
0EFZS--4333
RS--264/85

September 1985

Österreichisches Forschungszentrum

eibersdo '
RELAP 4/MOD 6 Boiling Water Nodalization Study

Gerald Sonneck
Hans Pfau



OEFZS—4333 September 1985

RS—264/85

RELAP 4/MOD 6
BOILING WATER NODALIZATION STUDY

The Austrian Part of the Final Report to the
Jubiläumsfonds der österreichischen Nationalbank,

Projekt Nr. 246o

Gerald Sonneck
Hans Pfau

Arbeitsbericht

Österreichisches
Forschungszentrum Seibersdorf

Ges.m.b.H.
Lenaugasse lo A-lo82 Wien

INSTITUT FÜR REAKTORSICHERHEIT



ACKNOWLEDGEMENT

The authors gratefully acknowledge the support of the

Jubiläumsfonds der österreichischen Nationalbank; their

funding made this work possible.



II

OEFZS--4333 September 1985
RS--264

KELAP 4/MOD 6 SIEDEWASSER NODALISIERUNGSSTUDIE

KURZFASSUNG

Das Risiko von Kernreaktoren wird durch die Unfälle dominiert,
bei denen der Kern schmilzt. Es ist daher notwendig, voraus-
zuberechnen, wie solche und andere Unfälle ablaufen. Der
erste Schritt dazu ist die Berechnung von Störxällen in Ver-
suchsanlagen. RELAP 4/MOD 6 ist eines der Programme, mit
denen eine solche Berechnung möglich ist. Eines der großen
Probleme dabei ist die Diskretisierung der Anlage in Modell-
volumina - die Nodalisierung.

Die Basis der Arbeit ist der Versuch LOCA No. I an der Anlage
FIX II in Studsvik (Schweden), der auch die Basis für das
OECD Internationale Standardproblem 15 war.

Dieser Bericht untersucht den Einfluß verschiedener Nodali-
sierungen, verschiedener Verteilungen von Druck, Wasser und
Strukturwärme sowie verschiedener Blasenaufstiegsmodelle,
Bruchmassenstromkoeffizienten und Wärmeübergangszeitschritte.
Er kommt vor allem zu dem Resultat, daß ein einfaches RELAP 4
/MOD 6 Modell mit weniger als lo Volumina durchaus ein Experi-
ment wie LOCA No. 1 der Anlage FIX II mit gutem Erfolg berech-
nen kann; dazu braucht es nur einen Bruchteil der sonst übli-
chen Rechenzeit.

RELAP 4/MOD 6 BOILING WATER N0DALIZATION STUDY

ABSTRACT

The risk of nuclear steam supply systems is dominated by the
core melt accidents. The first step to a realistic assessment
of these sequences is the successful prediction of a loss of
coolant event in a test loop. One of the codes for that is
RELAP 4/MOD 6 and one of the important options in this code
is the nodalization.

The base of this work is the test LOCA No. 1 of FIX II in
Studsvik (Sweden) which also served as the OECD International
Standard Problem 15. This report discusses the influence of
different nodalizations, of different distributions of pressure,
water and structural heat as well as of different bubble rise
options, break flow coefficients, and heat transfer time steps.
The most important result is that a simple RELAP 4/MOD 6 model
with less than lo volumes is able to predict an experiment as
LOCA No. 1 in FIX II successfully using only a fraction of
the usual computing time.

INIS-Fachbereich; C 52

INIS-Deskriptoren: LOSS OF COOLANT/R CODES/BWR TYPE REACTORS/
RESEARCH REACTORS
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1. INTRODUCTION

The most important option when calculating a Loss of Coolant

Event with RELAP 4/MOD 6 is the nodalization. If the nodali-

zation is too coarse too many parts of the system are ex-

periencing unrealistic conditions, because RELAP 4/MOD 6 is

a homogeneous equilibrium code basically; if it is too fine

the calculation time tets prohibiting.

The purpose of this work is to show that a simple and there-

fore fast running model can give realistic results that are

rather insensitive to physically reasonable changes in no-

dalization and options with the exemption of the break flow

discharge coefficient.

