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EXECUTIVE SUMMARY

This report presents the results of an assessment, performed by Basic
Energy Technclogy Associates (BETA), Inc., of Annandale, Virginia, of
the complete loss of feed water event of June 9, 1985, at the Davis-
Besse Nuclear Power Plant. The Davis-Besse plant is operated by the

Toledo Edison Companv (TED).

BETA was requested by TED to conduct an independent assessment of the
actions taken or planned by TED as a result of the June 9 event.
This assessment was to evaluate the appropriateness and completeness

of TED's actions with respect to restart of the unit.

Immediately following the event both NRC and TED initiated investi-
gations to determine factually what had happened and why. Based on
their investigation, the NRC issued a report (NUREG 1154) which
identified the results of the NRC fact finding effort. Based on the
results of the TED investigation, TED created an Action Plan List of
issues related to the event which require technical evaluation. BETA
accepted the results of the NRC investigation, and began i*s assess-
ment based on their findings. BETA also considered earlier NRC
concerns relited to the overall performance of the plant, e.g., SALP,
since it is likely that these issues contributed to the June 9 event.
During the assessment, BETA suggested that a task force be estab-
lished by TED to conduct a broad review of the entire subject of
decay heat removal at Davis-Besse. The Task Force Report was re-

viewed by BETA.



BETA

concludes that the Davis-Besse Nuciear Plant should be

permitted to return to operation subject to:

BETA

Resolution of the recommendations contained in this report.

Completion or resolgtion of the action planned for

accomplishment prior to restart, as contained in the:

- Restart Action Tracking Report

- Decay Heat Removal Work Group Report

bases this conclusion on the following:

TED's investigation and technical evaluation adequately address
the equipment malfunctions noted during the June 9 event.

Similarly, the corrective actions resulting from these evalua-

tions are, with minor exceptions noted, reasonable and proper.

The analyses perfiyrmed by the Decay Heat Removal Work Group have

identified and addressed the matters of concern.

The broader generic issues or concerns expressed by the NRC
invelving management capability and program adequacy have bcen
and are being aggressively pursued. Even though all corrective
actions in these areas will not be in place at the time of
restart, BETA considers the progress that will have been made
will substantially upgrade TED's capability.

-l



-

11.

INTRODUCTION AND BACKGROUND

Following the June 9, 1985 loss of feed water event at the Davis-
Besse Nuclear Power Plant, a number of actions were undertaken by the
Toledo Edison Company (TED) and the Nuclear Regulatory Commission
(NRC). These actions involved initiating plans and programs to
investigate all facets of the event and those malfunctions that
either contributed to, resulted from, or occurred at the time of the
event. From these investigations a series of corrective actions have
emerged. Also, because of a number of weaknesses known to exist
prior to the event, certain other corrective actions, relevant to the

event, were either already planned or underway prior to the event.

Basic Energy Technology Associates (BETA), Inc., was requested by
Toledo Edison (Joe Williams, Jr.) to conduct an independent assess-
ment of the June 9th event in order to determine whether or not, in
BETA's opinion, the various investigations were appropriate to the

event and that the corrective actions resulting from these investi-

gations would be sufficient to permit restart of the unit.

This assessment was condacted by R. W. Bass, R. S. Brodsky, J. C. Grigg,

and W. Wegner.

On the day following the June 9 event, an NRC Investigative Team was
established consisting of a group of four technical experts. This
NRC Team was dispatched to the site and began an irtensive investi-

gation of the actual event. It was tasked to: 1) find out what



happened, 2) identify the probable cause as to why it happened,

3) make appropriate findings and conclusions to form the basis for
possible follow-on actions. The NRC Team interviewed personnel who
were on duty at the time of the event and others, and reviewed
documents related to the affected systems. The results of the NRC

Team's investigation are reported in NUREG 1154 (Ref 3).

The assessment conducted by BETA did not attempt to duplicate the NRC
Team effort. The sequence of events contained in Table 2.1 of
NUREG 1154 and as described in narrative form in Section 3 of that

report have been accepted by BETA as being accurate and complete.

Shortly after the event, Toledo Edison established its own team of
technical experts to interact with the NRC Investigative Team and to
conduct its own investigation. From that effort twenty-seven Action
Plans were identified. The Action Plans outline the methods to be
used to determine the causes of the problems and to identify proper
corrective actions. Of those twenty-seven Action Plans, fifteen

relate to equipment problems.

