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AEC STAFF ANSWERS.TO-QUESTIONS

1, 3, 14,' 20, AND 29 CONTAINED, 

IN INTERVENORS INQUIRY OF..OCTOBER 12, 1971 

CONSISTING ,O 39 QUESTIONS 

.- 3 QUEST ONS•'.4- ..  
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j K..0 UESTION 
' 

- 7 

Discussathe Staff ass o U'of the.lodine.released,.'.  

. ,after aOCA wi 11 be, J ,:ofthe'resu treported-in ,ORNL 

4635 (pp.59-61) indicating ,.hgher than expe.ted'amounts of theoirgqn, 
'iodide CH 1.rganic iodine rather ' " 3odide CH3I. Also explainhow ,h use of 5 

than' 10% organ ic,,l odi ne as i c's u e d i n the .5.t a Octobe 4 ette to 
..Richard Cruger produces thigher, radioactive re eases -.to thepub.icif,

the 10% figure is assumed .tobe mre- conservative :than the. 5%-fgure 
Finally generally explain' how -the " s o adioactve' releases 

discussed in ORNL-4635 affect he 'assumptions used in your evaluatins , 

Ut "Y 
, ,.: ,..,. . of, this,plant. . . ., . . -. .. .. " ' " .. ". ,i . . -: . .. ,. -v. ... -; ,, 

4ORNL-4635 Y:; a' 
(a) ORNL-4635 reportsatotal .release"of'oAly 0.189% bf the ailabl 

iodine for the TREAT,.Fuel RodFailure-Experiment, "RF. Ofthis.qUan-,-.  
t"ty, about"7,was organ c 9odides; orabout (0. 013% of the' a vailble .  
inventory.- This should be compared with the conservative AEC 'site 
evaluationcritertaof; 25%. releaserofthe entire-core 'iodine,,.,,, n 

se f 1he ehtIrventory, with .2.5% of the entire, tnventory. nthe f of roanc i.  

Therefore, the AEC assumed total .l3.L .release is more than 100 times 
the observed value and the AEC assumed release ofiorganiciodides is " 

200 times the observed:value. It should .also be. noted.that for very -: 

small iodine -releases, the fractio of. the releasediodine. cn red.  

S .o;., ": . :.  
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":'',,, . to organtc-iodides is expected higher. Table 5.1 of...th above 
' i "reference shows that'the observed!releaseswere only a small fraction 

.:of the calculated gap and void space inventoy..  
"::"~~~~~ A:: s,-. ,( h isusoni e , invetory 

dated The discussion in the ltter from Dr. P A. Morris to Mr. Cruger, ,.  

dated October,4, 1971 was intended:to supplement the comparison of 

9 ' thyroid dose calculations using'an instantaneous plateoutfactor'of, 
two with calculations using'a..realistico time dependent plateout-mo C 

. acting in conjunction with the spray removal system. The assumption 

of conversion of 10% of the total !iodine available for release after 

plateout (25% of the core inventory) to organic iodides is exactly, 

equivalent to conversion of 5% of the lodine released from thec.:core 

, (50% of the core inventory), in' terms of mass organic iodides 'present' 

'The result of the time-dependent-piateout calculation indicates a lower .  

* dose than obtained using the 'instantaneous plateout assumption and 

shows that the instantaneous plateout mechanism used in the original 

staff calculations yields the more cons'ervatlve (higher) dose i'eesults' 

(c) The results reported in .ONL-4635, in conjunction with many 

other experimental: results 'further confirm the conservatism of the 
assumptions used by the regulatory"staff in site evaluation calculations.  

. . . .n .it
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~QUESTION '3 

..Wh at ''f fect do6es -the faIIlr o~RE LAP 13 tb'--re di ct;: re ' rs 

n1,00. psi a of, th0'Wtaymap 3 

~;%;,,n the rel iablity,. of the ECSpredictions, fortspln? owhs" 
r4tis pla 'How "has~v.  

th4 p-rbem, been:,- corrected _ ithe Sta andAppIicant'na1 ZY 

iV.Th reernc~t~joumnt,-(N- 1144 'is cusses ,thecompari son Of-- ' 'y~'t 

~RELAP 8,, odc1lcuat os w~ith 'experi mental reults for ~vess'el l1o-' ' 

-downs*.ovdr the, press-ure range, romi apprcxim~te1 200 psi tppt osPeri c 1 

pressuro e W This "c rdjson.'Jndcaed a,'iaximum ,difference be wen'ct1 
cuaedad obre and+ ,,0 .  -;pressures:.+"0 psi'0pr.jsmllbraks. """a 

