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Verification of Core Analysis Module
for Fast Reactor System Analysis Code FASYS

WANG Jin, ZHANG Donghui”
(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: Fast reactor system analysis code FASYS is developed by China Institute of
Atomic Energy, which has been used for commissioning test analysis of China Experi-
mental Fast Reactor and is currently being used for accident analysis of China Demon-
stration Fast Reactor. The FASYS code includes core analysis module, primary and sec-
ondary loop modules, and decay heat removal system module, etc. The core analysis
module includes point reactor model, decay heat model, reactivity feedback model, and
thermal-hydraulic model of core channel, etc. The point reactor model of FASYS code
was validated by comparing with analytical solution result, DINROS code result and
SAS4A/SASSYS-1 code result. And decay heat model, reactivity feedback model and
core channel thermal-hydraulic model of FASYS code were validated by comparing with
SAS4A/SASSYS-1 code result. The validation results of each model are in good agree-

ment. The calculation deviation of each model for the core analysis module of FASYS
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code was evaluated. And the proposal for China Demonstration Fast Reactor accident

analysis deviation evaluation was given.

Key words: fast reactor; system analysis code; core analysis; code verification
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Table 1 Comparison between analytical solution and FASYS code calculated value of case 1 at different time steps
FASYS #7145 X Ot 22 (4 %D
IR /s A AT A
0.1s 0.01s 0.00l's 0.0001s 0.00001s 0.1s 0.01s 0.001 s 0.000 1s 0.00001s
0.0 1.000 00 1.000 00 1.000 00 1.000 00 1.000 00 1..000 00
0.1 1.44959  1.457 05  1.450 33 1.449 66  1.449 60 1.449 59 5, 1X107°%  5.1X107*  4.8X107° 4.8X10°¢ 0
0.5 1.470 35 147792 147111 1.470 43 1.470 36 1.470 35 5. 1X107°%  5.2X107% 5.4X107° 6.8X10°6 0
1.0 1.496 73 1.504 43 1.49750  1.496 80  1.496 73 1.496 73 5. 1X107°%  5.1X107% 4.7X107° 2.7X10°°6 0
2.0 1.550 90  1.558 88  1.551 70  1.550 98  1.550 91 1. 550 90 5. 1X107°%  5.1X107* 5.2X107° 5.2X10°°6 0
3.0 1.607 04 1.61530 1.607 86  1.607 12 1.607 04 1.607 04 5.1X107°%  5.1X107* 5.0X107° 2.5X10°¢ 0
4.0 1.66520 1.67377 1.666 06 1.66529  1.665 21 1. 665 20 5. 1X107°%  5.1X107% 5.4X107° 6.6X10°¢ 0
5.0 172547 173435 172636  1.72556  1.72548 1.725 48 5. 1X107°%  5.2X107* 5.2X107° 81X10°% 5.8X10°6

x2 AEMESKTER?2BRIFHES FASYSEFITEERNXTLL
Table 2 Comparison between analytical solution and FASYS code calculated value of case 2 at different time steps
FASYS # 7 it 51 fH O 22 (46 3% fiD
IR [E] /s fifk AT it
0.001 s 0.000 1 s 0.000 01 s 0.001 s 0.000 1 s 0.000 01 s

0.0 1. 000 00 1. 000 00 1. 000 00 1. 000 00
0.1 1. 350 37 1. 350 83 1. 350 50 1. 350 38 3.4X10° ¢ 9.9X10°° 8.1Xx10° 6
0.5 1. 446 35 1. 446 42 1. 446 37 1. 446 35 5.0X10°° 1.2X10°° 0
1.0 1.516 71 1.516 78 1.516 73 1.516 71 4.4X107° 1.3X10°° 0
2.0 1. 641 56 1. 641 62 1.641 58 1.641 57 3.9X107° 1.3X107° 3.0X10°6
3.0 1.759 92 1.759 98 1.759 94 1.759 92 3.5X10°° 1.1X10°° 0
4.0 1.877 17 1.877 23 1.877 19 1.877 17 3.1X10°° 9.1x10°6 0
5.0 1. 995 32 1. 995 38 1. 995 34 1.995 33 3.2X10°° 1.1X10° 5.0X10 6
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Table 3 Comparison between analytical solution and

FASYS code calculated value of case 3
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Table 4 Comparison of main accident sequences
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Fig. 1 Comparison of normalized power results

FASYS 27 (1) 15 e B 7Y D 3 AR P8 R JF 17 56
TIE S TF 5 A T v [ S 0 M L R R N HE
W) RSB T 80 d,0~6 s [A] 2 HE LR P B
AR S S B %l — 728. 68 pem/s,
6 s B i W Pk 51 A S5 A, 351 A R M
—4 372.08 pem, ANFHE R ME R, T4
HE b i i A D R R AR T R

120
100
80
60

40g « DINROSEL¥:
28 ; FASYSHEL ¥

_20 -
_40 -
_60 -

—80 1 1 1 1 1 1
0 100 200 300 400 500 600

ES
2 N HE R 45 SR

Fig. 2 Comparison of nuclear reactor period results

JEI#A/s




268

BT RERIEHAR 5k

5 T AR AR AXHE LB P R A
{E . AT 3 A8 2 SR e RAR X i 22 Hh BLAE
0 sHFZ, 20y 7. 45X107 "o 5 2l A 14 d KAH S i
2 ) BUAE TS0 - 32 BRI T W SR A A HE
Jr B T AN TR JR 0 T AR R B R