Reproduced in Table 1 below is the chronological sequence of events
as described in Table 3 of NUREG 1154. Added to this sequence is the
TED Action Plan Number that addresses the problem. The assessment
conducted by BETA included reviewing a selected number of these
Action Plans to determine if they: 1) represented the full scope of
the problems encountered, 2) were reasonable in their approach to

determining the cause, and 3) logically arrived at the cause. In



addition, BETA determined if a reasonable course of action had been

identified to correct the problem.

In addition to the Toledo Edison Task Force on Action Plans, a team
of technical experts was formed specifically to review the design of
systems utilized for removal of decay heat at the Davis-Besse Nuclear
Power Station. This team was led by Toledo Edison, and included
representatives from the nuclear steam system supplier, Babcock &
Wilcox, the engineering firms MPR Associates and CYGNA, and was
assisted by representatives from the architect-engineer, Bechtel.
This group, which was called the Decay Heat Removal Work Group, was
formed a2t the request of BETA as a means of concentrating attention
on the overall problem of decay heat removal rather than the individ-
ual and sometimes isolated events which occurred on June $. BETA
reviewed the scope of the Work Group effort and the resultant recom-

mendations as contained in Reference 7.

Finally, BETA has reviewed the total list of action items identified
by Toledo Edison as being necessary for restart of the unit or
requiring correction at some later date. This list contains over 500
line items and is reported in Reference 10. The BETA review was
intended to determine the completeness of the list and whether BETA
would agree that after accomplishment or resolution of the items on

the pre-restart list, the plant should be allowed to restart.



TABLE 1
Chronological Sequence of Events

Initial Conditions

Unit operating at 90% power
Number One Main Feedpump (MFP) i1 automatic cocatrol

= Number Two Maig Feedpump in magual control ; I8

Transient Initiator

*01:35:00 #1 MFP Trips
Contrel system causes MFP flow increases; MFP turbine trips
on overspeed.

Systems Response/Operacor Actions to Partial Loss Main Feedwater

01:35:01 Unit runback initiated toward 55% at 50%/min.

01:35:21 Operator increases the speed of #2 MFP turbine. Pressurizer
(Prz) spray valve manually opened to 100%.

01:35:30 Reactor Trip & Turbine Trip - RCS High Pressure (2300 psig) from
80% power. **

*01:35:31|Computer recorded Steam and Feedwater Rupture Coatrol Systeﬁj %/%
(SFRCS), full trip on low level, actuation channel 2.

*#01:35:31|Both Main Steam Isolation Valves (MSIVs) start to close. 7

01:35:34 SFRCS actuation signal automatically clears.

*01:35:36{ MSIV #2 has closed.

v,
*01:35:37|MSIV #1 has closed.
wWith both MSIVs closed, the source of steam for #2 MFP turbine
is isolated. Steam from main steam piping aud moisture separa-
tor reheaters allowed #2 MFP to provide adequate flow for about
4% migutes.

01:35:45 Pressurizer spray valve closed.

01:35:56 Once Through Steam Generator (OTSG) levels at normal post-trip
level (35 inches).

#01:40:00 |OTSG levels begin to fall from the normal post-trip level. 7

*Unexpected or off-normal response.
**As part of normal reactor trip procedure, operator isolated RCS letdown
and started second RCS makeup pump, to maintain pressurizer level.

-(,-



System Re

sponse; vuciawor Actions to Complete Loss of Main Feedwater

01:41:04

*01:41:08

SFRCS OTSG #1 low level (26.5 in.) full trip, actuation channel 1;
this actuation causes Auxiliary Feedwater Pump (AFP) #1 to be
aligned to draw steam from, and provide feed to, OTSG #1.

| The coatrol room operator attempted to manually initiate SFRCS; | 3

'hovcver, he incorrectly actuated the SFRCS on low _Steam pressure
:xnstnad of the desired low steam gemerator level. ] He performed
the manual actuation by depressing the top switch in each column
of manual actuation switches for the two SFRCS actuation
channpels.

