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ABSTRACT 

CONTAIN is a reactor accident simulation code developed by Sandia National 
Laboratories under US Nuclear Regulatory Commission (USNRC) sponsorship to 
provide integrated analysis of containment phenomena, including those related to 
nuclear reactor containment loads and radiological source terms. The recently 
released CONTAIN 2.0 code version represents a significant advance in 
CONTAIN modeling capabilities over the last major code release (CONTAIN 
1.12V). The new modeling capabilities are discussed here. The principal 
motivation for many of the recent model improvements has been to allow 
CONTAIN to model the special features in advanced light water reactor (ALWR) 
designs. The work done in this area is also summarized. In addition to the 
ALWR work, the USNRC is currently engaged in an effort to qualify CONTAIN 
for more general use in licensing, with the intent of supplementing or possibly 
replacing traditional licensing codes. To qualify the CONTAIN code for licensing 
applications, studies utilizing CONTAIN 2.0 are in progress. A number of results 
from this effort are presented in this paper to illustrate the code capabilities. In 
particular, CONTAIN calculations of the NUPEC M-8-1 and ISP-23 experiments 
and CVTR test #3 are presented to illustrate (1) the ability of CONTAIN to model 
non-uniform gas density andor temperature distributions, and (2) the relationship 
between such gas distributions and containment loads. CONTAIN and 
CONTEMPT predictions for a large-break loss-of-coolant accident scenario in the 
San Onofre plant are also compared. 

I 1. INTRODUCTION 

CONTAIN is a reactor accident simulation code developed by Sandia National Laboratories 
(SNL) under US Nuclear Regulatory Commission (USNRC) sponsorship to provide integrated 
analysis of containment phenomena. CONTAIN provides the analyst with the capability to 
predict nuclear reactor containment loads, radiological source terms, and associated phenomena 
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under accident conditions. The principal purpose of CONTAIN is to provide the USNRC with 
predictive containment analysis capabilities and to serve as a tool to provide technical 
information in support of regulatory decisions. The recently released CONTAIN 2.0 code 
version' represents a significant advance in CONTAIN modeling capabilities over the last major 
code release (CONTAIN 1.12V) in 1993. The principal motivation for many of the recent model 
improvements has been to allow CONTAIN to model the special features in advanced light water 
reactor (ALWR) designs. As a result, CONTAIN has been used successfully to model the 
Westinghouse AP600 containment, for several different types of loss-of-coolant accidents 
&OCAS); and to model many of the Westinghouse Large Scale Test (LST) 1/8-scale 
 experiment^.^ CONTAIN has also been successfully used to model the passive safety features of 
the simplified boiling water reactor (SBWR) design from General Electric? 

In addition to the ALWR work, the USNRC is currently engaged in an effort to qualify 
CONTAIN for more general use in licensing, with the intent of supplementing or possibly 
replacing traditional licensing codes such as CONTEMPT' and COMPARE! CONTAIN 
represents enhanced modeling capability and reflects the current status in our understanding of 
containment phenomena. 

To qualify the CONTAIN code for licensing applications, a number of studies utilizing 
CONTAIN 2.0 are in progress. These studies are intended to (1) provide comparisons to 
previous design-basis-accident (DBA) licensing calculations performed with CONTEMPT and 
COMPARE, and (2) establish a methodology for use of CONTAIN in a manner consistent with 
the philosophy of conservatism taken in the USNRC's Standard Review Plan for containment 
analysis. At this point in time, a series of validation calculations involving DBA experiments has 
been completed; these include the early General Electric boiling water reactor (BWR) tests: tests 
utilizing the Carolinas Virginia Tube Reactor (CVTR); and two tests, International Standard 
Problem (1SP)-16 and ISP-23, in the German HDR f a c i l i t ~ . ~ * ' ~  Other validation calculations 
involving the NUPEC M-8-1 test" and the HDR El  1.2 experimentt2 were also done to support 
the DBA analyses. Calculations of separate effects tests and comparisons to other codes have 
been performed to validate the CONTAIN approach to heat and mass transfer modeling under 
both natural and forced convective conditions. CONTAIN 2.0 has also been used to provide 
comparisons to CONTEMPT calculations for the San Onofre plant, a large dry pressurized water 
reactor (PWR), and the Grand Gulf plant, a Mark III BWR. 

