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U.S, Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gent lemen:
In the Matter of ) Docket Nos. 50-327
Tennessee Valley Authority ) 50-328

SEQUOYAH NUCLEAR PLANT (SQN) - FEEDWATER (FW) CHFCK VALVE CLOSURE
FOLLOWING PIPE RUPTURE - RESPONSE TO INSPECTION REPORT 87-27, OBSERVATION
MEB 3

Reference.: 1. NRC letter to TVA dated August 24, 1987, ""Sequoyah Design
Calculation Review: Report Nos. 50-327/87-27 and
50-328/87-271"

2. TVA letter to NRC dcted May 16, 1979, "Sequoyah Nuclear Plant
Units 1 and 2 - Potential Excessive Water Hammer Forces in
the Main Feedwater System - NCR MEB 79-1 - Final Report"”

3. TVA letter to NRC dated October 10, 1979, ""Sequoyah Nuclear
Plant Units 1 and 2 - Potential Excessive Water Hammer Forces
in the Main Feedwater System - NCR MEB 79-1 - v Final

Report™

4. NRC letter to TVA dated November 16, 1979, Inspection Report
50-327/79-63 and 50-328/79-31

The purpose of this submittal is to discuss the FW water ha~mer issue as it
relates to SQN units 1 and 2. Initially addressed in the 1979-1980 timeframe
and formally dispositioned, this item has again been raised and requires
subsequent discussion. Most recently, NRC Inspection Report Nos. 50-327/87-27
and 50-328/87-27 (reference 1) concluded that the SQN wster hammer issue
(Observation No. MEB-3) "remains open pending (a) CEB's documented evaluation
of the main feedwater system at Sequoyah Nuclear Plant with respect to the
postulated water hammer forces and (b) TVA's justificstion for not issuing the
feedwater water hammer analysis when it was identified by engineering as a
licensing commitment™” at other TVA facilities. The enclosure contains a
response to the issues raised by NRC in 50-327/87-27 and 50-328/87-27
regarding Observaticn No. MEB-3,
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The original SQN water hammer analysis, performed in 1979, demonstrated the
integrity of check valves and piping under the most severe FW line break
postulated. Subsequent review by NRC in 1979 closed the issue fo: SQN.
Recently, the effects of a postulated rupture of the main FW header were again

reviewed by TVA. This review, based upon analysis and current industry
status, has concluded that further actions are not warranted and that plant

safety is not impaired.
If you have any questions, please telephone M. R. Harding at (615) 870-6422.
Very truly yours,

TERNESSEE VALLEY AUTHORITY

R. Gridley, Pirector
Nuclear Lic#nsing and
Regulatory Affairs

Enclosure
c¢ (Enclosure):
Mr. K. P. Barr, Acting Assistant Director
for Inspection Programs
TVA Projects Division
Office of Special Projects
U.§. Nuclear Regulatory Commission
Region 11
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

Mr. G. G. Zech, Assistant Director
for Projects

Mail Stop 7E23

TVA Projects Division

Office of Special Projects

U.S. Nuclear Regulatory Commission

7920 Norfolk Avenue

Bethesda, #4aryland 20814

Sequoyah Resident Inspector
Sequoyah Nuclear Plant

2600 Igou Ferry Road

Scady Daisy, Tennessee 37379



ENCLOSURE |

On January 4, 1979, the Mechanical Engineering Branch (MEB) prepared
nonconformance report (NCR) MEB-79-1 to indicate that TVA may not have
propetly considered main FW system water hammer at SQN and that other TVA
plants might be involved. The corrective action, which the Civil Engineering
Branch (CEB) detailed on the NCR, specified completion of an analysis of the
main FW system for water hammer energy and an evaluation of the main FW check
valve with rvespect to its -bility to withstand the calculated closing energy
assuming a pestulated main FW line break upstream of the check valve.

On May 16, 1979, TVA provided NRC with a report on the disposition of NCR
MEB- 79-1 (refevence 2), which indicated that MEB had evaluated the main FW
check valves fot the water hammer transient and that the main FW check valves
would maintain their function and integrity following the most sevwte main FW
line break postulated.

At a subsequent meeting with C. R. McFarland of NRC Office of Inspection and
Enforcement (ClE), TVA was told that assurance of main FW piping integrity
would be required in addition to the assurance of FW check valve integrity
before closure of open 10 CFR 50.55(e) item (327/79-12-09; 328/79-07-09).

TVA submittasd revision 1 to the main FW line break report (MEB 79-1),
dated October 10, 1979 (reference 3). This revision analyzed the ability
of the main FW check valves and associated piping to rvemain functional
following the most severe postulated main FW line break. The results of
these analyses concluded that the main FW line check valves and
associated piping will maintain their integrity and remain functional
undetr all expected accident conditions.

1t 1is noted that the analytical methods used by TVA were consistent with
the design bares for other plants of the SQN vintage. Similarly, the
industry's design bases rveflected the regulatory tequirements of the
1976-1580 time period.

Subsequent WRC review of this issue during an inspection on

October 30, 1979, to Wovember 1, 1979, dispositioned this item as
closed. The theck valve integrity analysis and the hoop stress analysis
of MEB-79-1, revision 1, were the bases for NRC (OlE) closure of the

10 CFR 50.55(e) items related to this matter. Documentation of closure
is contained in NRC 1E Inspection Report Nos. 50-327/79-63 and
50-328/79-31 (reference 4).

Analytical advances in the evaluation of water hammer transients for FW
system piping did not occur until after 1980, the year SQN received its
operating license. By 1983, accurate forcing functions were available
for the anticipated FW system piping breaks This data was generated by
TVA for the apparent purpose of applying the current methodology to SQN
despite the fact that SQN NCR MEB 79-1 had already been resolved with NRC.

