

(2) A pipe break event may occur simultaneously
with a seismic event, however, a seismic
event does notf initiate a pipe break event.

This applies to Seismic Cappgory on-
wsey

Seismic Category | piping

(3) A single active component failure (SACF) is
assumed in systcms used Lo miligate conse-
quences of the postulated piping failure and
to shut down the reactor, except as noted

*  Normal hot standby is @ normally attained
zero power plani operating siate (as opposed
to @ hot standby initiated by @ plant upset
condition) where both feedwater and main
condenser are available and in use.

Amendment 3

4)

(5

(6)

LIALI100AE
RENV B

in item (4) below. A SACF is malfunction or
loss of function of a component of electric.
al or fluid systems. The failure of an ac.
tive component of a fluid system is consi-
dered to be a loss of component function as
a result of mechanical, hydraulic, or elec-
trical malfunction but sot the loss of com-
pooent structural integrity. The direct
consequences of a SACF are considered to be
a part of the single active failure. The
single active component failure 1s assumed
to occur iv addition to the postulated
piping failure and any direct consequences
of the piping failure.

Where the postulated piping failure 15 as-
sumed to nccur 12 one of two or more redun-
dant traios of a dual-purpose moderate-¢n-
ergy essential system (i.e,, one required to
operate during normal plaat conditions as
well as to shut down the reactor and miti-
gate the consequences of the piping fail-
ure), single active failure of components 1o
the other train or trains of that system
only are not assumed, provided the system is
designed to Seismic Category | standards. 15
powered from both offsite and onsite sour:
ces, and is coostructed, operated, and 1n-
spected to quality assurance, testing and
inservice inspection standards appropriate
for nuclear safety-related systems. Re-
sidual beat removal system is an example of
such a system,

Il a pipe break event involves a failure of
non-Seismic Category | piping, the pipe
break event must not result in failure of
essential systems, components and equipment
to shut down the reactor and mitigate the
consequences of the pipe break event consid
ering @ SACF ip accordance with items (3)
and (4) above.

If loss of offsite power is a direct copse-
quence of the pipe break event (e g, tnip
of the turbine-generator producing a power



i
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American Natinnal Standard ANSUANS 58 21988

For BWRs, the reactor coolant system extends to
and includes the outermost primary containment
isolation valve in the main steam and feedwater

piFing

required syvsterns and components.’ Systems
and components (structures, equipment, compo-
nent of a system or total system) required for safe
shutdown following an associated postulated pipe
rupture.

safe shutdown. The shutdown with (1) the reac-
tivity of the reactor is kept to a margin below cri-
ticality consistent with technical specifications,
2ithe core decay heat is being removed at a con.
trolled rate sufficient to prevent core and reactor
coolant system thermal design limits from being
exceeded, (3 components und systems necessary
to maintain these conditions operating within their
design limits, and 4} components and svstems
necessary to keep doses within prescribed limits
operating properly

safe shutdown earthquake (SSE). That earth
quake which 15 based upon evaluation of the max-

Q@ )mum earthquake potential considering regional

and local geology and seismology and specific char-
acteristics of local subsurface material It isthat
earthquake which produces the maximum vibra-
tory ground motion for which certain structures,
systems, and components are designed to perform
their nuclear safety function.

seismic category L The category of nuclear safety-
related structures, systems and components that
are required to perform their nuclear safety func.
tion during or after an SSE as necessary to ac-
commodate any event involving an SSE.

Lo accommodate seismic loadings.
-

i

smicaly analyzed .1 piptng. AS\
Code for Pressure Piping, B31, “Power Piping,”
ANSL ASME B31.1-1986 (4], piping which is not
required to be Seismic Category I but 1s designed

shall, should, or may,. The word “shall" is used
to denote a roquirement; the word “should” is

"Thus definition s equivalent to the definition of “Essential
Systems and Componenta”™ in NUREG 0800 "Standard
Review Plan.,” Sections 16 1 and 162 "Required’ is used
in place of "essential’ because the word “essential” may have
simiiar but different meanings outside the context of postu
iated pipe rupture design.

used to denote a recommendastion, and the word
“may’ 15 used to dencte permissior., neither a re-
quirement nor a recommendation.

terminal end. That section of piping onginating
at a structyre or component (such as a vesse] or
component nozzle or structural piping anchor) that
acts as an essentially mgd constraint to the piping
thermal expansion Typically, ar  chor assumed
for the piping code stress analysis would be a ter.
minal end. The branch connection to the main run
1$ one of the terminal ends of a branch run. ex.
cept for the special case where the branch pipe
1s clas=ified as part of a main run (see definition
for branch run). In-line fittings, such as valves,
not assumed to be anchored in the piping code
stress analysis, are not terminal ends.

4. Postulated Rupture Locations and
Configurations

41 General Requirements. Postulated pipe rup-
tures shall be considered in all plant piping sys-
tems and the associated potential for damage to
required systems and components evaluated on
the basis of the energy in the system. System pip-
ing shall be classified as high energy or moderate
energy, and postulated ruptures shall be classified
as circumferential breaks, longitudinal breaks,
leakage cracks, or through-wall cracks. Each pos-
tulated rupture shall be considered separately as
a single postulated initiating event.

For each postulated circumferential and longitu.
dinal break, an evaluation shall be made of the
effects of pipe whip, jet impingement, compart-
ment pressurization, environmental conditions,
and flooding, in accordance with Sections 6 through
10, respectively. Also, if required to demonstrate
safe plant shutdown, an internal fluid system load
evaluation shall be performed of the effects of
fluid forces on components within or bounding the
fluid system. However, only general guidance for
this evaluation, for components other than piping,
is provided in this standard. If a postulated break
results in missile generation, an additional eval-
uation shall be performed of the effect of the mus.
sile; however, specific guidance for the evaluation
is not provided in this standard. For each postu.
lated leakage crack, an evaluation shall be made
of the effects of compartment pressurization, en-



-y (10) Pipe wbic’ occurs in the plane defrmed by the
. piping geometrygnd causes movement in the
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surge which in turn trips the main breaker),
ther a loss of offsite power occurs 10 &
mechanistic time sequence with a SACF
Oiherwise, offsite power 15 assumed available
with a SACF,

A whipping pipe is oot capable of rupturing
impacted pipes of equal or greater nomin.
pipe diameter, but may develop throughwall
cracks in equal or larger nominai pipe sizes
with thunner wall thickness.

(8) All available systems, including those ac-
tuated by operator actions, are available to
mitigate the consequences of a postulated
piping failure. In judging the availabiity
of systems, account is taken of the postu-
lated failure and its dizect consequences
such as unit trip and loss of offsite power,
and of the assumed SACF and its direct con-
sequences. The feasibility of carrying out
operator actions are judged on the basis of
ample time and adequate access (o equipment
being available for the proposed actions.

Although a pipe break event outside the
containment may require a cold shutdown, up to
eight hours in hot standby is allowed in order

for plant personnel to assess the situation
and make repairs. .

rection O ¢ jet reaction. If re-
rained, a whipping pipe with a constant
energy source forms a plastic hinge and
rotates about the nearest rigid restraint,
anchor, or wail penetration. If unre-
strained, a whipping pipe without a constaal
energy source (i.c., a break at a closed
valve with only one side subject to
pressure) is vot capable of forming a
plastic hinge aud rotating provided its
movement can be defined and evaluated

The luid internal energy associated with
the pipe break caciion can take into
account any line restrictions (e.g., flow
{imiter) between the pressure source and
break location and absence of energy

reservoirs, as applicab )

2IAG100AE
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16.1.1.4 Approach

To comply with the objectives previously
describud, the essential systems, components,
and equipment are identified. THhe essential
systems, components, and equipment, or portions
thercof, are identified in Table 3.6-1 for pip-
ing failures postulated inside the containment
and in Tabie 3.6:2 for outside the containment

3612 Description

The lines identified as high-energy per
Subsection 3.6.2.1.1 are listed in Table 3.6-3
for inside the containment and in Table 3.6-4
for outside the containment. Moderate-energy
piping defined ip Subsection 3.6.2.1.2 is listed
in Table 3.6-#Yor outside the containment
Pressure response analyses are performed for the
subcompartments containing high-energy piping
A detailed discussion of the line breaks
selected, vent paths, room volumes, analytical
methods, pressure results, etc., is provided in
Section 6.2 for primary containment
subcompartments.

The effects of pipe whip, jet impingement,
spraying, and flooding on required function of
essential systems, components, and equipment, or
portions thereof, inside and outside the
containment are considered.

In particular, there are no high-ener~y lines
near the control room. As such, there are no
effects upon the habitability of the control
room by a piping failure in the coatrol building
or elsewhere either from pipe whip, jet impinge-
ment, or transport of steam. Further discussion
on control room habitability systems is provided
io Section 6.4.

1.6.13 fafety Evaluation
16131 Geoersl

An analysis of pipe break events is performed
to identify those essential systems, components,
and equipment that provide protective actions
required to mitigate, to acceptable limits, the

consequences of the pipe dreak eveat.

Pipe break events involving high-energy fluid

&

P
&

Amendment 21




Insert C paéz, 23.6-3

__._(Pxpc whip shall be considered capable of
causing circumferential and longitudinal breaks.
individually, in impacted pipes of smaller nomi.

nal pipe size, ir. espective of pipe wall thickness,
and developing through-wall cracks in equal or
larger n.minal pipe sizes with equal or thinner
wall thickness. Analytical or experimental\data, |
or both, for the expected range of impact energies
may be used to demonstrate the capabulity to with.
stand the impact without rupture; however, loss
of function due to reduced flow in the impacted

pipe should be considered. /




ABWR

standard Plant




ABWR
StandardPlant

requirement for redundant separation is
met. Other redundant divisions are
available for safe shutdown of the plant and
no further evaluation is performed.
(4) If damage could occur to more than one
division of a redundant essential system
within 30 ft of any high energy piping,
other protection in the form of barriers,
shields, or enclosures is used. These
methods of protection are discussed in Sub-
section 36.1.3.2.3. Pipe whip restra.nts
as discussed in Subsection 3.6.1.3.2.4 are
used if protection from whipping pipe is not
possible by barriers and shields.

3613223 Barriers, Shields. s~3 e.aclosures

Protection requirements are met through the
protection afforded by the walls, floors,
columns, abutments, and foundations io many
cases. Where adequate protection is not already
present due to spatial separation or =xisting
plant features, additional barriers, deflectors,
or shields are identified as necessary to meet
the functional protection requirements.

Barriers _r shiclds that are identified as
necessity by the use of specitic break locations
in the drywell are designed for the specific
loads associated with the particular break
location.

The sieam tunnpel is made of reinforced
concrete 2m ‘hick. A sicam tuanel subcom tment
analysis was performed for the postulated rupture
of a mainstea:s lne and for a feedwater line (see
Subsection 6.2.3.3.1). The peak pressure fiom a
mainsteam line break was found to be 11 psig
The peak pressure from a feedwater line break was
found to be 3.9 psig. The steam tunanel is

 desigaed for the effects of an SSE coincident

| tuonel

with bigh cnergy line break inside the steam
Under this conservative load
combination, no failure in any portion of the
steaw ‘unnei was found to occur; therefore, a
bigh energy line break inside the steam tunpel
will not effect coatrol room habitability,

The MSIVs and the feedwater isolation and check
vaives located inside the tunnel shall be
designed for the effects of 5 line break. The
details of how the MSIV and feedwater isolation
and check valves functiona. capabilities are

Amendment 17
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protected against the effects of these
postulated pipe failures will be provided by the
applicant referencing the ABWR design (see
Subsection 3.6.4.1, item 4 and 0).

Barriers or shields that are identified as
necessary by the HELSA evaluation (i.e., based
on no specific break locations), are designed
for worst-case loads. The closest bigh-eneigy
pipe location and resultant loads are used to
size the barriers,

361324 Pipe Whip Restraints

Pipe whip restraiats are used where pipe
break protection requirements could not be
satisfied using spatial separation, barriers,
shields, or enclosures alone. Restraints are
located based on the specific brea ecations
determined in accordaace with Subsections
36.2.1.4.3 and 3.6.2.1.4.4. After the
restraints are located, the piping and essential
systems are evaluated for jet impingement and
pipe whip. For those cares where jet
impingement damage could still occu:, barriers,
shields, or enclosures are utilized.

The design criteria for restruints is given in
Subsecticn 3.6.2.3.3.

36.1323 Specific Protection Measures

(1) Nonessential systems and system components
are oot required {or the safe shutdown of
the reactor, nor are they required for the
limitation of the offsite release in the
event of a pipe rupture. However, while
none of this equipment is needed during or
following a pipe break event, pipe whip
protection is considered where a resulting
failure of a nonessential system or
componeut could initiate or cscalate the
pipe break event in an essential system or
component, or in another nonessential sysiem
whose failure could affect an essent.a:
system.

For high energy piping systems penetrating
through the coatainment, isolation valves
are located as close to the containment as
possible.

(3) The pressure, water level, and flow seasor
instrumentation for those essential systems,
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(4)

(6)

which are required to function following a
pipe rupture, are pdrotected.

High-cerergy fluid system pipe whip
restraints and protective measure« are
designed so that a postulated break in one
pipe could not, in turn, lead to a rupture
of other nearby pipes or components if the
secondary rupture could result ia
consequences that would be considered
up-ccertable for the initial postulated
break,

For any postulated pipe rupt ¢, the
structural in.egrity of the containment
structure is maintained. In addition, {or
those postulated ruptures classified as a
loss of reactor coolant, tae design leak
tightoess of the containment fissioe product
barrier 1s maintained.

Safety/relief valves (SRY) and the reactor
core isolation cooling (RCIC) system steam-
line are located and restrained so that a
pipe failure would not prevent depressuri-
zation.
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Rupture of Pipine

riteria Used to Define Break and
sk Location and Coaflguration
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)ﬂ’/snm LOCATION AND PIPE WHIP RESTRAINT
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-

The procedure of determinating a break location and siZing a pipe whip
restraint is as follows:

(1

(2)

)

Use break criteria in SRP 3.6.2 June 1987, Rev. 2 to find the break
location.

adix B and break type (longitudinal or
,r limited separation) to get the thrust load

Use ANS 58.2-1.
circumferential
of the broken pipe.

Use GE pipe whip restraint (PwWR) data (REDEP file) to select
applicable rod size, quantity, bend, straight length, force and
deflection, ciearance, elastic and plastic displacements. Use other
PWR design and characterics as required for the calculation.

Use pipe stress/strain curve, pipe mechanical properties and pipe
dimensions for piping model.

Use PDA computation program and a joystick model to confirm the
adequate selection of PWR in capacity, dispacement, time at peak
Toad and lapsed time toward static state.

Perform one dimensional wave propagation calculation to find the
time history thrust load of each pipe segment (limited to 5 segments
in one model) beyond the first one.

Model a piping, apply thrust and retrain the pipe movement by using
PWR as selected in step 3.

Use ANSYS or equivalent program with input preparation (step 7).
Check displacements at broken end and PWR; stresses in holy pipe
against ASME Code, Section III, Equation 9 (NB3650) with 2.25 Sm
limitaiton.

Check operability of MSIV using limitation of bonnet flange bolt
load and limits of acceleration.

P =
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not result in whipping of the cracksd pipe.
High-energy fluid systems are also postulated to
have cracks for comservative environmental
conditions io a confined area where high- and
moderate-energy fluid systems are located.

The following high-energy piping systems (or
portions of systems) are considered as potential
candidates for a postulated pipe oreak during
normal plant conditions and are analyzed for
potential damage resulting from dynamic effects:

(1) All piping which is part of the reactor
coolant pressure boundary and subject to
reactor pressure continuously during station
operation,

(2) All piping which is beyond the second
isolation valve but subjec: to reactor
pressure cootinuously during station
operation; and

(3) All other piping systems or portions of
piping systems considered high-energ;
systeme,

Portions of piping systems that are isolated
from the source of the high-energy fluid during
normal plant conditions are exempted from
consideration of postulated pipe breaks. This
includes portions of piping systems beyoand a
normally closed valve, Pump and vaive bodies are
also exempted from consideration of pipe break
because of their greater wall thickness.

16.2.1.4 Locatioas of Postulated Pipe Breaks

Postulated pipe break locations are selected
as follows:

162.1.4.1 Pipiag Meeting Separstion
Requirements

Based on the HELSA evaluation described in
Subsection 3.6.1.3.2.2, the high-energy lines
which mect the spatial separation requirements

* For those loads and conditicns in which
Level A and Level B stress limits have been
specified in the Design Specification.
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arc generally not identified with particula-
break points. Breaks are postulated at all
possible points in - uch high-energy piping
systems. However, in some systems break points
are particularly specified per the following
subsections if special protection devices such
as barriers or restraints are provided.

162.1.42 Piping in Cootainment Penet=ation
Areas

No pipe breaks or cracks are postulated in
those portions of piping from containment wall
to and including the inboard or outboard
isolation valves which meet the following
requirement in zddition to the requirement of
the ASME Code, Section [11. Subarticle NE-1120:

{1) The following desiga stress and fatigue
limits are not exceeded:

(a) The maximum stress range between any two
loads sets (including the zero load set)
does not exceed 2.4 §S_, and is
calculated® by Eq. (10) in NB-T53, ASME
Cnde, Section [I1.

If the calculated maximum stress range
of Eq. (10) exceeds 2.4 §_, the stress
ranges calculated by both%q. (12) and
Eq. (13) in Paragraph NB-3653 meet the
limit of 2.4 Sm‘

(b) The cumulative usage factor is less than
0.1

(¢) The maximum stress, ai calcuiaied by Eq.
(9) in NB-3652 under the loadings
resulting from a postulated piping
failure beyond these portions cf piping
does not exceed the lesser of 2.25 Sm
and 1 8 §_except that foliowing a
failure outdide contaisment, the pipe
between the outboard isolation valve and
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{2)

the first restraint may be permitted
higher stresses provided a plastic kinge
is not formed and operability of the
valves with such stresses 1s assured in
accordance with the requirement
specified in Section 3.9.3. Primary
loads include those which are deflection
limited by whip restraints.

E') ! :IE r' I :. Ill C} - E

(d) The maximum stress as calculated by the
sum of Eqs. (9) and (10) tn Paragraph
NC-3652;, ASME Code, Section [,
coansidering those loads and conditions
thereof for which level A and level B
stress limits are specified in the
system’'s Design Specification (i.e,
sustained loads, occasional loads, any
thermal expansion) including an OBE
evenl Gues not exceed O.8(1.8 §, +
SA)‘ The S, and S, are allowdble
stresses at maximum (ﬁot) temperature
and allowable stress range for thermal
expansion, respectively, as defined 1n
Article NC-3600 of the ASME Code,
Section III.

(¢) The maximum stress, as calculated by Eq.

(9) in NC-3653 unde- the loadings
r uiting from a postulated piping
far ure of fluid system piping beyond
these portions of piping does not exceed
the lesser of 2.25 Sh and 18 Sv

Primary loads include those which are
deflection limited by whip restraints, The
exceptions permitted in (¢) above may also
be applied provided that when the piping
hetween the outboard isolation valve and the
restraint is coastructed in accordance with
the Power Piping Code ANSI B31.1, the piping
15 either of seamless construciion with full
radiography of all circumferecatial welds, or
all longitudinal and circumfereatial welds
are fully radiographed.

Welded attachments, for pipe supports or
other purposes, to these portions of piping
are avoided except where detailed stress
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analyses, or tests, are performed to
demonstrate compliance with the limits of
item (1)

(3) The number of circumferential and longi-

tudinal piping welds and branch connections
are minpimized, Where penetration sleeves
are used, the enclosed portion of fluid
system piping is seamless construction and
without circumferential welds unless
specific access provisioss are made to
permit tnservice voiumetric examination of
longiudinal and circumferential welds.

(4) The length of these portions of piping are

reduced to the minimum length practical

(%) The design of pipe anchors or restraints

., conpections to containment
aetrations and pipe whip restraints) do
not require welding directly to the outer
surface of the piping (e.g., flued 1nteg:
rally forged pipe fittings may be used)
except where such welds are 100 percent
volumetrically examinable in service and a
detailed stress analysis is performed to
demonstrate compliance with the limits of
item (1).

{6) Sleeves provided for those portions of

piping in the containment penetration arcas
are constructed in accordance with the ruies
of Class MC, Subsection NE of the ASME Code,
Section IIl, where the sleeve is part of the
contaiament boundary. Ino addition, the
entire sleeve assembly 1s designed to meet
the following requirements and tests:

(a) The design pressure and temperature are
not less than the maximum operating
pressure and temperature of the
enclosed pipe under normal plaat
conditions.

(b) The Level C stress limits in NE-3.20,
ASME Code, Section III, are not
exceeded under the loadings associated
with containment design pressure and
temperature io combination with the
safe shutdowa earthquake.
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(c) The assemblies are subjected to a single
pressure test at a pressure not less
thao its design pressure

(d) The assemblies do not prevent the access
required to conduct the inservice
examionation specified in item (7)

(7 A 100% volumetric inservice examination of
all pipe welds would be conducted during
each inspection interval as defiped in
IWA-2400, ASME Code, Section XI.

162.1.43 ASME Code Section [11 Class 1
Piping In Areas Other Than Containment
Penetration

With the exception of those portions of piping
identified in Subsection 3.6.2.1.4.2, breaks in
ASME Code, Section [II, Class 1 piping are
postulated at the following locations in each
piping and branch run

(a) Atterminal ends®

(b) At intermediate locations where the

MACIMUM SITESS TANHE (niiimetebiiiniinbadint)
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caculated by Eq. (10) ibiied¢aam=meNrE

M"_M“ 1.9 Sim .

If the calculated maximum stress range
of Eq.(10) exceeds the siress range
calculated by both Eq.(12) and Eq.(13)
iv Faragraph NB-3653 should meet the
limit of 2.4 Sm.

{¢c) At intermediate locations where the
cumulative usage factor exceeds 0.1,

* Extremilies of piping runs that connect (o
structures, components (e.g., vesiels, pumps,
valves), or pipe anchors that act as rigid
constraints to piping motion and thermal
expansion. A branch connection (o @ main
piping run is a terminal end of the branch
run, except where the branch run is classified
as part of @ main run in the stress analysis
and is shown to have a significant effect on
the main run dbehavior. [n piping runs whica
are maintained pressunized during normal plant
conditions for only a portion of the run
(i.e., up to the first normally closed valve)
g terminal end of such runs is the piping
connection to this closed vaive.
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As a result of piping re-analysis due to
differences between the design configuration
and the as-built configuration, the highest
stress or cumulative usage factor locations
may be shifted; however, the initially
determined intermediate break locations need
not be changed uuless one of the following
conditions exists:

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

() A change is required in pipe parameters
such as major differe~.es in pipe size,
wall thickness, and routing.

362144 ASME Code Section I1I Class 2 and
1 Piping in Areas Other Than Containment
Penetration

With the exceptions of those portions of
piping identified in Subsection 3.6.2.1.4.2,
breaks in ASME Codes, Section I11, Class 2 aad 3
piping are postulated at the following locations
in those portions of each pipiag and branch rua:

{a) At terminal ends (see Subsection
36.2.1.4.3, Paragraph (a))

(b) At intermediate locations selected by one of
the following criteria:

(i) At each pipe fitting (e.g., elbow, tee,
¢cross, [lange, and nonstandard

b < fitting), welded attachment, and

valve. Where the piping contains no
fittings, welded attachments, or
valves, at one location &t each extreme
of the pipiag run adjacent to the
protective structure.

(i) At each location where stresses calcu-
lated (see Subsection 3.6.2.1.4.2,
Paragraph (1)(d)) by tke sum of Eqs
(9) and (10) in NC/ND-3653, ASME Code,
Section 111, exceed 0.8 times the sum
of the stress limits given in NC/ND-
3653.

As a result of piping re-analysis due
to differences between the design
configuration and the as-butlt
cosfiguration, the highést stress
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locations may be shifted, however, the
initially determined intermediate break
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locations may be used unless a redesign
of the pipiag resulting in a change in
the pipe parameters (diameter, wall
thickaess, routing) is required, or the
dvoamic effects from the new (as-built)
intermediate break location are not
mitigated by the original pipe whip
restraints and )&t shigids.

162.145 Non-ASME Class Piping

Breaks in seismically analvzed non-ASME Class
(not ASME Class 1, 2 or 3) piping are postulated
according to the same requirements for ASME Class
< and 3 piping above. Separation and interaction
requirements between Seismically analyzed and
non-séismically analyzed piping are met as
described 10 Subsection 3.7 3.13.

3162.14.6 Separating Structure With High-
Energy Lines

If a structure separates a high energy line
from an essential component, the separating
structure is designed to withstand the consequen-
ces of the pipe break in the bigh-energy line at
locations that the aforemeationed criteria
require to be postulated. However, as noted 1a
Subsection 36.1.3.2 3, some structures *hat are
identified as necessary by the HELSA evaluation
(1.2, based on no specific break locations), are
designed for worst-case loads.

16.2.1.5 Locations of Postulated Pipe Cracks

Postulated pipe crack locations are selected
as foilows:

362.1.5.1 Piping Meeting Separation
Requirements )

Based on the HELSA evaluation described in
Subsection 3.6.1.3.2.2, the bigh- or moderate-
energy lines which mect the separation require-
meuts are not identified with particular crack
locations. Cracks are postulated at all possible
points that are necessary to demoastrate acequacy
of separation or other means of protections pro-
vided for esseatial structures, systems and
components.

162.1.52 High-Energy Piping

With the exception of those portions of pipieg
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identified in Subsection 36 2 142 leakage
cracks are postulated for the most severe
covironmental effects as follows

{1) For ASME Code, Secticn I Class 1 piping.
at axial focations where the calculated
stress rapge (see Subsection 3.6 2.14.0,
Paragraph (1)(a)) by Eq. (10) and enther Eg
(12) or Eq. (13) in NB-3653 exceeds 1.2

(2) For ASME Code, Section I1l Class 2 and 3 or
non-ASME class piping. at axial locations
where the calculated stress (see Subsection
36.2.1.4.4, Paragraph (b)(ii)) by the sum
of Eqs. (9) and (10) in NC/ND-3653 excevds
0.4 tumes the sum of the stress limits given
in NC/ND-3653.

