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© QUESTION:

ANSWER:

Page'3

What are all of the changes that haVe been made in the analysis of

“the ECCS to correct the erroneous assumption regarding uwniform and

instantaneous mixing? For instance, have rod quench tests for
shattering and rod swelling and bursting tests been redone to re-
flect variable temperatures in the coolant? How do the non-uniform

" and non—instaneous mixing affect the predictions on core internal

remaining intact during ‘blowdown and post.blowdown pressures?

' The thermal hydraulic computer programs currently used for the

'analySLS of postulated loss-of-coolant acc1dents (LOCA) assume.

thermodynamlc equilibrium (uniform and instantaneous'mixing of water

_and steam). This assumption has been shown to be acceptable by

seml—scale and other blowdown experiments (such as- the Containment
Sys tems Experiment) during the subcooled and saturated portions of

the 51mulated blowdown trans1ents. However, the 845—851 semi-scale -

test series d1d 1nd1cate that uniform and 1nstantaneous mixing of

the accumulator water in the lower plenum might not have occurred
during the ECC injection phasevof_the transient. ISince the assump—'
tion'of‘thermodynamic equilibrium was not_verified:for:the.injection
phase,dthe_prediction by the,codesdconcerning the-fate:of this fluid
cannot be relied upon; This'condition is conserVatively accounted

for in the AEC s Interim Policy Statement wherein 1t is assumed

-that all accumulator water 1nJected up to the end of the primary

'system blowdown tran51ent is assumed to be lost from the reactor

system.



The assumption of thermodynamic equilibrium is not significant with

respect to the various tests performed concerning the fuel claddingl

‘integrity. These tests demonstrated that cladding integrity"was

primarily a function of claddingutemperature,'and-not coolant

temperature. Since the Interim_Policy Statement provides that a

»conservative calculation of peak cladding temperatures be performed,

and clad 1ntegr1ty tests. have been performed over: the temperature

™

range to establish the failure thresholds, further testing because

of potential varlable coolant temperatures 1s not necessary.

The most 51gn1f1cant forces on the reactor 1nternal structures for
postulated LOCA occur during the subcooled portlon of the blow- .
down tran ient; i, e;, w1th1n the fllst second follow1ng the postu— o
lated primary system’ failure. “As discussed ahove, the assumption

of thermodynamic'equllibrium is acceptable up to the time of
accumulator 1n1ect10n. During the period of accumulator injection,
the forces on the 1nternal structures are 1n51gn1f1cant and would

remain so considering non—equ1llbrium effects. o



- QUESTION:

Pages'3—4i

Which actual test results are relied upon by the Staff in its

safety evaluation and in which is there not an. exact scaling"
of parameters affectlng system performance?

: The staff considers tests which provide a better understandlng of

LOCA phenomenon relevent ‘to its safety evaluatlon of a nuclear

'power.plant,

PO

“The recent seml-scale tests (serles 845-851) provided addltlonal

1nformat10n related to the decompre531on and mixing processes
ocurrlng durlng blowdown. _Thevrecently completed.FLECHT series

of heat transfer tests represented new 1nformat10n used by the

v Staff in 1ts safety evalutlon of IPP 2 However, in all'of these

‘tests, an exact scallng of parameters was not a test requlrement

Instead a range of parameters was tested to 1nvestigate the bew

-hav1or of LOCA phenomena for a varlety of condltions.~

4



"QUESTION:

. ANSWER:

Page 4
What are- all of the inadequac1es of the currently used calculational
techniques to predict accumulator water behavior during blowdown

and how have these and similar. 1nadequac1es been eliminated in
predlctlng all of the post-blowdown behavior of the accumulators7

The functlon of the accumulator system following ‘a postulated LocA:

. is to reflll the reactor vessel qu1ckly and terminate the fuel

'claddlng-temperature tran51ent. The major uncertainties in these_

v

calculations are:
) the delivery of acCumUIator'water during primary system blow-
down and

(2) the reflood raLe of Lhe reactor core to prOV1de coollng to. the .

‘.claddlng hot spot

These uncertainties are conservatively treated in the AEC's

Interim Policy Statement as follows:

All accumulator Water 1njected up to the end of blowdown is
assumed to be lost from ‘the prlmary system. When the fluid flow‘ '
out the postulated bre—ak has ceased because of the 1ncreasing
contalnment back pressure, a mechanism for further loss of accum~
ulator water no longer ex1sts and the rema1n1ng fluld flllS the

lower: plenum and downcomer annulus.

Following the reflll of the 1ower plenum up to the bottom of the

core, the core reflood rate: (1nches/sec) is limited by the’ steam

generated - (steam blnding) as- the lower port1ons of the fuel rods



are.cooled. As the ablllty to vent thls steam through varrous

_pathé is 1ncreased .the core reflood rate 15 1ncreased and the

temperature transient is terminated»eooner. The,steam;cahfhe
vented throogh two pathsihe(l).throogh,the brOken.loop and out

A_the break and (2) through the intact loops to the downcomer

' annolus and then out thelbreak - It 1s.poss1ble for the 1nJecL10n

of aetumulator water to block a portlon of. the vent area through

.

the intact loops thereby reducing the ahility‘to vent the Steam3

. Since the degree of potential plugging:is unknowh, it’is_ |

conservétiyely aseumed that all-ihtaet“loops are eompletely,olugged

(no steam relief) up to the end of’aecumulator weter:ihjection.'

