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Abstract

The study present the approach of CPR transient uncertainty for
KSNPS, which is similar to CSAU methodology. This procedure can be
reduce to three parts: Construct the procedure of code analysis, transient
simulation and phenomena identification, quantified the uncertainty. The
codes used in the study including the BWRHB, SIMULATE-3, SLICK,
RETRAN, which the applicability and capability of the codes have been
confirm by the researching institute and also get the ROC AEC’s liscense.
These codes are essential to core management, core reload, and safety
analysis. To perform the critical power ratio(CPR) , we start at the
thermal-hydraulic parameters calculation to establish the nominal model
initial values. And get the neutron kinetic files at specific burn-up point
by simulate-3 to simulate the neutron behavior in core .Running the
transient case by Retran to simulate the transient process. According to
the transient results, we can perform phenomena identification and
determining the PIRT. In the uncertainty analysis, two statistic methods
been used. The first one base on the population parameters. Vary the
respective parameters in the PIRT, and then quantified all the uncertainty
to get the population CPR at 95% confidence level. The second method
base on the non-parameters statistics, which use monte carlo method to
vary all the parameters in the PIRT meanwhile. After performing certain
calculations, the maximum critical power ratio can be get by ranking the
calculation results. Finally, compare the two results with different

statistcs.
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No. Parameters KS1C21 Nominal input

1 Steam line pressure drop (psid) 51.845

2 Steam line inertia(ft-1) Table

3 Jet pump M ratio 2.45

4 Steam line volume (ft3) 2814.571

5 Recirculation loop volume(ft3) 313.6704

6 Steam dome volume(ft3) 2338.697

7 Separators inertia(ft-1) 0.1017

8 Downcomer volume(ft3)(up+lower?) | 2146.766 3

9 Lower plenum volume(ft3) 1844.5

10 | Moderator direct heating(% of 1.00164
power)

11 | KAPPA (Phase separation models) 0.707782

12 | CGL (Phase separation models) 1.363291094

13 | Temperature transport model No

14 | Scram speed Plant data

15 | Initial level (cm) 77.99832

16 | Cross sections and power profile 0.098
generated with SIMULATE-3, AO

17 | Gap conductivity(Btu/ft-hr-°F) 0.2808506 or 0.4590399

18 | Initial power (MW) 2884.14

19 | Rod worth No

20 | Core pressure drop (psid) 22.18

21 | Separator Carryunder 0.0025

22 | Separator Pressure Drop(psid) 4.49

23 | Initial Reactor Pressure (psia) 1040
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Position Notch Nominal o(sec) T.S T.S
(feet) (950psig) | (1050psig)
0 48 0 - 0 0
0 48 0.1 - 0.1 0.1
1.25 43 0.234 0.015 0.31 0. 32
4.5 29 0. 606 0. 028 0.81 0. 86
8.75 13 1. 089 0.054 1.44 1. 57
12 0 1. 480 0.077 1.952 2. 147
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Parameters Max. Max. Max. ATRIUM-10
C21 Nuetron | Heat Lower RCPR DRCPR

Flux(%0) | Flux(%) | Plenum

Pressure

Base case 129.37 106.057 | 1238.792 | 0.13038 | 0
Steam line 130.8 106.0564 | 1237.98 | 0.13228 | 0.0019
inertia(ft-1)(+7%o)
Steam line volume (ft3) | 132.62 106.0562 | 1240.044 | 0.1211 | -0.00928
(-5%)
Recirculation loop 129.93 106.062 | 1238.79 | 0.13027 | -0.00011
volume(ft3)(-5%o)
Steam dome 131.896 | 106.0565 | 1240.128 | 0.13302 | 0.00264
volume(ft3)(-10%0)
Separators 131.819 | 106.0565 | 1239.242 | 0.13180 | 0.00142
inertia(ft-1)(+30%)
Downcomer 129.748 | 106.086 | 1238.808 | 0.13048 | 0.0001
volume(ft3)(-10%0)
Lower plenum 129.91 106.07 1238.81 | 0.13052 | 0.00014
volume(ft3)(-10%0)
Temperature transport | 129.296 | 106.179 |1238.81 | 0.13078 | 0.0004
model(Yes)
Scram speed(95%) 145.65 106.33 1242.418 | 0.13919 | 0.00881
Jet pump M ratio(+7%) | 133.08 105.97 1239.623 | 0.12252 | -0.00786
Initail level(-10%b) 130.39 106.01 1239.26 | 0.13025 | -0.00013
Steam line pressure 130.102 | 106.056 | 1238.84 | 0.12254 | 0.00784
drop (-10%)
Separator Pressure 129.49 106.056 | 1238.752 | 0.13035 | -0.00003
Drop(-10%0)

% 3.1
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Parameters

Significance

Steam line volume

1

Scram speed

Jet pump M ratio

Steam line pressure drop

Steam dome volume

Steam line inertia

Separators inertia

Temperature transport model

Lower plenum volume

O 0| Nl O] O ] WO N

Recirculation loop volume

[HEN
o

Initail level

|
-

Downcomer volume

[EEN
N

Separator Pressure Drop

[EN
w

% 3.2
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EREETE Nuetron Heat Lower
Flux(%) Flux(%) Plenum DCPR
(Power%o) Pressure