This paper provides a status report on the CONTAIN code qualification activities. In the next 
section, we provide background information on the code and discuss some of the differences 
between CONTAIN and traditional licensing codes. In Section 3, we summarize CONTAIN 2.0 
calculations of NUPEC M-8-1, CVTR Test #3, and ISP-23 to illustrate (1) the ability of 
CONTAIN to model non-uniform gas density and/or temperature distributions under stratified 
conditions, and (2) the relationship between such gas distributions and containment loads. In 
Section 4, the differences between CONTAIN and CONTEMPT predictions for the San Onofre 
large break LOCA scenario are also discussed. Finally, Section 5 presents overall conclusions. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



2. BACKGROUND INFORMATION 

The CONTAIN code, up to and including the CONTAIN 2.0 release,' is a best-estimate, control 
volume code that is capable of handling a variety of fields in each cell, or control volume. These 
fields can include: 

the water pool 
aerosols (including aerosolized water) 
gaseous and aerosolized fission products, and 
dispersed core debris fields from high pressure melt ejection. 

gaseous atmosphere and any suspended water 

Three methods are available for treating liquid coolant carried by the gas. The first or default 
method is to treat it as homogeneously dispersed, in which case the liquid is carried indefinitely 
with the gas unless it happens to evaporate. The second is to use the dropout option, in which 
case any liquid that forms is removed instantaneously to the pool or sump in the same control 
volume. The third method is intermediate between the other two: suspended water is represented 
as an aerosol component, in which case water aerosols are assumed to form by condensation and 
to have behavior governed by the CONTAIN aerosol dynamics models. The most important 
removal mechanism in the last case is typically gravitational settling. 

Sweeping changes have recently been made in the ability of CONTAIN to handle the dynamics 
of water pools. In versions prior to CONTAIN 1.2, the pool was treated as an explicit field that 
was not coupled logically to the atmosphere dynamics. For example, the effects of submergence 
of gas flow paths and of atmosphere heat sinks were not considered, regardless of the degree of 
filling of the control volume by the pool. Beginning with CONTAIN 1.2 and including 
CONTAIN 2.0, the gas and water pool fields are treated on the same footing, and the 
submergence effects discussed above are taken into account. For flow paths, a simple pool-gas 
flow hierarchy has been implemented to allow sequential processes such as BWR vent clearing to 
be taken into account, and multiple vents such as those present in the Mark III may now be 
constructed of standard flow paths. Fully water-solid cells and pool stratification may also be 
treated in principle. 

In addition to the above fields, any number of heat sinks may be modeled within a given control 
volume, and, if appropriate, the concrete basemat for the water pool may be modeled as well. 
The heat transfer from the atmosphere to these heat sinks is assumed to be governed by standard 
Nusselt correlations, and steam condensation on such sinks is assumed to be governed by 
Sherwood correlations of the same functional form as the Nusselt correlations, subject to 
appropriate substitutions for the dimensionless groups appearing in the Nusselt number. Such a 
correspondence can be established through boundary layer similarity arguments, customarily 
referred to as the heat and mass transfer analogy (HMTA).13 While the basic HMTA treatment 
of heat transfer has not changed in CONTAIN 2.0, a number of heat transfer improvements have 
been made, including (1) incorporation of gas boundary layer composition effects in the Grashof 
number, (2) more accurate representation of gas boundary layer transport properties, (3) 
enhanced output for heat transfer processes, and (4) a number of user options for specifying the 



Nusselt and Shenvood correlations used by the code and for combining the effects of forced and 
natural convection. 

In contrast to the W A  method used in CONTAIN, licensing codes typically use Uchida or 
Tagami/Uchida correlations for the total heat transfer coefficient under condensing 
 condition^.'^^'^ Unfortunately, such correlations are known not to scale properly away from the 
experimental conditions for which they were derived. For example, the Uchida correlation is 
assumed to depend only on the air/steam ratio. However, even under the saturated conditions of 
the experiments, this correlation should also depend strongly on other parameters such as the 
total pressure and the gas-wall temperature difference. Such limitations restrict the usefulness of 
such correlations to the narrow range of conditions under which they were derived or qualified. 
Because the HMTA method scales more correctly, it can be extrapolated over a broader range of 
conditions and is potentially more useful for licensing purposes. Recently, Peterson16 has shown 
that the HMTA method gives good agreement with the Uchida data under the conditions of the 
experiments, and therefore the HMTA method is also consistent with the data. 

