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PROCEEDTINGS

MR, ROSSI: We are now starting with the meeting.

What we are going to do is we are going to talk
about a number of action plans for troubleshooting the
equipment that you have sent to us in the last couple of days,
and this is in accordance with our agreement that we would
comment on these before you started to work.

Before we go into that, I have got a couple of
things that I want to discuss that are sort of general
things. One of them is that we want to make sure that we are
provided promptly with copies of revisions, the latest
revisions of these action plans, and specifically I want to
ask somebody to check on what the latest revision is to Action
Plan No. 12, which is one on auxiliary feedwater system valve
problem analysis.

It is the one on Valves 599 and 608. The latest one
that we have is marked Revision @, and it is dated June l4th
of 1985.

Jean, could you call back during an appropriate
break and verify that that is the latest one, and if it isn't
the latest one, get a copy of the latest one to us as quickly
as possible?

MR. WOOD: Okay. We have brought Revision 2, dated
6/26/85, with us for distribution.

MR. ROSSI: You have. Okay.
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. MR. BEARD: Wwhat about Revision 1, John? Let me
review the bidding. Revision @ is the one you brought to
us in the meeting and we commented on.

MR. WOOD: That's correct.

MR, BEARD: And as a result of that discussion and
meeting, you revised it and it became Revision 1. What I
think I'm hearing is that you have an additional revision and
now you are up to Rev. 2, dated yesterday.

MR. WOOD: That's correct.

MR. ROSSI: Okay. Well, in any event, we have the
latest one now. Let's make it a part of the transcript right
now, the latest one, and note that we want Revision 1 so we
will have a complete record of changes. So you ought to get
us Revision 1 because we apparently do not have it, but at
least we have Revision 2, and that will be marked in the
transcript.

[The document referred to, marked Exhibit No. 1,

follows:]
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TITLE: Auxiliary Feedwater System Valve Problem Analysis (AF 599 & AF
608}

REPORT BY: James W. Long PLAN NO,: 12
DATE PREPARED: June 16, 1985 PAGE 1 of 2

This report has been prepared in accordance with the "Guidelines to follow
when troubleshooting or performing investigative actions into the root
cause surrounding the June 9, 1985, reactor trip", Rev. 2.

INTRODUCTION

The following report is the analysis and evaluation to support the action
plan for determining the root cause for the failure of AF 599 and AF 608
(AFW to SG isolation valves) to open during the June 9, 1985 reactor trip.

SUMMARY OF DATA

AF 599 and AF 608 are normally locked open valves and were open prior to
the transient. During the transient, both valves went shut automatically
because of the improper initiation of SFRCS. Atter the SFRCS was reset,
both valves failed to open automatically. Operators were then sent to
open the valves manually. According to the operator, the valves were
placed in manual and the handwheel turned in the open direction. The
handwheel was hard to turn and was only moved 1/2 turn in the open
direction. The handwheel was then turned in the close directior 1/2
turn to try and get a hammerblow in the open direction. This was repeated
a second time, and when turmed in the close direction the second time a
rattling noise came from the operator and the valves were opened electri~-
cally. This rattling noise was probably the tripper fingers being kicked
out by the motor and is to be expected.

The actual differential pressure (DP) seen by these valves at the time
they were attempting to open is unknown but they are designed to open
against a 1050 PSID. At 1515 on 6/9/85, both valves were cycled satisfac-
torily within their required stroke time. At that time S/G pressure was
850 PSIG.

A review of maintenance and surveillance testing history shows that the
torque switch settings were changed in March 1984 per FCR 84-0039 as a
result of the Limitorque motor operated valves study and both valves were
satisfactorily tested per ST5064.0]1 (CTMT Isolation Valve Post Maintenance
Testing). During the 1984 Refueling Outage, the motors and magnetic
brakes were replaced on both valves per FCR 83-0067. The brakes were
replaced as part of the environmental qualification of safety related
electrical equipment program (10CFR50-49 Rule Requirements). In addition,
AF 599 was disassembled, 3 bearings replaced, relubricated, and reassem~
bled. During the testing of AF 599 following this maintenance, a loose
spacer was found in the spring pack. This was corrected and both valves
were tested satisfactorily. The only normal testing for these valves 1is a
stroke time per ST 5071.02 (AFW System 18 month refueling test), which was
performed on 12/31/84, with satisfactory results. The brakes were replaced
during the outage as noted above.
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CHANGE ANALYSIS

The only changes identified from the testing performed on 12/31/84 and the
6/9/85 reactor trip is the plant condition when the valves were cycled.

On 12/31/84, the plant was in Mode 5, therefore, the plant was col’ and at
low pressure so the valves did not see a high DP across them. During the
6/9/85 reactor trip, the plant was in Mode 1, therefore, at normal operat-
ing temperature and pressure. Because of their location in the Mechanical
Penetration Rooms, they would probably have been close to the ambient
temperature of the rooms. However, they would have seen full S/G pressure
when shutting. If the upstream check valve leaked, any pressure trapped
between the check valve and AF 599 (AF 608) would have bled off. This
would have caused a high DP across the valves when attempting to open.

HYPOTHESES

Based on the information collected before, during and after the transient,
it appears that both valves torqued out when opening. The following is a
1ist of the hypothesis that could cause a valve to torque out. The Action
Plan Item that will prove or disprove each hypothesis is listed.

| Improperly adjusted torque switch bypass contact (this hypothesis
covered by Action Items 3 and 5).

2. Improper torque switch setting (this hypothesis covered by Action
Item 2).

3. Wrong or improperly adjusted spring pack (this hypothesis covered by
Action Item 7).

4, Failure of motor brake to release when energized or engage when
deenergized (this hypothesis covered by Action Items 3 aud 4).

3. Improper torque switch setting calculations (this hypothesis covered
by Action Items 8-11).

6. Improper torque switch installation (this hypothesis covered by
Action Item 6).

7. High DP across valve (this hypothesis covered by Action Item 12).
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4

MR, SHAFER: Revision 2 is dated 6/26, so this is
not the Action Plan you used to actually do the job; is that
correct?

MR. WOOD: Revision 2 is to reflect the desire to do
a test to confirm the failure mechanism.

MR, ROSSI: So Revision 1, then, was used to
actually do the troubleshooting, and when the MOVATS man was
there to work with you, and then after that, Revision 2 is to
run the test.

MR. WOOD: That's correct.

MR, ROSSI: And have you definitely now decided to
run the test?

MR. WOOD: We have decided to run the test. We are
still reviewing the schedule and the content for the test. I
am not prepared at this moment to discuss, really, the details
of that. That has been ongoing back in Toledo.

MR. ROSSI: Okay.

Now, while we are talking about these valves, I
guess this is a good point to bring up the next subject, and
that is, when you have identified the root cause of each of
the problems with the equipment, you are supposed to inform us
promptly. I assume -- or let me make it a little stronger.

You are going to prepare a written document
discussing what the root cause is and justifying that that is

the root cause on each of these.
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MR. WOOD: That's correct.

MR. ROSSI: That's your plan?

MR. WOOD: That is our plan,

MR, ROSSI: And that can be the mechanism while we
are here in Washington and ycu are there, for us to be
notified that you found it. It may be appropriate that you
send us the document and then we can look at it and have one
series of meetings tlhie next time we come to Davis-Besse to
talk about the root causes.

MR. WOOD: That's fine.

MR. ROSSI: Okay, fine. So if you can get those
root cause documents to us along with the appropriate
justification as quickly as possible, that would bhe good.

MR. WOOD: It is also our intention to discuss with
Region 3, as we are into the actual troubhleshooting when we
find significant items, to discuss that with the region.

MR. ROSSI: Okay, fine.

MR. LANNING: The record should show that Action
Plan No. 12 is Exhibit No, 1. 1Its title is Auxiliary
Feedwater Svstem Valve Problem Analysis.

MR, ROSSI: Okay. I guess we are ready to go on to
the auxiliary feed pumps overspeed trip action plan, and the
first thing we need to note is we were sent in the mail an
initial draft of this, which is dated June 24, 1985, and that

should be marked and put in the transcript so we will have
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that, and that will be Exhibit 2.

Then today we were provided with a document that
has a cover sheet on it dated June 25th, and that will be
marked as Exhibit 3. What we are going to do is our marginal
notes and comments are marked on the one you sent us in the
mail, obviously, but we will attach both of these to the
transcript, and you ought to point out to us anything that
is significantly different in the June 25th version from the
one that was sent to us in the mail so that we don't have
surprises later on when we read it.

[The documents referred to, marked Exhibits No. 2

and 3, follow:]



Redn L[ew/3S

2. 2

TITLE: AUXILIARY FEED PUMPS OVERSPEED TRIPS

REPORT BY: Dan Wilczynski, Chuck Rupp Plan No.: 1A and 1B

DATE PREPARED: 6/24/85 Page 1 of 11

This report has been prepared in accordance with the "Guidelines to Follow
when Troubleshooting or Performing lanvestigative Actioms into the Root
Causes Surrounding the June 9, 1985, Reactor Trip," Rev. 4. These guide-
lines were developed in response to Confirmatory Action Letter 85-05.

I.  INTRODUCTION

On Sunday, June 9, 1985, normal feedwater flow to the steam generators
was ioterrupted. The reactor was automatically shutdown and reactor
heat was removed via steaming through the main steam safeties and the
atmospheric vent valves., The water level in the steam generators was
decreasing and at 1:41:03 a Steam and Feedwater Rupture Control

System (SFRCS) full trip was initiated on Channel 1 due to a low
water level in Steam Generator #1 (SG #1). This SFRCS actuation .
attempted to initiate auxiliary feedwater flow by openiang the steam
supply valve, MS 106, from SG #1 to auxiliary feedwater pump turbine
(AFPT) #1. Five seconds after the initial SFRCS (1:41:08) the

reactor operator inadvertently initiated an SFRCS low pressure trip

on both channels and both steam generators. This low pressure trip

of SFRCS is intended to respond to a steam line break or other
equipment failure resulting in depressurizing a steam generator. The
manual low pressure SFRCS trip initiated the following, as designed:

I. Sent a close signal to MS 106 (which was partially open at the
time) and MS 107 (which was closed ac the time).

s Sent a close signal to AF 608 and AF 599, containment isolation
valves on auxiliary feedwater path to steam generator #1 and #2,
respectively.

3. Sent an open signal to MS 106A (steam supply for AFPT #1 from
steam generator #2) and MS 107A (steam supply for AFPT #2 from
steam generator #1) in an attempt to operate both AFPTs on
opposite SGs.

4. Sent an open signal to auxiliary feed pump discharge valves AF
3869 and AF 3871.

5. Sent a close signal "o auxiliary feed pump discharge valves AF
3870 and AF 3872.

Each AFPT tripped on overspeed (4500 RPM) approximately 25 seconds
after initial roll.
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This report documents the review of data from previous unit trips,
the 6/9/85 trip, AFPT testing, and other utility overspeed trips to
determine possible causes of the overspeed trips which occurred at
Davis-Besse on 6/9/85. Based on this review, this report presents
hypothesized causes of the observed overspeed.

Based on review of currently available information, we conclude that
the most likely hypothesis of those considered is introduction of
water slugs into the AFPTs causing overspeed. Based on discussions
with Terry Turbine, water slugs flash as they pass through the
turbine inlet nozzles resulting in acceleration of the turbine rotor.
(It appears that introduction of excessive amounts "cold" water
(greatly subcooled) may slow down the turbine.)

Although introduction of "hot" water slugs is judged to be the major
cause of the observed overspeed, other factors may have contributed
and will be further investigated. These other factors include:

1) AFPT governor problems
2) "Double start" due to switchover of steam supply for AFPT #1.

3) Pump discharge flow was through the minimum recirculation path
only.

SUMMARY OF DATA

In order to determine possible causes of the overspeed trips on
6/9/85, the following data were collected and analyzed. A summary of
the analysis for the 6/9/85 plant trip and several previous trips is
provided.

For each plant trip and surveillance test, the specific sequence of
events was reviewed with particular attention to the following
parameters.

- AFPT speed vs. time

. AFP flow and discharge pressure

- Steam generator pressure and level
- Specific valve line-ups

Figure 1 and Attachwent | provide a summary of pertinent steam and
feedwater system features associated with the \FPTs (for reference).

A. Jupe 9, 1985 Plant Trip Summary

During the June 9, 1985 trip transient, the following sequence
of events regarding auxiliary feedwater flow initiation occurred:

- Steam flow was initially provided to AFPT #1 via the normal
path through MS 106 and turbine speed began increasing.
This was initiated by a steam generator low level trip in
the SFRCS at 1:41:03. Steam flow to AFPT #2 was not
immediately initiated since a low level condition did not
exist in SG #2 at this time.
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- As a result of an operator initiated low steam header
pressure SFRCS trip (1:41:08), the steam supply to AFPT #1
was switched to SG #2 through MS 106A. The SFRCS also
initiated steam flow through the MS 107A flow path from SG
#1 to AFPT #2.

- The low pressure SFRCS trip resulted in switching the
discharge path from the auxiliary feedwater pumps (AF 3870
closed, and AF 3869 and 3871 opened) and AF 599 and AF 608
were closed. The net result of these actions was to
isolate the feedwater dischaige path of both auxiliary
feedwater pumps leaving only the minimum recirculation path
available.

A review of the speed vs. time characteristics for AFPT #1 shows
the typical characteristics of several oscillations prior to
reaching rated speed but the final oscillation was uncontrolled
and increased turbine speed to the overspeed trip setpoint. The
speed characteristics are shown on Figures 2 and 3 of Attachmeat
2.

A review of the speed characteristics for AFPT #2 shows an
uncharacteristic leveling off at approximately 2500 RPM for

about eight (8) seconds from which point turbine spesd quickly
increases to above 4100 RPM, decreases slightly and then comntiaues
to increase to the overspeed trip setpoint. The pause at 2500

RPM could be due to excessive water induction into the turbine.

It should be noted that no previous testing had been performed to
date to simulate a "quick start” using only the cross connects (MS
106A and MS 107A) for steam supply to the AFPTs.

B. Past Plant Trips and Surveillance/Testing Data

Based on our evaluation of previous plant trips and surveillance
testing, we have the following observations:

1) The AFPT speed vs. time characteristic is relatively
uniform for each trip (See Attachment 2).

2) The specific steam supply and feedwater flowpath configura~
tion encountered during the 6/9/85 trip transient has not
previously been duplicated.

The similarities and differences for each of the previous trips
and tests compared to the 6/9/85 event are described below with
particular attention to the hypothesis judged most likely to
have caused the overspeed condition.

1. March 2, 1984 Plant Trip

A review of the trip data indicates that a SFRCS low
pressure trip was initiated during the event due to a stuck
open Main Steam Safety Valve. This SFRCS initiation closed
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the steam supply valve (MS 107) from SG #2 to AFPT #2 and
opened the cross conpect valve MS 107A to supply steam to
AFPT #2 from SG #1. This switch of steam supply occurred
21 seconds (12:37:55) after both AFPTs had been started via
MS 106 and MS 107. A review of the speed vs. time character-
istics (see Figures & and 5 of Attachmert 2), show that
AFPT #2 experienced a decrease of approximately 1000 RPM at
sixteen (16) seconds after the SFRCS low pressure trip.
This speed decrease may be attributed to excessive water
being picked up from the MS 107A line and being carried to
the turbine.

The following differences between the 3/2/84 event and the
6/9/85 event assist in explaining why the AFPTs reached the
overspeed trip setpoint on 6/9/85 but not on 3/2/84.

- On 3/2/84, since MS 107 was open and heating the line,
opening MS 107A introduced only 250' of cold piping,
thereby reducing the amount of water introduced to the
turbine.

- On 3/2/84, additional water may have been introduced
by opening MS 107A because the steam lines were not
drained periodically at this time.

- On 3/2/84, since AFPT #2 was pumping approximately
1000 GPM, if a slug of water occurred from opening of
MS 107A, there would have been more resistance to a
speed increase as compared to the 6/9/85 eveat when
only a min-recirc flow path was available.

- On 3/2/84, both AFPTs had the Woodward PG-PL governors
installed.

Japuary 15, 1985 Plant Trip

This event initiated a SFRCS trip on low SG level which,
due to valve control changes made during the 1984 refueling
outage, opened all four steam supply valves to the AFPTs.
Also, AFPT #2 had the new PGG governor installed during the
1984 refueling outage. The speed characteristics are shown
on Figures 6 and 7 of Attachment 2.

The following differences between the 1/15/85 event and the
6/9/85 event assist in explaining why both turbines tripped
on overspeed on 6/9/85 but not on 1/15/85.

. On 1/15/85, due to the pipe configuration, initial
steam flow to both turbines would have been via the
normal flow paths, MS 106 and MS 107. Therefore,
initial heating of the respective lengths (360' and
125') may have occurred prior to steam flow through
the cross connects resulting in less total mass of
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water introduced to the AFPTs than postulated for the
6/9/85 event.

- On 1/15/85, both pumps had a flow path other thaa
minimum recirculation available, therefore, speed
increases would be accompanied by corresponding flow
increases, thus maintaining loading on the pump. This
flow path was not available on 6/9/85.

March 21, 1985 Plant Trip

This event initiated a SFRCS trip on low SG level that
resulted in all four steam supply valves opening at the
same time.

The speed characteristics are shown on Figures § and 9 of
Attachment 2. A review of the speed characteristics for
AFPT #1 show the typical characteristics consistently seen
on AFPT #1 (i.e., several oscillations prior to reaching

rated speed).

The following differences between the 3/21/85 event and the
6/9/85 event assist in explaining why both turbines tripped
on overspeed on 6/9/85 but not om 3/21/85.

. On 3/21/85, due to pipe configuration, initial steam
flow to both turbines would have been via the normal
flow path, 4S5 106 and MS 107. Therefore, initial
heating of the respective lengths (360' and 125')
would have been done prior to steam flow through the
cross connects resulting in less total mass of water
introduced to the AFPTs than is postulated to have
formed during the 6/9/85 event.

- On 3/21/35, both pumps had a flow path available other
than the minimum recirculation, therefore, any speed
increase would be accompanied by a corre._ponding flow
increase, thus maintaining loading on the pump. This
flow path was not available on 6/9/85.

A review of the speed vs. time characteristics show that
AFPT #2 indicates a constant rate of acceleration until
approximately 35 seconds after initial roll at which time
there was an 8500 RPM decrease in 2 seconds followed by an
1800 RPM increase in 3 seconds. This oscillation may be
due to slugs of water.

April 12, 1985 Testing

After the change-out of the speed setting bushing from a 30
second rated bushing to a 15 second rated bushing on AFPT
#2 governor, two quick start tests were performed to verify
operability. This changeout was performed to ensure flow
was provided by AFPT #2 within 40 seconds as required by
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Technical Specifications. These tests were run on the
normal steam supply path via MS 107 and with the pump
discharge valves closed (i.e., min-recirc path open). Less
than 24 hours prisw to these two (2) tests some additional
testing was done on this same turbine using the same valve
line-ups. This prior testing was performed for trouble-
shooting. Due to the prior testing, the steam lines may
not have been cooled to ambient conditions prior to the two
(2) operability tests being run. The speed characteristics
are shown in Figures 10 and 11 of Attachment 2.

A review of the speed vs. time characteristics shows that
the first run exhibited speed increases which appear to be

a series of step changes rather than a constant acceleration
to rated speed. The second run (performed immediately

after the first) shows a constant rate of acceleration to
rated speed. This is attributed to the fact that the steam
lines were already heated, therefore, there would have been
less condensation.

June 2, 1985 Plant Trip

This event initiated a SFRCS actuation on low SG level.
Both AFPTs were supplied steam from their respective steam
generators via MS 106 and MS 107,

The speed characteristics are shown on Figures 12 and 13 of
Attachment 2. A review of the speed characteristics for
AFPT #1 shows the typical characteristics consistently seen
on AFPT #1 (i.e., several oscillations prior to reaching
rated speed).

A review of the speed vs. time characteristics for AFPT #2
shows a fairly steady increase to rated speed but the speed
continues past the high speed setpoint (3710 RPM) to
approximately 4000 RPM for about three (3) seconds. The
turbine then decreased speed and controlled at the high
speed setpoint. During the initial increase to rated
speed, the speed increases are seen as step changes rather
than a straight line. Thes: step changes, 'nd the increase
to approximately 4000 RPM, may be attributable to water
slugs.

The following differen-es between the 6/2/85 event and the
6/9/85 event assist in explaining why both AFPTs reached
the overspeed trip setpoint on 6/9/85 but not on 6/2/85.

- Both AFPTs were ruaning on the normal steam supply
paths via MS 106 and MS 107, therefore, there could be
less condensation reaching the turbines.
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- Both pumps had a discharge path available other than
the minimum recirculation path, therefore, any speed
increase would be accompanied by a corresponding flow
increase, thus maintaining loading on the pump. This
flow path was not available on 6/9/85.

June 9, 1985 Test Post Tri

After the plant trip, a quick start test was performed on
each of the AFPTs. These tests were run on the normal
supply paths via MS 106 and MS 107. Both pumps discharge
valves were closed such that only minimum recirculation
flow was provided. These tests were run approximately ten
(10) hours after the AFPTs had been shut down, therefore,
the lines were still warm and condensation would not be
expected. The speed characteristics are shown on Figures
14 and 15 of Attachment 2.

A review of each speed vs. time characte. stic shows a
constant acceleration to rated speed. AF.T #1 does not
exhibit oscillations seen at other times. The "smoothness”
of these graphs may be attributable to the fact that
minimal condensation would be expected since the lines were
already heated.

. Modifications

During the 1984 refueling outage, the #2 AFPT governor was
changed out from a Woodward PG-PL governor to a Woodward
PGG governor. The new governor was supplied with 7 "H/ian
buffer springs and a 30 second speed setting bushing

Prior to startup from the 1984 refueling outage, the 7
Ib/in buffer springs were changed ts 16 1b/in buffer
springs by a Woodward Governor representative. The speed
setting bushing was chaoged from a 30 second bushing to a
15 second busing on 4/12/85 to ensure that AFPT #2 could
reach rated speed and deliver flow to the steam generators
in less than 40 seconds as required by Technical Specifications.

During the 1984 refueling outage, the cont ‘ol logic for the
steam supply valves to the AFPTs was changed to allow all

four valves (MS 106, 106A, 107 and 107A) to open simultaneously.
After the 1/21/85 plant trip, the change was revised so

that MS 106A and MS 107A would open only on a SFRCS low
pressure trip. This revision was made based on the hanger
damage found after the 3/21/85 trip. This was considered a
prudent action, the haoger damage was potentially attributable
to water slugs.
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Maintepnance History

The maintenance work done excluding oil replacement since the
1984 refueling outage for AFPT 1-1 is as follows:

1.

Replacing of governor comtrol motor (6-2-85),
MWO# 1-85-1876-03.

NOTE: Iavestigations are current]’ uanderway to determine
cause of motor failure.

Adjustment of governmor slip clutch (6-2-85),
MWO# 1-85~1878-00.

Replace low speed stop roll pin (6-2-85),
MWO# 1-85-1378-01.

The maintenance work done excluding oil replacement since the
1984 refueling outage for AFPT 1-2 is as follows:

1.

Changeout of speed setting bushing (4-~12-85),
MWO# 2-83-0136~11 (See Modification Item C.3 above).

A review of these maintenance records does not reveal any
evidence that could support the overspeed trips of 6/9/85.

Investigation of Overspeed Trip Problems at Other Utilities

Various resources have been used to determine if other utilities
have had similar failures of the AFPls on overspeed.

NPRDS had only one overspeed trip reported.

This occurrence was

the result of the failure of a Woodward Governor ramp generator.
A ramp generator as discussed above is not incorporated in the
design of either the PG-PL or PGG governor.

"Nuciear Power Experience" reported a total of 10 overspeed
trips which are summarized below:

1.

Four (4) AFPT overspeeds were reported due to condensation
in the line.

One (1) overspeed was reported due to a "double start”
(i.e., interruption and re-introduction of steam supply
when the turbine is already rolling).

One (1) loss of suction overspeed was reported (i.e., pump
loses suction pressure which effectively reduces pump
loading) .

There wore four (4) overspeed trips due to governor problems

as listed below:
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- Low vil level in governor

. Mechanical misadjustments
Failed speed senscr (applicable to EG governor only)
Apparent governor valve sticking

The final source of information was the Nuclear Network System.
One (1) response was received which indicated the possibility of
turbine overspeed due to water in the steam lines.

III. CHANGE ANALYSIS

Iv.

The differences associated with the 6/9/85 trip compared to previous
trips and actuations are listed below (conditions listed below
existed only on 6/9/85 trip).

1. Both auxiliary feedwater containment isolation valves (AF 599
and 608) were closed when overspeed occurred. Pump flow was
limited to the min-recirc flow.

2. Both AFPTs were running solely on the cross connect steam supply
valves (MS 106A and 107A) at the time of the overspeed lrips.

8. AFP #1 was started on steam from MS 106 but then was switched to
steam from MS 106A.

These differences are discussed in more detail in Section II,
Summary of Data.

HYPOTHESIZED CAUSES OF OVERSPEED

From the above data and from discussions with the turbine vendor,
Terry Turbine (Ken Wheeler); MPR Associates Inc. (Phil Hildebrandt,
Bob Fink, and Tim Clarke); the following list of possible causes of
overspeed was developed.

A. Water slugs in steam piping to the turbine due to residual
condensation or rapid condensation of steam while heating long,

cold steam supply path to AFPTs

This hypothesis is judged to be a viable description of the
cause of the observed AFPT overspeed trips. Terry Turbine
indicates that the introduction of water slugs which flash
through the nozzles may result in an overspeed condition.

The piping between the steam isolation valves (MS 106, 106A,
107, 107A) and the AFPTs is at a temperature near ambient
conditions. When the isolation valves are opened, steam at
about 500° to 550°F is introduced.

Steam will be condensed in these lines during initial steam
introduction and liue heating. Preliminary calculations indicate
that several hundred pounds of water may be formed in these
lines. This condensate is expected to form water slugs, parti-
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cularly in the long, approximately horizontal crossover lines
downstream of MS 106A or MS 107A.

