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1.0 INTRODUCTION 

Recently, the Nuclear Regulatory Commission (NRC) has expressed concern about 
the loss of residual heat removal (RHR) capability during cold shutdown 
operations. Of specific interest is the inadvertent isolation of the RHR 
system (RHRS) due to a failure within the RHR suction valving autoclosure 
interlock circuitry. Isolation of the RHRS while operating could lead to RHR 
pump damage and/or overpressurization of the reactor coolant system (RCS). To 
resolve this concern at Kewaunee, consideration is being given to the removal 
of the autoclosure feat!re from the system.  

The utility has requested Westinghouse to review the necessity of the 
autoclosure feature and to provide a safety evaluation of the effect of its 
removal on RHRS overpressure protection.  

This report discusses the actions that lead to incorporation of the 
autoclosure feature on the RHRS and addresses the postulated transients that 
could lead to overpressurization of the system. Those transients that are 
considered plausible while at cold shutdown conditions have been qualitatively 
evaluated through comparison with actual plant transients and with analyses 
conducted for plants similar in design to Kewaunee. Finally, Section 4.0 of 
this report reviews the regulatory-and safety standard criteria relating to 
protection of the RHRS from overpressurization.
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Vif 2.0 BACKGROUND V 

2.1 HISTORY 

During the 1960's, typical RHR systems for a pressurized water reactor plant 
consisted of twin (auxiliary) coolant trains accessed to the RCS via a single 
suction line. Two closed valves in series isolated the RHR system from the 
RCS while the RCS was in operation. A "prevent-open" interlock was added to 
one of the valves to prevent its opening while RCS pressure was above RHRS 
design pressure. The second valve had its power disconnected via 
administrative procedures. As an additional design feature, the valve motor 
operator was sized with insufficient torque to move the disc with a pressure 
differential greater than 600 psi. Finally, a relief valve set at RHRS design 
pressure was located just downstream of the suction valves.  

The early 1970's saw the Atomic Energy Commission (AEC) pressing for a 
pressure interlock on both valves.l) As two suction lines were also 
starting to make their appearance, the AEC position was extended to four 
suction isolation valves (Kewaunee FSAR question 9.13). Other AEC positions 
that evolved at that time (1971) were 1) interlocks for automatic closure-on 
pressure, 2) diverse principles for interlocks, and 3) commitment to 
IEEE-279. Table 2-1 provides a bief impact of these requirements and some of 
the plants affected.  

The introduction of the autoclose interlock re-emphasized a previous concern: 
RCS pressure control during RHR operation. Spurious closure of the suction 
valves isolates the suction line relief valves and the low pressure letdown 
line from the RHRS to the Chemical and Volume Control System (CVCS). Without 
the low pressure letdown line, plant operation in the water solid mode is 
difficult. Additionally, should a pressure transient occur, automatic closure 
of the suction valves prevents the relief valve from performing its function, 
subsequently aggravating the transient.(3,4) 

A joint industry (W, B&W, and CE) and AEC meeting in March 1974 attempted to 
clarify the AEC's requirement for the interlocks.(5) The discussion brought



I,

about two acceptablethods of overpressure protec n while the RHRS is in 
operation or when returning the RCS to operation:(6) 

A. automatic closure interlocks, or 

B. sufficient capacity of the RHR suction line relief valves, or 

C. a combination of both A and B.
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TABLE 2-1

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design , Required Modifications Plants Affected

1. Group I

a. Two valves in series in the 

single suction line: 

(1) One valve adjacent to RCS 

was interlocked with a pressure 

control signal derived from 

a pressure transmitter to 

prevent its opening whenever 
the system pressure is greater 

than about 425 psig.  

(2) One valve adjacent to RHRS 

was administratively locked 

closed by locking off the 

motor controlled power supply.

a. Maintain items la and lb and 

add additional features: 

(li A second wide range pressure 

channel was added to provide 

a pressure control signal to 

interlock the valve located 

adjacent to the RHRS. This 

is used to prevent its opening 

whenever the system pressure is 

greater than about 425 psig.  

This second pressure transmitter 

is connected by a separate 

connection into the RHR suction 

line inside the containment.  

Therefore, the suction line

2 Loop Plants 

Kewaunee 

Prairie Island 1 & 2 

3 Loop Plants 

North Anna I & 2 
Beaver Valley 1 

4 Loop Plants 

Zion 1 & 2 

D. C. Cook 1 & 2 

Salem 1 & 2 

Diablo Canyon I & 2 

Trojan
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TABLE 2-1 (continued) 

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design 

b. One pressure transmitter was provided 

to provide control signal for valve 

l.a (1) above. The pressure trans

mitter was taken off the reactor 

coolant loop which contained the RHR 

suction line. The pressure trans

mitter was connected into the suction 

line inside the containment.  

