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

M.L.Picklesimer, FBRE /// L%//?f

Bounding estimates of the damage to the Zircaloy fuel rod cladding in the
THMI-2 core at three hours after the initiation of the accident were made

ssing simplified calculations, simplifying assumptions, and 2 simplefied

scenaric of core uncovery. Timee-temperature plots were developed for cladding
neatup by decay heat only and by decay heat plus oxidation heat for several
svpical assesblies in the core as functions of axial and radial power during
meratior and of time of uncovery during boile-off. These plots were then

¢2 to estimate max.mum and minimum damage as functions of radial and

ax.:a. core profiles axsxaisxazzamns to develop 'maximum and minimum core
r.sulting plots were assembled into a
damage maps for both transverse and axial core sections..The handout
!

prepared for anddistributed at the NRC/EPRI TMI Core Damage meeting on

R N 4
Anril &7 burst

w

1979.A copy is attached.lt was concluded that all fuel rod

»

for either maximum or minimum Jamage estimate, that the maximum extent of
damage resulted in cladding embrittlement to the 6 to 7 foot level from
tre top of the core,that significant amounts of oxidation did not occur
any place in the core below the 7 foot level from the top of the core, and

+ .at molten Zr + ZrQ, eutectic was formed in sufficient quantity to produce

a s:gn:ficant volume of ligquid phase in reaction with the outer parts of the

<D Uc, fuel pellet to a depth of § to 6 feet over most of the core, but not in

o low=-power corner bundles on the periphery of the core. The minimum damage
L;; likely was cladding embritilement to a depth of § feet from the top over
\_\‘J

most of the core, with the 1.auid phase reaction between fuel and cladcing
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

en, and new calculations will

7906260475 1 F

of core uncovery. A "Memo to File" is being wmtt

Rotsmanm 7778



BUUNDING ESTIWATES OF THE DAMAGE TO ZIRCALOY

FUEL ROD CLADDING IN THE TVI«Z CORE AT THREE

ROUBS APTER THE STARY OF THE ACTIDENT
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Purpose: attemp. to establish bounding l:mits for the extent and locations
of damage caused to the Zircaloy fuel element claddin; in the first
“uncovery" of the core during the first three hours after the accident
seguence started.

—

Method : us® simplifying assumpiions and approximatio.s to develop graphical
solustions which Jan be "adjusted’ to approximate the time-temperature
history of the cladding at selected locations in the core for various

“scenarios” of the seguence of events.
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7. Assume thas the he.t generated by stear oxidation of the Zircaloy
| cladding can be calculated with the Cathcart-Pawe. rate eguations,
I that the ox:dation 1s one-sided only, and that the oxidation
. can be calculated by linear ramps over 100 F increments,using

- linear ramp calculations developed with BUILD-5 code.

B.Assume *he decay heat in the middle of the period of calculations
18 of the power developed at the start of the accident.

of the zore is the same a& tnas

™90

| 2.Assure oxidation of Zircaloy by steam stops when the moltcnc(rZr - 2502
reacts with the U0, fuel to produce a liquid phase at about 3480°F.




Calculational Results:
1. The hea: capacity of UC, fuel pellets per inch of fuel rod is

4 H,, =30.42 x 1074 BTU/inch of rod/°F
2. The hear capac?ty of Zircaloy cladding per inch of fuel rod is

8 H-, = €.24 x 107 BTU/inch of rod/°F
3.7he hea: capec:ty of the fuel rod per inch of rod is
A o = 36.68 x 107" BTU/inch of rod/°F
4. The power profile of the fuel rod 1s calculated by the
eguation
p o B-1
max B - 2/7%

Piz) «S5T46 « Cosi™e _T
7 -~

== axial peaking factor

s 0.4744 + 0.825¢ cos 1M 2 )
74
€. Tixi o= T .. (at time of uncovery) =« dTitimes t - time of uncovering!
for decay heat heat-up only, j T= decay heat x time increment x 0.7%
heat cap fue. rod -

AT =0.7% decay heat x time incremem: - ox:idation heat )
heat cap fuel roc hea: cap rod

s increment calcuiated for0 00°F temperature

rise for temperatures above 1600

e

(s 1}
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power profiles are shown in Figure 2 for Radia. peaking
ors of 1.9,1.6,1,3,1.19, and 0.6€,representative values
in the core,
T.Time-temperature curves for the fuel rod cladding are shown 1in
F.gures 3-7 for radial peaking factors from 1.9 to 0.6¢ and
as functions of distance : - the core from the top as the
core was uncovered.The straight lines are for heating by
decay hea* only, and the urves lines include heating by steam
oxidationnof the cladding.
8.Rad:al and axial core maps of damage to the fuel rod cladding are
shown in Figures 8-11 for maximur and minimum estimated limits.

Lonciusions:

1. All fuel rods burst, with the elevations of bursting being from
about 1 foot from the top of the core ir the center assembly
to abou: three feet down for those on low=power corners.

2. Preliminary "guesstimates” of total Zircaloy oxidized is more .
than 25% but probabiy less than 33%.

1.Some of the periphereal bundles nnly burst, anc never reached
temperatures 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 pgreat majority of fuel
assemblies were emrbittled to at least four feet £x down From
the top of the core,some down to five feet, and twenty assemblies

were burst but not embrittled.
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FIGUSE 5.1-13
COMPARISON OF MIASUFLL AND CALCULATED TOTA. CORE POWLR
DISTRIELS 10N KESULTS AT STEADY $7.TL, EQUILIBRIUN XENCA
92.6 A PP CONDITIONS

Measured Calculated
Control Rod Group Positions
Cps 1-4 100 100 1 wd
Gp S 100 100 ¥ wd
Gp 6 BS 37.5 ¥ owd
Gp 7 8% 87.5 | wc
Gp 8 16 18. 3 wa
Core Power Level 92.6 92.6 A FP
Boron Concentration T3109s__ | 1135 PPN
Core Burnup 32 23.2 __EFPD
Axial Indalance __+ 0.55 + 0.40 \_FP__
Max Quadrant Tilt - 0.10 - W
Time _ 1048 Date 1/20/7%
8 9 10 11 12 13 14 15
Y SR T Y T ]
8 1.68 11.75] 1.a7 1.8 2.45{2.68 [ 1.8211.32
1.9011.74]1.49}1.62]1.27 j1.61 |1.64 |1.19
X 1.50 1. 67 ]1.644 ] 2.66 2.43}1.53 |1.22
1.53]11.63}1.61 711.30 }1.40 11.13
L 1.46 }1.66]1.39 |1.55 |1.57 |0.99
1.49 [ 1.51 ] 1.26 ]1.35 |1.49 J0.69
u 1.381.50 }1.22 |1.27
1.36 11.32 11.31 |1.14
. ' 1.17 |1.16 |o.82
1.16 |1.07 {0.65
-—--—-—1 o —— e . — i — —— O
0.85
" 0.66
———— e el S————— —
P
B
X. XX Calculated Results F,/ /
X.XX jeasured Results
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