Figure 1 gives a comparison of the total heat transfer coefficient between the HMTA method as 
calculated by CONTAIN and the Uchida correlation as implemented in CONTEMPT? Good 
agreement is obtained for the conditions shown (i.e., a total pressure of 2 bars saturated and the 
gas-wall temperature differences shown). For lower total pressures or larger gas-wall 
temperature differences, the functional dependencies of the HMTA heat transfer rate on these 
quantities cause it to decrease or become more conservative relative to the Uchida correlation 
(which is independent of these quantities, as discussed above). For higher pressures or smaller 
gas-wall temperature differences, the converse is true: HMTA becomes less conservative relative 
to Uchida. Note that the heat transfer during a blowdown typically occurs over a range of 
pressures and gas-wall temperature differences. The heat transfer from the HMTA method on 
the average may be either conservative or nonconservative relative to the Uchida correlation, 
depending on the conditions. 

Additional modeling capabilities in C0NTA.IN 2.0 include a new dynamic condensate film flow 
model for heat transfer structures, a new mass and energy conservation tracking scheme, and an 
improved equation of state for steam. Substantial improvements in the ability of the code to treat 
stable stratification have also been made through implementation of a hybrid formulation of 
gravitational heads.17 This formulation, which has been subjected to extensive evaluation and 
assessment, allows substantially better predictions of stratified conditions than previous 
CONTAIN formulations, for stable stratification resulting from injection of buoyant steam or gas 
at an elevated location within a containment. The ability to predict such stratification could be 
important for DBA analysis, since conservative peak temperatures under highly stratified 
conditions cannot be predicted by a code that overmixes gas under such conditions, unless 
extremely conservative assumptions are made. 
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Figure 1. Comparison of the Total Heat Transfer Coefficient Calculated by CONTAIN 
and the Uchida Correlation, as Implemented in CONTEMPT, for a Total 
Pressure of PtOt=2 bars and Saturated Conditions 



3. EXPERIMENT COMPARISONS 

3.1 NUPEC Helium Mixing Test M-8-1 

The NUPEC model containment was built to represent a 4-loop Pressurized Water Reactor 
(PWR) at 1/4 linear scale." The NUPEC facility was constructed as a domed cylinder, 
approximately 10.8 m in diameter, 17.4 m high, and 1310 m3 in volume. The facility contained 
28 separate compartments of which only 25 were interconnected. Of the 25 compartments that 
were interconnected, however, the dome compartment constituted approximately 7 1% of the total 
containment volume. 

A series of tests was performed in the NUPEC 1/4-scale model containment to investigate the 
thermal hydraulics of injecting helium and steam into a containment with and without the 
operation of water sprays. The tests simulated severe accident conditions in a nuclear power 
plant under simplified conditions in which helium (as a nonflammable substitute for hydrogen) 
and steam were released into a containment. The purpose of conducting the test series was to 
determine the thermal-hydraulic response and the mixing behavior of helium injected into the 
containment and to provide data for code verification. 

Figure 2 shows the 35-cell nodalization used in the analysis, superimposed on a schematic of the 
facility. In this figure, the cells are denoted by the circled numbers, and the flow paths are 
denoted by the boxed numbers. The water storage tank, reactor vessel, and primary shield rooms 
(cells 26-28, respectively) were closed rooms and are not represented. The 35-cell nodalization 
basically uses one cell for each physical room except for the dome and the pressurizer room. To 
model gas circulation, the dome is subdivided into central and annular cells, and the pressurizer 
room is divided into three cells (cells 16,22, and 35). 

In test M-8-1, steam and helium were injected into the pressurizer room, and sprays were not 
involved. Because the pressurizer room was closed except for openings at the top, these 
openings determined the injection conditions into the remainder of the containment. The Froude 
number of this injection, based on jet diameter and velocity, was quite low. Based on the major 
flow path from the pressurizer room into the remainder of the containment the Froude number is 
estimated to have been 0.08. Thus, one would expect a stable stratification to form in the facility 
external to the pressurizer room, with the stratification interface located approximately at the 
openings at the top of the pressurizer room. 