It is noted that damage to pipe hanger supports on these lines
has been experienced previously, apparently due to transient
operational loads. Steam flow loads would not be expected to
resu.* in hanger damage. Water slug formation or water hammer
may produce these loads. (Inve.tigation of the pipe hanger
support problem was in process prior to the 6/9/85 event.)

The design for the AFPTs is a single stage turbine configured
similar to a bucket type "water wheel”. This design is considered
susceptible to increased speed excursions when water slugs are
iptroduced. Analyses are currently being performed to confirm
this hypothesis.

AFPT 1-1 rolling on steam from MS 106 prior to receiving stesm
flow f.om crossover ("Double Start")

This mechanism may be a contributor to the overspeed trip on
AFPT 1-1, however, it is not considered likely. Discussions
with Terry Turbine, as well as another utility, indicate that if
the turbine is rolling, and steam flow is stopped and restarted,
the turbine may overspeed. This is because by the speed setting
bushing (the internal piece that controls the acceleratiom to
rated speed) being ineffective due to the prior rotation of the
turbine which has increased the governor oil pressure to its
operating pressure. Since the governor oil pressure is established
and controlling, loss or reduction in steam flow results in the
governor valve opening in an attempt to increase steam flow.
when full steam pressure and flow is reestablished, the governor
valve is open further than necessary and cannot close quickly
enough, resulting in an ovaurspeed condition.

This sequence may have occurred for AFPT 1-1 as a result of
initial roll of the turbine on steam from MS 106 followed by
closure of MS 106 coincident with opening of MS 106A. However,
examination of the trip eveut sequence suggests that steam flow
would not have been interrupted during switchover from MS 106 to
MS 106A as the steaam source.

Although considered unlikely, this hypothesis will be tested.
Sudden decrease in pump loa’ due to sudden flow reduction when

discharge flow is abruptly ...yped at the closed valves AF 599
and 608

This hypothesis, althcugh viable, is judged unlikely to have
caused an overspeed trip because discharge piping is assured to
be full at all times tihereby causing the pumps to operate at
min-recirc conditions uatil the discharge valves are open.
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. It is noted that pump operation or min-recirc only may be a
contributing factor to the overspeed because of the decreased
punp load.

D. Governor problems (low oil level, improper settings, ekec. ),
including governor valve and linkage

AFPT #1 has the previously used Woodward PG-PL govermor which
has experienced speed control oscillation problems, AFPT #2 has
the new Woodward type PGG governor design which was installed
during the 1984 refueling outage which has not indicated any
oscillation problems.

Neither governor apparently could respond to prevent the cause
of the turbine overspeed. lowever, it is not considered that
failure or malfunciion of the governors was the cause based on
the following:

1. The speed graphs for the trip indicate that the governors
vere controlling speed as designed during the initial
turbine acceleration.

- 9 Post trip testing shcws proper operation of both governors.

3 The governor on AFP #1 is a PG-PL model with external
Bodine motor for remote speed setting, while the AFPT #2
‘ bas a nes PGG model with an internal motour for remote speed
setting. It is considered unlikely that both of these
governors would fajl at the same time in a manner capable
of causing an overspead trip on the turbines.

4. The govermor vaive was free to move during the trip as
evidenced by the initial decrease in speed after both AFPTs
began to roll.

However, since we have limited experience with the PGG governor
(instailed during 1984 refueling outage), we plan to further
eviluate whether problems with this governor could have contributed
to the overspeed. Prior to installation, an engineerinog evaluation
was performed on the PGG governor, which concluded that this
governor should be functionally similar to the PG-PL governor.

E. Loss of pump suction source, resulting in no pump load

This is not considered a viable hypothesis, since the control
room alarz printer shows no evidence of low pump suction pressure
prior to the overspeed. Also, the 1 psig pressure switch on the
pump suctions did not close the steam supply valves. Further,
there was no decrease in discharge pressure as would be expected
if the suction pressure were lost.

"I' DVW:CER:1rh



ATTACHMENT 1

Stear Supply Fiping Lavout to AEPTs

Figure 1 presents a schematic representation of the steam supply
piping to the Auxiliary Feed Pump Turbines.

The piping configuration downstream of the 4 steam supply isclation
valves are described in more detail below.

MS 106 (SG #1 feed to AFPT #1) - The pipe length of this run is
approximately 360 feet. Iumediately downstream of MS 106 is a
downhill run. The length of the pipe run has several vertical
drops interrupted by horizontal runs. Total vertical drop is
from elevation 623' to elevation 565'. Any condensation is
expected to become entrapped in the steam flow or be carried as
small slugs.

MS 106A (SG #2 feed to AFPT #1) - The pipe length of this run is
approximately 650 feet. Immediately downstream of MS 106A is a
290 foot length of essentially horizontal pipe. After the
steam/water has traversed the initial length of pipe, it ties
into the length of pipe described in item 1 above, which is
immediately downstream of MS 106. The 280 foot length of
horizontal pipe could allow large water slugs to form prior to
entering the downhill run.

MS 107 (SG #2 feed to AFPT #2) - The pipe length of this run is
approximately 125 feet. Immediately downstream of MS 107 is a
downhill run. The total length of the pipe run has an almost
continual downhill flow (i.e., very few long lengths of horizontal
pipe) dropping from elevation 623 to elevation 565. Aay condensa~-
tion is expected to become entrapped in the steam flow or be
carried as small slugs.

MS 107A (SG #1 feed to AFPT #2) - The pipe length of this run is
approximately 375 feet. Immediately downstream of MS 107A is a
250 foot length of essentially horizomtal pipe except for a 7
foot rise near the end of the run. After the rise is a short
horizontal runm and then the steam supply line has a 14 foot drop
and is tied to the steam supply pipe described in item 3 above,
immediately downstream of MS 107. The rise, after a long
horizontal run, will enmable water slugs to form at the bottom of
the rise and be carried downstream after filling the pipe.

Page 1 of 2
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ATTACHMENT 2

AUX FEED PUMP (-1 SFEED DATA
JUNE 9, 1985 - TRIP

--.-...-..I.--"..-.---‘-aﬂ-"..---.'--'..SI..’..'-.-.-

DAaTA TIME AFP 1-1 SPEED
POINT ( S008 )
...---.I.-g-.....'----.'.---'..-..-.--.'--.I.-.---.-.-

i 01:41:06 379

- 01:41307 438.9

> 01:41:08 807.1

- 01:41:09 348.7

- G1:41:10 141S5.1

) O1:41:11 1793.7

7 Olz41:12 <2%0.S

8 Wit41:13 2472.%5

3 01:41:14% 1703.3
10 01:41:15 NO DATA
11 01:41316 1793.7

- O1sd41:17 267%5.2

- 01:41:18 —a90.6

14 71:41: 19 w4 % PR
195 21: 413 20 3

+ 0 .'1.-0..:1 :404.:
7 Olsd41:22 <801.0

1€ 01:41:23 4382.9
19 Ol:41:24 4616.5
=20 01:41:23S oul%.:0
sy 21231336 191S.8

v s 01:41:27 13229
- 01:41:28 1024.4
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ATTACHMENT 2

AUX FEED FUMF 1-2 SPEED DATA
JUNE 9, 1985 - TRIP

DATA TIME AFF 1=-2 SFEED
POINT ( 8018 )
--.-.--..--.---.---‘--'-...--..--.--.-.S'-.--.---.----
1 O1:41:11 —e
2 O1:41:12 S$63S.7
< 01:41:13 S70.2
- 01:41:14 1500.6
S 01:41:15 NQ DATA
s G1:41:16 2599.3
7 D1341317 1786.8
8 01:41:18 1925.1
B 01:41: 19 2132. 6
10 01:41:20 e e P
i1 01:41:21 -oB89.95
- O1:41:22 ao?1.9
13 01:41:23 2478.3
13 012413248 cd&0. T
1% 01:41:25 -2%6.8
18 Ultdlz o 23797
3 013841327 =428.46
18 01:41:28 24535.3
19 01:41:2°9 2987.8
a0 01241320 4113.4
a1 01:41:71 47T&2.6
22 01:41:72 $172.2
- 01341: 33 4162.4
24 Q1:41:34 4418.8
- 01:41:35 4S40.9
26 01:41:36 4658.7
2 01:41:37 4748.S
- G1:41:328 3820.9
s 01:41:3%9 21 20,9
=0 0l1:41:40 1476.2
=1 O1:41:41 1178.8
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ATTACHMENT 2

AUX FEED PUMF 1-.1 SFEED DATA
MARCH 2. 1784

.---.'..-‘.-'.-'-...-.'..-'---....-‘..'----..-..'.ﬂ-.-
DATA TIME AFF 1-1 SPEED
POINT ( S008

1 12337239 18.3
i 12:37: 40 40,2
h 123537141 o20.9
= 2337842 1608.6
s 12337243 1310.1
e 128273449 MO DeTe
7 12337145 NQ DATA
8 2127346 787.5
3 12:37:47 768.0
10 12:37:48 1070.8
il 128373 49 NO DmTh
12 128 37:50 45,4
G- 1213751 1487.%
14 213152 1489.1
18 21273152 1415.1
16 ol Puctr 4§ T 1400, %
17 12:37:8S 1387.4
1€ 12335739 1381.0
19 12137187 s p 5 98-
=0 12:27:58 13756
ol 1233743 1762.°
i 12: 38: 00 1389.0
- 12: 38301 NC DATA
-4 12: 58302 N DAaTA
- 12138303 . 20857.4
=6 12:38: 04 2318.7
o7 12: 58309 2S72. 4
=8 12:28: 08 NO DATA
A 12:38:07 263768.1
0 12:78:08 2Bl 7
>t 12:38:09 2929.2
e 12338310 NO DATA
e 12:38s11 ey .5
T4 13:138:12 NO DATA
33 231368313 NO DATA
-6 12138314 NO DATA

5. 7 12138215 >612.9
=8 12:38:316 3483.95
39 12:58317 NQ DATA
30 2358318 NO DATA

41 128358319 NC DATA
42 12:38: 20 I564.1
47 12:38: 21 -615.4
44 12: 38122 T649.6
45 12:38: 25 664.2
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AUX FEED FUMF

ATTACHMENT 2

MARCH 2, 1984

1-2 SFEED DATA

CATA

POINT

TIME

AFP 1-2 SPEE]

( s018

1IllllllllllllllllllIlllllllIlllIlllllllllllllllllllllllIlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIl?% mmmEmS=

SO0 U)o

o B ¢

) ve vt pe s
£ W

121571 39
12:37:40
12:37:41
12:37:42
12:37:43
12:27:44
12:37:45
12:37: 46
12:37:47
12:37:48
12337349
37:950
=7: 51
s

o/ 8 -

27353
S73154
>7: 958
37256

37:357
~7338
=7: 59
28:00
<831 01
8302
28:03
>8:04
38:09
8:06
-8:07
>B8:08
28:09
=8:10
8311
>8:12
12:38:13
12:38:14
12:38: 15
12:38: 16
12:38117
2:28:18
12:38: 19
12338320
12:38: 21
12:38: 22

128383235

LLET I 1

DB

pppppp»..ppp..pp.a,‘.-....-._-,-,¢.a
e B6 68 % B0 S5 08 99 ee o5 s S8 e 4 a6 e W 80 e

ppRpRDRBR Y
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- -
- -

25.6
198, 3
421.0

1935.5
NQ DRTA
ND DATA
1363.9
1666.7
1947.35
NQ DATA
2267.4
2443, 2
-438%9.s
—=g84.%
::‘7" 1 ‘1

P e

e~ =
P

2°48.7
SCG41.95
~078.1
3207.6
T236.4
NO DATS
NG DATA
—eo®. b
~o8S5.8
2407.8
NO DATA
T48:1.8
T424.9
-488.4
NO DATA
2304.0
NO DATA
NO DATA
NO DATA
T108.0
2078.1
NO DATA
NO DATA
NQ DATA

- -
- - .-

So68.7
T412.7

Z49S.7

-a
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ATTACHMENT 2

AUX FEED PUMP 1-1 SFEED DATA

1 FE
JANUARY 15, 1985

8-.----....-.----!4'..--....--.----’.-'--...-...'.-..-.
DATA TIME AFF 1=-1 SPEED
FPOINT ( S008 )

1 12:28: 38 0.8
- 12:28: 36 4%93.5
3 12:28:37 777.8
B 2:1268:138 1210.0
- 12:28:39 NO DATA
3 2: 28: 40 MO DRTA
7 12:28:41 2243.0
8 12:28:42 1681.7
S 12:28:43 1373.6
10 12:28:44 1783.9
11 12:28: 43 NC DATA
12 12:28: 46 151S8.8
= 2328:47 P08,
14 12:28:48 NO DATA
13 12:28: 49 O ORTA
16 2328350 =7’8%.1
17 12:28: 51 2770.5%
1 12:28: 52 T407.8
1 12:28: 53 NO DATA
> 12:28: %4 S . S
pd 12: 281355 ko
22 12:28:S6 5437.1
- 123268237 Z498.2
24 12:28: 58 T435.9
oS 12:28: 99 Z615.4
26 2:29: 00 NO DATA
- 4 12:29:01 Z649.6
2 2:29:102 >595.8
29 12: 29103 603.2
20 12:29:04 T615.4
>l 12:129:08 2688, 6
- 12:29:06 s813.2
35 12:29:07 3842.5
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ATTACHMENT 2

AUX FEED PUMFP (-2 SFPEED DATA
JANUARY 1S5, 198S

DATA TIME AFF 1-2 SPEED
POINT ( 8018 )
FT T T T Tttt Tttt s+ ¢+ F 2 & B4 & B 0 0 B 0 0 L ) B FESTISSSSEmDEm
1 12:28:54 35,
- 12:28:55 282.1
3 12:28: 56 1197.8
- 12:28157 2118.4
- 12:28: 58 14732.7
) 12: 2813159 1350.7
7 12:29: 00 NO DATA
8 12:29:01 1592.3
S 1231 29:02 1549.4
10 12829103 2T
) B 12:29:04 1518.3
12 12:29:08 1490.8
13 12:29:06 1476.2
14 23 29307 ldo0.4
S 12529308 14c8.9
é 12:29109 1408.9
17 12:1 29110 1471.3
18 2129111 2887.7
19 1212912 T002.4
20 125213 2.7
- 12329314 e
22 12:29: 1S =0 4.4
e 12:29: 16 a9
24 2:29:17 2997.6
% 12:29:18 2024.4
26 12:29: 19 S026.9
4 4 12:29: 20 3086.2
=8 12:29:1 21 088,85
29 121293 22 S097.7
Ay 2329323 5109.9
o1 12:29: 24 2127.0
32 2129125 S139.2
- 12:29: 26 J3146.5
Z4 12129127 =188.7
- 12:29:28 J161.2
36 12:129: 29 3175.8
37 12329: 30 >2175.8
- 2129131 3180.7
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ATTACHMENT 2

AUX FEED FPUMFP 1-1 SFEED DATA
MARCH 21, 1985

DATA TIME AFF 1-1 SFEED
POINT ( S008 )

W~ &) O QW 4O () &)

e

19:354: 16 23. 6
19:54:17 106.2
19:54:18 2s0.8
19:54:19 SS0. 7
19:54: 20 826.5
19:54: 21 1207.6
19:54: 22 1708.2

19:54: 20
19:54:24

19:84:71
19:54: 32
19:354: 33

— -
- -

iam ol 1
e et e

1 19:54:25 NO DATA
i 19:S4: 26 2321.1
b 19:54:27 2819.3
: 19¢S4:28 1979.2
| 19:54:29 I241.8
19:54:30 2328.4 -

3T12.6
2536.0

S134.3

19 19:54: 24 b P
20 19:54: 3% Sabl.3
=1 19:54: 36 =19.9
- 19:54:37 3563.9
- 19:S4: 28 >=81.0
=4 19:54:39 T444.4
s~ 15:54: 40 T4%0.8
P 19:54:41 S508.9
- ¥ 19:54:42 i e 2 |
28 15:54:43 ~Sel.7
9 19:54:44 349%.7
30 19:54:45 I534.8
31 19:54: 46 it g -
32 19:54:47 I871.4
5.4 19:54:48 Tu56.8
z4 19:54:49 NO DATA
> 19:54: 50 8739
3é 19:54:51 NO DATA
> 19:54: 52 NO DATA
3 19:54: 53 I8547.0
9 19:54: 54 3571.4
40 19:54: 5SS NO DATA
31 19:54: 56 =9
az 19:54:57 2%547.0
47 19:54: S8 ceel.”7
EE 19:54: 59 —-591.90
4% 19:355:00 I871.4
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ATTACHMENT 2

AUX FEED PUMF 1-2 SFEED DATA

)

MARCH 21, 158S
’.....'-..-.'-".."----'--.-'.""..'.--.I--.'-
DATA TIME AFP 1-2 SPEED
POINT SO18
--......-...-.---...---------'..--------.--...-----.-.
i 19:54: 15 8,1
- 19:54: 16 b16.6
- 19:54:17 1667.1
4 19:54:18 1520.1
S 19:54: 19 1188.0
s 19:54: 20 1422.9
7 19:84: 21 - o 5
8 19:854: 22 1466.4
S 19:54: 27 1498.2
10 19:54:24 g20.1
11 19:S4: 285 NO CATA
12 19:84: 26 1961.7
13 19:54:27 1584, 8
14 19:54:2S 1547,.0
1S 19:84: 29 1566.5
-} 19:34:30 1S64.1
17 19:84: 31 1608.1
18 19:54: 32 168s6.2
i9 19:54: 323 1776.6
=0 19:54: 74 1802.4
21 19:$4: 33 1874.2
2 19:54: 76 1925.2
Pt 19:54: 37 2035S.4
& 19:54: 28 2147.7
25 19:54: 329 i ooy TP |
26 19:54:40 b o
27 19:54:41 72,3
=8 19:54:42 2%01.6
29 19:54:47 2438.3
20 19:54: 44 2614.2
>1 19:54: 4S5 2421.2
e 19:54: 46 2614.2
4. 19:54:47 2604.4
- 19:54: 48 2602.0
3 19:54: 49 NO DATA
3 19:54:50 2259.7
- 19:84: 51 NO DATA
> 19:54: 52 NO DATA
- 19:54:57 182S5.4
40 19:54: 54 1807.4
41 19:54: 5 NOC DATA
4z 19:84: 36 837 «%
47 19:54:57 Je47.1
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ATTACHMENT 2
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ATTACHMENY 2

AUX FEED PUMP 1-2 SPEED DATA
APRIL 12, 1985 - FIRST RUN

DATA TIME AFP 1~-2 SPEED
POINT ( 8018 )
..-.---------...--.-----..--.-----..-.--.------------
1 04:09:13 as.8
2 04:09:14 30.3
3 04:09: 15 74.5
- Q4:09: 16 716.7
S 04:09:.7 1962.1
) 04:09:18 1744.8
7 04:09:19 1998.8
8 043:09: 20 2123.9
s 04:09:21 2172.2
10 043;09:22 2203.9
11 04:09:23 2457.9
p - 04:09: 24 2448.4
13 04:09: 25 2792.4
14 04:09: 26 I8503.1
& 04:09:27 T678.9
16 04:09: 28 I698.4
17 04:09: 29 3I722.8
18 04:09: 30 T698.4
19 04:09: 31 3710.6
P < 04:09:32 3759.3
21 04:09:33 3801.0
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ATTACHMENT 2
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ATTACHMENT 2

AUX FEED PUMF 1-2 SFEED DFTA
AFPRIL 12, 1985 - SECCND UM

PR ——————— e T T T B L R L
DATA TIME AFP 1=-2 SPEED
POINT ( 8018 )

1 Q4:17:06 = 20 P
- 04317307 eS. &
= 04:17:08 >87.1
- 04:17:09 2199.0
S 08:17:10 1347.4
S Qd317: 11 2148, 5
7 V431712 s 4
8 043173213 =404,.2
S 04:17:14 2633.7
19 043 17:153 -8%5%5.9
11 08:17:16 S073.7
12 24: 17217 ce02.8
'3 4317818 bt e T
14 J43517: 19 -a78.9
19 043 17220 ca’e.4
is 0431732l 2691.1
17 04117102 S703.5
18 08317327 w710.6
LS Od: 17: 24 o 7ig.3
s & 0831738 ) ¥ g%
-l 03317228 h -4
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ATTACHMENT 2

AUX FEED PUMP 1-1 SFEED DATA
JUNE 2, 1983

P —————————— e e el bt bl h
DATA TIME AFF 1-1 SFEED
FOINT ( 8008 )

1 06: 053328 45.2
- 061 0S5:37 125.8
S V63 0S: 78 707.90
- 06:05:39 1083.7
S Q&3 05: 40 1637.4
& D6:05: 41 2470.1
7 Qe:0S:42 1837.86
8 06:05:47 1427.3
Q 0&:0S: 44 1246. 546
1¢ 0&: 03145 269203
& 06:0S: 486 2133:1
06 0S:47 17869.2
1= 163 0S: 48 =846.2
14 0&:03: 47 2074, 9
8- D6:0S: SO SV41.5
1é6 O8I VS3 Sl i PO
17 063 08: 52 080,86
18 06:0%5: 32 2098.2
19 Ve NS: 5S4 >185.6
20 Cot0S: 59 Tati.8
<1 061 08: %6 IT19.9
-— Qe: 08357 Soelee
s Oe:05: S8 ceali.d
-3 Q6s0E: 89 Bt g Y P
P 03061 00 TS . 6
- Qe:106:01 >obl. 4
a7 06:06:02 --8%5.8
- U6 Cos 0T ow8l.0
=9 et 0es D~ <307.8
>0 D61 L6 US et - P
31 06:06:06 T400.9
e 06:06:07 - s90.7
- 0&: 06: 08 T468.°9
KL ad
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—— e e

4
DRI R T -

CATA TIME AFP 1-2 SFEED
FOINT ( 8018 )
.-..---..'--.-.-.-.-.-----..‘.----.-.‘--......'.-'-.---

1 06:30S5:21 40,3
- 06: 0%: 22 A406.6
= 06:08: 23 1627.6
- 0&308: 24 ~418.8
S Oes08: 28 1600.7
= et CSi 25 2113.8
ki 0&:108:27 20786.9
=] 06:05:28 oy G e e
® 063 0%: 29 =2460.7
10 06308330 pev- 7 g PN
11 06:108:31 =619.0
12 16308: 32 =628.8
12 06: 08233 -&41.7
14 06: 053134 o&887.4
- 06:0%:78 =741.1
e 06:0S336 a926.7
17 06: 05337 Sid4.1
18 06:08: 78 T144.1
19 06305: 39 >149.0
po = 06:0S:40 ~146.5
- 06:05: 41 214%.0
o 0630S:42 -158.7
- Q6:08:47 S170.9
-4 06:0%5:44 T200. 2
- 06:08:4S v al83.3
pud 06:0%5: 46 S812.7
a7 06:CE:47 T4B8E. 4
=8 08: U511 48 T
<4 4 N&:0S:49 vS76. 9
el Q6: 053 S0 J610.5
b 06308151 -634.9
b 52 063 0S: 82 T688.6
- A 06:05: 50 o7l ?
-4 06305354 S7681.4
> 06:095: 53 S827.8
=& 06:0S: 56 T866.9
% 2 06: 0S: 37 3920.6
-3 06305: %8 4033.0
N4 06:08: 59 A40237.2
<0 Ve Ve OO B bl
41 Ut 0es Ol =910,9
42 Qo 08302 T87%.1
<2 Q&8s 06303 c8%e: %
44 06: 06104 c8s0.2
iz 6306303 >808.3
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ATTACHMENT 2

AUX FEED FUMP 1-1 SPEED DATA
JUNE 9, 198 - TESTING

P —————————— A ettt b Db b bbbl
DATA TIME AFFP 1-1 SFEED
POINT ( 8008 )

1 13:49: 47 42.7
e 17:49: 44 NO DATA
- 17:49: 45 623.9
4 13:49:46 1007.3
S 17:49:47 1942.6
) 12:45: 48 1876.7
7 13:49: 49 NG DATHA
=] Z:149:350 1412.7
L S:149:51 1854.7
10 13149382 e238.1
11 17:49: 83 ecb2.6
12 17:49: 54 2487.6
13 17:49: ST 2678B. 6
14 1T 49: %8 a728.9
19 15:49: 37 <821.7
1e 12:45: 38 2970.7
17 T:145: 37 2107.4
18 12:350: 00 NO CATA
19 T:1850:01 TT00.4
<0 13150102 NO DATA
-4 13: 20303 NO DATA
g 13:50: 04 NQ DATA
o 13:50:08 NO DATA
s 13:80: 06 >586.1
Pt~ 13:50:07 NO DATA
26 12:50:08 NO DATA
<7 T390 09 3595.8
- 13:50: 10 °873.9
29 13:90s11 TS83.6
20 123:80312 3598.3
>1 13:50:13 TS78.5
-l 13:803 14 S603.6
3= 13:50: 15 ot 4
4 13:50:16 S622.7
o 1T7:50:17 NO DATA
Je 13:50: 18 NO DATA
37 13350219 NO DATA
3 13350320 <622.7
o 13:50: 2 NO DATS
30 S1S50s 22 26329.8
41 13:S0:23 T62I9.8
42 13:50:24 2627.4
47z 13:150:23 3632.9
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ACTION PLAN
S
TITLE

AUXILIARY FEED-PUMP TURBINE (AFPT) #1 OVERSPEED TRIP (Rev. 1)
R R Tt ' r ' SPECIFIC OBIECTIVE

PLAN NUMB

1A

6/24/85

" IDATE PREPARED

W

PAGE

PREPARED 8
C.

I

6

] ot

E. Rupp

Wilczynski

Verify hypothesis to support root cause determination.

