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The reference transmitted to TVA the staff contractor's draft report 
summarizing the COMMIX computer code results for a main steam line break event 
In an Ice condenser containment. The staff solicited TVA's comments on the 
draft report, particularly on the sectinn In which the contractor noted that 
certain local containment temperatures (as calculated by COMMIX) exceeded 
environmental qualification temperatures for SQN.  

TVA's comments are provided In the enclosure. In general, TVA contends that 
the COI#4X results are overly conservative when applied to local containment 
temperatures. This Is the result of the modeling abilities of the COMMIX 
code. The COMMIX results do, however, support the overall containment 
response as calculated by LOTIC 111. TVA's comments were discussed with 
Jack Donohew and Chang Li of NRC during a July 19, 1989, telephone conference 
call.
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ENCLOSURE

MAIN STEAM LINE BREAKS IN ICE CONDENSER PLANTS 
SEQUOYAN NUCLEAR PLANT (SQN), UNITS I AND 2.  

AND WATTS BAR NUCLEAR PLANT (WIN), UNITS 1 AND 2 

Background: 

During NRC's review of the Westinghouse Electric Corporation methodology for 
evaluating mass and energy releases from U-tube steam generators during 
postulated main steam line breaks (MSLBs), the potential for release of 
superheated steam following steam generator tube uncovery was identified. For 
ice condenser containments, postulated steam line breaks with superheated 
releases could potentially affect environmental qualification temperatures for 
equipment located Inside the lower compartment of containment. Ice condenser 
containment analyses of that period did not accouiit for superheated steam from 
tube uncovery.  

Consideration of potential offsets to this increase In lower compartment 
temperature identified heat sink contribution of the ice condenser drains that 
was previously unaccounted for. In order to develop a more complete 
containment model to consider these effects, a series of full-scale 
atmospheric tests were performed to obtain information on the Ice condenser 
drain flow, fluid dynamic behavior. The test results were Incorporated Into a 
detailed three-dimensional containment analysis model with superheat for the 
Catawba Nuclear Station (bounding for SQN and WON) using a modified version 
of the COBRA-NC computer code. This containment analysis model was described 
in WCAP-10988, "COBRA-NC Analysis for a Main Steamline Break in the Catawba 
Unit I Ice Condenser Containment.* WCAP-10988 was subwitted to NRC by 
Westinghouse on November 27. 1985.  

The O9RA-NC analytical results incorporating both the superheated blowdowns 
and the effects of spray from the Ice condenser drains indicated that the 
lower containment was well mixed and average temperatures were below the 
previously established environmental qualification limits. Of course, the 
local temperatures near the break were slightly greater than the environmental 
qualification temperature. If accepted by the staff, the COBRA-NC 
calculations demonstrate the use of a lest complex lumped parameter code, 
LOTIC 111, with drain models for licensing calculations Is conservative for 
design and equipment qualification purposes.  

A confirmatory analysis of the COBRA-NC results was performed for the staff by 
Argonne National Laboratory. TVA comnents on questions developed from the 
results of the confirmatory review follow.  

Discussion: 

The objective of the confirmatory analysis was to Independently verify the 
COBRA-NC results and to determine If temperatures In the lower compartment 
during an MSLB were below the previously established equipment qualification 
temperature. The independent verification of the COBRA-NC results was 
accomplished by performing bounding calculations with the COMMIX computer 
code. The Important findings of the confirmatory analysis were:



1. The bulk temperature In the lower compartment does not exceed the 
equipment qualification temperature for the NSLB case investigated by 
COBRA-NC and Is significantly less than that calculated by LOTIC III.  

2. Local peak temperatures In the vicinity of the break point calculated by 
both COMMIX and COBRA-NC are higher than the equipment qualification 
temperature. Specifically, the review noted that the local temperatures 
calculated for CONNIX in Case 2 and COBRA-NC Model 3 were 448 degrees 
Fahrenheit (F) and 335 degrees F, respectively.  

TVA concurs with the review finding that the average temperature in the lower 
compartment does not exceed the design equipment qualification temperature.  
The staff contractor notes in the discussions and conclusions of the draft 
report that although the CONMIX peak lower compartment average temperature "is 
slightly higher than the COBRA-NC results throughout the MSLB transient .  
they are in good agreement." The staff contractor states that the maximum 
average temperature calculated by COPINIX Is 30 degrees F below the equipment 
qualification temperature. The current plant design basis temperature of 327 
degrees F for equipment qualification in the lower compartment Is derived from 
an analysis performed with the lumped parameter code, LOTIC III. Therefore, 
the results presented in the confirmatory analysis provide the necessary 
assurance and support for a finding that the lumped parameter code LOTIC III 
with an Ice condenser drain model can be used for licensing calculations.  

