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EXECUTIVE SUMMARY
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1

A case study has been completed for two events at the Sequoyah Nuclear

Plant which resulted in the inadvertent loss of reactor coolant during

shutdown cooling. Separate events at Units 1 and 2 resulted from the |

opening of a single valve in the residual heat removal (RHR) system which

allowed reactor coolant to leak into the containment. The leakage paths

for both events originated from the hot leg of the Reactor ~ Coolant System

(RCS). The leakage path exited through a RHR containment spray valve in

one case and through an ECCS recirculation valve in the RHR system in the

other. The safety significance of these events is that they resulted in a

loss-of-coolant accident (LOCA) inside containment and could have sub- -

sequently resulted in a loss of one train of the decay heat removal or

emergency core cooling recirculation capability required for mitigation of

the LOCA.

During shutdown and refueling, the system configuration is significantly

changed compared to other modes of operation; e.g., equipment operability

requirements are changed, water inventory in the reactor vessel can be

reduced, and maintenance or refueling activities alter the availability

of equipment. As a result, the operators must manually mitigate a LOCA

occurring during these modes of operation using available systems and

-- - equipment. To ensure a timely and adequate response, .emergeocy procedures

and training need to be available to the operators. In addition, such

- procedures should preclude other transients induced by mitigating actions
'r,- . . -

- -_.

during recovery; e.g., loss of shutdown cooling and overpressurization.

An IE bulletin and IE notices have addressed RHR degradation events but do

not explicitly address LOCA events during RHR shutdown cooling operation.

Communication between licensed and non-licensed operators needs to be improved

to enhance operational safety, as evidenced by deficiencies leading to the

events at Sequoyah Unit 1 and other operating plants. Quality assurance
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programs should ensure that administrative procedures and training are imple-

mented to ensure that oral communication is adequate and effective.

This evaluation of the Sequoyah events concluded that all containment

penetration piping in the RHR system was not designed with redundant isolation

valves when operating in the normal decay heat removal mode, i.e., numerous

single valves provide tiie isolation capability. In this mode, the

RHR system becomes an extension of the reactor coolant pressure retention

boundary and single valves retain the pressure with respect to primary

containment or the auxiliary building. Inadvertent operation of such valves

could rc3 ult in a loss-of-coolant event and possible degradation of RHR

capability due to RHR pump cavitation. Although an IE bulletin and IE notices

have been issued regarding the susceptibility of plants to losing decay heat

' removal capability, events continue to occur which threaten the RHR system.

The likelihood of losing coolant or decay heat removal capability could be

greatly reduced by employing stringent administrative or electrical / mechanical

controls to ensure that such valves are not opened inadvertently and by

performing RHR surveillance tests when the RHR can be isolated from the RCS

during refueling.
.
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1.0 INTRODUCTION

Separate events at Units 1 and 2 of the Sequoyah Nuclear Plant resulted in a

loss-of-coolant event while in the shutdown cooling mode of operation. The

potential safety implications evident from these-events and similar events at

other operating plants prompted the NRC Office for Analysis and Evaluation of

Operational Data (AEOD) to evaluate the situation.

The Sequoyah Nuclear Plant is located near Chattanooga, Tennessee, and is
.

operated by the Tennessee Valley Authority. The two units are nearly

identical and employ a Westinghouse 4-loop nuclear steam supply system with

an ice condenser containment. Units 1 and 2 received operating licenses
'

. in 1980 and 1981, respectively.
.

.

Each event was evaluated separately beginning with the inadvertent containment

spray at Unit 1, followed with an evaluation of the inadvertent discharge of

primary water to the sump at Unit 2. The conclusions and recommendations

sections summarize the similarities between the events and list the lessons

learned and recommended licensee actions.

