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CLINTON POWER STATION, P.O. BOX 678, CLINTON, ILLINOIS 61727

June 7, 1985

Docket No.50-461

Director of Nuclear Reactor Regulation

Attention: Mr, W. R, Butler, Chief
Licensing Branch No. 2

Division of Licensing

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Subject: Clinton Power Station Unit 1
Postulated Piping Failures
SER Outstanding Issue #5

Dear Mr. Butler:

In the Clinton Power Station (CPS) Safety Evaluation Report (SER)
dated February 1982, the NRC Staff identified that Illinois Power
Company had not yet completed the analysis for the effects of jet
impingement and that this information would be submitted after the
completion of the new loads evaluation program.

The purpose of this letter is to inform the Staff that this program
has been completed. Attached to this letter is a draft version of a
proposed Final Safety Analysis Report (FSAR) revision which will be
submitted as part of the next FSAR amendment. Also, the next FSAR
amendment will identify that the Standard Review Plan (SRP) has not been
used in all cases. This letter provides the justification for those
exceptions.

Jet impingement analyses performed before April 1, 1984, for CPS
are based on the procedures outlined in ANSI/ANS 58.2, dated 1980, and
the Standard Review Plan Section 3.6.2. This procedure is currently
described in Section 3.6.2 of the CPS FSAR.

For certain jet impingement analyses performed after April 1, 1984,
the report prepared by Sandia National Laboratories for the NRC
entitled, "Two-Phase Jet Loads (NUREG/CR-2913 SAND 82-1935 R4)" has been
used., The Sandia study (released in January 1983) provides a more
realistic means of calculating jet impingement forces than previously
available. The test results have been benchmarked against available jet
impingement data and show good correlation with these tests.
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The CPS FSAR is being revised to reference how this Sandia report
is used in the jet load analyses. NUREG-CR-2913 has Leen used to
calculate jet loads for the following:

1. Drywell and Containment Isolation Valves
2. Drywell Structures at Azimuth 0°

3. Drywell Head and Bulkhead

4, Drywell Structural Steel

Using the Sandia methodology provides load relief over the current
SRP procedure. The current procedure assumes that jet pressures extend
an infinite distance; while the Sandia jet pressure loads become
insignificant beyond eight pipe diameters from the pipe break. Also,
using the Sandia methodology reduces the number of engineering
calculations or many targets, thereby reducing or eliminating possible
hardware modifications.

Illinois Power Company believes that the FSAR changes described
above and acceptance of the use of NUREG/CR-2913 for Clinton Power
Station jet impingement analyses resolves Outstanding Issue #5.

Please contact us should you have any questions on this matter.

Sincerely yours,

Director - Nuclear Litensing
and Configuration
Nuclear Station Engineering

JLP/1ab

cc: B, L. Siegel, NRC Clinton Licensing Project Manager (w/attachment)
Regional Administrator, Region III, USNRC
NRC Resident Office
Illinois Department of Nuclear Safety
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piping was designed in accordance with the criteria
of Suksection 3.6.2.5.

3.6.2 Determination of Ereak Locations anid Dvna~
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3.6.2.1 Criteria Used toc Define Break and Crack Loacation a
Confiaquration

3.6.2.1.1 Pefinition of High-Eneray Fluid Svstenm

The definition of a high-energy fluid system is founid in
Subsection 3.6.1.1.1b.

3.6.2.1.2 Definition of Moderate-Enerqgy Fluid Svsten

The qefinx*ion of a moderate-energy fluid system is found in
Suhsection 3.6.1.1.1¢c.

3.6.2.1.3 Postulated Pipe Breaks and Cracks

A postulated pive break is defined as a suddan, groess failure of

the pressure bourdary either in the form of a complete

circunferential severance (guillotine break) or as cevelc*ve“, of |
a sudden lon q1tud1ﬂal split and is postularted for high-energy

fluid systems only. For moderate-e'ergy fivid systems, pipe fail-

ures are confined to postulation of controlled cracks in piping

ard branch runs. These cracks affect the surrounding

environmental conditions only ard do not result ir whipping of

the cracked pipe.

Thae £ollowing hiqh-eqercy pipina systems (or portions of systems)
have beer corsidered in the determination 2f a postulated pire
break during normal plart conditions and are evaluated for
potential damage resulting from dynamic effccts.

a. All piping which is part of the reactocr coolant
pressure boundary and subject to reactor pressure
continuously during station operation.

b. All piping which is beyond the second isolation valve
but which is subject to reactor pressure continuously
during station operatiornr.

1 other oiping svetams or por
emns cone*dereﬁ righ-enerzy

3.6-11
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impairment of the leaktight integrity of the
contairment, to assure isolation valve operability,
and to meet the stress and fatigue limits in the
containment penetration area.

d. Leakage cracks in the containment penetration area
are postulated in accordance with Subsection
3.6.2.1.6.2.1.1.

e. The rnumber of circumferential and longitudinal ciping
welds and branch conrections is minimized as much as
practical.

f. The length of these portions of piping is reduced to
the minimum length practical.

g. An augmented ISI will be performed as discussed in
Subsectior 6.6.8.

The b;eak exclusion areas are shown on Figures B3.6-1 througn
B3.6-28,

3.6.2.1.6.2.1.3 Details of the Containment Penetration

Details of the containment penetrations are discussed in Sub-
sections 3.8.1 and 3.8.2. :

3.6.2.1.6.2.2. Moderate-Energy Fluid System Piping Inside and
OQutside Containment

Leakage cracks in moderate-energy piping are postulated
individually at locations that would result in the maximum
effects from fluid spraying and flooding, with the consegquent
hazards or environmental conditions developed from the spray o:
flood. The consequences of these postulated breaks were analyzed
for each room in the safety-related buildings. The results of
these analyses are presented in FSAR Section D.3.6.3.

©7"3.6.2.1.7 Definitions

Throughout this section, apolicable definitions are lccated in
Subsection 3.6.1.1.1.

3.6-20
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discharge. Pipe whipping ic assumed to occur in the plane
defined by the piping geometry ard configuratior and to cause
pipe movement in the direction of the jet reactio:n.

3.6.2.2.2.1.2 Longitudinal EBreaks

The dyrnamic force of the fluid jet discharze is tased on a cir-
cular break area egual to the crcss-sectional €flos area of the
pipe at the break location and or a calculated £fluid pressure
modified by an arnalytically determined thrust coefficiernt as
determined for a circumferential breax at the sare locatior.
Lire restrictions, flow limiters, positive pump-controlleid £flow,
and the absence of energy reservoirs are taxen into account, as
applicable, ia the reduction of jet discharge. ?Piping movement
is assumed to occur in the direction of the jet reaction urless
limited by structural members, piping restraints, or piping
stiffness.

3.6.2.2.2.1.3 Pive Blowdcwn Force and Wave Force

The calculation of the magnitude and duration of the wave force
acting on bounded pipe segments is based on a design guide for
estimating discharge forces by Moody (Reference 1).

The calculation of the blowdown force is based on either an exact
computer model (Reference 9) or on the following simplified
conservative methodology.

The calculation of the ktlowiown force is consisternt with
Refererce 1, and with Section 6.0 of ANSI N176 dated January,
1978 (Reference 2). 1If there is a fluid reservior having
sufficient capacity to develop a steady jet for a significart
interval, the magnitude of the steady-state blowdown force used
for saturated steam, saturated water, or a saturated steam ard
water mixture is equal to 1.26 PyA, for frictionless fluid flow
(where P, equals the stagnation pressure of the iritial vessel
fluid and A, equals the break area). The majnitude of the
steady-state blowdown force used for subcooled water varies from
1.26 PoAg t2 2.0 PoRe for frictionless fluid flow depending on
the degree cf subcoolina. However, the steady-state blowdown
force is reduced by taking frictional effects into consideration
as per Reference 2. For break locatiors wnere the frictioral
effects are significant, the blowdown force on the troken pipe
segment is further reduced by considering the effect of wave
propagation and reflection. Figure 3.6-3 shows the blowdown
force on the pipe versus time for circumferertial breaks. The
pipe thrust used for longitudinal breaks is egual to the largest
circunferential blowdown force at the same break location in
accordance with Subsection 3.6.2.2.2.1.2. Nomenclature used in
Figure 3.6-3 is defined kelow.

a. Three different blowdown magnitudes are calcialated:

impulse - l?imp ~ “ole

2« T, : = F, )
intermediate int o e

1« F
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Fimp = Fine implies F, =.0

where
Fw = wave force (transient),
Ae = pipe flow area, ard
Po = line pressure.
3. Fsteady state = Tss

b. F,, initial is determined from Figure 9-23 of
Reference 1. F, iritial for flashing water for
pressures not showr in Figure 9-23 is equal to (P =~
1.26 Pgat) A (where Pg,4 eguals the saturation
pressure cf the initial pfpe fluid).