Watts Bar Nuclear Plant (WBN), having not yet received its operating
license, proceeded to reanalyze its main FW system for water hammer loads
using forcing functions available in 1983. This analysis yielded snubber
design loads greater than the original snubter seismic loads. SQN, on
the othet hand, determined that a similar detailed structural rvesponse
analysis was not vequired. An engineerin; evaluation of the pipe whip
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stoel downstream of the check valves 1ndicated that there is as much
steel in the available space as is prac‘ical to install, consistent with
access for inspection and maintenance. At @a.h restraint, the gap
provided was judged to bc the trus mininum practical consistent with pipe
shakedown, unanticipated thermal expansion, insulation, atec. 1In the
unlikely event of this severe accident in the FW system, pipe movement

dovnatream of the check valves wruld therefore be limited to the pipe
surport gap. Accordingly, TVA concluded thal the FW piping at SQN was
agoquitely designed and d4id not reanalyze this condition or fund
continued evaluatiun efforts,

The dispositioning of this issuv at SQ¥ can be further justified by the
following.

SAFETY ASSESSMENT OF FW CHECK VALVE CLOSURE TOANSIENT FOLLOWING PIPE EUPTURE

ANALYS1S

o dvent required to cause check valve "slam" transient is instantaneous
(i.e., 1 willisecond) double-ended guillotine FW pipe rupture ir the
main ¥w header. A simplified sketch of the main FW system is shvym in
attachment 1.

o Initiating ~ousci of such a traunatic failure include a seismic event,
material ratigue becaure of thermal cycling, material failure because
of erosion/corresion, and fluid transients in the FW system.

0 Seismic Event - Investigations into the behavior of piping and pipe
support systems subjected to substan‘ially hipher ground response thar
SQN site have demons'cuted high survivability with regard to pressucn
boundary integrity and ovarall system veliability.

© Material Fatigue - Allowable stresses in piping analysis codes ace
based on 7000 cycles, a figure considered in itself to be
onservative. Berause of relatively short operating life (approximite
4 years) in conpavison with overall plant life (40 yeacs), Sequoyah Las
utilized only an estimated 700 cycles to date.

© Erosion/Corrosion - Not anticipated because of high water quality and
low dissolved oxygen content. Also, system subcoolirg during operation
avoids flashiny of FW to steam, which can otherwise contribute to
erosion in FW piping. Continued monitoring for pipe wail thinning in
FW/condensate piping will be provided by the recently iusued
Surveillance Instruction (SI)-733. Design study of single-phase {low
mnrosion/corrosion is in preparation stages for SQN systems considered
susceptible to these physical/chemical phenomena.

© Fluid Transients - Wat:r hanmer events resulting in FW piping and
support damage have occur.ed at other operating facilities; howaver,
none have caused longitudinal splits, full separaticas, or guil'otine
ruptures in cegions of the system pertinent to check valve closure
analysis. Failures have occurred on the inlet side of Fw pump witl;

significantly less severe consequences Yecause of the flow limiting
effect of the pump and its impeller.
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SQN has performed mechanical improvement modifications to the unit 1
and unit 2 steam generators to mitigate the effects of water hammer
events cdused by abnormal steam generator conditions (e.g., draining of
steam generator level below the elevation of the feed ring). Most
notably, modifications have included plugging of original bottom flow
holes and installation of "J-Tubes” on the feed rings. No water hammer
was observed in a special test conducted by TVA and witnessed by NRC
following this modification.

In the industry in general, water hammer events initiated in steam
generators have resulted in damage that, for the most part, has been
limited to pipe supports and has not involved complete separation in
piping or significant release of fluid. Even in cases where main FW
pressure integrity was lost (e.g., because of valve damage), the
ability to achieve cold shutdown has never been compromised by a FW
fluid transient and subsequent water hammer.

SQN FW pipe rupture restraints will prevent uncontrolled pipe movements
should a water hammer event occur that causes deformation of the
conventicnal system pipe supports. The dampening effect of the rupture
vestraints will in turn minimize the translation of forces from the
break location to the FW check valves, and thus will further lecsen the
potential for damage to the check valves.

SQN water hammer analysis, originally performed in 1979, already
demonstrated the integrity of check valves and piping under the most
severe FW line break postulated. Subsequent review by NRC in 1979
closed the issue for SQN.

2. CURRENT INDUSTRY STATUS

0

Generic issue (to postulate water hamner-induced instantaneous
guillotine rupture and reanalyze/redesign all affected piping and pipe
supports) has not been addressed by all nuclear utilities for similar
vintage plants.

Wwater hammer events have occurred but have not posed a significant
safety issue in terms of functional capabilily of the FW system or safe
shutdown of uniis involved. WNo instantaneous guillotine ruptures, of
the type postulated in the check valve "slam" analysis, have occurred.

Wuclear, fossil, and petrochemical industry experience indicates that
actual pipe ruptures do not impair pressure bcundary integrity remote
from the break. Rather, plastic hinges h e formed in localized piping
and isolated supports have failed, but pressure boundary integrity
remote from the break has remained intact. This expericnce provides
strong indication that FW pipe rupture restraints and stear generator

nozzles would dbe more than sufficient to mitigate the postulated pipe
break.
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.2 Sedety Cless B, €, and D Fluid Compopents?
Plert Conditions snd Desigp lLoeding Cogbipstions

-

«ifr pressures, tlemperstures, and other information that
cvide the basis for the design of safety-related systems and
Jumporents wnre presented in the corresponding sections that
lescribe the system fumctionsl requirements, Codes that govern
‘3¢ asslysts of vessels, tanks, valves, pumps, and piping are
fipew ir Table 3.9.2-1, Enviropmental equipment such as
ntiletien end sir trestment comporent: and Other equipment
sjeh 18 sefety related but whick have mno spplicable code for
cigr ere defined in Subsection 3.9.3,

“

. B

,e.2 Desige losdipg Combinaticns

desigp Jlosding combinstions and the allowable stress
ir1ensity levels corsidered in the ccuponent OF system design for
VA enfoty clesses B, €, and D are shown in Jable 3.9.2~-2.
*1gn loedirg combinstiocns sre categorized with respect toO

normal, upset, snd faulted conditions. The cetegories are
cfineg es follows:

