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

Centlemen:

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

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

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

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 - Revised 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 hammer 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 water 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 justification for not issuing the

,

feedwater water hammer analysis when it was identified by ent neering as ai
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 Observation No. MEB-3.
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U.S. Nuclear Regulatory Commission

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 for 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. Hardin5 at (615) 870-6422.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

. ,

,

R. Gridley, irector
Nuclear Lic nsing and
Regulatory Affairs

Enclosure
cc (Enclosure):

Mr. K. P. Barr, Acting Assistant Director
for Inspection Programs

TVA Projects Division
Office of Special Projects
U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

t

Mr. G. G. Zech, Assi tant Director
for Projects

Mail Stop 7E23 !

TVA Projects Division
Office of Special Projects
U.S. Nuclear Regulatory Commission

!7920 Norfolk Avenue
Bethesda, Maryland 20814

|

Sequoyah Resident Inspector
Sequoyah Nuclear Plant
2600 Igou Ferry Road
Sc6dy Daisy, Tennessee 37379

|

- -- . - . - - . . -_ . - _ . _ . -- ..



j
. ,

ENCLOSURE |
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On January 4, 1979, the Mechanical Engineering Branch (MEB) prepared
nonconformance report (NCR) MEB-79-1 to indicate that TVA may not have
properly 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 respect to its ~bility to withstand the calculated closing energy
assuming a postulated main FW line break upstream of the check valvo.

On May 16, 1979, TVA provided NRC with a report on the disposition of NCR
MEB- 79-1 (reference 2) , which indicated that MEB had evaluated the main FW

check valves for the water hammer transient and that the main FW check valves
would maintain their function and integrity following the most serare main FW
line break postulated.

At a subsequent meeting with C. R. McFarland of URC Office of Inspection and
Enforcement (CIE), 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 submitted revision 1 to the main FW line break report (MEB 79-1),
dated October 10, 1979 (teference 3). This revision analyzed the ability
of the main FW check valves and associated piping to remain 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
under all expected accident conditions.

It is noted that the analytical methods used by TVA were consistent with
the design bases for other plants of the SQN vintage. Similarly, the
industry's design bases reflected the regulatory requirements of the
1979-1980 time period.

Subsequent URC review of this issue during an inspection on
October 30, 1979, to November 1, 1979, dispositioned this item as
closed. The : heck valve integrity analysis and the hoop stress analysis
of MEB-79-1, revision 1, were the bases for NRC (01E) closure of the
10 CFR 50.55(c) items related to this mattor. Documentation of closure
is contained in NRC IE Inspection Report Nos. 50-327/79-63 and
50-328/79-31 (reference 4).

Analytical advances in the evaluation of water harner transients for FW

system piping did not occur until after 19AO, the year SQN received its
operating license. By 1983, accurate forcing functions were availabic
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 snubber selsnic loads. SQN, on
the other hand, determined that a similar detailed structural response
analysis was not required. An engineering evaluation of the pipe whip
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steel downstream of the check valves indicated that there is as much
steel in the available space as is prachickt to install, consistent with ''

access for inspection and maintenance. At each restraint, the gap <

provided was judged to bo the truv mininum practical consistent with pipe 2

shakedown, unanticipated thermal expansion, insulation, ate. In the
unlikely event of this severe accident in the FW system, pipe movement
dornstream of the check valves wculd therefore be limited to the pipe
support gap. Accordingly. TVA concluded that the FW piping at SQN was
adequately designed and did not reanalyze this condition or fund
continued evaluation efforts.

,

The dispositioning of this issue at SQU can be further justified by the
following.

.

SAFETY ASSESSMENT OF FW CHECK VALVE CLOSURE TRANSIENT FOLLOWING PIPE PUPTURE

1. ANALYSIS

o 2 vent required to cause check valve '' slam" transient is instantaneous

(i.e. , I sillisecond) dauble-ended guillotine FW pipe rupture in the
main FW header. A simplified sketch of the main FW system is shT/n in
attachment 1.

Initiating cousco of nuch a traumatic failure include a seismic event,o
material fatisuu becauce of thermal cycling, material failure because
of erosion /corresion, and fluid transients in the FW system.

Seicmic Event - Investigations into the behavior of piping and pipeo

support systems subjected to substantially hither ground response than
SQN site have demonstrated high survivability with regard to pressurn<

boundaty integrity and overall system reliability,

Material Fatigue - Allowable stresses in piping analysis codes areo

based on 7000 cycles, a figure considered in itself to be
conservative. Because of relatively short operating Jife (approximate
4 years) in comparison with overall plant life (40 years), Sequoyah has
utilized only an estimated 700 cycles to date.

Erosion / Corrosion - Not anticipated because of high water qustity and
,

o

low dissolved oxygen content. Also, system subcoolir.g during operation
avoids flashing of FW to steam, which can otherwise contribute to
erosion in FW piping. Continued monitoring for pipe wall thinning in
FW/ condensate piping will be provided by the recently issued 4

Surveillance Instruction (SI)-733. Design study of single-phase flow ierosion / corrosion is in preparation stages for SQN systems considered ;
susceptible to these physical / chemical phenomena,

Fluid Transients - Wat er hammar events resulting in FW piping ando

support damage have occutved at other operating facilities; hokever,
none have caused longitudinal splits, full separaticas, or guillotine
tuptures in regions of the system pertinent to check valve closure
analysis. Feilures have occurred on the inlet side of FW pump with
significantly less severe consequences because of the flow-limiting
effect of the punp and its impeller.

