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Analysis of Semiscale Test S-LH-2 using RELAPS/MOD?
F. Brodie and P.C, Hall, Analytical Invertigation Section

The RELAPS/MOD2 code is being used by National Power Nuclear
Techrology Division for caleulating Small Break Loss of
Coolant Accidents (SBLOCA) and pressurised transient
sequences for the Sizewell "B’ PWR. These calculations are
being carried out at the request of the Sizewell 'B’ Project
Management Team and the Health and Safety Department.

To assist in validating RELAPS/MOD2 for the above
application, the code is being used te model a number of
small LOCA and pressurised fault _imulation experiments
carried out in integral test facilities. The present report
describes a RELAPS/MOD? analysis of the small LOCA test
S+LH«2 which was perforted on the Semiscale Mod.2¢

Facility. §-1H-2 simulated a SBLOCA caused by a break in the
cold leg pipework of an area equal to 5% of the cold lep flow
area. S-1H-2 was {dentical to the earlier test §-LH-1 except
for an increase {n rthe fl.w area between the upper plenum ard

the cold leg which resulted in the core bypass flow
increasing from 0.9% to 3. 08,

RELAPS /MOD2 gave reasonably acecurate predictions of SYSTam
thermal hydraulic behaviour but failed to calculate thr core
diyout which occurred due to coolant bofl-off prior ro
accumulator injection. The error §s believed d.e te
combinations of errors in caleulating the liquid inventory in

the core and steam generators, and incorrsct modelling of the
void fraction gradient within the core,.
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I Calculations are in fairly good agreement with dats and the core level :
depression at about 200s, which occurs because of manometric effects is |

! predicted. 1In test §-LH-2 the increased core bypass flow resulted in a

| manometric level depression which was much less severe than seen in test

i §-1H-1. Consequently the severe core level depression which scurred at

about 200s in S5-1lH-1 did not take place in S-"H-2 and RELAPS correctly ]
identified this effect. As in the simul*" . of test S-lH-1, accumulator

injection was calculated too early ir $§-1H-2 analysis. Therefore the :
minimum core inventory in the bei’ « phase (350s onwards) was again
noticeably overestimated,
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l Calculated axial variations in core void fractions are shown in figure 12,
| As in cne S-1H-1 calculations the core dry-out that pccurs in the test at :
1 around 500s is not predicted. Again, as in the S-1H-1 case, failure to

? predic: the dry-out appears to be due to a combination of the over-

: predict’on of the liquid inventory in the core, and the caleulation of an
] unrealistic core void fraction distributien.
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Figure 13 compates the measured and calculated heater rod temperatures in ;
the core, close to the 250cm elevation. It is seen thic as discussed above :
RELAPS fails to calculate the rod heat-up associated with core uncovery in ’
the period 525 - 610s. |

6. DISCUSSION : COMPARISON WI™i §-LH-1 ANALYSIS

The main difference betweer the S-LH-1 and $-1H-2 transients is the pump
suction clearing behaviour. The experimental trends in both tests are
captured surprisingly well by RELAP5/MOD2. As a result of differences in
the loop seal behaviour, the core level depressinn due to manometric
effects is mucl; more severe in S-LH-1 than in S-LH-2. The minimum core

i inventory in the manometric depressi-on phase is in both cases calculated
accurately by RELAPS.

' In both S-1H-1 and S-LH-2 the loop seal clearance was followed by a slow
! coolant beil-off phase in which core uncovery and dry-out occurred. In ;
2 both cases RELAPS failed to calculate the fuel dry out in this phase. This f
[ discrepancy i{s believed due to a combination of over-prediction of the core '
{ liquid inventory, and errors in modelling the void fraction distribution in i
E the core. It was noted in ref. [2] that caleulation of the core level :
i trajectory in such cases is likely to be unreliable in RELAPS simulations, :
l in which the core {s represented by a small number of nodes. It was ;
, recomvended therein that the level trajectory caleculation would be best

’ performed with a separate code using a fine axial mesh, taking boundary

conditions from the RELAPS5 calculation. Development of such a model is now
under way [4]

7.  GENERAL CODE PERFORMANCE AND CPU TIMES

As with the 5-1H-1 analysis calculations were performed on the Cray-2
computer at the Atomic Energy Research Establishment (AERE), Harwell.
151€ seconds of CFU time were used to calculate 600 seconds of transient,
giving a CPU : Real time ratio of 2.53 : 1,
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The RELAPS /MOD2 code 1) is being used by Nationa! Power Nuclear Technology
Division for calevulating Small Break Loss of Coolant Accldents (SBLOCA) and
pressurised transient sequerces for the Sizewell ‘B’ PUR. These
caleulations arve being carried out at the request of the Sizewell '¥’
Project Management Team and Health and Safety Department.

To assist in velidating RELAPS/MOD? for the above spplication, the code is
being used to model a number of small LOCA and pressurised fault simulation
experiments carried out in integral test facilities. The present report
describes & RELAPS/MOD? analysis of the small LOCA test §-1H-2 which was
porformed on the Semiscale Mod-2C facility. S-1M-2 sisulated a small LOCA
caused by a break 11 .he cold leg pipevork of an area equal to 5% of the
cold 1y flow area. 1t was identical to the earlier test §-L 1 except for
an ir . sase in the flow area between the upper plenum and the cold leg
which resulted in the core bypass flow increasing foom 0 9% to 3.08. A
RELAPS /MOD? analysis of S-1LH:1 Is veported in ref [2).

CORE VERSION AND _INPUI MODEL

The code version used for these calculations was the same as used for the
ref. |2] analysis (RELAPS/MOD2/cycle 36.0% EO}).

