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1622 Anaivtic Methods to Define Blowdown
Forcing Functions and Response Models

16251 Analvtic Methods to Defline Blowdowr
Forcing Funciions
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16222 Pipe Whio Dymamis Pesponse
Analyses

The prediction of time-dependent and steady-
thrust reaction loads caused by blowdown of sub-
cooled, saturated. and two-phase fluwd from rap-
tured pipe is used in design anc evalnvation of
dyoam.c effects of pipe breaks. A discussion of
the analytica! methods employed to compute these
blowdown loads 1s given in Subsection 3.6.2.2.1.
Following is a discuscion of analvtical methods
used to account for this loading.

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

(1) A pipe whip analysis is performed for cach
postulated pipe oreak. However, a givean
analysis can be used for wore than oae post-
ulated break location if the biowdown forc.
ing function, piping and restraint system
geometry, and pipiag and rescraint system
properties are conservative for cther break
locations.

(2) The analysis inciudes the dynamic response
of the pipe iv question and the pipe whip
restraints which transmit loadiag to the
support structures.

(3) The analytical mode! adequately represents
the mass/inertia and stiffoess pronerties of
the system.

{4) Pipe whipping is assumed 10 occur in the
plane defined by the piping geometry and
configuiation and 1o cause pipe movement in
the directico of the jot reaction

Amendment 21

IAMGI0AE
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(5) Pipiog within the broken loop is no loager
¢onsidered part of the RCPB. FPlastic
deformation in the pige is considered as a
potential energy absorber. Limits of strain
are imposed which are similar to strain
levels allowed in restraint plastic
members, Piping systems are designed so
that plastic instability does not oceur in
the pipe at the dasign dyaamic and static
loads uniess camage studies are performed
which show the consequences do not result in
direct damage 10 any esseotial system or
component,

(v) Components such as vessel safe ends and val-
ves which are attached to the broken pipiag
system, do oot 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 componewts under fault
ed loading. However, if these components
are required fo. safe shetdown or serve to |
protect the strvctural integrity of an es-
sential compoaent, limits to meet the Code
requirements for faulied conditions and li-
mits to easure required operability will be
met.

(7) The piping stresses in the containment '
peactration areas due to loads resulting ‘
from & postulated piping failure can not i
exceed the limats specified in Subsection

36214201 A o, T
A Perdmed oo L

An analysis for pipewhip rostrainl selection

PDA computer o 2 pie Dread odeting
program % as described in

Appendix 3D, which predicts the response of 2
pipe subjected to the thrust force occusring
after a pipe break. The program treats the
situation in terms of generic pipe break con-
figuration which invoives a straight, uniform
pipe fixed at onc end and subjectsd to a time-
-dependent \krust force at the other end. A
typical resiraiot used 'o reduce the resultiog
deformation is also included at a focation
between the two ends. Nonlinear and
time-iadependent stress-strain relationships are
used to model the pipe and the restraint. Jsing
z plastic-binge concept, bending of the pipe is
assumed to occur ooly at

3614
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162322 Pipe Displacement Effects on
Essential Structures, Oth«r Systems, and
Components
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Damage of unrest:ained whipping pipe on ¢s
ential structures, componesnts, and systems
other than the ruptured one is prevented by
eithey separating high energy systems {rom
the essential systewas or providing pipe whip
strainis
16232 Loading Combinations and Design
Criteria for Pipe Whip Restraiut

Amendment 7]

pipe whip restraint

{raints are non-ASME (
bowever, the ASME Code requirenent
in the Cesign

satety-related tunction
methods, 1.¢

for design and siz
used

can aiso be

-
'ae pipe whip restr

4
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aints utihize ener
atienuate the xinelic
ot a ruptured pipe A typical pipe whip
straint s shown 1a Fignre 3.6-6. The 1
they
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vetween them and the process pipe. Thi

{for installation of normal piping insulation and
for unrestricted pipe t2ermal movemeats during
piant operation, Select tical focations n
side primary coutainment are also monit«
during hot functional testing to provide verifi
cation of adequate clecarances prior to plaot
operation. The specific design objectives f
the restrawnts are

(1) The restrain’s shail in oo way increase
reactor coolant pressure boundary stresse
Dy thewr presence during any aormal mode

reactor operation or condition,

The restraint system
the movement of a
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164 COL Livense Information

3.6.4.1 Details of Pipe Break Avalysis Results

and Protection Methods

The following shall be

apphicant (dee

Amendment 2

)

SJASI00AT

4 AT,

A summary of the dvaamic analy

¢ 2 ) Eigh-o1 it
e ” Gint Y VIgIag

in accordance with Subsection 3¢

Regulatory Guide 1.70 T h

systems show
and orientati
breaks and the
restraints and

Qarriers

summary of the data devel
Scirt postulaied break ca
including calcuiated stre
intensities, cumulative nsage
factors and stress ranges a

delineated in BTP MER 3

For fatlure in the moderate-energ:

pipine systems listed in Table 3.6-§7
descriplions showing how safety-related
systems are protected from the resulting
ets, flooding and cther adverse
environmental effects

ldentification of protective measure
provided against the effects
postulated pipe failures for protection
of each of rhe systems listed in Tables
3.6-1 and 3.6-2

The details of how the MSIV funciional

capability is protected against the

effects of postulated pipe failures

Typical examples, if any, where
protectivn .or safety-related systems
and components against the dynamic
effects of pipe failures include their
enclosure in suitably designed
structures or compartments (including
any additional drainage system or
equipment environmental qualification
negds)

The details of how the feedwater line
check and feedwater isolation valves

functional capabilities are protected

against the effects of postulated pipe
failures
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Values for (vy), and (vy); are
computed as follows;

(VH)

e &

- (vl)f - (v}{)

"o

(3.7.9)

(vw)

-

o (Vz)z > (w)
1

" v

(3.7-10)

where (VH)g and (VV)! are the peak
Borizontal and vertical ground velocity,
respectively, and (vy); acd (v,); are the
mavimum values of the relative lateral and
vertical velocity of mass m;.

Letting m, be total mass of the structure
and base mat, the energy required to overtura the
structure is equal to

where b ic the height to which the center of mars
of the structure must be lifted (o reach the
overturning position. Because the structure may
not be a symmetrical one, the value of b is
computed with respect to the edge that is nearer
to the center of mass. The structure is defined
as stable ajainst overiurning when the ratio Eg
to Eg exceeds 1.5.

These calculatic ns assume the structure rests
on the ground sJurface, bence, are conservative
because the structure is actually embedded to a
considerable depth. The embedded effect is
considered only when the ratio Ej to Eg is
iess than 1.5.

37215 Analysis Procedure for Dunaplag

Io 2 lincar dynamic asalysis using a modal
superposition approach, the procedure to be used
to properly account for damping in different
elemeats of a coupled system model is as follows:

(1) The structural percent critical dampiag of
the various structural elements of the model
is first spacified. Each value is referred
to as the Yamping ratio (Cj) of a partic-
ular compouent which contributes to the
complete stiffness of the system.

Amendment |

LIAS100AE
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(2) An cigeovalue analysis of the linsar system
model is performed. TLis results in the
cigenvector matrices (@;) which are
normalized and satisfy the orthogonality

conditions:
(3.7-12)
¢ Ko =P awd @7 Ko,
: ' . «0forigk)
where
K = stiffness matrix;
Wi = citcular natural frequency asso-

ciated with mode i; and

T
@ b
' = transpose of i'® mode ecigen.

vector @

Matrix @ contains all translational and
rotational coordinates.

(3) Using the strain energy of tue individual
components as a weighting fuaction, the
following equation is derived to obtaio a
suitable damping ratio (8;) for mode 1

N ; (3.7-1%

ey 6 & x|

1*d g |G @ ")

i =1
where

8; = modal damping coefficient for
ith mode;

N = total sumber of structural
clements,

@i = component of i'? mode
eigeavector corresponding to j‘h
element;

,Ti = Traaspose of h; defined above;

& = percent critical damping
associated with element .,




For vibrating systems and thel supports, two general
methods are used to obtain the solution of the egquations
of dynanic equilibrium of a m -

1

lti~degree~-of~freedon model.
3.7.2.1.1. When the time-history modal
ion method of analysis is used, the time-history
yroadened plus and minus 10%. The second method
analysis 1s the Direct Integration Method.
lution of *he equations of motion is obtained by
step-by~-step numerical integration. The numerical
integration time step,At, must be sufficliently small to
accurately define the dynamic excitation and to render
stability and converjency of the sclution up to the highest
frequency of significance. For most of the commonly used
numerical integration methods (such as Newmark P-method and
Wilson 8 -method), the maximum time step is limited to

one~tenth of the shortest period of significance.

u
is the Method of Modal Superposition described in
e

|

Piping modelling and dynamic analysis are described in
e s sude 4 s ~ o) >
csUsSeCtion )
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Values
computed as follq

for (vH

Vi) ¢ = (W)

where )g atre the peak
ground velocity,
(¥gy); are the

relative lateral

3 170
QOri 2«

respec | ! x)i and
maximum aand
|

vertical veioriy mass m

|
! 1 m, be total mass of the structure
and base mat, the energy required to overturn tae
tructure is egual

QO

Eo=m,gh 3.7-11)

where b s the height to which the ceater of mass

of the structure must be lifted to reach the

RBecause he structure may
o>t be a symmetrical one, the value of b is

computed with respect to the edge thai is pearer
the center of mass. Tae structure is defined
stable against overturning when the ratio Eq
E¢ ¢xceeds 1.5

verturaing position

These calculations assume the structure rests
o the ground surface, hence, are conservative
becaus* the structure is actually emboedded to a
considerable depth. The embedded effect is
cousidered only when the rgtic E

iess tham 1.9

o ic ES 15

37215 Analysis Procedure for Damping

in a lincar dynamic analysis using a modal
superposition approach, the procedure to be used
to properly accoant for damping in different
clements of a coupled system model is as fcllows

The structural percent critical damping of
the various structural clemeats of the mods
is first specified. Each value is referrec
to as the damping ratio {(C;) of a partic-
ular component which contributes to the
complete stiffness of the svstem

An cigenvalue analysis of the linear system
model is performed, This results in the
cigenvecior matrices (@) which are
normalized and satisiy the orthogonaii
coaditions

¢1 Ko = w*. and @T \'@J
i i

where
K = stffness matrix;

circular patural frequency ass

ciated with mode 1; and

of th

transpose l mode eigen

vector @ |

Matrix @ contains all transistiona) and
rotational coordinates

(3) Using the strain energy of the individual
components as a weighting function, the
following zquation is derived to obtaie &
suitable damping ratio (8;) for mode

$7.13

q © ‘

~1 —
™ o

g o @]

=1

modal denping coeffici
l{h mode;

totz! sumber of s
celements,;

ructura

compoaent of i'D mode
eigeavector corresponding to j*f
clement,;

Traaspose of @ defined above

percent critical
associated with ele
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K = stiffness matrix of element i and

= circular oatural frequency of mode
i

7.3 Seismic Subsystem Analysis
1721 Seismic Analysis Methods

This subsection discusses the methods by which
Seismic Category | subsystems and components are
qualifira to ensure the functional integrity of
the specific operating .equirsments which
characterize their Seismic Category |
designation

Io general one of the following five methods
[ seismically qualifying the equipment is chosen
based upon the characteristics and complexitics
of the subsystem

— ;
o ——— ——
\

Nar s
r o) A |
\ Y ‘“'l'; 2 \
vv‘/ p ’,.....
N ' {
Mt P

: " ™
equivalent static load method of analysic

dynamic analysis

lesting procedures

a combwnation o1 (1) and (2); or

a combimation of (2) and (3)

Equivalen: static load method of subsystem
analysis 1s described in Subsectior 3.7.3.5

Appropriate design response specira (OBL and
SSE) are furnished to the maaufacturer of the
equipment for seismic qualificaiion purposes
Additional information such as input time history
15 also supplied only wher necessary

When analysis is used to qualify Seiswic
Category 1 subsystems and components, the
analvtical techaiques must conservatively account
for the dynamic nature of the suvsystems or
componer:is. Both the SSE asd OBE, with theis
difference in damping values, are considered in

the dynamic analysis as erxplained i Subsection
3713

LIAL100AF

SRS | A .

