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ABSTRACT

On June 9, 1985, Toledo Ediscn Company's Davis-Besse Nuclear Power Plant,
located in Ottawa County, Ohio, experienced a partial loss of feedwater while
the plant was operating at 90% power. Following a reactor trip, a loss of all
feedwater occurred. The event involved a number of equipment malfunctions and
extensive operator actions, including operator actions outside the control room.
Several operator errors also occurred during the event. This report documents
the findings of an NRC Team sent to Davis-Besse by the NRC Executive Director

for Operations in conformance with the staff-proposed Incident Investigation
Program.
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1 INTRODUCTION

The Davis-Besse Nuclear Power Station, Unit 1, operated by the Toledo Edison
Company, is located on Lake Erie in Ottawa, County, Ohio, approximately six
miles northeast of Qak Harbor, Ohio. At 1:35 a.m., on June 9, 1985, one of the
two main feedwater pumps at Davis-Besse tripped (i.e., stopped) on overspeed
while the plant was operating at 90% power. Thirty seconds later the reactor
and turbine were automatically tripped on high reacter coolant system pressure.
Soon after the reactor tripped, both main steam isolation valves spuriously
closed, resulting in a loss of steam to the second main feedwater pump. Subse-
quent to this complete loss of main feedwater, an operator error, malfunctions
of two redundant valves in the safet, -related auxiliary feedwater system, and
overspeed trips of the two redundant, steam turbine-driven auxiliary feedwater
pumps resulted in loss of all sources of feedwater to the steam generators.

Separate actions by operators were required to (1) correct the initial operator
error, (2) open the valves which malfunctioned, and (3) reset the overspeed
trips of the turbine-driven auxiliary feedwater pumps. Actions outside the con-
tro) room were required to open the valves and place the pumps in operation.
while operators acted to restart the safety-related auxiliary feedwater system,
operator actions outside the control room were also taken to place a nonsafety-
related, electric motor-driven, startup feedwater pump in service. The plant's
two steam generators had essentially boiled dry before feedwater from any source
became available to them. Further, a number of additional equipment problems
complicated the event. Nevertheless, operators were successful in bringing the
plant to a stable shutdown and in preventing any abnormal releases of radio-
activity and any major damage to the plant.

On the day following the event, and in conformance with the staff-proposed Inci-
dent Investigation Program, the NRC Executive Director for Operations sent an
NRC Team of technical experts to the site. (For the directive establishing the
Team, see Appendix A.) The Team, composed of four staff members, was selected
because of its broad experience in operating plant event analyses, with indivi-
dual Team members having specific knowledge and experience in operations, in-
strumentation and controls, and reactor systems. The Team was to (1) fact-find
as to what happened; (2) identify the probable cause as to why it happened; and
(3) make appropriate findings and conclusions to form the basis for possibie
follow-on actions. This report documents the Team's efforts in identifying the
circumstances and causes of the event together with its findings, and conclusions.

The scope of this fact-finding effort was limited to the circumstances concern-
ing the event of June 9, 1985, including operator actions and equipment mal-
functions. Section 2 describes the methodology used by the team to collect
and evaluate information about the event.

sections 3 and 6 of this report discuss what was learned about operator per-
formance. Through interviews with the operators on duty at the time of the

event, the Team obtained a considerable amount of information about operator
performance and capabilities during circumstances that required an extensive



range of operator actions in a relatively short period of time to bring the
plant to a safe, stable condition. A number of the findings and conclusions in
Section 8 are based on the Team's evaluation of operator response to the

event.

Section 4 provides an overview of how the reactcr systems function and interact,
as well as a description of the safety systems involved in this event.

Section 5 discusses the Team's review of Toledo Ediscn Company's efforts to
determine the causes of the equipment malfunctions as wel)l as summaries of their
maintenance experience related to that equipment. The Team did not, however,
extensively review Toledo Edison's management performance record, quality assur-
ance program, maintenance procedures, or history of regulatory compliance. A
number of significant pieces of equipment were either not in service prior to

the event or malfunctioned during the event. The Team used summaries provided by
Toledo Edison of their past evaluations, troubleshooting, testing, and maintenance
related to the equipment that malfunctioned in reaching a number of the findings
and conclusions discussed in Section 8.

Section 7 contains a discussion of the safety significance of the event, includ-
ing a summary of information on the consequences of loss of feedwater events at
Davis-Besse as a function of mitigating systems available. Section 8 presents
the Team's findings and conclusions.

