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2 SAFETY LIMITS ..’LL‘{ITING SATETY SYST™M SE'..‘TINC’
2.1 Sa. oTY LIIT, KEZACTUR CCRE
Applicability

Applies to the limiting combinations of thermal power, Reactor Coolant

System pressure and coolant temperature during four-loop operation.

’

L d

Ubjeccive
To maintain the iantegrity of the fuel cladding.

Specification

The combirnation of thermal power ;evel. coolant pressure, and coclant temperature
shall oot exceed the limits shown %n Figure 2.1-1 for four-loop

operation. The safety limit is exceeded if the point

defined by the combination of Reactor Coolant System average temperature

and power level is at any time above the appropriate pressure line.

Basis .

To maintain the integrity of the fuel cladding and prevent £4ssion product
release, it is necessary to prevent overheating of the cladding under

all cperating conditlons. This is accomplished by operating the hot region.

of the core within the nucleate boiling regize of heat transfer, vherein

the heat ﬁransfer coefficienr is very large and the clad surface temperature

is cnly a few degrees FTahrenheit above the cooclant saturation temperature.

The upper boundary of the aucleate boiling regime i3 termed denarture

from nucleare boiling (DNB) and at this point there 18 a sharp reduction

of the heat cransfer coefficient, which would result in high clad temperatures
and the possibility of clad failure. DNB is not, however, an observable

parameter during reactor operation: Therefore, the observable parameters:

Amendment No.
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herzal power, regctor coolant temperazur. and pressure have been related

¢ DK3 through the W-3 DNB "L" grid geometrTy correlation.(B) .The -3 DNB

(Al

correlation has been developed to predict the DNB flux and the location

cf ONB for axially uniform and non-uniforz heat flux discributions. The
local DNB heat flux ra:io, DNBR, defined as zhe ratio of the heat flux
that would cause DNB at a particular core locaticn to the local heat flux,
is iladicative of the =argin.to DNB. The wminioum value of the DNBR during
steady state operatiom, norzal operaticnal transients, and anticipated
sransients 1s limited to 1.3C. This correspends o a 95% probabilizy a:

a 9535 confidence level cthat DNB will not ocecur and is chosen as an appro-

(1)

priate margia to DNB Ior all cperating condizions.

The curves of Figure 2.1-1 represent the loci of points of

thermal poﬁe:, coolant systex pressure and average temperature for which
the DN3R is no less than 1.30. The area where clad inregzicy is assured
{s pelcw these lines.

N -
The calculation of these limits includes an ¥ of 1.55, DNB penal:zies for

AH
R . - : N
Lacreased pellet ecceantrigcity, local power spikes, 8% uncertainty in Fyyrup to 24% .

steam cenerator tube plugaing, and a reference cosine with a peak of 1.55 for

2
. 2
axial power shape.( !

Figure 2.1-1 includes an allowance for an increase in the eathalpy

tise hot chazoel factsr at reduced power bSased om the expression:

N (3

.= 1.35 {1 + 0.2 (L-P)] where P s the fraction of :aced‘;ouer.

The conircl rod insertion lisits are coverad by Specificacion 3.10.
Higher hot charzel factors could oczur at lower power leavels because
additio~_.. :zontrol rods are in the core. However, the concrol rod
-«s2ztion limits for four locp operation as dictated by

Figure 3.10-4, insures that the DNBR is always

greacer at partial power than at full pewer. (3)
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Figure 2.1-2. Core Limits - Three Loop Operation
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AT

avg

AL

£ (AI)

Indicated AT at rated power, <63.5°F

Average Temperature, °F

Indicated Tayg at nominal conditions at rated power, 574.7°F
Pressurizer pressure, psig

Indicated nominal pressurizer pressure at rated power = 2235 psig
1.135

0.0114 * .00057

0.00066 * .0000033

is a constant which defines the over temperature AT trip margin
during steady state operation if the temperature, pressure and
f (AI) terms are zero. |

is a constant which defines the dependence of the overtemperature

AT set point to Tavg

is a constant which defines the dependence of the overtemperature
AT set point to pressur;zer pressure.

d¢ - dy, where g and qp are the percent power in the top and
bottom halves of the core respectiﬁely, and gt + gp is total

core power in percent of rated power.

a function of the indicated difference between top and bottom
detectors of the power-range nuclear ion chambers; with gains
to be selected based on measured instrument response during plant

startup tests, where gt and qp are as defined above such that:
(a) for gy - gp within -20, + 10 percent, £(AI) = O.

(b) for each percent that the magnitude of dy = dp exceeds
+ 10 percent, the AT trip set point shall be automatically

reduced by an equivalent of 6.0 percent of rated power.

{(c) for each percent that the magnitude of d¢ — 4y, exceeds
-20 percent, the AT trip setpoint shall be automatically

reduced by an equivalent of 1.5 percent of rated power.

Amendment No. 40 2.3-2




(5) Overpower AT
AT £ ATy [Kg4 - K5 dTayg = Kg (Tayg = T') - £(AI)]
dt
where
AT, = indicated AT at rated power, (100% full power measured

(6)

(7)

Amendment No.

AT, no greater than 63.5° F.)

Tavg = average temperature, °F

T' = indicated Tan at nominal conditions at rated
power, < 574.7°F

Kg < 1.089

K5 = 0 for decreasing average temperature

v

0.175 sec/°F for increasing average temperature
0 for T S T'
Z 0_00116 for T > Tl

il

Ke

Kg is a constant which defines the overpower AT trip
margin during gteady state operation if the temperature
and the f (AI) térms are zero.

Kg is a constant determined by dynamic considerations to
compensate for piping delays from the core to the
loop temperature detectors; it represents the combination
of the equipment static gain setting and the time constant
setting.