described in Subsection 3.7.2.1.1 generates

timehistories at various support elevations for

use in the analysis of subsystems and

equipment. The structural response spectra

curves are subsequently generated from the
history accelerations

time

At cach level of the structure where vita
components are located, three orthogonal
components of flour response spectra, two
horizontal and one vertical, are developed. The
tloor response spectrum is smoothed and
enveiopes all calculated response specira from
differcnt site soil conditions, The respouse
specira are peak broadened plus or minus 10%
When components are supported at two or more
elevations, the response spectra of each
elevation are superimposed and the resulting
spectruta is the upper bound envelope of all the
individual spectrum curves considered

For yibrating systemy and thef sumw\ﬁ’%

_’muh\vd'cgr:c-af-(reedom modely are vsed in

accordance wiih the lugped-parsdeter modeling
tepliniques 4nd normal mode theory described in
Mubsecrion 3.7.3°1.1. Pipiog aphlysis is
described in Subsectiof 3.7.3.51

When testing is used (o qualify Seismic
Category | subsystems and compounents, all the
ioads normally acting on the equipment are
simulated during the test. The actual mounting
of the equipment is also simulated or
duplicated. Tests are performed by supplying
input accelerations to the shake table to such
an extent that generated test response spectra
(TRS) covelope the required response spectra

For certain Seismic Category | equipment and
components where dynamic testing is necessary !
ensure functional integrity, test performance
data and results reflect the feliowing:

(1) performance data of equipment which has been
subjected to dynzmic loads equal to or
greaier than those eaperienced under the
specified seismic conditions;

(2) test data {rom previously tested comparable

LB QAR - RO - BB S % ch e byma e

~adeluieof e Catopasri-ogumparesi-end
v,»"‘" B e e T Y e s T 3
] ~spesiium-iechagws. The time-history techoique

cquipment which has bees subjected under
similar coaditions to dynamic loads equal |
or greater than those specified; und

ynamic analysis of
nents is accompl.sh
1istory approach. ‘
either the direct

wmat A

subsystems and

g the response spectrum or

tory analysis is performed
ion method or the modal

Bt R

)\ &

5 -




ATTACHMEN1

ing systeme and their supports, two genercl
are used to obtain the solution of the eguations

equilibrium of a multi-degree~of~-freedom model.

is the Method of Modal Superposition described in

3.7.2.1.1. When the time-history modal

on method of analysis is used, the time-history
peaks are broadened plus and minus 10%. The second method
of dynamic analysis is the Direct Integration Method,
The solution of the eguations of metion ig obtained by
direct step-by-step numerical integratien. The numerical
integration 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. For most of the commonly used
numerical integration methods (such as Newmark é-methocd and
Wilson 8 -method), the maximum time step is limited to
one~tenth of the shortest period of significance.

Piping modelling and dynamic analysis are described 1

subsection 3.7
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1733 Profet_lur! ls-ed for Modeling

3733.1 Modeling of Piping Sysiems
37331 Semwmary

To predict the dynamic response of a pi
system to the specified forcieg fuaction
gynamic model must adeguately accoun)

goificast modes. Careful select
de of the proper response sp




Piping Systenms
ipi

Mathematical models for Seisnmic Category 1 piping systems
are constructed to reflect the dynamic characteristics of
the system. The continuous system is modelled as an
assemblage of piRe elements supported by hangers, guides,
anchors, struts ahd snubbers. Plpe and hydrodynamic masses
are lumped at the nodes and are connected by weightless
elastic beam elements which reflect the physical properties
of the corresponding pliping segment. The node points are
selected tu coincide with the locations of large masses,
such as valves, pumps and motors, and with locations oOf
significant geometry change. All nipe 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 rnounted equipment. The
torsional effects of valve operators and other pipe mounted
equipment with offset 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 fundamental
f

frequency aqual to the cutoff frequency stipulated 1in
"ubsection 3.7 when calculated as a simply supported beam

b
withh uniformly distributed mass.

Snubbers,struts and frame type supports are nmodelled with
representative stiffness properties. The egquivalent
stiffie '@ of snubbers is based on dynamic tests performed
on prototype snubber assemblies or on data provided

by the vendor. The stiffness of supporting structures for
snubbers and struts is generally not included in the piping
mathematical model. The supporting structure is typically
designed to have a maximum deflection of 1/16 inch in the
direction of the lcoad. Anchors at equipment such as tanks,
sumps or heat exchangers ure modelled with representative
stiffness properties.
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173012 SehectivmetMass-Boints- 1 01
Chiteia
’,/”7 When performing a dynamic analysis, a piping
system is idealized either as a mathemaiical
model consisting of lumped masses connected by
weightless elastic members or as a consistent
mass model. The elastic members are given the
properties of the piping system being analyzed.
The mass points arc carefull! located to
adequately represent the dynamic properiies of
the piping system A mass poin is located at
the begianing and end of every elrow or valve, at
the extended valve operator and at the
intersection of every tee. On straight runs,
mass points are located at spacings no greater
than the span length corresponding to 33 Hz. A
mass point is locared at every extended mass to
\ account for torsional cffects on the piping
system. In addition, the increased stiffngss and
mass of valves are considered in the modeling of
a piping system.

+

3172313 Selection of Spectrum Carves

In selecting the spectrum curve to be used for
dynamic analysis of a particular piping system, a
curve 15 chosen which most closely describes the
accelerations existing at the end points and
restraints of the system.

iy
e = Seismic Category I piping systems when estab-
\2.:: lishing the analytical models to perform seismic
. analysis are as foilows:
o
%- (1) The small branch lines are decoupled from the
= main runs if they have a diameter less than |
= one-third the diameter of the main rus.
< v (2) The stiffaess of all the anchors and its
"'i ~ supporting <teel is large enough to
g :{\! effectively decouple the piping on either
S | side of the anchor for analytic and code
f:" & | jurisdictional Houndary purposes. The RPV is
o~ \',.-" very stiff compared to the piping system and
| ™ , therefore, it is modeled as anm anchor.
\ Penetration assemblies (head fittings ard
\ penetration sleeve pipe) are very stiff
Mg compared to the piping system and are modeled

as anchors.
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independon? uyport motion (TSP )

The stiffnass matrix at the attachment loca-
tion of the process pipe (i.¢., main steam,
RHR supply and return, RCIC, etc.) head
fitting is sufficiently Pigh to decouple the
penetration assembly from the process pipe. |
Previous analysis indicates that a satis- |
factory minimum stiffness for this attachment |
puint is equal to the stiffoess ia beading |
and torsion of a cantilevered pipe section of |
the same size as the proce:s pipe and equal |
in length to three times the process pipe
outer diameter.

For a piping svstem supported ai more than ‘
two points located at different elevations in I
ihe building, the response spectrum analysis is -
performed using the envelope response spectrum |
of all attachment points. Alternatively, the /
P 8 e P At bt 11 si_!_p;csbgds,,m/.—"
be used where(m \.._._I'”"_._'_
response spectra are applied at all the piping
attuchment points. ¥ '
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17332 Modeling of Equipment

INSERT !
N1 L |

For dynamic analysis, Seismic Category |
equipment is represented by lumped-mass systems
which consist of discrete masses connected by
weightless springs. The criteria used to lump
masses are:

(1) The oumber of modes of a dynamic system is
controlled by the number of masses used,
therefore, the number of masses is chosen so
that all significant modes are included.
The modes are considered as significant if
the corrssponcing natural frequencies are
less than 33 Hz and the stresses calculated
from these modes are greater than 104% of the
toral stresses obtained from fower modes.
This approach i acceptable provided at
least 90% of the loading/inertia is
contained in the modes used. Alternately, {
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ATTACHMENT C to page 3.7-16

3.7.3.3.1.4 MNodelling of Special Engineered Pipe Supports

Modifications to the normal linear-elastic piping analysis
methodology used with conventional gipo supports are
rcguirod to calculate trhe loads acting on the supports

and on the piping compenents when the special engineered
supports, described in Subsection 3.9.23.4.1(6), are used.
These modifications are needed to account for greater
damping of the uncrq¥ absorbers and the non-linear behavior
of the limit stops. If these special devices are used, the
modeling and analytical methodology will be in accordance
with meathodology 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 lelectini the acceleration time-history to be used for
dynamic analysis of a piping system, the time-histcry

chosen is one which most closely describes the accelearaticns
existing at the piping support attachment points. For a
piping system supported at more than two puints located at
different elevations in the building, th~ time-history
analysis ir performed using the envelope acceleration
time~history of all attachment points. Alternatively, the
independent sugport motion method may be used wnere
different acceleration time-histories are input at the
piping structural attachment points.

3.7.3.3.1.6 Amplification of Recponse Spectra at Support
Attachment Points

Tre response spectra provided to the Piping Analyst
include any amplification due to the flexibility of
building local structures, such as steel platforms used
for supperting piping and other eguinment. Alternatively,
the Civil/Structural qroug will specify an amplification
factor to be applied to the building response spectra.

Decoupled branch piping is anal!zcd using the appropriate
amplified response spectra developed for the system analsis.
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the oumber of degrees of freedom are taken
more than twice the number of modes wit
frequencies less than 335 Hz.

Mass i1s lumped at apy point where
significant concentrated weight is located
(¢e.g., the motor in the analysis of pump
motor stand, the impelier in the amalysis of
pump sball, etc)

S
o
—

(3) If the equipment bas free-end overhang span
with flexibility significant compared to the
cenier span, & mass is lumped at the overbang
span.

(4) When a mass is lumped between (v'0 supports,
it is located at a point where the maximunm,
displacement is expected to occur. This
tends 1o lower the natural {requencies of the
equipment because the equipment frequencies
are in the bigher spectral range of the
response spectra. Similarly, in the case of
live loads (mobiie) and a variable support
stiffness, the location of the load and the
magnitude of support stiffoess are chosen 10
vield the lowest frequency content for the
sy-tem. This ensure. conservative dvnamic
loads since the equipment frequencies are
such that the floor spectra peak is in the
lower frequency range. 1f not, the mode! s
adjusied to give more conservative resulls,

37332 Field Location of Supports and
Restraints

The ficld location of seismic supports and
restraints for Seismic Category | piping and
piping sysiems components is selected to satisfly
the foliowing two conditions:

(1) the location selected must furnish the
required response to cuatrol straim within
allowable limits; and

{(2) »dequate building strength and stiffness for
attachment of the composent supports musi be
available.

The final location of seismic supports and re-
straints for Seismic Category I piping, piping
system componenis, and equipment, including the
placement of soubbers, is chracked against the
drawings and iastructions issued by (he

Amezndment )

2IA6100AF
- BEY B

NS ERT
% i

engincer. An additional examination of these
supports and restraining devices is made (o
assurc that their location and characteristics
are consistent with the dynamic and static
analvses of the system.

1734 Hasis of Selection of Frequenci s

Where practical, in order to avoid adverse
resonance effecs, equipment and components are
designed/selected such that their fundamental
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 analyzed snd/or tested to
demonsirate that it is adequately desigoed for
the applicable loads considering both its
fundamenial frequency and the forcing frequency
of thy applicable suppor! structure,

All frequencies in the range of 0.25 to 33 Hz
arc considered in the anaiysis and testing of
structures, systems, and components. These
frequencies are excited under the seismic
cxcitation,

If the fundamental frequency of 3 component
is greater than or equal 1o 33 Hz, it is treated
as scismically rigid and analyzed accordingly
Frequencics less than 0.25 Hz are not considered
as they represent very flexible structures and
arc not cncountered in this plaat.

The frequency range berweea 0.25 Hz and 33 Hz
covers the range of the broad baad response
spectrum used in the design.

1732 Use of Equivalent Static Load Methods
ol An.iysis

17251 Subsystems Other Than NSSS

Sce Subsection 3.7.3.8.1.5 for equivalent
static load analysis method.