Based on this report, it is expected that the NRC Executive Director for Opera-

tions will identify and assign specific NRC offices the responsibility for sub-
sequent actions related to this event,
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typed transcripts were prepared. The Team also took pictures of key plant equip-
ment and made tape recordings of pertinent discussions during the tour of the
control room and plant. A record was not made of discussions between the Team
and Toledo Edison or Region I1I personnel about obtaining documents relating to
the Davis-Besse plant design/operation or pertaining to schedules. Nor did the
Team record the first meeting with Toledo Edison and Region III staff members on
the morning of June 11, 1985 to explain the Team's objectives and plans.

The formal fact-finding effort began in the afternocon of June 11 when the Team
met with Toledo Edison personnel to obtain an overview of their understanding
of the event. The Team then met with Toledo Edison and Regfon III staffs to
learn about specific design features of the Davis-Besse plant important to
understanding the event. The Team was given an overview of the design of the
Davis-Besse main steam system, main feedwater system, auxiliary feedwater sys-
tem, and steam and feedwater rupture control system Questions concerning the
plant design were answered.

Following these overview meetings on the sequence of events and plant systems,
the first of a number of meetings was held on the course of action to be taken
with the equipment which malfunctioned. The decisions and actions taken are
discussed in Section 2.4.

Although the highest priority was given to interviews with the personnel on

duty during the event, shift scheduling made it more convenient to interview
available NRC Region III staff first. On June 11, the Team discussed the event
with Region III personnel to obtain their overview from observations and evalua-
tions made when they arrived at the site following the event. The NRC Resident
Inspector was the first NRC representative to arrive at the site at approximately
3:20 a.m. on June 9. He described his observations of the plant status when he
arrived and discussed a sequence of events which he had prepared from plant
records.

Interviews with operating personnel began on the morning of June 12. The gen-
eral approach for scheduling interviews was to talk to personnel in decreasing
order of their seniority within the shift, beginning with the shift supervisor
and proceeding to those less senior. The rationale for this sequence was to
move from general to specific information. Thus, the Team obtained information
on the overall plant operation and then obtained information on the detailed
actions of specific operators. The scheduling of interviews and meetings was
also based on the availability of personnel and the progress of Toledo Edison in
developing plans for troubleshooting the equipment.

The interviews with the plant personnel generally covered the following areas.
The interviewee was asked to describe his position in the plant organization

and to discuss his background and experience. T'e interviewee was then asked

to describe the event beginning from the time he first realized that an abnormal
plant condition existed. The interviewee was questioned on the actions he per-
sonally took during the event, his observations of plant responses during the
event, and his observations of the actions of others. Following a "walk-through"
of actions and observations made during the event, the team asked the interviewee
questions on the use of procedures, the value of training, perceptions of the
adequacy of plant maintenance, and whether NRC regulations or procedures inter-
fered with maintaining plant safety during this event or at other times.






on equipment that malfunctioned during the event until the Team could review

the proposed actions. The Team met with Toledo Edison and Region IIl represen-
tatives on the afternoon of June 11 to ensure agreement on the quarantined equip-
ment list and to establish a course of action for determining the root causes

of the equipment malfunctions. Toledo Edison was asked to develop plans for
performing the troubleshooting in a systematic, controlled manner. A primary
concern was to ensure that adequate records would be maintained on the "as-found"
condition of equipment. In this meeting, any item that had failed during the
June 9 event was placed on the guarantine list, except where Toledo Edison was
able to justify removal on the basis of not being related to the safety concerns
of the event.

In subsequent meetings, Toledo Edison and the Team agreed upon the list of equip-
ment which should be handled under the procedures for quarantined equipment. As
the evaluation of the event evolved, the list was modified. For example, steam
line traps and drains thought to have malfunctiored and caused water buildup in
the steam lines upstream of one set of turbine bypass valves were included. The
malfunctioning of the traps and drains then became a possible root cause for
water hammer damage to the turbine bypass valve. The steam generator atmos-
pheric vent valves were also added to the list when a question arose regarding
their potential malfunctioning or improper use during the event.