2. Group II 

a. Two valves in series in each of two 
separate suction lines: 

(1) In each line one valve adjacent 

to.RCS was interlocked with a 

pressure control signal derived 

from the pressure transmitter 

in its associated line to

Required Modifications 

contains two separate connections, 

one for each pressure transmitter.  

(2) Added control circuitry to auto

matically close both suction line 

i valves if they haven't been manu

ally closed by the time the reactor 

coolant pressure reaches 600 psig.

a. A control signal from one of the two 

pressure channels is used to inter

lock the opening of the two suction 

line valves adjacent to the RCS and a 

control signal from the other pressure 

channel is used to interlock the 

opening of the two suction line valves 

adjacent to the RHRS.

Plants Affected 

Sequoyah I & 2 
Watts Bar 1 & 2 

McGuire 1 & 2

2 Loop Plants 

Future Plants 

3 Loop Plants 

Farley 1 & 2 

Virgil Summer
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TABLE 2-1 (continued) 

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design 

prevent its opening whenever 

the system pressure is greater b.  

than about 425 psig.  

(2) One valve in each line adjacent 

to RHRS was administratively 

locked closed by locking off the 

motor controller power supply.  

b. Each of the two separate suction lines 

had one pressure transmitter which 
provided a control signal for its re

spective valve 2.a.(0) above. Each 

suction line was taken off a different 

reactor coolant loop. The pressure 

transmitter was connected into its re

spective suction line inside the con

tainment.

Required Modifications 

Added control circuitry to automatically 
close both valves in each suction line 

if they haven't been manually closed 

by the time the reactor coolant pres
sure reaches 600 psig.

.Plants Affected 

Shearon Harris, 1,2,3,4 
Future Plants 

4 Loop Plants 

Byron 1 & 2 

Vogtle 1 & 2 

Millstone 3 

Future Plants

5311Q:ID/121283,



TABLE 2-1 (continued) 

AEC INSPIRED MODIFICATIONS TO RHRS SUCTION VALVING

Original Design :1 Required Modifications Plants Affected

3. Group III 

Same as Group 1 No change 2 Loop Plants 

Point Beach 1 & 2 

3 Loop Plants 

Surry 1 & 2 

Turkey Point 4 

4 Loop Plants 

Indian Point 2

Source: Reference 2



It was pointed out Wthe meeting that the AEC repr ntative on the ANS 
Committee 32.4 (Overpressure Protection of Low Pressure Systems Connected to 
the RCPB) said he would not accept removal of the autoclosure interlock.  
While the AEC replied that a committee member speaks only as an individual and 
not for the AEC, the AEC representative's position was later adopted as their 
official position.(7) 

Over the next 1-1/2 years, Westinghouse performed several analyses in support 
of the RESAR-3 and RESAR-41 applications. These analyses demonstrated that 
adequately sized relief valves were sufficient by themselves in protecting the 
PHRS from overpressure, and .that the autoclosure feature was not needed.  

In parallel, with the RESAR-41 application and NRC staff review, the NRC 
formalized their position and released it as a Branch Technical Position in 
the summer of 1975.(8) 

Faced with the requirement for retaining the autoclosure interlock, discussion 
with the NRC centered on raising the setpoint such that the autoclosure 

feature did not prematurely isolate the RHRS. This was in conjunction with 
lowered setpoints for the RHR suction line relief valves (to 450 from 500 
psig), to allow the relief valves to perform. The raised autoclosure 

setpoint, however, did not preclude transients initiated by a spurious closure 

of the valves.  

The Safety Evaluation Report (SER) for the RESAR-41 application provided the 
(10 final NRC position on the issue.(0) While Branch Technical Position ICSB-3 

required that "the valve operators should receive a signal to close 
automatically whenever the primary system pressure exceeds the subsystem 
design pressure," the RESAR-41 SER stated: 

"In particular, the residual heat removal system inlet isolation valves will 
be equipped with autoclosure and prevent-open interlocks to prevent possible 
exposure of the residual heat removal system to excessive pressures. The 
interlocks will be designed to prevent the occurrence of a situation where 
there is only a single barrier protection against a possible loss-of-coolant 
accident outside containment.

