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Behavior of zircaloy cladding under a postulated
loss—of-~coolant accident condition.
—wmwme A report of the working group on review of the behavior

of fuel cladding under a loss-of-coclant accident —-———-

Werking group on review of the behavicr of fuel cladding under
& loss-of-coolant accident, JAERI

{Received August 8, 1977)

This report is a review of studies on the behavior of zircalocy
gladdiﬁg under a postulated loss-of-coolant accident condition.

Experimental deta of gircaloy-steam reaction rate, embrittlement
of & steam~cxidized zircaloy and cladding deformafion are summarized.
Sensitivity studies of vafious parameters on LOCA analysis by a

computer code are presented.

Keywords: LWR, LOCA, Steam, Zircaloy, Fuel Can Oxidation

Embrittlement, Swelling, Radistion Effect, Computer Code
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Fig. 4-10 Specimen ductility as a function of deformation temperature
and fraction of as-oxidized wall thickness (Fy) consisting
of transformed B phase for the low-strain-rate tests.
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Table 5.1 Results of sensitivity studies by SCORCH-B2

clad temperature

input variable for input clad temperature
sensitivity study value at 100 sec (°C) |at 150 sec (°C)
results of
standard run - 954.1 - 1138.3 -
gap conductance before 500 1192.2  +238.1 melted -
cladding deformation 750 1008.3  + 54.2|1243.5  +105.2
standard run input 1500 913.5 - 40.6|1069.2° - 69.1
value (§.V. for short)i  ,q94 886.7 - 67.4(1041.3 - 97.0
=1000 Btu/ftZ+hr-°F
gap conductance after 25 944 .4 - 9.7|1067.4 - 70.9
cladding deformation
(§.V.=50Btu/ft2-hr-°F) 100 962.7  + 8.6[1173.0  + 34.7
heat distribution within|flat dis-
assembly (8.V.»Fig. 5.2)[tribution 986.4 +32.3)1189.8 +351.5
multiplier for Shure's
equation (5.V.=1.2) 1.0 890.9 - 63.2|1007.5 -130.8
cladding deformation 800 935.2 - 18.9(1133.2 - 3.1
temperature ' 1000 954.6  + 0.5(1162.6  + 24.3
(5.V.=900°C) 1100 F954,6 + 0.5(1162.8 + 24.5
{(no deformation) ——= 99995 954.6 + 0.5:1105.4 - 32.9
relative cladding 1.0 945.8 - 8.3]1105.3 - 33.0
radius after deformation
(5.V.=1.2) 1.1 550.1 - 4.0(1121.3 - 17.0
multiplier for B & J ingide 0.25
eq. (8.Vs.=1.0, 1.0) outeide 1.0 938.1 - 16.0)1089.2 - 49.1
initial oxide thickness 10 928.8 - 25.3(1091.1 = - 47.2
(§.V.=0u) 100 925.6 - 28.511061.7 - 76.6

Table 5.2 Input.variables and their ranges in MOXY-
analysis (Ref.3)

EM uncertainty

input variable

core spray initiation time (sec)

cladding rupture temperature {(°F)

time added to Yamanouchi Eq. (sec)

steady-state gap conductance

(Btu/ftZehr"T)

reflooding time (sec)

spray cooling heat transfer coefficients 3.0

(Btu/ft2-hr+°F)

variable range |number
: ' of levels
35.0 ~ 45.0
1200 ~ 2000 4
0.0 ~ 60.0
690 ~ 2060 4
114 ~ 174 6
v 6.2 4

— 81
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Table 5.3 Results of sensitivity studies about fuel rod internal

pPressure

\\\\“*\\\\\ﬁw internal t=30sec t=150sec

' pressure p./ps. | TAte to py/ps. | T2te to
assumption 17710 | gtandard | *1'"1° | standard
Standard run 0.75 - 0.80 -
(1) ATpp=0 0.75 A 0.79 -1%
(2) ATpp=50 during t=0 0.81 +8% 0.86 +8%
(3) ap=ac=0 0.82 +97 0.87 +9%
(4) vg=0 0.70 =77 0.70 ~13%
(5) ATp1=0, ap=ac=0 and Vg=0 0.73 -3% 0.73 -9Z

Y

Zp

"

Fig.5-16 Volume Calculation Model
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' {cf.: D-783)

REFERENCE:D-783, WAPD-TM-652, p35(1970)

U0, :(® BURDICK & F’ARKER("UO 2", US AEC p193, 1961)
Q=4.2962 x10°x T +8.4217 x 10 (2?~1260°C)
UO, @ CONWAY 8 FINGEL (ANS VOL.6 NO.! p.153,1963)

a=57996x{0°x T+6. 7991 x 10 °° (1000—-2250°C) ( T:°C)

U0z ‘@ GE / Reactor Design Report
Q=58x10%T+ 58x10° (T:°C)
U0+ ThO,*® KEMPTER & ELLIOT (J.Chem. Phys. 30 3 1524 1959)
Q=26568x10% T+ 88132 x10°°(T:°C)

ThO,:® OHNYSTY & ROSE (J.Am.Ceram. Soc 47 p398, 1964 ) *

Q=2.2356 x {0°x T+ 8.17574 x10° ( T: %)

s and WAPD-TM-618 Add. I B! (402)

U0z :@ WAPD-TM - ?57 Pi7 (403)
Q=8.25x10%+4.42 x 10°% T (°C)

PSP RS R R NS N T N NN NN TR NN SN SOUON AN SN TR SR T NN S N N

500 1000 1500 2000 2500 3000
TEMPERATURE (°C)

Fig.5-17 Thermal Expansion Coefficient of UO,

and ThO, ¥
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VESSEL SATURATION TEMPERATURE (OF)

PRESSURE (psis or paid)
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-4 1600
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Fig, 5-22 Sample LOCA Calculation?)
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