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Abstract

In case of Large LOCA without ECC in CANDU-6 reactor those 95 fuel
channels at the downstream of the break, called critical core pass, will
undergo a severe loss of coolant and significant channel voiding and
experience a rapid power excursion stopped by a prompt reactor trip, so called
power pulse phenomenon. In this case the acceptance critieria of fuel channel
design 1s summarized to two points. The prevention of the fuel channel
integrity 1mpairment by abrupt fuel breakup during power pulse. And the
prevention of the impairment of the pressure tube integrity by overheating of
the fuel channel during post-blowdown period. One most probable way of
jeopardizing the fuel channel integrity i1s the dryout of the calandria tube due
to the contact of pressure tube and calandria tube. The objective of this study
1S to develop a new fuel channel safety analysis system covering both the
blowdown analysis including the power pulse and the post-blowdown analysis
with the same safety analysis code, CATHENA 1in a consistent way. This
new safety system for fuel channel analysis is better than the previous one
which use CATHENA for the blowdown analysis and CHAN-II for the
post-blowdown analysis 1n many respects, such as consistency in the
computer code as well as the modeling methods, reducing the area of
uncertainties in the modeling and calculation. For this aim the existing
CATHENA subchannel fuel channel model for post blowdown analysis has
been modified, and improved, and a processing program that conveys all the
final status of the fuel channel at the end of blowdown analysis to the
post-blowdown analysis as the initial condition has been developed, and tested
for its proper implementaion for the intended purposes. The results obtained so
far for the whole blowdown—- post-blowdown analysis for the representative
fuel channels shows good agreement to the previous ones for Wolsong 2,34,

and shows a consistent performance in overall.

For the validation of this new system an independent study for developing

CFX model for a fuel channel post-blowdown experiment, CS28-1, is being



carried out and based on the success of this study a benchmark problem for
the post-blowdown fuel channel analysis for the 37-element standard fuel will

be generated.
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£ 1. 848 Ad 54 A=

Geometric Constant Value Unit
Number of Centre Pin Elements 1 -
Number of Fuel Elements in Inner Ring 6 -
Number of Fuel Elements in Intermediate Ring 12 -
Number of Fuel Elements in Outer Ring 18 -
Fuel Pin Radius 0.00655 m
Fuel Inner Ring Radius 0 0004 m
Fuel Sheath Thickness 0.01485 m
Fuel Intermediate Ring Radius 0.0287 m
Fuel Outer Ring Radius 0.04325 m
Length of Fuel Bundle 0.04953 m
PT Internal Radius* 0.0519 m
PT Outer Radius* 0.056332 m
CT Inner Radius 0.0646 m
CT Outer Radius 0.065997 m
Length of PT or CT 5.9436 m
Emissivity of Fuel Sheaths 0.8 -
Emissivity of PT Inside Surface 0.8 -
Emissivity of PT Outside Surface 0.7 -
Emissivity of CT Inside Surface 0.325 -
Initial Thickness of ZrO. 0.000001 m
Fuel-to-Sheath Heat Transfer Coefficient 10000 W/(m?K)

¥ 2. Z} core pass ¥ HEAE 2 AQ EHaE

Aol aqyd
Ad 25| AEdE89 M| core pass B gE Ad EHE;i A4
Mo AT 2= =4
ID (MW) 5H 3 7‘“ = T ID (MW)
1 70 - 7.3 2 06 7.3
2 66 - 7.0 9 S10 7.0
3 6.0 - 6.6 37 L3 6.6
4 50 - 6.0 16 G5 6.0
5 40 - 5.0 14 B10 5.0
6 < 4.0 17 W10 4.0
- ~ 54 95 Average Channel 5.5566




3 6/ Adey 259 ST 24 £X

Channel ID éﬁgflﬁg 06 S10 L3 G5 B10 W10
Power(MW)|| 5.5566 7.3 7.0 6.6 6.0 5.0 4.0

1(inlet) 0.231 001531 | 0.0235 | 0.0211 | 002238 | 00195 | 00172

2 0.570 005563 | 0.0576 | 00535 | 0.0562 | 0.0505 | 0.0460

3 0.840 008489 | 0.0827 | 00813 | 00803 | 00793 | 0.0790

4 01026 | 0.10430 | 01011 | 0.1038 | 00941 | 0.1031 | 0.1055

5 01157 | 0.11973 | 01160 | 0.1195 | 01219 | 0.1219 | 0.1215

6 01235 | 0.12808 | 01238 | 0.1259 | 01303 | 0.1301 | 0.1305

7 01235 | 0.12808 | 01243 | 0.1258 | 01294 | 0.1302 | 0.01308

3 01158 | 0.11995 | 01163 | 0.1197 | 01215 | 0.1218 | 0.1219

9 01009 | 0.10204 | 00997 | 0.1024 | 00927 | 0.1018 | 0.1057

10 00798 | 0.07911 | 00791 | 0.0777 | 00766 | 0.0762 | 0.0789

11 00528 | 0.04983 | 00539 | 0.0498 | 00527 | 0.0474 | 0.0458

12(outlet) 0.0213 | 001305 | 00220 | 00195 | 00215 | 00182 | 0.0172

¥ 4. PT/CT Contact Results During the Blowdown Period for the Critical Pass of 35%
RIH Break with Loss of ECC Injection

G [p1/cT onaer | Bunde | g MorPT e P
[MW] Timels] Location Contact Time [Map(a)]

213 5 809.6 40

219 6 8127 40

0-06 A 222 7 808.1 39
2.7 4 805.8 39

[7.3] 251 8 730.2 37
257 3 801.4 37

312 2 7892 33

241 5 802.0 38

25.0 6 790.8 37

S-10 A< 25.1 4 797.7 3.7
[7.0] 265 7 7774 36
280 3 7942 35

34.0 2 7763 32

243 6 803.7 38

246 5 8045 38

L3 A4 247 7 796.9 38
2.7 4 799.8 36

[6.6] 239 3 760.7 35
305 3 7952 33

384 2 782.1 2.9

296 5 7933 34

G-05 =g 30.0 6 782.2 3.4
(6.0] 338 4 7799 32
375 3 764.4 30
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