T
4T 2
UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
T"an Luis Obispo Mothers for Peace
Proposed Findings of Fact and Conclusions of Law
Regarding Pacific Gas and Electric Company’s
Applicatior for a License Amendment to Extend
the Term of the Operating License for the
Diableo Canyon Nuclear Power Plant
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20- Finding: PG&E has not demonstrated that its
maintenance and surveillance program is adequate to protect
the health and safety of the public.

21- As discussed below, the Board finds that the evidence
in this case, tak-n as a whole, demonstrates that there are
gignificant deficiencies in PG&E’'s maintenance and
surveillance program. These deficiencies prevent us from
concluding that the program provides reasonable assurance that

public health and safety will be protected. In particular, we
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gnificant problems in the four key areas that we
identified above as important factors in weighing the health
of a maintenance and surveillance program. First, inadequate
maintenance and surveillance has resulted in the failure or
unreliability of important safety systems; second, PG&E has
shown a pattern of untimely or ineffective response to
maintenance problems, thus demonstrating a lax and ineffectual
maintenance and surveillance program; third, tco many of
PG4E’'s maintenance problems were the result of more than one
error, resulting in the breakdown of the multiple barriers
that should have prevented the problem in the first place; and
fourth, PG&E demonstrates a repetitive pattern of failures in
numerous areas, thus indicating programmatic deficiencies that
go beyond the individual incidents involved.

22- We note at the outset that our conclusions are based,

for th

iy

most part, on the voluminous documentation by PG&E and

11






”

~

W

¢







!
£ olw rect oI ; I aretsy iagnificanc
2 f &E wroz nte the safet
; f ms : t maintenance gericienclres TRiE
. o o - 1 & - 4 ) 4 ) § ! 11 oL
¢ ] t t : ANCE f the ncigent that irred hut
! es geness juest 18 bout the adequasa £ ] S







47
9]
4
L)

i

|

w




23]

.

=T
AL
-~ ¢




\J
i
e

Sl

b




(o

\'. ¢ " f o







rt







Previous Maintenance Errors Caused Undetectable Problems

47- Find’r3: PG&E has demonstrated a pattern of creating

undetectab’ slur ;s through improper maintenance.

48- In a number of cases, the Board found that PG&E’'s own

maintenance activities we~e done incorrectly, and in some

cases created undetectable maintenance prcblems. Sometimes
these problems were found through testing, but In too many
cases they were not found until they caused component failure

or were discovered by accident. The difficulty of detecting

these problems raises a serious concern about whether PG&E has

adequate measures to ensure that overhaul of the internal
workings of components is adequately supervised and checked.
This occurred in the fellowing instances:

L'mitorgue 2-FCV-37 Failed to Close

Unit Shutdown Due to Inoperable High Pressure
Turbine Stop Valve

Ciesel Generator 2-2 Failed to Achieve Rated Voltage

Limitorgque Valve Failure

SI1-8805A Failed to Cycle on Actuation Signal

Auxiliary Feeder Breaker 52HH13 Failed to Open

)

(Sge Specific Findings for detailed discussions of these

E

events.)
Inadequate/Improper Surveillance

49- Finding: Routine surveillances, tests and
inspections at DCNPP are ipadeguate to ensure the continued
safe operation of the plant.

50- The Board finds that, as demonstrated by the

following examples, there is a repetitive pattern of missed
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Auxiliary Salt Water Pump Vault Drain Check Valves

' - 1

1 an . -V - ’ .

Wrong Size Motor Installed
Unplanned ESF Actuations due to Personnel Error

Inadeguate Procedures

55- Finding: Procedures or work instructions for
personnel are not adequate to ensure that work activities are
performed adeguately.

5€- The Board finds that in recent years, a significant
number of incidents have been identified in which inadeguate
procedures, instructions or guidelines were provided to the
personnel performing the maintenance activities and which
contributed to the occurrence of these events. The Licentving
Board finds the number sufficient to reflect a pervasive
problem with an essential element ©of the maintenance and
survsillance program at DCNPP. These events include:

Check Valves/IST Deficiency

Auxiliary Building Ventilation System Inoperable
Restoration of Electrical Panels

Containment Equipment Hatch

Limitorgque 2-FCV-37 Failed to Close

Corrosion

Centrifugal Charging Pump; Degraded Coupling 2-1
Diesel Generator 2-2 Failure to Achieve Rated Voltage
In-Service Prompt Test Data Questionable

Gas Decay Tank Surveillance Missed

Seismic Clips not Installed

Control of Foreign Material

Procedural Controls during Shot Peening Operations
Limitorque Valve Failure

Motor Pinion Keys in Limitorgue Motor Operators
Control of Lifting and Rigging Devices

Reactor Trip on Steam Generator Low Level
Auxiliary Salt Water Pump Vault Drain Check Valves
SI-1-8805A Failed to Cycle on Actuation Signal



See Specific Findings for detailed discussions of these
events. )
§7- Finding: PG&E does nist have an effective program for
detecting manufacturing deficiencies or internal defects.
58- Manufacturing/vendor deficiencies are not detected
in an effective nor timely manner at DCNPP. Instead, an
unacceptable number of inherent or internal component defects

are discovered by chance, sometimes when the component fails.

—t

n fact, ironically, in two of the incidents listed below
(Motor Pinion Keys in Limitorque Motor Operator Valves and
Testcock Valve on Diesel Generator), the discoveries were made
because of incorrectly performed surveillance tests.

59- It is the responsibility of the maintenance and
surveillance organization to identify such deficiencies before
they become self-evident. PG&E has failed to do so, as
evidenced in the following examples:

Centrifugal Charging Pump; Degraded Coupling 2-1

Hold Down Motor Bolts on Centrifugal Charging Pumps
Limitorgue Valve Failure

Motor Pinion Keys in Limitorgue Motor Operators

Testcock Valve on Diesel Generator

Main Feedwater Check Valve

SI-1-8805A Failed to Cycle on Actuation Signal

Snubber at Pipe Support

Unit Shutdown due to Inoperable High Pressure Stop Valves
(See Specific Findings for detailed discussions regarding

these svents.)
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60- Finding: PG&E’'s decisions regarding what is needed
to maintain the plant in a safe condition have been unduly
influenced by eccnomic considerations.

61- Due to a unigque rate payer settlement, PG&E
considers cost before making necessary repairs, often without
regard to ensuring the safest possible operation. Undexr DCNPP
rate payers settlement, the cost of maintenance cannot be

passed onto the rate payers. The Licensing Board finds that

PG&E management to determine what maintenance 1is to be
performed. Tr. at 814. The reccrd of this case shows that in

a number of instances, PG&E postponed needed maintenance

Fuel Handling Building
Safety Injection Emergency Core Cocling System Accumulator
Tanks
Containment Fan Cooling Unit
Main Femdwater Pump Overspeed Trip
Containment Ventilation Isolation
Fire in Electrical Panel
See Specific Findings for detailed discussions regarding

these events.
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function in the accident envircnment. In initially
determining the gualified life of a safety component, the
component or a prototype is "subjected to aging for that
amount of time and then has been gualified to the local
conditions subseguent to that aging." Tr. at 1842. The
normal operating temperatures to which the eguipment is
exposed during its service life constitutes one of the
parameters that is factored in when the qualified life of the
component is determined. 1d. Thus, the environmental
qualificatic1 of any given safety component is based on
certain assumptions about the maximum temperature that it will
be exposed to during its normal operating life. Id.

§5- I1f the normal operating temperature exceeds the
temperature assumed in originally qualifying the egquipment,
the qualified life must be shortened and the egquipment must be
changed out earlier than originally expected. Tr. at 1843-44.

66- At DCNPP, the gqualified life of a safety component is
based on the bulk ambient temperature of the area in which the
component is located. Tr. at 1856. However, PG&E recognizes
that localized temperatures may be higher than ambient
temperatures as defined in the "binders" which document the
basis for the gualified life of each safety component. JId.

67- In Information Notice 89-30, High Temperature
Environments at Nuclear Power Plants (3/15/8%), MFP Exhibit
T-1, the NRC alsc notified licensees that:

It is important for licensees to be aware that there are
areas within the plant where the loctal temperatures may
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71- The teletemp stickers generally give readings in 10
degree intervals. When the 150 degree window changes color,
for instance, that means the component experienced a
temperature that was between 150 and 159 degrees. PG&E
testified to the importance of applying conservatism in using
the teletemp readings. Tr. at 1861. Thus, it must be assumed
that the safety component being evaluated experienced the
highest possible temperature that is indicated by the changed
teletemp sticker window. If the 150 degree window changed,
then it should be assumed that the component experienced a
temperature as high as 159 degrees. 1d.

72- At refueling outages, maintenance personnel remove
the stickers and adhere them to a sheet. Tr. at 1847.
Occasicnally the stickers are damaged on removal. JId., The
temperature i1s recorded on a form. Ig.

73- The maintenance department is only responsible for
applying the stickers and collecting the information. The
actual analysis is done by the design engineering group in San
Francisco. Tr. at 1850.

74- PG&E testified that the teletemp monitoring results
are interpreted in a conservative manner. Tr. at 2042-43.
According tc PG&E, unless there is some reascn to believe that
a high temperature was only transitory, it assumes that the
highest temperature recorded by the teletemp sticker was the
temperature the component was exposed to threcughout the period

that the reletemp sticker was used, i.e. the period since the

33






77~ Finding: The teletemp sticker program is important
because peak temperatures may vary significantly over time.

78- PG&E also testified that since the original hot spots
were identified early in DCNPP operation, PG&E has seen "very,
very little changes in temperature OVer oOur operating
experience." Tr. at 2043. But this is not borne out by the
teletemp daca in SLOMFP Exhibit T-4. For instance, teletemp
readings for valve 8000B and conduit KT319 in Unit 1 ranged
from 140 to 170 degrees. This means that the temperature
variation could have been as high as 39 degrees over the
course of four refueling cutages between 1988 and 19%92. See
Table A of these proposed findings. Teletemp readings for
valve FCF-440 in Unit 2 ranged from 120 to 160 degrees, or 49
degrees, over the same period. See Table B. Readings for
valve 8000A ranged between 140 degrees and 1B0 degrees, also a
49 degree difference. JId. Teletemp readings for valves
FCV-38 ranged from 160 to 220 degrees F between 1988 and 19%1
(no stickers were found in 2R5, the 1992 refueling outage) - a
potential €9 degree difference. Given these potential
variations in temperatures to which safety components may be
exposed, the Board finds that the teletemp monitoring program
is essential for the purpose of supplementing bulk temperature
measurements and maintaining reasonable accuracy in PG&E’'s
assumptions about the service conditions experienced by

environmentally qualified safety components.

35



79- Finding: PGE&E’Ss teletemp monitoring program is not
sufficiently reliable or accurate to provide information that
is needed to evaluate the status of environmental
qualification of safety equipment and the need for
replacement.

80- In examining the records kept by PG&E of its teletemp
measurements, we found many instances in which there were no
measurements or measurements were incomplete. The following
are examples of these deficiencies.

NO te r ' me_components:

81- In each refueling outage, there are at least several
instances in which no teletemp measurements were recorded.
Sometimes data sheets are missing entirely. At other times,
PG&E noted on a data sheet that the informaticon was missing.
(We note here that PG&E testified that unless a box on the
form is checked showing that this is a new piece of egquipment
for which there was noc sticker to be removed, "N/A" or "NA",
as written on the forms, probably means either chat only one
sticker was found, that a sticker was illegible, that there
was no sticker below, or they couldn’‘t move a sticker without
damaging it. Tr. at 1887.)

82- For instance, for teletemp recordings in outage 1RS
(10/9%2), there were no data sheets and thus no recorded
temperature measurements for valves B078A, B078B, B078D,
general area (KT2E1)115’, general area (KT251)133’, conduit

K5787, conduit above and behind FCV-38, conduit KR027, and
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general area (K6126) GW/133, general area (K6126) 135, and
general area (K912).

84- PG&E’'s inconsistency in recording and reporting
teletemp data raises a number of concerns. First, although
PG&E’'s performance clearly has improved since the program
began in 1988, PG&E continues to have considerable gaps in
recording teletemp data. By itself, this pattern of
inconsistency is a matter of serious concern in a program that
is so fundamental to safety.

85- Moreover, these gaps sometimes extend over a period
of several refueling outages, thus resulting in long periods
when there is no information about the qualification status of
the component. For instance, PG&E did not record any teletemp
data for wvalves 8078A, 8078B, 8078C, or B8078D, in 1R4 pr 1RS.
Thus, PG&E has not measured peak localized temperatures for
these components since 11/89%, or four years. During 1R2
(6/88), PGAE collected temperature data for general area
(KT251) 115"’ and general area (KT251) 133’ - but has not
gathered data in any refueling outage since then. Thus, it
has been five and a half years since peak localized
temperatures were measured for these components. We note here
that the temperature measurements taken in 1988 were
relatively high for the 133° elevation - 140 and 160 degrees.
Table 1. As PG&E testified, 160 degrees is "quite warm." Tr.

at 1888.
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program? How do technicians know they should be monitcred, or
where and how to install the stickers, if these conduits are
not included in the procedures?

93- We also note that MPE-S58.7A discusses only the
installation and removal of stickers. It provides no
instruction on how to recerd the data from the stickers onto
the data sheets. Because most components have two stickers,
and some may have as many as four, this could be confusing.

We also find it confusing that PG&E uses the same term - N/A
or NA - to denote two entirely different sets of
circumstances. As discussed above, N/A or NA may refer to the
fact that a new piece of egquipment was installed, or tc the
£..v that a teletemp sticker was not fcund or could not be
read. While the form has a box that is to be checked off if
the first meaning of the term is being applied (i.e., that it
is a new piece of eguipment and therefore does not have a
sticker), the use of the same term for two purposes invites
error. For these reasons, we are disturbed - but not
surprised - to find that one of the data sheets (for valve
8000B, during 1R4), contains a complaint that *“procedure
should explain how to read stickers."

94- Conclusion: As we have stated above, it is
fundamentally important that PG&E have an adeguate program for
maintaining environmentally gualified safety eguipment. This
includes monitoring eguipment where temperatures are known to

be high, to ensure that the normal operating temperature is
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not higher than the conditions to wh.ch the equipment was

originally aged. If it is, thke queiified life must be reduced
and the egquipment must be replacec. The Board finds that

PG&E's program for monitoring these localized high
temperatures is deficient in thait it is not being carried out
in a consistent and accurate ranner, and that PG&E does not

have adeqguate procedures to fansure that it can be carried out

CHECK VALVES/IST DEFICI"NCY

MFP Exhibit 6 NCR DCO-93-T?-N0O28 (7/29/93)
MFP Exhibit 7: LER 1:84-047-00 (7/26/93)
MFP Exhibit 8: NCR IiCO-93-TP-N027 (7/B/93)
MFP Exhibit 9: NCR J2CO-93-TN-N0O1l1l (5/6/93)
MFP Exhibit 10: NCR DCO-891-TN-NO4B '"/7’9“'
MFP Exhibit 11: NCJ. DCO-91-TN-N026 (4/12/91)
MFP Exhibit 13: LFR 1-92-001-00 (4EBOX 2)

Transcript pages 600-622

0

35- The NR’ issued Information Notice BB-70, "Check Valve
Inservice Testing Program Deficiencies" (B/29/88) to notify
licensees of potential problems with check valve in-service
testing (IST). NCR DCO-81-TN-NO2€ (4/12/91), MFP Exhibit 11

t 2. As summarized by PG&E, the NRC "was concerned that

heck vaives included in IST programs were not always tested
in bottr the open and closed positions to verify their ability
to pecvform a safety-related function." Jd. The NRC had found
that "no reverse flow coperability testg were being performed

on check valves other than those valves used for containment
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(5/21/93), Customer Energy Services Business Unit and General
Services Business Unit, MFP Exhibit 18 at 4,6.

110- All of the cables originate at the switch-gear,
located in the turbine building, and terminate at the cooling
water intake structure. Id. They are routed in two separate
sets of duct bank conduits, one for each unit, between the
turbine building and the intake structure. LER 1-93-005-00
(4/27/93), MFP Exhibit 15 at 3. These duct bank conduits are
buried in sand and are covered by concrete. Concrete vaults
are located at various intervals to serve as pull boxes for
the circuits. The pull boxes immediately outside of the
turbine building have drains which are routed to common sump
vaults for Units 1 and 2. These are equipped with sump pumps.
The Unit 1 and Unit 2 trenches are similar, but the design
makes the Unit 1 section of cable conduits near the turbine
building susceptible to submergence if the pull box sump pumps
are not functional and if the water within the pull boxes
rises above the conduit openings. lId. The Start-up Feeder
cable pull box, the pull boxes associated with the circuits to
the intake structure, and the diesel fuel o©il piping trench,
all drain into this common sump NCR DC1-93-EM-NO10 D3
(7/28/83), MFP Exhibit 14 at 13. (Sec_aliso Specific Findings
regarding Corrosion of ASW Annubar, DFO and CO2 Piping; it
also involves problems with standing water in the trench.) A
PG&E investigation determined that water had accumulated in

the pull boxes as a result of the pull box drain systems and



associated sump pumps not being functional for "a number of
years preceding the cable failure events, (i.e. since 1987)."
id. at 14.

111- Laboratory analyses have established that the 12kV
cable failure mechanism was chemical attack. PG&E has not
been able to determine the cause of the 4kV cable failure.

MFP Exhibit 15 at 2.

112- Finding: PG&E’s maintenance and surveillance program
was not adeguate to detect the degradation cof the medium
voltage cable.

113- PG&E testified that two of the cable failures - one
in the 12kV and one in the 4kV cable - were identified by
testing. Tr. at €52. This means that the other cable
failures occurred while the equipment was in service, and thus
were not detected through surveillance and testing.