The above‘conservatlsms lehgthen the’tlme to get water ‘to the.

core and reduce the core refloodlng rate thereby 1ncrea31ng the

calculeted peak oladding'temperatures,,f



_'Q"VL';IESTION: Page 7

Is the 34 second lag for full rated flow of the pumping system
‘based upon the most conservative assumption used in prior analysis,
. 1i.,e., have the worst credible diesel and pump failures been con-
" gidered? Is the 34 seconds the same assumption used by the
Applicant in its most recent analysis of the post—LOCA conditions?

l-AﬁéWERf'r' The 34 second delay to full raLed flow of the ECCS pumps reported

in Lhe Safety Evaluatlon is broken down as follows (FSAR p6,2—40)

L

" To initiate,safety injectionjsignal:including"inStrument’laghv 1 sec,
‘To start two ,d.i?s'e'l.generators Lo o SR - 19 sec,
To'startytwo safety injection pumpsAhl i‘, L R ;:i" ’8‘sec.
To start one re31dual heat removal pump “'l_;t RO “Cmy‘_étsec.

'The;diesel generators.at-Indian,Point‘Plant 22are'designedfto-start :
"'and7come up to_speed within.ten seconds”after initiation;;“Recent '
’{general experience indicates that dlesel generators at nuclear,
splants can be started w1th1n approx1mate1y 10 seconds.. Therefore
n.it can reasonably be expected that the delay t1me Lo full flow
would be about 25 seconds.’ The applicant has used a 25 second delay
vtime in hlS calculation of ECCS performance following a LOCA Since
ECCS performance during the ' early stages of corc recovery 1s'
ddependent on accumulator 1n]ection a difference in the delay time
'for pumped flow of 9 seconds has a negligible effect on the‘maximum

v_”clad temperature reached in the tran51ent.;




.

" The abore.delay trmes .includes the assumptlon of 31ng1e fallure,
.’that is,’ full rated flow from two of three safety injectlon pumps
,and one of two re51dua1 heat removal pumps powered by ‘two of three
'diesel generators would normally be ‘available w1th1n 25 seconds :

: follow1ng the safety 1n3ect10n 81gnal
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' QUESTION:

" ANSWER:

‘factor), and FA

'ﬁagé 8

. In .what way will the Operation of the reactor be affected by

modlficatlons in the nuclear ‘hot channel factors'7

No change in: operation of the reactor w1ll result from mod1f1cat10n

(reductlon) of the nuclear hot channel facLors The large body of

- startup and operatlng data from the R E Ginna, Po1nt Beach H, B

Roblnson and EurOpean reactors u51ng 21rcaloy clad fuel show that

: operatlng peaklng factors can be malntalned well below the con-
: servatlve values used 1n-the.de31gn of early.powerplants, for which

,data'and operating experience were lacking.

The hot channel factors lnitlally used for the Indlan P01nt IT

safety analys1s were FqN 3 12. (heat flux nuclear hot channel

g = l 75" (enthalpy rise hot channel factor) At‘

of- 1 75, a value of 1 78 would be per-

the des1gn value of F

A.

'm1581ble for F ' the ax1al peaklng factor (Fq =F, x F, ). Withh

AH

the reduced values of FqN 2 90 and FAH ' 1.66 fthé ébpropriaten '

i reduced F N isf1;75} Technlcal spec1ficat10n changes w1ll be

made 1ncorporat1ng the lower values.
The original design value ofr1,75'for FAg included a 10% measurement
uncertainty faCtor° the reduction offFAg to 1.66 reflects a 5%

reductlon in the measurement uncertalnty We bel1eve that FAH an

- be determlned by measurement w:thln 5%, as descrlbed 1n WCAP—7308 L.

: Further the operatlng data and experlence show that the F N will

AH



normally'belsubstahtially‘below the value of ll66v Startup
.and perlodlc.operatlng measulements-wlllvverlfy achlevement
.and malhtenance of F below 1. 66 'A value of 1.66 (the measured'
value would be 5/ less) m1ght only be approached 1n an abnormal
bs1tuat10n such as a mlsal1gned control rod for whlch the Tech-
'nlcal_speclfications'require COnfirmatOry ueasurements for
continued full power operatiou. - |

Operatiug data ano experience also show that.FN-canbbe maintainedl‘
well below the ollglnal Indlan P01nt II design value of 1.78. We
“have accepted d951gn values beLween l 67 and l 73 for all of the
fWestlnghouse de31gned reactors follow1ng Glnna, Roblnson, andA
Indlan P01nt 1I. All'have'lZ foot«long cores ‘and hoidesigﬁ'dif;
ference which‘would'atfeCt"the basic axial power shapel ”further,
“there ‘is coutlnuous”monitorlng of the axial power shape by the
ex—core detectors aud a well establlshed correlatlon between
their readlngs_ahd FN which can permit control of FN to values a
as low asil 55. No problem is therefore foreseen in malntalnlng

FN at or below the reduced value of l 75



"' QUESTION: Page 8 o . |
To mhat extent have the Idaho'tests (845-851) been taken into
~account in predlctlng when blowdown will be completed ‘how much
accumulator water actually is lost during blowdown, the path of
steam durlng and after blowdown. ' :