€. Fgteady state = Fgg is determined in accordance with
Re?ere ce 2.

d. Ty = Time to F; i for circumferential
b%ggks and is de%ggg{gg 1g§edividing the distance to
the first elbow from the break by the sonic speed of
the significant f£luid wave. The sonic wave speed
(C ) is determined from Figure 9-29 of Reference 1.

3.6.2.2.2.2 Methods for the Dyramic Aralysis of Pirpe Whio

Pipe whip restraints orovide clearance for thermal expansion
during rormal operation. 1If a kreak occurs, the restraints or
anchors nearest the break are designed to prevent unlimited
movement at the poirt of kreak (pipe whip). Simplified models of
the local region near the break were analyzed to calculate
displacement of the pipe and restraint. These calculated dis-
placements were then used to calculate strains in the pipe, and
were compared to allowable restraint deflection.

A finite difference model was used (Reference 10) for the pips moment-

curvature and the restraint resistance-displacement functions.
The simplified models shown in Figure 3.6-5 were used to
represent the local region near the break and to calculate the
displacement in the restaint as well as the displacements and
strains in the pipe.

3.6-27
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These pages have been deleted
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3.6.2.2.2.2.1 Finite Difference Analvysis

A finite difference formulation srecialized to the case of a
straight beam ard neglectir3j axial inertia ard large deflec+ion
effects is used for the aralysis of pipe whip of stainless and
carbon steel pipes. The dynamic analysis is performed by direct
numerical time integration of the equations of motion.

The ejuations of motion are of the form:

h (B - mk;;) .Mt - M, (3.6-13)
- where:
hk is the node spacirg,
Py is the externally applied lateral loaés at node k,
my is the lumped mass at node k,
Yx is the lateral deflectior at node k, ard

[ is the internal resisting moment in the beam at
k node k.

Power law moment-curvature relationship is assumei and the
certral dirfference approximatior for the curvature

1 - + 2 - ¥
5 L i )

is used.

A timewise central-difference scheme is used to solve the dyramic
egquations

YIt + Bt) = t2y (t) + 2y (&) - y (& - &%) (3.6-16)

3.6-32

'

. -——



CPE~-FSAR

ard for the first time step
y(it) = At2y(0) . (3.6-17)

A time step not more than 1/10 the shortest perio? of vibration
is used in the integration.

3.6.2.2.2.2.1.1 Elastic-Plastic “cment Curvature Law

The pipe is assumed to obey ar elastic-strain hardening p.astic
moment-curvature law with isotropic strain hardenirg. The
symbols used are defired as follows:

= moment,

= currert yield moment,

= elastic modulus of material at temperature,

M

M

E

I = moment of inertia,
1 = EI,

6 = curvature,

6, = W1 = elastic curvature,

48p = increment of plastic curvature,

6p =|L 88 | = effective plastic curvature, and

8, = IAdp = permarent set Turvature.

At the end of each integration step, new values of 6 are
calculated at each node.

The known values of dp, 8 , and M at the start of the step are
used to calculate M, M, and 4dp by the following procedure:

if |6 - 8| < vz,
M =2 (8-6,),
and &dp = 03
ifls - 8| > Tz,
M=M=F (|6-28,|+8p) sign (8 - 8,),
and dp = 6 - 85 - W2,

LY

where F (8) = K (2

3.6-23

AMENDMENT 34
JULY 1985

{
'



CPS~FSAR AM?XDﬁEN
JULY 1

w0
o
v =3

3.6.2.2.2.2.1.2 Power Law ‘foment Curvature Rela*icnehin

The following stress strain law is assumed ir ¢he plastic rarge:

o =X ([2 (3.6-18)

The corresponding morert curvature law is
M=K (2) (3.6-19)
where: ¢

K=2/w (5, 30 - g 3% I Om+l) X (3.6-20)
3 +n I (30 + 3/2)

or, to a good approximaticn,
3+n 3+n

K=06K _ (1-0.291n - .076n2) (R =R ) (3.6=-21)
o) x

in which:
Ry = pipe outside radius, and
Rj = pipe inside radius.
In the elastic range, the mcment-curvature law is:
M = EIs (3.6-22)

The trarsition from elastic to plastic behavior orn initial
loading occurs at: 1
n-l

6 = (EI) (3.6-23)
K

3.6.2.2.2.2.1.3 Strain Rate Effects

The effect of strain rate in carbon steel is accounted for by
using a rate deperdent stress strain law of the forn

s(e, €) = (1+ € ) 1/5| G(e) (3.6-24)
(40.4)

where G(¢) is the static stress strain relationship. For

stainless stecls, the effect of strain rate is less pronsunced so

that a 10% ircrease in yield and ultimate strengths is used. The

selection of material properties is discussed ir. Attachment A3.6.

3.6.2.2.2.2.1.4 Pestrairt Rehavior

The analysis is capahle of hardling ¢the bilinear or powor law
restraint behavior as shown ir Figure 3.6-7. The behavior of the

3. 6-3“
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e. Postulated cesigrn-kasis breaks resultirg in <e-
impingerent lcads arc asumeé £2 ocsur in hisn-snersgy
1ines 2¢ Sull (1097) gzower operstion of ths Liaite
f. Postulated through-wvall leakage cracxs are postularted
in moderate-erergy lines ari are assured to rssult in
wettirg and spgraying of safety-relates structures,

systems and components.

g. Reflected jets are considered only when there is an
obvious reflecting surface (such as a £las zlaze)
which directs the jet onto 2 szafetr-relatel tarcet.
Only the first reflection is considered in evaluacin
pate tial targets,

h., Potential targets in the jet path are considered
for the full extent of pipe displacemen:z up to the
calculated final position of the Eroken ehd of the
ruptured pipe. This selection of pctential targets
is considered adequate due to the large number of
breaks analyzed and the prc;ec.lcu ::cv;ded Zrca
the effects of these postulated breaks.

Jdet impingement lcad calculations prepared after April 1, 1984
are based on 2 multidimensional computer study, waich also
accounts for the shock effects at the Jet/tarcet interface
(Reference 8). These forcas are calculated using MJRE5/CR~-2913
(Reference 8) for the range of parameters where Raference §

is appliczble. This range includes pressures between 60 and
170 BARS (1 BAR = 14.7 psx), for steam, saturated water, and
subcooled water with no more than 70° C of subcocling. :or
tluid parameters cutside this range, the p:oceca.e in Reference
8 is extraaolatej when it is determined to be appropr ace,

or the procedure used before April 1, 1984 is agplied. When
using the procedure in Reference 8, the impingement fcrce
includes the shape factor, K¢, as defined in Reference 2.

Jet impingement load calculation for the range of paramote:s
where Reference 8 is not applicable, or calculations that

were prepared before April 1, 1984, are based on the following
simpleied one-dimensional procedure.

The analytical methods used to determire which targets are

gmpinqed epon by a £luid jet and the corresponding “et
ingement loald inclule:

imping - - 5T,

a; The imgincirg jet proceedb along a straight path.
. b. The total irpingement force actingy cn any cross-
"' sectional area o2f the jet is tir2 and éi s cance

iﬂva'ia"’, vith a total macnisuds ezaivalent to the
fluid blowdown force as defi*ex celow.

3.6-36
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.
The jet impirgement €<orce is mifor=liy 41
across the cross-sectional area of the -<et,
the portion intercepted by the target i onsi

-3
-
-

aly

The circumferential and longitudinal break opering is
assumed to ke a circular orifice of cross-seszional
flow area egual to the effective flow area of tre
break. '

The jet impingement force is egual to the steady
state value of the £luid blowéown force as caleulated
by the methods descrited in Subsection 3.6.2.2.1.1.

The distance of jet travel is dividei into two, or
three regiors. Region 1 (see Figure 3.6-8) exterds
from the break to the asymptotic area. within this
regior the discharging fluid flashes zn3 u:dg;gpes

3.6-36a
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expansion from the break area pressure to the
atmospheric pressure, 1In Region 2 the jet remains at
a constant diameter. In Region 3 interaction wizh
the surrounding environment is assumed to start and
the jet expands at a half angle of 10°,

Moody (Reference 1) has developed a simple analvtical
model for estimating the asymptotic area £or steam,
saturated water, and steam-water klowdown coriitions.
For €fluids discharqging from a breax which are kelow
the saturation temperature at the corresgoniing roonm
pressure or have a pressure at the reak area ecual
to the room pressure, free exparsion does not occur.
In these cases, the jet can be assured to have a
constant cross-sectional area egqual to the break
area.