The gas pressure in the facility at the beginning of the experiment was approximately 101 kPa, 
and the structure and gas temperatures were at room temperature (approximately 280 K to 
283 K). The helium and steam mass injection rates were constant at 0.027 kg/s and 0.33 kg/s, 
respectively, during the 30 minute injection period. It was assumed that helium and saturated 
steam were injected into the containment at 283 K and 381 K, respectively. 
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Calculations with the hybrid gravitational head formulation have already been performed and 
reported in Reference 18 for a number of the NUPEC tests. More recently, the M-8-1 results 
were recalculated with CONTAIN 2.0. The predicted pressures from the hybrid and old 
gravitational head formulations are compared with the measured pressures in Figure 3. In Figure 
4, the predicted gas temperatures from the hybrid formulation are compared to the measured gas 
temperatures at locations along a vertical axis through one of the steam generator towers. (The 
middle column of rooms referred to in this figure corresponds to the cells along this axis.) Good 
agreement is found between the predicted and measured pressures and temperatures; in addition 
the predicted peak pressure and temperature are shown to be conservative. 
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Figure 4. Predicted Gas Temperatures Using the Hybrid Formulation Compared to the 
Measured Temperatures for the NUPEC M-8-1 Test 

20 

17 

With regard to the predicted stratification behavior, the differences between the hybrid and old 
formulations may be summarized through the predicted gas temperature profiles at the end of the 
30-minute gas injection period. As shown in Figure 5 ,  good agreement between the predicted 
and measured profiles is obtained with the hybrid formulation, but not the old formulation. The 
results from the latter clearly exhibit overmixing. It should also be noted that, in contrast to the 
hybrid formulation, the peak temperature is not conservatively predicted with the old 
formulation. With the hybrid formulation, good agreement is also found with the measured 
temperatures at other locations and with the measured helium  concentration^.'^"^ 
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3.2 ISP-23 

International Standard Problem (1SP)-23 (also known as test T31.5) was conducted in the 
German HDR facility.” This test was designed to represent a large-break LOCA, with the break 
occurring at mid-elevation in the containment, as shown in Figure 6.  SNL was an original 
participant in this ISP, and a blind CONTAIN calculation was submitted in August 1988.” That 
submittal used a detailed nodalization of the HDR facility, as shown in Figure 7, with 33 cells to 
describe the containment within the steel shell representing its pressure boundary. Calculations 
using this 33-cell representation were recently redone with CONTAIN 2.0, and the results are 
shown in Figure 8. In the case labeled “No Forced Convection,“ the effects of forced convection 
on heat and mass transfer were ignored; in the case labeled “With Forced Convection,” the 
degree of forced convection was estimated, and the forced convection velocities were specified 
through input. These two calculations utilized the aerosol method for treating suspended liquid 
water. In the case labeled “No Dropout,” this water was treated in the default manner, as 
homogeneously dispersed liquid not subject to gravitational settling. Figure 9 shows local 
temperature comparisons at four elevations, ranging from -5 to 40 meters, in the “No Forced 
Convection” case. As indicated in this figure, the predicted temperature distribution within the 
containment and its time dependence agree reasonably well with the measured local 
temperatures, but the temperatures below the injection point at one elevation, namely at 5 m, are 
considerably overpredicted. 

When steam is injected into the upper containment, one would expect the temperature rise in the 
lower containment to be partly the result of heating by compression, as the buoyant s t e d a i r  
mixture in the upper containment expands and pressurizes the containment. Since this steam 
tends to be excluded from the lower containment because of its buoyancy, this compression 
would tend to produce superheated conditions in the lower containment. Overprediction of the 
lower containment temperatures may indicate that the superheating in the lower containment is 
suppressed by rainout of liquid into the lower containment and its concurrent evaporation, an 
effect that was not explored with respect to ISP-23, but was explored with respect to CVTR test 
#3 (see Section 3.3). The rainout conjectured here could arise either from liquid introduced 
during the blowdown or from entrainment of condensate films that have formed on heat sinks. 