37252 NSSS Subsystems

Wt .n the natural (requency of a structure of
componcnt 1$ unknown, it may be analyzed by
applving a static force a1 the center of mass
In ordar to conservatively account for the
pessibihiny of more than one sigaificant dynamic
mode, the static force is calculated as 1.5

3747

o n
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times the mass limes the maximum spectral
acceleration from the floor response spectra of
the point of sattsachments of muitispa
structures. Th. factor of 1.5 is adequate |
simpie beam type struciures. For other me
ylicatled structures, the factor used

-

i

3.73.6 Three Componenis of Earthguake Motion

The total seismic response it predi

rtedd M
CisC ¥

combining the response calculated from the w




ATTACHMENT D to page 3.7-17
3.7.3.3.4 Analysis of Frame Type Pipe Supports

The design loads on frame type supports inciude (a) loads
transmitted to the s .pport by the piping response to thermal
expansion, dead weight, 2znd the inertia and anchor notion
effects of all dynaric loads, (b) internal

loads caused by the weight,thermal and inertia

effects of loads on the structure itself, and

(¢) friction loads caused by the pipe llidinq

on the support. The coefficient of friction used to
calculate the friction forces between the pipe and the
steel frume is dependent upen the materials used.

The pipe support detail drawing documents the coefficient
of friction to be used in the analysis. To determine

the response of the support structure to applied d namic
loads, the equivalent static load method of analysis
described in Subsection 3.7.3.8.1.5 may be used. The loads
transmitted to the support by the piping are applied as
static loads acting on the support.

The forces the piping places on the frame-type supports

are obtained from the piping analysis. In the piping
analysis the stiffness of the frame-type supports is
included in the Riping analysis model, unless the

support can ke shown to be rigid. The tramo-tygo supports
may be modelled as rigid restraints providing they are
desi?nod so the maximum deflection in the directicn cof the
applied load is less than 1/16 inch and providing the total
gap or clearance between the pir< and frame support is less
than 1/8 inch.
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borizontal and the vertical agalyeis.
ov PmE-Ris modal S m

When The respobre spectrumMnethod se“Used, the
metbod for combiniag the responses due to the
three orthoge” al components of seismic excitation
is given as follows:

3 . 1/2
R, = R
z i (3.7:14)
j=1
where
R; j = maximum, coaxial seismic response
of interest (e.g., displacement,
moment, shear, siress, strain) in
directions | due to earthquake
excitation in direction j, (J = 1,
e ) B
R, = seismic response of interest in i

direction for design (e.g.,
displs ‘ement, moment, shear,
stress, strain) obtained by the
SRSS rule to account for the
nonsimultaneous occurrence of the

Rii's
‘Wew PARH
1737 Combination of Modal Respoase

37371 Subsystems Other Than NS§S

When the response spectrum method of modal
anslysis is used, contributions from all modes,
except the closely spaced modes (i.c., the
difference between any two natural frequencies is
equal to or less than 10%) are combined by the
square-root-of-the-sum-of-the-squares (SRSS)
combination of modal respouses. This 1s defined
mathematically as:

N ‘ 2
R = (Ry)
z (3.7-15)
j=]
where
R = combined response;

R; = response 1o the ith mode, and

2ABI00AE
-RRY. A

N = pumber of modes considered in the

anaiysis.

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

An alteroate to the absolute sum method
presented in Regulatory Guide 1.92 is the
following:

. N
® [z
i=]

where the second summation is to be dooe on all
L 30d m modes whose frequencies are closely
spaced to eack other.

1/2

R? + 2T |RARg |
! (3.7-16)

3.73.72 NSSS Subsystems

In a rerponse spectrum modal dynamic
apalysis, if the modes are not closely spaced
(i.e., if the frequencies differ from e»th other
by more than 10% of the lower frequency), the
modal respooses are combined by the
square-root-of-the-sum-of. the-squares (SRSS)
method as described in Subsection 3.7.3.7.1 and
Regulatory Guide 1.92.

if some or all of the modes are closely
spaced, a double sum metbod, as described in
Subsection 3.7.3.7.2.2, is used to evaluate the
combined respon. ;. la a time-history method of
dynamic analysis, the vector sum of every step
is used o caiculate the combined response. The
use of the time-n: tary analycis method
preciudes the need to consider closeiy spaced
modes.

113921 Square-Rooi-of-the-Sum-of-the-
Squares Method

Mathemat.cally, this SRSS methcd is expressed
as follows:

K 2.1,’2
R = R
(z (R; )

(3.7.17)

when the time-history responses from each of the three

components of the earthguake motion are calculated by
thnpdiroct integration method and combined algebraically

at each time step, the maximum responses can be obtained

from the combined time solution.

the eu :thaouake l_lqt_ionl‘ ‘P??{-f@?, '1.n

en this method is used,
the three different

DR e Y



where /

combined response;

number of modes considered n the
analvsis

172722 Double Sum Method

This method, as defined in Regulatory Guide
1.92, is mathewaatically:

N N 1/2
R= [ :IRkRsitu)

k=1 3=l (3.7-18)
where

R = representative maximum value of a
particular response ol a given
element to a given component of
excitation;

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

N = pumber of significanst modes
considered in the modal response
combination; and

Ry = peak value of the response of the
clement attributed to s'B mode

where
(g - W) '2 1
arf o
By g + By “’i)’
(3.7-19)
i which

’ - 1‘/2
"’k"-’k[l'ﬂk"

ﬂfu-ﬂx*..:“_.
4 “k
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respouse 10 the (!N mode; and
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where wy and By are the modal frequency
and th damping ratio in the kth mode,
respectively, and tq is the duration of the

1738 Anaiytical Procedure for Piping
3733.1 Piping Subsystems Other Than NSSS
1733.1.1 Qualification by Analysis

The methods used in seismic analvsis vary
according to the type of subsystems and
supporting structure involved. Tae foliowing
possible cases are defined along with the
associated apalytical methods used

3.738.12 Rigid Subsystems with Rigid
Supports

If all patural *requencies of the subsystem
are greater th- 33 Hz, the subsystem is
considered ..gid and analyzed statically as
such., In the static analysis, the seismic
forces on each component of the subsystem are
obtained by concentrating the mass ~t the center
of gravity and multiplying the mass by the
appropriate maximum floor acceleration

1734.13 Rigid Subsystems with Flexible
Supports

If it can be shown that the subsystem itself
is a rigid body (e.g., piping supported at ounly
two points) while its supports are flexible, the
overall subsystem is modeled as a single-degree-
of-freedom subsystem coansisting of an cifective
mass and spriag.

The natural frequency of the subsystem 1s
computed and the accelcration determined from
the floor response spectrum curve using the
appropriate dampiag value. A static analysis s
performed using 1.5 times the acceleration
value. In lieu of calculating the natural
frequency, the peak acceleration from the
spectrum curve may be used.

If the subsystem has no definite orientation,
the excitation along cach of three mutually
perpendicular axes is aligned with respect to
the system to produce maximum loading. The
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3.7.3. 7.3 Me floab/Oj}es Used fr Accoun? for
Hijr’: - Ey, juency Mod/és

SutFicient modes ave fobe mcluded in The dynamic
analysis 7‘5 ensuve that The inclusion of aa’d/ﬁ)l'o.m/
.ma/es abes not resa//- Jn moye ﬁwn a /0% increase
‘n responses. To salisfy This regairemen?, 7%
VeS/)onse: dssociafe/ wir T Aij -fre ﬂ&”fy moaes are
Combined with 7The /ow-ﬁ’@guwc moalk/ res, onses.
H)j/'--fregaenc?' modes awve fhose modes with freguencie
jreaf'vf Hhan  The dynawic aaéms catott fregawcy
Sfeciﬁea’ in  Subseélom 3.7.

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

Step | — Determine the modal respon.es only for those modes that have natural
frequencies less than that at which the spectral acceleration approximately returns to

the ZPA of the input response spectrum (33 Hz for seismic). Combine such modes in
accordance with the methods described abeve 11 Subsecf?0ns 3.9.3.7. 1 and 2.

Step 2 — For each degree of freedom (DOF) included in the dynamic analysis,
determine the fraction of DOF mass included in the summation of ali of the modes
inciuded in Step 1. This fraction: d, for each DOF i is given by:

3712 Sergmic Des:gn
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necker delta, which is one itf DOF i is in the direcu
DOF i is arotation or not ir: the direction of the
ute value of this fraction e exceeds 0.1, one sl

modes with those included in Step |

Step 3 -~ Higher modes can bz assumed to respond in phase with the ZPA and
with each other, hence, these modes are combined algedbraically, which 18 eguivaient t
pseudo-stauc response to the inertai forces from these h!ghrf modes excited at the

ZPA. The pseudo-stauc inerual forces associated with the summation of all higher

modes for each DOF § are given by

P = ZPAxM xe

where P, is the force or moment to be applied at DOF i, and M. is the mass or mass

)

moment of inerua associated with DOF 1. The svstem is then staucally anaiyzed tor this

set of pseudo-static inertal forces applied to all of the degrees of freedom to determine

the maximum responses associated with high-drequency modes not included in Step

Step 4 — The total combined response to high-frequency modes (Step 3) are comt
by the SRSS method with the total combined response from lower-requency moc

to determine the overall peak responses

edure requires the computaton of indinndual modai responses only tor

s - ” 3 is o e ve - 5
hus, the more difiicult higher-frequency modt
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excitation in each of the three axes 18
considered 10 act simultanecously. The
excitations are combined by the SRSS method

1734.1.4 Flexible subsystems

{f the piping subsystes bas more thas two
supports, it cannot be coesideied a rigid body
and must be modeied as a2 multi-degree-of freedom
subsystem,

The subsystem is modeled as discussed 12
Subsection 3.7.3.3.1 in sufficient detail {ic.,
number of mass points) 1o ensure that the lowest
natural frequescy betwesn mass peiats is greater
thar 33 Hz, The mathematical model is analyzed
usiog a time-history apalysis technigqy or a
respounse spectrusa analysis approach. After the
patural fregquencies of the subsystem are
obtained, a stress analysis is performed using
the inertia forees and equivalent static loads
obtaned from the dymamic analvsis for each mode.

For a respdnse spectfum aoalysis based og,a
modal supefposiion method, the ‘modal respodse

wceelerdtions argtaken directly from the,

speatrm. The tolal seismiz 'stress is pormally
obtained by combiaing the modul stress using the
SRGS method. The seismic stress of clagely
spaced modes (i.e., witkia 10% of the adjacent
mode) are combined by absolute summation. The
resuling tofal ig'treated as a pseudomode and N

thee combined‘with the remaining modal stresses

tw the SRS method.
RN N
The approach is simple/and straightforwaid in
all cases where the groug of modes with clusel
. spaced fruqueseies is Gightly bundled (i.e., t»l
" lowest and the highest modes of thé group are
within 10% of eackotner), However) whes the
group of closely spaced modes/is spaced widely
over the frequegey rakge ol interest w\{le the
frequencies of the adjacent modes are/closely
spaced, the absolute sum’method of combhaing
|

/

respohse tends to yield over-cot'serv:?\v
results.\ To prevent this prablea, a gene,
approach ‘applicable 1o all modes 13 soasidgted
appropriate, The following equation is mefely a
mathematical representation of /mu nppto/;éh,

7 #
The most prdélble system t/esponu.‘i\'u given
b,v‘ ,/’ \\ \~

. e ™

~

QIASIAE
REY A
A‘\' ,/" \ \/ l/.t\ ,*
R » vyah\:z[uti,;{ \
e il U (3.%20)
=\ A TR

\ N X

where'the s‘:cond\"m'mmon\y to be aone po'cll
1 a0d 't wodes whose frequprcies are Hosely

spaced 1 coeh othe', 7N\ 3
and where
R; « responst to the i mode

N « number of significant modes
considered in the modal response

combiaations.

The excitation in each of the three major
orthogonai directions is considered to act
simultaneously with their effect cowmbined by the
SKSS method.

3734515 Swic Analysis

A static anaiysis is performed in lieu of a
dyramic anaalysis by applving the following
forces at the concentrated mass locatioes
(nodes) of the amalytical model of the piping
system:

{1) borizoutal static load, F = CyW, in one
of the borizontal principal directions;

(2) equal <tatic load, Fy, io the other
horizoatal priacipul direction; and

(3) vertical stauc load, Fy = CW;

where
Cp Gy = multipliers of the gravity
acceleration, g, determined
from tbe horizontal and ver-
ticai floor respomse spectrum
curves, respectively. (They
are functions of the pericd and
the appropriate damping of the
pipiag system); aad

weight at eode points of the
analytica! model.

In a response spectrum dvnamic analysis, modal responses
are combined as described in Subsection 3.7.3.7.

In a response spectrum or time-histeory dynamic analysis,
responses due to the three orthogonal components of seismic
excitation are combined as described in Subsection 3.7.3.&.