For fluids which are above the saturation temperature
at room pressure, the jet model expands at a half
angle of 45° from the break to the asymptotic area
(Region 1) for fully separated circumferentlal_and
longitudinal breaks. Assuming a linear expansiocn
from the break area to the asymptotic arza, the jet
shape can be defined for Region 1 as well as Regions 2
and 3. Reference 2 is used to determine the asymp-

totic area.

Eoth lcengitudinal and fully sevarated circumferential
breaks are treated similarly. The value of f1/D used
in the klowéown calculation is also used for Jet
impingement.

Circumferential breaks with partial (i.e., 1<D/2)
separatior tetween the two erds of the kroken pipe,
not significantly offset (i.e., no more than one pipe
wall thickness lateval displacemert) are more
difficult to quantify; therefore,use of this pro-
cedure will be identified if aprlied. For these
cases the following assurptiens ar: nade:
1. The jet is uniformly distributez arounli the
periphery.

2. The jet cross section at any cut through the pipe
axis has the configuration dericted in Figure
3.6-8(B) ard the jet regions are as therein
delineated.

3. The jet fcrce Fj = total klowdown F.

3.6-237
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The pressure at any point intersectes by the jet
is:

Ap = the total 360° area of the jet at a
radius equal to the 4distarce from the pipe
centerline to the target.

= O nr ’?

D

S.

width of jet at r

The pressure of the jet is then maltiplied by the
area of the target submerged withir tke jet in
the manrer explained in Paragraczhs k and 1.

The area (Ag) of the jet at targe:t irtersection
distance r from pipe centerlire is calculated by
using Refe%ence 2 to determine rA'(the distance
from the pipve centerline to the plane of
asymptoticity) ard the relationship

AR =2 rt lR

[ See Figure 3.6-8 (g))

asymptotic jet area

break area

pipe inside diameter ‘
distance of pipe separation

width of jet at Fp and infinitely ocutward

:

Target loads are determined using the following
procedures and assumptions: -

3.6-38
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1. For both the €fully sevarated circumferential
breaks and the longitudinal breaxs, “he jet is
assumed to reach its asymptoticity expanding at a
half angle of 45° irom the break. [Region 1,
Figure 3.6-8(a) ). For desian purroses, the det
is assumed to have linear exparsion within this
region. The distance L from the Lreak to the
asymptotic area is calculated by

L =08 (AA),‘ -1
2 A
vhere: "
A, =-asyrptotic jet area
Ap = jet cross sectional area at break
Dgp = diameter of jet at break area
The ratio of Ay/hp is determined from Reference 2.
2. The area within Regicn 2 can ke assumed to be
constant out to the beginning of Region 3 which
starts a2t the irtersection of a lire drawr at a
10° half angle dotted line Figure 3.6-8(a) ard
{c) and the bourdary of the jet. In Region 3
the area expands at a constant 10° ha2lf angle.
3. After determination of the total area of the je:
at the taryet, the jet pressure is calculatei by
F
B =
A
where: X
P = incident pressure, anrd
A = area of the expanded jet at the target
intersection.
4. The total force on any target which intercepts
a portion of the jet is
Ptarget > K¢ pjet At
where:

Ry = the area of the target intercepted by the jet
\ R¢ = the shape factor.

The shape factor is related to the drag coefficient, Cqr by K¢ =
1/2 cd. Values of cd are given in Reference 2.

3.6-39
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For the partially separated circumferential breaks
described in Paragraph j above, the target loads
are calculated similarly, with the exceptisn that
the jet geometry is different accocrding to
Paragraph j and Figure 3.6-8(B).

Evaluation of the potential targets to withstand the jet
impingement loads is performed.

Por analysis of piping systems as, targets, evaluation of design
adequacy is based on the following load combination for the
faulted condition:

Pressure + Weight + (SSE2 + Jet:z)l/2

Functional capability is evaluated when required.
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3.6.2.3.1.2 Protective Measures

3.6.2.3.1.2.1 Protection and Analyses Guidelines

Protection against the dynamic effects of a pipe break is pro-
vided in the form of pipe whip restraints, equx,mgn. shields

as required, and physical separaticn of piping, eguipment, and
instrumentation. The precise method used in chcosing the kind
of protection depends on other 11M1tat10ns placed con the
designer, such as accessibility, malntenance, and proximity to
other pipes. The following are examp.es of present d351gns
intended to better protect safety-related equipment from the
consequences of the pipe breaks:

a. The lines as described in Attachment B3.6 of the
following systems inside the containment and dry
well were analyzed for restraint against pipe whip
and assessed for jet impingement:

l. main steam
2. feed water

3. RHR
4. RCIC
5. LPCS
6. HPCS
7. RWCU

8. reactor recirculation
9. nuclear boiler
10. standby liquid control

b. The lines as described in Attachment 23.6 of the
following systems outside of the containment were
assessed for jet impingement and analyzed against
pipe whip:

l. main steam
2. feed water
3. RCIC

4. RWCU

5. MSIV-LCS

Dynamic effects associated with the LOCA do not compromise the
integrity of the containment and drywell.

-

The conseguences of jet impingement do not result in any of the
following:

a. inability to insert control rods,

“* b. inability to isolate the reactcr coclant pressure
boundary, and

3.6-41
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€. inability to meet the core ccoling system recuirements.

Valves which are normally closed and are not signalléd to be
open were assumed to be closed.

Impacted active equipment (e.g., valves and instruments) are
considered able to perform their intended functions if loads
are shown to be within allowable limits, otherwise, shields

34

must be provided. Impacted passive equipment (pipes, restraints,

and structures) are considered capable of continuing to perform
their intended functions.

Protection of the reactor pressure vessel from the surface
impact effects of a pipe whip need not be considered because
the impact energy is insufficient to cause loss of the func-
tional integrity of the vessel.

3.6.2.3.1.2.2 Equipment Shields for Isolation

Equipment shields are selectively provided as required in order
to isolate the equipment necessary to ensure segregation of the
redundant systems of an accident and prevent it from causing a
further chain accident. These shields are desicned to with-
stand the rupture forces from pipirg and jets.

3.6.2.3.1.2.3 Jet Impingement Shields

Jet impingement shields are also selectively provided as re-
quired to limit the consequence of rupture of the piping and
are designed to withstand the resultant jet forces.

3.6.2.3.1.2.4 Separation

Independence of redundant safety systems and components is
maintained in most cases by separating the redundant components

so that no single postulated event can prevent the safety-related

function from occurring. This is achieved by the following:
a. physical separation of source and target,

b. routing of cables so that different penetrations
and paths are utilized to ensure that one event
will not preclude both the primary and backup
components from fulfilling their design function,

¢. deflection utilized to redirect a jet spray from an
essential component,

d. wutilization of intermediate components and structure

to intercept and defray forces, and

e. location of duplicate instrument lines to ensure
that ocne cause will not preclude each of the re-
dundant systems from fulfilling its design functicn.

3.6-4la
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3.6.2.3.1.2.5 Acceptability of Analysis

The postulation of high energy line break locations

and the conservative analysis of resulting jet thrust and
impingement have been used to identify areas where restraints

or other protection devices are required to protect safety-related
systems and components.

3.6.2.3.2 Pipe Whip Effects on Safety-Related Comoonents

This section of the FSAR provides the criteria and methods used
to evaluate the effects of pipe displacements on safety-relatea
structures, systems and components following a postulated pipe
rupture.

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

a. Components such as vessel safe ends and valves which
are attached to the broken piping system and éo not
serve a safety function or whose failure would not
further escalate the conseguences of the accident,
‘are not designed to meet ASME Code Section III
imposed limits for essential components under faulted
loading.

b. If these components are required for safe shutdown,
or serve a safety function to protect the structural
integrity of an essential component, limits to meet
the Code requirements for faulted conditions and
limits to ensure operability, if recuired, are met.

3.6.2.3.3 Pipe Whip Restraints

3.6.2.3.3.1 Functional Reguirements

Pipe whip restraints differentiated from piping suprorts are
designed to control the movement of a postulated ruptured pipe
for an extremely low probability gross failure in a piping system
carrying high-energy fluid. The piping integrity usually does
not depend on the pipe whip restraints during normal, upset,
emergency, or faulted conditions as defined in Secticn III of the
ASME Boiler and Pressure Vessel Code. When piping integrity is
lost because of a postulated break, the pipe whip restraint acts
to limit the movement of the broken pipe to an acceptable
distance.
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3.6.2.3.3.4 Design Requirements

For reactor recirculation piping, the dynamic analysis for pi;e
whip restraints is performed using the Pipe Dvnamic Analysis
(PDA) program as described in Subsection 3.6.2.2.1.2. For other
piping, the dynamic analysis for pipe whip restraints is performed
using the Pipe Whip Restraint Reaction Analysis (PWRRA) programs.
This grogram provides resultant force-time histcries which can
then be input into the Response Spectrum Generation (RSG) progran
to generate dynamic load factors.