In a meeting on June 14, Toledo Edison presented plans for controlling the equip-
ment troubleshooting. They provided "Guidelines to Follow When Troubleshooting
or Performing Investigative Actions Into the Root Causes Surrounding the June 9,
1985 Reactor Trip," which delineated the general procedures to be followed for
troubleshooting each piece of equipment. Toledo Edison's original document was
revised as a result of discussions at this and subsequent meetings. The proce-
dures agreed upon required maintenance work orders to be based upon a specific
action plan for each piece of equipment. The action plans were to contain
hypotheses and probable causes of failure or abnormal operation for each piece
of equipment. The action plans were to include an analysis of information con-
cerning the operation of the equipment during the event, a review of the main-
tenance, surveillance and testing history for the equipment, and plans for deter-
mining the probable causes for the equipment malfunctions observed. Specific
statements indicating where equipment vendor representatives were to be used in
the troubleshooting alsn were to be provided in the action plans.

The troubleshooting procedures required that all as-found conditicns, such as
damaged components or setpoint adjustments, be documented. Retention and complete
traceability for components and equipment requiring replacement were to be main-
tained. Toledo Edison agreed to notify the NRC when the deteramination of the

root cause of the malfunction or faflure of a piece of equipment was made. [t

was agreed that the results of the troubleshooting process, root cause determi-
nations, and supporting justification were to be presented to the NRC as soon as
practical.

The Team did not approve the individual action plans, but did review and comment
on the plans for the most significant equipment which malfunctioned during the
event. Region IIl personnel monitored Toledo Edison troubleshooting efforts to
ensure that the general guidelines for the troubleshooting and the specific
equipment action plans were followed.
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On July d 12, 1985, the Team met with Toledo Edison personnel to discuss
the status of the troubleshooting efforts The information available on the
equipment malfunctions at the time this report was prepared 1s discussed 1n
Section
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3 NARRATIVE OF THE EVENT

This detailed description of the Davis-Besse loss-of-feedwater event focuses
attention on the operator actions which prevented a potentially serious event,
both in terms of safety and economics, from occurring. From their normal oper-
ating routine, the operators were plunged abruptly into a high stress situation
requiring complicated responses outside the control room. Furthermore, these
activities unfolded early on a Sunday morning when additional technical exper-
tise from either onsite or offsite was at a minimum.

In view of the importance of the operator actions, the narrative of the event
which follows is based upon a composite of the operator interviews performed by
the Team. The narrative is written to reflect the operators' descriptions of
their actions, observations, and thoughts during the event. The team decided
that this would best convey the effects of stress, training, experience, team-
work, and impediments on operator performance. There are undoubtedly lessons to
be learned about what operators are likely to do during a serious event which
are not easily summarized, but which perhaps can be inferred from the descrip-
tions of what occurred during this particular event,

The sequence of events listed in Table 3.1 is based on the plant process com-
puter printouts (alarm and sequence of events) and the data acquisition display
system (DADS) computer printouts. The trends of important primary and secondary
coolant system parameters are shown in Figures 3.1 through 3.3 as a function of
time. Figure 3.1 shows the reactor coolant system pressure, average tempera-
ture, and the pressurizer level. Figures 3.2 and 3.3 show the pressure, level
and flow for each of the two steam generators.

3.1 Shift Change

On June 9, 1985, the midnight shift of operators assumed control of the Davis-
Besse nuclear power plant. The oncoming shift included four licensed operators,
four equipment operators, an auxiliary operator, and an administrative assistant.
The shift supervisor and the assistant shift supervisor are licensed senior
reactor operators and the most experienced members of the operating crew. Both
were at the plant before it was issued an operating license in April 1977. The
two reactor operators, who were responsible for the control room, had decided
between themselves who would be responsible for the primary-side and who would
take the secondary-side work stations. The secondary-side operator has been a
licensed reactor operator for about two years; the primary-side operator was
licensed in January 1985. He had previous nuclear Navy experience and was an
equipment operator before being licensed. Prior to the morning of June 9,
neither reactor operator had been at the controls during a reactor trip at

Davis-Besse.

The four equipment operators are a close-knit group, three of whom had been
operators in the nuclear Navy. Their experience at the plant ranges from three
to nine years, averaging six-and-one-half years per operator. Equipment
operators receive directiors from the control room operators to manipulate and
troubleshoot equipment in tre reactor auxiliary building and the turbine
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building. Generally, equipment operators occupy this position temporarily as
they participate in a development program leading to the position of licensed
operator. However, two equipment operators did not intend to become licensed
operators,

The shift turnover on June 9 was easy--there were no ongoing tests or planned
changes to plant status. The plant was operating at 90 percent of the full
power authorized in the license granted by the NRC in April 1977, to minimize
the potential for an inadvertent reactor trip (i.e., shutdown) due to noise on
primary coolant flow instrumentation.