114- The fact that the three of the cable failures
occurred during oparation and were not detected by testing and
surveillance is a matter of concern in that the degradation of
the 12KV cable was extensive. The faulted cable was described
as "not degraded at the pull box ends, then both ends
exhibited approximately B0 feet of ‘mushy’ jacket material,
and then there was approximately 200 feet of cable in the
center portion of the run that had no jacket at all. The
fault was in the section cf the cable that did not have any
jacket present..." MFP Exhibit 14 at 25,26. The wvendor

(Okonite) described the degradation as "unprecedented and has

51



not been seen by the industry previcusly." Region V Morning
Report (2/17/93), MFP Exhibit 19. While PG&E cannot be
expected to detect all equipment problems in advance, we find
that degradation of this magnitude should have been detected
by PG&E’s maintenance and surveillance program before the
cable failed.

115- Finding: PG&E has not identified the root cause of
the three 4kV cable failures and cannot justifiably claim that
they are random occurrences.

116- PG&E claims that the three safety-related 4kV cable
failures "were random in nature and time of occurrence." PGaE
Tg. at 108. According tc PGEE, it is a "possibility” that
‘chese may just be isolated point failures that occurred and
we may never see one of these again." Tr. at €56. PG&E does
not "think there’s an imminent problem with this cable" or
"that there’s a generic issue of why that happens..." Tr. at
657 However, despite PG&E’'s "extensive investigations" and
"extensive tests" of the 4kV failures, PG&E has "not been able
to determine a root cause." Tr. at 625. Without an
understanding of the root cause of the cable failures, PG&E
has no credible ground for asserting that the 4kV cable
failures were random in nature. Indeed, as noted in PG&E’s
own study of the problem, “"the next cable failure can nst be

predicted." MFP Exhibit 18 at 15.

(o]
[

. 7- PG&E has testified that .he 4KV cable is used in

other safety applications in the plant, some of them in a
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rate. Hypalon, which is chlorosulfonated polyethylene,

18 Qquite similar to Neoprene in its response to chemical

and moisture exposure, but offers some improvement in

mechanical properties. It, toe, is prone to swelling
fellowing long-term moisture exposure. The use of
neoprene or Hypalon jacketing materials is not what we
would suggest. Instead, the cables should be protected
with a lead moisture barrier with an overall linear low
density polyethylene (LLDPE) jacket. If this cannot be
accommodated... an LLDPE jacket should be used in place
of the Hypalon. Careful menitoring of the installed,

Hypalon jacketed cables through the next outage is

suggested. MFP Exhibit 21 at 3,4.

123- Even PG&E's own nonconformance report notes that:
"The cable design and application has been reviewed and
determined to be adegquate for the assumed environment. The
assumed environment was expected to be dry with occasional
short-term submergence. However, based on the documented
extended submergence conditions experienced at DCPP, a
necprene jacket may not be the best selection.” MFP Exhibit
14 at 12,

124~ Ignoring these conclusions by the vendor, PG&E’'s
consultant, and PG&E itself, PG&E "vsed the same cable that
was specified in our design as a replacement cable." Tr. at
651.

125- The Board finds that, in light of (a) the five
failures in three years of this cable under submerged
conditions, and (b) the recommendations of the vendor and
consultant, and (c) PG&E’'s inability to find a root cause for
the cable failures, PG&E’'s decision to use similar

construction material as replacement cable in the face of such

information indicates a serious deficiency in the mainienance
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134- Regarding the 4kV cables, however, PG&E argues that

"they may have been submerged in water for some period of
time. But all of our investigation showed that there was no
indication of any water intrusion into the installation. So,
we don‘'t see that as being a problem." Tr. at 647. "We don't
believe that the fact that the sump pumps didn‘t work was a
problem for the 4kV..." Tr. at 662. However, PG&E has yet to
establish the root cause for the 4kV cables. Hence, PG&E
cannot justifiably claim that submergence was not an issue for
the 4kV cable failures.

135- Fipding: PG&E‘s corrective action to maintain the
sump pumps was an untimely respouse.

136- PC&E admitg that the sump pumps were inoperable for
"a period of time preceding the cable failure events..." MFP
Exhibit 15 at 7. "Both Unit 1 & 2 commen pull box sump pump
systems were not adegquately maintained, and had been out of
service for a number of years (i.e. since 1987)." MFP Exhibit
14 at 14. The first cable failure occurred in 1989 and the
cables were found submerged in water. JId. at 24. Yet, no
preventive maintenance was established for the cable vaults
and the sump pumps until the issuance of NCR DCl-EM-N054 (MFP
Exhibit 17) after the occurrence of the fifth casle failure in

199

L

137- NRC had already cautioned PG&E about age/environment
induced electrical cable failures in NRC Information Notice

(IN) B&-49 See MFP Exhibit 14 at 26. As addressed in the

S8




IN, on 11/21/85, San Onofre Unit 1 experienced a loss of
offsite power when a transformer was tripped by its
differential relays because of a failed cable to the class 1E
4160-V bus. The most likely cause of the cable failure was
determined to be temperature-induced accelerated aging and
degradation of the cable insulation. The notice stated
"another important facet of the periodic maintenance and
testing program for cable circuits is the walkdown inspection
to identify actual or potential environmental conuitions
{(heat, water, chemicals, etc.) in the immediate vicinity of
the cables that could adversely affect cable conditions.”
(emphasis added) .

138- PG&E’'s response to this notice was that its class 1E

cables are run inside rigid iron conduits and routed away from

high temperature piping and equipment. MFP Exhibit 17 at 26
and Tr. at 641. The Board notes that PG&E made no response to
the other potential envircnmental conditions such as water or
chemical intrusion.

139- The Board concludes that PG&E’'s response to the
inoperable sump pumps and the extended submersion of the
cables was untimely and irresponsible. Furthermore, the
problem with the design of the Unit 1 section of cable
conduits near the turbine building which makes it more
susceptible to submergence (MFP Exhibit 15 at 3) has yet to be

rectified.

9



140- Finding: Five medium voltage cable failures in three
years represents a significant safety issue.

141- The two 12kV cable failures were nonsafety-related.
Two of the three 4kV cable failures were safety-related. PG&E
Ts. at 108,109. The NRC concluded that "plant safety had not
been sigrificantl, reduced by these cable failures, due tc the
presence of other, unaffected cables for redundant safety-

related pumps." NRC Ts. at 10. PG&E concurred. MFP Exhibic

142- This analysis misses the pcint that redundancy is

regquiregd for safety-related components by the Single Failure
Criterion in 10 C.F.R. Part 50, Appendix A. The purpose of

PG&E’'s maintenance and surveillance program should be to
ensure that both trains of a safety system are functioning, so
that 1f one train fails during an accident, the other one is
available to back it up. Thus, it is unaccepiable to argue
that the failure of one train of a safety system due to
inadequate maintenance by PG&E is acceptable because the
backup train is still functioning. Moreover, as discussed
above, the 4kV cable has safety applications elsewhere in the
plant, including a harsh accident environment. The facts that
(a) the 4kV cable has experienced multiple failures, and (b)
PG&E still does not know the root cause for these failures,
raise the concern that all of the 4kV cable is flawed in some
unknown respect and therefore cannot be relied upon with a

reasonable degree of confidence. Moreover, a flaw in all of

60






has not improved its cable monitoring system.
(See also Untimely or Ineffective Response to Maintenance

Problems in the General Findings.)

WRONG SIZE MOTOR INSTALLED

MFF Exhibit 24: NCR DC2-93-EM-N031 (7/28/93)
Transcript pages: 689-554

144- During 2R5, a 10 ft-1b motor was installed on motor
operated valve (MOV) DI-2-8974A rather than the required 15

ft-1b model. NCR DC2-93-EM-NO031 (7/28/93), MFP 24 Exhibit at

L)

- 5
4

safety-related motor is required to close the MOV

.
("
4]

during switchover from injection phase to colid leg

e

H

culation phase. 14, at 1.

0
=

145- This event was caused by several personnel errors:
1. The initial personnel error was caused during work
order development when the work planner misread page

4 of the DCN.

2. During his self-verification process, the electrician
failed to identify that the wrong motor was installed.

The QC inspectiocn hold point was performed

La
L]
»
-

incorrectly. The inspector misread the motor name plate.
4. The DCN sponsor did not identify that the wrong motor

had been installed.



146- Finding: The barriers designed to prevent errors
like the one described above were ineffective, due to multiple
personnel errors. Such a multiplicity of errors, all involved
in verifying the accuracy of the same job, is evidence cof a
programmatic deficiency in training at DCNPP.

147- This incident was initially caused by a personnel
error in that the "work planner" misread a DCN during work
order development. JId. at 4. By itself, such an error might
be found to have little significance. The problem here is
that not less than three other individualg, who were
responsible for checking the correctness of the installation
of the motor, failed to identify the fact that the wrong one
had been installed. The occurrence of three consecutive
personnel errors in verifying the proper installat.mn of the
same piece of egquipment can hardly be deemed an "isolated
personnel error" which is "inherently tolerate[d]" by plant
design and testing features. PG&E proposed findings M-A21 and
M-A22. To the contrary, we find this to be an indicator of a
progranmatic deficiency in PG&E’'s maintenance and surveillance
program. While training is suspect, at this point we do not
know what is the cause of the problem. In any event, the
occurrence of this event prevents us from finding that DCNPP
maintenance personnel are capable of doing their job in an
adequate and safe manner. See also a discussion of Breakdown

of Multiple Barriers in the General Findings.

63



148- Finding: The installation of the wrong motor had
safety significance.

149- PG&E argues, both in its NCR and in its proposed
findings, that the installation of the wrong valve motor had
no safety significance. MFP Exhibit 24 at 4, PG&E proposed
finding M-A20. We find PG&E’'s safety analysis to be
incorrect. Moreover, as discussed with respect to numerous
other safety issues raised in connection with these proposed
findings, PG&E’s safety analyses of its maintenance problems
reflects either a misunderstanding of or a poor attitude
toward the significance of safety issues and the role of
mai.atenance in protecting the safety of the public. See also
Inadequate and Incorrect Analyses of Safety Significance in
the General Findings.

150- PG&E makes two principal arguments in support of its
claim that the installation of the wrong motor had no safety
significance in this case. First, it states that the
associated valve could have been closed manually. MFP Exhibit
2« at 4. However, as PGLE itself concedes, there is no
procedure for closing the valve or its companion. Id4.
Moreover, under the worst case conditions, in a large break
LOCA, the operators would have only 13 minutes to close the
valve. The closing of the valve in such a short period would
be a marginal, if not unlikely, proposition.

151- Second, PG&E argues that the capability of the 10

ft-1b motor at the design basis voltage of 85% is 104 ft-1b.
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This equates to 8194 1lb of thrust at the worst stem factor.
This is more than adeguate to fully shut the valve under
design basis condition (7%%6 lbs is calculated under ICE-12
evaluation). JId. at 5. However, this leaves a margin of
error of only 198 pounds, or less than 3% of the worst case
calculated thrust for a design basis accident. Such a narrow
margin of error gives no cause for comfort, especially in

-
-

ght of the fact that the design reguirements are based on

b

calculations and thus may vary somewhat from actual accident
conditions. In this regard, we take judicial notice of the
fact that the NRC recently warned licensees that diagnostic
egquipment u~ed to calculate stem thrust may be inaccurate and
may yield nonconservative results. NRC Generic Letter B89-10,
Supplement S, "Inaccuracy of Motor-Operated Valve Diagnostic

Equipment" (June 28, 1993)

STORAGE AND HANDLING OF LUBRICANTS

MFP Exhibit 27: NCR DCO-93-MF-N039 (7/27/93)
MFP Exhibit 28: NCR DCO-%1-MM-NO61 (10/25/91)

Transcript pages: 726-745

152- PG&E has a history of failing to comply with its
procedures to control lubricants (AP D-753). These
discrepancies include: unlabelled and mislabelled grease guns
and cil pumps; cross contamination of greases and oils; the

use of wrong oils; and failure to maintain log books. NCR
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DCO-93-MF-N039 (7/27/93) MFP Exhibit 27; NCR DCO-91-MM-NC61
(10/25/91) MFP Exhibit 28.

153- This issue was first identified in 1987, and the NRC
issued a notice of vioclation at that time. MFP Exhibit 27 at
10. Additional problems were found in 1991. MFP Exhibit 2B.
Despite corrective measures purportedly taken by PG&E, similar
problems occurred in 1993. MFP Exhibit 27.

History of Nonccmpliance

154- PG&E’s history of failure to comply with AP D-753

(control of lubricants) includes the following events:

(S
-

n

n March 26, 1987, the NRC issued a notice of

O

o

violation to DCNPP for failure to comply with AP D-753. See
MFP Exhibit 28 at 2. A one gallon unlabelled container filled
with o0il was in the tool shed area of the intake structure,
another gallon unlabelled container filled with ©il was in a
storage cabinet in the new cold machine shop, and three
unlabelled grease guns were found in the hot machine shop tool
room. The log books were not being maintained in the bulk
storage areas or at any of the dispensing rooms. Id.

156- PG&E discovered that on April 10, 19%0, "the wrong
oi1l, GST-32, was added to the heater 2 drain tank pump 2-1.
The regquired oil should have been GST-68." JId.

157- On November 3, 1991, "the wrong oil (GST-32)" was
added to the CCWP 2-1 motor bearing. Again, the required oil

was GST-68B. 1d. at 3.
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158- On July 12, 1991, PG&E wrote NCR DCO-S51-MM-NO61 (a
later revision of this NCR is MFP Exhibit 28) to "identify
discrepancies noted in lubrication storage and handling." MFP
Exhibit 27 at 3. These discrepancies included the following:

1. A Lincoln model-1035 grease gun had a brass tag

attached indicating "Exxon EPO EQ" type grease.

Installed in the gun was a cartridge of "Chevron Dura-

Lith grease EP-2." MFP Exhibit 28 at 2.

2. Upon visual inspection of the one Land pump for 35

pound grease cans, PG&E found that the pick-up tube for

the pump "contained 2 different colors of grease mixed

together." This pick-up tube "can hold approximately 40

ounces of grease." The pump is used for multiple types

of greases without clearance of the pick-up tube. Id.

3. Two Hi pressure grease guns "were not marked with the

type of grease installed as required by AP D-753." Id.

4. Inspection of the hand oil pump for 55 gallons barrels

determined that approximately one cup of o0il remained in

the pump. According to PG&E, although this amount of o0il

i "insignificant" when large guantities of oil are

dispensed, "when smaller guantities are needed (i.e., a

pint), "mixing of incompatible lubricants could result."

1d.

5. Grease guns are typically marked as containing “"EP-2."

However, there are various types of EP-2 such as

Duralith, Polyurea, moly and Ultra Duty. Thus, PG&E
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found that the grease guns should be marked with the

specific type of EP-2. Id. at 3.

6. An obsclete revision (#17) cf AP D-753 was found in

the lubricants storage room. The correct revision was

i8. I8.

159- The Auxiliary Salt Water ("ASW") pumps are
lubricated with AW Machine-100 oil. Exhibit 27 at 3. ©On June
22 and 23, 1993, during maintenance on the ASW pumps, PG&E
discovered that an incompatible oil, GST-32, had been added to
the bearing ¢il reservoirs for the upper and lower bearings of
the ASW 1-1 pump motor. JId. A sample showed that the c¢il on
the bearings was primarily AW-100, with about 10% GST-32. 1d.
at 4.

160- PGKE checked ASW 1-1 and 1-2 pump motors for
contaminated oil on June 22 and 23. JId. However, PG&E waited
a whole month to check the o0il in the ASW pump motors in Unit
2. The o0il in those pumps was also discovered to be
contaminated, although the NCR prepared by PG&E does not
describe the extent cof the contamination. JId.

161- PG&E still does not know how the wrong ©il got into
the pump motors. Tr. at 728. The problem was discovered when
a gallon container with a half gallon of GST-32 oil was found
in the intake storage area in Unit 1. MFP Exhibit 27 at 3.
However, the oil log book did not reveal where or when this
©il was obtained. 1d. PG&E also testified that it was

improper to leave an oil container in the intake area; "it
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ghould have been used once and then disposed of." Tr. at 742.

162- Finding: Failure to contrel lubricants is a
recurrent problem at DCNPP and demonstrates a deficient
maintenance and surveillance program.

163- In NCR DCO-91-MM-NO€1, PG&E attempted to determine
the causes of its problems with lubricants and to correct the
problem. PG&E found that the storage and handling of
lubricants was difficult to control due to "lack of specific
ownership" of the lubricants storage room. MFP Exhibit 28 at
5. "Accessibility to lubricants is shared with other
departments. These conditions provide opportunity for
lubrication procedure viclations." MFP Exhibit 28 at 10
Contributing factors identified by PG&E include that
identification of lubricants was unclear and lacked
uniformity; that dispensing mechanisms were not clearly
identified; and that personnel were inattentive tc details.
MFP Exhibit 28 at 5. In response, PG&E appointed a foreman to
oversee the lubricant storage area; provided for an
additicnally monthly audit of the area; and committed to
“enhance and standardize the markings on the grease-dispensing
toole." JId. at 7,8. PG&E also testified that it "did a lot
of training with the operations personnel." Tr. at 738.

164- PG&E’'s reforms were ineffective to prevent the
misuse of ©il on the ASW pumps in 189%3. As Maintenance
Manager Bryant Giffin testified,

We thought that we had & handle on it and that posting
the procedure and having the rules posted and giving
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G&E is etill in the process of identifying the
cause of the most recent incident invelving misuse of
lubricants, and is still evaluating corrective actions. The
Board is concerned that PG&E’'s previous attempts to resolve
the problems with misuse of lubricants have been unsuccessful;
and that PG&E has not identified the reasons that these
corrective actions were unsuccessful. Under these
circumstances, in which the causes of PG&E’'s problems have not
been identified or resoclved, we cannot find that PG&E’s
program for the safe and appropriate handling and use of
lubricants is adeguate to protect the public health and

safetry.

1 ILDIN

MFP Exhibit 38: NCR DC1-%1-TN-NOO7 (12/11/91)

MFP Exhibit 39: LER-BS-019-00-01 ((9/1%8/9%91)

MFP Exhibit 41: OSRG November 1991 Monthly Summary

Trenscript pages: 777-828
PG&E Testimony: 104,10

167- In order to assure that all potential re.eases from
the spent fuel pool are exhausted through the Fu«l Handling
Building (FHE) exhaust filters, the fuel pool area must be
maintained at a negative pressure. LER-89-0192-00-01
((9/19/91), MFP Exhibit 3% at 4. ©On 1/18/91, PGALE declared
the FHE ventilation system inoperable because the system

s -

£ -
L33

e

ed to maintain a negative 1/8" water gauge pressure in the
building, as prescribed by the plant’s technical
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factor of the loss of pressure in the FHB, and demonstrates an
insufficiency in PG&E’'s maintenance and surveillance program
at DCNPP.