Another interesting feature of the ISP-23 calculation is the sub-compartment pressure differential 
between the break room and dome shown in Figure 10, for the “No Forced Convection” case. As 
shown in this figure, the peak pressure differential is slightly overpredicted by the code; however, 
the calculated pressure differential with the aerosol method of treating suspended liquid 
decreases rapidly enough that the prediction slightly underestimates the pressure differential at 
late times. As indicated by the no dropout case, this rapid drop-off may be an artifact. The 
difficulty is that the flow model neglects the inertial mass of the aerosolized water in calculating 
the flow rate, resulting in a flow rate out of the blowdown cell that is too high. A more realistic 
treatment of aerosol inertia would result in a pressure differential that lies somewhere between 
those of the two cases shown. 
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The pressure differential depends on other parameters such as loss coefficients that are difficult 
to determine accurately. However, with sufficient user guidance it should be possible to set flow 
parameters to assure conservative differentials. It should be noted that in the ISP-23 blind 
submittal, the CONTAIN predictions for sub-compartment pressures represented one of the best 
predictions from either control volume or fluid dynamics codes. The comparable agreement 
shown in Figure 10 is therefore as good as can be expected based on state-of-the-art code 
comparisons. 

3.3 CVTR Test #3 

CVTR test #3 is of particular interest because it has been used in the past for validating models in 
In this test, steam was injected at a location just above the operating deck, and DBA codes. 

significant steam stratification was observed. Nevertheless, most containment analyses reported 
in the literature for this test have been performed using a single-cell representation of the 
containment. The CONTEMPT code was utilized for many of these analyses; therefore, the 
reported results also reflect specific limitations of CONTEMPT. Some of the more important 
modeling limitations common to past CVTR analyses include: (1) the use of the Uchida 

19,20,21 



correlation for determining condensation heat transfer, (2) the neglect of the air gap resistance for 
the containment shell, (3) the neglect of condensate film resistance and film flow, and (4) the 
neglect of paint resistance for structures. In addition to these heat and mass transfer modeling 
limitations, there are uncertainties involving the specification of heat sink areas, such as the 
miscellaneous steel and internal concrete wall areas. 

The multi-cell CONTAIN model for CVTR uses the 19-cell nodalization shown in Figure 11. 
This model uses relatively fine nodes in the lower containment to help capture the motion of the 
steam stratification interface that formed between the upper and lower containment during the 
experiment. Note that this stratification interface, which formed initially at operating deck level 
(shown at 325 ft. in the figure), moved downward into the lower containment as a result of 
pressurization effects during the blowdown. Capturing the motion of this interface was found to 
be the most challenging numerical aspect of the calculations. The multi-cell CVTR model uses 
the CONTAIN 2.0 default forced convection option for the heat and mass transfer, with 
parameters set so that its effects are minimal. The heat sink input is based on “best-estimate,’ 
concrete areas as tabulated in the final report on the CVTR DBA tests’ and on the upper bound 
estimate for exposed miscellaneous steel (this corresponds to 50% of the tabulated major- 
component steel area at 3/8 in. thickness). 

Predicted pressures from two single-cell calculations and the multi-cell calculation are compared 
in Figure 12. The single-cell calculation labeled “No Misc. Steel” used the same input as the 
multi-cell calculation except for reduction to one cell, elimination of the miscellaneous steel heat 
sinks, and use of lower-bound concrete heat sink areas. This apparently results in a containment 
response similar to that from the CONTEMPT model used by other a ~ t h o r s . ’ ~ * ~ ~  In particular, 
the peak pressure and peak temperature of 416 K predicted for this case are nearly identical to the 
results reported by C a r b a j ~ ’ ~  for his case 5 ,  which used a Uchida correlation with an assumed 
condensation efficiency of 0.92. The other single-cell calculation shown in Figure 12 used the 
same heat sinks as the multi-cell calculation. The predicted pressures from this single-cell 
calculation are considerably lower than the first and tend to follow closely the multi-cell 
predicted pressures during the blowdown period. However, during the relaxation period after the 
blowdown, when heat transfer to structures dominates the pressure response, the multi-cell 
calculation gives good agreement with the measured pressure relaxation rate, whereas the single- 
cell calculations tend to overpredict the pressure relaxation rate. 