A1l the major equipment control stations were running on automatic except the
No. 2 main feedwater pump. As a result, the integrated ccntrol system instru-
ments were monitoring and controlling the balance between the plant's reactor
coolant system and the secondary coolant system.

Since April 1985, there had been control problems with both main feedwater pumps.
Troubleshooting had not identified nor resolved the problems. In fact, a week
eariier, on June 2, 1985, both feedwater pumps tripped unexpectedly after a
reactor trip. After some additional troubleshooting, the decision was made to
not delay startup any longer, but to put instrumentation on the pumps to help
diagnose the cause of a pump trip, if it occurred again. As a precaution, the
number two main feedwater pump was operating in manual control to prevent it
from tripping and to ensure that all main feedwater would not be lost should

the reactor trip.

Some operators were uneasy about going up to power with problems in the feedwater
pumps, but they complied with the decisions made by their management.

During the first hour of the shift, the operators' attention and thoughts were
directed to examining the control panels and alarm panels, and performing
instrument checks and routine surveillances associated with shift turnover.
Thus, at 1:35 in the morning, the plant generator was providing electricity to
the Ohio countryside. The secondary-side operator had gone to the kitchen
where he joined an equipment operator for a snack. The other reactor cperator
was at the operator's desk studying procedures for requalification examinations.
The assistant shift supervisor had just left the kitchen on his way back to the
control room after a break. The shift supervisor was in his office outside the
control room performing administrative duties.

3.2 Reactor Trip - Turbine Trip

The assistant shift supervisor entered the control rocom (shown in Figure 3.4) and
was examining one of the consoles when he noticed that main feedwater flow was
decreasing and that the No. 1 main feedwater pump had tripped. Since the No. 2
feedwater pump was in manual control, it could not respond to the integrated
control system demand automatically to increase feedwater flow,

The "winding down" sound of the feedwater pump turbine w~as heard by the reactor
operator in the kitchen, and by the administrative assistant and the shift
supervisor, both of whom were in their respective offices immediately outside
the control room. They headed immediately for the control room--the event had
begun.



The secondary-side reactor operator ran to his station and immediately
increased the speed of the No. 2 main feedwater pump to compensate for the
decrease of feedwater flow from the No. 1 pump. The primary-side operator had
aready opened the pressurizer spray valve in an attempt to reduce the pressure
surge resulting from the heatup of the reactor coolant system due to a decrease

in feedwater flow.

The plant's integrated control system attempted automatically to reduce reactor/
turbine power in accordance with the reduced feedwater flow. The control rods
were being inserted into the core and reactor power had been reduced to about
80 percent. At the same time the primary-side reactor operator held open the
pressurizer spray valve in an attempt to keep the reactor coolant pressure
below the high pressure reactor trip set point of 2300 psig (normal pressure is
2150 psig). However, the reduction of feedwater and subsequent degradation of
heat removal from the primary coolant system caused the reactor to trip on high
reactor coolant pressure. The operators had done all they could do to prevent
the trip, but the safety systems had acted automatically to shut down the
nuclear reaction.

The primary-side operator acted in accordance with the immediate post-trip
actions specified in the emergency procedure that he had memorized. Among other
things, he checked that all control rod bottom lights were on, hit the reactor
trip (shutdown) button, isolated leidown from the reactor coolant system, and
started a second makeup pump to anticipate a reduced pressurizer inventory

after a norma) reactor trip. Then he waited, and watched the reactor coolant
pressure to s~» how it behaved.

The secondary-side operator heard the turbine stop valves slamming shut and

knew the reactor had tripped. This "thud" was heard by most of the equipment
operators who also recognized its meaning and two of them headed for the

control room. Almost simultaneously, the secondary-side operator heard the

loud roar of main steam safety valves opening, a sound providing further proof
that the reactor had tripped. The lifting of safety valves after a high-power
reactor trip was normal. Everything was going as expected as he waited and
watched the steam generator water levels boil down--each should reach the normal
post-trip low level limit of 35 inches on the startup level instrumentation and

hold steady.