177- Finding: PG&E’'s maintenance and surveillance
program was not adequate to monitor the negative pressure of
the FHE before it failed to meet TS regquirements.

178- PG&E claims that "past surveillance test data did
not indicate a trerd in maintaining the required negative
pregsure of the FHB." JIgd. at 12. Yet, at the same time, PG&E
concedes that

The lack of an adverse trend in the FHE pressure may not

have been identified because several variables affecting

the results of the test, such as test performer, weather
conditions, door position, and instrument inaccuracies,
were not consistent during the three tests. MFP Exhibit

38 at 12.

PG&E’'s listing of these four significaut "variables,"
including "instrument accuracies," raise serious doubis as to
whether PG&E’'s testing methods are at all accurate. We find
that the existence of such variables, without additional
explanation by PG&E - including the margin of error of the
test - fundamentally undermines the 1eliability of PG&E's
program for maintaining adeguate negative pressure in the FHB.

179- Moreover, the Board finds that PG&E failed to
respond 1n an adequate or responsible manner when it tested
the FHBE pressure in 1989 and found it to be .15 inches -
within .025 inches of the limit specified by the plant
technical specifications (1/8" or .125"). Given the

acknowledged "variations" in the tests, PG&E never should have
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181- Finding: PG&E’'s maintenance and surveillance
program was not attentive to the upkeep of the FHB.

182~ PGA&E reported in its NCR that "during startup for
the FHE, fasteners for the siding near the crane rail were
tightened regularly. This practice ceased after the building
was turned over tc the plant, as it was never communicated

that a problem with the fasteners existed." MFP Exhibit 38 at

g
- =

=

dditionally, the "original design drawings for the FHB
included an inflatable seal for the movable wall. The seal is
no longer installed, and a DCN search did not identify any
time that the seal was removed." JId. at 8.

183- PG&E’'s OSRG November 1991 monthly summary, reported

long term action has not been effective in restoring
either FHB to operable status due to additional problems
encountered. Door labeling control was not effective
since the NRC, on follow-up, discovered doors open and
labels missing. In addition, all corrective actions
should have been completed prior to 1R4, but were not.
OSRG November 1991 Monthly Summary, MFP Exhibit 41 at 5.
184- Accordingly, the Board finds that the untightened
fasteners, the missing inflatable seal, and the careless
contrel of doors indicate a lack of thoroughness and attention
to detail in PG&E’s maintenance and surveillance program. See
discussions in General Findings regarding Untimely Detection

and Correction of Aging Effects.
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have been a warning in there to alert the planner when he

.-

reviewed it..." Tr. at 830.
195- The Licensing Board finds that the repeatad
occurrence, on three occasions, ©of missed post-maintenance

surveillances for the containment personnel air lock indicates

.a significant deficiency in the maintenance and surveillance

program at DCNPP. The Board is concerned because these events
involved inadeguate instruction as well as lack of knowledge

on the part of personnel.

COMPONENT COOLING WATER (CCW) HEAT EXCHANGER
MFP Exhibit 47: NCR DC2-TS-N017 (6/15/93)
Transcript pages: B856-B6E

200- The function of the Component Cooling Water (CCW)
’stem is to remove the heat generated by the various plant
systems without releasing radicactive material to the

environment . NCR DC2-TS-NO17 (6/15/93), MFP Exhibit 47 at

|8

201- Each Unit at DCNPP has two YUBA CCW heat exchangers
which have 1,237 straight tubes approximately 35 feet long.
In March of 1993, during 2RS5, eddy current testing was
conducted on the tubes on CCW heat exchangers 2-1 and 2-2.
Fretting was found on the outside diameter cf the tubes at the
baffle plates. Tubes with damage greater than 20% were

plugged. Ten tubes were identified for plugging on CCW heat
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exchanger 2-1. Several tubes were plugged on heat exchanger

202~ According to the NCR for this event,

Fretting which is also called chatter is the most commoil

form of tube damage. It occurs at support plates or

baffles. Tubes may wear either 180 degree or 360 degrees
around their circumference. The most common occurrence
is the 180 degree wear, is especially found in the bundle
periphery. The suvpport plate or baffle may also wear,
causing increased hole size. The hole and tube wear
increase the clearance between the tube and support
plate/baffle. This condition reduces damping and
increases the tube wvibration. Therefore, rate of
fretting degradation increases exponentially. Id, at

5.6,

203- Finding: Eddy current testing is not being
performed with sufficient freguency.

204- PG&E states that as part of its in-service
inspection (ISI) program, it performs tests to identify and
predict any degradation on equipment. Tr. at BS7. PG&E
claims that the CCW heat exchanger tubes had been eddy current
tested previously and that the fregquency of these tests is
based on the expected wear and service life of the heat
exchanger. PG&E further asserts that the surveillance for

this egquipment is sufficient. Tr. at 858. The NCR states

(g

hat "regularly scheduled Eddy Current testing is designed to
detect this ccndition 80 it can be corrected before the
failure of the tubes." Id. at 6. But the NCR also notes that
"1R5 and 2RS were the first times that the CCW heat exchangers
had been eddy current tested." Jd. at 13.

205- In light of the extent of the degradation that was
identified on the CCW heat exchangers, and the rapid - indeed

83




exponential - rate at which these tubes can degrade, the

Licensing Board maintains that PG&E’'s maintenance and
survelillance program is inadequate. The fifth refueling
outage, when eddy current tests were first performed, is fully
seven or eight years after DCNPP began operation. This is an
unacceptable lapse of time to inspect these safety components.
We conclude that the surveillance is not being performed with
sufficient frequency toc detect the degradation of this system.
See discussion in General Findings regarding Untimely
Detection and Correction of Aging Effects and
Inadeguate/Improper Surveillance.

206- Finding: The ability of maintenance and
surveillance activities to assure the efficiency cof the CCW
heat exchangers remains in guestion.

207- PG&E determined the root cause of the vibration and
the fretting that was found on the tubes to be caused by the
increased flow rate when operating two residual heat removal
(RHR) heat exchangers and only one CCW heat exchanger. The
other heat exchanger is required for miscellaneous maintenance
and operational needs. Tr. at 861.

208- PG&E found that a contributory cause of the
degradation was the fact that the actual flow is "much greater
than original operating conditions {(up to 25,000 gpm refueling
ve. 12,500 gpm design)." Id. at 5. "With two heat RHR heat
exchangers on line, the flow rate through one CCW heat

exchanger is 22,000 gpm." JId. at 13. The NCR stated that the
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minimize the amount of radiation released during accident
conditions. LER 2-93-002 (4/5/93), MFP Exhibit 50 at 2.

215- On 3/4/93, PGLE attempted to perform preventive
maintenance on the Unit 2 ABVS. PG&E excee. "d the technical
specificiations when the ABVS was rendered inoperable by the
closure of a manual damper. PG&E filed a Licensee Event
Report regarding this incident. (MFP Exhibit 50 at 2) Id.

216- The maintenance work was complicated by a variety of
clearances that were established and changed to accommodate
other work. Additionally, the work order instructions
required the workers to close the manual dampers and was not
specific as to which dampers to close. Only dampers MD-S5A and
MD-SB should have been closed. However, damper MD-3 was
closed; this rendered the ABVS inoperable. IR DC2-MM-NO12
(6/11/93), MFP Exhibit 49 at 3-5.

217~ PG&E claims that the root cause of the incident was
due to two personnel errors. First, the system engineer
altered an earlier clearance without complete knowledge of the
impact it would have on the system. "If the clearance had not
been altered the work in the field could have been
performed. .. without a mishap."” MFP Exhibit 49 at 6. PG&E
found that a system of checks arnd Lalances, intended to
preclude such a misjudgment, had failed in this case. JId.

218- Second, PG&E found there was "personnel error
resulting from poor communication.” Id. The "craftsman did

not aotify the Mechanical Maintenance Foreman that the
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"will document that the F bus and its associated DG would have
been operable before and after a postulated seismic event."
Id. at 5. In light of the condition in which the panel was
found, and the concerns that had just been expressed by PG&E
regarding the seismic gualification of the panel, we find this
assertion to be glib and unsupported.

235- PG&E also asserts that "only two vital 4kV buses are
required to safely shut down the plant, and buses G and H were
verified as having the hinged panel fasteners installed." Jd.
As we have discussed with respect to numerous other safety
analyses by PG&E, this analysis ignores the concept that PG&E
must assure the redundancy of these safety systems. It 1is
unacceptable for PG&E to argue that although one safety system
is disabled through inept maintenance, its companions are
available. Both systems must be functional in order to take
credit for the redundancy as ensurance that the plant can
operate safely. See discussion in the General Findings

regarding Multiple Groups and Reduction in Safety Margins.

CONTAI VT JIPMENT HATC

MFP Exhibit 53: NCR DC2-93-MM-N013 (5/28/93)
MFP Exhibit 54: LER 2-93-003-00 (4/5/93)

Transcript pages: %00-210

236- On 3/10/9

tad

, the Unit 2 containment equipment hatch
was closed with four bolts in place as required by procedure.
But the lead journeyman performed a visual inspection of the
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241~ NRC had also alerted licensees about this problem:
NRC Information Notice 79-33, "Improper Closure of Primary
Containment Egquipment Access Hatches," describes an event at

Brown’s Ferry when the equipment hatch was not fully closed.

See MFP Exhibit 53 at 11
242- PG&E determined the root cause of this incident to

be "personnel errcor, failure to follow the procedure to verify
the absence of a containment equipment hatch seal gap from the
outside of containment." MFP Exhibit 53 at 6. The Board
finds that the procedure itself was not adegquate: as PG&E
conceded, "independent verification was not required for the
containment egquipment hatch closure prior to core off-locad."
Id. In adaition, "the Mechanical Maintenance tailboard prior
te the containment equipment hatch closure activity was not

adequate. The egual spacing of the hatch bolts and visual

-

verification that there was no gap at the hatch sealing area
from cutside of containment was not discussed during the
tailboard." MFP Exhibit 54 at 5.

243- The Licensing Board finds PG&E’'s maintenance
procedure for this activity insufficient to ensure the closure
of the hatch and, hence, the safety of the public. Moreover,
PG&E failed to respond in a timely or effective way to prior

warnings

"

hat closure of the containment hatch was a problem.
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MANUAL FEAQ?:R TRIP CAUSED BY FAILI OF A FUSE FOR THE ROD
CONTROL SYSTEM

MFP Exhibit 55: LER 1-91-008-00 (5/23/91)
MFP Exhibit 5€&: NCR DC1-91-EM-NO46 (6/10/91)

Transcript pages: 511-912

244~ On 4/24/%1, a manual reactor triv was initiated in

O
b4
@)

er to terminate an increase in reactor power. The cause of
the power increase was an urgent failure of the rod control
system which rendered manual control rod movement inoperable.
The rod control system failure was caused by the failure of a
fuse in the bus duct disconnect to the rod control power
supply cabinet. PG&E’'s investigation revealed that 12 cf 15
fuses in similar locations were of the wrong type. NCR DCl-
91-EM-N0O46 (6/10/91), MFP Exhibit 56 at 1.

245- Finding: PG&E’Ss previous corrective actions were
ineffective and failed to prevent the event described above.

246- In 1987, LER 1-87-016-01 and NCR DC1-87-TI-N109
identified the failure of the ceramic type 30 amp fuses as a
generic problem with the rod control system. Failure of power
fuses used in control rod drive cabinet 2AC had caused control
bank A to lock up. The cause of the fuse failure was poor
connection of the end cap with the fusible link. LER 1-91-
008-00 (5/23/91), MFP Exhibit 55 at 6. Additionally, NRC 1E
IN-8762, "Mechanical Failure of Indicating-Type Fuses,"
identified a similar cold solder joint problem with similar

fuses. MFP Exhibit S$6 at 11.
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finds that PE&E’'s actions in this event demonstrates an

insufficient maintenance and surveillance program at DCNPP.

LIMITORQUE 2-FCV-37 FAILED TO CLOSE
MFP Exhibit 57: NCR DC2-93-EM-N014 (5/13/93)

12-917

@0

Transcript pages:
250~ FCV-37 and 38 are remote manual containment
isolation valves for the main steam system to the AFW turbine-
driven pump, and are Design Class I. NCR DC2-93-EM-N0O14
(§/13/93), MFP Exhibit 57 at 9. The valve operators for these
valves are Instrument Class IA. These flow control valves are
relied upon during loss of main feedwater transient, secondary
system pipe ruptures, loss of all ac power (station blackout),
loss-of-coclant accident (LOCA) and cocldown. JId. at 8.

251- On 1/31/93, during performance of a routine
surveillance test, flow control valve 2-FCV-37 failed to
close, either electrically cor manually on command from the
control room. Id. at 3,4. When the stem cover was removed, a
large amount of "Lubriplate" lubricant was found pooled in the
stem nut/lock nut depression. Inspection of the stem showed
that the stem lubricant was marginal. PG&E believed at that
time that the cause of the problem was due to a sticking valve

stem. The valve was returned to service on 2/1/93. 1d.

\J

252- On 2/4/93, a partial internal actuator inspection

found nothing te indicate why the actuator Lad failed to
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lose. J1d. at 4. On 2/5/93, a quality evaluation was

$t

-

initiated. Id. ©On 2/17/93, votes testing was completed and
no problems were noted. Id. On 3/9/93, a manual load cell
rest determined the as-found thrust to be acceptable. Igd.
253- On 3/12/93, PG&E performed an internal inspection of

the valve operator, which revealed "significant particulates,

water and corrosion.” The upper bearing had "visible
corrosion." The grease wae contaminated with "dirt, rust,
metal shavings, etc." Id.

254- On 2/15/93, PG&E determined that "the ability of the
2-FCV-37 to close with full flow differential pressure (DP)
was suspect prior to January 31, 1993 with the buildup of
corrosion on the upper bearing combined with the degraded stem
lubrication." JId. at 5. This was "potentially reportable."
g, at 6.

255- The TRG meeting minutes for March 23, 1993, also
state that "subsequent investigation indicates" that the valve
"was not operable for a period of time, assumed to be greater
than 72 hours, prior to January 31, 1993." JId. at 23.
Inoperability of 2-FCV-37 "makes the turbine-driven auxiliary
feedwater pump inoperable," thereby exceeding the technical
specificiations for DCNPP. Jd.

256- At an unspecified date, PG&E also inspected valve
operators located in the same pipe rack as FCV-37. Heavy,
flaky rust and some standing water were found in the upper |

section of the stem cover area for 2-FCV-429. JId. at 14. |
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257- PGLE determined that 2-FCV-37 failed to close due to
a combination of corrosion on the upper bearing and degraded
stem lubrication. JId. at 2. While PG&E does not explicitly
state the cause of the contamination, the TRG minutes
identified steam dump condensation as the "most probable
cause." JId. at 25 Heavy rainfall was also cited as a
possible contaminant. Id. at 20. During maintenance work in
1990, when the valve was overhauled, PG&E workers had
neglected to install quad rings during reassembly of the valve
operator. JId. at 23. PG&E believes that the gquad rings would
have prutected the valve operator housing from flooding. 1Id.
ar 20.

258- Laboratory tests alsc showed that the lubricants in
the valve operator had deteriorated significantly. Grease
samples from the main gearbox contained water and dirt
contamination. Id. at 4, 25-26. Although PG&E deemed it
"usable," it found the grease to be "at the lower range of
acceptability." JId, at 26. The grease sample from the upper
roller bearing area was "completely black with excessive
amounts of large metal particles and water." PG&E found that
this grease was "abnormal" and "unacceptable." Jd. (See also
Control of Foreign Material in the Specific Findings.)

259- Moreover, the tests showed that PG&E had used the
wrong lub-icant in the valve cperator. The upper roller
bearing grease was "confirmed to NOT be Lubriplate nor Nebula

EP-0," 1.e., the grease prescribed for this equipment, and
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thus "was unacceptable for use as a lubricant.” Ig. at 26.
(See also Storage and Handling of Lubricants in Specific
Findings.)

260~ Finding: PG&E failed to perform adequate
maintenance on 2-FCV-37 and 2-FCV-439, and did not identify
the prcocblem in a timely way.

261- Thus, by PG&E’'s own accounting, valve 2-FCV-37, was
probably inoperable for some period of time between 1990, when
the valve actuator was disassembled, and 1593, when the
valve’'s inoperability was discovered. Given the essential
role of this eguipment in the safe operation of the plant, and
the extensive length of time in which it may have been
inoperable. the Board considers this to be a matter of serious
concern. The Board also finds that the incperability of
2-FCV-37 resulted from poor maintenance and surveillance by

PG&E, and that these inadeqguacies have not been resolved
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262- First, although the NCR does not make it explicitly
clear, it appears that PG&E attributes the corrosion and
contamination of the valve actuator to contamination by steam
condensate or rainfall, which would have been prevented had
the guad rings been installed. 1If indeed the guad rings were
regquired to protect these Class I valve actuators, then we
deem it a serious deficiency that PG&E’s maintenance

procedures did not clearly require the installation of guad
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is similar to PG&E’'s failure to maintain the sump pumps in the
vaults; the submergence of the cables contributed to the
severe degradation and eventual failures of the 12kV cables.
310- The accumulation of water may seem to be a small
thing compared to the complicated technology ©of an operating
nuclear reactor. But this small thing has led to corrosion
and degradation of needed equipment, some of it safety
related. In both cases (the trench/pipeway and the sump
pumps), no maintenance procedures were in place to prevent the
accumulation of water. These two situations affirm that the
aintenance and surveillance program at DCNPP is deficient.
311- Finding: This is an example of inadequate
coordination between maintenance and operations personnel.
312- NRC testified that
An additional NRC concern inveolved the coordination
between the maintenance and coperations organizations, in
that the other fuel o0il system had been taken out of
service leaving the corroded system in service. Only
later did the Licensee determine, by analysis, that the
fuel oil system had been operable despite the corrosion.

