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ABSTRACT 
The Simplified Boiling Water Reactor (SBWR) proposed by 

General Electric (GE) is an advanced light water reactor 
(ALWR) design that utilizes passive safety systems. The 
PCCS is a series of heat exchangers submerged in water and 
open to the containment. Since the containment is inerted 
with nitrogen during normal operation, the PCCS must 
condense the steam in the presence of noncondensable gases 
during an accident. 

To model the transient behavior of the SBWR with a 
system code, the code should properly simulate the expected 
phenomena. In the SBWR, the condensation of steam in the 
presence of noncondensable gases, the venting of 
noncondensable gases from the PCCS, and the mixing of the 
steam and nitrogen in the Drywell (DW) are phenomena which 
are important to the functioning of the passive SBWR safety 
systems. To validate the applicability of RELAP5 MOD 3.1.1. 
(Carlson, 1990) to perform an analysis of an SBWR Loss of 
Coolant Accident (LOCA), the data from three Phase 1, Step 2 
nitrogen venting tests at Toshiba's Gravity-Driven Integral 
Full-Height Test for Passive Heat Removal (GIRAFFE) facility 
(Shiralkar, 1994) and RELAP5 calculations of these tests were 
compared. The validation process should determine if the code 
predicts the physical phenomena relevant to PCCS 
performance. 

The comparison of the GIRAFFE data against the results 
from the RELAP5 calculations showed that RELAP5 MOD 
3.1.1 can predict condensation and gas purging phenomena 
occurring in the long-term decay heat rejection phase. In this 
phase of the transient, condensation in the PCCS is the only 
means to reject heat from the SBWR containment. In the two 
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tests where the nitrogen purge vent line was at its deepest 
submergence in the Suppression Pool (S/P), the RELAP5 
results mirrored the behavior of the containment pressures and 
of the water levels in the Horizontal Vent (HV) and the 
nitrogen purge line tube of the GIRAFFE data. However, in the 
test with the shallowest purge line submergence, there was 
appreciable direct contact condensation on the pool surface of 
the HV despite modeling efforts to deter these phenomena. 
This surface condensation, unobserved in the GIRAFFE tests, 
was a major cause of RELAP5 predicting early containment 
depressurization and the subsequent early rise in HV and 
nitrogen purge line water levels. The present RELAP5 
MOD3.1.1 interfacial heat and mass transfer model does not 
properly degrade direct contact steam condensation in the 
presence of noncondensable gases sitting on a pool. Since the 
excess condensation leads to anomalous pressure behavior, 
this model should be modified to simulate properly SBWR 
phenomena. 

INTRODUCTION 
The SBWR, as designed by GE, has passive containment 

cooling safety systems for accident conditions. During a 
LOCA, decay heat from the reactor core boils the coolant 
inventory of the Reactor Pressure Vessel (RPV) and gradually 
lowers the RPV water level while increasing the Drywell (DW) 
pressure. During this period, the PCCS, a unique safety feature 
of the SBWR, will condense the steam in the containment to 
lower the containment pressure. Because the DW is inerted 
with nitrogen gas to prevent hydrogen explosions, the PCCS 
will be condensing steam in the presence of noncondensables. 

This work was performed under the auspices of the U.S. Nuclear Regulatory Commission. 
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The PCCS transfers heat to the pool in which the PCCS unit 
resides. Condensate in the PCCS drains to the Gravity Drain 
Cooling System (GDCS) tank to be recycled back to the RPV. 
Nitrogen gas concentration builds up within the PCCS tubes 
during the condensation process inhibiting the heat transfer to 
the surrounding pool. The pressure then builds up in the 
containment because of the lack of heat transfer and mass flow. 
When the pressure of the gas in the purge line is greater than 
the cover gas pressure in the Supression Chamber (S/C) added 
to the static head equal to the depth of the purge line 
submergence in the S/P, the gases in the nitrogen purge line 
purge to the S/C. 

GIRAFFE TEST FACILITY 
The test program for the PCCS is the G_ravity-Driven 

Integral Eull-Height Test for Passive Heat Removal (GIRAFFE) 
(Shiralkar, 1994 and Yokobori, 1991). GIRAFFE is a full-
height test facility scaled 1/400 by volume. GIRAFFE 
attempts to preserve elevations and local pressure losses to 
model the passive heat removal system. lis basic purpose is to 
demonstrate the PCCS passive heat removal system and 
provide data for the assessment of safety analysis codes. 

The Phase 1, Step 2 test provided data for heat transfer, 
noncondensable gas venting, and the interaction of the 
various SBWR components. These tests explored the effects 
of variations in the nitrogen purge line submergence, the 
initial partial pressure of nitrogen in the DW, and the PCCS 
condensate return line elevation. Data from three tests that 
examine the effect of variations in nitrogen purge line 
submergence on noncondensable gas venting were used to 
assess RELAP5 MOD3.1.1 (Carlson, 1990). GIRAFFE 
included components representing the RPV, the S/C including 
the S/P, the DW, and the Isolation Condenser (IC) pool 
containing the PCCS heat exchanger unit (Figure 1). Since 
GIRAFFE did not include a GDCS in these tests, the condensate 
drained directly to the RPV rather than to the GDCS. The 
omission of the GDCS did not alter any of the heat transfer and 
purging phenomena crucial to validating RELAP5 for SBWR 
calculations. 