;eel Congitiorps Apy copdition iz the course of system
irtup, operstion iv the detign povwer Tange, end systee
utéowr, ip the sbsepmce of upset, faultecd, end test
CBEILIORS

= 5

-

)
p=

! et Condj Any devistions froem norrel conditions
crticipated te ocecur often enmough that design shouvld imclude
t cepebility to withstand the counditions witbout operstionel
.epsirpent. The upset comditions insclude those trapsiente
hick result from eny single operator error or comtrel
~slfunction, transients csused by & fauvlit ip a sysiem
corponent regquiricg its isolstionmn from the system, transients
Jue to loss of loed or power, ané any system upset not

‘1n'udes Cinss A pipitg . feactor Coolant Loop Bramech Linmes)
gnt iyesd hy TVA,



resuvlitirg ir » foiced outage. The upset condition includes
the effects of o one~%alf safe shutdown earthauake for which
the syslep sust remain operationsl or must regain its
eperetionsl status,

Favlteg Uopgdgitrons Those combirstions of conditions
astocisted vith estremely low probability, pustulated evenls
whose -opsequences are such that the integrity and
opersbility of the puclear epergy system may be impaired to
the extenpt thet considerations of public health and safety
are involved. The faulted condition includes the effects of
the safe shutdown earthquake and the dynamic effects of
postulated pipe rupture copsidered as separate events f(see
Tables 3.%2.3+3).

A summary of the losding conditions apéd stress limits for safety
class B, C, acd D fluid components sppears in Table 3.9.3-3.

2.9,2.3 Ipelestic Deformation

The proposed stress limits for the feulted condition for groups
FE, C, asd D, cozponents are within the code sllowable for praimary

leeds., Conseguently, fumcticcsl apd structurel integrity are

assured for the fauvlted comdition,

3.9 2.4 Desigr ppd lpstalletion Criteris, Pressure Relievigpg
Devices

The ¢esign and instalistion of pressure relieving devices urt
copsistent with the requirements establisbed by Regulatory Cuide

1,67, ‘lnstelletion of Overpressure Protective Devices.'

Lechk meir steer lipe is provided with ome (1) pover opersted
strospheric relief valve apd five (5) safety valves sized in
eccordance with ASME, B&PV, Sectioo 111, 1968 editior,

The sefety valves are set for progressive relief inm intermediate
steps of pressuvre within the sllovwed repge (105 percent of the
design pressure) of pressure settings to prevent more thap ooe
valve sctusticg simultesecusly., The valve pressure settimgs at
which the individual valves open are shown in the table belov 1n
the column ideptified as "Set Pressure.® The valves are designod
to reset et the pressure levels identified in the column
"BElowdown Pressure.” Credit for the pressure drop (21 psi)
betweer the steaw generetor outlet end the valve imlet was taken
vhen esteblishing the “Set Pressure’ valves.

3.9-233
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TVA Class ¥, €, D, and Non-Nucleer Sufetv Piping

TvA hns ovaluated the necesuily of perfotming a complete analysis
are b b papng uyntess and 1dentified the limits of the analysis
ueiup the Lol lowinp e b

Analyze all TVA Clacs B and C lines 6. inch diameter and
lavger.

Analyze all piping in Category 1 structures lavger than
1 inch diameter that has an operating temperature of 200°F or
preater and an operating pressure of 275 psig or greater, or
any piping wherc thermal movements might create support
conditions outcide the cScope of the alternate criteria.

-

3 Analyzc all piping whose loads could influence the operation
of equipment essential to safe shutdown.®

pnalyze all branch lines, outeide the scope of thesc
regquirements, whese failure would interrupt normal function
of an essential cystem. This analyveiz is to extend a

sufficient distance from the essential gystem to encure its
cafety and to @& convenient termination point.

A1l piping rigidly attached to the steel containment vessel
epccifically piping which passes through the containment
<t micture rigid penetrations or is supported off the
contuinment structure, or both.
All systems requiring ocismic quelification, but not
reguiting compliete analysis as outlined above, will be
wvaluated sccording to the procedures outlined in larayraph
3.8.2.¢.
e following fystems are within the scope outlined above, and
ate beinp completely analyzed for thermal, seismic, seismic
nehor movement, and deadweight conditions:
A Mni1n, gteam system
Main steam blowdown system
3 Peedwater system
4 Auxiliovy feedwter systen
Chemical and volume control system

W safely injection system

Conluinment spray systew

isome Cluss G, K, and ™ piping is analyzed in Lthis category.

3.9-27
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€. Kesidual heat removal system
$. Component cocling system
‘0. Essential raw cooling water
ii. Auxiliary boiler piping
i2. Upper head injection piping

t3. Parts of othar systems which require rigorous analysis.

gading Conditions and Stress Limits

-he design loading combinations and the allowable ltrgsc'limits
onsiderec¢ in the design of TVA piping systems within the scope
2 Subparagraph 3.9.2.5.1 are shown in Table 3.9.2-3' Design
-oading combinations are categorized with respect—to normal,
‘pset, and faulted conditions. Piping components have been
-esigned to allowable stress intensity levels given by the ANSI
-31.1-1967 Power Piping Code.

hile the referenced code did not define stress levels for the
‘cading combinations considered in Table 2.9.2-5, the allowable
tress intensity levels are in agreement with subsection NC3000
. the ASME, Section III, Winter 1972 Addenda. The referenced
sbsection it considered to be equivalent to ANSI B31.1 with
‘Ppropriate consideration to the modifications where they exist.