!

1
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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 caused 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.

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

o OQN 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 URC in 1979
closed the issue for SQN.

2. CURRENT INDUSTRY STATUS

o Ceneric issue (to postulate water hammer-induced instantaneous

guillotine rupture and reanalyze / redesign all af fected piping and pipe
supports) has not been addressed by all nuclear utilities for similar
vintage plants.

Water hammer events have occurred but have not posed a significanto

safety issue in terms of functional capability of the FW system or safe
shutdown of units involved. No instantaneous guillotine ruptures, of
the type postulated in the check valve "slam" analysis, have occurred.

o Nuclear, fossil, and petrochemical industry experience indicates that
actual pipe ruptures do not impair pressure bcundary integrity remote
from the break. Rather, plastic hinges h a formed in localized piping '

and isolated supports have failed, but pressure boundary integrity
remote from the break has remained intact. This experience provides
strong indication that FW pipe rupture restraints and steam generator
nozzles would be more than sufficient to mitigate the postulated pipe
break.

__ _ .. - .. . --
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4.2 S6fety Class B, C, and D Fluid Conconents8

, . 2 .1 Plant Cryditions and Desien Loadine Corbinations(

Design pressures. temperatures. and other information that
: rovide tbe basis for the design of safety-related systems and i

c o e. p o r e n t s are presented in the corresponding sections that
descrite the sy st em functional requirements. Codes that govern

the analysis of vessels, tanks. valves. pumps, and piping are
defined in Table 3.9.2-1. Environmental equipment such as
c e si t t l e t i e n and air treatasnt components and other equipment
hich is safety related but which have no applicable code for

' r '. i g r. are defined in Sub se c tion 3.9.3.

.V.2.2 Desien 1.cadine Corbinations

: 1. e desige loading combinations and tbe a l l ow a bl e stress
ittensity levels cotsidered in the ccaponent or system design for
.VA safety classes B. C. and D are shown in labl e 3.9.2-2.

ver.ign losding combinations are categorized with respect to
r. o r n a l , upset, and faulted conditions. The categories are

defined as i oll ow s :
,

Nerral Conditiers Any condition in the course of system
startur, operation it the design power range, and systen
s h u t d o s r. . it the absence of upset, faulted, and test

CCnditions.

8: r s e t Cenditions Any deviations from n o r r. a 1 conditions.

:nticipated to occur often enough that design should include
s espability to with stand the conditions sithout operational

'

4mpaireent. The upset conditions include tho s e transient *
thich result from any single operator error or control
ralfunction, transients caused by a fault in a system
c o r p o n e r. t requiring its isolation from the sy st em, transients
due to loss of losd or power, and any system upset not

'1SIIude: Class A piping (Reactor Coolant Loop Branch Lines)
cnilyzed by IT A .

i

|
"

|
i

1

:
i

I
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resulting in a fosced outage. The upset condition incledes 1

the effects of a one-half safe shutdown earthquake for vhich ;

the system nust remain operational or must tegain its
.

operational s t a t *J s .

1 l'at'ltid fvDdlii90) Those combinations of conditions )

astociated eith e tremely low probability, postulated events
= hose tonsequences are such that the integrity and
operebility of the nuclear energy system may be impaired to
the eatent that 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 considered as separate events (see
Table 3.9.2-2).

A summary of the loading conditions and stress limits for safety
class B. C. and D fluid components appears in Table 3.9.2-3.

3.9.2.3 Inclestic Deformetion

The proposed stress limits for the faulted condition for groups
E. C. and D. components are within the code a l l ow a b i c for piimary ,

l

loads. Consequently, functiotal and structural integrity are
assured for the faulted condition.

3.9.2.4 Desire end Instellation Criteria. Pressure Relievint
Devices

The design and installation of pressure relieving devices are
consistent with the requirements established by Regulatory Guide
1.67 ' Installation of Overpressure Protective Devices.'

Each esin steam line is provided with one (1) power operated
strospheric relicf valve and five (5) safety valves sized in
accordance with ASME. BCPV. Section 111. 1968 edition.

The safety valves are set for progressive relief in intermediate
steps of pressure within the allowed range (105 percent of the
design pressure) of pressure settings to prevent more than one
valve actuating simultaneously. The valve pressure settings at
which the individual valves open are shown in the table below in t

the colunn identified a s "Se t Pressure ' The valves are designed j
to reset at the pressure levels identified in the column

-

"Blosdown Pressure." Credit for the pressure drop (21 psi) !

beteeen the steam generator outlet and the valve inlet sas taken I

when e s t a b l i s t. i n g the "Set Pr e s sure " valve s. !

I
i

a

I

t

3.5-23 e
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TVA Cl,ams b_C. D, and Non-Nuclear Cafety Piping,
2

.

