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2.0 MODIFICATIONS TO MODEL ZIRLO™ FUEL CLADDING

¢

Several of the ZIRLLO ~ physical and mechanical properties are similar to those of

Zircaloy-4, when the two cladding materials are in the same metallurgical phase

However, the }‘?..1~’ changes occur at different !;hlp;:.ﬂuh s for the two allovs.

Iting in different clad specific heat, clad creep, and burst behavior

¢Sl

I'he 19llowing updates are necessary to model the use of ZIRLLO ~ cladding in the

WCOBRA/TRAC code. As stated above, these updates were implemented with
msideration 1or the 1DpPropri l mode| prions reguired 1« P rform Nominal,
Superbounde l ar ,‘ .\“,‘}h \i“ fs | \(\"« Nns z"i .A,‘xs"' HNCIL ; "3{1“"\' ind
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oY * e
2.1 ZIRLO " Specific Heat
:‘1- ': 8 1O-IX i \".! na na \ il | ‘il On u ‘;‘I’H \('\\ 111¢
14 Ihe pha chai in ZIRLO ladd material occur at different
eratu than for the Zircaloy-4 cladding material. Models for the specific hea
velog in Ret ), Sutl tion 10-4-3, as a tunction of temperature o1
¢ t 11 ] i LITC i i \ 1 of th Spectll heat
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ZIRLO™ High Temperature Creep

{

Y k':' "L‘L‘mi .‘\,!\L‘U on

onstant temperature tests for the alpha, mixed, and beta
ts and t rifica 1 0of the creep model for th nstant
int pr re conditions of the tests are given in Refer 6
ipplying the creep model in the LOCA analysis, the model
to allow for varying cladding temperatures and pressure
ieral | creep model used in LOCA analysis evaluation
in Referer 6. Subsection 5.2.1 Ihis creep model wa

Ing modaei opiio fhis | i emperature rec mod wd
{

N KEeIererx

emperature

10 he burst and blo KAt [ lels which the USNRC has

1t} \ppend K Evaluatior Viodels fo pressurized water
1 14 ) ¢ t t } /11 \ . .
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Single rod burst tests for ZIRLO ~ cladding were performed by Westinghouse
following the methodology of NUREG-0630. A model was developed to represent

the rupture behavior phenomena in the small break LLOCA analyses

| ** Details of the burst tests and the development of the burst
temperature are given in Reference 6, Appendix D. Figure 2 contains a plot of the
burst temperature curve as a function of the engineering hoop stress for both

ZIRLO ™ and zircaloy. The points used in the analysis are taken from this curve
and listed in Table 2
I'his burst temperature correlation was incorporated into the WCOBRA/TRAC large

break LOCA evaluation model as part of the ZIRLO ™ cladding model option

I'his model was implemented in the code in the same fashion as reported in
Reference 6, which was previously approved in Reference

2.4 ZIRLO™ Circumferential Strain Following Burst

'he maximum circumferential strains at the burst elevation were measured in the
ZIRLO™ single rod burst tests. A conservative upper bound curve was developed
to generate a correlation of burst strain as a function of burst temperature, which
was consistent with the NUREG-0630"" correlation for Zircaloy. This conservative

curve was previously reported in Reference 6, and approved in Reference 7
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[he ZIRLO * burst strain correlation is shown in Figure 3, along with the Zircaloy
burst strain correlation, with i1s dependent on the heatup rate. The points for this
curve are listed in Table 3 'his burst strain correlation for ZIRLO ™ was

incorporated into the WCOBRA/TRAC large break LOCA evaluation model as part

of the ZIRLO ™ cladding model option

2.5 ZIRLO ™ Assembly Blockage

'he resulting model 1s shown in Figure 4, which contains a comparison of
ZIRLO™ *, and zircaloy,

'he points used for the curve are tabulated 1n
'able 3. This blockage model was implemented in the WCOBRA/TRAC large

break LOCA evaluation model as part of the ZIRI O cladding model option
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This model was implemented in the code in the same fashion as reported in
|

Reference 6. which was previously approved in Reference
P |

2.6 ZIRLO™ Metal-Water Reaction

\ High temperature oxidation tests were performed to determine the reaction rate for
the ZIRLO™ cladding material. Although a best estimate metal-water reaction rate
correlation was developed from the test data''’, the WCOBRA/TRAC large break
LOCA evaluation model will use the | 1*¢ for the metal-water
reaction for the Appendix K LOCA analyses for both ZIRLO ™ and Zircaloy-4

A

'he metal-water reaction rate for the Superbounded LOCA analysis with the
ZIRLO " cladding, however, will be modeled as described in Reference 11l

including uncertainties

These metal-water reaction rate equations, both for the Appendix K analyses and
( |

the Superbounded analyses, were incorporated into the WCOBRA/TRAC large

break LOCA evaluation model as part of the ZIRLO ™ cladding model option
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3.0 WCOBRA/TRAC ZIRLO™ INPUT OPTIONS
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4.0 VERIFICATION