Therefore, each SFRCS actuation channel sensed that its assori-
ated steam generator was inoperable and that the opposite OTSG
was intact. SFRCS actuation channel 1 then attempted to aligznm
its associated AFW train (#1) to draw steam from omly, and to
provide feed oaly to, OTSG #2. SFRCS actuation channel 2
attempted to align its associated AFW train (#2) to draw steam
from only, and to provide feed only to, OTSG #1. Both SFRCS
actuation channels also closed their associated OTSG/AFW coa=-
cainment isolation valves. That is, SFRCS actuation channel 1
isolated OTSG #1 by closing valve AF-608; actuation chaannel 2
isolated OTSG #Z by closing valve AF-599. These QTSG/AFW
isolation actions prevented any auxiliary feed flow from reach-
ing either OTSG.

Per the SFRCS design, valves that had been positioned by the low
level trip on SFRCS channel 1 were repositioned by the higher
priority low pressure trip. The AFP 1 steam supply valve from
OTSG #1, MS~106 had started open in response to the SFRCS
actuaticn chagnel 1 low level trip. Following the low pressure
trip, the valve should have continued opening to its full open
position before it cycled closed. The open/close stroke

. | *MS~-106, however, 27
returned to its closed position in about 18 seconds.

31:41:13 SFRCS actuation channel 2 tripped on OTSG #2 low level. Since
the low pressure trip already present had priority. no change in
component actuation occurred.

*01:41:31 |Auxiliary Feedwater Pump Turbine (AFPT) #1 tripped om overspeed.

*#01:41:44 |AFPT #2 tripped on overspeed.

System Response/Operator Actions to Complete Loss of All Feedwater

01:42:00

Lignrrol panel, but the valves did not respond.

Manual reset of SFRCS OTSG low pressure actuation.

;*Al-599, AF-608 should have reopened automatically, but did aot.

'*An attempt was made to reopenm AF-599 and AF-608 from the main

14



01:44:00

01:43:55

*01:44

01:44:50

01:45:50
01:46:29
01:46:30

01:647:33
01:47:48
01:48:08
01:48:49
*01:48:51

01:48:52

Pzr. Spray valve opened.

Assistant Shift Supervisor went to SFRCS cabinets (behind the
control room area), opened the doors, and operated the "operat-
ing bypass" for the SFRCS ("Initiace Reset and Block,” .se2d for
osormal plast cooldowns) inm an attempt to reser agy automatic
sirety signals to AF-599 and AF-608.

L:Ige valves remainsd closed.| IZ

Equipment Overators were dispatched iato the plant to onerate
the following equipment:

I(1) Two Equipmeat Operators were sent tu the Auxiliary Feedwater
l Pump turbines to msasualiy restore the Alw pumps %o service.

(2) The Assistant Shift jupervisor left the coatrol room to
make the startup feed pump available for service. TlLis
required opening the pump sucticn valve, the puwp discharge
valve, and two ccoling water valves. In additicu, the
control fuses for the 4160-volt pump sator cigrcuit breaker
were required to be ipstalled

(3) | Tvo equipment operators were sewt o apen OTSG Auxiliary
Feedwater Isolatios Valves AF-599 and AF-608. These valves
are the coniJioment isolation valves for the AFW system.
The operators manuslly moved the valves from the closed
positicn, and the motor operators opéned the walves.

RCS Makeup flow decresses as the makeup flow coantrol valve,
MU-32, modulates closed based on pressurizer level being above
setpoint (200 iaches).

AFPT #2 overspeed trip reset locally.

OTSG #1 Atmospheric Veat Valve opened.

AFPT #1 trip thrott.ie valve relatched and valve opened (sverspeed
trip not cleared). Speed coantrolled locally throughout event.

OTSG #1 below 960 psis and decrvasing.
OTSG #2/AFW isolation valve, AF-599, opened locally.
OTSG #1 atmespheric veat valve closed.

PORV opens (first time) at 2433 psig (2425 setpoint).

out," according to criteria in plant emergency procedures

related to MU/HPI coolisg.)

PORV closed at 2377 peig (2375 setpoiant).

OTSG #2 below 960 ps.g and lecreasing. (Both OTSGs now "“dried 27/
r



01:49:28
01:50:09
01:50:12

01:50:13

01:51:17

OCTSG #1/AFW isolation valve, AF-608, opened locally.
PORV opens (second time) at 2474 psig.
PCRV closed at 2369 psig.

OTSG #1 Atmospheric Vent Valve opened; 2TSG #1 pressure decreas-
es rapidly toward about 750 psig.