TVA hun evolunted t he neceunity of performing a cumplete analycis
,,n .i l i p a p a nn nyut ene .ind identifled the 1in.ito uf the analysis
unfor. Ihe I o f l ow i nr. r.id i'lo l i n"?.

Analyze all TVA Claes B and C lines 6. inch diameter and1

inrger.

Analy:e all piping in Category I structures larger than2.
1. inch diameter that has an operating temperature of 200'F or
greater and an operating pressure of 275 psis or greater, or
any piping where thermal movements might create support
conditions outcide the ccope of the alternate criteria.

, Analy:c all piping whoce loads could influenec the operation'

ecsential to safe shutdown.3of equipment

Analyze all branch lince, cutcide the ccope of these
requirements, whose f ailure would interrupt normal function

an essential cyctcm. This analycic is to extend aof
sufficient distance from the essentini rystem to encure its
caf ety and to a convenient termination point.

piping rigidly attached to the steel containment vesselAll
crecifically piping which pasces through the containment
structure rigid penetrations or is supported of f the ~

cont ainrent structure , er both.

All nystems requiring coismic qualification, but not
r* quiring complete analycis as outlined above, will be
evaluated accordinr, to the proceduroc outlined in l'aragraph
3 9.2.t.

following systems are within the scope outlined above, andTim
being completely analy:ed for thermal, seismic , seismicare

.:nchor movement , and deadweight conditions:

1 Mair steam system

: Main steam blowdown system

3. Feedwater system

4 Auxiliary feedwtcr system

3. Chemical and volume control system

Safety injection systeme.

(.untainment spray system
3

-___.: sere class G, K, and M piping is analyzed in this category.

3.9-27

.
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8. Residual heat removal system-

S. Component cooling system

10. Essential raw cooling water

11. Auxiliary boiler piping

12. Upper head injection piping '

13. Parts of other systems which require rigorous analysis.
c3 1-

3.9.2.5.2 Analytical Methods
,

' ' ' ' 'g;P
'oadint Conditions and Stress Limits

,

The design loading combinations and the allowable stress'' limits
:onsidered in the design of TVA piping systems M the scope

.

:f Subparagraph 3.9.2.5.1 are shown in TabYe 3.9.2-5 s Design
loading combinations are categorized with respefr t'o normal.
.pset, and faulted conditions. Piping components have been'

designed to allowable stress intensity levels given by the ANSI
J31.1-1967 Power Piping Code.

Thile the referenced code did not define stress levels for the
loading combinations considered in Table 3.9.2-5. the allowable
; trest intensity levels are in agreement with subsection NC3000
? the ASME Section III. Winter 1972 Addenda. The referenced

: absection is considered to be equivalent to ANSI B31.1 with
sppropriate consideration to the modifications where they exist.
tnalvser

1. Stress evaluations due to loadings such as deadweight.
thermal expansion, and anchor movements are perforned 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 3.9.2.5.3. [

i t
Loads on equipment nozzles are combined and evaluated against i"

allowables as follows: I

!
Fo; + F ; + Fl/2SSE i Allowable3

Seismic valve accelerations are generaly maintained below
|2 g vertical, and 3 g horizontal. Cases exist such that valve

accelerations can exceed these standard limits. Such cases are 4 i
,

!

evaluated and approved individually; this process is
|controlled by the Elrorous Plpinr Analysis Handbook

!3,9-28 '
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Table 3.9.2-2

DESIGN LOADING COMIINATIONS

F0h GROUP CLASSES B, C, AND D COMPOND;TS AND SUPPORTS

Loadine Cases Oneratine Conj _i_ tion

c. Fressure + deadweight Normal
- thermal

d. Pressure + deadweight Upset
- thermal + 1/2 SSE

:. Pressure + deadweight Faulted
- SSE

or

Pressure + deadweight
pipe rupture loads

i

I
;

I

I

..
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Table 3.9.2-5'

CATECORY I PIPING SYSTEM.S

LOADINC CONDITIONS AND STPISS LIMITS

NC-3652

l'l an t Conditier Loadine Combinations S t ress Lireits Enuations

Normal S +S
gp DL h

S 10S .-

g7

IIS +S A* hp DL ST

i'p w t 5 +S ,+S 4S '*gp g y7733g EXT h

2'4 S 9
p+S 'a+SSSE hTaulted 5

D

'S +S +S +S *
p ggg DBA j h

where S
LP = Longitudinal pressure stress.

5, = Longitudinal bending stress due to dead load.
3,

S = P.aximum bending stress due to inertial loadings
lf)337 of the 1/2SSE.

S = Maximum bending stress due to inertial loadings~g,e
of the SSE.~

S = Longitudinal bending stress due to external loading.gg.

5 = Secondary stress due to thermal expansien and anchor
3' movement stress associated with the 1/2SSE.

S = Stress due to design basis accident.
DBA

S = Basic material allowable stress at hot t empe ra tu re .
h

S = Allowable stress range for expansion stress.g

S = Stress due to jet impingement loads. .

;.

!

?

.
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3enera11 7 only four of the : tate points presented in Table
15.4.2-1 are subjected to detailed nuclear and thermal-bydraulic
smalysis. For Caoe B. the point with the higheet power level is
scalyzed, since paat experience has indicated this point is the
one which =ill probably have the lowest DNBR. In addition,

either the preceding or succeeding point (depending on the
conditions) is analyzed.

