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In the Matter of Conso11dated Edwson Company of New York Iné;-%A'
‘ Ind1an ‘Point Nuclear Generating Un1t No. 2 ' o T
Docket No 50- 247 : R R
o : S N
Dear Mr. Roisman' o f}“:y;é
Transmntted herew1th are the: responses of the AEC regu]atory staff‘;
- to the ECCS quest1ons you subm1tted on. October 12 1971

‘“Ehclosuke:‘
~As stated T
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cc w/encl: Samue] w Jensch Esqi e
RO A Dr. John C. Geyer L o
Mr. R. B, Briggs - ﬁ'*
R . J. Bruce MacDonald,- E$q
S . Angus Macbeth, Esq. : -
o ~ Honorable w1]1iam Jd. Burke .
Paul S. Shemin, Esq.: %
- Leonard M. Trosten, Esq,
L Algie A, Wells, Esq P
R M, Stan1ey T Rob1nson Jr,
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' L (50% of the core inventory) 1n terms of mass organ1c 1od1des present

ddated October 4 1971 was 1ntended to supp]ement the compar1son of
#%thyro1d dose ca]cu]at1ons uswng an 1nstantaneous p1ateout factor of
:ftwo with: ca]cuTat1ons using a reahst1c9 t1me dependent p]ateout mode]:“f?
‘ iacting in conjunct1on with the spray remova] system. The assumpt1on ’In
fof convers1on of TOA of the tota]‘iod1ne ava11ab1e for re]ease after

_tplateout (25% of the core 1nventony) to organic 1odides 1s exactly :

:equivalent to convers1on of 5% of the iodine re]eased from the core -"““

fThe resu]t of the time- dependent p]ateout ca]cu]ation 1nd1cates a 1ower;ﬁ”
-”dose than obtained us1ng the 1nstantaneous plateout assumpt1on and
';shows that the 1nstantaneous plateout mechanism used in the original

’astaff ca1cu1ations y1e1ds the more conservative (hlgher) dose results.i"ﬂQV

-";other exper1menta1 resu]ts, further conf1rm the conservat1sm of the

':assumpt1ons used by the regu]atorylstaff 1n s1te eva]uat1on calculatwons. f"

to organ1c 1od1des is expected to be higher.E Tab]e 5. 1 of the above o
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(c) The resu1ts reported 1n OﬁNL 4635 1n conjunction w1th many l
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operat1ng conditions for the ECCS wou]d be more demand1ng Conse-

quent]y, the ECCS performance pred1ct1ons for this plant wou]d not be

affected significantly by the minor d1screpanc1es between ca]cu]ated

~and observed pressures reported in IN 1444
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- QUESTION ‘14

* CLAD TEMPERATURE CRITLRIA °

Upon what bas1s was 2300°F set as the max1mum perm1ssvb1e rod temper-‘w

| ature 1eve1 in a LOCA? what w111 occur at 2301 F whwch w111 not occur

'» at 2300°F7

Then2300°F_temperature limitfwas estabjishediin part’tov1imit.

{Jooa1 oladding enbrittiement andfinupart to‘provide-margin for,the.'
“energy re1ease'by metal-water reactions - At temperatures above 2300°F
‘nominal heat transfer may be 1nsuff1c1ent to prevcnt c]ad m01t1ng .

,because of meta]-water energy release

The processes which br1ng about embr1tt1ement of /1rca1oy c1add1ng

dur1ng a postu]ated 1oss of—coo]ant accident are fairly ne]l understood

N - Brittle mater1a1s are characterized by their 1nab111ty to w1th°tand

sudden 1oad1ngs. During-a LOCA the Zirca]oy c]adding on the fue1 is

- subJected to an environment which may cause embr1tt1ement of the meta]

such that the app11ed stresses may reSu]t in c]add1ng fragmentation. |
The cause of the embrwtt]ement s oxygen which reacts with -the 71rcaloy ;"LA
and diffuses into the 1nterior of the c]ad Many exper1ments have |

been performed with Zircaloy c]add1ng 1n a steam or water environment

to study zirconium-oxygen chemlca] reactions and the extent of c]ad

embrwtt]ement Three recent reports have been pub11shed on th1s top1c



' d‘g{?of the ciadding sampies tested reveai three distinct iayers of ciadding
'fff%materiai ZrOz, oxygen stabilized a Zr, and priorF Zr The ]ayers of

':‘ffiamount of oxygen in the c]adding, and that under sTow cooldovn conditions,_iQuw

18/ or more of the totai originai ciad thickness.. This wouid n:orrespond'fT

N < 0

| ””7’1Burst Program conducted by westinghouse showed no c]adding fragmenta-;¢~

;t'ﬁt7l(Moore4, 1970) Figure 1 ‘shows. the PYOPOSEd NGSt’“ghouse area Of Safe
'” ?é'3etoperation with the 16% reaction_iimit and the 18% Hesson "very britt]e
'*x;};;fiimit A]so piotted are points‘caicuiated from Rittenhouse s ORNL work
| ;ftfin which his time at temperature summary points for embritt]eme"t were
“’zu,“fficonverted to a corresponding percent ciad reaction for a PWR fuei P1n 4§’j

’“f‘;"based on. the Baker-dust6 equation for Zr H20 reaction

="*‘-.,:'"iight hand]ing" conditions c]adding fragmentation will not occur ,i'h*xf X

:.:(Hesson], 1970; Meservey , 1970 Graber /1971). Post test metaHographs

:rOZ and d Zr formed are aiways strUCturaiiy weak, Since oxygen pickup

and_ therefore embrittiement is a diffusion controiied process, it is _(iittiti.:?x
ﬁffdepe”de"t on- the temperature reached and on. the time at temperature. -;;f;%é}?