:?‘AﬁSWEhQV tFor the evaluation.of aﬂpostulated LOéA'for the Indian Point 2
v : plant the Idaho tests (Semlscale Test Serles 845 851) cannot
be used directly to establlsh when blowdown will be completed
" The Idaho tests were performedVW1th the rupturedqpipe dlscharglngv<
to atmosphere, For thls condition .blowdown was not observed
,to end until the semiscale system reached atmospherlc pressure. '
(For Test No. 848 thlS was not observed to. occur, untll 90 seconds
" after the pipe rupture was Jnltiated ) ‘For Indian Point 2, the
termination of blowdown is calculated in accordance w1th Paragraph:
No, 5 of the Westlnghouse Evaluatlon Model, (Part 3 Appendix A
of AEC Interim Policy Statement) The spec1f1c time for the end
of blowdcwn is a function of the postulated size of the rupture,
For the_poStulated double,ended rupture.of a 'cold leg pipe,.the
calculated end. of blowdown occurs about 15 seconds after the
ibreak, In accordance w1th Paragraph 5 of the Westinghouse
lEvaluation Model, all of the water 1nJected durlng blowdown is
'assumed to be lost from the system.: The amount of water 1njectedvi

durnng thls perlod is 565 cub1c fcet of water or 26 percent of

- the initlal inventory of 3. accumulator tanks. Thisfarbitrary




- assumptlon of losslof accumulator water is in additlon to the
assumed complete lossvof the fourth accumulator connected to the
cold leg p1pe in which the rupture occurs. During blowdown in
the Semlscale tests, a large fraction of the discharging fluid
passed through the core, This core flow .and .the 31gn1f1cant
‘:heat transfer whlch resulted from it was not con51dered in the

| safet& evaluatlon of IPP- 2 Because of the extended time for -
'blowdown of Semlscale and the small amount of ECC water remalningiﬂ“

in the vessel post blowdown steam flow was negliglble.



- QUESTION:

|~ ANSWER:

Pagesf8F9

What other changes if any have been made in the ECCS performance'
calculations? Please explain all of these changes in greater

~detail, -

All of the changes to the ana1y31s assumptions from those

1)

'prev1ously used in the ECCS performance calculations have been
':listed on pages 7 and 8 of the Staff [ Supplement 3 of 1ts Evaluation
'of Indian P01nt 2 plant. These changes cons1sted of:

A 5/ reductlon in. the assumed nuclear peaking factor. e

A This change resulted in a change in the term normally

nnadded to the maximum heat flux calculated for the steady -

‘ state,_tran51ent or accident condition to account for

uncertainties in the measurement. The uncertainty'term R

‘ was-reduced from_lOA;to.SZ. WestinghduSe has performed

measurements on Operating plants to determlne the ‘uncer-

’Ataintles associated w1th flux mapplng measurements using

a moveable 1ncore detector system. These studies were

jcombined w1th critical experiments to assess uncertaintles

'aSSOC1ateduW1th the_measurement_of variousnfactors used

to determine'the peakinuclear'heat'flux factor.g Based

'on this work it was determined that the probabillty of

o,

"not exceedlng an uncertainty of 4 58/ in the peak nuclear g

heat flux factor 1s 95/ at a 95/ confldence level _Accord—'

' 1ngly,ithe Staff:concluded that a reductlon 1n~the error

dllowance to 5% was a?ceptable.v :




2). A change in the model for calculating the re51stance of

.the reactor upper core support plate, In previous analy—

sis, the hydraulic resistance and flow area between the

. upper head and the upper plenum and the upper head and

the downcomer were assumed to be equal A more realistic

. representation of the hydraulic resistance and the flow

'area has now been applled to these flow paths. A more

'detailed dlscu351on is presented in Section 6 5 of the

Westinghouse Report 'Emergency Core Cooling Performance,

dated June 1, 1971. -

3)"A 20%° increase in the decay heat w1th a decrease in the

. heat deposition ‘in the hot rod from- 97.4% at steady state:

 to 95/ for the loss of coolant acc1dent. The Comm1331onks

‘tInterim Policy,Statement (Appendix'A)_required”that_allxl:
evaluation nodels use.the decayhheat curve described in’

| the ploposed ANS Standard w1th an added 20/ allowance for
funcertalnty. The reduction in heat production for the hot:,
rod results from con31deration of the change in the heat

generation proflle of the hot rod which would occur ‘when

v01d1ng occurred in the core durlng the early stages of

the_acc1dent.v Addltional_details of,residual_decay heat_

"is presented in Appendix B to.Additional’Testimony of
v Applicant Concerning»Emergéncy Core Cooling3SystembPer—

formance, Dated July,13! 1971,

R




- 4)

5)

_ The decay heat'rate used by Westinghouse in its earlier

analysis of the Indian Point 21plent had an error

-resulting in a greater contribution to the reSidual

decay heat from the heavy element (U—239 and Np—239)

decay of neutron capture products. Correctlng this

error and following the Commission's Ihterim Pdliey

' Statement resulted in a decay heat elightly lower than

the earlier predictioh.

