Consumers
Power
Company

April L, 1975

RIS " Re: 1. Docket 50-255, License DPR-20
D1v151on of Reactor Licensing Palisades Plant

USNRC _ 2. Letters to DRL From RBSewell
Att: Mr. R. A. Purple Dated 12-29-Th, 1-27-75 and
Washington, DC 20555 ' 2-24-75

Gentlemen:

By letter dated November 26, 1974, the Atomic Energy Commission
requested that Consumers Power Company review the Palisades Plant to de-
termine whether the failure of any non-Category I (seismic) equipment,
particularly in the circulating water system and fire protection systen,
could result in a condition, such as flooding or the release of chemicals,
that might potentially adversely affect the performance of safety-related
equipment required for safe shutdown of the facility or to limit the con-
sequences of an accident. It was noted that a previous review had been”
performed but in the intervening period the cooling towers had been com-
pleted and a reanalysis should be conducted.

Consumers Power Company, in its letter of October 26, 1972, con-
veyed its analysis and conclusion to AEC that a potential of flooding or
chemical release, that would adversely affect safety-related equlpment
does not exist at the Palisades Plant.

Howevef, in light of the modifications to the circulation water
system and the addition of cooling towers, an investigation of flood po-
tential, that may have resulted from the modifications, was conducted.

1.0 DESCRIPTION OF RELEVANT MODIFICATIONS

Following is a brief description of the changes made in the circu-
lating water system which have a bearing on the flooding potential:

1. Removal of circulating water pumps from the intake structure.
2. Addition of cooling towers.
3. Layout of two 90" return pipes leading water from the cooling

tower basins to the condenser: This resulted in both the pipes
travelling vertically downward through the intake structure.

384s
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L. Addition .of two dilution pumps and associated piping in the
intake structure.

5. Addition of expansion joints and butterfly valves in the inlet
" piping to the condenser.

6. Addition of expansion Jjoints in the discharge piping from the
condenser water boxes.

DESCRIPTION OF ANALYSTS

According to Attachment B of AEC - Branch Technical Position - MEB #1,
(Attachment 1), circulating water system is classified as a Moderate
Energy Fluid System.

Paragraph C, Section II of AEC - Branch Technical Position - MEB #1,
implies that no break need be postulated .if the maximum stress in
the nonnuclear piping is.less than 0.4 (1.25 Sh + SA).

Stress analysis of the modified circulating water piping in. the intake
structure was carried out for various loads. Maximum stress encoun-
tered was found out to be much less than the permissible value re-
ferred to above.

Therefore, no break in the circulating water system piping was postu-
lated and no protective measures against flooding are reguired in the
intake structure building (former screenhouse).

SUMMARY

Circulating water system with its modifications falls under the cate-
gory of Moderate Energy Fluid Systems (Attachment 1).

The actual stresses including seismic in the modified piping of the
circulating water system in the intake structure building are much
less than the allowable for a nonnuclear piping. The stresses as
calculated are 1.042 ksi as compared with an allowable value of 16.2
ksi. Therefore, the postulation of any break in the circulating
water piping in the intake structure bullding is not warranted and,
as such, no protective measures are needed.

" The addition of expansion joints and butterfly valves in the circu-

lating water piping near the condenser has not altered the basis under
which the previous analysis was made (10-26-72 letter to AEC).

CONCLUSIONS

From the analysis above, it is concluded that modifications to the
circulating water piping have not changed flooding potential in the
intake structure (former screenhouse). Therefore, no additional
measures are required. Note there is only about 22 feet of water
static head (9.6 psi) in this part of the system.
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5.0 ADDITIONAL CONSIDERATION

In view of the Commission's concern regarding the expansion joints,
an analysis was made assuming the rupture of only one expansion
Jjoint at a time, and limiting the size of rupture to half the cir-
cumference of the expansion joint and a height of four inches. From
this analysis, it was estimated that the minimum time taken by the -

- leaking water to overflow onto the turbine building floor EL 590'-0",
after filling the condensate.pump area El1 571?—0" and condenser area
El 580'-0" is about 2-1/2 minutes.