‘nalvses

3 Stress evaluations due to loadings such as deadweight,
thermal expansion, and anchor movements are performed using
static analysis techniques, while stress evaluations due to
earthquake loadings are performed using dynamic analysis
techniques. The computer programming for application of both
techniques is described in Subparagraph 3.v.2.5.3,

Loads on equipment nozzles are combined and evaluated against
sllowables as follows:

FD:. + FST - Fllzsst < Allowable

Seismic valve accelerations are generaly maintained below

¢ g vertical, and ) g horizontal. Cases exist such that valve
accelerations can exceed these standard limits. Such cases are
evaluated and approved individually; this process is

controlled by the Rigorous Piping Analysis Handbook

3.§-28

~
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Table 3.9.2-2

DESIGN LOADING COMBINATIONS

FOR_CROUP CLASSES B, C, AND D COMPONENTS AND SUPPORTS
Loading Lases Uperating Londition
&, Fressure + deadweight Normal
*+ thermal
Pressure + deadweight Upset

+ thermal + 1/2 SSE

. Fressure + deadweight Faulted
+ SSE

or

Pressure + deadweight
= pipe rupture loads



Table 3.9.2-5

CATEGORY 1 PIPINC SYSTEMS

LOADINC CONDITIONS AND STRCSS LIMITS

o5
Plant Conditior l.oading Combinations Stress Limits 222221523
Normal SLPOSDL Sh 8
Ser . SA 10
SrtSp*Ssr L, u
o S*SouS1r2sse* exe bt By '
Taulted SLP+SDL*SSSE 2.4 Sh 9
S eSS ssr S paatt Y ’
e SLP = Longitudinal pressure stress.
S:L = Longitudinal bending stress due tc deac loac.
S./QSS, = Maximum bending stress due to inertial loadings
*IEEFT of the 1/2SSE.
Scer = Maximum bending stress due to inertial loadings
o of the SSE.
SSKT = Longitudinal bending stress due to externmal loading.
Sou = Secondary stress due to thermal expansion and anchor
- movement stress associated with the 1/2SSC,
SDBA = Stress due to design basis accident,
Sh = Basic material allowable stress at hot temperature,
SA = Allowable stress range for expansion stress.
3 = Stress due to jet impingement loads,

e

R W
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jeperslly, only four of the state points presented in Teble
1%,4,2-1 are subjected to detailed nuclear ond thermal-bydraulic
saslvelis,; For Case B, the poimt with the bighest power level is
sesivzed, simce past experience bas indicated this point is the
one which will probatly heve the lowest DNBR. In eddition,
cither the preceding or succeeding point (depending on the
conditions) is amalyzed.

For Case D (icside break with loss of offsite power), the point
most likely to have the lowest DNBR is the point with the highest
pover/flow ratio, Usvally, this poinmt is the ope with the
Ligbest pover, As with Case B, either the preceding or
ssaceeding point is also snalyzed, Should any of the points
ecalyzed resclt in DNBKR's peer 1.30, pdditional points may be
spalyzed to imsvre that the point with the miniEum DNBR condition
488 been adalyzed,

The poirnts srelyzed for this spplication bad DNBR's greater than
1.30. Thus, it is coscluded that the minmimum DNBR for a steam
Ureak is greater tham 1.30,

The mtzizue lizeer heat rate for the most limitinmg stesmbreak
~ase presented it the FSAR was less then 10 kW/ft, skbick is less
‘bap the lipesr heat rate whick results iz fuel melting. There

tec krowe failure mechacise associsted with this peek linear
.2t rate.,

18,4,2.2 V¥pior Rurture of g Mpip Feedwater Pipe

18:4:3:3:3 2§ { {

. majcr feedweter lime rupture is defined as @& break in @
‘eedwater pipe large epough to prevent the esddition of sufficient
“eedwater to the stesr geperstors to maintain shell-side fluid
gvestory in the stese gemerstors, If the breek is postulated in
feedline betweer the check valve anéd the steam geperstor, fluid
‘rom the steap gemerator mey also be discherged through the
sresk. Further, o bresak iz this location corld preclude the
sebsequert sdédition of auxilisry feedvwater to the affected steanm
geserator, (A bresk upstree= of the feecdline check valve would
effect the Nuclear Stesm Supply System only as o loss of feed-
viter., This case is covered by the eveluation in Subsection

15.2:8.)

Depending upon the size of the break and the plant operating
copéitiops at the time of the break, the bresk could cause either
¢t KECS cooléows (by excessive erergy discherge through the breask),
or &« RCS heatuvp, Pctenxtisl ECS cocldown resulting from a
seconéary pipe rupture is evaluted in Paragrapk 15.4.2.1, ‘Mejor
Ruptere of a Mein Steam Pipe. " Therefore, only the RECS heatup
cffects are evaluated for & feedlire rupture,



vithin exdectec "anges. The sarameters c¢f ‘mportance for these transients
incluce reaczor cocliant system Sressutt, Steam generaior pressure, fluic
‘emperatures, ‘uel anc Clac temepratures, break cischarge flow rate, steamline
anc feecwater ‘low tes, sa‘oty ang relief vanve flow rates, pressurizer ang
sTeam generator water ‘evels, mass anc energy transfer within the containment
(fer Sreaks insice containment), reactor :oue'. total core reactivity, nhot and
sverage shannel nheat flux, anc minimum ceparsure from nucleate deiling ratie
(ONBR

The secuence o7 events cesc-*oec *n the apcclicant's safety analysis repor:
(SAR) 's reviewec bv both RSE ang ICSE. The RSS reviewer concentrates on the
need for the =eacior :rc:oc°-on svs.om, the on;wnccrac safety svstems, ang
soerator action Lo secure anc maintain the reacsor in a safe conditions.

The analytica’ methogs are ~eviewed dy RSB %o asce'ta‘n whetiner the mathematical
noceling ang somputer coces nave been dreviously reviewed and acceptec dy the
$23%¢. ¢ 2 ~e‘erencec analviica) method has not been previously reviewed,

2Nt meviewe™ ~ecuests initiatior of & generic evaiuation of the new anaiyica’
moce’. RSE alsc reviews the values of all the parameters used in the analysical
"00e!. CPE ~eviews the inisial conditions of the core anc all nuclear cesign

sarameters. "n's incluces power level, power gisiribution, Docpler coefficients,

iocer2ais™ temperature coefficients, voig coefficients, reactor kimetics, DNE
sorrglasions, anc 2ontrel red worth.