The RELAPS/MOD2 model was also the same as thav uscd in vef [?] except for
the loss coefficlent for the core bypass junction which was reduced from
2.57 te 0.125. This wvas found to give the correct bypass flov ratie (3%)
in the initial steady state.

LNAT(AL AND BOUNDARY. CONDITIONS

The initial and boundary conditions for the present calculavions were taken
from referance (3], To establish the required steady state co.btitions &
steady state calculation was first run for 300s of prohlem time. The
control systems used to achieve steady state were i{dentical to those used
in the S§-1H-1 calculations, though the steady state conditions differed
slightly from those detailed In reference [2). After 300s the dummy
volumes and control systems were deleted. The calculation was then
allowed to proceed fer 50s as a ‘null transient' before the transient was
initiated, to enzurs that an acceptable initial steady scate had been
achieved.

Figures 1 - 3 show the hot leg pressure and pressuriser level, the flows
into and out of the intact loop steam generator (SG) . parator, and the
intact loop SC pressure and level during the sisady state run, These
figures indicate that a satisfactory steady stat: was reached. The steady
state conditions are compared with experimental -.ta, obtained from
reference [3), in Table 1.

As with test S-lH:1 the intact loop SC secondary side level ha to be set
artificislly low to allow RELAPS to calculete stable operation of the SG.
All other steady state conditions vere sa' sfactorily c~lculated, however.

The experimental tr .ient was similar to that occurring in test §-1H-1,
which is described ' ' detail in reference [2).






Calevlations ave In fairly good agreement with data and the core level
depression at about 200&, which eccurs because of manometiic effects 1s
predicted. In test $:1H-2 the increased core bypass flow resulted {n &
manometric level depression which was much less severe than seen in test
S§:1H-1. Consequently the severe core level depression which ocurred at
about 2008 in S-1H-1 did not take place in §-1H.2 and RELAPS correctly
fdentified this effect, As in the simulation of test S<1H-1, accumulator
injection was calculated too early in the S-1J-2 analysis. Therefore the
minimun core inventory in the boil off phase (350s onwards) was again
noticeably overestimated.

Caleulated axial variations in core vold fractions are shown in figure 12
As in the S-1H:1 calculations the core dry-out that occurs In the test at
around 500s is not predicted. Again, as in the §-1H:1 case, fallure to
predict the dry-out appears to be due to a combination of the over.
prediction of the ligquid inventory in the core, and the caleulation of an
unrealistic core veold fraction distribution.

Figure 13 compires the measured and calculated heater rod temperatures in
the cove close to the 250cm elevation It is seen that as discussed above
RELAPS falls to calculate the rod heat-up associated with core uncevery in
the period 525 « 610s.

RISCUSSION . COMPARISON WITH S-LH-1 ANALYS1S
- .

The main difference between the S$-1H-1 and S-1H-2 transients is the pump
sucticn clearing behaviour, The experimental trends in both tests are
captured surprisingly well by RELAPS/MOD2. As a result of differences in
the loop seal behaviour, the core level depression dus to manometric
effects 1s much more severe in S-1H-1 than {n 5-1M-2. The minimum core
inventory in the manometric depression phase is in both cases calculated
accurately by RELAPS,

In both S-1H-1 and §-1H-2 the loop seal clears wce was foll..ed by a slow
coolant boll-off phase in which core uncovery and dry-out occurred, In
both cases RELAPS failed to calculate the fuel dry out in this phase. This
discrepancy 1s believed due to & combination of over-prediction of the core
liquid inventory, and errors in modelling the void fraction distribution in
the core. 1t was noted in ref. [2] that caleulation of the core level
trajectory in such cases is likely to be unreliable in RELA?S simulations,
in which the core is representsd by a small number of nodes. 1t was
recommended therein that the leve) trajectory calculation would be best
performed with & separate code using a fine axial mesh, taking boundary

conditions from the RELAPS calculation. Development of such a model 18 now
under wvay [4).

GENERAL CODE PERFORMANCE AND CPU TIMES

As with the 5-LH-1 analysis calculations were performed on the Cray-2
computer at the Atomic Energy Research Establishment (AERE), Marwell.
1516 seconds of CPU time were used to calculate 600 seconds of transient,
giving a CPU : Real time ratio of 2.53 : 1.
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CONCLUSIONS

1. RELAPS/MOD2 cycle 36,05 Version EO3 has been used to analyse test
§.1H-2 (5% cald leg break loss of coolant accident simulation) carvied
out in the Semiscale PWR test faclility.

2 RELAPS, MOD2 gave reasonably accurate predicticns of system thermal
hydraulic behaviour but failed te calculate the core dry out which
oceurred due to coolant boil off prier to accumulator injection. This
failire 18 believed to be due to a combination of errors in
caleulating the liquid inventory in the core and steam generators, and
incorrect modelling of the void fraction gradicnt within the core.

1. The need for a code to caloulate core mixture level trajectory, taking
boundary conditions from RELAPS/MOD2, has been confirmed.
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EVENT

Bmall break valve opened

Pressuriser pressyre
reaches trip leve!l (12 BMPa)

Pump coas! down initiated
Intact loop
Broken loop

HPIS initiated
Intact loop
Broken loop

Pressuriser emply

Minimum core
collapsed lquid level

Pump suction clearing
Intact loop
Brokan loop

Core dry out
Accumulator low iniliated

Intact loop
Broken loop

!Apn'

TINING OF EVENIS TIOR8 112

TIME AFTER BREAK OPENS (&)

EXPERIMENT

an

15 01

20 65
0 6%

416
a1 6

348

204 35

205 4

Did not clear

600

$750
Not initiated

RELAPS

nn

7R

20
20

42 4
424
530

250

255
Did not clear

Did not dry out ,

S00
S00
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