NRC Ts. at 10,11.

313- The Board finds that this is an example of a

(&7

32

n

turbing and unacceptable pattern in which poor coordination

between maintenance and surveillance personnel led to safety
problems See alsc General Findings regarding Lack of
Communication and/or Coordination.
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contributory to the recurring deficiencies. This is an
exampie of inadeguate corrective action. JId. at 5,6.

333- In response to QCS90-030,

The inspectors found that, although the audit identified
significant recurring deficiencies for which previous
corrective action was inadequate, no Actions Requests,
(ARs), Quality Evaluations (QEs), or Audit Finding
Reporte (AFRs) were written specific to the problem of
inadequate corrective action for significant
deficiencies. The inspector found that no written
response was reguired to address the overall conclusions
of the surveil lance report. These conclusions were based
on the auditor’s evaluation of the significance of the
individual observed deficiencies as indicators of the
effectiveness of the program in achieving its guality
objectives. Individual deficiencies were addressed under
subseguent Action Regquests. Apparently, the licensee

did not recognize that the programmatic weaknesses, which
allowed the individual deficiencies to occur, reguired
correction. Therefore, the programmatic weaknesses were
not adequately dealt with to preclude recurrence. Id. at
-

334- The NRC issued a Severity Level IV wviolation for

these conditions in IR 21-04. It stated that

during the period from November, 1989 through December,
1990, effective corrective actions were not implemented
to preclude repetition of significant deficiencies in the
control and issue of measuring and test equipment used in
activities affecting quality which were identified in
licensee Surveillance and Audit reports QCS B89-0175, 90-
0030, 90-126 and 950812T. In addition, a nonconformance
report was not initiated to identify this lack cof
effective corrective action. MFP Exhibit 71, NOV,
Enclosure at 1.

335- In response to the violatio., PG&E agreed that

plant management should have been more aggressive in
correcting these weaknesses in a timely and effective
manner...the root causes of the deficiencies were the
failures of not only the responsible line organization to
pay attention to detail, but also of the guality
organizations and senior plant management to insist that
the deficiencies be corrected in a timely manner. PG&E
recognizes that the M&TE deficiencies identified in the
NOV are symptomatic of issues relating to our overall
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corrective action implementation program... MFP Exhibit
66 at 3.

336- In an Enforcement Conference that tock place in

fony
o
o
-

the NRC expressed concerns

regarding the timeliness and thoroughness of your
overall corrective action program implementation for an
extended period of time. These concerns have been
brought to your attention in previous inspection reports,
the latest SALP report, and were also discussed during
our last management meeting in November 1990. The
circumstances surrounding the mechanical M&TE issue,
addressed here and in the associated NRC Inspection
Reports, provide additional examples that your program
for corrective action has not been fully effective. As
we discussed at the Enforcement Conference, several
barriers existed to assure that the weaknesses in the
mechanical M&TE area were promptly corrected. The
responsible line organization, guality control, gquality
assurance, and senior management all had opportunities to
insist on correcting the programmatic weaknesses. None
of these organizations functioned effectively to deal
with the M&TE problem. MFP Exhibit 71 at 1.

337- NCR DCO-93-MM-NO02 described more recent M&TE
deficiencies. Moreover, PG&E noted that the deficiencies
appeared "to be a repeat of one of the problems identified
under NCR DCO-90-MM-NOB9." MFP Exhibit €5 at 1. The
Licensing Board thus concliudes that, despite PG&E’'Ss continuing
attempts to remedy the deficiencies in M&TE, corrective
actions to prevent recurrence have been ineffective.

338- Finding: PG&E management was insufficiently
involved in the resolution of the M&TE deficiencies.

339- In QP&A 90-12€6, the NRC noted that "it was not clear
that the auditor’s findings were recognized and dealt with

effectively by management." MFP Exhibit €9 at 4.



340- In 1991, PGA&E determined the root cause of the
recurring M&TE deficiencies was inattention to detail,
inadequate acceptance of, and insufficient management
attention to M&TE program requirements. A program was
initiated in late 1989 fto rarchase additional M&TE eguipment
and transfer the responsibilities of MM M&TE to I&C, yet "a
failure to recognize continuing problems and elevate them to
upper management’s attention contributed to the failure to
initiate an NCR and resclve the issue." NCR DCO-90-MM-NCBS
(4/8/91), MFP Exhibit 67 at 1.

341- In response to a violation issued in 1991 (noted
above), PG&E agreed that

plant management should have been more aggressive in

correcting these weaknesses in a timely and effective
manner... the root causes of the deficiencies were the

failures of not only the responsible line organization to

pay attention to detail, but also of the quality
organizations and senior plant management to insist that
the deficiencies be corrected in a timely manner. PG&E
recognizes that the MATE deficiencies identified in the
NOV are symptomatic of issues relating to our overall

corrective acticn implementation program... MFP Exhibit
66 at 3.

342- During an Enforcement Conference that took place in

the NRC noted that

the responsible line organization, qQuality control,
quality assurance, and senior management all had
opportunities to insist on correcting the programmatic
weaknesses. None of these organizations functioned
effectively to deal with the M&TE problem. MFP Exhibit
71, cover.

Mr. Martin [NRC Regional Administrator] concluded the
meeting by stating that the fundamental weakness in the

licensee’'s performance had been the failure of management

to ensure that timely corrective actions were being



taken Mr. Shiffer [PG&E Senior vice President and
General Manager] agreed with this summation. Id.

343- In a 1993 NCR, PGAE determined that the root cause
of the continuing M&TE problems was personnel error,due to
inattention to detail and failure to comply with applicable
administrative procedures. PG&E found that the contributory
causes included ineffective management commitment to the M&TE

program and personnel not held accountable. MFP Exhibit €5 at

c

344- Hence, the Licensing Board finds that PG&E’'Ss
management is not sufficiently involved in the resclution of
the long standing and recurring M&TE deficiencies.

345- Finding: The recurring M&TE deficiencies have
safety significance.

346- PG&E claims that "there was no safety significance
to these deficiencies." Tr. at 103. Yet, according to an NRC
inspection report, the findings "represent a significant
safety matter because they indicate a chronic programmatic
weakness in the control cof MM M&TE, which may have, or at
least had the potential to adversely impact installed safety
related equipment.”" MFP Exhibit 70 at 2 and cover pages.

347- Morecover, we reject PC&E’s argument that there was
no safety significance to these M&TE deficiencies because
there was nc actual adverse impact on safety related

~

egquipment. Tr. at 1107. Sge discussion regarding Inadeguate
and Incorrect Safety Analyses of Safety Significance, which
rejects this type of analysis. The potential for significant
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adverse effects due to the MATE deficienciesgs are real and

substantial. The fact that safety related egquipment has not

yet been affected indicates that PG&E has thus far been lucky,

CENTRIFUGAL CHARGING PUMP 2-1: DEGRADED COUPLING
MFP Exhibit 73: NCR DC2-%2-MM-NO031 (3/12/93)
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on Centrifugal Charging Pump (CCP) 2-1. While attempting to
take a gear lube sample from the motor-to-speed increaser

coupling during investigation of this problem, the coupling

sleeve was found to be stiff due to hardened lubricant. While

ECCS trains 1-1, 1-2 and 2-2 have not experienced coupling
problems, this was the third occurrence involving CCP 2-1.

~2-92-MM-NO31 (3/12/93), MFP Exhibit 73 at 1.

349- PG&E found that the root cause of the degraded
condition of the coupling was due to the following:

1. vendor recommendations were not clearly stated;
2. alignment tolerances and data were not specifically
stated on the work order;

heets were not provided or utilized;
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t that these M&TE deficiencies have no safety significance.

48- On 6/30/92, PG&E identified an increase in vibration



4. no evaluation was performed by Mechanical Maintenance

engineering to determine the acceptability of the
alignment ;

5. the actual relative thermal movement between the
shafts are different that indicated by the

manufacturer’'s cold cffset recommendations;

€. the grease type used was not as durable as the special

grease available from the coupling manufacturer;
7. the cleaning and lubricating technigue during
preventive maintenance varies greatly because the
outer flange cannot be pulled back to allow good

cleaning, inspection, and repacking of the coupling at

350- Finding: Previous corrective actions should have
prevented recurrence of this event, but failed to do so.

351- PGA&E claims that this event demonstrates the
effectiveness of the Predictive Maintenance program because

the coupling was replaced prior to any failure. Id. at 4.

The Licensing Board finds that , to the contrary, this
incident demonstrates the failure of PG&E’s maintenance and

surveillance organization tc make effective changes based on

Previous experience.
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2- CCP 2-1 had experienred excessive coupling wear in
April of 1989 due to misalignment of the motor with respect to
the speed increaser. Jd. at 9. In response, PG&E took
corrective actions, including "development of more detailed

alignment instructicns and more complete post-maintenance

+
~

§1)

sting following shaft, coupling, bearing maintenance;" and
"expanded alignment instructions" in the training program.

1d. However, as PGA&E conceded, "the corrective actions in
this previous event did not preclude [the 19%92] event, since
these corrective actions did not establish a procedure which
contains the vendor’'s base line, (procedure MP M-56.19 was not
in existence), no alignment data sheets were in existence,
vendor information was ambiguous, difficult to understand, the
vendor recommendations were not followed, tolerance and data
were not called out." JId. 9,10

353~ Thus, in April of 1989, PG&E became cognizant of
vendor deficiencies (information ambiguous or lacking) and
recognized its own maintenance inadegquacies (vendor
recommendations were not followed), yet that situation was not
rectified When this subsequent event occurred in June of
1992, adequate vendor information was still unavailable and
vendor recommendations still had not been implemented. The
Board must ask: why was this situation allowed to exist? The
Board concludes that PG&E's maintenance and surveillance

program should have been able to preclude the 1952 event and

failed to do so. g3ee algo discussion in General Findings
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regarding Untimely or Ineffective Response to Maintenance

Problems.
UNIT St D 1 ABIL
VALVE

MFP Exhibit 74: LER 2-%2-003-01 (3/10/93)
Transcript pages: 1125-1138

354- On March 22,19%2, a manual shutdown was commenced
for Unit 2 when PG&E determined that one high pressure turbine
stop valve (FCV-144) was inoperable. LER 2-52-003-01

(3/10/93), MFP Exhibit 74 at 1. FCV-144 is a hydraulically-
actuated swing check valve which protects the high pressure
turbine from overspeed. "Overspeed protection is necessary to
preclude turbine rotocr failure and associated turbine
generated missiles." Id. at 2.

355-PG&E disassembled FCV-144 and determined that "the
nut that retains the valve disc to the valve swing arm had
disengaged from the disc stem, allowing the valve disc to
become separated from the valve swing arm. When the valve
separated from the swing arm, it caused a partial blockage of
steam flow through Main Steam Lead 2." JId. at 4,5.

356- PG&E has been unable to identify the root cause of
this eguipment failure It postulates two modes of failure:
(1) unscrewing of the nut off the stem; or (2) a failure of
the nut/disc stem threaded joint. JId. at 4. Either one of

these failure modes would have occurred during initial
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mechanical maintenance technician wasg not routinely familiar,
it was all the more important that PG&E enlist the services of
an electrical technician who "would have understood that he
would have had to worry about the orushes." Tr. at 1143.

368- PG&E also claims that this incident shows that the
maintenance problem works because tests done after the repairs
revealed the existence of the mispositioned slip rings, and
they were fixed. Tr. at 1140. However, PG&E’'s testimony
conveys an exceptional reliance on post-maintenance testing to
correct inadequate maintenance, rather than improvement of the
maintenance activity. It further raises the concern that this
maintenance error might not have been revealed through
post-maintenance testing, and might not have surfaced until
the diesel generator was called on during an accident. As
described by PG&E witness Giffin, the initial test, in which

the error was made, involved turning the rotor on the diesel

generator. Tr. at 1140. "And when they did that the slip
rings, the brushes, glipped out of place." 1d. If the

brushes had not slipped at that juncture, then subseguent
post-maintenance testing might not have revealed the
technician’s error. Thus, it may be more a matter cof luck

than "good maintenance" that this error was discovered.
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and COMPONENT COOLING WATER VALVE CCW-2-RCV-16

MFP Exhibit 77: NCR DC2-93-TS-N00S5 (3/3/93)
MFP Exhibit 78: NCR DC1-92-TP-N052 (2/4/93)
MFP Exhibit 79: LER 1-92-024-00 (11/17/%2)
Transcript pages: 1145-1153
Auxiliary Salt Water Pump

369- Two events occurred involving the auxiliary salt
water (ASW) pump 1-2. ASW pups are reqguired to be
functionally tested in accordance with STP P-7B on a 3>2-day
frequency to meet the requirementeg of TS 4.0.5. NCR DC1-92-
TP-N0S2 (2/4/93), MFP Exhibit 78 at 2. PG&E reported these
events to the NRC in LER 1-92-024-00 (11/16/92), MFP Exhibit

| &

370- The first event occurred on 8/21/91, when ASW pump
1-2 was removed from service to perform STP P-7B. The testing
results determined the results tc b2 satisfactory and the pump
was returned to service It was later recognized, however,
that the incorrect ASW pump 2-2 volume 9 curve was
incorperated in STP P-7 and was used to define the action
levels for ASW pump 1-2. When the proper data was obtained
from the ASW pump 1-2 volume 9 curve, it showed that the pump
exceeded the action high level for differential pressure. It
should have remained inoperable. MFP Exhibit 79 at 2, 3.

371- PG&E found that the root cause of this event

personnel error due to inattention to detail. The employee

failed to recognize that the data was incorrect. The employee
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read ASW pump 2-2 curve instead of 1-2 curve. MFP Exhibit 78
at 5. PG&E also noted the following contributory causes:
1. The shift foreman failed to recognize that the wrong
pump curve was attached to the data package. The unit
designation was clearly marked on the pump curve.
2. The method cof determining the bas2 line for the ASW
pump is cumbersome. Personnel must go ro another

document to pull the pump base line data rather than have
an appendix in the procedure for each pump.

-

3. The test performer failed .o identify that the wrong
pump curve was used.

4. The annubar readings are crucial to the proper data
collection. Based on other valid tests, the data
obtained in this specific test is questionable.

MFP Exhibit 78 at 6.

372- In the second event, on 11/14/91, STP P-7B was again
performed on ASW Pump 1-2 and the test reviewer incorrectly
determined that the results were satisfactory. He mistikenly
assumed that the test results were acceptable, since ‘he data
was gimilar to previous test results. He failed t¢ recognize
that ASW pump 1-2 was below the alert low level for
differential pressure and should be placed on alert. The pump
differential alert low warns plant engineers that the pump is
only slightly within the acceptable range and should be tested
and evaluated on a more frequent basis. PG&E also attributed
the root cause for the second event to perscnnel error. MFP
Exhibit 78 &t 1-3. See discussion in General Findings
regarding srzakdown of Multiple Barriers.

373- 1t wasn’t until 10/10/92, that the pump history was

questioned and PG&E noticed that this pump should have been
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386- On 10/30/92, NRC 1issued Inspection Report 52-27,
which cited PG&E for a Level IV Violation involving PG&E’s
failure to initiate an AR to identify the problem of test
procedure STP P-6B, and PG&E’'s failure to evaluate the
potential impact of earlier surveillance tests (performed with

incorrect instructions) on the operability of safety-related

pump 2-1. PG&E agreed with the viclation. PG&E reply to NOV

387~ Pinding: This incident indicates a weakness in
PG&E’s surveillance testing program.

388- PG&E repeatedly dismisses the idea any significance
placed on the diagram error in the STP, the missing blue dots
or the engineer’s failure to write an AR to document the
discovery of the discrepancies. G&E claims that the diagram
s "just a general aid" for the operators (Tr. at 1156); the
blue dots were "another aid" (Tr. at 1158); and the engineer’s
failure to initiate an AR "had nothing to do with the
performance of the test" (Tr. at 1156).

385- The Licensing Board disagrees with PG&E’'s
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in NRC IR 92-27 (11/25/%92), MFP Exhibit B2 at 3.
& to the significance of these discrerancies.
The Board finds this incident to be a matter 4f concern
because multiple problems were identified with the performance
£ pne testing procedure. Additionally, these problems were
ot identified in a timely manner. The incorrect diagram was
issued early in January of 1992 and was not discovered for
|

nearly nine months. MFP Exhibit 81 at S. The Board finds
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developed, possibly aggravated by thermal cycling cf the
valve. The small leak initiated stud degradation through
gteam ercosion or boric acid wastage or a combination of the

1

two The weakening and eventual failure of the studs relieved

the gasket compression and resulted in a progressively
increasing leak rate. Id. at 2

409- Finding: Despite industry communications and
knowledge of the materials and the environment in which these
check valves were operating, PGL&E failed to establish am
effective surveillance program that would have
prevented/detected this extensive degradation and leakage.
PG&E has already received numerous NRC and industry

reports regarc

(8]

ing the problem of boric acid corrosion on

carbon steel bolts, i.e., NRC Information Notice B&6-108,

Supplement 2, "Degradation of Reactor Coolant System Pressure
Boundary Resulting from Boric Acid Corrosion;" NRC Generic
Letter 88-05, "Boric Acid Ceorrosion of Carbon Steel Reactor

Pressure Boundary Components in PWR Plants;" INPO SOER B4-5:

"Bolt Degradaticon or Failure in Nuclear Power Plants;" INPC
SER 35-87, "Non-isclable Reactor Coolant System Leak." ld. at
20,21

which have relaxed with time." Id. at 10. "The PM program



had nct yet provided for a periodic retorgquing of threaded
fasterers.” Id. at 9 PG&E has acknowledged that in order to
do a retorguing, one must remove the bolts, take off the load

then retorgue them. It is very possible that
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preventive maintenance could have detected this leakage if it

had provided for periodic retorguing. Tr. at 1183.

