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Evaluation

Audit Issues No. 46
The guidance in RG 1.157, Section 3.4.2 establishes acceptable controls for the calculation of
bypass flow. The expression for the bypass fraction shown in Section 2.1 of Appendix F
appears to be incorrect. M_water_out is defined as the liquid flow rate discharged through the
lower plenum which would be indicative of the amount that has not been bypassed in the test.
Confirm and if necessary, provide the correct the expression. Also confirm that the bypass
fractions shown in Figures 2-3, 2-7 and 2-8 in Appendix E are correctly calculated and
compared.
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Response
[
a
plenum.

]TS The Mwater_out is the measured liquid flow rate discharged through the lower

In MIDAS tests, the downcomer water level is maintained at the predetermined constant value.
The liquid flow rate discharged through the lower plenum which would be indicative of the
amount that has not been bypassed in the test. That is, the liquid flow rate through the lower
plenum can be calculated by following equation.
[

]TS

The expression for the bypass fraction above is obtained from the mass balance.
Even though the typos in the topical report, Figure 2-3, 2-7 and 2-8 of Appendix E are calculated
correctly based on the above modified equation. Therefore, these figures do not need to be
modified.
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Impact on DCD
There is no impact on the DCD.

Impact on PRA
There is no impact on the PRA.

Impact on Technical Specifications
There is no impact on the Technical Specifications.

Impact on Technical/Topical/Environmental Report
Topical report will be revised as mentioned above.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

1RQ3URSULHWDU\

$XGLW,VVXHV1R

CAREM, LBLOCA Analysis Methodology

$WWDFKPHQW  
APR1400-F-A-TR-12004-1P Rev.0


5HSODFHZLWKQH[WSDJH$


ODEHOHGµECCW Injection Nozzle¶is the DVI injection nozzle number through which ECCW was
injected. The major test results are also depicted in Figure 2-3 and Figure 2-4.
The bypass fraction and the condensation ratio were calculated as follows:
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Where, MSI_in (kg/s) was the total ECCW injection flow rate, MWater_out (kg/s) is the liquid flow rate
discharged through the lower plenum, MSteam_in is the steam injection flow rate, and MCondensate (kg/s)
is the condensation rate which is calculated as follows:
ܯௗ௦௧ ൌ ܯௌ௧̴ െ ܯௌ௧̴௨௧

(3)

Where, MSteam_out (kg/s) is the steam flow rate discharged through the break.
TS

The total steam injection flow rate used in the tests was ranged [
] . Table
2-4 presents the scaled MIDAS test conditions and corresponding APR1400 conditions.
The ECCW bypass fractions measured in 15 tests are presented in Figure 2-3 as a function of the
total steam injection flow rate. In the cases of one SIP injection through DVI-4 (located nearby the
broken cold leg), the DVI-4 injection tests Test 110 through Test 114, the bypass fraction abruptly
increased as the total steam injection flow rate increased. The maximum bypass fraction reached
TS
almost [] . It was also observed that very steep increases of the bypass fraction became
weakened as the steam flow rate increased. A similar tendency was also observed in the tests that
ECCW injected through both DVI-2 and DVI-4 (Test 100 through Test 108; two SIPs operated). The
TS
bypass fraction converged into an asymptotic value of about [] as the steam flow rate
increased. In the case of one SIP injection through DVI-2 (located on the opposite side of the broken
TS
cold leg), Test 109, the bypass fraction was only [] ; even though the steam flow rate was as
TS
high as [] . These test results indicate that most of the ECCW injected
through the DVI-2 nozzle, which was the farthest from the broken cold leg, penetrated into the lower
plenum, and that most of the ECCW injected through the DVI-4 nozzle, which was closest to the
broken cold leg, bypassed through the break.
Figure 2-4 shows the condensation ratio as a function of the total steam injection flow rate. The
condensation ratio is defined as a condensed fraction of the total steam flow rate. The condensation
ratio decreased as the total steam injection flow rate increased. For the DVI-2 or DVI-4 injection
tests (one SIP operated), the condensation rate was about half of the condensation rate for DVI-2
and DVI-4 injection tests (2 SIPs operated) under the same total steam injection flow rate. This is
because the condensation rate is almost proportional to the ECCW injection flow rate, as shown in
Table 2-4.

2.2
2.2.1

Code Assessment
RELAP5/MOD3.3/K Model Description

The RELAP5/MOD3.3/K input model of the MIDAS facility is shown in Figure 2-5 and Figure 2-6.
TS

The downcomer is modeled [] . Each channel of the
upper downcomer region (i.e., the region above the cold leg) is modeled [
TS
] . DVI-4, which is the closest DVI nozzle to the break, is connected to Volume 130-2.
DVI-2, which is the farthest DVI nozzle from the break, is connected to Volume 140-2. Each channel
of the lower downcomer region (i.e., the region below the cold leg) is modeled [
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:KHUH06,BLQ NJV ZDVWKHWRWDO(&&:LQMHFWLRQIORZUDWH0:DWHUBRXW NJV LVWKHOLTXLGIORZUDWH
GLVFKDUJHGWKURXJKWKHORZHUSOHQXP06WHDPBLQLVWKHVWHDPLQMHFWLRQIORZUDWHDQG0&RQGHQVDWH NJV 
LVWKHFRQGHQVDWLRQUDWHZKLFKLVFDOFXODWHGDVIROORZV
ܯௗ௦௧ ൌ ܯௌ௧̴ െ ܯௌ௧̴௨௧ 