A 207% reduction in core flow when'épplied to hot channel

calculations, The previous analysis utilized the

_ calculated_midfplane core flow from the SATAN code as

input to the hot rod heat-up code LOCTA?RZ.' In the
reanalysis,ithe flOw'applied to the hot chamuel was
reduced 20% to provide an additional consefvatism.to the

analysis,

The assumption that the time to departure from nucleate
boiling is equal to 0.1 seconds, The previous analysis-

was based on the'Calculated_time to departﬁre'fromlhueleate

"boiling (DNB) of 0,5 seconds., lPeragraph No. 4 of the

WestinghquSe,EvaluatioﬁvModel_requires that heat transfer

‘from a nucleate boiling regime be limited to 0.1 seconds

after the break, This short time period was chosen because

the predicted local fluid cbﬁditions were outside the range

s




6)

of experiments from which the DNB correlation was

. formulated.;

A,revisidn‘td the transition boiling correlation, The '

heat transfer‘correlation-for the transition bolling

regime wasvmddified to perﬁit increased heat transfer
for conditions in which the‘wall supéfheat temperature

did not exceed 250°F based on heat tramsfer expetimeﬁts

perfbrmed by Westinghouse, A discussion-of_this modifica—.f'

tion to the correlation is presented in Section 6,2 of

the Westinghouse Repdrt, ”Emergéncy'Core Cboling Perfor-.

‘mance," dated June 1, 1971,




i

| QUESTION: Page 9 -~ o SRR
Explain the offsetting effect of the changes and the basis for. .
making the changes, - i.e. test results, etc, Does the 1550°F
temperature occur when the most conservative assumptions. (as
used in earlier staff and Applicant analysis) are used?

- ANSWER:  Changes 1,2, 3, and 6 discussed in the previéus answer result

in lower peak clad temperaturés. Changes A and 5 result in an

increased clad temperature, A discussion of the bases for these -:

changes is presented in the answer to the previous question,

 The peak clad temperature of 1550°F occurring at the end of

. blowdown was obtained‘from~the‘new calculation which included

ﬁhéféix,cﬁangeé to the bléwdown pprﬁiéh'éf the ;ﬁéiygié;. The.
1550°F temperature_thﬁénfeppeéeﬁps é céléuléti&ﬁ_Wﬁiehvinclﬁdes
a combination éf’additional CoﬁSErvatism in certaiﬁ-parté of
the calcﬁlation aﬁd-a;ﬁore realiétic représentatioﬁ_in'othef

areas,




- - QUESTION:

ANSWER: .

- Page 10

Under the new. analysis, what atre the rod temperatures at each
second following the LOCA until reflooding begins and to what
extent do these differ from the rod temperature behavior -as ;
originally predicted, To what extent have these rod temperature

' variations been taken into account in determining flow blockage
“from rod swelllng .and burstlng and core dlsassembly such as rod

shatte11n07

The table below lists the”figureS'whiCh include curves of peak

.

clad temperature for the spectrum of breaks,

Break Size Recvaluated B331s ' -Oriéinal Basis _
Double Ended o Figure L@  Figure 4O

0.8 Double Ended Figure_llgl)” o o

'4.5'ft2_f o . Figure lé(l)

3,0 £t a',, Figure 13(1) P . | .
0.5 fté ' : ’Eigure_ZKg?' o 1fuﬁigure 14:14(4)_-‘

Cladding temperatUre is not considered to have an adverse-

effect on core geometry so long as the peak clad temperatures

~ are less than 2300 F Even if'the hot spot 1s at 2300°F and

some balloonlng and rupture Has occurred 1ess than 10/ of

the core claddlng is above 2000 F No adverse effect of flow -

'blockaqe was observed in the PWR FLECHT tests, in fact, ECC

 heat transfer was.enhanced by»local'flow blockdge., .Also in BWR

1) Provided in AddlthDdl Testimony of Appllcant "Emergency 001e Coollng
 System Performance," dated July 13, 1971.

2) Provided in letter to P, A, Morrls, dated August 16, 1971,
3) ‘Provided in Appendix 14B as Supplement 12 to the IPP No, 2 FSAR

"+ .~ (Docket No, 50-247),

" 4) Provided in Supplement 13.to the IPP No. 2 FSAR (Docket No, 50-247),
!



FLECHT tests although local clad fragmentation occurred, no
degradation in heat transfer was detected. On the basis of the

.information available we have concluded that so long as cladding,

temperatures are kept below 2300°F at the hot spot in present

reactor designs, the amount of core distértion that will occur

will not -adversely éffect core cooling,



 QUESTION:

~ ANSWER:

Page 10

At what rate or rates are the rods assumed to heat up following

_‘LOCA and before refloodlng beg1ns7

‘FollOWing_the end of bIOWdown aﬁd*ﬁnril the bottom. of the core
is recovered, the fuel rods are assumed to heat up. adlabatically..b

'For the postulated double ended break of a cold—leg pipe, the

calculaLed c]ad heatup rate is approx1mate1y 40 F per second,

" This heatup rate con51de1s both re31dual decay heat generatlon

and the enelgy of metalwwater,reactlon,




. QUESTION:

ANSWER:

Page 10

To what»extent_is'thé steam buildup after bldwdoWn‘takén into
account -in computing refilling and reflooding time? Explainm
how the steam generation is assumed to begin only after 20 secs,
and the basis for your assumptions regarding the steam pressure

- and the direction of the steam once it begins to build up.

For the period of time following the end of blowdown and until -
the bottom of the core is recoveréd; no core heat transfer is
assumed'and.therefOre‘no pressure buildup from steam generation

is calculated. Water is then assumed to refill about the bottom .

