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iSumarv: - The RELAPS/ MOD 2 code is being used' by National Power-Nuclear '

Technology Division for calculating Small Break Loss'of
Coolant Accidents (SBLOCA) and pressurised transient 1,
sequences for the Sizewell 'B' PWR. These calculations are d,

being carried out at_the request.'of the Sizewell 'B' Project:
Management Team and the Health and Safety Department. ;

To assist .in validating RELAP5/ MOD 2 for the above
.

!
application, the code is being used to model a number of
small_LOCA and pressurised fault Jimulation experiments
carried out-in integral test facilities. The present report'

describes a RELAP5/ MOD 2 analysis of the, small LOCA test-
S LH 2 which was perfor.r.ed on the Semiscale Mod 2C
Facility. S 1Ji 2 simulated a SBLOCA. caused by a breah:in-the "

cold leg pipework of an area equal to 5% of the cold leg = flow
S Ill 2 was identical to the earlier test S LH 1 exceptarea.

for an increase in the flyw area between the upper plenum ard '

the cold leg which resulted in the core bypass flow
increasing from 0.9% to 3,0%.

RELAPS/ MOD 2 gave reasonably accurate predictions of syst3m
thermal hydraulic behaviour but failed to calculate the core
dryout which occurred due to coolant boil off prior to ,

accumulator injection. -The error is believed Ae to
| combinations of errors in calculating the liquid inventory in- ,

the core and steam generators,-and incorriet modelling of the
'
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void fraction gradient within-the core.
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1. INTPODUCTION

The RE1AP5/ MOD 2 code

Division for calculating Small Break Loss of Coolant Accidents (SBLOCA)[1] is being used by National Power Nuclear Technology
pressurised transient sequences for the Sizewell

'B' PWR.
and

calculations are being carried out at These
the request of the Sizewell 'B'Project Management Team and Health and Safety Department.

To assist
in validating RELAPS/MCD2 for the above application

being used to model a number of small LOCA and pressurised fault sithe code is,

experiments carried out in integral test facilities. rnulation
describes a REIAPS/ MOD 2 analysis of the small LOCA test S LH 2 whichThe present report
performed on the Semiscale Mod 2C facility. was

cold leg flow area. caused by a break in the cold leg pipework of an atea equal to 5% of theS.lS 2 simulated a small LOCA

an increase in the flow area between the upper plenum and the cold legit was identical to the earlier test S-lh l exceptfor
which resulted in the core bypass flov increasing from 0 9%
RELAP5/ MOD 2 analysis of S-lh 1 is reported in ref [2} to 3.0t. A.

.

2.
CODE VERSION AND INPUT MODEL

The code version used for these calculations was the same as used fref. [2] analysis (RELAPS/ MOD 2/ cycle 36.05 E03) . or the

The RELAP5/ MOD 2 model was also the same as that used in ref [2] exthe loss coefficient for the core bypass junction which was cept for
2.57 to 0.125

initial steady state.This was found to give the correct bypass flow ratio (3%)
reducec. fromin the

3.
1EITIAL_ FED !WUNDARY CONDITIONS
The
from referenceinitial and boundary conditions for the present calculati[3]. ons were taken
steady state calculation was first run for 300s of problem timeTo establish the required steady state cenditions a
control systems used to achieve steady state were The
in the S LH 1 calculations, identic l to those used

.

a

slightly f rom those detailed in referencethough the steady state conditions differed[2]. After 300s the dummyvolumes and control systems were deleted.
allowed to proceed for 50s as a ' null transient'The calculation was theninitiated, to ensure before the transient wasthat an acceptable initial steady state had beenachieved.

Figures 1 - 3 show the hot leg pressure ano pressuriser levelinto and out of the intact the flows
intact loop SG pressure and level during the steady state runloop steam generator (SG) separator, and the

,

figures indicate that a satisfactory steady state was reachedThese.

state conditions are compared with experimental data, obtained frThe steady.

reference [3}, in Table 1. om

As with test
S LH 1 the intact loop SG secondary side

All other steady state conditions were satisfactorily calcul t dartificially low to allow REIAP5 to calculate stable operation of thlevel had to be sete SG.
ae , however.