.
-

-- - 2.0 SEQUOYAH-1 INADVERTENT CONTAINMENT SPRAY EVENT OF_ FEBR,UARY 11, 1981

2.1 Event Description (Ref.1-3)
_

' r-~ On Februsry 11, f981, Sequoyah Unit I wis in cold shutdown with the reactor
_

~ '

:

coolant system tenperature at 179 F and pressure at 310 psig with a steam

bubble in tne pressurizer. The unit had been shut down since February 5,1981

due to vibration of the main generator shaft. Two of. the four reactor coolant

!
4
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pumps were running. The "A" train of the residual heat removal (RHR)
system and the "A" centrifugal charging pump were operating. Among the

maintenance activities in progress during this outage was the weighing of ice

baskets inside containment. Surveillance stroke testing of the safety-related

valves had been completed near the end of the day shift.

During the shift change, the oncoming Unit Operator (U0) was informed of

the need to confirm that the RHR "A" containment spray valve (safety-related

motor-operated valve) was fully closed and that the RHR "B" train should be

returned to service. To accomplish these activities, the U0 instructed an

Auxiliary Unit Operator (AU0) to manually seat (close) spray valve FCV-72-40

(see Figure 1) and open RHR crossover valves 74-531 and 74-37. The spray

valve is a motor-operated valve and the RHR crossover valves are manual

valves.

The AVO opened the two crossover valves and erroneously opened the containment

spray valve by hand and initiated a loss-of-coolant event. In response to

decreasing pressurizer level and pressure, the control room operator tripped

the two operating reactor coolant pumps and opened the suction valves from

- - the refueling water storage tank to both RHR pumps. T.he. operator did nots

close the RHR suction from the hot leg of the reactor coolant system (RCS)

- or .the RHR connection to letdown to the chemical and volume control system.
'r~ Normal letdown was automatically isolated on low pressurizer level. The

..
.

. . .
-

<.

pressurizer level indication went offscale low in approximately two minutes and

parts of the RCS became saturated producing steam formations as the RCS

depressurized. A second charging pump and a safety injection pump were started
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approximately 33-35 minutes into the event. The. containment spray continued

for 39 minutes until the AU0 returned to the control room and informed the U0

of his actions. Approximately 105,000 gallons of water was sprayed into

the containment.

The significant aspects of the event were:

1. The reactor coolant pressure retaining boundary was breached by opening

a single valve.

! 2. Safety-related motor-operated valves required for primary containment
.

isolation are manually seated to assure leak tightness.

3. Eight of the workers inside containment received contact contamination.

4. Adequate training did not appear to be provided for the AU0 before being
,

permitted to assume his duties.

5. Inadequate oral communication appeared to exist oetween a licensed. and non-

licensed operator.

6. There was a possible degradation of decay heat removal capability due to some

cavitation of the RHR pumps.

7. The procedures did not address operator actions necessary to mitigate a

LOCA during shutdown cooling operation..

- s
''2.2. Discussion and Findings

-

2.2.1 Isolation of Reactor Coolant Pressure Retention Boundary
'I-_ .. . . .

- -

When in shutdown cooling, the RHR system removes decay heat from the RCS

by taking coolant from a hot leg, passing it through heat exchangers and

returning the coolant to a cold leg. When in this mode of operation, the,

RHR system becomes an extension of the rea,ctor coolant pressure retaining

bounda ry. As evidenced by this event and the event at Unit 2 discussed in

the next section, there is piping in the RHR system which penetrates back

_ _ - -



.

.

-4-.

to primary containment free space and has only one isolation valve or is

routed elsewhere retaining the reactor coolant pressure (e.g., the RHR spray

and sump valves). The RHR design at Sequoyah is typical of PWR designs

incorporating numerous appurtenances where the capability to ensure reactor

coolant retention integrity is a concern.

The containment spray line is an eight-inch diameter pipe and the RHR recirculation

piping has a fourteen-inch diameter. There are other piping connections to the

RHR which have smaller lines and single valves; e.g., the three-inch RHR relief

valve and numerous vent lines. It is necessary to ensure that these valves

do not leak and that measures (e.g., administrative, mechanical or electrical)

are in place to assure that the valves are in the correct position. Operations

-personnel were apparently cognizant of the desirability of ensuring leak

tightness since the spray valve was manually seated after manipulation with

the motor operator during the Unit 1 event. This practice was not the result

of a single valve ensuring leak tightness, but normal practice of .nanually

seating motor-operated valves.