PRIME
HFESPONSIBILITY

STEP

NUMSER ACTION STEPS

ASSIGNED
10

ﬁo

Missig

START
DATE

TARGET

DATE
COMPLETED

ALL STEPS OF THIS ACTION PLAN ARE TO BE PERFORMED IN

EUNS———

ACCORDANCE WITH THE LATEST REVISION OF “GUIDELINES TO
FOLLOW WHEN TROUBLESHOOTING OR PERFOIHING‘INVES?IGATlvgr

ACTIONS INTO ROOT CAUSESVSQPRQUQD!NQ T“;,!UNE 9, 1985

REACTOR TRIP".

1.0 | Test of Hypothesis D: Governor Malfunction Caused Wilczynski

AFPT #! to Overspeed.

1.1 | Prepare Maintenance Work Order (MWO) for removal of Wilczynski

governor cover, inspection, and reassembly of governor.
All work to be performed by a representative of
Woodward Governo- C~

1.2 | Remove governor cover on AFPT #1. Hll;zyncki

1.3 | Perform a visual inspection to determine any obvious Wilczynski

-

damage.

1.4 | Check oil 1eve} and cleanliness. H;lggyng}{ik

1.5
~ AUXILIARY FEED-PUMP TURBINE (AFPT) #1 OVERSPEED TRIP (Rev.

Document the as-found condition. Wilczynski

1)

Wilczynski

Thompson

Thompson |

Wilczynski

No Act

DATE

'

jon Requit

ed
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e : T | 1A 20 6
TITLE L oS iR A L O | i T \ E T iy g = | D‘l’f PRFPARGAd ’_REPAhto .; e
AUXILIARY PEED—PUHP TURBINE (AFPT) #1 OVERSPEED TRIP (Rev. !) 6/24/85 C. E. Rupp
SPECIFIC OBIECTIVE ' Wilczynski
D. Missig
Vcrify_hvppthenln to support root cgggg<ggfgyggnation.<m A L R A e O I R e e
STEP N T emme || ASSIGNED | START | TARGET | DATE
NUMBE R ACTION STEPS HF SPONSIBILITY 10 DATE DATE | COMPLETED
el | A y
1.6 | Using Woodward Engineering Representative, determine Wilczynski ' Gradomski

if any repairs are required prior to testing the

| governors. The_bqg;g for this Qetg;!tnutgon will be:

“1( the repairs are 'equited to preclude further damage

R ——

to t§9 governor, turbine, or pump, then the repairs shall
be made. If further ope;atlongfrthe governor will not

cause further da-n;e, then the repairs will be made after
the test for overggggﬁigg run to determine if the failed __4
item could bave caused the overspeed on 6/9/85". Document

all decisions.

— 4 DT — o - - - — S— N e — e

1.7 | Prepare MWO and perfor- repair work as determined in Step Wilczynski | Thompson

1.6. All Hork to be dnne by Hoodvard chtesentative.

1.8 | Install a remote manual trip device in case of failure Wilczynski | Thompson
of the ovetspeed trip.

1.9 | Perform "quick ltatt” test of AFPT #1 using ST 5071. 02 Wilczynski = Missig

Phase | to test ﬂypothgsls b,

- AUXTLIARY FEED-PUMP TURBINE (AFPT) #1 OVERSPEED TRIP (Rev. 1) S T ———— e
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ACTION PLAN
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AUXTLIARY FEFD-PUMP TURBINE (AFPT)Y #1 OVERSPEED TRIV (K
a2 B ' 14 4 4
Verity hypothesis to support oot canse determination,
shed T :
NUMEL
.
2.0 | Test ot Hypothest Condensate in the Main Steam
| Crossover Line Causcd AFF fl to (ruv\.rm-vl.
2.1 | bevelop a Test Procedure (1P) to slmulate as close as

practtcal the actual conditions of the June 9, 1985

AFPT #1 overspeed trip. o brief outline of the TP is

shown belau;

PURPOSE:

- To verify hypothesis that condensate in the cross
conugct steam qupply lines (MS lQbA) can cause an
overspeed trip of AFPT ll._

EQUIPMENT NEEDED:

- Existing plant instrumentation
- Back-up system for tripping turbines manually
- Instrumentation to monitor the thermohydraulic

conditions in the steam supply piping to the AFPTs.

- AUXTLIARY PEED-PUMP TURBINE (AFPT) #1 OVERSPEED TRIP (Rev. 1)
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ACTION PLAN
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e
AUXTILIARY FEED-PUMP TURBINE (AFPT) #1 OVERSPEED TRIP (Rev. 1)

SPErOFIC O R Crive

Verify hypothesis to support root cause determiration.

!;;;:“i 7 . ACTION STEPS
PREREQUISITES:
- Governor is at its high speed stop.
- Steam supply lines to the AFPTs are at ambient conditions.
- Pump discharge valves are closed.
- Verify min-recirc valves are open.
- Steam Cenerator (SG) pressures are greater than 870 psig.
NOTE: SG pressure will be less than 1050 psig and decreasing
| during testing. This will not exactly duplicate the conditions

ot “9/85.
2.2 | Pertorm Test Procedure

| Review test data to verity applicabiiity te hypothesis.

e
.
-

2.4 | Repeat Test Procedure

2.5 | Review test data from second test to verify applicability

to hypotnesis,

AUXViTAa( FEED-PUMP TURBink (arr. il OVERSPEED TRIY (Rev. 1)

PrimMe
Fr SPFONSIBILITY

'

Wilczynski
Wilczynski
lUllczynskl

Wilczynski

ALLKIGNE D
o

’112-5‘8
Wilczynski
Missig

Wilczynski

Y

FLAN NUNMBE
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DATE PHEFARL O

6/24/85

STakd
UATE

|
|

!

VALt

£

. - G

PHLVARE L) 3y

C. E. Rupp
Wilezynskd

FAKGET
Ll

Missig

LA
LMt



ACTION PLAN [ AN MUMGL Y [PAGE

o seus IA { 6 6

ikt e .'U-‘Alt FRE Pake ‘rnu;\mu iy
AUXTLIARY FEED-PUMP TURBINE {AFPT) #1 OVERSPEED TRIF (Rev. 1) l 6/24/85 ’ C. E. Rupp

SEE I L B R Tave

Wil /yn:s‘\l
b, Missig

Verity hypotizsis to support root cause determinavion,

T

h;l&;::t:;u RETION: 3169 ‘m w.r.'r:,.“:'l.m " v' ““.Ji‘(.:" g 0:::1(l 5 |:.|::‘n.: ; l { 1';‘-.':: feis
Ry 4 ; 3 ' |
3.0 | Test Hypothesis B: "Double Start"™ due to cycling ol V\Jllczynskl Wilczynski : No Anll*»u kcquhfd
valves M5 106 and MS 106A. _ | i |
3.1 'l)evelup a Test Procedure (TP) to simulate the cycling ‘:Hilt'zynskl Missig I ' |
lul valves MS 106 aad MS 106A as occurred on 679785, , ; | .
Prerequisites to be the same as shown in Step 4, ; i ll | ;
| .
3.2 | Peiform the TP developed above. ‘ 'Uilczynskl ‘ Missig I' ’
3.3 llllevlem test data to verify applicability to hypothesis. fwilczynski ‘ Wilczynski ‘ I |
3.4 | Perform the TP agaiwn. Wilczynski 1’ Missig ‘ !
3.5 | Review test data to verity applicability to hypothesis. :Ullczynski Wilczynskd | '
4.0 | Write final report to document root cause. ’Nlltzvuski ' Wilczvnski ’ 7
| | |
{
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AUXILIARY FEED-PUMP TURBINE (AFPT) #2 OVERSPEED TRIV (Kev. 1)

SPE ORI OB CVIVE

SRR

Verify hypothestis to support root causc determination.

Sty

NUMHE H

1.0

AUXE,

ACTION ST,

ALL STEPS OF THIS ACTION PLAN ARE TO BE PERFORMED IN
ACCORDANCE WITH THE LAVEST REVISION OF “GUIDELINES TO
FOLLOW WHEN TROUBLESHOOTING OR PERFORMING INVESTIGATIVE
ACTIONS INTO ROOT CAUSES SURROUNDING THE JUNE 9, 1985
REACTOR TRIP™.

Test of Hypothesis D: Govern malfunction caused

AFPT #2 to overspeed.

Prepare Maintenance Work Order (MWO) tox removal ot
governor cover, inspection, and reassembly ol governor.
All work to be performed by a representative of Woodward
Governor Co.

Remove governor cover on ArVT #o,

Perform a visual inspection to determine any obvious damage.

Check o1l level and cleanliness.

| Document the as—found condition.

tAr . FERO-PUMP TURB 1 APCT) #2 OVERSPEED TRIF (Kev, 1)

PHIME
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ACTION PLAN

10 seve
Tt
AUXILIARY FEED-PUMP TURBINE (AFPT) #2 OVERSPEED TRIP (Rev. 1)

SPLOIRIC OB W Cive

Verity hypothesis to support root cause determination,

A I
Sty - = | Prame { ASLHINE L
NUMBE 1 AETION EErS HESPONSIBILITY ] 1o
i iemssiits ) E . e : - ’ i e
1.10) Repeat step 1.9 to prove repeatability. Wilczynski | Missig
1.1l Prepare MWO for repair ot governor for all items that iWilczynski i Thompson
1

were not repalred under Step 1.7 as determined by Step 1.6, |
| !

2.0 | Test of Hypothesis A: Condensate in the Main Steam Wilczynski

1.12 Review data to verily applicablility to hypothesis. :Hllczyuskl i Wilczynski
1 Wilczynski
1
|

crossover line caused AFPT #2 to overspeed.

2.1 | Develop a Test Procedure (TF) to simulate as close as Wilczynski ' Missig

|
|

practical the actual conditious of the June 9, 1985 v !
1 t

|

|

AFPT #2 overspeed trip. A brief outline ot the TP is

shown below:
PURPOSE

- To verify hypothesis that condensate in the cross

connect steam supply lines (MS 107A) can cause an

overspecd trip of AFPT #2.

AUXTLIAKY FERED-PUMP TURB.o:. cobi iy ol UVERSPEERD TRIG wwev. 1)
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AUXILIARY FEED-PUMP TURBINE (AFPT) #2 OVERSPEED TRIP (Rev. 1)

T SPECIFIC CEECTIVE
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Ll vy 6/24/85

PAGE

PREPARED BY

Verify hypothesis to support root cause determination.

Vilconekt

R

STEP START TARGET | DATE
ACT.ON STEPS "SPONSIBILITY DATE DATE |COMPLETED
DU Y- el s Sy
- Existing plant instrumentation. N . = PR =

- Baci-up system for tripping turbines manually.

- l_pptt_e-tntto- to -_oultor tb:_t_h:!:-o!n_yd;gug N

B . S ———

conditions in the steam supply piping to the AFPTs.

PREREQUISITES :

Es Governot is at its high speed stop.

i-— Steam supply lines to the AFPTs are at ambient conditions.
i— Pump dischaige valves are closed.

;— Verify min-recirc valves are open.

| -~ Steam Generaior (S56) pressures are greater than 8/0 psig.

NOTE: SGC pressure will be less than 1050 psig and decreasing
|

during testing. This will not exactly duplicate the conditions

1ul ?;,"’fﬂﬁ.
2.2  Perform Test Procedure.

2.3  Review test data to verify applicability to hypothesis.

AUXTi 1Ax: FERO-PUMP TURB e (nbi i o OVERSPERD TRIP (Rev. 1)

Wilczynski




—— — = - ——— — — T Te—— <-(lll'll.| e — e S ——— e —_—
NEASE TS S T TN = et s
IS WIVSRE—— RESIDUI R = B ea—— S 4 I]\Jﬁl - —— po— i R s oep i . nisusane S
s i 2 ARSI, R Ceea BESINY [Ny N - il i —— - .
—— i ! ul adiah - U a— - e ! -
1 Ris EPSRCPS Sp— R— PR
S —— j'f’ - PORESINISIENN. . - - - ppaigiaapii - — - o . S - W
— — e NSRSy Sap— R

e THSUAZS[TA | THSUAZ5TIN EL.. " i “asnE> 3001 juawndop 031 110da1 [euUl} SITIM | 0°%

T TR iy ‘ 2 , . (*sda3s uojide 1ayio [[® JO

juspuadapuj 3q 031 UOFIJE STYL) -SIFISTIIOEIEYD 2JuPmMiIOjiad

s AL , L F ] peijsapun asned Aew 1Yyl SIOUIIIJJTP AUTWIIIAP 01 10uiaA08

A 10Ui2A08 99d 943l jo uSjsap ayi 23en[eAz | 0°¢

o T TIrmopels | THSUKZOTIA 1d-5d 33 snsa

e eoacaa EGEEE Il.li.ﬁl |||||||| R ma o P e " - N = = = ..“.3“§I°va

. , THASUAZO{IM | THSUL25TIN Kitiiqeojidde £j3j12a 03 1821 puodIs WO1j wILP 1) majAlY | S°7

T BYeeIW | TRSukzOoTIM , , 3 ‘aanpadoig 1831 1eaday v'z

)

03131ew00 |  31vO 31vo o1 AL MBISNOJS 34
3iva | 139Mvi 1MV1S OINDISSY INIMG Sé318 MOV 4315

‘uojilePum1213p asned joo1 1inddne 03 sysaylodly Ljyiap
B199IKH “q

A w&ﬂﬂﬂ.mmwm - P e ‘ . FALDINBO INA1D A4S - el = EL ;= A
ddny 3 ° s8/vz/9 (1 "A9¥) dIML U334SHIAO Z# (1d4dV) INISNAL dWNd-Cd3d ANVITIXOV

ERLAY

S w S a1 PR . vore oy
B HIABWON NV 14 NY1d NOILOV
s ——— =3

—




ACTION PLAN # 1A, 1B

TITLE: Auxil. ...y Feed Pumps Overspeed Trips

APPR.
CHAIRMAN FOR
REV DATE REASON FOR REVISION BY TASK FORCE IMPL.

0 6/20/85| 1Initial Issue See Rkv 0 for approval

| V.
1 | 6/25/85| General Rewrite WM




TITLE: AUXILIARY FEED PUMPS OVERSPEED TRIPS

REPORT BY: Uan Wilczynski, Chuck Rupp Plan No.: 1A and 1B

DATE PREPARED: 6/24/85 Page 1 of 11

This report has been prepared in accordance with the "Guidelines to Follow
When Troubleshooting or Performing Investigative Actions into the Root
Causes Surrounding the June 9, 1985, Reactor Trip," Rev. 4. These guide-
lines were developed in response to Confirmatory Action Letter 85-05.

I.  INTRODUCTION

On Sunday, June 9, 1985, normal feedwater flow to the steam generators
was interrupted. The reactor was automatically shutdown and reactor
heat was removed via steaming through the main steam safeties and the
atmospheric vent valves. The water level in the steam generators was
decreasing and at 1:41:03 a Steam and Feedwater Rupture Control
System (SFRCS) full trip was initiated on Channel 1 due to a low
water level in Steam Generator #1 (SG #1). This SFRCS actuation
attempted to initiate auxiliary feedwater flow by opening the steam
supply valve, MS 106, from SG #1 to auxiliary feedwater pump turbine
(AFPT) #1. Five seconds after the initial SFRCS () 41:08) the
reactor operator inadvertently initiated an SFRCS low pressure trip
on both channels and both steam generators. This low pressure trip
of SFRCS is intended to respond to a steam line break or other
equipment failure resulting in depressurizing a steam generator. The
manual low pressure SFRCS trip initiated the following, as designed:

1. Sent a close signal to MS 106 (which was partially open at the
time) and MS 107 (which was closed at the time).

2. Sent a close signal to AF 608 and AF 599, containment isolation
valves on auxiliary feedwater path to steam generator #1 and #2,
respectively.

3. Sent an open signal to MS 106A (steam supply for AFPT #1 from
steam generator #2) and MS 107A (steam supply for AFPT #2 from
steam generator #1) in an attempt to operate both AFPTs on
opposite SGs.

4. Seat an open signal to auxiliary feed pump discharge valves AF
3869 and AF 3871.

5. Sent a close zignal to auxiliary feed pump discharge valves AF
3870 and AF 3872.

Each AFPT tripped on overspeed (4500 RPM) approximately 25 seconds
after initial roll.



II.

Page 2 of 11

This report documents the review of data from previous unit trips,
the 6/9/85 trip, AFPT testing, and other utility over-speed trips to
determine possible causes of the overspeed trips whi:h occurred at
Davis-Besse on 6/9/85. Based on this review, this report presents
hypothesized causes of the observed overspeed.

Based on review of currently available information, we conclude that
the most likely hypothesis of those considered is introduction of
water slugs into the AFPTs causing overspeed. Based on discussions
with Terry Turbine, water slugs flash as they pass through the
turbine inlet nozzles resulcing in acceleration of the turbine rotor.
(It appears that introduction of excessive amounts of water may slow
down the turbine.)

Although introduction vi water slugs is judged to be the major cause
of the observed overspeed, other factors may have contributed and
will be further investigated. These other factors include:

1) AFPT governor problems

2) "Double start" due to switchover of steam supply for AFPT #1.

3) Pump discharge flow was through the minimum recirculation path
only.

SUMMARY OF DATA

In order to determine possible causes of the overspeed trips on
6/9/85, the following data were collected and analyzed. A summary of
the analysis for the 6/9/85 plant trip and several previous trips is
provided.

For each plant trip and surveillance test, the specific sequence of
events was reviewed with particular attention to the following
parameters.

- AFPT sreed vs. time

- AFP flow and discharge pressure
- Steam geuerator pressure and level
- Specific valve line-ups

Figure 1 and Attachment 1 provide a summary of pertinent steam and
feedwater system features associated with the AFPTs (for reference).

A. June 9, 1985 Plant Trip Summary

During the June 9, 1985 trip transient, the following sequence
of events regarding auxiliary feedwater flow initiation occurred:

- Steam flow was initially provided to AFPT #1 via the normal
path through MS 106 and turbine speed began increasing.
This was initiated by a steam generator low level trip in
the SFRCS at 1:41:03. Steam flow to AFPT #2 was not
immediately initiated since a low level condition did not
exist in SG #2 at this time.
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- As a result of an operator initiated low scteam header
pressure SFRCS trip (1:41:08), the steam supply to AFPT #1
was switched to SG #2 through MS 106A. The SFRCS also
initiated steam flow through the MS 107A flow path from SG
#1 to AFPT #2.

- The low pressure SFRCS trip resulted in switching the
discharge path from the auxiliary feedwater pumps (AF 3870
closed, and AF 3869 and 3871 opened) and AF 599 and AF 608
were closed. The net result of " hese actions was to
isolate the feedwater di.charge pa h of both auxiliary
feedwater pumps leaving only the minimum recirculation path
available.

The speed characteristics are shown on Figures 2 and 3 of Attach-
ment 2. A review of the speed vs. time characteristics for

AFPT #1 shows the typical characteristics of several oscillations
prior to reaching rated speed but the final oscillation was un-
controlled and increased turbine speed to the overspeed trip
setpoint.

A review of the speed characteristics for AFPT #2 shows an
uncharacteristic leveling off at approximately 2500 RPM for

about eight (8) seconds from which point turbine speed quickly
increases to above 4100 RPM, decreases slightly and then continues
to increase to the overspeed trip setpoint. The pause at 2500
RPM could be due to excessive water induction into the turbine.

P . Plant Trips and Surveillance/Testing Data

ed on our evaluation of previous plant trips and surveillance
.sting, we have the following observations:

1) The AFPT speed vs. time characteristic is relatively
uniform for each trin (See Attachment 2).

2) The specific steam supply and feedwater flowpath configura-
tion encountered during the 6/9/85 trip transient has not
previously been duplicated.

3) No previous testing had been performed to simulate a "quick
start” using only the cross connects (MS 106A and MS 107A)
for steam supply to the AFPTs.

The similarities and differences for each of the previous trips
and tests compared to the 6/9/85 event are described below with
particular attention to the hypothesis judged most likely to
kave caused the overspeed conditicn.

1 March 2, 1984 Plant Trip

A review of the trip data indicates that a SFRCS low
pressure trip was initiated during the event due to a stuck
open Main Steam Safety Valve. This SFRCS initiation closed
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the steam supply valve (MS 107) from SG #2 to AFPT #2 and
opened the cross connect valve MS 107A to supply steam to
AFPT #2 from SG #1. This switch of steam supply occurred
21 seconds (12:37:55) after both AFPTs had been started via
MS 106 and MS 107. A review of the speed vs. time character-
istics (see Figures 4 and 5 of Attachment 2), show that
AFPT #2 experienced a decrease of approximately 1000 RPM at
sixteen (16) seconds after the SFRCS low pressure trip.
This speed decrease may be attributed to excessive water
being picked up from the MS 107A line and being carried to
the turbine.

The following differences between the 3/2/84 event and the
6/9/85 event assist in explaining why the AFPTs reached the
overspeed trip setpoint on 6/9/85 but not on 3/2/84.

- On 3/2/84, since MS 107 was open and heating the line,
opening MS 107A introduced only 250' of cold piping,
thereby reducing the amount of water introduced to the
turbine.

- On 3/2/84, additional water may have been introduced
by opening MS 107A because the steam lines were not
drained periodically at this time.

- On 3,2/84, since AFPT #2 was pumping approximately
1000 GPM, if a slug of water occurred from opening of
MS 107A, there would have been more resistance to a
speed increase as compared to the 6/9/85 event when
only a min-recirc flow path was available.

- On 3/2/84, both AFPTs had the Woodward PG-PL governors
installed.

January 15, 1985 Plant Trip

This event initiated a SFRCS trip on low SG level which,
due to valve control changes made during the 1984 refueling
outage, opened all four steam supply valves to the AFPTs.
Also, AFPT #2 had the new PGG governor installed during the
1984 refueling outage. The speed characteristics are shown
on Figures 6 and 7 of Attachment 2.

The following differences between the 1/15/85 event and the
6/9/85 event assist in explaining why both turbines tripped
on nverspeed on 6/9/85 bu* not on 1/15/85.

- On 1/15/85, due to the pipe configuration, initial
steam flow to both turbines would have been via the
normal flow paths, MS 106 and MS 107. Therefore,
initial heating of the respective lengths (360' and
125') may have occurred prior to steam flow through
the cross connects resulting in less total mass of
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water introduced to the AFPTs than postulated for the
6/9/85 event.

- On 1/15/85, both pumps had a flow path other than
minimum recirculation available, therefore, speed
increases would be accompanied by corresponding flow
increases, thus maintaining loading on the pump. This
flow path was not available on 6/9/85.

March 21, 1985 Plant Trip

This event initiated a SFRCE trip on low SG level that
resulted in all four steam supply valves opening at the
same time.

The speed characteristics are shown on Figures 8 and 9 of
Attachment 2. A review of the speed characteristics for
AFPT #1 show the typical characteristics consistently seen
on AFPT #1 (i.e., several oscillations prior to reaching
rated speed).

The following differences between the 3/21/85 event and the
6/9/85 event assist in explaining why both turbines tripped
on overspeed on 6/9/85 but not on 3/21/85.

- On 3/21/85, due to pipe configuration, initial steam
flow to both turbines would have been via the normal
flow path, MS 106 and MS 107. Therefore, initial
heating of the respective lengths (360' and 125')
would have been done prior to steam flow through the
cross connects resulting in less total mass of water
introduced to the AFPTs than is postulated to have
formed during the 6/9/85 event.

. On 3/21/85, both pumps had a flow path available other
than the minimum recirculation, therefore, any speed
increase would be accompanied by a corresponding flow
increase, thus maintaining loading on the pump. This
flow path was not available on 6/9/85.

A review of the speed vs. time characteristics show that
AFPT #2 indicates a constant rate of acceleration until
approximately 35 seconds after initial roll at which time
there was an 800 RPM decrease in 2 seconds followed by an
1800 RPM increase in 3 seconds. This oscillaticn may be
due to slugs of water.

April 12, 1985 Testing

After the change-out of the speed setting bushing from a 30
second rated bushing to a 15 second rated bushing on AFPT
#2 governor, two quick start tests were performed to verify
operability. This changeout was performed to ensure flow
was provided by AFPT #2 within 40 seconds as required by
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Technical Specifications. These tests were run on the
normal steam supply path via MS 107 and with the pump
discharge valves closed (i.e., min-recirc path open). Less
than 24 hours prior to these two (2) tests some additional
testing was done on this same turbine using the same valve
line-ups. This prior testing was performed for trouble~
shooting. Due to the prior testing, the steam lines may
not have been cooled to ambient conditions prior to the two
(2) operability tests being run. The speed characteristics
are shown in Figures 10 and 11 of Attachment 2.

A review of the speed vs. time characteristics shows that
the first run exhibited speed increases vhich appear to be

a sevies of step changes rather than a constant acceleration
to rated speed. The second run (performed immediately

after the first) shows a constant rate of acceleration to
rated speed. This is attributed to the fact that the steam
lines were already heated, therefore, there would have been
less condensation.

June 2, 1985 Plant Trip

This event initiated a SFRCS actuation on low SG level.
Both AFPTs were supplied ste ~ from their respective steam
generators via MS 106 and MS 107.

The speed characteristics are shown on Figures 12 and 13 of
Attachment 2. A review of the speed characteristics for
AFPT #1 shows the typical characteristics consistently seen
on AFPT #1 (i.e., several oscillations prior to reaching
rated speed).

A review of the speed vs. time characteristics for AFPT #2
shows a fairly steady increase to rated speed but the speed
continues past the high sreed setpoint (3710 RPM) to
approximately 4000 RPM for about three (3) seconds. The
turbine then decreased speed and controlled at the high
speed setpoint. During the initial increase to rated
speed, the speed increases are seen as step changes rather
than a straight line. These step changes, and the increase
to approximately 4000 RPM, may be attributable to water
slugs.

The following differences between the 6/2/85 event and the
6/9/85 event assist in explaining why both AFPTs reached
the overspeed trip setpoint on 6/9/85 but not on 6/2/85.

- Boch AFPTs were running on the normal steam supply
paths via MS 106 and MS 107, therefore, there could be
less condensation reaching the turbines.
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- Both pumps had a discharge path available other than
the minimum recirculation path, therefore, any spred
increase would be accompanied by a corresponding flow
increase, thus maintaining loading on the pump. This
flow path was not availabie on 6/9/85.

