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EXECUTIVE SUMMARY

This is a report of the results of the analysis of the human factors of
an operating event at Oconee 3 on March 8, 1991, which resulted in a loss of
shutdown cooling for approximately 17 minutes during a refueling outage.

Réfue]ing had been completed and the refueling canal had been drained.
The water Tevel had been drained to the top of the reactor vessel in
preparation for installation of the reactor vessel head. The low pressure
injection (LPI) pump A was operating in the decay heat removal model with a
suction on the reactor coolant system (RCS) hot leg. The suction line to LPI
train A from the emergency sump was isolated by normally closed valve 3LP-10
and the parallel Tine to LPI train B by value 3LP-20. Valve 3LP-19 was
scheduled for preventive maintenance during this refueling outage and a blank
flange was to be installed on the penetration into the emergency sump of the
LPI train A suction line. This would have permitted valve 3LP-19 to have been
cycled open and shut without creating a gravity drain from the RCS hot leg to
the emergency sump. However, on 2/22/91 the blank flange was mistakenly
installed on the penetration for the LPI train B suction line.

Valve 3LP-19 remained closed from February 22 to March 8, 1991, during
the maintenance sequence of removing the motor operator, repacking the stem
bushing, and reinstalling the motor operator. At 8:48 a.m., March 8, 1991, a
maintenance technician opened valve 3LP-19 using the handwheel in order to
check the settings of the limit switches. The flow of water from the hot leg
through valve 3LP-19 to the emergency sump was not audible to the maintenance
technician. The control room operators at first attributed the drop in
reactor vessel water level to a faulty indicator. However, when the loss of
water level was confirmed by an ultrasonic detector in the RCS hot leg they
suspected that activity by the maintenance technician on either valve 3LP-19
or 3LP-20 was creating a drain from the RCS and sent non-licensed operators
(NLOs) to investigate. The entry of the NLOs into the LPI equipment area
caused the technician to surmise that a problem had occurred, and he reclosed
3LP-19 using electrical controls at the motor control center for faster
closure. The control room operators restored the water level in the reactor
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vessel from the borated storage fank and restarted the LPI pump A for forced
convection decay heat removal.

The procedure for the installation of the flange on the penetration for
valve 3LP-19 had not used the penetration number, although this number was on
a small label on the emergency sump wall above the penetration. The lack of
positive identification in the procedure had led a maintenance supervisor to
attempt to use a flow diagram for physical location of the penetration for
valve 3LP-19 versus 3LP-20. The flow diagram was not intended to provide such
information and its use led to misidentification of the two penetrations. A
Targe notation "3LP-19" with an arrow pointing to the penetration for 3LP-20
also was handwritten in ineligible ink on the sump and contributed to the
misidentification and the failure of independent verifications to discover the
misidentification.

Vigilance by the control room operators and their prompt response to the
Toss of water level in the reactor vessel minimized the duration of the loss
of shutdown cooling. (The temperature of the reactor core was limited to
117°F.) However, the operators’ response may have been even more prompt if
better communications had taken place between the technician and the operators
before the technician had started to open valve 3LP-19.
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1. INTRODUCTION

1.1 Purpese

Nuclear Regulatory Commission (NRC) Region II formed an augmented
inspection team (AIT) to investigate the loss of shutdown cooling that occurred
at Oconee 3 on March 8, 1991, during a refueling outage. A blank flange had
been mistakenly installed on the train B low pressure injection (LPI) pump
suction line penetration into the emergency sump instead of on the train A pump
suction line penetration. When an isolation valve in the train A suction line
was opened during a preventive maintenance procedure, a gravity drain path was
created from the hot leg through the 12-inch LPI return line and the open valve
to the emergency sump. The water level in the reactor vessel fell to the bottom
of the hot leg causing a loss of shutdown cooling of the reactor vessel for
approximately 17 minutes until the valve could be reclosed and the water level
restored in the reactor vessel. This report describes the results of the on-
site analysis of the human factors involved in this event.

1.2 Scope

The human factors analysis focused on the factors that influenced the
performance of operations and maintenance personnel leading up to and during
recovery from this event. The analysis was based on data derived from plant
logs and recordings, interviews with operations and maintenance personnel, and
reviews of maintenance and operations procedures and training lesson plans.
Idaho National Engineering Laboratory (INEL) provided assistance to the AIT as
part of the program at the NRC Office for the Analysis and Evaluation of
Operational Data (AEOD) to study the human factors of operating events.




1.3 Onsite Analysis

The human factors analysts were at the site-on March 11 and 12, 1991.
The onsite AIT consisted of the following members:

George Belisle, NRC/Region II, Team Leader
Clare Goodman®, NRC/NRR/LHFB

Barry Kanfer®, NRC/AEOD/ROAB

George Lanik®, NRC/AEOD/ROAB

Larry Mellen, NRC/Region II

Frank Wright, NRC/Region II

David Gertman®, INEL/EG&G Idaho

Orville Meyer®, INEL/EG&G Idaho

a. Individuals that analyzed the human factors of this event.
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2. 'DESCRIPTION OF THE EVENT ANALYSIS

2.1 Background

The Oconee Nuclear Station is located in northwestern South Carolina
and is owned and operated by the Duke Power Co. There are three nearly
identical units rated at 887 MWe each with Babcock and Wilcox nuclear steam
supply systems and dry containment reactor buildings. Units 1 and 2 are
operated from a common control room and Unit 3 has a separate control room. All
three units have been in commercial operation since 1974.

On the day of the event, Friday, March 8, 1991, Unit 3 was in the 24th
day of a refueling outage. A1l fuel handling operations had been completed.
The water level in the reactor vessel was being maintained at approximately
76 inches above the bottom of the hot leg nozzles. Decontamination work was in
progress on the refueling canal and incore tank. No work was in progress above
the reactor vessel at the time of the loss of shutdown cooling. Reconnection of
the incore instrumentation was scheduled for Friday night with reinstallation of
the reactor vessel head to follow on Saturday.

Shutdown cooling was being maintained with the LPI system operating in
the decay heat removal (DHR) mode using pump A and decay heat cooler B (see
Figure 1). Since the incore instrumentation was not yet reconnected, the
reactor coolant system (RCS) coolant temperature was determined from a
temperature detector on the pump suction with remote indication in the control
room. The water level in the reactor vessel was determined by a permanently
installed, dp type, level instrument with control room indication.

The equipment and personnel hatches for the reactor building were
closed with one reactor building purge penetration open through filters and with
capability for isolation from the control room. The radiation monitors in the
fueling area had been removed from service and were scheduled for replacement.

