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WEEKLY UPDATE OF TMI-2 CALCULATIONS, Acril 23-26,1979

M.L.Picklesizer, FBRB 1

Ecand:ng esticates of the damage to the Zircaloy fuel rod cladd ng in the -

-

":-2 core at three hours after the in:::at:on of the acc dent were made

a : n; simp 1.''ied calcu.ations, simp;ify:ng assampt::ns, and a s;; pit fied

scenar:0 of core uncovery T::e-temperature plots were de e:oped for clacd:ng

tatap b3 de:33 heat cr: and b:. deca) reat p;;s ex:dat:;r heat f;r se; era.

T cal assenb::es :n the core as funct: ens of ax:a; and radial power dur:ng

-- : or and of *:ce - f un u cery dar:ng b o. . -o f f. hese p;ots were then

_ * es . mat tax. ; and :n: cur damage as funct:ons of rad:a; anc

ccre prc#iles axixxinxxxxznx to deselop ' max: ur and m:n: ur core2... . a .
r.su!!:ng plots were assembled into a

ca age maps for both transserse and ax:a1 core sect ens. The'handau
?

at the NRC/EPR: TM: Core Lara;e meet:ng :n_ epa red fo r and,d: st r:but ed
,

A;: . 27,1979.A cop) .s attached.It was concluded * hat a;. f;e; rads burst

#c - e:ther max::ur or in::ur damage est: ste, that ne tax::ur extent of

damage resulted in cladding embrittlement to the 6 to 7 foot level frce

Ine top of the core,that significant arounts of oxidation did not occur

any p; ace :n the core below the 7 foot level from the top of the core, and

.at mol ten Zr . Zro eutect:c was formed in sufficient quantity to produce
g

s: gr: fi cant .olume of liquid phase in reaction with the outer parts of thea

C.3 C:, fuel pellet to a depth of 5 to 6 feet over most of the core, but not n
.._

low-power corner bundles en the periphery of the core. The minimum damage~ ~ -

2g[ likely was cladding embrittlement to a depth of 5 feet from the top over
-

a most of the core, with the ).auid phase reaction between fuel and cladding

going only to a depth of four feet and only in the central assembly.The most

probable damage level lies someplace between the two.Since these calculations

were made,new data has been obtained from TMI-2 to develop a better scenario ,

and new calculations will be ta

of core uncovery. A " Memo to File" is being wcitten,
5Gs e 7ME 7 sos 2 e04'75 I _
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?grprse; at * erm to es*ab :st. bound:ng :::*s for the extent and loca : ens,

( cf damaEe.

caused to the ::r:aley fuel elemen- c : a d d : r.e- :r. the f rs:

;nc a ery' of the core d;r:ng the firs: three hours after the acc: den;
sequence started.

a c c. ~ .. . y * . . . . c. a...d a y- o x .' .a *. . ^v . . c. *O d e . e '. v- y r a - k. . 6 a .'. . . .
c4v , . 5 3.; . .; . . . y . 1 . y. . . . ,..3

-

.. y . . . g y.

s e . . *. : c r c wh:cr e a r. be "ad;;sted' *: aprrex:: ate the : : t e *. e m r. e ra t a r e
E : s t : ry o f t h e c' add:n; a* se:e:*ed locat:crs in the ::re fcr var:ous.

' c .enar: a s' of the seq 2ence of esents.
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c : a d f : r.; car. be ca;:u;ated w::E the zathcart-Pawe. rate equa:: ens,
t r. a t :ne cx:dat:en is cre-sided only, and that the ox:dat:an

O
can be calcu;ated by .:near ramps over 100 F increment s usir.;
:.near ra p calculations dese;oped w:th BU'LD-5 code.

the :ddle of the period of calcula:: ense. Assume *'.e de:ay hea :n
.s ;- of the power deseloped at the start of the acc:dert.

oxidat:;n of Z:rca oy by steam stops when :Se molten c(-tr . rC,
9.Assa.e -

rea :s w:th the UO fuel t pr duce a liquid phase at about 3480'F..
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Ca:culat:cnal Results:

. The heat capac :V of UC fuel pellets per inch of fuel rod is
( - BTU / inch of rod / F

2

d H,,C =30.42 x 10u 22. The hea; capac. y of Zircaloy cladding per inch of fuel rod is
-4

d H = 6.24 x 10 BTC/ inch of rod /oF
m

3.The heat capa : y of the fuel rod per inch of rod is
-4

36.ee x 10 STt,:n:h of rod,oFd. H =aro. .

