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LICENSE CHANGE REQUEST S96-13, CFCU RESPONSE TIME 
SALEM GENERATING STATION UNIT NO. 1 AND 2 
DOCKET NOS. 50-272 AND 50-311 

Gentlemen; 

Public Service Electric & Gas (PSE&G) has provided information regarding proposed 
modifications to address Generic Letter (GL) 96-06 in correspondence dated January 28, 
March 27, and April 24, 1997. (LR-N97072, LR-N97171, and LR-N97268). The 
information contained in Attachment 1 to this letter provides a summary of information 
provided by PSE&G in a conference call which occurred on May 23, 1997. This 
conference call was requested by representatives from your staff, to obtain additional 
information relative to PSE&G' s basis for determining that fluid conditions downstream of 
the Containment Fan Coil Unit (CFCU) flow control valves would not be detrimental to 
the piping system during post-accident operation of the CFCU's. The basis for the 
conclusions developed in Attachment 1 will be incorporated into the applicable design 
records following restart of Salem Unit 2. 

Should you have any questions regarding the enclosed information, please feel free to 
contact us. 
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·Document Control Desk 
LR-N97353 

Attachment 

C Mr. H. Miller, Administrator - Region I 
U. S. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia, PA 19406 

2 

Mr. L. N. Olshan, Licensing Project Manager - Salem 
U. S. Nuclear Regulatory Commission 
One White Flint North 
115 5 5 Rockville Pike 
Mail Stop 14E21 
Rockville, MD 20852 

Mr. C. Marschall (X24) 
USNRC Senior Resident Inspector 

Mr. K. Tosch, Manager, IV 
Bureau of Nuclear Engineering 
33 Arctic Parkway 
CN415 
Trenton, NJ 08625 

• 
JUN 3 1997 

95-4933 
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STATEOFNEWJERSEY ) 
) SS. 

COUNTY OF SALEM ) 

E. C. Simpson, being duly sworn according to law deposes and says: 

I am Senior Vice President - Nuclear Engineering of Public Service Electric and Gas 

Company - and as such, I find the matters set forth in the above referenced letter, 

concerning Salem Generating Station, Unit 1 and 2, is true to the best of my knowledge, 

information and belief. 

Subscribed and S~e, me 

this3..A-l.rlay of 1997 

Notary Public of New Jersey 

KIMBERLY JO BROWN 
NOTARY PUBLIC OF NEW JERSEY 

My Commission expires on ---~M .... y,_.,C .... ·ow-u .... 1is.,,..sio-.11....,,Ex ... p·...,,rn,.....s ... A p-ril ...... 2,....,1,--+1.,.,99..,!I' 
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In our letter dated April 24, 1997 (LR-N97268), PSE&G responded to an NRC request 
for information regarding the basis for acceptability of local cavitation immediately 
downstream of the SW223 CFCU flow control valves. The NRC requested further 
information correlating the dynamic effects of cavitation during normal operation with 
those expected during post-accident operation. That information was provided during a 
conference call with NRC representatives on May 23, 1997. The significant elements of 
that discussion are provided below. 

Analysis 

A review ofNUREG/CR-6031, "Cavitation Guide for Control Valves," was conducted to 
establish an acceptance basis for the post-accident dynamic conditions which would be 
expected at the SW223 valves. The principal concern with valve performance is that, as 
the level of cavitation increases, choked flow can occur at the valve, and valve and piping 
damage can occur as a result of the rapid collapse of vapor pockets in the downstream 
piping. Under choked flow conditions, the fluid flowrate is restricted and does not 
increase as the downstream pressure is decreased. Variations in downstream pressure can 
result in large vapor pockets forming and the potential for accelerating the rate of erosion 
or pitting which is normally associated with cavitation. Additionally, dynamic forces are 
induced on the downstream piping and supports due to the vibration which is induced 
during the formation and collapse of vapor pockets. 