The outage manager’s schedule for the Unit 3 refueling outage was
being updated daily and the 8:00 a.m., 3/8/91, revision contained_a listing
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titled "valve work of interest."‘ Among the 30 specific valves listed are two
that were relevant to this event and were listed as follows:

- 3LP-19 flange installed-may use MOVATS
3LP-20

As shown in Figure 1, 3LP-19 is the isolation valve in the 18-inch suction line
from LPI pump 3A to the emergency sump in the reactor building and 3LP-20 is the
isolation valve for the suction Tine from LPI pump 3B. (The fact that RCS hot
Teg pressure will be on valve 3LP-19 if the LPI system is operating in the DHR
mode is of significance to this event.) These valves are in the auxiliary
building in the same general area as the LPI pumps and therefore are outside the
reactor building containment wall. The Oconee Station Technical Specifications,
para. 4.5.4.2.B, required that the piping from the emergency sump to these
isolation valves be leakage tested at 59 psig minimum during each refueling
outage since the piping and the isolation valves are part of the containment
boundary. The controlling procedure for this test was performance test
PT/3/A/203/04, "Low Pressure Injection System Leakage," with Enclosure 13.2 for
valve 3LP-19 and Enclosure 13.4 for valve 3LP-20. The method of test specified
in the procedure was to pressurize the line from the emergency sump penetration
through a test fitting on a blank flange installed on the penetration. The
installation of the flange on the penetrations for 3LP-19 and 3LP-20,
successively, was controlled by Work Request 57039A, "Install and Remove 36-in.
Diameter Cap on Emergency Sump Liner," for PT/3/A/203/04, "LPI System Leakage."
The work request specified that only one penetration at a time was to be capped.

In addition to the leakage test involving valves 3LP-19 and 3LP-20,
preventive maintenance on 3LP-19 was scheduled for this refueling outage. This
maintenance was controlled by Work Request 57933D, Unit 3, 11/26/90, "Repack the
Tow pressure injection to reactor building emergency sump isolation line
isolation valve LP-19. Perform every 3rd refueling outage." The Work Request
was cleared for performance on 2/25/91 by an operations engineer. The job
sequence for this work request for valve 3LP-19 was:

1. Remove [by maintenance (mechanical)]
2. Repack [by maintenance (mechanical)]
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3. Reinstall [by maihtenance (mechanical)]
4.  Reconnect [by maintenance (I&E)]

- "MOVATS" on the outage manager’s schedule refers to a diagnostic
methodology for motor operated values. It was planned for performance after

Work Request 57933D was.completed. .

2.2 Time Line of the Event

The following analysis of the event-time-line was developed from
interviews with all of the control room operators, the maintenance technicians
who installed the blank flange and their supervisor, the I&E specialist who
opened valve 3LP-19 on 3/8/91 and his supervisor, and operations management,
training, and planning and scheduling personnel. Copies of control room logs,
the working copies of the test procedure, and the two work requests were also
reviewed. The data derived by the Oconee 3 staff from the plant computer was
essential for establishing the event-time-line immediately before and after
opening valve 3LP-19.

2/22/91  The blind flanges was mistakenly installed on the emergency sump
penetration for the line from valve 3LP-20 rather than valve 3LP-19.
Maintenance and operations personnel involved believed that it was on
valve 3LP-19. The following actions and factors contributed to this
error:

a) Work Request 57039A, for installing the flange, does not
reference the emergency sump penetration numbers, which are
no. 36 for the line from valve 3LP-19 and no. 37 for the
line from valve 3LP-20. These numbers are clearly displayed
on Oconee Nuclear Station No. 3 Dwg. No. OFD-102A-3.1, "Flow
Diagram of Low Pressure Injection System." The penetration
number is also on a small nameplate on the sump wall
immediately above each penetration. Reading these labels
requires climbing down into the sump.



2/23 to
2/25/91

b)

d)

f)

The work request states that operations should specify on
page 2 of the attached procedure which flange is to be
installed first. (The work request cautions that only one
flange should be installed at any time). The control room
supervisor entered "LPI 19" in the space provided, alluding
to valve 3LP-19, and did not add the penetration number

’ "36."

The maintenance work party leader asked his supervisor for
advice on how to identify the correct penetration. The
supervisor referred to the flow diagram OFD-102A-3.1 and
stated that the penetration for the 1ine from valve 3LP-19
was on the left side when facing the sump wall as shown on
the flow diagram (it is actually on the right).

The maintenance technician observed that there was a large
note, handwritten in indelible ink, on the emergency sump
wall, "LP-19", with an arrow pointing to the left hand
penetration. Therefore he signed on page 4 of the attached
procedure for the initial identification of the correct
flange, since the misleading handwritten note agreed with
the erroneous advice from his supervisor.

A second maintenance technician signed for independent
identification of the correct flange. He evidently used the
same basis for his identification as the first maintenance
technician.

The flange was therefore on the penetration for valve 3LP-20
with two signatures on the werk request attesting that it
was installed on the penetration for valve 3LP-19.

The leakage test of the emergency sump Tine to 3LP-19 was performed
per Enclosure 13.2 of PT/3/A/203/04. This test was performed by
pressurizing the Tine through a test fitting on the blank flange and
inspecting for leakage at drain for the enclosure for valve 3LP-19.

7



Since the blank flange was on the wrong penetration no leakage was
observed at 3LP-19, and since valve 3LP-20 was also shut and evidently
Teaktight there was no difficulty -in estab]ishing and maintaining a

- lest pressure at the blank flange. This leakage test was performed by
the control room day shift during the three days from February 23 to
25, 1991. The misidentification of the penetration for vaive 3LP-19
was repeated:

a) The test procedure, Enclosure 13.2, did not provide the
penetration number.

b)  The control room operator-in-charge initialed the
verification that the flange was on the 3A emergency sump
line to 3LP-19 on the basis that Work Request 57039A had
signatures for initial and independent verification to that
fact.

c) The control room operator-in-charge directed a non-licensed
operator (NLO) to verify that no flange is installed on the |
3B emergency sump line to 3LP-20. The NLO observed the !
flange on the penetration with the handwritten inscription - !
"LP-19" and no flange on the other penetration and verified
no flange on the 3LP-20 line.

2/25 to  The preventive maintenance Work Request 57933D for valve 3LP-19 was

3/5/91 worked to remove the motor operator, repack, and re-install and re-
connect the motor operator. This was performed by mechanical
maintenance, and the valve remained in the closed position during this
work. To restore the valve to full operability, an I&E technician was
to reset the 1imit switches, which required moving the valve from
closed to open to closed. Setting the limit switches remained to be
scheduled by Integrated Scheduling.