(3) Noo-ASME class piping which has not been
evaluated to obtain stress information have
leakage cracks postulated at axial locations
that produce the most severe environmental
effects.

102,153 Moderate-Energy Piping

362.1.53.1 Piping In Containment Penetration
Areas

Leakage cracks are not postulated in those
postinas of piping from contaioment wall to and
inz'uding the inboard or outboard isolation
valves provided they mec: the requirements ol
the ASME Code, Section [II, NE-1120, and the
stresses calculated (See Subsection 362 44
Paragraph (b)(ii)) by the sum of Egs (9) and
(10) in ASME Code, Section 111, NC-3633 do not
exceed 0.4 times the sum of the stress limits
given in NC-3653.

3.62.1532 Piping lo Areas Otner Than
Containment Penetration

(1) Leakage cracks are postulated in piping
located adjaceat to essential structures,
systems or components, except:

(«) Where exempted by Subsections
3.6.2:1:53.3 a0 -3.6.2.10.4

(b) For ASME Code, Section [II, Class 1 pip-

ing the stress range calculated smee—

Sisbibsstittdebndld l, Parigrani e
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o 0y T g (10) andessiirertomtid aedog
(B35 ¢ 25
L ia NB-3653 is less than 12 S

(c) For ASME Code, Section 111, Class 2 or 3 and
non-ASME class pipiog, the stresses calcu-
lated (see Subsection 3.6.2.1 4.4, Paragraph
(by(in)y ™ ae sum of Eqs. (9) aed (10) in
NC/ND-3653 are less thas 0 4 times the sum
of the stress Limits given 18 NC/ND-3653

(2) Leakage cracks, unless the piping system is
exempi-4 by item (1) above, are postulaied
at axial aad circumferential iocations tbat
resul: 10 the most severe environmental
consequences

(3} Leakage cracks are postulated in fluid
system piping dusigned (0 nonseismic
standards as pec+ssary to mee! the
eovironmental protection requirements of
Subsection 3.6.1.13

362.154 Moderste-Energy Piping in Proximity
to High-Energy Pipisg

Moderate-energy fluid system piping or
portions thereof that are located within a
compartment of coaf’ned area iavoiving
considerations for & postu.ated break in
high-energy fluid systrm piping are acceptable
without postulation of “hroughwall leakage cracks
except where a postulated leakage crack in the
moderate-epergy fhiid system nipiog results in
more severe envirc amer.al conditions than the
break in the proxiriate bigh-energy fluid system
piping, 1o whirbh case the provisions of
Subsection 3.6.2.1.5.3 are applied

162.16 Types of ireaks and Cracks to be
Postulated

162161 Pipe Breaks

The following types of breaks are postula
in high-energy fluid system piping
locations ideatified by the criteria specified in
Subsection 3.6.2.1.4.

{1) No breaks ars postulated in piping baving a
nominal diameter less than or equal 1o one
inch. Instrumesnt lines one ioch and less
sominal pipe or tubing size meet the
provision of regulatory Guide 1.11 (See
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Tabie 32-1). Additionally, the 1-1/4-inch
hydraulic control unit fast scram lines do
pot reo =~ gpecial protection measure
bec. .¢ of the following reasons:

(a) The piping 10 the control rod drives
from the hydraulic control units (HCLUs)
are located io the containmen! under
reactor vessel, and in the reactor
buildiog away from other safety-reiated
equipment; therefore should a line fail,
it would not affect any safety-related
equpment but osly umpact on other HCU
lives. As discussed in Subsection 3 6
1.1.3, Paragraph (7), 8 whipping pipe
will only rupture an impacted pipe of
smaller mor  al pipe size or cause a
through wal .cack in the same rominal
pine size but with thinner wall
thickness.

(b) The total amount of energy contained n
the 1-1/4° piping between normally
closed scram insert vaive oo the HCU
wodule and the ball-check valve in the
cootrol rod bousing is small. In the
event of a rupture of this line, the
ball-check valve will close to prevent
re~~tor vesse! flow out of the break

(¢) Even if a sumber of the HCU lines rup-
tured, the control rod insertion func:
tion would not be iz paired since the
electrical motor of the fine motion con-
trol drive would drive in the control
rods.

Longitudinal breaks are postulated only o
piping having » nominal Alameter equal 1o of
greater than four inches.

Circumferential breaks are only assumed a
all terminal ends.

At each of the intermediate postulated break
locations identified to exceed the siress
and usage factor limits of the criteria 1o
Subsections 3.6.2.1.4.3 and 362144
considerations is given to the occurrence of
either a longitudinal or circumferential
break. Examination of the state of siress
in the vicinity of the postulated break
location is used to identify the most

3ol
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1622 Analytic Methods to Define Blowdown
Forcing Functions and Response Models.

16221 Analyvtic Methods (o Define Blowdown
Forcing Functions.

The rupture of a pressurized pipe tauses the
flow characteristics of the system to chaonge
creating reaction forces which can dynamically
The reaction forces
are a funcuon of ume and space and depend upon
fluid state within the pipe priof 10 rupture,
break flow area. frictional losses, plant sysiem
characleristics, piping system, and other
The methods used to calculate the
teaction forces for various piping systems are

excile the piping sysiem

factors

presented in the following subsections

The criteria that are used for caleulation of

fluid blowdown forcing functions include

(1) Circumferential breaks are assumed (o result
in pipe severance and separation amounting
to at least a one-diameter lateral
displacement of the ruptured piping sections
unless physically limited by piping
restraints, structural members, or piping
stiffness as may be demounstrated by
inelastic limit analyvsis (e g., a plastic
hinge in the piping 1s not developed under

loading)

(2) The dynamic force of the jet discharge at
the break location is based oo the
cross-sectional flow area of the pipe and on
s calculated fluid pressure as modified by
analytically- or experimentally-determined

Line restrictions, flow

limiters, positive pump-controlled flow, and

(he absence of energy reservorrs are taken

into accounts, as applicable, in the

thrust coelficient

reduction of jet discharge.

(3) All breaks are assumed to attain full size
within one millisecond after break

“glueé .00
branc
conneciion are calculated by the solution of

one-dimeasional, compressible unsteady steam flow
in the gas system. The numerical analysis is

initiathhon

The fcrcing functions due to th
pipe breaks near 15 reactordl

performed by the method of characteristics
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flow starts with sieady flow from the RPV to the
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turbine. A pipe breah causes the steam flow to
reverse its direction and to flow from the
turbine to the break location. The pipe segment
force time histories ate determined by
calculating the momentum chpnge in the ptpe:
segments ol a closed system B The broken pipe |
segment force time history is calculated in|
sccordance with A adix SL/ANS SR 2 ‘1'"‘
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56222 Pipe Whip Dynamic Response
Analyses

The prediction of time-dependent and steady-
thrust reaction loads caused by blowdown of sub-
cooled, saturated, and two-phase fluid from rup-
tured mpe is used 1o design and evaluation of
dynamic effects of pipe breaks. A discussion of
the analvtical methods employed to compute these
blowdown loads is given in Subsection 36.2.2.1
Following is a discussion of analstical methods
used to account for this loading.

The criteria used for performing the pipe whip
dvnamic response analyses include:

(1) A pipe whip analysis is performed for cach
postnlated pipe break. However, a given
analysis can be used for more than one post-
ulated break location if the blowdown fors-
ing function, piping and restraint system
geometry, and piping and restraint system
properties are conservative for other break
locations.

(2) The analysis includes the dynamic response
of the pipe in question and (he pipe whip
restraints which trassmit loading to the
support structures.

(3) The analvtical model sdequately represents
the mass/inertia and stiffness properties of
the system

(4) Pipe whipping is assumed to occur in the
plane defined by the piping geometey and
configuration and to cause pipe movemeat in
the direction of the jet reaction

Amendment 21

(§) Piping within the broken loop is no longer

considered part of the RCPB. Plastic
deformation in the pipe is considered as a
potential energy absorber. Limits of strain
are imposed which are similar to strain
levels allowed in restraint plastic
members Pipiog systems are designed so
that plastic instability does not occur in
the pipe at the design dynamic and static
loads unless damage studies are performed
which show the consequences do not result in
direct damage 10 any essential system or
component

(6) Components such as vessel safe ends and val-
ves which are attached to the broken piping
system, do not serve a safety-related func-
tion, or failure of which would not further
escalate the consequences of the accident
are not designed to meet ASME Code-imposed
limits for essential compoonents under fault
ed loading. However, if these components

are require’ for safe shutdown or serve 1o |

protect the structural integrity of an es-
sential component, limits to meet the Code
requirements for faulted conditions and |-
mits (0 ensure required operability will be
met.

(7) The piping stresses in the containment
penetration arcas due to loads resulting
from a postulated piping failure can not
exceed the limits specified ip Subsegjion
3.6.2.1.4.2(1)(¢). o

An analysis for pipewhip re.iraint selection
PDA computer program; '
program escribed in
Appendix 3D, which predicts the response of a
nipe subjected to the thrust force occurring
after a pipe break. The program treats the
situation in terms of generic pipe break con-
figuration which involves a straight, vaiform
pipe fixed at one end and subjected to a lime-
-dependent thrust force at the other end. A
typical restraint used to reduce the resulting
deformation is also included at a location
between the two ends, Nonlinear and
time-independent stress-strain relationships are
used to model the pipe and the restraint. Usiog
a plastic-hinge concept, bending of the pipe s
assumed to occur only at

i
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the . t¢ed end and at the location supported by

the restraint.

Effects of pipe shear deflection are consider.
ed negliginle. The pipe-bending moment-deflec-
tion (or rotation) relation used for these loca-
tions is obtrined from a static nonlinear
cantilever-heam analysis. Using th: moment-ro-
tation relation, nonlinear equations of motion of
the pipe are formulated using energy considera-
tions and the equations are numerically integrat-
¢d in small time steps to vield time-history of
the pipe motion

The piping stresses in the containment
penetration arcas are calculated by the ANSYS

| computer program, a program as described in
| Appeadix 3D. The program is used to perform the
. non-linear analysis of a piping system for time

varying displacements and forces due to
postulated pipe breaks

Amendment 21
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1622 Dyoamic Analysis Methods to Verify
lntegrity and Operability

16221 Jet Impiogement Analyses and
Efects on Safety-Related Components

The methods used to evaluate the jet effects
reculting from the postulated breaks of high:
encrgy piping are described in Appendices C and
D of ANSI/ANS S8.2 and presented in this
subsection

The criteria used for evaluating the effects
of fluid j=ts oo essectial structures, systems,
and compoanents are as follows:

(1) Essential structures, systems, aud compo-
nents are not impaired so as to preclude es.
sential functions. For any given postulat-
ed pipe break and conseguent jet, those es
sential structures, systems, and components
need to safely shut down the plant are
identified.

(2) Essential structures, systems, and compo-
nenis which are not necessary to safely shut
down the plaat for a given break are not
protected from the consequences of the fluid
jet.
(3) Safe shutdown of the plant due to postulated
pipe ruptures within the RCPB is not
aggravated by sequential failures of
safety-related piping and the required
emergency cooling system performance ..
maintained.

(4) Offsite dose limits specified is 10CFR100

are complied with.

Postulated breaks resultiong in jet
impingement loads are assumed (0 Occur 10
high-energy lines at full (102%) power
operation of the plaat.

(6) Throughwail leakage cracks are postulated in
moderate energy lines and are assumed (0

3618
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(%)

result in wetting and spraying of essential
structures, systems and components

Reflected jets are considered only when
there is an obvious reflecting surface (such
as a flat plate) which directs the jet onlo
an essential equipment. Only the first
reflection 1s considered in evaluating
patential targets

Potential targets in the jet path are con-
sidered at the calculated final position of
the broken end of the ruptured pipe. This
selection of potential targets is considered
adequate due to the large number of breaks
analvzed and the protection provided from
the effects of these postulated breaks

The analvtical methods used to determine which
targets will be impinged upon by a fluid jet acd
the corresponding jet impingement load include.

(1)

(2)

(3

(4)

($)

(6)

The direction of the fluid jet is based on
the arrested position of the pipe during
steady-state blowdown.

The impinging jet proceeds along a straight
path.

The total impingement force acting on any
cross-sectional area of the jet is time and
distance invaniant withk a total magnitude
equivalent to the steady-state fluid
blowdown force given in Subsection 3.6.2.2.1
and with jet characteristics shown in Figure
36-3.

The jet impingemeunt force is uniformly
distributed across the cross-sectional area
of the jet and only the portion intercepted
by the target is considered.

The break opening is assumed to be a circu-
lar orifice of cross-sectional flow arca
equal to the effective flow area of the
break,

The jet impingement force is equal to the
steady-state value of the fluid blowdown
force calculated by the methods described in
Subsection 3.6.2.2.1.

Amendment 21

(M

(8)

9)

(10)

(11)
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The distance of jet travel is divided into
two or three regions. Region | (Figure
316-3) extends from the broak to the
asymptotic area. Within tb's region the
discharging fluid flashes and undergoes
expansion from the break area pressure to
the atmospheric pressure. In Region 2 the
jet expands further. For partial-separa-
tion circumferential breaks, the area

increases as the jet expands. lo Region 3, Hhe

jet expands at a half angle of 10"
(Figures 3.6-3a and ¢.)

The analytical model for estimating the
asymptotic jet area for subcooled water and
saturated water assumes a constant jet
area. For Muids uischarging from a break
which are below the saturation temperature
at the corresponding room pressure or have
a pressure at the break area equal to the
room pressure, the free expansion does not
occur.

The distance downstream from the break
where the asymptotic area is reached
(Region 2) is calculted for circum-
ferential and longitudinal breaks

Both longitudinal and fully separated
circumferential breaks are treated
similarly. The value of fL/D used in the
blowdown calculation i1s used for jet
impingement also.

Circumferential breaks with partial (1 ¢
h<D/2) separation between the two ends of
the broken pipe not significantly offset
(1.e., no more than one pipe wall thickness
lateral displacement) are more difficult 10

It16
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(h)

(d}

where

{e)

cor inese cases, the foliowing
“ ons are made

the jet is uniformly distributed around
the periphery

The jet cross section at any cut through
the pipe axis has the conligeration
depicted 1o Frgure 3.6:-3b and the jet
regions are as therein delincated

The jet force f') « total blowdowa F

The pressure at any point intersected by
the jet is

the total 360" area of the jet at a
radius equal to the distance from the
pipe centerhine to the target

The pressure of the jet is then
multiplied by the area of the target
submerged within the jet

Amendment 21

(a)

DAGIMAE
REN B

Target loads are determined using the
following procedures

For both the fully separated
circumferential break and the
longitudinal break, the jet is studied
by determining target locations vs
distance and applying
ANSI/ANS-58.2, Appendices C and D

Asymp ot c

A"

(b) For circumferential bruh%imucd

ln" _____‘.ﬂ.%!he jet is analyzed by
using equations of ANSI/ANS

58.2, Appendices C and D and determing
respective targetl and ‘Silpaspeonetrs

locations

1617
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¢) After determination of the total area of the
jet at the target, the jel pressure is
calculated by

F
A NS
A
X
where
F‘1 - incident pressure
A = arca of the expanded jet at the

target intersection

If the effective target area (A ) is less than
expanded jet area (A e < A_) 'the target is
fully submerged in the jet and "the imping uent
load is equal to (Pl) (A, ) If the
effective targel area is greater ‘fu expanded
jet area (A > A_ ), the target intercepts
the entire jel and the impingement load is equal
to (P.) (A ) = F. The effective target
arca 3Ale) Yor vardous geometries follows

(1) Flat surface - For a case where a target
with physical area A is oriented at angle
d with respect to the jet axis and with no
flow reversal, the effective target areca

A 15
te

Atc = (Alb(smﬁ

(2) Pipe Surface - As the jet hits the convex
surface of the pipe, its forward momentum is
decreased rather than stopped; therefore,
the jet impingement load on the impacted
arca is expected to be reduced. For
conservatism, no credit is taken for this
reduction and the pipe is assumed to be
impacted with the full impingement load.
However, where shape factors are

justifiable, they may be used. The
effective target area A‘e 18
Ate = (DA)(D)
where
DA = diameter of ihe jet at the

target interface, and

Amendment 21
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D =pipe OD of target pipe for a fully
submerged pipe.

When the target (pipe) is larger than the area
of the jet, the effective target arca equals the
expanded jet area

A = A
e X
(3) For all cases, the jet area (A ) is as-
sumed to be uniform and the load 1s
uniformly distributed on the impinged target
area Ate

16232 Pipe Whip Effects on Essential
Components

This subsection provides the criteria and
methods used to evaluate the effects of pipe
displacements on essential structures, systems,
and components following a postulated pipe
rupture.

Pipe whip (displacement) effects on essential
structures, systems, and components can be
placed in two categories: (1) pipe displacement
effects on components (nozzles, valves, tees,
etc.) which are in the same piping run that the
break occurs in; and (2) pipe whip or controlled
displacements onto external components such as
building structure, other piping systems, cable
trays, and conduits, etc,

162321 Pipe Displacement Effects oo
Components in the Same Piping Run

The criteria for determining the effects of
pipe displacements on inline components are as
follows:

(1) Components such as vessel safe ends and
valves which are attached to the broken
piping system and do not serve a safety
fuaction or failure of which would not
further escalate the consequences of the
accident need not be designed to meet ASME

16-18
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Code Section Il-imposed limits for essential
components under faulted loading

(27 If these components are required for safe
shutdown or serve 1o protect the structural
mtegrity of an essential component, himits
(o meet the ASME Code requirements ltor
faulted conditions and limuts to ensure
required operability are mel

The methods used to calculate the pipe whip
loads on piping components in the same run as the
pactulated break are described in Section
3.623.2.8
162322 Pipe Displacement Effects on
Essential Structures, Other Systems, and
Components

The criteria and methods used 1o calculate the
effects of pipe whip on externsl companents
consists of the following

(1) The eifects on essential structures and bar.
riers are evaluated in accordance with the
barrier design procedures given in Subsec:
tion 353

(2) If the whipping pipe impacts a pipe of equal
or greater nominal pipe diameter and equal
or greater wall thickness, the whipping pipe
does not rupture the impacted pipe. Other-
wise, the impacted pipe i1s assumed to be
ruptured

(1) If the whipping pipe impacts other compo-
nents (valve actuators, cable trays, con-
duits, €tc.), it 1s assumed that ths im-
pacted component is unavailable to mitigate
the consequences of the pipe break event

(4) Damage of unrestrained whipping pipe on es-
sential structures, components, and systems
other than the ruptured one is prevented by
cither separating high energy svstems from
the essential systems or providing pipe whip
restraints.

16233 Loading Combinations and Design
Criteria for Pipe Whip Restraint

Pipe whip restraints, as differentiated from
piping supports, are designed to function and
carry load for an extremely low-probability gross

Amendment 21
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farlure 10 a piping system carrying high-energy
fluid. 1o the ABWR plant, the piping integrity
does not depend on the pipe whip restraints for
any piping design loading combination including
carthquake but shall remain functional following
an earthquake up to and including the SSE (See
Subsection 3.2.1). When the pipiog integrity 1s
lost because of a postulated break, the pipe
whip restraint acts to limit the movement of the
broken pipe to an acceptable distance. The pipe
whip restraints (1.¢., those devices which serve
only to control the movement of a ruptured pipe
following gross failure) will be subjected 1o
once-in-a-lifetime loading. For the purpose of
the pipe whip restraint design, the pipe break
is considered to be a faulted condition (See
Subsection 3.9.3.1.1.4) and the structure to
which the restraint is attached is also analvecd
and designed accordingly. The pipe whip
testraints are non-ASME Code compgoents.
however, the ASME Code requirements nqﬁaucd
in the design selectively to assure its
safety-related [nnnion.m Other
methods, i.e. testing, wuh.tliable data base

for design and sizing of pipp whip restraints
can also be used.
o

The pipe whip restraiots utilize energy ab-
sorbing U-rods to attenuate the kinetic energy
of a ruptured pipe. A typical pipe whip re-
straint is shown in Figure 3.6-6 The principal
feature of these restraiots is that they are in-
stalled with several inches of annular clearance
between them and the process pipe. This allows
for installation of sormal pipiag insulation and
for unrestricted pipe thermal movements during
plant operation. Select critical locations in-
side primary containmeni are also monitored
during hot functional testing to provide verifi-
cation of adequate clearances prior to plaat
operation. The specific design objectives for
the restraints are:

(1) The restraints choil in no way increase the
reactor coolant pressure boundary stresses
by their presence during any normal mode of
reactor operation or condition;

(2) The restraint system shall function to stop
the movement of a pipe failure (gross loss
of piping integrity) without allowing damage
to critical componeats or missile develop-
ment; aod

Is19
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(3) The restraints should provide minimum

hindrance 1o inservice inspection of the
process pipiog.

For the purpose of design, the pipe whip

restraints are desigoed for the following dvnamic
loads:

(1)

(3)

(4)

Blowdown thrust of the pipe section that
impacts the restraint,

Dynamic inertia loads of the moving pipe
section which is accelerated by the blowdown
thrust and subsequent impact on the
restraint,

Design characteristics of the pipe whip
restraints are included and verified by the
pipe whip dynamic analysis described 1o
Subsection 3.6.2.2.2, and

Since the pipe whip restraints are nol
contacted during normal plant operation, the
postulated pipe rupture event is the caly
des'gn loading condition.

Amendment 21

LIA10AF

1620




ABWR

Amendment 21

AL IIOAE




|
|

-

Strain rate effects and other material

property variations have been considered in the
design of the pipe whip restraints. The material
properties utilized in the design have included
one or more of the following methods:
(1) Code minimum or specification yield and
ultimate sirength values for the affected
components and structures are used for both
the dynamic and steady-state events;

Not more than a 10% increase in minimum code
or specification strength values is used
when designing components or structyies for
the dynamic event, and code minimum or
specification yield and ultimate strength
values are used for the steady-state loads:
(3) Representative or actual test data values
are used in the desige of components and
structures including justifiably elevated
strain rate-affected stress limits in excess
of 10%; or

(4) Representative or actual test data are used
for any affected component(s) and the
minimum code or specification values are
used for the structures for the dynamic and
the steady-state events

Amendment 21
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1624 Guard Pipe Assembly Design

¢t ABWR primary containment does
guard pipes.

v

/

«

{

3625 Materisl to be Supplied for the
Opersting License Review

See Subsection 1641

1.6.3 Leak-Refore-Break
Evaluation Procedures

Per Regulatory Guide 1.70, Revision 3,
November 1978, the safety analvsis Section 3.6
has traditionally addiessed the proteciion
measures against dynamic effects associated with
the non- mechanistic or postulated ruptures of
piping. The dynamic effects are defined in
introduction to Section 3.6. Three forms of
piping failure (full flow area circumferential
and longitudinal breaks, and throughwail leakage
crack) are postulated in accordance with
Subsection 36.2 and Rranch Technical Position
MEB 31 of NUREG - 0800 (Standard Review Plan)
for their dynamic as well as eavironmental
effects.

However, in accordance with the modified
General Electric Criterion 4 (GDC-4), effective
November 27, 1987, (Reference '), the
mechanistic leak-before-break (LBB) approach,

s

|
|
|
1
I

justified by appropriate fracture mechanics |

techniques, is recognived as an acceptable
procedure under certain conditions to exclude
desigu agaivust the dynamic effects from
postulation of breaks in high energy piping
The LBB approach is not used to exclude
postulation of cracks and associated effects as
required in Subsection 3.6.2.1.5 and 36.2.1
6.2.

|
|
|

It is anticipated, as mentioned in

Subsection 3.6.4.2, that a COL applicant will |
apply to the NRC for approval of LBB quali- |

fication of selected piping. These approved |
pipiag, teferred to in this SSAR as the LBB- '
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qualified piping, will be excluded from pipe
breaks, which are required to be postulated by
Subsections 3.6.1 and 3.6.2, for design against
their potential dyeamic effects

The (ollowing subsections describe (1) certain
design bases where the LBB approach is not
recognized by the NRC as applicable for exclusion
of pipe breaks, and (2) certain conditions which
limit the LBB applicability. Appendix 3E
provides guidelines for LBB applications
describing in detadi the following necessary
elements of an LBB report to be submitted by a
COL applicant for NRC approval: fracture
mechanics methods, leak rate prediction methods,
leak detection capabilities and typical special
considerations for LBB applicability. Also
included in Appendix 3E is a list of candidate
pipitg systems for LBB qualification. The LBB
application approach described in this subsection
and Appendix 3E is consistent with that
documented in Draft SRP 3.6.3 (Reference 4) and
NUREG-1061 (Reference §).

The LBB approach is not used to exclude
postulation of cracks and associated effe~ts in

Amendment 2]

LIAS100AE




ABWR
Standard Plant

accordance with Subsections 3621 §
162162

and

The LBB approach 1s not applicable to piping
systeme where operating experience bas indicated
particular susceptabality to failure from the
effects of intergranular stress corrosion
cracking (1GSCC), water bammer, thermal fatigues,
of 2108100

The LBB approach is oot a replacement for
existing regulations or criteria periainiog to
the design Lases of emergency core cooling system
(Subsection 6.3), contaiom ut system (Subsection
6.2) or equipment qua' - a’ 20 (Subsection
311). However, benefits - .. LBB procedures
to these areas will be taken and the subsections
will be revised as the regulations will be
relaxed by the NRC. For clarity, it is noted
that the LBB approach is oot used to relax the
design requirements of the primary contaiament
system tha! includes the primary contaioment
vessel (PCV), vent systems (vertical flow
chanoels and horizontal v- ot discharges), drywell
tooes, suppression chamber (wetwell), vacuum
breakers, PCV pen.trations, and drywell head.
However, in designing for loads per Table 3.9-2,
which does aot apply to these PCV subsys: tems,
the seven types of design loads identified with
LOCA-induced dynamics of suppression pool or
shield wall anoulus pressurization are excluded
if they are a result of LOCA postulated in those
pipiog that meet the LBB criteria.

