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An Application of INFRA Code System
for the Performance Evaluation of Dry Process Fuel
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Abstract

In order to evaluate the performance of dry process fuel loaded into the
pressurized water reactor (PWR), we have modified INFRA, an high burnup fuel
performance code system developed independently by Korea Atomic Energy
Research Institute (KAERI), with thermal and mechanical performance models of
dry process fuel. Hence, the inpile behavior of dry process fuel will be estimated
in the PWR with this code system. This paper deals with thermal
characteristics of UO2 and dry process fuels by the computational results
obtained from the modified INFRA code with various thermal and mechanical
models of the dry process fuel. The results will be utilized to provide basic data
for the dry process fuel performance and to construct the dry process fuel
performance code system with new thermal and mechanical models of dry
process fuel for the future nuclear systems such as the generation IV reactor
systems.



A&EARD AR Wy A& v YA F8F 9t dA AAHA =
g5 st A 4 Alo] YARH A28 (Generation IV reactor system, Gen-1V)<

et =el7t Axse @A Bus APANE FgHn Yo TATEA
TFrh ABF ek o)k wAske] Aze AP AAA 2ol Ao
7 NsgEE e dARS AARF/E EQ5e] Gen IV ZEI A543}
A, AAY, Tela Aul g 52 Susts) 9s) ole WA BY Aol
Azl ol [1]

olef g WUl WEE AAANE dAre] AT/ FAHT gom23], 1
A7 RO R shhze] FAN AHANET AR Y ¥
W PEe ov] Fad Qi) sms AedAdme] 4
Bo] At Aold AAR FH FF £AOD ) HARY 2
AAR AGels FAZ dold 0B FRate Yo ddm 4% BAE A4
s=d o% AR Y52 AN sa
FH, AN AT HAR A5 BHE
8 B F4R8 ANIEED o §at 1
2 U0y 2AA ta) Aol /bsstnm
AAE BY D AZAD FHAA 71 E

oo

g WA ool T Wytohet
o}.
B oERAE $440r IAAE ddR A% B4

o
(INtegrated Fuel Rod Analysis) ZE=[6]E5 o]-&3te A2 A7}
>

A% mAe Fgstel AgAFR FHA AAANE HAne AR o
B3 ek olWe AYe FF Arzoe] thFe vie) AN A4}
F 9A9EE FAN YRt A2 FEHe| /R Bgon F§F F 9
2 otk ma ke ARPA 2] e nrt 42 AYANT Az &
A NAH mEe Reld ARt 2EALRE FEALE Aol

INFRA #=E=& 199730 a8 dtaol A Asetr] Agstdor 52k 263
€ gtwsta glom vledere Al AAS SRR st vk oY dd59 dak
70000MWd/MtU o)A+ ojw U-235 53%% 5 w/o o474 #-& ,
€ FAdEE= U0, UOyGd0s, 123l ThO.-UO, & °lth ZzIase F 16,115 k1o
2 14070¢] MEEd oz FAFH glon PCAlA ZHeE+E FORTRAN <02 wojglrt
A= A5S Y38t Halden Reactor Projectoll9] g = A|AREE o] &3] A
729 AsS v o OECD/NEAQ International Fuel Performance Database=
ol-g&tx 9t} wd IAEA/CRPF¥% FUMEX-II &3¢ #718te] benchmark 371
F8stal UTh[6] Table 1o+ INFRACA o711 Q& dAd5s F8 45 Z9dS UE
War itk INFRA s=oM= o 5L £99] 7t Wl @95 ST @98 7|20 oo
FTHstal 9lom dEe] HRE AR Aol e 5 AFLE FYste ¥ AL
A 7)o ok I HES 5 aFoR Bdte] Algxrl AgeA BAE £ JEE



3
o

=
)