3/8/91 o The outage manager’s schedule identified valve 3LP-19 to be
7:30 a.m. worked in preparation for MOVATS testing. The I&F work schedule
called for the limit switches to be reset. '
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switch. The control room supervisor was reluctant to stroke 3LP-
19 while LPI pump A was in operation in the DHR mode.

o The I&E technician asked an operations engineer to resolve the
question of cycling 3LP-19. The control room supervisor agreed
that 3LP-19 could be cycled if the I&E technician notified him
when the valve was ready to be cycled. This was to permit the
control room supervisor to turn off LPI pump A to prevent air,
which may be in the line from 3LP-19 to the emergency sump, from
being sucked into the pump. The control room supervisor did not
brief the control room operator who was monitoring the LPI system
of his agreement with the I&E technician.

o The I&E technician left the control room with a different
understanding, which was that the control room would turn off LPI
pump A so that he could cycle valve 3LP-19 as he required.

7:54 » Operators cleared the cutage and safety tags from the handwheel on
the motor on the operator.

8:00 e An NLO racked in and closed the breaker for 3LP-19. The valve
‘closed position indicator 1light was energized in the control

|
1
the 3LP-19 valve operator and from the breaker at the MCC supplying -
room.

8:30 e An I&E technician went to the breaker in the MCC, opened the
breaker, and remained to prevent reclosure of the breaker.

o Control room operators noticed a loss of the closed indication
light for 3LP-19 and sent an NLO to investigate. He reported
that the breaker was open and that an I&C technician was at the
breaker.

‘ o The I&E technician asked the control room supervisor for
permission to stroke 3LP-19 as required to reset the limit




8:48

8:48:37

8:50:04

8:50:57

8:52 -
8:53

The I&E technician began to manually open valve 3LP-19 using the
handwheel on the operator. (Manual operation was selected to be
able to closely observe the timit switch operation and to prevent
backseat damage since the open limit switch setting had not yet
been verified. Manual operation required about 7 minutes from
full closed to full open.)

reactor building emergency sump high level alarm received.

A1l three control room operators noted that the reactor vessel
water level was at 20 inches as read on the LT-5 instrument and
decreasing (it had been at 76 inches). The control room
supervisor was informed; operators discussed possibility of
erroneous operation of LT-5.

reactor building normal sump high level alarm was received.
(This alarm was associated by the control room operators as due
to washdown operations in the reactor building as had happened
previously during this outage.)

reactor vessel ultrasonic level alarm was received, indicating no
water present in the hot leg pipe nozzle.

Control room operators entered the abnormal procedure for
Toss of shutdown cooling, AP/3/A/1700/07, Case B, "Loss of Low
Pressure Injection System During Decay Heat Removal."

. Control room supervisor phoned the lead health physics (HP)
technician to inform him of the decreasing reactor vessel
water Tevel and asked that the reactor building be
investigated for RCS leakage.

. At this time the Tead HP technician had been informed by a
HP technician of increasing radiation levels in the reactor
building and decreasing water level in the reactor vessel.
(Members of a work party on the refueling floor had noticed
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the falling water level in the reactor vessel and increasing
readings on their digital a]arming dosimeters and had
notified the HP technician assigned to their work party.
Both HP technicians took action to evacuate personnel from
the affected areas (basement, refueling, and fourth floor).
Para. 5.4 of AP/3/A/1700/07, which calls for establishing
containment closure and evacuation of non-essential
personnel from the reactor building, was not initiated by
the control room operators.)

8:52:32 e LPI pump A current was fluctuating downward, and control room
operator turned the pump off (this is an "immediate manual
action" in the abnormal procedure AP/3/A/177/07.)

8:53:58 o Control room operator began pumping the reactor building normal
sump.

8:54:51 o The valve 3LP-19 reached full open. (This was not known by the
(estimated) control room operators since the breaker for 3LP-19 was still
open and there was no power to the indicating iight circuit.)

8:56:30 e An NLO was sent to remove the red tags and close the breakers for
valves 3LP-21 and 3LP-22 and the valves were opened by the
operators. (These valves are the supply from the BWST to the
suctions of LPI pumps A and B respectively. With the existing
LPI lineup opening 3LP-21 also provided makeup to the reactor
vessel. This is an early "subsequent action" in the abnormal
procedure AP/3/A/1700/07.)

8:57:21 » Control room operators decided that valve 3LP-19 or 3LP-20 might
be open to permit the borated water storage tank to drain to the

emergency sump and therefore reclosed valves 3LP-21 and 3LP-22.

e NLOs were sent to close valve 3LP-19.

11



9:00:06

9:01

9:02:52

9:05:32

9:09

9:11:02

The technician at the motor control center (MCC) observed the
NLOs entering the LPI equipment room and surmised that the open
3LP-19 was causing problems; he closed the breaker and initiated
closure of 3LP-19 using controls at the MCC since electrical
closure is much faster than the handwheel.

Valve 3LP-19 was fully closed.

Control room operators reopened valves 3LP-21 and 3LP-22 to
refill the reactor vessel and RCS by gravity flow from the
borated water storage tank.

Water level in the reactor vessel had returned to approximately
76 inches as read on LT-5, so valves 3LP-21 and 3LP-22 were
reclosed.

Operators vented LPI pump A.

Operators restarted LPI pump A to reestablish LPI operation in
the DHR mode.

[The total time that the reactor vessel water level was lowered
below 76 inches was 17 minutes. The highest exposure received by
personnel in the reactor building was approximately 15 millirem.
The temperature of the RCS coolant as read on the LPI pump A
suction after it was restarted was 99°F. Approximately 14,000
gallons of water from the RCS and 9000 gallons from the BWST had

 been drained to the reactor buildings sumps.]

2.3 Analysis

2.3.1 Procedures (Conformity With Approved Labels)

The penetration into the emergency sump of the piping from value 3LP-19 has
an identification number (36), which is specified on the operational flow
diagram (OFD) for the LPI system and is displayed on a nameplate on the sump
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wall above the penetration. Neither the work request for maintenance to install
the blind flange for 3LP-19 nor the performance test procedure for operations
for the leakage test on the 3LP-19 piping used the pehetration number, although
the station directives call for such means to be used for positive
identification of components (0SD 2.2.2, "Independent Verification," 1/24/90,
Precautions 4.10 and 4.11). Therefore, maintenance and operation personnel
relied upon their training to identify the penetration associated with 3LP-19.
The absence of a positive means of identification for the penetration in the
procedure and work request established the stage for this event.