Kg is a constant which defines the dependence of the

overpower AT setpoint to Tg,

g
f(AI) = as defined above.
dT'aVg

‘ = rate of change of Tavg

dt
Low reactor coolant loop flow:

(a}) 2 90% of normal indicated loop flow

(b) Low reactor coolant pump frequency — 2 55.0 cps

Undervoltage - 2 70% of normal voltage

2.3-3



LIMITING CONDITIONS FOR QFERATICONH
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For the cases where no exception tizme i3 specified for inoper;ble components,

this time is assumed toO be zero.

3.1 REACTOR COOLANT SYSTEM
Applicability

ipplies to the operating status of the Reactor Coolant Systam; operaticnal

components; heatup, cooldown, criticalicy, aczivicy, chemistry and leakage.

Objeccive

To specify those limiting conditions for cperation of the Reactor Coolant

Svstem which nust dDe zet to ensure safe Teactor operation.

-

-4 i
Scecificarcion

A OPERATIONAL COMPONENTS

A}

1. Coolant Pumps

a. At least ome reactcr coclant pump OT one residual heat
removal pump in the Residual Heat Removal System when
comnected =o the Reactor Cooiant System shall be iz
operaticn when a reduction is cace in the boroa concel-
zration of the reactor coolanm=z.

b. Whea cthe reactor is critical and above 237 rated power,
except for natural circulation tests, at least two
reactor coolant pumps shall be in operacion.

C. The reactor shall not be operated at power levels above 10% rated

power with less than four (4) reactor coolant loops in operation.

Amendment No.
3.1-1
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mem the boron csaceatTation of the Resccor Ccolans Svgtem 18 to be
seduced the Process WUST de wmiform o prevent sudden Teactivity changes
ig the reaczor. Miziag of the reactor coolact will be sufficlent =2
saiscain a uniifors terIm ssmcemtTasion i€ at least one reaczor coolant
ou=p or ome residual heat recoval puzp {s running while the change 1s
iaking place. The resiiual heac regoval puzp will circulate the ?r%:a:?
systam voluze ia approximately ome hall hour. The pressurizer is oI 20
concera because of the low pressurizer voluze and because the pressurizer
boron comcentTactisn will be highar than ctlat of the rest of the reaclor
coolant. :

Heat cramsier analyses show chat seaczor heat equivalent %o 10T of racted
povaer can se Temoved izh =atural cirzsulacion omly (1) hezce, the
specifiad upper limit of 2% ratsd power withoul Operating pulps sroviaes
2 substancial safery facrzor.

The reactor shall not be operated at power levels above 10% rated power
with less than four (4) reactor coolant loops in operation until

safety analyses for less than four locop operation have been submitted
by the licensee and approval for less than four loop operation at

power levels above 10% rated power has been cgranted by the Commission.
(See license condition 2.C.(3))

Zach of the pressurizer code safety valves is designed to relieve 4IC,0C0
1bs. per hr. of saturazad steam at the valve set poixnc.

1¢ 20 residual heat vere removed by the Residual Heat Regoval Svystem the
amount of sceam whizh could be gemeratsd at safety valve reliaf pressure
would be less than half the capaci:zy of a single valve. Coe valve
therefore provides adequate protecsisz IoT overprassurizaticn.

The combined capacicy of the thres pressurizer safety valves ls greater
than the maxi=um surge rate resulting from complate loss of locad (2)
without a direcz reactoT tTip or any other control.

The requirement that 150 kw of pressurizer heatarts and their associacted
controls ba capabla of being supplied electrical pover érom an emergzency
bus provides asgurance that these heaters can be emergized during a loss
of offsite powar conditicn to =maintaln patural cirzulaciom at hot shutdewn.

The power operatad reliaf valves (PORVs) operate €o relieve RCS pressure
below the setzing of the pressurizer code safety valves. Thesa rellef
valves have remocely operatad block valves to provide a positive shutoff
capability should a relief valve beccme inoperable. The electrical
pover for both tha rellef valves and the block valves i3 capable of
being supplied from an emergency power scurce Lo ensuIe the ability to
seal off possible 2RCS leakage paths.

References
1) PSAR Seccion 14.1.6

2) PSAR sSection 14.1.8

3-1-3
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Applies to’ the limits on core fiss. .1 power disc

on control tod coperatioms.

Obiectives:

To ensure:

1. Core subecriticality after reactor trip,

2. Acceptable core power distributiocn during power operation in order o main-
tain fuel integrity in normal operation and transients associated wit
faults of. moderate irequency, supplenented by autozatic protection and by
adziniscracive procedures, and to maintain the design basis ini:zizl zon-
diciaes for limiting Zaults, and " '

3. Limit potential reactivicy inserctions caused by hypothezical control -od

ejection.

Specificaticns:

3.10.1 Shutdown Reacctivity

The shutdcwn =argin shall be at least as great as shown in Figure 3.10-1.

3.10.2 Power Distribuczion Limits

3.10.2.1 A= all tinmes, except during low pover physics tests, the hot channel

faccors defined in the basls must z:uet che following limizs:

FQ(Z) < (2.14/p) x K(Z) for P > Q3.5

Fo(Z) & (4.28) % K(z) for ? £ 0.5
??H < 1.55 [1 +0.2 (1-9)]

where P L3 the fraction of full power at which che core is Opercacingz.
_ , ; :

K(2Z) is the fracticn given i{n Flgure 3.10-2 and Z is che ccre heighes

location of Fd.

(B8 )
.

p—
(o]
i
[

- e
Amerdtert No. )5



dependence of Figize 3.10-2 has Deen determined consistent with Agpendix X

A g - : . - : .
ba heat [{lux requtreyor manufaceucing :olctan:es,fhe enRineering f{uc:ior
»

{ong (n enrichment, pellet

allows far loeal var ehsity and dlamarer,

- L
surface ~rra of the fuel rod and wccentricity of the gap hetween pallez and
. L o4

clad., rqnbinéd statistically the net effecz {s a facrtor of 1.03 =0 Ye

.

applind. to fuel rod surface heat flux. .

