FILE No.371 07,14 *00 08:40  ID:SNL ORG.6406-6421

FAx:505 844 8719 PAGE 1, 9
‘Post-it* Fax Note 7671 |Dae I&S&s’ Q
To Yason S'Chﬁpmw o mep /Q’
Co./Dept. N o M
Phone # Phone #
Fax$ Fax#
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Fuel and Canister Dimensions elabideininindslabdubeirin

0410
To_clad = 6.135mm Fyel °5

-in

T clad = 5.322mm can_perimeter := 4-5.215-in

asscmbly_length = 4.1m Algagigrer = 0.12-in
Fuel Properties rerzrvreseves .
joule
k Cpuos = 370-—
pzei= 6500—2 Puo2 oK

m

Puvs = 0.9540.95--—533
<m

P02 = 5-6"&3

cm
MWy, = 91.2;% MWy, = 28-%

MWy02 = 123.2: L2
mol

MWy = 3222
mol

Fuel Assembly Properties ™"
2 2
masse(yq = 641:-(r°_¢|,d ~ Fi_clud )-assembly_lcngmpz,
MasSegniser ©= asscmbly _length-can_perimeter- Aleanicrer Pzr
massge = 62-7- rmzta'ssembly_lcngth- Puoz
MasSeanister = 43.039kg

massg,g = 49.91 kg

massgq = 225442 kg
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Enthalpy (Internal Energy) of Zircaloy, U0, and ZrO;
Properties from MATPRO

U0, Internal Energy "™

’ 5 Joule
K, = 296.7.K"' 8 = 535.285-K AHy oz = 2.74-10 AT
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o -2 -2 p= 157710 — ioule
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mol
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Zircaloy Oxide Internal Energy ™ e -

H(T = \:

._;

K

joule
= - 1.46: l() H
HaD: [ ( ) * 3°°jl ke

HzoxT) =

Hz0:TY
o doule

”_a,(T) =

Hy(T) ==

Hy(T) =

joule
171.7- 1) + 0.1082~(T) +2.86810° + Hm)] 1
i K K ke

.
2 ol
171.7-(-?2) + o.1osz-(11<) +3.88810° + Hm]--’ﬂ—e

ms.o-(T) +139.10° + um] joule
A K

kg

kg

Hy(T) if [(T>273.0K) A (T < 1478.0K)]
Hy(T) if ((T > 1478.01K} A (T < 2000.0K)]
Ha(T) if [(T 2 2000.0K) A (T < 2558.0K))
Hy(T) if [(T 2 2558.0K) A (T <2973.0K)]
He(T) if [(T = 2973.01K) A (T < 4100.0K)]

joule
kg

0.0
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Enthalpy of Zr ™" T anwe - — yiat

(26- 0y. 105 424¢

g
T = —-—-—-——.(T - 300K)
Hzr(T) = = TT00 - 300K
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(6.75 - 3.5)-105%‘2‘3
Hary(T) = £ (T - 1250K) + Har,(1250K)

(2100 - 1250)K

(9.25 — 6.75)-10° 522
kg
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Hzry(T) = (T - 2100K) + Hzr;(2100K)

356 —":‘le
Hazx(T) = Hzzy(2200K) + -——K—g—-(r - 2200K)

Hp(T) = |Han(T) if [(T 2300K) A (T < 1100K)]
Hzrs(T) if [(T 2 1100K) A (T < 1250K)]
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Hzr(T) if [(T 2 2100K) A (T < 2200K))
Harg(T) if ((T 2 2200K))
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Nitrogen Enthalpy™* """ b = “ p—

_ T 1 S (TY o (TY 3 cal CRC
Hpo(T) = [6.7624-3-(0.606'10 )(-[Z) +-3--(0.13-10 )(E) -2.044-10 -n;i Handbook

- 3T s (T 7(K o] joule MELCOR
HHN(T) = [1.117-10 (K) —2.880-10 -ln(K) - 5.348-10 (T) + 1.506'10]- " MWy Properties

40 T T 1

Ha(M 300
keal
ol
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Whole Core Propertias s~ i rimitmniymmeanm w *

580-massg),g = 2.895 x 10*ke Mass of cladding in 580-element core

580-masseiag 3 Volume of cladding Zr in 580-element core
——ee = 4,454 W

Pzr

580-masscapister = 2.496 X 10°kg Mass of canister in 580-element core

580-masScapnistier _ 384 m’ Volume of eanister Zr in 580-element core
Pur
(massmism + masschd).sso =5391x 10°kg Mass of Total Zr in 580-element core
MaSScanister + MASSclag): 580
[(massessine cug)-580] =8.29%m’ Volume of Total Zr in 580-element core
Pz
Calculate the Energy From Oxidizing a Single Fuel Asgembly TreTrrTTITTTTTRTRmm———— -
foxy = 0.36 Fraction of available 2r which becomes oxidized.
AHg,y = 1.2065-107-£El—° Heat of reaction for Zr in Oxygen AH,,, = 2.882x 10° cal
kg hd gm
Ecndi= foxyM88SctsaAHoxy  Ecanister = fory MSScanisterBHoxy M = 10%joule

Gl= lOg-jou]e
KW = 1000-watt

EO*‘Y = Eqlag + Eennistet
Ecjaqg= 21 6.78 M)
Econisier = 186.935MJ

Eoxy = 0.404GJ

«
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Analysis of Burning a fraction of the Zr available