531TQ:1D/121283



The autoclosure intplock will close the system isolation valves when the 

reactor coolant system pressure increases to 750 pounds per square inch. This 
pressure is greater than the residual heat removal system relief valve set 

pressure plus accumulation, thus assuring that the relief valves will provide 
some overpressure protection to the reactor coolant system when in the cold 

shutdown condition.  

Westinghouse has designed the relief valves for the residual heat removal 
system to prevent inadvertent overpressurization during plant cooldown or 
startup, considering normal operating conditions, infrequent transients, and 

abnormal occurrences. As part of our review of the final design for RESAR-41, 
we will require that Westinghoue provide a detailed analysis that demonstrates 
the adequacy of the capacity of the system relief valves to prevent 

overpressurization during plant cooldown or startup." 

The situation of a possible loss-of-coolant accident would exist should an 
operator neglect to close one of the series isolation valves when the plant is 
returned to normal pressure. Passive failure of the closed valve disc would 
expose the RHRS to full RCS pressure, resulting in a possible rupture of the 
RHRS outside containment. Then the NRC recognized an autoclosure setpoint 
above the RHRS design pressure separated the autoclosure feature from pressure 
transient mitigation. The requirement, then, was to demonstrate the adequacy 
of the relief valves.  

The industry experienced problem of loss of RHR capability and possible pump 
damage following a failure of the autoclosure interlock was reviewed in 
conjunction with the RESAR-3S application.(l) Actions taken by several 
utilities were to remove power from one or more of the suction valves during 
the timeframe when the RHR pumps are most susceptible to damage due to loss of 
suction (i.e. refueling). Westinghouse recommended this via a technical 
bulletin in mid-1977.(12 ) Various other publications also dealt with the 
issue.(13,14) 

Use of the pressurizer power-operated relief valves in conjunction with the 
RHRS relief valves was reviewed and found acceptable by the NRC. While the

5311Q: D/121283



NRC did recognize the higher (above RHRS design pressure) setpoint, they 
stopped short of permitting the removal of the autoclosure feature from the 
plant altogether.(15) 

In 1977, Working Group ANS-56.3 (previously ANS-32.4 and ANS-55.4) finished 
work on ANSI/ANS-56.3-1977.(16) This standard permitted the designer a 
choice between a suction valve automatic closure feature and relief valves 
having adequate relieving capacity. The standard also stated that "Control 
Room indication shall be provided to indicate when isolation is necessary." 

The issue remained quiet through the remainder of the 1970's.  

In 1982, a study was published by Oak Ridge National Laboratory detailing the 
review and evaluation of events placed in the NSIC file involving the removal 
of decay heat in US BWRs and PWRs from June 1979 through June 1981.(07) The 
Oak Ridge study reported that during the two-year period "the most frequent 
event involving a significant problem with DHR was the cavitation of RHR 
pumps. Five events were traced to spurious closure of the suction valves due 
to signals from their autoclosure interlocks.  

Shortly thereafter, an EPRI report-also detailed events where RHR operation 
was curtailed due to inadvertant suction valve closure.(18) Twenty-four 
events (occurring over five years) that involved inadvertent loss of RHR 
cooling due to the autoclosure interlock failing were identified.  

2.2 SYSTEM DESCRIPTION 

The Kewaunee RHRS* is shown on Westinghouse engineering flow diagram 110E016, 
Sheet 1, Revision 12 (FSAR Figure 9.3-T, Sheet 1). A simplified schematic is 
shown in Figure 2-1.  

*Auxiliary Coolant System

53110: D/120583



The RHR loop remove residual heat from the reactor core and reduces the 
temperature of the RCS during the second phase of plant cooldown. This loop 
is also used for refueling operations and for emergency core cooling.  

The RHR loop consists of two residual heat exchangers, two RHR pumps and 
associated piping, valves and instrumentation. During plant shutdown, reactor 
coolant flows from RCS loop hot legs A and B, through the inlet isolation 
valves (8701A,B and 8702A,B) and into a common header. This line penetrates 
the containment and then splits to each of the respective RHR pump suctions.  
The pumps' discharge flow continues in parallel through the tube sides of the 
residual heat exchangers and then recombines into a common return header.  
This line penetrates the containment and is injected into RCS loop B cold leg.  

Double valving is utilized in the two inlet lines from the RCS to isolate the 
RHR loop from the RCS. They provide a double barrier between the high 
pressure RCS and relatively low pressure RHRS. An instrument interlock is 
connected to these isolation valves to prevent them from being opened when RCS 
pressure is above 425 psig. These valves also are interlocked to close 
automatically when RCS pressure exceeds 700 psig.  