OTSG #1 level falls below eight inches (MU,{?I cooling
critericn).

*01:51:18|PORV opeans (third time) at 2435 psig; did not close.J 10

01:51:23
01:51:30

01:51:42

01:51:42

01:51:43

01:51:49

01:53:00

01:53:22

01:53:25
01:53:35
01:53:56
01:54:45

01:54:46

01:56:58

01:57:08

*01:57:53

Startup feed pump motor started.
Obtained flow from startup feed pump to UISG #1.

Operator started to close PORV block valve as RCS pressure fell
through 2140 psig.

RCS Loop #1 reaches a minimum pressure of 2081 psig.
Loop #1: T-hot = 588.6°F; Taw. 587.5°F.

Pressurizer sprzy valve closed.

Acoustic monitor indicates less than 20% flow through PORV/block
valves.

RCS loop #1 T-hot reaches peak vaiue of 593.5°F.

AFW Train #2 has significant flow, with control locally via the
trip~throttle valve.

RCS Tave reaches peak value of 592.3°F.
O0TSG #2 returns to above 960 psig.
PORV Block Valve recpened by operator.
OTSG #1 returns to above 960 psig.

AFW Train #1 has significant flow, with control locally via the
trip throttle valve.

OTSG #2 Atmospheric veat open; OTSG #2 below 960 psig and
decreasing.

OTSG #1 below 960 psig and decreasing.

Low suction pressure developed on AFP #1; 34 seconds later 26
(01:58:27), suction pressure was recovered.




Tave passed throu; post-trip temperature The
cooldown had lo RCS pressure to about 1720 psig Jperators
manually started the HPI i 3 he piggyback mode (LPI

pump 1 supplying th iction he HPI pu l) to maintain
pressurizer pressure and level. A slight amouut of water (about
50 gallons) was injected.

RCS Loop #1 reaches a minimum
Loop #1: hot = 546.6°F;

OTSG #1 Atmospheric vent closed.

AFW Train #1 flow reduced to control O0T5G level.

1

1:58:40|AFP #1 suction automaticall~ transterred from the condensate |

| storage tank (CST) to the service water system. The operator| &£T
| realigned to CST.

AFPT #1 overspeed trip reset.
When AFPT #2 was ceturnmed to service, the control room operator

controlled the pump in manual rather than returning it to
Automatic.

returns to above 9560 psig.

OTSG #2 returns to above 960 psig.
Plant conditions essentially stable.

Additional Complications

Control Room HVAC syste. spuriously tripped to its emerge

The operator attempted to override/reset the automatic

to the OTSG #2 startup feed control valve SP-7A. The

this valve 4id not come on, indicating that control of ¢t valve

oot be regained. The coatrol room operators therefore believed that
flow from the startup feedpump went only through SP-7B to OTSG #1 and
not through SP-7A to OTSG #2.

Upon energization, the remaining source range nuclear instrumentation
channel failed off-scale low All control rods were verified to be
fully inserted, and emergency boratiun was initiated.

The wain turbine did not go into its turning gear

When vacuum was restored and the MSIVs opened, a water slug damaged
one of the main turbine bypass valves.




Notes

=

ro

The above sequence of events is based upon combining iuformation
obtained from plant computer printouts and operator interviews.

Adequate subcooled margin was available throughout the traasieat.
The Reactor Coolant Pumps remained in operation. The Quench Tank
contained the discharge from the PORV.

Thers is a question regarding the operation of the atmospheric vent

valves. S——



OF ANALYSIS

As a result of the NRC Fact Finding Team and the TED effort,

seven Action Plans were generated. These items have been iacluded
a formal program to determine the root cause of the problems and
arrive at appropriate corrective actions As noted previously,
BETA's intent has been to limit its review to those probiems as-
sociated with the 'oss of feedwater event. o do is, BETA has
separated the problems into three categories:

blems which directly related to or resulted from the June 9

oss of feedwater event

incideantally occurred with, but were unrelated
f feed water event. An example of thi: the

signals in the source range nuclear instruments

Problems of a generic nature which probably contri

event but were broader in scope An example of
level of plant maintenance which has existed at

some time prior to the June 9 event

s assessment, BETA has concentrated its effort
ategory related to equipment maloperati
on, BETA has reviewed and commented, where appropriate
problems identified in the third category BETA has not reviewed

those problems in the second category The twenty-seven Action Plans




fall into either the first or second categories. In Table 2 which
follows, all twenty-seven Action Pians have been listed and those
which BETA has reviewed and commented on in this report are identified.
The broader generic issues (category 3) are best identified in the
Enclosure to NRC's letter to TED Co. dated August 14, 1985 (Ref. 6).