3TN
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For special case analyses, Cp and C, may
he taken as:

(1) 1.0 imes the zero-period acceleration of the
response spectrum of subsysioms described in
Subsection 3.7.3.5.1.2;

(2) 1.5 times the value of the response spectrum
at the determined frequency for subsystems
described 1o Subsection 3.7.3.8.1.3 and
3.7.3.8.1.4; and

(3) 1.5 times the peak of the respoase spectrum
for subsystems described in Subsections
3.73.8.1.3 and 3.7.3.8.1.4,

Aa alternate method of 5° ic analysis which
allows for simpler technique itk added couserva-
tism is acceptable . No determisation of patura!
frequeacies is made, but rather the response of
the subsystem is assumed 10 be the peak of the
appropriate response spectrum at a conservative
and justifiable value of dawmping. The response
is then multiplied by a static coefficical of 1.5
to take into account the effects of bath
mulifrequency excitation aud multimodal
resposse,

3735146 Dynemic Analysis

The dynamic analysis procedurc using the
responae spectrum method is provided as follows:

(1) The number of aode points and members is
indicated. If a computer progra~ is
utilized, use the same order of sumber in the
computer program inpui. The mass at cach
node point, the leagth of cach member,
clastic constants, and geometric properties
are determined.

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

(3) The dynamic properties of the subsystem
(i.e., netural frequencies and mode shapes)
are computed.

(4) Using a given direction of earthquake motion,

the modal participation factors, s;, for
cach mode are calculated:

Amandment |

LIAE100AE
nﬂ*&a
N
> MiDij
1=
: i M. - (3.7-21)
E ’¢ .’ AT
i=]
where
M, = it mas
®ij = component of Pjj in the
carthquake direction
@‘” = i'0 characteristic displacement
in the j'® mode
5 = modal participation factor tor
the i'® mode
N = number of masses.

(5) Usiog the appropriate response spectrum
curve, the spectral acceleration, r,, for
the j‘l‘ mode as a function of the jib
mode natural frequency and the damping of
the system is determined.

(6) The maximum modal acceleration at each mass
point, i, in the model is computed as
follows:

3 =5 Py {3.7.22)
where
aj = acceleration of the i’D mass
poiat in the j'B mode.

{7) The maximum modal ivertia force at the '
mass point for the {'® mod. is calculated
from the mquation:

Fij= M &

(8) For cach mode, the maximum inertia “orces

(3.7:23)
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are applied (o the subsystem model, and the modsl
forces, shears, moments, stresses, and
deflections are determined.

(9) The modal forces, shears, momen' s, stresses,
and deflections for a given directioe are
combined in accordance with “ubsection
37381

(10) Steps (5, through (9) are performed for en.t
of the three earthquake directions.

(11) The seismic force, shear, moment, and stress
resulting from the simultanesus application
of the three componenis of earthquake
loading are obtained in the following
mepner:

R s/R? I+ R
x ¥ ]

(3.7-24)

equivaleot selsmig
respouse quantity fo!ze,
shear, moment, siress,
ete.)

Ry Ry R, = colinear responss
‘ quantities due to
carthquake motion in the
X, ¥y, saod 2 dirzctions,
respectively,

173517 Dumplog Ratie

The damping ratio percentage of critice! damp-
ing of pipiag subsystems corresponds to Regula.
lorv Guide 161 or | 84 (ASME Code Case N4l11-1,,

The damping ratio is specified in Table 5.7-1.
nén' g
A7AK1A Effect of Differential P _oding
Movements

. mosi cases, piping subsystems are anchored
wnd restrained to floors asd walls of buildings
bat may have differential moverr “ts during a
seismic ¢vent. The movement .. ange from
insignificant differcntial displac, - ats bitween
rigid walls of a common buildiog at low eleva.
tions o relatively large dis ' “erents between
separate buildings at a high ». iy site

Differzntial endpoint or restraiot deflec-
tions cause forces and moments to be induced

Amendment |

LIAB100AE
--——m——v-—u‘
into the piping system. The stress thus pro-
duced is » secoudary stress. 1t is justiliahle
to place his stress, which results from
restraiot of free-end displacement of the piping
sysiem, i the secondary siress catege'v because
the stresses are self-limiting and, when the
stresses exceed yvield strength, minor
distortions or deformations within the piping
system satisfy the condition which caused the
stress Lo eccar.

The eartiquake thus produces a stress.
exhibiting property much like a thermal
expansion stress and a static analysis can be
used to obtain actual stresses. The
differential displacements are obtained from the
dysamic analysis of the building. The
displacem=nts are applied to the piping anchors
and restraints corresponding to the maxiaum
differential displacements which ~ould occur
The static analysis is made three times: once
for one of the borizontal differential
displacements, once for the other horizontal
differential displace= /- and once for the

vertical. PV H// ﬂﬂf‘/
173482 NSSS Piping Subyystems

173821 Dysamic Analysis

As described in Subsection 3.7.3.2.1, pipe
line iy idealized as a mathematical mode!
sonsisting of lumped masses comnected by elastic
members. The stiffness matrix for the piping
subsystem is determined using the «'ssiic
propercies of the pipe. This includes the
effects of torsional, bending, shear, and axial
deformations as well as changes in stiffosss due
10 curved members.

Next, the mode shapes and the undemped
uatural frequencies arc obtained. The dynamic
response of the subsystem 15 usually calcuinted
byuiuthommm netkod of analy:
sis. Wher the connected squipment is supporied
at pore 2am two points located at different
sievations in the building, the response spec-
trum analysis is periormed using the envelops
response spectrum of all attachment peints
Alteraati*-'v, the multiple excitation analysis
methnds may be used vhere acceleration time
histories or response spectra are applied at all
the equipment and piping attachment pownts
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rain ensrgy weighted mox damping can also be vsed
ynamic analysis. St enargy weighting is usedy Lo
the modal danmping cCoe jcient rlue td¢ the contriosutic
damping .n the 'ferent elements of the piping syst
'he element amping values ire specified 1n Table
train energy weighted modal damping is calculated
Spe tied 1n Subsectlors i 72418
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iynaml flexil
lefined as piping
L 18 accCeptable
jn the pi}

wir

e small bore piping handbogk 18 sarvi)
of the ‘esign Report 1t meets all of
vements for a piping design report

8 the piping and 1ts supports,

Ju i

documentation exists OWing piping designed

talled to the small bore piping handbook
ervative in «¢

\

stress anclys

3
tions defined ir the design specification,

16
mparison to results from a
is for all applied loads and |
not result v piyuang that is less relliable
an exceusive nunbe of supports, (¢)does
in violations of reguired clearancas
sitive components.

handbook methodology will not be
information is needed on (a)magnitude
_ resses, (b)pipe and fitting cunvlative
coelerations of pipe mounted eguipwent or
tulated pipe breaks and leaks.

handbook methodology will not be
Lens that are fully englineered and
& With engineerelng drawings.
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193822 Efect of Differential Bul

foverm nis

) Multiple Supported Equipment Components
Vith Distinet Inputs

onstant Vertica' Static

When applicabie, the effe

Ml setiiements JiUl Bty
IS0 ¢ ')w,ier':d it the ana
" 1 4 > {f 74 Y 4
@ Al oo (&) (s
nam ' e 17310 Internction of Other Mping with

able fl Selsmic Catagory | Piping

Used n 'The ang
LD can be used i In certain instances, non-Seiim

mpie enough such that it behaves piping may be connected 1o Seismid

i€

4s 4 single degree of lrecdom  piping at locations other than a pisce

the fundamental frequency of « cownpo ment which, for purposes of analys

vertical directiou (s greater than or  represented as an anchor. The transitios

33 Mz, 10 is treated as seismically typisally occur at Seismic Category !
| avaiyred statically using the which may or may ot be physically

P
15¢ specinvm Since a dynamic analysis must be modele

ul

pipe anchor point (o aschor point, twi
Torsiona! Effects of Ecceniric Maases g a8l

nal effects of eccemtric masses are (1) specify and design a structural anchor

for Setsmic Category | subsystems the Sewsmic Category | valve and analvze the

v to that for the piping systems discussed Seiswmic Category | subsysten
ubsection 3.7.3.3.1.2

i

impractical to design an saechos

17312 Buited Selsmic Category | Pipiag snd | analyze the subsystem (rom the snchor

Tunnels in the Seismic Category ! subsysiem th

the valve to either the first aochor |
t buried Teategory I buried pipiog systems in the noa-Seamic Catagory | subsysten

ungels the following items are considered i to sulficient distance in the non-Seis
‘ Category | Subsystem so as nol
sigaificaatly degrede the sccuracy

analysis of the Seusmic Categorvy |

b

Amendment .l
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Where smail, non-Seismic Category piping is
directly attached to Seismic Category | piping, its
effect on the Seismic Category | piping is
accounted for by lumping # poruon of its wase with
the Seismic Category | piping at the poiat of
altachmeni.

Furthermore, noo-Seiswic Category | piping
(patticularly high eaergy pipiog as defined in
Section 1.6) is designed (o withstand the SSE to
avoid jeopardizing adjacent Seismic Cateyory 1
pipiag il it U not feasible or practical to isolate
thest (WO pipung svstems,

172314 Selsmic Analysis for Reactor
inyr aals

The modeling of RPV lnternals s discussed in
Subsection 37232 The dam ping values are given
s Table 3.7-1. The seismic mode! of the RPV and
nternal w shown in Figure 3.7.32.

35015 Analysis Procedures for Deping

The modeling of RPV invernals is discussed in
Subsection 37232, The damping values are given
in Table 3.7-1. The seismic model of the RPY and
intervals s shown in Figure 3.7-32.

17316 Analysis Procedure for NonSeismic
Structures lo Lisv of Dynamic Avalysis

The methad descrided here can be used for
non-teismic structures w liew of a dynamic analysis.

Structures designed to this method should be
able to do the lollowing:

(1) Resist minor levels of earthquake ground
wotion without dawmage.

(2) Resist moderate levels of earthquake greund
motion without structural damage, but possibly
experience some nodstructwal damage.

(3) Resist major levels of earthquake groand
motion kavieg as inteasity equal to the
st ongest either experienced or forecast at the
building site, without collapse, but possibly with
some structural as well as nosstroctural
damage.

1AL I0OAE

173060 Lateral Forces

Seistaic loads are characterzed as & force profile
that vanies with the height of the structure. These
forces are applied at eack floor of the struciure and
the resulting forces and moments are calculated
from static equilibrium,

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

V s ZU1°C*W/R_; where

- - B O

Total lsteral iorce or shear at the
base

Lateral {oree applied to level i, n, or x
respectively.

That portion of V considered to be

soncentrated st the top of the
structure in addition to ¥,

Seismic zone factor

Importance factor

Numerical Coefficient

Numerical Coefficient

Coefficient for site soul characreristics
Fundamental period of vibration of
the structure in the direction under
consideration, as determined by using
the properiies and deformation

charactenistics of the resisting
clements in a properly substantizted
analysis.

Total d-1d load of building including
the partition load where applicable.
That portion of W which is located at
or is assigned (o level i or & respect-
ively

Height in feet above the base to level i
ot x, respectively

3T
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|

: npared with actual characterist
I 1netreeq SO densiry reiative density,

Sl eflicient of friction Detween

5 of subgrade reacti n.