The gas temperature predictions from the single-cell models are shown in Figure 13. These 
should be compared to the predictions, shown in Figure 14, from the multi-cell calculation. 
During the blowdown, the predicted temperatures from the single-cell calculations are 
conservative with respect to the measured maximum temperatures, although obtaining this 
conservatism clearly requires the use of extremely conservative assumptions when highly 
stratified conditions are present. The predictions from the multi-cell calculation in Figure 14 
indicate more clearly the degree of conservatism present with respect to the local temperatures. 
After the blowdown, the single-cell calculation is no longer conservative and underpredicts the 
maximum temperatures in the containment. In contrast, the predictions from the multi-cell 
calculation predict the relative temperature variation in the containment quite well at all times 
and give good agreement with the temperature distributions at late times. 



4= 
0, 
a0 m 

0 
(0 m 

co * m 
( O O L D  m m ( v  m m m  

b 
m 
T- 

0, 
0 m 

7 m 
0 0, m cu 

I I I I I I I I 
I 

I T - I  l- 1 - 1  l - I  

I - - - - - - -  I 

I o , ;  * I  I l - I  b ;  cu 
I I I r------T-----' I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

c9 
T- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

l- 
Y 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

! o,! b 
I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I I I 
1----- 7---- 7---- 7---------- .--- 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

* I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Y l  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C O I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

* I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Y l  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

( D I  

o! 
In cu 

c? 
cv 
(v 

c9 cu 
T- 

-? 
0 
7 

4= 
LD 
b cu 

E 
0 



3.0 A 

1 
0 100 200 300 400 500 600 700 800 900 loo0 

Time, sec 

Figure 12. Predicted Pressures for CVTR Test #3 for Various Cases, Compared to 
Experiment 

420 

400 

380 
Y 
@ 

2 g 340 

2 360 
2 
0 

320 

300 

280 

d TC28 - 28.95 rn 

0 100 200 300 400 500 600 700 800 900 loo0 

Time, sec 

Figure 13. Single-cell Temperature Predictions for CVTR Test #3, Compared to 
Experiment 
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Figure 14. Multi-Cell Gas Temperature Predictions for CVTR Test #3, Compared to 
Experiment 

In the results shown in Figure 14, the maximum calculated temperature corresponds to about 
25 K of superheat, with the saturation temperature being approximately equal to the maximum 
measured temperature of 389 K. Likewise, in the lower regions of the containment the calculated 
maximum local temperatures correspond to approximately 20 K of superheat. The existence of 
such superheated conditions is clearly not supported by the data. To explore the uncertainties 
related to this superheat, sensitivity calculations were done with respect to forced convection 
effects, injected steam enthalpy, and rainout effects. Forced convection effects were introduced 
through flow boundary conditions that were imposed at the junctions between the annular cells 8, 
10, and 12 of Figure 11 and the adjacent central cells, so as to match the observed forced 
convection velocities of 4.5 to 9 m/s along the containment wall during the blowdown.' Such 
flow boundary conditions result in long-range flow patterns that determine the forced convection 
conditions in the rest of the containment. This forced convection was found to affect primarily 
the pressure and upper containment temperatures: the discrepancy shown in Figure 12 between 
the predicted multi-cell and measured peak pressures was reduced by 1/2 and the discrepancy 
shown in Figure 14 between the predicted upper containment and measured peak temperatures 
was reduced by 1/3 by the effects of forced convection. A second sensitivity calculation 
indicated that, in the absence of forced convection, the discrepancy between the predicted and 
measured upper containment temperatures could be removed through a 2.8% reduction in the 
experimentally determined injected steam enthalpy of 2779.6 kJ/kg* used to obtain the results in 
Figures 12-14. This is comparable to the experimental uncertainty in the enthalpy, which was 
stated to be 2%.* It is, therefore, likely that a combination of forced convection effects and 



enthalpy measurement errors can explain the discrepancies between the multi-cell calculation and 
the experiment with respect to the peak pressure and peak temperature. The lower containment 
temperatures, however, were not significantly altered in these sensitivity calculations. A third 
sensitivity calculation was therefore done to explore the rainout hypothesis advanced above with 
respect to ISP-23, and this calculation showed that small amounts of rainout could be quite 
effective in suppressing the lower containment superheat. 