The base for this work is the experiment LOCA No. 1 of the

facility FIX II in Studsvik (Sweden), which served as the

OECD International Standard Problem 15 (/I/, /2/). ÖFZS

had participated in this exercise by submitting a calculation

which gave realistic results although it needed only one

tenth to one sixtieth of the computer-time needed by the

other participants (/2/, /3/).

After an introduction into the facility and the test this

report will discuss the principles of our nodalizations

and the effect of the different nodalizations and options.

Table 1 summarizes all the results.
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2. THE FACILITY FIX II

FIX II is located in Studsvik, Sweden. It is one of

the few boiling water loops - a model of the Swedish

nuclear power plant Oskarshamn 2 scaled down 1:777.

Oskarshamn 2 is a BWR of 57o iVIWe with four external

recirculation pumps. FIX II (Fig. 1 ) has

one electrically heated bundle consisting of 36 rod

simulators of full length delivering 3.5 MW full power.

The axial power profile is simulated by 8 steps

The simulation of the inner loop is straight forward:

In the core the water is heated to saturation and

partly evaporated. The two phase mixture is separated

in the steam separator. The residual saturated water

is mixed with the cool feedwater and flows down the

external downcomer. The pump PI simulates the three

intact recirculation lines and P2 the broken line.

The break is simulated by V 12o. Bypass and guide tube

volume are external. The simulation of the outer loop

is a little complicated: In the steam dome the steam

is condensed by the spray V Io6 which also regulates

the overall pressure. The heat sink is the cooler which

gets its water from the bottom of the downcomer. The

"steam line" (V 112) serves only for the safety and

depressurization valve.

3. THE" EXPERIMENT' LOCA NO. 1

The experiment chosen as the standard problem is an

intermediate break between a recirculation pump and

the lower Dlenum.
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The initial pressure is around 7 MPa, the initial

power 3.5 MW.

At time 0 the break valve V 12o opens. At the same

time the pumpe PI is tripped and the power follows

the decay heat curve. At about the same time the

steam valve V 112 opens-. The pressure decreases .

• At about 2 s the steam valve V•112, the

spray valve V Io6, the feed water valve V Io7 and

the access to the cooler V Io4 are closed so that

the outer loop is isolated from the system. Because

of the size and the location of the break less energy •

is lost from the system than provided by the "decay

heat" • so that the pressure rises until at about 8s

equilibrium is achieved. At twelve seconds into the

transient the steam valve is opened again and is

left open until the end of the blowdown. Although

the actual transient was terminated at 76 s because of

operational reasons' a straightforward extrapolation

shows that the planned aim of 2 MPa would have been

reached at 8o s.

The cladding temperatures were as follows: At the

opening of the break the core inlet flow stagnated

for a short period because of the immediate flow

reversal on the vessel side of the broken recircula-

tion line. This caused a dryout at certain elevations

of the rods. When the pressure increased the void

fraction was reduced and rewetting occured. After the

steam valve was opened again (12 s) the stagnation point

moved into the core which caused a second dryout. This

was quenched by the flashing of the lower plenum. The

two phase level in the core moved downwards and from

about 5o s the core finally dried out beginning from

the top. The peak clad temperature is extrapolated to

8o s and would have been 6 36 K.
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4. PRINCIPLES OF THE ÖFZS NODALIZATION

Fig. 2 shows the nodalization scheme for the run POSTTEST.

Most of the nodes are self explaining when compared with

the scheme of the facility (Fig. 1). According to the

core power profile each power step is represented by a

core heat slab. The two steps with the highest power

are-slab 4 and 5. These two get one volume each, while

the rest is combined in volumes 9 and 2, respectively.