2.2.2 Manual Seating of Motor-0perated Valves
'

At Sequoyah, operations personnel hand-tightened certain motor-operated
-- *

,- (
valves as a matter of practice to ensure that the valves did not leak. However,

the surveillance procedure for the spray valve did not address this practice.

$- Man.ual overtightening of,the valve disc to the seat could result in failure of the. ,,

valve to open depending on the torque setting of the valve motor operator

and the extent of disc binding and potentially result in damage to the motor

operator. This would be less .of a concern if the valve were accessible after an
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accident and the valve could be manually manipulated in a timely manner. The

NRC Office of Nuclear Reactor Regulation (NRR) is evaluating the procedure and

acceptability of manually seating motor-operated valves as part of Task Interface

Agreement 81-15, "Sequoyah 1 - Inadvertent Operation of Containment Spray and

Accumulation of Water in Containment Event on 2/11/81," dated August 25, 1981.

2.2.3 Contanination of Workers

Upon opening the spray valve, water from the RCS was sprayed into containment

and eight of the workers who were weighing the ice baskets received contact

contamination from the spray. Containment evacuation was initiated within

two minutes after initiation of the spray. Some delay was experienced

by the workmen exiting containment because it was relatively dark due to
,

failure of light bulbs when sprayed.

A whole body count indicated less than 1% of the maximum permissible body

burden was reaived by the eight workers. Decontamination was achieved by

showers and replacement of clothing.

2.2.4 Training of Non-Licensed Personnel and the Role of Communications

,

The AU0 who erroneously opened the spray valve was serving his first duty
.- i

assignment in the auxiliary building. He tad not completed on-the-job training

,

at Sequoyah before assuming his duty station. The NRC Office of Inspection

Y_ and Enforcement (TE) has~ cited the licensee for not complying to ANSI. 18.1-1981, .,

i.e. , adequate training of non-licensed operators. However, it is not clear

whether such training would have prevented the AVO from opening the valve.

Based on IE interviews (Ref. 3), the AVO indicated that directions coming

from a U0 should not be questioned.

.



m

*

.
.

-6-.

The licensee has upgraded its fomal training program to include on-the-job ,

training for non-licensed AU0s. NRC is continuing to evaluate the need for

formal training, requalification and possible licensing requirements for non-

licensed operators. Significant improvements in training and qualifications

of non-licensed operators have been achieved through the TMI Action P1an which

resulted in revisions to Regulatory Guide 1.8, ANSI-18.1, and accreditation of

training programs in the nuclear power industry.

The fundamental cause for the event was probably inadequate oral communication

between the U0 and AUO. The licensee's quality assurance program did not include

procedures for ensuring that oral instructions were adequately communicated and

understood by AU0s. To correct this situation, the licensee has established

administrative procedures for verifying oral communications between operators.

Numerous personnel errors can be attributed to inadequate or misunderstanding

of instructions during recent nuclear plant events. As this event ~and the

Rancho Seco event discussed below exemplify, it is important to acknowledge

the completion of a verbal instruction. The combined effort of reactor and

auxiliary operators plays an important role in the day-to-day operations

and is a significant contributor to the. operational safety of a nuclear plant.
- - Therefore, the quality assurance program should ensur.e-a congenial relationship

_

and pro.ier communication techniques between operators.

T_ 2.2.5 Cavitation of. RHR-Pumps -
- -j

During the Unit 1 event, the RHR pump suction was aligned to both the hot

leg of the RCS and to the refueling water storage tank (RWST) (see Figure 1).