Finally, Figure 15 shows another quantity of interest with respect to DBAs, the fraction of the 
total heat transfer attributable to sensible heat transfer, as opposed to condensation or latent heat 
transfer. (This is sometimes referred to as the “revaporization” fraction. The “condensation 
efficiency” mentioned above corresponds to one minus this quantity.) Because of the difference 
in conditions between the upper and lower containment, this fraction was calculated separately 
for the two regions. The 8% revaporization fraction sometimes used in DBA calculations is in 
reasonable agreement with the upper containment prediction during the blowdown period. 
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Figure 15. Sensible Heat Transfer Fraction Calculated for CVTR Test # 3 



4. SAN ONOFRE PLANT CALCULATIONS 

To illustrate how CONTAIN might perform in a conventional single-volume DBA analysis, 
comparisons between CONTAIN and CONTEMPT are presented in this section for a postulated 
large-break LOCA at the San Onofre plant. In this LOCA, fan coolers and sprays are assumed to 
be available. The CONTAIN and CONTEMPT modeling of this scenario were made to agree 
though CONTAIN input specifications, where possible. Such specifications eliminated 
uncertainties with regard to (1) concrete and steel properties, (2) paint thermal resistances, and 
(3) the treatment of suspended liquid water in the following comparisons. However, it should be 
noted that considerable differences still remain in the modeling. For example, in the 
CONTEMPT calculation, T a g W c h i d a  heat transfer correlations for forcednatural convection 
were used; in the CONTAIN calculations, the HMTA model based on natural convection was 
used; in addition, the relatively small effect of forced convection was not taken into account in 
the results presented here. 

As shown in Figure 16, CONTAIN predicts somewhat higher pressures than CONTEMPT for 
this scenario. The legend in this figure refers to the two options discussed in Section 2 for 
removing suspended liquid in CONTAIN, the dropout option similar to that used in 
CONTEMPT and the aerosol option. Figure 16 indicates that the effects on pressure from use of 
the aerosol option are approximately the same as those from the dropout option. The similarities 
during the initial pressure ramp are to be expected because the specific heat of liquid water is 
neglected once its mass is transferred to the aerosol field. Under condensing conditions, the 
water aerosols thus do not contribute thermally to the atmosphere, even if they remain suspended 
for some time. 

Figure 17 shows various predictions for the gas temperature. As shown in this figure, and in 
contrast to the CONTEMPT prediction, the dropout option introduces a significant degree of 
superheat for this scenario, beginning at approximately 25 seconds. Note that fan coolers are 
assumed to actuate at 33 seconds and sprays at 55 seconds. Thus, the onset of superheat cannot 
be explained by the response to the latter. As shown in Figure 17, the tendency to superheat is 
reduced with the aerosol option, which retains more liquid in the atmosphere than the dropout 
option. Also, as shown in this figure, this tendency is further reduced by invoking the radiative 
heat transfer option, which allows additional heat to be transferred to heat sinks. The CONTAIN 
results with the aerosol option and radiative heat transfer are quite similar to the CONTEMPT 
results. However, since CONTEMPT treats suspended water in “drop-out” fashion similar to the 
CONTAIN option, and a comparison of heat transfer models’ suggests that CONTEMPT should 
predict conditions that are more superheated than CONTAIN’S prior to spray onset, the fact that 
the CONTEMPT calculations do not predict superheat is not understood.’ Nevertheless, 
CONTAIN’S pressures and temperatures are conservative relative to CONTEMPT’S. 

After spray onset, the presence of superheat in the CONTAIN calculation indicates that the monodisperse spray 
droplets used in the CONTAIN spray model do not equilibrate with the atmosphere. 
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Figure 16. Comparison of CONTAIN and CONTEMPT Predicted Pressures for the San 
Onofre Large-Break LOCA 
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5. CONCLUSIONS 

The new features of the CONTAIN 2.0 code release have been reviewed. In addition, work in 
progress to help qualify CONTAIN for more general use in licensing applications has been 
summarized. The work discussed here on PWR scenarios indicates that CONTAIN can predict 
conservative peak pressures and conservative peak temperatures, under well-mixed and highly 
stratified DBA conditions. These results also indicate that CONTAIN has potential for 
conservative prediction of subcompartment pressure differences, although further user guidance 
and perhaps model improvements in this area need to be developed. 
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