—_
e
re
rtl
ofT
N
ko
oX,
off
1
1
Mo
1%

El
2
B
k1
oo
g
ia)
Z
=
=
>
By
>

T
d 5

-
S
>
o
Y

H] 1L

R4

fo
8
-z
n

k'S

mE

Power and Burnup #3X

Fission Gas Release

Swelling Bubble Swelling

Densification Andst ~AA

2~ A |Thermal Conductivity

Creep

Restructuring

Relocation

Rim Effects

HBS A4 Ak, ddx5%

Stress FEM

Strain FEM

Creep Creep-out =4

=
e
i

Growth

Corrosion

ololx|lolololo|x|xxlol=lololo®
wlolxlololololol=|=lolololololf

Hydriding

BoAeq mEE AAE 244 44 Ryort: dAEE Ry s
Foltt. AXA7Ls HeB7E A% 71249 dEEYELe FEd (7] A8 7]EH o
Atk & =wdlAe B ARy ddEs AdAR 78 dAEE, AT, Young
A Ao tis] INFRA Aitzzo] H7he 28-S AlAsta gk

ArA o g ddm AAAY ddRLE AZAY 2ededd S A7 o
o 7H a3 A=A T stuelth. Al WolM ddEel dojst= V7 E=
HAF ( Kp,p radiation) 3 A2 (K, electron)®] <+

Solth A7 ddis AFAY dARE EAS B4357] ¢35ke Laser Flash
F2E o] &3t d3tE SAHFAUTIS] AlE 2= AR ~ 1623 K, A8 E97)=
1.3x10* Pa ol8te] 173 %A ZA o o AXANTLE A2EA

oty Ald AEE 7F

ZA, UEE 1016 g/em’, 249 A7) 45 pmeolth AE Ao waw AAAIE &
AA o] deitrs 2% Aol uEt gast, U0y d3tern 2 yepyon A7
T YA AT AAATE UO R ol Axs B A3 ZAijo ma 714
A7V 2AA e A3 E(thermal resistivity)® thSah 2t}

szfg —0.1081+2.0x10 'T. (1)
AR AAAT olgae] AN AAAE AR 42
ARE o] g3le] AL ~ 3000 K7HA] A&3 4 e Ay dds AAA

i



pds et on, 7 Hx md2= U0, 1A ¥Ed tha] Harding® Martin®] |
Algh AFA S 722 gfon dAEE Bd A2 oS3 o)

}'{D:[{DOXfdisxfj)re><fjmr>< rad » (2)

oA71A, Z+ AFEY ZAAE gES Fud [7]o] AAE e Q)

ol9} 7L UDye dAEE BUS 722 dto] AP B3 Fat ne A/ A
R 2ZAe] ko mE dHEk Rl g o A vk dHE ot 2ol B4
o}

}'{D:[{,DOXfdisxfj)re><fjmr>< rad > (3)
o714
F CR C D

Kpo= A {B - T+Bd-GAD T ¢ EXP( T)’

A =0.0944,

B =2.027x10" %

2 By A % 2000 K7HA9] Ad Az FE FalHon, ofd gk Mgk
Ag Y82 a8l 7lEs o] 9tk whekA, INFRA 98] A2 A7ts ddwm A4
A dAELEE ALkste B SehEAstEY] 71 ddRR] K, 9 AFT FAsE
=

32 99%

[
A% 4tk EF BA ALOl E B AF 71719 A} o3 2% ol
k. 43 BY 5K 5 4 29171904 5235 AThIo]

2 27190 Aolo] W@ Lo WEHE e Aoz

Lt — Loy
Expansion, Zg’ , % = TL x100 , (4)
0 298

o] 714 Ly and LoggS <% T9F 298 Kol A o] AlH Zo]Z et}

Tz B AAAE dAze] AAFES U ARt A Yepgon,
oAtelE &% Tk wEl A Ae® yEryh ey B fdA A 9
AE9 B AlgFaldme] dAFETY Aol= A YEA ¢Skth o= T
mo] g A% AAY 7], 24 9 FE7F A9 TSy WEoRz Hnojn,
Aoz iE F3 AAA7LE AAd5e dAGAFE g Aoz vERdT)

AL/Ly=—0.3854-+1.13x10 ~*T+1.095x10 ~"T* , (5)

o] A& My dWYAG WEgoH TE 25L& Kelvin &%o|t}

¥, INFRA F=olA AMEEI Qe U0, A2ZAA s dAZASTE
MATPRO-version 11¢] 2 9-& o]§stal dth INFRA| °&f A2 A7ts dds
A2AAY QAZATE AMSE AT 71E U0, 2AAd dig d33AGF T
Bgs 24ste] zitksisrd