For Case D (inside bre ak with loss of offsite pover), the point
most likely to hare the l ov e s t DNBR is the point with the highest |

power / flow ratio. Usually, this point is the one with the
highest power. As with Case B. either the preceding or
succeeding point is also analyzed. Should any of the points
analyzed result in DNBR's neer 1.30, additional points may be
snalyzed to insure that the point with the minimum DNBR condition
aas been analyzed.

The points acalyzed for this application had DNBR's greater than
1.30. Thus, it is concluded that the minimum DNBR for a steam
break is greater t h a n 1. 3 0.

The mazinum linear heat rate for the most limiting steambreak
:nse tresented in the FSAR was less than 10 kb/ft. ,hich is less
than the linear heat rate *hich resuits in fuel melting. There
is no known failure mechanism associated with this peak linear
. eat rate.

15.4.2.2 N 4or Rtrture of a Meir Feedweter Pive

15.4.2.2.1 Identifiestion of Cause: and Accident Descrivtion

fA maj or feedwater line rupture is defined as a break in a '

feedwster pipe larse enough to prevent the addition of sufficient
feedvater to the steam generators to maintain shell-side fluid
:nventory in the steam generators. If the break is postulated in
4 feedline between the check valve and the steam generator, fluid ,

'

frca the steam generator may also be discharged through the
break. Further, a break in this location could preclude the
subsequent addition of auxiliary feedwater to the affected steam

'

generator. (A break upstream of the feed 1ine check valve would
affect the Nuclear Steam Supply System only as a loss of feed-
vater. This cese is covered by the evaluation in Subsection*

15.2.S.)

Depending upon the size of the break and the plant operating
conditions at the time of the break, the break could cause either
a RCS cooldown (by excessive energy discharge through the break),
or a RCS heatup. Potential RCS cooldown resulting from a
secondary pipe rupture is evaluted in Paragraph 15.4.2.1, * Maj or
Rupture of a Main Steam Pipe." Therefore, only the RCS heatup
effects are evaluated for a feedline rupture.

15.4-29
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witnin ex:ectec ranges. The carameters :f icoortance for these transients
' incluce reactor ecolant system pressurt, steam genera.or pressure, fluic -

temoeratures, fuel anc clac .emepratures, creak cischarge flow rate, steamline
anc feecwater ficw rates, safety anc relief valve flow rates, pressuri:er and
steam generator water levels, mass anc energy transfer witnin the containment
(for reams insice containment), reac or cower, total core reactivity, not anc
average :nannel nea; flux, anc minimum ce:arture from nucleate ceiling ratio
(DNER).

^

The secuence of events described in the acolicant's safety analysis recor:
(SAR) is reviewee ey coin RSE and ICSE. The RSE reviewer concentrates on the
neec for :ne reactor protection system, ne engineerec safety systems, anc
coerater action to secure anc maintain :ne reactor in a safe concitions.

The analytical me:nocs are reviewed by RSE to ascertain wnetner the mathematical
acceling anc ::mouter coces nave been previously reviewed and ac:ectec by the
staff. f a referencec analytical methoc has not been previously reviewed,
:ne reviewer recuests initiaticr. of a generic evaluation of :ne new anaiy:1cai
mooel. RSE also reviews :ne values of all One parameters used in tne analytical
nocel. OPE reviews ne initial :enditions of :ne core anc all nuclear cesign
Sarameters. Tnis incluces :ower level, power distribution, Decoler coefficients,
mocerat:r tem:erature coefficients, voic coefficients, reactor kinetics, DNE
::rrela-ions, anc ::ntrol roc wor n. -

* seconca y review is cer'ormed by :ne Ac:icent Evaluation Branch (AEE) and the.

"esults are usec ey ASE to ::=ciete the overall evaluation of :ne ear. analysis.
The AEE evalua es ne fission procuc release assumptions usec in cetermining )

'ny O'fsite releases anc verifies tna: tne raciological consecuences resulting '

frem a feec.ater : ice creax are witnin ac:e::acie limits as part of its primary
review res:ensi:ili y for SRP Sec-ion 15.E.5. The result of AEE's analysis is
transmittec c RSE for use in ne SER writeup.

In accition, .ne RSE will coercina.e c:ner branches' evaluations that interface
wi .n :ne overail review of f eecwater system pipe creaks as follows: The
Auxiliary *5ystems Erancn (ASE) reviews the auxiliary feecwater system to
verify nat i , can fun:: ion following a feecwater line creak, given a single ,ac;1ve ::::enent f ailure and with either onsite or offsite cower as part of "

its primary eview res onsibility for SRP Section 10.a.9. RSE reviews the ;auxiliary fee:waur system to confir :nat the flow proviced is ac:ectacle for ;
: ntrolling :ne transient following a fetcwater line break. The Mechanical
Engineering Eranen (MEE) evaluates potential wata- .ammer effects on safety ) ;
valve integri y as part of its primary review responsibility for SRP Section '3.9
series. The 0:ntainment Systems Branch (OSB) reviews the methocology wnich '

evaluates ne resconse of :ne con;ainment to creaks of feecwater lines witn
regarc to :ne ef'ec s of oressure anc temperature on the containment functional -

:aca:ilities as car of its crima y review resconsibility for SRP Se: tion E.2.1.
The ICSE reviewer ::ncentra.es on :ne instrumentation anc control aspects of
:ne secuence :escribec in :ne SAR to evaluate whether ne reactor anc plan: ;

Orete:: ion an: safeguarcs :entrols and instrumentation systems will function ,

as assumec in :ne safety analysis with regarc to automatic actuation, remote
; sensing, incication, centrol, anc interlocks with auxiliary or shared systems.