§ L y ol
i \u".""w*
) Most @bath-Ob underground Category 1 piping is installed
N pipe tunnels. For piping instailed in pipe tunnels the
dtegorization of seismic stresses and Hlowable stress limits will
e the the same as above ground piping Any anderground
ategory 1 piping not installed N Pipe tunnels may categarize
stresses as follows: () All seismic bending stresses may be
consicdered as secondary stress andgwhen combined with bending
stresses induced by other l0ads such as thermal e pansion,
bullding sertiement. soil settlement and relative anch. rmotions,
satisly appropriate code requirements lor secondary
S. (b) Axial stresces induced by axial friction forces unde:
| expansion and seismic loads will be evaluated as
stresses using the primary stress limits for the
ate code pipe cla:
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the faulted loading nd 191410 ASME Class 2 sod 3 Pumps
pPuInps are pcluve A
he allowabie siresses ive puin Elastic analvsis methods are used
d 10 & 100tnote 1 at ; ng faulted loading coaditions for (
amwps. The equivalent allowable
Onzclive pumps using elasiic technigues are
s NC/ND -3 of the ASME Code
liowables are above
allowables for sctive pum
toote to Table 3.9

191410 ASME Class 2 sod S Valves

Elastic analysis methods and stardar
tules are wsed for evaluating faulted
conditions for Class 2, anéd 3 valves
equivalent allowable stresses [or non
valves using elastic techniques are obtained
from NC/ND:3500 of ASME Code, Section 11)
These allowables are above elastic lirits, e~
B L e R S R
D AR S S SR PV R S A S

191412 ASMF Class !, 2 and 3 Piping

Elastic analysis methods are used for eva
ing fauited loading conditions 1o Tlass |
snd 3 piping. The equivalent allowable stress e
using eclaslic techniques WLQ&_‘{’_QQ__,“F.LW“"‘_/“
i Bfhor-Ghuse-is-and™NC /N 3600 (for Class ¥
and 3 pipiog) of tke ASME Code Section 11]
B e T
~allomables Lorfuas & sab-copabiliby. @bdho-os
SB DAt Pr Bt &Pt AR b ateete n
e S
|45 Fuel Assembly (Including Channel
1.9.1.5 loelastic Analysis Muthods
E BWR [uel assembly (including channe!l) de
and analviical and evaluation methods Inelastic analysit is ounly applied to ABWR
uding those applicable to the faulted condi components to demonstrate the acceptability of
are the sam. as those contained in Refer three types of postulated events. Each event
and 2 aft exiermly low-probability occurence and th
equipment affected by these events would not be
19149 ASME Class 1 snd 3 Vessels reused. These three events are

i¢ analysis metrhods are | for . Postulated gross piping failure
yited loading conditions | ass & and 3
The equivalent allowable stresses using (2) Postulsied blowout of a reactor interna
tecaniques are obtained from NC/ND- 350 recircelation (RIF) metor casing due
1200 of the ASME Code Section II1. These weld failme
bies are above elastic limits
Postulated blowout of a conirol rod dr
(CRD) housing due 1o a weld failure
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Fhe loading combinations at

pe whip

GCsIgn crieria

resirainis wiihize |

mitigate the
ts of postulated piping [ai

ures are

in Subsection

TN
restraints app
! I the failure
arrangement consists of lugs
m wad which are attached two long
rach RIP. The end of each
uks oo the RIP motor The use
methods 13 ted to the
¢ender body of sell. The
lugs, boits and clevises ar2 shown ¢
by elastid The
steel for based on ils
Encrgy

ower rod
cover
Iim
the rod

L BRAIVAILS

dnalysis selection
the rod is
(v assumed for

del

absorsticn
rmatior

tigatioa ‘or the

CRD bousing
failure is by somewhat different
hose of the RIP in the
regular functions also function
the weld (ailure effec The
are \;‘(‘(.! ca Y

(hal

od dive oute. tube

Bavonet (ingers

Only the cylindrical bodies of the control

guide tube, control rod drive bousing and

ntrod rod drive outer tube are apslvzed for
cnergy absorption by iselattic deformation

Inclastic analysis lor there latter two
events togetaer with the criteria used for
evaluation are consistent with the procedures
dgesiribed 1o Subsection 3.6.2.3.3 for the
different components of a pipe whip restraint
Figure 3.9.6 shows the stress-sirain curve used
for the blowou!l restraiots

1.9.2 Dynamic Testing and Analysis

Amendment
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3.9.2.1 Pipieg Vibration, Therme! Expansion
snd Dynamic Effects

The overall test program is diviced in
two phases; the preoperational test phase and
the initial startup test pbase. Piping vibra
thoa, theral expansion and dynamic effects test
ing will be performed during both of these
phases as duscribed in Chapter 14, Subsections
14.2.12.1.51, 142.12.2.10 and 14.2.12.2.11 re
laie the specific role of this testing to the
erall test pregram. Discussed below are the per
eral requirements for this tesung It
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ioternals to the RBV is also determined witk
dynamic model and dyvaric analysis method
described below for seismic analysis,

(4) LOCA Loads The Assumed LOCA also resulis in
RBY due to suppression pool dynawics a4
described in Appendix 3B and the response of
the reactor internals are agaio deiermined
with the dvoamic mode! aad dynamic analysis
method used for seismic analysis. Various
types of LOCA loads are idestified oo Table
39.2.

(5) Seismic Loads-The theory, methods, and
computer codes used for dvoamic analysis of
the renctor vessel, iniernals, attached
piping and adjoining structures are
described in Section 3.7 and Subsection
3912, Dynamic aoalysis is performed by
coupling the lumped-mass model of tho
reactor vessel aod interoals with the
buildisg model to determine the system
satural frequencies and mode sbapes. The
relative displacemest, acceisration, sud
load response is thea determined by either
the time-bistory methad or the
resonse-spectrum metvod. The load oo the
reactor internals due to favited event SSE
are obtained from this analysis.

The above loads are considered in combisation
as defined in Table 3.9-2. The SRV. LOCA (SBL,
IBL or LBL) and SSE lcads as defived in Table
3.9-2 are all assumed to act in the same
direction. The peak colisear responses of the
reactor ioternals to cach of these loads are
added by the square root of the sum of the
squares (STSS) method.  The resultant stresses
in the rescior internal structures are dirertly
added with stress resulting from the stauic and
steady state loads iw the faulted load
combination, including the stress due to peak
reactor intersal pressire differential during the
LOCA. The reactor inteinals satisfy the stress
deformation and fatigue limits 1s defived in
Subsection 3.9.5.3.

39245 Correlations of Reactor Internais
Vibrstion Tests With Ae Analytical Results

Prior to initiaticn of the iunstrumented

vibration measurement program for the
prototype plaw:, extensive dynamic analyses of

Amendment §
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the reactor and internals are performed The
results of these analyses are used 1) generate
the allowable vibration levels during the
vibration test. Thke vibratico data obtained
during the test will be analyzed 1o detail

-
-~

In the event any

< loadings of a magmitud

&0 vear design lifs

can not be

e

cted to cychi

the

and/or Curation so severe that t
from severe cyclic thermal siress at points where muxang of

hot and cold fluids occur”

INSER]T K b page 39- /&
example, thermal sleeves may be required to protect the pressure

appropriate analysis to demonsirate the cequirad design life or provide
designs to mitigate the magnitude or duration of the avclic lvads. For

ABWR design will identify these components and either provide an

assured by reguired Code calzalanons. applicants referencing the

non-Class 1 components are su
boundary

32471
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The results of tue data analvses, vibration
amplitudes, natural frequencies, and m~de shapes
are then compared (o those obtained from the
theoretical analysis.

Such comparisons provide the analysts with
added insight into the #vpumic behavior of the
reactor nternals sdditional knowledge
gained from previous vibration tests has been
utilized in the generation of the dynamic mods's
for seismic and loss of coolant accident (LOCA)
analvses for this plant. The models used for
this plant are similar to those used for the
vibration analysis of earlier prototype BWR
plants.

193 ASME Code Class 1,2, anu 3
Components, Component Supports, and
Core Support Structures

1931 Loading Combinations, Design
Transients, and Stress Limits

This srction delincates the criteria for
seiection and definition of design Limits and
loading combitation associated with normal
operation, postulated accidents, and specified
seismic and other reactor building «itration
(RBV) events for the design of safety-relnted
ASME Code components (eacept containment
components which are discussed in Sectior 3.8).

This section discusses the ASME Class 1, 2,
snd 3 equipmert and associated pressure retaining
parts and identifies the applicable loadings,
calculation methods, calcuiated siresses, and
sllowable siresses. A discussion of major
equipment is included oo a component-by-componeat
basis to provide examples. Desigo transients and
dynamic loading for ASME Class 1, 2, and 3
cquipment are covered in Subsection 3.9.1.1.
Seismic-related loads and dvaamic analyses are
discussed ia Section 3.7. The supprecsion
pool-related RBV loads are described in Appendix
3B Table 3.9-2 presects the combinations of
dynamic even's to be considered for the desipn
and analynis of all ABWR ASME Code Class 1, 2,
and 3 componenis, componenl supports, core
support structures and equipment. Specific
loading combinations considered for svaluation of
each specific equipment are derived from Table

Amendment 21
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39.2 and are contaioned in the design
specifications and/or desiga reports of the
respective egquipment. (See Subsection 3.9.7.4
for COL license information) '

Table 3.9-2 also presents the evaluative
models and criteria. The predicted loads or
stresses and the design or allowabie values for
ths most critical areas of each component are
compared in accordance with the applicable code
criteria or other limiting criteria. The
calculated results meet the limits,

The design life for the ABWR Standard Plant
is 60 yeats. A 60 year design life is a
requitement for all major plant components w th
reasonable expection of meeting this design
life. However, all plant operational components
and equipment except the reactor vess:l are
designed to be replaceabie, design life not
withstanding. The design life requirement
allows for refurbishment and repair, as
appropriate, to assure the design life of the
overall plant is achicved. In effect,
essentially all piping systeras, components and
equipmeat are designed for a 60 year dusign
life. Many of these components are classified
as ASME Class 2 or 3 or Quality Group D.

19211 Plant Conditiens

All events that the plant will or might
credibly experienie during a reactor year are
evaluated to establish design bacis for plant
equipment These cvents are divided into four
plaat conditions. The plant conditions
described in the following paragraphs are based
on event p.obability (i.e., frequency of
occurrence as discussed in Subsection
3.9.01.1.5) and correlated to service levels
for design limi's defined in the ASME Boiler and
Pressure Vessel Code Section 111 as shown in
Tabies 3.9-1 and 3.9-2.

1818
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to accomplish its safety functions os required Tae MS system piping extending from the out- ’
by any subsequent design condilion even board muia steam isolation valve to the turbine | 2

stop valve is constructed in accordance with the

Spetu‘ac ﬂeu cmerm ﬁ; mn\ th f&g‘ ASME Boiler and Pressure Veurl Code Sccuon
tional requifemagis arc wennlh'd in ,1’0 th 11, Class 2 Criteria.

=
b4
~

To Tabke 382,/ A "“é__;&,s‘m / L, )
193,14 Recirculntion Motor Cooling (RMC) i
3.9.3.1.2 Reactor Pressure Vessel Assembiy Subsystem
The reactor vessel assembly consists of the ‘The RMC system piping loop between the recir-
reactor pressure vessel, vessel support skirt, culation motor casing and the heat exchanger is |
and shroud support. constructed in accordance with the ASME Boiler

und Pressure Vessel Code Scmon I, Subscmnn

The reactor pressure vessel, ve:sel support
skiti, and shroud support are constructed in
accordance with the ASME Boiler and Pressure
Vessel Code Section LI The shroud support
consists of the shroud support plate and the
sh:oud support cylinder and its legs. The
reactor pressure vessel aisembly components are
classified as an ASME Class 1. Complete stress 39315 Recirculation Pump Motor Pressure
reports on these comporents are prepared in  Boandary
accordance with ASME Code requirements.

NUREG-0619 (Refereace 5) is also cons dereu for The moto. casing of the iec.rculation inter- :
feedwater nozzle and other such APV inlet nozzle nal pump is a part of and welded into an RFV ‘
design nozzie and is constructed in accordance with the

requirements of an ASME Boiler and Presvure

The stress analysis is performed on the Vessel Code Section [1I, Class 1 component. The
reactor pressure vessel, vessel support rkirt, motor cover is a part of the pump/motor assembly
and shroud support for various plant operating and {i constructed as an ASME Class 1| compon-
conditions (including faulted conditions) by naent. These pumps are not required to operate
using the elastic mechods except as noted in  during the safe shutdown carthquake or after an '
Subsection 3.9.1.4.2. Loading conditions, de<ign  accident. i
stress limits, and methods of stress analysis for
the core support structures and other reactor 35316 Standby Liguid Control (SLC) Tank \
internals ar: discussed in Subsection 3.9 5, :

MUR™

The standby liquid control tank is con- ’

39213 Maiu Stesm (MS) System Piping structed in aczordance with the reqairements of | g
an ASME Boiler and Pressurc. Vessel Code Section | 2
Z|!  The piping systems extending from the reactor 111, Class 2 component. l
*| pressure vessel to and iacluding the outboard
| main steam isolation valve are constructed in ac-  393.1.7 RAS and RHR Heat Exchangers
" cordance with the ASME Boiler and Pressure Vessel
£ 3 || Code Section 111, Class 1 criteria, ™ T Th= primary and secondary sides of the RRS |
BE | comumed-metpponde Fef-ASME-Gode-boeten-db-  (1ractor recirenlation system) are constructed |
; . . the in accordance with the requircments of an ASME
#
v~ Class 1 and Class 2 component, respectively | 2

e e The primary and secondary side of the RHR system
heat exchanger is constructed as an ASME Class 2
and Class 3 component respectively.