‘
The yielding protion of the restraint is designed for the peak
dynamic load. The non-yielding portion of the restraint is
designed for the equivalent static load.

The functions of PWRRA are explained in detail in Subsection
3.6.2.2.2.2 and Appendix C, Section 25. The description of RSG
is presented in Appendix C, Section 16.

3.6.2.3.3.5 Design Limits

Allowable steel stresses for non-yielding members are taken as
1.6 times AISC allowable but rot more than 0.95 gy, where gy =
specified minimum yield stress.

Yielding in tension rods is limited to 50% of “he ultimate
strain.

Crushable material design is bas2d on energy absorption principles.
Deflection is controlled by the design energy. The honeycomb
material thickness is designed such that the strain under this
deflection is limited to 50% and lies within the horizontal
portion of the stress strain curve of the material. This en-

sures that the honeycomb material will not experience a de-
flection in excess of that defined by the horizontal portion

of the load deflection curve. -

3.€6.2.4 Guard Pive Assemblyv Desian Criteria

Details of all guard pipe asserhlies are discussed in Subsections
3.8.1 ard 3.8.2.

3.6.2.5 Material ¢0 be Submitted for the Overatirg Licerse

-

3.6.2.5.1 Imolementaticn of Criteria for Defininr Pipe Break
Location and Orienta*i

3.6.2.5.1.1 Postulated Pipe Breaks in Pecircula.ion Piping
System - Irside Cortairment
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The criteria for selection of postulated pipe breaks in the
recirculation piping system, inside containment, are provided in
Subsection 3.6.2.1.6.1. The postulated pipe break locations and
types selected in accordance with these criteria are shown in
Figure B3.6-18. Conformance with these criteria is shown by
Table B3.6-21.

3.6.2.5.1.2 Pipe Whip Festraints for Pecirculation Piping
System Inside Containment

The pipe whip restrairts provided for this recirculation piping
system are also shown in Figure B3.6-18. This system of restraints
prevents unrestrained pipe whip resulting from a postulated rupture
at any of the identified break locations.

3.6.2.5.1.3 Jet Effects for Postulated Puptures of Pecircu-
lation Pipirag System - Inside Contairment

The effects of jet impingement from breaks in the reactor recircu-
lation piping are detailed in Subsection D3.6.2.4.

3.6.2.5.2 Piping Cther Than Reactor Recirculation Piping

The following material pertains to the dynamic analvses apoli-
cable to piping systems inside and outside contairmen% with the
exception of the reactor recirculation loop piping.

3.6.2.5.2.17 Implementation of Criteria for Defining Pipe
Break Locaticns and Configurations

The locations and number of design-basis breaks associated l
with whip restraints, including postulated rupture orien-

tations for the high-energy piping systems, are based on the

criteria delineated in Subsection 3.6.2.1 and are shown in |
Attachment B3.6.

3.6.2.5.2.2 1Imolementation of Criteria Dealing With Svecial
Features

Special protective devices in the form of pipe whip restraints
and impingement shields are designed in accordance with
Subsection 3.6.2.3.

Pipe whip restraint locations, configurations, and orientations
in relation to break locations are included in Attachment B3.6.

Where srecial protective devices are located in the vicinity of
welds reguiring augmented inservice inspection, ore or both of
the following criteria are met:

a. Special orotective cdavices are located at such a

distarce from all welds so as to allow inservice
inspectior.
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b. Special protective devices are removable so that
inservice irspection can be verformed.

3.6.2.5.2.3 Acceptability of Analyses Fesults

The postulation of break loccations for high energy piping |
systems and analyses of the resulting jet thrust, impingement
and pipe whip effects have been considered. |

Results of pipe whip dynamic effects are included in Attachment :
B3.6. ‘

3.6.2.5.2.4 Desian Adecuacy of Systems, Comporents, and |
Component Supoorts |

|
For each of the postulated breaks, the ejuipment ard systems |
necessary to mitigate tle consequences of the break ard to safely }
shut down the plant (i.e., all essential systems and components) !\
are identified in Subsection 3.6.1. The eguioment and systems "
are protected against tre consequerces of sach of the postulated |
breaks and cracks to ernsure that their design-intended functions |
will not be impaired to unacceptable levels,

Where it is recessary tou restrict the motion of a pive that would
result from a postulated break, pipe whip restraints are included
in the respective piping systems, or structural barriers or walls
are designed to prevent the whipping of the pipe.

Design adequacy of the restraints is ircluied in Attachment E3.6.

The structure ard structural barriers are designed to withstand
the effects of jet impirgement loads. The loadirg construction
and allowable desigr limits are discussed ir Section 3.8.

The evaluation of essential components urder dyramic effects
associated with jet impingement is presented in Attachment D3.56.
3.6.2.5.2.5 Implementatior of Criteria Pelated to
Protective Assemblyv Desiar

Gnard pipes are discussed in Suksections 3.8.1 and 3.8.2.
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TABLE 3.6-2

HIGH-ENERGY FLUID SYSTEMS

SYSTEMS

Main Steam (MS)

Extraction Steam (ES)

Feedwater (FW)

Condensate (CD)

Condensate 3coster (CB)

Control Room HVALC (VC)

Heater Drains (HD)

.Misc. Vents & Drains (DV)

Turbine Drains (TD)

Turbine Gland Steam Seal Steam (GS)
MSIV Leakage Control (IS)

Reactor Recirculation (RR)

Low Pressure Core Spray (LP)

High Pressure Core Spray (HP)
Nuclear Boiler (NB) :
Residual Heat Removal (RH)

Reactor Water Cleanup (RT,

Standby Liquid Control (SC)

Reactor Core Isolation Cooling (RI)
Control EFod Drive (RD)

Off Gas (0G)

Radwaste Chemical Waste Process (WF)

Chenical Radwaste Renrocessing & Disposal (WZ)

Radwaste Sludge Process (WX)
Auxiliary Steam (AS)

Post Accident Sampling (PS)
Containment Monitoring (CM)

(1) Not considered an initiating system for piping failure
because of complete physical separation from safety
related systems, components and structures.
systems are located in Non-Category I structures
where there are no safety related components or systems.)

(2) The only high-energy portions of these systems are
those portions which make up the reactor coolant
boundary. (See Figure 3.6~1 for exact boundaries.)

A\
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NOTES

(1)

(1)
(1)
(1)
(1)
(1)
a
(1) |
(2)
(2)
(2)
(2)
(2)

(2)

(2)
(1)
(1)
(1)
(1)
(1)
(2)
(2)
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oy = K (.002) (3)
oy = Knn (4)

Values of K and n obtained in this way are given in the following

tabulation:

Yield Ultimate

Stress Stress K

ey(ksi) eu(ksi) (ksi) n
Minimum 31.60 64.40 86.486 0.16201
Mean-Sigma 32.41 67.07 90.277 0.16484
Mean 36.01 71.79 96.080 0.15792

(Material properties in the tabulation, for Al06 Grade B at
600° F, are based on data from Reference 2.)

The mean-sigma values of K = 90.277 ksi and n = 0.16484 are used
for all temperatures 600° F and below.

A3.6-2

. -




CPS-FSAR

ATTACHMENT B3.6

DYNAMIC EFFECTS CF POSTULATED PIPE RUDTURES

Attachment B3.6 presents specific details reguired in Subsection
3.6.2.5 related to the dynamic effects of each postulated pipe
rupture,

‘

The éata are presented in the following format:

1.

2.

Location of postulated breaks, asscciated restraints, and
orientations are shown in Figures B3.6-1 through B3.6-23.

Definitions of breaks, break type, functicnzl restraint,
and pipe stress at break locations for comparison to stress
criteria are defined in Subsection 3.6.2.1, Tables B3.6-1
through B3.6-18A.

Typical zesult§ of pipe whip restraint analyses inside
containment for high pressure core spray systen are icdentified
in Table B3.6-19.