Appendix 3E characterizes fracture mechanics
properties of piping materials and apalysis me-
thods 1ncluding leakage calculation methods, as
requited by the criteria of this subsection
Following NRC's review and approval, this appen-
dix will become approved LBB metbodology for app-
lication 10 ABWR Standard Plant piping Appendix
3F applies these properties and methods (o
specific piping to demonstrate their eligibi-
lity for exclusion under the LBB approach. See
Subsection 3.6.4 2 for interface requirements

3631 General Evaluation

The bigh-energy piping system (or analyzable

Amendmen: 7
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portion (hereof) is evaluated with the following
considerations in addition to the determinisiic
LBB evalvation procedure of Subsection 3612

(1) Degradation by erosion, erosion/corrosion
and erosion/cavitation due to usfavorable
flow conditions and water chemistry i
examined. The evaluation is based on the
industry experieace and guidelines. Add:
tionally, fabrication wall thinoing of ¢l
bows and other fittings is consideied i the
purchase specification to assure that the
code minimum wall requirements are mel
These evaluations demonsirate that these me-
chanisms are pot poteatial sources of pipe
rupture

(2) The ABWR plaot desigo invoives operation
be.ow 700°F in ferritic steel piping and
below BOOCF in austenitic steel piping
This assures that creep and creep-fatigue
are not potential sources of pipe rupture

(3) The desigo also assures that the piping
material is not susceptible to brictle
cleavage-type failure over the full range of
system operating temperatures (that is, the
material is on the upper sbelf)

(4) The ABWR plant design specifies usc of
austeaitic stainless steel piping mad. of
material (e g, nuclear grade or low carhon
type) that is recognized as resistan (0o
IGSCC. The material ~f piping in reactor
coolant pressure boundary 1s ferritic steel

(5, A systems evaluation of potential water
bammer is made to assure that pipe rupture
due to this mechanism is unlikely Water
bammer is & generic term including vanous
unanticipated high frequency hydrodyoamic
events such as steam hammer and water
slugging. T2 demonstrate that water hammer
is not a sigmificant contribuior 1o pipe
rupture, reliance on historical frequency of
water hammer events in specific piping
systems coupled with a review of operating
procedures and conditions is used for this
evalustion. The ABWR design includes
features such as vacuum breakers and jockes
pumps coupled with improved operationys!
procedures to reduce or eliminate the pol
ential for water bammer identified by past |
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that the leakage size cracks will not expe.
rience unstable crack growth if 1.4 times
the normal plus SSE loads are applied De-
monstrate that crack growth is stable and
the final crack is limited such that a
double-ended pipe break will not occur, The
dead-weight, thermal expansion, pressure,
SSE (inertial), and seismic anchor motion
(SAM) loads are combined based on the same
method used for the primary stress evalu-
ation by the ASME Code  The SSE (inertial)
and SAM loads are combined by square-root-
of-the-sum-of-the- squares (SRSS) method.

(h) The piping material toughness (J-R curves)
and tensile (stress-straip curves)
praperties are determined at temperatures
near the =per range of normal plant
operation

) The specimen used (o generate J-R curves is
assured large enough to provide crack
extensions up 1o an amount consistent with
1T condition determined by analysis for the
apphcation. Because practical specimen
size limitations exist, the ability to
obtain the desired amount of experimental
crack extension may be restricted. In this
case, extrapolation technigues 1s used as
described 1o NUREG-1061, Volume 3, or 1
NUREG/CR-4575. Other techniques can be used
if adequately justified.

(%) The stress-strain curves are obtained over
the range from the proportional limit to
maximum load.

(%) Preferably, the matarials tests should be
conducted using archival materials for the
pipe being evaluated. If archival material
is not available, plant specific or industry
wide geaeric —aterial data bases are
assembled and « 4 to define the required
material tensile and toughness properties.
Test material includes base and weld metals.

(10) To provide an acceptable level of reli-
ability, generic data bases are reasonable
lower bounds for compatible sets of material
tensile and toughness properties associated
with materials at the plant. To assure that
the plant specific generic data base is

Amendment |
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adequate, & determination is made (o demon-
sirate that the generic data base represents
the range of plant materials to be evaly
ated  This determination is based on a com
parison of the plant material properties
identihied in (2) above with those of th,
materials used to develop the generic data
hase. The oumber of material beats and weld
procedures tested are adequate to cover the
sirength and toughoess range of the actual
plant materials. Reasonable lower bound
tensile and toughness properties from the
plant specific generic data base are to be
used for the stability ana'vsis of indivi-
dual materials, unless otherwise justified

Industry generic data bases are reviewed io
pro«ide a reasonable lower bound for the
population of material tensiie and toughness
properties associated with aay individual
specification (e.g., A106, Grade B), material
type (e.g., austenitic steel) or welding
procedures

The number of material heats and weld proce
dures tested should be adequate 1o cover the
range of the sirength and tensile properties
expected for specific material specifica
tions or types. Reasonable lower bound
tensile and toughness properties from 1he
ind.stry generic data base are used for the
stability analysis of individual materials

If the data are Leing developed from an
archival heat of material, three stress.
strain curves and three J.resistance carves
from that one heat of matenal is sufficient
The tests should ' onducted at temperatures
near the upper raage of normal plant
operation. Tests should also be conducted a
a lower temperature, which may represent &
plant condition (e.g., kot standby, where pipe
brsak would present safety concerns similar to
normal operation. These tests are intended
only to determine if there is any significant
dependence of toughness on (emperature over
the temperature range of interest. The lower
toughness should be used in the fracture
mechanics evaluation. One J-R curve and one
stress-strain curve for ooe base metal and
weld metal are considered adequate (¢
determioe temperature dependence

1628



ABWR

Standard F'lant

L} < i |
' b - s el
) ! » 1 : : ' |
.
| [
i enit "
)
b
»
v
Q
A s il d ['1C oid
v
» * |
: 1} s
" a .
¢ Enow b :
e ) ‘ '
. »
] 4
e
. ‘ ' |
F ) ¢ .
1
‘ . a3 & “
. t eth
¢ ANA ne .
!
{ )
o K1r¢
¢ ma sl cates
45 ks
" s Bo |
8 =
\
N ela Y. e
Kl
YL
“




ABWR

| 3.6.4 COL License Information

1641 Details of Pipe Break Analysis Resuvits
and Protection Methods

The following shall be provided by the COL
apphicant (See Subsection 1.6 2.5):

Amendment 21
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(3)

(4)

(5)

(6)
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A sum mary of the dynamic analyses
applicable to high-energy piping svstems
1o accordance with Subsection 3625 of

Regulatory Guide 1.70. This shall
include:

(8) Sketches of applicable piping
systems showing the location, size
aod orientation of postulated pipe
breaks and the location of pipe whip
restraiots and jet impingement
barriers.

(b) A summary of the data developed to
select postulated break locations
including calculated stress
intensities, cumulative usage
factors and stress ranges as
dzlincated in BTP MEB 3.1

For failure in the moderne-enuy
piping systems listed in Table 3 6.4 |
descriptions showing how safety-related
systems are protected from the resulting
jets, flooding and other adverse
eovironmental effects.

Identification of protective measures
provided against the effects of
postuleted pipe failures for protection

a2

410 22

of each of the systems listed in Tables
3.6-1 and 3.6-2.

The details of how the MSIV functional
capability is protected against the
effects of postulated pipe failurcs.

Typical examples, if sny, where
protection for safety-related cysiems
and compounents against the dvnamic
effects of pipe failures mclude their
enclosure in suitably designed
structures or ¢r apartments (including
any addittonal drainage system or
equipm~atl environmental qualification
needs).

The details of how the feedwuter line
check and feedwater isolation valves
functional capabilities are prote. d
against the effects of postulated pi, -
failures.

il
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1642 Leak-Before-Break Analysis Reocrt l

As required by Relerence 1, and LBB analvsis

report shall be prepared for (he piping systems 1
. proposed for exclusion from analysis for the |

dynamic effects due to failure of piping

faslure. The teport shall be prepared in

accrodance with the guidelines presented 1o

Aopendix 3E and Submitted by thy COL applicant to

the NRC for approval
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Table 1,61

ESSENTIAL SYSTEMS, COMFONENTS, AND EQUIPMENT® FOR

POSTULATED PIPE FAILURES iNSIDE CONTAINMENT

Reactor Coolant Pressure Boundary (up 1o and including the outboard isolation valves)

Coolainment Isolation system and Contunment Boundary (including line - plate)

Reactor Protection sysiem (SCRAM SIGNALS)

Emergency Core Cooling Systems** (For LOCA events oaly)

One of the following combinations is available (se¢ Table 6.3-3):

(a) HPCF (Band C) + RCIC + RHR-LPFL (B and C) « ADS

(b) HPCF (B and ) + RHR-LPFL (A and B and C) + ADS

(¢) HPCF (Bor C) + RCIC + RHR-LPFL (A and either of B or C) + ADS

Core Cooling Systems (other than LOCA events)

(a) HPCF (B or C) or RCIC

(b) RHR-LPFL (A orBorC) « ADS

(¢) Ri'R shutdown Cooling Mode (two loops)

(d) RHR Suppressina Pool Cooling Mods (two loops)

Control rod drive (scram/rod insertion)

Flow resirictors (passive)

Atmospheric control (for LOCA evert only)

Standby gas tr atment*** (for LOCA event only)

Control Room Environmental®***

The following equipment /svstems or portions thereol required

tc assure the proper operation of those essential iiems

nsted in items i through 10

(a) Class 1E electrical systems, ac and de (includiag diesel
generator system®*®, 6900, 480 and 120V ac, and 125V de

emergency buses**®, inotor conttol centers®*®®,
switchgear®**®, batteries*** and distribution sysiems)
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Table 3.6-1
ESJENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT® FOR
POSTULATEL PIPE FAILURES INSIDE CONTAINMENT (Continued)
(b) Ceactor Building Cooling Water*** (o the followng:
1. Room Cdolers

2. Pum) coolers

ok

Clesl geserator lacket co_iers
4. Electrical sslcoge ar coolers
() Esvuecnmental Systems*** (HVACQ)
(d) las'rumentation (including post-LOCA monitonng)
(¢) Fire Protection Syste:q ***

(f) HVAC Emergency Cooling Water System ***

"o

(g, ocess Sampling System ***

NOTE
* The »ssential items listed in this table are protected in

accordance with Subsection 3.6.1 ccasistent with the particular
pipe break evaluated.

** Reference Section 6.3 for detaled discussion of emergeacy cote
cooling capebilities.

sss Located outside containment but listeu for completeness of
essential shutdown requirements.

Amendment 10 Yo l¥
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Table 3.6-2

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT* FOR
POSTULATED PIPE TAILURES OUTZIDE CONTAINMENT

Contaiument lsolation Systen and containment boundary.
Reactor Protc.tion System (SCRAM signais)

Core Cooling systems

(a) HPCF (B or C) or RCIC

(%) RHER-LPFL(AorBorC) + ADS

(¢) KHR wwutd+a woliag mode (two loops)

(d) RHR suppression pool cooliug \.ode (two loops)
Flow restrictors

Control room habitability

Spent fuel pool cooling

Standby gas treatment

The following equipment/systems or portions thereof required to assure

the proper operation of those essential items listed in items 1 hrough

(a) Class 1E electrical systems, ac and d¢ (including diesel generator
svstem, 6900, 480 and 120V ac, and 125V dc emergency buses, motor
con.rol centers, switchgear, batteries, auxiliary shutdo*n control
panel, and distribution systems).

{h) Reactor Building Cooling water to 13¢ following:

(1) Room coolers

(2) Pump coolers (motors and seals)

(3) Diesel generator auxliary system coolers
(4) Electrical switchgear coolers

(¥) RHR beat exchangers

Amendment 17

The esseatial items listed 1n this table are protected in accordance
with Subsection 3.6.1 consistent with the particular pipe break
evaluated.
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Table 3.6-2

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT®* FOR
POSTULATED PIPE FAILURES OUTSIDE CONTAINMENT (Continued)

6) FPC heat exchangers
(7) HECW refrigerators
(¢) HVYAC
(d) Instrumentation (including post accident monitonng)
(¢) Fire Water Svstem
(Hh HVAC Emergency Cooling Water System

(g) Process Sampling System

AeM N
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HIGH-ENERGY PIPING INSIDE CONTAINMENT
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Table .64
HIGH ENERGY PIPING OUTSIDE CONTAINMENT

Piping System*

Main Steam

Main Steam Drains

Steam supply to RCIC Turbine
CRD (1o and from HCL))

RHR(injection to feedwater [rom nearest check valves in the RHR
lines)

Reactor Water Cleanup (to Feedwater via RHR and to first inlet valve
to RPV head spray)

Reactor Water Cleanup (pumps suction and discharge)
¢ Fluid svstems operating at high-energy levels less than 2 percent of the total

time are not included. These systems are classified moderate-energy systems, (i.¢ .
HPCF, RCIC, SAM and SLCS).
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Table 3.6-6

MODERATE-ENERGY PIPING OUTSIDE CONTAINMENT

Residual Heat Removal System
(Piping teyond  rermost isolation tive)

High Pressure Core Flooder System
(Piping beyond outermost isolation valve)

Reactor Core Isolation Cooling System

(Sucuon line from condensate storage pool beyond
second shutoff alve, vacu''m pump discharge lune
from vacuum pump 1o contaiament isolation vaive)

Control Rod Drive System
(Pipung up to pump sucuon)

Standby Liqwd Control System
(Piping beyond injection valves)

Suppression Pool Cleanup System
{Beyood containment solation valve)

Fuel Pool Cooling and Cleanup System

Radioactive Waste System
(Beyond isolation valve)

[astrument/Service Aur System
(Beyond isolation valve)

HVAC Cooling Water System

Makeup Water System (Conde usate)
Reactor Building Cooling '#ater System
Turbioe Building Cooling Water Svstem

Atmospbzric Control Systen
(Beyoud shutoff valve)

WJALICAE
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ADDITIONAL CRITERIA FOR INTEGRATED LEAKAGE RATE TEST

(1;

{2)

(3

(4)

Amendmen: 10

Table 3.6.7

Those portions of fluids systems that are part of the r. ctor coolant
pressure boundary, that are open directly to the primary reactor
containment atmosphere under post-acaident conditions and become an
extension of the bouadary of the primary reactor containment, shall
be opened or vented to the containment atmospbere prior .0 or during
the Type A (est. Portions of closed systems inside containment that
peselrate primary containment and are not relied upon for containment
isolation purposes following a LOCA shall be vented to the
contaioment atmosphere.

All vented systems shall be drained of water to the extent necessary
to easure exposure of the systetn prumary contaiament isolation valves
to the containmen’ air test pressure.

Those portions of fluid systems that pesetrate primary containmest,
that are external to containment and are not desig.:d to provide a
containment isolation barrier, shall be vented to the outside
atmosphere as applicable, to assure that full post-accident
differential pressure is maintained across the containment isolation
barrier.

Systems that are required to maintain the plant in a safe condition
during the Type A test shall be operable in their normal mode and & ¢
not veated.

Svstems that are normally filled with water and operating under
post-LOCA conditions need not be vented.
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1.7 SEISMIC DESIGN

All structures, systems, and equipment of the
facility are defined as either Seismic Category |
or non-Seismic Category 1. The requirements for
Seismic Category | identification are given in
Section 3.2 along with a list of systems, compo-
neénts, and equipment which are so identified

All structures, svstems, components, and equip-
ment that are safsty-related, as defined in Sec-
tion 3.2, are designed to withstand earthquakes
as defined herein and other dynamic loads includ-
ing those due to reactor building vibration (REV)
caused by suppression pool dynamics. Altaough
this section addresses seismic aspects of design
and anal: s in accordance with Regulatory Guide
1.70, the methods of this section are also
applicable to other dynamic loading aspects,
except for the range of frequencies considered
The cutolf frequency for dynamic analysis is 33

| Hz for seismic loads and 60 Hz for suppression
ool dynamic | The definition of rigtd
system used in this section s applicable to
seismic design oaly.

l The safe shutdown earthquake (SSE) s that
earthquake which 15 based upon an evaluation of
the maximum carthquake poteatial considering the
regional and local geology, seismology, and
specific characteristics of local subsurface
matertal. It is that earthquake which produces

| the maximum vibratory grouad motion for which
Seismic Category I systems and components are
designed to remain functional. These sysiems and
companents are those necessary to ensure:

1 (1) the integrity of the reactor coolant pressure
' boundary;

(2) the capability to shut down the reactor and
maintain it in a safe shutdown condition; and

the capability to preveat or mitigate the
i consequences of accidents that could result
in potential offsite exposures comparable to
the guideline exposures of 10CFR100.

The operating basis earthquake (OBE) is that
ecurthquake which, considering the regicnal and
local geology, seismology, and specific charac-
teristics of local subsurface material, could
reasonably be expected (o affect the plant site
during the operating life of the plaat. It is

REN B

that earthquake which produce vibratory ground
motion for which those features of the nuclear
power plaat necessary for continued operation
without undue risk to the health and safety of
*he public are designed to remain functional
During the OBE loading coadition, the safety-
related systems are designed to be capabie of
continued safe operation. Therefore, for this
loading condition, safety-related structures,
and equipment are required to operate within
design limits

The seismic design for the SSE is ‘ntended 1o
provide a margin in design that assures
capability to shut down and maintain the nuclear
facility in a safe condition. Ia this case. it
15 only necessary to ensure that the required
systems and components do not lose their
capability to perform their safety-related
fusction. This 15 referred to as the
no-loss-of-function criterion and the loading
condition as the SSE loading condition

Not all safety-related components have the
sam# functional requirements. Fo example, the
reactor containment must retain capability to
restrict leakage to an acceptable leve!
Therefore, based on present practice, elastic
behavior of this structure under the SSE !~ading
condition is ensured. On the other hand, there
are certain structures, components, and systems
that can suffer permanent deformation without
loss of fuaction. Piping and vessels are
examples of the latter where the principal
requirement is that they retain contents and
allow fluid flow.

Table 3.2-1 identifies the equipment in
various systems as Secismic Jategory | or non-
Seismic Category 1.

3.7.1 Seismic Input
3.7.1.1 Desigr Response Spectra

The design carthquake loading is specified in
terms of a sert of i1dealized, smooth curves
called the design response spectra in accordance
with Regulatory Gu.de 1.60.

Figure 3.7-1 shows the standard ABWR design
values of the horizontal SSE :nectra applied at
the ground surface in the free field for damping

ratios of 2.0, 5.0, 7.0 and 10.0% of erifical
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values of the vertical SSE spectra applied at the
ground curface in the free fie!d for damping
ratios of 2.0, 3.0, 7.0, acd 10.0% of critical
damiping where 'be mazimum vertical ground
acceierativo is 0.30 g 2t 33H: same as the
maximum horizontal ground acceleration

The design values of the OBE respoase spectra
are one-hs f* of the spectra shown in Figures
3.7-1 and 3.7-2. These specira are shown 1o
Figures 3.7-3 through 3.7.20

The design spectra are constructed in
accordance with Regulatory Guide 1.60. The
normalization factors for the maximum values in
two horizontal directions are 1.0 and 1.0 as
applied to Figure 3.7-1  For vertical direction,
the normalization factor is 1.0 as applied to
Figure 3.7-2

1.7.12 Design Time History

The design time histories are synthetic
acceleration time histories generated to match
the design response spectra defined in Subsection
371.1.

The design time histories considered in GESSAR
(Reference 1) are used. They are deveioped based
on the method proposed by Vanmarcke and Cornell
(Reference 2) because of its intrinsic capability
of imposing statistical independence among the
synthesized acceleration time history
components. The carthquake acceleration time
history components are identified as H1, H2, and
V. The H1 and H2 are the two bhorizontal
components mutually perpendicular to each other.
Both H1 and H2 are based on the design nonzoatal
ground spectra shown in Figure 3.7-1. The V is
the vertical component and it is based on the
design vertical ground spectra shown in Figure

-5
3.7+3.

* The OBE given in Chapter 2 is one-third of
the SSE, 1e, 0.10 g, [>r the ABWR Siandard
Nuciear [sland design. However, as discussed
in Chapter 2, a more conservative value of
one-half of the SSE, i.e., 0.15 g, was
employed to evaluate the structural and
component response

Amendment |
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The magnitude of the SSE design time history
is equal to twice the magnitude of the design
OBE time history. The OBE time histories and
respoase spectra are used for dynamic analysis
and evaluation of the structural Seismic “ stem
the OBE results are doubled for evaluating the
structural adequacy for SSE. For development of
floor response spectra for Seismic Subsystem
analysis and evaluation, see Subsection 3.7 2§

The response spectra produced from the OBE
design time histories are shown in Figures 3.7.3
through 3.7-20 along with the design OBE
response spectra. The closeaess of the two
spectra in all cases indicates that the
synthetic time histories are acceptable.

The response spectra from the synthetic time
histories for the damping values of 1, 2, 3 and
4 percent conform to the requirement for an
en...oping procedure provided in ltem 11.1 b of
Section 3.7.1 of NUREG-0R00 (Standard Review
Plan, SRP). However, the response spectra for
the bigher damping values of 7 and 10 percent
show that there are some deviations from the SRP
requirement. This deviation is considered
ieconsequential, because (1) generating an
artificial time history whose response spectra
would envelop design spectra for five different
damping values would result in very coaservative
time histories for use as design basis input.
and (2) the response spectra from the synthetic
tume histories do envelop the design spectra for
the lower damping values. This 1s very
important because the loads due to SSE on
structures should use 7 percent damping for
concrele components, but are obtained by
ratioing up the response from the OBE analvsic
wnvolving the lower damping. The OBE analysis
uses only the lower damping values (up to 4%),
which are consistent with the SRP requirements
(See Subsection 1.7.1.3).
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The frequency range used in generationg the
response spectra from synthetic bistories is 0.2
to 13 Hz. The frequency range intervals used in
generating those spectra is the same as given in
Tabie 3.7.1-1 of SRP Section 3.7.1.

The coberence function for the three eartbquake
acceieration time history components H1, H2, and V
are generated to check the statistical indepen-
deoce among them. The coherence function for Hl
and H2 is pveo io Figure 3.7-21; for H1 and V in
Figure 3.7-22; and for H2 and V in Figure 3.7.23.
All values wathio the frequency range betwees 0 to
S0 Hz are calculated at a frequency increment of
0.1 Hz. Tbhe small values of these cobherence
functions indicate that the three components are
sufficiently statistically independent.

To assess the energy content of the syathetic
time history, the power spectral deasity functions
(PSDFs) are gencrated from 'he two borizontal
components K1 and H2. The PSOFs are computed at a
frequency ncrement of 0.024 Hz, and are smootbhed
using the average method as recommended in
Revision 2 of Reference 3,

The stationary duration used in the caiculation
is taken to be 22 sevonds which i1s the toral
duration of the syathetic time history. The
calculaizd PSDFs for the H1 and H2 lime bistories
| normalized to 0.15g peak ground acceleration are
shown in Figures 3.7-24 and 3.7-25, respectively,
| for frequencies rangiog from 0.3 1o 24 Hz.

The target PSDFs and B0% of target PSDFs
specified on revision 2 of Reference 3 are also
plotted on these figures for comparison. As
sbown, PSDF of H1 and H2 time histories envelope
the target PSDF with a wide margio in the
| specified frequency range of 0.3 to 24 Hz. This
- demounstrates that the two syothetic time kectonies
| bave sufficient eaergy content,
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3713 Critical Damping Values

The damping values for OBE and SSE analvses
are presented in Table 3.7-1 for various
structures and components. They are in
compliance with Regulatory Guides 1.61 and 1 84

For seismic system evaluation of the SSE, the
larger SCE Jdamping values shown 1o Table 3 7-1
are oot used. The SSE loads are obtained by
doubling the OBE loads that resuit from the OBE
Seismic System analysis based on the lower OBE
damping values (see Subsection 3.7.1.2)

For analysis and evaluation of seismic
subsystems (piping, components and equipment).
the floor response specira are obtained from the
OBE time-history respoase of the seismic system,
that supports the subsystems. The floor
response spectra are computed (see Subsection
3.7.2.5) for damping values that are applicable
to the subsystems under OBE as well as SSE. and
furtber the OBE spectra are doubled to obtain
the SSE floor response spectra for input (o the
SSE analysis in design of the subsystems.

3.7.1.4 Supporting Media for Sessmic Category
I Structures

The following ABWR Standard Plant Seismic
Category I structures have concrete mat
foundations supported oa soil, rock or compacted
backfill. The manmum value of the embedment
depth below plant grade to the bottom of the
base mat is given below for each structure
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(1) Keactor Buildiag (including the enclosed
primary contaioment vessel and reactor
pedestal) - 25.7 m (B4 ft, 4 10)).

(2) Control Budding - 12.2 m (& ft)
(3) Serce Bulding - Surfac. founded

All of the above buildings bave iadependesnt
foundations. lo all cases the manimum vilue of
embedment is used for the dyvoamic asalysis to
determine seismic soil-structure interaction
effects. The foundation support materials
withstand the pressures imposed by appropriate
loading combinations without failure. The total
structural beight of each buildiog is described in
Subsection 382 through 3 8.4 For details of
the structural foundations refer to Subsection
185 The ABWR Standard Plant 1s designed for a
range of soil conditions given 1o Appendix 3A

17.: 4.1 Soil-Structure Interaction

When a structure is supported oa a flexible
foundation, the soil-structure 1oteraction 1s
taken into account by coupling the structural
model with the soil medium, The finite-clement
representation is used for a broad range of
supportiog medium conditions. A different
representation based oo the continuum impedance
approach is also used for selected site
conditions Detailed methodology and resuits of
the soil-structure interaction analysis are
provided in Appendices 3A and 3G, respectively,

1,72 Seismic System Analysis

This subsection applies to the design of
Seismic Category I structures and the reactor
pressure vessel (RPV). Subsection 3.7.3 applies
to all Seismic Category | piping systems and
equipment

172,10 >eismic Analysis Methods

Apalvsis of Seismic Category | struc.ures and
the RPV is accomplished using the response
spect:um or time-history approach. The time-
history approach is made either in he time domain
or ia the frequency domais.