As a result, the piping from the RWST had a potential direct communication

with the RCS. If the RCS pressure exceeded the static pressure of the RWST,

the resulting pressure differential would'have caused the check valve in
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the RWST piping to seat. Cyclic changes in the pressurizer level and the

RHR loop temperature could indicate, but not substantiate,-that the check

valve actually seated. During the Unit 1 event, the static pressure of the

RWST was estimated by the licensee to be about 35 psig (assuming a full RWST).

Hence, if the RCS was pressurized above 35 psig corresponding to a sat'uration
m

temperature of 280 F, the check valve would have been held closed, isolating

the RWST as a source of RCS makeup water to the RHR system.

Normally when the RHR isolation valves to the RCS hot leg are open, the'

check valve and the motor-operated valve in the piping from the RWST to the
''~RHR system are closed. The check valve is closed due to the pressure of

the RCS system and the motor-operated valve is closed by the operators when o

entering the decay heat removal mode of operation. This design does not
,

appear to meet the single failure criteria for the ECCS injection function
.

during shutdown cooling using the RHR system since there is only one line ~, m

to the RWST and the check valve can be maintained closed. However, the safety
~

injection system is available with an independent path from tne RWST to the RCS.
-

The effect of the check valve closure on the RHR system to meet the single

failure criteria and associated risk assessment will be evaluated as part of TIA

81-15. A review of LERs for other plants did not reveal any events where either
.

of these valves remained closed when the RHR was required for injection.
-

r
'

However, there were not many events of this' type to examine.
.

-

A~ loss of the RWST connection due to the check valve being held closed could
,_
,_ -. - . -

._ _

have been a contributor to the partial cavitation of the RHR pump during

the Unit 1 event. However, the primary cause is believed to be loss of pump

suction. The pressurizer was emptied during the event and the suction of the RHR.

pump from the RCS hot leg was at saturation conditions. Consequently, the

water could flash as it passed through the pump. An inspection of the pump

after the event did not reveal any damage as a result of the cavitation. The

__
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pumps could also cavitate as vessel in'ventory is decreased to the hot leg

elevation. This type of event has been reported at other operating reactors.
,

This event would have been more significant had the sequence occurred at higher

decay heat levels when the operational mode was hot shutdown or during the

transition from the steam generhtors to the RHR system for decay heat removal.

The temperature of the RCS in mode 4 is approximately 300*F and both RHR

pumps are probably operating. Depending on the plant procedures, one or more

reactor coolant pumps may also be operating. For the pressure corresponding

to the saturation temperature, the check valve would.have been held closed;

thus, no water from the RWST. Both RHR pumps would cav'itate due to the depletion

of RCS water and both pumps might be lost. For some plants which employ the

.same system for RHR and low pressure ECCS injection (LPI), LPI could be lost..

Significantly more voiding would lik,ely occur in the vessel head, hot legs, and

steam generators resulting in continued inventory loss in the farm of saturated

steam through the open spray valve. Immediate' operator actions should address

protecting tne RHR pumps and terminating the leak. Subsequent actions would be

necessary to increase makeup flow or actuate the high' pressure ECCS system to

replenish the lost inventory-and ensure.a. mode of decay heat removal to prevent

c . boiling and uncovery of the core. Thisisfurtherdiscussepinthenextsection.

For these conditions and assuming the operators' responded in,the same manner

ar- as.during. the actual event, core .uncovery could result. Approximately 20 minutes .,

are available before the inventory between the top of the core and bottom of the

hot legs is boiled away due to the decay heat. During the actual event, the safety

injection pump was started in.approximately 35 minutes and the leak was terminated

in about 39 minutes.
.

r

eh
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2.2.6 Lack of Procedures \,I 'l,

.