Typical results to demonstrate design adeguacy of those portions

- of high-energy piping penetrating containzent for whieh additional

stress criteria apply (i.e., within guard pires) 2nd Zor
which valve operability requirement must be et (i.e.,
main steam isolation valves) are shown in Table B3.6-20.
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TABLE B3.6~1 (Cont'd)

7’ 7

CUMULATIVE
BREAK Sm CALCULATED USAGE
NUMBER TYPE * RESTRAINT , STRESS (psi) FACTOR
. "EQ.10 EQ.12 EQ.13
;::éﬁ: c FW-R17 58165 8160 43491 .086
c CONT. ANCH, _ 58165 8160 4349} .086

Z-9°¢€8
dV¥Sd-8dd

/ !

* Break typé: C = circumferential, L = longitudinal.
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FW-C31
FW-C31
FW-C32
FW-C32
FW-C32
FW-C33
FW-C33
FW-C33

L

TABLE B3.6-1 (Coni:'d)

BREAK ’ 2.45p
NUMBER TYPE* RESTRAINT Apsi)
c FW-R24 42480

c RPV 42480

c FW-R17 42480

c FW-R26 42430

L FW-R25A 42480

c FW-R17 .. 42480

c FW-R26 42480

L FW-R25A 42480

L FW-R26 42480

iw-C33

II

* Break typé:

C = circumferential, L = longitudinal

CALCULATED
STRESS (psi)
EQ.10 EQ.12 EQ.13
60229 16223 40961
60229 16223 40961
47075 28735 23042
47075 28735 23042
47075 28735 23042
60181 47159 14654
60181 47159 14654
60181 47159 14654
60181 47159 14654

. -

CUMULATIVE
USAGE
FACTOR

. 226
«226
.211
«211
.211
312
.312
312
.312

d¥Sd-Sdd

S86T X1Inr
vE INIWONIWY



TABLE B3.6-1 (Cont'd)

P

CUMULATIVE
BREAK . 2.45p _ CALCULATED USAGE ~ =~~~ -
NUMBER  TYPE* RESTRAINT (psi) STRESS (psi) __ racwor |
_ EQ.10 EQ.12 EQ.13
FW-C34 c FW-R25A 42480 69546 56638 13573 .435
FW-C34 c FW-R27A 42480 69546 56638 13573 .435
FW-C34 L FW-R26 ] . 42480 69546 56638 13573 435
" FW-C34 L FW-R27 42480 69546 56638 13573 .435

b-9°¢gag

* Break type: C = circumferential, L = longitudinal.
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TABLE B3.6-1 (Cont'd)

______BREAK ;

NUMBER TYPE* RESTRAINT
FW-C40 e FW-R30
FW-C40 c RPV

S-9°¢H

(

3rcak type:

2.4Sy
si)

42480
42480

C = circumferential, L = longitudinal.

__CALCULATED
| STRESS (psi)

EQ.10 EQ.12 EQ.13
53350 19268 36243
53350 19268 36243

. -

CUMULATIVE

gsSaGs

DR N )

FACTOR

.21
.21

gV54-84D0
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TABLE B3.6-2

. BREAK DATA, LOOP 2 FEEDWATER

PIPING INSIDE CONTAINMENT

BREAK - CALCULATED
NUMBER TYPEY RESTRAINT si STRESS (psi)
EQ.10 EQ.12 EQ.13
FWw-C) Cc FW-R2 42480 58165 8160 43491
FW-Cl C CONT. ANCH. 42480 58165 8160 43491

* Break type; C = cirtcumfefential, L = longitudinal

CUMULATIVE
USAGE
FACTOR

.086
.086

SCET zx1nr
LNIWNANTAY
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BREAK
NUMBER TYPE*

— o —
—_— —— -

TABLE B3.6-2 (Cont'd)

RESTRAINT

FW-C11 c
FW-C11 c

!

* Break typé: C = circumferential, L = longitudinal.

.

- ——— . —

2.48p
(psi)

FW-R9
RPV

42480
42480

CUMULATIVE
__ CALCULATED _ USAGE™
STRESS (psi) FACTOR
EQ.10 EQ.12 EQ.13
60229 16223 40961 .226
60229 16223 40961 .226

. -———
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__BREAK .
NUMBER TYPE* RESTRAINT
FW-C12 c FW-R2
FW-C12 c FW-R11
FW-C12 L FW-R10A
FW-C13 c FW-R2
FW-C13 c FW-R11
FW-C13 L FW-R10A
FW-C13 L FW-R11
FW-C14 c F¥-R10A
Fu-C14 C. FW-R12A
FW-C14 L FW-R11

TABLE B3.6-2 (Cont'd)

/

* Break type:

C = circumferential, L = longitudinal.

—_CALCULATED
STRESS (psi)

EQ.10 EQ.12 EQ.13
47075 28735 23042
47075 28735 23042
47075 28735 23042
60181 47159 14654
60181 47159 14654
60181 47159 14654
60181 47159 14654
69546 56638 13573_
69546 56638 13573
69546 56638 13573

. -

CUMULATIVE
USAGE
FACTOR

211
.211
.211

«312
312
312
.312

.435
435
.43S

YV¥SI-3dD
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TABLE B3.6-2 (Cont'd)

-

o

: CUMULATIVE
___BREAK 2.45y ..CALCULATED USAGE .
NUMBER ~ TYPE* RESTRAINT (psi) . STRESS (psi) FACTOR

i, "EQ.10 EQ.12 EQ.13
FW-C20 c FW-R15 42480 53350 19268 36243 .21
FW-C20 Cc RPV 42480 53350 19268 36243 .21

0
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TABLE B3.6-3

BREAR DATA, FEEDUATER SYSTE

PIPING OUTSIDE CONTAINMENT

BRELR STRESS (psi)
NUMBER TIPE* RESTRAIN 0.8(1.25h + S-) (EQ.9(B) & SQ;}O)
3 C CONT. ANCH. 32,400 8360
4 L C 32,400 8360
4 L B 32,400 8360
4 L A 32,400 8360
4 L E 32,400 8360
5 4 L 32,400 8130
- C B 32,400 8130
5 c A 32,400 8130
6 c c 32,400 - 7117
6 c 8 32,400 7117
6 c A 32,400 7117
7 L c 32,400
S : 33,400 7117
P L A 32,400 7117
8 c . E 32,400 6999
9 c E 32,400 7863
A3 c CONT. ANCH. - 32,400 8612
A4 L H 32,400 8612
Ad L G 32,400 8612
Ad L F 32,400 8612
Ad L J 32,400 8612
A8 *+ ¢ H 32,400 8143
AS c G 32,400 8143
AS c F 32,400 8143

* Break type:

C = circumferential, L = longituéinal.

B3.6-10
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BREAK
NUMBER TYPE*

A6
A6
A6

A7
A7
A7

A8

0O 0O e oon

A9

CPS-FSAR

JULY 1985
TABLE B3.6-3 (Cont'd)
4 STRESS
PRESTRAIRT 0.8(1.2857+ Sa) 129.9(8) & §£L10)

H 32,400 7511
G 32,400 7511
F 32,400 7511
H 32,400 7511
G 32,400 7511
F 32,400 7511
J 32,400 7141
J 32,400 7513

* Break type:

" AMENDMENT 34

(psi)

C = circumferential, L = longitudinal

B3.6-11
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TABLE 13.6-4
BREAK DATA, HPCS PIPING

INSIDE CONTAINMENT

BREAK 2.45, __ CALCULATED __

NUNDER TYPE * RESTRAINT si) STRESS (psi)
o i A e, 77 EQ.10 EQ.12 EQ.13
HP-C& c HP-R3 42480 46514 8285 32280
HP-C6 c HP-R4 42480 46514 8285 32280

o

* Break type:

C = circumferential, L = longitudinal.

. -——

CUMULATIVE
USAGE
FACTOR

.013
.013

gVSJd-8dd
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TABLE B3.€-4

(Cont'd)

BREAK 2.4Sm
NUMBER TYPE* RESTRAINT Ipsi)
HP-C6 c RPV 42480

. HP-CB8 C HP-R4A 42480
He-C8 C HP-R3 42480
HP-C8 C RPV 42480
HP-C9 c HP-RS 42480
HP-C9 Cc RPV 42480

€rT-9°¢cd

i

* Break type:

C = circumferential, L = longitudinal.

__CALCULATED
STRESS (psi)
EQ.10 EQ.12 EQ.13
46514 8285 32280
56874 18825 37592
56874 18825 37592
56874 18825 37592
42927 155 31919
42927 155 31919

CUMULATIVE

USAGE - —-

FACTwIR

.013

.009
.009
.009

.027
.027
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TABLE B3.6-5

BREAK DATA, LPCS PIPING

”~

‘ : INSIDE CONTAINMENT
BREAK 2.4Sm
NUNBER  TYPE* RESTRAINT (psi)
- LP-CIA c LP-R1 42480
LP-CIA c LP-R2A . 42480

/

* Dreak type: C = circumferential, L = longitudinal.