< .
(h. Nuclear Enthalpv Rise Hot Channel Facsor, !s defined as the ratis
B .

of the 1nteg:nl'of linear powar alcng the rod wich the highest integrazad

- .
power tec the average rod power,

: y -
It should be nored rthas iy -3 Sased ua an lategral an< s used as such

in the DNB calculations. Leocal heat fluxes are obtained by using hot

o”

channel und “3djarent ~hannel expli~it pove- shapes whizh take {nco aczoun

variations in horizontal (x-v) power shapes shroughou? the c¢ore. Thus :xe

S

X
«

horizontal power shape a2 the point of =maximum heat “lux Ls not necessar
. ' i~
directly relazed 2o u
L] ’ .
An toper bond envelope of 2.14 “imes the normalized peaking factoracdal

. ' . : * I3
criteria and is satisfied by all cperating manewers consistent with
the technical spesificaticns cn power distwibusicn <ont~ol as givex in
Secticn 3.10. The results of the less of coolant aczident analyses

based cn <his urper bound mormalitzed emvelcte of Figure 3.10-2 demen-
strate peak clad temperature of 1995°F, w?lch is below

y

_peak clad temperature limit of 2200°F. L

when an ?Q measucement is taken, both experimental ervor and manufaczuring

2olerance musz he allowed

4]

for. Five percent {5 tha appropriate allcwence
foT @ full cate map taker with the moveable incdre ceteczor f.ux mapping
systen 3nd three percent {s the appropriate allovance for manufacturing

tolerance.

In the apocified limic of ES there (s a ] percent allowance for

uncertalntlies which me1ns that normal operation of the core is expect |

-

N
to resul: {n {, < 1,55/1.08. The logic hehind the larger uncercainty in

Ait
this case {3 cthat €3) normal ~srtucSacions {n t-e radlal sower shape

. . N ' - ;
3Ty yirnr e Mt iy PR SEL
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' ‘o0f. flux di.‘:‘ere’:‘ conirol and zontrol Sank in.:ion linizs,are

observed. Fiux Sillerence vefers to the di{fference in signals -e:veex
. N\
the Iop and bottem halves ol two-sestion excere n2uzrsn dececsc.:. The

wC=5
flux difference is a measure of the axial cffser which

i
the cifference {n normalized pcwer between the tfop.and bozttom halves

The perzitted relzazxation in EH allovs radial power shape changes with
rzion to the insertion limizs. It has been dezermined that

e
provices the above conditicns 1 through 4 are observed, these ho: chaanel

factors lizi=s are me:. 1In Specifizzction 3.10.2, ?Q is azbicrarily lizized
for P<0.I (exzept for low power physics tescs).
The prccedures for axial power distribution contrcl raferred o abeve ara

c
esigned to =minimize the 2ffects of xencn redissribuzion en che axizl power
istribucien during lcad-follow maneuvers. Basically, coanzrel of
iffarence is requirdd to lizi: the difference bezween the current valua

rance value «hich zzrTe

Q
Lot
ey
[
g
@/
2
(&)
ren
14
'
n
o)
n
i
—~
[
—
~
»
9]
o
[}
3 ]
14
S

e s
pover ecuilibrium value of Axial'Offser (Axial O..se' e LI/fractional pover).
The reference value o‘ flux difference varies with powver level and burnup

but expressed as axial offsez it varies only wizh burnup.

v

The technical specificazions on powver cis:ribu:icn conzrel assure that T
upper bound envelope of 2.14 cimes Figure 3.10-2 is not exceeded and xenon

distribucions are not develcped which at a later tize, would cause gTeaceaz

local power peaking even though the flux difference {s then within rha
izits speciiied by the procedure. .

-

The target {(or reference) value of flux difference is determined as
fcllows., At any time that equilibrium xXenon condiciens have Seen
established, the indicated flux difierence i{s notec with

the ’ contral rod Sank z=orTe
than 1%2 steps withdrawvn (i.e. normal. full power operzcing pesitien

appropriate {or the time {n life, usually withérawn farzher as burnud
3.10-11

N ey e e
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DELETED

Figure 3.10-5 Insertion Limits 100 Step

Overloop 3 Loop Operation

Amendment No. J4



ETTACHMENT L1

SAFZTY EVALUATICX

RELATED TO

AND

CONTROL ROD AND POWER DISTRIBUTION LIMITS,

SHUTDOWN REACTIVITY

POWER AUTHORITY OF THE STATE OF NEW YORK
INDIAN POINT 3 NUCLEAR POWER PLANT
DOCKET NO. 50-286



.
: . .

Sectior I - Description of Modi:ication to t* . Technical Specific. _ons

The proposed changes to the Technical Specificatiqns are shown

in Attachment I. Sections 2.1, 2.3, 3.1 and 3.10 of the Technical
Specifications have been revised. These proposed changes delete
references to three loop operation and incorporate the results

of a recent ECCS reanalysis which modifies the reactor core limits.

The Westinghouse ECCS reanalysis report is based on a steam generator
tube equivalent plugging level of twenty-four (24) percent and is
enclosed as Attachment III to this submittal.

Section II - Purpose of Modification to the Technical Specifications

The purpose of the modification is to revise the IP-3 Technical
Specifications so as to comply with the ECCS reanalysis for up

to 24% steam generator equivalent tube plugging. References to three
loop operating have been deleted from the Technical Specifications
since IP-3 is restricted to 10% power or less for less than four

loop operation.

Section III - Impact of the Change to the Technical Specifications

The proposed changes to the Technical Specifications do not require
modifications of any system or subsystem. This change will permit
plant operations with a higher percentage of steam generator tubes
plugged. This requires a lower heat flux peaking factor value to
meet peak clad temberature requirements, based on the approved
Westinghouse 1981 model. The modification as proposed will not
impact the ALARA or Fire Protection Program at IP-3, nor will it
adversely impact the environment.