3.3 Young's A5

= I AG ] v 2A v A W
ANA = EAC 7Fek 3 23le] ofgk WS vl Aol vk= Hook's lawell
oA mHHET. Az AefAS s 7 35 HdAdR9
ARG, Ba, VA WS, W 4 so® Qlste] WY e SHo] e A4
G dds AZA HAFE SHH HHEEY HsAES sAsted dAH o
= Bed

ATPRO-119]

o,
jin)
o
i)
)
S
>
["O
=

E 10,=233.4(1—2.752P)(1 —1.0915x10 *7), GPa (6)
7|14 PE 7|F%, TE dds59 225 YeRd
A7 dAAdge ddAF F4S st FAFIFHEe dEE 7%
of AemA AlH 13 =How RE AR Wik BAASLE 18 £ Jd=
239 (Resonant Ultrasound Spectroscopy)< AH&3le] UO, 3=
Hlu FA8d . A3 A3 d2A7Hs dAE59] Young's moduluse #
MNEE 2gA9 A2 U0, Bt} =4 SAHEJY. A A7+
o o x

14 S 245 5 JATRIS]

=

re xS P
k)
o
L o
o 1B, X ol

f et dlo

1o, o
o
o
o

E pry=239.2(1—2.843P)(1—1.0915x10 "*7), GPa (7)
INFRA9 A= FUELYOUNGMODULzZ}= $Hol A4 Yound’'s modulusE Al4HsH,
of7]of AXNA7tE Az HSE F7FedT.
Table 291+ INFRA Z =4 HAR RS da] Qoksta 9t}

Table 2. A A7te HA8 deB7HE 91 INFRA T8 2 WA A1

=4 AR 2d4 2 Haed INFRA AHFH o]&
Thermal Conductivity Eq. (3) FUTHCONLUC
Thermal Expansion Eq. (5) FUTHEXPANDCOEFF
Young's Modulus Eq. (7) FUELYOUNGMODUL
] INFRA, INITTALCONDITION,
Density FPDEN=10.784
GASMOLECOMPO
Melting Point FTMELT=2941 |FUMATPROPERTY

=

4. ANMLH %

43

b

4. 1A

aAA ) Aes BAE7] 8 A4E ALY dds AAAEE V)E YR
32 9 42 ZAAIEE mini element®] AR ET A LS o] &3ttt shE 33
ZARATE 2 2001 69 F-E 2002 2€971A] FESdoen Hd ALE+E 3400
MWd/t elth. 32 AR 5E-4L AAA7E Sds AR FTAA HAEx=
SPND AlAzZAF AlES askd t) 43 ZAAE S 20029 6955 2002 10
A7HA FaAsg o FA Gl st AR TS 3 ZAHAS TS THE A



ZAMSEGITE HE A% 3300 MWd/t oW, 329} 42 A& o g zARgH
7F 6,700 MWd/tell o] &t} [3] stz o] A4o]=2 Fig 19
29l w=AxgE Table 39| e} 9

i p
p'L
T

Table 3. Core Data of HANARO for Calculation

Parameter Value Unit
Coolant temperature 313.15 K
Coolant pressure 04 MPa
Fast flux spectrum 1.41E13 n/cm?/s
Gap size 0.125 mm
Coolant mass flux 1.225 kg/cm?/s
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Fig. 1. Linear power density for 3rd and 4th HANARO irradiation test

for dry process fuel rod



Table 4. Fuel Rod Data

Parameter Value Unit
Diametral gap 0.25 mm
Stack height 50 cm
Rod pitch 1.26 cm
Plenum Length 18.5 cm
Cladding Outside Diameter 1.212 cm
Cladding Inside Diameter 1.080 cm
Clad Thickness 0.660 mm
Initial Gas Pressure 0.1 MPa

Table 5. Fuel Pellet Data

Parameter Value Unit
True Density 95.0 % TD
Pellet Diameter 1.0550 cm
Pellet Length 1.1500 cm
Pellet Dish Radius 2.63 cm
Pellet Dish Length 0.42 mm
Effective Chamfer Width 0.59 mm
Fuel Enrichment 14 w/o
Grain size 5.0 A
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Figure 2. Fuel centerline temperature for various cases
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Figure 3. Fission gas release for various cases
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Figure 4. Total displacement of fuel for various cases
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