2.3.2 Training for the Identification of Components

The station has detailed directives and training lesson plans for the
Tocation, identification, and verification of components. However, these
directives and lesson plans do not have specific precautions against two
unreliable means of component identification, which maintenance and operations
personnel used in this event.

Maintenance used the OFD to determine, erroneously, that the 3LP-19
penetration was the left of the two penetrations through the sump wall. Fiow
diagrams are not reliable means of such identification. They are intended to
disclose the relative positions of components in the flow paths. The Basic
Procedures Lesson Plan, OP-0C-BPS-BP, 10/10/84, 1ists OFDs as a means of
locating components but has little guidance on how to use the OFDs and no
precautions against use of OFDs to distinguish components by their geographic
orientation, such as left from right hand.

Similarly, the station’s Operations Management Procedure 4-5 provides
detailed guidance for labeling of components, including blind flanges, but does
not caution against relying on unauthorized labels, operator aids, or notations.
This event provides a clear example of the possible hazard inherent in
unauthorized labels, particularly because the handwritten notation, "3LP-19,"
appeared to be helpful.
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2.3.3 Communication for Control of Operational Safety

The control room operator has the responsibi]ity»for positioning valves in
a system-that is not out-of-service and "block tagged," and the training lesson
plans at Oconee for I&E technicians confirm that responsibility. The I&E
technician on 3/8/91 did initiate communications with the control room
supervisor in conformity with this principle. However, for this principle to be
effective in practice, there must be a clear understanding between the I&E
technician and NLO at the valve and the control room operator who is responsible
for the system. This understanding between the I&E technician and the control
room operator did not exist. Station personnel acknowledged that they are not
yet fully comfortable and skilled in good communication practices, especially
between operators and maintenance and I&E technicians. Drills and on-the-job
practice are required to overcome the cultural barriers against what appears to
personnel at first to be overly formal language.

Better communication between the I&E technician and the control room
operators would not have prevented the initiation of a loss of RCS coolant from
the reactor vessel but probably would have facilitated a more prompt reclosure
‘of valve 3LP-19.

2.3.4 Operator’s Recovery of Decay Heat Removal

The control room operators acted promptly and effectively to diagnose the
cause of the rapidly falling reactor vessel water level. In particular, the
determination that the loss of water was probably occurring through valve 3LP-19
required self-confidence in their knowledge of the LPI system, since this
determination had to override their belief that the line from 3LP-19 was blocked
shut. The combination of training in system procedures and theory and of
operator awareness of maintenance activity on the system was the evident
positive factor in the operator’s response.

It would have been proper for the control room to have initiated an order
for evacuation of the reactor building. There is an alarm for reactor building
evacuation that can be initiated from the control room, but the operators were
under the impression that the alarm was inoperable. The control room supervisor
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did contact the lead HP technician and informed him of the loss of RCS coolant
into the reactor building but did not direct him to evacuate the reactor
building. Step 5.4 of AP/3/A/1700/07, which-the control room operators had
entered, has the following direction:

___ 5.4 IF all of the following conditions are true:
e Core cooling does NOT exist
e RCS is open
e Containment Integrity does NOT exist
THEN establish reactor building Containment Closure:
o REFER TO Enclosure 6.1 (Establishing reactor building
Containment Closure).

Enclosure 6.1, as its title implies, emphasizes establishing containment
integrity, which is a lengthy process involving the checking of all electrical,
instrument, and steam generator secondary side penetrations. Enclosure 6.1 also
directs the evacuation of non-essential personnel from the reactor building and
it calls for all steps of the enc]osure to be performed concurrently if
possible. The phone call from the control room supervisor to the lead HP
technician indirectly initiated evacuaticn of personnel from the affected areas
of the reactor building, but control of personnel safety would have been more
positive if the control room supervisor would have directed the lead HP
technician to evacuate the reactor building.

Interviews with the control room operators indicated that the control room
supervisors action relative to evacuation of the reactor building may have been
influenced by a non-conservative estimate of the time to core boiling. Figure 4
of Enclosure 6.5 to AP/3/A/1700/07 indicates that boiling would have begun in
approximately 1/2 hour after the reactor vessel level had dropped to the bottom
of the hot Teg nozzlies. Boiling would have initiated the spread of airborne,
radioactive particulates. Since the situation relative to the need to, and the
time required to, evacuate personnel could be more demanding than the situation
on 3/8/91, the abnormal procedure AP/3/A/1700/07 should perhaps be revised to
direct a more prompt initiation of evacuation of the reactor building.
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3. SUMMARY OF FINDINGS

This event provided a clear illustration of specific human factors
principles for procedures, component identification, and communications.

3.1 Procedures
Procedures should use the appropriate approved labels to identify
components. If when preparing a procedure the appropriate label does not exist,
action should be initiated to install an approved label before the procedure is

released for performance.

3.2 Training in the Proper Identification of Components

This type of training was appropriately included in the basic training
lesson plans at Oconee. However, this type of basic training should also
caution against use of two very unreliable means of component identification:
use of (a) flow diagrams to determine geographic location or orientation of
components and (b) unauthorized labels.

3.3 Communication

Communication is only reliable if each party is ensured that their
understanding is the same as the other parties. This is particularly applicable
for communications between different disciplines (e.g., between operations and
maintenance).

The propef place in the abnormal procedures to initiate evacuation of
personnel from the reactor building in the event of a loss of shutdown cooling
or a loss of water level in the reactor vessel when the reactor vessel head is
off should apparently be reexamined. However, physical principles, such as
radiation levels and time needed for evacuations, would dominate this
evaluation.
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on March 8, 1991, at 0848 hours, Oconee Unit 3, while shut down during a
refueling outage, spilled 14,000 gallons of water from the Reactor
Coolant System (RCS) and Borated Water Storage Tank to the Reactor
Building during a valve test. A Reactor Building Emergency Sump (RBES)
isolation valve had been cycled without installing a blank flange to
prevent flow to the RBES. The blank flange had been incorrectly
installed on the other suction train. Reactor vessel level dropped from
approximately 12 feet above the top of the core to 4 feet above the top
of the core. This loss interrupted decay heat removal for 18.5 minutes.
Remote reactor building radiation monitors were unavailable due to
system upgrade. Operator action isolated the leak, reestablished
reactor vessel level and core decay heat removal. The maximum RCS
temperature in the core reached approximately 117 degrees Fahrenheit.

|
|
SUPPLEMENTAL REPORT EXPECTED (14) MONTH™ DAY YEAR
|
|
|

A local evacuation of areas in the reactor building prevented excessive
radiation exposure. Two root causes of the event were identified:
deficient procedure, incomplete information and management deficiency,
inadequate labeling policy. Contributing causes were inappropriate
actions, improper action and poor communication. Corrective actions
include upgraded procedures and labeling to identify flanges and review
of work activities affecting decay heat removal ability.

