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Study on the Requirement for the Fuel Test Loop Performance in the HANARO
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Abstract

To investigate the performance requirements of the Fuel Test Loop (FTL) facility to be considered to install at
the HANARO, the achievable linear power at test fuel pin(s) and neutron flux levels at the cladding for LH hole
in the reflector region and OR3 in the outer core region were analyzed in the IPS (In-pile Section), which
accommodates CANDU or PWR test fuel. The enrichment of test fuels was assumed as natural uranium for
CANDU and 3.5% or 5% for PWR and the test fuel configuration was bundle or 7-pin in LH hole but 1-pinin
OR site. For the CANDU test fuels, the target linear power of 60kW/m can not be achieved for all cases. For the
PWR test fuels at LH, the target linear power of 40kW/m can be obtained at some fuels for only the case of 5%
bundle irradiation. At ORS3, the linear power for the PWR fuel irradiation with the use of zircaloy-4 IPS @an
reach the target value regardless of the fuel enrichment, but that with the use of SS316 IPS can reach the target
valuefor only the 5% enrichment. The target fast neutron flux at the fuel cladding of 10* n/cn?-sec can not be
achieved in any case. Through sensitivity studies for the core burnup effect, optimization of the ratio of fuel-to-
moderator number density, etc., however, the target linear power for the PWR and CANDU fuel irradiation in
casethat 1 or 7-pinisirradiated, is expected to be achieved if enriched fuel isused .
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CANDU 3.5% 50% PWR
LH 7-pin OR
1-pin CANDU
pin , PWR 32-pin 10.45 g/cc
IPS flow tube pressure tube LH
25%Nb , 7-pin zircaloy-4 . OR3 1-pin
SS316 zircaloy-4 flow tube pressure tube
1
1. FTL , flow tube pressure tube ( :cm)
FTL (LH) 7-pin (LH) 1-pin (OR3)
CANDU PWR CANDU PWR CANDU PWR
(37 pin) | (32pin)
NaU | 35%,5%| NaU |35%5%| NaU |35%, 5%
uo, 121 0.819 1.2154 0.8198 1.2154 0.8198
Clad 1.226 0.8356 1.2243 | 0.8363 | 1.2243 | 0.8363
131 0.95 1.3081 | 0.9507 | 1.3081 | 0.9507
50 70 50 70 50 70
Flow Tube 10.34 5.3 2
Flow Tube 10.74 5.7 2.4
Inner Pressure Tube 12.07 11.15 6.9 3.0
Inner Pressure Tube 13.524 13.39 8.1 3.8
Outer Pressure Tube 13.924 13.98 8.7 4.4
Outer Pressure Tube 14.635 14.78 10.2 5.6
IPS 120
Zr-2.5%Nb Zircaloy-4 SS316 or Zircaloy-4
2.2
30MW
MCNP 2 LH CANDU 37-pin
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LH OR3 IPS OR3 1-pin

1.9 mk
12.5 mk
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IPS flow tube CANDU PWR
. LH 7-pin
flow tube
7-pin . OR3 1-pin
SS316 zircaloy-4 ,
. LH OR3
LH
3 CANDU IPS flow tube
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IPS flow tube 2 LH
, IPS (E<0.625€V) 7-pin
(E>0.821MeV) 7-pin
20% flow tube
7-pin 2 (CANDU) 13 (PWR) . CANDU
7-pin
1.3x10%n/cn?-sec 1.1x10%n/cnr-sec 5% PWR
pin 2.7x10%n/cn?-sec
2.2x10%n/cmé-sec
2. LH OR3 CANDU PWR
LH bundle LH 7-pin (zir-4) | OR31-pin(SS316) | OR3 1-pin (zir-4)
(Zr-2.5%Nb)
CANDU| PWR PWR | CANDU| PWR PWR | CANDU| PWR PWR |CANDU [ PWR PWR
Nat. U| 3.5% | 5.0% | Nat. U| 3.5% | 5.0% | Nat. U| 3.5% | 5.0% |Nat. U | 3.5% | 5.0%
Flow tube (x10" n/cn-sec)
ol 469 | 754 | 874 | 319 | 447 | 516 | 137 | 144 | 144 | 159 | 175 | 188
398 | 578 [ 682 | 263 | 346 | 398 | 109 | 10.1 | 104 | 13.0 | 131 | 138
Foct2 154 | 255 (307 | 111 | 272 | 211 | 261 | 295 | 331 | 343 | 463 | 536
130 | 199 1239 | 092 | 1.37 | 164 | 198 | 208 | 234 | 277 | 3.40 | 3.93
598 | 640 | 588 | 877 | 818 | 774 | 103 | 10.3 | 101 | 26.3 | 25.1 | 24.3
Therma
505 | 516 (473 | 772 | 661 | 621 | 877 | 771 | 7.39 | 223 | 198 | 189
(x10" n/cmP-sec)
ot 469 | 803 | 939 351 | 531 | 610 | 147 | 158 | 155 | 165 | 187 | 20.0
398 | 616 | 727 | 288 | 411 | 478 | 114 | 105 | 109 | 136 | 140 | 150
o2 152 | 288 |1 349 | 130 [ 227 | 279 | 261 | 343 | 385 | 358 | 559 | 6.33
130 | 226 | 269 | 1.07 | 1.85| 222 | 206 | 237 | 271 | 289 | 4.08 | 4.89
594 [ 535 | 466 | 854 | 6.80 | 6.07 | 10.6 | 947 | 987 | 27.2 | 238 | 225
Thermal
497 | 427 | 374 | 758 | 547 | 488 | 900 | 731 | 694 | 226 | 184 | 17.3
* Fast-1: B> 0.625eV
* Fast-2 : E>0.821MeV
* Thermal : E< 0.625eV
OR3 1-pin IPS SS316  zircaloy-4  (ny )