Either approach utilizes the natural peried,
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mode shapes, and appropriate damping factors of
the particular system toward the solution of the
equations of dveamic equilibrium. The time-
wistory approach may al roately utilize the
direct integration me'had or solution. When the
stiuctural respoese is computed directly from
the coupled structure-soil system, the time-
history approach soived in the frequency domaiwn
s used. The frequency domain analysis method
is described in Appendix JA.

17210 The Equations of Dynawic Equilibrium
fo: Base Support Excitation

Assum'ng velocity proportional damping, the
dynamic equilibrium equations for a lumped-mass,
distributed-stiffness sysiem are expressed in a
matrix form as:

‘3.7:2)
MI(U)) » [ {d@)) +[K){u))=
{P())

where

{u(t)} = time-dependent displacement
vector of non-support poiats
relative to the supports
(ug(t) = u(t) = wgit))

(G()) = time-dependent velocity vector
of non-support points relative
to the supports

(V()}) e ume-dependent acceleration
vector of non-support points
reiative to the supports

[M] & Dass matrix

(€ = damping matrx

K] « stffness matnx

{P()} = time-dependent ipertia force

vector (-[M] {ug(t)) actisg
al pogp-support points

The manoer in which a distributed-mass,
distributed-stiffoess system is idealized iato a
lumped-mass, distributed-stiffness system of
Seismic Category [ structures and the RPV s
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shown in Figure 3.7.28 along with a schematic
represeatation of relative acceleration: ¥ (1),
support acceleration: ug(t) and total
acceleration; Uy(t)

172.12 Solution of the Equaticas of Moti o
by Modal Superposition

The technique used for the sclution of the
equations of motioe 15 the method of modal
superposition

i e set of homogeneous equations represented by
the undamped free vibration of the svstem s
(M] {d(t)} = (K]} {u(t)}) = {0} (3.7-3)
Since the free oscillations are assumed to be
harmonic, the displacements can be written as:

{u(t)) = (@} et (3.7-4)

where
(@) = columa matrix of the amplitude of
displacements {u)

arcular frequency of oscillation

t = ume.

Substituting Equation 3.7-4 and its derivatives
o Equation 3.7-3 and ootiag that e!“! is not
aecessarily zero for ail values of wt yields:

[-w* [M] + [K]] {@) = (0}. (3.2-9)

Equa‘ion 3.7-5 is the classic dynamic
characteristic equation, with solution iavolving
the cigeavalues of the frequenciss of vibrations
~; and the eigenvalues mode shapes, (@)
G P Tl Ty

For each frequercy w;, there is a
corresponding soiution vector (@); determined
to withia arbitrary <cala: (actor Y; known as
tbe normal coordinate. It can be shown that the
mode shape vectors aie orthogoral wilh respect to
the weighting matrix (K| in the s-dimensional
vector space
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The xode shape vectors are also orthogonal
with reipect to the mass matrix (M]

The orthogonality of the mode shapes can he
used to effect a coordinate transformation of the
displacements, velocities and accelerations such
that the response i each mode s independent of
the respoees of the syslem 1o any other mode
Thus, the probiem becomes one of solving n
independent differeatial equations rather than o
simultaneous differential equations, and, since
the system is linear, the principle of superposi-
tion bolds and the total response of the system
oscillacing simultaseously in 0 modes may be
determined by direct addition of the responses in
the individual modes.

17213 Analysis by Response Spectrum Method

The response spectrum method is based on the
fact that the modal response can be expressed as
a set of coovolution integrals which catisfy (he
governing differential equations. The advantage
of this form of solution is that, for a given
ground motion, the oaly \ariables under the n
tegral are the damping factor and the frequence
Thus, for a specified dampirg factor it s poss:-
ble to ccastruct a curve which gives a maxvimum
value of the integral as a fuaction of freguency

Using the calculated patural frequencies of
vibration of the system, the maximum values of
the modal responses are determined dirsctlv from
the appropriate response spectrum. The modal
maxima are then combined as discussed ir
Subsection 3.7.2.7,

When the equipment is supported at more than
two points located at different elevations in the
building, the response spectrum analvsis i
performed using the eavelope response spectrum o
all attachment points. Alternatively, (he
multiple support excitation analysis methods may
be used where acceleraticon time histories or
response spectra are applied to all the equipment
attachment points. In some cases. the wors
single floor response spectrum selected from 4
set of floor response spectra obtained at various
floors may be applied identically to all floors
provided there is no sigaificant shift (a fre
quencies of the spectra peaks.

e b AR



ABWR
Standard Plant

172.1.4 Support Displacements in Multi-
Supported Structures

Io the prececing sections, analysis proce-
dures for forces acd displacements induced by
time-dependent support displacement were dis-
cussed. Io a multi-supported structure there
are, v addition, time-dependent support dis-
placements which produce additional displace-
ments at sonsupport poiats and pseudo-static
forces at both support and soasupport points

The governing equation of motion of a
structural system which is supported 2* more than
one poinl and has different excitations applied
at each may be expressed in the followming concise
matrix form:

w]m S
o 5 '!"3

‘ (3.7-6)
where

displacement of the active
(unsupporced) degrees of
freedom;

g |
w
o

Specified displacements of
support poiats;

M M,

a and = lumped diagonal mass
matrices associaied with the
active degrees of freedom
and the support points;

Caa and Kaa = damping matrix and elastic

stiffoness matrix,

respectively, expressing the
forces developed in the
active degrees of freedom
die to the motion of the
active degrees of freedor;

Cys and Kss = support forces due to unit

velocities and displacement

of the supports;
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Cas and Kag = damping and stiffoess
matrices denotiag the
coupling forces developed in
the active degrees of
freedom by the motion of the

supports and vice versa,

prescribed external
time-dependent { .ces
applied oo the active
degrees of freedom; and
Fs = reaction forces at the
system support points

Totai differentiation with respec. . time is
denoted by (-} in Equation 3.7-6. Also, the
contributions of the fixed degrees of freedom
have been removed ic 'he equation. The
procedure utilized 10 construct the damping
matrix is discussed io Subsection 3.7.2.15. The
mass and elastic stiffness matrices are
formulated by using standard procedures

Equation 3.7-6 can be separated into two sets
of equations. The first set of equations can be

written as:

e 2 — (3.7-7a)
(Mg] {Ug) + [Cgs) (Ug) + [Kse] {Us)
+ [Cag) (Ug) + (Kagl (Uy) = (Fgh;
and the second set as:

.4 - (3.7-™)
Mgl (Ua) + [Caal (U] + [Kaal {Ua)

* [Casl (Ug) + [Kp  Ug) = (Fg)s
The timewise so.ution of Equation 3.7-7b can
be obtained easily by using the standard normal
mode solution technique. After obtaining the
displacement response of the active degrees of
freedom (U,), Equatina 3.7-7a can thea be used
to solve the support point reactiog forces
(Fg). Analysis can be per
#Q frme histor Y mefbod oy response
al superpositioB is used to determine the
soluuons of the uucoupled form of Equation
3..-7a. The procedure is identical to that

vmed usin
’PC‘ fﬂluﬂ.

mehog

described in Subsection 3.7.2.1.2 ﬂdd.homa)

Ye%u\(em&nk asxoaqfnl with the
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speat fuel storage pool and the suppression poal
are also considered and lumped to appropriate
locations.

The portices of the reactor building outside
t8¢ RCCV are box-tvpe shear wall systems of
reinforced concrete construction. The major
«alls between floor slabs are represented by beam
elements of a box cross section. The shear
rigidity io the direction of excitation is
provided by the parallel walls. The bending
rigidity includes the cros wails contribution
The reactor buildiog is fully integrated with the
RUCY through floor slabs at various elevations
Spring ¢lements are used to represent the slab
in-plase shear stiffness in the borizontal
direction. The outer and inner walls between EL.
4.7 m (146.60t) and 185 m (60.7t) alowg the X
direction are also coupled rigidly in rotation
about the Y axis at the connecting slab
tocations. la the vertical direction a single
mass poinat is used for ecach slab and it is
connected to the walls and RCCV by spring
¢lements. The spring stiffness 1s determined so
that the fundamental frequency of the slab in the
vertica: direction is maintained.

The RCCV is a cvlindrical structure with a
flat top slab with the drywell opening, which,
along with upper pool girders and reactor
building walls, form the upper pool. Mass points
are selected at the RB floor slab locations.
Stiffnesses are represented by a series of beam
elements  In the X-Z plane, a rotational spring
clement coanecting the top slab and the basemat
is used to account for the additional rotational
rigidity provided by toe integrated RCCV-pool
girder-building walls system. The RCCV s also

upled to the RPV through the refueiing bellows,
o the RSW through the RSW stabilizers, and to
the reactor pedestal through the diaphragm
floor. Spring elements are used to account for
these interactions. The lower drywell access
tunnels spanning between the RCCV and the reactor
pedesial are not modeled since fexible rings are
provided which are designed 10 reduce the
coupling effects.

The RSW consists of two steel ring plates with
concrete fill in between for shielding purposes.
Concrete in the RSW does not contribute 1o
stiffness; but s weight is included. The
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reactor pedestal s a cylindrical structure of a
composite steel-concrete design. The toral
stiffoess of the pedestal includes the full
strength of the concreie core. Mass points are
selected at equipment interface locations and
geometrical discontinuities. Io addition
intermediate mass points are chosen to resylt ia
more uniform mass distribution. . ae pedestal
supports the reactor pressure vessel and it also
provides lateral restraiaot to the reactor
control rod drive housings below the vessel
The top o the RSW is connected to the RPY by
the RPV stabilizers which are modeled as spring
clements.

The mode! of the RPV and its internal
compooents is described in Subsection
37232 This model as shown in Figure 3732
18 coupled with the above-described RB mode! for
the seismic analysis.

1.72.15.12 Control Building

The control building dynamic model is shown
in Figure 3.7-33. Tbe control building is box
type shear wall system reinforced copcrete The
major walls betweea floor slabs are representcd
by beam elements of a box cross section The
shear rigidity in the direction of excitation s
provied by the paraliel walls. The bending
rigidity includes the crcas walls contribution
In the vertical direction a single mass point is
used for each slab and it is connected 1o the
walls by spring elements. The spring element
stiffness is determined so that the fundamental
frequency of the slab in the vertical direction
is maintained.

1721513 Radwaste Building

The radwaste building dynamic model s shown
in Figure 3.7.34. The radwaste building s box
type shear wall system of reinforced coc .rere
The major walls between floor slabs are
represented by beam elements of a box cross
section. The shear rigidity in the direction of
excitation is provided by the parallel walls
The bending rigidity includes the cross walls
contribution. Io the vertical direction a
single mass poiot is used for each slab and u
1$ connected to the walls by spring element,
The spring element stiffaess is determined 5o

|

}



that the fundamental frequency of the slab in the
vertica! direction is maintained.

172152 Rocking and Torsional EfMects

Rocking effects due to horizontal grovod
movement are considered in the soil-structure
interaction apalysis as described 1a Appendix
JA. Whepever building response is calculated
from a secoand step structural analysis, rocking
effects are included as input simultaneously
applied with the horizootal translational motion
at the basemat. The torsional effect considered
is described in Subsection 3.7 2.11.

172153 Hydrodynamic Effects

For a dynamic system in which a liquid such as
waler is involved, the hydrodynamic effects on
adjacent structures due to horizoatal excita-
tion are taken into consideration by including
hvdrodynamic mass coupling terms in the mass
matrix. The basic formulas used for computing
these terms are in Refereace 4. In the vertical
excitation, the hvdrodynamic coupling effects
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are assumed to be negligible and the water mass
is lumped to appropriate structural locations

1722 Natural Frequencies and Response Loads

The natural frequencies up o 33 Hz for the
reactor-control buildings and radwaste are
preseated in Tables 3 7-2 through 3.7-¢ and
3 7.10 for the fixed base condition

Eaveloped response load. at keyv locations in
the reactor building complex due to OBE for the
range of site conditions considered in Appendix
3A are presented in Appendix 3G . Respoase
spectra at the major equipment elevations and
support points are also given in Appendix 3G

The SSE loads are two times the OBE loads as
explained in Subsection 3.7.1.2,

1723 Procedure Used for Modeling

37221 Modeling Techniques for Systems
Other Than Reactor Pressure Vessel

Aan important step in the seismic analysis of
systems other than the reactor pressure vessel is
the procedure used for modeliag. The techniques
cepter around two methods. The first method, the
system s represented by lumped masses and a set
of spring dashpots idealizing both the inertial
and stiffness properties of the system. The
details of the mathematical modeis are determined
by the complexity of the actual structures aod
the information required for the analysis. For
the decoupling of the subsystem and the
supportiag system, the following criteria
¢quivalent to the SRP requirements are used:

(1) If Ry < 001, decoupling can be cone for
any Ry

(2) 1o
i Rf g

£ Ry % 0.1, decoupling can be done

08 or Rp 2 1.25.

(3) f Ry > 0.1, an approximate model of the
subsystem should be included in the primary
system model

Where Ry and Ry are defined as:

Rm =  Total .1ass of the supported system

Mass that supports the subsystem
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Rf=  Fundamental frequency of the supported
subsystem /frequency of the dominaant

support motion

If the subsvstem is comparatively rigid o
relation to the supporting system, and also 1s
rigidly coopected to the supporting system, it
is sufficient to include only the mass of the
subsystem at the support point in the primary
system model. On the other hand. 10 case of a
subsystem supported by very tlexibile
connections, ¢ g.. pipe supported by hangers,
the subsystem need oot be included 1o the
primary model In most cases the equipment and
components, which come under the definitior of
subsystems, are analyzed (or tested) as a
decoupled system from the primary structure and
the seismic input for the former is obtained by
the analysis of the latter. One importan:
exception 1o this procedure is the reactor
coolant system, whick is considered a subsystem
but is usually analyzed usiog a coupled model of
the reactor coolant system and primary
structure.

In the second method of modeling, the
structure of the system is represeated as a (wo-
or three-dimensional finite-element mode! using
comt “ations of beam, plate, shell, and solid
eiem .cs. The details of the mathematical
models are determined by the complexity of the
actual structures and the iaformation required
for the aralysis.

37232 Modeling of Reactor Pressure Vessel
and Internals

The seismic loads on the RPV and reactor
internals are based on coupled dynamic analvsis
with the reactor building The mathematical
model of the RPV and internals is shown in
Figure 3.7-32. This model is coupled with the
reactor building model for this analys:s.

The RPV and internals mathematical mode!
consists of lumped masses connected by elastic
beam element members. Using the elastic proper-
ties of the structural componests, the stiffoess
properties of the model are determined and the
effects of axial bending and shear are included

Mass points are located at all points of
¢ritical interest such as aschors, supports
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points of discoatiouity, ete. ln addition, mass
points are chosen so that the mass distribution
in varions zooes 15 uniform as practicable and
the full range of frequency of response of inte-
rest is adequately represented. Further, in
order to facditate bydrodvnamic mass calcula-
tions, several mass points (fuel, shroud, vessel)
are selected at the same el.vation. The RPV and
internais are quite stiff in the vertical dires-
tion, Vertical wodes 10 the frequency range of
interest are adequately obtaioed with few dvnamic
degrees of freedom. Therefore, vertical masses
are distributed to a few key nodal points. The
varous length of coatrol rod drive housing are
grouped in (o the two representative lengths
shown 1o Figure 3 7.32 These lengths represent
the longest and shortest housing in order to
adequately represeot the full range of frequency
respoase of the housings

Not included 10 the mathematical modei are the
stiffness properties of light componeats, such as
im-core guitde tubes and housings, sparger, and
their supply headers. This is dooe to reduce the
complexity of the dynamic model. For the seismic
responses of these compor s, floor response
spectra generated from system analysis is used.

The presence of a fluid and other structural
componeats (e.g., fuel withia the RPV) introduces
a dymamic coupling effect. Dvaamic effects of
water enciosed by the RPV are accouated for by
introduction of a hydrodynamic mass matrix which
will serve to link the acceleration terms of the
equations of motion of poiats at the same
elevation in concentric cylinders with a fluid
entrapped in the annulus. The details of the
hvdrodynamic mass derivation are givee in
Reference 4.

1724 Soil-Structure Interaction

The soil model and soil-structure interaction
analysis are described in Appendix 3A.

1725 Development of Floor Response Spectra

la order to predict the seismic effects on
equipment located at various elevations within a
structure, floor response spectra are developed
using @ Lime-history analysis technique

The procedure entails first developing the
matkematical model assuming a linear system and

Amendment 1

LIASI0AE
REN &

then obtainir  ‘ts natural frequeancies and mode
shapes. The dvoamic response at the mass poiats
1 subsequently obtained by using a time-histors
approach.

Using the acceleration time-history response
of a particular mass point, a spectrum response
curve 1s developed aod incorporated into a
design acceleration spectrum to be utilized for
the seismic analvsis of equipment located at the
mass poinc. Horizontal and vertical response
spectra are computed for various damping values
applicable for OBE ard SSE evaluation of
equipment. Two orthogonal borizontal asd one
vertical earthquake component are inpur
separately Response spectra at selected
locations are then generated for each earthguake
componeat separately. They are combined using
the square-root-of be-sum-of-the-squares (SRSS)
method to predict the total co-directional Noor
response spectrum for that particular
frequency. This procedure is carried out for
cach site-soil case used in the soul-structure
interaction analysis. Response spectra for all
site-so1l cases are finally combined to arrive
at one set of final response spectra

An alt*rnate approach to obtain co-direc.
tional floor response spectra is to perform
dvoamic analysis with simultaneous input of
various earthquake components if those
compoanents are statistically independent to gach
other.

The SSE floor response spectra are obtaincd
by doubling the OBE response spectra as
explained in Subsection 3.7.1.3

The response spectra values are computed as a
minimum either at frequency i1atervals as
specified 1o Table 3.7.1-1 of SRP 3.7.1 or at a
ser of frequencies in which each frequency s
within 10% of the previous one.

1726 Three Components of Earthquake Motion

The three compoaneats of earthquake motion are
considered 1o the building seismic analvses. To
properly account for the responses of systems
subjected to the three-directional excitation, a
statistical combination 15 used to obtain the
net response according t3 the SRSS criterion of
Regulatory Guide 152, The SRSS methad accounts
for the randomness of magnitude and direction ot

— -
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earthquake motion. The SRSS criterion, applied
10 the responses associated with the three
components of ground earthquake motion, is used
for seismic stress computation for steel
structural design as well as for resultant
seismic member force computations for reinforced
concrete structural desigo.

3727 Combination of Modal Respoase

Since only the time-history method s used for
seismic system apalvsis, the response spectrum
combination of modal responses 1s no! applied

1728 loteraction of Noo-Category |
Structures with Seismic Category | Structures

The interfaces between Seismic Category | and
pon-Seismic Category | structures and plant
equipment are designed for the dvnamic loads and
displacements produced by both the Category | and
aon-Category | structures and plant equipment
All soo-Category | structures will meet any one
of the following requirements

(1) The collapse of any noa-Category | structure
will not cause the non-Category I structure
to strike a Seismic Category I structure
component

(2) The collapse of any aon-Category [ structure
will not impair the integrity of Seismic
Category I structures or components

(3) The non-Category | structures will be
analyzed and designed to prevent their
failure under SSE conditions 1n manner such
that the margin of safety of these structures
is equivalent to that of Seismic Category |
structures

1729 Effects of Parnmeter Variations oa
Floor Respouse Spectrs

The foliowing conservative assumptions are
included in the calculation of the floor response
spectra:

(1) The expected actual carthquake time histories
are eaveloped by a smooth ground response
spectrum for design use. The smooth curve
leads to comservative effects on modal
analysis because it treats all the modes in
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the maximum acceleration range baving the
same amplification factor as the mos:
strongly amplified

(2) The time history used to calculate the floor
response spectra produces a ground response
which envelopes the design ground response
spectra. lo order to do this, it bas
speciroi peaks which are substantially
bighcr than the design spectra

(3) The building and soil damping values used in
the analysis are near the lower bound of the
available damping data. The actual values
of damping are expected 1o be much bigher
than the values used in the analysis

(4) The yield strengths used in the analysis are
based oo the minimum values and are
considerably lower than expected values

(5) The additional strength and damping that is
available when materials are stressed beyond
yield are oeglected when using linear
tlascic analytical methods

(6) The working stresses for most equipment are
usually coosiderably below the vizld
stresses.

(7) The calculated natural frequencies of
cquipment are usually lower than actual
because of conservative modeling
assumptions.

These elements of conservatism are o series
(1.e, they are compounded), which resuits in an
extremely conservative design. T he oaly reason
for broadeeing the spectra at all is to account
for the ualikely possibility that a particular
piece of equipment might bave a matural
frequency which is not on the calculated
spectral peak but is on the real peak

Since the peaks characteristic of the low
damping response are narrow, such an occurrence
is extremely improbable. Fven if this
eventuality does occur, the extreme conservatism
described above ensures seismic adequacy of
equipment design. Further, the floor response
tpectra obtained fro~ ‘e time-history ana'ysis
of the building are +d plus and minus 10 ¢
in frequency, A! vely, peak shifuing
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method of ASME Code Case N W7, 4 permitted by
Regulatory Gude 1 84, Revinion 24 s used

The broadening method of accounting lor
vatiations causes modes having {requencies hear
the spectral peaks to be calculated as though
they experience the peak acceleration  This i
quite copservalive because the spectra for the
actual structure have only one narrow peak
somewhere 1o the 0% broadened range

V3210 Use of Constant Vertical Static
Factors

Since all Sesmic Category | structures and
the RPV are subjected 1o a vertical dynamic
analvsis with a time -history defining the npul
no constant vertcal static factors are utilized

27201 Methods Used to Account for Torsional
f Mects

Torsional effects for two-dimensional apalvt-
ical models are accounted for 1o the foliowing
manner  The locations of the center of mass are
calculated for each floor. The centers of rigid-
ity and rotational stiffoess are determined for
each story. Torsion effects are 1otroduced in
cach story by applying a rotational moment about
ity center of tigiduy. The rotational moment it
caiculated as the sum of the products of the 1o
ertial force applied at the center of mass of
tach oot above and a moment arm equal 1o the
distance fron. the center of mass of the Noor to
the ceater of rigadity of the story plus five
percent of the maumum building dimension at the
lesel under consideration. To be conservative,
the absolute values of the moments are used in
(he sum  The torsional moment and story shear
are distributed to the resisting structural ele-
menty i proportion to each individual stif'ness

The RPV model is ausymmetric with oo buili-in
ccerntnicity. Mence, the torsional effects for
the RPV are only tyose associated with the
reactor building model

17212 Comparison of Respoases
Since oaly the time-history method 15 used for
structural analysis, the responses obtained irom

response spectrum and time-history methods are
not compared

Amendment |
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AT20N Methods for Selsmic Analysis of
Category | Dams

The analvsis of all Category | dams.
applicable for the site, taking 1010
consideration (he dvoamic nature o forces (due
to both horizontal sud vertical earthquake
londings), the bebavior of the 0«am material
under earthquake loadings, soil structure
intrraction effects, and nonlinear stress stramn
relations for the soul, will be used  Analviis
of earth-filled dams, of apphicable, includes an
tvaluation of deformations

17204 Determination of Seismic Category |
Structure Onerturning Moments

Seismic load: are dvnamic in nature  The
method of calculatung sewsmic loads with dyvnam i
analysis and then treating them as static loads
o evaluate the overturaing of structures and
foundation failures while treating the
foundation materials as linear elastic s
conservative. Overturning of the structure,
assuming 00 soul ship failure occurs, can be
coused only by the ceater of gravity of the
stracture moving far enough borizonially 1o
cause instability

Furibermore, wr *o the combined effect ol
carthuake ground motion cad & actural responce
s strong enough, > atry ¢ undergoes a
rocking motion piv: g abe i e oer edge of the
base. When the aw . tude of cocki 1 moti
becomes 30 large that the cenier of structur,
mass reaches a position bt above either edge
of the base, the structure becomes unstable and
may LUp over The mechanism of the rocking
motion is hke an (overted peudulum acu 11y
natural period is long compared with the linear
elastic struc- tural response  Thus with regard
Lo overturpoing, the structure (s (reated as o
rigid body.

The maxmum kinetic energy can be conserva
tively estimated to be

Ecod Lo |2+ ¢ )2,]
szizl"ﬂl 'V| a8

where (viq) and (vy)are the maximum values of
the total lateral velocity and “atal vertical
velocity, 1espectively, of mass m,

L o~ N R RSN N
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Values for (vy), and (vy): ate
computed as follows

(V) 2@ (v 2+ (v 2
) |

L) (37.9)
(/) 2 9 ve) : . \\-\.;
(3710

where (vigig and (v, are the peak
botizootal asd verticul ground velocity,
Tespectively, and (vy); and (vy); ate the
maximum vatues of the relative lateral and
vertical velocity of mar:i m,

" *tting m, be total mass of the structure
4nd 45¢ matl, the epergy required to overtura the
structure 15 equal 1o

EO'mm‘h ‘3"‘1’

where b is the height 10 which the center of mass
of the structure must be lifted to reach the
averturning pusition. Because the structure may
not be a symmetrical one, the value of b s
computed with respect 1o the edge that s nearer
to the center of mass. The structure is defined
as stable against overturning whean the ratio E,
to Eg exceeds 1.5

These calculations assume the structure rests
on the ground surface, bence, are conservative
because the structure is actually embedded to a
considerable depth. The embedded effect is
considered only when the rgtio Eg to Eg iy
less than 1.5

17205 Analysis Procedure for Damping

ln a lioear dynamic analysis using a modal
uperposition approach, the procedure to be used
to properly account for damping 1o different
clements of a coupled system model is as follows:

(1) The structural percent critical damping of
the various structural elements of the model
is first specified. Each value is referred
to as the damping ratio (C)) of a partic-
ular component which contributes to the
complete stiffaess of the system.