Section IV - Implementation of the Modification to the Technical
Specifications

The proposed changes to the Technical Specifications are included
as Attachment I to this letter.

Section V - Conclusion

The incorporation of these modifications: a) will not change the
probability nor the consequences of an accident or malfunction of
equipment important to safety as previously evaluated in the
Safety Analysis Report: b) will not increase the possibility for
an accident or malfunction of a different type than any evaluated
previously in the Safety Analysis Report; c¢) will not reduce the
margin of safety as defined in the basis for any Technical
Specification; and d) does not constitute an unreviewed safety
gquestion. :

Section VI - References

(a) IP-3 FSAR

(b) IP-3 SER
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The loss of Coolant Accident (LOCA) has Seen reanalyzed for Indian Point
Unit III with 24% S.G. tubes plugged. The following information amends
Safety Analysis Report section on Major Reactor Coolant System Pipe
Ruptﬁres. The results are consistent with accaptance critaria proviced

in reference 1.

The description of the various aspectis cf the LOCA analysis is given in

2 . e e . . ' .
NCAP-8839[‘]. The individual computar codes which comprise the Westing-
house Emergency Core Cooling System (2CCS) evaluaticn mcdel are described

in detzil in separate reports[3'6] along with code modifications specified

—

(1]

9, 10, 11, 12, 13 anc 14. The analysis prasentad her

in referencas

RN |
-

was performed with the 1881 version of the evaluation mocel wnich includes

g.

fo]

modifications delinezted in reference

Page 1 of 84



o °

The znalysis of the loss of ccoiant accident is performed at 102 percant
of the licensed core power rating. The pezk lineiar power and totzl ccre
power used in the analysis are given in Table 2. Since there is margin
betwesn the value of peak linear power density used in this analysis and
the value of the peak linear power density expected during pl;nt opera-
tion, the pezk clad témpe*ature calculated in this analysis is greater
than the meaximum clad %amperature expectzd to exist.

Table 1 pfisents the occurencs time for various svents throughcut the

accident %ransient.

Tabie 2 oresents selscizd input values and resuits from the hot fuel rod
therma] transient calculation. For these results, the hot spot is |
defined as the location of maximum pezk clad tzmperzturss. That locz-
tion is speﬁified in Table 2 for each break analyzed. Tne locztion fs
indicatad in.feet which presents elevaticn above the bbttom of the

active fuel stack.

Table 3 presants a summary of the various ccntzinment systems parameters
P y Y .
and structural parametars which were usad as input to the COCQO computer

(el

code used in this analysis.

Tables 4 and 5 present reflocd mass and energy releases to the contain-
ment, and the broken logp accumulator mass and energy release to the

contairment, respectively.



(8]

The results of seyeral sensitivity studies are reperiasd-"-, These

cnditions which are nct limitilc in nature and hence

—
ot

s arzs fer

(9]

resd

are reporiad on 2 generic¢ basis.

’
Figures 1 through 17 present the transients for the principle parametars

for the brezk sizes analyzed. Tne following items are noted:
g

"‘l
-t

Figures 1A - 3C: Quality, mass velocity and clad hezt transfer coe

“cient for the hotspot and burst leccations

Figures 4A - 6C: Core pressure, brezk flow, and corsz pressure drep.
The brezk flcw is the sum of the ficwrztas frem doth
ends of the guillotine break. Thevc:re srassure drcp
is taken as the pressure just befcors the core inlet
Oto the pressure just beyond the core outlet

Figures 7A Q ec. Clad tamperature, fluid tamperzture and czre flow.

ity

The clad and fluid temperatures are for the hot spot

and burst locations

Figuras 10A - 11C: Downcomer and ccrs water level during reflocd, and

flooding ratsa

Figures 12A - 13C: Emergency core cociing systam fiowratas, for both

accumulater and pumped safety injection
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ZantzinmentT Pressure Relief

3ranch Technical Position CSR6-lgzates -hat the avaiuation of 2 centainmen

pressure relief system design should include "an analysis of the reduction in
containment pressure resulting from thg partial loss of containment atmosphere
during the accident for £205 backoressure determinatien.” An analysis nhas

sgen serformed for Indian Point Lnit 3 sased on the limizing FAC analysis

case (DESLG oreak, Cy = 9.4) which was obtained using the 1381 Westingnouse

Evaluation Mocel.

Yalves in the containment pressure relief system will close shortly after the

wdi

beginning of a postulated LOCA transient based on the response to the contain-
ment isolation signal. The containment pressure relief at Indian Point Unit 3

consists of a single 10-inch pressure relief line.

This line is conservatively reprasented in the analysis by the follicwing

model:

1. The frictional resistancs associated with auct antrance and
exit bases, filters, duct work sends and skin friction has not

been considered.

2. Fan coastdown effects are ignorad.

oy a2 . M - —— " . s ot S 1
mzzata Flgw i3 rmedietaly ¢ =2hliened throuca the Turss2

2, Steady £3

.
v

(V3]
[13}

system ducts at the inception of the LOCA.
4. A 3.5 second valve closure time is considered. MNo credit is

+aken for the reduction in flow area with time as the valve

noves towards the fully closad position.




® ®
A mixture of. stezm and air will pass through the containment pressure relief lines
dﬁring thé time that the isolation valves are assumed to remain-open.
The effects of varying the exhaust gas composition have been investigated
by considering two extreme cases, air flow exclusively and steam fliow

axclusively. For the purposes of this analysis it was conservatively

assumed that critical flow will be established thru the pressure relief lines

at the inception of the LOCA and will be maintained until valve closure time

Equation (4.18) in reference (17) was used to calculate the critical flow

of air thru the maximum available area (10" diameter/line). Figure 14 of
reference (18) was used to establish the critical flow rate of steam through

the pressure relief lines. The total mass released during the time in which the

valves are assumed to be open is calculated as 247.5 lbs. of air or 178.5 lbs.

of steam.

