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In November 1995, investigation as a result of INPO OE-7127 determined that the 
intermediate head safety injection (!HSI) pump throttle valves were inoperable for 
both Salem Units 1 and 2. It was determined that the throttling capabilities of 
the valves may be degraded by cavitation induced erosion during extended service 
following a large break LOCA. Erosion of valve internals could result in !HSI pump 
runout and subsequent failure. 

The valves originally specified for !HSI throttling are not appropriate for the 
high pressure drop conditions and throttling requirements following a large break 
LOCA. This inadequacy is a deficiency in the original plant design and has existed 
since the valves were installed. 

Corrective action includes installing an orifice in the cold leg branch lines 
prior to unit startup to reduce the pressure drop across the valves. The erosion 
degradation of the valves in the hot leg branch lines will be analyzed to 
demonstrate that adequate core cooling and boric acid concentration control can be 
provided by the residual heat removal (RHR) pumps if the !HSI pumps become 
inoperable. Changes will be made to design specifications for replacement throttle 
valves. 

This issue is reportable under 10CFR50.73 (a) (2) (ii). A four hour 10CFR50.72 
report was made November 21, 1995. 
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PLANT AND SYSTEM IDENTIFICATION: 

Westinghouse - Pressurized Water Reactor 

Safety Injection System (SI) {BQ}* - Intermediate Head Hot and Cold Leg Branch Line 
Throttle Valves 
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*Energy Industry Identification System (EIIS) codes and component functions are identified 
in the text as {SS/CCC}. 

IDENTIFICATION OF OCCURRENCE: 

Event Date: December 11, 1976 

Determined Reportable: November 21, 1995 

CONDITIONS PRIOR TO OCCURRENCE: 

At the time that the throttle valves were declared inoperable, both Salem Units l.and 2 
were in a self-imposed extended shut down. 

Unit 1: 
Unit 2: 

De fueled, 
Mode 5, 

0% Reactor Power 
0% Reactor Power 

There were no structures, components, or systems that were inoperable at the start of the 
event that contributed to the event. 

DESCRIPTION OF OCCURRENCE: 

In March 1995, INPO OE-7127, Potential Post-LBLOCA CCP/SIP Runout Damage Due .To 
Throttle/Balance Valve Seat Erosion Caused By High Delta P, was received discussing a 
potential concern with SI throttle valves {BQ/V} during post-accident operation. Choked 
flow in the throttle valves could produce destructive cavitation causing internal erosion, 
which in turn might increase flow above the runout limitations of SI pumps. This could 
result in inoperable pumps required to function for long-term cooling and containment 
pressure control. 

An evaluation performed in April 1995 found that a total of eight charging/safety 
injection (CHG/SI) throttle valves at both Salem Units 1 and 2 had been replaced in 1985-
1986 because of failures observed in three of the valves. No similar past failures were 
noted among the IHSI throttle valves. At the time of the CHG/SI throttle valve 
replacement, a Safety Evaluation was performed to ensure that the IHSI valves were not 
susceptible to the same mode of failure. The Safety Evaluation concluded that the valves 
were not susceptible because it was reported that none of the valves were adjusted to a 
position less than 50% open, a condition considered to be a prerequisite for the 
accelerated erosion concern. 
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In resolving INPO OE-7127, a decision was made to confirm current valve positions and 
verify the !HSI valves had not been positioned less than 50% open since the evaluation. 
The NSSS supplier was contacted to determine if any changes to the safety injection system' 
might have affected positioning requirements of the valves. The NSSS supplier confirmed 
that an April 1992 license amendment relaxed the surveillance requirements by expanding 
the allowable flow band which had the potential to affect the positions of the !HSI 
throttle valves. 

In August 1995, research of past flow balance test results revealed that all of the cold 
leg !HSI throttle valves at Salem Units 1 and 2 were currently open less than 30%, and 
three of the four hot leg !HSI throttle valves were currently open less than 50% at each 
unit. It was determined that most of the throttle valves had been adjusted to less than 
50% open prior to the replacement of the CHG/SI throttle valves. The Safety Evaluation 
performed in 1985 failed to identify the correct throttle valve positions. 