Amendment |
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(2) An cigeovalue aoalysis of (he Linear sviiem
model is performed. This results i (he
cigenvector matrices (@) which are
normalized and satisfy the orthogonaliny
conditions

o Ko » A wd gl Ko, Exi

: . ' = Oforigl)
where

S = suffoess maunx,

- * circular aatural frequensy asso

ciated with mode 1, and

.T
| * transpose of i'® mode ¢igen

vector @

Matrix @ contains all trapslational and
rotatiooal coordinates

(3) Using the strain energy of the (adividual
components as a weighting function, the
following equation is derived to obtain »
suitable damping ratio (8,) for mode |

ai.ﬁ ; [C) (‘: K&,),] (3713

] j.l
where

8 « modal dampiag coefficient for
‘% mode,

N = total number of structural
elements,

® »component of '® mode
eigeavector correspoodiog 1o ,'0
clement;

‘T = Transpose of @ defined above.

C,~ = percent critical dampinz
associated with element |
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K = suffness matr of element ). and

v « circular natural frequescy of mode
|

173 Seismic Subsystem Analysis
LR Seismic Analviis Methods

This subsection discusses the methods by which
dewmic Category | subsvstems and components are
qualified to ensure the functional integrity of
the specilic operatiog requirements which
tharacterize theit secismic Category |
designation

In general. ooe of the following five methods
of sewsmically qualifying the equipment is chosen
based upon the characteristics and complexities
of the subsystem

. v’éf’)‘1(¢ K‘

1 dyvoamic anavas,
3

(L) lesting procedures,

\ mt A

(3) equvalent static load method of analveis,
(4) acombwation of (1) and (2), or
5) acombination of (2) and (1)

Equivalent static load method of subsystem
analvsis s described in Subsection 373 %

Appropriate design response spectra (OBE and
SSE) are furnished to the manufacturer of the
equipment for seismic qualification purposes
Additional information such as aput time history
o slem cunplied only when necessary.

Wheo an.lysis is used to qualify Seismic
Category | wubsystems acd components, the
analytical techaiques must conservatively account
for the dyoamic nature of the subsystems or
components. Both *he SST and OBE, with their
difference 1o damping values, are conuidered in
the dypamic analvsis as explained 10 Subsection
31713

@B PURRL Se B b DR GG R B S pubes
“opeciium - techaigus  The time history iechnique
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described io Subsection 3721 1 gencrates
Limebistories at various support elevativas (o)
use 1o (be analveis of subsvsiems aod
tquipment  The structural response specira
CUrVes are subsequently generated from the time
bistory accels  ations

\toeach level of the structure where vital
components are located, three orthogonal
components of floor respoase specira, 1wo
honrontal and one vertical. are developed. The
floor response spectrum is smoothed and
envelopes all calculated response specira from
different site soi1l conditioas The response
specira are peak broadened plus or minus 10%
When components are supperied at two or more
clevations, the response spectra of each
tlevation are supetimposed and the resulting
specirum is the upper bound eavelope of all the
adividual spectrum curves considered

For/bumj systemy and thed suppops,
multi-degree-¢f-freedos modeiy are used 1o
accordance with the lumped-paramerer modeling
‘echiniques 4nd normal mode theory described in
Prping apsalyeis s
descrpbed 1o SAbsection 3.7 Iy

When testing is used to qualify Seismic
Category | subsystems and components. all 1he
loads normally acting oo the equipment are
simulated during the test The actual mounting
of the equipment iy also simulated or
duplicated. Tests are performed by supplving
input accelerations (o the shake table to such
an extent that generated test response spectra
(TRS) eavelope the required response specira

For certain Seismic Category | equipment and
componer's where dynamic iesting 18 necessary (o
casure functional integrity, test performance
data and results reflect the following:

(1) performance data of equipment which has beeo
subjected to dynamic loads equal to or
greater than those experieaced under the
specified telsmic conditions;

test data from previously tested comparable
equipment which bas beea subjected under
similar conditions 'o dynamic loads equal (o
or greater than those specified; and

The dynamic analysis of Seismic Category I su“systems and
components is accomplished using the response spectrum or
time~history agproach. Time History analysis is performed
Jusing either the direct integration method or the modal
superposition method.
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For vibrating systems and their supports, two general
methods are used to obtain the sclution of the cguatxons

of dynamic equilibrium of a multi-degree~vf-freedom model.
The first is the Method of Modal Superposition described in
subsection 3.7.2.1.2. The second method

of dynamic analysis is the Direct Integration Method.

T solution of the egquations of motion is obtained b¥

‘Are b lt.p'bY°ltO€ numerical integration. The numerical
L% .gyration time step,At, must be sufficiently small to
accurately define the dynamic excitation and to render
stability and convergency of the solution up to the highest
frequency of significance. The integration time step 1is
considered acceptable when smaller time steps introduce no
more than a 10% error in the total dynamic response.

For most of the commonly used numerical integration methods
(such as Newmark 8 -method and Wilson 6~ method), the
maximum time step is limited to one-tenth of the smallest
period of interest, The smallest period of interest is
generally the reciprocal of the analysis cutoff frequency.

When the time-history method of analysis is used, the
time~history data is broadened plus and minus 15% of 4t

in order to account for modeling uncertainties. For loads
such as Safety-Relief Valve blowdown, tests have been
performed which confirm the conservatism of the analytical
results., Therefore, for these loads the calculated force
time-histories a>e not broadened plus and minus 15% of At.

Piping meodeling and dynamic analysis are described
in subsection 3.7.3,3.1.

NEQBOT (REY a'ml
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(3) actual testiog of equipment 18 accordance
with one of the meihods described ip
Subsection 3.9.2 2 4pd Section 3 10

1702 Determination of Number of Earthquake
Cycies

17321 Piping

Fifty (50) peak OBE cvcles are postulated for
fatigue evaluation

17323 Onher Equipment and ( omponents

Criterion 112 b of SRP Section 37 3 recom-
meods (hal at least one safe shutdown earthquake
SSE) and five operating basts carthquakes (OBEs)
should be assumed during the plant life It also
recommends that @ mmmum of 10 maumum stress
cveles per earthquake should be assumed (ie ., 10
cveles for SSE and 50 cveles for OBE). For
fquipment and components other than pipung, 10
peak OBE stress cycles are postulated for fatigue
evaluation based oo the following justification

To evaluate the aumber of cveles engendered by
4 given earthquake, a typical Boiling Water Reac
ter Building reactor dynamic model was excited by
three different recorded time histories: May 18,
1940, Ei Centro NS component, 29 4 sec; 1952,
Talt N69° W component, 30 sec; and March
1957 Golden Gates 29 E component, 132 sec
The modal response was truncated 5o that the
respoose of three different frequency bandwadths
could be studied, 0% -to-10 Hz. 10-t0-20 Hz, and
“0:10-50 Hz. This was done to give a good
spproximation to the cyclic behavior expected
from structures with different frequency cotent

Enveloping the results from the three carth-
quakes and averaging the results from several
dilferent points of the dynamic model, the cyclic
behavior given o Table 3 7.6 was formed

Indepeadent of earthquake or component
frequency, 99 5% of the stress reversals occur
below 75% of the manmum stress level, and 95% of
the reversals lie below 50% of the maxumum stress
level

In summary, the cvelic bebavior aumber ot

fatigue cveles of a component during a carthquake
is found 10 the following manner

Amendment |

(1) the fundamental frequency and peak seiim.
loads are found by a standard seism..
analysis (Le from eiges extraction snd
forced response analvsis),

the number of cvcles which the componen!
cxpericences are found from Table 3 7 ¢
according (o the frequency range with s
which the fundamental frequency lies. and

(3) for fatigue evaluation, one hall percen:
(0005) of these cycles 15 conservativels
assumed (o be at the peak load, and 4 ¢
(0.045) at the three-quarter peak The
remainder of the cycles have negligible
contribution to faiigue usage

The SSE has the bighest level of response
Howeve . the encounter probabulity of the SSE i
S0 smail that it is not pecessary (o postulale
the possibility of more than one SSE during the
60-year life of a plant. Fatigue « caluation due
t¢ the SSE is oot necessary since it is a
faulted condition and thus not required by ASME
Code Secuon U

The OBE 1s an upset condition and s nclude
‘0 fatigue evaluations according 1o ASME (e
Section 111 lavestigation of seismic hisiories
for many plants show that during a 60.vear 1ile
it 1s probable that five earthquakes with
i-.ensities one-tenth of the SSE intensiy. and
one carthquake appronmately 2% of the proposed
SSE intensity, will occur. The 60-vear |if¢
corresponds to 40 years of actual plant
operation divided by a 67% usage factor To
cover the comvined effects of these earthquakes
and the cumulative effects of even levser
carthquakes, 10 peak OBE stress cveles are
postulated for fatigue evaluation

3733 Procedure Used for Modeling
17330 Modeling of Prping Systems
173310 Summary

To predict the dynamic response of & piping
svstem 1o the specified forcing functior the
dyoamic model must adequately accoun’ ¢ all
sigotficant modes. Careful selection musi be
made of the proper response spectrum cursves and
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! propes location of anchors in order to separate
LG & $eismic Category | from noe-Category | piping
svsiems

1% 3312 Selection of Mass Points

igealized eui
insisting of lu

Aer a8 3 mathe:
ymped masses <o
memoers or as & consistent
The 2lasiic membesd are given the
{he piping svst being anaivzed
fdi:v located 10
dvnainic propertiss of
r.us point is locsted at
every elbow Or vaive, it
ator, and at the
nostraight runs,
& ¢ located at «DaWNgs 0O greates
the sp{n length correspondifh\io 33 Hz A
) 5 located at every extendgd mass 19
t for torsional effects on (Mg piping
In addition, the increased stifln and
valves are considered 1n the modeiidg of

yiigm

Siladiie

} Selection of Spectrum Cumves

In seleciing the specirum curve to be used for
dyvnamic analvsis of a particular piping svslem, a
gurve 15 chosan which most ¢losely deseribes the
Jecsigrations existing ot the ead points and

o N
resirain

ts of the svstem. The procedure for de-
couping small branch lines from the maia run of
Seismic Category | piping systems when estab-
lishing the analvical r.odels to perform seismic
anaiveis are as follows:

110 The small branch lines are decoupled from tie main

1 ang f the *atio of min to branch pipe monent of
wrtig 13 23 1o I, or more.

:) The stiffoess of all the anchors and its
supporting steel is large enough (0
eifectively decouple the piping on etther
side of t3e anchor for asalvtic and code
junisdicuonal boundary purposes. The RPVY s
very still compared to the piping svstem asd

i therefore, it 1s modeied ay an anchor

{ Peaetration assemblies (head {ittings and

penetration slesve pipe) are very sudf
compared to the piping svstem and are modeled
' 45 anchors

Amensament o1

e

DAs Wag
REY 3 :

The stiffoess matrix at the attachment loga. | l
tian of the process pipe (ie, main sieam
RHER supply and return, RCIC, e1c ) bead |
fitting s sufficiently bigh to desouple the ‘ "
pengiralion assembly from the process pire |
Previous analvsis indicates that 3 satis

faciory mimimum stiffness for this attacamen: i
point 15 equal to the stifuess in be'* ing
and torsion of 4 castileversd pipe secnion ¢ t
(he same size as (be process pipe and Toeal

in leagth to three times the proce pige '
guter diameter.

For a piping svsiem supported at more 1444 :
two poists locsted at differesat elevations s
5¢ buiiding, the response spectrum anaivils .
performed using the envelope recponss specirym !
of ail artachment points. Alternativels '
mullipie supoort excitation anaivsis methods = as ;
I S |
response spectra are appiied at all the piring :
attachment points. Figally, the worst uing'e |
floor response specirum seiecied from 3 21 of
floor response spectra obrained at varigus
Noors mav be applied identicaily to all [loors
provided it envelops the oth
specira in the set.

Ine

< Modeling uf Equipment

For dvaamic anaivsis, Sersmie C.ne*" | '
equipment 15 represented by lumped - mass svalim: |
which consist of discrete masses connesied &y
weightiess springs, The criteria ysed to wmp |
masses are:

(1) The asumber of modes of a dynamic svstem s .‘
controlled by the number of masses used; |
therefore, the number of masses is chosen 50
that all significant modes are included
The modes are considered as significant «f
the corresponding naturul frequencies are
less than 33 Hz and the stresses caloulaied |
from these modes are greater than 10 ol the
total stresses obtained from lower modes.

This approach is acceptable provided at :
least 90% of the loading/inertia is L
¢ontained in the modes used. Alternatels, .
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3.7.3.3.,1.2 Selection of Mass Points

Mathematical models for Seismic Cato?ory I piping systems
are constructed o reflect the dynamic characteristics of
the system. The continuous system is modelled is an
assemblage of pipe elements sup?ortad b% hangers, guides,
anchors, struts and snubbers. Pipe and hydrodynamic masses
are lumped at the nodes and are connected by weightless
elastic beam elements which reflect the physical properties
of the corresponding piping segment. The node points are
selected to coincide with the locations of large masses,
such as valves, pumps and motors, and with locations of
significant geometry change. All pipe mounted equipment,
such as valves, pumps and motors, are modelled with lumped
masses connected by elastic beam elements which reflect the
physical properties of the pipe mounted equipment. The
torsional effects of valve operators and other pipe mounted
fquipment with offs«t centers of gravity with respect to the
piping center line are included in the mathematical model.
On straight runs, mass points are located at spacings no
greater than the span which would have a fundamenta
frequency equal to the cutotf frequency stipulated in
Subsection 1.7 when calculated as a simply supported beam
with uniformly distributed mass.

NEO BOY REYV 488
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3.7.3.3.1.7 Modelling of Special Engineered Pipe Supports

Modifications to the normal linear-elastic piping analysis
methodology used with conventional Tipo lupﬁottl are
required to calcnlate the loads acting on the supports

and on the piping components when the special engineered
supports, described in Subsection 3,9.3.4.1(6), are used.
These modifications are needed to account for greater
damping of the energy ahscrbers and the non-~linear behavior
of the limit ‘tof.' If these special devices are used, the
modeling and analytical methodology will be in accordance
with methodology accepted by the regulatory agency at

the time of certification or at the time of application,
per the discretion of the applicant.

3.7.3.3,1.5 Selection of Input Time~Histories

*In sclectin? the acceleration time~history to be used for
dynamic analysis of a piping s¥lt¢m. the time-history

chosen is one which most closely describes the accelerations
existing a* the piping support attachment points. For a
piping system supported at more than two points located at
different elevations in the building, the time~history
analysis 1s performed using the independent support motion
method where acceleration time histories are input at all

of the piping structural attachment peoints."

3.7.3.3.1.6 Modeling of Piping Supports

Snubbers are modeled with an equivalent stiftness which is
based on dynamic tests performed on prototype snubber
assemblies or on dita provided b{ the vendor. Struts are
modeled with a stiffness calculated based on their length
and cross-sectional properties. The stiffness of the
supporting structure for snubbers and struts is included in
the gipinq analysis model, unless the lupyottinq structure
can be considered rigid relative to the piping. The
supporting structure can be considered as rigid relative to
the piginq as long as the criteria specified in Subsection
3.7.3.3.4 are met,

Anchors at equipment such as tanks, pumps and heat
exchangers are modeled with calculated stiffness properties.
Frame type pigo supperts are modeled as described in
Subsection 3.7.3.3.4.

NED 807 REV 484



s TR e e e e e e S e e — o P — - P — R—— R — P p— ——

Attachmen? £ A pe. 3.9-)4

GE-NE

ABWR PROGRAMS -
MECHANICAL SYSTEMS DESIGN Ccpnued )
abiowdis DISTRIBUTION:

JBK; INF,
DATE: AUGUST 27, 1992

TO: MARYANN HERZOG
FROM: E.O. SWAIN

SUBJECT: AUDIT ITEM A-13 . RESPONSE SPECTRA AT DECOUPLED PIPE
CONNECTION
M-—mm
Segem L
3733 1? Dynamic Analysis of fategory 1, Decoupled Branch Pipe
LY
The dynamic analysis of Catc'gon,/ 1, decoupled branch pipe is performed by either the
equivalent static method or by one of the dynamic analysis methods described in the SSAR,
In addition small bore branch pipe may be designed and analyzed in accordance with a
small bore pipe manual in accordance with the requirements of Paragraph 3.7.3.8.1.9.

The response spectra used for the dynamic analysis or for determining the static input load
when the equivalent static method is used will be selectea as follows:

(1) The rcs‘qonsc spectra will be based on the building or structure elevation of
the branch line connection to the run pipe and :he elevation of the branch line

anchors and restraints

(2) The response spectra will not be less than the envelope of the response
spectra used in the dynamic analysis of run pipe.

meltiahon by TAe run ppe ,nu;;f ée accamped for. /.!bwcuev)‘
(3)'1f the location of branch connection to the run pipe is more than three run
pipe diameters from the nearest run pipe seismic restraint, amplification by the
run pipe will be accounted for,

When the equivalent static analysis method is used, the horizontal and vertical load
coelticients, Cy, and C,, applied to the response spectra accelerations will conform with
Paragraph 1758, 13

The relative anchor motions to be used in either static or dynamic analysis of the
decoupled branch pipe shall be as follows:

(1) The inertial displacements only, as determined from analysis of the run pipe,
may oe applied to the branch pipe if the relative differential building movements
of the large pipe supports and the branch pipe supports are less than 1/16".

(2) 1f the relative differential building movements of the large pipe supports and
the branch pipe supports are more than 1/16", motion of the restraints and
anchors of the branch pipe must be considered in addition to the inertial
displaceme, . of the run pipe.

R e e e i P W PRSI = P T R e—_ R T e
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the pumber of degrees of freedom are taken
more than twice the number of modes mith
frequencies Jess than 33 M:

(3) Mass iy lumped ot any poist where @
sigoificant concentrated weight is located
(¢e.g,the motor iu the avalysis of pump
wotor stand, the impelier 1o the analysis of
pump shalt, ete)

(3, 1f the equipment bas free-end overbang span
itk Neubility sigeificant compared to the
center span, o ass 15 lumped at the overbang
span

(4) Whep o mass is lumped between two supports,
1118 localed ot & poin! where the maximum
displecement is expecred 1o occur. This
tends to lower the oatural frequencies of the
equipment because the equipment frequencies
are in the bighber spectral racge of the
response spectra Similarly, 1o the case of
live loads (mobie' and a variable support
stiffeess, the location of the load snd the
magnitude of support stiffoess 2re chosen 1o
yield the lowest {requency content for ihe
system This eosures copservative dvbamic
loads sipce the equipment frequencies are
such that the floor specira peak is iv the
lower frequescy rapge. Il pot, the model is
adjusted to give more copservative results

1A ) IAE
—_—-mJ

engineer. An additional examisation of these
supporis and resirainiog devices is made to
assure that their location and characteristics
are consistent with (he dynamic and static
analvses of the system

3 W s
5

L34 Analvsis of Frame Type Pipe Suppons

The design loads on frame tvpe pipe supports
“elude Tai loads transmuited to the suppon by the piping
ciponse lo thermai expansion, dead weight, and the
inertia and anchor moton effects, and (b) suppon
intermal logds caused by the weipht, irermal and inemiy
effects of loads of the structure iself, and (c) faction
louds caused by the pipe sliding on the support. To
alcilate the fricticnal force acting on the suppon,
dvaamic loads that are cyclic in nature need not be
onsidered.  The coefficient of faction used will be static
coefficients and wil be substannated by actial test daa
covening the range of matenals, geometry and loading
condition. To determine the response of the suppon
structure o applied dynamic loads, the equivalent static
load method dﬁanalym described in Paragraph
173815 may be used. The loads ransmitted 1o the
support by the piping will be applied as static loads
acting on the suppon.

45 in the case of other suppons, the forces the piping
places on the frame-type suppont are oblained from an
analvsis of the piping. In the analysis of the piping the
inffness of the frame-type suppons shail be « = ded in
the piping analysis model, unless the support can be
shown to be ngid. The frame type suppons may be

Restruints

p— —
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The freld location of seismic supporis and
restraints for Seismic Cotegory I pipiog and
piping systems components is selected (0 satisfy
the following two conditions:

(1) the locationp selected must furnish the
required response to control strain within
allowable limits; and

2) sdequate building strength and stiffuess for
sttachment of the component supports must be
svadable.

The final location of seismic supports and re-
straints for Sesmic Category | piping, piping
svstem components, and equipmeal, including the
placement of snubbers, 13 checked against the
drawings and 1ostructions issued by the

Amendhent 5

modeled as ngvd restraints providing they are designed so
the 1 manm:’rgdcﬂccaon in the direction of the appiied
load (s less than 1/16 inch and prowiding the towal gap or
diametrical clearance beiween the pipe and frame
support is between 1/.6"and J/Icf' when the pipe is in
cither the hot or coid condition. &= Add \a ok M

373 4 Rasis of Selection of Frequencies

Where practical, in order to avoid adverse
rescrance elfects, equipment and components are
designed /selected such that their fusdamental
frequencies are outside the range of 1/2 to
twice the dominant frequency of the associated
sUpport structures. Moreover, in any case, the
equipment is spalvzed and/or tested to
demonsirate that it is adequately desigoed for
the applicable loads considering botb its
fundamenial frequency and the forcing frequency
ol the applicable support structure

3311
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the oumber of degrees of freedom are taken
more thas twice tbe sumber of modes wilk
frequencies less than 33 H:

Mass is lumped at any point where a
significant concentrated weight (s Jocaled
¢ g, the motor in the analysis of pump
motor stand, the 1mpeller in the analysis of
pump shalt, etc)

(3) 1 the equipmesnt bas free-end overbang spsn
with Dexibility significant compared to the
cepier span, 4 mass s lumped at the overbang
span

&

When a maus is lumped betwees two supports,
iis located al a point where the maximmum
displacemest is expecied 1o occur. This
tends 10 lower the natural frequencies of the
equipment because the equipment 12 quencies
are in the bigber spectral range of the
response spectra Similarly, ia the case of
live loads (mobile) sod a variable suppori
stifiness, the location of the load and the
magnitude of support stiffoess are chosen 1o
vield the lowest frequency content for the
system. This ensures conservative dvaamic
loads since the equipment frequencies are
such that the floor spectra peak is in the
iower frequency range I oot, the mode! s
adjusied to give more conservative resulis

17320 Field Lacation of Supports and
Restraints

The field location of seismic supports and
restraints for Sewsmic Category I piping and
piping sysiems components is selecied to satisly
the lollowing two conditions:

(1) the location selected must furnish the
required respoase to control sirain within
allowable hmits; and

(2) adequate building streagth and stiffness for
attachment of the compouent supports must be
avallable.

The final location of seismic supports and re.
straints for Seismic Category | piping, piping
svstem compooenis, and equipment, iacluding the
placement of soubbers, is checked against the
drawings and instructions issued by the

Amendmen: 3

WAasimar

PEUUS—— A

An additional examination of these
SUpporis and restraining devices is made (o
asiure that their location and characieristics
are consisient with the dyosmic and staii¢
analeses of the system

enginges

1T 4 Masis of Selection of Frequencies

Where pracocal, in order (o avoid adverse
resonance elfects, equipment and componeris are
sesigned selecied such that (heir fundames:y)
frecuenzies are outside the raoge of 1/2 19
twice the dominant frequency of the associated
SUPPG sirucivres. Moreover, in aty case. the
equinment is analyzed and/or tested o
demonsirate that it 1s adequately designed for
the anplicable loads consideriog both i1y
tundamuntal frequency and the forcing frequency

e #pphicable support structure.

Al Trenuencies in the range of 028 10 33 M2
¢re concidered in the analysis and testing of
situcinres. sysiems, and components These
froquencies are excited uader the seismic
Exgiiatlion

Ilihe fundamental frequency of a componen:
Cgreater than or equal to 33 Mz, it 1s treasd
av toismically rigid and analyzed accordingy
Froquoncies less than 0.25 Hz are not considersd
as 1hey represent very fexible structures and
are not oncountered in this plant

The frequency range between 0.28 Mz and 33 My
envers the range of the broad band response
specirum used in the design

L72F Use of Equivalent Static Load Metbods
ol Analysis

PITAEL Subsystems Other Than NSSS

S¢e Nubsection 3.7.38.1.5 for equivalen:
statie Ioad anaivais method

1T E 2 NSSS Subsystems

When the natural frequency of a structure of
componcnt is unknown, it may be asalyzed by
applving a static force at the center of mass
In order to conservatively account for the
poscibiling of more than one sigaificant dvnamic

maode, the static force is calevlated as 1§

e 2y
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fimes the mass Limes the marimum speciral
acceleration from the tioor response specira of
the point of attachments of multispan
structures The factor of 1.8 15 adequate (or
simple beam (ype structures. For other more
complicated struciures. the factor used s
justified

1736 Three Components of Earbquake Mouon

The total seismic response s predicied by
combining the response caleulated from the (wo

Amendment )
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boruontal and the vertical apalvsis. : N * oumber of modes consicered in th
or slete coahbiient mefhed i -

Whes the respoase spectrum wethods used, the
metbod for combining the responses due to the
three orthogonal components of seismic excitation
is gives as follows:

3 - A-':
R » R Lk
3 i (3.7-14)
=1
L
where
Ft.J * maumum, coaxial seismic response

of interest (e g displacement,
moment, shear, stress, strain) in
directions i due to earthquake
excitation in direction j, (j = 1,
2. 3)

seismic response of interest in i
direction for desigo (e.g.,
displacement, moment, shear,
stress, styain) obtained by the
SRSS rule to account for the
nonsimultaneous occurrence of the
Ri 1's.