\
|
\
|
Radiation dose rates .above the reactor vessel increased significantly.
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BACKGROUND

The Low Pressure Injection (LPI) (EI11S:BP) system at Oconee is used to
remove core decay heat during shutdown conditions. Three LPI pumps are
available to take suction from the decay heat drop line which originates
at the bottom of a Reactor Coolant System (RCS) (EIIS:AB) reactor vessel
discharge leg (hot leg). The point at which the decay heat drop line
joins the hot leg is approximately four feet above the top of the
reactor core. Alternate suction sources for the LPI pumps are the
Borated Water Storage Tank (BWST) and the Reactor Building Emergency
Sump (RBES). The LPI pumps discharge through either of two coolers to
the reactor vessel.

Two sumps exist in the Reactor Building (RB) basement. The Reactor
Building Normal Sump (RBNS) is used to process normal drainage to the RB
floor. The Reactor Building Emergency Sump (RBES) is designed to
provide suction to the LPI pumps when BWST inventory is depleted during
accident conditions. There are two pipes which exit the RBES, penetrate
the Reactor Building wall, and join the LPI suction header. Each pipe
is isolated from the LPI suction source by valves 3LP-19 and 3LP-20,
located in the Auxiliary Building. A blank flange is installed on the
RBES side of the suction pipes when it is necessary to test the
isolation valves during decay heat removal operation. Procedures
specify that only one inlet pipe may be blanked at a time to allow the
open pipe to serve as a backup LPI suction source.

During shutdown, with RCS level established at or below the reactor
vessel head flange, there are three reactor vessel level instruments
available to the control room. LT-5 (Reactor Vessel wWide Range Level)
is calibrated on a scale of 0 to 100 inches where zero inches is at the
centerline of the hot legs. Two ultrasonic detectors monitor the level
in the B hot leg and the Bl Reactor Cooclant Pump discharge (cold leq).

EVENT DESCRIPTION

on February 13, 1991, Oconee Unit 3 was shut down for refueling. On
February 22, 1991, Maintenance Supervisor A assigned Maintenance
Technicians A and B the task of installing a blank flange on the suction
pipe from the Unit 3 Reactor Building Emergency Sump (RBES) to 3LP-19
(RBES Train A to Low Pressure Injection Isolation valve). The
technicians questioned Maintenance Supervisor A concerning the location
of this pipe. Maintenance Supervisor A consulted a schematic diagram
(Oconee Flow Diagram 102A.3-1) which he assumed gave the correct
physical layout of the emergency sump. He gave directions to install
the blank flange on the left suction pipe as viewed when facing the
RBES. This corresponds to the west suction pipe. Maintenance
Technicians A and B used these directions to independently verify the
location of the pipe. The technicians were using Maintenance procedure
MP/0/A/1800/105, "Reactor Building Emergency Sump LPI Suction Line
Flange Installation, Removal and Screen Inspection." The technicians
also observed a .handwritten label reading "3LP-19", with an arrow
peinting to the west pipe, had been written on the wall above the pipe.
They installed the flange on the west suction pipe which .is actually
connected to 3LP-20 (RBES Train B to LPI Isolation Valve). -
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At 0401 on February 23, 1991, Operations initiated PT/3/A/203/04, "LPI
System Leakage", Enclosure 13.2. This procedure is designed to leak
check the suction pipe from the RBES to 3LP-19 and valve 3LP-19 itself
and is required by Technical Specification 4.5.4, Low Pressure Injection
System Leakage. The initial conditions section of the procedure
requires a verification that the blank flange is installed on the 3LP-19
suction pipe and not installed on the 3LP-20 suction pipe. Reactor '
Operator A (RO A) used the maintenance flange installation procedure
_(MP/0/A/1800/105) to verify that 3LP-19 had been blanked. A Non-
licensed operator (NLO A) verified that a blank flange did not exist on
3LP-20 using the handwritten markings on the wall. The leak check
portion of the procedure was performed. Although the required pressure
was maintained, a small leak was noticed on.the flange itself. It was
not realized that the test was invalid since the flange was incorrectly
installed.

After performance of the leak test portion of PT/3/A/203/04 on the 3LP-
19 suction pipe, valve 3LP-19 was repacked under Work Request 57933D.
Due to the location of the valve and its surrounding enclosure, this job
required that the motor operator be removed during the task and then
reinstalled. This was accomplished between February 23, 1991 and March
5, 1991 while the reactor was defueled and the LPI system was shut down.

On March 8, 1991, the Oconee Unit 3 plant status was as follows: The
reactor vessel had been refueled. The reactor vessel had its closure
head and upper internals removed. Water level in the Reactor Coolant
System (RCS) was between 76 and 80 inches on LT-5, RCS Wide Range Level
Transmitter. This places the level at slightly below the reactor vessel :
head flange level. This is above the reduced inventory action level -
addressed by Generic Letter 88-17, Loss of Decay Heat Removal, which
corresponds to 14 inches on LT-5. The LPI system was operating in the
decay heat removal mode with the 3A LPI pump discharging through the 3B
LPI header. The 3C LPI pump was available as was the 3A LPI header.
The 3B LPI pump breaker was removed from service but could have been
used if the breaker was first "racked in". Core exit thermocouples had
not yet been inserted into the core during the core reassembly process
following refueling. The Unit 3 Reactor Building Radiation Indicating
Alarms (RIAs) (EIIS:IL), Reactor Building Purge radiation monitors, and
unit ventilation monitors were being replaced with a new system and were
out of service. The Reactor Building equipment and personnel hatches
were closed. The Reactor Building Purge system (ventilation) was not
operating but a flow path through the purge filters was provided to
prevent the Reactor Building from pressurizing due to the use of
compressed air during outage activities.