20 inches of the core before there is any significant steam

generqtion. .During this initiai.refili, heat transfer from core
is raising the refléod watgr ﬁeﬁbetature>to itsfsatUra;ion‘tém—_
pefat@re; This eveﬁt Waé repeatedly'dbséfyed during.the FLECHT
seriés of ﬁeat-frénsférvexperiﬁénté. At‘this time, aéprﬁxiﬁately
30 seéonds-éfter.fhé gécident, appreciable steam genération;‘
bégiﬁs.:.The quantity aqd direction of steam flow is:based on a
considefation of«préssu;e.gradiénts With;n the p;imgry.systém

and the containment, and the flow resistances of each of the

paiallel'flow paths bétweeﬁ the core and the containment, The

'driving'force.for‘steam_flow from the core to the containment is

the unbalanced hydréplic head between the downcomer and the core,



QUESTION: Page 10-11
Prov1de the detalls, includlng reference to supporting tests or
analysis, upon which your conclusions on steam flow, water
pressure, water and steam routes, are based, '
pANSWER: Thebsteff has reviewed the.Applioanth analysisvof the refill and
- reflood portions of the accident and has eoncluded that the
analysis'was performed in aceordénce with Paragraph 7, Part 3,

Appendix A of the Commission's Interim Policy Statement,

The Staff both oo a‘genericAbasis‘and.for its safety evaluation
,_of the Indian Point=2 plant revrewed the results from the FLFCH 1/

serles of»heat transfer'experiments.kahe experimental WOrk p
gsdmmariéed in IN;1403'ﬁ$imu1ated Deeigﬁ Basis Accident Teets of
'CVTR Containment - Final Report " dated December, 1970, was con~

sidered by the Staff to determine contalnment pressure bu1ldup ‘

folloxlng a LOCA

L/ WCAP— 7435, "PWR Full length Fmergency Coollng Heat Transfer
(FLECHT) Group I Test. Report" by J. O Cermak -et al dated.

Jdnuary, 1970, and

WCAP-7544, "PUR FLFCHT (Full Length Emergency Cooling Heat
. Transfer) Grouo II Test Report" by F, F. Cadek et al dated
September, 1970, : ' '



. QUESTION:

ANSWER:

' The‘8ofsecond"peak'temperatdre mentioned refers'to the doubie—'

‘ended'cold,leg break CaICU%atiOn'in the July.13 teStimony.h That -

Page 11_'

Upon what assumptlons, tests and analyses is the 80 second peak
temperature based? DPlease identify all of those factors for
which a 10% or less error would result in peak temperatures at
any time in excess of 2300 F and the basis for the flgures used

- for those factors.

AS’stated invSupplement 3 of the staff safety evaluation, the

~temperature calculations ate based on AEC Interim Policy Statement

of June 19,_1971. An exposition of the assumptions appears in

 that statementa The June 19 statement refers to a Westinghouse

document,'WCAP*7422,dwhich in its curtent non~proprietary version
further defines assumptions, tests, and analyses,- The new calcu-'
lations specifically referred tohin_Supplement'B are presented'inv_"

"Additional Testimony of;Applicantpconcerning ECCSrPerformance,U

~ July 13, 1971, Docket 50-247,

: témperature is at the 2300°F limit, 'Obviously,-any-errorhof even

an incremental amount in‘the wrong direction Would cause the calcu-

lated temperature ‘to exceed 2300° F It is 1mportant to p01nt out

'that the parameters 1nvolved in these calculatlons already have

_ error factors assoclated with them. For instance, a 20% factor is

added to the proposed ANS decayed heat, a 2/ calorlmetrlc measurement

factor is added to the powerecalculation, a 3% manufacturing tolerance




factor is also added to the nuclear peaklng factor. The calcu- o

Vlated blowdown flow is reduced by 20/ to account for p0551b1e

error when applled to the fuel pin heaLup calculation.. Factors

,used in the codes which are "knowable” such as fuel pin. power,

' .physical properties, and dimensions are'checked»by the Staff_andj."

have not'beentfouhd'to‘be,in error, Comparative calcﬁlétions
for some cases have been made by the staff to'check the thermo--

hydraulic performance and fuel pin heatup, These checks:have'

shown reasonable agreefent withivendof calculations,




© QUESTION:

_ANSWER:

Page 12

~Upon what. tests and analyses is the total metal water reaction
“assumed to be less than 1%2? In_ this regard please ‘indicate "

the minimum'temperature at which you assume metal water reactions

'will occur and the percent of. reaction at that and higher temper-

atures. up to 2300°F,

Onwpage_l9 of the July‘13"l97l,testimony; the applicant states
that" less than 1% core metal-water reaction occurs. for the 11mitingv
double—ended cold leg break Westinghouse uses the LOCTA code

which contains the metal—water model outlined in the Juiy 13 testi%l,[

. mony to calculated temperatures and metal-water reaction for 10

representative fuel elments in-the core, ‘A weighted average for _

these 10 elements 1s taken as. the core-w1de metal—water reaction.

vThe ba51c model used for metal—water reaction is the Baker-Just

equation. ThlS equation operates over the temperature range above

1800 F in LOCTA but the calculated reaction is negligible below

_1900 F At that temperature w1th an 1nitia1 oxide thickness of

0, 2 mlls the temperature rise rate due to metalvwater reaction

is.only ‘about 3./second : The reaction rate goes up about a fac=

tor of 2 for each 100°F up to 2300 F for a given oxide thickness. ,_:

The rate is 1nversely proportional to the oxide thickness, Since

reaction rate is«a»function of ox1de thickness as well as temper-

ature,. the temperature history asfwell,as_initial.thickness are
Arequired'to determine the amoun t of‘reaction which has occurred

by a‘given time, A plot of percent reaction Vs, time as’ calcu-

) 1ated by the staff using the integrated Baker—Just equation is



-t

_'preséntéd in Figﬁfe 1 based on' the Westinghouse peak clad tem- -

perature transient for the double—endéd-coldfleg-break.