" seconcary “eview s per‘crmec by the Acsicdent Evaluation Branch (AES) and the
"eSuits are usec Dv ASE to comolete the overal! evaluation of the Seear angly:iis
Ne AEZ eva'uates tne fission procuct release assumptions usec N getermining

ny c¥¥sile ~eieases anc veri‘ies tnat the raciclogical consecuences ~esulting
‘mom ¢ feecwiate® Cide **!au are within acseptad’e iimits as pars of its primary
review ~esgonsiciiily for SRP Section 15.6.5. The result of AEE's analysis is
wransmitied o RSE for use in the SER writeup.

in aggiss
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~
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“ne RSE will coorgsinate other branches’ evaluations that interface
N e"2’’ "eview of ‘eecwater systiem pipe Sreaks as follows: The
v ivstems =-an" (ASZ) reviews the auxiliary ‘eeowater svstiem %0

jertfy that it car function following a feecwater line dreak, given a single
ictive component failure anc with either onsite or offsite power as par: of

'L primary “eview responsibility for SRP Section 10.4.8. RSB reviews the
auxiliary ‘ee:ua:-' system 12 confirm that the flow provided is accestadle for
tantreiiing the transient ‘cllowing a feecwater line break. The Mechanical

valve integrity as part of its primary review responsibility for SRP Section 2.
sertes. *nc -entainment Systems Sranch (CSE) reviews the methoaclogy which
evaluates the response of ihe containment o Dreaks of feeawater |'nes wiih
Tegars 0 the effects of pressure ang temperature on the containment functiona
cazacilities as sart of its primarmy review responsibility for SRP Section £.2.
The 10IZ reviewer zoncentrates on the ‘nstrumentation ang control aspects of
he seguence cescridec 1n the SAR 2 evaluate whether the reacior and plant
srotection anc safeguanas controls and instrumentation systems »i11 funciion
&5 assumeC ‘n the safety analysis with regan2 o automeEtic actuation., remote
sensing iﬂ:‘: tien, control, anc interlocks with auxiliary or shared svstems.
1558 ai so evaluates potential bypass moces anc the possibility of manual
sontre’ By the coerator as part of Yis primary reacior resoonss Bility for SRP

Sestions 7.1 shrougn 7.7

-ﬁg neering -‘tn" (MEZ) evaiuates potential wate=~ammer effects on safety j;)?
g
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I
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SUBJECT: Feedwater System Fluid
Forcing Function White

Paper for Energy Balance ATTACHMENT 2
Analysis

METHOLDOLOGY FOR ENERGY BALANCE ANALYSIS FOR FEED WATER
CHICK VALVE CLOSURE TRANSIENT

g s I

. In order to assess the structural adequacy of the FW
Piping from the steam generator /SG) nozzle to the first
ancheor cutside containment, an elastic time histery
evaluation of the najor pipe movement due to the FW transient
following pestulated Pipe rupture will be performed. The
fluld transient forcing function force-time history developed
(Ref 3 ) will be applied to critical Piping segments, and a

limiting plastic strain of the pPiping will be considered,

This energy balance analysis will be performed using the
3tone & Webster Preprietary program DINASAW (ME-147). This
Program is an extension of a series of computer pregrams
developed at Massachusetts Institute of Technology for
analyzing planar structural response problems which may
inveive Impacts between various structures (Ref. 1). DINASAW
may be used to predict the nclinear, dynamic behavior of
plane frames (Pipes, rings or beams) including large
displacements, pPiasticity and impacts. Arbitrary force~time
relaticns may be a plied at any location. The scope of
DINASAW {s to tcdic: the transient sesponse Of plane-frare
structures such as straight or curved pipes or beans.

The analytical method used in DINASAW is an energy
censistent finite~element technique, based on the Principle
of Virtual Work, which is employed to generate on an
incremental basis the Structure’s internal reactions
directly. A lumped mass technique is used to genarate the
nodal masses and central-difference finite-difference '
operator is employed to integrate the eguations of motion in
time. The Collisiecn-Induced Crush-Force and Collision-
Incduced Velocity Metheds (CICFM and CIvM, respectively) are
avallable for analyzing impacts,

W ™ 2

Each of the FW piping loops differs slightlx (see
Tim 1 Poarimitamw asnee & &% cw O = mrresvndaaved; win rFeapE
segments between the SG nozzle and the first anchor outside
containment. Segment 1101 in Firgure 2 contains this anchor
for Leep 1 to SG 1 at Sequoyah Unit 2. The Piping from the
first anchor to the SG is approximated and modelled for input
tc the DINASAW procram. Force-time histories developed for
the check valve closure following postulated pPipe rupture in
the FW header are applied to critical pipe segments,



Figure 3 shows the forc.-time plet for segment 1502,
which appears to be the most critical segment for this SG
loep. Other pipe segment forces will be evaluated also.

The output of the DINASAW program will include plastic
strain levels in the piping se ents as well as a
determination of the energy baf?nce in the system resulting
from the input forecing functions.

It is assumed that one or more of the pipe whip
restraints will have to be shimmed to act as rigid pipe
supports. The allowable plastic strain limits will be
determined in a separate criteria document, but it s
expectad that the piping itself will be able to absorb the
input forecing functions without rupturing or exceeding the
ASME III Appendix F plastic strain limits.

REFEZRENCES
1. Collings, T. P. and Witmer, E. A., Application of the
-4 "o T ”~ 3 - \ g

En : ASRL TR 154-8, Aercelastic
and Structures Research Laboratory, Massachusetts
Institute of Technology, October 1973.

¢. Terry, R. A., Dynanic Inilastic Nonlinear Analysis
(DINASAW), User’s Manual ME-147, Stone & Webster
Engineering Corp., June 1982.