Those generic issues are shown in Table 3

This report is based on BETA's understanding, as of the date of this
report, of Toledo Edison's program to return the Davis-Besse plant to
operation. It should be emphasized that the BETA review, comments
and conclusions are based on infurmestion obtained from various
interviews, evaluations, studies aid plans that are in preliminary
form and may be subject to change as additional information is
developed. As che above actions are completed it is possible that
new information will be obtained that could alter the RiITA con-

~lusions and recommendations.

«]3=



TABLE

2

LISTING OF TED ACTION PLANS

BETA
TED Action Plan No. Review

1A & 1B Yes
1C Yes
1D Yes
2 No
3 No
4 No
5 Yes
6 Yes
7 Yes
8 Yes
9 Yes
10 Yes
11 No
12 Yes
13 No
14 Yes
15 No
16 Yes

elbe

Auxiliary Feed Pump Turbines
#1 and #2 Overspeed Trips

AFPl Manual/Auto Essential
Control Problem

AFPT Trip Throttle Valve Problem
Steam Generator Integrity/Cycle
impact due to initiation of

Startup Feed Pump water flow.

Actions of Operators/Adequacy of
Procedures.

Classification of the Event under
the Emergency Plan

SFRCS Trip/MSIV closure
SFRCS Alarms
MSIV/SFRCS Response

Main Feed Pump Turbine 1-1
Control System Problems

Turbine Bypass Valve Actuator
Failure.

Review of the Operation of the
PORV.

Discuss Event with the Ottawa
County Commissiuners.

AFW System Valve Problem Analysis
(AF599 and AF608)

Service Water Effect on OTSG
Operator Error on Initiating AFW
Source Range Nuclear Instruments

Report on Main Steam Header
Pressure.



17

18

19

20

21

24

25

26

27

No

Yes

No

No

No

No

No

No

No

No

Yes

15

Problems with SPDS

Startup Feed Valve SP-7A Problems
Analysis.

Adequacy of Information Provided
to NRC on June 9, 1985.

Complete Items 1-5 on Confirmatory
Action Letter

Perform Testing and Demonstrate
that the MFP's will operate as
required.

Perform testing and demonstrate
that the AFP's will operate as
required.

Report Test Results to NRC
Resident Inspector.

Obtain concurrence from Regional
Administrator prior to exceeding
5% power.

Main Steam Walkdown

Inadvertent AFWP #1 Suction
Supply Transfer

AFPT Main Steam Inlet Isolation
Problem Analysis



TABLE 3

Adequacy of management practices including control of maintenance
programs, use of operational experience, degree of engineering
involvement, testing, root cause determination of equipment mis-
operation, licensed and nonlicensed operator training, and past trip

reviews.

Adequacy of the maintenance program, including maintenance backlog,
maintenance procedures and training, vendor interface and correction

of identified deficiencies.

Adequacy of the implementation of the Performance Enhancement Progrum

(PEP) and any other ongoing corrective action programs.

Adequacy of the resources committed to the Davis-Besse facility for
investigation of the event, resolution of the findings and conclu-
sions prior to restart, and implementation of longer term measures to

improve overall performance.

-16-



IV.

DISCUSSION

A. TOLEDO EDISON ACTION PLANS

AUXILIARY FEED PUMP TURBINE (AFPT) OVERSPEED TRIPS

ACTION PLANS 1A AND 1B

Problem

During the June 9 event both AFPT's, tripped on overspeed

when started.

On the loss of main feed supply tha water level in “team
generator SG-1 fell %o the low ievel trip point. The low
water level actuated a Steam and Feedwater Rupture Countro.l
System (SFRCS) full trip. The SFRCS trip initiated action
to start the Auxiliary Feedwater Pump Turbine (AFPT #1).
This action consists of opening the steam supply valve

(MS 106) to AFPT #1.

