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ABSTRACT Tlw analysis evaluates the conaequance* of tht removal of t h t a t ^ ^ 
Residual Heat Removal System (RHRS) suction/Isolation valves at the nuclear power plant. 
The deletion of the RHRS ACI Is In pert based on a profaabUMie safety analysis (PSA) vrntahjuelffles the removal based 
on a criterion of Increased avaKabiNty and ratability. 
Three different areas am to be examined In PSA: the llkeflhood of an Interfacing system LCCA; RHRS avataottity and 
retabWy; and kmr tenfwrBture oven*e»«urteation control. 
The paper emphasizes particularly the RHRS unavdtabfKy and i^W)inty evak»<k« uWlzJns the current control olreuftry 
configuration and then with the proposed modification to the control circuitry. 

1. BACKGROUND INFORMATION 
An interest has been expressed recently in the acceptability of removing the 

AutoCiosure Interlock (ACI) on the Residual Heat Removal System (RHRS) suction/isolation 
valves [1 J. This interest is in response to growing concerns about the loss of residual heat 
removal capability during cokJ shutdown and refueling operations due to inadvertent 
isolation of the RHRS caused by failure of the ACI circuitry. Namely, two motor operated 
gate valves are provided in each RHRS inlet line from the Reactor Coolant System (RCS). 
These valves are normally closed except when the RHRS is in operation during normal plant 
cooidown. Each of these valves is interlocked with the RCS pressure transmitter. This 
interlock prevents inadvertent opening of the valve when the RCS pressure is above definite 
fixed setpoint value and also closes the valve automatically when Hie RCS pressure 
becomes higher than the setpoint value. In other words that means that if the RCS has been 
depressurized and the valves are open, they win close automatically If a pressure excursion 
causes the RCS pressure to rise above the particular setpoint value. Inadvertent isolation of 
the RHRS while operating will result in a loss of decay heat removal capability and it is also 
a potential [1] contributor to overpressurization of the RCS. 

The RHRS operation analysis has recognized that corrective actions are necessary to 
minimize the risk associated with loss of decay heat removal capability caused by the 
inadvertent actuation of the ACI, but also has highlighted concerns associated with 
intersystem Loss-of-Coolaht-Acddent (LOCA) and RHRS relief capacity. Therefore, in order 
to prevent inadvertent RHRS suction/isolation valve closures (during RHRS operation), it 
has been recommended to consider either the removal of the ACI to the RHRS 
suction/isolation valves during RHRS operation (the open permissive interlock will remain 
intact), or the removal of power to those valves when valve motion is not required. 
However, removing power from the suction/isolation valve motor operator is a questionable 
method of avoiding inadvertent valve closure, since such action compromises the ability to 
quickly isolate RHRS suction from the RCS in the event of ah RHRS LOCA. Also, prior to 
implementing the removal of the ACI, it is necessary to ensure that there is adequate relief 
capacity to prevent overpressurization of the RHRS and, if the plant that implements the 
RHRS ACI removal will require procedural changes, to insure that the RHRS valves are 
closed during start-up. 

It was shown in {1] that the RHRS relief valves should have adequate capacity to 
mitigate pressure transients that occur during RHRS operation because, while it is true that 
the interlocks provide an automatic closure to the RHRS suctioin/isolation valves on high 
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RCS pressure, overpressure protection of the RHRS should be provided by the RHRS relief 
valves since the slow acting suction/isolation valves that isolate the RHRS from the RCS 
cannot protect it from overpressure. The purpose of the interlocks could be therefore to 
assure that there is a double barrier (two closed vatves) between the RCS and the RHRS 
when the plant is at normal operating conditions (hot and pressurized) and not in the RHRS 
cooling mode. Thus, the interlock safety function is to preclude conditions that could lead to 
a LOCA outside of containment due to an operator error and not to isolate the RHRS from 
the RCS when the RHRS is operating In the decay heat mode. The sequence that concerns 
most, if the RHRS ACI has been deleted, is, that case in which the operator closes one of the 
isolation valves and not the other, since if both valves were left open, the operator would not 
be able to pressurize the plant. An alarm should be added therefore to each RHRS suction/ 
isolation valve which will actuate if the valve is open. (The setpoint for the alarm is a plant-
specific concern.) In that case there would be several levels of defense which would assure 
that there is a double barrier between the RCS and RHRS when the plant is at normal 
operating conditions. The first level would be the plant operating procedures which instruct 
the operator to isolate the RHR3 during plant heatup. The second level would be the 
installation of an alarm that sounds given a "valve not fully closed" signal in conduction with 
a "RCS pressure high" signal. The intent of the alarm would be to alert the operator that 
either of the RCS-RHRS suction/isolation valves is not fully closed, and that double isolation 
is not intact. The third level of defense would be revised alarm response guidelines and 
operator training. (It should be noted that the open permissive interlock Is not changed and tt 
would still function to prevent opening of RHRS suction/isolation valves when the RCS 
pressure is above RHRS design pressure.) However, as a minimum, any proposal to 
remove the ACI should be substantiated by proof that the change is a net improvement In 
safety. A rather complex analysis has to be therefore performed. Such an analysis should 
address at least three questions: 

-would operation without the RHRS ACI involve a significant Increase in the probability 
or consequences of an accident previously evaluated?; 

-would operation without the RHRS ACI create the possibility of a Hew or different kind 
of accident from any accident previously evaluated?; and 

-would operation without the RHRS ACI reduce the margin of safety as defined in the • 
basis for any technical specification? 
A part of this analysis is a probabilistic safety analysis (PSA). Three different areas 

should be examined in PSA: 

-the likelihood of an interfacing system LOCA; 
-RHRS availability and reliability; and 
-low temperature overpressurization control. 