3. Steone & Webster calculation 17341.11-NP(B)=-F01, Rev. 1
dated November 6, 1987,
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SEQUOYAH NUCLEAR POWER PLANT - UNIT 2

INTERIM ACCEPTANCE CRITERIA FOR ENERCY
BALANCE ANALYSIS FOR FEED WATER CRECK

VALVE CLOSURE TRANSIENT

INTRODCTICN

1n order to evaluate the affect of 8 Pipe ruptury qu:tcan o
the feed walser (FW) chees valves elastd plastic rime=nistory analysis
will Se performed o0 fW piping between th@ Steal generators and scn-
rainzent isolatien valves. The results of these anaiyses will be
compared with the ingerim criteria herein in order £° establish the

structural agecuacy sf the FU piping inside containment,

PURPOSE
The purpose of =nis dogument is t0 previde (nterim acceprance
criteria for the W piping whieh nust e satisfied pricy to Unit 2

restart.

$COPE (A?PLICAleItY)
The criteria ave e ve applied o the results of a nen linear
finite element analysis, the methodolegy ¢or which is summarized in

Section 1:3.

METHODOLOGY
The sequence of this elasto-plastic evaluation is as follows:
. Petrform time niscory analysis due 9 FW check valve closure followi:
po.gul.g.d pipe rupture resulting in force~time nistories on piping

sOgments (Ref. 10).

o
o)
o
“on
"
[
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ent force~time

Evaluation of non linear response using segm

higstories applied €O analytic model using values for materials

developed in accordance with sriteria in Section 2.0,

*ne results of the analyses (Piping strain) are gompared to

acceptance criteria based on Limics sdentified in Appendix F of

ASME Section 111 as specifically augmented bV Section 4.0 of this

document.

The steaz generator aczzle loads will Be provided to Westing-

nouse for their acceptance.

7.0 ACCEPTANCE CRITERIA

The acceptance criteria of Appandix F of the ASME Code, saction

¢ al.owable stresses which result from a

-
.

111 ave utilized )

slastic anaiysis (Attachment 7.8).
snese stress limits of .7 Su and 0.9 S are converted to

acceptabase STTALLS by using the pover lav for the expenencial model
for the TW pipifng saterial - SA 333, Crade { carbon steel - as

developed in this docunment.

Westinghouse will have tn indicate their acceptance of the

stean generator nozzle ioads developed by this plastic snalysis,
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3,0 MECRANICAL PROPERTIES OF STIELS
1,1 Paraseters of Igterest

The methanical properties of carbes a0d stainless steels commenly
used for piping and pipe rupture restraints are a Basic input Lo
the plastic acalyses required for pipe rupture. The Dasic
parameters are those which define tle stress-straio gQurve
(Atsachaent 7.1):

Yield strength

Yousg's sodulus
Ultizate streasgtd
Unsform ultivpate strais

PSR

The effects of temperature and strain rate oa those paraseters
must also be coosidered.

1,5~ Data Sources

*he basic data referesces are the ASIE Boiler and Pressure Vessel
Code (Refereaces 1 asd 2) asd ASTY Stasdards (Reference 3). These
stacdards coptaia nminimus  specificatiocns for streagtd and
ductility (elccgation). The temperature variation of the aigicum
yield stregpld, of tLa uitimate stresgek, eud of Veean's wedulue
are alst tabulated iz Referegce 1. The uypiform ultipate strais is
soly required fer iselastic semhers acd, for e prizary
esergy-absorbing  cesponests, {s givea iz the [fabrication
specafication.

1,5 Prebable Ragga of Valuies

Minipus stremgths may bde greatly exceeded by actual materials.
For exagple, it is possidle for the actual static yield streagtd
ts be double the Cede specified 3inimua yield, The raage (2
sltizate streogths is cepsideradbly less, SINCE PIPE RUPTVRE

LOWABLES ARE BASED ON STRAIN (REFERENCE &), USZ MINIMIM STRENGTM
VALUES TCR CALCULATIONS BECAUSE THIS WILL PRODUCE MAXIMIM STRAIN.

1,4 Straia Rate Effects

Straia rate isfluences sechasical properties. Fer steels, Righ
straia rates iaccrease ‘the yield streagth but decrease the
ductility. This effect is less signaficast At elevai d
tesperatures, l[a tde absagce of specific data fer a giv.a
material, it 18 Dost realistic to assume that tde straia rate
iaflueaces ooly the yield streogthk at temperatures less than
400°F. Thus, oo correctica should be used, ualesy otbervise
justified, te accouat for strain rate im bot pipes (~550°F).

-t
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DERIVATION OF PARAMETERS

The folleowing steps are to be followed to derive the =material

parazeters used for pipe rupture asalysis. For commonly eacoustered
materials, these data are provided ia Attachzest 7.2,

4.1 Tezperature, T

S{ace all paterial properties are tezperature dependent, the first
Step is to estimate the compozant tezperature.

For the feed water piping use an approximate normal operatiug
temperature of 430°F,

4.8 Young's Modulus, E

The aodulus of elasticity (E) at temperature is provided {2
Tadle 1-6.0 of ASME Sectica III, Appendixes (Refezezce 1). 7o use
this table, it ray be secessary to refer to Refereaces 2 or J to
firse determice the chemical compositica of the steel,

4.3 Ydield Streagth, Sy

Miziauz values of tle yield strength 4t rcom temperature =zay de
found ia ASME or AS™ (References )}, 2, and 3). Ter alevated

tevperatures, fiad the minisun yield stresgth fr>m Tadles ]-2.1
sed 2.2 of Refereace 1.

4.4 Vltizate Strecgth, Su

Minizud values of the ultimate strength at roem temperature may be
fouad ia ASME or AST (References 1, 2, asd 3). Misioum values of
the ultizate stresgth at elevated temperatures are tsbulated ia

Tadles 1-3.1 aad 3.2 of the Appendices te ASME Sectiea III
(Referesce 1).
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Usiform Ultimate Strain, & .