To relieve this extremely unlikely discharge, we have decided
to install two (2) level alarms in the condensate pump drea (EL 571'-0")
to detect rising water level. These level sensors will provide sufficient
warning to permit appropriate administrative action to be taken. This
action will include opening of the roll-up door at the turbine building
floor area (El 590'-0") which by itself would limit the water buildup to
a maximm of several inches (above the 590' floor). This water level is
considerably below the 593'-6" elevation which would result in flooding
of the service water pump motor. We expect to complete the installation
of the level alarm by about October 1, 1975.

Yours very truly,

LA

RBS/map Ralph B. Sewell
Nuclear Licensing Administrator
CC: JGKeppler,
USNRC



Attachment 1

From Draft 8 of Reg. Guide l.xx

BRANCH TECHNICAL POSITION - MEB No. 1 -

POSTULATED BREAK AND LEARAGE LOCATIONS IN
FLUID SYSTEM PIPING OUTSIDE CONTAINMENT

The following criteria are the review responsibility of the Mechanical En-
gineering Branch with the exception of I.A., II.A., and IT.D. which are the
responsibility of the Auxiliary Power and Conversion Systems Branch. These
items are included in this Branch Technical Position to provide clarity and
continuity.

I. High-Energy Fluid System Piping
A, Fluid Systems Separated from Essential Systems and Components

For the purpose of satisfying the separation provisions of plant
arrangement as specified in C.l.a of the Regulatory Position,* a
review of the piping layout and plant arrangement drawings should
clearly show that the effects of postulated piping breaks at any
location are isolated or physically remote from essential systems
and components. At the designer's option, break locations as
determined from I.C and I.D of this Branch Technical Position may
"be assumed for this purpose.

B. Fluid System Piping Between Containment Isolation Valves.

Breaks need not be postulated in those portions of piping iden-
tified in C.2.c. of the Regulatory Position* provided they meet
the requirements of the ASME Code, Section III, Subarticle
NE~1120 and the -following additional design requirements:

1. The following design stress and fatigue limits should not
: be exceeded:

For ASME Code, Section III,.Clags 1 Bipipg
(a) The maximum stress range should not exceed 2.4Sp

(b) The maximum stress range between any two load sets
(including the zero load set) should be calculated
by Eq. (10) in Paragraph NB-3653, ASME Code, Section
ITT, for upset plant conditions and an operating
basis earthquake (OBE) event transient.




3.

1f Ehe calculated maximum stress range of Eq. (10)
- €exceeds the liwit of I.B,1(a) but is not greater
than 3§m, the limit of I.B.1(c) should be met.

If the calculated maximum stress range of Eq. (10)

exceeds 35_, the stress ranpres calculated by both

Eq. (12) and Eq. (13) in Paragraph NE-3653 should

meet the 1imic of I.B.1(a) and the limit of I.B.1(c).
'

(c) 'The cumulative usaze factor should be less than 0.1

if consideration of fatigue limits 1s required
according to I B.1(b). :

(d) The paximun stress, as calculated by Eq. (9) in
Paragraph NB-3652 under the loadings resulting from
. & postulated piping failure beyond these portions
of piping should not exceed 2.~J~m.

For- ASME Code, Secticn I1I, Class 2 Pioing

(a): The maximum stress ranges as calculated by Eq. (9)

: and (10) in Paragraph NC-3652, ASME Code, Section III,
~considering upsat plent conditions. (i.e., sustained
loads, occasional loads, and thermal expansion) and
an OBE event should-not exceed 0.8(1.25, + SA)'

(b) The maximum stress, as calculated by Eq. (9) in’
Paragraph NC-3652 under the loadings resulting from
a postulated piping failure of fluid system plolng
beyond these portions of piping should noc exceed
1. BSh

Welded attachments, for pipe supports or other purposes,

- to these portions of piping should be aveided except
. where detailed stress analyses, or tests, are performed

to demonstrate compliance with the limits.of I.B.l.

. The number of circumferential and longitudinal piping welds
and branch connections should be minimized.- Where guard

. pipes are uced, the enclcsed portion of fluid system piping
should be seamless construction unless specific access
prov151ons are made to permit inservice volumetric examina-
tion of the longitudinal welds.




. 4. The length of these portions of pipif'._-sho:xld bé reduced
- to the minimum length practical. :

5. The design of pipe anchors or restraints (e.g., connections
to containment penetrations and pipe unlp rertra*nts) should
not requirec weldinp directly to tiie outer surface of the
piping (e.g., flued_xntegrally forged pipe fittings mayv be

- used) except where such welds-are 100 percent volumetrically
‘ examninable in service and a detailed stress analysis is
performed to demonstrate compliance with the limits of I.B.l.