412- No current information is available for the
condition of the Unit 1 valves (Tr. at 1182), but the

1 L )

materials used are the same as those on Unit 2. The potential
agents to cause degradation are also present. Additionally,

tory for the Unit 1 charging line check valves
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malintenance hi

1at "the valves have not been retorqued or have not had
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studs or gaskets changed since initial installation. The
bonnet studs would be expected to be B7 material torgued to
the 83 ft-1b value which was in effect at that time and with
kets." MFP Exhibit B84 at 4.
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413- The Licensing Board concludes that PG&E’Ss
maintenance and surveillance organization was negligent in its
bligation to detect degradation of egquipment before it became
szlf-evident The previous NRC and industry communicaticns

yroblem should have been sufficient to inspire
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'G&E to proactively initiate thorough inspections and
preventative maintenance on these valves. Rather, PG&E
reacted to a situation that it should have been able to

predict and avoid.
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414- Finding: The effectiveness of PGKE’s corrective
action toc prevent recurrence is questionable.

Bolt Replacemernt ;

415- PG&E has noted that the root cause of this event
"cannot be eliminated with existing technology. however, the
programmatic corrective actions developed will minimize the
probability of future unidentified reactor coclant system
leakage due to degraded carbon steel bolted j>ints." MFP
416- PG&E claims that it has eliminated the problem with
orrosion of the bolts because carbon steel bolts have
been replaced with staiuless steel bolts; they are not subject
to boric acid corrosion. Tr. at 1184. Yet, it remains
unclear as to whether some or all of these bolts have been

replaced. "Although there is no written instruction or

being replaced on in-service valves as well as newly procured
valves before they are installed. At this time (October 24,

1591) there is no commitment to time-table to complete

replacing B7 bolting." MFP Exhibit B4 at 19. This statement
was not chaznged when the NCR was updated on 2/2/93.

417- The KNCR further noteg that

a program has been developed... for replacing bolting on
valves that now have B7 bolting that should be replaced
with 630 885. A list of all bolted connections in boric
acid service has been developed for an inspection plan
for 1R5. The remainder of the bolted connections not
addressed in 2R4 will be taken care of during 2R5. Id.
at 1.
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acking mechanism, B7 bolting in boric acid service valves is




am
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¢ replace B7 bolting is neither an NRC nor a CMD
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commitment. JId. a
418- As a prudent action (not required), PG&E intends
that a "comprehensive program will be developed to identify
which bolted connections in boric acid service in containment
will be part of the inspection/replacement program, i.e. those

bolted connections which are most sensitive to boric acad

wastage." MFP Exhibit 84 at 19, 20.
Retorgquind:

419- Again, it remains unclear as to specifically what

CQ

b

rective actions PG&E has committed to make and when. The
recommended action by NECS to develop a PM program for
retorquing bolted connections is being considered a prudent
action (not required). JId. at 18. Also included as prudent
actions: "A valve bonnet bolting retorgue initialization
program will be developed" and "a future program for
inspection-retorguing-replacement of bolted connectiongs in

boric acid service will be developed for B7 bolting in

O
°
=
i)
=
b |
=
W
o
rt
b
I
w

at 19. As of 2R4, only "some" valve
bolting torgque wag "checked and verified and/or
reestablished." Id. at 1.

420- The Licensing Board finds PG&E's corrective actions
vague and indefinite. PG&E has now recognized the problems,
yet has failed to act with commitment; this is clearly an
inadequacy in PG&E’‘s maintenance and surveillance program at

DCNPP .
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prevented the event that is the subject of this current NCR."

wun

MFP Exhibit 86 at 1

427- The NRC commented that

the inspection identified a failure of Unit 2 to comply
with a Technical Specifications action statement in
October 1991, due to an undetected failure of a reactor
cavity sump wide range level channel. A similar failure
occurred in 1990 and was not detected for over two
months. We conclude that your corrective actions for the
1990 surveillance program were inadeguate to detect
failed Technical Specification equipment. You appear to
have missed an opportunity to have preciuded the October
1991 undetected failure. MFP Exhibit 88, cover letter.

-
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The cpportunity that PG&E missed in 1990 was that it

1
L= o

did nothing to ensure that operators would look at the SFDS;
instead, it just trained operators to understand the SODS
signals if they did look. MFP Exhibit 89 at 2, But, as PG&E
testified in the hearing, "just looking at the recorders"
during a surveillance test is not enough. The SPDS must also
be utilized. Tr. at 119%3,1194. After the 1990 event, PG&L&E
nevertheless failed to modify the STP to require a daily check
for indications of channel problems. The STP was not modified
until after the 1991 events. MFP Exhibit 8% at 2.

429- Finding: The SPDS is not maintained in a
sufficiently reliable condition to provide reasonably accurate
indications of sump level.

430- The Board finds that PG&E does not maintain the SPDS
in a sufficiently reliable condition to detect reactor cavity
sump level. The record shows that there are multiple levels
of uncertainty, caused by the unreliability of the system.
st, the reactor cavity sump level channel indicatorg are
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supject to intermittent failure, for causes that still remain

unknown. As the NRC testified, "Failed indicators are not
uncommon." Tr. 2199. Thus, they cannot be relied on to give
consistently accurate information. It is also difficult to

tell when the channel indicators are not functioning, because

a normal channel indication of 0 is almost indistinguishable

f slightly below 0. The

from a failed channel indication ©
SPDS supposedly compensates for this problem by flashing a
question mark or blue signal when there is a problem.
However, in January of 19%3, the PG&E TRG reported its intent
to investigate the fact that "It seems that question marks are
ot appearing on the screen when they are supposed to." MFP
Exhibit 86 at 21. We also note that the entire SPDS is not
seismically qualified. Tr. at 1197. Thus, it cannot be
relied on at all during an earthquake. These multiple levels
of uncertainty in the maintenance of the SPDS system fatally
undermine our confidence that this safety function can be
performed with an adaguate level of assurance.

431- Finding: This issue is relevant to maintenance and
surveillance.

432- PG&E claims in proposed finding M-Al11l0 that this
issue is unrelated to maintenance. On its face, the claim is

described above relate to PG&E’'Ss

e |
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absurd., The incide
failure to maintain a safety indicator in an operable
condition, and its failure to moniter the status of the

equipment so that a failure would be detected. PG&E appears
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to find significance in the fact that the NRC's enforcement
action emphasized the operators’ lack of awareness of the

PDS signals. If this is an obligque argument

tn

meaning of the

that the igsue 1s not maintenance related because the errors

3

were not made by maintenance personnel, we reject it. The

hat some monitoring is performed by operators rather
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than maintenance personnel does not negate the relevance of
that monitoring activity to the adequacy of maintenance and
surveillance at DCNPP. If DCNPP operators who are responsible
for monitoring the SPDS are unable to detect when a safety
instrument is failing and requires replacement Or repairs,
then there is a lack of reasonable assurance that the plant is
being monitored and maintained adequately.

433- PG&E also argues that this instance does not
represent a maintenance problem "because failed indicators are
not uncommon® and "It can be extremely difficult to pinpoint
the exact cause of the failure.” Proposed finding M-All4.
This seems to be an argument that 1f PG&E is not capable of
preventing the equipment from failing or understanding why it
failed, the failure is not related to maintenance. However,
we do not apply a "best efforts" or "feasibility" standard to
the question of whether PG&E’s maintenance and surveillance
program is adequate to protect the public health and safety.
The test is an objective one: whether the public health and
safety is protected adequately by maintenance and surveillance

at DCNPP. Thus, the guestion is not whether some eguipment



failures are common and difficult to detect, but whether
safety is adequately protected despite the allegedly inherent
inadequacy of the maintenance and surveillance program to
prevent or detect them. Accordingly, the incidente described
above implicate the adeguacy of PG&E’'s maintenance and

surveillance activities to protect the public.

MFP Exhibit 90: NCR DCO-93-TN-NOO6 (2/12/93)
PG&E Exhibit 23: NCR DCO-93-TN-NOO6 (8/23/93)

Transcript pages: 1202-1211

444- During an audit, a generic problem regarding
implementation of Design Criteria Memorandum (DCM) Category I
surveillance/maintenance requirements was identified.
Contrary to the requirements of NECS E3.2 and DCM §-21, no
surveillance test exists to provide verification of the
emergency diesel generator fuel oil day tank low level switch
transfer pump start signal. Additionally, PG&E found that
other DCM functional requirements may not be addressed in
existing surveillance/maintenance requirements. NCR DCO-93-

TN-NOO6& (2/12/93), MFP Exhibit %0 at

%)

445- PG&E is continuing to review the consistency between
the maintenance and surveillance programs and the design
documents for all Category I devices. It expects to complete

this review by the end of 19293. Tr. at 1208,1209.
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446- Finding: The discovered discrepancies in PG&E’'s
design documents and its maintenance procedures iudicate a
weakness in PC&E’s surveillance testing program.

447- PG&E admits that "it is important that the
design documents reflect what’'s in the maintenance and
surveillance programs." Tr. at 1207. Indeed, informaticn
about the design of the plant had to be used to develop the
maintenance program in the first place. Tr. at 1209,1210.

t, this is PG&E’s first thorough review to verify that
design and maintenance programs are, in fact, consistent. The
PG&E TRG noted that a possible root cause of the problem is
the fact that "the plant has no program for DCM review." PG&E
Exhibat 23 at 7

448- We believe that consistency between design and
maintenance 1is fundamental to an adequate maintenance program.
Apparently, the last time this issue was reviewed was during
construction. So far, PG&E has had no operational program for
ensuring consistency between design and maintenance. PG&E has
correctly undertaken to complete a design documentation review
which is intended to address this problem. Indeed, the fact
that PG&E has already found discrepancies between the design
and maintenance for specific components, such as the testing
cf the diesel generator fuel oil day tank low level switch

transfer pump start signal, provides tangible confirmation of

0

the need for this review.
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44%9- Given the importance of the design/maintenance
review, it is essential that PG&E complete 1t and make all
necessary changes before its license can be extended. The
review should include all Class 1 equipment (now scheduled for
completion by the end of 1953, Tr. at 1209), and Class 2
equipment, for which we are unaware of a completion date. In
thigs regard, we note our concern that the TRG found "there is
some confusion as to PG&E’'s commitments to the NRC regarding
this matter." PG&E Exhibit 23 at §.

450- Conclusion: Accordingly, the Board cannot find that
PG&E has demonstrated the adequacy of PG&E’'s maintenance
program with respect to its consistency with the plant’s

design, unless and until the design documentation review is

SNUEEER AT PI ORT

Exhltlt 91l: NCR DC1-92-MM-NO21 (2/12/93)
Exhibit 92: LER 1-92-016-00 (11/30/92)

Transcript pages: 1211-1222

wmn

451- On 14/92, during a structural inspection walkdown,
PG&E discovered a damaged snubber at pipe support 1-171S8L on a
main feedwater flow control bypass line for Steam Generator
1-1. NCR DC1-92-MM-NO21 (2/12/93), MFP Exhibit 91 at 1. The
function of a snubber is toc allow a line to move smoothly if
there’'s any shaxing - "mainly for a seismic event." Tr. at

-
-

213. Although thig particular snubber does not serve a safety

[3)
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function, these snubbers are used in safety-related
applications at D ., Tr. at 1214,1215.

§2- Investigation by PG&E concluded that the snubber had
locked in place du-ing plant operation. Subsequent
compressive thermal loading that occurred during system
cooldown as a result of a plant trip caused the snubber tc
buckle. MFP Exhibit 91 at 1.

453- The snubber is an Anchor Darling 501L with a 10"
stroke. PG&E determined that the failure of an internal part
(verge wheel) had caused the snubber to lock in place. An
evaluation of the failed verge wheel conducted by TES
determined that the failure was due to stress corrosion
cracking (SSC). Id. In order for this condition to occur,
three factors must be present:

1. Material: the verge wheel is made from 440C stainless

steel, heat treated to high strength level. This

material is susceptible to SCC when exposed to a

contaminated environment and high tensile stress.

2. Environment: the snubber was located ocutdoors, in the

coastal atmosphere which is humid and contains chloride

salts. Water entered the snubber, as evidenced by the
rust found on some inside components which include the
verge wheel., Chloride in scolution can cause Stress
corrosion cracking in high strength stlels.

3. Stress: the pinion hole in the failed wheel was found

to be smaller than the dimension specified by Anchor
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Darling, and the diameter of the pinion was found to be

at the maximum tolerance specified by Anchor Darling.

This resulted in a large amount of interference which

created a high hoop (tensile) stress in the wheel. The

stresses in the failed wheel were calculated to be 250%

higher than the maximum stresses expected based on the

manufacturer’'s specificiations.
LER 1-92-016-00 (11/30/92), MFP Exhibit 92 at 3,4.

454- FPinding: PG&E’'s maintenance and surveillance
procram failed to prevent or detect the presence of the
defective snubber until it failed.

455- PG&E claims to have a program that inspects and
tests snubbers, but this p.ogram does not inspect the internal
components. Tr. at 1218. PG&E has further testified that the
corroded components in this particular snubber could not have
been detected without disassembly. Tr. at 1219. The Board is
concerned regarding the high number of egquipment defects which
PG&E claims cannot be detected with ordinary surveillance
measures. See our General Findings regarding Manufacturing

Deficiencies and Internal Defects.

CA c-v-ery : ¢ n MT

MFP Exhibit 95: NCR DC1-92-2C-N041 (2/2/93)
MFP Exhibit 96: LER 1-92-017-00 (10/9/92)

Transcript pages: 1223-1227
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464- On 12/3/92, Instiumenit and Contreol (I&C) personnel
discovered that the Unit 1 reactor trip and bypass breakers
did not have the required seismic clips installed. A review
of operating recorde indicates that the clips were not
installed when the reactor trip and bypass breakers were made
available for service on 11/3/92 during unit restart from 1RS5.
Id. at 2. Thus, during this one month period, had a reactor
trip been necessary due to a seismic event, 1t 1is possible
these breakers vould not have activated as reguired.

465- PG&E’'s NCR reviewed the previocug status of the

clips, and

D

ported that on October 27, 19%2, the Reactor Trip

=

and Bypass Breakers were left in the "Racked Out" position.
YE

nT - 4 -
The seismic

O

lips were not installed on the Reactor Trip
breakers, since the breakers must be racked in for
installation, and were apparently loosely installcd on the
bypass breakers at this time." I4. =t 3.

466- According to PG&E, "the system remained in this
configuration until November 11, 19%2, when Operations
performed STP M-18 and STP M-22." The performance of STP M-1B
"reguires that all combinations of Reactor Trip and Bypass
breaker configurations be tested. The operator noticed that
the seismic clips were not installed on the trip breakers, and
were loosely installed con the bypass breakers." JId.

Since the operater‘s past experience was that the

Instrument and Control technicians installed and removed

the seismic clips, he notified the Shift Foreman that the

clips were installed on the bypass breakers and requested
assistance from I&C or clarification on how he was to

proceed The Shift Foreman instructed the operator to
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remove the clips from the bypass breakers and perform the
STP, and he would make arrangements for I&C tc install
the clips following the test. The shift foreman made an
entry in his personal notepad as a reminder to contact
I&C to arrange for the clips to be installed. Id.

The Operator completed STP-M-18, which left the system in
the normal, at-power configuration (trip breakers racked
in, bypass breakers racked out). STP M-22A was also
performed, but it reguired no further manipulation of the
reactor trip or bypass breakers. The Shift Foreman and
Licensed Operator were not conca2rned about the seismic
clip installation since the trip breakers were not
regquired at the time, and normal, at-power testing
routinely removed the seismic clips from both bypass
breakers. The note to request I&C to install the seismic
clips was overloocked due to the normal Mode 4 preparation
activity in the control room, and was forgotten. JId. at
3,4.

The reactor trip breakers remained in their acrmal
configuration without the seismic clips installed until
December 3, 1392, when I&C noticed they were not
installed, prior to performing another STP. The Shift
Foreman then concluded that bota reactor trip breakers
were inoperable. Id. at 4.

467- Finding: No pr . 4ural controls existed to ensure
the seismic clips are reinstalled after routine testing.
468- PG&E found that the root cause of this event was "a
rammatic problem in that no procedural or programmatic
rols were in place tc ensure that the reactor trip and

85 breakers were properly secured with seismic clips..."

Exhibit 928 at 7. "The procedures that were in place in

o

8 § and did not assure that the clips were put in place
r to starting up the plant." Tr. at 1241. PG&E also
ified that "there was some confusion in this event...

een ops and I&C as to who should install the clips..."

at 1245.
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469- Finding: Corrective action taken by PG&E for a
previcous similar event failed to prevent this incident.

470- A similar event, which occurred four years earlier
wae documented in NCR DCC-BB8-EM-N00S5. This NCR was initiated
following discove:ry that the seismic clips had not been
installed per design following initial plant start-up.

"Corr r this NCR included revising operating
procedures to include seismic clip installation during routine

testing. This corrective action failed to prevent the present

crive

gvent since no actions were taken to ensure that the
configuration was proper during subsequent plant start-ups."
See MFP Exhibit 98 at 11 (emphasis added) .

471- Finding: Other factors contributing to the
occurrence of this event demonstrate weaknesses in PG&E’s
surveillance program.

472- PG&E found that one of the contributory causes of
this event was inadeguate communication, due to inattention by
the operation’s shift foreman. Following performance of STP
M-18, the operator perfeorming the test - who had no knowledge
of the operability requirements associated with the seismic

clips - consulted with the shift foreman concerning the need

o

to have I&C personnel install the seismic clips. The shift
foreman noted this item, but it was overlocked and no request
to 1&C was ever made. Jd. at 7. This poor communication

between more than one department which is responsible for a

surveillance or maintenance acctivity 18 a recurrent problem at
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479- Finding: PG&E did not take effective or timely
action to correct problems with the CFCU backdraft dampers.

480- Although PG&E’'s problems with backdraft dampers had
already existed for some time, PG&E did not begin to focus
attention on them until early 1992, when PG&E discovered that
it had been operating Unit 1 with three inoperable CFCUs since
March 27, 1991 - almost an entire year. The NRC cited PG&E
for four apparent Severity Level IV wviclations, including
"failure to take appropriate corrective actions after
cbserving reverse rotation of Unit 1 CFCUs on March 25, 1991."

MFP Exhibit 102 at 2.