1. 122.5 106.11 1234.6 0.14011
2. 117.7 106.09 1236.04 0.13124
3. 121.3 105.97 1237.93 0.13679
4. 132.94 106.09 1240.85 0.15503
5. 139.65 106.03 1241.26 0.15671
6. 127.27 106.06 1172.76 0.14796
7. 135.75 106.13 1229.43 0.15568
8. 125.27 106.09 1227.97 0.14363
9. 119.19 105.82 1237.09 0.13021
10. 118.44 105.92 1236.41 0.13106
11. 139.57 106.06 1240.99 0.15591
12. 127.77 106.09 1238.08 0.14585
13. 136.2 106.09 1240.79 0.15347
14, 121.38 106.08 1237.66 0.13484
15. 136.45 106.05 1186.11 0.15703
16. 145.21 106.39 1242.44 0.15960
17. 114.41 106.14 1115.73 0.07526
18. 117.53 106.04 1235.80 0.12978
19. 122.63 106.04 1237.92 0.13939
20. 132.20 106.10 1240.08 0.15380
21. 138.51 106.11 1242.17 0.15421
22. 130.94 106.08 1229.53 0.15104
23, 128.58 106.13 1201.88 0.13811
24, 125.75 106.13 1221.54 0.14471
25, 125.64 106.06 1223.34 0.14495
26. 126.04 105.98 1238.75 0.14354
27. 124.85 105.89 1238.02 0.13135
28. 132.21 105.97 1240.02 0.15346
29. 128.92 106.13 1201.28 0.14793
30. 156.11 107.78 1245.28 0.17683
31. 139.44 106.08 1240.59 0.16112
32. 132.89 106.09 1240.06 0.14519
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ETEE Nuetron Heat Lower
Flux(%) Flux(%) Plenum DCPR
(Power%o) Pressure

33. 122.16 105.99 1238.05 0.13933
34, 118.64 106.00 1235.38 0.12595
35, 125.45 106.02 1238.72 0.14272
36. 127.84 106.12 1229.22 0.14823
37. 133.44 105.98 1238.97 0.15036
38. 138.27 105.94 1242.25 0.15768
39. 131.46 106.07 1238.77 0.14120
40. 126.04 105.86 1238.27 0.13918
41. 137.98 105.87 1240.90 0.15760
42. 124.94 106.08 1237.99 0.14427
43, 121.35 106.09 1237.38 0.13768
44, 121.11 106.09 1237.39 0.13729
45, 131.91 106.08 1240.45 0.13831
46. 145.11 106.24 1242.97 0.16058
47. 139.78 106.02 1241.66 0.15983
48. 125.22 105.84 1237.88 0.14462
49, 106.36 106.12 1077.29 0.04148
50. 136.92 106.13 1181.62 0.15681
51. 144.57 106.23 1242.78 0.16087
52. 140.18 106.06 1214.93 0.15451
53. 150.55 106.98 1244.44 0.16590
54, 139.00 105.97 1241.64 0.15407
55, 149.59 107.08 1244.20 0.16228
56. 132.48 105.94 1240.68 0.14347
57. 124.71 106.10 1238.77 0.14268
58. 135.92 106.10 1240.38 0.13931
59, 124.89 105.91 1238.42 0.13925

%33 22 ey
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Parameters Spearman coeff. | Significance
Temperature -0.8361 1
transport model
Scram speed 0.6576 2
Jet pump M ratio 0.2253 3
Steam line inertia 0.2082 4
Recirculation loop 0.207 5
volume
Lower plenum -0.2009 6
volume
Steam line presuure 0.1479 7
drop
Downcomer volume 0.0979 8
Separator Pressure -0.0942 9
Drop
Initail level 0.0903 10
Steam line volume 0.0439 11
Separators inertia 0.0258 12
Steam dome volume 0.0176 13

% 3.4 Spearman % #ic

27




FEEDWATER FLOW (%)

150

—_—

- |
I R g !
_ !
i |
| |
3
N |
a0 — i
—_ N
a I B Y N
0 10 20 30 40 50
Time(sec)
Bl 3.1 &4k HPEFR
1300 —
& - 1
2 1250 3 3
w "
e 1200 — A
2 = la}
9D 1150 - '
wl = I|||
E :
w 119 'nl
= = )
=l 1050 -] 1]
= ] |
ﬁ W00 L o o e e e e e e e = = '
- -
L) 7
950

[}

LI LI | I | | | I
10 20 a0 40
Time(sec)

W32 3 FitF RS HpER

28

a0




POWER (%)
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Parameter Areva This study
Reference pressure(psia) 1040 1040
100%Core Power (MW1) 3282 2943

Core flow (Mlbm/hr) 65.1 93.1612
Core inlet enthalpy (Btu/lbm) 517 530
Feedwater temperature ( °F) 424 424
Feedwater flow rate (Mlbm/hr) 14.2 12.7
% 3.5
Sourece ACPR
Areva 0.15
Sensitivity 0.1701
GRS 0.17683

% 3.6
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