The lack of an emergency procedure for a LOCA during shutdown cooling (mode 5)

may have contributed to the elapsed time during the LOCA before the operators

secured the leak. The operators diagnosed the system response as a possible

LOCA and consulted the emergency procedures E01-0 and 501-1 which were not
Idirectly applicable for this mode of operation. The tirle would have been
(

longer if the AUD had not returned to the control room ind informed the U0s

of his action. j -

, ,

Although a valve status monitorind system was available' to detect the open -

spray valve, the system did not have the capability to re-alarm upon opening

of the spray valve. The spray valve is one of a group of ' alves with a singlev

i al a nn. Since the system is designed to ensure proper valve alignmentifor
-

6 y
,

injection, and since some of these valves were realigned for shutdown, the

group alarm was already present. Consequently, no audible alarm Aas r'eceived
w

twhen the spray valve was cpened.4 A reflash alann capability appears cesirable,
is

even for injection alignment verification, and should be" included in.exisf.ing

systems, i f practical . NRR is evaluating the generic human enginee' ring aspects
s

of a reflash alarm capability' for monitoring safety-related valve pobtions 1 i,
N..

' 'as part of Task Interface Agreement 81-15.
s. . _\ ; ,

Although overlooked by the operators, the spray valve position was indicating

- open on the valve position switch and on the status panel. A procedure
~ 'R ..

-

- . .

'

-- - ,s .

addressingvalvepositionsp.id(RHR rates should have led the cperators to

systematically identify ana mitigate the event. Spray flow rate inci, cation
\

was not available to the operators for diagnosis. A procedure should be

available to ensure that the reactor vessel is not overpressurized during
,;

recovery from a LOCA while in shutdown cooling. 'Tne operators could isolate the
'

t \

RHR system to. terminate a LOCA in the system, but this would also eliminate the
;

A
- -
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overpressure protection provided by the RHR system for some plants during

shutdown cooling, although the pressurizer PORVs would provide the over-a

.b pressure protection in most plants. Depending on the initial conditions and
)

assuming the' operators have isolated the RHR system but high pressure makeups

flow continues, the potential may exist for overstressing the vessel. This

would be more significant for vessels embrittled by prolonged neutron radiation

and subjected to a thermal transient and repressurization. Overpressurization

has been addressed previously by the NRC and appropriate provisions (e.g., PORY

setpoint reduction and RHR relief valves) have been implemented. Therefore, it

is prudent to ensure that adequate p.'ocedures exist to ensure that the vessel

is not overpressurized during LOCA reco'very vehile any of these protection

features are disabled.

.

It would appear that prudent operator action in response to a LOCA during

RHR operation would be to immediately trip the operating RHR pumps. This

action would protect the RHR pumps, reduce the leak rate, or in some cases

teminate the leak, and provide additional diagnostic time. Subsequent

actions would include actuating the safety injection system, being careful

not to ovdrpressurize the RCS, and isolating the leak.
.

3.0 SEQUOYAH-2 INADVERTENT DISCHARGE OF PRIMARY WAT$R TO TkE CONTAINMENT
'

SUMP ON AUGUST 6,1981

- 3.1 sEvent Description (Ref. 4)
'T_ ..} - .

-
. .,

On August 6,1981, approximately 8,000 gallons of reactor coolant was
.

inadvertently transferred to the reactor building sump. The leak path was' '

'

from the RCS hot leg, through.the train A RHR suction piping, through an

' open valve in the recirculation piping, to the sump (see Figure 1). Unit 2

was in cold shutf~, with the RCS solid (no pressurizer bubble) at a tem-

perature of 110 F ond pressure of 45 psig with both RHR pumps operating.
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The event occurred during preoperational surveillance testing of ECCS valves
;

;

to demonstrate the ability of these valves to change position from the injection

mode of ECCS operation to the recirculation mode.

The RHR sump valves (2-FCV-63-72 and 73) have three interlocks to clear before

the valve can open: low RWST level, high sump level, and a safety injection

signal. When the high sump and low RWST dummy levels had been programmed into the

logic during testing, the sump valve opened prematurely because the contacts on

the valve relay were reversed which affected a safety injection signal. Operator

failure to follow procedures and procedural inadequacies contributed to the event.t

According to procedures and design, the sump valve should not have opened during

the test until a safety injection signal had been simulated after the RHR
.

pump breakers were opened. Evidently, during pre-operational tests

(following completion of construction) the contacts on the solid state relay

were reversed such that an injection signal was applied rather than
I

blocked to the logic circuit for the valve. When the sump valve (2-FCV-63-72)

started to open, the normal RHR suction valve (2-FCV-74-3) started to close

since the two valves are interlocked. Since the stroke time for the
'

normal suction valve (118 seconds) was longer than the stroke time for the
- -

.- L

sump valve (44 seconds), a loss-of-reactor < coolant path existed for

approximately 74 seconds. Closure of the suction valve terminated the RCS leak.