__ CALCULATED
STRESS (psi)

TEQ.10 EQ.12 EQ.13

47658 7468
47658 7468

. -

34976
34376

CUMULATIVE
USAGE
FACTOR

.031
.031

d¥Sd-8d0
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BREAK
NUMBER

LpP-Cs8
LpP-C8
LP-C8

LP-C9A
LP-C9A

TABLE B3.6-3 (Con%'d)

TYPE* RESTRAINT

o0 oon

LP-R4A
LP-R3
RPV

RPV
LP-RS

4

* DBreak type:

C = circumferential, L = lonyitudinal.

2.4S5n
si)

42480
42480
42480

42480
42480

_ CALCULATED
STRESS (psi)

EQ.10
56241
56241
56241

50326
50326

EQ.12
29187
29187
29187

5127
5127

EQ.13
35849
35849
35849

36974
36974

CUMULATIVE
USAGE
FACTOR

0006
.006
.006

011
011

¥VS3I-Sdd
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TABLE B3.6-6

BREAK DATA, LOOP 1 MAIN STEAM

PIPING INSIDE CONTAINMENT

BREAK 2.45p CALCULATED
NUMBER __ TYPE* RESTRAINT (psi) STRESS (psi)
' * EQ.10 EQ.12 EQ.13
MS-CS7 C MS-R24, MS-R2S, 42480 49368 25416 19583
NS-CS7 o MS-R26. MS-R27
: CONT. ANCH. 42480 49368 25416 19583
MS-C58 C MS-R23 42480 49368 25416 19583
MS-CS8 C *  MS-R27, MS-R26 42480 49368 25416 19583

* preak type: C = circumferential, L = longitudinal.

CUMULATIVE
USAGE
FACTOR

.0068

.0068
.0068
.0068

dvsd-sdd
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TABLE B3.6-6 (Cort'd)

BREAK 2.4Sp

NUMBER __ TYPE* " RESTRAINT (psi)
MS-C68 c RPV 42480
MS-C68 c MS-R26 42480
MS-C68 L MS-R28, RPV 42480
MS~-C69 Cc MS-R28 42480
MS-C69 Cc RPV 42480

* Break type:

C = circumferential, L = longitudinal.

CALCULATED
STRESS (psi)

EQ.10

59265 -

59265
67675

27465
27465

EQ.12
42233
42233
49264

13562
13562

EQ.13
18423
18423
18661

15348
15348

CUMULATIVE

USAGE
FACTOR

.0175
.0175
.0423

.0009
.0009

Yvsd-8dd
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N\

BREAK

TABLE B3.6~7

BREAK DATA, LOOP 2 MAIN STEAM

PIPING INSIDE CONTAINMENT

2.45m

NUMBER TYPE" RESTRAINT (psi)

Ms-C21 c MS-R10, MS-R1l, -  ,o4m0"
MS-R12, MS-R13

Ms-C21 c CONT. ANCH. 42480

f

* Drecak type:

C = circumferential, L = longitudinal.

CUMULATIVE
CALCULATED USAGE
STRESS (psi) FACTOR
EQ.10 EQ.12 EQ.13
37886 6653 21515 .0N59
37886 6653 21515 .059

¥YVSJI~-SdO
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TABLE B3.6-7 (Cont'd)

BREAK ~ 2.4Sp
NUMBER __ TYPE* RESTRAINT (psi)
MS-C33 e RPV 42480
MS-C33 c MS-R12 42480
MS-C33 L MS-R14, RPV 42480
MS-C34 c MS-R14 42480
MS-C34 c RPV 42480

* Break type:

C = cir..erential, L = longitudinal.

CALCULATED
STRESS (psi)

EQ.10
57236

57236
64551

26550
26550

EQ.12
40815
40815
47389

13034
13034

EQ.13

© 28313

28313

23406

17022
17022

CUMULATIVE

USAGE
FACTOR

0146
.6146
.0306

.0008
.0008

YVSJI~8dd
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TABLE B3.6-8

" 4 BREAK DATA, LOOP 3 MAIN STEAM

PIPING INSIDE CONTAINMENT

BREAK 2.45m CALCULATED
NOWBER TYPE* RESTRAINT psi) STRESS (psi)
' EQ.10 EOQ. "
MS-C35 c MS-RIE, MS-RIS, 42480 i ¢ BB
MS-C35s = CONT. ANCH. 42480 39029 6912 18643

0Z-9°¢ca

-~

* Break type: C = circumferential, L = longitudinal.

-——

CUMULATIVE
USAGE
FACTOR

.064
.064

yVSI-8dd

xne

G861
vE IRINANIWY
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Y

BREAK
NOMBER  TYPE*
. MS-CSS c
MS-C55 c.
MS-C56 c
MS-C56 c

TABLE B3.6-8 (Cont'd)

RESTRAINT

MS-R19, shield wWall
RPV

MS-R22
RPV

* Break type:

2.4s,
(psi)

42480
42480

42480
42480

C = circumferential, L = longitudinal.

CALCULATED
STRESS (psi)

EQ.10
53660
53660

25536
25536

EQ.12
36569
36569

11785
11785

EQ.13
19269
19269

16495
16495

CUMULATIVE
USAGE
FACTOR

.0104
.0104

.0006
.0006

HVSI=-SdO

WARIWY .

-
-
-

Te
[

G86T x1n0
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TABLE B3.6-9

s BREAK DATA, LOOP 4 MAIN STEAM
PIPING INSIDE CONTAINMENT
BREAK 2.4Sq CALCULATED
NUMBER TYPE * RESTRAINT {psi) STRESS (psi)
EQ.10 EQ.12 EQ.13
MS-C1 c =§-§§' MS-R4, 42480 39029 6912 18643
MsS-C1 c CONT. ANCH. 42480 39029 6912 18643

o

* Break type:

C = circumferential, L = longitudinal.

CUMULATIVE
USAGE
FACTOR

.064
.064

UVYSd~-8dO

¢8s1 XINC
LINSWANTN

Ve
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TABLE B3.6-9 (Cont'd)

RESTRAINT

MS-RS5, Shield wall
RPV

MS-R8
RPV

f
¢

* Dreak type:

C = circumferential, L = longitudinal.

CALCULATED
STRESS (psi)

EQ.10
53660
53660

25536
25536

EQ.12
36569
36569

11785
11785

EQ.13
19269
19269

16495
16495

CUMULATIVE
USAGE
FACTOR

.0104
0194

.0006
.0006

- -
e
A

o
H -.:
o 1
@ .1
w +3

bE




i

vZ-9°tq

BREAK

TABLE B3.6-10

BREAK DATA, MAIN STEAM DRAIN

LINE INSIDE CONTAINMENT

NUMBER TYPE" RESTRAINT*#
M5-C69 c
MS-C74 ~
MS-C78 c

* Break type: C = circumferential.

CUMULATIVE
2.4Sp __ CALCULATED USAGE
(Esi) STRESS (psi) FACTOR

EQ.10 EQ.12 EQ.13
42180 69072 6139 42259 .248
42480 64445 8389 38309 .077

42480 62130 11305 38313 317

** pipc breaks cause no impact on essential components; restraints are for protection of
containment isolation valves. (See Figure B3.6-10 for break and restraint locations.)

s

. -———

¥yv¥sSd-Sdd
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TABLE B3.6-10 (Cont'd)

i CUMULATIVE
BREAK v 2.45py - CALCULATED USAGHE
HBER . RESTRAINT## (psi) STRESS (psi) __FacroR
o . ' EQ.10 EQ.12 EQ.13
MS-C87 C 42480 60779 19271 38542 .335
MS-C93 c : 42480 39658 p .130
MS-C94 C 42480 61721 24334 38615 .409
0
‘o
wn
1
% )
1]
>
)

* Brcak type: C = circumferential.