" QUESTION: -

ANSWER:

&yelZ

What factors or conblnatlon of factors assumed in the computation
of the metal water reaction would produce a metal water reaction
in excess of 1% if there were an error of 10% in the calculated

‘amount for the factor and upon what tests and/or analyses are those\
factors based°

'It~is'virtua11y impossib;e to cause the core wide metal-water re-

action to exceed 17 unless the hot spot reaches melting. If the -

hoL spot transient is tutncd ovcr at al] before meltlng, the rest
of tne core tranolcnt is artested much sooner. Therefore, the
cooler portlon of Lhe core 15 contrlbutlng le%s and less metal-
aatcr reaction thle the ‘hot spot is st111 rising 1n tempcrature._ ;

i

Calcu]at10n> of thJs phcnomenon were made by the staff over a

v w1do range of heat tran fer conditions.' The amount of core;wide

mctalewater'reaction,never exceeded 1% even though the peak clad

temperture exceedcd 23009F for several minuteg.,.WestinghouSe

- has independently arrived at the same conclusion,



QUESTION:

ANSWER:

Page 13

At what temperature do’ you con31der fully 1r1ad1aLed (i.e.
end of life) fuel rods to be immune from embrittlement failure

following quenching and. upon what tests and analyses do you base i
. these figures? Please compare and comment upon the rod quench

tests conducted by Westinghouse and discussed in the CCPE
statement of issues (Para 3.a.1.f).

On the basis of transient rupture of tests performed by ORNL

. and réported in ORNL-TM 3342 no differences resulting from

irradiation other than a small andtirregular reduction in.
ducfility, were‘defected'betweenvuﬁirradiateafand'irra&iated :
fuei rod_éamples.' 0n this basis the quencﬁ performance woﬁld
ﬁe gxpccféd to be comparablé for unirradiated andvirfédiated
fuel rods. . The ériferién fofvshattéring uﬁder quench conditions

due to embrittlement would be associated with a time-temperature

history rather than a singlé temperature criterion. For’example, :

_zero dUCtlllty at 1100 F would be assoc1aLed w1th the follow1ng

comblnatlons of tlme—temperature' '2500°F for 2 mlnutes, 2400 F
for 6 mlnu;es, ZZOO.F for 15 minutes, 2000°F fpr 35 minutes,
1950°E for 35 minutes, actording'fo Rittenhouse of QRNL. Thé
iimited Westinghousé data on irradiated'Zf tﬁbeé‘#eported.in

WCAP-7379 appear to fall within these limits and no shattering

upon quenching from 2400°F, held for 1 1/2.minutes in air, was

_ observed.



-QUESTION:

ANSWER: -

Page 15

Is a copy of the nonproprletary version of the Westlnghouse June 1,
’ 1971 hCCS Teport now. avallable and 1f so, will you prov1de a copy7

' Westinghouse requested that ‘the document entitled "Additional

, Testlmony of -Applicant Concernlng Emergency Core Coollng System

Performance subsmlttcd on July 13 1971 as~add1t10nal testlmony

to the Indian Point-2 plant, Docket No. 50- 247, be con51dered as

3

“the nOnproprietary version of the Westinghouse-June 1, 1971'

proprietary ECCS report.




| QUESTION:

 ANSWER:

Page 17

tpla1n the effect of permlttnng no steam flow in the intact 1oops
during blowdown on the loss of accumulator water - i,e,, at the
intact loop irlet to the reactor what effect does the steam by-
passing that inlet have on the rate at which accumulator water
flows through the intact loop during blowdown and is swept out
of the reactor? In particular, upon what tests and analyses. is
it determined that no more than 2)/ of accumulator water will be‘

lost during blowdown?

- Paragraph 5 of Part 3, Appendix A, of the Interim Policy Statement
“requires that all accumulator water injected-during blowdown be

- lost and unavailable for refilling the reactor vessel and recovering

the core._ The amount of accumulator water lnjected during blowdown

is determlned from a con31derat10n of the pre%sure dlfference be;
tween the accumulator tank and the p01nt.of 1n3ect10n in the prlmary
sfstem and the hydraullc resistance characterlqtlcs.of the accumulator
11ne: The-assumptlon ofjno-steam flow during accumulator injection

is applled to conservatlvely 11m1t ‘steam venting flow paths dutlng
roflood and as such has no effect on accumulator inJection rates.'

The amount of accumulator water disearded'is primarily a function

of b10wdown time,. Since blowdown time is a function of break

size, the amount of accumulator water assumed to be lost will

depend on?breah size, - Table 4.2 of the Weetinghoqse report
"Emergency Core Coeling Perfotmance" dated June 1, 1971 presents.
addltlonal data on the precent of accumulator weter lost durlng
blowdown as a function of break Sl&L.v It shQu1d'be notedfthat

this amOUnt of accumu;ator wéter»discarded during blowdqwn does



\\; -

not include the complete spillage from the accumulator that is

aftached to the co6ld: leg piping in which the break occurs,



QUESTION:

ANSWER:

B. With respect to Semiscale Tests 845 through 851 (June 29,'1971)

i

1. Page 1-1

S ey

-Why caonot tests which chcck the adequacy of analytical models
“used in evaluating ECCS. performance be directly applled to the

performance of the reactor themselves7

The experimental information available from the Semiscale tests

.includes the time-variation of pressure, fluid temperature and

'density; metal temperatute,_and flew rate. By edjusting the ratio
of break area te'systeh volume, the Semiscale pressure behavior
wassrcpfoduced.on a.real&time_basis,‘endicquld be directly appiied't
tp'the’evaluetiqn ef'the reector petformenee;;'Other_paremeters
could not'be:éirectly applied, however. For eXapple, the steady;A

state core flow rate. on a'PUR'is about 2 x,lO3 times.the'stéady-

. state flow rate of Semiscale. The.transieht-core'flow_rate on

_ Semiseale couldinot be applied ditectly to PWvaithout some

scal:no factor, such as the 2 X 103 Value., But the’ Semiscale .
desngn dld not 1nc1ude as a bas1s the re]ative proportions of -

flow resistances around the flow loop. Nor did Semiscale have

,multiplefloops; to Serve'és.a-cbre bypass. Hence the scaleup

factox for Scmiscale transient flow rate is not known.

It is .in thlS context that the statement was made  that the

: Semiscale parameters could not be applied dlrectly




QUESTION: -

ANSWER:

2. Page 11-14

Compare the time in which rupture occurred in the tests to the
time in wiich a double-ended pipe break would occur in a LOCA

and explain the effect of the differénce, if any, on ECCS
performance. o -

The rupture time for the semiscale rupture discs was approximately:
1-2 millisecohds,'which is .comparable to the postulated rupture
time for a double-ended pipe break. This time is much shorter

than' the primary system blowdown and ECCS injection time and has

.

- an insignificant effect on the blowdown characteristics :and ECCS

performance..



QUESTION:

ANSWER:

3. ‘Page II-14

Compare the difference in accumulator water temperature in the
tests to actual accumulator water temperature assumed for this

plant and éxplain the effect of the difference, ia any, -on ECCS
performance. : L

The accumulator water tempefature in the semiscale tests. was
approximately 140°F; the accumulator temperature at Indian Point -

2 will be about 110°F. These temperatures are both significantly
) . . . i

~less than the priméry system fluid temperature during the time of

accumulator injection (490 - 290°F)-. Conséquently, the small
temperature difference between the two accumulator systems should

have an insignificant effect on ECCS performancet
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ANSWER:

11 e 11-13

‘In the Indian Point No. 2 reactor is the water injected’ dLlOCtlY

into the inlet plenum or does it enter the - annulus? Compare
this to the procedures used in the tests and explain how the
dlffcrpnces affect the evaluat1on of LCLS performance.

On IndJan P01nt 2 the accumulator water is 1nJected into each

of our- cold ~-leg plpes which feed into the annulus. This mode

© was not effectnd on qemlscalc as there 'was only one cold lcg

plpe, and it was broken. The expected reverse flow during

“the blowdown would negate the effect of an accumulator in a

-

‘broken pipe, on a PWR. Consequently, in a PWR analys1s, the

acgumdlator waLor in the broken leg is assumed to be lost as

far as'the corcvtnermal consequences are concerned. vThége'
was no inlef annulus in semiscele, where no'steady—state inlet
'flow rate would be directcd downward. Insteéd on semiscale,
‘the inlet watcr was plpcd dlrectly to the lower plenum.‘ The
procedures ueed in the semlscale tests, after test No. 845

were Lo dellvervthe ECC dlrectly to the lower plenum.

We have calcu]ated the thermal—hydraullc behaVJOr ‘of a three-
loop PWR (not . IP-2) with and without ECC dellvery : The présence

of the ECC makes little difference on.the 1mportant parameters

.such as pressure, flow rate, and clad'temperature prior to'

end—of-blowdown. On thJs baqls we - concludc that the - dlfferences

in ECC injection modes have little effect on the evaluatlon of

ECCS perf01mance.




()L’LS‘1(J” 11‘5 I)f..'ge 11"27

- ANSWER:

In vhat way, 1f any, do rhc pressure drop figures differ
from the assumptions used in evaluating the ECCS performance
for thlb plant and how do the differences affgct the evaluatlon?

The svstem pressure drop for the single loop semi- scale was

51m11ar in proportlon to the pressure dlStrlbUthn for a

,typlcal loop of a ‘large PWR such as Indian Point 1I. By

-matching the pressure distribution, the'experiment provided

conflrmatlon of the basic blowdown characterlstlcs predlcted
by ;he blowdown COdLS (e g., flow reversal thxough the core’
and flow stagnation in the steam generator for the,postqlated'
cold leg break); ‘In the eValuation of Indian Point II;_the
vappropriate pressure disﬁribution and 1ooﬁfconfiguration'were_

modeled for the computef code. Consequently, it is gbnqluded

that the pressure distribution characteristics predicted for

Indian Point II plant is adequate,
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QUESTION #6: P. ILI-4-5

ANSWER:

What is the residual heat build-up for the fuel rods used in the
semiséale-tests? ' To what extent does the difference, if any, from
the actual heat up rate of nuclear fuel rods affect the ECCS
performance? ‘ ' '

The stored encrgy capability of a reactor core is significantly

v greater than the semiscale heater rods. A typical reactor core

.such as Indian»Point'II contains the équivalent of five full power

-

seconds of enercy when operating at steady state full power. In -

addition, another full power second of energy would be generated

“during the postulated blowdown. Most of this energy would be

transferred to the primary coolant during blowdown.