The steam condenser needs some discussion: As RELAP 4

is an equilibrium code, any volume is forced to be in

equilibrium. Therefore the coexistence of subcooled water

(from the feedwater line) and saturated steam cannot be

modelled in one volume. The solution chosen is to put

the feedwater junction (15) into the downcomer. The

steam condenser in the facility has a smaller cross-

section at the bottom than higher above; RELAP 4 allows

constant cross-sections only. As a correct water level in

the steam condenser is necessary for a correct pressure

distribution, volume 3 has the small cross-section

and a correct waiter level. It also preserved the height

of the original steam condenser. The extra steam volume

is provided for in volume 12.

Most of the volumes have heat slabs to account for the

ambient heat losses.

Much care was taken to represent all the measured pressure

drops in the system.

The steam condenser has complete separation, the Wilson

bubble rise model was used from the beginning of the

transient for the volumes 2, 4 and 8. To avoid unphysi-

cal oscillations due to level crossing problems the

Wilson bubble rise model in volumes 11, lo, 9 and 1 was

used only after the respective volume above was completely
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void. All the other volumes were homogeneous. The

parameters chosen for comparison were the time when

the system reached 2 MPa and the peak clad tempera-

ture at this time. The rationale for this decision

is that the time when 2 MPa where reached is indi-

cative for the time when the low pressure injection

systems of a real plant would begin to deliver water

into the system. As no reflooding was present in the

test the peak clad temperature at the time when the

system reached 2 MPa is indicative for the real

peak clad temperatures in a plant.

5. RESULTS OF THE NODALIZATION STUDY (see also table 1)

5.1 Two volumes for the steam condenser

The following two models have both two volumes for

the steam condenser; they differ only in the number

of core volumes. Both models ran relatively slowly

because of oscillations in junction 19. The ambient

heat transfer of heat slab 17 is not satisfactory

because RELAP 4/Mod 6 has no model for condensing

steam.

5.1.1 POSTTEST

The nodalization for this run is seen in Fig. 2 and

was discussed in Chapter 4.

The time when 2 MPa were reached is 66.5 s instead

of 8o s in the experiment. The peak clad temperature

at 66.5 s is 6 3o K which is in good agreement with

the. experiment (6 36 K) .
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5.1.2 FIXPOST 7 = POSTTEST with only one core volume.

The main difference to POSTTEST is that the core

columes 9, lo, 11, and 2 were all combined into

one volume. As in an equilibrium code steam will

only be superheated when no water is present

in the same volume, the upper heat slabs will be

surrounded by saturated steam longer than in reality.

This should result in decreased peak clad temperatures

while the depressurization rate should be unchanged.

The calculation shows this trend: 2 MPa are reached

at 67 s and the peak clad temperature at this time

is 616 K.

5.2 The base case FIXPOST = FIXPOST 7 with only one
steam condenser volume

As explained above we had to introduce the steam volume

12 because a realistic water level was necessary in

volume 3 to maintain the pressure balance in the system

if the pump speeds from the experiment were to be

used. As no pump curves for the FIX II-pumps were

available, the Semiscale pump curves were used in all

the calculations. This means that perhaps the original

FIX II pumps speeds are not that sacrosanct as boundary

conditions after all. A slight increase of the pump

speeds is sufficient to maintain the pressure balance

also when the water level in volume 3 is decreased.

The ambient heat transfer in volume 12 (Fig. 2) is al-

ways a problem because RELAP 4/Mod 6 provides no con-

densation model for steam and the junction 19 tends

to oscillate. Therefore is seemed reasonable to com-

bine the volumes 12 and 3 to one volume, preserve

the water mass in volume 3 by decreasing the water

level and balance the pressure by slightly increasing
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the pump speeds. All these alterations did not

change the depressurization: 2 MPa were again

reached at 6 7 s. The peak clad temperature rose

now to 6 42 K, because more water was pumped through

the leak.

This run serves as the base case for all the follo-

wing runs.

5.3 FIXPOST 9 = FIXPOST with combining the pump 2 volume
and the break volume

A further simplification in the nodalization was

tried by combining the pump 2 volume and the break

volume (volume 6 and 7 in Fig. 2) into one volume.