The usifora ultizate striid sccurs at the ultimate streagth which
{s reached the ipstast 3 cegsile Jeformatien {oztabilicy called
seckizg tegiis. *+e straan 18 spaformly distrituted aleng he
vensile sember prict 9 gecking.

Tor emergy-abserdizg restraist cespeosests, rake the 3inizus value
ia the fabricatics specificaties. for othet saterials whicd may
exceed the elastic timit, such as ie pipe, 33pisu= values sbould
ve determipnd fros represestative test dasa such s csntained i3
she Nuclear Syste=s wyrerials Hamebook (Ref. 8). Due te the
sparcity of available data, st is apprepriate to determite
from tetal eloogaticd i8308 & ratid of sisizud wsifer® straia ¥
sigiouas total elssgaticn for 23 sisilar caterial. For sose
sgalyses, sucd a8 ¢sp risgs (soupce shields), the lower trapsverse
slongaticn BaY be regquired. At elevated temperatures, tpe ugiferm
Jltimate strais may we 3zedified i3 tle sape prepeztica as the
elopgaticn (Agtachzent TRl

Allewable Sugzain, &

The allewadle straan fer tansiLe eneviy abscriers is cne-nalf the
eniform uitimate strasn sarained in Sectien 1.5 (Reference &).

Allcwable Strass, S\

Use & pover lav &2 Jerermine the SLiRES asseciated with the
allovadle strain (Attacnment ?.3)

§ = S) ¢
Where § = Stress
¢ = Strain
{EJ\ / 18
= leg \§ ///:c; \:a!}
7 v
S S,
5 x—i:
° ¢V (0002 ¢35 "
J 7

The values fl $y, §,, and g were derived in Sections b,), 4
sad 4.5 The value of &, ¢4 the nermal 0.2 percent sifset uses
for yireld strengih measurements. Calculate the stress \SA\

corgesponding o Loe sllovable stzan (‘A)
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SPECIFIC PARAMETERS AND ALLOWABLE STRESSES AND ST!Aisf

1a ordar to determine properties for SA 323, Crade l carben
steel relative to the SA 106, Grade B that is centained in
Reference 11, we must first compare the chemical and tensile
sroperties for the Lwo caterials., The follovwing page eontains
excersts from Section 11 of the ASME Code for the re.ated =ater'als.
1t can te gquickly sbserved that the two materials have similax
chemical propesties except for a small amount (0.10%) o silicon i
SA 1063 and nena required in SA 333-1. The next paje shows the
sipilar tensile propertiss, put the differences should be noted.
$A 1063 has an uitimate strength of 60,000 psi vhile SA 333-1 has a
value of 55,000 psi. However, SA 133-1 hes a greater elongation
in 2 inches  (33% versus 10% for SA 1063 e

Thres mechanical sublayers are ysed in the straid nardenin
model ¢f the SA 133-1 carbden steel pipe material used in the compuler
model in the energy palance analys:is. The yield and ultirate
strength properties are obtained from the ASME Code 45 noted pre~
vieusly, Tabulated vaiue: of properties for SA 1063 from Reference
11 are presented a0 Avtachment 7,21 The following table lists the
sarameters for SA 1063 and the needed values for SA 333-1 at 430°7.
Attachment 7.5 shows these parameters on a sketch of the exponential
and the diliniear strain nardening model, The curve is neot drawn o
scale as at S' the 0.002 effset is gquite exaggerated. Th. egquation of
S e 506" - 86177 € 0.24 vas developed. Allovable values for Pu and
(PL + Pb) stress intensities and stroins are developed as follows:

P S0.7 8, ° 31850C psi E,n‘ 2.16%

(" 0, B
L eP) 0SS, 49500 pst €“'L ) % 7.135%
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AN L LLOUAEE STRAMN, Sa

,',‘,"1."41’(#” Allowable Stress, §

~ower Law t? determine the stress assccsdted <ith the

Vse @
aliceable strais,
S = Sa c
Rere: § 5 Stress
¢ s Strain
f.;\ Caa)
1'." \S }/ (t., /

S '

S,
§ = —: ]

° ¢] (0.802 ¢S, T3
ieng 2.3, 3.8,

The values of Sv, § o ang ¢ were derived .1 Sest
and 3.5, The valuc of ¢, 78 the normal 0.2 percent sffset used
CalCulltl the  siress \S‘,

for yield strength agatirenents.
corresponding to the allewabie strain (¢,

7R _§ OBk PRIMAKY ) EmberiE STEES INTBISITY o

B & 075 ® 33500 P/
= 0.02/6 « 2./67 =orR /m

ervaes JNTEIETY AT WY AT (R+R)

3om
€ u¢/77)

JROE  MmAXmEnt Rmrey
(F T4 095 = s9sc0pPs!

5
-gé%—\) Y oo = ANSA mee (ReAD




.
2.

REFERENCIS

Page |7

ASME, Beiler and Pressure Vessel Code, GSection 11, Appendices

ASME, Beiler and Pressure Vessel Code, Secties 11

Asnual Book of ASTM stacdards, Payts | apd &

WUREG-0800, Stasdard Reviev Pleg 2.5.2, Detersization sf 3rear

Locatsess #nd Dymasic fffects Associated wits the Pestulated
Rupture of Pipisg

Basis for Protectics of Light Water

ANSI/ANS $8.241980, Desiga
¢ Effects of Pestulated Pipe Rupture

Nuclear Power Plasts Aga:ids

IMTR«2, A Cuide to fxtrapolatices asd Applicatien of Txperizental

Fipe Crusa Data
Calculatica 599.67.01-HH(!)-51-:Z. Derivatica of
EMTR=400.

Pareoeters for

Nuclear Systens Materials dagdbeck, Haafers fagineering
Develepsent Laberatery, 0.8, Departzest of Zzergy.