While MS 106 w~s traveling to its open position, the
reactor operator, in error, manvally initiated SFRCS low
pressure trip signals for both steam generators. These
signals are automatically actuated by SFRCS in the event of
a steam line rupture. They act to close containment

isolation valves (AF 608 and AF 599) which isolate the



feedwater paths from AFP 1 and AFP 2 to the steam

generators.

These signals also send open signals to open the steam
cross connect valves MS 106A and MS 107A in an attempt to
operate both AFPT's on steam from opposite steam

generators.

The steam through MS 106A and MS 107A started both AFPT's
with their pump discharge containment isolation valves
closed. Both AFPT's tripped on overspeed approximately

25 seconds after initial roll.

Investigation

The cause of the trips is judged to be water slugs in the
steam piping to the turbine due to residual water or rapid
condensation of steam while heating the long, cold steam
supply paths to the AFPT's. The steam path through MS 106A
to AFPT 1 is 650 feet. The steam path through MS 107A to

AFPT 2 is 375 feet.

The Auxiliary Feed System had not previously been cold
started via the steam cross connected paths; A further
complication was the starting of the pumps with discharge
valves closed. This resulted in reduced load on the AFWI's

making them more apt to overspeed. Investigation of other

-18-



utility experience has confirmed that condensation in the
steam line can result in turbine overspeed on startup. The
turbine vendor also confirmed that overspeed can be caused

by water slugs.

Tests conducted on June 9 after the event confirmed that a
governor problem did not cause this problem. In addition,
analysis by TED has shown that the existing piping configu~

ration will generate significant quantities of water.

Corrective Action

Keep the steam lines to the AFPT's hot whenever the plant

is in operation.

BETA Comments

BETA agrees with the conclusion of Toledo Edison that water

slugs in steam lines caused the overspeeding of the AFPT's.

BETA, based upon its review of the June 9 event, concluded
that additional auxiliary feed system changes were neces-
sary to enhance decay heat removal. BETA therefore recom-
mended to Toledo Edison management that a Task Force
consisting of personnel experienced in nuclear plant

design, engineering, operations, and licensing be estab-

~19-



lished to recommend improvements in Davis-Besse decay heat

removal capability.

Toledo Edison established such a Work Group. Recommenda-
tions of this group are contained in the report, "Recom-
mended Improvements to Davis-Besse Decay Heat Removal

Capability" dated August 14, 1985 (Reference 7).

That report recommends that remotely operable valves be
installed in the steam lines near the auxiliary feed pump
turbines and that the steam lines to these new valves be
kept hot and pressurized. If the above cannot be accom-
plished in the short term, the report recommended that both
auxiliary feed pump turbines be rum periodically to keep
the lines hot. The valves and their controls would be

installed as soon as feasible.

BETA considers that the above actions should resolve the

auxiliary feed pump turbine overspeed trip problem.

«20=
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AUXTLIARY FEED PUMP TURBINE MANUAL/AUTO-ESSENTIAL CONTROL

PROBLEM

ACTION PLAN 1C

Preblem

The Auxiliary Feed Pump Turbines are governor controlled.
The speed to which the governors are set is adjusted by a
motor operator controlled from the Control Room. This
control system has a switch in the Control Room which
selects either "Manual" control of speed or "Auto-Essential”
control which sets the speed on signals from steam genera-

tor water level.

As discussed in Section IV.A.1., both auxiliary feed pump
turbines tripped on overspeed. Operators were dispatched
to the Auxiliary Feed Pump rooms to reset the trip throttle
valves. Control room cperators reported an inability to
take either manual or auto-essential control in the control
room after they understood that the trip throttle valves

had been reset.

Investigation/Results

Later review of the computer alarm printouts revealed that
the trip throttle valves were not fully reset when the

remote (Control Room) control operations were attempted in



the manual and auto-essential modes. These remote controls
would not be expected to be effective during this condition
since interlocks are provided on the trip throttle valves

to assure that the valves are fully reset.

Test ST 5071.02, AFWS Refueling Test, was conducted shortly
after the trip throttle valves were reset. This test
indicated proper control from the Control Room. Action
Plan 1C has been revised to check the remote manual and
auto-essential controls when the plant is returned to

operation.

BETA Comments

BETA considers that the planned actions should resolve this
problem. Problems with resetting the turbine trip throt-

tles are discussed in Section IV.A.3.