6. Guard pipes provided for those portions of piping identified
"dn C.2.c.(2) of the Regulatory Position® should be constructed
in accordance with rules of Class ¥MC, Subsection NE of the
ASME Code, Scction III, where the guard pipe is part of the’

containment boundary. In addition, the entire guard pipe
‘should be designed to meet the followxng requirements and
tests:

(a) The design'pressure and temperature should not be less
than the maximum operating pressure and temperature of .
the enclosed pipe under normal pZant conditions.

. . (b). The design stress limits of Paragraph NE—3131(c)
' should not be exceeded under the loading associated
with design pressure and temperature in combination
with the safe shutdown earthquake.

(¢) Guard pipe assemblies should be subjected to a single
.pressure test at a pressure not in excess of design
' pressure° : :

C. Fluid Systems Enclosed Within Protective Structures

.l;. With the exception of those portions of piping identified
- 4n I.B., breaks in Class 2 and 3 piping (ASME Code, Section III)
~should be postulated at the following locations in cthose
portions of each piping and branch run within a protective
structure or compartment designed, to satisfy the plant
arrangement prov151ows of C.1l.b. or C l c. of the Regula-
tory P051tlon 2k

»®omn® . g

%See Attachment A IR T EEE S TRl g e il
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At terminal ends of the run if located within the
protective structure,

_At intermediate locations selected by one of the
" following criteria: :

(1) At each pipe fitting (e.g., elbow, tee, cross,
flange, and non-standard fitting), welded attach-
ment, and valve. Wnere the piping contains no
fiteings, welded attachments, or valves, at one
location at each extreme of the piping within
the protective structure. (A terminal end, as
determined by C.l.a, may be con51dered as one
of these extremes.)

(11) At each location where the stressesl/ exceed
' 0.8(1.25; + S ) but at not less than two separate?
-locatlons chosen on the basis of highest stress.~
Where the piping comsists of a straight run without
fittings, welded attachmenr, and valves, and all
stresses are below 0.8(1.25;, + S4), a mininum of.
one location chosen on the basis of highest stress.

Breaks in non-nuclear class piping should be pestulated

the following locaticns in each piping or branch run:

At terminal ends of the run if located within the
protective structure.

At each intermediate plpe fitting, welded attachment
and ‘valve.

1/

—'Stresses under rnormal and upset plant conditions, and an OBE event as
calculated by Eq.

(9) and (10), Parag. NC-3652 of the ASME Code, Section III.

2 o . . . o S
—chlect two locations with at least 10% difference in stress, or, if
stresses differ by less than 10%, two locations scparated by a change

of direction of

the pipe run.

C settE .t mg t .
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. D. . Fluid Systems Not Enclescd Within Protective Structures

1,

2.

- o - 3 -
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‘ ~ ASee Attachment A

With the exceptions of those portions of piping identified
in I.B., breaks in Class 2 and 3 piping (ASME Code, Section IIX)
should be postulated at the following locations. in those

"portions of cach piping and branch run routed outside of,

but alongside, above, ar belew, a protective structure or
compartment containing eacential sysiems aid ccrinoncits
and designed to satisfy the plant arrangement provisions
of C.1.b or C.l.c. of the Regulacory-Position.*

Such piping should be considered as located adjacent to a
protective structure if the distance between the piping and
structure is insufficient to prcclude impairment of- the

" integrity of the structurc from the effects of a postulating

plping failure assuming the piping is unrestrained.

a. At terminal ends of the run if located adjacent to the
protective structure,

b. At intermediate locations selected by one of the
following criteria: : =

(1) At each pipe fitting (e.g., elbow, tee, cross,

- " flange, ‘and non-standard fittinw) velded attach-
ment, and valve. Where the piping contains no
fitrings, welded attachments, or valves, at one
location at each extreme of the piping run
adjacent to the protective structure.

"(11) At each location where the stresseslj exceed
0.8(1. 25; + Sy ) but at not less than two separated
locatlons chosen on the basis of highest stress.2/
Where. the piping consists of a straight run without
fittings, weldad attachrments, or valves, and all
' stresses are below OGS(I.ZSh + SA), a minimum of
one location chosen on the basis of highest stress.