The reduction in containment pressure from the calculated mass loss is Tess
than 0.1 p;i in the case of either air flow or steam flow. A containment
pressure reduction of this magnitude on the calculated peak clad temperature

(PCT) is expected to be minor (1ess than 1.0°F).

1f consideration of the effacts of containment pressure relief on LOCA is
applied to the 24% tube piugging case (FQ=2.14), no additional reduction in

peaking is necessary.
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ns - The'i Analvsis '

For breaks up %0 and including the double enced seyerznce of a reac=or

esolant pipe, the Emergency Core Cooling System will meet the Aczaptancs

Criteria as presentsd in 1CCFR =O.46.C1] That is:

The calculated pezk clad temperature does not exceed,ZZOOcF basad

on a total core peaking factor of 2.20

The amount of fuel element cladding that rea2cts chemically with
water or steam does not excesed 1 percant of the total amount of

Zircalloy in the reactor.

The clad tesmperature transient is terminatasd 2t a time when the <ore
geametry is still amenable to cooling. The cladding oxidatio

limits of 17% are not =sxczeded during or aftar quenching.

The core tamperature is reduced and deczy hezt is removed for an
xtended period of 4time, as required by the long-Tlived radicactivit

remaining in the core.
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May 13, 1981

Za
-5
.

James R. Miiler -
pecial Projects Branch : NS-TMA-2¢48
svisien of Licsnsing

S
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$. Muclear Regulatory Commissten
20 MNersoik Avenue
rhesdz, Maryland 20014
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Jazr Mr. Milier:

nt2tives of the Nuclezr Regul

Qn severzl cgcasians nt &t
d ne need to cleosa severz] issues tna
ip

L
wesTingnousa have cis
F%¥ac+ Apoendix K ana

: submittad for MRC a
F the impact of the Tue

)

NUREZ-3630. Tnese estim

[WRETT T
o }
(8]
O
[ Wyt ]

%

re based on generic sansivivity studies

+. These intarim estimatas have Sesn 3
‘ncs llovemper, 1S87$. 3ased an 2caicicne:

rmed oy Westingnhousa, credit is peina
she "UH[ Software Techngicgy™ mceels

ne nenzlty assaociatad with tqe MURZZ-0CIC

3 W

.. T Ch
13700

s
w )

i AW

;|

sensinivicy -
ty the !RC for
c2 1) &0 cancsl zece

‘o

o mn D
i |
o

b0 IR | MY

us
<

In addition to the abave, WestTinghousa is now providing Optimized Fuel
Assanolies to many licsnsees. Analyses performed for the Optimized Fuel
Report, WCAP-9500, and for sayera] licansees require an adjustment o the
FLECHT reflood heat transier carreiation (Referencs 2). Appraval of this
adjustment is necs=ssary. :

Wes+tinghousa has alsa informed the smft of a change that has been made t2
she approved: Appendix K tvaluation Model to aczuratsly model the intaraction
between the pumped safety injesTion #1ow and the acsumulator injection Flow
(Reference 3). [ is the under<=nding of Westinghousa that Pars 11 of
Appendix X to 10CFREQD requires that this change be sutmitsad to the NRC far
review and approval.

+ly, all analysas suomit=ad since Decemter, 1978 incornaorats changes S O
evaluation model described in References 4-and S. The caanges in the evaluat
moca]l have either no impacT om pesk clad temperature. or are required to preie
model’ the systam unger investigation. Thesa two letiars have been rererencad
for- every LOCA plant application since Deczsmper, 1378 and have been mar< o7 @
modal. Thesa items have already bean discussad with =he Staf< and we believe
alsa informaily apgroved by the NRC. -
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- ig zlzzr zhat 211 Acoendix K znalysas tscay are Ceing *e"-a"—of wizn changes
-~ =ms Zvajuation Moceil that nave Seen reviewed 2ut not yet 7”? 11y apcroved
sy MRC. WesTingncuss serencly Zeliaves that the resultant o : is in c““oii-
smes wi=n Agzencdix K, hewever, 1T sasms grucant 2 Sring the rcrva? acoraval
srocass uf TC dats. This will assure the nighest degree cf conficencs in ﬂa
detarmination c¥ pezking Faclar heing used in aperating plant tachrical
speciTicztions. Westinghouse is also fully aware OT manoower limitations

2t the NRC as well as at Westinghouse due T2 pcs.-‘MI demands and pressure

3 revitziize the plan; 11cens1nc af<ort. Thersfore, Westingnousa.-would like
ts progesa that the above mocel changes Se formaily aocrcveﬂ by the MRC. Tne
chances wili pe exolicitly made to our comoutar cades. The new model witl Be
K < the "1981 versien” of the Westinghouse auoenc.x K Zvaluaticn iMcdel.

Acuse bSelijeves =hat the aooraval of the modei descrited ne*°1n, wnich

nce is an~rpor=t1on of eitfer previously sutmitiad &nd revs Tewed itams
mandatad cﬁang (!UR-"—uG 30), will srovide an evaluation medel wnich

more intagratad ghe* by removing the *=qu1remeﬂ~ £2 pravicde and reviaw

e reigtad accendaces to each acolmcatwcn Only medel changes wnich minimize

noower r2guired Tor review an bne sart of both NRC and WestTingncuse zre in="

uced For csmoietaness, these changes are again described in the Agpandix o

-t -

m l(] (11

D
(.

tter. AT pr=v10us correspendence s aisa atiached.
I ¥ there are any questions, piease call Or. Y. J. Zspeosice,

Yary tryly yours,
/
- ///17 .,

\'—///7//é/ /0\.'& - —

T. M. Apnderscn, Manager
Nucliear Safety Qeca

RAM/1s
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1. NURZ2-3830 Modeis

The LOCTA-IV 2nd SATAN=YI cades wiil Ze nodiFied 5 incorzorata the NURZIZ=CESD
nceels for calculating the Surst tempersturs, assemdiy fiow Sleckade and
cladding surse= str2in as specified by NRC. An zigeritim &o cziculace the

cladding neat up rat2 and & revision L2 ~he model for calculating clad swell-
ing pricr to burst are also included.