AUXILIARY FEED PUMP TURBINE TRIP THROTTLE VALVE PROBLEM

ACTION PLAN 1D

Problem

After the AFPT's tripped on overspeed, operators dispatched
to the Auxiliary Feed Pump rooms had problems in relatching
the Auxiliary Feed Pump Turbine overspeed trip throttle

valve linkages. In addition, difficulty was experienced in

-22~



opening the trip throttle valves after the linkages were

reset.

Investigation

Investigation of the reset problem revealed that the
operator did not properly perform the reset actioas.
Procedures did not adequately define the actions required.
Previous training had not adequately prepared the operators

to perform the reset actions.

The difficulty with opening the trip throttle valves after
they were reset, was attributed to the high differential
pressure across the valve being experienced at that time
and to the fact that the operators thought they had to hold
the linkage in the latched position while opening the

valve.
While opening the valve required considerable force, it
was judged to be well within the capability of the

operators.

Corrective Action

Action has been taken to train the operators on the proper
actions to reset the trip throttle valves. Operating

procedures are being revised to describe in detail the
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actions required and operating instructions will be posted

at the turbines.

BETA Comments

BETA agrees with the evaluation of this problem and consid-
:rs additional action such as providing remote reset of the
*rip throttle valves from the control room to be

innecessary.

STEAM AND FEEDWATER RUPTURE CONTROL SYSTEM (SFRCS) TRIP

ACTION PLAN 5

Problem

On June 9, 1985, a low steam generator (SG) level trip
(full) of the Steam and Feedwater Rupture Control System
(SFRCS) occurred immediately following a main turbine trip
and closure of the turbine stop valves. This trip of the

SFRCS appears to have been spurious.

Investigation

The primary TED hypothesis as to the cause of this spurious
trip is that the SG level transmitters developed oscilla~
tions due to pressure oscillations from the closure of the

main turbine stop valves. During the 1984 outage the SG
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level transmicters providing startup level indication on
the control panel and SG level control were changed from
Bailey BY to Rosemount 1153 transmitters. The Rosemount
transmitters are more sensitive to pressure disturbances

than the Bailey transmitters.

Other hypotheses relate to cross-talk between logic chan-
nels, logic malfunctions, changes to SG level channel
response characteristics, and swings in steam generator

level .

This Action Plan tests the above hypotheses where possible
through measurement of instrumentation and control equip~
ment performance under test conditions and by reviewing the

results of past preoperation tests at Davis-Besse.

Results/Corrective Action

Test results and analysis to date described in a Prelimi-
nary Findings Report dated August 24, 1985, have shown it
is unlikely that this spurious trip was a result of cross-
talk between logic channels, logic malfunctions, changes to
SG level channels response characteristics, or swings in
steam geuerator level. Review of available data and
analysis of the response of the new Rosemount level trans-
mitters indicates that the trip probably resulted from the

output of the level transmitter due to pressure oscilla-
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tions in the steam line following turbine stop valve
closure. Additional testing is underway to provide further

confirmation of this conclusion.

An approved corrective action recommendation for this
problem has not been issued. However, current plans are to
install a filter (0 to 0.1 hertz) at the input to the SFRCS
trip bistables. This filter is designed to prevent spuri-
ous trips while still permitting the system to meet the
requirements of the Davis-Besse technical specifications.
Additional testing will be performed prior to and during
Mode 1 operation to verify the effectiveness of the correc-

tive action taken.

BETA Comments

BETA concurs with TED's conclusions and proposed corrective

action.

SFRCS FULL TRIP ALARM (Q963) FUNCTION

ACTION PLAN 6

Problem

On June 9, 1985, a Steam Generator (5G) low level full trip
of the Steam and Feedwater Rupture Control System (SFRCS)

occurred immediately following a main turbine trip and
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closure of the turbine stop valves. There was no appar-
ent cause for this trip and only the Main Steam Isolation
Valves (MSIV's) moved in response to this SFRCS trip. The
occurrence of a spurious full trip of the SFRCS was identi-
fied by computer alarm Q963. It was postulated by TED that
in reality a trip might not have occurred and the alarm was
a result of a malfunction. Prior to this event this alarm
had malfunctioned twice in recent months. The problem is
to determine if the apparent trip was not real but instead

was a failure of alarm Q963.

Investigation

TED conducted a review of the sequence of events computer

output and the alarm log.