The shift supervisor joined the operator at the secondary-side control console
and watched the rapid decrease of the steam generator levels. The rapid feed-
water reduction system (a subsystem of the integrated control system) had closed
the startup feedwater valves, but as the level approached the low level limits,
the startup valves opened to hold the level steady. The main steam safety valves
closed as expected. The system response was looking "real good" to the shift

supervisor.

The assistant shift supervisor in the meantime opened the plant's looseleaf
emergency procedure book. (It is about two inches thick, with tabs for quick
reference. The operators refer to it as emergency procedure 1202:01; the NRC
refers to it as the ATOG procedure - Abnormal Transient Operating Guidelines.)
As he read aloud the immediate actions specified, the reactor operators were
responding in the affirmative. After phoning the shift technical advisor (STA)
to come to the control room, the administrative assistant began writing down
what the operators were saying, although they were speaking faster then she

could write.
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in the system and block them so that the isolation valves could open. However,
there were no signals keeping the valves closed. He concluded that the torque
switches in the valve operators must have tripped. The AFW system had now suf-
fered its third common-mode failure, thus increasing the number of malfunctions
to seven within 7 minutes after the reactor trip (1:42 a.m.).

3.5 Reactor Coolant System Heatup

Meanwhile, about 1:40 a.m., the levels in both steam generators began to decrease
below the normal post-reactor-trip limits (about 35 inches on the startup range).
The feedwater flow provided by the No. 1 main feedwater pump had terminated.

The flow from the No. 2 main feedwater pump was decreasing because the MSIVs
were closed, which isolated the main steam supply to the pump. With decreasing
feedwater flow, the effectiveness of the steam generators as a heat sink for
removing decay (i.e., residual) heat from the reactor coolant system rapidly
decreased. As the levels boiled down through the low level setpoints (the
auxiliary feedwater should automatically initiate at about 27 inches), the
average temperature of the reactor coolant system began to increase, indicating
a lack of heat transfer from the primary to the secondary coolant systems.

when the operator incorrectly initiated SFRCS on low pressure, all feedwater

was isolated to both steam generators. The reactor coolant system began to

heat up because heat transfer to the steam generators was essentially lost due
to loss of steam generator water level,

The average reactor coolant temperature increased at the rate of about 4
degrees Farenheit per minute for about 12 minutes. The system pressure also
increased steadily until the operator fully opened the pressurizer spray valve
(at about 1:42 a.m.). The spray reduced the steam volume in the pressurizer
and temporarily interrupted the pressure increase. The pressurizer level
increased rapidly but the pressurizer did not completely fill with water. As
the indicated level exceeded the normal value of 200 inches, the control valve
for makeup flow automatically closed.

At this point, things in the controi room were hectic. The plant had lost all
feedwater, reactor pressure and temperature were increasing; and a number of
unexpected equipment problems had occurred. The seriousness of the situation
was fully appreciated.

3.6 OQOperator Actions

By 1:44 a.m., the licensed operators had exhausted every option available in
the contro)l room to restore feedwater to the steam generators. The main feed-
water pumps no longer had a steam supply. Even if the MSIVs could be opened,
the steam generators had essentially boiled dry, and sufficient steam for the
main feedwater pump turbines would likely not have been available. The turbines
for the AFW pumps had tripped on overspeed, and the trip throttle valves could
not be reset from the control room. Even if the AFW pumps had been operable,
the isolation valves between the pumps and steam generators could not be opened
from the control room, which also inhibited the AFWS from performing its safety
function. The likelihood of providing emergency feedwater was not certain,
even if the AFW pump overspeed trips could be reset and the fiow path estab-
lished; for example there was a question as tc whether there was enough steam
remaining in the steam generators to start the steam-driven pumps. Unknown to
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The assistant shift supervisor came back into the control console area after
having cleared the logic for the SFRCS and he tried again, unsuccessfully, to
open the AFWS isolation valv2s. At this point, the assistant shift supervisor
made the important decision to attempt to place the startup feedwater pump
(SUFP) in service to supply feedwater to the steam generators. He went to the
key locker for the key required to perform one of the five operations required
to get the pump running.

The SUFP is a motor-driven pump, usually more reliable than a turbine-driven
pump, and more importantly, it does not require steam from the steam generators
to operate. The SUFP is located in the same compartment as the No. 2 AFW pump.
But since the refueling outage in January 1985, the SUFP nad been isolated by
closing four manual valves and its fuses were removed from the motor control
circuit. This isolation was believed necessary because of the consequences of
a high energy break of the non-seismic grade piping which passes through the
two seismic-qualified AFW pump rooms. Prior to January 1985, the SUFP could be
initiated from the control room by the operation of a single switch.