TVA agrees that peak local temperatures in the Immediate vicinity of the break 
as reported In COBRA-NC slightly exceed the equipment qualification 
temperatures. However, peak local temperatures in the vicinity of the break 
reported in COMMIX Clse 2 are excessively conservative. The staff noted In 
its request for comments on the contractor review of the COBRA-NC results that 
"there may be unnecessary conservatisms In the contractors model." TVA 
concurs with the staff assessment and feels that the discrepancy between local peak temperatures near the break vicinity In COI4ZX and COBRA-NC is due to 
conservatisms Introduced in the MOMIX evaluation to compensate for 
differences Iq code capabilities. This is based on the following assessment.  

The COBRA-N code provides a more rigorous definition of the mass and energy 
transport process than COMMIX. COBRA-NC Is a two-component, two-fluid, 
three-field representation of two-phase flow. The two components are water 
(and Its vapor) and noncondensible gas. The two fluids are liquid water and 
gas (vapor) mixture. The three fields are continuous vapor, continuous 
liquid, and entrained liquid droplets. The vapor field consists of steam and 
noncondensible gases. The continuous liquid and entrained droplets are 
assumed to be In thermal equilibrium. In COBRA-NC. the governing equation set 
consists of four continuity equations for steam, air. continuous liquid, and 
liquid droplets; three momentum equations of steam air mixtures. continuous 
liquid, and liquid droplets; and two energy equations for the steam air 
mixture and the combined continuous liquid and liquid droplets. The COMMIX 
code Is a single-phase, multicomponent computer code that solves a set of 
governing conservation equations consisting of continuity equations for each 
component, one mixture momentum equation, and one mixture energy equation.



Because CONMIX is a single-phase code, It does not separate the transport of 
liquid droplets of water and steam blowdown in the largely steam environment.  
The transport and Interaction of liquid water droplets from the ice condenser 
drains are responsible for desuperheating the lower compartment atmosphere by 
condensation/evaporation. Therefore, the rigorous definition of two-Phase 
transport and In particular that of entrained liquid from the drains given In 
COBRA-NC formulation Is necessary to provide a more accurate representation of 
local and global phenomena occurring In the lower compartment following an 
NSLB. In order to compensate for the Inability of COMMIX to Model 2 phase 
transport, two COMMIX cases were postulated to bound the COBRA-NC droplet 
distribution. Case I assumed the liquid droplets to be stationary with their 
distribution according to the trajectory of the drain flow. Case 2 assumed 
the liquid droplets to be entrained uniformly In the steam with their 
concentration proportional to the local steam content. As Indicated, these 
cases provide only bounding results for the COBRA-NC analysis and cannot 
accurately assess the COBRA methodology for entrained liquid transport.  

The effect of entrained liquid upon the global and local temperature 
distribution can be qualitatively evaluated by an examination of the CONNIX 
Case 1 and Case 2 results. Figures 4.1 and 4.6 of the confirmatory analysis 
documentation compare the global COBRA-NC results and the CONMIX results for 
Case 1 and 2 respectively. Figure 4.1 shows that the lower containment 
average temperature predicted by COMMIX for Case 1 Is approximately 
240 degrees F at 120 seconds; similarly, Figure 4.6 shows 260 degrees F for 
CONNIX Case 2. The 20-d0gree-F difference In the two cases represents the 
summed global effect of the liquid droplet entralnment modeling and the 
averaging effect of the high temperature regions near the break.  

Temperatures near the break exhibit the largest deviation between the two 
COMMIX treatments of entrained flow. COMMIX Case I computes location-specific 
evaporation rates based on localized droplet entrairment from the drains and 
not a uniform droplet entrainment as in Case 2. The increased evaporation 
rate from the localized droplet flow distribution decreases the average 
specific energy In the vicinity of the break, thereby lowering temperatures 
and enhancing mixing. Figures 4.5 and 4.8 show the local effect of entrained 
liquid near the break location. For COMMIX Case I (Figure 4.5), only the 
break node locatloo temperatures exceeded that predicted in the COBRA-NC 
calculation. However, for COMMIX Case 2 (Figure 4.8) the temperature in 
several levels near the vicinity of the break exceeded the COBRA-NC 
temperatures.  

In other regions of containment not near the break location where temperatures 
are at or near saturation, the interaction of entrained liquid with the 
environment does not appreciably change the average specific enthalpy. The 
amount of excess energy available, a function of 
(Tetwepkerg - Ts,81.,.), for vaporization of entrained liquid Is not 
as great as In the vicinity of the break. This minimizes the effect of 
entrained liquid considerations on temperatures In these regions.  
Temperatures predicted by COMMIX Case 2 and Case 1 are very close (see 
Figures 4.3 and 4.10). In summary, entrained liquid modeling considerations 
account for localized temperature differences except for that In tte Immediate 
vicinity of the break.