I'he updates necessary to add the option of ZIRLO ~ cladding must be verified
I'hese updates include adding option flags to choose either Zircaloy-4 cladding or

ZIRLO

that are focused upon in the verification are burst lL‘[I\i“.,'I.HHH‘ VEISuUsS enginecring

v

cladding, and also the physical properties of the ZIRLO  alloy. The areas

i 1 | 1 1
100D SIress, high temperature creep, fow blockage burst strain SpecCItic heat, and

4.1 Verification of Burst Temperature vs. Hoop Stress

. § : 13 DD A T'D A ¢ 4 i . . }
L rcanol performed using WCOBRA/TRAC to determine when the
|
| uld | From t} it of th the burst occured at
{ (eIt 11 it iim 1 ina train rg iches
4 ’y ]
i1 { t U itall DI 01 the bul (rain v {1HME
| 3 | | ] | ‘A
1ol outou i th rin N Vil that th | percent stramn iimit i reacing 1 at
!
T1C3S
1 ) i |
\ 1 s 1 (! transient, however, the stress in the rod 1s nearly
. | | ]
, hat to hurst tt od (s¢ l'abl
. vt v vt t} v y YO .
Figure 6 corntain a piot of the engineering NO« i“x!lx,
the burst temperature from the run at three points in time prior to burst. The

rve of the ZIR1L.O  engineering hoop stress versus the burst temperature 18 also

1 . i i . . . i - | i ' . 1 . >\ { o } h !
}"11'f:\‘.'z on the same set ol axes } rom the ;“o\!'\xf.\‘: points, 1t 1s evident that the rod
ould has Durs t Or bed £ ond i 1 scussed abovi
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4.2 Verification of High Temperature Creep Model

Details of the creep tests and the verification of the creep model for the constant
temperature and constant pressure conditions of the tests are given in Reference 9,
Appendix ( Confirmation that the previously verified high temperature creep

model was incorporated in the same manner as in Reference 9 was performed

4.3 Verification of Flow Blockage Model

i - ¢} . .

I 'he tput frot 1 ification run performed above also used to venty the

DIOCKA dat \{ I § mpet ture « the oy "‘\Li from

the output |

| ™ - } 3 i 4
} | | at { D W Irdiul { 4 11 Di Ka O1

[ ¥ th value iputed 1n i

\‘\' ')t‘f 5 :}. A\ { ! 1§ v | Ahd § (] |

4.4 Verification of Burst Strain Model

) tput from tl fication 1 perfor i We | 5 used to verity the

f n NUREG-0630 he burst strain | From a linear

4 "1 )

interpolation on 1at y, the burst temperat t &4 bur train ot
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3 ]
irst stra versus burst temperature data 18 being used
| A ) 1 ( " 1o rrmined ' ' han th |
OITx \]' ;? :}! \{ ;': (-0OSU r”u s Strain ael AN ) =i ] I\rnlk] Lic \[”!L,‘ll
1 ]
train based on 14x14 OFA fuel rod pitch, ti

burst strain 1s s Ihus

urst strain model 1S being properiy
ipplied, and 1s verified to b rrect
Tl iT 19 : 2 3 ‘

4.5 Verification of Specific Heat Data

1 | to verify that the data for ti *Cli1 f ZIRLO was being used
femporary printo tatements wer n ted 11 tl W( (,!;'? ‘\”‘l[" X od h‘ ¢
printouts p led the values of the temperatur es specific heat curve being
] ) culation I['h ues in ti tput were verified to be 1dentical

\ i ¢ Refer ) for ZIRLO the specific heat model 1

4.6 Verification of Metal-Water Reaction Model
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50 CONCLUSIONS

'he differences between ZIRLO ™ and Zircaloy-4 behavior under the high

1

temperature conditions typical of a loss-of-coolant accident (LOCA) have been

studied 1n a series of test programs. Revised cladding models have been developed

RLO " specific heat, high-temperature creep, burst temperature,

to describe the 7

burst strain, assembly blockage, and metal-water reaction rates. These models have

been incorporated into the WCOBRA/TRAC large break LOCA evaluation model
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Table 2

Points Used in ZIRLO ™ Burst Temperature Curve
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Table 3

Points used in ZIRLO™ Burst Strain and Assembly Blockage Curves

- a,C
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l'able 4

Parameters of the WCOBRA/TRAC

Metal-Water Reaction and High Temperature Creep Models
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Figure |
Comparison of ZIRLO™ and Zircaloy-4 Specific Heat

1 4,0
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Figure 2

Burst Temperature in ZIRLO™ and Zircaloy-4

Appendix K Evaluation Models
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Figure 3

Burst Strain in ZIRLO™ and Zircaloy-4

Appendix K Evaluation Models
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Figure 4

Assembly Blockage in ZIRLO™ and Zircaloy-4
Appendix K Evaluation Models
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Figure 5

Test Run Burst Strain vs. Time Curve
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Figure 6

Test Run Hoop Stress vs. Burst Temperature Curve

25
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