In principle this proved to be possible? the only

difficulty is that there is an orifice at the pump

exit. The corresponding pressure drop had to be

shifted to the junction between the break and the lower

plenum. This favours the flow from the colder downcomer

to the break rather than the flow from the warmer

lower plenum. Consequently more water stays in the core

causing lower peak clad temperatures and the enthalpy

at the break is lower which decreases the depressuri-

zation rate. The pressure in a pump volume is set to

the mean between the volume inlet and outlet pressure.

This decreases the pressure at the break thereby again

decreasing the depressurization rate. 2 MPa were

reached at 7 3 s; the peak clad temperature dropped

to 59o K. We conclude that this distortion of the

pressure loss distribution is too big to model the

system adequately.
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5.4 In all the physically reasonable models reported

above the pressure drop is realistic up to about

4o s. Then the pressure drop is too big. This is

also about the time when the core begins to uncover

(Fig. 3). As the heat transfer rate decreases dra-

matically after the departure from uncleate boiling,

the energy input into the rods increases the tempe-

rature of the rods rather than increasing the en-

thalpy of the coolant which would result in a slower

depressurization rate. It might therefore be suspected

that some water is hidden in the system outside

the core which should realistically be in the core.

Looking into the calculations we found 3 kg water

in the steam condenser and 16 kg water in the bypass.

The following three runs study the influence of the

water distribution in the system on depressurization

and peak clad temperatures.

5.4.1 POSTFIX = FIXPOST with junction 3 lowered to the
bottom of volume 3

In POSTFIX the vertically oriented junction 3 was lowered

to the bottom of volume 3 to force all the water in

volume 3 to run into the downcomer. This changed the

results only slightly: 2 MPa were reached at 68 s and the

peak clad temperature is now 637 K. The calculation time,

however, increased because of code-generated oscilla-

tions in the junctions 2 and 3. The reason for that

is that the steam condenser showed a tendency to con-

tain slightly superheated steam while junction 2

still delivered some water into volume 3.
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5.4.2 FIXPOST 13 = FIXPOST with additional 3 kg of
water in the steam condenser

To study the sensitivity to an (unrealistic) increase

of the water inventory in the system we added 3 kg

water in the steam condenser, because this is the

only volume where water can be added; all the other

volumes are full at the beginning of the transient.

2 MPa were no;v reached at 71 s; the peak clad tempera-

ture was 6 36 K. We conclude that the uncertainty in

the initial water inventory is not big enough to

account for the too rapid pressure drop.

5.4.3 POSTFIX 1 = FIXPOST with no reverse pressure drop in
junction 9

As said above, 16 kg water stayed in the bypass at

the end of the transient in FIXPOST'. The reason is

a valve between the lower plenum and the bypass which

is used to limit the bypass flow in steady state.

Physically the high resistance of this valve is about

the same for forward and reverse flow. Just to see

the difference we decreased the reverse resistance

coefficient to zero. This caused some delay in the

core uncovery and consequently decreased the peak

clad temperature to 62 7 K. The time when 2 MPa are

reached changed only to 69 s, however. We conclude

that the water distribution in the system cannot be

the reason for the increased depressurization rate.

5.5 FIXPOST lo = FIXPOST plus one structural heat slab

In FIXPOST all the material except the rods is put

into heat slabs which deliver heat to the surrounding

("ambient heat slabs") as well as to the coolant when

this has a lower temperature. In reality some of the

material has no connection to the surrounding and
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delivers heat to the coolant only. The most important

example for that are the copper wires in the lower

plenum which connect the rods to the energy supply.

Following a suggestion of the Studsvik group /4/

we included a structural heat slab in the lower plenum.

The difference to FIXPOST is negligeable: 2 MPa were

reached at 6 7 s; the peak clad temperature was 6 39 K.

5.6 The pressure drop in the system is of course strongly

dependent on the enthalpy just upstream the break. So

ist could be supposed that the steam quality upstream

the break is too high. Two attempts to lower the

quality were made, a bubble rise model in the break

volume and total separation in the downcomer.