S2E€T xIne
PE ININCHINY

** Pipe breaks cause no impact on essential components; restraints ar

" containment isolation valves, (See Figure B3.6~

e for protection of
10 for break and restraint locations,)

B e



CPS-FSiAR AMENDUENT 34
JULY 1985
TARLE B3.6-11 :
BREAX DATA, MAIN STEAM DRAIN
LINE OUTSIDE CONTAINENT

BREAK** ¢ CALCULATED

NUMBER TYPE*  RESTRAINT 0.8(1.2S» + Sa) STRESS
1 Cc 290 Not Applicable Not Applicable
1 C 520 Not Applicable Not Applicable
2 C 225 Not Applicable ot Applicable
2 C 240B Not Applicable Not Applicable
2 Cc 290 Not Applicabl Not Applicable

\

* Break type: C = circumferential.
** Breaks were not postulated by stress level, but selected
for the worst loading cases on the containment isolation valvye,

8306-26

. -
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CPS-FSAR ' AMENDNENT 34

JULY 1985
TABLE B3.6-12
BREARK DATA, MAIN STEAM 2121453
QUTSIDE CONTAINMENT
BREAK y STRESS (psi)
NUMBER  TYPE* RESTRAINT 0.8(1.25- + S.) (EQ.9(3) s =7.:0)

3L L N 32,400 20788

3L L v 32,400 20788

3L L M 32,400 20788

3L L P 32,400 20788

4C i N 32,400 20788

4C Cc 32,400 20788

4C c M 32,400 20788

5L L N 32,400 ) 20760

SL L ? 32,400 20760

5L L M 32,400 20760

6C o N 32,400 20760

6C C 3 32,400 20760

6C e " M 32,400 20760

6C C P 32,400 20760

9L L J 32,400 17138 :
9L L s 32,400 17128

9L L I 32,400 17138

9L L L 32,300 17138
10C C J 32,400 17138
l10C c S 32,400 17138
l0C C X 32,400 17138
1lL L J 32,400 17049
1lL L S 32,400 17049
11lL L I 32,409 17049
12¢ c J 32,400 ~ 17049
l12¢ Cc s 32,400 17049
l12¢C C I 32,400 17049
12¢C C. L 32,400 17049

* Break type: C = circumferential, L = longitudinal.

B3.6-27

. -




CPS~FSAR ANENCLHENT 34

JULY 1985
TABLE B3:6-12 (Cont'd)
BRIOAX ’ STRZSS (psi)

NUMRBCZR 49 RESTRAINT 0.8(1.25» + S3) (£Q.9(2) & EC.10)
A3L L F 32,400 18441
A3L L R A 32,400 . ABdsl
A3L L E 32,400 1844
A3L L H 32,400 18441
Ad4C C F 32,400 18441
Ad4C »- R 32,400 18441
A4C C A 32,400 18441
AS5L L F 32,400 18429
ASL L R 32,400 18429
ASL L E 32,400 18429
A6C F 32,400 18429
A6C - R 32,400 18423
AGC  ~ E 32,400 ° 18429
A6C C H 32,400 18429
ASL L B 32,400 17414
ASL L Q 32,400 17414
A9L L A 32,400 17414
AL L D 32,400 17414
AloC c B 32,400 17414
"AlOC C Q 32,400 17414
AlOC C A 32,400 17414
AllL L B 32,400 16995
AllL L Q 32,400 16995
AllL L A 32,400 16995
Al2C e B 32,400 16995
Al2cC C Q 32,400 16985
Al2C - A 32,400 16995
Al2C e D 32,400 16995
* Break type: C = circumferential, L = longitudinal.

B3.6-28

P e
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TABLE B3.6-13
BREAK DATA, LOOP 1 RHR PIPING

”~
. INSIDE CONTAINMENT
" CUMULATIVE
BREAK 2.45p — CALCULATED _ USAGE
NUMBER TYPE* RESTRAINT (psi) STRESS (psi) __FACTO® |
EQ.10 EQ.12 EQ.13

RH-C1 c RH-R2 .- 42480 43906 1594 34807 .004
(2]
~
T
* g "
wn
>
A

ft

Alac
AANTHY

* Break typé: C = circumferential, L = longitudinal.

$86T
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TABLE B3.6~'3 (Cont'd)

F 4

CUMULATIVE
BREAK . 2.4Spy __ CALCULATED USAGE
NUMBER TYPE * RESTRAINT {psi) STRESS (psi) FACTOR . |
EQ.10 EQ.12 EQ.13
RH-C8 C RH-R3 - 42480 43192 20255 23705 .008
‘RH-C8 C RPV - 42480 43192 20255 23705 .008
RH-C9 C RH-RS 42480 59810 37624 36077 .037
RH-C10 C RH~RS 42480 54368 11160 38757 .051
; 0
3
192]
1
]
1]
2
s
T
[ & b
* Dreak type: C = circumferential, L = longitudinal. *‘g
At
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w
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. BREAK
NUHDER
RI~C20

RiI-R21
RH-R21

RH~-C25
RH-C25

RI-C26

TYPE®*

Q 00 o0 o

/

TAELE B3.6-14

BREAK DATA, LOOP 2 RHR PiPING

INSIDE CONTAINMENT

RESTRAINT

RH~R10

RII-R9
RPV

RH-R11
RPV

RH-R11

2.48m

(psi)

———— ———. Y —————— . »

* Dreak type: C = circumferential, L = longitudinal.

__CALCULATED
STRESS (psi)
EQ.10 " EQ.12
55991 12968
55987 14303
55987 14303
75354 37104
75354 37104
63668 15276

EQ.13
36823

36554
36554

45409
45409

42726

CUMULATIVE
USAGE
® _FACTOR

.012

012
012

050
.050

.069

dvs.3-8dd

xme
a'!' ‘!

PR R Lt
ey
-

-
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TABLE P3.6~-15

BREAK DATA, LOOP 3 RHR PIPING

R
. INSIDE CONTAINMENT
Z CUMULATIVE
BREAK 2.45p _ CALCULATED USAGE
WUMBER TYDE® RESTRAINT (psi) STRESS (psi) FACTOR
EQ.10 EQ.12 EQ.13
RH-C15 c RPV . 42460 40211 e .C05
RH-C17 c RH-R@ " 42480 76914 42803 139573 .075
RH-C17 c RPV 42480 76914 42803 139573 .075
RH-C18 c RH-R8 42480 56931 19408 40157 .047

ZE-9°¢gg

dV¥sJd-sdd



tE-9°¢cg

P
BREAK
NUFDER TYPE * RESTRATNT
RH-C32 c 20" RR LINE
RII-C35 c RH-R14
RH-C35 c RH-R14A

TABLE 33.6-1¢

BREAK DATA, LOCP 4 RHR PIPING

. INSIDE CONTAINMENT

* Break type:

»

4

2.45,

(psi)

42480

45780
45780

C = circumferential, I = longitudinal.

— CALCULATED _
‘STRESS (psi)

EQ.10 EQ.12 EQ.13
50302 3267 39229

66214 30127 31654
66214 30127 31654

. -

CUMULATIVE
USAGE
FACTOR

.092

.664
.664

HVYSJI~SdD

86T X0
PE INSHANIRY
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TABLE B3.6~17

BREAK DATA, RCIC PIPING

INSIDE CONTAINMENT

} BREAK 2.4Sp
NUMBER ~TYPE* RESTRAINT (psi)
RI-CS c RI-R1 42240
RI-CS C RI-R2 42240
RI-CS c RI-R5 42240
RI-C6 C RI-R4 42240
RI-C6 C RI-R8 42240
RI-CSA C RI-R1 42240
RI-CSA 54 RI-R2 . 42240
RI-CSA c RI-RS 42240

/

* Break type:

U

__CALCULATED

STRESS (psi)

EQ.10

65005
65005
65005

55994
55994

55621
55621
55621

C = circumferential, L = longitudinal.

. -

EQ.12

13171
13171
13171

10208
10208

22692
22692
22692

EQ.13

41286
41286
41286

37208
37208

34697
34697
34697

CUMULATIVE
USAGE
FACTOR

.072
072
072

.032
.032

.019
.019
.019

Y¥VSd-SdD
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TABLE B3.6-17 (Cont'd)

"

CUMULATIVE
BREAK . 2.45pm __CALCULATED USAGEL
NUAMBER  TYPE® RESTRAINT (psi) STRESS (psi) FACTOR

, EQ.10 EQ.12 EQ.13

RI-C11 c RI-R7 42240 67620 10089 48211 .181
RI-C11 c RI-R8 42240 67620 10069 48211 .181
RI-C11 ¢ RI-R9 42240 67620 10089 48211 .181
" RI-C11 c RI-R10 42240 67620 10089 48211 .131

0

o

1]

)

- "

wn

=

o

- Q,

& i

" <

2

O m
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w
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TABLE E7.6-18
BREAK DATA, RWCU PIPING

INSIDE CONTAINMENT

; CUMULATIVE
BREAK “IY 2.45p _CALCULATED USAGE
NUMBER TYPE * RESTRAINT (psi) STRESS (psi) ! FACTOR
3 EQ.10 EQN.12 EQ.13
CONT. PENE, 42480 (Terminal End Break)
RT-R2 42480

RT-R1 41520
RT-R5 41520
RT-R4 41520

»T=-C}
RT=C1

RT-C5
RT=C5
RT-C5

RT-R4 41520
RT=R7 41520
RT-R5 41520

RT-C6
RT-C6
RT-C6

JVSd-Sdd

RT~R4 41520
RT-R7 41520
RT-R6 41520

RT-C7
. RT=-C7
RT-C7

fon0 a0 rfr0n0 nn

RT-R6 41520
R1T-R9 41520
RT-R7 41520

* RT=-Cu
- RT=-CU
RT-CH

(ol o Ne

!