zircaloy-4

30%



SS316 25 40% . IPS SS316

CANDU 1-pin 2.1x10"n/cn-sec , 5% PWR 1-pin
2.7x10%n/cn?-sec
IPS flow tube
LH OR
10" n/cnP-sec
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IPS 5cm

3 . LH
CANDU 16.5kW/m, PWR 30.4kW/m (
3.5%) 40.5kW/m - ( 5%) . , 8.2kw/m (CANDU),
14.2kW/m(3.5% PWR)  17.2kW/m (5% PWR) . PWR 5%
3.5% 20% , 30%

( 43%) . LH 7-pin 15.7kW/m
(CANDU), 26.2kW/m (3.5% PWR) 33.1kW/m (5% PWR) 12.0kW/m (CANDU),
18.2kW/m (3.5% PWR) 22.2kW/m (5% PWR) . 7-pin

5 17% 28 47%
7-pin
, 7-pin

3 LH OR3 CANDU PWR

LH bundle
(Zr-2.5%Nb)

CANDU| PWR | PWR [ CANDU| PWR | PWR [ CANDU|( PWR | PWR |CANDU | PWR PWR

LH 7-pin (zir-4) ORS3 1-pin (SS316) ORS3 1-pin (zir-4)

Nat.U | 3.5% | 5.0% | Nat.U | 3.5% | 5.0% | Nat.U | 3.5% | 5.0% | Nat.U | 3.5% | 5.0%

(KW/m)
Max. 16.51 | 30.42 (40.50 | 15.70 | 26.19| 33.12 | 18.87 | 34.88| 44.78| 47.38 | 87.61 |113.76
A 13.36 | 24.09 | 30.48 | 13.58 | 20.61 | 25.29 | 15.23 | 25.83| 33.48 | 39.39 | 66.39 | 85.68
VvQg.
’ 817 | 14.21|17.18 | 12.03 | 18.24| 22.17 - - - - - -
OR3 1-pin IPS SS316 CANDU
18.9kW/m , 15.2kW/m , PWR 5%

44.8kW/m 33.5kW/m LH 7-pin
20 35%, 20 50% . , IPS zircaloy-4



zircaloy-4 CANDU
47.4kWim  39.4kW/m , 5% PWR 113.8kW/m
85.7kW/m LH  7-pin 3
4 6

© Bundle at LH (Zr—2.5%Nb)
a7 pin at LH (zir—4)

@ 1 pin at OR3 (SS316)

# 1 pin at OR3 (zir—4)

Linear Power (kW/m

Axial Height (cm)

4. LH OR3 CANDU

o Bundle at LH (Zr—2.5%Nb)
A 7 pin at LH (zir—4)

1 pin at OR3 (SS316)

<+ 1 pin at OR3 (zir—4)

Linear Power (kW/m
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5. LH ORS3 3.5% PWR



0 Bundle at LH (Zr—2.5%Nb)
A7 pin at LH (zir—4)

@ 1 pin at OR3 (SS316)

+ 1 pin at OR3 (zir—4)

Linear Power (kW/mr
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6. LH OR3 5.0% PWR
2.3
LH
60kW/m(CANDU
40kW/m(PWR ) 10% n/cmP-sec
IPS
, IPS
LH 7-pin
231
IPS
25.1% . MCNP
U235
4 . 5% PWR pin
11.5% , 7-pin 8.1%
15% [3]. ,