Factors contributing to the discrepancy In the break node temperature 
Identified by the review were differences In the codes' treatment of break 
location and computational cell interaction. In the COCWIX calculation, the 
break location of the main steam line Is assumed to be on the crane wall, and 
the superheated steam flows away from the wall without mixing with the 
surrounding colder fluid. In the COBRA-NC calculation, the break location is 
assumed In the sam computation cell but Is allowed to mix with the 
surrounding colder fluid. It should be noted that In CONNIX, the interaction 
of a computational cell Is limited to one neighboring cell through a cell 
surface, whereas COBRA may directly interact with several cells through a cell 
surface, allowing the superheated steam to flow away from the surface and more 
readily mix with the surrounding fluid.  

The higher temperatures In the vicinity of the break calculated by the COM4IX 
Case 2 model do not fully account for the physical phenomena of fluid mixing 
and the transport of liquid water droplets. The COMMIX Case 2 model was 
Intended to be only a bounding calculation with the results to be used for 
verification purposes only. The temperatures determined by the more rigorous 
COBRA-NC model more accurately represent expected temperatures near the break 
location and within the lower compartment following a postulated MSLB.  

The conservative 335-degree-F hot spot near the break will not affect the 
ability of the plant to detect and safely mitigate the effect of an MSLB 
inside containment. The fact that localized higher temperatures exist in the 
vicinity of a break has long been recognized. In fact, if large, dry 
containments were analyzed, hot spots in the vicinity of the breaks would also 
be predicted for these plants.  

A plant-specific COBRA-NC analysis has not been performed for NBN and SQN.  
The 335-degree-F C6BRA-NC hot spot temperature is based on the Catawba Nuclear 
Station model. The main primary system components at Catawba, WBN, and SQN 
are In the sam relative locations. However. the Ice condenser drain 
locations at WBN and SQN are grouped closer together around the location of 
the steam generator and main steam lines. Unlike Catawba, the WBN and SQN ice 
condenser drains would flow directly Into the break node. Therefore, the 
superheated vapor from the break would be immediately brought Into contact 
with large amounts of subcooled water that would result In even lower break 
note temperatures (than the 335 degrees F) for the WO6N and SQN plants.  

Plant design includes redundant and trained equipment necessary to detect and 
mitigate the effects of accidents such as postulated NSLBs. An MSLS is 
detected directly or indirectly by the response of a combination of plant 
instrumentation such as resistance temperature detectors (RTDs) located In the 
hot and cold reactor coolant system legs, core exit thermocouples, steam 
generator pressure sensors, steam flow transmitters, feedwater level 
transmitters, containment pressure and temperature sensors, and auxiliary 
feedwater flow transmitters. None of this Instrumentation is located In the 
hot spot region predicted by CO•eA-NC (see attached Table 1). Therefore, the 
qualification and performance of the equipment will not be Impacted by the 
slightly elevated temperature. Plant equipment necessary to mitigate the



consequences of an HSLB is located primarily in the valve vaults. The one 
notable exception Is the valves required to Isolate containment following an 
MSLB. No containment Isolation valves are located In the lower compartment 
(inside the crane wall), and therefore, their function will not be Impacted by 
the hot spot temperature. In addition, containment isolation Is ensured since 
the Isolation signal will occur before the release of superheated steam.  

In sumiary, NRC's COM4IX work fully supports the TVA analyses demonstrating 
that the LOTIC III results are conservative and appropriate for use in 
equipment qualification following an MSLB inside containment. The higher 
temperatures predicted by COMMIX near the break location represent 
conservative upper-bound values. The COBRA-NC results more accurately 
represent the physical phenomena after an MSLB inside containment. The 
COBRA-NC hot spot temperature is conservative for the ONN and S(N plants. The 
COBRA-NC temperature, which is slightly greater (8 degrees F) than the Final 
Safety Analysis Report qualification temperature, will not Impact equipment 
required to detect and mitigate an MSLB Inside containment;



TABLE I 

Location of Instrumentation Primarily Used to Detect 
an MSLB Inside Containment

Instrumentation 

RTDs 

Core Exit Thermocouples 

Steam Generator Pressure Sensors 

Steam Flow Transmitters 

Feedwater Level Transmitters 

Containment Pressure and 

Temperature Sensors 

Auxiliary Feedwater Flow

Location 

Hot and Cold Reactor Coalnt System legs 
(outside postulated breik node) 

Reactor Vessel Head (inside biologicp-l 
shield wall) 

Particulate. Iodine. and loble Gas Room 
(outside containment) 

Fan Rooms (outside crane wall) 

Fan and Accumulator Rooms (outside 
crane walls) 

Various locations inside containment 
(outside postulated break node) 

Auxiliary Building