Breaks in non-nuclear class piping should be postulated at-

the: following locations in each piping or branch run:

a. At terminal ends of the run if-located adjacent to
.the protective structure.

b At each Intermediate pipe fitting, welded attachment,
. and valve. _ . .
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Moderate-cncrmu touid Sustom Piping

-

A. Flutd Systems Scparated [rom £ssential Systems and Cemponcnts
For the purpose of satisfring the separation provisions of
plant arrangcement as specified in C.l.a. of the Regulatory
Position,* a review of the piping layout and plant arrangement
dravings: should clearly show that the cffects, of through-wall
leakage cracks at any location are isolated or physically
remote from essential 3ysiems. and components.

B. Fluid System Piping Between Containment Isolation Valves
Leakage cracks nced not be postulated in those portions of
piping identified in C.2.c. of the Regulatory Position* pro-
vided they meet the requircments of ASHE Code, Section IIT,
Subarticle nE-1120, and arc designed such that the maximun
stress range dees not exceed 0. 4(1. 25 + ;A)'for ASME Code,

Section III, Class 2 piping.

- C. FZuid Systems Within, or Outside and Adjacent to, Protective

Structure

Through-wall leakage cracks should be pustulated in fiuzd
system piping located within, or outside and adjacent to,
protective structures designed to satisfy the plant arrange-
ment provisions of C.l.b. or C.l.c of the Regulatorv Position,*
except (1) where exempted by 1I.B and II.D, or (2) where the
maximum stress range in these portions of Class 2 or 3 pining
(ASME Code, Section III), or non-nuclear piping is less than
0.4(1.25; + SA)' The cracks should be postulated to occur
Individually at locations that result in the maximum effects
from fluid spraying and flooding, with the consequent hazards
or environmental conditions developed.

D. Hoderate-Energy Fluid SJS»QNS in PIOXlﬂlty to ﬁzoh -Energy
Fluid Systera : . .

Cracks need not be postulated in mederate-cnerzy fluid suctiem
piping located in an area in which a break in Figh-energy fluid
system piping 1is postulazed, provided such cracks would not
result in more 1imiting enviromnental condaitions than the high
_energy piping brcak. Where a postulated leakage crack in the
moderate-encrgy jiutd system piping results in more limiting

. _environmental conditions than the break in proximate high-

energy” fluid system piping, - the provisions of II C should be




PR TR T

E. rlutd SL tems Qualifying as High;Energy or Moderate-Energy
. . Systems o ' : '

Through-wall leakage cracks instead of breaks may be pestulated
in the piping of those jlutd swstems that qualify as nigr-zrersy
fluid sucisms for only short operational periods3/ but qualify

.gg qucﬁdtérenvaJ jiluid systems for the major operational period.

I1I. Type of Lr01l and Leakare Cracks 1n rLa“d Susiem Plnlno

A, Clrcuulercntxal Pipe nreals :
The following circumferencial brcaLs should be postulated in
htan ~energi fluid syscem piping at the locations specified in
Section I of this Branch Technical Position. .=
1, Circumferential breaks should be postulatcd in fluta system
piping and branch runs e\cecnlng a nominal pipc size of
1 inch, except where the maximum stress’ rangei/ exceeds the
1im1ts specified in-I.C.1.b.(ii) and I.D.1l.b.(ii) but . the -
ICquerentlal stress range is at least 1.5 times the axial
ress range.. Instrument lines, one inch and less nominal
e or tubing size should meet the prov151oﬂs of Regulacory
1.11.

T 'n N
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2.  Where bresgk 1ocat10no are selected wlchouc the benefit of
stress CalCUluClOﬂS, breaks should be postulated at each
piping weld joint to fitting, valve or welded attachment.

_Alternatlvelj, a single break location at the section of
'maxinum stress range may be selectcd as determined by

.....