The assistant shift supervisor headed for the turbine building where he opened
the four valves and placed fuses in the pump electrical switchgear. This equip-
ment is located at four different places; in fact, other operators had walked
through the procedure of placing the SUFP in operation and required 15 to 20
minutes to do it. The assistant shift supervisor took about 4 minutes to
perform these activities. He then paged the control room from the AFW pump

room and instructed the secondary-side operator to start the pump and align it
with the No. 1 steam generator.

The two equipment operators in the AFW pump rooms had been working about 5 min-
utes to reset the trip throttle valves when the assistant shift supervisor
entered the room to check the SUFP. The equipment operators thought that they
had latched and opened the valves. However, neither operator was initially
successful in getting the pumps operational. Finally, after one equipment
operator had tried everything that he knew to get the No. 1 AFW pump operating,
he left it and went to the No. 2 AFW pump where the other operator was having
the same problem of getting steam to the turbine. Neither operator had pre-
viously performed the task that he was attempting.

The assistant shift supervisor went over to assist the equipment operators and
noticed immediately that the trip throttle valves were still closed. Apparently,
the equipment operators had only removed the slack in attempting to open the
valve. The valve was still closed and the differential pressure on the wedge
disk made it difficult to turn the handwheel after the slack was removed, thus
necessitating the use of the valve wrench. A third, more experienced operator
had entered the pump room and used a valve wrench to open the trip throttle
valve on AFW pump No. 2. Without the benefit of such assistance the equipment
operators may well have failed to open the trip throttle valves to admit steam
to the pump turbines.

The third equipment operator then proceeded to the No. 1 AFW pump trip throttle
valve. The valve had not been reset properly and he experienced great diffi-
culty in relatching and opening it because he had to hold the trip mechanism in
the latched position and open the valve with the valve wrench. Because the trip
mechanism was not reset properly, the valve shut twice before he finally opened
the valve and got the pump operating.



3.7 PORV Failure

Prior to being informed by the assistant shift supervisor that the SUFP was
available, the secondary-side operator requested the primary-side operator to
reset the isolation signal to the startup feedwater valves in preparation for
starting the SUFP. In order to perform this task, the operator left the con-
trol console and went to the SFRCS cabinets in back of the control room. As

he re-entered the control panel area, he was requested to reset the atmospheric
vent valves. As a result of these activities the primary side operator esti-
mated that he was away from his station for 20 to 30 seconds. (In fact, he was
away for about two minutes.)

While the operator was away from the primary-side control station, the pressur-
izer PORV opened and closed twice without his knowledge. The pressure had in-
creased because of the continued heatup of the reactor coolant system that
resulted when both steam generators had essentially boiled dry.

According to the emergency procedure, a steam generator is considered "dry"
when its pressure falls below 960 psig and is decreasing, or when its level is
below 8 inches on the startup range (normal post-trip pressure is 1010 psig and
post-trip level is 35 inches). The instrumentation in the control room is
inadequate for the operator to determine with certainty if these conditions
exist in a steam generator. The lack of a trend recorder for steam generator
pressure makes it difficult to determine if the steam pressure is 960 psig and
decreasing. The range of the steam generator level indicator (Figure 3.10) in
the control room is 0-250 inches, a scale which makes determining the 8-inch
level difficult. The safety parameter display system (SPDS) was intended to
provide the operators with these critical data, but both channels of the SPDS
were inoperable prior to and during this event. Thus, the operators did not
know that the conditions in the steam generators beginning at about 1:47 a.m.
were indicative of a "dry" steam generator, or subsequently, that both steam
generators were essentially dry.

when both steam generators are dry, the procedure requires the initiation of
make-up/high pressure injection (MU/MP1) cooling, or what is called the "feed-
and-bleed" method for decay heat removal. Even before conditions in the steam
generators met these criteria, the shift supervisor was fully aware that MU/HPI
cooling might be necessary. When the hot-leg temperature reached 591°F (norma)
post-trip temperature is about 550°F), the secondary-side operator recommended
to the shift supervisor that MU/HPI cooling be initiated. At about the same
time, the operations superintendent told the shift supervisor in a telephone
discussion that if an auxiliary feedwater pump was not providing cooling to one
steam generator within one minute, to prepare for MU/HPI cooling. However, the
shift supervisor did not initiate MU/HPI cooling. He waited for the equipment
operators to recover the auxiliary feedwater system.