18 20 R TR 73+ ek S 50 AR X i 25 R 8 A D
BRI AT o FASYS f7 5 SAS )7
14 T A8 T R B KA R i 22 0 107 4 G T 2N
HRA KA 220 10 2

x5 REDRBEWNE.ZHEMENE

Table 5 Normalized decay power results and normalized total power results

- AR 1) S XHE A S 22 JERVIE-Y PO S 22
' FASYS # ¢ SAS F ¢ (4 1) FASYS Fi % SAS FF (R
0 0.067 711 55 0.067 711 60 7.4X1077 1.0 1.0
1 0. 065 230 46 0. 065 230 47 1.5X10°7 0. 485 385 29 0. 485 383 90 2.9%10°°
10 0. 050 858 60 0. 050 858 61 2.0X10°7 0.094 227 96 0.094 227 75 2.2X10°6
20 0.045 626 32 0.045 626 33 2.2X10°7 0.071 456 93 0.071 456 81 1.7X10°6
50 0.038 834 45 0.038 834 45 0 0.049 159 98 0.049 159 93 1.0X10°°
100 0.034 210 71 0.034 210 71 0 0.037 414 51 0.037 414 50 2.7X10°7
200 0.028 982 94 0.028 982 94 0 0.029 529 36 0.029 529 35 3.4X10°7
500 0.022 950 15 0.022 950 15 0 0.022 960 93 0.022 960 93 0
1 000 0.020 024 32 0.020 024 33 5.0X10°7 0.020 024 35 0. 020 024 35 0
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Table 6 Comparison of reactivity feedback results for case 1

eI FASYS FJp i3 (H / (Ak/k) SAS B i HAE/ (ak/k) AR i 22 (46 %H{ED
B BE AR AL 5] SR S —1.086X10"1 —1.088X 10! 1.3X10°%
Einy ) PN —1.576X107* —1.577X107* 6.6X1071
2% WOV 5 A 520 —8.003X10* —8.012X10°* 1.1X10°%
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Table 7 Comparison of reactivity feedback results for case 2

S FASYS ¥ il 5 E/(Ak/k) SAS B P E M/ (Ak/1O X 2 (446 %D
B BE AR AR 5 B R A5 1.076>x10* 1.077 10" 1.3X10°°
L) S WS R i 7.859X107° 7.867X 1077 1.1X10°%
EZ 1 L VG IWNIIE A d 9.386>x 101 9.397X 10 1.1X10°3
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Fig. 3 Comparison of subassembly

axial temperature steady state results
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Fig. 4 Comparison of fuel maximum

temperature transient results
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Table 8 Comparison of transient temperature

deviations at different time steps

I [f] ARk 3 B A5 i Y H L
PR/s BARM2E/C RRMW2E/C BRM2E/T
0.01 0. 07 0.01 0.01
0.001 0. 01 0. 01 0. 00

T« 30 D 2 48 5 0] 254Ky 0..000 1 s (Y 3 S48 2R 14 s 2

34T AR 1) 43 XoF R A U RE T SR 1 B
H Tl 4 SR 43 07 Ok B B R 25 S i)
[i1] Ty 28 53 A o 1A AN G BT 0 B AR ) 5 R 3 B
HXF TR . 43 5 Az )y S 8 H
HF5.6.9,.11,13,15,17,21,31.41 % 10 Ffp
B0 EHT 9 AP S0 B AR SR T A S
55 10 ot 50 11 SRR A O 25 G181 6 Ji s, AT R
tE Bl A AR 1w Y R E A B R v R R 3
BB/ i 26 TR/ S 2S48 ) 5 s KT 21 |
PRBHR LT3 22 /N T 0.1 °C L BEAR S B AR [n]
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Fig. 6 Deviation comparison of fuel temperature

results with different numbers of radial nodes
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Table 9 Effect of power and flow deviations

on transient temperature

- #RRHE freiE R

IS ONTE-YACNE- YN F-YACNE FN F-YAe
RN 1% 13.5 2.3 2.1
YR 0. 1% 1.3 0.2 0.2
TN 1% 1.0 2.1 2.1
AN 0. 1% 0.1 0.2 0.2

R 2248 5 SAS i 7 UM 25 115545 21 10 Ml 22

3 MRS WMERNITEREITMS

LA FASYS #2 77 #F 17 v 5 52 56 PR HE 1Y 34
AR B E 7 B g5l a3 A g B Ok HE SES 23 A
L B R A T B A 22 HEAT 3 . B OB A
T AR B L B Sl AT ) S A RN g
BB » SN HE Ab T I B AT A R 1 OAR R T
MR B 44 48 TF 20 T, 1 AR O T R M (R
0.001 748 Ak/k, flise ;2 W Pk Ze P51 AL RN
PGl AR 11. 66 pem/s, I M 5] A B [H]
O s TFAR B 15 s 5 0. Sl i s o) iR 3
100 YA E R F & hn 2. 5%, HE B HIH A
3B 7 4 {360 'C & n 3 CL ¥ adF
et | AR R PE—0. 016 8 Ak/k, {5 HE )2 i
PEFE 1.4 s N5 ASERL. 3R 10 5 3t 5 i [
HRH0. 001 s B A FZH T .

®10 ETEEHFT

Table 10 Major accident sequences

F 8] /s

LA A e R 8T, L 11, 66 pem/s 0.0
RG] AE KM

HEAH X DK B R SHOE EME 1. 138 8 6.8
S HE B A GG 0.2 ), — I EEIFIRER: 7.0
HEAB X DR R AR 1. 142 8 7.0
SRR TP B R TR R A 2 324.4 °C 7.1
SR, 52 i i I B 3 J KA 656. 4 °C 7.3
TS 1 e e TR RS IS K fE 639, 73 °C 7.4
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