(o]

48
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In Inspection Report 92-17, the NRC found that

despite numerous problems over the last several years,
the gquality organization did not pursue the containment
ventilation system, or the CFCUs in particular, as an
area requiring further attention. Even after major
deficiencies were found in Unit 1 (three CFCU dampers
inoperable in February 199%2), . comprehensive assessment
of Unit 2 dampers was not initiated by QA or QC. The
guality organization appeared to be following up on
problems rather than identifying them.

NRC IR 92-17 also noted that "the failure to promptly

N

lose Work Order C0095999 kept information from reaching the
personnel who needed it. This may indicate a weakness in the
timely closure of Work Packages. The inspector expressed
concern that PGAKE management expectations are either not
clearly understood or not being implemented." Id. at 12.

482- On April 2, 19%2, the NRC held a "management
meeting” with PG&E which focused on "timely identification and

correction of problems." Letter from R.P. Zimmerman, NRC, to



G.M. Rueger, PG&E, NRC Management Meeting, Report 952-3
(4/16/92), MFP Exhibit 140, cover at 1. The NRC concluded
from the meeting that the "discussions regarding the
containment fan cocler units and the main feedwater pump
problems illustrate that your staff is not always resolving
indications of system problems in a prompt, thorough manner.
The timeliness ©f your corrective actions for known prcblems
has been a past issue of concern." Jd.

483- The NRC also held an Enforcement Conference on

1
o
e

3/92. K. Perkins (NRC Deputy Director, Division of Reactor

s

Safety and Projects) stated that "Diablo Canyon had a recent

» |

story of identifying problems and then taking an excessive

b

h
amount of time to address those problems in a systematic
manner. Examples of previous issues that were siow to be
fully addressed included sticking of valve 1FCV-95 and
deficiencies with regulatory guide 1.97 instrumentation." NRC
Enforcement Conference 92-19 (6/18/92), NRC Exhibit 1 at 2.
484- The NRC issued a Notice of Viclation on June 19,
1982. NRC NOV from IR 52-17 (6/12/92), NRC Exhibit 2. One of
the three Severity Level IV violations cited by the NRC was
that, contrary to the requirements of Criterion XVI of
Appendix B tc 10 C.F.R. Part 50,
In February 22, 1992, the licensee failed to correct a
condition invelving reverse rotation of CFCU 1-5, a
condition adverse to guality. Correction of this problem
could have led to the discovery cf similar problems with

the backdraft dampers associated with three other
containment fan cooler units.




i At 120
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93 NCR, PG&E also reported that in 1988, it
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had noticed "an increasing number of HVAC ARs" and had

established an "HVAC task force" in response. NCR

DCO-92-MM-N022 (1/4/93), MFP Exhibit 100 at 14. However, the
rask forrce was ineffective: "An action plan was generated,
but efforts slowly trailed off by 1990 due to

budget /manpower /management support for the task force." ]d.

486- PG&E’'s discovery of CFCU fan blade cracking also may
have been untimely. On October 15, 1992, during 1R5, PG&E
found cracking in the CFCU backdraft damper blades, a
condition "potentially outside the design basis of the plant."
PG&E attributed the root cause to "high cycle fatigue." MFP
Exhibit 101 at 1. PG&E filed an LER regarding this discovery.
1d. The fan blades in both units were replaced. JId.

487- PG&E claims that the cracking of the damper vanes
was not reflective of a maintenance problem "because of the
material that was used... and... there was vibration that
caused the cracking." Tr. at 1255. But PG&E’'s own NCR shows
that it has assigned, but not completed, a review of its
gquestion in its internal document: "Review previous
maintenance history. Document why past inspections failed to
identify cracking in the ED blades."” MFP Exhibit 104 at 43.

4B8- PG&E’'s analysis of whether the fan blade cracking
could have been discovered earlier is apparently still
underway. Until we see the results of this analysis, the

Board has no basis for concluding that PG&E was any more
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effective in detecting early signs of fan blade cracking than

it was for the other CFCU problems discussed here.
489- Finding: An unacceptable range of maintenance

deficiencies contributed to the problems with the backdraft

damper fans.

480- On June 5, 1992, in a revised LER regarding the CFCU
problem, PG&E repcrted its conclusion that the "root cause" cof
the CFCU problem was "a failure to perform proper
maintenance." LER 1-91-0192-01 (6/5/92), MFP Exhibit 103 at 8.

Contributory causes were listed as:

1. Managemant underestimated the importance of the
backdraft dampers to the overall safety function of a
CFCU, and therefore did not provide for adeguate
maintenance. This resulted in:

Poor planning of CFCU backdraft damper work.
Inadegquate work instructions.

Inadequate job turnover.

No Quality Control direct involvement in
4nspectlon of CFCU backdraft damper work.

e. Inadequate Plan System and System Design
engineer involvement.

Qﬁ UOw

2. Post-maintenance testing was not adequately
implemented.

3. Missed opportunities from prior problems and
observations relative to backdraft damper design and
maintenance.
14. Inadequate training and poor supervision were other
causative factors identified by PGKE. PG&E Exhibit 24 at 6.
Poor individual performance was another cause attributed by
PG&E to its CFCU problems. One of the violations issued by

the NRC was for a deficient inspection of Unit 2 CFCUs on

3/7/92 and 3/8/92. NRC Exhibit 2 at 2. The NRC found that
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the inspection was conducted without appropriate procedures
and incorrectly concluded that CFCUs 2-2 and 2-5 were
assembled correctly. Id. PG&E replied to this NOV, noting
that the root cause of the deficient inspections was due to
poor individual performance in that "the inspections were not
thorough, erroneous assumptions were made, results of previous
inspections were not made readily available, and the
inspections lacked objectivity and professionalism." PG&E
Exhibit 24 at 4.

491- In response to a discussion regarding the deficient
ingpections, J. Martin, NRC Regional Administrator, "commented
that this was a troubling situation in that PG&E should have
been able to send two engineers out with good instructions and
be able to expect them to perform a good inspection." He
expressed a concern that "multiple engineering and oversight
organizations were involved but failed te identify the
problems earlier. This appeared to indicate a need for more
accountaktility and personal responsibility to ensure that
equipment operated as designed." NRC Exhibit 1 at 4.

492- Thus, the CFCU problems were caused by a range of
preblems, including poor performance of maintenance and
inepecticns by individuals, bad judgment, inadeguate training,
and inadegquate coordination and supervision. As discussed
below, the Board finds each of these deficiencies to be
significant on its own. We also find that taken together, the

existence of such a broad range of problems affecting the
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maintenance of a single safety system indicates a systemic

o
bt

breakdown Some problems can be expected in any maintenance
program. However, when maintenance fails on s©0 many
significant fronts (i.e., unsound engineering judament, lack
of training or supervision, lack of management attention),

1@ result that a maintenance problem is allowed to go
untended for a period of years - it is a clear sign that there
18 something geriously wrong with the maintenance program.

Our concern is elevated by the fact that many of these
deficiencies are part of a pattern that is seen elsewhere in

&E’'8s recent maintenance history

-
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493- The Board’'s more detailed findings regarding
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.C maintenance deficiencies and their significance are
provided below:

494- Finding: PG&E showed poor judgment in its handling
of CFCU problems.

495- PGALE stated that the cause of "the "ntimely response
to the identified CFCU reverse rotation problem was that
management and the maiutenance organization underestimated the
importance of the backdraft dampers to the overall safety
function of the CFCUs." PG&E Exhibit 24 at 6

456~ NRC Inspection Report 92-17 noted that "after
identification of the loose counterweights in Unit 2 on
January 22, 1992, it appeared that resolution efforts were

focused on the evaluation and resoluticon of individual
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broad review of potential problems with the
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for resolving problems to all engineering groups and to
organizations performing the quality assurance
functions. MFP Exhibit 140 at 2,3.

500- Finding: Inadequate training contributed to PG&E’'s
maintenance problems.

501- PG&E stated that contributing factors causing the
untimely response to the CFCU reverse rotation problem was
"inadegquate training of plant personnel regarding the
identification and resolution of such problems." PG&E Exhibit
24 at 6.

502- Finding: Activities and responsibilities of the
maintenance and engineering departments were not adequately
coordinated. Internal communications within the maintenance
department were also poor.

503- In Inspection Report 92-17, the NRC found that

1t appears that miscommunicatiosns occurred regarding

whether all or only some of the dampers in Unit 1 had

been cbserved to be working properly. No outside
organization was critically reviewing the conclusions or
bases for the conclusions regarding operability of the

CFCUs. This could have assisted in identifying the

miscommunications or in assuring that assumptions were

promptly confirmed. MFP Exhibit 102 at 11.

The NRC also stated that

It appears that part of the reason why the Unit 1 CFCU

backdraft dampers were not installed properly was that

this work was not given much supervisory attention and
was ccnsidered as work tc be done when personnel were

available. Related maintenance procedures and work
instructions also provided insufficient direction to

maintenance and inspecticn personnel. This resulted in

sufficient coordination.” Id. at 12 (emphasis added) .

In Inspection Report 8Z-17, the NRC found that
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the maintenance organization attempted to resolve the
problems of reverse rotation and broken bolits without the
involvement ©of curporate or system engineering personnel.
System engineers appeared to be responsible for system
design and current status. Between the maintenance and
engineering organizations, however, there was an absence
of a broad perspective of the system’'s performance and
the root causes of problems. PG&E management did not
appear to have defined clear performance expectations for
gystem engineers, maintenance engineers, corporate
engineering, and maintenance personnel. Id., cover at 2.

Moreover,
internal communications and attenticn to detail appeared
to be a significant problem for Diablo Canyon. The extra
washers, along with counterweights which were installed
too loose cor too tight, indicated that maintenance

personnel did not follow the design drawings in
accomplishing work. The existence of tight

counterweights in Unit 2 was identified in January 1992,
but was not communicated to PG&E management until April,
after reverse rotation of CFCU 2-2 prompted the licensee

to conduct additional inspections. Id.

504- Finding: The CFCU problems were caused in part by
numercus personnel errors and failures of judgment, resulting
in the breakdown of multiple barriers which should have
prevented the problems from going undetected for so long.

505- Clearly, multiple errors were made by the
maintenance personnel who were immediately responsible for the
CFCUs. 1In addition, as discussed above, there was poor
coordinat.on between maintenance and engineering. Thus, the
involvement of multiple disciplines in the maintenance of the
CFCUs, which should have prevented the problems from occurring
oY existing as long as they did, was ineffective.

506- In addition, the QA and QC departments failed to
carry out their responsibility to evaluate the situation. As

the NRC found in Inspection Report 92-17,
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First, despite numerous problems over the last several
years, the guality organization did not pursue the
containment ventilation system, or the CFCUs in
particular, as an area reqguiring further attention. Even
after major deficiencies were found in Unit 1... a
comprehensive assessment of Unit 2 dampers was not
initiated by QA or QC. The gquality organization appeared
to be following up on problems, rather than identifying
them. MFP Exhibit 102, cover at 2.

507- The Board concludes that the CFCU breakdown is part
of a pattern in which multiple personnel barriers, intended to
prevent mistakes from being overlocked or exacerbated, did not
function. Thisg demonstrates a programmatic breakdown in the
maintenance and surveillance program for DCNPP.

508- Conclusion: PG&E and the NRC claim that the CFCU
backdraft damper problem is resclved. Tr. at 2212 and 1259.
We find that although PG&E may have resclved the specific
technical problems related to the CFCU backdraft damper fans,
we do not hLave grounds for finding that there is a reasonable
assurance that the many maintenance deficiencies that
contributed to this long standing problem have been adequately
addressed. To the contrary, we find that the range of
maintenance deficiencies reflected in this problem with one
safety system evidence a breakdown in PG&E’'s maintenance
program, especially in the coordination between maintenance,
engineering, and QA, in the gquality of supervision exercised
over maintenance work, in the guality of judgment over the
importance of the CFCUs and what investigative and corrective

measures were warranted, and in PG&E’'s laxity in pursuing its

problems. These many maintenance deficiencies resulted in a
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components or structures. The history of problems involving

$ )

ontrol of foreign material dates back as far as 1985 (MFP
Exhibit 113, enclosure at 1) and has been noted as recently as
December of 1992 (MFP Exhibit 106 at ii).

510- Some of the problems have involved loose debris in
containment {(MFP Exhibits 105,109,111), foreign material in
the reactor coolant system (MFP Exhibits 107,108,110),
problems with the containment recirculation sump (MFP Exhibit
113), control of tools (MFP Exhibit 108) and unprotected
disconnected instrument lines (MFP Exhibit 106).

$11- Finding: PG&E has a long history of problemJ
involving control of foreign material.

§12- Problems involving the control of foreign material
15 a long standing issue at DCNPP. This is evidenced by its
history of viclations and discrepancies.

513- On 5/5,88, the NRC issued a Severity Level V
violation for deficiencies in the control of tools on 4/14/88.
NRC NOV in IR BB-07 (5/5/88), MFP Exhibit 108, NOV.

514- Soon after the issuance of this violation on 5/5/88,
PG&E was again cited on 6€/17/88 for lack of required
cleanliness contrels on 3/21 and 4/6/88. “Corrective actions
taken did not preclude repetition. Specifically, additional
incidents of loss of cleanliness controls were identified on
April 9, 12, 21, 22, and May 10, 1988, by NRC and licensee
personnel, including the discovery on April 22, 1988 of

foreign material on the Unit 1 reactor vessel upper
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internals. Thi a S IV viclation. NRC IR
B8-10 and 8 L (6/17, ! xhibit 107, NOV.

§15- Early in 1990, the NRC issued Enforcement Acticon 89-
241 which cited three Severicy Level 1I1 violations for
problemg relating to the containment recirculation sumps, and
imposed a civil penalty in the amount of $50,000. One of
these viclations (A) related to a condition first identified

PG&E reply to NRC EA 85-241 (3/12/50), MFP Exhibit

enclosure at 1.

$16- During the period from 10/12/91 through 10/21/%1,
several cases of loose debris in containment of Unit 2 were
identified and found to be due to "lack of a comprehensive

program for contrel of loose debris and materials when

containment integrity is established during high intensity

work periods." NCR DC2-91-TN-N102 R2 (11/18/92), MFP Exhibit
During 1R5 (11/92), an NRC inspector again found
(paper, plastic bag, wipealls, tool bag, water

jug and tool bin) unattended in containment. JId.

L e |
17 -

S There have been a number of violaticns of foreign
material exclusion area (FMEA) boundaries, both non-ocutage and
outage related. NCR DCO-91-MM-N042 (5/19/92, MFP Exhibit 110)
was initiated because of a viclation at the Unit . reactor
vessel head during 1R4 that could have resulted in foreign
material entering the reactor coolant system (RCS). The NCR

addressed discrepancies identified for both units during 2R3

and 1R4 MFP Exhibit 110 at 1,2.




o

In the Diablo Canyon Shutdown Risk and Outage

e

Management Inspection for Unit 1 on 12/8/%Z, a deficiency was

noted involving the control of foreign materials. It stated:

"No procedure existed for ensuring foreign material exclusion

on disconnected instrument lines." NRC Diablo Canyon Shutdown

Risk and Outage Management Inspection (NRC IR 50-275/92-201)
12/8/92), MFP Exhibit 106 at 1ii.

51 G .-

Y

her similar events not previously noted have been

documented in MFP Exhibit 110 at 14,15: NCR DCl1-8B6-TN-N143

"

addressed a problem with a tocl zone not being maintained
around the spent fuel pool; NCR DC1-BB-TN-NOS51 addressed

genexric hous

M

keeping; NCR DC1-%1-TN-NO17 addressed the
discovery of a dovel pin in fuel bundle E37 during 1R4.
520- The Licensing Board concludes that PG&E has a long

history of vicolations and deficiencies involving control of

foreign material. Furthermore, this history indicates that
the problems are not yet resolved and that the maintenance and

surveillance program is deficient.

$21- FPinding: PG&E’'s program to control foreign material
is not sufficiently comprehensive or effective. Additionally,
the maintenance and surveillance organization has been slow to
respond adequately to the variety of situations in which
control of foreign material is at issue.
Loose Debrig in Containment

£22- lwoose debris in containment is of concern because if

b

oo much locose debris collects on the screens of the

7
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recirculation sump, the flow through the screens will be
inadeguate to supply the RHR pumps. MFP Exhibit 109 at 8.
During the period from 10/12/91 through 10/21/91, several
cases of loose debris in the Unit 2 containment were
identified. Verification is required to insure that debris is
removed from containment after each entry. Four people were
identified as not having filled out M-45B data sheet
certifying that they performed a visual inspection for loose
debris when containment integrity had been established. ;g;
at 1. "A search of all containment entries against STP-M45B
was reviewed. From 10/15/91 teo 10/21/91, there were 1,041
entries concerning 346 individuals. Forty potential M-45B
viclations were identified as possible... Half dozen examples
of people in containment who did not complete an STP M-45B
were noted." Id. at 20.

523- During 1R5 (11/92), an NRC inspector found loose
debris (paper plastic bag, wipealls, tool bag, water jug and
tool bin) unattended in containment. He “found an area near
the sump which had materials left unattended. Also, material
was left unattended in the fan coolers area and the Radiation
Protection (RP) off pad... Two incidents on the 91 foot
elevation were noted. One of which involved a rag tied around
a balancing pipe." Jd. at 27.

524- PG&E determined that the root cause of these events
was the lack of a comprerensive program for control of loose

debris and materials when containment integrity is established
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in applicable administrative procedures. Contributory causes
were also noted:

1. There is a lack of ownership on specific jobs for

FMEA, especially when multiple disciplines work the job.

There is also an overall lack of ownership for the

program.

2. There is inconsistent interpretation and

implementation of FMEA requirements.

3. The FMEA procedure (C-1084) is not “user friendly."
4. There is insufficient management emphasis on

implementation of the FMEA progzam. Management

expectations are not effectively communicated.