ICSE also evalua.es potential bypass moces and tne possibility of manual
:entr:1 y One ::erater as part of its primary reac .or resconsibility for SRP
Se *.i:ns 7.1 *hr0Ugn 7.7.
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SUBJECT: Feedwater System Fluid |
Forcing Function White

{Paper for Energy Balance .
Analysis ATTACRMENT 2

|

,

(,

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

,

1

Descrintion_of_ Method

piping from the steam generator (SG)In order to assess the structural adequacy of the FWnozzle to the firstanchor outside containment, an elastic time history
evaluation of the Major pipe movement due to the FW transientfollowing postulated pipe rupture vill be performed.fluid transient The

will be applied to critical piping segments, and aforcing function force-time history developed(Ref 3 )
limiting plastic strain of the piping will be considered.

Stone & Webster proprietary program DINASAWThis energy balance analysis will be performed using the
(ME-147). Thisprogram is an extension of a series of computer programs

developed at Massachusetts Instituta of Technology for
analyzing planar structural response problems which mayinvolve impacts between various structures
may be used to predict the nolinear, dynamic (Ref. 1) . DINASAW

behavior ofplane frames (pipes, rings or beams)
displacements, plasticity and impacts. including large
relations may be applied at any location. Arbitrary force-timeThe scope ofDINASAW is to predict the transient response of plane-frame
structures such as straight or curved pipes or beams.

,

consistent finite-element technique,The analytical method used in DINASAW is an energy
of Virtual Work, which is employed to generate on anbased on the Principle
incremental basis the structure's internal reactionsdirectly. A lumped mass technique is used to generate the
nodal masses and central-difference finite-difference
operator is employed to integrate the equations of motion intine.

The Collision-Induced Crush-Force and Collision-Induced Velocity Methods (CICFM and CIVM, respectively) areavailable for analyzing impacts.
.

E9_ PIPING MODEL
_

Each of the FW piping loops differs slightl$a(e4e=;4. see33. w........ .... ., s.- u _r,....A---s,-

segments between the SG no::le and the first anchor outside
-

containment. Segment 1101 in Firgure 2 contains this anchorfor Loop i to SG 1 at Sequoyah Unit 2. The piping from the
first anchor to the SG is approximated and modelled for inputto the DINASAW program. Force-time histories developed for
the check valve closure following postulated pipe rupture in
the FW header are applied to critical pipe segments.

..

f

, ..

'

. c i,T:.c . ' '
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Figure 3 shows the forcG-time plot for segment 1S02,
which appears to be the most critical segment for this SG
loop. Other pipe segment forces will be evaluated also.

The output of'the DINASAW program will include plasticstrain levels in the piping se e.ents as well as a
determination of the energy balance in the system resultingfrom the input forcing functions.

It is assume'd 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 is
expected that the piping itself will be able to absorb the
input forcing functions without rupturing or exceeding theASME III Appendix F plastic strain limits.

RIFERENCES

1. Collings, T. P. and Witmer, E. A., Aeolication_of_thgCellision-Impacted Velocity Method for Analyzine the
Reseenses of Containment and Defledtor Structures to

-

Encine Petor Fracment Incact. ASRL TR 154-8, Aer5 elastic
-

-

and Structures Research Laboratory, Massachusetts
Institute of Technology, October 1973.

'

2. Terry, R. A., Dynamic Inelastic Nonlinear Analysis
(DINASAW), User's Manual ME-147, Stone & Webster
Engineering Corp., June 1982.'

,

3. Stone & Webster calculation 17 3 41.11-NP ( B) -F01, Rev. 1
dated November 6, 1987.
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SEQUOYAH NUCLEAR PCWER PLANT - UNIT 2.
,

,

INTERIM ACCEPTANCE CRITERIA FOR ENERGY4
,

BALANCE ANALYSIS FOR TEED WATER CHECX
,

VALVE CLOSURE TRANS !NT

1.0 INTROCi'CTICN f

In order to evaluate the aff ect of a pipe rupture upstream o .
i

history analysis
the feed water (TW) check valves elasco plastic t me.-

and cen-
vill be performed en TW piping between the steam generators

The result of these analyses vill be
tainment isolation valves.

.

h the
cc:;ared with the interim criteria herein in order to establis

.

.

structural adeeuacy of the Tu piping inside containment.
,

i >

1.1 PURPCSI
The purpose of this docur.ent is to previde interim acceptancej

f criteria for the TW piping which c.ust be satisfied prior to
Unic 2

1

,

,t.

} restart.