\

|

|

|

At approximately 0730 on March 8, 1991, Instrument and Electrical (I&E)
Technicians A, B and C asked the Control Room Supervisor for permission
to stroke valve 3LP-19. They were using Work Request 57933D and
procedure IP/0/A/3001/10, "Maintenance of Limitorque Valve Operators",
to check the valve operator limits. The Control Room Supervisor was
reluctant to stroke the valve. He was aware of the small leak on the
installed flange that had been detected during the leakage test. The
Control Room Supervisor discussed the job with Unit Operations Engineer
A in the presence of J&E Technicians A and B. Unit Operations Engineer
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A was concerned that the suction piping may contain air and that cycling
the valve might lead to air binding of the operating Low Pressure
Injection (LPI) pump. The Control Room Supervisor and Unit Operations
Engineer A jointly concluded that valve 3LP-19 could be stroked, that
leakage to the RBES would be negligible, and that the operating LPI pump
would be secured prior to the valve stroke. The Control Room Supervisor
gave permission to stroke the valve.

The Control Room Supervisor has stated that at this point he requested
.that the I&E Technicians contact the control room prior to stroking the
valve. I&E Technicians A and B do not remember being told to contact
the control room. After Operations removed the safety red tags
associated with valve 3LP-19, I&E Technician C was stationed at the
breaker to 3LP-19 and established communication with I&E Technicians a
and B who were at the valve itself. At approximately 08:48, I&E
Technician A began manually opening valve 3LP-19. ‘

At 0848, the control room received a Reactor Building Normal Sump (RBNS)
high alarm. Reactor Operator B (RO B) noticed that LT-5 had decreased
to 20 inches. At 0848:37 an Emergency Sump Level High alarm was
received in the control room followed by a Reactor Vessel Ultrasonic
Level alarm. Control room personnel began investigating the cause and
verifying the LPI valve lineup.

Radiation Protection Specialist A (RPS A), assigned to the RB personnel
hatch, received a call from personnel in the Reactor Building stating
that reactor vessel water level was decreasing. Radiation Protection
Technician A (RPT A), assigned to the third floor of the Reactor
Building (level of the top of the fuel transfer canal), found with a
portable dose rate meter that dose rates above the fuel transfer canal
had increased to approximately 8 Rem/hour. RPT A evacuated the third
floor of the Reactor Building and came to the personnel hatch. RPS A
sent him back to evacuate the fourth floor and direct any traffic on the
fourth floor down the stairwells and away from the fuel transfer canal.
RPS A contacted personnel on the RB polar crane .and determined from
their dosimetry and personal ratemeters that they were not in an
abnormally high radiation field. The workers in the polar crane were
not directly over the fuel transfer canal and were not evacuated.

At approximately 0852 Operations entered AP/3/A/1700/07, "Loss of LPI"
procedure. RO B called RPS A at the RB personnel hatch to investigate
possible leakage in the Reactor Building and was told that although
Radiation Protection had not heard of any leakage, they were aware of a
loss of reactor vessel level. At 0852:32 RO C stopped the 3A LPI pump
due to a fluctuation in pump amperage. At 0853:58 pumping began from
the Reactor Building Normal Sump to waste hold up tanks.

At 0854:51 I&E Technicians A and B completed manually opening valve 3LP-
19.

At 0856:30, valves 3LP-21 and 3LP-22 (Borated Water Storage Tank Supply
to LPI) were opened per the Loss of LPI procedure after closing the
valve breakers. The breakers had been opened to prevent inadvertent
operation as a step in the fuel transfer canal drain procedure. At
0857:21, valves 3LP-21 and 3LP-22 were reclosed when it was realized
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that water from the Borated Water Storage Tank (BWST) was not refilling
the RCS. '

I&E Technician C, after conferring with I&E Technician B, closed valve
3LP-19 from the breaker at 0857:32. Between 0859 and 0901 valve 3LP-19
was cycled again electrically from the breaker. The I&E Technicians
were still unaware of the effects of opening 3LP-19 since the valves are
located in the Auxiliary Building. The control room had attempted to
page the I&E Technicians without success and had sent Non-licensed

. Operator B (NLO B) to 3LP-19 to have the valve closed. NLO B reached

the valve just as I&E Technician C had closed the valve for the second
time from the breaker. NLO B informed I&E Technicians to stop work on
valve 3LP-19 and leave it in the closed position.

RPS A had received a call from a worker exiting the Reactor Building
basement that water was flooding the floor and had reached six to twelve
inches near the RBES. At 0901 RPS A called the control room and spoke
to RO A. He informed RO A of the leakage in the Reactor Building and
the increased dose rates above the fuel transfer canal. At 03802:52
Operations reopened 3LP-21 and 3LP-22. Reactor Vessel level increased
and 3LP-21 and 3LP-22 were reclosed at 0905:32 when LT-5 reached
approximately 76 inches.

Operations vented the 3A LPIP and returned it to service at 0911:02.
BWST level had decreased from 43.4 feet to 41.7 feet. LPI Pump suction
temperature had risen from 94 degrees Fahrenheit to 99 degrees
Fahrenheit.

Radiation Protection personnel collected the five ongoing samples from
the continuous air samplers in the Reactor Building between 0912 and
0940. Five additional collections were taken from these same samplers
approximately two hours later. Compensatory samples which were being
collected on the Reactor Building Purge system and the Unit Ventilation
system were also analyzed. Results showed less than 25 percent of the
maximum permissible concentration of airborne contamination existed in
the Reactor Building at the time of this event. Six of the sixty people
who were in the Reactor Building during the event had body burden
analyses performed and results were all less than 0.03 percent of the
maximum permissible organ burden. The highest radiation exposure of any
personnel in the Reactor Building at the time of the spill was 40
millirem. Spilled water was pumped to the Liquid Waste Disposal
(EIIS:WD) system where it was processed and released. Decontamination
of the Reactor Building basement was performed after it was drained.
Follow up investigation on the day of the event showed that the RBES
sump blank flange had been installed on the suction pipe to 3LP-20 and
not 3LP-1%8.

The On-site Safety Review Group was notified to begin an investigation
of the incident. An Emergency Notification of the Nuclear Regulatory
Commission (NRC) was completed per 10CFR50.72. The resident NRC
inspector was also notified. _

Duke Design Engineering was asked to analyze the event with respect to
core temperature increase. Their analysis, using conservative
assumptions of decay heat load and core conditions, concluded that core

0 5100021817 |911|—lojol2|—lot0] of5 loF
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temperatures could not have increased more than 23 degrees Fahrenheit.
Graphs contained in the Loss of LPI procedure which plot time to core
boiling after a loss of decay heat removal versus time after shutdown
indicate that the time to core boiling under the conditions of this
event was 40 minutes.