June 9, 1985 Testing (Post Trip)

After the plant trip, a quick start test was performed on

each of the AFPTs. These tests were run on the normal

supply paths via MS 106 and MS 107. Both pumps discharge

valves were closed such that only minimum recirculation

flow was provided. These tests were run approximately ten ‘
(10) hours after the AFPTs had been shut down, therefore,

the lines were still warm and the amount of condensation

would be less than expected for ambient temperature lines.

The speed characteristics are shown on Figures 14 and 15

of Attachment 2. A review of each speed vs. time charac-
teristic shows a constant acceleration to rated speed.

AFPT #! does not exhibit oscillations seen at other times.
The "smoothness' of these graphs may be attributable to the
fact that minimal condensation would be expected since the
lines were already heated.

& Modifications

1.

During the 1984 refueling outage, the #2 AFPT governor was
changed out from a Woodward PG-PL governor to a Woodward
PGG governor. The new governor was supplied with 7 1b/in
buffer springs and a 30 second speed setting bushing.
Prior to startup from the 1984 refueling outage, the 7
Ib/in buffer springs were changed to 26 lb/in buffer
springs by a Woodward Governor representative. The speed
setting bushing was changed from a 30 second bushing to a
15 second bushing on 4/12/85 to ensure that AFPT #2 could
reach rated speed and deliver flow to the steam generators
in less than 40 seconds as required by Technical Specifica~
tions.

During the 1984 refueling outage, the control logic for the
steam supply valves to Lhe AFPTs was changed to allow all

four valves (MS 106, 106A, 107 and 107A) to open simultaneously.
After the 3/21,/85 plant trip, tne change was revised so

that MS 106A and MS 107A would open only on a SFRCS low
pressure trip. This revision was made based on the hanger
damage found prior to the 3/21/85 trip. This was considered

a prudent zction, the hanger damage was potentially attribut-
able to water siugs.
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Maintenance History

The maintenance work done excluding oil replacement since the
1984 refueling outage for AFPT 1-1 is as follows:

1. Replacement of governor control motor (6-2-85),
MWO# 1-85-1876-03.

NOTE: Investigations are currently underway to determine
cause of motor failure.

2. Adjustment of govermor slip clutch (6-2-85),
MWO# 1-85-1878-00.

3. Replacement of low speed stop roll pin (6-2-85),
MWO# 1-85-1878-01.

The maintenance work done excluding oil replacement since the
1984 refueling outage for AFPT 1-2 is as follows:

1. Changeout of speed setting bushing (4-12-85),
MWO# 2-83-0136-11 (See Modification Item C.1. above).

A review of these maintenance records does not reveal any
evidence that could support the overspeed trips of 6/9/85.

Investigation of Overspeed Trip Problems at Other Utilities

Various resources have been used to determine if other utilities
have experienced overspeed trips of the AFPTs.

NPRDS had only ore overspeed trip reported. This occurrence was
the result of the failure of a Woodward Governor ramp generator.
A ramp generator is not incorporated in the design of either the
PG-PL or PGG governor.

"Nuclear Power Experience" reported a total of 10 overspeed
trips which are summarized below:

1. Four (4) AFPT overspeeds were reported due to condensation
in the line.

2. One (1) overspeed was reported due to a "double start"”
(i.e., interruption and re~introduction of steam supply
when the turbine is already rolling).

3. One (1) loss of suction overspeed was reported (i.e., pump
loses suction pressure which effectively reduces pump
loading) .

4. Four (4) overspeed trips due to governor problems as listed
below:
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- Low oil level in governor

- Mechanical misad justments

- Failed speed sensor (applicable to electronic EG gov-
ernor only)

- Apparent governor valve sticking

The final source of infurmation was the Nuclear Network System.
One (1) response was received which indicated the possibility of
turbine overspeed due to water in the steam lines.

-

III. CHANGE ANALYSIS

Iv.

The differences associated with the 6/9/85 trip compared to previous
trips and actuations are listed below (conditions listed below
existed only on 6/9/85 rrip).

| ¥ Both auxiliary feedwater containment isolation valves (AF 599
and 608) were closed when overspeed occurred. Pump flow was
limited to the min-recirc flow.

2. Both AFPTs were running solely on the cross connect steam supply
valves (MS 106A and 107A) ats the time of the overspeed trips.

. W AFP #1 was started on stezt from MS 106 but then was switched to
steam from MS 106A.

These differences are discussed in more detail in Section II,
Summary of Data.

HYPOTHESIZED CAUSES OF OVERSPEED

From the above data and from discussions with the turbine vendor,
Terry Turbine (Ken Wheeler); MPR Associates Ince (Phil Hildebrandt,
Bob Fink, and Tim Clarke); the following list of possible causes of
overspeed was developed. '

A. Water slugs in steam piping to the turbine due to residual
condensation or rapid condensation of steam while heating long,
cold steam supply path to AFPTs

This hypothesis is judged to be a viable description of the
cause of the observed AFPT overspeed trips. Terry Turbine
indicates that the introduction of water slugs which flash
through the nozzles may result in an overspeed condition.

The piping between the steam isolation valves (MS 106, 106A,
107, 107A) and the AFPTs is at a temperature near ambient
conditions. When the isolation valves are opened, steam at
about 500° to 550°F is introduced.

Steam will be condensed in these lines during initial steam
introduction and line heating. Preliminary calculations indicate
that several hundred pounds of wlter may be formed in these
lines. This condensate is expected to form water slugs, parti-
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cularly in the long, approximately horizontal crossover lines
downstream of MS 106A or MS 107A.

It is noted that damage to pipe hanger supports on these lines
bas been experienced previously, apparently due to transient
operational loads. Steam flow loads would not be expected to
result in hanger damage. Water slug formation or water hammer
may produce these loads. (Investigation of the pipe hanger
support problem was in process prior to the 6/9/85 event.)

The design for the AFPTs is a single stage turbine configured
similar to a bucket type "water wheel"”. This design is considered
susceptible to increased speed excursions when water slugs are
introduced. Analyses are currently being performed to confirm
this hypothesis.

AFPT 1-1 rolling on steam from MS 106 prior to receiving steam
flow from crossover ("Double Start')

This mechanism may be a contributor to the overspeed trip on
AFPT #1, however, it is not considered likely. Discussions

with Terry Turbine, as well as another utility, indicate that if
the turbine is rolling, and steam flow is stopped and restarted,
the turbine may overspeed. This is because the speed setting
bushing (the internal piece that controls the acceleration to
rated speed) is ineffective due to the prior rotation of the
turbine which has increased the governmor oil pressure to its
operating pressure. Since the governor oil pressure is established
and controlling, loss or reduction in steam flow results in the
governor valve opening in an attempt to increase steam flow.
When full steam pressure and flow is reestablished, the governor
valve is open further than necessary and cannot close quickly
enough, resulting in an overspeed condition.

This sequence may have occurred for AFPT #1 as a result of
initial roll of the turbine on steam from MS 106 followed by
closure of MS 106 coincident with opening of A4S 106A. However,
examination of the trip event sequence suggests that steam flow
would not have been interrupted during switchover from MS 106 to
MS 106A as the steam source.

Although considered unlikely, this hypothesis will be tested.
Sudden decrease in pump load due to sudden flow reductioa when

discharge flow is abruptly stopped at the closed valves AF 599
and

This hypothesis, although viable, is judged unlikely to have
caused an overspeed trip because discharge piping is assured to
be full at all times thereby causing the pumps to operate at
min-recirc conditions until the discharge valves are open.
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It is noted that pump operatinn on min~recirc only may be a
contributing factor to the o .rspeed because of the decreased

pump load.

Governor problems (low oil level, improper settings, etc.),
including governor valve anc linkage

AFPT #1 has the previously used Woodward PG-PL governor which
has experienced speed control oscillation problems, AFPT #2 has
the new Woodward type PGG governor design which was installed
during the 1984 refueling outage which has not indicated any
oscillation problems.

Neither governor apparently could respond to prevent the cause
of the turbine overspeed. However, it is not considered that
failure or malfunction of the governors was the cause based on
the following:

1. The speed vs. time characteristics for the trip indicate
that the goveruurs were controlling speed as designed
during the initial turbine acceleration.

2. Post trip testing shows proper operation of both governors.

3. The governor cn AFP #1 is a PG-PL model with external
Bodine motor for remote speed setting, while the AFPT #2
has a new PGG model with an internal motor for remote speed
setting. It is considered unlikely that both of these
governors would fail at the same time in a manner capable
of causing an overspeed trip on the turbines.

4. The governor valve was free to move during the trip as
evidenced by the initial decrease in speed after both AFPTs
began to roll.

Prior to installation, an engineering evaluation was performed
on the PGG governor, which coucluded that this governor should
be functionally simiiar to the PG~PL governocr. However, since
we have limited experience with the PGG governor (installed
during 1984 refueling outage), we plan to further evaluate
whether probleme with this governor could have contributed

to the overspeed.

Loss of pump suction source, resulting in no pump load

This is not considered a viable hypothesis, since the coontrol
room alarm printer shows no evidence of low pump suction pressure
prior to the overspeed. Also, the 1 psig pressure switch on the
pump suctions did not close the steam supply valves. Further,
there was no decrease in discharge pressure as would be expected
if the suction pressure were lost.

DVW:CER: 1rh
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Steam Supply Piping Layout to AFPTs

Figure 1 presents a schematic representation of the steam supply
piping to the Auxiliary Feed Pump Turbines

The piping configuration downstream of the 4 steam supply isolation
valves are described in more detail below.

MS 106 (SG #1 feed to AFPT #1) - The pipe length of this run is
approximately 360 feet Immediately downstream of MS 106 is a
downhill run. The length of the pipe run has several vertical
drops interrupted by horizontal runs. Total vertical drop is
from elevation 623' to elevation 565'. Any condensation is
expected to become entrapped in the steam flow or be carried as
small slugs.

MS 106A (SG #2 feed to AFPT #1) - The pipe length of this run is
approximately 650 feet Immediately downstream of MS 106A is a
290 foot length of essentially horizontal pipe. After the
steam/water has traversed the initial length of pipe, it ties
ioto the length of pipe described in item 1 above, which is
immediately downstream of MS 106. The 280 foot length of
horizontal pipe could allow large water slugs to form prior to
entering the downhill runm.

MS 107 (SG #2 feed to AFPT #2) - The pipe length of this run is
approximately 125 feet. Immediately downstream of MS 107 is a
downhill run. The total length of the pipe run has an almost
continual downhill flow (i.e., very few long lengths of horizontal
pipe) dropping from elevation 623 to elevation 565’ Any condensa-
tion is expected to become entrapped in the steam flow or be
carried as small slugs.

MS 107A (SG #1 feed to AFPT #2) - The pipe length of this runm is
approximately 375 feet. Immediately downstream of MS 107A is a
250 foot length of essentially horizontal pipe except for a

foot rise near the end of the run. After the rise is a short
horizontal run and then the steam supply line has a 14 foot drop
and is tied to the steam supply pipe described in item 3 above,
immediately downstream of MS 107. The rise, after a long
horizontal run, will enable water slugs to form at the bottom of
the rise and be carried downstream after filling the pipe
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Figure 1
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ATTACHMENT 2

auX FEED PUMP 1-1 SPEED DATA
MARCH 2, t1384

DATA TIME AFF 1-1 SFEED
FOINT ( SOC8 )
E 2 2 2 2 2 2 2 2 2 2 2+ 2 2 2 2 F S E F R EE T FEEFE R R R R R R RS RE TR FETFTT
1 12:37: 39 18.3
7+ 12:37:40 4o, T
> 12:37:41 3T0.9
- 12337342 1euS. 0
S 12837243 1910.1
& 12: 37144 MO DeTA
7 12837349 NG DOmTw
8 12: 77146 787.5%
: 12337:47 788.0
10 12:27:48 1O7%.8
i1 12837: 49 NOQ OmTr
12 12127350 1845, 4
13 Q137131 1482.9
i< 1217192 1489,
1S it a7835 1418.1
1s 12357154 190C, %
17 12137188 1282.4
18 12: 357156 1381.9
19 «337: 87 6 ¥ g -
20 2t 27:%58 135726
2 12:37:1 59 1363.9
pae | 12:38:00 1389.0
a3 12128301 NQ DATA
=4 12:138:02 NQ CATA
3 12:38: 03 “0%7.4
=6 12:38:04 eoif.”
a7 12:28:08 risy o P
- la: 381086 NO CATA
29 12:38:07 =636.1
>0 12:78:08 a/Bs. 7
>1 12:28: 09 <929.2
ce 12138310 NO DATA
—-— 12338311 kAo s 8% 1
z4 12:358:12 NO DATA
b« 12:380: 13 NQ DATA
ot 12:383 14 NG DATA
o7 12:38: 195 ohid.®
b ¢ 12:38:1 16 >482.95
39 12:38317 NOQ DATA
0 12:28: 18 NGO CATA
41 123136119 NC DATA
42 12138320 ceed. |
v 12138321 S615.4
44 12:38:1 22 649,08
3 12:138: 23 664.2
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ATTACHMENT 2

AUX FEED PUMP 1-2 SFEED DATA

MARCH 2, 1984

DATA TIME wFF 1-2 SPEED
FOINT { 8018 )
.........-..-.-...-.-.-...-..-..-.---.-.--.---.-.---..
1 128357339 b . T
- 12:37: 40 o3 6
> 12:37: 41 1991
- 12137542 471.0
S 12537343 1938.3
s 12:37:44 NO CATA
7 12137145 NO DATA
=) 12337346 1362.9
L 4 12:37:47 1666.7
10 21 37:48 1947.5
11 12:27: 49 NQ DATA
P 12337190 aabh7.4
12157351 el 0 .
1 121371852 —489.s
1S 123 37:83 2584.9
18 lat 7124 o 4 W
17 12137188 2853.8
18 12137186 -%48.7
135 12837157 041,95
pra s 12:37:158 S078.1
g | 123137:99 ca07.06
e 12:38: 00 vasb.d
o 12:38:01 NQ DATA
=4 12338302 NO DATA
s 12:38:02 Aot S
- 12:138:04 e8%.8
b 5 4 12:38:0% T407.8
=8 12138108 NO DATA
29 198383107 4S81.8
- 12:138:08 T424.53
ol 12:38:09 2488.4
Se 12:38:10 NO DATA
—-— 12138311 2304.,0
b 12:758:12 NO DATA
> 12:38:113 NO DaTA
- 12:38:14 NO DATA
37 12138:18 S108.0
- 12:38s 16 S078.1
- 12:138:17 NQ DATA
40 12:38: 18 NO DATA
4] 12:38:19 NQ DATA
42 12:28: 20 bt %
- 12138121 c268.7
A 121358122 oh13.7
4% 12138127 -458.7
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ATTACHMENT 2

AUX FEED PUMP 1-! SFEED DATA
JANUARY 1%, 158%

DATA TIME ~FF 1=-1 SFEED
FOINT ( SO08 )
EE S b L b P 2 3 P P P E Tt EE P E R E P E F T T T S S S ST FPESESITITYYEYS
1 10:28: 38 =0.8
> 12:283 36 494.5
s 12328137 777.8
- 12:1268: 38 1210.90
-] 12128329 NDO DATA
S 12:28: 40 NO CATA
10:28: 41 aad3.9
g 12:28: 42 1831.3
4 12:128: 47 1373.6
10 12:28: 44 1783.9
11 123283473 NO DATA
8- 12:28: 46 1918.8
R 13328347 bt L.
14 12328148 NO DRATA
18- 12328149 ° NO DATA
16 12:28:8C =788.1
17 12:28: 51 2770.93
18 12:28182 >407.9
19 12:28: 83 NC DATA
i3 12:28:1 954 v508.9
4 12:28: 9% 38273
prdod 12:28:1 %6 437.1
s 12:28: 37 2498, 2
=4 15:28: 58 T446.9
& 12:28: 8 615.4
-6 12129100 NO DATA
g § 12129101 T449,. 8
i 12:29:02 s99s.8
29 12:29:03 2603, 2
20 12:29:04 T61%5.48
i 12:129:08 2688. 46
e «3129:106 oB13. 2
39 12129307 oB842.9
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ATTACHMENT 2

~UX FEED PUMP (-2 SFEED DATA
JANURRY 1S5, 198S

|
\
|
\
|
1
\
DATA TIME AFF 1-2 SFEED |
POINT { 8018 ) ' |
.....'---....-..--.-......-.'-'-..---.-.----...-..--.-
1 12:28: 54 oS. 4
- 12:28: 58 =82.1
b 12:128: 56 1197.8
4 12:20: 57 =118.4
- 12:28:358 147%.7
s 121231959 1390, 7
7 12129300 NO DaTA
s 12329301 1993,
S 12:29: 02 1549, 4
10 12829:02 1973
1a:129:04 1918.3
13 12:29:08 1490,2
3 - 12:129: 086 1476.2
14 12129107, l400.4
19 12:25:108 1468.°9
18 12:129:09 1458.°9
17 12829310 1471, 32
18 12129518 1917.7
19 12129312 002.4
e 2029313 <992.7
4 | 12129314 d031.7
e 12839118 T024.4
av 1329218 =9682.9
P 12129117 997,86
P4 12:129:18 . Tu24.4
ped 12:129:19 *026.9
- 4 12829120 J0S6. 2
P 12339121 -08s.8
=9 12129122 =097,.7
il 12129123 JlU9.9
-4 | 12:129: 24 21870
ve a1 3" 28 >139%.2
o 123129126 -146.5
S 12129127 >158.7
- 12129: 28 viel.2
zé 12129129 >17%.8
7 12129130 °17%.8
het 1212931 S180.7
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ATTACHMENT 2

AUX FEED FUMP 1-. SFEED DATA
MARCH J1, 198S

CATA TIME AFF |-l 3SFEED
POINT (8008 )
Bt 2 L L 2 L PR P T P e T T Y T P Y
1 19:854: 15 3. 6
- 19:854:17 106. 2
- 19:%4: 18 °20.8
- 19:84;: 19 S80.7
s 19:84: 20 826.6
= 19:34:21 1207.6
7 19:%4;:22 1738.23
3 19:84: 27 b~ . i
s 19:54: 24 cass.®
10 19:54: 29 NG DATA
i 19:184: 28 aval.l
12 19:84:27 =819.2
19 19:54: 28 197%.2
14 19:854: 29 vedl.8
18 19:543 30 evald.d
i1é 19:%4: 21 volia. b
17 19184: 32 amoh.0
' 19:84: 22 vida.3
15 19:84: 3 b i o
a0 19:84: 38 sabl.?
- | 19:184;: %6 vei®.9
e 19:54: 37 2o83. 9
a3 19:54: 28 So81.0
P 19:94: 79 T444.4
s - 19184140 T4%0.8
b 19: 8414} +508. 8
a7 19:54: 42 0.1
- 15:84:437 ceeli.”
=9 1915444 v4%S, ?
0 19:94: 43 >524.8
-} 19:84: 46 b4 oy PR
e 19:84:47 I871.4
R 19: %4148 Tose.8
T4 19:1%4; 49 NQC DATA
3 191941 %0 73,
pY 19:%4: %1 NO DATA
o7 19154: 92 NQ DATA
b 19194, 82  847.0
°9 19:1%4: %4 oS71.4
40 19:%4;: 88 NO CATA
41 191541 %6 oe8i.®
az 191854, 57 *8547.0
a7 19:%4: %8 >5el1.7
E 19154, 29 891,90
4% 19:8%100 871.4
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ATTACHMENT 2

AUX FEED PUMP 1-2 SFEED CwmTA
158

MARCH 21,

DATA TIME AFP 1=-2 SPEED
FPOINT SO18 )
.....‘..-'....-.......-.......----.--.-u-..-...-.....
i 19:54: 18 28.1
- 19:84:15 816.6
. 19:84:17 166°,1
- 19:54: 18 1820.1
S 19:94: 19 1188.0
Y 19184120 1422. 95
7 19:94: 21 1837.2
2 19:354: 22 1486.4
9 19:854: 23 1498.2
10 19:854: 24 1820.1
11 19:54:1 28 NG DATA
is 19:84: 28 1961.7
1S 19:954:27 1964.1
14 19:54: 28 18547.0
1S 19:154: 2% 1866.%
& 16 19:84: 20 1564.1
17 1919431 1608.1
18 19:84: 32 1686.2
. T 19154: 37 17%6. 6
=0 19:%4;: 74 1803. 4
4 | 19:%4;: 2% 1874,2
s 19:%4: 78 1938.2
b 19184127 a038.4
- 19:54: 78 ala?,
s | 19:194: 39 ealb. )
prd 19:1%4:140 eads.2
a7 19:184: 4} b g P
p 19:%4:42 evl.e
. 19:%54:473 478,73
>0 1918444 abld,. 2
-4 1 19: 94148 -{ b P
ce 19:154: 46 =614.2
b { 1919447 ~b604,.4
b 1919448 «8602.90
g1 19:54:49 NO DATA
e 19184 %0 sev8.7
o7 191854 81 NO DATA
p-- 19:84: 82 NQ DATA
3 19184: 53 182%.4
40 19:94: 54 1807.4
4] 19154422 NO DATA
e 19:194: %56 i g
“ 19194: 87 847, 1
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ATTACHMENT 2

AUX FEED PUMP 1-2 SPEED DATA
. APRIL 12, 1985 - FIRST RUN
B b B b B S b L2 L PP PP PP EEE E R E E E Y P E T P YT T TP P ST ITTTTSY
CATA TIME AFP 1-2 SPEED
POINT ( 8018 )
A B b b b b b b P P Pl P P T r P P r P P E R P P P P P T T P P P P T I T

1 04:09:13 aSs o
P 04:09:14 30.5
- | Q4:09: 135 74.3
< Q4:09: 16 716.7
S 04:09:17 1962.1
) 04:09:18 1744.8
F 4 04:09: 19 1998.8
= 04:09: 20 2123.3
9 04:09: 21 2172:.2
10 04;09:22 2203.9
11 04:09: 23 24%57.9
12 04:09: 24 ~4648.4

13 04:09: 2% 2792.
14 04:09: 26 -303.1
1S 04:09:27 <&678.9
16 04:09:28 - S698.4
17 04:09: 29 S722.8
18 04:09: 30 3698.4
19 O4:09: 31 3710.6
‘ s 08:09: 32 3759.8
21 04:09: 33 3801.0
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ATTACHMENT 2

=UX FEED FUMF 1~2 SFEED DmATA
AFRIL 12, 198% - SECOND RUN

DATA TIME AFF 1=2 SPEED
FOINT { 8018 )
EESSSEITESSTITSAAWTISTCSIISICEATSISASA T AW BN N NN NN D NSNS NN W S Sm
i Q4317106 o P
- Qa3 17:07 aS. 6
- 0d:17:08 T87.1
< Qd: 17:09 <199,.0
S Q4317110 1847.4
& Q4317311 2148.3
V4 O3 17812 22019
S Q84317313 -404,2
S 04:17: 14 2823.7
10 08317219 -88%5.9
11 D4317: 18 w079 7
1= D4317217 b
B 4 43173118 bt i L
14 J4:17: 19 SeTE. 9
18 O8: 17320 JeTa.4
18 O3 17: 21 s691.1
17 04: 171 2= b g 4« o .+
18 03317227 2710. 8
1S Qs 17324 w’19:8
-l 08 17: 22 “’37:9
4 083 17: 28 27 an:B
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ATTACHMENT 2

~UX FEED FPUMF 1 SF
JUNE 2, 15885

'
-

DATA TIME AFF 1=-1 SPEED
POINT ¢ 3008 )
ER R B B b b B 0 B 5 F 5 5 5 F 5 3 F F 3 F 5 B F BB B gy EmEEESEEn

1 T3 SO ™ 48.2
2 Cas 0837 eg.8
> e 08138 707.0
3 01 03: 379 1085, 7
S Ce3 08340 1627.4
s Do US141 =470, |
7 JoL 0SS 42 1837.8
-] 0o 08347 1427 .3
S Uet 0 44 1248. 58
ic o101 49 93, %
11 Yo 083 48 «138.1
la Vet S 47 1789.2
3 le11%: 48 =84e.2
3 Y0108 49 20T4, S
1S VeiruSt SO SAWE DU
1s CosvSs Sl e726.9
17 Cet10uS: 82 080,86
18 0et108: ST oS, 2
13 08108154 >188.6
o0 0e:i0%: SS vadi.l
=1 6t081 S cwl1¥, 8
e Qa1 08157 yoale s
av Der10%:%58 vobl.48
- Os:.5: 99 Te06. T
ps ! V810610 . ce7S.6
=8 Jer10es 0l T e6l.48
a7 Oe: Ve 0 s>8%.8
- Vet Vet0T ool ¢
=9 Ce106104 vHuT.8
0 0616109 voT8:4
- 41 0610608 40U, S
ve a1 08107 0,7
o9 Oe1 06108 T408.9
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CATA TIME AFF |-2 SFEED
FOINT ( 3018 )
EA A B £ 2 2 E 2 FE P 2  EE R R F Y P P P P P T T P TS TIPS TrrIITESY

1 Qés0S: 214 40,3
- Co:108: 22 408.8
- 06308125 1627.6

- 06:035: 24 2418.8
S wes0S: 238 1600,7

s vesCSisa -4 § 3 9
s 08108:27 au76.9
s Ve 0S: 28 alade o
9 0e3108: 29 =460.7
10 0610 30 aS7s.1
i1 Qe:10S: 31 =819.9
) -4 Ce108:32 «529.°
1% D6 0SB 33 ed1.0
14 Vet 0% 3 -687.4
1S Ve1vS1 IS e’81.1
ile Co10%:1 78 a923s.7
17 086:08:37 =144.1
18 06:0%:78 T144.1
19 086:08: 79 >149.0
20 06:C%: 30 T146.%
pd 06:0%: 41 T149.0
s Ce10%: 42 >1%580.7
pde Qot US43 2170,9
~4 06:0%: 44 *av0.2
- 06108148 calo. 3
pod 06:0%:1 48 o812.7
b 4 Co1.%:147 T4B8E. 4
pg = Vet % 48 oRans D
a” N6:17%:1 49 8782
el 061091 50 oein. S
4 | 061081 %1 T86824.8%
e V6108182 Te88.6
- v Le10%183 olale?
4 Oe1US124 S7681.4
- 08109193 -B27.8
cé 06:10%196 +886.9
- ¥ 06108137 920, 6
e V61081 SE 4033.0
oY Ce10%:129 408%+ o
& Og1 et 00 s98e.4
<1 T RNT T R *910.9
‘s VetUesa *879.1
L T LT Y L 98,
“4 VeL et 4e ot e« P
42 V8106108 +8508.°