'

SCOPE (APPLICA31LITY) |1.2
The criteria are to be applied to the results of a non linear| |

finite elenent analysis, the methodology for which is suntarized in
I [

Section 1.3.
-

.

,

9

1.3 METH000 LOGY |
The sequence of this elasto-plastic evaluation is as followst

follovi:

Perform time history analysis due to FW check valve closure
1 on pipint-

postulated pipe rupture resulting in force-time historiesi -

,

'
i

sCsments (Ref. 10). f1

! . ,

4 .o
,

.

,

i 11

I .

' '[N. .,. .w .
*

|
,

"*d- ''' -

1 tr
* * . .

- I 01/1$/E3 ISt$3 P, 5 !

JI E * + I'. C I " ** X"~

i
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f'o r ce- t ir.ec '.
Evaluardon of non linear response using segment-

histories applied to analytic model using values for materials

develeped in accordance with criteria in Section 2.0.
&

are compared to
The results of the analyses (Piping strain)

acceptance criteria based on linics identified in Appendix F et

ASME 3ection III as specif1: ally augmented by Section 5.0 of this

docunent.

generator nozzle loads will be provided to Westing-The stea:

house for their acceptance.

2.0 ACCE?!ASCI CRITERI A'

The acceptsnce criteria of Appendix F of the ASME Code, section
fro: a

the allevable stresses which resultIII are utill:ed fc
plastic analysis (Attachment 7.6).

These stress li=1ts of C.7 S and 0.9 S,,are converted to

acceptable straths by using the pever law for the expenential model

for the TW piping -aterial - SA 333, Grade 1 carben steel - as

developed in this doeutent.
indicate their acceptance of theVestinghcuse Will have en

steam generator nortle loads developed by this plastic analysis.

.

5

6

1

.

# 6

L

vp

. - . < )
b

-
.

. . . -.

IE * 3.'$E' ( 5-NV l/!$/63 }EI!) I I
' ~

'
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3.0 MECNANICAL PROPERTIIS OF STIILS

3.1 Parameters of Interest '

The =echanical properties of carbon and stainless stesis commonlyrestraints are a basic input toused for piping and pipe rupture
the plastic analyses required for pipe rupture. The basic

paraeieters are those which define the stress-strain curve
(Attach =ent 7.1):

1. Yield strength

2. Young's nodulus
3. Ultimate strength

4 Uniform ultimate strain
.

The effects of temperature and strain rate on those paraceters
must also be censidered.

3." Data Sources

The basic data references are the ASME Boiler and Pressure VesselThese
Ccde (References 1 and 2) and ASTM Standards (Reference 3).
standards contain minitur, specifications for strength and

ductility (elengstion). The te=perature variatics of the r.1=i=um
yield strength, or t::: utumate streng61:, ouJ wt 7.~a'. .Jalua

are also tabulated in Reference 1. The uniform ultimate strain is
only required for inelastic mechers and, for the pri=ary !

energy-absorbins ec=ponents, is given in the fabrication
specification.

3.3 Fr:bable Rang- of Valaes
!

7

Mini =um strengths may be greatly exceeded by actual . aterials.m

i
Tor exa:ple, it is possible for the actual static yield strength '

,

to be double the Code specified ninimu:n yield. The range in

{ ultimate attengths is considerably less. SINCE PIPE RUPTVRI

ALLOVABLIS AE BASED ON STRAIN (BIIT.ENCE 4) . USI MINIMLH STRENGTA
i

{ VALUE5 7CR CALCUI.ATICNS 3ECAUSE Ti!IS VILL PRODUCE MAXIMLM STPAIN.

3,/.. Strain Rate Effects
influences =echanical preperties. For steels, high

Strain rate
strain rates increase the yield strength but decrease the
ductility. This effect is less significant at elevated -

In the absence of specifie data for a giwa |
,

; te:peratures.material, it is most realistic to assume that the strain rate
influences caly the yield streogth at temperatures less than
400'T. Thus, no correctic.n should be used, ualess otherwise.

'

bstified, to account for strain rate in bot pipes ($$50'T).

; <

1< e,

Vb Y SL , [ * *[ X ){'{$/$$ }$3$4 p, "p'
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4.0 DIRIVATION OF PAR.V.EE RS

The following steps are to be followed to derive the =aterial
para =eters used for pipe rupture analysis. For cornouly encou=tered
materials, these data are provided in Attach =ent 7.2.

4.1 Te=perature, T

Since all material properties are te=perature dependent, the first
step is to estimate the component te=perature.-

For the feed water piping use an approximate normal operating
temperature of 430'F.

4.2 Young's Modulus, E

The modulus of elasticity (E) at te.perature is provided in
Table I-6.0 of ASMF. Section III, Appendixes (Reference 1). To use
this table, it r.4y be necessar/ to refer to References 2 or 3 to
fi:st deter:: ice the chemical compositica of the steel,

t

4.3 Yield Strength, Sy
*

Minimum values of the yield strength at rcom te=perature may be
found in ASME or ASTM (References 1, 2, and 3). For elevated :

te=peratures, find the miniewn yield strength fru Tables I-2.1 ;

and 2.2 of Reference 1. i

,

!
4.4 Ulti= ate Strength. S )

'

u

g Mini =um values of the ultimate strength at room temperature may be |
fou d in ASME or ASTM (References 1, 2, and 3). Minimum values of
the ulti= ate strength at elevated temperatures are tebulated in
Tables I-3.1 and 3.2 of the Appendices to ASME Section III |
(Reference 1),

t

"
,

$ ]

.

