Trip Coverage Analysis for Large LOCA
Using Circuit T/H Model of WOLSONG Unit 1
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Abstract

A circuit thermal-hydraulic model which has WOLSONG unit 1 -charatristics like trip
setpoint, boiler level and pressure control system, PHT(Primary Heat Transport) pressure and
inventory control system has been prepared. And with two different fuel types (conventional
37 element and CANFLEX), trip coverage analysis was performed for 35% reactor inlet header
break accident which showed the effect of power pulse and thermal margin for the two
different types of fuel. A coupling calculation between physics and thermal hydraulics was
done for more detailed power pulse calculation. It is confirmed that more than 2 effective trip
parameters exist for 35% RIH break at 103% power for both fuel types even though power
pulse of CANFLEX is slightly greater than that of 37 element fuel.
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A T 4= WA (cm) 4=EH 94 (ecm)
Ad 15 1 5.2794 5.7054
A 1HF 2 5.2200 5.6504
Ad 15 3 5.2576 5.6852
Ad 15 4 5.2087 5.6399
non crept A4 5.1689 5.6032

Pressure tube inside «Outer  pitch  circle  diameter g
dia. (0.08768 m)

- 0.103960 m Intermediate  pitch  circle
Inner pin  dia. = diameter
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0.01350 m Inner pitch circle
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0.01150 m

9 1. CANFLEX 98 4%
¥ 2. Data used in WIMS

Eae dol e} ha Ho] e}
WA £ 5(%) 98.95 A (%) 99.93
WA 95 (kg/m’) 0.810 & A W% (kg/m’) 1.08579
W74 £ % (°K) 563.96 727 3 2% (ppm) 0.0
&4 &5 (°K) 341.16 5% (°K) 960.16
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5.2 pressure tube creep node
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54 Parameter

process parameter setpoint
uncertainty
1 process trip setpoint
Trip Parameter Design Setpoint  Uncertainty Analy_sis Time Time Con_diti oning
Setpoint  Const.(s) Delay(s) Time(s)
Low HTS 8.8MPaat 01Mpa 87MPaa (4 0.186
Pressure 100% FP 100% FP
Low Coolant 80% of 70% of 0.3 0.186
Flow nominal flow -10% nominal flow ’ '
Low PZR 7.26m at 6.26ma 3 0.186
Level 100%FP -1.0m 100%FP
HighHTS 10.45MPa +0.1 MPa 10.55MPa 0.3 0.186
Pressure 1034MPa*  +0.1MPa  1044MPa 03 0.186 30
Leve 100%FP 100%FP
Low S/G 39MPa 06MPa  33MPa 03 0.186
Feed Pressure
2 process trip setpoint
Trip Parameter Design Setpoint Uncertainty ~ Analysis Time Time — Conditioning
Setpoint  Const.(s) Delay(s) Time (s)
Low HTS 8.8MPa at -0.1 MPa 8.7MPa at 0.3 0.206
Pressure 100% FP 100% FP
Low Core 620 kPa -100 kPa 70% of 0.3 0.206
Diff Pressure 950 kPa -100 kPa hominal flow 3.0
Level 100%FP -1.0m 100%FP
High HTS 11.62 MPa +0.08M Pa 11.70M Pa 0.3 0.206
Pressure 10.34MPa*  +0.08MPa  10.42MPa 0.3 0.206 5.0
Low S/G 0.30 m at -0.08 m 0.22m at 1.67 0.206
Level 100%FP 100%FP
Low S/G 3.8 MPa -06MPa  32MPa 03 0.206

Feed Pressure
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Parameter CATHENA Prediction NUCIRC Value
Inlet Header 2 Pressure (MPa) 11.23 11.19
Inlet Header 4 Pressure (MPa) 11.15 11.12
Inlet Header 6 Pressure (MPa) 11.22 11.20
Inlet Header 8 Pressure (MPa) 11.17 11.13
Inlet Header 2 Temperature (C) 263.99 263.40
Inlet Header 4 Temperature (C) 264.17 263.42
Inlet Header 6 Temperature (C) 264.00 263.45
Inlet Header 8 Temperature (C) 263.95 262.60
Outlet Header 1 Pressure (MPa) 10.00 9.95
Outlet Header 3 Pressure (MPa) 9.99 9.95
Outlet Header 5 Pressure (MPa) 10.00 9.94
Outlet Header 7 Pressure (MPa) 9.99 9.93
Outlet Header 1 Temperature (C) 302.50 302.61
Outlet Header 3 Temperature (C) 302.18 303.14
Outlet Header 5 Temperature (C) 303.15 303.45
Outlet Header 7 Temperature (C) 303.09 303.64
Core Pass 23 Flow (kg/s) 2148 2116
Core Pass 41 Flow (kg/s) 2144 2100
Core Pass 67 Flow (kg/s) 2104 2079
Core Pass 85 Flow (kg/s) 2091 2087
Header 23 Pressure drop (MPa) 1.23 1.23
Header 41 Pressure drop (MPa) 1.16 1.17
Header 67 Pressure drop (MPa) 1.22 1.23
Header 85 Pressure drop (MPa) 1.18 1.20
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I 6. Channel flow (kg/s)

RIH2-ROH3 RIH4-ROH1 RIH6-ROH7 RIH8-ROH5
37-element 2125. 37 2117. 49 2068. 29 2052. 64
CANFLEX 2129. 67 2122. 77 2078. 43 2061. 54
¥ 7. Coolant temp (°C)
RIH1 RIH 3 RIH 5 RIH 7 ROH 2 ROH 4 ROH 6 ROH 8
37-ELMI | 264. 96 265. 08 265. 09 264. 98 310. 18 310. 23 310. 21 310. 27
CANFLEX | 264.77 264. 85 264. 76 264. 70 310. 10 310. 16 309. 68 310. 18
¥ 8. Head Pressure (Mpa)
RIH1 R H 3 RIH 5 RIH 7 ROH- 2 ROH 4 RCH- 6 ROH- 8
37- ELMI 11. 21 11. 15 11. 21 11. 15 9. 99 9. 98 9. 99 9.98
CANFLEX | 11.21 11. 15 11. 20 11. 15 9. 97 9. 97 9.98 9. 97
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SDS1 SDS2
Trip prameter Triptime Effec. Trip parmaneter Trip Effec.
(sec) time(sec)

Low Flow 0.2767 (0] Press. drop_prim 0.2446 (0]

ROP 0.3140 (0] ROP 0.3020 (0]

Log of Rate 0.4690 (0] Log of Rate 0.6450 (0]

High press 1.8647 X Low press 2.1947 X

Low Press. 2.1747 X - -
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¥ 10. CANFLEX 998 ZAAA] AAASF EHAA EYAIZF 3 F84
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SDS1 SDS2
. Trip time . Trip
Trip prameter (se0) Effec. Trip parmaneter time(sec) Effec.
Low Flow 0.2800 (0] Press. drop_prim 0.2450 (0]
ROP 0.2950 o] ROP 0.2880 o]
Log of Rate 0.4530 (0] Log of Rate 0.6230 (0]
High press 1.9300 X Low press 2.1450 X
Low Press. 2.1400 X Press.drop _backup 3.2300 X
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