Page 23 of 28



AUX - FEED PUMP *
DATE: /2 /o5 t- o

L,-- r—— —_—— v -y~ —— — - - gy
- {r—— wF- p— r%L . - ,_Jv.*}_ —_ —ﬂw}» 54— } . L — +— 4 ——— L-< »~<L—«
- —e M amen amm o o 3 e } — 4 —1 b ——
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TIME (SEC)

B8y |CKD | APPROVED

v

-

LINIWHOVL



ATTACHMENT 2

AUX FEED FUMP (-1 SFEED DATA
JUNE 9, 198% - TESTING

DATA TIME AFF 1-1 SPEED
POINT ( S0U8 )
-m-..n--.-.:.-.---a---..----a--a..a-.----n.-a-..---s
e 17:49:47 42.7
s 17:49:34 NO DATA
. 17:49: 48 622.9
4 12:49: 46 . 1007.3
S 13:49: 47 1942. 6
s 17:49: 438 18376.7
T 17:49: 49 NC DATA
S 12:49: 50 A 812.7
s 13:49: 51 18%4.7
190 12:49: 82 cavB.1
8 | 13:49: 87 aob2.8
12 12:149: 54 =4a7.8
13 17:49: 5% -&78.8&
14 1T:49: %6 a7zh.
S 13549437 «821.7
18 17:49: 98 =570.7
7 17:149: 5% *107.4
18 13:80G100 NO DATA
1% 13: 90101 S0, 4
‘ a0 13180302 NC DATA
21 13: 20103 MEC DATA
a4 13180204 NO DATA
o4 13190308 NOU DATA
- 12:90:06 su586.1
i 12:50307 NO DATA
- 12:80308 NO DATA
a7 13:90: 09 To%s.8
s 12:80:1 10 oS7e. 9
2% 13180s11 T=B8T.6
el ¥ 19180312 v e98.3
. 4 ! 12150813 Bty i
. 12:50: 14 T60E. 6
b o 12:90: 18 -7 - 8y 4
z4 12830216 vhen.?
e 13180217 NO DATA
p 17:950:18 NO DATA
37 12180119 NO DATA
> 13190320 Y m N 4
b 13180121 NO DATA
40 Si1 80125 S629.8
41 13180322 J62%.8
42 151350124 +637 .4
47 15190128 bt T pe
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ACTION PLAN PLAN NUMBER | |PAGE
T i S L S 1A 1o 6
TITLE o T e ' F 4 DATE PREPARED |PREPARED BY
d') QUXIL_I_A!\'!&-PM TURBINE (Al'l‘l') #1 OVERSPEED TRIP (Rev. 1) 6/24/85 C. E. Rupp
e SPECIFIC OBJECTIVE Wilczynski
D. Missig
Verify hypothesis to support root cause determination. -, - oy g e A - _
S e L A S RS e R R T
STEP PHIME ASSIGNED START TARGET | DATE
men] ACTION ST ﬂfs"onsamurl 0 | oare DATE | COMPLETED
- -+ L ,
ALL STEPS OF THIS ACTION PLAN ARE TO BE PERFORMED IN :
: — t
|
ACCOIDAHC! WITH THE LATEST REVISION OF "GUIDELINES TO
FOLLOW WHEN TROUBLESHOOTING OR PEKFORMING TNVESTIGATIVE = - N r
} ACTIOQS INTO lOO‘l' CéUS!S SUIIOUNDING 'l'll! JUN! 9, 1985
REACTOR TRIP".
! SR
1.0 | Test of Hypothesis D: Covcrnor Halfunction Caused Wilczynski Wilczynski No Actlon Requited
AFPT #1 to Overspeed.
...... ?===-—---—=======g§== it . , . o
l.l{ Prcpatc Hatnton.nce Hork OrZer (MWO) for removal of ’ Wilczynski Thompson

governor cover, 1n-pct.tion. nnd teaase-bly of governor. :
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Using Weodward Engineering Regrosentativa. determine

{f any repairs are required prior to testing the
_|sovernors. The basis for this determination will be:
§5 S Sapeies oo pappiend o pyveieds fevsiey demp

to the governor, turbine, or pump, then the repairs ohal}
be -aq.: 7¥f fpx;ﬁg: opcrqtlon_of the governor will not
cause f“?ﬁ“‘{_f"ﬁ!?g»fh‘? ;hc rgpairs will be made qfter
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I ————— N
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Install a remote -nnug! trip device in case of failure
BB B

Perform "quick start” test of AFPT #1 using ST 5071.02
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Verify hypothesis to support root cause dcternlnation. » y
sTEP e LT T ] emme | assicnen | START | TARGET | DATE
NUMBE R ACTION STere RESPONSIBILIT I T0 DATE T DATE | COMPLETED
— — T ﬁlr T
2.0 T.lt of Hypothesis A: Condensate in the Main Steam Wilczynski Wilczynski No Acti#n lequlrﬁd
Crossover Line Cauocd AFPT ll to Overupeed i I
—— v ——— e e e -~ — —
2.1 Dovclop a Test Ptoccdurc (TP) to simulate as close as Wilczynski | Missig
Y . , . SIS
|

P"“‘{f’;ﬂf“ﬁ,{ff?ﬁ}4?°“§!E}?E’ of the June 9, 1985

Am-ﬂ overop_ecd trip. A brief outline of the TP is

lpoun below:

PURPOSE:

- To vgrify hypothen;q that condensate in the cross
~connect steam ;?pply lingn (MS 106A) can cause an

* ovcrapfed trlp of AF?T Ol

FEQUIPHINT NEEDED:

- Ex%lt}ng p}fnt inftru-cntationr

" Back-up system fpt trip?{n; turbines manually

- Instrumentation to monitor the thermohydraulic

conditions in the steam supply piping to the AFPTs.
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NUMBE R ACTION SVEPe L:smnsommv TO DATE DATE | COMPLETED
—— 1 — T [}
PREREQUISITES: |
|
|~ Governor is at its high speed stop.
|- Steam supply lines to the AFPTs are at ambient comditiomns. | | | |
_| =~ Pemp dtecherge velves are closed. :
- Verify min-recirc valves are open. }
- Steam Generator (SG) pressures are greater than 870 psig.
- . . e BN - P ——— ]
~® NOTE: SGC pressure will be less than 1050 psig nndrdercrguln;
during testing. This will not exactly duplicate the conditions
of 6/9/85. e - ‘ : i
2.2 | Perform Test Procedure } - H;;c;yn,kt Missig .
2.3 | Review test data to verify applicability to hypothesis. Wilczynski @ Wilczynski
el s st - B it it
2.4 +lqnat Test Procedure Wilczynski 1 Missig
sl R sttt dhbotrisinimudeliie, ke . . e "
2.5 | Review test data from second test to verify appliccblli;y_ J H&ggnfu Wilczynski .
o hypothesis.
——ep - s — - 3 —y — 1
|
—— 1 - - —_———— e e — e ——— — — — - et tan f
- 5 . - 4 1 | .
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valves MS 106 and MS 106A.
3.1 | Develop a Test Procedure (TP) to simulate the cycling _|Wilezynski | Missig 4
of valves MS 106 and MS 106A as occurred on 6/9/85. r }
Prerequisites to be the same as shown in Step 2.1,
3.2 | Perform the TP developed above. 4H§1cz.yn-k_§_ Missig
3.3 Review test data to verify applicability to hypothesis. Hilczch!i Wilczynski {
3.4  Perform the TP again. Wilczynski | Missig
3.5 | Review test data to vet;f_y appllcabllity to hypothesis. Wilczynski  Wilczynski
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Verify hypothesis to support root cause determination. AL PO P P e, 1< s . T e, o D
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| Y
ALL STEPS OF THIS ACTION PLAN ARE TO BE PERFORMED IN
. ACCORDANCE WITH THE LATEST REVISION OF "GUIDELINES TO |
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ACTIONS INTO ROOT CAUSES SURROUNDING THE JUNE 9, 1985
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1.0 | Test of Hypothesis D: Govcm malfunction cauud Wilczynski | Wilczynski No Actirn Requir*d
- - — - s il —
) AFPT #2 to overspeed. #
i e s e B F
l.l% Prepare Maintenance Work Order (MWO) for removal of Wilczynski ]i Thompson
governor cover, uupection. .nd tean.cably of governor. *
it — — -
All work to be performed by a representative of Woodward
Governor Co.
71r - — - - —_— '
1.2 | Remove governor cover om AFPT #2. Wilczynski | Thompson
4 - —— — - e e - - +
1.3 | Perform a visual inspection to determine any obvious damage. Uilczynnki Thompson
—_— — - - e - e ~- - - - - —— e — 4 v
1.4 | Check oil level and cleanliness. i _ Y 4}i_'i_l__cuz_ynLkg“{J‘E{-_p:fm e s e 4
1.5 | Document the as-found condition. Hﬁllczyus_ki*l ilczynski | — —
= I s ;,IL.:.H;:. == = — .—-J'.:‘ —=
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" 3 :
1.6 | Using Woodward Engineering Representative, determine Wilczynski | Gradomski
An pf any repairs are required prior to testing the '
governors. The basis for this determination will be: 1
B L o i Bl il s o : i C—— ]
e 38 W0 Seputvn o9n Sugnived %o peeshude Sunther danege
to the governor, turbine, or pump, then the repairs shall
be made. 1f further operation of the governor will not
g - s SR, . - b - —_— — - V 1 4 4
cause further damage, then the repairs will be made after
the test for overspeed is run to determine if the failed r
" e e e e e g b s : e T = ] i
item could have caused the overspeed on 6/9/85." Document {
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- S e e ————— . - -1} 4 s
1.7 | Prepare MWO and perform repair work as determined in Step 1.6. Wilczynski {} Thompson }
—— - ey _ - St i — + - !
All work to be done by Woodward Representative.
S i e e D ; - ;| e
1.8 Lllstall a remote -nn-!l trip device in case of failure of U!!cz!nckl ~ Thompson
the overspeed trip.
—l ——— et " - e | - ENRS 1 1 !
1.9 | Perform "quick start" test of AFPT #2 using ST 5071.02 7_‘___‘#!1_1_5;1953"1 | Missig 5 1 .
. Phase | to test Hypothesis D. B “ - 1 e ; }I R
| w {
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crossover line coused AFPT §2 to overspeed. ; 1
?.l bcnlo? o Toqt._gtpc_gdqro (TP) to simulate as close as Wilczynski ! Missig
_  practical the actual conditions of the June 9, 1985 1
AFPT #2 overspeed trip. A brief outline of the TP is | '
shown bclou. ‘
— o | ‘ 4
- ’m!: | ~ ’
™ To vetif! !lyppt_beqil that coqdmute in the cross }
connect steam supply lines (Ms lQ?A) can cause an ;
e overspeed trip of AFPT #2. , ; 4 + | 1
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. e T T
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Y ]

EQUIPMENT NEEDED: Wilczyvnski ' Missig
- lxllua! plnt instrumentation. |
i !!c_kfu_' system for trlr'l_p!tp!_ turblug -pnually.

- la;tn.cntation to gmlltor tbc thor-ohydraullc

e | L i I

conditions in the steam supply piping to the AFPTs.
PREREQUISITES:

- Govermor is at its high speed stop. . {

- Stcg !upply 11qgo to thg A_!‘P‘!’s are at cqbunt cond@tloua.

—t
- Pump discharge valves are clpud. é
F- Verify min-recirc valves are open. J l + |
— - - — — — —— —— ———————— - - - - 2

-~ Steam Generator (SG) pressures are greater than 87) psig.

NOTE: SC pressure will be less than IOSO_ psig and decreasing

during testing. This will not cuctly duplicate the conditions |

+ -
of 6/9,,!_5_‘. ]

PR — . - - — - - - +

Missig fo Tt [

2.2 Perfor_- 'l"_cst Proced_ctc. ﬂilgg_yp__ok}

- -

2.3 | Review test data to verify applicability to hypothesis. ~ Wilczynski Wilczynski |
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‘ MR. ROSSI: I guess I am ready to begin.

What I would suggest we do is just to go through
page by page of the document, and anybody on the team that has
got a question or a comment on it, just bring it up as we go
through.

Some of the things are just questions of
verification, and I have got one of those right now. The
first page. Valves 3869, 70, 71 an 72, those are normally
closed until you get a signal to operate the auxiliary
feedwater pump; is that correct? All four of those are
closed. All right.

Does anybody have anything else on page 1?

MR. BEARD: Just a point of clarification. Up in
the first paragraph there, it says 5 seconds after the initial
steam feed rupture control system, 1:41:08, the reactor
operator inadvertently initiated the steam feed rupture
control system low pressure trip on both channels and both
generators.

We are really saying one channel on each of the two
generators, are we not?

MR. RUPP: Well, I think the main point is that it
did cross-connect the two steam generators to the opposite
sides.

MR. BEARD: But he did not initiate actuation

Channe . 1 and actuation Channel 2 for both steam generators,
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did he?

MR. JAIN: I chink J. T. is correct. We only
tripped Channel 1 on steam generator 1 and tripped Channel 2
on steam generator 2.

MR, BEARD: Okay. I just want to make sure that you
aren't telling me something new here, that's all.

MR. WOOD: This is describing the same item that we
have talked about before, pushing the two top buttons.

MR. ROSSI: Okay.

Going on to page 2, in the second paragraph you
talked about the discussions you have had with Terry Turbine.
Can you give us any more details of how much Terry Turbine has
done to verify that these water slugs can indeed cause
acceleration of the rudder? [ mean have they done
calculations? 1Is this engineering judgment, or exactly what
have they done?

MR, WILCZYNSKI: Since we talked last, we have
talked to Terry Turbine again and we have found out what they
have done in this area, and it is purely their engineering
judgment and their expertise as the turbine designer.

MR, ROSSI: So they have not done an actual simple
calculation to determine whether this phenomena could explain
the overspeed? It's just engineering judgment and nothing
more?

MR, WILCZYNSKI: That's what they told us, yes.
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MR. ROSSI: Have they indicated that other plants
have tep;tted this problem or that they have experienced it on
other Terry Turbines?

MR. WILCZYNSKI: They knew of no other plants that
had had this problem, but we were able to get other data
throughout the industry, as shown in the report from NPRDS,
nuclear power experience and the nuclear network system.

MR, ROSSI: Okay. We will get to that when we get
to the page that has that on it.

Have you considered asking either Terry Turbine or
someone else to do a simulation calculation or something of
that sort to see if this is a feasible mechanism?

MR. WILCZYNSKI: Yes. MPR Associates is in the
process of doing calculations of that type.

MR, ROSSI: Okay. So you are going to do a
calculation to try to verify that this is a plausible
explanation for the amount of overspeed that occurred; is that
right?

MR. HILDEBRANDT: Yes, sir, both in terms of
formation of the water in the lines and acceleration of that
water through the determine and determine whether indeed it is
a viable mechanism for overspeeding the turbine.

MR, ROSSI: And that will be obviously documented
and will either be a part of your root cause documentation or

we can get it if it's referenced in there then,
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MR. WILCZYNSKI: Yes, definitely.

MR. BEARD: On this discussion with Terry Turbine,
the last time we met you had stated that you had talked with
Terry Turbine initially, told them your experience during the
event, and they said, well, that could have been caused by --
and went on to describe this flashing phenomenon, if I can use
that term.

Is it still your opinion that Terry Turbine was
aware of this phenomenon at the time you called him?

MR. WILCZYNSKI: I can't say that they were aware
of it, but as soon as it was brought up in conversation, then
he did lead into the thought that yes, indeed, that could
cause an overspeed condition.

MR. BEARD: I guess I am trying to just understand
who suggested this concept, that's all. The last time we met,
1 was given the distinct impression that Terry Turbine
suggested this as a possibility when you called him, and now
I'm not sure I know whether they suggested i1t to you as an
explanation of their equipment behavior or maybe you had
suggested it and they confirmed it, or --

MR, WILCZYNSK.: I guess the way it came up into
the discussion was we related that we did have an overspeed
condition, and discussio’ led to the fact that water is
presumed to be in our ste:m lines because of the hanger damage

that we had experienced earlier, and we had asked if that
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could be a contributor to the overspeed condition. And then,
of course, their response said yes, indeed, it could.

MR. ROSSI: Now, I gather from your analysis of
speed curves and so forth that, depending on the temperature
of the water that might go through the turbine, it could
either slow it down or speed it up. That's the hypothesis,
right? If it's cold water, it slows it down; if it's hot
water, it speeds it up.

MR. WILCZYNSKI: That's true. The definition of
hot and cold is yet to be determined. There were some very
rough calculations done by MPR yesterday or the day bafore
yesterday showing that cold water, as we had thought before,
being somewhat below the saturation point, could indeed also
speed up the turbine. So we are not sure exactly what the
definition of cold water is, and that will be part of the MPR
analysis.

But there are times when we have seen water going
through the turbine as evidenced by the sentinel relief valve
lifting and spraying water throughout tihe room, and at that
time you see turbine RPMs slow down.

MR. ROSSI: I have in my marginal notes here that in
the sequence of events, there was Steam and Feed Rupture
Control System Channel 2 actuation at 1:3° and 31 seconds into
the thing. Could that have done anything in terms of starting

the motion of valves? I mean you talk about providing flow
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initiallx to the number one auxiliary feedwater pump through
MS 106. Aire you sure that a similar kind of thing didn't
happen with the other pump?

That's really my gquestion.

MR. WILCZYNSKI: Yes. There was no indication
that MS 107 had gone open to supply steam to the number 2 aux
feed pump.

MR. ROSSI: And you have an actual indication that
MS 106 did open?

MR, WILCZYNSKI:®: Yes.

MR. ROSSI: Okay. Do you have anything on page 27

MR. BEARD: Well, I guess page 2 is where you
reference Attachment 1 and Figure 1, and maybe this is the
time to jump over and cover that information before we get 1t
out of context.

As I remember, as I turn the pages here, Attachment
1 is really two pages, a one-page description and narrative
and one page of figures, which, by the way, I think is a
pretty clear figure.

On the narrative éaqe of Attachment 1, a couple of
things that I find, just to make sure I understand. The lines
from 106 and 107 valves are 360 and 125 feet each, whereas the
lines from the cross feed steam valves, MS 106A and 106B, are

650 and 375 each, which means that they are significantly

longer and, as you have indicated, have long runs of
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horizontal pipes.

You had said earlier, I believe, that these pipes
are also not insulated, and 1 believe you had indicated that
they may not have the best design in terms of steam traps or
drains or something like that. Can you make sure that we are
up to date on that? Are they insulated?

MR. RUPP: They are insulated.

MR. BEARD: All pipes insulated.

MR. ROSSI: And the reason they are cold is not
because they aren't insulated, just simply because they have
no flow through them for long periods of time.

MR. RUPP: That's correct.

MR. BEARD: What about steam traps or water drains
or things of that nature?

MR. RUPP: There are steam traps, and the drains off
the traps, but we really haven't done a whole lot of analysis
to determine how efficient those are in terms of how much
water they can take out. Just from preliminary, it doesn't
look like they are going to be able to take out anywhere near
the amount of condensation that is going to be generated.

MR. BEARD: And I believe that someplace else in
this document you mentioned that you had not prior to this
event had a program to periodically drain or flush the system
or whatever these pipes.

MR, WILCZYNSKI: Sometime in mid-1983, Operations
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began a program by which they do periodically drain these
lines.

MR. BEARD: So that has been in effect since
mid-1983, roughly?

MR, SHAFER: Would you explain how that is done?

MR. RUPP: That's what we got from Operations,
mid-1983. Essentially, all they do is uncap the drains and
let the water run out.

MR. SHAFER: What is the periodicity on that; do you
know?

MR. RUPP: No, we don't.

MR. ROSSI: Well, let me make sure I understand.

The mechanism that is being hypothesized is not so much that
you have water in the lines at the start but that you get
water in the lines as the initial steam flow comes down and
condenses; is that correct?

MR. HILDEBRANDT: Yes, sir, that's correct.

MR, ROSSI: So the fact that you have drains in
there to keep them drained all the time when there isn't any
flow through may not help if the drains don't have the
capacity that is sufficient to carry out the condensation that
occurs when the steam flow comes down the line.

MR, HILDEBRANDT: That's correct. Any residual
water would tend to worsen the effect. We don't know if there

is very much residual water, but what you just said is
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correct, and we do not expect that the existing traps have
sufficient capacity to handle the large amount of condensation
initially involved with entering steam into the cold lines.

MR. LANNING: So why do you dismiss the hypothesis
that the water came on to start with?

MR. HILDEBRANDT: We don't dismiss that.

MR. LANNING: Why do you think it is not that
residual water that's the primary source of water that
adversely affects the turbines?

MR. HILDEBRANDT: It could be part of the
mechanism, The amount of water that has been drained
periodically out of there is a small amount. Do you recall,
Chuck, the amount?

MR. RUPP: Yes., For the most part it is just a
mililiter or two. There was one occasion where we did have
more than that, but most of them, all you are getting is the
amount of water out of the actual bucket coming off the pipe
and down the drain line.

MR. ROSSI: Are these drains continually in
operation or are they something that people have to go and are
they either capped -~

MR. HILDEBRANDT: The drains associated -- I'm
sorry.

MR. BEARD: 1T believe you said earlier, and correct

me if I'm wrong, that the periodic drain consisted of going
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around and uncapping these drains, so I presume that between
times, they are capped.

MR, HILDEBRANDT: The drains also have traps
associated with them, The traps are not designed to be very
efficient -- and the word "efficient"™ has to be quantified and
has not yet been -- but they are not very efficient during
periods when there is very little pressure in the pipe, and
the drains are aligned the condenser, which is the normal
lineup for these systems.

But the efficiency of the traps in these conditions
has not yet been determined.

MR. ROSSI: But the real point is that even in a
drain that has a very small capacity, and as long as it works
at all, would probably drain most of the water out that would
collect in the piping when it is not being used at all, but
then along comes this transient where you condense a lot of
steam suddenly, and it just wouldn't have the capacity to
handle 1t.

MR. HILDEBRANDT: It appears to be that way so far.
We do not have the final answer, but it appears to be that way
so far.

MR. ROSSI: Wayne, you had a question?

MR, SHAFER: VYes. It appears that if in 1983 you
decided to periodically start draining those lines, then you

had to know at that time that your steam traps were not
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capable of handling the problem. 1Is that a fair statement?

MR, RUPP: I don't think anybody here can answer
that. The decision to start draining was done by Operations,
and we don't really have all the background.

MR. BEARD: Is there anyone here representing that
department, the Operations Department?

MR. BEYER: We really don't have any body from the
Operations Department.

MR. BEARD: I had another question., Secause they
are describing the layout of the pipes, it brings it to mind
that someplace in the document you say that in the piping -~ 1
believe it's associated with MS 107A, where there is, I
believe, a 250-foot long essentially horizontal pipe, and then
a rise -- that this could cause the accumulation of several
hundred pourds of water?

Can anybody give me any feel for something a bit
more precise than several hundred pounds? [ assume you have
done some calculation or some estimate to come up with that
statement. I'm just wondering can we get a better feel for
what we are talking abou*,

MR, HILDEBRANDT: Chuck will get the actual
numbers. The calculation is done on a steady state basis,
presuming the steam -- that you have taken all the heat
capacity available in the pipe and condensed the water and

brought the pipe up to the temperature of steam.
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Now, those are very conservative numbers. They do
not consider the transient effects.

On that basis, which is very conservative, those are
the numbers that Chuck will now read to you.

MR. RUPP: On the 107A side -- well, just the
258-foot long length pipe, it was about 640 pounds mass
condensate.

MR, ROSSI: Okay. Can we go on to page 3?

MR, BEARD: Yes. I just thought it would be a good
way to get that one into context.

MR, ROSSI: I do note that you now apparently
checked your testing for the whole life of the plant, and your
conclusion is that the steam supply and feedwater flow path
configuration on the 9th had not previously been duplicated in
either real operation of the system or a test, When you say
that, does that mean both of them cross-connected to the other
steam generator, or does it mean that you have not even tested
individual lines cross-connected to the other steam generator?

MR, WILCZYNSKI: I'm not sure exactly where you are
reading, but it's true that we have not tested either of the
cross-connects for a quick start on the turbines.

MR, ROSSI: Okay. And that's over the lifetime of
the plant,

MR, WILCZYNSKI: Yes, that's true.

MR, BEARD: And wasn't there a period of time where
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you modified the logic such that on any start, all four steam
valves would open?

MR, WILCZYNSKI: Yes, that's true.

MR. BEARD: And [ believe there were some starts
while the system was configured that way.

MR. WILCZYNSKI: Yes.

MR. BEARD: And then you had some more water hammer
experience so you revised the logic back to something
equivalent to what it had been?

MR, WILCZYNSKI: That's true.

MR. ROSSI: What was the reason for the original
modification to open up all four valves at the same time?

MR. JAIN: It was basically based on the
reliability or the PRA study that we submitted to the NRC in
1981, which evaluated several options for improving the system
reliability versus an optional -~

MR. ROSSI: So it was not to solve a water hammer
problem; i: was really to increase the redundancy of the steam
supplied to the pumps. 1Is that basically the reason?

Mk, JAIN: Basically that is correct. And the basic
intent there was to provide a redundant path so if an MOV
failes to open, you have another path for the turbine to run,
and MOVs were found to be one of the most dominant
contributors in the study.

MR. ROSSI: Okay. And then after you did that
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modification, you did find water hammer prorlems in the lines
as evidenced by hanger damage.

MR. JAIN: Correct.