B e e
/' frrndepemdentiy olotbei-deo 8. 2ud-opesaii b Boile: and Pressure Vesse! Code Section (11,

o

..  Stresses are calculated on an elastic basis and evaluated ...
" in accordance with NBE-3600 of the ASME Code Section III.

Ameadment 21 3920
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ATTACHMENT k; to page 3.9-20

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

momentary unbalanced forces acting on the MS pipin system.
Jpon closure of the TSV, a pressure wave is created and it
travels at sonic velocity toward the reactor vessel through
each MS line. Flow of steam into each MS line fiom the
resctor vessel continues until the steam compression wave
reaches the reactor vessel. Repeated reflection of the
pressure wave at the reactor vessel and the TSV produce time
varying pressures and velocities, throughout the M8 lines.

The analysis of the MS piping TSV closure transient consists
of a stepwise time-history soluticn of the steam flow
equation to generate a time-history of the stean properties
at numerous iocations alonj the pipe. Reaction loads on the
pipe are determined at eacnh elbow. These loads are composed
of pressure-t mes-a2rea, momentum change and fluid-friction
terms.

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

T¢V closure. The forces are applisd at locations on the
piping system where steam flow changes directiun thus causing
momentary reactions. The resulting loads on the MS pipin

are combined with loads dues to other effects as specifie

in Subsection 3.9.3.1.

- -
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393211 Considerstion of Loading
T T R O R 1 e ST Stress, and Accelerstion Conditions in the
L B T e L N S S S W S S S S e e, Anulysis
’ SRR Y S SR SRIE L E VTS SR RS ST SRR T SO R . vy .
B o L o R Tt S O ey apnd

- P ala
»

1p and turbine, respective
support is developed and analyzew
response spectruto and the dvoam
thed. The same is analvzed due

{ica 10Cal
the allowahle
.(\
nd sccelerations are checke
uate operability. The average membrane
em {or the faulted condition
limited to 1.25 or approximate
(oy = yield stres and the
stress in local fibers (em +
eb) is hmited to 1.88 or
ry: The max- imum faulie
ads ire also con- sidered
the pump supyp orts to assure
misalignmen! cannot occur

Performing these analyses with

the programs define copservative ioads stated apd with

<, section 3.10, Section 3.11 restrictive stress limits as allowal
subsestions assures that critical parts of the pum)
associated motor or turbine will o

4 of GE's Environnental damaged diring the faul'ed condition and (ba

o Program (Reference 6) applies to  the operability of the pumyp for vost-faulted

5

100, 404 the seismic qualil.catio condition operstion will not be impaired
OgY presented therein
us well as elecirn

1933212 Pump/Motor Operstion During sad

Following Dysamic Loading
CS Putmpe, Motars and Turbise

Active ECCS pump/motor rotor combinations
jualification of the ECCS (RHR, RCIC  are designed to rotate at a constant speed
pumps with motor ot furbioy assembly i under all conditions. Motors are desigoed |

d in Sabsections 3.9.2.5.2.6 and  withstand short periods of severe overload
I'be high rotary inertia in the operating pum|

3
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quireruents asd perform their mechanical motion in
conjunction with & dynamic (SSE and other RBV)
load event. These valves are supported entirely
by the piping, . ¢, the valve operators are not
used as attachment points.for piping supports
(See Subsectioe 3.9.3.4.1). The dynamic
qualification for operability is unique for each
valve type; therefore, cach method of
qualification is detailed individuully below.

192241 Main Steam Isolntion Yalve

The typical Y pattern MSIVs described in
Subsection 5.4.5.2 are evaluated by analysis and
test for capability *o operate under the design
loads that eovelop the predicted loads duriog a
design basis saccident and safe shutdown
earthquake

The valve body is designed, analyzed and
tested in accordance with the ASME Code Section
11, Class 1 requirements. The MSIVs are modeled
mathematically in the main steam line system
analysis. The loads, amplified accelerations and
resonsnce frequencies of the valves are
determined from the cverall steamline analysis,
The piping supports (snubbers, rigid restraints,
etc.) are located and designed to limit amplified
accelerations of and piping loads in the valves
to the design limits.

As Aescribed in Subsection 5 4.5.3, the MSIV
acd associated electrical equipment (wiring,
solenoid valves, and position switches) i e
dysamically qualified to operate during an
accident condi’ Hn.

1532 42 Maio Steam Safety, Relief Valve

The typical SRV design described in Subsection
5.2.2.4.1 is qualified by type test 1o IEEE 344
for operability during a dynamic event.
Structural integrity of tbe configuration during
a dynamic evenl is demonstrated by both Code
(ASME Class 1) anslysis and test.

(1) Valve is designed for maximum moments on
inlet and outlet which may be imposed when
installed in service. These moments are
resultants due to desd weight pius dynamic
loading of borh valve and connecting pipe,

Amendmen: §
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therma! expansion of the connecting pipe, and
reaction forces from valve discharge.

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

A mathematical model of this valve is
included in the main steam line system
analysis, as with the MSIVs. This analysis
assures the equipment design limits are not
exceeded.

1923240 Standby Liquid Contiol Valve
(lnjection Vaive)

The typical SLC Injection Vaive design ts
qualified by type test to IEEE 344, The valve
body is designed, analyzed an? tested per the
ASME Code, Section 111, Class 1. The
qualification test demonstretss the ability to
remain operable after (he application of the
horizonial and vertical dynamic loading
exceeding the predicted dynamic loading.

3932.44 Kigh Preusure Core Flooder Valve
(Motor-Operated)

The typical HPCF valve body design,
analysis and testing is iv accordance with the
requirements of the ASME Code, Jection 111,
Class 1 or 2 components. The Clasy 1E-
electrical motor actustor is qualificd by type
test in accordance with TEEE 382 as discussed
in Subsection 3.11.2. A mathematical model of |
this valve is included in the HPCF piping
system auslysis. The soalysis resvits are
assured not to exceed the borizonta! aud
vertical dyoamic acceleration limits acting
simultaneously for a dynamic (SSE and other
RBV) event, which is treated as an emergency
condition,

39325 Other Active Valves
Other safety-related active valves are ASME

Class 1, 2 or 3 and are designed to periorm
their mechanical motion during dynamic loading

37



ABWR

Standard "lant

The oper
hat these

mis ahd

particular ASME lass Of valve analvie
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193251 Procedures

active valves arc designe
& lundawoental frequency which
nan Lhe hugh [requency asympiole
be dynamic even Thi

1mable test or analvsis

The & gtoy and voke of the valve svste

15 statically loaded 10 an amount greater

lowing tests are pe thae that due to a dynamic event The
atic test 1o ASME Code Secti | Oad 1« applied at the center 10 gray
requirements, () back sest and mait { the actuator alone in the direction
28 hyvdrostatic test, | unclional he weakewt axis of the yvoke ]
fy that the valve simulated operational dilferent

pressure 18 simvltaneously applied

valve during the static deflection tests

within the specified tim
t 1o the design differentia
perability gualification of

LA

for the eaviroomental ¢onditi The valve .s then operated while io

instalied life, Environmental qualifics deflecied position {i.e., hom the
ocedures for operation foilow operating position to the safe posit
n 3.11. The results all re . The valve is verified te perforn
properly documeniad and in salety-related function within

"

the operability acceptance documentatio specified operating time |

Motor operators and other electrica
dppurienances necessary for operation are
qualified as operable during a dynamic
svent by appropriate qualification 1est:

1932512 Dyoswic Load Qualification

The functionality of an active valve during
and alter a seismic and other RBV event mav be

prior to installation on the valve. The
demonsirated by au analysis or by a combination motor operators then have individ,
!

{ 20alysis and test. The qualificatira of seismic Category | supports attached
reirical and instrumentation compo ' ats decouple the dynamic loads between
ing valve actuation is disruss d iu operators and valves themselves
on 3.9.3.2.5.1.3. The valves rre
gned usiog either stress analyses or the The piping, stress analysis, and
pressure temperature rating requirements based support design maintain the moator operaio
upon design conditions. An analysis of the accelerations below the qualification leve
extendsd structnre is performed for static  with adeguate margia of safety
equivaicnt dynamic loads applied at the center of
gravity of the extended structuce See If the fundaraental frequency of th
subsection 3.9.2.2 Tor furthey details 2y test or analysis, is less thao that {or the
ZPA, a dynamic analysis of the valve periorme
The maximum 3 iimi ) n thes to determine Lhe equivaient acceleration 1
applied during the staiic test. The ana
veloped and accepted by the ASME for the provides t5e amplification of 1he

vses confirm struut
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.04 Component Supporty

riteria and dyvnan
the ASME IIT pipi

ipiug Supports - All piping suppol
designed, fabricated, 40d asaemble
that they canno! become disengaged
movement of the supported pipe
equipment after they have been insial
All pipiog supports are designe
accordance with the rules of Subsect
fthe ASME Code up
structure interface as
project design sped
ented Uy the followwng: (1) application ol
ase N-476, Supplement 85.1 which governs (2) Spring Hangers - The operating
jesign of single angle members of ASME Clas spring hangers is the load caused by
.

and MC lirear componeri supports, and (1) weight, The hangers are calibe

B .
10raicad (o <

eccentric loads or other torsional loads are sure that they support the operating load

nas

accommodated by designing the load to act at both their hot and cold load set

hear center or meet "Standard o Spring hangers provide a specilied dow
Desi aunalyses will De perlorme (ravel ape up (ravel i1n excess of the
rsional analysis method specified thermal movement

nal Analysis ol Steel Membetrs
Manual®, Yublication T114.2
Maximum calculated
piping at support
limits specifled i B GUS
The purpose of the all Ak is to
of the plpe supports p tC ing deflect
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The
he lcads au
weismic, RBY

discharge

'

1he SR pipabad dAMLLD SR libuilig
SvBIvE L @nd supPpoll VAL Balasl s b -
B L T L [FIURNS FRNEON
bor complete piprag oliveldsad
@ Bt Ve s Lo ihe dvRamic-aliibviba, |
e snubbers are mods! id di-a npring.-
with a given spring stiffness depending
n thé snubber size The apdlysis
clermings the forces aud momenl, acling
cAch DIpuNK components aad the torces
a the snubbets due 1o all
ading and oferating cor
n (e piIping
n The lforce e snub
pérating loads for various
perating conditions. The walculated
loads sannoi exceed the snubbéx desige
load capacity for var'ous operning
pOnAItiIONns, 1 € dESIEN, ROTMA upte,
L R e e o S

The loads calcu a 1 € piping dynanic analysis,
Gdescribed in e 1~ ) 3.7.3.8, cannot eiceed the

snubber load cCa, : \r 4 ign, normal ,upset , emerger
and faulted
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Soubbers are generally used in
situatioes where dyna.aic cupport s
req.ired because ibermal growth of the
pipiag probibits the use of rigid
supports. The saubber locations and
support directions are first decided by
estimaiion so that the stresses ip the
piping svstem will have acceprable
values. The soubber lications and
suppor' directions are refined by
performing the dyoamic analvsis of the
pipiog and support system as described
above ia order that the piping strasses
sod support loads meet the Code
requirements.

The pipe suppurt desigo speciication
requires that soubbers be provided with
position ‘ndicators to ident.fy the rod
position  This indicator facilitates
the checking of bot and ceold settings of
the soebber, as specified in the
iasta'lation masval, during plan:
precperational and startup testing

lospecticn, Testing, Repair ae“/or
Replacerment of Saubbers

The pipe support desigo specification
requires that the soubker supplier
prepare an installatioa instruction
maoval. This manual is required to
contaie complete instructions 1or the
testing, maintenance, and repair of the
suubber. It also concaing inspection
poiuts and the peried of inspection.

The pipe support design specificat, ot
requires (bat bydraulic soubbers be
equipped with 2 fluid level indicator so
that the level of fluid in the snubber
can be ascertained easily.