Downstream of the inlet isolation valves is a 2-inch relief valve with a 
capacity of 400 gpm at setpressure plus accumulation. This valve has a 
nominal setpressure of 480 psig and discharges to the pressurizer relief 
tank. Another relief valve adjacent to the first has a nominal capacity of 
1200 gpm at a setpressure of 500 psig. These valves in conjunction with the 
RHRS letdown line to the CVCS (via valve 8102) provide overpressure protection 
for the RHRS while the system is in operation and water solid.

5311Q:D/121283



3.0 OVERPRESSURIZATION TRANSIENTS 

Various events have been identified that could lead to RHRS overpressuri
zation. These events have been grouped according to their process initiators, 
i.e. One example is the grouping of those events that affect the balance 
between mass addition and mass letdown; another grouping considers the events 
that affect the heat input/removal balance. While several of the events are 
not considered plausible, their inclusion within this report has been done for 
the purpose of completeness. Table 3-1 provides a short summary of the 
effects of removal of the autocTosure feature on each transient.  

While the use of pressurizer power-operated relief valves (PORVs) would 
protect the RHRS from overpressure, the evaluation does not take credit for 
their operation. Should the PORVs be used at RHR pressures, the autoclosure 
feature would have no function whatsoever, save closing a valve that the 
operator forgot to close (during plant startup).  

3.1 PREMATURE OPENING OF THE RHR SYSTEM 

The RHRS has a nominal design pressure of 600 psig.. Overpressurization would 
occur should the system be opened-prior to reducing RCS pressure below the 

RHRS design pressure. To preclude this, "prevent" interlocks are associated 
with the RHR suction valves from the RCS hot legs.  

Adother scenario involves accessing the RHRS while the heat generation rate 
exceeds the RHRS heat removal capability. This scenario involves an .  
approximate 1000F/hr cooldown following reactor trip. An alternative to this 
scenario might be: immediately following RHRS initiation, one train becomes 
inoperable, leaving a single train available to remove decay heat.  

An analysis was previously conducted for a 2-loop plant having a relief valve 

set at 600 psig.(19) This analysis assumed: 

A. RCS temperature and pressure are 350aF and 425 psig prior to the event.  

B. The RHRS is brought into service at 2 hours after shutdown (assumes 
cooldown rate of 100 0F/hr).

53110:10/2I0583



C. Immediately aer initiating RHRS operation, 9 is necessary to isolate 

one RHR train (one RHRS pump and one RHRS heat exchanger).  

D. For purposes of analysis, no credit is taken for heat removal via the 

steam generators once the RHRS is brought into service.  

E. One RHRS train (one pump and one heat exchanger) removes heat at its 

design rate. This is conservative because the high temperature 

difference 2 hours after shutdown will permit more heat transfer.  

The slightly higher heat load for Kewaunee versus the reference plant is 

balanced by a larger heat exchanger design capacity.  

F. Heat input to the reactor coolant system consists of decay heat 

(constant rate at 2 hours after shutdown), thick metal heat, and heat 

from two running coolant pumps (3 MW each).  

G. A single RHRS relief valve opens at 600 psig and reaches a relief rate 

of 139.2 gpm at 660 psig (setpressure plus accumulation) and a 

temperature of 3800F. Below 2000F, the valve capacity is 200 gpm at 660 

psig.  

H. No letdown is assumed.  

I. The RCS is water-solid prior to the event.  

The analysis demonstrated that the relief valve limited the pressure to 638.8 

psig (the coolant expansion rate was matched by the water relief rate). As 

the Kewaunee RHRS relief valves have a significantly higher capacity and are 

set lower, it is easily seen that a similar analysis for Kewaunee would result 

in a much lower peak pressure (approximately 500-525 psig).  

3.2 MASS ADDITION/LETDOWN TRANSIENTS 

During cold shutdown operations, letdown is established via the low pressure 

relief Tine (valve 8102) from the RHRS to the CVCS letdown line.

5311Q:TD/121283



3.2.1 Letdown Isolation 

Two scenarios are considered: isolation of letdown while the RHRS remains 

functional and isolation of the RHRS itself. Of these, the pressure transient 
associated with the second event is greater in that the mass addition 

transient is coupled with a heatup transient. Additionally, isolation of the 
RHRS precludes the use of the RHR relief valves in mitigating the pressure 
rise.  

