August 28, 1992

Mr. Giuliano DeGrassi

Building 475C

Brookhaven National Laboratory
Upton, NY 11973

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

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

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

Sincerely,

%,V\./‘}w

Jack N. Fox

Advanced Reactor Programs

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

4. All otber insirument lines:

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

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

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

“n

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

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

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

SR
S

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

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

ping system.

&

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

non-Seismic Category 1

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

O -4
3 3
o

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

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

L
-
L SO )

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

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

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

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

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

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

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

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

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

Amendment 21

2IAE100A
REV I

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

scope amendment to General Electric Criterion 4

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

a COL applicant will apply to the NRC for |

approval of LBB qualification of selected piping

by submitting a techanical jusufication report

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

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

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

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

16.1.1 Design Bases
15.0.1.1 Criteria

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

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

The design of the containment structure, com-

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

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

16.1.12 Objectives

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

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

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

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

36.1.13 Assumptions

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

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

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

This applies to Seismic Cappgory on-
wsey

Seismic Category | piping

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

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

Amendment 3

4)

(5

(6)

LIALI100AE
RENV B

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

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

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

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



i
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American Natinnal Standard ANSUANS 58 21988

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

piFing

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

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

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

Q@ )mum earthquake potential considering regional

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

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

Lo accommodate seismic loadings.
-

i

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

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

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

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

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

4. Postulated Rupture Locations and
Configurations

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

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



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

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

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

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

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

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

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

reservoirs, as applicab )

2IAG100AE
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16.1.1.4 Approach

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

3612 Description

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

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

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

1.6.13 fafety Evaluation
16131 Geoersl

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

consequences of the pipe dreak eveat.

Pipe break events involving high-energy fluid

&

P
&

Amendment 21




Insert C paéz, 23.6-3

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

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

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

3613223 Barriers, Shields. s~3 e.aclosures

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

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

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

 desigaed for the effects of an SSE coincident

| tuonel

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

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

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

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

361324 Pipe Whip Restraints

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

The design criteria for restruints is given in
Subsecticn 3.6.2.3.3.

36.1323 Specific Protection Measures

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

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

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

(6)

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

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

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

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

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

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

(1

(2)

)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

16.2.1.4 Locatioas of Postulated Pipe Breaks

Postulated pipe break locations are selected
as follows:

162.1.4.1 Pipiag Meeting Separstion
Requirements

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

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

162.1.42 Piping in Cootainment Penet=ation
Areas

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

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

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

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

(b) The cumulative usage factor is less than
0.1

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

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

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

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

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

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

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

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

(3) The number of circumferential and longi-

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

(4) The length of these portions of piping are

reduced to the minimum length practical

(%) The design of pipe anchors or restraints

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

{6) Sleeves provided for those portions of

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

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

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

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

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

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

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

(a) Atterminal ends®

(b) At intermediate locations where the

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

M"_M“ 1.9 Sim .

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

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

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

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

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

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

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

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

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

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

b < fitting), welded attachment, and

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

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

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

162.145 Non-ASME Class Piping

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

3162.14.6 Separating Structure With High-
Energy Lines

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

16.2.1.5 Locations of Postulated Pipe Cracks

Postulated pipe crack locations are selected
as foilows:

362.1.5.1 Piping Meeting Separation
Requirements )

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

162.1.52 High-Energy Piping

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

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

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

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

102,153 Moderate-Energy Piping

362.1.53.1 Piping In Containment Penetration
Areas

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

3.62.1532 Piping lo Areas Otner Than
Containment Penetration

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

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

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

ing the stress range calculated smee—

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

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

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

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

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

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

162.16 Types of ireaks and Cracks to be
Postulated

162161 Pipe Breaks

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

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

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

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

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

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

Circumferential breaks are only assumed a
all terminal ends.

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

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

16221 Analyvtic Methods (o Define Blowdown
Forcing Functions.

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

excile the piping sysiem

factors

presented in the following subsections

The criteria that are used for caleulation of

fluid blowdown forcing functions include

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

loading)

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

Line restrictions, flow

limiters, positive pump-controlled flow, and

(he absence of energy reservorrs are taken

into accounts, as applicable, in the

thrust coelficient

reduction of jet discharge.

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

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

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

initiathhon

The fcrcing functions due to th
pipe breaks near 15 reactordl

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




218 24

56222 Pipe Whip Dynamic Response
Analyses

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

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

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

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

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

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

Amendment 21

(§) Piping within the broken loop is no longer

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

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

are require’ for safe shutdown or serve 1o |

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

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

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

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

the restraint.

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

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

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

varying displacements and forces due to
postulated pipe breaks

Amendment 21
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1622 Dyoamic Analysis Methods to Verify
lntegrity and Operability

16221 Jet Impiogement Analyses and
Efects on Safety-Related Components

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

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

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

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

(4) Offsite dose limits specified is 10CFR100

are complied with.

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

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

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

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

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

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

(1)

(2)

(3

(4)

($)

(6)

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

The impinging jet proceeds along a straight
path.

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

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

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

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

Amendment 21
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(8)

9)

(10)

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

increases as the jet expands. lo Region 3, Hhe

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

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

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

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

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

It16
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(h)

(d}

where

{e)

cor inese cases, the foliowing
“ ons are made

the jet is uniformly distributed around
the periphery

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

The jet force f') « total blowdowa F

The pressure at any point intersected by
the jet is

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

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

Amendment 21
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Target loads are determined using the
following procedures

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

Asymp ot c

A"

(b) For circumferential bruh%imucd

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

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

locations

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

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

target intersection

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

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

A 15
te

Atc = (Alb(smﬁ

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

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

target interface, and
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D =pipe OD of target pipe for a fully
submerged pipe.

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

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

16232 Pipe Whip Effects on Essential
Components

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

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

162321 Pipe Displacement Effects oo
Components in the Same Piping Run

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

(1) Components such as vessel safe ends and
valves which are attached to the broken
piping system and do not serve a safety
fuaction or failure of which would not
further escalate the consequences of the
accident need not be designed to meet ASME
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Code Section Il-imposed limits for essential
components under faulted loading

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

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

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

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

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

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

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

16233 Loading Combinations and Design
Criteria for Pipe Whip Restraint

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

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

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

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

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