Because of the thermal properties of the semiscale heater rods, only
a small amount of energy is stored.in the heaters by comparison. To

compensate for this difference and obtain the same net energy trans-

fer to the coolant, the semiscale heaters were maintained-at their

steady-state full ﬁower for 6 to 8 seconds’foilowing the'initiaﬁion

of rupture. This mechanism would provide a reasonable simulation of

‘the reactor core during blowdown, and would not result in a serious

perturbation to the blowdown characteristics and ECC perforﬁance.
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ANSWER:

QUESTION #7: P. ITL-4-5

Explain in greater detail the cause of the ECCS failure

“during the semiscale tests.

An examination of the pressure-time curves for semiscale shows

that the system pressufé stayed above atmospheric pressure (to

.which semiscale was discharging) by an amount of 5-25 psi after

ECC injectionvﬁas compiete. fThe ptessurethangup‘was not seeni
on test 850, thch'had no ECC. A differenti;l préssuré of
éppfoximately 1.5 psi from the éore outlet:to the break ié
sufficient to eject ECC out the inletvpipe. Thus semiscale
tests, with ECC? continugd to blowdown after ECC injection
was conplete, in pért due.to the steam generated bf heat
truﬁsfer from hot metal surfaces. Due to the nature of the-
singlelloop design, the steam geﬁerated in the vessel woula

be vented prefefeniially up the inlet pipe, rather than up.

through the core and out the outlet pipe.
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* ANSWER:

- QUESTION #8: P, ITI-4-5

Compare the ratio of accumulator water to water in the reactor
system for the semiscale tests to the comparable measurement
in the reactor and explain why all accumulator water will not
be lost during blowdown.. In particular, discuss the projected
rate of accumulator water flow for the semiscale tests with ’
the actual rate of flow observed in the tests. .

The injected mass of ECC on semiscale was sufficient;_if none

. wefe_lost, to recover the heater rods. On a'PWR, in particular.

Indian Point 2, this is approximately true for the accumulator

volume injected. All the water will not b® lost on Indian Point.ZA

because:

(a) Indién Point 2 discharggs to a confainment instead of
atﬁosphere. Théfcontainment‘back ﬁressﬁfébwouid reduééb
the breék fiow to zero:before a signifiéanﬁ fraction

‘of the ECCS has been delivered.

(b)_ A multilqop PWR design permits transfe;.bf primary
-coolant from the.intact steam generators and ioops to
the bréak-lqcatiqn via the outlet‘plenum of the,veésel,
in addition to going.through'the~c§re,-

(c)- The.héat‘transférred from a PWﬁ main coolant pipe varies
directl? as fhé'pibe_fédius; the rise in fluid teémperature
varies inversely as the rédius squared. Therefore the
efféct of heat transfer from hot (N600°F) pibes during

' bléﬁdown varies-inverself'with the radius (for the
sufface/yolume ratio = %—9: The.sméllér.pipe’radius in

" Semiscale (4“)‘a$ éompared with.a fWR (v28") results‘in
the heat transfer effect on Semiscale approximately seven

times more_significant on Semiscale. The end result is a




(d)

o | o
higher fluid tempcratu;e in the pipe and loss of ECCS
By.vaporization. Thié same effect applies to the heat
transfer from the vessel walls; é PWR vesseliis on the
order of 15 fimes larger in radius than Semiscale., Thus

the Semiscale vessel heat transfer would be more significant.

Semiscale could not scale elevation water heat in the

annulus, which opposes ejection in ECC. A PWR annulus is

about 16 feet high; semiscale had 3 feet in the inlet

viser. Thus five times the pressure difference would

be required on a PWR to lift water up.

~ The projected ratc of LCC delivery as predicted by RELAP

matched reasonably with the measured rate.



 ANSWER:

(i) The pressure prcdlctlon.was'reasopably cood, unfil ECC

(4

-dLid:Lhéﬁc T .
Mappen (sie) 0o

Explain what the computer codes being verit
tests prodicted would happen and vhar actually
with respect to all.observed phenomona wheré the vesults

Cdiffered frow the pradictions.

The_computer'éodé being studied was RELAP 3. The following
is a peneral sunmary of: the comparison of code predictioﬁ'Vs.

“ohservation.

- -

came on, at which time the code predicted a more rapdd
. ) L ) ’ 4

»-: » ». -

“decompression.

(ii)  The core flow rate prediction was reasonably good.

(ii1) The code predicted significantly higher heater rod

surface temperaturcs than actually were weasured.

(iv) The most-siguificaut_difference between prediction and

.'ODSQIQatiou isvin thé.dénsity in the lbwef pottion of
the éemisca]e veéssel. - The code did‘not predict the lbw
dénsity; i.e.{_ECC ejection thét OCCUffed.. The code -

ddes_not:ﬁave the capabiiity’for treating.the heat 

transfer from the hot metal surfaces. (Sce answer. to

previocus question).



© QUESTION #10: P, 111

Comwpare the results produced here
and with the result
event of a LOCA.

with the predicted results , o f.J
$ now being predicted for this plant in the

ANSWER: The pages TI1-7-14 arc¢ data summary sheets for tests 845-851..

; -+ Included arc parameters such as initjal system flow rates,

R © temperaturcs, pressure, pressure drops, powver, and ECC

: S parameters. Final vilues are shown such ag vater remaining,
I : : o val g

v

R time to DNB, decompression complete. Predicted results are

not availeble for every test, and in any case, it is neaning- . o

. S less to compare many of the semiscale pavameters to t he

Indian Poing 2 paramctors, due to the differences discussed

in the answer to -Question B-1.-
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