Kesdall, D. P?., The Effect of Strain Rate asd Tespecature ¢
Yielding 15 Steels, Jougzzal of Zasic Iagizeerisg, ¥ 01,

Marech 1972

17241, 11-NP(B)~FOL, Rev. L dated

Sgane & webster salouiation
Novesser &, 1587,

SWEC EMD Technical Re Tt “TR=400e8, Material Prozerties
for Pipe Fupture Anslysis,” July 5, 1988,



ATTACHMENTS
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MEDTUM CARBON
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EXCERPTS FROM APPENDIX F OF THE ASME CO

APPENDIX F

F-1340 ACCEPTANCE CRITERIA USING

The

PLASTIC SYSTEM ANALYSIS

gccsptance cniena in this sectien may be

applied provided the system analysis considers efects
of reaterial nonlineat dehavior. The critena are subject

1o the

F-1322.

restriciions on methods of evaluation stated in
(attached page)

F.1341 Criteria for Compcaents

Acceptability of components may be demonstrated
using any one of the following methods:
(a) elastic analysis

—imee (b)) plastic analysis

fe) collapse jcad analysis
(d) plastic instability analysis
fe) interaction method

Fr1341,
evaluated
siress limi

2 Plastic Analysis. Where the component 1§
on a plastic basis the following pnmary

15 shall be spplied.

fe) The general pnmary membranc stress intensity
P. shall not exceed 0.75, for matenals ingluded A

Table 11
(S, e Sy\l

1 and the greater of Q.75, and 5, = A
for materials included in Table I-1 2.

() The maxmum primary siress intensity at any
lacation shall not exceed 0.905,

() The average primary sheaf acrosy 8 sestion
loaced in pure shear shail not excesd 0415,

wes
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1983 Edition
F.1322 \{ethods and Requirements for
Analysis

The following requiremenis ¢hall be satisfied in the
evaluation of components of component suppons
undar the loads ot load combinations for which Level
D Servics Limits are specified.

F-1322.1 Analysis Combinations

(a) System analysis may be performed by eclastic
analysis methods as defined i1n F.1321.3 or by plastic
anaiysis methods as defined in F-1321.400). If elstic
system 3nalysis is used, the components and compo-
rent supports shall be dengned 10 meel the acceplancs
criema in Fe1330. If plasiic system analysis 18 vsed,
he ccraponents and component supperts may De
designed based on (he agceplance cniena in F.1340.

(b)) 1f elastie system analysis is used, the compo-
ents and component suppans may be designed based
sllernatively on the acceplancs critena of F:1340
provided a recvaluation of the system analysis is
performed 10 determine that it has nct been Sige
mificantly invalidated due 10 load and siress redistnbu-
lion and changes in geemetny. Some of the conditions
under which this analysis comdination may be accepts
able are:

(1) the plastic deformation 18 highly jocalized, of

(3) the changes in geometry are not significant.
This combination May also be considered valid if
souncing sclutions are established whieh ¢onserva:
tively account for redistnbution of loads and stresses
due 10 plasticity.

fej 1f all loags on 2 component ©f component
support are determined independently from system

navior (e.g., specified pressures), then the cempos
aent of component support may e designed based on
acceptance critena in eilher F.1330 or F-1340.

(d) The Design Specification for the componenis
and component suppons shall indicate what type of
system analysis Gf any) has been osed 10 denve the
specified loacs.

F.1322.2 Dynsmic Efects. Postulated events for
ahich Level D Service Limits are specrfied are
generally dynamic 10 aature. The determinalion of
1a3ds for components and component suppons shall

APPENDIX F

Page 25

wes

sceount fer dynamic amphification of struciural re
sponse, Doth in the compenent and in the sysiem

F.1322.3 Materia) Behavior

fe) The mechani¢al and physical properties shall b
waken from Appendix | at the agtual temperature ¢
the matenal. The allowable stresses shall be based o
matemal properties given 1n Appendiz | at temperd
ture, If S, vaiues a1 temperature are nct tabulated it
Appendix 1.}, the value used shall be included an¢
justified in the Design Repent

(b) The stress anc sira allowables given in 1Al
Appendix are based ¢n in engineenng siress-4irair
curve. If another type of stress-stran curve (e.g., trut
stress-strain or Kirchof stress=sirain) is used, tht
results (rom the anaiymis of 1he allowables given in this
Appendix shail be appropnately transformed

() When performing plastie anaiysis. 1he stress-
strain curve used shail be ineluded and ‘usuified inth
Design Report, It is permssidie 10 adjust the siresse
strain cunve 1o include strain rate effacis resuiting
from dynami¢ dehawior, However, 1he allowables shall
be selected in accordance with (a) above,

{d) The yield cniteria and asseciated fAow rule used
in (he inclastic analysis may bte either those asseciated
with the manum shear stress theory (Tresca) of the
sirain energy distontion theory (Von Mises).

F.1322.4 Geometric Nonlinearities, Geomeine non-
lineanties may be produced by relatively large defor.
mations and/or rotations and by gaps betaveen parts of
the structure. Analyses performed for denvaton ¢
loads and for evalustion of scceprability of compe
nents and cemponent suppons shail consider geomel
nc nonlineanties :f approprate.

£.1322.6 Strain and/or Deformation Limits. [
addition to the limits given in this Appendix, >
strain of deformation limis (if any) provided 1a th

Design Specification shall be satisfied.
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TECHNICAL ASSESSMENT OF MAIN FEEDWATER PIPING

In order to provide confidence in Feedwater Piping Integrity during and after
the postulated event in the Turbine Building, TVA has initiated activities on
one loop (loop 1) of the Main Feedwater System to verify its integrity.

forcing functions have been developed and utilized as input to a three
dimensional inelastic finite element analysis, The finite element analyses
have been run using a variety of support/rupture regtraint configurations.
The variety of support/rupture restraint configurations ranged from no
supports and gapped rupture restraints to modeling of support load deflection
curves for ductile supports and gapped rupture restraints.

The finite element analysis results were evaluated to an acceptance standard
based on Appendix F of ASME Section III. This effort indicates that piping
systen integrity will De maintained during and after the postulated event,
although some pipe supports may fail or deform.
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