5. There is insufficient FMEA boundary identification.
MFP Exhibit 110 at 3,4.

529- MFP Exhibit 108 describes an earlier similar event.
During the observation of the connoseal removal work on
3/21/88, the NRC inspector noted that the opening to the
reactor vessel created by the work was left open at the
completion of work. The "inspector was concerned for the
cleanliness of the reactor since at a different reactor site a
1/8 inch piece of foreign material had caused a stuck control
rod." MFP Exhibit 108 at 15. The inspector communicated this
concern to the mechanics and the QC inspector. The openingse
to the reactor vessel were not covered until late in the day

on 3/23/8B8, two days later. The NRC report concluded that the

event demonstrated "untimely actions on the part of the plant
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nature of these events and viclations, despite purported

corrective actions, demonstrate tc the Board that the
maintenance and surveillance program at DCNPP is 1nadequate to
sufficiently resolve this issue.

containment recirculatlon sumps

535- Early in 1990, the NRC issued Enforcement Action 89-
241 which cited three Severity Level III wviclations for
problems relating to the containment recirculation sumps, and
imposed a civil penalty in the amount of §$50,000. The
violations included:

A. During 1R3 (10/6,39), a 1" wvertical gap was identified

in the upper grating assembly between the screen

sectinns. Other gaps were found around a concrete column
pedestal in the inclined section of the upper grating
assembly. PG&E acknowledged that these gaps were
identified in 1985 (8/2) and again in 1989 (11/26) and
that "corrective actions taken in 1985 were inadequate to
identify and correct the nonconforming conditions." MFP

Exhibit 113, enclosure at 1,2.

B. Two emergency core cooling system subsystems were
inoperable for a period cof about 10 teo 12 hours each
while Unit 2 was in Mode 1 operation on 10/12/87 and
'23/88 and while Unit 1 was in Mode 1 operation on
9/7/88, and 5/11/8% On those dates, the containment

recirculation sump was inoperable because the screened

access hatch was opened to allow the addition and
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resulting from failure or weakening of a safety-related

component. A loose part, whether it is from a failed or

weakened component or from an item inadvertently left in
the primary system during refueling or maintenance
activities can contribute to component damage and
material wear by freguent impacting with other parts in
the system. A loose part can pose a serious threat of
partial flow blockage with attendant departure from
nucleate beiling (DNB) which in turn could result in
failure of fuel cladding. In additicon, & loose part
increases the potential for contrel-rod jamming and for
accumulation of increased levels cof radiocactive crud in

the primary system. MFP Exhibit 110 at 4.

It has been roted that at a different plant, a 1/8 inch piece
of foreign material had caused a stuck control rod. MFP
Exhibit 108 at 15. Loose debris in the containment sump could
be transported within the containment sump and cause
restrictions of the sump suctions during a LOCA condition.

MFP Exhibit 113 at 11. Hence, the potential for serious
consequence from "loose debris" is real. The Licensing Board
finds PG&E’'s maintenance and surveillance program lacking due
to its failure to sufficiently contrcl foreign material.

541- Finding: The problem of control of foreign material
is pervasive at DCNPP. It is not limited to the incidents
cited above.

54Z2- PGALE has a variety of terms for describing the
issue. It uses "control of foreign material," "cleanliness"
and "housekeepir3." These all describe the problem of keeping
unwanted "debris" from damaging equipment or interfering with
the operation of egquipment. The Licensing Board finds that

this problem is not limited to the incidents cited above. The

Board notes that many other events that have occurred at the
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inadvertent SI occurred, and he had to> jump back to aveid the

m

closing valve. He experienced some minor injuries. MFP
Exhibit 126 at 11.

£87- The Licensing Board finds that unplanneil EF.
actuations are not generally "benign" as PG&E would like to
have us believe. Tr. at 1567. Rather, the incidents provided
by SLOMFP clearly demonstrate that unexpected and adverse
results can result from seemingly benign mistakes. The Board
concludes that the number of personnel errors involving
unplanned ESF actuations reflects poorly upon the adequacy of
the maintenance and surveillance program at DCNPP. See

General Findings for a discussion regarding Personnel Errors.

LIMITOROQUE VALVE FAILURE

-EM-N026 D8 (9/17/%2)

MFP Exhibit 128: NCR DC 2
129: - 010-00 (10/15/92)

5 )
MFP Exhibat 12

588- PG&E has noted the "critical safety importance of
Limitorque operators." NCR DC2-92-EM-N026 DB (9/17/92), MFP
Exhibit 128 at B. The safety function affected by the
potentially degraded motor coperated valves (MOVs) is the
ability of a particular valve to open or be repositioned if
necessary to support a safe plant shutdown. LER 1-92-010-00
(10/15/92), MFP Exhibit 129 at 4.

5882~ During outage 2R4, PG&E replaced the spring packs on
a number of MOV actuators, including SI-2B8805E and SI-2-8923A.
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assembly The individual did not adequately secure thr worm
shaft lock nut in place. MFP Exhibit 129 at 4. PG&E also
identified two contributory causeg: maintenance procedures did
not include adeguate instructions for tightening the setscrew
at the worm shaft locknut, and the vendor had changed the
hardness of the worm shaft "thereby limiting the effectiveness
of the setscrew in deforming worm shaft threads for securing
the locknut." JId. The TRG also noted the "lack of any
technical guidance fro.: the vendor or other sources on the
installation technigque for the worm gear shaft locknut
setscrew." MFP Exhibit 128 at 13.

594- The Licensing Becard questions PG&E’'s determination
of the root cause of this incident as being merely personnel
error. Given tre inadequate guidance for installation, and
given the material substitution by the manufacturer, the
individual maintenance employee who assembled the spring packs
was destined to err. In light of the critical safety
importance of the MOVs, PG&E's maintenance and surveillance
program should have been able to provide personnel with
detailed instructions on the proper method for securing the
locknut to the worm gear shaft. The Maintenance Department
should also have - but apparently does not have - some
procedure for verifying the material content of replacement
parts. The Board finds PG&E’s maintenance and surveillance

program deficient in these respects. See discussion in




Geicial Findings regarding Manufacturing/Vendor Deficiencies

and Internal Defects.

MOTOR PINION KEYS IN LIMITOROUE MOTOR OPERATORS

MFP Exhibit 132: LER 1-91-021-00 (8/28/92)
Transcript pages: 1615-1625

§95- On 9/16/91, during post-modification testing, a
sheared motor pinion key was identified in the motor operator
for cold leg isolation valve SI-2-8808B. PG&E filed an LER

regarding the event. LER 1-91-021-00 (8/28/92), MFP Exhibit

596- The sheared key was inadvertently discovered after
an electrical maintenance technician failed to request that
control room switch for valve SI-2-8B09B be placed in neutral
prior to manually operating the valve. The electrical
engagement of the motor operator during manual operation
(short strokii j) resulted in application of a force higher
than usual (but still within design limits). Further attempts
to electrically stroke the valve failed. JId. at 3.

£97- PG&E inspected the motor operator and found that the
motor pinion key was sheared. The sheared key allowed the
motor drive shaft to rotate within the pinion gear, thus

preventing the valve from opening. Id.



598~ Subseguent inspections identified similar failed
vs in the motor operators for accumulator discharge

isplation valves S51-2-880BB and SI-2

!
o)
™
o
o
o
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£599- In 10/91 and in 3/92, PG&E received information from
another nuclear power plant that had experienced similar
Limitorgue motor operator key shearing problems. In addition
to sheared keys, that plant noted that motor shaft deformation
and cracking may occur. In response to this information, PG&E

performed a

5

inspection and found "small cracks emanating from

both corners of the keyway" on the SI-2-880%B motor shaft

.

600~ PG&E found that the root cause of the sheared motor

pinion key was that "the key material was inadequate." Jd. at

-

4. According to PG&E, the key was supplied with the motor
cperator by the vendor. "The key material is considered
outdated but still acceptable according to the vendor's
design." PG&E also determined that the inadeguate key
material was alsc the root cause of the motor shaft keyway
cracking. Id.

601- Finding: The sheared key and the subseguent
discovery of a vendor deficiency (the inadequate key material)
was identified by maintenance persconnel because of an
incorrectly performed post-maintenance test.

602- A contributory cause of the event was determined to
be short stroking while the valve was being manually operated.

"There was a miscommunication between the maintenance

N
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gystems. The Board finds that these "blind spots" represent

P~ v

significant weakness 1in PG&E’'s maintenance program.

CONTROL OF LIFTING AND RIGGING DEVICES

MFP Exhibit 135: LER 1-91-004-02, Special Report 91-02 R1,
Diesel Generator 1-1 failure to load within
TS limits (7/29/92)

MFP Exhibit 136: NCR DC1-51-MM-N028 (10/23/91)
MFP Exhibit 137: NRC IR 92-16 (7/7/92)
PG&E Exhibit 27 G&E Reply to NOV in NRC IR 92-1€ (B8/5/92)

Transcript pages: 1626-1646, 2247-2255

606- On 3/7/91, Unit 1 was being refueled and a mobile
crane was being used to lift a relief valve into position for
installation onto a main steam line outside of containment.
The boom of the mcbile crane came too close to the 500 kV
power lines. It arced to ground through the crane boom and
caused a loss of offsite power to Unit 1. The 230 kV startup

power system had been cleared for maintenance and was not

available. LER 1-91-004-02, Special Report 91-02 R1l, Diesel
Generator 1-1 failure to 1cad within TS limits (7/29/92), MFP

607- The emergency diesel generators started and loaded
the vital busses. This constituted an ESF and momentary loss
of residual heat removal. At the time of the event, refueling
was 1n progress with five fuel assemblies remaining to be
relocaded to complete the reload sequence. One assembly was

| O
OC

o

ted in the manipulator crane mast in the full up position.
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The manipulator crane was positioned over the core. Another
assembly wag located in the upender inside containment in the
horizontal position. The other three assemblies were in the

spent fuel pool. NCR DC1-51-MM-NO2B (10/23/91), MFP Exhibit

608- PG&E found the root cause to be personnel error by
the crane operator and the foreman in that they failed to

implement PG&E’'s accident prevention rules. They did not

m

follow the accident prevention rules and did not recognize the
electrical safety issues during job planning and execution.
MFP Exhibit 135 at 1,10.

€09~ Many systems were affected by the loss of offsite
power. MFP Exhibit 136 at 5-9.

610- It took approximately 5 hours tec restore offsite
power from the 230 kV system. MFP Exhibit 135 at 1.

611- Finding: The crane operatcr and the foreman failed
to follow the accident preveation rules.

12- The one rule that was violated that would have

(o )

prevented this event is in section 4, rule 406 which begins
"Electrical apparatus and lines shall always be considered as
energized unless they are positively known to be de-
energized." Other vioclations of Accident Prevention Rules
include the failure to: (1) plan the work that may present
unusual hazards; (2) instruct the workers on line or egquipment

condition; (3) work a safe distance from energized lines; (4)

obtain a clearance;

[ 8]
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(5) insure proper grounding of equipment; and (&) insure

conditions are safe to perform work activities. MFP Exhibit

€13- PG&E testified that "5000,000 volts is a tremendous
problem." Tr. at 1635. Thus, the Licensing Board finds it to
be a serious safety concern that supposed trained and
experienced PG&E employees allowed this event to occur.
Furthermore, this event occurred despite the existence of
multiple safety guidelines and in direct conflict with simple
common sense.

614- Finding: The existing management systems were not
effectively utilized.

€15- PG&AE‘s analysis of the event determined the root
cause of the event to be "human error compounded by
ineffective use of existing management systems." MFP Exhibit

These are described in PGA&E’s HNCR: (1)

L8}

136, Attachment
The foreman was not adequately involved in the task. He was
involved in many other activities that had to be coordinated
that day. Additionally, the tailboard that was conducted did
not address the possibility of the 500 kV lines being
energizesi. The foreman did not Xnow that the Main Bank
transformers had been energized on 2/6/91. Id. (2) The
support activities work practices did not require a clearance
or appropriate controls for crane operation in the area of
high voltage lines/transformers. "It has been common practice

for vehicle and foot traffic to occur in the vicinity of the
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high voltage lines/transformers. In addition, many material
(Sea trains, cable wire reels, etc.) are stored in this area.
Position and movement of these items fregquently is a direct
vioclation of the APR and is an unsafe practice." JId. (3) The
evaluation of industry events and the resulting conclusions
were ineffective in precluding this event. The NRC and INPO
previcusly supplied PG&E with notices of similar events that
involved human errors while performing work activities around
high voltage lines and transformers. NUREG 1410 addressed the
loss of vital AC power and the RHR system during mid-loop

3/20/90. 1INPO SER 17-88 noted

energized electrical equipment. INPO O&MR 272 discussed the

inadvertent scram

0}
0

aused by contractors lowering an extension

-

cord over the transmission lines to the startup transformer.
1d. (4) The written and verbal communication systems did not
provide necessary job safety information to the foreman or
crew. The information regarding the re-energizing of the

- -

YA 1 < .7
auxli.iary .

~

ansformer was not conveyed to the foreman or crewv.
Methods of communication include: (a) plan of the cay; (b)
outage status board; (c) PIMS bulletin board; (d) OCC hot item
list; (e) tailboards. None of these methods were utilized
during the job preparation to lift the relief valve. JId. (5)
Pressure for completion of the job and meeting schedules
conflicted with management’'s expectations to perform the work

safely. Prior to cutage start, a 58 day planned cutage was

[ %)
bt
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communicated to plant staff and workers. After the ocutage
started, a 45 day non-contingency schedule was the basis for
schedule status. Constant reference as to how many days
behind the non-contingency schedule were routinely posted. On
the day of the accident, the outage status board included the
message "11 days behind schedule overall." "Perceptions of
this outage being ’'not very successful’ abound because of the
constant reference to being behind schedule. Although not a
direct cause of this event, these contribute to self imposed
and peer imposed pressures to complete work quickly. Quick
completion is not consistent with management expectations to
do work safely and with guality. Management must remain
perceptive to the indirect, and potentially conflicting,
messages that can be sent." Id (6) Adequate emphasis was
not placed on electrical safety for non-electrical workers
during training courses.
The majority of personnel did not understand or relate
the arcing distances of high voltages. It has been
estimated over twenty plant personnel passed through the
area of the crane on the morning of March 7, 1991 before
the event. No one noticed the serious potential problem
developing. A surprising number of personnel noted
significant indicators, but failed to bring these to the
attention of the crew moving RV-5... personnel heard the

lines crackling, snapping, saw fans running, heard the
transformers humming, and noted the transformer surface

was warm... The logic of individuals noting these
indicators was ’'these people must know what they are
deing or they world not be doing this work.’ This

thought process could have resulted in a multiple
fatality accident. These fatalities would have included
some of the individuals having noted the indicators...
There were six people known to be within a 10‘ distance
of the crane most of the time and five more at the pipe
rack. All eleven would be in potential danger if the arc
had occurred while RV-5 was at the pipe rack... This is

219




| ehasisian st i e

additional ju~tification for increasing the awareness of

plant personnel of the dangers of high voltage lines and

transformers. 4.

£16- Pinding: 7his incident involved the breakdown of
multiple barriers tha: should have prevented it.

- PG&E’s barrievs that should have prevented this

¥
b=
0
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ncluded the following: accident prevention rules
when positioning the crane; electrical system training
courses; management supervision (foreman); work activity
clearances; NRC and INPO information notices and bulletins;

and numerous communication systems to provide job safety

1formation to the foreman and the crew. MFP Exhibit 136,

618- The Licensing Board finds that each ©of these

exi

i)

ting barriers were violated. As a result, PG&E
jeopardized the healtl and safety of its employees and the
general pubiic We find that these personnel errors,
involving the breakdown of multiple barriers which should have
prevented the accident, demonstrate the existence of a
programmatic defect or fundamental flaw in PGA&E’'s maintenance
program. See also discussions in General Findings regarding
Personnel Error, Breakdown of Multiple Barriers and Lack of
Communication and/or Coordination.

€19- Finding: Many systems were affected by the loss of

cffsite power. Some of these systems did not function as

designed or as expected.



620- As documented in MFP Exhibit 136 at 5-9 and MFP

it 135 at 5-8, multiple systems were affected during the

Diesel Generator (DG) 1-1 took approximately 19

bt

seconds to start and load. This constitutes a valid
failure; Technical Specification Limits requires that the
DG load to its vital bus within 10 secords of the event.
The DG was unavailable for 321 hours and 11 minutes. The
cause of the failure remains unknown. MFP Exhibit 135,
cover letter at 1,2.

2. Residual Heat Removal (RHR) capacity was lost for less
than one minute, and the Spent Fuel Pool Pumps were
inoperable for approximately 23 minutes. (With the RHR
and Spent Fuel Cocoling Pumps inoperable, the water
temperature in the refueling cavity increases.) One pump
was manually restarted. During the time the pumps were
not running, the calculated maximum temperature rise was
approximately 1.8 degrees Fahrenheit. MFP Exhibit 135 at
10.

3. The Auxiliary Building Fans could not be restarted
after the vital busses were re-energized by the DGs. The
electrical power supply for the Auxiliary Building
Ventilation control system failed after the event. The
voltage regulator supplying power for the power supply

and several capacitors had failed. MFP Exhibit 136 at 5.



4. Following the loss of Unit 1 AC power, the Unit 1
Control Room emergency lighting failed to function. It
was discovered that the manual transfer switch to the
emergency lighting dimmer panel was selected to the
backup source and not to the emergency inverter. The
backup source is supplied off of 480 wvolt bus 12D, which
is not powered from the vital bus, and thus wasg aot
available during the loss of AC power. It was
additionally found that the DC input breaker to the
inverter was open. JId. at 6.

5. Emergency lighting did not function as expected in a
number of areas in the Auxiliary Building and
Containment. JId. at 7.

€. Plant public address system was not available in many
areas of the plant, including Containment and the Fuel
Handling Building. 1d.

~
{

7. The intercom between Containment and the Control Room
lost power. JId.

8. Unit 2 traveling screens wash failed when power was

t to Unit 1. PG&E noted it as a prcblem that Unit 1
supplies both screen wash systems. JId.

¢. The Unit 2 turbine inlet high temperature alarm

actuated coincident with the Unit 1 event and would not

reset 18,
10. The Unit 2 CEL-102 of the chlcorine detection system
iost pcwer during the Unit 1 event. The detector was
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tiong taken included the issuance of a maintenance bulletin

0

a
to reemphasize the need for caution when working on energized
equipment. JId. However, maintenance bulletins were not being

Tt

GC) at the time this

|
(8}
([
.\l
0
b |

distributed to general constn
bulletin wag issued, so the corrective action failed to
prevent the recurrence of this event. NCR DC1-50-WP-N0O93
8/91), MFP Exhibit 150A at B.