* Break type: C = circumferential, L = longitudinal.

SeeT ZXIar
JNIRANENY
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TABLE B3.6-18 (Cont'd)

7

CUMULATIVE
BREAK - 2.4S5p ] CALCULATED USAGE - —  ___
NUMBER TYPE:‘ . RESTRAINT (psi) A STRESS (psi) Factur
EQ.10 EQ.12 EQ.13
RT-C27A c 20" RR LINE 32940 62280 10729 33733 379
. RT-C27A C NONE* * 32940 62280 10729 33733 .179
RT-C27A L 20" RR LINE 32940 62280 10729 33733 .179
RT-C26 - NOHE** 32940 64601 38102 29528 .133
RT-C23 C 20" RR LINE 32940 64601 38102 29528 .133
RT-C28 L 20" RR LINE 32940 64601 38102 29528 .133
e 9
o T
~ "1
S %
oy
f
* Break type: C = circumferential, L = longitudinal.
; (5
- ** No impact on essential components, l Sgﬁ
b<§j
b 2
o (41
@ 7
w3
w
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TABLE B3.6-~18 (Cont'd)

CUMULATIVE
2.45p CALCULATED USAGE
RESTRAINT _Ipsi) ‘STRBSS (psi) : FACTOR

EQ.10 EQ.12 EQ.13

NONE* * 40816 16881 24234 0
NONE* # 60217 38092 23971 .076
NONE* * 60217 38092 23971 .076

0
‘0
0n
|
b
wn
S
~

!

~ *Break type£ C = circumferential, L = longitudinal.

e
e 13t 1

~
P
-

**No impact on essential components.

S86T
PE I




6€-9°¢cg

 RT-C39

TABLE B3.6-18 (Cont'd)

-

7

BREAK . 2.4Sm

NUMBER TYPE* _RESTRAINT ~_Ipsi)
RT-C35A e NONE* * 32940
RT-C35A c 20" RR LINE 32940
RT-C35BB c NONE* * 32940
. RT-C358B Cc NONE#** 32940
c NONE#* * 42480

{

* DBreak typé: C = circumferential, L = longitudinal.

** No impact on essentijal components

4

CALCULATED

STRESS (psi)
EQ.10 EQ.12 EQ.13
33331 12939 20639
33331 12939 20639
50341 33449 23710
50341 33449 23710
65309 5291 40672

. -

CUMULATIVE
USAGE
FACTOR

.000
.000

.005
.005

«372

UYSd-Sdd
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TABLE B3.6-18 (Cont'd)

z

BREAK 2.4s CALCULATED
NUMBER TYPE* RESTRAINT ' (ps i) STRESS (psi)
EQ.10 EQ.12 EQ. 13
RT-C40 c NONE** 42480 42474 - -
RT-C40A c NONE** 42480 42818 7 30864

-

4

* DBrecak type: C = circumferential, L = longitudinal.

*» No impact on e¢ssential components.

u —

CUMULATIVE
USAGE
FACTOR

BT
.116

co

HYSA~-8dD

5T X1ar
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TABLE B3.6-18 (Cont‘'d)

RESTRAINT

NONE* *
NONE#**

i

* Break type: C = circumferential, L = longitudinal.

*#* No impact on essential components.

CALCULATED
_ STRESS (psi)

EQ.10 EQ.12 EQ.13
44186 13376 30227
44186 13376 30227

CUMULATIVE
USAGE
FACTOR

«133
.133

UVSI-8dd

S86T X700
LNESHANTNY
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TABLE

”
-~

BREAK ¢

NUMBER ____ TYPE* RESTRAINT
RT-C79 0 NONE* *

'
'

B3.6-'8 (Cont'd)
CUMULATIVE
2.45m CALCULATED USAGE
Apsi) STRESS (psi) FACTOR

EQ.10 EQ.12 EQ.13
(Terminal End Break)

* Break type: C = circumferential, L = longitudinal.

** No impact on essential components,

dVsSI-Sdd

x2ne
4

N -
Tt st N
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NUMBER
RT-601
RT-602
RT-603
RT-604

RT-605

BREAK
TYPE*

C

Cc

C

C

TABLE B3.6-18A

BREAK DATA, RWCU PIPING OUTSIDE CONTAINMENT

ALLOWABLE

(psi
8 (1.25

RESTRAINT 0 ;

32400
32400
32400
32400
32400

* Break type: C = circumferential, L = longitudinai.

)

+8,)

. -

CALCULATED
STRESS (psi)
(EQ. 9B and EQ. 10)

17003
15688
1961
. X338
2851

JvsS3I-Sdd

€86T X1IArC
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TABLE B).6-19

RESULTS OF WHIP RESTRAINT ANALYSES FOR WIGH PRESSURE CORE SPRAY INSIDE CONTAINMENT
M

”

PIPING SysTem

POSTULATED  RESTRAINT Fimp Tige Frrnas

BREAK 1D 1D IK!EU! ‘10 l!g:! ‘l!ul
HIGH-PRESSURE CORE_SPRAY

HP-C6:C  MP-R) 71.54 0.0003 0.0

HP-C6:C  WP-R4 - - 48.42

HP-CB:C  MP-RAA 41.03 0.0023 0.0

HP-C9:C HP-RS - - 100.95
. HP-C8;C HP-R3 58.53 2003 _ 0.0,

TRestralnt Information 1ls basod on current analysis.

RESTRAINT INFORMATION*

TIP ACTUAL PEAK
DIS- DEFLEC-  DYNAMIC  ALLOWABLE
GAP PLACEMENT  TION LOAD DEFLECTION
{inches) _(inches) (inches) _(kips  _ (inchcs)

10.12 19,32 3.539 268.51 5.810
2,01 4.44 1.176 128.3 2.00
7+53 9.947 1.403 216.0 2.00

.

7,297 18.132 4.65 281.9 6.292

~d0.2 . 19,32 3.539. 268.51 -3.810

. -

¥7isd-sdd

$86T x1ar
PE INIRONTRY



CPS~-FSAR

TABLE '33.6-20

~~3 OF CCUTAINMINT PENETRATION

L

FOR FTIED

PEAX PIPE ST2=Zss3
RESTRAINT IN CCNTAIN-
REACTION

MENT PENT
(kips)

RESTRAINT
NUMBER
(GUIDE)

-

TRATION ARZ:

o AL

FWR16

270

23845
FWR16A

462

B3.6-45
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BREAK :
IDENT.

RS1
RS3TT,
RD1
RD2

RD3

RDS
RD6
RD7
RD8

RDY

TABLE B3.6-21

BREAK DATA, REACTOR

RECIRCULATION PIPING SYSTEM*

STRESS RATIO PER ASME EQNS.

Sn
3Sm

0.72
1.3
0.56
0.80
0.73
0.67
0.77
0.50

- 0.47

0.38

0.40

B i
- g —
0.23 0.65
0.60 0.53
0.12 0.54
0.34 0.51
0.22 0.54
0.19 0.50
0.32 0.39
0.14 0.36
0.11 0.36
0.04 0.36
0.05 0.36

* Loop A same as Loop B except as noted.
** Loop B only.

USAGE
FACTOR

0.0
0.27
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

BREAK

TYPE

CIRCMF
LONG

CIRCMF
CIRCMF
CIRCMF
CIRCMF
CIRCMF
CIRCMF
CIRCMF
CIRCMF

CIRCMF

Subscript "LL" indicates longitudinal break.

BREAK BASES
SECTION NO.

3:6.2.12.6,1.a
3.6.2.1.6.1.b
3.6.2.3.8:.1.a
3.6.2.1.6.1.a
3.6.2.1.6.1.a
3.6.2.1.6.1.a
3.6.2.1.6.1.a
3.6.2:1.8:):¢
3.6.2.1.6:1.¢
3.8.2.1:7.1:€
3.6.2:.12:6.1.c

dV¥S3d-SdD

S86T x1nr
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FIGURE 83.6-4
LOCATION OF POSTULATED BREAKS AKD
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