The shift supervisor appreciated the economic consequences of initiating MU/HPI
cooling. One operator described it as a drastic action. During MU/HPI, the
PORV and the high point vents on the reactor coolant system are locked open,
which breaches one of the plant's radiological barriers. Consequently, radio-
active reactor coolant is released inside the containment building. The plant
would have to be shut down for days for cleanup even if MU/HPI cooling was suc~
cessful. In addition, achieving cold shutdown could be delayed. Despite his
delay, the shift supervisor acknowledged having confidence in this mode of core

3-9



cooling based on his simulator training; he would have initiated MU/HPI cooling
if "it comes to that."

The primary-side operator returned to his station and began monitoring the pres-
sure in the pressurizer, which was near the PORV setpoint (2425 psig). The

PORV then opened and he watched the pressure decrease. The indicator in front
of him signaled that there was a closed signal to the PORV and that it should
be closed (Figure 3.11). The acoustic monitor installed after the TMI acci-
dent was available to him to verify that the PORV was closed, but he did not
look at it. Instead, he looked at the indicated pressurizer level, which ap-
peared steady, and based on simulator training, he concluded that the PORV was
closed.

In fact, the PORV had not completely closed and, as a result, the pressure
decreased at a rapid rate for about 30 seconds.

The operator did not know that the PORV had failed. He believed the RCS depres-
surization was due either to the fully open pressurizer spray valve or to the
feedwater flow to the steam generators. He closed the spray valve and the PORV
block valve as precautionary measures. But subsequent analyses showed that the
failed PORV was responsible for the rapid RCS depressurization. Two minutes
later, the reactor operator opened the PORV block valve to ensure that the PORV
was available. Fortunately, the PORV had closed by itself during the time the
block valve was closed. The failed PORV was the ninth abnormality that had
occurred within 15 minutes after reactor trip.

3.8 Steam Generator Refill

At about 1:50 a.m. the No. 1 atmospheric vent valve opened and depressurized
the No. 1 steam generator to about 750 psig when the SFRCS signal was reset by
the primary-side operator. The vent valve for the No. 2 steam generator had
been closed by the secondary-side operator before the SFRCS signal was reset.
The indicated No. 1 steam generator level was less than 8 inches. The corre-
sponding pressure and indicated level in No. 2 steam generator were about 928
psig and 10 inches, respectively. The indicated levels continued to decrease
until the secondary-side operator started the SUFP after being informed by the
assistant shift supervisor that it was available and after the other operator
had reset the isolation signal to startup feedwater valves.

Although the flow capacity of the SUFP is somewhat greater, approximately 150
gallons per minute (gpm) were fed to the steam generators because the startup
valves were not fully opened. Essentially all the feedwater from the SUFP was
directed to the No. 1 steam generator. At about 1:52 a.m., the pressure in the
No. 1 steam generator increased sharply while the indicated water level stopped
decreasing and began slowly to increase. S5ince there was little feedwater sent
to the No. 2 steam generator, its condition did not change significantly.

The trip throttle valve for No. 2 AFW pump was opened by the equipment operators
at about 1:53 a.m. After the SFRCS was reset and tripped on low level by the
shift supervisor, the AFWS aligned itself so that each AFW pump would feed only
its associated steam generator, {.e., the No. 2 AFW pump would feed the No. 2
steam generator. Thus, the No. 2 AFW pump refilled the No. 2 steam generator
and its pressure increased abruptly to the atmospheric vent valve relief set
point. The turbine governor valve was fully open when the trip throttle valve
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was opened and the pump delivered full flow for about 30 seconds until the oper-
ator throttled the flow down.

The No. 1 trip throttle valve was opened by the equipment operator about 1:55 a.m.
and feedwater from the AFWS flowed to the No. 1 steam generator. However, the

No. 1 AFW pump was not controlled from the control room but controlled locally

by the equipment operators.

The equipment operators controlled the pump locally using the trip throttle
valve. One operator manipulated the valve based on hand signals from the oper-
ator who was outside the No. 1 AFW pump room communicating with the control
room operator. For two hours the AFW pump was controlled in this manner by the
operators. Their task was made more difficult from the time they first entered
the AFW pump room by the intermittent failures of the plant communication sta-
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