The NRC's new bursg tamgeratu e curve has besn programmed in tabular form Tor
hezt uo razas of 07, 147, and 28~ centigrade per secand carresgonding 2
foure I in NUREZ-0830. Thesa numbers were yerified by compariscn 0 ¢
NUREZ-O0630. The burst tamperature &t ezcCh node is detzrmined by
2holic¢ fn:gr;o1atﬁcn 2t the aporaopriatz cladding hcop sTress and hezT Y
s. The 28YC/sec burst curve is used Tor hezl up raiz ezzzr than 287
t4e isgthermal burst curve is usad when the clad is ing down.

a'u w M
oy -
O 30

.l-
-2
ar -
z S greater
nc caol

"

ne

samply flow blockage curves, carrespending T Figur
820 1
a9

as
zre inciudesd in the changes. Far hezt up ratas of
< usad and for hez%t up ratas of 259¢/sec or greats .
ne ficw arez reduction is detarmingd as functien of the xnown burst ce
Tor heat up ratas setween 107C/sec anc 2¢9¢/cae the reduczion in Flcw

is derarmined by linearly intarzclating bezwesn The Two curves.

2 cirzumfzrential strzin curves, shewn in Fi
ncarscratsd in the same menner as the recucss

-

ures
< &
I i

¢
cn in

in-z2igoritim to calcuiate the cladding heat up ratz will be included |
to be used in the revised swelling and rupture modeis. The neat up ra
culatad For each axial node cn the fuel rod, but anly the heat up rats
peak clad tamperaturs locztion is usad to calculatz the burst temperaturs. ine
algorithm for calculating heat up rate mus: be meaningful for any type of clad

samperature transient it may encguntar. The following discussion {llustratas n
this is acz=mplisned.

Figure ] demonsoatas. & number of hypotietical conditions that may te encauntzar
during a fuel rod he2T up c2lculation. This curve is not from an actual transd
For- =he pursasas of this discussion,. each letsered paintT reprasants 3 calecuiati

time stan.

The ins=antaneous hea®T up rate is usad =] the cladding. szmoerzture is within
of the burss temperature. When shis condition is reached (Point A), the clad
temperaturs and time are ramarded: to. be used as & referenca for e caieulation
As long as the clad tamperatures is above the refsrencsa. tamperaturs (Peints. 8, C
0), the heat up rats ar each sucseeding time st=p is determined Oy:

L rref
AURSL, =T

4

n

-15-



‘where 4UR

= nea7T Up rzt2
=2 . Al asd kmmempapmserpa 3=
i3 = Clag wEnagrzure 2.

= = <{transient time
tref = refarencsz time

hen the clad tzmoerziire falls beleow the refarence ¢
3 =

z¢ tsmoerature (Case Z7,
==ic cziculation sTaps 2nd the mOsST recsnt nezt up rits

is usad untii Ins

tzmperazture tegins t3 risa. When the tamperalure rezcies a2 new minimum (Peint i
the refarencs °="herature ind =<me are resat and 2gquzzicn (1) is used frIm this
point (Points G, H and I). '

Az Point J the tazmperature falls beiaow +he refsrencsz tamserature anc the nezt U
ra=2 c2lculated 23 [ is usad 17 the clad tammerazure falls belaow TSURST - 2CC
the 1ns“ﬂ°‘re us hezt up *a 2 is usad (Points L znd ¥). At PoinT & the rat -
srence time ind tsmoerature a" rosat and these ars used in eguaticn (1) untii

purstT occurs; 2t nsgint S.

Tnis aVe*=~= nezt 4o rate 2l cr1~du is aporooriata sincs instanianecus fE=t Ul
r2ta. c2n =g very mislezding. Alsg, the tacanique will give conservatively lcwe
n22% up ratas cthan the tzchnigue usad Lo getar —ine hezs us ratz frem the CRIL
iz+z For “he Surst curve in NURE3-CE30 where "initial” heal up rata was usea

. /
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r<d um‘r‘:‘ strain modal in the curre:" CCTA ccde was devel-

4 Fesm the data thatT was subiisned Jy Harcy. Thne data was
syed ‘r=m a saries of single rod Hurst tasts on alectrical resistanca

. Fads in a vacyum champer. Quring tne experiment, no provisian
was made for direct diametral expansion measurement; thereforz, the rod
dizmetr2] measurements were acsompliished aftar the rod was ramped and
2iiowed %o coai. The Hardy data was carrajatad by Westingnousa I3 de oF
the form

a
e!
-

|

eI |
o O

E‘.?
[}

M
n
4

de

-
whers ¢ s =he <rue str3iin, o s the true stress, T is %the tamoersture,
and © is che %ime using 2 least sguares fit. '

As previously mentioned, the LOCTA code cantzins a uniform fuel r==d
s=rain model. One objec=ive of the Multirod 3urst Test (MR3T) Procram
is to provide a data basa that cculd de used tQ assass the magnitude of
gecmetrical changes of fuel rod cladding in a multired array during 3
LOCA. Thne proposad medels in NURE3-0630 are basad on a reasanabiy large
ata basa. The ORNL/MRST and RESEXA data are included in the daza

basa. An analysis of the ORNL/MRST data for ta2sis -1, 8-2, and 3-3
indicztes that the average rod stram just prior S clad burst is
approximataiy 20 perzent.