€Circumferential breaks should be assumed to result in pipe
severance and separation amounting to at leasc a oné diﬂrerer'

"w
‘e

' developed under loadlng)

2-‘An operational period is considered “short" if the fraction of time that
the system operates within the pressure-temperature conditions specified .
for high-enargy Jiuid systems is less than 2 percent of the time that the
system operates as a moderaie-energy fluid system (e.g., systems such as
the reactor decay heat removal systems qualify as mocerate-energy flutd
gystems; however, systems such as auxiliary feedwater systems operated
during PWR reactor startup, hot scandby, or shutdown quallfy as high-

-.ene.rgy fluid systems)
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The dynonmic force of the jet discharpe at .the break location
should be bascd on the effective cross-sectional flow area

of the pipe and on a cale “ated fluid pressure as modified

by an analytically or C\pcrlm*ntallv determined thrust co-
cfficicent. Limited pipe displacement at the breok location,
line restrictions, flow limiters, positive pump-controlled
flow, and the absence of energy reservoirs may be taken

into account, as applicable, in the reduction of jet discharge.

Pipe whipping should be assumed to occur in the plane defined
by the piping gecmetry and configuration, and to cause pipe
movement in the direction of the jet reaction.

Longitudinal Pipe Breaks

The following lengitudinal breaks should be postulated in hign-
energy fiuid systcm piping at the locatijons of each circumfer-
ential break specificed in III.A:

1.

Longitudinal brealks in fluid suystem piping and branch runs
should be postulated in nominal pip~ sizes 4-incihh and larger,

.except where the waxinum stress rangai/ exceeds _the limits

specified in I.C.1.b.(ii) and I.D.1l.b.(ii) but the axial
Btress range is at least 1.5 times the c1rcumrerent1al stress

Taoge.

Longitudlnal breaks need not be postulated at:

(a) termtnal ends prov1ded the piping at the tcrwmnal
ends contains no longitudinal pipe welds (if
longitudinal welds are used, the requirements of
I11.B.1 apply). -

'{b) at intermediate locations yhere the criterion for

a-oinimum number of break locations must be satisfied.

Longitudinal breaks should be assumed to result in an axial
split without pipe severance. Splits should be oriented
(but not concurrently) at two diametrically-opposed points
on the piping circumfereunce such that the jet reactien
causes ocut-of-plane bending of the piping coufiguratiorn.
Alternatively, a single cplit may be assumed at the section
of highest temsile stress as determined by detailed stress

.analysis (e.g.{ finite elcment analysis).

The dynamic force of the fluid jet dischdrge should be
based on a circular or eclliptical (2D x 1/2D) break area
equal to the effective cross-sectional flow arca of the
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pipe at the break Incation and on a calculated fluid
pressure modified b+ an. analytically or cxperimentally
dety *mined thrust cocfficient as determined for a
circumferential bLreak at the same location. Line
restrictions, {low limiters, positive pump-controlled
flow, and the absence of cnergy reservoirs may be taken
into account, as applicable, in the reduction of jet
discharge. "

Piping movement should be assumed to occur in the direction
of the jet reaction ualess limited by structural nembers,
piping restraints, or piping-stifiness as dcronstrated by
inelastic limit analysis.

Through-%all Lleakage Cracks

The following through-wall leakage cracks should be postulated

in moderate-cnercy Fiuid system piping at. the locations specified
in Section II of this Branch Technical Position.

1,

Cracks should be postulated in moderate-enerqy flutd sustéem
piping and branch runs exceeding a nominal pipe size of
1 iuch. :

Fluid flow from a crack should be based on a circular

opening of area equal to that of a rectangle one-half
pipe-diameter in leugth and one-half pipe wall thickness
Zn width,

The flow from the crack should be assumed to result in

an environment that wets all unprotected ccomponents within
the compartment, with consequent flooding in the compartment
and communicating compartments. Flooding effects should be
determined on the basis of a conservatively estimated time
period required to effect corrective actions.




“ATTACHUENT A

SUMMARY OF APPLICABLE REGULATORY POSITIONS

Regulatorv Position C.l.a

Plant arrangenents should  separate jiuid system piping from esseniial
systems and ccmzonenss.  Scparation should be achieved by plant physical
layouts that provide sutficient distances between ssgantizl suscms

and COTTOrnzs and Fluid system piping such that the effects of any
postdla ed piniiiz Jaivlize therein (i.e., pipe whip, jet impingement,

and the‘chLrO.Men tal .conditions resulting from the escapc of contained
fluids as appropriate to nigh or mederace-engray jiuid 5u3t"m plplnb)
cannot impair tHL integrity or operability of essencial systems ana
componencs, .