T Dur.ing this time. RHR pump 2A-A experienced some-loss of suction, but subsequent .-

inspections revealed no damage. The operator quickly diagnosed the situation,

secured the RHR pump, and closed the valve to the sump.

.. -_ . , _ . _ _ - _ _
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The significant aspects of the event are:

1. The reactor coolant pressure retention boundary was breached by opening a

single valve.

2. The fundamental cause of the event was found to be an inadequate surveillance

test procedure; e.g., the procedure did not properly address positioning of the

RHR suction valves from the RCS (see Discussion and Findings).

3. A potential loss of RHR redundancy developed due to RHR pump cavitation.

3.2 Discussion and Findings

At the time of the event Sequoyah Unit 2 was in cold shutdown, fuel had been

loaded into the vessel, but the reactor had never been critical. The reactor

coolant system was solid (no pressurizer bubble) with the pressure and

temperature at 45 psig and 110*F, respectively. The operators were in the

process of performing Surveillance Instruction SI-9 (Actuation of Automatic

Valves via SI Signal for Non-Testable Boric Acid and ECCS Flow Path Valves).

This procedure tests the operability of the ECCS valves from the refueling

water storage tank and containment building sump when simulating switchover

from the injection to recirculation modes of the RHR system. As a result of
,

_ , an incorrectly wired relay in the control logic for the, sump valve, the

valve opened prematurely before other steps''in the procedure were completed.,

, The operator had not adhered to procedures and had changed the sequence of his
~ -

- actions to reduce ~the time that the RHR pumps were to be secured to prevent '

entering an action statement for a limiting condition for operation (the

Technical Specification allows one hour for both RHR pumps to be inoperable).

If a LOCA had occurred before the event, the sump valve would not have opened

automatically rendering one RHR train inoperable for recirculation. The sump

valve could have been manually opened, however.
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The RHR system becomes part of the reactor coolant pressure retention boundary

when in the shutdown cooling mode of operation. When the sump valve opened

oefore the suction valve to the hotleg of the RCS closed, a pathway to the

sump was established and a loss of reactor coolant resulted. The safety

significance of this event is that a loss of reactor coolant event resulted

from opening a single valve. The design of the RHR system makes it vulnerable

to this type of event; e.g., single valves form the pressure retention boundary.

This vulnerability is characteristic of RHR designs in other operating plants.

Because of this vulnerability, it is important that adequate administrative
.

controls or other means are in place to ensure pressure retention integrity

by minimizing inadvertent opening of single valves.

Although specific emergency procedures for mitigating a loss of reactor coolant

during shutdown cooling did not exist, the operator did respond in a timely

manner to prevent pump damage. The operator secured RHR pump 2A-A after

receiving an alann tMt flow through the pump had decreased and the miniflow

valve had opened. This indication resulted when the pump suction valve was closing [

as the sump was opening. Potential pump damage might have occurred if the

pump had been allowed to continue operation without sufficient inventory in the ,

'

sump. This could have raulted in one train of the RHR system becoming inoperable.
- -

.- t

Since the pump was secured in a timely manner, only slight flow degradation resulted

wi thout pump damage. The redundant RHR train remained operational and provided the,

ir, shu.tdown cooling f. unction.
.

. - -
.