The spring constant achieved by the
soubber supplier for a given icad
capacity snubber is compared against the
spring consiant used in the piping
system model If the spring constants
are the same, then the snnbber location
and support direction become confirmed.
If the spring coastan s are not in

(€)
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agreement, they are Lrought in
agreement, and the system analvs)s
is redone 1o confirm the snubber
loads. This iteraiion is continued
uatil all soubber load capacities
and spring comstants are
reconciled

Soubber Design and Testing

To assure that the required
structural apd mechanical
poriormance charactenistics and
product quality are achieved, tbe
following requirements for desigs
and testing are imposed by the
design specification:

()  The saubbers are required .
the pipe support design
specification to be designed
in accordance with all of the
rules and regulations of the
ASMF Code Section 111,
Subsection NF. This desige
requirement includes analvais
for the sormal, upser,
emergency, and faulted
loads. These calculated
loads are thea compared
againsi the allowable loacs
to make sure that the
stresses are below the code
alicwable limit.

(i) The saubbers are tested 1o
insure that they ran perform
#s required during the
se'smic and other RBV s enisc
48d under anticipated
operational tramsient loads
or other mechanical loads
associated with the desigo
requirements for the plan:
The followirg tes:t
requirements are included

©  Soubbers are subiected 1o
force or displacement versus
time loading at frequencies
within the range of

35.22



struts - Struts are defined as ASME Section 111, Subsection NF, Component Standard
Supporti. They consist of rigid rods pinned to » pipe clamp or lug at the pipe and pinned
(o a cles s attached to the building structure or sunplemental steel at the other end.
Struts. including the rod. clamps, clevises, and piny are designed in accordance with
ASME Code Section 111, Subsection NE-1000

Struts 're p.ssive supports, requiring little maintenance and in-service inspection, and
will normeily be used instead of snubbers where dynamic supports are required and the
niovement . he nipe due to thermal expansion and/or anchor motions is small, Struts
will not be used at locations where restraint of pipe mevement to thermal expansion will

ynificantly increase the secondary piping stress ranges or equipment nozzie loads
Increases of thermal expansion loads in the pipe and nozzles will normaliy be restricied 10
less than 20%,

Recause of the pinned connections at the pipe and structure, struls carry axial loads only
The d2sign loads on struts may include those loads caused by thermal expansion, dead
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 nol
to exceed the design loads for various operating conditions.
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splacen )
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'l 7. 3 gt
|4 X » ' ”_-; » th e
4 S$S100 are required De «
t higher than t ate i

equirements, aond
The snubber are e ed for ar 4
abnormal environmental conditions
Upou compietion of the abnormal
cavironmental trapsient test, the
pubber is tested dyonamically at a
frequency within 8 specified
{requency range. The snubber must
perate normally during the dynamic
tent

nubber Installation Requirements

An installation instruction manual is

required by the pipe support design
ification

This manual is required
imstructions lor storage
handling, erection, and adjustments (if
pecessary) of soubbers, Each snubbet
bas an instaliation location drawing
which contains the installation location

{ the soubber on the pipe and

ructure, the bot and cold settings
and additional informatioe needed t¢
nstall the particular snubber

opiain

¢) Soubber Pre-service Examination

The pre-service exawmination plan of all
snubbers covered by the Chapter 16 tech
| nical specifications will be prepared
This examination will be made atier
snubber installation but pot more than ¢
mooths prior 1o initial system pre-oper
atiooal testing
examinstion

(4)

The pre-service
will verify the following
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There are no visible sigos of
damage impaired
perability as a r¢
rag* hat bR
r \" | t
' ke £ N hhe )
! e d i )
erling, at |
altachments ey
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Il applicable, fluid is to be
recommended level and ot b
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system
(w1) troctural connections suck

as pias, fasteners and other
conpecting baraware such a
Labs, wire, colt

pins are iopstalled corr. ctly

lock nuts

If the period between the
taitial pre-service
¢xamination and i1nitial
sysiem pre-operational tests
exceeds 6 months because of
unexpected
recxamiaation
apd S p(:f W rp.¢aQ
Snubbers which are ipstalled
incorrectly or otherwise
meetl the above
requirements will be repaired
or replaced aand re-examined
in accordance with the above
criteria

si1tuatiouns
f ltems 1, 4
will be
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¢y caused by relief valve discharge
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Siruts «re desigoned in accordance with AS) 4
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nubbetrs, e forces g struts are obtained
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19142 Reactor Pressure Vessel Support Skirt

A

o Tables 3.9

perating condilions

DAaIVYSIS

| pendix F

mited DY

The ABWR RPV
ME Code
ASME (

support skirt is designed as an
4”1" nent p(! the 1o 4! yements

de Section 1 NF*. The
aditions sad stress criteria are given
and 3.9.-2, sod the caiculated
ode allowable stresses in the
areas for

B

Class 1 ¢
Subsectior
ading
’
meet the

support

résscs

tical various pilant
margins
skirlt, Abp
support
i ASME
and the loads do not exceed two
the
loads at aay
applied, are
the T0iiC wing intergclion f\‘ua'n"!\

The stress
ure the adequacy of the RPV support

f
!

level
yf buckling shows that the
omplies with Subparagraph £-1332.5

{ the critical buckling strength of
tt. The permissible skirt

evation, when simultaneously

*Augmented by the following: (1) application of

{
-

Case N-476, Supplement 89.1 which governs

he design of single ang'e members of ASME Class

“

o

St

!

Amendmen 1Y

}

Ui &ECL

2,3 and MC linear component supports; and (2)
hen eccentric loads or other torsional loads are
mmodated by designing the load to act
he shear center or meei "Standard for

Support Desizn®, analyses will be performed

' '

uga
accordance with torsional analysis methods
¢ch as: "“Torsional Analysis of Steel Members
5S Steel Maoual®, Publication T114.2/83

£

23AL 1 D0AE
REY. B
y /P ” - " o
P/Perit { Qerut /Terit)
SF
where
1 ' nptudinal ‘'oad
P » exicrnal pressure
! LrADFVErse shCar siress
s F \ajety i,u.ﬁ'ur
3.0 for design, testing, service

evels A &K B

2.0 for Service Level (

1.5 for Service Level D
19343 Reactor Pressure Vessel Suabilizer
The RPV stabilizer is designed as a Safety
Class 1 lincar type component support in
accordance with the requirements of ASME
Boiler aed Pressure Vessel Code Section (1!
Subsection NF, The stabilizer provides a
reaction point ancar the upper end of the RPY
tn resis! bhorizontal loads due to effects such
as earthquake, pipe rupture and RBV. The
design loading conditions, and stress criter:s
are given in Tables 3.9-1 and 3.9-2, and the
calculated stresses meet the Code aliowable
stresses in the critical support areas lor
various plant operating conditions

319344 Flour-Mounied Major Equipment
(Pumps, Heat Exchangers, snd RUIC Turbine)

Cince the major active valves are supported
by piping and oot tied to building structures

valve “supports® do not exist (See Sub.ection
3934.1)

The HPCF, RHR, RCIC, SLC, FPCCL
SPCU, and CUW puwmps; 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 im the critical
support areas are withic ASME Code allowables

Seismic Category | active pump supports are
qualified for dynamic (seismic and other RBV

loads by testing when the pump supports

15

L -
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Add new Paragriph 3934.1 (%)

*Frame Type (Linear) Pipe Supports - Frame type pipe supports are linear supports as
defined as ASME Section 111. Subsection NF, Component Standard Supports. They
consist of frames constructed of structural steel elements that are now attached to the pipe.
They act as guides to allow axial and rotational movement of the pipe but act as rigid

to lateral movement in either one or two directions. Frame type pipe cupports are
des-g'-.ed}in accordance with ASME Code Section 11, Subsection NF-3000.

vestrants
“Frame type pipe supports are passive supports. requirin little maintenance and
in-service inspection, and «will normally be used instead of struts when they are more
economical or where environmental conditions are not suitable for the ball bushings at the
pinned connections of struts. Similar to struts, frame tvpe supports will not be used at
locations where restraint of pipe movement to thermal expansion will significantly increase
the secondary piping stress ranges or equipment nozzle loads, Increases of thermal
expension loads in the pipe and nozzles will normally be restricted to less than 2V%.
- Frama type Supet fs

*The design loads on frame type pipe supports include those loads caused by thermal
expansion, dead weight. and the inertia and anchor motion effects of all dynamic loads. As
in the case of other supports, ‘he forces on stssts are obtained from an analysis. which are
assured not to exceed the design loads for various operating conditions.”

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 may be dubidgd-instances where specia: engineered nipe 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 Absorber< - are linear energv absorbing support pars designed to
dissipate ener,  -sociated with dynamic pipe movements by vielding. When
energy absorbers are used they will be designied to meet the requirements of ASME
Section IIT Code Case N-420, Linear Energv Absorbing Supports fur Subsection
NF. Classes 1, 2. and 3 Construction, Section [11, Division 1. The restrictions on
location and anplication of struts and [rame-type supports. discussed {n (4 and
(%) above, arc also applicable to energy absurbers since energy absorbers allow
thermal movement of the pipe only in its design directions,

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 111,
Subsection NF. and are designed in accordance with ASME Code Section [11.
Subsection NF-3000. They consist of box frames constructed of stractural steel
elements that are no- attached to the pipe. The box frames allow free mosement in
the axial direction but limit large dispiacements in the lateral direction.
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1.9.7 COL License Informetion 1.9.73 Pump and Velve lnservice Testing

Prograt
1971 Reactor Internals Vibration Analysis

Measurement and lospection Program

ssment
Ihe ac¢
{

torgue and

subsection 3.9 ¢

A0.74 AL dit of Desigo Specification and
Design Reports

COl applicants will mezke availg
NRC staff design specification
applicants aved o vide reports required by ASME Code
tha

he schedules 1 pumps, valves and piping sysiems (o
Or! )0

1931

of audit. (See Subsectic
198 References

BWR Fuel Channel Mechanical Design
1972 ASME Class 2 or 3 or Quality Group Deflection, NEDE-21354-]
Components with 60 Yeur Design Life

reptember

BAR/6 Fuel Assembly f‘d-’uu“!"’ of Caombined

e AR A A S R e a8 Safe Shutdown Earthquake (SSE) and
B e R s e Loss-of-Coolant Accident (LOCA) I
subitobid dotadiings Al il b S bt NEDE-21175-P, November 1976
PRETH G DR e RSN ahd el rdethe
anahiaes reguired-buibhe ASME-CodorSubisstion 3 NEDE-24057.P (Class III) and NEDE- 24057
e T B s e T T (Class 1) Assessment of Reactor Internals
wpefaling whration leads and for Lhe-abi ssie-of Vibration in BWR /4 and BWR /S Plants
BNt Rt and eord butdh— +hat-Sabreetean

B

adings

COL applicants will identify ASME Class 2 or 3 or Quality Gro
componernts that are subjected to cyclic loadings of a magnitude and
" duration so severe the 60 year design life can not be assured by
required Code calculatio.is and either ; rovide an appropnate analivsis
to demonstrate the required design life or provide designs to rmitigate

the magnitude or duration of the ¢yclic loads. (See Subsection 3.9.3.1
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Tuable 3.9:2

LASI0AE
REY B

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,
ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS Ci STRUCTURES

Plant Exeal
1. Normal Operation (NO)

Plant /System Operatirg
Transients (SOT)

'J

3. NO +« OBE

4 SOT « OBE

5. lafrequent Operating
Transient (10T), ATWS

6 SBL

7. SBL or IBL « SSE

8. LBL + SSE
9. NLF
NOTES:

Service Loading
Combination( *J2LLt)
N
{a) N+ TSVC
(b) N + SRV(Y)

N +« OBE

() N+ TSVC +» OBE
(b) N + SRV(*) « OBE

N(19) « SRV(Y)

N+ SRV(") « SBL(!1)

N + SBL (or IBL)(* 1)
+ SSE + SRV(?)

i+ LBL (11) + SSE
N + SRV (%) + TSVC (*%)

ASME
Servies Level(?)

A

BN
B,

10 -

l(\a,p
B(

B(My
KA

D(z.(' (")

ot
oot

PALLR

(1) See Legend on the following pages for definition of terms. See Table 3.9.1 for plant events

and cycles information.