MR. ROSSI: But you never had any overspeed trips of
the pumps or anything like that?

MR. JAIN: Not to my knowledge.

MR. ROSSI: The pumps must have been operated in
that configuration --

MR. WILCZYNSKI: They were, and there were no
overspeeds.

MR. ROSSI: Okay.

Does anybody have any more questions?

MR. BEARD: I have one. About a third of the way
down on page 3, you say that you then reviewed the speed and
time characteristics for pump number 1, and you mention that
their oscillations -- and I guess at one point the oscillation
becomes uncontrolled, but I would like to understand, and
maybe this is the right place and maybe not, but I would like
to understand that these oscillations -- I would like to
understand what you believe the cause is for these
oscillations.

In particular, is it water? 1Is it governor
response? Or is it some combination or something different or
what?

MR. WILCZYNSKI: Right now we believe that the cause
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of these oscillations is indeed due to water.

MR. BEARD: Do you have any experience that says
when you don't have water in the lines, the speed curve comes
up nice and smooth?

MR. WILCZYNSKI: If you turn back to the speed
curves, the June 9th testing that was done after the trip,
it's page 26 and 28 -- maybe ten back from the back of the
report -- shows aux feed pump number 1, 6/9/85 testing. This
was done approximately ten hours after the plant trip.
Therefore, the lines were still warm, and you see that the
graph is quite smooth all the way up to rate of speed.

MR. BEARD: So you believe that there was no
condensate involved in that start?

MR. WILCZYNSKI: Right.

MR. BEARD: Okay, thank you.

MR. ROSSI: Does anybody have anythina on page 4?
Page 5? Page 67

MR. BEARD: Page 6. In the second paragraph there
it says review of the speed-time characteristics showed -- and
here we are talking about an occurrence on April 12, 1985 of
testing -- says a review of speed-time characteristics showed
speed increases appeared to be a series of step changes rather
than a constant acceleration to rated speed.

I'm just wondering if you had any explanation or

more information as to why that occurred.
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for no flow through that whole time.

MR. HILDEBRANDT: Thruogh that period, yes.

MR. BEARD: Can I ask a question on that trace? I
guess it's page 2 of 28 in Attachment 2, which is the speed
trace for pump No. 1 during the 6/9 event. 1[I was trying to do
some of the kind of thing that Ernie was just describing
myself, and I had difficulty in relating the time scale to any
of the previous information we had with regard to time, and I
am wondering if we can establish some way to correlate these
things.

It seemed like the peak speed up here before the
sharp decay should correspond to the time of the overspeed
trip. 1Is that correct or am I missing something there? I
need to establish some time reference so that I can then go
back and say, okay, because I now have a time reference to the
event, ! can know when valves close and open.

MR. RUPP: The page prior to it has the time in
seconds and the related speed.

MR. WILCZYNSKI: Data Point 19, which is time
1:41:24

MR, BEARD: Okay. S0 it's 1:41:24 is the time of
the overspeed trip.

MR. RUPP: Okay. The times as shown there -- I'm
not sure which is which, but there is a 6-second difference

between the two computer times, so the actual overspeed trip
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MR. HILDEBRANDT: Approximately 6 seconds should be
added to the data in Attachment 2. I think that editorial
comment ought to be put in here just to make it clear.

MR. BEARD: Okay. Well, if I do that, which is what
I had done yesterday, you assume that the peak of this curve
is 1:41:31, okay? Then 1 go back through the alarm printer
and ask myself what valves are doing what. What 1 come up
with is that 3 seconds prior to the actual overspeed trip, the
discharge valve to steam generator No. 1 is no longer open,
and I come up also that at the point on the curve that you
have labeled as 10 seconds into the start, that is actually
1:41:22, and that is the time at which the steam generator
isolation valve -- 1 assume it is 608 -~ is fully closed, It
is 10 seconds into the start. And that causes a little valley
in the acceleration curve that appears.

MR. HILDEBRANDT: Again, there are two check valves
downstream of the pumps. You will see on one side of them
steam generator pressure which is somewhere between 930 and
999 pounds. On the upstream side of those check valves or
immediately downstream of the pumps, the pumps are somewhere
less than that pressure by several hundred pounds. Yes, sir.

MR, BEARD: Right. I was just trying to not draw
any significance from it, but I understand at least the point

in time on the acceleration curve where the valves were
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chanqing_pouition. So it appears that the full cycle of the
isolation valve 608 was during the first ten seconds of the
start of this pump.

MR. LANNING: Well, you must be careful with using
the alarm printouts for determining valve positions because
they are not by themselves an absolute indication of whether
the valve is closed or open.

MR. BEARD: Well, let me ask that. [ assumed that
there were some position switches where you get like an A and
B contact on a breaker so get either a not fully open, open,
not fully closed, or closed. You know, those kinds of
indications. 1Is that incorrec  or inaccurate?

MR, JAIN: It should give you either NC or NO or
things .ike that, which are off the limit switch.

MR, LANNING: That's right. And the ones I was
gquoting a minute ago were either open, closed, or not open.

MR. JAIN: 1If it says not open, that means that it's
just starting to close.

MR. BEARD: That's right. So the pump's discharge
valve was starting to close just as the final acceleration
took place that led to the overspeed.

MR, WILCZYNSKI: Which discharge valve are you
referring to now? 38707

MR, BEARD: 1 think 387@0. It's not 608, No, 608 is

labeled on the alarm print as the inlet isolation valve, and
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the discharge valve is a different beast.

MR. WILCZYNSKI: Right.

MR. ROSSI: Did you superimpose what was happening
to 3870 and ‘that bunch of valves also, to make sure that they
couldn't have closed and and taken load off the pump right
before the overspeed trip?

MR, WILCZYNSKI: We also did look at that, and if
you notice at @1:31:34 and 35 the crossconnect discharge
valves, 3869 and 3871 indicate full open at that point.

MR, BEARD: But that's after the pumps tripped.

MR. WILCZYNSKI: But that shows that they were
beginning to open at the same time the 3870 was beginning to
close. S0 now, that flow path would have been available.

MR. BEARD: I understand.

MR, ROSSI: Well, in testing that you do, assuming
that you go through and you can't prove that it was the water
by itself, and that could happen I guess, then [ assume you do
have the ability to go back and start actually operating the
valves at the same time during the pump startup as what
occurred in the event. I mean, you would be able to do that.

MR. WILCZYNSKI: That's true. We would be able to
do that,

MR, ROSSI: Okay. I'm not suggesting that you add
it to your plan now because if you go through and you find the

root cause is the water and you prove it's the water and so
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forth, t@on that becomes kind of an unimportant point. If you
go through and you can't cause them to overspeed again, then
that could be a different problem.

Okay. Does anybody have anything on page 7 before
we go to page 8?

Okay. The first question that I have on page 8 is I
wanted to get a better understanding of this nuclear power
experience reports that you got.

MR. BEARD: May we go off the record a moment?

(Discussion off the record.]

MR, ROSSI: Back on the record. On the nuclear
power experience information here, -- and I would like to
caution people that you ought to be careful for the transcript
purposes of g /ing specific plant names or anything of that
sort that may be considered proprietary.

But the nuclear power experience reports that are
summarized here. Item 1, the four overspeeds that were
reported due to condensation in the line -- can you tell us
whether that means the same phenomena as what you believe you
had? Those four cases?

MR, RUPP: Talking to the plants that we've been
able to contict, we seem to be unique in that our valves are a
long distanc+ away, The plants did have what they presume to

be condensation build up into their line, but it was because

of inadeguate steam traps, and whenever they actuated -- the
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inlet valves are right next to the turbine, and they would
have thcuatoam and the water going into the turbine
immediately. And they would have overspeeds in a lot shorter
time than what we did.

They did contribute to condensation in the lines.

MR. ROSSI: Okay. And it was more than one plant?
I mean, it was not all the same plant.

So what you're saying is your summary of experience
here, you've contacted -- were they four different plants?

MR. RUPP: Three different plants -- well actually,
four different plants, yes. One was a similar utility.

MR. BEARD: Wait a minute. The information
contained in the nuclear power experience -- is that
proprietary information? I don't think it is,

MR, RUPP: 1I'm not sure.

MR. ROSSI: Well, I'm not sure we need -- we can get
the plants presumably, if we want to know them. We can get
that, but you're saying that there are reports from four
different plants that they believe they have had overspeeds
due to condensation in the lines that may not have been
exactly the way things worked out for your plant but something
similar.

MR. RUPP: Correct.

MR. ROSSI: That gives additional credibility to

your hypothesis.
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MR. LANNING: Not exactly. What I heard you say was
that this was residual water that remained in the lines, not
condensation due to steam flow.

MR. HILDEBRANDT: Wayne, we very carefully said
earlier that we're looking at both, We think the primary
reason is the one of condensation which would make steam.
Both are being considered.

MR. LANNING: But I'm trying to understand the
"due to condensation in the line" part of this statement on
number 1. It's not condensation during steam flow; it's
before steam flow is occurring.

There's a difference. I'm trying to understand the
difference because I don't understand the source of the water
yet.

MR. RUPP: Well, the condensat.on 18 going to come
from steam no matter what, The difference in our situation is
that we have cold pipe upstream that is condensing the water;
theirs is that they have a hot pipe that sits and the water
condenses.

MR. LANNING: So in the operating experience the
water is in the pipe before the steam admission valves are
opened, Is that what you're saying?

MR. RUPP: Correct,

MR, ROSSI: So the similarity is really only the

flashing of the water as it goes through the turbine, [ mean,
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that part is similar., How the water got there may be
different, but the thing that adds credibility to your
hypothesis is simply the fact that they believe the water
going through the turbines, regardless of its source, caused
them to overspeed on four different plants.

MR. RUPP: True.

MR. ROSSI: wWnat did they do to fix the problem? Do
you know?

MR, WILCZYNSKI: There were various fixes,

MR. ROSSI: But they did, indeed, make fixes based
on the assumption that it was that problem,

MR, WILCZYNSKI: Yes.

MR. ROSSI: Does anybody else have anymore questions
on page 8?7

MR. BEARD: The only one 1 had was, 1 guess this
being pretty much the end of your review of history, did you
say eavlier that when you talked to the Terry Turbine folks,
the vendor's experiences, that he had none of these problems
reported to him previously?

MR, RUPP: Yes, that's true.

MR, BEARD: Okay, thank you.

MR, ROSS1: Page 9 I do have another very
closely-related question. You talk about information from the
nuclear network system, and you got one response which

indicated the possibility of turbine overspeed due to water iIn
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the steam lines. Is that based on somebody's experience, or
their engineering judgment or what?

MR. RUPP: It was strictly engineering judgment.

MR, ROSSI: So it's not a fifth occurrence of the
phenomena, or a possihle fifth occurrence.

MR. RUPP: Right. They did not, in fact, have an
overspeed, but that was listed as what possibly could happen
from it.

MR, ROSS!: Okay. Anybody else have any comments on
page 9?7

MR. BEARD: MHere's the point at the bottom of page 9
where he said the several hundred pounds of water could have
formed. This was a 640 pounds or ~- I guess let me ask you a
different question. What's the total number that would be in
that place for all the different lines and all the different
places?

MR, MILDEBRANDT: J.T., let me caution that these
numbers are on the basis we talked about earlier.

MR, BEARD: I realize that.

MR, HILDEBRANDT: And they may be misleading, but we
can give you those numbers later.

MR, BEARD: I'm just trying to get a ballpark feel.
Are we talking %000, 100,

MR, HILDEBRANDT: I just want to make sure you

appreciate how they were done,
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~ MR. BEARD: Yes, I'm trying tec do that,

MR, WILCZYNSKI Okay. On aux feedpump No. 1 which is
valve MS-106, the calculations show approximately 8@0@ pounds
of water in that line. Side No. 1 crossover, MS-106A,
approximately 1500 pounds. Aux feedpump No. 2, through valve
M5-107, 250 pounds. And aux feedpump No. 2 through MS-107A,
approximately 90@ pounds.

MR, BEARD: I think you ought to briefly scope the
assumptions used for those calculations.

MR, ROSS!I: Here, just for the meeting.

MR. BEARD: Right now, yes.

MR. HILDEBRANDT: 1'l] repeat what I said earlier.
One, that we assumed a cold pipe and ambient conditions to
make steam at ! believe between 550 degrees; we take the total
heat capacity available to you and you heat the pipe up and
condense the steam, it's basically heat balance, energy
balance. And you determine how much water you ccild have
formed in that condition with no consideration of time; it's a
steady state -- how much total water could I probably condense
in that cold pipe.

The actual transient event will, in all likelihood,
look different than that.

MR, ROSSI: So what you did is you took the enthalpy
change, water going to steam times the unknown pounds of

water, and you said that equaled the heat capacity of che



1@

i1

12

13

14

15

16

17

18

19

21

22

23

24

25

34
metal ot“thc piping times the total pounds of the piping, and
you solved for the pounds of water. Is that a good
description?

MR. HILDEBRANDT: VYes, sir, that's correct.

MR. SHAFER: Let me ask a question because I recall
earlier you said that when you did the periodic drain on those
crossover pipes that you got about a liter of water out of
them, Isn't that so?

MR. RUPP: Yes,.

MR. SHAFER: So the residual water then is a very
smali part of this amount of water that could be in there. Is
that what you're saying?

MR. RUPP: To the best of our knowledge, yes.

MR, LANNING: I'm having a hard time understanding
that, {f that's the case. In other words, after you have had
steam in those lines and you isolate those lines initially
that's going to cool and condense, why is it there's only a
liter of water after those lines cool down, compared to
hundreds of pounds of water when there's steam flow in those
lines initially?

That's got to be part of your hypothesis when you
get to that point,

MR. HILDEBRANDT: VYes, sir.

MR. ROSSI: MHave you done any even preliminary

calculations yet on the turbine overspeed as to how many
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po''nds ot water it may take to cause the turbine to overspeed?

MR, HILDEBRANDT: Those are being done right now,

MR, ROSSI: So you don't have the same kind of
preliminary, back of the envelope calculations on that?

MR, HILDEBRANDT: No, sir.

MR, ROSSI: Okay. Anything on pages 1@ and 11?7

MR. BEARD: Yes. I had one on page 1@. In Section
B in your hypothesis regarding the double start, at the end of
that paragraph there is a sentence there that says the
governor valve is opened further than necessary and cannot
close quickly enough, resulting in an overspeed condition.

Have you discussed with the vendor, the Terry
Turbine folks, the impact of water in the governor or its
speed capabilities to respond?

MR, WILC2YNSKI: There was discussion with Terry
Turbine about the water condition in the governor valve and
the design of the valve was strictly for the steam flow, and
they did say that with water in there, the valve would have
trouble closing.

MR. BEARD: S0 If there was water at that point, it
would tend to be reluctant to come off the high speed stop
during the initial acceleration phase, and | suppose that
would suggest, then, that it would tend to allow the motor to
accelerate further than it would (f the governor were working

as fast as it normally would.
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: MR. WILCZYNSKI: That's true., If the governor were
trying to close the valve with water in it, their feeling is
that it would not be able to as easily as it cogld If just the
steam were there.

MR. GRADOMSKI: The governo: speed-setting motor at
that point in time has nothing to do with it,

MR, ROSS1: Have you now looked at the Terry Turbine
information supplied with their pump and governor specs anl
that kind of thing as to whether the kind of limitations on
steam quality and so forth that they are telling you verbally
were thare in their written material provided with the pump?

MR, WILCZYNSKI: A cursory glance at the instruction
manual 4id not indicate that they had given us any warning or
told us what the quality of steam should be.

MR, ROSS1: Have you found anything that indicates a
quality requirement for the steam going to the Terry Turbine?

MR, WILCZYNSKI: No, not as of yet,

MR, ROSSI: Are you ready for page 117

Now, the governor valve and the Terry Turbine,
everything associated with the auxiliary feedwater pump
overspeed is in this document, so you are looking at the
governot and the turbine, and then you are going to test it
for your overspeed hypothesis. That's all here?

MR, WILCZYNSKIt That's true,

MR, ROSSI: And the governor vendor will be there
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for lool}nq at the governor, and Terry Turbine people will be
there for looking at either the governor or the turbine, 1!
would assume.

MR, WILCZYNSKI® They will be there for the testing
of the turbine.

MR. ROSS1: And when you try to reproduce this
phenomenon, the Terry Turbine people will be involved in that,

MR, WILCZYNSKI: VYes, sir.

MR, LANNING: And you will be looking at the
governor's performance not only as it ralates to your
overspeed but also control of the turbine later in the event.

MR, WILCZYNSKI: There will be an investigation of
the new PGG governor that will take place simultaneously with
the rest of the action plan to reseacrch i(ts design
capabilities,

MR, ROSSI: Late in the event on June 9th, were you
finally able to get normal control room control back on both
of these pumps?

MR, JAIN: It is my understanding that later in the
event, they were controlling aux feed from turbine locally
using the trip throttle valve, The indication that 1 have io
that the’/ had not attempted to take control from the control
room to infer that the operation from the control room was
inoperable,

MR, BEARD: Well, maybe you have more recent
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information than we do, but let me recall to your attention
that Friday a week ago tomorrow, we had a meeting with you
folks in which we discussed our sequence of events to make
certain that we were in factual agreement and that we had the
latest information from you folks, and at your request, we
added a statement on here at the time of entry 01:53:22
discussing the aux feed pump No. 2 that the pump could not be
controlled from the control room.

I{ you are talking hours later, that may be true,
but during the course of the event, up through, say, four
minute after 2 a.m., our present understanding is that at
least No. 2 could not be controlled from the control room, and
I believe the man who developed your sequence of events for
you =« I want to say Stan -~ also indicated that on pump
No. 1, that one was questionable because he didn't attempt
it. It either could be or could not be, but since he didn't
try it, we don't know.

Now, are we in conflict here? Do you have some
more recent information that causes us to change our sequence
of events again?

MR, JAIN: Well, let me tell you my reasoning for
disputing that, I haven't been able to subastantiate that we
indeed had a problem with the No, 2 control from control
troom. Unfortunately, the operators who were handling this,

they were not avallable for the last few days. There i»s
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nothing that told me from the computer output or anything that
they were attempting to control it from the control room.

MR. BEARD: I believe that there is some information
on computer output, and I'm talking from memory now, but there
are several places, at least two or three, where it says
manual essential switch, and the flag is trouble, and then it
would say normal. I assume that is where they would try it,
and then apparently take it back out. Because a switch was in
an abnormal position for that condition of the plant, the flag
came up trouble.

From that, we deduced that he had tried it in
manual; for one reason or another, he took it back out.

MR. JAIN: Your deduction is correct, but the
timing, I think, is from 1:46 to 1:50, one o'clock, 46
minutes, to one o'clock, 5@ minutes. At that time he did
indeed have a problem with taking control from the control
room, but we correlated that to not being able to open the
trip throttle valve.

This here is 1:53, and I cannot correlate that with
anything at all.

MR, BEARD: Well, I guess what we need to do is go
back to John over here and say: John, if you are the senior
person and therefore the spokesman for the company, we would
like to get one story from the company, and we trust that you

as the senior person will coordinate all your people and tell
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us if thg sequences need to be revised.

MR. WOOD: We will need to caucus and get that
story uncrossed.

MR. ROSSI: Well, in any event, the governor and the
turbine are currently under quarantine, and anything that is
done on those as part of troubleshooting for whatever reason
is -- there will be the records and so forth kept of it. I
mean it is entirely possible that when you start looking at
the governor, you may find some additional problem that wasn't
even recognized that probably occurred during the event, or
some problem that may have been unrelated to the overspeed
condition that would have caused it not to be operable later
in the event after they reset the trip throttle valve.

Do you have anything more until we get to the back?
Do you have anything on curves that you want to ask
specifically, J.T. or Wayne?

MR. BEARD: I have no questions on the curves.

MR. LANNING: I want to understand why there is
going to be an analysis done in lieu of or in addition to
actual tests to try to quantify water in the steam line
problems.

MR. WILCZYNSKI: I'm not sure I understand what it
is you are looking for. Yes, it is true we are going to do an
analysis. At the same time --

MR. LANNING: Are there also plans to do a test of
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the auxi}iary feedwater system using all the valves in the
steam emission lines?

MR. WILCZYNSKI: As detailed in the action plan.
First there will be a test using the normal valve lineup
through MS 106 and 1987, and then there will be a test using
the cross-connect valve lineup through MS 106A and 107A.

MR. ROSSI: Were the temperatures allowed to reach
appropriate values that are consistent with what they were
during the event, I assume, after the first test?

MR. WILCZYNSKI: That's true. Right.

MR. BEARD: Are you referring in the detailed action
plan 1A to item 2.1? This would be page 4 of 6, I guess. Is
that what you are referencing?

MR, WILCZYNSKI: Right. 1Item 2.1 is the test using
the cross-connect valve MS 106A.

MR. BEARD: And you said there is another place
where you are going to do it on 1067

MR, WILCZYNSKI: Yes. The first test, if you turn
back to page 1, is the test using Valiva M§ 106. Actually, the
test is Step 1.9.

MR, BEARD: Oh, I see. So you are saying something
that is really not written on the page here, aren't you?

MR. WILCZYNSKI: That's true. Our normal ST 5070
102 is using the normal valve lineup, and that is not clearly

stated here.
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~ MR. BEARD: So this would be using MS 106 only?

MR. WILCZYNSKI: Yes, sir.

MR. HILDEBRANDT: Did that answer the question?

MR. BEARD: No, I was just trying to lead up to it,
but -~

MR, ROSSI: Well, Wayne's question, as I understand
it, was simply are you going to do a test as well as do
analyses? And the answer I heard was that you are going to do
both. You are going to do the analysis and you are going to
do the test, and I would assume you are going to get the
analysis done before the test. And if you find out from your
analysis that none of this hypothesis makes any sense, then
you are going to be back looking at the hypothesis again, I
would think.

MR, HILDEBRANDT: Yes, sir. There are two major
reasons for doing an annlfiis. One is the one you just
stated, and two is there is no direct way to measure water
slugs in the pipe even if we managed to recreate an
overspeed. You are measuring indirectly the other
instrumentation in the line. We are trying to make a
comparison between what can be measured, which you can show
analytically, and what you observe in terms of an overspeed.
You have no direct way to measure the actual phenomenon,

MR, BEARD: What about uncapping the drains?

MR. HILDEBRANDT: I can see water. I still don't



19
11
12
13
14
15
16
17
18
19
20
21
22
23
4

25

43
know that the water says that is the problem. [ have to make
some sense analytically and empirically, and by empirically,
both in terms of finding perhaps an overspeed plus other
indications of pressure, temperature and other measurements be
made on the line.

MR. BEARD: Well, is it a correct assumption that
your plan would include some way of getting wvhatever data is
available on the amount of water that is accumulating? Maybe
it is crude, as you were saying a minute ago, but is that part
of the plan, is what | am asking, and I think that is what
Wayne was asking.

I didn't read that into it, but maybe it's an
implication that the thing of using M§ 106 only is in there
somemplace, but -~

MR, AILDEBRANDT: 1I'm not sure I can deduce that
information, but we can go think about that because the water
does not stay in the water state., It will evaporate as it
exhausts or, you know, it doesn't stay in the turbine or
anyplace else. | mean as [ exhaust to the atmosphere, |t
again evaporates. As I expand it to the turbine, it
evaporates. I'm not sure that | can get any quantitative
information from that, but we can look at that further. We
hadn't tried to use that particular indication,

MR, ROSSI: Well, you know, needless to say, when

you come back with your identification of the root cause,
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that's going to get much more fine-tooth-comb reviewed by us

than the action plans because that is going to be the crux of
the whole thing, you know.

We have got to make sure we know what caused these
problems, and I just caution you again to keep very careful
records of everything you do; and where it is practical to do
tests to prove your hypotheses that are conclusive, that is
obviously the best way to do it if you can do that safely
pecause ! think that is far more believable than analytical
work.,

And that is one of the reasons why we are asking you
to look at the test on the valves because |t appears that
what you have got here (s several pleces of equipment that you
may not find any broken parts in but you have sort of strange
phenomena that occurred because of very special conditions on
June 9th, and it was in three or four different pieces of
equipment , 80 your root causes are going to be looked at
pretty deeply.

Do you have more on the plan? [ don't have anything
more,

MR, BEARD: I think just a couple of real tiny
gquestions, In Step 1.l where you are taking apart the
governor, is it part of your plan to have photographs of this
area?

MR, WILCZYNSKI: That will be done, It's not
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written there, but yes, that will be done.

MR, BEARD: On Step 1.6 on the next page, this is
part of your program where you say you are looking to see if
the governor is the culprit, and you have a statement in here
that says if repairs are required to preclude further damage
to the governor, turbine or pump, then repairs shall be made.

I have two questions in this area. One, wouldn't
this constitute a hold point for your lead individual to be
advised and to come in and decide what to do further? And
secondly, if you got to that point, wouldn't that be prima
facie evidence that you have a governor problem?

MR, WILCZYNSKI: Yes, that's true, If we do find a
problem with the governor, that will be a hold peint,

MR. BEARD: And | suppose at that point you would
also want to advise the NRC in the (orm of elther your senior
resident inspector or Reglon ) because of the general
guidelines under which all these troubleshooting action plans
are developed,

MR, WILCZYNSKI: That's true,

MR, ROSSI! Let's see, The testing of the water
phenomena can only be done with the plant hot) is that
correct?

MR, WILCZYNSKIY Yes. We might get to Mode ) -~

MR, ROSSI! When are you planning, schedule-wise, to

do thias?
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MR. WILCZYNSKI: I'm not sure that we have any
restraints on Mode 3.

MR, WOOD: Well, it somewhat depends on how we go
about some of the other action plans, and if we need to
sequence such that we have some of the other things identified
and under control before we take the flant into a hot
condition., We have not put that whole sequence together of
what it would take to get to Mode 3,

MR, ROSS8I: Do you have even any rough idea of the
kind of schedule you are thinking of?

MR, WOOD: No, we don't,

MR, ROSSI: Do you have any comments on the Mode 3
or siything more?