  

:KHUH06WHDPBRXW NJV LVWKHVWHDPIORZUDWHGLVFKDUJHGWKURXJKWKHEUHDN
7KHE\SDVVIUDFWLRQLVGHILQHGE\XVLQJWKHOLTXLGIORZUDWHGLVFKDUJHGWKURXJKWKHORZHUSOHQXP
7KHOLTXLGIORZUDWHGLVFKDUJHGWKURXJKWKHORZHUSOHQXPLVWKHVDPHDVDFFXPXODWHGOLTXLGUDWHWR
GRZQFRPHUWKDWLVWKHVXPPDWLRQRI(&&:LQMHFWLRQUDWHZLWKFRQVLGHUDWLRQRIE\SDVVDQGVWHDP
FRQGHQVDWLRQVLQFHGRZQFRPHUZDWHUOHYHOLVFRQVWDQWO\PDLQWDLQHG
7KHWRWDOVWHDPLQMHFWLRQIORZUDWHXVHGLQWKHWHVWVZDVUDQJHG>
@767DEOH
SUHVHQWVWKHVFDOHG0,'$6WHVWFRQGLWLRQVDQGFRUUHVSRQGLQJ$35FRQGLWLRQV
7KH(&&:E\SDVVIUDFWLRQVPHDVXUHGLQWHVWVDUHSUHVHQWHGLQ)LJXUHDVDIXQFWLRQRIWKH
WRWDOVWHDPLQMHFWLRQIORZUDWH,QWKHFDVHVRIRQH6,3LQMHFWLRQWKURXJK'9, ORFDWHGQHDUE\WKH
EURNHQFROGOHJ WKH'9,LQMHFWLRQWHVWV7HVWWKURXJK7HVWWKHE\SDVVIUDFWLRQDEUXSWO\
LQFUHDVHGDVWKHWRWDOVWHDPLQMHFWLRQIORZUDWHLQFUHDVHG7KHPD[LPXPE\SDVVIUDFWLRQUHDFKHG
DOPRVW>@76,WZDVDOVRREVHUYHGWKDWYHU\VWHHSLQFUHDVHVRIWKHE\SDVVIUDFWLRQEHFDPH
ZHDNHQHGDVWKHVWHDPIORZUDWHLQFUHDVHG$VLPLODUWHQGHQF\ZDVDOVRREVHUYHGLQWKHWHVWVWKDW
(&&:LQMHFWHGWKURXJKERWK'9,DQG'9, 7HVWWKURXJK7HVWWZR6,3VRSHUDWHG 7KH
E\SDVVIUDFWLRQFRQYHUJHGLQWRDQDV\PSWRWLFYDOXHRIDERXW>@76DVWKHVWHDPIORZUDWH
LQFUHDVHG,QWKHFDVHRIRQH6,3LQMHFWLRQWKURXJK'9, ORFDWHGRQWKHRSSRVLWHVLGHRIWKHEURNHQ
FROGOHJ 7HVWWKHE\SDVVIUDFWLRQZDVRQO\>@76HYHQWKRXJKWKHVWHDPIORZUDWHZDVDV
KLJKDV>@767KHVHWHVWUHVXOWVLQGLFDWHWKDWPRVWRIWKH(&&:LQMHFWHG
WKURXJKWKH'9,QR]]OHZKLFKZDVWKHIDUWKHVWIURPWKHEURNHQFROGOHJSHQHWUDWHGLQWRWKHORZHU
SOHQXPDQGWKDWPRVWRIWKH(&&:LQMHFWHGWKURXJKWKH'9,QR]]OHZKLFKZDVFORVHVWWRWKH
EURNHQFROGOHJE\SDVVHGWKURXJKWKHEUHDN
)LJXUHVKRZVWKHFRQGHQVDWLRQUDWLRDVDIXQFWLRQRIWKHWRWDOVWHDPLQMHFWLRQIORZUDWH7KH
FRQGHQVDWLRQUDWLRLVGHILQHGDVDFRQGHQVHGIUDFWLRQRIWKHWRWDOVWHDPIORZUDWH7KHFRQGHQVDWLRQ
UDWLRGHFUHDVHGDVWKHWRWDOVWHDPLQMHFWLRQIORZUDWHLQFUHDVHG)RUWKH'9,RU'9,LQMHFWLRQ
WHVWV RQH6,3RSHUDWHG WKHFRQGHQVDWLRQUDWHZDVDERXWKDOIRIWKHFRQGHQVDWLRQUDWHIRU'9,
DQG'9,LQMHFWLRQWHVWV 6,3VRSHUDWHG XQGHUWKHVDPHWRWDOVWHDPLQMHFWLRQIORZUDWH7KLVLV
EHFDXVHWKHFRQGHQVDWLRQUDWHLVDOPRVWSURSRUWLRQDOWRWKH(&&:LQMHFWLRQIORZUDWHDVVKRZQLQ
7DEOH 
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