5%
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7. IPS

4. LH 7-pin PWR
(kW/m)
Pin 1 | Pin 2 | Pin 3 | Pin 4 | Pin 5 | Pin 6 | Pin 7
3.5% PWR 7-pin at LH
Clean core 2015 | 2540 | 2619 | 2454 | 2080 | 21.15 | 23.09 | 23.05
(@) 1594 | 2012 | 2061 | 1914 | 17.09 | 16.79 | 17.99 | 18.24
Burned cordl 23.06 | 2887 | 2846 | 27.90 | 2375 | 23.66 | 24.76 | 25.78
17.85 | 2115 | 2225 | 2145 | 19.02 | 1858 | 19.47 | 19.97
(B-C)/C 1444 | 13.66 | 867 1369 | 1418 | 1187 | 723 | 1175
(%) 11.98 5.12 7.96 1207 | 11.29 | 1066 | 823 9.60
5.0% PWR 7-pin at LH
Clean core 2226 | 3019 | 3312 | 2822 | 2491 | 2513 | 2961 | 27.63
(©) 1829 | 2481 | 2529 | 2333 | 2073 | 2028 | 2248 | 22.17
Burned corel 26.75 | 3290 | 3447 | 3221 | 30.33 | 2833 | 30.74 | 30.82
B 2070 | 2653 | 2722 | 2489 | 2262 | 21.84 | 24.01 | 23.97
(B-C)/IC 20.17 8.98 4.08 1414 | 21.76 | 1273 | 382 | 1152
(%) 13.18 6.93 7.63 6.69 9.12 7.69 6.81 8.12




2.32 (IPS )

LH
, 7-pin
IPS flow tube PWR flow tube
5 IPS flow tube
IPS
5. 1PS , IPS ( :cm)
LH 7-pin PWR
IPS
uo, 0.8198 0.7849696
0.8363 0.80112
0.9507 0.91512
Flow tube 5.3 3.9
Flow tube 5.7 4.3
Inner Pressure Tube 6.9 53
Inner Pressure Tube 8.1 7.2
Outer Pressure Tube 8.7 7.8
Outer Pressure Tube 10.2 104
Zircaloy-4
0.29 , flow tube 0.62 . 6 5% PWR
20.9% , 7-pin
16.8% . , IPS 15%
, 10%
6.LH 7-pin PWR IPS
P (KW/m)
Pin 1 | Pin 2 | Pin 3 | Pin 4 | Pin5 | Pin 6 | Pin 7
5.0% PWR 7-pin at LH
22.26 30.19 33.12 28.22 2491 25.13 29.61 27.63
(A) 18.29 2481 25.29 23.33 20.73 20.28 22.48 22.17
27.38 37.50 36.49 33.31 32.76 31.66 32.40 33.07
18 (B) 21.82 28.61 29.31 26.96 25.27 24.27 25.53 25.97
(B-A)/A 23.00 24.21 10.18 18.04 3151 25.98 942 19.69
(%) 19.30 15.32 15.90 15.56 21.90 19.67 13.57 17.14




2.3.3 Booster

IPS LH IPS
PWR 3-pin
18 IPS
pin
5% PWR IPS 17.2 19.4kW/m,
132 14.7kW/m booster IPS
pin 7-pin ,
20%
2.3.40OR4 18
LH IPS LH OR4
18 . 5% PWR
7 IPS 33.1kW/m, 7-pin
26.0kW/m IPS 19.7% 17.1%
20%
7. LH 7-pin PWR OR4 18
(KW/m)
IPS . . . . . . .
Pin 1 | Pin 2 | Pin 3 | Pin 4 | Pin 5 | Pin 6 | Pin 7
5.0% PWR 7-pin at LH
22.26 30.19 | 33.12 28.22 24.91 2513 | 29.61 | 27.63
(B) 18.29 2481 25.29 23.33 20.73 20.28 22.48 22.17
27.06 38.03 | 38.75 33.10 | 3235 | 30.95 | 33.08 | 33.33
(A) 20.75 29.68 | 29.38 27.16 | 2468 | 2369 | 26.02 | 2591
(A-B)/B 21.56 25.97 17.00 17.29 29.87 23.16 11.72 20.94
(%) 13.45 19.63 16.17 16.42 19.05 16.81 15.75 16.75
2.351PS Al, MgO, Bi
7-pin IPS LH tube
Al, MgO, Bi .
MgO  Bi 32.6kW/m 33.3kW/m, 7-pin 21.5kW/m
21.9kW/m ,
. Al 26.9kW/m, 7-pin 19.2kW/m

20%

10%



OR3 IPS
pin

, PWR

1
2.

3. KAERI

LH
CANDU PWR 37-pin  32-pin , 7-pin
CANDU 60kW/m, PWR 40kW/m ,
10" n/crr?-sec
CANDU
LH 5%
30%
IPS PWR
, PWR CANDU
OR
, KAERI/RR-1357/93, , 1993.
, KAERI/RR-1902/98, , 1999.
, 2000.
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