2r+ 0y => ZrO,

massze = (1 = fony)- (MESScunisier + M25Sc1s0) Mass of Zr remaining after oxidation of f, fraction
I £ mass yg + MBS3canisier Total moles of Zr in a fuel assembly participating in
molesy, = ; . .
me e MWz, oxidation. Air Composition
21% Oxygen
o ai
molesy, = 366.904 mol 79% Nitrogen
= mol Moles of oxygen consumed in buring fox,
molespy = moleszr fraction of the available Zr metal.
molesyy = E-mol:soz Moles of nitrogen associated with the air- buming of foyy
21 fraction of the available Zr metal.
MWz, -
massz, 02 = foxy (massd,d + mmcm)- MW, fhfaa:tiso?\f torgrz r;ogr;:}ed after oxidizing the
r

Eq(T) = (masszeox Hzop(T) + masszy Hz{T) + masssuer Huoa(T) + molesyy Hya(T))

Eqeasipie(T) = massz0p Hz0T) + massgey Hyoa(T) + messyy Hz{T)

T := 1500K, 1510K... 4000K

foxy ™ 0.36 :

The graph to the feft shows the
partitioning of energy from the
1000 T T T T oxidatian of a fraction of the Zr

: in a fuel assembly. The energy

produced by oxidation, Eoxy is

800 partitioned between the fuel
Eromi(T) assembly debris and an
M amount of nitrogen assaciated
_ 600 with the oxygen in the air. The
Eaennipid T) red curve shows tha totat
MJ energy of debris and nitrogen,
Eory 400 and the blue curve shows the
M sensible heat retained in the

debris alone. The difference in
the red and blue curve is an

estimate of the plume energy,
since this is the energy content

9 1 | L N of the nitrogen.
500 2000 2500 3000 3500 4000

200
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in the above energy partition, | have assumed that the fuel assembly will slump after exceeding 2500[< in
bulk temperature. After slumping, the geometry is assumed to alter so that continued exposure to glr is
precluded. The energy required to cause this slumping is attained after reaching about 33% oxidation of the
available Zr metal, including the channel boxes (BWR fuel). The plume energy would be the energy
transported by the nitrogen portion of the air which was involved in the oxidation reactions.

Plume_Energy := molesny Ha(2500K) These values are on a per assembly basis.
Plume_Energy = 100.707 M.l

If we assume that the  Bum_Duration := 30min then the power to the plume can be estimated as....

Plume_Encrgy

Plumec_Power := Plumc_Power = $5.948KW  per assembly

Burmn_Duration

If an entire core of assemblies is involved, the numbers are multiplied by the number of asemblies. However
another way to express the results might be in a fraction of the chemical energy that goes 10 the plume.

ony - Esensibla(zsoox)

Plume_fraction =
Eoxy

So, in summary, we expect that a fraction of each fuel assembly would be involved in air oxidation, that
fraction limited by the degradation of the assembly after surpassing 2500K. That fraction is equal to

fory = 0.36

And, of this fraction of the Zr producing chemical energy, the amount geing into the plume is estimated to be:
Plume_fraction = 0.252

A final note is that | have assumed that the heat is strictly partitioned between fuel, clad, canister, the oxide

reaction products and the nitrogen. Heat losses could atiow a bit more oxidation energy to be liberated before
resulting in fuel slumping, so an additional factor might be included to account for this.

A highly conservative assumption would be to assume that the sensible heat associated with 2500K is
retained in the fuel debris, but that the entire amount of Zircaloy in the assembly is oxidized. In this case....

Emaxgyy = (massclad + masscnnistcr)'Achy

Emaxgyy = 1.121G)

MWz.02

Egevrist 1) = {(mmclad + massuni‘si:r)' MW HZrOZ(T)] + massg,.; Huox(T)
ir

Egetrisl 2500K) = 0.353 GJ
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In this conservative case, the oxidized fraction is assumed to be 100% and the fraction of the oxidation
energy going into the plume is

EmaXgyy — Egetris(2300K) . Plume fraction of oxidation energy under highly conservative
T = 0.685 assumptions.
X oxy

Executive Sumemary ™ o *are v

We would expect that the fuel assemblies will collapse by overheating at about 2500K which we would
expect o happen after attaining something on the order of 33% oxidation of the available zircaloy. On the
basis of an entire core of 580 BWR assembiies, this amounts to

Total Energy = f,,,-580-Emaxey, = 234 Gl

Sensible Heat in Debris = 580.E, ., (2500K) = 175G]  mixture of Zr, oxidized ZrO, and U0,

Plume ENergy = sgo. (£, Emaxesy ~ Exensible(2500K)) = S9G!

where, foxy = 0.36

An estimate of an upper bound would be to assume 100% oxidation of the available zircaloy with

retention of sensible heat in the debris material. In this case, the energy associated with oxidizing an
entire core of asemblies would partiton as follows:

Total Energy = 580- EMaXyy, = 650 GJ

Sensible Heat in Debris = $80-E gopq( 2500K) = 205 GJ fully oxidized ZrO; and UO,

Plume Energy = 580, (Emaxyyy — Eacbris(2500K)) = 445 GJ

It should be pointed out that the upper bound requires considerably more air to remove heat than
participates in the oxidation, it is doubtful that such effective drafting could be realized.