Both of these scenarios occurred at plant sites during the 1970's.(20) At 
Point Beach Unit 2, RHRS isolation while water solid resulted in RCS pressure 

increasing from 400 to 830 psig. Several transients at Zion (both units) 
occurred following RHRS isolation: one resulted in RCS pressure increasing to 

1100 psig while another peaked at 1300 psig. In discussing these, Casto 
writes " ... in some cases the consequences of a mild pressure transient would 

have been mitigated if the RHR pressure-relief valves had been set to open 
before the RHR system was isolated. To date, nine incidents have been caused 
by inadvertant isolation of the RHR letdown path: reasons cited include 
interlock testing, operator error, and equipment failure." 

With isolation, the RHRS is proteeted from overpressure; the pressure 
transient is then placed solely on the RCS and the operation of the cold 
overpressure mitigation system.  

Qhallenge to the RHRS would come from letdown isolation only, with the RHRS 
remaining in operation. A continued charging rate of approximately 60 to 120 
gpm (one or two charging pumps) can easily be accommodated by either of the 
RHRS relief valves. However, valve cycling due to line pressure drop is 
likely, leading to possible valve damage or failure. The cycling will 
continue until the transient is terminated or the valve fails. The pressures 
seen by PT-419 and 420 should remain below their channel setpoint unless both 
relief valves fail in a closed position. Such a scenario is considered highly 
improbable and has not been observed with similar spring loaded valves.  

3.2.2 Charging/Safety Injection Pump Actuation 

Under stable pressure conditions, an increase in the operating charging pump's 
charging rate will result in a pressure transient unless a corresponding
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increase occurs in 0 letdown rate. The transient *greater should an 

additional charging pump start up, and greater still should one of the safety 

injection pumps be started (due to the safety injection pump's higher flow 

rate).  

Three charging pumps delivering to the RCS would be within the capacity of the 

smaller of the RHRS suction Tne relief valves. However, a single safety 

injection pump has the capability of supplying approximately 700-750 gpm at 
the RHRS design pressure. Therefore,the capacity of one pump exceeds the 
capacity of the smaller RHRS relief valveand necessitates opening of both 

relief valves. The twovalves have a combined capacity adequate to prevent 
the RHRS from overpressure.  

3.2.3 Opening of an Accumulator Discharge Isolation Valve 

When RCS pressure has been decreased to approximately 1000 psig, the 

accumulator discharge isolation valves are closed and the motor contactors are 

locked out and tagged. The.valves remain closed during shutdown operations 

and are opened only when the RCS pressure exceeds approximately 1000 psig 

(during plant startup operations).  

Should an accumulator discharge v31ve be opened (multiple actions), the 

resulting transient will produce a peak pressure between the initial RCS 
pressure and the accumulator nitrogen pressure. The water volume of the 

accumulator is such that the RHRS relief valve will have only a minor effect 
during the early stages of the transient. The RHRS may be isolated as RCS 

pressure approaches the autoclosure setpoint.  

3.3 HEAT INPUT/REMOVAL TRANSIENTS 

3.3.1 Startup of an Inactive Loop 

Should charging flow continue for a period of time into a loop without having 
its reactor coolant pump in operation, the cold water will collect in the low
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areas of the loop piog. If the steam generator co ins hot feedwater and 

the reactor coolant pump is started, the coolant will be rapidly heated 

resulting in an increase in RCS pressure. The pressurization rate is 

significant with a water solid RCS.  

The transient may initially "overwhelm" the RHRS relief valves; but as the 

transient continues, the pressurization rate decreases and the relief valves 
become effective in reducing the pressure. Should the autoclosure interlock 

isolate the RHRS, the slow operation of the suction isolation valves would 

provide little, if any, protection for the RHRS.  

Actual occurrences produced a peak pressure of 1100 psig at Prairie Island 

Unit 1 (water solid) and 525 psig at Indian Point Unit 2 (nitrogen 

blanket). (3,21) 

3.3.2 Pressurizer Heaters Actuation 

During startup the pressurizer heaters are energized and letdown is initiated 

(or increased) in order to draw a steam bubble in the pressurizer.  

This transient was analyzed for the same plant discussed in Section 3.1.  

Assumptions were: 

A. RCS temperature and pressure are 350aF and 425 psig prior to the event.  

B. Only one RHRS train is.in operation. However, no heat removal was 

assumed for the heat exchanger.  

C. No heat removal via the steam generators.  

D. The pressurizer heaters input heat at a constant rate of 800 kw until 

they automatically shut off when the pressurizer water volume drops 

below the low level cutoff (85 cu ft).  

E. A letdown flow of 30 gpm is assumed in order to simulate the conditions 

under which such an event is likely to occur - heaters are turned on

5311Q:1D/121283



during startu*nd letdown flow is permitted order to draw a steam 

bubble in the pressurizer. The expansion rate due to boiling in the 

pressurizer is greater than that due to heating the water.  