; 4.
DESCRIPTION OF TEST S-LH-2

which is described in detail in referenceThe experimental transient was similar to that occurring in test
(21

S-LH-1,

s.

,,,m~9e dO # ..
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l- Calculations are in fairly good agreement with' data and the core level
depression at about- 200s, which occurs because of m~anometric ef fects is4 -

*

! predicted. In test S UI 2 the increased. core bypass flow resulted in a-
| manometric level _ depression.which was-much less severe than seen in test. >

j- S - UI 1. Consequently the severe ~ core-level depression which. ocurred at
4 about 200s in S Di-1, did not take _ place in S-UI 2 and RELAP5 correctly.
4

identified this effect. As.-in the simu1** at of test S UI 1, accumulator-
_ injection was calculated too early in _S UI 2 analysis. Therefore the 1,

|- minimum core inventory in the bnP ~ phase (350s onwards) was again '2

j noticeably overestimated,
,

.a
Calculated axial variations in core void fractions are shown in figure 12, !

''As in i:he S-Ul 1 calculations the core dry out that occurs 'in the ' test at
around 500s is not predicted. Again, as in the _ S Ul.1 case, failure to

I predic: the dry-out appears to be due to a combination of the over-
i prediction of the liquid inventory in the core, and the calculation of- an
j unrealistic core void fraction distribution.
1

i Figure 13 compares the measured and calculated heater rod temperatures in- .

! -the core,-close to the 250cm elevation, it is seen that as discussed-above
j- RELAPS fails to calculate the-rod heat up associated with core uncovery in
! the period 525 - 610s.
1

6. DISCUSSION * COMPARISON W1''"I S.LM-1 ANALYSIS

! The main difference betweer the S-Ul-1 and S Ul 2 transients is the pump
; suction clearing behaviour. The experimental trends in both tests are-

captured surprisingly well by REIAPS/ MOD 2, As a result of differences ~ in;

the loop seal behaviour, the core level depression due to manometric;

? effects is much more severe in S-DI-1 than in S UI 2.
-

The minimum core
; inventory in the manometric depression phase is in both cases calculated
| accurately by RELAPS.

.

] In both S-Di-1 and S Ui 2 the loop seal. clearance was followed by a slow
!- coolant boil-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
i discrepancy is believed due to a combination.of-over prediction _of the core
i liquid inventory, and errors in modelling the void-fraction distribution,in'

. the core, It was noted in ref, [2] that calculaiion of the core level,
} trajectory in such cases tis likely to be unreliable in REIAP5 simulations,
j in which the core is represented by a small number ofinodes, It'was:

,

| recommended therein that the level trajectory calculationiwould be best
performed with_a separate code _using;a. fine: axial mesh,_taking boundary7 -'

conditions from the RELAP5 calculation. ' Development of_such.a model is now
under way [4]

7, CENERAL ' CODE PERFORMANCE AND CPU TIMES '
.

-As with.the S Di 1. analysis calculations were performed on the_Cray-2:
computer at the Atomic Energy;Research Establishment (AERE)L Harwell,
1516 seconds of CPU time were used to calculate 600: seconds'of transient, a
giving'a CPU;; Real time-ratio of 2.53': 1.

3. -
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1. INTRODP'i,I.lMi
,

i

The RELAP5/ MOD 2 code (1) is beine,used by National Power Nuclear Technology |
Division for calculatinf, Small Break Loss of Coolant Accidents (SBLOCA) and ,

pressurised transient sequences for the Sitewell 'B' PUR. These
calculations are being carried out at the' request of the Sizewell 'B' |

Project Management Team and Health and Safety Department. !