In order to expedits the review process, however, the current 10 sercent
clad swelling limit is being retzined in LOCTA-IV.

when the prsposea NRC burst curve is used with the current westingnouse
clad s=rain model, c¢lad Bdurst occurs earlier in 2ime and the r2d str2in
prior t3 clad burst is as low as 3 percant in scme cases. Thus, tne
clad strain rate was artificially increasad 0 obtain a more realistic
prior to burst strain. To accomplish this task, the C constant in equa-
*ion 1 was increasad by S0 percent %3 increasa +he strain rate. Sincs
she cons=ant in the strain equation was modified, the rata of strain
calculated with the revised model does not agree with the sxperimental
dama of Hardy. However, the straim just prior to burst does agrss with
sher experimental- data from: ORAL and RESEXA. The clad strain at burst
using the NURES-QESQ models and new swelling medel is consistant wita
the clad soraim at burst wien the presant models. are usad.

In summary, the Westingnousa LOCTA strain model agrees with estabiished
experimental data. Wherm «ne mode] is used with the NRC bursT curves,
clad- burss oczurs early in time and the rad straim pricr o clad bursT
does not agres witt the CRNL. and REZEXA data. To make the calculated
caim mOre consistent with the experimental datz when using the NRC
burss curves,. the strain mtz2 in the s=rain model was ennanced. Thus,
the proposad new clad somim model agreas with the ORNL and RESEXA datw=
and: can: be- usad: witir NRC. burse< curves.



14 Se nctzd sestingnousa stilil does not !gree Wit the usa oF e

It shcu ST
aoceis $a NURE3-CB30. NURE3-0630 csntains medels for fuel rod dursT
-zmperaTure, JUrst stra2in and fiow dicckage wnicn are overly consarva-
-ive due =3 %the usa ¢f 2 typiczl dazz and/cr imagcrooriatz inTaroreta-
-ign of data. However, if the usa of those models is required, 1t is
fap Set=ar =5 incorporate them in the Zvaluation Model rather than is an

ampencage %3 the Zvaluaticn Model.
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s Qur undev-;-rcwnc snat minimal review is necessary before sraviding such
ric appreval. [n fact, it is our understanding frem conversations with zhe
rnzt the only uncartainty has to do with the use of the 2-0 downcomer

) D o
3

= I X IR
o .
[ T 1 T I

as merfsrmed sansitivity studies 20 determine Ine imgact oF tNe
dewncomer. 1nis has teen done for & pre liminary version ¢f e
AN mocal as well as the aoprQVEf versicn of the February, 1578
Febr uarv 1978 model medified with the UHI Software . |=cnnoicg
fenruary 78 analysis showed that there was very 11*:'= nan

2y
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I
v
3
o

N
S
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w
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£ 0

r(n;rv
s wnen the- Two dimensional downgsmer was usad. This sansiti

rmed for a 4 leop, 34171 Mwt plant with 17 x. 17 standard fu;
su

x

Ly M

—~s. f N

1t2d in 2 change in pe=k clad =a2mperature of less than 2 ani
arancas in the transients. The impgact of the 2-) downesmer modeling
2 leop 15 x 15 fuel planc using the Fed 78 model is discussed in WCAP-322
s stucy aisd shows & small sensitivity to the dcwnclimer mcdeling.
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summarizes the dewneimer modeling sansi i=iyitigs performed for he
e
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—a <2

: 1 lecp, 3411 Mwt olant with 17 x 17 optimized fuel assamoile

tar/satety 1n4ec.1on intaracticn change was incluged in thness C:2

‘nclude @ cemparison of the UHI tz chnoiogy cases with the Felruar;
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1878 mocei. A case uswnc the UHI Scttware xecnnoaocy version with a cne—4ai
sional downcomer was also run with a discharge czefficient of 0.4. Tnis <z
shcwed an end of bypass cansistant wizth other analyses. ‘

znesa casas sheow that the biggest change in the results are due &2 the UHI
=scanolagy, with a peak clad temperature benefit of approximataly 300%F. Chan

1nc frem the one-dimensional to the twa dimensional downcsmer resulted in enly
a1 eleven of change in PCT.
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a1
1.93
"1.93
2.20

2.20

REFLOOD HODE

¢y PCT
0.6 1974
0.0 2025
0.6 2048
0.0 1985

TIME

101.6

- 106.0

134.6

143.8

hlll!_(’ !

LOCATION
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WURST_NODE

TIME

47.13

51.0

50.82

50.65

LOCATION  MODEL
5.75 Ftu 70

6.6 FEB 78

Uil
6.25  VECHNOLOGY

it
6.25  TECHNOLOGY




«~+ fndd of ECC bypass, sec = -

End of blowdown, sec

Bollom of core recovery, Sec

" End of blowdowun

“clad temp. @ 7.5° O

BOC clad temp
at 7.5' OF

Peak clad temperature, OF
Location, FL.

Feb 78

€D
FQ

26.5
28.0

- 10.7

1474

1699

2009

Analysis

0.6
2.32

TAME 2

m Ul Technology

1-0 downcomer
ch = 0.6
FQ = 2.32

cnnn2hll
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Ul Technoloyy

2-0 downcomer
ch = 0.6
q=2.3

[

26.6
26.8

38.0

1250

- 1502

1700
1.6
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TABLE 1
LARGE BREAK

TIME SEQUENCE OF EVENTS

DECF CD = 0.8 DECL CD = 0.6 DECL CD = 0.4

(Sec) _ (Sec) (Sec)
START 0.0 | 0.0 0.0
Rx Trip Signal 0.554 0.559 0.569
S. I. Signal ' 0.92 _1.06 1.31
Acc. Injection o 11.6 , ‘ 13.8 18.3
End of Blowdown 27.59 | 30.50 36.91
Bottom of Core Recovery | 42.96 ) 46.08 | 53.84
Acc. bmpty : 57.48 ' 60.67 66.20
Pump Injection 25.92 , 26.06 26.31
End of Bypass ' : 27.59 30.58 36.94