CONCLUSIONS

. Approximately 14,000 gallons of water were spilled to the Unit 3 Reactor

Building basement. Approximately 9700 gallons originated from the
Reactor Coolant System (RCS) and the remainder from the Borated Water
Storage Tank (BWST). Reactor vessel level dropped to the bottom of the
hot leg where Low Pressure Injection (LPI) suction is taken, leaving
four feet of water above the top of the core. Concurrent with the loss
of RCS inventory was an 18.5 minute loss of decay heat removal ability.
The LPI pump used for forced cooling of the RCS was secured to prevent
cavitation. Furthermore, the loss of inventory lead to increased dose
rates above the fuel transfer canal. RCS water temperature in the core
increased to 117 degrees Fahrenheit but stayed well below the 212 -
degrees required to reach core RCS boiling.

The loss of RCS inventory occurred because the blank flange used to
prevent RCS drainage had not been installed on the correct suction line

~and verification of the proper installation was not performed

adequately. A root cause of this event is deficient procedure,
incomplete information. Section 4.2.3.4, Procedure Requirements, of
Duke Power Company's Administrative Policy Manual for Nuclear Stations
states that the nomenclature used within a procedure to describe
equipment "should agree with that on the equipment actually installed in
the field" and that the procedure should be written in adequate detail
to ensure accurate results from users. Contrary to these requirements,
the procedure that is used to install blank flanges on the Reactor
Building Emergency Sump (RBES) suction lines, did not adequately
describe the RBES suction pipe flanges. The correct result could have
been accomplished as follows: 1) by referring to the containment
penetration number which is labeled in the Reactor Building and is
present on the flow diagram of the system, 2) by referring to the
physical arrangement of the RBES suction lines (i.e. west or east), 3)
by labeling the suction lines as "3LP-19 suction line" or "3LP-20
suction line" and referring to them as such in the procedure, or 4) by
incorporating a sketch of the RBES in the procedure. The Operations
procedure for performing the leak test on 3LP-19 and 3LP-20,
PT/3/A/203/04, LPI System Leakage, and a Performance procedure for
stroking these valves, PT/3/A/0150/22R, Refueling Valve Stroke Tests,
also do not adequately describe the suction piping.

Another root cause of this event is assigned management deficiency,

" inadequate program (lsbeling). No approved labeling existed on this

piping at the flange location. Conversation with Operations Unit
Engineers and Operations Shift Supervisors indicate that the
identification of 3LP-19 and 3LP-20 suction pipes have had to be
researched during other cutages. Operations Management Procedure 4-5,
Station Labeling and Control Board Conventions, describes in detail the
responsibilities and requirements for station labeling. It lists

NAC Form J88A (6891
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components such as valves, pumps and breakers that must meet these
requirements. Flanges are not addressed in this procedure. The fact
that a handwritten sign was used at the suction pipe indicates that a
need for proper labeling existed.

A contributing cause to this event is inappropriate action, action taken
was not the best alternative, on the part of Maintenance Supervisor A
and Non-licensed Operator A (NLO A). The blank flange would have been
installed correctly if Maintenance Supervisor A had correctly used the

.schematic flow diagram. The flow diagram uses a rough sketch of a sump

but it is schematic only and is not meant to show the actual physical
layout of the sump. The penetration number was present both on the flow
diagram and in the Reactor Building and would have properly identified
the component. Piping layout diagrams exist that could have been
consulted which give the correct physical locations of the suction
pipes. -

An opportunity to identify that the blank flange was installed on the

_wrong pipe was present when NLO A was sent to verify that the flange was

not installed on 3LP-20 suction pipe. However, NLO A used handwritten
labeling to incorrectly verify the location of the flange.

Another contributing cause is inappropriate action on the part of the
Control Room Supervisor and I&E Technicians A and B because deficient
communication and misunderstood verbal instructions occurred. Station
training in the proper methods of communication had been performed in
1990.  However, directions to contact the control room were not repeated
back to the originator nor was a repeat back requested. Once the
decision to stroke 3LP-19 wacs made, some loss of RCS inventory was
inevitable. However, the magnitude of the loss may have been
significantly lower if proper communication existed between the Control
Room Supervisor and I&E Technicians A and B. Knowledge that valve 3LP-
19 was being stroked manually would have allowed control room personnel
to more quickly diagnose and mitigate the loss of RCS inventory.

The response to the event by Operations and Radiation Protection
personnel was proper. Operations quickly secured the operating LPI pump
when indications of cavitation were observed. The appropriate actions
were taken to isolate the leak and restore reactor vessel level.
Radiation Protection personnel quickly detected the areas with elevated
dose rates, evacuated those areas, and routed traffic appropriately. No
external radiation exposure greater than 40 millirem occurred as a
result of this event. 1Internal exposure was less than 0.03 per cent of
maximum permissible organ burden.

Several lessons were learned from this event. They involve the
procedural mechanism for initiating a Reactor Building evacuation, the
special precautions necessary for fuel transfer canal work, and the
scheduling of work activities which may impact decay heat removal
abilities.

Due to the Radiation Indicating Alarm (RIA) system upgrade modification,
the control room did not have direct indication of dose rates in the
Reactor Building. Control room and Radiation Protection personnel did
not communicate concerning the higher dose rates until late in the
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event. Both groups were occupied with other matters; Operations with
reestablishing core decay heat removal and Radiation Protection with the
local evacuation in the Reactor Building. Radiation Protection
personnel have stated that they expected Operations to evacuate the
Reactor Building. On the other hand, Operations was following
AP/3/A/1700/07, "Loss of LPI". Personnel evacuation is required as a
step in a section of this procedure which establishes contzinment
closure. The nature of this event did not require entry in:o the
containment closure section of the procedure. Therefore ti.> Reactor

-Building evacuation was not performed. More precise communication

between Operations and Radiation Protection and better procedural
guidance is required.

Although the areas with high dose rates were quickly evacuated, it is
possible that significant personnel exposure could have occurred if work
had been in progress in the fuel transfer canal at the time of this :
event. However, alarming dosimeters utilized by crews assigned to fuel
transfer canal work would have alerted personnel to the rising dose
rates and initiated an evacuation from the area.

The scheduling of the activity involving valves 3LP-19 and 3LP-20 also
needs review. There are more opportune. times in a refueling outage
schedule to perform this task. Specifically, the outage schedule refers
to a low point maintenance window, which occurs when the reactor is
defueled. A review of the previous six refueling outages at Oconee
Nuclear Station indicate that valve strokes of the RBES suction valves
occurred six times during low point maintenance, five times with fuel in
the core and the fuel transfer canal filled , and once with fuel in-the
core and vessel level at 80 inches.