The paper addresses all the questions in a qualitative manner, and emphasizes 
particularly the RHRS unavailability and reliability evaluation utilizing the current' control 
circuitry configuration and then with the proposed modification to the control circuitry. 

2. PSA AND ANSWERS TO THE QUESTIONS 

The quantitative PSA must be performed to justify removal of the RHRS 
suction/isolation valve ACI. However, up to the present, only a qualitative PSA has been 
performed. Three different areas were examined In this analysis: 1) the likelihood of an 
interfacing systems LOCA; Ž) low temperature overpressurization concerns; and 3) RHRS 
availability and reliability. Each of the three areas was analyzed utilizing the current control 
circuitry configuration and then with the proposed modification to the control circuitry. The 
net change in each area was estimated and the overall detriments and benefits were 
weighed to determine the acceptability of removal of the ACI from a probabilistic standpoint. 

The probabilistic analysis performed to determine the change in the frequency of an 
interfacing systems LOCA due to removal of the ACt shows that the deletion of the ACI and 
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the inclusion of an alarm to alert the operator of an improperly positioned the RHRS 
suction/isolation valve will decrease the frequency of an interfacing systems LOCA. 

The overpressurization analysis is an extensive analysis which uses event trees to 
model the mitigating actions (both automatic and manual) following the occurrence of low 
temperature overpressurization events. The analysis is divided into two parts: 1) 
determination of the frequency of cold overpressure events and 2) the effect of mitigation 
on the transients. 

The qualitative results of the overpressurization analysis show mat removal of the ACI 
feature will have no effect on the heat input transients and will result In a slight increase in 
frequency of occurrence for some categories of the mass input transients with a decrease in 
others. The net effect of the AC! feature removal can he considered to be a net 

i improvement in plant safety. Such conclusion is logical since the RHRS suction/isolation 
valve closure time of approximately two minutes, and the ACI setpoint which is above the 
RHRS design pressure, prevent the ACI from being an effective system for low temperature 
overpressure mitigation. Low temperature overpressure mitigation capability is therefore 
provided by the pressurizer PORVs and/or the RHRS relief valves. Removing the ACI helps 
ensure that the RHRS relief valves are available to mitigate potential overpressure 
transients. In addition, removing the ACI reduces the potential for the inadvertent isolation of 
the RHRS that can cause a low temperature overpressure transient. 

The fault trees (FTs) were developed to model the RHRS unavailability. These FTs 
were developed from the system flow diagram and control wiring diagram shown in Figures 
2.1 and 2.2 (NE Krško: "System flow diagrams • as bum*, NE Krško: "Electrical elementary 
diagram - B-208-119 RH") and are based on the RHRS Operating Procedure, "Aligning of 
RHRS for Plant Cooldown". 

The RHRS suction/isolation valves were modeled down to the control circuitry level to 
explicitly show the change in unavailability due to removal of the ACi. Parts of the FTs are 
shown in Figures 2.3,2,4 and 2.5. 

The result of FTs qualitative probabilistic analysis enables lo conclude that the 
availability and reliability of the RHRS will increase with the deletion of the ACI because the 
suction/isolation valves are less likely to spuriously close. 

Finally, the answers to the three questions put in 1. are: 

1) the deletion of the RHRS ACI wi« not pose a significant hazard in the sence that it 
would involve a significant increase in the probability or consequences of an 
accident previously evaluated; 

2) the deletion of the RHRS ACI will not pose a significant hazard in the sence that it 
would create the possibility of a new or different kind of accident previously 
evaluated; and 

3) the answer depends upon the plant's particular technical specifications, however, 
the conclusion can be made that, since the PSA Indicates an increase in RHRS 
availably and reflabHRy due to the RHRS ACI removal, the margin of safety wW 
actually increase. 

3. CONCLUSION 

The qualitative PSA proposes to remove the ACI function from the RHRS 
suction/isolation valves. The open permissive interlock should remain intact however and 
the alarm should be added to each valve to alert the operator mat either of the RCS-RHRS 
suction/isolation valves is not fully closed. 

In conclusion, the deletion of the ACI function will reduce the number of spurious 
closures of the RHRS suction/isolation valves, and thus, increase the availability and 
reliability of the RHRS, but it should be emphasised once again that before a final decision 
to removal the ACI function the quantitative PSA must be performed. 
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Figures 2.3 and 2.4 
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Answer to questions from the audience 

l.Is there any plant specific data (NE Krško) regarding the stations 
on AC! malfunction? 

The study 1s a plant specific but a qualitative one. There Is no 
plant specific statistics on ACI malfunction 1n our case so far. 
Nowever, according to the report, "Decay heat removal problems at 
U.S. pressurized water reactors (PWRs)", of the 130 loss-of-RHRS 
events that were documented at U.S. PWRs between 1976 and 1983, 37 
were caused by the inadvertent automatic closure of the 
suction/isolation valves. 
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