;~~1 + " for large brasAY4 MAjraximum pressureidjfference of I P ,, rekL,,., oi 

IAtheL 6 pot~l ated' ,do ubl -ene fal ure of a c ol la, ~ bra)p'A~~ 
6 - 66 d~ O' ' ' ' : arebr 

' t he limitting LOCA 4  the a'_greeme~.f clcul ati on with pe1 ' 

od this wide._ prsuerge is cosdeetStifcoy, 

The cacul'ati-on used., in. .t s.,opr son ass '''' 

'A "*made' as sumin adscharge' 6,~fcin-f T6 e 
scrgco~cn~ -, shall be ass umed,, 

Saeet sates that: taj -d ,h:h'i'fc iiet.lOf1,b 

Ths' assumption:results" in a'§ signficdanht, un erpreditohn of., sytm ;' 4 

ecreaseIn tthnfe r 
an uigbl" owTherefor6, :th6_f uel 'cladi 

'fel rods t~ t & o l- 'tg di.  

teinperatUre-.transient 'calculated lp '-accordance',withteplysteet '4 

~.~4< I Onservativyel y, hihe tha.' woud anti ci pated!, dte sue
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operating conditions for the ECCS would be more demanding. Conse

quently, the ECCS performance predictions for this plant would not be 

affected significantly by the minor discrepancies between calculated 

and observed pressures reported in IN-1444.
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QUESTION 14 

CLAD TEMPERATURE CRITERIA 

Upon what basis was 2300OF set as the maximum permissible rod temper

ature level in a LOCA? What will ocdur at 2301'F which will not occur 

at 2300°F? 

The 2300°F temperature limit'was established in part to limit 

local cladding embrittlement and in part to provide margin for the 

energy release by metal-water reactions. At temperatures above 23009F 

nominal heat transfer may be insufficient to prevent clad meIting 

because of metal-water energy release.  

The processes which bring about embrittlenent of Zircaloy cladding 

during a postulated loss-of-coolant accident are fairly well understood, 

Brittle materials are characterized by their inability to withstand 

sudden loadings, During a LOCA, the Zircaloy cladding on the fuel is 

subjected to an environment which may cause embrittlement of the metal 

such that the applied stresses may result in cladding, fragmentation, 

The cause of the embrittlement is oxygen which reacts with the Zircaloy 

and diffuses, into the interior of tde, clad. Many experiments have 

been performed with Zircaloy cladding in a steam or water environment 

to study zirconium-oxygen chemical: reactions and the extent of clad 

embrittlement. Three recent reports have been published on this topic
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(Hiesson I., 1970; Meservey 2  ;G r,  .... 3e 
S , 1970; raber 1971)., Post-test metallographs "I' 

'of the cladding samples tested reveal three distinct layers 'of cladding.  

material.ZrO2, oxygen stabilized 4 Zr, and priorf Zr. Thelayers of 

. ZrO2 and d Zr formed are always structurally weak. since oxygen pickup 

and, therefore, :embrittlement is:a iffusion controlled processiit is 

dependent on the temperature reached and on the time at temperature..  

i Graber notes that the location of . the oxygen is as important as the total 

amount of oxygen in the cladding,; and that under slow cooldown conditions, 

- the prior P Zircaloy layer anneals and is also structurally weak.  
Hesson classifies the claddingas very brittle if the'-Zr02 is 

,],8% or •more, of the total original'clad thickness., This would corespond:..  
toa . plus Zr thickness of. 40%of the clad. The 18%ZrO l 

.was determi ned -under "light handling" stress conditions. The Rod 

-Burst Program. conducted by Westinghouse showed no cladding fragmenta-

tio6n upon quenching if the ZrO2 thickness was less than 16% of the claddi-ng,,..,.  

(Moore 1970). Figure 1 shows the proposed Westinghouse area of safe..:...  
operation with the .16% reaction: limit and the 18% Hesson "very brittle" 

limit. Also plotted are poins clculated fromRittenhouse's ORNL work 
inwhich his time at temperature surmry points for .mbrit n were .  ! p i s fo -embrittlement w r . . ,: .,..  

converted to a corresponding percqnt. clad reaction for a PWR fuel in pI 

based on-. the Baker-Just6 equation fqr Zr-H 0 reaction.  

Although excessive embrittlement values have. been defined under* 

li. ght handling" conditions, cladding .fragmentation will not occur 

• -". .- ... '".
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during a LOCA unless the stress-emb ittlement combination are- above 

..an as yet undefined val ue." ,.PotentiAl '.causes of, claddi ng stresses,, other ' 

than those caused by the wigoht of th .fuel wh i ch 'could exist, during 

the accident are: thermal isdual9 hy u and bratory fo ces.  