PHASE 1, STEP 2 RELAP5 MODEL 
The Phase 1, Step 2 RELAP5 MOD 3.1.1 Model contained 

models representing the RPV, the DW, the S/C, and the PCCS 
unit (Figure 2). Three Phase 1, Step 2 cases were modeled that 
compared the effects of submerging the nitrogen purge line at 
different depths below the surface of the Suppression Pool 
(S/P). The depths in these three cases will be referred to as 
shallow for the shallowest submergence, medium for the 
middle submergence, and deep for the deepest submergence 

with 250 mm separating each one (Yokobori, 1991). The 
heaters in the RPV ran at a constant 45 kW to boil the RPV 
coolant and produce steam. For the GIRAFFE tests, the 
RELAP5 model included the University of California at 
Berkeley (UCB) correlation for condensation within the tubes 
of the PCCS (Shumway, 1992, Shumway, 1993, and Vierow 
and Schrock, 1992) and a table look-up for the appropriate 
heat transfer coefficient on the pool side (Bui, 1985a, 1985b, 
Carey, 1992, Kakac, 1987, and Nisihikawa, 1983). 

The models for S/C, the HV, and the lower portion of the 
nitrogen purge line used the level tracking option to represent 
properly the static head of the liquid in these three components 
to represent properly the gas purging phenomenon. If the 
RELAP5 model turned off level tracking, steam and nitrogen 
purged from the nitrogen purge line into the S/P at a higher 
rate than with the level tracking turned on. Without level 
tracking, the noncondensable quality of the gas mixture at the 
exit of the purge line was lower and larger quantities of 
uncondensed steam purged into the S/P. Furthermore, the level 
tracking option, by defining a water level in the cells where 
the gas-liquid interface existed, produced gas purging with 
larger oscillatory amplitudes and larger changes in PCCS 
noncondensable concentration than occurred with level 
tracking turned off. Since this behavior was similar to 
behavior seen in the GIRAFFE data, RELAP5 reproduced the 
purging phenomenon much more accurately with the use of the 
level tracking option than without that option. 

Since the vessels have a large surface to volume ratio, heat 
slabs were required to model the proper ambient heat loss in 
the GIRAFFE facility components. The outside surfaces of the 
DW, the RPV, and the HV in the RELAP5 model contained heat 
slabs. The heat slabs had a heat transfer coefficient of 2 W/m2-
K, which is in the proper order of magnitude for natural 
convection (Karlekar and Desmond, 1977). This convective 
heat transfer coefficient was chosen to remove the amount of 
heat from the RELAP5 model as seen in the GIRAFFE data. The 
RELAP5 calculations predicted an average ambient heat loss of 
29 kW comparable to 27 kW+1 kW heat losses recorded during 
the GIRAFFE tests. 

The interfacial heat transfer in the HV had to be reduced to 
eliminate spurious condensation from occurring on the pool 
surface interface in the HV (Figure 3). The GIRAFFE test data 
lacked evidence of any direct contact condensation that 
occurred in RELAP5 calculations. It is assumed that during the 
tests nitrogen blanketed the pool's surface inhibiting the 
condensation process. To test this theory, a RELAP5 
GIRAFFE calculation with the entire HV filled with nitrogen as 
an initial condition was completed. It was found that this 
approach worked to deter the spurious interfacial heat transfer. 
This approach was then used in the RELAP5 models for the 
Phase 1, Step 2 GIRAFFE tests. To deter spurious 
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condensation, the HV was filled with pure nitrogen as an 
initial condition rather than the mixture of steam and nitrogen 
that filled the HV in the GIRAFFE tests. 

The GIRAFFE data for the three cases mentioned above 
(shallow, medium, and deep purge line submergences) was 
compared to the RELAP5 predictions. Figures 4, 5, and 6 show 
the DW and the S/C pressure data recorded in the GIRAFFE tests 
compared against the RELAP5 predictions. The peak pressures 
were uniformly lower by about 0.05 bar for each RELAP5 
calculation (shallow - 3.13 bar, medium - 3.145 bar, and deep -
3.174 bar) compared to the GIRAFFE data (shallow - 3.18 bar, 
medium - 3.20 bar, and deep - 3.22 bar). However, the 
maximum pressure was reached for each RELAP5 calculation at 
about the same time for all three cases, i.e., (shallow - 3500 s, 
medium - 3500 s, and deep - 3000 s) which did not occur in the 
data (shallow - 3600 s, medium - 4500 s, and deep - 7300 s). 
The time of peak pressure in RELAP5 roughly corresponds to 
the end of nitrogen injection into the PCCS. By 3500 s, since 
the upper DW has vented most of its nitrogen, the nitrogen 
mass fraction of the mixture was so low that it was practically 
pure steam. The PCCS has heat transfer area sufficient to 
condense any amount of steam that will be produced by core 
decay heat boiling the RPV coolant in the long-term decay 
heat rejection phase. However, if there is nitrogen in the 
PCCS, the PCCS is incapable of condensing all the steam 
being produced. Once die gas mixture became pure steam and 
sufficient nitrogen purged from the PCCS, the containment 
pressure rise ended. However, the GIRAFFE data showed that 
the deeper the submergence the longer it took to reach the peak 
pressure. Hence, RELAP5 appeared to both overpredict 
condensation in the PCCS and the rate of nitrogen transfer 
from the DW to the PCCS. 