1

O*

E i4 <-~ ..e., .. ...
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b5 L':iform Ultimate Strain, euu
h

The uniform ulti: ate strais occurs at the ultimate stre:gth whici :tability called
is reached the insta: a te:sile Jefc::ation along theas uniformly distributed
necki:s begics. The strain
tensile = ember prier to :ecking.

c:=po:ects, take the :isi=um value
For e:ergy-absorbi:3 restraint Tor other :sterials vbich r.ay
in the fabricatics specifiests:n.such as the pipe, mini =um values should
exceed the elastic limit, data such as contained intestdeter.1:sd f rc:a represectative
the N.'ucle a r Systers Materials Mandbook (Ref. 3).

Due to thebe to deterei:e c
spareity of available data, it is appropriatef ro:s total elongatten ust:g a ratio of =t:1:as ustferm strain

.o
.

eier.gati:s for a si=ilar :sterial. Tor so:e

as fer rir.gs (source shields), the lever transverseAt elevated teeperatures, the u iformmi:1cus total.

a:alyses, sue:
theelcogstten :sy be required.

ulti-ate strai: -ay be zodified i: the s ar.
pr: portion as

7.a).elongation ( Attach =ect

L.6 A110vable Strain, C;

tensile energy abscrhers is cce-half the
he allevable s: rain f::unifern ulti ate strain citained in Sectien 3.5 (Ref erence 4),

4.7 Allevable Stress. S A

ass:ciated with the
Ose a pever law to deterN M the sttess7.3)
allevable strain ( Attac'..-ent

S = 5, c"

S s StressWhere:

c = St: sin

a: 'ot ICL-

?/

c
S '

S =2=-
-'

c' (0.002 + 5y /I)^
y,

4. 3, 4. 4
vere derived in Sections

and cO the nor-al 0.2 percentThe values of Sy, S offset useop
of s

for yield strength nessurements. Calculate the stress s$^)and 4.5. The v a l'a e y

the allevable strain (C )4correspcoding to
o$ sS c

A o A
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SPECIFIC 7ARAMETERS AND ALLOk'ABLE STEESSES AND STRAINS
,

5.0
In order to. determine preperties f or SA 333, Grade 1 carben i

*

steel relative to the SA 106 Grade 3 that is centained in
first ecmpare the chenical and tensile'.e must

Reference 11
The following page contains

prc;erties for the two e.aterials.
i ls.

excerpts fres section II of the ASME Code for the related mater a
si=ilarthe two naterials hav(It can be quickly observed that

for a srall a cunt (0.10%) os'
silicon in

chemical properties except
The next page shows the

SA 1063 and nena required in SA 333-1.

the dif ferences should be noted.sir.ilar tensile properties, but"

SA 1063 has an ultimate strength of 60,000 psi while SA 333-1 has a
greater elensatienHevever, SA 333-1 has avalue of 35,000 psi.

in 2 tnthes (35'; versus 3C*: for SA 1063 ).

Three =echanical sublayers are used in the strain hardening
d in the computer

model of the SA 333-1 corben steel pipe material use
The yield and ultir. ate

medel in the' energy balance analysis.

strength properties are obtained fecn the ASME Code as noted pre-
Tabulated values of properties for SA 1063 fren Reference

vieusly.
The f olleving tai:le lists the7.2111 are presented in Attachment

30*F.
parameters fer SA 1063 and the needed values for SA 333-1 at 4

7.5 shows these paraceters on a sketch of the exponential
Attachrent

The curve is not drawn to
and the biliniear strain hardening model.

scale as at 5
the 0.002 offset is quite exaggerated. Thr. equation of

vas developed. Allevable values for P andm,

*

S = S 6" = 86177 6
+ ? ) stress intensities and strains are develeped as f o12cus:

o

~
(P

P 5 0. 7 S * 3S500 psi (P 4 2.16%
u nn

' 7.133:8 0.9 S = 49500 psi 6(P +P)(P, +P)
b u b

-

i
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Allevable Stres a. S , AM2 / 4 LOX //N r J7M//_t G
3M//y49;"f associated with the ,

d e t e r:nine the stress,

law tot's e a pcver

alle'.able strain.
S = S, c'

,

S = StressW.ere .
c Strain-

f

n: 104 c$
Y Y,

.

S ,, S .,,
-

,

5 =-=
| t'y

(0.002 + S,/E)^0
P

;

vere derived in Sectic.ns 3.3, 3.t.4

offset usedand c
The values of Sy, S,d,of c,,rerents.N the noreal 0.2 percent
and 3.5. The value Calculate the stress (5 )3

for yield strength e,catu!
correspending to the allevable strain (C )3

j

S,g * 3, 8 ',)
,

;

.