The service loading combination also applies to Seismic Category I lnstrumentation »od
electrical equipment (See Section 3.10).

(2) The service levels are as defined in appropriate subsection of ASME Section [T1, Divisios 1.

(3) For vesseis and pumps, loads induced by the sttacked piping are included as identified in

their design specification.

For piping systems, wates (steam) bammer loads are included as idestified in their design

specification.

(4) The method of combination of the loads is in accordance with NUREG-0484, Revision 1.

(% 'o?\lctin Class'l, 2 or 3 valwes, tlu dmu\prenur is %
“the pressure Ior vhch thmvalu @ust operate (epen of\d ose )
\ ‘

Ameadment §

\5“.1 lh{ greater than

1548
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Table 3.9-2

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,
ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS CS STRUCTURES (Continued)

NOTES

b At ABME Code Class L, 2 and 3 Pipiag Systems which are coscatial fon sale shuidown under iae-
mposinioiod suonis accdesgosd to meel the requisements of NEDQLIISAS (Beleseace. 7). nad NRS s
Chvatvation of Topeas Repoil - Fipuag b abcliobak bapabihiv Lonasia, by MEB datad Juds L0 Ldda.

{(7) For sctive Class 2 and 3 M-m, the stresses are limited by criteria: om €125, and
(om or eL) + ob <1 &S, where the notations are as d “ined in the ASME Code, Section 111,

subsections NC or ND, respectively.

(8)  The most limiting load combination case among SRV(1), SRV(2) and SRV (ALL). For main steam and
branch piping evaluation, additional loads associated with relief line clearing and blowdown into
the suppression pool are included.

(9) The most limiting load combination case among SRV(1), SRV(2) ané SRV (ADS). See Note (8) for main
steam and branch piping.

(10) The reactor coolant pressuie Lozsdary is evaluated usiog in the load combisation the maximum
pressure expected to occur during ATWS.

(11) The piping systems that are qualified to ths leak-before-break criteria of Subsection 3.6.3 are
excluded from (be pipe break events ' be postulated for design against LOCA dysamic effects, viz,
SBL, IBL and LBL.

(12) This applies only to the main steam lines and components mouated on it. The low probability that
the TSVC and SRV loads can exist at the same time results in this combination being considered
under service ievel D,

LUAR REFINITION LEGEND:

Normal (N) - Normal and/or abnormal loads associated with the system operatiag conditions,
including thermal loads, depending on scceptance criteria.

Jiu

SOT System Operational Transient (see Subsection 39.3.1).
10T Infrequeat Operational Transient (ree Subsection 3.93.1),
ATWS - Asticipated Transient Without Scram.

TSVC - Turbise stop valve closure induced loads in the main steam piping and components
‘ntegral to or mounted thereon.

RBV Loads - Dyoamic loads in structures, systems and components because of reactor building
vibration (RBYV) induced by a dynamic event.

OBE - RBV loads induced by « “erational basis carthquake.

250 %

NLF « Noa LOCA Fault

Amendment 7 3850
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Table 392

LOAD COMRBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,
ASME CODE CLASS 1,2 AND 3 COMPONENTSi COMPONENT

SUPPORTS, AND . _.ASS CS STRU S
(Continued)
SSE . RBV loads induced “ safe shutdown carthquake.

SKV{.), - RBV loads induced by safety/relief valve (SRV) discharge of one or
SRV(2) two adjacent valves, respectively

SRV (ALL) - RBV loads induced by actuation of all safety/relief valves which activale wituin
milliseconds of each other (e g., turbine trip operational transient).

SRV (ADS) - RBV loads induced by the actuation of safety/relief valves associated with automatic
depressurization system which actuate within milliseconds of each other during the
postulated s 2all or intermediate break LOCA, or SSE.

LOCA - The loss of coolant accident associated with the postulated pipe failure of 2 high-
energy 1~ sctor coolant line. The load effects are defined by LOCA, through

LOCA9. LOCA events are grouped in three categories, SBL, IBL or LBL, as defined
here.

LOCA; - Pool swell (PS) drag/fallback loads on essential piping and components located
between (he maio vent discharge outlet aud *he suppression pool water upper surface

LOCA; - Pool swell (PS) impact loads acting on essential pipiag and components located above
the suppression pool water upper surface.

LOCA3 - (a) Oscillating pressure induced loads on submerged essential piping and components
during main vent clearing (VLC), condensation oscillations (CO), or chugging (CHUG),
or

(b) Jet impingement (JI) load on essential piping and components as a result of a
postulated IBL or LBL event.

Piving and components are defined essential, if they are required for shutdown of the
reactor or 1o mitigate consequences of the postulated pipe failure without offsite
power (sez introduction to Subsection 3.6).

LOCA; - RBVload from main vent clearing (VLC).

LOCA¢ - RBV loads from condensation oscillations (CO).

LOCAg - RBV loads from chuggieg (CHUG).

Amendment | 3951
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iD.4.6 Piping Dynamic Analysis
Program--PDA

3D.4,10 Engineering Analysis System--ANSYS

 Antdw dwd aon .\f‘. < P

The ANSYS ¢ ;\."r ;! YRIAMm 15 4 large are

f 1

general purpose program for the solution
g g
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Cg & / output and graphic interface. Locations
pipe i1s[ interest for stresses and displacements can be
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Other program of the same capacities
\ periodical improvement is also applica
nonlinear \this analvsis
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Compliance with Cnde requirements sball Be ln
sccordance with the foliowing
(1) The ferritic materials used for piping,
pumps, and valves of the reactor coolant
pressure boundary are usually 63.5 mm or
jess in thickpess., Impact testing i8
performed 18 pccordance with NB-2332 for
thicknesses of 63.5 mm or less T
 sherraie oy SRE Approdic (o Secen
G534 00-0f-+ SME-€0 A SEITTR k-

Materials for bolting witk nominal diameters
exceeding 254 mm are required 1o meel both
the v.64 mem lateral expansion specified 1o
NB-2333 and the 62 kg m Charpy v value spz-
cified in 10CFRS0, Appendix G. The 6 2kgm
requiremen’ siems from the ASME Code where
i applies to bolts over 100 mm io diame-
eor, slarting Summer 1973 Addenda. Prior to
this. the Code referred to onlv T sizes of
bolts (€ 25.4 m= snd > 25 4 mu). GE
continued the two-size categories, and added
the 6.2 kg-m #s & WMore ¢CBSETVALIVE
gequirement

The reactor vessel complies with the requi
rements of NB-2331. The reference tempera
ture (RTNDT) is established for all
required pressure-relaining matevials used
is the copsiruction of Class 1 vessels.
This includes plates, forgings, weld
material, and heat-aff cted 20me. The
RTnpT differs from the pil-ductility
temperature (NDT) ~ that in addition to
passing the drop test, three Charpy V-Notch
specumens (traverse) must exhibit 6.9 kg'®m
absord d caergy and 0.BF mm Interal
expansion s 33°C above the RTND? The
core beliline material must meet 10,4 kg-m
sbsorbed upper sbell energy

Calibration of ipstrument and equipe -Bl
shall meet the requirements of b ASME
Code. Section 111, paragraph NB-2360
£2332 Control of Welding
§2332.0 Regulatory Guide 130 Control of
Prebest Temperature Employed for Welding of
Low-alioy Steel

Regulatory Guide 1 & delingates prebeal tem-

Asnesdment 13

ek o o
Thadn, 65> S M,

24

W TAI0AE
" ¥

flh accC .."'Y':,'Tld L% L,(

¢RI 8sS €5

perature cos (Yot reyuirEm Ty and welding proce
dure qualifications supplementing those in ASME
Sections I and IX

The ust of low-alloy steel is restricted 1o
the reacior pressure vessel, Other farritic
compons uls in the reactor coolani-pressure

boundary are fabricated from carbon steel
meteriis

Prelieat tamperature employed for weldiog of
low #lioy stee] mect of excesd the recommends
tions of ASME Code Section II1, Subseciion NA
Cow pooents are either beld for an extended Lime
4t prebeat temperatu. e (0 assure removal of by
drigen, or prebeat is waistained ustil post-weid
heat treatment. The minimum prebeal and mazic wm
irterpsss temperatures are specified and
ponitored

All welds were nondestructively examined LY
radiographic metbods. In addition, & supple
meptal ultrasonic eraminalion was performed

23332 Regulatory Guide 1.34: Control of
Electrosiag Weld Propertie:

For electroslag welding spplied to structura,
joints, the welding process variable specified
in the procedurs qualification thall be
monitored during the welding process

23323 Repilatory Guide 171 Welder
Qualification for Areas of Lizited Acvessibllity

welder quealification for sreas of limited
sccessibility is discussed ie Subsection
$2.3423.

23323 Kegolstory Guide 1.6o: Nondestruc-
Uve Examination of Tubuler Producty

Regulatory Guide 1.66 descrl s o method of
implementing requirements sceeptable to NRC re
garding sondestructive eXamination requirements
of tubular producis used in RCPB. This Regula
tory Guide was withdrasm on September 28, 1977,
by the NRC because the additicnal requiremen.s

"
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latable portioas of the foilowing systems
RHR., HPCF, and RCIC. The relief valves

will be selected in accordance wild (Nt u"s set
farth in the ASME Code Section 111, Class 1, 2,
and 3 compooents. Other l;\;»'.".:a:". sections of
the ASME Code, as well az ANSI, APl aad ASTM
Codes, will be [ollowed

£4.132 Description

Pressure reliefl valves have been desigead and
coastructed in accord the same code
bat of the line valves in the sysie

e with

CLass 2%

2-1 lists the applicabls
The desigan ¢ '*
dure ure descrived

Safety Evaluation

The use of pressure-relieving devices will
assure that over-pressure will not exceed 10%
above the design pressure of the system. The
sumber of pressure-relieving devices un @ system
ot portion of @ system has beea determined on
this Dasis
$4.13

.

4 (Deleted) »
. w

Uy -

-~

£.4.14 Component Suppor‘ﬂ

“~._Fizal nd;ulmcn*

“upport elemen.s are nrovided for those
somponests included ia the RCPB and the conneaed

sysicms.
£.4.4.1 Safety Desion Bases

Devgb loading combinaticns, design
procedures, sad acceptadility criteria are as
described in Subsection 3.9.3. Flexibility
calculations and seismic asalysis for Class 1, 2,
and 3 components are to be confirmed with the
appropriate requircments of ASME Code Section
44

Ameniment

JASI0GAB
R | . %

Support types sod materials used for
fabricated support elements are o com‘nm with
Sections NF-2000 asd NF-3000 of ASME Code
Section I11. Pipe support spaciag guideiines of

are to be followed W

N

CRF=361] -~ n ASHE !
54042 Description ™ See #1001

The use and the location of ng:d»':.;e
supports, variahle or constant spring-(ype
supports, snubbers, and anchors o: guides are 1o
be determined by flexbility and seismic/dynamic
tress analvses

isamlacturey-standard-wems. Direct weldment (0

thin wall pipe is to be avoided whers possible

Table 2% ab-abhds '*M#«me-

0de
Sy

‘-_4

Sl AY
el
The xibility and seismic/dynamic u.a'.vses‘\
are 10 be performed for the design of adequale
component support sysiems including allfiran
sient loading conditicns expectcd by each
componert. y Provisions a:. to be made to provide
’spnng type supports for the imitial dead weight
| loading due to hydrostatic testing of steam

£4.143 Safety Evnluation

/ systems to preveat damage 10 this typ. support

4.144 lnspection and Testing

- '.;M.'( srape s
F A N

After completiou of lhel:as!ailumu of a
support system, &/l hangeri ctemets are 10 be
visually sxamined to assurc that they are (o
corrsct adjustment to their cold setting
pos..ion. Upon bot start-up operations, therm al
gmmth will be ab ved to confirm that
~Spring-type bangersiwill fusction properly
between their & d cold setting positions
am\'i\ is provided oo all
. Weld isspecticas and
sur.dards are 1o be o accordance with ASME Code
Section IIl. Weider qualifications aad wziding
procedures are in accordance with ASME Code
Section IX and NF4300 of ASME Code Sectios M1

£.4.15 References

Desixn and Performance of Gereral Elecinc
Yoiling Water Reactor Main Steam
olation Valves,

Line
Genera! Electric Co
aomic Power Equipmen: Department,
1969 (APED-5730)

March
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