Previous events leading to a loss of decay heat removal due to cycling
of the RBES suction valves has not occurred. There have been several
incidents involving mislabeled or unlabeled components in the last two
years. However, they all involve components (valves, breakers) which
are listed in the labeling directive (Operations Management Procedure 4-
5, Station Labeling). None of the incidents involve components not
listed in this directive. This event is not considered to he recurring.
It is not NPRDS reportable.

CORRECTIVE ACTIONS

Immediate
1) Loss of Reactor Coolant System (RCS) Inventory was
stopped by closing valve 3LP-19.
2) Decay heat removal was reestablished by filling the reactor

vessel to 80 inches on LT-5 (Wide Range Reactor Vessel
Level), venting and restarting the 3A Low Pressure Injection
(LFI) pump.

- 3) The third and fourth floor of the Reactor Building were
evacuated and personnel traffic routed away from areas of
high dose rates.

N
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Subsequent

1)

2)

. Planned

1)

2)

3)

4)

5)

6)

7)

8)

Stenciled labels were painted on the Reactor Building wall
above the 3LP-19 and 3LP-20 suction pipes indicating the
upstream isolation valve for each line.

PT/3/A/203/04, LPI System Leakage, was performed correctly
on the suction lines to 3LP-19 and 3LP-20.

Stenciled labels will be painted on the Reactor Building at
the Reactor Building Emergency Sump (RBES) suction pipes of
the other two Oconee Units. .

Procedures used to install the Reactor Building Emergency
Sump suction flanges and procedures which require the
verification of correctly installed flanges will be enhanced
to agree with labeling.

Flanged connections on safety systems routinely manipulated
during shutdown conditions will be identified. Associated
procedures and work processes will be reviewed to assure
that location, description and labeling are properly

described.

The RCS and LPI systems and associated connections will be

-analyzed to identify potential flow paths which could lead

to a rapid loss of inventory. Appropriate barriers will be
implemented (including restrictions on configuration
changes) in order to protect against a single error
resulting in a loss of decay heat cooling.

Procedures will be implemented to assure that radiation
monitoring equipment with local alarm is installed in the
transfer canal area anytime the Reactor Coolant System (RCS)
is in a reduced inventory condition.

A training package describing the limitation on the use of
flow diagrams and electrical elementaries will be issued to
all supervisors with the potential to use these drawings.

A communication will be issued to all station personnel with
directions on the proper actions to be taken in response to
missing or informal labeling found in the plant. This
direction will be incorporated into administrative
procedures.

This event will be reviewed with all Control Room and
Instrument and Electrical (I&E) crews with emphasis on the
communication deficiencies and the responsibility of the
individual to obtain a repeat back of information from the
individual to which he is communicating.
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9) AP/A/1700/07, Loss of LPI, will be revised on all three 4
Oconee units to provide better guidance to ensure that a
Reactor Building evacuation occurs during loss of decay heat.
removal events. :

10) A training package will be issued to all shift Radiation
Protection (RP) personnel stressing the imgortance of
communication with the control room if RP f:z-'s that an
area evacuation is warranted but has not oczeureed.

SAFETY ANALYSIS

The rapid loss of Reactor Coolant System (RCS) inventory presented two
challenges to nuclear safety: 1) a loss of core decay heat removal
ability and 2) an increase in dose rates in the Reactor Building.

The ability to remove core decay heat using forced cooling was lost for
18.5 minutes. Core temperatures increased an estimated 23 degrees
Fahrenheit to approximately 117 degrees Fahrenheit in this time. This
is well below the amount required to begin RCS boiling in the core.
Core boiling would lead to further loss of RCS inventory and eventual
core uncovery and damage. Duke Design Engineering has estimated that
the time to core boiling was at least 55 minutes from the initial loss
of decay heat removal and the time to core uncovery was approximately
three hours . The loss of decay heat removal was mitigated by prompt and
appropriate operator action using the Loss of Low Pressure Injection
(LPI) procedure. The leak was isolated by closing valve 3LP-19.
Borated water from the Borated Water Storage Tank (BWST) was used to

reestablish reactor vessel level. The LPI pump was vented and returned
to service. ,

If 3LP-19 could not have been closed, the BWST could still have been
able to flood the core. Operation of valves on the LPI suction header .
(3LP-6 or 3LP-7) could have isolated the BWST supply from the leak and
allowed flooding of the RCS. Flow from the reactor vessel would have
been to the Reactor Building basement via the open 3LP-19 or, b
isolating the decay heat drop line using isolation valves 3LP-1 or 3LP-
2, the water would have been allowed to fill the fuel transfer canal.
Once BWST inventory was depleted, forced cooling could have been

established by allowing the LPI pumps to take suction from the Reactor
Building Emergency Sump (RBES).

Although containment closure did not exist during this event, Operations
Engineering staff has stated that containment closure could have been
established within one hour. Maintenance on Reactor Building
penetration valves were scheduled in such a manner that only one side of
a penetration had work scheduled at a time. The Reactor Building Furge
flow path could have been isolated by either of two remotely operated
valves. Both the personnel hatch and equipment hatch were in place.

Air samples taken during and after the event indicate that no
significant airborne contamination above 0.25 times the maximum
permissible concentration was generated during the spill.
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The loss of RCS inventory also presented a threat to the health and
safety of the workers in the Reactor Building. Dose rates increased in
and above the fuel transfer canal. The dose rate on the third floor of
the Reactor Building at the fuel transfer canal adjacent to the reactor
vessel increased from less than 80 millirem per hour to 8 Rem/hr. The
action of Radiation Protection personnel in performing a local
evacuation of the third and fourth floor of the Reactor Building
adequately protected personnel from these increased dose rates. The
highest whole body dose to anyone inside the Reactor Building at the

‘time of the accident was 40 millirem.

Worker protection from the increased dose r:tes was complicated by the
fact that radiation monitecring which gave indization to the control room
of Reactor Building dose rates was out of servi.2. The entire Radiation
Indicating Alarm (RIA) system was being upgraded and it was not possible
to remove the alarms from service individually. Radiation Protection
issued an alarming dosimeter to at least one worker in each work group
in the Reactor Building if that group did not have constant dose rate
monitoring by a Radiation Protection (RP) Technician. These dosimeters
give an audible alarm when a cumulative dose or a dose rate setpoint is
reached. If a work crew had been performing a task in the fuel transfer
canal at the time of this accident, they would have been alerted by
either an alarming dosimeter, an RP Technician, or visual evidence of
decreasing water level.

The combination of prompt operator action, sufficient BWST inventory,
and the ability to establish containment closure provided adequate
protection against threats to the health and safety of the public
present from the loss of decay heat removal ability.
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