4. ~ne pcwer pref:;e of the fu e '. rod is esIculated by the
.

equa::on
- _ S-

, peaking . actor
, cr - == ax;a2

e3x -,77,,.

a 'O 20.5746 - cos; e* "'- P': ) = ,
-A

.-

C.5746 - 2. G
:M I0.4744 0.5:5f cs=

: G5

T... fat ;re c f un : . erv i - 1 *. : e= t - .me f uncovering '5-
~

=
=a- -

decay heat teat-up only, A T = d e c a:. heat x time incremen- x 0.75#--

hea: cap fue; roc -

1r b:-- decay and ex:dat:or r.ea::ng,#

cx:dat:cr hear if =0.75 d e : a:. heat x ::re :ncrement -

nea: cap fuel roc ' near cap roc

with :: e increment ca;;u;ated for 100 7 tem:erature
'

r:se fcr terperatures above 160C F.

6. Ax; a; pcwer pr f::es are shown .. Figure 2 for Radial peaking<

fact:rs of 1.9,;.6,1.3.1.19, and 0.66,representa::ve values
in the Core.

- :e-temperature curves for the fuel rod cladding are shown in:
Figures 3-7 for rad;al peaking factors frot 1.9 tc 0.66 and
as func : ens of distance - the core from the top as the

core was uncovered.The stra;ght lines are for hearing by
decay hea- only, and the urves lines include heating by stear
cx:dationoof the cladd:ng.

8. Rad:a; and axial core maps of damage to the fuel rod cladding are
showr in rigures 8-11 for maximum and einimum estimated limits.

u onc ,i u s ; ons :-

:. All fuel rods burst, with the elevations of bursting being from
about i foot from the top of the core in the center assembly
to about three feet down for those on low = power corners.

2. Preliminary " guesstimates" of total Zircaloy oxidized is more .

than 25% but probably less than 33%.
3.some of the periphereal bundles only burst, and never reached

te=peratures high enough to oxidize to any significant degree.
4.The minimum amount of damage that could have been sustained with

the scenario used would be that the great =ajcrity of fuel
j assemblies were emrbittled to at least four feet fr dow free

the top of the core,some down to five feet, and twenty assemblies
were burst but not embrittled. -

nEO 11 3
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FIGU:.E 5.1-13 <a

TOTA- COF.E POWER [,i
C0"PAF.: SON OF "E ASUF ED AND Q ALCU'_ATED
DISTF.IEC 10N RESULTS AT STEADY ST/.TE, EQUIL!BRIU.Y XENON f*
92.6 % l P CCNDITIONS y

Measured Calculated
- Control Rod Group Positions

Cps 1-4 100 100 % Vd M
*( 'S$Gp 5 100 100 %

Gp 6 89 07.5 % WC _ '.
Gp 7 89 87.5 % wd '

E' -*"
Gp 8 16

__
18.3 -

ce
t FP92.6

_ ._Core Pcwer Level 92.6 _
1135 Pj _Scr:n Concen -ation 1095

Core Burnup 3? 23.2 EFFD_ 7g
"

A.x i a l I: balance + 0.55 + 0.40 tlF_ g.-;
Max Quadrant Tilt - 0.10 - I % 45

Zh
Ti=e 1 N. o_ Date 1/2c/75

8 9 10 11 12 13 14 15 .,

1.65 1.75 1.47 1.66 1.45 1.64 1.82 1.32 .

B 1.90 1.74 1.49 1.61 1.27 1.61 1.64 1.19 :
.

~
'

1.50 1.67 1. 4 !. 1.64 1.43 1.53 1.22 '

1.53 1.63 1.41 1.47 1.30 1.40 1.13 iK
7

I1.44 1.64 1.39 1.55 1.57 0.99
L 1.49 1.51 1.24 1.35 1.49 0.69

_

1.38 1.50 1.22 1.27 q.,
3 1.36. 1.32 1.11 1.14 *t

b.

[1.17 1.16 0.82
A' N 1.16 1.07 0.65 4:

.

_

_

_ _ . _
- g..

'*0.85
O 0.66

.
'

P .

.j

&.
g
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c
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g;.

X.XX Calculated Results [f / h.,
X.XX Measured Results g
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