!1

0 Il8 - 0,2/o
n = ics 55" i.c s |

a

o.m t 2. .
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EXCERTTS TRCM APPENDIX F OF TF.E ASME CODE, SEC !CN III
ATTACEMENT 7.6

. *

APPENDIX F
' 1913 Edition W85

ACCEPTANCE' CRITERIA USINGF.1MO
PLASTIC SYSTEM ANALYSIS

Tle accepta.nce criteria in this section may be
applied provided the systecs analysis censiders c"ects

, of n:aterial nordincar behavicr. The criteria are subject
to the restn:*iens en methods of evaluatica stated in
F.13 22. (at: ached page)

F.1M1 Criteria for Compcaents

Acceptability of ccmponents may be demenstrated
using any ene cf the followin5 methods:

(c) clutic anslysis
(b) plutic analysis

- x
(c) colhpsc! cad analysis
(d) p!sstic instability analysis

(t) interaction method

F 1M1.2 Plutie A.nalysis %1ere the component is
evaluated on a plastic buis the following pnmary
stress limits shall be applied.

(c) The general pnmary membranc stress intensity
P., shall not exceed 0.7S, for materials included in
Table 11.1 and the greater of 0.7S, and S, + %
(S - S,) for rnaterials included in Tab!c 1 1.2.

(b) The max.imum primary stress intensity at any
locatien shall not exceed 0.90S,. ;

(c) The average primary shear acress a section |

loaded in pure shear shall not exec:d 0.42S,. f

.

.
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APPEND!< F wt5
1913 Eation

>fethod.s and Requirements for acccunt (cr dynamic ampii$ cation cf structural re
F 1322 gg, spense, both m the ecmponent and in the system.

ne fe!!cwing requirements shall be satis $ed in th F 1322.3 >f ateria) Behasier
supports (a) De rne:han:. cal and physical preperties shall bevaluatien of components et compecent

under the leads er ! cad combinations for which Level'" " #E * I " N' ' * * " *I I ' * E '' * WI ' ''
the matenal. The allcwable stresses shall be based etD Senice Limits are specided.
matenal properties gisen in Appendix I at tempera
ture, if S, values at temperature are net tabulated itF.1322.1 Analysis Combinarfons

fa) System analysis may be perienned by clutic Appendix 1,2 the value used shall be included anc
analysis methods as denned in F lHl.3 er by plasticjustined in the Design Repen.
analysis methods as deined in F-132] A(b). If elutic(b) De stress and strain allewables gisen in thit
system analysis is used, the components and ccmpo-Appendix are based en an engineenng stress-strair
cent suppens shall be designed to meet the acceptancecurve. If another type of stress-strain curse (e.g., true
critena in F 1330. If plastic system analysis is used,stress-strain er Kitehof stress-strain) is used, the

supports may be results frem the analysis er the ai!cwables gisen in thisthe cempenents and component
designed based en the acceptance entena in F 134.Appendix shailbe apprepnately transferTned,

(b) If clastic system analysis is used, the compo. (c) When ;erforming plutic analysis, the stress-
nents and compenent suppens may be designed basedstrain cune used shall be included and justined in the
altematively en the acceptance critena of F 134 Design Repen. It is permissible to adjust the stress-
provided a reevaluation cf the system analysis isstram curse to include strain rate efects resulting
performed to determine that it has net been s!g.from dynamic behauct. Mcwever, the aHowab!:s shat:
n;5cantly invalidated due'to ! cad and stress redistnbu.be selected in acccidance with (a) above.
sica and changes in gecmetry. Scme of the conditions/d) ne yield criteria and associated Scw rule used
under which this analysis combination may be accept-in the inclutic anal > sis may be either these assceisted

with the maxium shear stress theery (Tresca) er theable are:
(1) the plastic deferrnation is highly locali:ed; orstrain energy distonien theory (Vcn Mises).
(2) the changes in gecmetry are not signincant.

F 1322A Geometric Nenlinearities.Geometrie nen.His combination may also be censidered valid iflineanties may te prcduced by relatively large defor.
bounding solutions are established which conserva- mations and/or rotations and by gaps between pans ef
tively account for redistnbutien of loads and stressesthe stn:cture. Analyses perfermed for denvatten cf

1 cads and for evaluation et acceptability of com-e.due to plasticity.
/c) If all leads on a ecmponent er component nents and ccmponent suppens shsil consider gecEet

suppert are determined independently frem systemrie nenlineanties if apprepnate. 1
behavict (e g., specined pressures), then the compo-

l

nent er competent support may be designed based onF 1322.5 Strain and/or Deformation Limits.1r
i

acceptance critens in either F.1330 or F 134. addition to the limits given in this Appendix, th
(d) ne Design Specincation fer the components strain er deformation limits (if any) presided in th

and ccmponent suppens shallindicate what type cfDesign Spett6 cation shall be satisf.ed.

system analysis (if any) has been used to derise the |

|speci6ed loads.
-

F 1322.2 Dynamic Effects. Postulated events for
shich Level D Service Limits are .specided are
generally dynamic in nature. The determination cf
Icads fer components and component suppans shall !

i
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TECHNICAL ASSESSMEffS OF MAIN TEEDWATER P2 PING

.

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

Torcing 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 restraint 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 be :naintained during and af ter the postulated event,
although some pipe supports may fail or deform.
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