'”j7Graber notes that the iocation of the oxygen is as 1mportant as the totai;'f,

the prior P Zircaloy layer annea]s and is also structura]]y weak.

' Hesson c1a551f1es the c]addinq as very brittle. 1f the" ZrO 1s‘r

to a ZrOz p]us a Zr thickness of. 40% of the ciad The 18% ZrO 1imit

I
was determined under "1ight hand]ing" stress conditions The Rod

! ition upon quenching if the Zr02 thianess was less than 167 of the ciaddin

p P

2

Aithough excessive embrittiement vaiues have been defined under :;V°iﬁ

Sy




;occurs, fragmentat1on w111anot.occur early in the acc1dent ' Moreover.

“}“fMeservey states that: 'uf}grﬂl

”ﬁ,Thvs fact 1s 1mportant to the consequences of c1add1ng fragmentat1on
h because it means that fragmentation is un11ke1y unt11 after the peak |

b‘-{ cladd1ng temperatures have been attained and the cladd1ng is: 1n the

"first few seconds fo]lowing DNB are of such short duration that, un]ess ;13

fa Because fragmentationf annoppbe expected “"ti] oxygen adsorptlon -

S
.

-0 .
-

o "0x1d1zed Z1rca10y material that demonstrates br1tt1e behav1or ey
- at room temperature does not do so at 1800° The br1tt1e-
ductw]e trans1tion for prev1ously embrittled mater1a1 appears ,‘f;”?

- to 11e 1n the range 900 to 1800°F e

coo]down phase of the acc1dent-“ Temperature peaks’ obta1ned durwng the foh{

| lrthe‘y are .as high as about 2600°F they W'”'l probab'l_y not lead’ to enough

| 'embrittlement to cause fragmentation during 1n1t1a1 temperature dec11nesiv;,

t._The ECC coo]down phase of the accident may ]ast for sovera1 minutes | . [h;fj?

| ?;It is dur1ng these re1at1ve1y 1ong cooidowns that most of the 1oca1 B
::metal-water reaction and co]d embrittlement will occur But even

o {f4the 1ongest trans1ents ca]cu]ated to date show 1eSS than ‘0% 10C5‘



C]add1ng fragmentation is a resu]t of stresses app1ied fo1IOW1ng ff T

ﬂﬁtherma] trans1ents wh1ch result 1n c1add1ng embrittlement The magni-i;ffi??f
”f;llf_“tude of embr1ttlement 1s a function of time at temperature and has :

been adequate]y 1nvest1gated for a]] but s]ow cool1ng cases (5°F/sec

‘,"jbﬁ and be]ow) At more rapid coo]1ng rates the pr1or mater1a1 is not f' v

| br1tt1e and fragmentation does not - occur under "11ght hand11ng" streSS‘;f’ihj;

'..'.‘
cond1t1ons un]ess the ZrO2 + a Zr thickness is 40% or more of the

i

P total th1ckness Th1s degree of embr1tt1ement 1s attalned on]y if c]adni s
t

temperatures exceed 2460° | Therefore We- conclude that for typ1ca]

1me temperature trans1ents expected 1n a LOCA a 11mit of 2300°F on .
1add1ng temperature 1s conservative _ _' e | ‘ -
' 2300°F ‘does- not represent a thresho]d above wh1ch sudden changes R
{=foccur 1n phys1ca1 effects ~No. phase changes occur at 2300°F no em— |
brittlement thresho]d 1s reached nor does any step changes 1n energy
:“Ji;tﬂilre1ease occur when the Baker Just equat1on is used to descr1be meta]-:f“
':fwater react1on rates 1n this temperature reg1on, the ca]culated rate dx?..

ff1ncreases on]y 1/2 of 1% from 2300°F to 2301 F
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o quesTIoN 29

,_What are the differences between the Staff caicuiations and
ssumptionszand those contained on p. 6 of the 6/1/71 Report? Aiso
he differences in the transition bbiling correiation (p 24 of the

o) ”Vti?*ref]ooding heat transfer (p 3 ”‘nd discharge coefficient;

_.The FSAR calculation for Indian Point 2 was done according to
JWCAP 7422 L Pages 3 5 of the June 1. 1971 report outiine proposed
anges by Westinghouse to the procedures outiined in 742? L, The

suits:on page 6 of the June 1, i97] report compare ca]cuiations done"

“airding to WCAP 7422 L and those done with the proposed changes
e staff in 1ts interim poiicy statement of June 19 1971 dld not
,accept'the use of an 8 discharge coefficient as proposed but required

’the_use‘of a i 0 coefficient The resuit is that the system biowdown

isfmore rapid and the period of adiabatic heatup is ionger. Aii otheri,

additional exceptions are set forth in the Interim Poiicy Statement i?

PS) and resuit in higher c]ad temperai;ures._;‘vj 4;

yThe new transition boiiing correiation was accepted by. the IPS

2 f’f?except that the f1rst term was changed A comparison of the new with A T
| th" old: first term is shown in Figure 6 2 i on Page 27 of the. June i, _j?qg.?ll'“ .
| .;ffﬂﬁ1971freport_;yffffgpi-lf}}‘?7>ff




”fptions for the ref]ooding ca1cu1at10n are noted 1n Item 7

f- the Commisston s 1nter1m policy statement. The ref]ood heat transfer 5;5;?.

0 elation'used by westinghouse was accepted by the staff