Regulatorv Position C.1l.b

Fluid systcm piping or portions thercof not satisfving the provisions
of C.l.2 should be enclosed within structures or compartments designed
to protect nearby essential sysiems and components. Alternatively,
essential systems and cormponents may be enclosed within structures or
compartments designed to withstand ‘the effects of postuZated yzpﬂng
failures in nearby j'uza systams.

e uLd orv rtosi o C.l.cC
Reg tor sitien C.1

Plant arrangenants or system featur:s that do not satisfv the provisions
of either C.l.a or C.l.b. should be linited to those for which the abcve
provisions are impractical because of the stage of design or conctruction
of the plant; because the plant design is based upon that of an carlier
plant accepted by the stafi as a base plant under the Commission's stand-
ardization and replication policy; or for other substantive reasons sucn
as particular cdesign features of the fluic systems. Such cares may arise
for example, (1) at intercomncctions between fluid systems and ecsenctal
systems and components, or (2) in fluid systems having dual functions
(1.e., requircd to operate during normal plant cornditicns as well as to
shut down the reactor). In these cases, redundant design features that
are separated or otherwise protected from pcsiulated pipinz failwres,

or additional protection, should be provided. so that the cffects of
postulated pipina fcilurcs are shown by the analyses and puidelines of

- C.3 to be acceptable. Additional protection may be prov;ded by restraints

and barriers or'by designing or testing essential swstems and componcnts
to withstand the effects associated with postulated piping failures.



‘ Regulatory Positien C.2.c

- Fluid suctem piping between containngnt isolation valves should meet the
follonlng uc51bq provisions: . :

1.

Portions of quid systcm piping between isolation valves of single
barrier containment structures (including any rigid connection to

“the containment penctration) -that connect, on a cotntinous or inter-

mittent basis, to the reactor coolant pressure boundary, or the
steam and fecdiater svstems of PWR plants, should be designed to
the stress linits specified in I.5 or II.B. of the Branch Technical
Position. ' ' ' ’

These porticns of nigh-enersy flutd oqotam piping =h0u1d be prov1ded
with pipe wihip réstraints’ that are capable of vesisting bending ard
torsional rmoments produccd by a postulated piping failure either

_upstream or downstream of the containment isolation valves. The

restraints should ba located reasonably clorce to the containment
isolation valves and should be designed to withstand the loadings

.resulting from a postulated piping failura beyond these portions .

of piping so that neither valve operability nor the lcaktlght
integrity of the containment will be 1mpa1red

Portions_of quid'systam-piping between isolation valves of dual
barrier- containment structures should also meet the design provisioans
cf 1 zbove. In addition, those portions of piping that pass through
the containment annulus, and whose postulated failurc could affect

the ‘leaktight integzrity of the containment structure or result in

pressurization of the containment annulus beyond desizn limics
should be provided with an enclosing protective structure.

For the purpose of establishing the design paramétérs'(i e.,

 pressure, temperature) of the enclosing protective structure, a

full flow area opening should be assumed in that portion of piping

‘within the enclosing structure taking into account vent areas, if
“provided, in the enclosing structure. Where guard pipes for

individual process pipes are used as an enclosing protective
structure, such guard pipes should be designed to mect the re-

quirements specified in I.B.6 of the Branch Technical Position.

Terminal <nds of the piping runs extending beyond these portions -of
high-encroy fluid cycvem piping should be considered to originate
at a point adjacent to these required plpe whip restralnts located
inside and outside containment. . .-
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ATTACHMENT B _ o S

DEF} TIORS - -.

Essential Sustems cnd. Fc*vor*vu;. Systems and components required to shut

down the rcactor and mitigate the conscquences of a postulated piping
failure, without ofi-site power.