|

To assist in validating RELAP5/ MOD 2 for the above r.pplication, the code is ,

being used to model a number of small thCA and pressurised f ault simulation ;

experiments carried out in integral test facilities. The present report
describes a RELAP5/ MOD 2 analysis of the small LOCA test S 1.H-2 which was ,

psrformed on the Semiscale Mod 2C facility. S.LH-2 simulated a small LOCA ,

caused by a break it ;he cold leg pipework of an area equal to 5% of the !

cold .( 1 flow area. It was identical to the earlier test S 1T.1 except for
an ir .csase in the flow area between the upper plenum and the cold leg r

which resulted in the core bypass flow increasing from 0.9% to 3.04. A i

RELAP5/ MOD 2 aralysis of S.1h 1 is reported in ref [2j. :

!
2. CODE VERSION AND itJPUT MODEL !

The code version used for these calculations was the same as used for the
ref. [2] analysis (RELAP5/ MOD 2/ cycle 36.05 E03). ;

1

The RE1AP5/ MOD 2 model was also the same as that uscd in ref [2] except for '!
the loss coef ficient.for the core bypass junction which was reduced from -
2.57 to 0.125. This was found to_give the correct bypass flow ratio (3%)
in the initial steady state.

1

3. INITIAL AND P,0UNDARY CONDIT10f]3

The initial and boundary conditions for the present calculations were taken
from reference (3). To establish the required steady state co.61tions a .

steady state calculation was first.run for 300s of problem time. The
control systems used to achieve steady state were. identical-to:those used '

in the S LH 1 calculations, though the steady state conditions differed i

slightly from those detailed in reference [2]. After 300s;the dummy
volumes'and control systems were deleted. .The calculation was then

.

''

allowed to proceed for 50s as a 'nuil transient' before the-transient was ;
!initiated, to en:ure that an acceptable initial' steady state had been'

achieved. '

Figures 1 3-show the hot les pressure and pressuriser level, the flows !
into and out of the intact loop steam generator-(SG)- .parator, and the -

intact loop SG pressure and level during the ruady state run. These :

figures indicate that a satisfactory steady statt was reached. The steady
state. conditions are compared with experimental d ta, obtained from '

. reference (3), in Table 1.- - )

As with test S LM 1- the intact loop S0 secondary side level ha h to be set
,

artificially low to allow RELAP5 to calculete- stable operation of the SG.
All other steady state conditions were sat;4factorily celculated, however.

4. DESCRIPTION OF TEST SaOS2

The experimental trs dent was:similar to that occurring in test S LH 1,--

which is described *t detail in reference 12),-
.

li

t
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Briefly, upon initiation of the transient, a block valve off the cold leg
was opened to simulate a break, core power was reduced to represent decay-
heating, the feed water and main steam control valves (MSCV) closed and the
primary circulating pumps were tripped. The sequence of events is given in
Table 2. As can be seen there le much similarity v>th test S lM.1.

The main difference between the S.Lil 1 and S.1312 tests was that the
manometric imbalance in the pump suction legs did not produce a liquid p
level depression below the top of the heated core, prior to loop seal
clearance, and therefore no early core dry.out occurred. Early dry out did
occur in S.LN 1. This difference was a consequence of the larger by pass
flow in S LH 2 which acted to prevent a differential pressure developing
between the top of the core and the cold legs.

.

The slow reduction in core liquid level due to coolant boil off observed in
S LH 1 af ter pump suction clearance was, however, also observed in S.L112.
Agrin this resulted in a core dry out which commenced at about 525s and was
terminated at about 620s, approximately 50s after initiation of accumulatot
injection.

5, DESCRIPTION OF P.E1AP.1/ MOD? CALCULATION

The calculated timing of key events is compared with the experimental data
in Table 2.

The measured and calculated primary system pressures are shown in Figure
4. As vith the calculated S.LH+1 in ref [2] the calculation is accurate up
to 50s. after which there is a small systematic over. prediction of pressure
until loop seal clearance. After loop seal clearance the calculated
depressurisation is too rapid, indicating a possibic overestimation of the
break discharge enthalpy. Accumulator inje" tion pressure set' point is
reached at 500s in the calculation, approxinately 75s earlier than the
experiment.