17271 Subsystems Other Than NSSS

When the response spectrum method of modal
analvsis 18 used, contributions from all modes,
except the closely spaced modes (i.e.. the
differ:nce between any two natural frequencies is
equal to or less thae 10%) are combined by the
square-root-of-the-sum-of-the-squares (SRSS)
combination of modal responses. This is defined
mathematically as:

(3.7:15)
where
R = OHmbined response;
R, = respoase 1o the i'P mode; and
Amendment !

Closely spaced modes are combised by taking
the absolute sum of the such modes.

Ab alternate to the absolute fum method

presented in Regulatory Guide 1.92 is the
following:

N E :

R = . R-olelkml
& 1 (3.7:186)
is]

where the second summation is to be done on 3l
Land m modes whose frequencies are closely
spaced to each other

17372 NSSS Subsystems

lo a response spectrum modal dypamic
avalysis, if the modes are not closely spaced
(e, il the frequencies differ from each other
by more than 10% of the lower frequency), the
modal responses are combined bv the
square-root-ol-the-sum-of- the-squares (SRSS)
method as described in Subsection 3.7.3 71 and
Regulatory Guide 1.92.

If some or all of the wodes are closels
spaced, a double sum metbod, as described in
Subsection 3.7.3.7.2.2, is used to evaluare the
combinsd response. In a time-history method of
dynamic analysis, the vector sum of every step
is used to calculate the combioed resposse. The
use of the time-history analysis method
precludes the aeed to consider closely spaced
modes.

372721 Square-Root-of-the-Sum-of-the-
Squares Method

Mathematically, thus SRSS method is expressed
as follows:

« I (a2
R (: (n.>)

172

(3.7:17)

s
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When the time history method of analysis is used and separate analyses are performed for
each earthquake component, the total combined response for all three components shall be
obtained using the SRSS method described above to combine the maximum codirectional
responses from each earthquake component. The total response may alternatvely be obtained, if
the three component mouons are mutually statistically independent, by algebraically adding the
codirectuonal responses calculated separately for each component at each time step.

When the ume history analysis 1s performed by applying the three component motions

simultaneously, the combined response is obtained directy by solution of the equations of moton,

This method of combination is applicable only if the three component motons are mutually
saaustically independernit

SR .
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where
R = combined response.
R = response to the 9 mode. and

number of modes

“
cd

173722 Double Sum Method

This method, as defined o Regulatory Gyide

/S s mathematically

N \ : i -
R = (2 ) 3 |RLRs|‘ks)

k=l 48 (37-18)
awhere

R « representalive maximum value of a
particular response of a given
element to a given component of
excitation,

Ry = peak value of the respoase of the
element due to the k'® mode;

N = gumber cf significant modes
considered 10 the modal response
combination; and

R = peak value of the response of the
element attributed to s'b mode

where
(W - Wy 2yl
eu - - { r s
By x * By wy
(3719)
o which

Amendment 21

/r /'
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.onsidered o the

DAL WAE

where wy a0d 8y are the modal fragussc,
aud th Jampiag ratio 1o the kih mog
respectively, and tg 1s the duration of 14
carthquake

e

1728 Analytical Procedure for Piping
17341 Pipiog Subsystems Other Than NSSS
1PN Qualification by Analysis

The metbods used 0 ceismic aoaiveis +urs
according (o the type of subsvitems and
supporting structure imvolved. The tollowing
possible cases are defined aloag with the
associated apalytical methods used

172812 Rigid Subsystems with Rigid
Supports

I all natural frequencies of the subsvstem
are greater thao 33 Hz, the subsvstem s
considered rigid and analvzed statically as
such. In the static analysis, the seismic
forces on each component of the subsystem are
obtained by concentrating the mass at the center
of gravity and multiplying the mass by (he
appiopriate maximum floor acceleration

373810 R'gid Subsystems with Flexible
Supports

If it can be shown that the subsvstem iiseli
is a rigid body (e.g., piping supported st oniv
two points) while its supports are flexible the
overall subsystem is modeled as a single Cegree
of-freedom subsystem consisting ol an sifective
mass and spring.

The oatural frequency of the subsvstem 15
computed and the accelerat.on determined (rom
the floor response spectrum curve using the
appropriate damping value. A static apalveis s
performed using 1.5 times the accelerativn
value. lo liew of calculating the satural
fre  .enmcy, the peak acceleration from the
specirum curve may be used.

If the subsystem bas ao definite orientation
the excitation along each of three mutually
perpendicular axes is aligoed wich respect (0
the system to produce maximum loading The
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3.7.3.7.3 Me ﬂoa/o/Oj}es Used 1o Accoun? for

/-,th - Fregaem ¥ Moclé s

Sutficient moaes ave o be mcluded 1n the dyramic
@ualysis o ensure that 7he inciusion of add b omal
Ma:/es coes wnet resu/# . move tham a /0% nerease
In responses. To salisfy fhis reguremen?, 4% e

v esponses associated itk g -freza&w\/ ok are
combined with The Jow - Pogubuey méde/ responses
/')‘/j/v-fregawcy modles awve Those modes uith {resuencie
jr@a,*w Fhan TAe a//nom'c aaé«.m cuto £ fr?gawg/
s,pec;Fved’ n  Subseifiom 3.7

For modal combinaticn involving high-frequency modes, the following procedure
applies:

Step | = Determine the modal responses only for those modes that have nawural
frequencies less than that at which the spectral acceleration approximately returns to
the ZPA of the input response specorum (38 Hz for seismic). Combine such modes in
accordance with the methods described sbove /1 Subs€cf70n8 3.9.3 7. [ aud 2

Step 2 — l'or each degree of freedom (DOF) included in the dynamic analysis.
determine the fracuon of DOF mass included in the summauon of all of the modes
included in Step 1. This fracuon d, for each DOF i is given by:

Sesmic Des g
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rneed not be determined The procedure ensures inclusion of all modes of the seucturs
i odel and proper representaten of DOF masses

I Ley of the above procedure. an alternauve method is as follows M sdalresporses are
mouted; '‘Wgh modes to ensure Lhat the inclusion of addiuonal modes does r

increase the tolal response th more than 10 percent. Modes that have natural
requencies .ess than that at which the speciral acceleration approximateis rewurns
uie ZPA are combined in accordance with RG 1 92, Higher mode responses are

ombined aigebraically (e . retain sign ! with each other The absolute value of the
combined higher modes s then added directly to the towl response from the combined
lower modes

37 2.8 Interaction of Non-Category | Structures with Seismic Category | Structures

The interfaces berween Seismic Categors | and nonCategor | structures and plam
equipment are designed for the dvhamic loads and displacements produced by both the
Seismic Category [ and nonLategory | structures and plant equipment. Al non-
Categon | structures meet any one of the following requiremenss.

¢ The collapse ofany non<Category I structure wiil not gduse the nonCategon |
structure 1o strike ».Seismic Category | structure orcomponcnt.

® Thecollapse of anv non Cmgow | structure nill notimpair «ne integriey of Ser
Categon | structures or corﬁponenu s

e
8 The nonCategory | structures mll&lmlvud and designed to prevent their falu
under SSE condiuonsina mmrm suchghat the margin of safetv of these structures

15 equivalent to that of Seismu€ C.negory ctures.

3728 EHects of Parameter Varia '6: on Fioor Respon pectra

res described in Subsecuon
structural frequencies
and soil and 1o

0 paramertric

Floor response spec& calculated according to the proc
3725 are peak dened to account for uncerwinues in
owing to uncepdinues in the matenal properues of the structu
approximapdns in the modeling techniques used in the analvsis.
variauonstudies are performed. the spectral peaks associated with eacMQf the structural
ﬁrequyzm are troadened bv £15. If a detailed parametnic variaton studWys macge (ne
migimum peak broadening rauo is 210. When the seismic anaivsis is performed for 4
wide range of site condiuons with sufficient vanauon in soil properues for U:‘p\(pme
" of nandardized design, the site-envelope floor response spectra are peak broadenen ™
/210 Inlieu of peak broadening, the peak shifting method of Appendix N of ASME
' Section 111, as permitted by RG 1 84, can be used.

p Segm e Jot
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excitation I8 each of the three ages i3
coosidered (0 act simultasenusly The
excvanons are combined by (he SRSS method

123814 Flexible Subsvstems

If the piping subsvstem bas more than tw
Supports, it castol be coosidered 3 rigid body
and must be modeled as 4 multi degree of freedom
ubsvitem

The sutsvstem is modeled as discussed 1o
Subsection 3.7 3 3.1 1o suflicient detail (i e,
sumber of mass points) to ensure that the lowest
natural frequency between mass poiots (s greater
thap 33 Hz The mathematcal model is apalvzed
using a ume-history analvsis techaigue or a
fesponse spectrum analvsis approach  After the
satural frequencies of the subsvitem are
obtained. a siress analvois is performed using
the inertia forces and equivalent static loads
obtawed from the dvnamic analvsis for vach mode

For a response spe m analyss based oga
modal supespostion method, the ‘modal response
u:::uq:on are taken direcdy from the
spectrm The total seismie strets 1s pormally
obtafned by combuning the mod?'mcn using rhe
SHSS method The seismic steess of clasely
J4paced modes (1 e, withon 10% of the adjacent
mode) are combined by absolute summarion. The
resuling toral iy treated as o pseudomode ato i
(heo combined 'with the remaining modal stresses
tw (e SRSS merhod.

The approsch is siniple/and siraightforwaid
all cases wherk the group of modes with closely
spaced frequencies is Gghtly bundded (ie . the
lowest and the bighest modes of rha group are
within 10% of eacl other). However, when the
group of closely spacad modes is spaced widely
over the frequemcy range ol interest wiyle the
frequencies of (he adjacens modes are closely
spaced, the absolute sum‘method of comblaing

ar

respoase tends (o yvield over-comservativ
resuits To prevent this problem, a genephl
approach wpplicable to all modes is considered
appropriate. The followang equation is merely a
mathematical representation of Wis approach.

and where

|

The most ptoi-\blc system response, R D
by

In a response spectrum dynamic analysis,

SRSS method.
N

AL LA

wherd the secc gl gvmmatior M (0 be done oo

Land o wodgs whose h,ﬁu;ouey‘re losel
spaced o carh othey,

response (o the (0 mode

8l

sumber of signiflicant mode,
considered in the modal response

comhinations

The excitation in each of the (hree major
orthogonal directions 1s considered to ac
simultaneously with thew effect combised by the

3T2K1S Swatic Analysis

A static analysis 15 performed n liey
dynamic analysis by applying the following
forces at the concentrated mass locat on
(nodes) of the analytical model of the piping

system

fa

(1) borizontal static losd, Fy « CuW. in one
of the horizontal priscipal directions

(2) equal static load, Fy, in the othzs

horizontal prisncipal direction

(3) vertical stauc load, F, = C W,

where
Ch G

and

= multipliers of the gravity
acceleration, g, determined
from the borizontal and ver
tical floor response spectrum
curves, respectively. (They
are functions of the period and
the appropriate damping of the

piping system); and

= weight at node points of ¢

asalytic2l mode!l

modal responses

3 conbgnod as described in Subsection 3.7.3.7.
In a response spectrum or time-history dynamic analysis,
responses due to the three orthogonal components of seismic

excitation are combined as described in Subsection 3.7.3.6.

h e
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For special case analyses, Cy and C, may
be taken a8

(1) 10 umes the tero-period acceleration of the
response spectrum of subsvatems described 1o
Subsection 373812,

() 1.5 times the value of the response spectrum
al tbe determined frequency for subsystems
described 12 Subsection 3738 1.3 and
373814 a0d

(31 1 5 times the peak of the respoose spectrum
for subsvstems described 1o Subsections
373813004 37381 4

An aiternate method of static asalvsis which
allows for uimpler techaique wath added conserva-
tiem s acceptable . No determination of natural
frequeacies 1s made, but rather the response of
the subsyslem is assumed to be the peak of the
appropriate response spectrum a4l & conservative
and jusuifiable value of damping. The response
15 then multiplied by a static coefficient of 1 &
to take into account the effects of both
multifrequency excitation and multimodal
response

172506 Dyoamic Analysis

The dvoamic analysis procedure using the
response spectrum method s provided as follows

(1) The sumber of aode poiots and members is
indicated. If a computer program s
utilized, use the same order of number i the
computer program ioput. The mass at each
node poiot, the leagth of each member,
elastic constants, and geometric properties
are determined

(2) The dvoamic degrees of freedom according to
the boundary conditions are determined

(3) The dyoamic properties of the subsystem
(1¢, natural frequencies and mode shapes)
are computed.

(4) Using a given direction of earthquake motion,

the modal partucipation factors, s;, for
each mode are calculated:

Amenament |

L ——
]

M M - (3%31

|9

where

M, = P ma

2ij * compoaent of D, in the
carthquake direction

4;5'., « i characteristic displacemeal
i the '8 mode

5 = modal participation factor fo
the )'® mode

N * oumber of masses.

(5) Usiag the appropriate respunse spectrum
curve, the spectral acceleration, r, for
the ;'\ mode as a fuection of the !9
mode natural frequency and the damping
the sysiem is determined.

(6) The maxumum modal accelerauon at tach mass
poinl, i, 1o the model is computed as
follows:

Nith Qi (%)
where
3| « acceleration of the i'd muss

point io the j'® mode
(") The maximum modal inertia force at the P
mass point for the 1"‘ mode is calculated
from the equation:
F',"Mi LY (3.7-23)

(8) For each mode, the maximum inertia forces

PR ——
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INSERT F page 3,7-22

The inertis (primary) and displacement (secondary) loads are
dynamic in _.ture and their peak values are not expected to
occur at the same time. Hence combination of the peak values
of inertia load and anchor displacement load is quite
conservative. In addition, anchor movement effects are
computed from static analyses in which the displacements are
applied to produce the most conservative loads on the
components. Therefore, the primary and secondary loads are
combined by the SRSS method.

INSERT G page 3,7-22

§t 1in energy weighted modal damping can also be used in the
dKnamic analysis. Strain onorqs weighting is uned to obtain
the modal damping coefficient due to the contributions of
damping in the different elements of the Eipinq system.

The element damping values are specified in Table 3.7-1.
Strain energv weighted modal damping is calculated as
specified in Subsection 3.7.2.15.

In direct integration analysis, damping is input in the
form of « & B damping constants, which give the percentage
of critical damping, A as a function of the circular
frequency, w .

- P Jé!ﬁ-
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(31 For small bore piping defined ay piping 2 viches and
{ers nwomitngl pipe side, and small branch ltines & inghes
o gud less nonsinal pipe size, @t @cfined 1 (1) ebove, 4 i
geceptablc (0 use smail bare piping handbooks v (eu ef
nefaming @ svaied flesbility @nolish, uiing sgue @6
' sine igthienigiical models. o obtain logds on (he
¢ gud using these logds 1o caickiaie nresied

o fdd [k

Next, the mode sbapes and the undamped
natural frequescies are obtaiged The dvoamic
response of the subsystem is usually calsuiated
by using the respoase spectrum method of asalv
sis. When the coanected equipment is supporied
at more thas two points located at differesn:
elevations in the buildiog, the response spec:

er the caugtions in NB. NC and ND360O in Secuom 1ll - Htum analysis is performed using the eavelope
".‘_45‘::. Code, whengver the following gre mel response spectrum of all attachmest poisty.
Altersatively, the multiple excitation asalysis

) The il bore pipiig handbook gt Ve tintd of methods may be used where acceleration time
apnlicaion (5 currently accepred by the reguigion bistories or respoase spectra are applied at all

the equipment asd pipiog attackmeat poinis,

—> AL INSERT I

(v tor use oh equivalent piping @t other nucicar

age

powe? plants

l 3) Wiien the small bore piping handdook 15 sening
‘ tie purpose of the Design Repon it meets gl of the
! ASME regquirements for a piping design repon This
wicludes the piping and i3 suppons.

1) Formal documeniation exists showing piping
‘ designed and installed to the smali bore piping
! handbook (@) (5 conservative i companson 1o
' resiilts from @ detail stress analvsis for all applied
. oads and load combinations defined in Uie design
specificanon, 1b) does not result in piping that is less
reltable because of loss of flexbility or hecause of
excessive number of suppons, (¢) sausifes required
clegrances around sensitive components.

The ymall bore piping andbook methodology will not be
appied » hen specific information is needed on (a)
magrutude of pipe and fitng stresses, (b) pipe and fitnng
Cumularive usage factors, (¢) accelerations of pipe
L mounied equipnient, or locations of postulated breaks
|' and leaks.

Thie small bore piping iandbook methodology will not be
appied to pip. g svstems that are fully engineered and
cittaled m accordance with the engineenng drawings.

b NEW 3.2.3.%.1.)0

17382 NSSS Pipiog Suhymn’
1*232.1 Dyvoamic Analysis

| As described in Subsections 3.7.3.3.1, pipe
line is idealized as a mathemarical model
cossisting of lumped masses cossected dy elastic
members. The stiffaess matrix for the pipiog
subsystem is determioed using the elastic
properties of the pipe. This includes the
effests of torsional, beadiag, shear, asd axial
deformations as well as chasges o stiffoest due
1o curved members.

3INE ..
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8.5 Analvsis Procedure for Damping Damping values for equipment and piping are shown in
Table $-1 and they are consistent with RG 1.61. For piping systems damping val: es of ASME Code
Case N11-1 (alternative damping values for response specua analysis of Class 1, 2, and 8 piping,
Secuon II% Division 1), may be used as permitted by RC | .84, For systems made 6f subsystems with
different dampmng properues, the analvsis procedures described in Secton 4.18 are applicable.

56 Ihree Componenis of Earhguake Mouon. The applicable methods of spatial combination of
responses due to each of the three input mouon components are described in Section 4.6

57 g‘m;mm&mg The app}'fc'able methods of modal response combinaton
are descnbed in Secton 4.7. o

"
58 lnieraction of Other Svatemswith Categony | Systems. Each non<Category | system should be
designed to be isolated from any Category | system by either a constraint or barrier, or should be
remotely located with regdrd to the Category | system. If tt 15 not feasible or practical to isolate the
Category | system pdfacent nonCategory | systems should be analyzed according to the same
seismic criterigas appiicable to the Category | systems. For non-Category | sys: ‘ms attached 1o
Category Javsiems, the dynamic effects of the nonCategory | systems should be simulated in the
mode#fig of the Catepary [ system. The attached non<Category I systems, Up.to the first anchor
ond the interface,  Juld also be designed in such a manner that duning an earthquake of SSE

~.

intensity it will not cause a failure of the Category I system. ~.

3.7, 3.8-'&&m&mmnmmmundﬁmmmmmmg lopuss

&% For aulusupported systems (equipment and piping) analyzed by the response spectrum
method for the determinauon of inertal responses, either of the following two input mouons are
acceptable:

a. envelope response spectrum of all support points for each orthogonal direction of excitation,
or

b. independent support motion (ISM) response spectrum at each support for each orthogonal
direction of excitauon.

When the ISM response spectrum method of analysis is used, the following conditions should be
met:

a.  ASME Code Case N411-1 damping is not used.

b. A support group is defined by supports which have the same ume-history input. This usually
means all supports located on the same floor, or poruons of a flc ur, of a structure.

¢.  The responses due to mouons of supports in two or more different groups are combined by the
SRSS procedure

In lieu of the response spectrum analysis, the tume history method of analysis subjected to disunct
support mouons may be used for mulu-supported systems.

MO KT AEY oW
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173822 Efect of Differential Buildiog
Movements

The relative displacement betwsen anchors is
¢termiged from (he d' - amic analveis of the
structyres. The results of (he relative anchor-
point displacement are used ia a static analvsis

Jetermiae (he addiit ~gl stresses duye
relative aschor-poiat displacements. Fur-her
<etails are gives 10 Subsection 373818

1729 Multiple Supported Equipment Components
With Distinct Inputs

The proce

des

dure aand criteria for anal

cribed ia Subsections 3.7.2.1
3. 7.%3.1.3

Nsis are
3 and

17210 Use of Constant Vertical Static
Factors

All Seismic Category | subsvstems and compo-
nents are subjected (o a vertical dynamic
analysis with the vertical floor spectra or time
histories defining the input. A static analysis
is performed 10 lieu of dveamic analysis if the
peak value of the applicable floor spectra times
a factor of 1.5 is used in the analysis. A
factor of 1.0 instead of 1.5 can be used if the
equipment s simple enough such that it behaves
essentially as a siogle degree of freedom
system. If the fucdamental frequeacy of a compo-
eat 1a the vertical direction is greater than or
equal to 33 Hz, it is treated as seismically
rigid and analyzed statically usiaog the
iero-pe-sponse spectrum.

17211 Torsional Effects of Eccentric Masses

Torsional effects of eccentric masses are
included for Seismic Categnry I subsystems
similar to that for the piping systems discussed
i Subsection 3.7.3.3.1.2.

17312 Buried Seismic Category | Piping and
Tunnels

-
For buried Category | buried piping systems
and tuonels the following items are comsidered in
the analysis:

(1) The inertial effects due to an earthquake
upon buried systems and tunnels will be

T
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adequately accounted for in the analysis Iz
case of buried systems sufficient!s [lex
ible relative to the surrounding or uodse

lylog s0ul, it is assumed that (he sysiems
will follow esseatially the displacements and
deformations that the soil would bave if the
iystems wete absent. When applicable
procedures, which take into account the
poescmena of wave travel and wave reflection
10 ¢compactiag soul dlsplaccmer.'s from the
ground displacements, are emplosed

I\The effects of static resistance of the
surrounding soil on pipiog deformations or
displacements, differeatial movementy

piping anchors, bent geotnetry and curvaturs
changes, etc., are considered. When
applicable, procedures utiliziag i

priaciples of the theory of structures
elastic foundations are used

am—

(3) When applicable, the effects due to local
soil settiements, soil arching, ete . are
also considered in the analysis

37213 Interaction of Other Pipir
Seismic Category | Piping

la certain instances, aon-Seismic Categors |
pipiog may be connected to Seismic Category |
piping at locations other than a piece of equip:
meat which, for purposes of analvsis, could be
represented as an anchor. The trassition poiats
typically occur at Seismir Category [ valves
which @may or may not be physically anchored
Sinc2 a dyoamic analysis must be wodeled from
pipe .nchor point to anckor poiat, two options
exist:

(1) specify and design a structural aschor at
the Seismic Category | valve and analyze the
Seismic Category | subsystem, or, f
impractical to desiga am anchor,

(2) asalyze the subsystem from the aschor poiat
in the Seismic Category | subsystem through
the vaive to either the first anchor point
in the noa-Seismic Category I subsystem o

e " , :

e e e et b et
W ri v

a3 :

-Fw a d.shce such The
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two umw. f'esf'fom‘b | ench
wechws
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Wehere small, sou-Seismic Category piping is
directly attached to " .ismic Category | pipiog,
ettt S Ism I Category | PIPIDRE sem

e At '

A Aas ahin o LSRRI
ehmen @Y subsechon 3.9, 3.\.\.3.

Furthermore, non-Seismic Category | piping
(particularly high energy pipiog as defined ia
Section 1.6) is desigaed to withstand the SSE ta
Avoid jeopardiziog adjacent Seismic Category |
piping i it is pot feasible or practical to solate
these two pipung systems

17214 Selsm/c Analysis for Reactor
{oternals

The modeling of RPV iaternals is discussed in
Subsection 37232 The damping values are given
i Table 3.7-1. The seismic model of the RPV and
wternal in shown o Figure 3.7.32.

373.18 Analysis Procedures for Damping

The modeling of RPV internals is discussed in
Subsection 37232, The damping values are given
in Table 3.7-1. The seismic model of the RPV and
internals & sbown in Figure 3.7-32.

173,16 Analysis Procedure for NonSeismic
Structures (o Lieu of Dynamic Analysis

The method described here can be used for
non-sewsmic structures o Lieu of a dynamic analysis.

Structures designed to this method should be
able to do the followng

(1) Resist minor levels of earthquake ground
motion without damage.

| 12) Resist moderate levels of earthquake ground

motion without structural damage, but possibly
expenence some nonstructural damage.

(3) Resist major levels of earthyuake ground
motion baving an inteasity equal to the
strongest either experienced or forecast at the
building site, without collapse, but possibly with
some structural as well as noastructaral
damage.

Amendment X0
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173161 Latern! For - -

Seismic loads are characterzed as a force profile
(hat vanes with the height of the structure. These
torces are applied at each Noor of the structure and
the resulting forces and moments are calculated
from static equilibrum

The buildings total base shear is characterized by
the foliowiag equation:

Ve 2°C'W R‘ where,
v = Total lateral force or shear at the
base

FFF = Lateral force applied to level i, n, or x
respectively,

F, = That portion of V considered 1o be
concentrated at the top of the
structure in addition to F,

Z = Sewmic zone factor

1 = Importance factor

> = Numerical Coefficient

R, = Numencal Coefficient

S = Coefficient for site soil characteristics
T = Fundamental period of vibration of

the structure in the direction under
consideration, as determined by using
the properties and deformation
characteristics of the resisting
elements in a properly substantiated
analysis.