F. Two reactor coolant pumps are running and contributing 3 MW of heat/pump.  

G. A single RHR relief valve opens at 600 psig and reaches a relief rate of 

139.2 gpm at 660 psig. The relief rate is extrapolated linearly beyond 
660 psig.  

H. The pressurizer is water-solid prior to the event.  

I. No decay heat.  

The results from this analysis show that the relief valve will prevent RCS 
pressure from exceeding RHRS design pressure for a considerable period of time 

(assuming the valve does not fail due to cycling). The heat input required 

approximately 500 seconds to raise RCS pressure to the relief valve setpoint.  

At the setpoint (considering accumulation and blowdown) the valve capacity was 

adequate to keep up with the coolant expansion for another 2000 seconds. As 
the coolant temperature was raised, the valve eventually could not maintain 

the pressure-balance, and the RCS4-pressure increased above that of-the RHRS 
design pressure. The transient continued until the decreasing pressurizer 

water level actuated an automatic heater cutoff.  

The conclusions from the analysis stated that the peak pressure (860.4 psig) 

occurred at the time the heaters were turned off. The peak pressure could be 
reduced by either raising the heater trip level, enlarging the RHRS relief 
valve, or lowering the relief valve setpoint.  

As the Kewaunee combined relief valve capacity is approximately eight times 
that of the analyzed plant and the valves have lower setpoints, the transient 
would be expected to produce significantly lower pressures than that of the 
analyzed plant (assuming no valve damage leading to loss of relief capability).

5311Q:TD/121283



3.3.3 Rod Withdrawa0 

Rod withdrawal during shutdown would have only a minor effect on the RCS.  

Neutron flux would increase to the source range trip setpoint prior to core 

power generation.  

3.3.4 Loss of RHR Cooling Train 

Loss of an RHR cooling train may occur at any time during RHRS operation.  

Such loss could have its greatest impact if it were to occur immediately 

following RHRS initiation during plant cooldown (4 hours after reactor trip).  

This case is easily enveloped by that discussed in Section 3.1 in which one 

cooling train attempts to keep up with the heat generation rate two hours 

after shutdown.  

3.4 FAILURE TO ISOLATE RHR SYSTEM DURING STARTUP 

If the operator fails to isolate the RHRS (both series valves in one or both 

suction lines), RCS pressure would increase to that of the suction line relief 

valves. Discharge through the valves would prevent the operator from 
increasing the pressure further (this is also similar to the scenario 

discussed in Section 3.3.2).  

With one of the series valves in each suction line closed, RCS pressure can be 

raised to operating pressure. Should the operator fail to close the remaining 

series valve(s), a situation with a possible loss-of-coolant accident would 

exist (see Section 2.1). The autoclosure interlock precludes such an 

occurrence by backing up the operator and closing the open valve(s).
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TABLE 3-1 (Continued)

,SUMMARY OF EFFECTS OF AUTOCLOSURE FEATURE 
REMOVAL ON SYSTEM PRESSURE TRANSIENTS

Conditions Transient
Effect of Autoclosure Feature 

Removal on Transient

6. Pressurizer heaters 

actuation

7. Rod withdrawal 

8. Loss of RHR cooling train

The heaters are actuated during 
plant startup prior to the operator 

isolating the RHRS. Letdown is 

initiated; both RCP's are operating.

RCS pressure and temperature at 
400 psig and 3500F.  

During cooldown with the RHRS in 

operation, one train is lost. This 

is similar to event lb above.

RCS pressure increases to that of the 
RHRS relief valves. The expansion 
rate due to boiling in the pressuri
zer is greater than that due to heat

ing the water. Pressure will remain 
at the relief valve setpoint until 
either the valves fail due to chat
tering or the transient is terminated.  

I The rod withdrawal brings the 

neutron flux to the source range 
trip setpoint before any power 

can be generated.  

Similar to lb.

The autoclosure feature has little, if 
any, effect on this transient.

No effect.  

No effect.

I
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TABLE 3-1 (Continued)

SUMMARY OF EFFECTS OF AUTOCLOSURE FEATURE 

REMOVAL ON SYSTEM PRESSURE TRANSIENTS

Transient
Effect of Autoclosure Feature 

Removal on Transient

3. Charging/safety injection 

pump actuation

4. Opening of an accumulator 

discharge isolation valve 

5. Startup of an inactive 
loop

Normal letdown and charging flows 
are balanced. Should a safety 
injection pump start with the valve 
alignment such that the pump injects 
into the RCS, a pressure transient 
would occur. The safety injection 
pump flow rate at the relief valve 
setpoints is within the combined 
relief valve capacity.  