_ FPluid Susiscms.  Hioh gnd moderate encroy quid sustcms that are subject to
the postulation of Plpan failyres outside containment ata‘ﬁoc which pro-

tection of essentizi ::us::e:':s and C'C:’.':'DO?IGNUu is nceded

Bigh-Encrcy Fluid Suctoms. Fluid systems that, during rnormal plent conditions,

are cither in opcration or maintained prcssurlzcd under condlclons wiiere
eithcr or both of the following are met:

a. maximum operating temperature exceeds 200°F, or

b. maximum operating pressure exceéeds 275 psig.
Modercte-inercy Fiutd Sustzms. Fluid systems that, during normal plant
.conditions, are either in opération or maintained pressurized (above

atmospheric, pressure) under conditions where both of the followving are
meto ‘

a. maximum operating temperature is 200°F or less, and
b. maximum cperating pressure is 275 psig or less

Norral Picmt Condiiictz. Plant opcrating ceuditions during reactor startup,

operation'at power, hot standby, or reactor cooldown to cold shutdowm
condition. : '

Upset Plcnt. Ccndiiicnz. Plant operation conditions during. system transients

that may occur with moderate frequency during plant service life and are
anticipated operational occurrences, but not during system testing.

Postulatsod Fivirs Fa'lires. Longitudinal znd circumferential breaks in
high-crargy Tiuta syscem piping and through-wall lealage cracks in modcrace-
energy fluid systcm piping postulated according to the provisions of the
Branch Technical Position. o

Sh and-SA. Allowable stresses at maximum (hot) temperature and allowable

‘stress range for thermal expansion, respectively, as defined in Arcicle

NC-3600 of the ASME Code, Section III.
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Sﬁ. Design stress intensity as défincd in Afticle HB-3600 of the ASME Code,

Section III.
Single Active Ccmoovent Foilure. Malfunction or loss of function of a
component of clectrical or fluid systems. The failure of an active com-
ponent of a fluid system is considecred to be a loss of componcnt function

as a result of mechanical, hydraulic, pneéumatic, or’ electrical malfunction,
but not the loss of componznt structural integrity. The direct comsequences
of a olh le cceive ccriponcht jaltiure arc'cohsidered to be part of the single
failure. g o c ‘

Terminal £:63. Extremities of piping runs that connect to structures, .
components (e.g., vessels, pumps, valves); or pipe anchors that act as

rigid constraints to piping thermal expansion. A branch. connectlon to a
main piping run is a tgrnmnaL end of the branch run. :

In piping runs which are maintained pressurized durlng nermal plant
conditions for only a portion of the run (i. e., un to the first riormally

closed valve) a terminal end of such runs is the. plplng connection to
this closed valve.

\
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PE WiiiP AUALYSIS

Analyses are roquxrcd to ns:urc thnt pxpc motinn causcd hy the: d/nnnxc
effects of postulated design. basin breaks will not ‘impact or ‘overstress
any st :ctufes, Systens or componrcnls important to salety to the extent
that thelr safety function is impaired or precluded. The analysis methods
used should be adtquatc to determine thc resultxng loadlhbs in terms of:

a. the kinctic energy or momentunm induced by the impact of the whipping

pipe, if unrestrained, on a protective barrier or a c0ﬂponcnt important,

to safety,

b. the dynanic respoase of the res tralnts induced by thc 1npact and
rebound if any, of 'the ruptured pxne.

The basis uscd to determine the magnitude of jet thrust forcc as required’
~in d)namzc analysls shiould Le provided.

The methods of dynamic analysis specified in II and III are acceptable
provided the following associated critcria_arc met ¢

I.. Pipec Whip D\namLL Analvwsis Crltcrla o ' .

a.. An analysis of the pipe run or branch should be performed for each
longitudinal® and c1rcumfercntlal postulated ‘rupture at the design
basis break locatioms. : -

b, . The loading condition of a pipe run or branch prior to postulated
rupture in tevms of Internal pressure, temperature, and stress state
should be those conditions associated with reactor operating condition
(normal and upset).

c. For a circumferential rupture, pipe whip dynamic analysis need only
be performed for that end (or ends) of the pipe or branch which is
connected to a contained fluid energy reservoir having a.sufficient’
capacity to develop a jet stream.

d. Dynamic analysis methods used for calculating the piping or piping/
. restraint system response to the jet thrust developed following
postulated rupture should adequately account for the effects of:

(1) mass inertia and stiffness properties oE the system,

(2) impact and rebOund (if any effects as permltted by gaps between
piping and restralnt)




(3) Static Analusls Model - The jet thrust fors” “is represented by -
a conscrvat 1y amplificd statie loading, . «l. the rupturced
system. Is analyzed statically. An amplification [actor of 3 can
be used to establish the magnitude of the forcing lunction il the
piping and restralnt systewm remain clastlc. llowvever, a lactor
based on sclection of a cunservative value as obtalned by com-
parison with the factors derived from detailed “dynamic analysis
performcd on comparable systems is also accchable.