W = Total dead load of building including
the partition load wuere applicable.

w w = That portion of W which is located at
or is assigned to level 1 or x, respect-
ively

b b, = Height in feet above the base to level |
or x, respectively
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(3 Pe Tes) s confirmed that chora| ¢ ' 15 Asture
\ ABWR when 4& sfrecies are Jess thar the -
W&vumt Ceve/ b allowables

analvzed for the faulted loading conditions. The
ECCS and SLC pumps are active ASME Class 2 compo-
nents The allowable stresses for active pumps
are provided in a foctnote to Table 39.2

The reactor coolant pres, re boundary compo-
neats of the reactor recirculation system (RRS)
putmp motor assembly, and rearculatios motor cool-
g (RMOC) subsystem heat exchanger are ASME Class
I and Class 3, respectively, and are analvzed for
the faulted loadiag conditions. All equipment
stresses are within the elastic limits

19047 bael Stor ze and Refueling Equipment

Storage, refueling, and servicing equipment
which is important 1o safety s classified as es-
sential components per the requirements of
IUCFRS0 Appendix A, This equipment and other
equipment which 1o case of a failure would de-
grade an essential component is defined 10 Sec-
tion 9.1 and is classified as Seismic Category
[, These components are subjected to an elastic
dynamic finute-element analysis 1o generate load-
ngs. This analysis utilizes appropriate floor
response spectra and combines loads at f{requen-
cies up to 33 Hz for seismic loads asd up to 62
Hz for other dvnamic loads in three directions.
Imposed siresses are generated and combined for
normal, upset, and faulted conditions. Stresses
are compared, depending on the specific safery
‘lass of the equipment, to Industrial Codes,
\SME, ANSI or Industrial Standards, AISC,
allowables

19048 Fuel Asserbly (Including Channel)

GE BWR fuel assembiy (inel, 5:0¢ wnel) de-
sign bases, and analytical and evaiu: e me ods
including those applicable to the faulied condi-
tions are the same as those contained in K sfer-
2nces 1 and 2.

19149 ASME Class 2 and ? Vesseln

Fl-stic - alysis methods are used for evaluat-
ng faulted loading conditions for Class 2 and 3
vessels. The equivalent allowable stresses using
#lastic techniques ar. obtained from NC/ND-3300
ary NC.3200 of the ASME Code Section 1. These

2 sables are above elasiic limits

~erdnent 11

391410 ASME Class 2 and 3 Pumps

Elastic analysis methods are used for evaluat-
ing faulted loading conditions for Class 2 and 3
pumps. The equivalent allowable stresses {or
ponaclive pumps using elastc techoique- are ob.
tained from MT/ND-3400 of the ASME C ection
[11. These allowables are above el. .ic lim-
its. The allowab.es for active pumps are pro
vided in a footnote to Table 39-2.

391411 ASME Class 2 and 3 Valve:

Elastic analysis methods an «d design
«ules are used for evaluatie d loading
conditions (or Tlass 2, av. 3 valves. The
equivalent allow .ble stresses for nonactive
valves using elastic rechniques are obtained
from NC,/ND-3500 of ASME Code, Section 111
These allowables are above elastic limits e

B s ST S SN NP .

391412 ASME Class 1,2 r9d 3 Piping

Elastic analysis methods are used for evaluat "™
iug faulted loading conditions for Class 1. 2. \Nb/
and 3 piping. Tbhe equivalent allowable siresses 2

usung elasuc technuques

1.9.1.5 lnelastic Analysis Methods |

Inelastic analysis is only applied to ABWR
components (o demonstrate the acceptability of
three types of postulated events. Each event is
ao extermly low-probabilitr occurence and 1ae
ervipment affected o these eveats would not be
reused. These three events are:

(1) Postulated gross piping fadure.

Fostulated blowout of a reactor internal
recirciilation (RIP) motor casiog due to a
veld failure.

(2)

Postulated blowout of a control rod drive
(CRD) housing due 10 a weld failure

(3)
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“he results of tbe data analyses. vibration
amplitydes, aatural frequencies. and .ode shapes
are then compared to theose obtaned from the
theoretical analysis.

Such compirisnns provide the analvsts with
added iosight 1810 the dynamic behavior of the
reactor 1ntzrnals. The additional keowledge
gained from previnus vibration tests has beea
gtilized in the generation of 1he dvnamic models
for seismic and losy of coolant accrdent (LOCA)
asalvses for this plage. The modsis used for
this plagt are *imilar t0 those used lor the
vinration agal, s of earlier prototvpe BWR
plants

192 ASME Code Class 1,2, and 3
Components, Component .upports, and
Core Support Structures

19231 Loasding Combinations, Design
Transients, and Stress Limits

This secthion delineates the criteria for
gigetiosn and definmition of design limus and
gaging cumbination associatred with soarmal
iperation, pastuiated accrdents, and specifi
séigar »d prher reactor building vibrati
REB ~+.. for 12 design of safetv-relate
AN ompongnts (2xcep( contyinme
0 1ich are  scussed in Section 3.8

I e discusses the ASME Class 1,
and 2 . Tant and asiociated pressure rediai
parts an. aeatifies the appiicable loading
ca.culation merhods. calculated stresses, ac
dilowable stresses. A discussion of majc
equioment is included on a compooent-by-compone:
hasis to provide exampies. Desigan transients ac
dvnamic loading for ASME Class 1, 2, and
couipmenat are covered in Subsection 3.9.1.
seismicorelated loads and dveamic analvses a
iiscussed ia Section 3.7. The suppressio
pool-relates RBV loads are described 1o Appesd
8. Tabie 3.9:3 presents the combinat Hn o
dynam’ - 2veats to be considered for the dasign
ang anaivsis of all ABWR ASME Code Class 1, 2,
and } components, component supports. core
support siructures and equipment. Spacific
l0adiag comoinations sonsidered for evaluation of
each speciiic equipment are derived from Table

Agment o
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39-2 and are contained in the desiga
specnh;anons dod/or design reports of the
respective equipment. (See Subsertion 39 74
for COL license information)

Table 3.9:2 also presents the evaluntion
models asd criteria. The predicted loads or
stresses aod the design or allowable values for
the most eritical areas of each comporent are
compared in accordance with the applicanie code
criteria or other limiting ¢riteria. The
calculated results meet the limits

The design life for the ABWR Standard Plas:
is 60 years., A 60 vear design life (s a
requirement for all wajor plant comporeats wity
reasonavie expection of meeting this des =
fe. However, all plant aperatiosal compone.is
and squipment except the reactor vess#l are
desigaed 1o be replaceable, design life no:
withstanding. The design life requiremen:
allows for refurbishment and repair, as
appropride. to assure the design life of the
overall plant ts achieved. la effec:.
sssentially all piping systems, components and
cquipmesnt are designed for a 60 year Jesign
ile. Maay ol these components are classified
as ASME Class 2 or 3 or Quality Group D
in he eveni aav non-Clasy | componenis are susiecied 0 aicie
eaaingy, aeipding operaang ioration l9ads and thermal ransienss
SHVEI OF @ magniude and/or Juraion 50 seveve gt the &) per
detigh die can wot be assured by reqiired Code {glulsnon:
Appacanit referencing the ABWR design wiil idemu®y these
COMBONTATS SAY CRNCE SYOVIdE 41 SELIOpAQIe Snaiiy 1o dentonsste
e rEneEed Jentn (R O provide Gesigmy 19 PuLRate the SanILde oF
dlniion ot e cvelic loads. Componenty expluded from A
reaueement Jre (1) iees where maang af foc ord coid Quids securs
and hermial riceves have bdeen provided i acce
PULCT (2) components, such 3 the guencier, for wiich g fange
anafsy har gireadv been performied, providing (e component s
detigmed 10 QX 10 MO CQUTe EXCRLIIVE (OCRiced sresigs. or harmid
thermal gradienis in che pipe wail (3) Feedwarer 2ping duiside

nCe wWif ing

coniiniment (hat i3 destmed 18 ONClE gadings and sresies ure 10
ot [N ere than experienced ov Ciaxr [ pipang innide somiinmient

19.2.1.1 Plunt Conditioas

All events that the plant will or might
credibly experience during a reactor vear are
evaiuates to establish design basis for plaat
equipment. These events are divided inia four
plant coaditions. The plant conditions
described in the following paragraphs are based
on eveat probability (i.e., frequescy of
occurrence as discussed ia Subsection
39.3.1.1.5) and correlated to service levels
for design hmus defined in the ASME Boiler asd
Pressure Vessel Code Szction I as shows in
Tables 3.9-1 and 3.9-2.

1918
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to accomplish its safety functions as required
by any subsequent design condition event
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9312 Reactor Pressure * essel Assembiy

\

The reactor vessei assembly consists of the
reactor pressure vossel. vessel support skirt
ind shroud support

The reactor pressure vessel, sessel support
Kirt, and shroud support are constryclies o
accordance with the ASME Boider and Pressure
Vessel Code Section 111, The shroud support
consists of the shroud support plate and the
shroud support ¢ylinder and its legs. The

reactor pressure vessel assembly components are
classitied as an ASME Class | Complete stress
reports on these components are prepared in
accordance with ASME Code requirements
NUREG-0619 (Reference 5) 1s also considered for
feedwater nozzle and other such RPV inlet nozzie
Jdesign

The stress analysis 15 performed on the
reactor pressure vessel, vessel support skirt,
and shroud support for various plant ,perating
conditions (including faulted conditions) by
using the elastic methods except as noted in
Subsection 39.1.4 2. Loading conditions, design
stress limits, and methods of stresz analysis ior
the core support structures and other reactor
internals are discussed in Subsection 3.9.§

19313 Main Steam (MS) System Piping

The piping systems extendiag from the reactor
pressure vessel to and including the outboard
main steam 1solation valve are coastructed in ac-
cordance with the ASME Boiler and Pressure Vessel
Code Section I, Class 1 criteria. ™M™ TTes
AT T AE WA At ) 2 e -
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Stresses are calculated on an elastic basis and evaluated

AASIMAE

RE S a

The MS system piping extending from the out
board main steam isolation valve to the turbine
stop valve is constructed in accordance with the
A\\iE Bmler and Pressure Vessel Code Sects on |
11, Class 2 Criteria

WS————
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19314 Recirculation Motor C oolm; ‘R\u g e— -

Subsystem

The RMC svstem piping loop berween the recir
tulation motor casing and the heat exchangar s
constructed 1o accordance with the ASME Bouler
and Pressure Vessel Code Section {11, Subsection
NE OO0 Lnetwl st antarned-n- A pnendie b
“WM“-‘M

19315 Recirculation Pump Motor Pressure
Boundary

The motor casing of the recirculation intes-
nal pump is a part of und welded into an RPV
nozzle and is coastructed in accordance with the
requiremeants of an ASME Boiler and Pressure
Vessel Code Section (11, Class 1 com vonent  The
motor cover s a part of the pump/motor assembly
and s constructed as an ASME Class | compon:
nent. These pumps are not required (o operate
during the safe shutdown earthquake or after an
accident.

393.1.6 Standby Liquid Coatrol (SLC) Tank

The standby liquid control tank is con-
structed in accordance with the requirements of
an ASME Bouler and Pressure Vessel Code Section
I, Class 2 component.

393 7 RRS and RHR Heat Exchangers

The primary and secondary sides of the RRS
(reactor recirculation system) are coastructed
in accordance with the requirements of an ASME
Boiler and Pressure Vessel Code Section |11,
Class 1 and Class 2 component, respectively
The primary and secondary side of the RHR svsiem
heat exchanger is constructed as an ASME Class 2 |
and Class 3 component respectively.

in accordance with NB-1600 of the ASME Code Section III.

Amendment ]|
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ATTACHMENT K. to page 3.9-20

Turbine stop valve (TSV) closure in the main steam (MS)
piping system results in a transient that produces

momentary unbalanced forces acting on the MS piping system.
Upon closure of the TSV, a pressure wave is croatcg and it
travels at sonic velocity toward the reactor vessel through
each MS line. Flow of steam into each MS line from the
reactor vessel continues until the steam cor .ression wave
reaches the reactor vessel. Repeated reflection of the
pressure wave at the reactor vessel and the TSV produce tirme
varying pressures and velocities, throughout the MS lines.

The analysis ©of the MS piping TSV Closure transient consists
cf a stepwise time-history sclution of the steam flow
eguation to generate a time-history of the steam properties
at numercus locaticns along the pipe. Reaction loads on the
pipe are determined at each elbow. These loads are composed
of pressure~t.mes-area, momentum change and fluid-friction
terms.

The time-history direct integration method of analysis is
used to detirmine the response of the MS piping system to

TSV closure. The forces are applied at locations on the
piping system where steam flow chanTos direction thus causing
momentary reactions, The resulting loads on the MS piping

are combined with lcads due to other effects as specified

in Suksection 3.9.3.1.

-
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39218 RCIC Turbine

Although sot under the jurisdiction of the
ASME Code, the RCIC turbine 15 designed and
evaluated aod fabricated following the basic
guidelines of ASME Code Section [ for Class 2

coponents.
19219 ECCS Pumps

The RHR. RCIC, and HPCF pumps are construcied
{8 accorcance with the requirements of an ASME
Cade Section (11, Class 3 component.

192010 Standby Liquid Control (SLC) Pump

The SLC svstem pump is constructed in
agcordance with the reguirements for ASME Code

-y

Section (M, Class 2 componest.

31923111 Saandby Liquid Contror (SLO Valve
(Injection Vaive)

The SLC svstem injéction valve 8 constructed
iy acceedance with the regunements for ASME Code
Szenion [ Class 1 component,

192112 Main Steam [solation and
Safery/ Relief Yaives

The main stzam isolation valves and SRV are
conyiructed in dccordance with ASME Boiler and
Preciure Vessel Code Section [{[, Subsection
NB.3300, reguirements for Class | componeal,
1931 13 Safety/ Relief Valve Fiping and Quencher

The sarenv/ religf valve discharge piping in the drvweil
extending from the relief valve discharge flange to the
diaphragm floor penetration and the saferv/reiief vaive
discherge pioing in (e wetwell extending from the
Liapiteagm floor penetration to and incli”ing the
enchier is consinicted w gccordance with the ASME
Boiier and Pressure Vesrel Code, Section lil,
equirerients for Class 3 components. {n addition. ail
velds in the SRVDL piping in the wetweil above the
turtace of the suppression pool shall be non-destmucaveiv
| cxanined o the requirements of ASME Boder and
Prezsure Vessel Code, Section HI, Class 2.
193.1.14 Reactor Water Cleanup (RWCL)
System Pump and Heat Exchangers

The RWC. oump and heat exchasgers

(regenerative and nonregenerative) are oot part
of a safetv svstem and are non-Seismic Category [

Amengment X1
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equipment. ASME Boiler and Pressure Vessel Zode
Section [I1 for Class 3 components is used a5 5
guide in comstructing the RWCL System pump ang
beat excianger componsnts.

3.9.3.1.15 Fuel Pool Cooling «nd Cleanyp
System Pumps avd Heat Exchangers

The pumps and heat exchapgers are comstruciey
1o accordance with the requirements for ASME
Boiler and Pressure Vessel Code Saction 111,
Class 3 component.

393116 ASME Class 2 and 3 Vessels

The Class 2 and 3 vessels (all vessels nat
previousiy discussed) are construsted in
accordance wah the ASME Boiier an? Prosiurs
Vessel Code Section 11,  The stress anaive.s
of these vessets is performed using elasiic
methods.

193117 ASME Ulass 2 and 3 Pumps

The Class 2 aud 3 pumps (ail pumps not
previously discussed) are desigaed and eval-
dated in accordance with the ASME Boiler ana
Pressure Vessel Code Section [11.
asalysis of these pumps 15 periormed using
elastic methods, Sce Subsection 3.9 32 for
additicnal information on pump operaciiily

Thae cippes
s Sl el

393.1.18 ASME Class 1, 2 and 3 Vabs

The Class 1, 2, and 3 val es {ail valvas aot
previously discussed) are constrycied in
accordance witk the ASME Bouler and Pressure
Vessel Code Section (11

All valves and their extended structures are
designed to withstand the accelerations due 10
setsmic and other RBV loads. The attacaed
pipiog is supported so that these accelerations
are not excesded. The stress analvsis ot theve
vaives is performed using elastic meithods, Ses
Subsection 3.9.3.2 for additional information on
valve operability.

|
393.1.19 ASME Class 1. 2 and 3 Piping

The Ciass 1, 2 and 3 pipiag (all pipiag sot
previously discussed) is constructed in acsard-
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For Class 1 piping, stresses are calculated on an
/"—— basis and evaluated in accurdance witn NB=3600 of :rl’:S\.l_

ASME Code Section III.

>

-

ABWR
StandardPlant

ance with the ASME Boiler and Pressure Vessel
Code Section I11.

4MWW
20-48-abiis- Dot 204 sialuaied ia accosdance

wartbAppendin-boolibeode For Class 2 and 3

piping, stresses are calculated oo an elastic
basis and evaluated w accordance with NC/ND- 360
of the Code

1332 Pump and Valve Operability Assurance

Active mechanical (with or without electrical
Gperation) equipment are Seismic Category | and
¢ach is designed to perform a mechanical motica
for its safety-related function during the life
of (he plant under postulated plast conditions
Equipmeni with fault~4 condition functional
requirements inc'ude active pumps and valves in
fluid systems such as the residual beat removal
system. ewmergeacy core cooling svstem, and main
steam system

This Subsection discusses operability
assurance of active ASME Code Section 111 pumps
and valves, ‘ncluding motor, turbine or operator
that is a part of the pump or valve (See
Subsection 3.9.2.2)

Safety-related valves and pumps are qualified
by testing and analvsis and by satsfyving the
stress and deformation criteria at the critical
‘locations within the pumps and valves
Operability is assured by meeting the
requirements of the programs defined in
Subsection 3.9.2.2, Section 3.10, Section 3.11
and the following subsectioas.

Section 4.4 of GE's Eaviroomental
Qualification Program (Reference 6) applies (o
this subsection, and the seismic qualification
2¢thodology presented therein is applicable to
mechanical as well as elestrical equipment

3832.1 ECCS Pumps, Motors and Turbise

Dynamic qualification of the ECCS (RHR, RCIC
and HPCF) pumps with motor or turbine assembly is
also described 1o Subsections 392226 and

vl I . B ]
392223

Amendment 7
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392211 Consideration of Loading,
Stress, and Accelerstion Conditions Ip the
Analysis

la order 1o avoid damage to the ECCS pumps
during the faulted plant cosdition. the stres.
S¢s caused by the combination of sormal ope-
rating loads, SSE. otber RBV loads, and dvna
mic system loads are limite: (0 the material
elastic limit. A three dimensional figite
tlement model of the pump and associated motor
(see Subsections 3.9.322 and 393215 for
RCIC pump and turbine, respectively) and s
support is developed and analyzed using the
respoase spectrum and the dynamic analysis me-
thod. The same is analyzed due 1o static oz
zle loads, pump thrust loads, and dead
weight. Critical location stresses are com-
pared with the allowable stresses and the cri-
tical location deflections with the allow-
ables, and accelerations are checked to eval-
vate operability. The average membrane siress
om for the faulted condition ! ads is
limited to 1.2 or approximately 0 7§ oy
(oy = yield stress), and the maximum
stress in local fibers (om + beading strsss
ob) is limited to 1.8S or approximately | !
oy. The max- 'mum faulted event nozzie
loads are aiso con- sidered in an analvsis of
the pump supports to assure that a system
misaligament cannot occur.

Performing these analyses with the
copservative loads stated and with the
restrictive stress limits as allowables
assures that critical parts of the pump and
assoc.ated motor or turbine will got be
damaged during the faulted condition and that
the operability of the pump for post-fauited
condition operation will pot be impaired

353212 Pump/Motor Operation During sod
Following Dynamic Loading

Active ECCS pump/motor rotor combinations
are designed (o rotate at a comstant speed
under all conditions. Motors are designed to
withstand short periods of severe overload
The high rotary inertia in the operating pump
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quirements and perform their mechasical motion in
coajunction with a dynamic (SSE and other RBY)
load event These valves are supported entirely
by the piping, 1. ¢, the valve operators are not
used as attachment points.for piping supports
I5ee Subsection 3934 1) The dvoamic
qualification for operability s unique for each
vaive type. therefore, each method of
Qualitication s detailed iadividually below

193241 Main Steam Isolation Valve

The typical Y-pattera MSIVs described in
Subsection S 4.52 are evaluated by anaivsis and
test for capability to operate under the design
loads that eovelop the predicted loads during @
design basis accident and safe shutdown
eartbquake

The valve body is designed, analyzed and
tested \n accordance with the ASME Code Section
I, Class | requirements. The MSIVs are modeled
mathematically 1o the main steam line system
apalysis. The loads, amplified accelerations and
resonance frequencies of the valves are
determined from the overall steamline analysis,
The piping supports (snubbers, rigid restraints,
etc) are located and designed to himit amplified
accelerations of and piping loads 1o the valves
to the design limits

As described 1o Subsection 5453, the MSIV
and associated electrical equipment (wiring,
solenord valves, and position switches) are
dvoamically qualified to operate during an
accident condition,

193242 Main Steam Safety/Relief Valve

The typical SRV design described in Subsection
52241 15 qualified by type test to IEEE 344
for operability during a dynamic event
Structural integrity of the configuration during
a dyoamic eveat is demoastrated by both Code
(ASME Class 1) analysis and test.

(1) Valve is designed for maximum moments on
inlet and outlet which may be imposed when
installed in service These moments are
resultaots due to dead weight plus dynamic
loading of both valve and coanecting pipe,

Amendmen: 8
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thermal expansion of the cononecting pipe, asnd
reaction farces from valve discharge

(2) A production SRV is demonsirated for
operability during » dyoamic qualification
\shake table) type test with moment and
8" loads applied greater than the
required equipment’'s design limit loads
and conditions

A matbematical model of this valve 15
included 1o the main steam hige system
analyiis, as with the MSIVs. This analvsis
assures the equipment design limits are not
exceeded

193243 Standby Liquid Control Valve
tinjection Valve,

The typical SLC Inpection Valve design s
qualified by type test to IEEE 344, The valve
body 1s designed, analyzed and tested per the
ASME Code, Section 111, Class I. The
qualification test demonstrates the ability to
remain operable after the application of the
horizontal and vertical dysamic loading
exceeding the predicted dynumic loading

393244 High Pressure Core F'ooder Valve
(Motor-Operated)

The typical HPCF valve body design.
analysis and testing is 1o accordance with the
requirements of the ASME Code, Section 111,
Class 1 or 2 components. The Class 1E-
electrical motor actuator is qualified by type
test in accordance with [EEE 382, as discussed |
in Subsection 3.11.2. A mathematical mode! of |
this valve is included in the HPCF piping
system anglvsis. The analysis results are
assured not to exceed the horizontal and
vertical dynamic acceleration limits acting
simultaneously for a dynamic (SSE and other
RBV) event, which is treated as an emergency
condition.

19325 Other Active Valves

Other safety-related active valves are ASME
Class 1, 2 or 3 and are designed to perform
their mechanical motion during dynamic loading
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conditions. The operability assurance program
eosures that these valves will operate during a
dvnamic seismic and other RBYV even:

193251 Procedures

Qualitication tests accompanied by analvies
ace conducted for all active valves Procsgdures
for qualifving electricai and iastrumentatica
compooents which are depeaded upon (o cause the
vaive to accomplish ity inteaded function are
described in Subsection 393 2¢ 13

1932511 Tests

Prior to 1asrallation of the safetv-related
vaives, the fallowing tests are performed (1)
shell bydrostatic test 1o ASME Code Section (11
requirements, (2) back seat and main seal leakage
tests; (3) disc hydrostatic test. (4) functional
tests to verify that the valve will open and
close within the specified time Limiis whesn
subject 1o the design differential pressure; and
(5) operability qualification of valve actuators
for the environmental conditions over the
installed life. Enviroomeatal qualification
procedures for operation follow those specified
o Section 3.11. The results of ail required
tests are properly documented and included as a
part of the operability acceptance documentation
package

1932512 Dynamic Load Qualifcation

The functionality of an active valve during
and after a seismic and other RBV event may be
demoasirated by an analysis or by a combination
of analysis and test. The qualification of
clectrical and instrumentation components
controlling valve actuatios is discussed ia
Subsection 3.9.3.2.5.1.3. The valves are
designed using either stress asalvses or the
pressure temperature rating requirements based
upon design conditions. An asalysis of the
extended structure is performed for static
equivalent dvaamic loads applied at the center of
gravity of the extended structure. See
Subsection 3.9 2.2 for further details

The maximum stress limits allowed in these

analvses confirm structural integrity and are the
Lmits developed and accepted by the ASME (or the

Amendment |
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particular ASME Class of valve analvzed &

-
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Dynamic load qualification s accomplished
in the following way

(1) All the active valves are designed to have
3 fundamental frequency which s greater
than the hugh frequency asvmptote (2P A
the dyoamic event  This s shown b
suitable test or analysis

-

(2) The actuator and yoke of the valve sveiem
is statically loaded to an amount greater
than that due to a dvoamic event The
load s applied at the center to gravity
of the actuator alone in the direction o!
the weakest axis of the voke The
simulated operational differential
pressure 1s simultaneously applied 1o the
valve during the static deflection tests

(3) The valve is then operated while o the
deflected position (1.e., from the norma
operating position to the safe position
The valve is verified to perform i1:
safety-related function withia the
specified operatiog time limits
(4) Motor operators and other electrical
appurtenances oecessary for operation are
qualified as operable during a dvonamic
event by appropriate qualification tests
prior to installation on the valve Theue
motor operators then bhave individual
Seismic Category | supports attached 1o
decouple the dyaamic loads berween (he
operators and valves themselves

The piping, stress analysis, and pipe
support design maintaia the motor operator
accelerations below the qualification levels
with adequate margin of safety

If the fundamental frequency of the valve
by test or analysis, is less than that for the
ZPA, a dynamic analysis of the valve performed
to determine the equivalent acceleration to be
applied duriag the static test. The analvsis
provides the amplification of the inpu
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1934 Component Supports

The design of bolts for component supports
is specified 10 thr ASME Code Section I,
Cubsection NF. Stress limits for boits are given
in NF-3225 The rules and stress limits which
must isfied are those given 1n NF-3324 6
i by the appropriat factor

2 Ju:ﬂ‘.g level and
*ag
2

be sat
4

multiplie stress limin

<

for the particular s¢rvice

siress category speciligd ;

Morsover, on equipmen: which is to be, or
may be, mounted on a concrete support. sufficient
holes for anchor bolts are provided to himit the
anchor bolt stress to less than 10.000 psi on the

nominal bolt area in shear or tensi
(.nc.hdmg «ndﬂ" cut
Concrete anchor bolts¥which are used for
pipe ,,.;vpm: base plates will be designed to the
applicable factors of safety which are defined in
I&E Bulletin 79:02, "Pipe Support Base Plate
Designs Using Concrete Fxpansmn Anchor Bolts,’
Revision £ dated ' ‘979

¢ h e
319341 Piping Z'j‘,, f,“ as Je
bsechom NF.