Section 2.0 ofNUREG/CR-6031 defines a dimensionless cavitation parameter, sigma (cr), 
which is determined by the difference between the fluid pressure upstream of the valve and 
the corresponding fluid vapor pressure divided by the differential pressure across the 
valve, or 

Applying the above equation to the Salem design, values of sigma were determined for 
fluid temperature of70 and 190°F. The low temperature value corresponds to the level of 
cavitation experienced during Surveillance testing of the CFCU' s while the high 
temperature approaches the expected CFCU outlet temperature immediately following 
restart of the CFCU in response to an accident signal. The calculated values of sigma are 
1.16 and 1.07, respectively. The small variation in the sigma values over this range 
supports a conclusion that the cavitation state remains relatively stable between normal 
and accident operating conditions. As such, it can also be expected that any additional 
dynamic loading imposed as a result of the cavitation at accident temperatures would be 
relatively small. Extensive operating experience with cavitation has been accumulated 
during required Surveillance testing at both Salem units. To date, no fatigue related 
failures have been recorded at this location. Additionally, within 10 hours after an 
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accident, CFCU outlet temperatures would be on the order of 13 0°F due to the reduction 
in containment temperatures as a result ofCFCU and Containment Spray actuation. The 
relatively short period of operation at elevated temperature together with the relatively 
small expected increase in dynamic loading, supports a conclusion that fatigue induced 
failure is unlikely. 

Section 4.0 ofNUREG/CR-6031 discusses various levels of cavitation as design 
considerations and methods of determining valve performance during cavitation. Figure 
4.1 ofNUREG/CR-6031 provides a graphic depiction of an evaluation of a butterfly valve 
under cavitation conditions progressing from "incipient" or mild cavitation, through 
"critical" cavitation and up to "choked" or super cavitation. The SW223 valves used at 
Salem are Fisher "V" type ball valves. As such a comparison to figure 4.1 of 
NUREG/CR-6031 is only appropriate for discussion purposes. This comparison would 
suggest that the SW223 valves are operating at or near the "critical" cavitation state, 
potentially approaching "choked" cavitation and flow conditions. It should be noted 
however that cavitation occurs as the fluid pressure head loss through the valve increases. 
The fluid pressure head loss occurs due to an increase in velocity through the restricted 
flow path presented by a valve. As the pressure loss increases, the cavitation level 
increases until choked flow is achieved. The Salem SW223 valves are active control 
valves used to maintain a constant flow in their associated CFCU piping loop. In this 
application, as flow decreases due to cavitation at the valve outlet, the valve will open to 
allow greater flow which results in a reduction in fluid velocity through the valve and a 
corresponding recovery in the downstream pressure. Design flows are therefore achieved 
even at high levels· of cavitation thereby ensuring that containment cooling requirements 
are satisfied. 

As a result of recent post-modification validation testing, PSE&G has determined that 
fluid conditions at the outlet of the SW65 valve could also result in cavitation should the 
valve "fail-as-is" in response to an accident. The SW65 valves are located inside 
containment and are used to provide a flow resistance at the outlet of each CFCU under 
normal operation in order to assure adequate cooling water flow to the CFCU motor 
cooler. Under accident conditions, these valves get a signal to go full open. If a valve 
fails to open, the affected CFCU flow is reduced to approximately 1400 gpm (vs. 2500. 
gpm). At this flowrate, the pressure at the valve discharge will support cavitation. 
Modifications are being accomplished to assure that the downstream fluid condition does 
not result in bulk voiding. These modifications consist of installation of a mechanical stop 
to limit the extent to which the valve can close. This ensures that the downstream 
pressure recovery zone is sufficiently short to support pressure recovery before the vapor 
coalesces. It should be noted that this assessment is conservative in that it is based on the 
peak containment temperature for the current design basis Loss of Coolant Accident 
(LOCA). The design basis LOCA assumes 3 CFCU' s and 1 CS pump are available to 
reduce containment temperature and pressure. If the SW65 were to fail as is, all 5 
CFCU's (i.e., 4 at full flow, 1 degraded) and 2 CS pumps will be available. As such, the 
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peak containment temperature would be lower and the rate of reduction would be greater. 
This combination of conditions would reduce the overall time of operation with cavitation. 
A formal assessment of this condition will also be incorporated within the supporting 
design basis documents following restart. 