In a depressurized state, the RHR system provides the primary means to remove

decay heat. Prompt action by the operator to secure the affected RHR pump

prevented air binding of the pump due to excessive air ingestion from the sump.
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!Restoring this train to operation after air binding (in the event the '

redundant train also became inoperable) would have required venting the pump; a

time consuming process. For other situations, (e.g., vessel inventory reduced j

and decay heat present) the time available to restore decay heat removal capability
1

before the RCS temperature increases appreciably is significantly shorter. As a '

result of IE Bulletin 80-12, licensees should have procedures in place to '

minimize loss of RHR capability and to expedite rest > ration of lost RHR trains.

A LOCA procedure for such events during shutdown cooling should not be limited
4

to mitigating actions, but should also prevent adverse conditions resulting from

the mitigating actions. For example, if the high pressure injection system is

operating, caution must be exercised to prevent an overpressurization transient.
|

A reaction to LOCA symptoms during RHR operation might be to close the RHR

luction valves to the RCS hot leg. This may mitigate the loss-of-coolant event,
;

but it would also defeat overpressure protection provided by the RHR relief 4

valve located downstream of the isolation valve when the RCS is solid.

During shutdown cooling, the RCS low pressurizer pressure signal for automatic

ECCS actuation is blocked and operators must identify the LOCA symptoms,

manually initiate safety injection flow or increase makeup flow, trip the
,

,
reactor coolant pumps, isolate letdown, secure containment, and a number of

other actions. Since the operator must comp'lete a large number of manual

_
ac_tions, guidance should be available in procedures and operators trained to

^

'- ass'ure all necessary- actions are completed and wfthout inducing an additional

transient.

Although the relay was wired incorrectly prior to the Unit 2 event, a loss

of reactor coolant would have occurred in any event since the surveillance

procedure did not address the positioning of the RHR suction isolation valves
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from the RCS. These valves are required to be open for thi's mode of operation

to provide decay heat removal capability; and in some plants backup RCS

overpressure protection through the RHR relief valves. Overpressurization

protection is primarily provided by the pressurizer relief valves. This raisesa

the question of whether such a surveillance should be performed during this or

some other mode of operation, e.g., hot shutdown when the RHR is isolated from

the RCS or during refueling when the RHR can be isolated. Other licensees,

whose plant design includes aut)matic ECCS switchover should be made aware of

a potential deficiency if the surveillance procedure permits testing of the
'

recirculation valves when the RHR isolation valves are open.

The Standard Technical Specification requires testing of these valves during

shutdown at least once per 18 months. This might be literally interpreted
'

to exclude refueling. Performing this surveillance requirement during

refueling appears to be more acceptable considering both safety and frequency

of testing. Some licensees currently perform this surveillance procedure when

in the refueling mode.
;

Similar events involving the draining of makeup or reactor coolant to the

; sump have occurred recently at Davis Besse [LERs 80-29 ( April 1980),
,

,

- - 80-49 (June 1980) and 80-88 (December 1980)] and Rancho Seco (LER 81-24).- s

The events at Davis Besse drained water fr'ohi the borated water storage tank

- (BWST) to the sump due to inadvertent switchover from the BWST to the sump.

Du'e to the difference it stroking time between the BWST valve and sump ' valve
-

(same problem as the Sequoyah event) water from the BWST (1,500 and 15,000

gallons for the April and December events, respectively). drained to the sump.

Decay heat removal flow was lost in April and June due to air binding of the

RHRpump(s). The events occurred as a result of power supply and distribution

_ _ _ _ __ . _ _ _ _ _ _ _. __
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failures and deficient procedures. There have been prior events at
|

Davis Besse and other plants involving loss of RHR and inadvertent

switchover during RHR operations. AE0D is analyzing and evaluating these j

events in a separate study.

The event at Rancho Seco on April 19, 1981 drained approximately 4,000 gallons

of reactor coolant to the sump during a surveillance test of the sump valve

operation, from the control room. The sump valve was cycled before the proper

isolation valve was manually isolated. Inadequate communications between
Ithe auxiliary operators and control room operator was the cause of the occurrence.
|

The reactor operator opened the sump valve before the auxiliary operator had

closed the RHR isolation valve.