Supports and tR€ir attachments for esseantial
ASME Code Section [II, Class 1.2, and 3 piping
are designed in accordance with Subsection NF*

fyp{ O.M)"r o) loads

JAS WAL

REV B

correspond to those used for design of the sup-
ported pipe. The component loading
combinations are discussed 1o Subsection

3.9.3.1. The stress limits are per ASME [l
Subsection NF and Appendix F Supports are
g:n'-'uls designed either by load rating
method per paragraph NF 3260 or by the stress

lim z for linear supports ;" paragraph
NF-3231. The critical buckling loads for the
Class 1 piping supports subjected to fauited

loads that are more severe than sormal, upse
and emergency loads, are determined by using
the methods discussed in Appendices F and X\VII
of the Code. To avoid buckling in the piping
supports, the allowable loads are 1!”‘1"‘J 1o
two thirds of the determined critical buckling

NSERT _NEW PARA 393474393

The design of all supports for non-nuc! clear
piping satisfies the requirements of ) A NSI
B31.1, Paragraphs 120 and 121 L™ AsME/

Powef Pip mg Lode

For the major Yctive valves ideatified in
Subsection 3.9.3.2.4, the valve operators are
not used as attachment poiats for piping
supports

The design criteria and dynamic testing re-
quirements for the ASME [l piping support

3

o the interface of the building structurg Foel are as follows:

e P btk R T TR

WW.
The !oo‘inj combinahons dor the

vavious orgvafl‘\J endhOns

*Augmented by the following: (1) applicarion of
Code Case N-476, Supplemeant 89.1 which governs
the design of single augle members of ASME Class
1.2,3 and MC linear component supports; and (2)
when eccentric loads or other torsional lcads are
not accommodated by designing the load to act
through the shear ceater or meet “Standard for
Steel Support Design®, analyses wiil be performed
in accordance with torsional analysis methods
such as: *Torsional Analysis of Steel Members,
USS Steel Manual®, Publication T114-2/83

Amendment 2|

(1) Piping Supports - All piping supports are
designed, ltabricated, and assembled so
that they cannot become disengaged by the
movement of the supported pipe & OF
equipment after they have been installed
All piping supports are designed (o
accordance with the rules of Subsection NF
of the ASME Code up to the building
structure interface as defined srThE ©Y

Junsdichonal boundaries 1n Subsection NF
Spring Hangers - The operating load on

pring hangers is the load caused by dead

weight. The hangers are calibrated to en-

sure that they support the operating load

at both their hot and ¢old load settings

Spriag hangers provide a specified down

travel and up travel in excess of the

specified thermal movement DQ‘F lechons

due to dynqmir. loads are checked v
Conkivm %u" T™e 7 do "°+ #al) Nhldt ‘H)(
wor Kin of "the Suamvsd amd he
vaviaFion in %c. support load does rot
induce muccef}abll. loads 173 om other

Suppor #5.

(2)



NEW PARA  3.9- 314

Maximum Calewlated  stahe and Ayname 2P0

eflechons at Sygeor?  focalms arve checked Fo
conhirm  1hat 7Ae  Supoort hao not rotared

peyond 1he Vomdor's recommenad cone of

/
action or e recommended arc of /cmf»y

NEW PARY, 3.9-31B

Sugornds fr  AME Goh Sechm TIT isiramenianon

e

/ines are a/esfjnea/ amA maéze/ In accordance witkh
ASME Lodh Seciom TIT .
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Saubbers - The operating loads on snubbers
are the loads caused by dvnamic events
(e, seismic, RBV due 10 LOCA and SRV dis-
charge, discharge through a relief valve
line or valve closure) during various
aoperating conditions Snubbers restrain
piping against response (o the vibratory
exciiation and to the associated differen-
tial movement of the piping svstem support
anchor points. The criteria for locating
snubbers and ensuring adequate load
capacity, the structural and mechanical
performance parameters used for snubbers and
the installation and inspection consider-
ations for the snubbers are as follows

(a) Required Load Capacity and Snubber Loca-
Lon

—JWMWM
“valves and sUPPoOrt sheiem- BELELD aSe

Bt Poriie- b Halhemalicakly Mmodeled —

HOF COMPLOte-—PIpIag i rueiuiad

— AR Yeis b RS SRR aBd b

the-smu bBets ase mode

with a given spring stiffness dependfng
on the saubber size. The apdlysis
determines the forces and moments acting
on each piping components and the forces
acting on the snubbefs due to all
dynamic loading and operating conditions
defined in the piping design
specification, The farces on snub-
bers are operating loads for various
operating conditions. The salculated
loads sannot exceed the snubbér design
load capacity for various opernjing
)dzzmons. i.e., desige, normal, updwy,

The locads calculated in the
described in Subsection 31.7.

SIASIOAF
REV B

piping dynamic analysis,

3.8'

cannot exceed the

snubber load capacity for design,normal,upset, emergency

and faulted conditions.

Amendment 2}
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Soubbers are geserally ysed i
situations where dvoamic SUpport is
required because thermal growin of 1he
piping probibits the use of rigi
supports. The saubber locations an
support directions are first decided b
estimation $o that the stresses in the
pipieg svstem will have acceprabie
vaiues The soubber locations and
support directions are refiped by
performing the dvoamic apaivsis of the
pipiog and Support svitem as described
above in order that the piping stresses
aad support loads meet the Code
requirements

« G O

The pipe suppert design specification
requires that soubbers be provided with
position iedicators 1o \deat:fv the rod
position. This 1adicator facilitates
(e checking of bot and cold settings of
the saoubb*r, as specified (n the
‘astallation masual, during plant
preoperational and startup testing

laspection, Testing. Repair and or
Replacemeat of Saubbers

The pipe support design specification
requires that the snubber supplier
prepare aa installation instruction
maoual This masual is required to
contain compliete instructions for the
testing, maintenance, and repair of the
saubber. It also cootains iaspection
poiats and the period of inspection

The pipe support design specification
requires that bydraulic saoubbers be
equipped with a fluid level indicator so
tbat the level of fluid in the snubber
can be ascertained easily.

The spring constant achieved by the
soubber supplier for a givea load
capacity soubber is compared agaiost the
spring comstant used in the piping
systen mode! If the spring constants
are the same, theo the saubber location
acd suppert direction become confirmed.
If the spring constants are not in

Amendmen: |
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dgreement, they are brought o
agresment. and the svstem analis ¢
i redone to confirm the soubbse:
leads. This iteration is continues
until all soubber load capacities
424 spriog comstanty ars
recoociled

Soutber Design and Tesung

To assure that the require:
structural aod mechanicy
performance charactetistics a
product quality are achieved
following requirements for desig
and testiog are imposed by ::
design specification:

™ ir se ta

(1) The saubbers are reguired =
the pipe support design
specification to be designss
o accordance with all of 1ze
rules and regulations of tae
ASME Code Section !,
Subsection NF. This desigs
requirement iacludes analvis
for the sormal, upse:
emergency, and faults:
loads. These calculate:
loads are then compars:
against the allowable loa:s
to make sure that 12
stresses are below the coc:
allowable limir.

(i) The soubbers are tested o
insure that they can perform
s required during ta:
seismic and other RBV sven::
and under anticipate:
operational tramsient loac:
or other mechanical loads
associated with the desigz
requirements for the plan:
The following tes:
requirements are iocluded

0 Soubbers are subjected (o
force or displacement versus
time loadiag at fregquescies
within the raoge of

.
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significant modes of the oipiog (1)  There are oo visible sigas of
system; damage or 1mpaired

operability as a result of
o Displacements ars measured to storage, haodling. or
determine the performance installation.
characteristics specified;
(4 The soubber location
Tests are conducted at various orientation, positioa
temperatures to ensure operability setting, and coanfiguratios
ver the specified range (attachments, extensions
elc.) are according to design
o Peak test loads io both tension and drawings and specifications
compression are required to be equal
to or bigher rhan the rated load (w) Soubbers are oot seized
requiremen. na frozes or jammed
0 The soubbers are tested for various (1Iv)  Adequate swing clearance s
abnormal eaviroumental conditions. provided to allow saubber
Upon completion of the aboormal movements.
¢ovironmental trapuient test, the
snubber is tesied dvoamically at a (v) If applicable, fluid is to be
frequency within a specified recommended level and not be
frequency rangs The saoubber must leaking from the soubber
overate oortially during the dynamic system.
test,
(v) Structural conpsctions such
(d) Soubber [nstallauon Requirements as pins, fasteners and other
connecting bardware such as
A0 iustallation 1nstruction manual is lock outs, tabs, wire, cotter
required by the pipe support desigs pins are installied correctly
specificatica. This manual is required
to contain instructions for storage, If the period between the
bandiing, erection, and adjustments (if initial pre-service
necessary) of snubbers. Each saubber examination and 10itial
kas an installation location drawing system pre-operational tests
which contains the installation location exceeds 6 months because of
of the snubber on the pipe and unexpected situations,
structure, the hot and cold settings, recxamination of ltems 1. 4,
and additional informacion seeded to and S will be performed
install the particular snubber. Saubbers which are nns(al}cd
incorrectly or otherwise fail
(e¢) Snubber Pre-service Examisation to meet the above
requiremeants will be repaired
The pre-service examination plas of all or replaced and re-examined
snubbers covered by the Chapter 16 tech- in accordance with the above
nical specifications will be prepared criteria.
This examination will be made after
soubber (nstallation but sot more than 6 (4) Struts - Fhe-dostgatadd oo sisvie
moonths prior 10 initial system pre-oper- B e e e e e
atiooal testing. The pre-service WW
examination will verify the following it GBE a8d 238 oibes BB svvae
&
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~ A , .
e \ f\ e ‘3 A L€ w/ A.ﬁ A \‘ 19

‘f‘\-—__.‘-\

= —



-~

M e p9® T

Camane P e

\\'~“\ e \‘/

struts - Struts are defined as ASME Section [11, Subsection NF. Component Standard
Supports. They consist of rigid rods pinned to a pipe clamp or lug at the pipe and pinned
to a clevis attached to the building structure or supplemental steel at the other end.
Struts. including the rod. clamps, clevises, and pins are designed in accordance with
ASME Code Section 11, Subsection NF-3000,

Struts are passive supports. requiring little maintenance and in-service inspection, and
will normally be used instead of snubbers where dynamic supports are required and the
movement of the pipe due to thermal expansion and/or anchor motions is small. Struts
will not be used at locations where restraint of pipe movement to thermal expansion will
significantly increase the secondary piping stress ranges or equipment nozz'e loads.
Increases of thermal expansion loads in the pipe and nozzles will normally be restricted to
less than 20%.

Because of the pinned connections at the pipe and structure, struts carry axial loads only.
The design loads on struts may include those loads caused by thermal expansion. d. ad
weight, and the inertia and anchor motion efTects of all dynamic loads. As in the case of
other supports, the forces on struts are obtained from an analysis, which are assured not
to exceed the design loads for various operating conditions.
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19342 Reactor Pressure Vessel Support Skirt

The ABWR RPV support skirt is designed as an
ASME Code Class | component per the requirements
't ASME Code Section I, Subsection NF* The
loading conditions and stress criteria are given
a Tables 3 9-1 and 3.9.2, and the calculated
stresses meet the Code allowable stresses in the
critical support areas for various plaat
operating conditions. The stress level margios
assure the adequacy of the RPV support skirt. An
analysis for buckling shows that the support
skirt complies with Subparagraph F-1332.5 of ASME
(Il Appendix F. and the loads do not exceed two
thirds of the critical buckling strength of the
skirt. The permissible skirt loads at any
elevation, when simultaneously applied, are
limited by the following isteraction equation:

*Augmented by the following: (1) application of
Code Case N-476, Supplement 89.1 which governs
the design of single angle members of ASME Class
.23 and MC linear compoaent supports; and (2)
when ecceatric loads or other torsional locds are
not accommodated by designing the load » act
through the shear ceater or meet "Standa.d for
Steel Support Design®, analyses will be performed
‘0 accordaace with torsional analysis methods
such as: "Torsiosal Analysis of Stee! Members,
LSS Steel Maaual®, Publication T114-2/83.

Amendment 1S

* 30 for design, testiog, service
levels A & B

= 20 for Service Level C

= 15 for Service Level D

193,40 Resactor Pressure Vessel Stabilizer

The RPV stabilizer is designed as a Safety
Class 1 linear type component support in
accordance with the requirements of ASME
Boiler and Pressure Vessel Code Section I11,
Subsection NF. The stabilizer provides a
reaction point near the upper end of the RPV
to resist horizontal loads due to effects such
as carthquake, pipe rupture and RBV. The
design loading conditions, and stress criteria
are given 10 Tables 39-1 and 39-2, and the
calculated stresses meet the Code allowable
stresses in the critical support areas for
various plant opcrating coaditions.

393,44 Floor-Mounted Major Equipmert
(Pumps, Heat Exchangers, and RCIC Turbige)

Siace the major active valves are supported
by piping and not tied to buildiag structures,
valve "supports” do ot exist (See Subsection
31934).

The HPCF, RHR, RCIC, SLC, FPCCU,
SPCU, and CUW pumps; RMC RHR,
RWCU, and FPCCU heat exchangers; and RCIC
turbine are all analyzed to verify the
adequacy of their support structure under
various plant operating conditions. In all
cases, the load stresses in the critical
support areas are within ASME Code allowables.

Seismic Category | active pump supports are
qualified for dynamic (seismic and other RBV)
loads by testiog wheo the pump supports

39
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"Frame Type (Linear) Pipe Suppons . Frame tyne pipe supports are linear supoorts as
deflined as ASME Section [II, Subsection NF. Component Standard Sugports. They
corsist of frames constructed of structural steel elements that are not artached to the zipe.
They act as guides to allow axial and rotational movement of the pipe but act as rigid
resimeds 10 lateral mosement in either , e or two directions. Frame type pipe suppor:s are
designed)in accordance witn ASME Code Section [11, Subsection NF-1000.
S restrants
“Frame type pipe supports are passive supports. requiring little maintenance and
in-service inspection, and will normaliy be used instead of struts when they are more
economical or where environmental conditions are not suitable for the tall bushings at the
pianed connections of struts. Similar to struts, frame type supports will not g used at
locations where restraint of pipe movement to thermal expansion will significantly increase
the secondary .iping stress ranges or equipment nozzle loads. Increases of thermal
expansion loads in the pipe and nozzies will normally be restricted to less than 20%.
frame 7€ Sugporfs
“The design loads on frame type pipe supporty include those loads caused by thermal
expansion, dead weight, and the inertia and agchor motion effects of all dvnamic loads. As
in the case of other supports. the forces on are obtained from an analysis. which are
assured not to exceed the design loads for various operating conditions.’

~ 4 - \ \
Add new Paragraph 3.9.3.4.1 (6):

Special Engineered Pipe Supports - In an effort to minimize the use and application of
snubbers there mav be Jwnd@s-instances where special engineered pipe supports can be
used where either struts or frame-type supports cannot be applied. Examples of special
engineered supports are Energy Absorbers, and Limit Stops.

Energy Absorbers - are linear energv absorbing support parts designed to
dissipate energy associated with dyvnamic pipe movements by vielding. Yhen
energy absorbers are used they will be designed to meet the requirements of A
Section [II Code Case N-420. Linear Energyv Absorbine Supports for Subsection
NF. Classes 1. 2. and 3 Construction, Section I11, Division 1. The restrictions on
location and applicacion of struts and frame-type supports. discussed in «41 and
(3) above. are also applicable to energy absorbers since energy absorbers allow
thermal movement of the pipe only in its design directions.

SME

Limit Stops - are passive seismic pipe support devices consisting of limit stops
with gaps sized to allow for thermal expansion while preventing large seismic :
displacements. Limit stops are linear supports as defined as ASME Section [IL,
Subsection NF. and are designed in accordance with ASME Code Section [IL
Subsection NF-3000. They consist of box frames constructed of structural steel
elements that are not attached to the pipe. The box frames allow free mosement in
the axial dirsction but [imit large displacements in the lateral direction.
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[ 39.7 COL License Information

39.7.1 Reactor laternals Vibration Analysis,
Measurement and Inspection Program

l The first COL applican: will provigs. ar rhe
time of application, the resuits of the vioratiog
disessment program for the ABWR prototype
nternals. These resulrs will inciuge the
{ollowing niormation specified in Reguiatory
Guiie 1.20

-~ f“' § NA c ‘k -

R Vibeation Analvss
Program

el Vibration Measuremen
Program

Gt Inspection Program

Cai Documentation of
Resuits

NRC review ang dBprovai of the 1bove
Ridrmanion on the first COL applicants Jocker
wil ssmpigis the vibration Jisessment program
TRAESments for protatvpe reactar internais.
fn addition to the information tapyiated
| spave. the first COL appiicant wiil provigs the

malion Jn the scacyuuies in JC0rgancs with
32 Jppuiznie partions of position C 3 of

-

Guide 1.20 for non prototvpe

<22t COL Zppiicants nesd onis provide
¢ fcaedules in accargar s
rioams of position C.3 of
=0 for aon-prototype
ubsection 3.9.2.4 for iniarface
reguirements),

19.72 ASME Class 2 or 3 or Quality Group D”
Cumponents with 60 Year Design Life

COL appiicants will idenafy ASME Class 2 or 3 or Quaiity
Croug components that are subjected (o &velic loadings,

gperaiing vibration loads and thermal transients
etfves. of @ Maraide and/or duration so severe e 60 vear
design fife can not de assured oV required Code calcuiations
and. if s ar desipns have not alreadv been evaluaed. either
Proside an approprate anah ¥4 10 demonsirate the regiired
design {ife or provige designs (o mitigate the magniude or
duraiian of the eveiie loads. {See Subsection 3.9.3. L)

T
NCiG!

Ameadmeny 2}

e G — L ——_ere T
P — S —
R Ry p—

-__.-%
3973 Pump ang Valve Inservice Testing
Program

CQL ipplicants will provide a plas for the |
detailed Pmp and valve inservice testing gnyg
‘ASpection program, This plan wiil

(1) Include baseline Pre-servics resting 4
Support the nmeriodic A-service testing of
the componesnts required by technicy
specifications. Provisions are iacluded 1o
disassemble and inspec: the pump, check
valves. aad MOV Withia tae Code aas4
safetserelated ¢lassification 45 Becessary,
decesding on test results. (Ses Sutsections
395,398.1, 39 S2land 39822

<) Provids 3 $tuay to detarmine the optimaj

{requsacy for vaive strokiag duriay

iAseivice testing (See Subsection
)

o

39 6231

(21 Addrass the concerns and issyes identifieg
tn Generie Lotrer $9-10: soecilically the
meihag ot Assessment of the (0348, the
Meinoa of sizing the actuators. and the

séiting of the torgue ang Hmit switehes
(See Subsection 3.9.8.2.)

1974 Auditof Design Specification and
Design Reports

COL agpiicants wiil MIKE Avaiiadie 1o 1k
“RC srarf desiga specification ang des:
TI00rs raguired by ASME Cude far vessels,
FuUmDS. v3ives aag PIRIng svstems for the Jurpose
of Judit. (Ses Subsection 3.9.3.1)

B

W
i3 e

3.9.8 References

8IVR Fuiel Channel Mechanical Design ang
Derlec:ion, NEDE-113%4.p, Septemeer 1975

13

EUR. & Fuel Assembly Evaiuanon or Compines
Sare Shutdown Earthguake (552, dna
Loss-or-Cooian: Accident (LOCH) Loaaings,
NEDE-21175.P, November 1976,

B. NEDE.24057.p (Class 1) 3ad NEDE-240¢7
(Class I Assessment of Reactor [a1sraais.
Vibratica i BWR /4 and BWR . f Plaars.
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ABWR IABIAE

Standard Plant ORERPIESNRNE - X |
Table 3.9-1
PLANT EVENTS
B. Dynamic Loading Events'®)
ASME Code  No. of
Servuﬁ Cycles/
Limi 0 £ )
R
12 Operating Basis Earthquake (OBE) Event at B 10 Cycles (4)
Rated Power Operating Conditions
13 Safe Shutdown Earthquake (SSE) (5) at Rated D(9) 1(3) Cycle
Power Operating Conditions
330 :
14, Turbine Stop Valve Full Closure (TSVC)(6) B tyc’ts/) 2\)%"3 l
Durnirg Event 7a and Testing At
15, Safety Reuefl Vaive (SRV) Actuation (One, B 459 l
Two Adjacent, All or Automatic Depress.ri- Events(7)
zation System) During Event 7a and ™
16.  Loss of Coolant Acaident (LOCA)
Small Break LOCA (SBL) D(9) 1(3)
Intermediate Break LOCA (IBL) D(9) 13
Large Break LNOCA (LBL) D(9) 1(3)
(1) Some events apply to reactor pressure vessel (RPVY) only. The number of eveats/cycles
applies to RPV as an example.
(2)  Bulk average vessel coolant temperature change in any one hour period.
(3)  The anoual encounter probability of a single evert is < 10" for a Level C event and |
<10 for a Level D event. See Subsection 39.3.1.1.5. |
i
14) 50 peak OBE cycles for piping, 10 peak OBE cycles for other equipment an® components.

One stress or load reversal cycle of maxmum amplitude.

1647
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ABWR 1A 0N
Standard Plant REY_B

Table 1.9-1
PLANT EVENTS

B. Dynamic Loading Events

(Continued)
NOTES
{6)  Applicable to main sizam piping system only
(7)  The number of reactor building vibratory load cyveles on the reactor vessel and internal components

is 29,400 cveles of varving amplitude during the 196 events of safety/relief val'e actuation

r %) Table 3.9.2 shows the evaluation basis combination of these dynamic loadings

(7)  Appendix ¥ or ather appropriate requirements of the ASME Code are used to determine the serice
Leve! D limits, as described in Subsection 3914

These ASME Code Service Limuts apply to ASME Code Class 1, 2 and 3 componeats, componant suUpports
and Class €S structures. Different iimits apply to Class MC and CC coutainment vessels and
components, as discussed in Section 3.8

1 14}y
\
.

~— The number of veactor buildin \AWG"’DVJ ’942 C)’C)C..S
on The F\'om 5‘7:"&\45 inside ﬂe Oon‘)'dinmw')'ls

b2e0 snemls of single s«cey/rch vale actua; 3
with 3 sTYes ayfm por eNevtard 396 evemB of

satety /relief value actuolion of all valves ov
He Auntmabe bcp/essw/iéa‘)'iw\ sys')wn Vo )oes)
with 3 stress cycles per evenmt

1 5B

Amendment 2!




Ret Audit 1ltm NO. g-¢
e e et

Table §.2-4

REACTOR COOLANT PRESSURE BOUNDARY MATERIALS

Cumponent Eorm Material Specification (ASTM/ASME)
Main S o v
Valve Body Cast Carbon steel SA352 LCB
Cover Forged Carbon Steel SA3S0LF2
Poppet Forged Carbon Steel SA350LF2
Valve stem Raod 17-4 pH SA 564 630 (H1100)
Body bolt Bolting Alloy steel SA S4B CL4or S
Hex nuts Bolting Nuts Alloy steel $4 194 GR7
Main Steam Saferv/Relief Valve
Body Forging Carbon steel ASME SA 350 LF2
or Casting Carbon steel ASME SA 352 LCR
Boanet (yoke) Forging Carbon steel ASME SA 350 LF2
or Casting Carbon steel ASME SA 352 LCB
Nozzle (seat) Forging Stainiess steel ASME SA 182 Gr F316
or Casting Carbon steel ASME SA 350 LF2
Body to Bar/rod Low-alloy steel ASME SA 193 Gr B?
bonpet stud
Body to Bar/rod Alloy steel ASME SA 194 Gr 7
boanet nut
Disc Forging Alloy steel ASME SA 637 Gr 718
or Casting Stainless steel ASME SA 351 CF 3A
Spring washer Forging Carbon steel ASME §A 105
&
Adjusting Screw Alloy steel ASME SA 193 Gr B6 (Quenched +
or tempered or normalized & tempered |
Set point adjust- Forgings Carbon and alloy  Multiple specifications '
ment assembly steel parts
Spndie (stem) Bar Precipitation- ASTM AS64 Type 630 (H 1100)
hardened steel
Spring Wire or Steel ASTM AS04 Gr 4161 N
Beliville washers Alloy steel 45 Cr Mo V67

Main Stcam Piping ¢ beTweenm RPV amd 1he furbme sTop vaNe)

l ASME
Pipe Seamless Carbon steel SA333Gr. 6 4,_—‘—-——'
Coatour nozzle Forging Carboa steel * SA3S0LF2
200A 1500w Forging Carbon steel » SA3ISOLF2
large groove flange

Amendment 20 e



&( Auds # /f@: No. A-§

ABWR A e T 1
StandardPlant RS 7%

Table 524

KEACTOR COOLANT PRESSURE BOUNDARY MATERIALS (Coatinued)

ASME
SOA special Forgng Carboo steel [ SA 350 LF 2
nozzle
pSME
Elbow Seamless Carbon steel [SA 420
Head fitung/pene- Forging Carbon steel * SA3%LF2
tration piping
oine (betweem RPY and the seismic infewface resiran
Feedwater Piping
Pipe Seamless  Cavbon Stee| ASME SR it Grb
Elbow Seaw less Carbo,. SYeel ASME SA 420

Head Fitting ) Forg Cavbon Shee| ASME SA 3SD (F 2.
peretrahon P\f’ﬂj

Nozzle Fovgirj Cavbon Steel ASME SA 3§D LFZ

l
l