Following RHRS initiation (_400 

psig), an accumulator discharge iso
lation valve is inadvertantly opened.  

A reactor coolant pump is started 
in a loop having cold water at a 
temperature significantly below 
that of the hot steam generator 
in the loop.

Pressure would increase to the 
second relief valve setpoint, with 

a peak pressure expected of 525-550 

psig.

RCS pressure increases rapidly to 
a pressure between that of the RHRS 
relief valves and the accumulator.  
Automatic closure of the suction 
valves might occur but their slow 
action would provide little, if any, 

protection for the RHRS.  
If available, the relief valves even
tually reduce RCS pressure.  

RCS pressure increases rapidly to 
the RHRS relief valves' setpoints.  
While the valves are relieving, the 

pressure increase is dulled and pos
sibly turned around.

No effect.

As RCS peak pressure occurs within sec

onds, automatic closure of the suction 
valves will only prolong the transient, 
as their closing isolates the relief 
valves. Removal of the autoclosure 
feature may be beneficial.  

Should the autoclosure interlock iso
late the RHRS, the protection provided 

by the relief valves is lost. Closure 
of the suction valves (like Item 4) re

quires a significant period of time in 
relation to the fast acting transient.  
Removal of the autoclosure feature 

may be beneficial.
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.TABLE 3-1 

SUMMARY OF EFFECTS OF AUTOCLOSURE FEATURE 
REMOVAL ON SYSTEM PRESSURE TRANSIENTS

Transient
Effect of Autoclosure Feature 

Removal on Transient

1. Premature opening of the a.  
RHR system

2. Isolation of letdown 

while charging continues 

at a constant rate

Operator attempts to access RHRS a.  
while RCS pressure remains above 
RHRS design pressure.

b. The RCS is rapidly cooled via the 
steam generators so that, at the 
time the RHRS is brought into I 
service, the heat generation rate 
exceeds the heat removal capability.  

a. Letdown is isolated while charging 
continues at a constant rate of 60
120 gpm. The RHRS remains in opera
tion.  

b. The RHRS is isolated, resulting 
in letdown isolation. Charging 
continues at a constant rate.

None.  
The "prevent-open" interlocks on 
the RHR suction valves prevent the 

operator from accessing the RHRS 
when RCS pressure is greater than 

approximately 425 psig.

b. Pressure increases until the coolant 

expansion rate matches the water 
relief rate. The RHRS relief valves 
alone prevent overpressurization 

of the RHRS.  

a. RCS pressure cycles about the RHRS 
relief valves' setpoint and blowdown 
values until the transient is ter

minated or relief valve fails.  

b. This transient occurs within the RCS 
and does not challenge the RHRS.  

Operation of the PORV(s) is required 

to protect the RCS.

a. No effect.

b. No effect.

a. No effect unless both RHRS relief 

valves fail closed (no credit for 
PORT actuation). The autoclosure 

interlock would then isolate the 
RHRS.  

(I 
b. Removal of the interlock may pre

clude transient initiation or re

duce the severity of a transient 
due to the availability of the RHRS 
relief valves.
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4.# EGULATORY AND INDUSTRY CODE *OLIANCE 

The removal of the autoclosure feature has been reviewed against applicable 

regulatory and industry safety standard criteria.  

4.1 ANSI/ANS 56.3-1977 

"Overpressure Protection of Low Pressure Systems Connected to the Reactor 

Coolant Pressure Boundary".  

Section 3 of this standard describes several methods of protection that "shall 

be used" to prevent overpressurization of the RHR system. Specifically, 

Section 3.2.1 permits the designer a choice between the use of an autoclose 

feature or pressure relief sized on the basis of the most extreme pressure 
transient anticipated to occur during the plan operating condition when the 

two valves are open. Figure 1 of the standard depicts these methods.  

Following removal, the method of overpressure protection provided is that 

depicted in Figure 1 as 1(b).  

4.2 STANDARD REVIEW PLAN 

"Standard Review Plan for the Review of Safety Analysis Reports for Nuclear 

Power Plant," NUREG-0800, July 1981.  

The NRC position is stated in two branch technical position papers: RSB 5-1 
and ICSB 3. ICSB 3, position B.2. states: 

"For system interfaces where both valves are motor-operated, the valves should 
have independent and diverse interlocks to prevent both from opening unless 
the primary system pressure is below the subsystem design pressure. Also, the 
valve operators should receive a signal to close automatically whenever the 
primary system pressure exceeds the subsystem design pressure."
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-Position B.l. of RS l states:

"The following shall be provided in the suction side of the RHR system to 

isolate it from the RCS.  