665- Finding: This incident shows a lack of
communication and coordination between maintenance at . otber
departments.

666~ PG&E acknowledges that "there is no plant or GC
procedure specifically regarding work on energized eguipment."

Yet, PG&E feels that no formal procedure is needed, as

zed equipment are commen knowledge

(=8

precautions agains

ot

energ

to journeyman electricians, and maintenance bulletins are

adegquate to disseminate additional guidance." Id. at 12.
667- The Licensing Board disagrees. We find that the

mere occurrence of this incident is enough to warrant stronger
protective measures. Additionally, we noie Lhat the
"maintenance bulletins” were not made available to GC
personnel, this to be further evidence that the maintenance
department does not adegquately communicate or coordinate with

other departments. $See Lack of Communication and/or

Screw:












prohibits proceeding with an action when unsure of the result
of the actions, such as installing a jumper when unsure if an
annunciator will clear.) This technician installed a jumper
while in phone communication with the Unit 1 control operator.
While installing the jumper, an arc was drawn across the
terminals and the technician was informed by the control
operator that numerous alarms and a CVI had occurred. The
technician then removed the jumper. NCR DC1-91-TI-NO68
(10/3/91), MFP Exhibit 146A at 2,3.

£79- PG&E determined the root cause of the event to be
personnel error, i.e., failure to feollow procedures, in that
an I&C technician incorrectly installed a jumper without
complete knowledge of the results of the action. PG&E found
that a contributory cause of the event was failure to follow
AP C-154; the specific actions necessary to bring in the
annunciator light solid were not identified prior to the
beginning of the work. "The SFM and the technicians discussed
the general step required and the possible relays to work
with, but had not decided on the specific relay to work. The
Shift Supervisor is required to sign the AP C-154 approval,
and did not." Jd. at 5.,6.

680~ Finding: The personnel involved in thig event
failed to adhere to procedure and policy guidelines.

681- The Licensing Board finds this incident to be
another example where maintenance personnel is unprepared for

the task. We find it disturbing that these technicians failed

L
s
]









insufficiently responsive to long standing problems. Given
PGLE’'s recalcitrance on this issue, we find that the extension
of its license cannot be approved until PG&E has confirmed
that its proposed corrective actions have been completed.

Loose connector:

687- NCR DC1-92-TI-N020 and LER 1-92-005-C1 addressed the
that occurred in Unit 1 on 4/28/9%2. Although no high
radiation conditions existed, radiation monitor RM-14B
exceeded its alarm setpoint. PG&E determined the root cause
£ rhis event to be a loose connector on the test box being
used on RM-28B at the time of the event. The loose connector

onic noise in the circuitry of

o

resulted in generation of elect

v

RM-14B which ultimately led to the CVI. LER 1-92-005-01

-

(7/20/92), MFP Exhibit 144 at 1. In the TRG minutes, it was
noted that PG&E considered replacing the test boxes, "but
ce the radiation monitors and system will be upgraded in
the near future, the test boxes will] no longer be needed.”
Therefore, no corrective action was taken. NCR DC1-52-TI-NO20
(6/24/92), MFP Exhibit 145 at 14.

68B- In conclusion, the numerocus similar events noted 1in
1ts confirm the fact that many CVIs occur at DCNPP
and that these CVis result from a variety of causes.

Moreover, they occur repeatedly, despite repeated attempts toO
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significant wear and tear on the eguipment. Tr. at 1670-1672.
CVis are unintentional events, however. And when such events
are found to be repeatedly occurring, one must guestion why.
The Licensing Board has noted that many of these CVIis have
been caused by personnel error - by carelessness, lack of
knowledge or failure to adhere to procedure. The majority of
others are initiated due to the deficiencies in the equipment.
But we find, too, that other factors are often involved. In
one case in which equipment failure was determined toc be the
cause, the adequacy of preventive maintenance and the
operating environment was called into guestion. Financial
considerations have alsoc been implicated. Improper
maintenance may have affected another incident. The Board
thus concludes that the sheer number of such unplanned events
involving an important safety feature creates concern. The
Board finds that this evidence demonstrates an unacceptable
level of deficiencies in the maintenance and surveillance

organization at DCNPP.

REACTOR TRIP ON STEAM GENERATOR LOW LEVEL

MFP Exhibit 1%8: LER 1-91-002-01 (5/17,
MFP Exhibit 156: NCR DC1-91-WP-N0O12 (5/

Transcript pages: 1691-1703

690- On 2/1/91, a Unit 1 reactor trip occurred due to
steam generator (SG) low level with a steam flow/feedwater
flow mismatch on 87 1-4. The trip was caused by parsonnel

2486



error. Valve AIR-I-1041 was inadvertently closed by personnel
erecting scaffolding in the area. The closed valve isclated
instrument air supply tc the main feedwater regulating and
bypass valves FCV-530, 540, 1530 and 1540. The regulating and
bypiss valves failed closed on loss of instrument air,

clating feedwater flow to two SGs. SG levels decreased and

v
s

the unit “ripped. LER 1-91-002-01 (5/17/91), MFP Exhibit 15%

651~ Contributory causes c¢f the event include the
following:
1. There was a new management directive that outage-
related work not be performed before the cutage unliess it
was on the pre-outage schedule. Work that may affect
safety-related components is not allowed to be put on the
pre-cutage schedule. Mechanical Maintenance failed to
follow this procedure, however, when it started the work
early, even though it was not on the pre-outage schedule.
NCR DC1-9i-WP-N012 (5/13/91), MFP Exhibit 156 at 8.
2. AP C-59 did not provide adequate barriers against
erecting scaffolding around sensitive plant equipment
during operation. JId. at 9.

3. The design of the instrument air isclation valve 1s

[
™

such that requires a 90 degree rotation to move to the
clesed poeition. Although the handle is near a wall and

not easily accessible, it can be closed accidentally. Id.






._.
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d in and the reguest was not marked as ‘outage,’ ’'pre-
utage, ' or ‘non-outage’ work... The sketch on this
scaffolding form did not provide sufficient detail to show the
exact location where the scaffolding was to be erected." MFP
Exhibit 155 at 2.

B. Proc iciency:

£96- "AP C-59 requires enhancements in corder to be

{fective." MFP Exhibit 15€ at 7.
“AP C-59 did not preovide adeguate barriers against
erecting scaffolding around sensitive plant equipment
during operation. Specifically, AP C-59 did not define
sensitive eguipment that would require additional review,
did not adeguately identify components to be worked, did

o

not specify responsibilities for completing the

caffolding request form, and did not identify the
allowed start date or plant modes for the work." MFP
Exhibit 156 at 9.

"In addition, C-5% has a requirement that scaffolding not
be erected within 50 feet of main feedwater pumps without
additional review and approval, but does not provide a
specific list of other critical or sensitive eguipment
areas." JId. at 17.

£97- "The issuec of outage vs. pre-outage scheduling and
deficiencies... could have prevented the event." Jd. However,
"plant management’s new policy to ensure that no work would be
done tefore the outage without first being reviewed on the

pre-outage daily schedule was not formally written down or

effectively communicated to all applicable personnel." JId. at
D nt _weaknegses:
249




5

€58~ (1) CWP 1-1 failed to automatically restart
following the 12kV bus power transfer to startup power. It
was noted that "the failure of CWP 1-1 and other recent
failures of the CWPs to auto-restart cause the reliability of

the CWPs to be estioned." MFP Exhibit 156 at 8. 1Its

"
b2

failure has been supsequently determined to be due to a faulty
electrical relay. Tr. at 1699.

659~ (2) The 25 kV MOD switch did not open fully. 1In
preparation for outage work on the MUD, plastic sheeting had
been taped to the MOD manual drive shaft and switch actuating
shaft. When the MOD was signaled to open, the turning drive
shaft began to wrap the attached plastic around the shaft.

The shaft continued to turn until enough plastic had
accumulated to contact the nearby swicch actuating shaft.
Continued wrapping forced the switch actuating shaft outward,
gimulating "stop logic," which de-energized the MCD power and
control circuit. MFP Exhibit 155 at 3,4.

700- (3) CRDM Fan E13 failed to restart following the
power transfer. "Electrical Maintenance believes that a
combination cof reduced component part clearances due to age-
related shrinkage and dimensional changes resulting from
elevated operating temperatures caused the magnetic starter to
fail." Id. at 3.

K.

701~ Feollowing the trip, the Main Turbine Stop Valve FCV-

145 did not fully close. Stroke time was very slow (in excess

250



of two minutes) due to & very dry ~nd scored brass bushing on
the actuator spring can assembly. No preventive maintenance
activity had existed to lubricate the bushing. MFP Exhibit

55 at 4, MFP Exhibit 156 at

wn

, Tr. at “700.

702- Finding: PG&E’'s previous corrective actiou to
protect sengitive plant equipment where scaffolding is being
erected was ineffective to prevent damage tc semnsitive
egquipment .

703- NCR DC2-90-WP-NOD4 addressed a previous similar
event where scaffolding was erected without appropriate
controls. Corrective actions for that event included issuance
of a new administrative procedure (AP C-59). However, this
"procedure did not prcvide adeguate barriers to prevent the
current event." MFP Exhibit 156 at 13. "AP C-59 did not
provide adeguate barriers against erecting scaffolding around
sengitive plant eguipment during opera2tion. Specifically, AP
C-59 did not define sensitive equipment that would reguire
additional review, did not adequately identify components to
be worked, did not specify responsibilities for completing the
scaffolding reguest form, and did not identify the allowed
start date or plant modes for the work." JIgd. at 9.

704- The Licensing Board finds that the failure of any
individual component (i.e. valve AIR-I-1041) presents some
concern regarding the adequacy of maintenance of their
components. However, when such an incident is associated with

multiple failures and deficiencies, as we observe in this

251
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729- Following mult
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trips, Main Feedwater

check valve FW-1-531 failed to fully seat as expected and PG&E

identified the potential for loss of auxiliary feedwater flow

e

hrough this path. NCR DC1-91-TN-N002 (2/18/91), MFP Exhibit

180 at 1
730- On 11/9/8%, plant operators noted that Steam

Generator (SG) 1-3, Main Feedwater check valve, FW-1-531, was
leaking. It was repaired during 1R3. JId. at 2. Feedwater
check valve FW-1-531 is a safety category I valve installed to
protect the SG and reactor coolant system (RCS) from excessive
cooldown due to blowdown following a postulated line rupture

in the safety category 11 portion of a feedwater line. Igd. at

found FW-1-531 leaking. The check valve did not fully close
following the reactor trip and also unseated during the
reactor startup of 2/21/90.

The need for corrective maintenance action was

considered by plant management and the determination was
made that plant operators were capable of operating the
feedwater system with the identified backleakage due to
training, procedural caution concerning feedwater startup
and procedural reguirement for additional operators to be
present during startup. Also, an infurmation tag was
placed on FCV-440 control switch indicating that FCV-440
may need to be closed following a reactor trip in order
for full AFW flow to go to SG 1-3, due to backleakage.
i1d. &t 2.

732- On 6/14/90, another reactor trip occurred. On

=
J

6/ /90, a main feedwater system water hammer occurred. "The

need to perform further maintenance or investigation regarding







-

738- Pinding: PG&E failed to respond to the degraded
condition of check valve FW-1-531 in a timely fashion.

73%9- Plant management, maintenance personnel and
operations personnel were aware of the degraded condition of
the check valve for approximately one year. The plant had
been shut down three times following reactor trips, twice
after a maintenance solution had been determined during 2R3.

Id. at 5,6. Yet, this valve was not repaired.

740- On 12/8/90, an Engineered Safety Features (ESF)
actuation occurred due to SG 1-3 high-high level which
resulted in a feedwater isolation, P-14, closure of the main
feedwater, feedwater bypass and feedwater isolation valves.
Backleakage through FW-1-531 was initially believed to have
contributed to the P-14 actuation. PG&E later noted that,
although valve FW-1-531 did not directly contribute to the ESF
actuation, it did represent a "degraded condition of the
auxiliary feedwater system capability to deliver full flow to
the steam generator." Id. at 3.

741- The root cause of the ESF was determined to be due

leakage through feedwater regulating valve FW-1-FCV-530

and feedwater regulating bypass valve FW-1-FCV-1530. FW-
1-FCV-530 was stroke tested during a Unit 1 forced outage
which began on December 23, 1950, and it was determined
that leakage through this valve was due to valve position
controller drift. FW-1 FCV-1530 was disassembled and
inspected during the same forced outage. Leakage through

this valve was also due to valve position controller
drift. NCR DC1-90-OP-N083 (2/8/91), MFP Exhibit 191 at

©
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742- On 12/21/90, as a recult of further investigation
regarding feedwater system leakage, PG&E determined that
feedwater recirculation control valve FW-1-FCV-420 was leaking
to the condenser. Leakage past the valve contributed to the
ESF 1in that it provided a leak path to the condenser. JId.

743- Finding: Poor communication was a factor in this
event.

744- PG&E addressed the December 1990 ESF event in LER 1
90-015-00. The NRC responded with a review of this report
stating:

Our understanding of the event indicates that the valves
discussed in the LER (main feedwater check valve FW 531,
main feedwater regulating valve FW 530, and the main
feedwater regulating bypass valve FW 1530) were observed
to be leaking and causing level control difficulties
during unit restart attempts or reactor trips in December
1989, February 20, 1990, February 22, 1990, and also on
June 14 and June 19, 19%90. Therefore it would appear the
cperators should not have been surprised by the leaking
valves and either should have been pre-warned and
provided with a strategy for dealing with the leaking
valves, or the valves should have been fixed at one of
the earlier opportunities. Operator statements after the
December 8, 1950, event indicate that they were not aware
of the valve conditions. It appears that the lack of
operator knowledge should be considered as a root cause
and appropriate corrective action considered. NRC

"Review of LER 1-90-015-00 (1/18/91), MFP Exhibit 193 at
A

745- The Board is mystified as to why information
regarding these leaks apparently was not passed on to the
operators. It seems there was no mechanism for assuring that
the information would be given to the appropriate personnel.
We consider this to be part of the overall communication

problem that we have noted in the general findings.
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event indicates an inadeguacy in the maintenance and

~y 4 “r 3 3 - . A - - ™MD
survelil.ance program at DUNFPY.

FIEE 1N ELECTRICAL PANEL

MFP Exhibit 216: NCR DCO-S0-SE-NOBD (1/2B/92
Transcript pages: 1818-182¢
766~ On 11/19/90, smoke was detected coming from a 480

'AC electrical panel in the security diesel area. Equipment
failure was the cause of the fire. PG&E found that "although

the feeder breaker was damaged to the extent that a detailed
cause of the failure was impoesible to make," the "most
probable cause" was "an inadequate compressicn wiring
mination installation which resulted in increased
electrical resistance across the termination resulting in
heasting until some semi-combustible materials in the area

began to smolder." NCR DCO-90-SE-NOBO (1/28/92), MFP Exhibit

216 at 2,3 PG&E also found that a contributory cause was
that "compressicn electrical terminations are dependent on the

skill of the 1

»
»

staller for acceptable results.”" JId. at €.
767~ Finding: PG&E considered replacing the faulty
connectors years ago, but did not do so for financial

reasons - thus undermining the safety cof the plant.

768- PGKE claims that there i1s nothing inadequate about
the compression connections. Tr. at 1823. However, we find
that the very occurrence of the fire, which PG&E itself

273
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leaking The identified leakage
valve body and bonnet to both val
valves was estimated tO be approx
009-01 (4/24/9 PGAE Exhibit 29
771~ These valves are locate
its ventilaticn exhausts to the p
through charccal filters Theref
that may be released as a result
would be released to the plant ve

efficiency particulate air filter

were due to errors made in the pr

98 -
leakage 1n
wag not included in

have resulted in exceeding the co
limit The cause of the event wa
fatigue crack. JId. at 5.

773- Finding:

was coming from between the

ves Leakage from both
imately 1.3 gpm., LER 2-91-
at 1

d in the boric acid blender;

vent without passing

any radiocactive material

of leakage from these valves

wr

only

ered

cr

nt by high

PG&E evaluated the

< i
-

situation and determined that the leakage could have resulted
in the contreol room and exclusion area boundary 10 CFR 100
dose limits being exceeded during the recirculation phase of
recovery from a design basis LOCA ig, at 2.

772- The LER for this event noted a previous LER on a
similar event LER 1-90-010-00 addressed the leakage of post-
LOCA coolant into the charging pump rooms. The leakage would

ntrol room design basis dose

& determined to be high cycle

Leakages from CVCS-2-8471 and CVCS-2-548

eventive maintenance program.

PG&E attributed the root cause of body-to-bonnet
CVCS-2-8471 to personnel error in that the valve

the plant preventive maintenance program.



ince the valve was not included in this program, the
diaphragm’s service life was exceeded. Jd. at 4.

775~ CVCS-2-548 wag included in the preventive
maintenance program. And although the specific root cause of
the body-to-bonnet leakage could not be determined, it was
noted rhat vendor recommendations on retorguing bonnet bolts
were not included in the preventive maintenance program. This

may have been a factor in the root cause. Jd.

Lo

1962 CVCS Leakage

€~ On 6/22/92, diaphragm valve CVCS-1-547, which
requlates the emergency oie e flow to the volume control tank

cutlet isolation in the CVCS, was found to be leaking
approximately 0.5 gpm to the auxiliary building atmosphere.
LER 1-92-009-01 (1/11/93), MFP Exhibit 28B. CVCS-1-547 is

located in the boric acid blender room. Again, the room

ventilation exhausts to the plant vent without passing through

charcoal filters. Any radiogctive material that may be
released as a result of leakage in this area, then, would be

filtered only by HEPA. PG&E determined on 6/26/%2 that this
leakage could have caused 10 C.F.R. 100 and GDC 19 dose limits

to be exceeded duran

Q

a design basis LOCA. PG&E Exhibit 28 at

778~ DCNFP technical specifications reguireg the
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