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Abstract : The Advanced Power Reactor Plus(APR+), which is a GEN III+ reactor based on the APR1400, is being developed in Korea. In order to
enhance the safety of the APR+, a passive auxiliary feedwater system(PAFS) has been adopted in the APR+. The PAFS replaces the con-
ventional active auxiliary feedwater system(AFWS) by introducing a natural driving force mechanism while maintaining the system function
of cooling the primary side and removing the decay heat. As the PAFS completely replaces the conventional AFWS, it is required to verify the
cooling capacity of PAFS for the core damage frequency(CDF) evaluation. For this reason, this paper discusses the cooling performance of
the PAFS during transient accidents. The test case and scenarios were picked from the result of the sensitivity analysis in APR+ Probabilistic
Safety Assessment(PSA). The analysis was performed by the best estimate thermal-hydraulic code, RELAPS5/.MOD3.3. This study shows that
the plant maintains the stable state without the core damages under the given test scenarios. The results of PSA considering this analysis'
results shows that the CDF values are decreased. The analysis results can be used for more realistic and accurate performance of a PSA.
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Steam generator
Fig. 1. Outline of PAFS in APR+ (3-D).
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Fig. 2. Noding diagrams of APR+ code model.
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Fig. 3. Noding diagrams of PAFS code model,

Table 1, Calculation Results of Steady—state condition in APR+ RELAPS

model,
Plant Parameter Desired RELAPS5
Reactor Core Power(100%) [MWt] 4290.0 4290.0
Cold Leg 1A Flowrate(minimum) [kg/s] | 5247.8 5247.8
Hot Leg Temperature [K] 597.05 596.6
Primary Cold Leg Temperature [K] 563.75 563
Side Temperature Rise [K] 333 33.6
PZR Level [%] 52.6 49.37
PZR Pressure [psia] 2250 2250.09
Steam Flowrate [kg/s] 1243.0 1237.0
Secsoiré(:ary Steam Pressure [bar] 70.26 69.89
SG Level [%] (NR) 44.10
A @2 A8l B7Fst7] $18ll PCHX A= =5 7071
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AP mel) Aok HE A EE w gl 915t
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Table 2, Test case and scenarios,

Case Initial e‘nt Test assumption and Scenarios

= Break
- Size : 0.38 inch, 1 inch, 1.5 inch, 1.91 inch
- Cold leg la break (End of RCP)

= System conditions
- All HPSI unavailable
- All SIT available
- 1 SC train available
- 2 PAFS available

>0 m™Wwn

= Scenarios
- No operator action during an accident
- Agressive cool down to Shutdown cooling

1. Aggressive entry by PAFS

cool down test
= Break

- 1 and 5 double-ended tube rupture
- 9.5m point from steam generator tube sheet

= System conditions
- All HPSI unavailable
- All SIT available
- 1 SC train available
- 2 PAFS available

~AHOQwm

= Scenarios
- Operator action : Isolation of affected SG at 30
min.

= Break
- 1 double-ended tube rupture
- 9.5m point from steam generator tube sheet

= System conditions

- All HPSI unavailable
- SC train unavailable
- All SIT unavailable

2. CASE 1
+ SCS injection
fail

~HQwn

= Scenarios

- Agressive cool down to Shutdown cooling
entry by PAFS

- MSSV stuck open unavailable

= Break
- 1 and 5 double-ended tube rupture
- 9.5m point from steam generator tube sheet

= System conditions
- All HPSI unavailable
- All SIT available
- 1 SC train available
- 2 PAFS available

3. CASE 1
+ Start-up feed
water pump

0O wn

= Scenarios

- MSSV stuck open : One valve for each main
steam line fails to close after first open

- Operator action : Start-up feedwater pump
begins to work when each SG wide range
level arrives at 5%.
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Fig. 4. Pressurizer pressure(Casel, SBLOCA),
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T T
0 5000 10000 30000

620

600 —

—=— 1 tube rupture
j +— 5 tube rupture
580
560 -

540 —

520 —

Temperature (K)

500

480 —

460

T T T
15000 20000 25000

Time(sec)

T T T
0 5000 10000 30000

Fig. 7. Core exit temperature(Casel, SGTR).

2w} 23 Wel Fashe 2 A4 9lon, ol v
22 Fof Bt W2l ofR Wrkaut dalv]
Wiolct. ek, SGTREPS] 49 AL ST 3080,
AAHOo e elnt mHETLET SokA: 4
ao glout, ol LAY =X O3 TS F7AY
717} Zelslo] WAHO R WAYSHe AAOR ol PAFS

126

1

4.1.2. Case 2
SGTRA| SISQ| F47]50] Aufjd 742, S7|EA7] o]
=z
=

A5 o83l ANEE el FFA1 7] SCS
2 dREo R WZHE 2UTORA WAEAS BT
4= 9Ick LUk ARaL Y 8AIREE SCS Qo] Asifstol
Z%z]lgﬂ—_ﬂ.LE o]83t FQlo] V=g AL, PCCT
5 &3 PAFSo| 23t &4l Yzhe] 7HsdhA| 9
2 skt & Aiks S71A7] Al 17) shee]
Holw, 574 sheke] 7-p= 8AIZES SCS X1 Al =y
EAgo] WAYSIER, & 24 Alo] 2ol M =R Rk
71e}7) ofgle Fig. it 21, LA e Fig. 9%} 71—
t}. PAFS:= 841%of ZH5alal, 49U =29 o) Al
TAE 30420 o= S714A7E A=3 g7 2
Al 174 sbcke] -9 ARy 84S PCCTE| 9 &

mE_B,O{N

18000000

16000000 +— —T
14000000
12000000 -
& 10000000
o
Z 8000000
173
o
o 6000000
4000000
2000000
0 T T T T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000
Time (sec)
Fig. 8. Pressurizer pressure(Case2, SGTR).
640
620 4— —=— Core exit
600 -
_ 580
<
[0
5 5604
g
Q.
$ 540 1
£
(0]
= 520
500
480
T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000
Time (sec)

Fig. 9. core exit temperature(Case2, SGTR).
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Table 3. Sensitivity analysis results of core damage frequency.,

Case Initial event CDF change after T-H
analysis
1 Aggressive cool down SBLOCA/SGTR -51%
2 |CASE 1 + SCS injection fail SGTR -59%
3 CASE 1 + Start-up SGTR 39%
feed water pump
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