A. Isolation shall be provided by at least two power-operated valves in 

series. The valve positions shall be indicated in the control room.  

B. The valves shall have independent diverse interlocks to prevent the 

valves from being opened unless the RCS pressure is below the RHR system 

design pressure. Failure of a power supply shall not cause any valve to 

change position.  

C. The valves shall have independent diverse interlocks to protect against 

one or both valves being open during an RCS increase above the design 

pressure of the RHR system." 

The ICSB position is clear in that an autoclosure interlock must be utilized 

and its setpoint must be tied to the RHRS.design pressure. The RSB position 
however does not emphatically require an autoclosure interlock.  

While the ICSB position makes noM-fention of relief valves, position C. of RSB 

5-1 states: 

"The RHR system shall satisfy the pressure relief requirements listed below.  

1. To protect the RHR system against accidental overpressurization 

when it is in operation (not isolated from the RCS), pressure 

relief in the RHR system shall be provided with relieving capacity 

in accordance with the ASME Boiler and Pressure Vessel Code. The 

most limiting pressure transient during the plant operating 
condition when the RHR system is not isolated from the RCS shall be 

considered when selecting the pressure relieving capacity of the 

RHR system. For example, during shutdown cooling in a PWR with no 

steam bubble in the pressurizer, inadvertent operation of an

531 Q:TD/121283



additional charging pump or inadvertent opening of an ECCS 
accumulator valve should be considered in selection of the design 
bases.  

2. Fluid discharged through the RHR system pressure relief valves must 
be collected and contained such that a stuck open relief valve will 
not: 

(a) Result in flooding of any safety-related equipment.  

(b) Reduce the capability of the ECCS below that needed to 
mitigate the consequences of a postulated LOCA.  

(c) Result in a non-isolatable situation in which the water 
provided to the RCS to maintain the core in a safe condition 
is discharged outside of the containment.  

3. If interlocks are provided to automatically close the isolation 
valves when the RCS pressure exceeds the RHR system design 
pressure, adequate relief capacity shall be provided during the 
time period while the valves are closing." 

Thus, RSB 5-1 recognizes adequate relief capacity as a viable 
method of overpressure protection and identifies an autoclosure 
feature as optional ("If ...  

The RSB position goes on to state: 

"D. Pump Protection Requirements 

The design and operating procedures of any RHR system shall have 
provisions to prevent damage to the RHR system due to overheating, 
cavitation or loss of adequate pump suction fluid." 

The inconsistency in branch positions (one requires the autoclosure interlock 
while the other regards it as optional) is compounded by the NRC's acceptance
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of the autoclosure setpoint above RHRS design pressure. As events from the 
past few years have shown loss of RHR cooling to be a more serious and more 
frequent transient than overpressure transients, emphasis should be placed on 
the recognized pump protection requirements of RSB 5-1.  

4.3 1OCFR50.59 

This paragraph of the Code of Federal Regulations allows the utility to make a 
change in the facility as described in the FSAR without prior NRC approval if 
the change does not involve a) a change in the technical specifications of b) 
an unreviewed safety question.  

The change "shall be deemed to involve an unreviewed safety question (i) if 
the probability of occurrence or the consequences of an accident or 
malfunction of equipment important to safety previously evaluated in the 
safety analysis report may be increased; or (ii) if a possibility for an 
accident or malfunction of a different type than any evaluated previously in 
the safety analysis report may be created; or (iii) if the margin of safety as 
defined in the basis for any technical specification is reduced." 

The removal of the autoclosure interlock would not increase the probability of 
occurrence of an RHRS overpressure transient, nor would it increase the 
consequences to the RHRS. Recognition of a setpoint above that of the RHRS 
design pressure precludes the autoclosure feature's use as protection for the 
RHRS during pressure transients. The feature would back up the operator 
should a series isolation valve be left open during plant startup. However, 
the probability of such an occurrence must be weighed against the loss of RHR 
capability due to spurious closure of the valves.  

Of item (ii) above, a malfunction of a different type than that evaluated in 
the safety analysis report does presently exist. Clearly, the incidents 
reported in NUREG/CR-2799 and NSAC-52 point up the frequency and severity of 
transients associated with a malfunction of the autoclosure interlock.  

Item (iii) does not apply as the autoclosure interlock is not used as a basis 
for any technical specifications.
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