MR, SHAFER: No, It's fairly obvious that some of
the other action plans will have to be completed before they
go to Mode 3. | can't postulate when that is going to happen.

MR, BEYER: | would even think that we may find some
of our corrective action plans will have to be completed to
assure operability before we have done Mode ), and some of
those may be extensive where we nave generic implications,
it's diffloult now to even guess at when Mode ) would be,

MR, BEARD: Well, [ guess one of the considerations
I8 that at the time where you have accumulated some
significant results on items of major interest as a result of

your troubleshootin: and are prepared to give us the story on
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the root cause and defend whatever that position turns out to
be, we are thinking along the line of maybe comeing to the
site to hear that presentation and also, if possible, to see
the equipment; so we are beginning to think along the line of
what time frame that might be, but 1 get the general
impression it's not going to be this week or next.

MR. WOOD: 1 think that's probably a safe
assumption, and I will also say we are not precluding going to
Mode } and coming back down again, It's not our intent,
necessarily, to proceed from Mode 3 rigat on up through the
sequence. You know, we are considering heating the plant up
and then bringing it back down.

MR, ROSSI: Do you have any more on the action plan?

MR. LANNING: Depending on what we find out about
the governor valve and control of the aux feedwater pump
turbine late in the ovont.wtll determine whether that specific
area will be also included in this action plan.

If you find that you could not automatically control
the aux feedwater pumps, that will bs factored into this
action plan,

MR, WOOD: It probably would not be factored into
this action plan, but there may be a couple of action plans
that would have to be integrated in order to sequence the
thing properly, if ! am understanding your question.

MR, LANNING: Let's assume for a moment that because
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the governor valve was malfunctioning, you could not assume
automatic control of the pump.

Now where would you diagnose the reasons why the
governor valve malfunctioned?

MR. WOOD: You have an action plan for the trip
throttle valve that I believe you have seen, and we have
another action plan dealing with the problems or non-problems
with auto central control from the control room.

MR. BEARD: We have not seen this?

MR. WOOD: That's right.

MR. BEARD: One of the problems that we are running
into, John, is that the way -- we are not familiar with that
piece of paper. How you have broken it up has never been
presented to us. S0 we are now taking time to ask questions,
like this one we are on now.

MR. WOOD: The way that was broken up is addressed
in our action items list that was provided very early. There
is listed a 1l(a), 1l(b), 1l(e).

What we have been discussing is Action Plan l(a) and
l(b). You have discussed Action Plan 1(d), which is the trip
throttle valve. 1l(c) is the auto central control.

MR. LANNING: [ don't ever recall seeing a list of
action plan numbers with the equipment at this point.

MR. BEARD: I think i.'s fair to say that if we ever

saw it, we don't remember it. And it's very possible we never
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saw 1it. I

MR. ROSSI: That is your latest one that we have
just put in the record now?

MR. LANNING: Would you state what that is?

MR. WIDEMAN: This is the action item list from the
6/9 reactor trip that was developed by Toledo Edison, and the
current revision of this list is Rev. 2 dated June 18, 1985.

MR. BEARD: Does someone have a copy that we can use
to put in the record?

MR. ROSSI: Well, we will simply have a copy made of
it and give it back.

How many total action plans are we now talking about
for quatrantined equipment?

MR, WOOD: I can tally that up and get back to you
very shortly on that.

MR. ROSSI: Well, if you don't know off the top of
your head, we can count them, I guess.

MR, WIDEMAN: Understand that this says 26 on it,
but not all of this is items that deal with equipment on the
freeze list. There are other items that Toledo Edison is
looking at that you will not be getting action plans for.

MR. WOOD: A typical example is the steam generator
integqrity. We evaluated the steam generators because of a
concern for delta-Ts, and that would be an entry on our action

items list.
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_ We have issued -- the team has issued a Revision 2
to onr preliminary sequence of events, and we would like at
this time to let you know there is a stack here for your
access.

MR. HILDEBRANDT: Ernie, if you wish, as we come
back -- we went past one point of Wayne's with regard to
residual water sitting in a line, and when we come back from
lunch, there is a possible explanation, and we could perhaps
go through that and see if he understands that point, if you
wish.

MR, ROSSI: Okay, fine. We can do that. We can
start with that.

So why don't we break now?

[(Whereupon, at 12:00 o'clock, noon, the meeting was

recessed, to reconvene at 1:00 o'clock, p.m., this same day.]
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AFTERNOON SESSION
(1:1@0 p.m.)

MR. ROSSI: All right, let's go back on the record.

We caucused on the auxiliary feedpumps overspeed
trips, and 1 guess we have no more comments on it at this
time. And we will be waiting for your identification and
justification that you found for the root cause, and we will
obviously go through that very carefully. So just make sure
it's all well-documented and supported by tests and analyses
as needed.

MR. LANNING: The record should show that prior to
the recess for lunch, that we were discussing an action item
list, and that should be Exhibit No. 4.

[The document referred to, marked Exhibit No. 4,

follows:]



ACTI

EM LIST

To SUFP Initiation of Water

® Evaluation of thermal shock
considerations on both S/G's
(CAL Item 5)

® Maximum S/G shell differential
temperature (CAL Item 5)

FROM 5 Rx TRIP
Page 1 of 6
NRC
1SSUE/CONCERN TED LEAD SUPPORT EVAL/CONCUR COMMENTS
AFW Pump Turbine Governor Control
#1 AFWPT - Wilczynski Hartigan
1. Establsh cause(s) of inad- Missig
vertent trip (CAL Item 3a) MPR
2. Determine and implement
corrective action to pre-
vent recurrence
(CAL Item 3b)
#2 AFWPT -
1. Establish cause(s) of inad- |[Wilczyonski Hartigan
vertent trip (CAL Item 3a) Missig
MPR
2. Determine and implement
corrective action to pre-
vent recurrence
(CAL Item 3b)
Auto/Essential Control Problems Jain Yarger
Trip Throtile Valve Problem Gradomski Terry
Turbine
SG Integrity/Cycle Impact Due Chen B&W N/A Preliminary info. from B&W indicates

no problems. Draft report due from
B&W on 6/19/85.

Rev. 0 - 6/11/85
Rev. 1 - 6/14/85
Rev. 2 - 6/18/85



. ACTI N TEN LIST
FROM 85 Rx TRIP
Page 2 of 6
NRC
it 1SSUE/CONCERN TED LEAD SUPPORT EVAL/CONCUR COMMENTS
Actions of Operators 0'Connor Derivan
Adequacy of Procedures
4. Classification of the Event Scott-Wasilk 0'Connor Complete 6/13/85 (AB5-204H)
Under the Emergency Plan
(EAL Pg. 3 of 37)
Basis for event classification
(CAL Item 5)
. SFRCS Half Trip On One Level Yarger Stalter Problem appears to be analytical,
Input new bistables and response to
secondary pressure upset after
turbine trip.
6. SFRCS Alarms Miller Lingen~
felter
s MSIV/SFRCS Response Miller Jain MSIV's may have properly responded
Yarger to low level SFRCS trip which

Establish cause(s) of unexpected
valve closure (CAL Item 2a)

Determine and implement correc-
tive action (CAL Item 2b)

Conduct testing to ensure
operating as required
(CAL Item 2c)

cleared quickly. Related to Item 5.

Rev. 0 - 6/11/85
Rev. 1 -~ 6/14/85
Rev. 2 - 6/18/85




‘ ACTI. LIST
FROM 6 5 Rx TRIP
Page 3 of 6
NRC
# ISSUE/CONCERN TED LEAD SUPPORT EVAL/CONCUR COMMENTS
8. MFP Control System Blay J.Johnson Action plan ready for NRC FFT
Missig on 6/18/85.
® Establish cause of inadvertent Topor
trip of #1 MFP (CAL Item 4a) Isley
G.E.
® Determine and implement correc-
tive action to prevent recur-
rence for both MFP's
(CAL Item 4b)
9.a Damaged turbine bypass valve Raynes Hiss
Lammon
b. Water hammer indication during
transient
10. PORV Condition - Cycled 3 Times Isley Straube
(3rd cycle looked inconsistent) Marley
# of Stress Cycles
13. Discuss Event With Ottawa Scott-Wasilk N/A Completed - 6/11/85 at 1:00 p.m.
County Commissioners (AB5-203H)
(Significance)
12. S/G Isolation Valves Capability Long Bajestani |6/14-Action Troubleshooting expected to begin
To Open Against Large D/P plan ap- 6/18/85.
(AFW 599 & 608) proved for
trouble-
shooting.

Rev. 0 - 6/11/85
Rev. 1 - 6/14/85
Rev. 2 - 6/18/85
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. AcT I TEN LIST

FROM 85 Rx TRIP
Page 5 of 6

I1SSUE/CONCERN COMMENTS

Complete Items 1-5 of CAL.
Obtain concurrence of Regional
Administrator Prior to Restart,
Mode 2 (CAL Item 6)

Perform Testing and Demonstrate
that the AFP's Will Operate as
Required (CAL Item 7a)

Perform Testing and Demonstrate Gradomski Hartigan
that the MFP's Will Operate as Missig
Required (CAL Item 7b)

Appropriate Test Results, Con-
clusions and Corrective Actions
Shall be Reported to the NRC
Resident Inspector (CAL Item 7c¢)

Obtain Concurrence from Regiomal
Administrator Prior to Exceeding
5% Reactor Power

Main Steam Walkdown (Outside
Containment)

® Document any walkdown performed Raynes Completed - info. given to NRC.
® prior to June 12 approx. Dieterich
5:00 p.m.

Rev. 0 - 6/11/85
Rev. 1 - 6/14/85
Rev. 2 - 6/18/85




G8/81/9 - T "A3d
Sg/91/9 - 1 "a
G8/11/9 - 0 "A9Y

‘qmnd11> wado
1auuog ur (eas aeSrisaaur - 901 SH o i
-ayetradoadde 31
SUOTIdE DATIDIII0D JUTWIINI(]
ajetradoadde
219m SUOTIOE JT JUTWIININ]
‘sdund Mgy 031 vorlons jo
1a381e} eqnz) 12JSURI] 1318M IDTAIIS MITAIY ‘9z
"G8/81/9 paiaels sjnsax uorytsodstp ‘wa1sAs wmeals
pue mataal 03 [2I14oaq *LE0-2140 utew Yl JO uMOpy[eA uUOI] juo)
3ad gg/%:/9 paiardwod umopyies a0 sapoyy -sadsur afewep € jonpuo) - I 4| ST
SLNAWHOD MNONOD/TVAY | 1¥04dNS aval il NYFONOD/ANSST #
JdN
9 jo g 23eg
. d1dL Xy 9 Woud
1S11 LIV .




LIST

5 Rx TRIP

Page. of 6

I1SSUE/CONCERN

TED LEAD

SUPPORT

NRC
EVAL

COMMENTS

AFW Pump Turbine Governmor Control

#1 AFWPT -
1. Establsh cause(s) of inad-
vertent trip (CAL Item 3a)

2. Determine and implement
corrective action to pre~
vent recurrence
(CAL Item 3b)

#2 AFWPT -
1. Establish cause(s) of inad-
vertent trip (CAL Item 3a)

2. Determine and implement
corrective action to pre-
vent recurrence
(CAL Item 3b)

Auto/Essential Control Problems

Trip Throttle Valve Problem

Wilczynski

Wilczynski

Jain

Gradomski

Hartigan
Missig

Hartigan
Missig

Yarger

SG Integrity/Cycle Impact Due
To SUFP Initiation of Water

Evaluation of thermal shock
considerations on both S/G's
(CAL Item 5)

Maximum S/G shell differential
temperature (CAL Item 5)

Chen

Rev.

1 - 6/14/85



c8/91/9 - 1

* Ay

1981}
urep

I3TI™N

(2Z way1 TVI)
paitnbax se Surjeiado
2ansua 03 Surysay 1onpuo)

(qz Wa3] VD) UOTIOE IAT]
321105 juswaldwr pue JUTWIIII

(ez wa1] VD)) 2InsSO[d IA[eA
paidadxaun jo (s)asned ysiiqeisy

assuodsay SOMIS/AISH

13112}
-uadury

A3T1N

swiely SO¥dS

11138

Induy
12427 aug up dray JUeH SONdS

10UB0Y) , 0

AL 15EN-11008

(S W] IVI)
VOTIEITJISSE]D JUIAI 10) siseg

(L€ 30 € "33 v3)
ueyd Aouadaiswy ayy aapupn
JWaAg Y1 JO UOTIEITJISSE])

ueAtTIa(]

10uu0) ,0

si0jexadn jo suerldy

hloshaw—

avdat ail

NNFONOD/3NSST

dI¥L x4 S
1S11

9 RO¥4
11OV




*A9Y

cg/9t/9 - 1

uIprig

9/§ B0 13333F I31eM IDTAIIS

€l

tueysaleg

Suo

(809 3 665 MdV)
d/aq #81e ysurely uwadg ol
£yr1rqede) saatep uorie(os] 9/§

Tt

(HEOZ-G8V)
‘w-d go:1 1¢ §8/11/9 - pare[dwo)

A 1SeN-13008

(@duedrjrudtg)
siauorssTuwo) Ajuno)
eMe110) YITM JUIAR SSNOSI(]

‘1t

Aataey
aqne1ls

Aars]

sa[24) ssa118 jo #
(Iua31S1SUOOUT PIYoO| 21245 pig)
sawr] € PIT24) - uUOTIIPUO) ANOd

‘ot

SSTH

soudey

JuILsue)
Sutinp UOTIEDTIPUT ISWWRY IITJEM

aajea ssedAq aurqiny paleweq

‘e 6

(qy w331 VD)

s,d4H Y10q 10j U1

~Inda1 juaaaxd 03 uworloe IAly
-321105 jJuawaTder pue IJUTWIIII(]

SINARKOO

‘2’9
Aars] (ey w3l VD) 44N 1# jo drxy
1odoy JUI11IAPEUT JO IsSned yYsiiqeisy
Siss1y
uosuyor-r Aerd wa1sAg [013U0) JIK '8
x:unooma<>u LH0ddns avat ail NMIINOD/ANSST i*

NN

93°¢

dIdL *¥ S8
ISTT WiL

HOMA
1LOV




C8/91/9 - 1 "A9Yy

(9 wa31 IVI) Z POH
‘q1e189y 031 1011g 101RIISTUTWPY
[PuoT83y jJO IDUVILINDUOD UTEIQO
UeWIPTM poom “Iv) 3o G-1 swa] 3ydwo) 0T
(s waal TV)) S861 ‘6 =unf
uo J¥N ©31 papraoag Areurdrig
UPWIpIM preuO(Oel se uorjemiojuy jo Adenbapy 61
13uuog 198aey (291eapa3y n/s) swaqold VIdS ‘81
qites SAdS " Th sweqold A
Aauoyey uoIsSnl s, 006 ©1 umopmolg - S,ASSH ‘91
Katsi Z-IN |1
yershiog I-IN [®
(Sd¥) s,IN d3uey 3danog st
vosuyof -y s1aa0> d¥Iseld ['q
yoyeqg
vqnz?) o188nwede) MO4) soyd1Ims uo (QIH [ *
M4y Surjeritup 103 doaag zojeaadp ‘91
S LINFWNOD JNINOD [TVAT 1¥0ddns aviyr adl NAIONOD/ANSST o
J4N

G jo u I8egq
‘ dIML X4 S WOMA
1811 110V .



S8/91/9 - 1 "A9y

‘wa1shs weals
utew Y3l JO usopy(em uor)
sapoyy -2adsutr aUewep ® 3d>npuo) - I
‘w'd 00:6
yoraaydqg ‘xoadde 7| sunp o3 zotad
saukey SSTH powzojiad umopyres Aue Judwnd0(
(Fusmurejuo)
JPTISINQG) UMOPY [N WEIIS UTER 4
1amog 103003y %S
Sutpaadxg 01 10114 10jeIISTUTWRPY
UPWIPIM poom (ruorday woij SOUIIINOUO) UTILIQ0 4
(9¢ wa3] TvD) 2031d3dsu] WIPISIY
J¥N 241 01 parxoday 2q T1vYS
SUOT1Y 2ATIII1I0) pue SUVOISN]D
ueWIPIM poom -uo) ‘siynsay 159 9yeradoaddy v
(q¢ waa] VD)) paxtnbay
Fiss1y se aje1adg 111M S, d4H 291 T
vedryaey 1 swopein 2je1jsuoma pue Furisa] wi0jiag g i
(e w33y 7v)) paxrnbay
‘3’9 se 9jeaadp (1M S, 44V 2T en
Aerg a1odoy, 231ea1suowa(] pue Furisa] wWi0j1ag |
SINAWHOD ¥NONOD/TVAR |  1yoddns avat ail N¥3ONOD/ANSS1 #
JUN
9 Jo ¢ 9%ey
‘ dTdL X¥ § KoM
ISIT K: 110V .




ACTI
FROM

LIST

5 Rx TRIP

Page ! of 6

1SSUE /CONCERN

TED LEAD

SUPPORT

WRC
EVAL /CONCUR

COMMENTS

26.

Review service water transfer
of suction to AFW pumps.

®* Determine if actions were
appropriate.

® Determine corrective actions
if appropriate.

Marley

Rev.

1 - 6/14/85



10

11l

12

13

14

15

16

17

18

19

20

21

22

23

24

25

53

MR, ROSSI: Does anybody want to talk about the
auxiliar, feedwater pump overspeed anymore before we go on to
the powe:-operated relief valve -- pilot-operated relief
valve?

[No response.)

MR, ROSSI: Okay.

MR. SHAFER: You have an outstanding question with
regard to the sequence of events.

MR. BEARD: Help me remember.

MR, SHAFER: They were going to caucus.

MR. WIDEMAN: Right, The item was, what is Toledo
Edison's position on the control of the aux feedpump turbine
from the control room. And I think our position is that we
would like to get back to you later on that. I don't think at
this point that we have had time to talk with the operators to
verify that, and we would either -- if we are going to be here
tomorrow, at that time, we could possibly address that.

MR. ROSSI: 1Is that whole issue covered in this
Action Plan l(c) on auto essential control problem?

MR, GRADOMSKI: As a matter of fact, it is covered
in 1(c), talking about the auto essential non-control.

MR. BEARD: But I think the issue was that the
gentleman who prepared that action plan has a little different
perception of what took place than the operators told us. So

I think =- and correct me, if I am stating your plan wrong -~
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it's based on one premise, and we are trying to resolve the
two different points -- or what appears to be two different
points. And that's what we asked John to research for us and
hav2 the company come to one position.

So I think while it is discussed in that action
plan, yours is based on one side of the discussion, and we
have been told a different side.

MR. JAIN: Yes. We need to verify that.

MR, WOOD: It creates a problem with the sequence of
events,

MR. BEARD: You say it does or does not?

¥R. WOOD: 1 say it does. As we have discussed it
in this meeting today, there is a concern whether the sequence
of events .eeds to be changed as a matter of this information,
and that's what we intend to get back to you on.

MR. BEARD: All right,

MR, ROSSI: All right. Why don't we go on to the
PORV action plan, and we can do it the same way that we did
the other one. We'll just start and go through it.

MR. WOOD: Could we pause for a minute and reshuffle
our players?

MR. ROSSI: Yes, we can do that. If we're going to
do that, we probably ought to stop the stenographer for awhile
until she gets the names of everyone. So why don't we do

that, and then we'll start again.



1@

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55
- [Discussion off the record.)

MR. ROSSI: Okay. We're back on the record. So
everybody speak one at a time and clearly.

MR. BEARD: Could I ask that the new players
identify themselves and sort of give us a brief statement as
to what your position is with the company?

MR, ISLEY: My name is Tom Isley, Maintenance
Specialist, Instrumentation Control Department, Station
Maintenance.

MR. McCURDY: My name is Bill McCurdy, Engineer
working for MPR Associates, and we are acting as a consultant
to the Toledo Edison Company.

MR. ROSSI: Okay. Does anybody have any questions
or comments on the first page?

MR. LANNING: We are now talking about Action Plan
No. 107

MR. ROSSI: Action Plan No. 10, Review of the
Operation of the PORV.

MR, LANNING: That will be Exhibit No. 5.

MR. BEARD: 1It's a document dated June 22, 1985.

[The document referred to, mar<ed Exhibit No. 5,

follows:]
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TITLE: REVIEW OF THE OPERATION OF THE PORV

REPORT BY: Tom Isley PLAN NO: 10
DATE PREPARED: 6/22/85 PAGE 1 of &

This report has been prepared in accordance with the "Guidelines to Follow
When Troubleshooting or Performing Investigative Actions into the Root
Causes Surrounding the June 9, 1985 Reactor Trip", Rev. 4.

I. INTRODUCTORY STATEMENT:

This report describes the way the PORV responded during the transient
on 6/9/85 and identifies analysis and actions needed to identify root
cause(s).

ITI. SUMMARY OF DATA:

During the transient on 6/9/85, the PORV cycled three (3) times. The
first time the PORV opened for 3 seconds and then closed at the
proper setpoint. The second time the PORV opened at the proper
setpoint for 3 seconds and then closed approximatelr 25 psi below the
required setpoint. The third time the valve opened a: the proper
setpoint but did not reseat at the proper pressure. The operator
manually closed the PORV block valve. RCS pressure stopped decreas-
ing at approximately 2075 PSIG. The block valve was reopened 2 min.
13 sec. later and the PORV appeared to hold RC pressure. When the
PORV failed to close, the operator noticed that the close light was
1it indicating the control circuit worked properly, deenergizing the
PORV solenoid.

It should be noted the PORV block valve stoke time is approximately
nine seconds. The accoustical monitor indicated that flow stopped in
approximately seven seconds after the block valve started to move to
the close position. The exact time at which flow stopped is uncer-
tain because the accoustical monitors are not designed to indicate
accurately at low flow rates. Therefore, it cannot be positively
identified if the PORV reset (at approximately 300 psi below the
required setpoint) or the block valve closed which stopped the flow
through the PORV.

Reviewing the previous operations of the PORV shows a total of 91 hot
cycles and 17 cold prior to 6/9/85. Adding the 3 hot cycles gives a
total of 94 hot and 17 cold, as compared to an allowable number of
440 hot and 25 cold cycles. It has also been determined that the
temperature of the loop seal was 469°F which i{s greater than the
required 400°F (minimum), therefore, no piping analysis is needed.
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I1I. MAINTENANCE AND SURVEILLANCE/TEST HISTORY:

12-14-76

08-01-77

09-06-77

09-24-77

01-18-79

04-19-79

05-17-79

10-29-79

03-24-82

09-01-82
09-06-83

09-14-83

The PORV was disassembled, inspected, and the seating
surfaced lapped (MWO 2161). The valve had lifted 8 times
since it was installed.

The PORV failed to open. Replaced power fuses
(MWO 77-1592).

The PORV was disassembled, inspected, and seating surfaces
lapped (MWO 77-1903). The valve had lifted 14 times since
last maintenance.

The PORV failed open during a loss of feedwater accident.
The valve was disassembled and the pilot valve was found
stuck open. The pilot valve stem was replaced and the
nozzle guide was cleaned. When the valve was reassembled
and tested, the valve again failed open on the sixth cycle.
The valve was again disassembled and inspected. The pilot
valve stem was machined to correct the pilot stem-nozzle
guide clearance, and the stroke of the pilot valve was
adjusted. The valve was cycled 12 times at reduced pres-
sure and once at 2200 psig with no problems. (Reportable
Occurrence NP=32-77-16, MWO 77-2120 and MWO 77-2256.)

Because the PORV was leaking, it was disassembled and
inspected. The disc, seat, and pilot valve were found to
have minor cutting. They were lapped and the valve was
reassembled (MWO 79-1307). The valve had lifted 67 times
since last maintenance.

The PORV actuating linkage was checked for proper operation
and proper supply voltage to the solenoid coil was veri-
fied. No problems found (MWO 79-1978).

The setpoints for the PORV were changed to open at 2400
psig and close at 2350 psig (FCR 79-169).

Because the PORV was leaking, it was disassembled and
inspected. The valve disc and pilot disc wer lapped and
the valve was reassembled (MWO 79-3433). The +alve had
lifted 2 times since last maintenance.

Because the PORV was leaking, the valve was disassembled
and repaired (MWO 81-3662). No lifts since last
maintenance.

The PORV was stroked per PT 5164.02., No problems found.

The setpoints for the PORV were changed to open at 2425
psig and close at 2375 psig (FCR 79-348).

The bistable setpoints were checked by ST 5040.02 and found
to be acceptable.
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12-28-84 The bistable setpoints were checked by ST 5040.02 and found
to be acceptable.

Maintenance and Test Sul-ngz

The majority of the maintenance was to correct for miror leakage.
The valve failed open one time, wvas repaired, and had operated
properly prior to June 9, 1985. The routine testing has not found
any problems with the PORV,

Change Analysis

Since the PORV was last operated on September 1, 1982, the only
change was to the bistable setpoints. Since the bistable functioned
properly and the setpoints have been verified twice since they were
changed, this did not have any effect on the operation of the PORV,
There have been no other changes since the last successful operation.

Failure Hypotheses Summary

A discussion with B&W about the way the PORV operated, produced
several possible causes.

1. During the first two lifts of the PORV, the loop seal could have
emptied which would have allowed the valve to pass only steam
during the third 1lift., The hot steam could have caused the disc
to expand more rapidly than the valve body causing the disc to
stick, After the valve temperatures had equalized, the disc
would free up and then reseat. Subsequent Toledo Edison calcu~-
lations have shown that the loop seal would have been emptied
during the first lift of the PORV,

2. The linkage for the pilot valve could have broken allowing
closed indication but the pilot valve would still be open,
keeping the PORV open,

3. One of the solenoid coil guides could have broken causing the
valve to stay open. This has happened on a similar valve by a
different manufacturer.