Because fragmentatiocannot be expected Until oxygen adsorption 
ocCurs, fragmentation wil 1 not occur early in 'the accident. Moreover,, 

. M .ts that. .  

MeserveY states that: 

"Oxidized Zircaloy material that demonstrates brittle: behavior

at room temperature does not do so at 18000F. The brittle- 7.  

ductile transition for 'previously embrittled material appears

to lie in the range 900 to 1800'F..  

This fact is important .to the consequences: of. cladding fragmentation 

because it means that fragmentation is unlikely until after the peak 

cladding temperatures have been attained, and the cladding is. in. the 

cooldown phase of the accident..,.Temperature peaks obtained during the 

first few seconds .following DNB are of such short duration that, unless 

they are as high. as about 2600F, they will probably. not lead to enough 

embrittlement to cause fragmentation during initial temperature declines.  

The ECC cooldown phase of the accildent"'may last for several minutes, 

It is during these relatively Tong cooldowns that most of the local 

metal-water reaction and cold embrittlement will occur. But-even 

the longest transients calculated to, date 'show less than 10% local
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reaction which is still below any Ofthe limit lines shown in Figure 

Cladding~fragmentation is a result of stresses applied Jfollowing 
.thermal transients which result. in cladding embrittlement. The magni
tude of embrittlement is a function of time-at-temperature and has 

-.been adequately investigated for all but slow cooling cases (50F/sec, 
and below). At more rapid cooling rates the prior material is not 
brittle and fragmentation does not occur under "light handling" stress, 

conditions unless the ZrO2 + & Zr thickness is 40% or more of the 
total thickness. This degree of embrittlement is attained only if clad 
temperatures exceed 2460 0F. Therefore, we conclude that for. typical 
time-temperature transients expected in a LOCA a limit of 2300'F on 

cladding temperature is conservative.  

2300*F doesnot represent a threshold above which sudden changes 
occur in physical effects. No phase changes occur at 2300F, no em

-,brittlement threshold is reached, nor does any step changes: in energy 
.'release. occur.. When the Baker-Just.equation.isused to describe metal

water reaction rates in this temperture region, the calculated rate 
increases only 1/2 of 1% from 2300. F to 2301F.
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QUESTION 20.  

In -- 'the Staff analysis of rodburs ttests by"supp§e .what in--.  

:adequacies Were found that warranted the conduct "of additional tests., 

by ORNL? 
,. .te b

t s s c n
L were:.  

The tests.conducted bypORN art:of "a prorai in itiated :by 

the AE nteitrs feporing the- prblem of fuel fail ure.,, 
This" ,program was the first of its kind i the tatesnd a, hOn nited S a nd . .. .... s 

represented an effort by the AEC to resolve the unknown questions 
relating to the potential effects of fuel failure during a LOCA.. " 
:ihe reactor.-suppli ers. were encouraged subsequently :to. participate 

inP prgramof.their, own to, implement and supplement-the goverprnent 
,program in order toappreciate and :understand the problem in terms 

rownstud is applicable to ms.  n s.p beto their patcular, reactor t -i< 

.. - . .-. , : " "... . . ... -.,.. ,. :, . ... ::' -... ::; .;.



QUESTION 29 

What are' the differences between, the:Staff calculations-and 

.assumptions and those contained on p. 6 of the 6/1/71 Report? -Also 

the differences in the transition.bb.lling correlation (p.. 24 of the." ' " 

s-ame. Report), . reflooding heat transfer. (p. 33) and d.ischarge coeffi cient 

The- FSAR calculationfor Indian Point 2:was done according to' 

WCAP-7422-L. .Pages 3-5 of the June 1:, 1971 report outline proposed 

changes, byWestinghouse to the procedures outlined, in 7422-L. The.  

results on ,page 6 of the June 1., 1971 rport compare calculations done 

acco rding to. WCAP-7422-L and those done with the proposed.changes.  

T..: ' the staff in its interim policy statement of June 19, 1I71 did not 
accept the use of an .8 discharge coefficient as proposed but required 

.he".useof a 1.0 coefficient. The result is that the system blowdown 

is. .more rapid and the period of adiabatic heatup is longer. All other 

additional exceptions are set forth in the Interim Policy Statement.  

F( Y4IPS) .and result.in higher cl.ad- temperatures.  

The new transition boiling correlation was accepted, by, the IPS 
'except that .the :first: term was changed. A comparison of-the new-.with.  

-..the old first term is shown in Figure 6.2.1 on page 27 of the June 1, 

1971 report.

p



The exceptions fi 

of the" COm ssidn's I 

correlation used by W 

"
q'

or the ,reflooding calculation are noted in It 

nterim policy statement. .. The refloodheat tr 

estlnghouse was accepted by the staff.
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