'E Notices 80-2 and 80-44 and IE Bulletin 80-12 were issued regarding loss

of decay heat removal capability resulting from the Davis Besse event of

April 19,1980. The bulletin suggested that the licensee consider " bypassing

or disabling, where applicable, automatic activation of ECCS recirculation

in addition to disabling high pressure injection and containment spray pre-

paratory to the cold shutdown or refueling mode." Davis Besse has eliminated

the automatic recirculation feature of ECCS for all modes of operation with
_. .

_
t.

the NAC's approval on an interim basis. NRR.is performing a risk and reliability

assessment for manual switchover which may be applicable to other plants which

,
now employ, automatic switchover from ECCS. injection to recirculation. .<

4.0 CONCLUSIONS

Separate events at Sequoyah Nuclear Plant Units 1 and 2 resulted in a loss

of reactor coolant when a single valve was inadertently opened. Both events

occurred while in the shutdown cooling node of RHR systen operation. In each
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case, the reactor core did not uncover and there was no impact on the public

health and safety. The major contributor to the event at Unit I was the lack of

adequate communication between the reactor and auxiliary operators which lead

the auxiliary operator to erroneously open the RHR containment spray valve. The

major cause of the event at Unit 2 was an inadequate surveillance procedure, and

performing the procedure while the RP3 system was operating.

Both events demonstrate the potential for a loss of reactor coolant event, loss

of normal decay heat removal capability, and the potential loss or degradation

of the low pressure safety injection systea. The system configuration during
.

shutdown requires numerous operator actions to mitigate a loss of reactor

coolant. Consequently, the potential exists for prolonging the event and

subjecting the system to additional transients during recovery if there is

inadequate operator training and guidance

Several generic issues under consideration by NRR have not been analyze'd

in detail by AE00. These issues could have significant safety implications

and may result in changes to operational procedures and design improvements.

These issues include:

a. Communication between licensed and non-licensed operational,.

-- - personnel; .- t
..

b. Acceptability of manually seating safety-related motor-operated
_

"E-_ .. valves; -
. -

--

.<

c. Significance of RHR suction check valve (RWST) closure during

low pressure safety injection; and

d. Evaluation of the need for annuciator reflash capability.
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5.0 RECOMMENDATIONS

Although no additional safety concerns were identified from the AE0D evaluation

of the Sequoyah events, several improvements were identified which should

enhance operational safety. A timely resolution of TIA 81-15 is recommended.

The lessons learned upon which actions should be taken by other PWR iicensees

include:

1. The quality assurance program should include procedures which ensure

that adequate communications exist between licensed and non-licensed

operators. For example, a procedure should be employed to ensure that

oral instructions are well defined by the reactor operator, clearly

,
understood by the auxiliary operator, and verified completed by

both operators.

2. Administrative, mechanical or electrical methods should be employed

or improved to reduce the likelihood of inadvertently opening any

single valve retaining the reactor coolant pressure during RHR

operation. Increased emphasis should be placed on the importance

of existing administrative methods to control these valves.
= - .- t

3. Procedures and training should be 'available to operators for mitigating

_
a LOCA during RHR operation, to help ensure that all necessary manual

"E -- ' actions are completed and to min-imize o'ther transients, particul'arly
' ~

overpressurization during recovery. The acceptability of immediately

isolating the RHR system to terminate a LOCA during RHR operations for

various RCS conditions should be evaluated as part of developing the

procedures to prioritize operator actions.

. - - -
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4. The potential for a LOCA may exist during RHR operation while per-

forming the surveillance procedure for testing the operability of

those valves required to change automatically from the injection to

recirculation mode of RHR operation. The acceptability of per-

forming this surveillance procedure during refueling should be

evaluated by the licensees.

5. A reflash capability for annunciators for monitoring safety-related

valve positions should be evaluated for existing status monitoring

systems. This ccpability appears desirable from a mitigation perspec -
-

tive for all modes of operation.

.

.
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