Acceptable Dvunamic Analvsis for Unrcscrnincd Pipe Whip

Lumped-Parameter Analysis Hodel as stated in II.a(j) is ‘acceptable.
Energy-Balance Analysis “odel as stdtéd in 1I.a(2) is ac¢ceptable.
The energy absorbed by the pipe deformation may be deducted from

the total energy imparted to the system.

- . N ' . .
The assumptinns used to guide the mechanism of pipe movement should
be justified to.be conservative. o

The results of analysis should be expressed in terms compatible with

the approach used for verifying the design adequacy of the 1mpacted E

structurc.

Flow Thrust Force

The time function of the thrust force induced'by jet flow at the

design basis pipe break location should consider: (1) the initial

pulse, (2) the thrust dip, and (3) the transient function.

A steady state f{orcing function can be used wien CCﬂdlLlOﬂS as

specified in e below are met. The function 'should have a magnitude
not less than

T = KpA

where
P = system pressure prior. “to plpe break .
A = pipe break area,. and :
K = thrust ccefficient.

Acceptabie K values should‘ndt be less chan“the following:
(a) l 26 for saturated steam, water and steam/watcr mlxture

(b) 2.00 for subcooled water—nonflashlng
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A pulse rise ! : not exceciing one milliseconu should be used for
the initial puise, unless longer crack propacation times or rupture
opening times can be substantiated by experimental data or analytical
theory. : ; '

The transient fun' -ion should be provided and justified. The shape
of the transient functlon, [V a.(3) above, should be related to the
capacity of the upstream cnergy reservoir, including source pressure,
fluid enthalpy, and the capability of the teéservoir to supply high
energy {low stream to the break areca for a sicnificant interval. The
shape of the transient function .may be modified by comsidering the
break area and the system {low conditions, the piping {riction losses,
the flow directional changes, and the application of flow limiting
devices. ' - : '

The jet thrust force may be represented by a steady state function,

b above, provided the following conditions are met: 4

(1) The transient function, IV a. (3) above, is monotonically
"diminishing. - '

(2) The encrgy balance model or the static model is used in the
‘analysis. In the former case, a step function amplified to the
magnitude as indicated in II.a(2) is acceptable.

(3) The energy approach is used for the impact effects of the
unrestrained piping
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(4) limiting bov .ry condicions.

The allowable design strain limit for the restraint should not exceed
0.5 ultimate uniform strain ol the materials of the restraints. The
method of dynamic analysis uscd should be capal » of "determining Lhe
inelastic bLhSVlOf of p1p1ng-rcsttalnt system reSponse within these
design limits.

A 107 increasc of minimum spec1fxed des1gn vield strength (Sy) may be

used in the analySLS to account for acraln rate effects.

Dynamic analysié mcthods and procedures should consist of:

(1) a representative mathematical model of the plplng system or
piping/restraint syatem,

(2) the annlyticél method of'solution selected,

(3) solut1ons for the most severc response among the de51gn ba51s
breaks analyzed :

(4) solutions with demonstrable accuracy or justifiable conservatism.

The extent of mathematical modeling and analysis-éhould Be governed by
the method of anslysis selected among those specified by these criteria,

Acceptable Dynamic Analvsis for Restrained Piping Systems

Acceptable Wodels for Anal;sxa for ASHE Class 1, 2 and 3 piping systems
are: SR - '

(1) Lumped-Parameter Analysis Model; Lumped mass points are interconneccted
by springs to take into account inertia and stiffness effects of the
system, and time histories of responses are computed by numerical
integration to account for gaps and inelastic effects. .

(2) Energy-Balance Analysis Model; Kinetic energy generated during
the first quarter cycle movement of the ruptured pipe as imparted
to the piping/restraint system through impact is converted into
equivalent..strain energy. Deformations of the pipe and the
restraint are compatible with the level of absorbed energy. For-
applications where pipe rebound may occur upon -impact on the
restraint an additional amplification factor of 1.5 should be used
to establish the magnitude of the forcing function in order to
determine the maximum reaction force of the restraint after the
first quarter cycle of response. aAmplification factors other than
1.5 may_ be used if justified by more detailed dynamic analysis. - -