4. Possible corrosion or boric acid buildup on the solenoid coil
linkage causing the linkage to stick.

5. A pilece of foreign material inside the valve caused the disc or
pilot valve to stick open.

6. The possibility exists that pressurizer level was high enough to
put water through the valve. This has been rejected as a
possible cause for the failure because the valves tested by EPRI
all wvorked properly when tested with water,

The Crosby Valve and Gage Co. was contacted and they were unable to
provide any additional information about possible failure modes for
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of the testing done by EPRI,

We have reviewed the EPRI test data to determine {f the testing done
would provide any information., The testing done by EPRI used a
similar Crosby valve with a | 3/8" bore while ours has a 14" bore.
They had some problems initially with the pilot valve bellows crack-
ing or being improperly machined but the valve functioned properly
after those problems were corrected. Previous maintenance has
detected no prob’ams with the bellows in the valve at Davis-Besse,
The EPRI test demonstrated that the tested valve closed in 0.1 to 0,2
seconds.

The EPRI test set up did have a loop seal. In one test, the condi-

tions were very close to the conditions experienced on June 9, 1985

immediately pricr to the first lift of the valve. In the EPRI test

the valve closed properly, however, they only did one cycle while we
experienced multiple cycles.

Our review of the NPRDS data since TMI 2 found a PORV failed open at
another utility one time. The valve that failed is a different
design and that failure is not believed to be related to the failure
ve experienced.

HYPOTHESES :

I. The PORV stuck open due to differential expansion of the disc
and body.

the PORV. They reminded us that their valve worked very well in all
2. The valve mechanically malfunctioned causing it to not close |
during the transient.
3. The solenoid coil linkage could be broken or have corrosion
buildup causing faulty operation,

4. A plece of foreign material caused the disc or pilot valve to
stick.

"I" TRI:1lch

Attachment
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- MR. BEARD: [ had a question on the first paragraph
under "Summary of Data," and I had asked Bill Rowles to see
what could be done about bringing some supplemental
information about the controls of the PORV to this meeting,
and it deals with the subject here. And the sentence in your
report says, "When the PORV failed to close, the operator
noted that the close light was lit, indicating the control
circuit worked properly deenergizing the PORV solenoid.”

Was Bill successful in getting this information to
you folks, or do we have it here today?

MR. ISLEY: I have a copy of the control circuits
diagrams.

MR. BEARD: A copy that we may keep?

MR. ISLEY: 1If you'd like.

MR, BEARD: That's what we had asked for. 1 just
want to make sure,

MR, ROSSI: Well, maybe you could start out by
giving a little, brief explanation of how the thing works, Is
that the appropriate thing to do?

MR. BEARD: Well, yes., My question is that I'm not
sure that I understand that the light coming on or going off
tells whethar that's the input to the solenoid or the output
from the solenoid, and that's the reason I asked for the
information.

MR, ISLEY: Certainly.
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The bistable that controls the solenoid valve itself
is not monitored., It energizes the solenoid valve to open the
valve and deenergizes to close the valve. On the solenoid
itself, we have mounted a limit switch., When that solenoid is
energized, it provides an "open" indicatiou on the operator's
console. When that solenoid is deenergized, it provides a
"~losed" indication on the operator's console.

Due to the construction of the valve, it does not
mean the valve is open and closed. It merely means that the
solenoid is energized or deenergized.

We have installed additional monitoring in the form
of acoustic monitors on the discharge piping to provide a more
correct indication that the valve is either opened or closed.
That indication is not available to the operator directly on
the console where the control switch is, but is available on
indicating lights on our post-accident indicating panels,
which would essentially be to the operator's left as he is
looking at the control switch.

MR, BEARD: This is that vertical panel where your
T-sat meters are, and it's something like six feet to his
left?

MR. ISLEY: That's correct.

MR. ROSSI: The operation of the light that the
operator noticed, can that be verified from any of the

sequence of events printouts or any of that kind of thing,
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that thag actually occurred, or are you totally dependent on
what he remembers?

MR. ISLEY: Totally dependent on what he remembers.

MR. ROSSI: Okay. And he feels -- well, you just
have to make your judgment on what he remembers, I guess. But
your whole action plan is based on the solenoid and control
circuit working properly, and if there is a problem, it's in
the PORV?

MR. ISLEY: That's correct.

MR. ROSSI: And you aren't looking at any other
hypotheses on control circuits?

MR. ISLEY: That is correct.

MR. ROSSI: Is there anything more on the first
page?

MR, LANNING: 1I'd like to ask a question about the
second paragraph on that éage where you talk to whether or not
you could positively identify if the PORV reset.

If you look at the quenchtank data for level and
pressure, that data showed that there appears to be flow to
the guenchtank until the block valve was closed. So doesn't
that imply that the PORV was still at least partially open?

MR. ISLEY: Yes. And based on the response of the
acoustic monitor, it also indicates that there was flow to the
PORV until very close to the same time that the block valve

indicated "closed."
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block va}ve got closed at or equal to the time that the block
valve got closed or up until the time he opened it again. But
in any event, it now functioned to some extent.

MR. ISLEY: That's right.

MR. ROSSI: Page 2.

MR. BEARD: I had a couple things I really wanted to
just ask about and see if this is really true.

There's an entry here that says date 9/6/77, that
the valves lifted fourteen times since the last maintenance,
which I read to be one month previous to that. And that says
it's open every two days on the average? 1Is that really true?

MR. ISLEY: According to the data that I had, that
was during startup testing. The PORV settime was below our
actual trip setpoint. Any kind of transient that we did --
load rejection testing, plant trip testing, even for very low
power -- would cause the valve to open.

MR. BEARD: And then there is a further entry that
says January of '79, the valve has lifted 67 times since the
last maintenance, and the maintenance looks like about fifteen
months prior, and that means four times a month, is that
right?

MR. ISLEY: Yes, sir.

MR. BEARD: Once a week on the average roughly?

MR. ISLEY: That's what the numbers work out to. It

was quite frequent.
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MR. BEYER: Would it be fair to say that on some
transients the valves may have operated more than once in a
given transient, as opposed to necessarily on some given
frequency?

MR. ISLEY: That's right.

MR. BEYER: I think I recall during the discussion
on the 9/24/77 event, I believe it operated nine times, if I
remember right.

MR. ISLEY: Yes. Now this 67 times includes the
thirteen times we did the test cycling for the 9/24/77
maintenance.

MR, ROSSI: Well, it lifted a number of times during
some of these transients and receded all those times. Were
there changes made to the valve dimensions and that kind of
thing prior to the June 9th event?

MR. ISLEY: The only changes to the valve concerning
dimensions were related to the 9/24/77 maintenance where the
valve failed open. There were some dimensional changes made
on the pilot valve stem, and there were some adjustments made
to the solenoid actuation of that stem, and those should be
outlined in the 9/24/77 maintenance.

MR. ROSSI: Now, after that time, were there any
events where the valve may have lifted several times like it
did in the June 9th event?

MR, ISLEY: There were a couple of times when the
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PORV lifted more than one time and the valve operated as
expected.

MR. ROSSI: I'm just trying to get a feel for how
likely your hypothesis is because if it had done the same kind
of thing on several other occasions and worked properly, your
hypothesis really is that you cot differential expansions in
the body and the disk and that's what caused it to stick. And
presumably, if it had operated several times during other
events, that same thing could have happened.

MR. ISLEY: That's right, and it had operated
multiple times and worked properly.

MR. ROSSI: On other events?

MR. ISLEY: On other events.

MR. ROSSI: And you don't know of any changes that
were made to dimensions of the valve between those times and
the June 9th event?

MR. ISLEY: There is nothing in our records to
indicate that.

MR. BEARD: Tom, on the entry on, I guess it is, the
fourth month 1979, it says the PORV actuating linkage was
checked and the power supply voltage to the solenoid was
checked. Can you tell me why a maintenance work order was
issued and on that date what was the symptom or why these
checks were made?

MR, ISLEY: I could not find any reason, no definite
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reason cg do this. It appeared to be either manufacturer's
recommendation or something to that effect because the checks
that were done on 4/19/79 were later turned in to items that
are ~hecked on the surveillance tests that we had done later.

MR. BEARD: So these are checked periodically?

MR. ISLEY: Yes.

MR. ROSSI: Any more on page 2? Okay, page 3.

The first one I have is just a verification
question. 1 gather from what you say under the change
analysis that the PORV had not been operated either for tests
or during any transient prior to June 9 of '85 since it was
operated on September 1 of 1982, 1s that what this is saying?

MR. ISLEY: That's correct.

MR. ROSSI: So you don't have any periodic testing
or anything like that of the valve?

MR. ISLEY: The last time it was stroked was for a
periodic test, and that was 9/1/82,

MR. ROSSI: And how often do you do a periodic test
of it if it was September of '82?

MR, ISLEY: That was the only time it was stroked
for that periodic test., I could find no definite scheduling
for that test.

MR. ROSSI: Okay. So it's not really a periodic
test; it's a preventive maintenance test that's not scheduled

at uniform intervals. That's really what you are saying, I
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guess.

MR. ISLEY: That's what I found.

MR, ROSSI: Okay. Is there some reason why this kind
of a component wouldn't get a more frequent test, like maybe
every refueling?

MR. ISLEY: No, I can't say.

MR. BEARD: You have a statement in here someplace
that in the testing that EPRI did, which is brought up by item
6 on page 3, that in those tests there was a single opening or
1ift of the valve, as contrasted to three lifts as this event
experienced, and 1 guess you had some prior experience with
multiple lifts also.

MR. ISLEY: That's correct.

MR. ROSSI: Have you discussed with EPRI your
hypothesis for the problem that you had on June 9th?

MR. ISLEY: Not with EPRI, no, sir. We talked to
B&W, who originally brought up that hypothesis. We have
discussed that with Crosby Valve, and we have also discussed
it with MPR. Crosby Valve said, yes, that might be true, and
that's about all they would say.

MR, ROSSI: And B&W said?

MR, ISLEY: B&W was the one who originally proposed
that and said tnat that possibly is what happened in causing
the valve to stay open.

MR. ROSSI: Has anyone done any scoping calculations
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on the d}mensions and differential expansions to see how
likely this hypothesis is?

MR. ISLEY: Not as yet. I believe that is item 3 on
our Action Plan as one of the things that we are going to be
doing.

MR. BEARD: All right. Does that take us to page 4?

MR. ROSSI: Yes, we are on page 4.

MR. BEARD: I have a general comment that I would
like to throw out., It's not related uniquely to this
particular troubleshooting plan, but I notice that you are
consulting with NPRDS data, and I would just like to remind
you, if you didn't know, that the number of utilities
participating and the degree of participation in NPRDS at the
time we developed the new LER rule, which I guess went into
effect at the beginning of '84, initially was very, very low.

So if you are looking at NPRDS data, you should
realize that it's very, very limited before mid-1984, so you
are not going back very far if you cover the whole nine yards
in NPRDS. So you may want to consider for other efforts --
I'm not suggesting you revise this at all -- but for other
efforts, going through some vehicle to look at LER data
because the statement here that says "our review of NPRDS data
since TMI-2" is very misleading because there is no NPRDS data
to amount to anything between the years of the accident and

mid-1984, you know.
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~ MR. ROSSI: Is your leading hypothesis the one of
the differential expansion?

MR, ISLEY: Yes.

MR. ROSSI: That is your leading hypothesis?

MR. ISLEY: Yes.

MR. ROSSI: And if that turns out to be the problem,
we are dependent only on analyses to try and tie it down as
the problem?

MR. ISLEY: Well, no. There are two additional
hypotheses there, No. 2 and No. 3. Well, and No. 4 also.
Those four hypotheses, or three additional hypotheses,
will require that we check them out before we actually get
into our No. 1 hypothesis.

In order to disassemble the valve, there is a chance
that we might destroy the evidence that would lead us to prove
Hypothesis 2, 3 or 4, so even though we have picked our lead
hypothesis as the differential expansion, we realize that we
need to check out those other hypotheses first.

MR. BEARD: Would operation of the PORV have the
similar effect of maybe destroying the evidence on the other
hypotheses?

MR. ISLEY: I think it would on Hypothesis 4 if
there was something inside the valve. We might move that out
of there.

MR. BEARD: I had a question as to even though it's
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not cettfinly an hypothesis at this point, but would it be
worthwhile to check out your control channel, the pressure
channel that drives this thing in terms of rechecking
setpoints, and, in fact, that the output signals are all
proper, because it appears that it hasn't been checked since
September of '827? Or 1 guess you said it was checked a
couple times after that, but it hasn't been checked recently.

MR, ISLEY: The last time that we checked the
setpoints of the bistable was 9/14/83. That's when we
actually checked the bistable setpoints. Oh, I'm sorry.
12/18/84, December of '84, December of '84 we had checked
bistable setpoints.

MR. ROSSI: Well, the bistable presumably worked
correctly two times during the event.

MR. ISLEY: That's right.

MR. ROSSI: Anyfhinq more?

MR. BEARD: No, other than that very general
comment, and that is that I personally am concerned that this
particular troubleshooting Action Plan on PORV is likely to
lead us to the situation where you can't reproduce the
failure, so to speak, and we are depending or analysis to be
determining the root cause., And if you are, I'm not so sure
how favorably that is going to be perceived.

It clearly is going to be the subject of extremely

tight scrutiny, and Toledo Edison is going to be expected to
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defend their positions. 1 am just leery that we are coming
upon a number of these where it is analysis only that is
showing the root cause, and [ am uncomfortable with that.

I don't know what to do about it. 1 am uneasy.

MR. ROSSI: 1Is there any additional testing that
EPRI could help with on this if you get to the point where you
are dependent on analyses only?

MR. MC CURDY: I think you could attempt again to
review what tests were done at EPRI. Tests were done with a
Crosby relief valve, which is very similar in design to the
valve used at Davis-Besse, and this valve was tested on a
range of conditions, including steam, water, both saturated
and subcooled and this transition situation, going from
subcooled water to steam.

1 think the response of the valve that we found in
those tests, particularly tests with a similar valve, the
Dresser valve, indicated that it was very valve-specific
response. And there may be a difference in tolerances from
one valve to another that could, in fact, produce different
results; or, you know, subsequent tusts under identical
conditions with a valve with tolerances slightly different
could show a stuck-open valve; and subsequent tests could show
the valve worked properly.

So I guess what I am concluding is that tests could

be done but, again, chances for those tests being conclusive,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

7@
I think there would be a slim chance.
E MR. BEARD: What about pretesting a new PORV and
then replacing the one that is installed?

MR. MC CURDY: I think, again, any valve like this,
its behavior depends on close tolerances and, you know, close
clearance between the parts -- for example, the disk and the
guide for the disk -- and to behave properly, that clearance
has to be very small. As a result, it is susceptible to this
mode of failure with differential expansion between the parts.

Now, I note that at Davis-Besse, the water
temperature upstream of the valve was, I think, in excess of
450 degrees, so as a result, the differential expansion for
this valve would be only several hundred degrees versus from
perhaps 150 to 650 degrees for a valve on our cold water seal.

S§o I think as far as the installation, it would be
less susceptible to the problem, you know, than if installed
on a cold water seal.

Now, another valve -- I guess there would be an
alternative valve, or this particular valve, depending on
the results of the inspection, could determine if the
clearances were not adequate, and the clearances could be
readjusted to, you know, provide additional room for
differential expansion between the parts.

MR. BEARD: Well, I guess what I am thinking of is

more along the line that if we end up or if you folks end up,
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Toledo Edison ends up that it is only through analysis that
you can identify the root cause, and if people are
uncomfortable with that, I am trying to ask would it be
possible to take a new PORV, run it through a test program to
show that that one's adjustments have been tested up on side
and down the other and known to be good, and then take that
one that has been tested and put it on Davis-Besse so that we
then end up in a situation where even if the people are
uncomfortable, we now have a known good PORV on that plant?

One of the messages that I got from what you said
earlier is the valves may vary not only amongst manufacturers
but amongst the units manufactured by one manufacturer, from
Crosby to Crosby to Crosby.

MR. MC CURDY: That's right. That is correct. And
I think what you propose could be done. 1 think the problem
is that, you know, to really assure with a high degree of
confidence that in fact your valve would not exhibit that
behavior in later transients,

MR, BEARD: Well, let me make clear that I am just
thinking out loud with you, and I'm not suggesting that this
be in the troubleshooting plan., If anything, you may want to
consider that when it comes ton corrective action time.

MR. ROSSI: Yes. The scope of this team really is
to find the root cause, and if we can't definitely identify

the root cause, that's going to be a problem and we are going
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to be back looking for other ways to try to identify the rohot
cause. The corrective action per se will be handled as part
of the normal office's work.

MR. SHAFER: Can I ask, with regard to EPRI, did
they do multiple cycles on any of the valves?

MR. MC CURDY: By multiple cycles, you mean ---
let's say in any 3@-second period, lifting the valve a number
of times?

MR. SHAFER: Yes.

MR. MC CURDY: No, that wasn't done. The tests were
done, you know, by perhaps a 20 to 3@-second test where the
valve was opened, flowed, water, steam, whatever, and then
closed, and the pressurizer feeding the valve was then brought
up to initial pressure and the transient was repeated.

Now, the time between those two actuations perhaps
was half an hour to an hour, minimum.

MR, ROSSI: Well, this is clearly a case where you
want to make sure you do everything and keep track of all the
parts, keep a record of everything that is done so that when
you get to the end, you will at least know what you have
looked at and what isn't the problem, even if you at that time
haven't identified the problem. This could be one where, you
know, we may want to have somebody independently look at the
parts and try to verify your hypothesis.

MR. LANNING: I would like to sugget that you go and
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relock ag the operating experience again to make sure that you
have a good grasp on the failure of this valve that has been
experienced by other utilities. I think there is a lot more
than one PORV failing open in NPRDS.

MR. ISLEY: The problem with that is we are the only
one with a Crosby valve. [ realize there may be other
failures. In the review that I did, there was only one
failure, and from what I can tell -- I could not determine who
the manufacturer was, but from the description of the event
and the corrective actions taken, it seamed to be a
significantly different type of construction.

MR. LANNING: Okay. I understand that now. You did
your research only for the Crosby valve.

MR. ISLEY: Well, that's not true. We did search
for other -- we just looked for generic PORV failures, but we
were limited in our scopo; As J.T. pointed out, we used NPRDS
and we only looked since the Three Mile Island incident
occurred, and as J.T. pointed out, NPRDS before mid-1984 -- or
mid-1982, was it -- was very limited in its participation.

MR. LANNING: Well, back to my original comment,
then, if you didn't limit your search to only Crosby valves,
there are a lot more PORV failures in NPRDS than one since
T™MI.

MR. ISLEY: Well, are we talking about just the

valve failing or the valve failing open?
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~ MR, LANNING: Failing open.

MR. ISLEY: Okay. I only found one in our review.
We can go back and recheck that, but I only found one.

MR. ROSSI: Do you have any comments, Wayne?

MR. SHAFER: No,

MR, ROSSI: All right, if nobody has anymore
comments on it, 1 guess, or advice to give you how to find the
problem.

Why don't we take a five-minute break and then we'll
go on to the next one.

[Recess.]

MR, ROSSI: We have one more question on the PORV,
and that guestion is: have you thought about taking the valve
out and testing it? And what is involved with taking it out
and testing it?

MR. BEYER: How about if you re-ask the question for
Tom?

MR. ROSSI: Have you thought about taking this valve
out and testing it somewhere? I mean, assuming that you don't
find one of these other kind of problems when you look at the
valve,

MR, ISLEY: We have discussed the possibility of
reactivating the EPRI test facility. We have not gone any
farther than that,

MR. ROSSI: So you're hoping you'll find the problem
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short of that?

MR. ISLEY: Yes. 1If, in fact, we don't find
something, that's one of the things we will consider, is
possibly retesting that valve either at another facility or
even at our own facility.

MR. BEYER: If the flange valve is removal without
cutting and welding.

MR. ROSSI: Okay. I guess we are done with the
PORV. No one has any other comments on the PORV, so shall we
go on now to the action plan 5, 6 and 7 on low steam generator
level trip of the SFRCS,

So if you want to go through this one the same way
we d4id the others, we can start on paje 1. The first question
I had is a very basic one. You seem to have already concluded
that the closure of the MSIV's was due to a signal from the
SFRCS system., ! mean, your entire plan is based on that as an
ingoing assumption.

MR. STALTER: That's correct., Our review has been
done and we feel that that did happen, and that's the
assumption we're going with,

MR, BEARD: 1Is there another action plan that deals
with the MSIV and other sources of control signals? Or is
this everything that deals with the MS5IVs?

MR, STALTER: This is everything that deals with the

MSIVs.
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_ MR. ROSSI: It seems to me that there ought to be
something that would at least check that the MSIV other
circuitries are all operating properly, and control circuits,
because -- ! mean, you've assumed that conclusion right at the
very start, and that is, you go through the action plan for
the SFRCS., It appears that that whole plan is basically a
relay race story. I mean, that's what it really is, right?
You've got noise spikes that affected some things but didn't
affect others.

MR. JAIN: There are reasons for concluding that the
SFRCS trip may nave been the cause of the MSIV closure. Based
on past experience you see the MSIV closing almost exactly
five seconds after the SFRCS trip. Exactly the same thing was
seen on this one, We saw actual indication of a full SFRCS
trip occurring, which would have resulted in closure of the
MSIV.

S0 the indications that were available in the review
process directly led us to believe that it was an unwanted, if
you will, SFRCS trip that resulted in closure of the MSIV.

MR. ROSSI: Your hypothesis is you got the spurious
SFRCS trip and then it reset before it sealed in?

MR. JAIN: Correct,

MR. ROSSI: But it was actuated long enough to close
the MS1V.

MR. JAIN: Exactly.
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- MR. BEARD: Can I follow that up a little bit? I
was under the impression last week when we were out at your
plant that you had prior experience with, I will call them,
spurious actuations of the rupture control system that had led
to MSIV closure, you felt. But when I reid this write-up here
in this particular troubleshooting plan, I get the impression
that you had a full actuation of at least one of the actuation
channels on the 9th of June, but your prior experience on June
2nd and April 24th of this year were only half trips. And
that there were no previous spurious low-level trips prior to
the 1984 refueling outage.

Now if I understand correctly the design -- and I'm
not sure that I do, but if I understand it correctly, a half
trip should not cause the MSIVs to close.

MR, JAIN: Exactly.

MR, BEARD: So that this prior experience that
you're talking about of seeing the MSIV closed, I am confused
about it.

MR, JAIN: I don't recall personally a closure of
the MSIV on a spurious SFRCS trip.

MR. BEARD: Before June 9th?

MR, JAIN: Correct.

MR. BEARD: Okay. I guess I had the wrong
impression. I thought you told us a minute ago that you had

pricr experience at this plant with those occurring.
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MR, JAIN: I may have to look further, but I don't
recall any such occasion.

MR. STALTER: What you were saying, as far as 1
recall, is that the full SFRCS trip when it occurs, five
seconds later the MSIV closes. Now that full SFRCS trip has
occurred in the past, and we have received MSIV closure as a
result of that., Did that help you any? That's what Suchel

was saying.

MR. BEARD: Well, I guess you had a refueling outage

in 1984.

MR, JAIN: Right.

MR. BEARD: Do you remember what months really or
when he came back from the 1984 outage?

MR, JAIN: From September to January.

MR. BEARD: He came back in September?

MR. BEYER: Wait a minute. The 1984 refueling
outage was completed in January of 1985.

MR. BEARD: Okay. So you returned to power in
January of 1985 and you were running about, say, five months
before this event, roughly.

MR, JAIN: Correct.

MR. BEARD: So what you're saying is during that
five months you had two occasions where you had half trips,
and then this particular event where there appears to have

been a full trip.
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X MR. JAIN: Exactly.

MR. ROSSI: Well apparently, you got a full trip
alarm on June 2nd, also, right?

MR. SHAFER: That's what I recall.

MR. ROSSI: Yes, that's what your plan says here on
page 1, item no. 3, bottom of the page it says you got a full
trip alarm on June 2nd and no devices were actuated.

MR. JAIN: Okay. We chased that back, the SFRCS
full trip alarm, the Q963. The problem was chased back to a
faulty contact in the alarm circuitry. I think it did say
that somewhere.

MR. STALTER: 1It's in the maintenance section, next
page, page 2, no, 6,

MR. ROSSI: Okay. So you found a definite problem
with the circuitry, then.

MR. BEARD: 1Is that what you meant by the words in
here that say the connection was reterminated?

MR. STALTER: In the process of troubleshooting they
lifted a connection and when they reterminated that
connection, the problem cleared.

MR, BEARD: Well, I guess I would have read that --
in fact, ! did read that -- as the thing disappeared on its
own; not that you actually found a smoking gun.

MR. STALTER: I don't know what you mean by that

exactly. When they were troubleshooting they lifted the wire
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and in tPo process when they reterminated that, they no longer
had that problem. It cleared itself. The assumption there
was made that in the process of that troubleshooting action
that they cleared the problem.

MR. BEYER: Suggesting that maybe we had a bad
connection there.

MR. SHAFER: But then the 9th occurrence again would
suggest that it didn't clear the problem again. Is that what
happened?

MR. STALTER: We don't feel that we have that same
problem,

MR, JAIN: On June 9th there was other evidence
which led us to believe that there were actual full SFRCS
trips. Howsoever spucious, but they were full trips.

MR, BEARD: At the bottom of the first page, [ would
like to correct what may be a misunderstanding or whatever.
When we were out at your plant last Friday, [ thought I
remembered being told that you had been made aware of this
phenomena I will call a pressure wave that may occur when a
turbine trip occurs prior to this event, That was my
impression last Friday.

And this write-up indicates very clearly that
subsequent to the event you had a discussion with B&W and
suggested that it was at that time that you became aware of

this pressure wave phenomenon., Could we at least get clear on
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when you ==

MR, JAIN: Yes, I think it was after the transient
when we were trying to determine what exactly could have gone
wrong, and we were in the process of talking to BaW and BaWw
then forwarded us the data.

According to my knowledge, it was after the trip.

MR. BEARD: You say they did forward you some data?

MR, STALTER: Yes, they provided us with some data,
Maybe it would help -~ I think as a result of analyzing the
events in the past we have seen pressure transients occur
following turbine trips.

MR, ROSSI: On your plant?

MR. STALTER: On our plant., And they have seen
level oscillations in the steam generator levels occur and
never really was that attribut<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>