Results/Corrective Action

The above records indicated an SFRCS full trip and reset
(Q963), an ARTS trip (Q777) and an SFRCS trip of the
turbine (X044). Based on this data TED concluded that the
trip occurred and the Q963 alarm was valid. No corrective

action was recommended,



BETA Comments

BETA concurs with TED's conclusion that the June 9, 1985,
trip of the SFRCS actually occurred and that there is no
basis to assume that alarm Q963 malfunctioned. BETA has

the following comment with regard to this Action Plan:

TED should attempt to determine if the June 2, 1985,
and April 24, 1985, SFRCS spurious half trips were a
result of "inadequate performance of this alarm
function (Q963)" as postulated in the "Preliminary
Findings Report Plan No. 5, 6 and 7" dated August 24,
1985 or a result of the increased sensitivity of the
new SG level sensors (see the discussion of Action
Plan 5). 1If it is concluded that the alarm had
malfunctioned, action should be taken to identify the

cause and repair the alarm.

PARTIAL ACTUATION OF SFRCS

ACTION PLAN 7

Problem

On June 9, 1985, a spurious steam generator low level trip
(full) of the Steam and Feedwater Rupture Control System
(SFRCS) occurred immediately following a main turbine trip

and closure of the turbine stop valves. Both Main Steam
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Isolation Valves (MSIV) closed approximately 5 seconds

after the SFRCS full trip. However, other SFRCS equipment

did not actuate as it should have after a trip.

Iavestigation

TED's primary hypothesis as to the cause of partial actua-

tion of the SFRCS is that the duration of the full trip was
sufficient to actuate the MSIV air system trip but not long
enough to "seal-in" the SFRCS signals to the motor operated

valves and the Main Feedwater Startup Control Valves.

Other hypotheses relate to possible malfunctions of the
MSIV closure circuitry and the possibility that the turbine
trip induced a transient in the MSIV air supply system

causing the valve to close independent of the SFRCS trip.

Tests were made to determine the trip duration required to
close the MSIV and other SFRCS valves. In addition, an
analysis was made comparing the time response of these
valves versus the measured duration of the SFRCS trip.
Tests of the MSIV's closure circuitry will be performed to
determine that it did not malfunction during the June 9

event.



Results/Corrective Action

The analysis described in the SFRCS Trip/MSIV (Closure
Preliminary Findings Report dated August 24, 1985, shows
that the seal-in time resnonse of the MSIV's is within the
range of the SFRCS June 9 trip duration. The data for the
other valves indicate they should not have moved during the
spurious June 9 trip. In some cases, manufacturer-supplied
data has been used to define the "seal-in" time for these
valves. These times will be confirmed by additional
testing. TED concludes that, subject to test confirmation,
the partial actuation of the SFRCS was a result of the
short duration of the spurious trip and not a result of

additional equipment failures,

TED has not identified, at this time, the need for any

corrective action.

BETA Comment

BETA concurs that the available information supports the

conclusion that the partial actuation of the SFRCS system

was the result of the short duration of the spurious trip

and no corrective action is required.
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MAIN FEED PUMP CONTROL SYSTEM

ACTION PLAN 8

Problem

On June 9, 1985, a loss of feed water event was initiated

by the loss of main feed pump #1.

Investigation

Review of the recordings from the computer and feed flow
charts indicated that the main feed pump turbine speed
increased to the overspeed trip point and the turbine

tripped.

Circuit checks made after the trip found a frequency to
voltage converter which had failed resulting in a low
frequency (speed) signal to the governor control system.
This failure caused the speed to increase to the overspeed
trip level. The failure of the integrated circuit which
provides this frequency to voltage signal was confirmed by

General Electric Co.

The integrated circuit was sent to the vendor, T :ledyne

Industries, Inc., for failure analysis. This analysis

revealed a failed capacitor in the circuit board.
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The complete main feed pump turbine control systems for
both turbines were checked and no further problems were
found. The controls will be exercised through their

complete range when the plant is returned to operation.

Corrective Action

Replace the defective circuit board.

BETA Comments

Review of previous experience with the General Electric
MDT 20 turbine control system indicates that over one
hundred systems are in operation and a frequency to voltage

converter failure has not been experienced previously.

BETA has considered the possibility of providing dual
control systems for these feed pump turbines but concludes
that such action is not warranted considering the extra
circuit complexity and cost involved. The independent
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