In November 1995, the erosion potential for the IHSI throttle valves at Salem Units 1 and 
2 was evaluated. It was determined that all of the cold leg IHSI throttle valves and the 
three hot leg IHSI throttle valves that are open less than 50% are susceptible to 
cavitation induced erosion during extended high pressure drop service. Calculations 
revealed that erosion of the cold leg valves could lead to pump runout within 14 hours and 
erosion of the hot leg valves could lead to pump runout within 16-24 hours of service. 

Based on an Operability Determination performed on November 19, 1995, the !HSI throttle 
valves were declared inoperable in Modes 1 through 4. The valves were determined to be 
operable but "degraded" in Modes 5 and 6 because the lack of requisite erosion conditions 
under those plant conditions. 

PRIOR SIMILAR OCCURRENCES: 

All of the CHG/SI throttle valves at Salem Units 1 and 2 were replaced approximately ten 
years ago because three of the valves failed as reported in LER 272/84-012-00. 

CAUSE OF THE OCCURRENCE: 

The cause of the inoperability of the !HSI throttle valves is that valves specified in the: 
original plant design were not appropriate for the !HSI throttle application. 

SAFETY SIGNIFICANCE: 

To ensure adequate core cooling over a spectrum of possible Reactor Coolant System (RCS) 
break sizes and locations, the design basis requirement is that one complete train of 
safety injection (RHR, IHSI, CHG/SI)is operable. Erosion of the IHSI throttle valves in 
service after a large break LOCA could lead to loss of intermediate head safety injection 
to the cold legs and hot legs and potentially impact adequate core cooling. 

NRC FORM 366A (4-95) 
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It is conservatively estimated that erosion of the cold leg valves could lead to loss of 
containment sump IHSI recirculation to the cold legs during the critical first 14 hours of 
core cooling after a large break LOCA. IHSI recirculation is essential for core cooling 
during this: period. No acceptable alternative· paths to provide adequate core cooling have 
been identified. 

It is conservatively estimated that erosion of the hot leg valves could lead to loss of 
recirculation within 16-24 hours after containment sump recirculation to the hot legs 
begins. However, should hot leg recirculation be lost, recirculation using the RHR pumps 
will provide adequate core cooling and bq_ric. acid concentration control. 

An analysis based on conservative assumptions does not provide adequate assurance that 
IHSI would continue to be available under all design basis conditions. However, it is 
likely the IHSI system will perform as designed for the critical injection period given 
the conservative nature of the analysis and the anticipated gradual degradation of the 
valves. The IHSI system should remain operable long enough to mitigate the LOCA and allow 
the operator to use CHG/SI and RHR to provide long term cooling. Emergency Operating 
Procedures require monitoring of Ei:nergency Core Cooling Systems (ECCS) flowrates and the 
adequacy of core cooling during post-LOCA conditions. Sufficient guidance is provided to 
realign injection systems to provide adequate core cooling. 

There has been no event requiring prolonged post-LOCA injection at either of the Salem 
units. Therefore, the adequacy of the throttle valves has not been challenged. 

The Safety Significance of this event is moderate. 

CORRECTIVE ACTIONS: 

1. Restore the operability of the IHSI throttle valves by, 

a) Modifying the cold leg IHSI branch lines prior to unit restart to add orifices 
in series with each throttle valve or replace with valves designed for 
expected service conditions. 

b) Performing a safety assessment prior to unit startup to demonstrate that if 
hot leg IHSI recirculation is lost, adequate core cooling and boron 
precipitation control can be provided by the RHR pumps. 

2. Prevent recurrence of this problem by changing the design basis for throttle valves 
in the SI and other systems at Salem Units 1 and 2 to require that any future 
replacements be appropriate for the required pressure drop over the full range of 
valve position adjustment. To be accomplished by May 1, 1996. 

3. Ensure that this problem does not exist elsewhere at Salem Units 1 and 2, by 
identifying valves used for throttling in safety-related systems and evaluate 
whether they are susceptible to cavitation-induced internal erosion over the range 
of potential valve openings and system conditions. If additional valves are 
identified as susceptible, then appropriate procedural controls or hardware 
modifications to preclude recurrence will be established. To be accomplished by May 
1, 1996. 
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