The secondary side pressures are compared in Figure $. _ Secondary. side
pressures are over predicted at all times after the closure of the MSCVs,_
as found in the S.LH 1 calculation. These~ errors are-thouF t to have onlyh
a minor effect on the calculations.

The measured and calculated break flow rates are compared in Figure 6.
Periods of underestimation (45 140s)~and overestimation (230 280s) are
evident; Overall, however, as in;the ref [2] analysis,_the mean flow rate
through the break is reasonably accurately calculated.

Figures 7, B,_9 and 10 compare.the measured and calculated collapsed liquid
level in the intact loop and broken. loop SG U. tubes and pump; suction legs.
Trends in calculations and the test data are similar to those described in
ref [2].

- The larger bypass flov _in test'S.LH 2 compared with S LH 1 resulted in-
later clearance of theLintact loop pump suction. leg, and failure of the
broken loop pump suction leg to clear at all. RELAP5 correctly.; predicted.,'

both of<these_ effects. The late prediction of clearance of'the intact loop
(250s c.f 204s)_vas due-to errors in the calc ~ulated discharge flow rate
noted above.

In figure 11 calculated' collapsed liquid levels-in the downcomer and core
are compared with experimental data. (Note that the experimental-data,
which ara darived from pressure differential values,-are~ invalid until the

termination.of forced loot flow at about 50s).

2.
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Calculations are in fairly good agreement with data and the core level
depression at about 200s which occurs because of rnanometric- ef fects is
predicted. In test S Ul 2 the increased core bypass flow resulted in a
reanometric level depression which was much less_ severe than seen in test
S Ul 1. Consequently the severe core level depression which ocurred at
about 200s in S.UI 1 did not take place in S UI 2 and REIAP5 correctly
identified this effect.- As in the sinnulation of test S UI 1, accumulator
injection was calculated too early in the S Ul.2 analysis. Therefore the
minimum core inventory in the boil off phase (350s onwards) was again
noticeably overestimated.

Calculated axial variations in core void fractions are shown in figure 12.
As in the S Ul.1 calculations the core dry out that occurs in the test at
around 500s is not predir-ted. Again, as in the S Ul 1 case, failure to
predict the dry out appears to be due to a combination of the over.
prediction of the liquid inventory in the core, and the calculation of an
unrealistic core void fraction distribution.

Figure 13 compares the measured and calculated heater rod temperatures in
the core, close to the 250cm elevation. It is seen that as discussed-above
RE1AP5 fails to calculate the rod heat up associated with core uncovery in
the period $25 610s.

6- DISCUSSION + COMPARISON WITH S IL 1 ANALYSIS.

The main difference between the S-Ul 1 and:S Di.2 transients is the pump
suction clearing behaviour. The experimenta1' trends in both tests are
captured surprisingly well by RE1AP$/tt0D2.- As_a result of. differences in

-

the loop seal behaviour, the core icvel depression dus to manometric
effects is much more severe in S Ul 1 than in S UI 2. The minimum core-
inventory in the manometric depression' phase is in both cases calculated
accurately by REIAP5.

In both S Ul 1 and S ul 2 the loop seal clearrace was follued by a slow.
coolant boil off phase in which core uncovery and dry out occurred. In
both cases REIAP5 failed to calculate _the fuel dry out. in this phase. This
discrepancy is believed due to r. corrbination_ of over prediction-of the core
liquid inventory. and errors-in modelling the void fraction distribution in -
the core. It was noted in ref. [2] that calculat' ion of the c' ore level
trajectory in such _ cases is likely to be unrollable in-REIA?5 sianulations,
in which the core is representsd by a small number of' nodes'.- It was
recommended therein that the flevel trajectory calculation would be best
performed with a separate code using a fine axial' mesh. taking boundary
conditions from the REIAPS calculation. -Development of such a enodel 'is now
under way [4).