TABLE 2

LARGE BREAK

DECLG CD = 0.8 DECLG.CD = 0.6 DECLG CU = 0.4
Results
Peak Clad Temp. °F - 1937 : 1989 12039
Peak Clad Location Ft. : 7.5 1.5 7.5
Local Zr/HZO Rxn (max)% 2.85 3.3 5.10
Local Zr/H,0 Location Ft. 7.5 1.5 v 5.75
Total Zr/NZO Rxn % - <0.3 <0.3 <0.3
llot Rod Burst Time Sec. 35.2 37.6 40.2
llot Rod Burst Location Ft. N 5.75 | - 6.0 5.75
Calculation
NSSS Power Mwt 102% of ‘ : 3025
Peak Linear Power Kw/ft 102% of 13.74
Peaking Factor (At License Rating) V 2.20
Accumulator Water Volume | 800 ft3
Fuel region + cycle Analyzed Cycle | Region
© Unit 1

Unit 2 (if applicable)
-26-



TABLE Z2a , Plots for This Case are 1D, 20, 30,

70, & 8D
LARGE BREAK
DLCLG CD= DECLG CU= 0.4 DECLG CU=
F =2.14
q
Results
Peak Clad Temp. °F 1995
Peak Cald Location Ft. 7.5
Local‘Zr/HZO Rxn (méx)%' 3.38
Local Zr/HZO Location Ft. 5.75
Total ir/lIZO Rxn % 0.3 < 0.3 <0.3
llot Rod Burst Time Sec A 41.6
Hot Rod Burst Location Ft. 5.75
Calculation
NSSS Power Mwt 102% of 3025
Peak Linear Power kw/ft 102% of ' 13.36
Peaking Factor (At License Rating) 4 2.14
Accumulator Water Volume . 800 ft3
Fuel region + cycle analyzed Cycle ' Region
Unit 1 |

“Unit 2 (If applicable)

-27-
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CONTAINMENT DATA (ORY CONTAINMENT)

Net Free Volume 2.61 x10°

Initial Conditions

Pressure ' 14.7 psia
Temperature 90.0 °F
RWST Temperature ' 40.0 °F
ServiCEAWater Temperature 35.0 °F
Qutside Temperature -20.0 °F

Spray System

Number of Pumps Operating 2
Runout Flow Rate 3000 GPM
Actuation Time 20 Secs.

Safeguards Fan Coolers
Number of Fan Coolers Operating 5
Fastest Post Accident Initiation of Fan

Coolers : 30 Secs.

-28-
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1)

2)

10)
;1)

Thickness {(in)

0.0065
0.375
36.0
0.0063
0.500
36.0
12.0

0.375
12.0

12.0

.00€3
.500

.0C63
.375

.0083
.0250

.00€s
L1873

L1258

o o 0o [ N oo [ N w)

.138

TABLE 3

STRUCTURAL HEAT SINK DATA

Material

Paint
Steel
Concrete
Paint
Steel
Concrete
Concrete

Stainless Steel
concrete

Concrete

Paint
Steel

Paint .
Steel

Paint
Steel

Paint
Steel

Steel

-29-

Area ftz

LSS ML AN

49,838

32,072

12,000

10,000
61,000

68,792

79,904

127,948

§9,800
3,000
22,000



Structural Heat Sink
Surface Area (Ft

TABLE 3 (con't)

PAINTED STRUCTURAL HEAT SINK DATA

12) 0.0065
0.0625

13) 0.0063
0.75
36.0

14) 0.018
1.25
0.500
36.0

15) 0.37%

Structural Heat Sink
Thickness (In)

Paint
Steel

Paint
Steel
Concrets

Stainless Steel
Insulation
Steel

Concrete

Steel

-30-

Paint Thickness
- (Mils)

10,000

7,834

1,800



® e ®

REFLOOD MASS & ENERGY RELZASES
Indian Point Unit #3

DECLG C0 = 0.4

TIME M (TOTAL) MH(TOTAL)
(Sec) (LBm/Sec) (BTU/Sec)
53.836 0.0 0.0
61.696 38.14 4,92 £+ 4
70.696 121.67 1.49 E + 5
83.796 128.87 1.55 E + 5
99.196 316.87 2.11 E + 5
115.496 362.14 2.18 € +5
132.996 370.32 2.13E+5
171.196 380.11 2.0l E+5
213.996 389.23 1.88 € + 5
262.496 399.25 1.72E + 3

-31-




THE BROKEN LOOP INJECTION SPILL OURING 3LOWOCWN IS

TIME

0.000
1.010
2.010
3.010

DECLG C

Indian Point Unit

MASS

3005.129
2700.410
2674.518
2201.243

2158.746
2039.829
1938.318
1850.154
1772.77Q
1703.7%7
1641.440
1584.302
1532.924
1485197
1461.073
140C.175
1362.149
1326.456
1293.413
1262.183
1232.74%
1205.227
1179.258
1156749
1131.436
1109.334
1161.963
1143.790
1124.490
1110.020
10946 .,348
1079.484
10465.853

.1052.479

143,886
143,959

164,035

p = Q¢

EMERGY

1791645.764
16C998.419
16474650.025
137200.107

128704.457
121614.6821
115362.534
11C218.104
1056%2.553
101573.597
97862.457
944635.874
91393.4648
88547.475
859164.747
83478.432
81211.339
- 79095.214
77113.296
75251.355
73457.333
71355.404
70307.343
688446.145
47656.228
66141 .482
63453.057
42285.219
$1176.380
£0120.475
$59115.4854
58172.540
£7281.98Q
56432,833
1155.813
1155.59%
1136.207

-32-

3

EXTHALPY

£9.420
£9.620

$9.4¢0
59.4620

o
(Y1,

£9.4620 .
59.620
59.620
€9.429
$9.620
§9.620
59,4620
59.420
£9.4620
59.420
§9.420
§9.620
59.420
59.620
$9.820
§9.420
€9.420
£9.620
£9.620
£€9.420
§9.420
£9.420
£4.409
4,455
54,307
Sd.162
S4.019
£3.3%0
53,743
. 83.409
8.027
8,087
8.027
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