5.6.1 FIXPOST 8 = FIXPOST with a bubble rise model in the
break volume

Instead the usual homogeneous model the Wilson bubble

rise model was used for the break volume. As the break

is at the bottom of that volume this should lead to

lower qualities at the break. It turned out that this

volume is too small to apply this model. We were not

able to get reasonable results this way.

5.6.2 FIXPOST 12 = FIXPOST with total separation in the
downcomer

The total separation model was used in the downcomer

to ensure that no steam could flow from the downcomer

to the break. It must be noted that this is an unphy-

sical assumption which served only as a sensitivity

test. Nevertheless the results were practically un-

changed: 2 MPa were reached at 67 s; the corresponding

peak clad temperature was 6 4o K.
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5.7 POSTFIX 3 = FIXPOST with a break discharge coefficient
of o.74.

In all calculations up to now a break discharge coeffi-

cient of o.84 had been used. This is the number commonly

used; it is supported by vena contracta considerations.

In the standard problem calculations Dallman from

EG&G, Idaho, USA, however used o.74 for his TRAC-BDl

calculation ./2/. The reason was that Dallman had de-

cided that the FIX II discharge nozzle is similar to

a GE nozzle he is familiar with /5/ and where a dis-

charge coefficient of O.74 had given good results.

In the standard problem calculation his depressurization

rate, however, was too small so that he used o.84 for

the posttest calculation getting much better results.

After all our attempts to get realistic depressurization

rate had failed, we thought, that perhaps Dallman's

original idea was not so bad after all and made a

calculation with a break discharge coefficient of O.74.

2 MPa were now reached at 74 s (Fig. 4) and the correspon-

ding peak clad temperature is 627 K (Fig. 5). We con-

clude from these and a number of other data (e.g. Fig. 6)

that this is the most realistic run.

The apparent contradiction between Dallman's and our

results is explained as follows:

TRAC needs (and supports) a big number of nodes (in TRAC

they are called cells) . As Dallman used 116 cells for

FIX II he had also a very fine nodalization upstream

the break which probably gave him very realistic condi-

tions just upstream the break. With realistic conditions

evidently the physically based o.84 should be used. If

a larger volume is used upstream the break, our and

the GE experience shows, that o.74 gives better results.
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This might be, because the variation of the ther-

mal-hydraulic conditions from the center of the

break volume to just upstream the break is now

lumped into the discharge coefficient.

5.8 FIXPOST 11 = FIXPOST with a heat transfer step size
of o.l s.

Finally we mad a run to further speeding up the

calculation: In the model FIXPOST more than 5o% of

the cpu-time is used for calculating the heat trans-

fer coefficients for all the slabs for each timestep.

A timestep in RELAP 4/Mod 6 can be quite small (less

than o.oool s) while the change in heat transfer coeffi-

cient is usually negligeable for so small a time

interval (at least for small and intermediate breaks).

Despite that the RELAP 4/Mod 6 manual advises against

using this option - we do not know, why - a heat trans-

fer step size of o.l s (the maximum possible in RELAP 4/

Mod 6) was used. The differences in the results com-

pared to FIXPOST are negligeable: 2 MPa were reached

at 67 s and the peak cladding temperature was 6 41 K.

The cpu-time, however, dropped to less than 6o% of FIXPOST,

We conclude, that a heat transfer time step size of

o.l s is appropriate at least for small and intermediate

breaks.

6. CONCLUSIONS

At least for the test LOCA No. 1 all the calculations

reported above show that the basic nodalization FIXPOST

is a reasonable model for FIX II. They also show, that

this model is rather insensitive to physically reasonable

variations in nodalization, boundary conditions, and
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options except the break flow discharge coefficient.

We conclude:

- As in all calculations user experience is crucial

to getting good results.

- A heat transfer time step size of o.l s is appropriate

at least for small and intermediate breaks.

- Special care must be given to preserving the pressure

distribution throughout the system.

- A RELAP 4/Mod 6 model with a small number of volumes

is able to represent the given test very well while

using only a fraction of the cpu-time used by more

sophisticated nodalizations.
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