_

7. CENERAL CODE PEPJOPJ4ANCE AND CPU TIMES

As with the S DI 1 analysis calculations were performed on the'Crayi2
computer at.the Atomic Energy Research Establishment (AERE),llarwell.
1516 seconds of CPU time were=used to calculate 600 seconds of transient,.
giving a. CPU : Real time ratio-of 2.53_: 1.

3.
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8. CONCLUSIONS ;

|

1. RELAPS/ MOD 2 cycle M.05 Version E03 has been used to analyse test |
S.1& 2 (54 cold leg break loss of coolant accident simulation) carried i

out in the Semiscale PWR test facility. !
|

2. RE1AP5/ MOD 2 gave reasonably accurate predictions of system thermal- :
'

hydraulic behaviour but failed to calculate the core dry out which
occurred due to coolant boil off prior to accumulator injection. This ;

failure is believed to be due to a combination of errors in i

*

calculating the liquid inventory in the core and steam generatore, and
incorrect modelling of the void fraction gradient within the core. :

1. The need for a code to calculate core mixture lovel trajectoryi taking :
'

boundary conditions from RELAPS/ HOD 2, has been confirmed.

:
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T ABlt i

INITIAL. CONDitlONS FOR S LH ?

UNITS EXPERtMENT RELAPS

W - / pressure MPa 15 42 15 42

i f5 F- t kW 2007 09 7007 09

Core ;emperature rise K 37.17 39 4

Pressuriser llould level crn 393 $33

(collapsed above bollom)

Cold leg Huld temperatures K
Inlaci loop $619 550$
Broken loop !,64 4 563i

Primary now rate kys*3
Intact loop 7.37 7 37

Broken loop i 99 1 99

Initial bypass now
(% of total core now) 30 30

Leak rate kgs*8 O t(e32 00

SG secondary pressure MPa
Intact loop 5 70 5 74-
Broken loop 5 95 6 10

SG secondary side mass k0
Intact loop 191 150'
Broken loop 48 2 48 21

* Approaching Ilmit of stable operation of steam generator by RELAPS

' 6.

i
.,

, , , , , , , , , ,,
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I

1 ADil ? ]

fit.ilNG of ( vrtJ1s FOR n i n ?

EVENT 1sME AFIER HRf AR Of'f tJS b)
E X PE RIME N T RELAP%

Small break valve opened 00 (10

Pressuriner pressure
reaches trip level (12 6MPa) is 41 17 r.

Pump coast down initiated
Intact loop 20 05 22 0
Broken loop 20 65 22 0

HPIS initiated
Intact loop 41 6 42 4
Broken loop di 6 42 4

Pressuriser empty 34 8 53 0

Minimum core
collapsed liquid level 204 35 250

Pump suction clearing
Intact loop 205 4 255
Brokan loop Did not clear Did not clear

,

Coro dry out 600 Did not dry out

Accumulator now initiated
intact loop 575 0 500
Broken loop Not initiated 500

'

-
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11. A851 M ACI t/co mee w met

the R[t hP5/ MOD 2 code is being used by hat tonal Power Nuclear Technology Division for calculating %all Break loss of Coolant
Accidents (SBLOCA) and pressurOed transtent 'equences for the 5ttenell *B' PVR,10 ass'st in valtdating R[t APL/MD0 2 for tte
above application, the code is being used to model a number of v. mall LOCA and pressurtred f ault simulation esperiments carried
out in integral test factiltles. The present report describes a RttAP5/M002 analysts of the small LOCA test 5 LH 2 which was
performed on th Semiscale Mod TC Factitty. $+tH 7 simulated a SBLOCA caused by a break in the cold leg pipewcrk of an area
equal to 5% of the cold leg flow area. RELAPL/MODZ gave ressonably accurate predictions of system thermal hydraulic t+havior
but failed to calechte the core dryout which occurred due to coolant boil-of f prior to accumulator injection. The error is
belteved due to tret,Oa' tens of errors in calculating the Itould inventory in the core and steem generators, and incorrect
edelltnr, of tre old fraction gradtent within the tore.
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