The medium and deep submergence results predicted by 
RELAP5 were consistent with the GIRAFFE data. However, the 
shallow submergence predictions by RELAP5 showed that the 
DW pressure dropped below the S/C pressure at around 4300 s. 
On further investigation, it was found that interfacial heat 
transfer in the HV had not been dampened by filling the HV 
with nitrogen as had been done with the medium and deep 
submergence RELAP5 models. The GIRAFFE data showed no 
indication of condensation in the HV. Significant 
condensation occurred in the HV and reduced pressure in the 
DW causing a rapid drop in pressure at 700 s to 1100 s as well 
as at 4300 s. The 4300 s pressure drop occurred because the 
PCCS nitrogen uptake was virtually nonexistent allowing the 
continuous condensation of all steam flowing into the PCCS. 
This acted to prevent containment pressure from increasing 
again. Furthermore, the steam in the DW had two available 
flow paths, and the path with the least resistance was toward 
the HV. In the HV, steam condensing on the surface of the 
pool acted erroneously to help decrease containment pressure. 

As seen in Figures 7, 8, and 9, plots of S/P, HV, and 
nitrogen purge line water levels of both the GIRAFFE data and 
the RELAP5 predictions, the water levels in the medium and 
deep submergence RELAP5 predictions were consistent with 
the GIRAFFE data. The shallow submergence RELAP5 
predictions showed that the HV and nitrogen purge line water 
levels rose dramatically above the S/P water level at around 
4300 s. However, it never rose mat high in the GIRAFFE data. 
The pressure drop in the DW at 4300 s caused die rise in the HV 
and nitrogen purge line water levels. 

The timing of the sharp pressure drops (shallow - 3600 s, 
medium - 3800 s, and deep - 7300 s), lower peak pressures and 
shorter venting times in the RELAP5 predictions resulted as a 
combination of the slightly higher heat losses to ambient 
environment (-10%), the nitrogen venting out of the DW by 
4000 s, and the UCB correlation's tendency to overpredict 
condensation heat transfer (Vierow and Schrock, 1992, Tills, 
1994, and Shumway, 1993). The extra heat losses tended to 
cool the containment and lower pressure. Furthermore, the 
nitrogen in the DW in the deep submergence RELAP5 
predictions appeared to be dropping to the bottom of the DW 
or venting out of the upper DW into the PCCS too quickly 
when compared to data. 

If the nitrogen flow rates to the PCCS are higher early in 
the RELAP5 calculation, the DW will transfer most of its 
nitrogen to the S/C too rapidly which will alter the 
containment pressure behavior by leading to an overprediction 
of condensation. Hence, in a RELAP5 calculation pure steam 
would be injected into the PCCS earlier than what occurred in 
the GIRAFFE data which leads to high rates of condensation 
and a premature drop in containment pressure. However, in the 
shallow submergence prediction, condensation heat transfer in 
the HV made a contribution to lower die DW pressure. It 
should noted that the UCB correlation overpredicts 
condensation which also contributed to a high condensation 
rate and a premature drop in containment pressure. 

CONCLUSIONS 
Using level tracking, modeling the ambient heat losses, 

and inerting the HV with nitrogen, RELAP5 MOD3.1.1 was 
able to predict steam condensation in the presence of 
noncondensable gases. RELAP5 also predicted the buildup of 
nitrogen within the PCCS tube and the subsequent venting 
process. For proper modeling of the venting process, the use 
of level tracking was essential. If a RELAP5 calculation 
switched off the level tracking option, excess gas purging 
widi more steam entrainment into the S/P occurred than with 
the level tracking option turned on. This behavior was not 
consistent with the data. The HV line modeled in RELAP5 
required extra nitrogen to be added to reduce spurious 



condensation on the HV line pool surface. This model 
produced results close to the data for the medium and deep 
submergence venting tests for both pressure behavior and HV 
and nitrogen purge line water levels. However, the shallow 
submergence RELAP5 prediction showed an early drop in 
pressure and a rise in water levels that excess HV condensation 
helped create. The DW appeared to be injecting all of its 
nitrogen through the PCCS to the S/C too early while the UCB 
correlation tended to overpredict heat transfer causing the 
PCCS tube heat transfer coefficients to rise and the 
containment pressure to decrease earlier than the data 
indicated. If RELAP5 is to be validated for SBWR calculations, 
the interfacial condensation model should be improved to 
account for heat transfer degradation that occurs when 
noncondensable gases blanket a pool surface and the UCB 
condensation correlation may need to be replaced or modified. 
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FIGURE 1: GIRAFFE FACILITY 
PHASE 1, STEP 2 CONFIGURATION 


