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! ';UCLEAR SAFETY INFORMAiION Ci:NTI:R SERVICES
.

* The ';uclear Safet) la t o rma tion Cen t e r (NSIC), which was stablished
.

In March 1963 at Oah Ridge National Laboratory, is principally supported i
1

j by the U. S . Nu cle a r Regu l at ory Cormii ,sion ' < 01 fi c e of Nuclear Regulat. cry
,

j Research. Support is also provided by the Division of Reactor Develop-
' ment and Demonstration of the Depart ment o f En c r;;v . NSIC i:- a focal point
i
j for the collection, .t o rare , evaluation, and dissemination of sately in-

formation to aid those concerned with the analysis, design, and operation
i of nuclear facilitiet Although the c:os t widely known product of NSIC is.

i

i the technical progress r e v i ew L C > ' : '. y , t h e Center also prepares,

| reports and bibliographies, which may be purchased f rom the National Tech-

) ni al Infornation Service, U.S. Department of Commerce, 5285 Port R.yal
; Road, Springfield, VA 22161. The Center has developed a system of key-
(

co r d t- ti inde; tne information which it ca t al op . The title, author, !;
!

j installation, abstract, and kepords for tach document reviewed are

j recorded at the cent ral ee puting f ac ilit y in Oak Ridge. The references i
'

are cataloced .ccerding to the follawing categories

1. General Safet; Criteria*

,

j 2. Fiting of Nuclear Facilities

; 3. Tran ,portat iun and Handling of Radioactive Naterials
a

4 4. Aerospace Safety (i nact ive '.3 u70):
i 5. Heat Transier and Therral Hydraulics
*

|{ 6. React o r Trans ient s , Einetics, md St abili ty
i

!' 7. f is sion l'roduct Release, Transport, and 1:t noval ;1
1

j H. Sources of Energ: Release under Accident Ccnditlens
,

i
$ o Suelea r i nc t r uncn ta t ion , Control, and Safety systems !

| 10. !?lectrical Pewer System, |

|

11. Containment of Nuclear Facilities,

1
.

12. I'l an t Safety Features Reactor
'

i
13. Plant Safety leatures - Nonreactor4

14. Radionuclide !? el c u e , Disposal , T reat ment , and Managerrnt I,

(inactive Septercer 1973)
|15. Environnental Surveys, Monitoring, and Radiation Dose Measure-
i

ents (inactive September 19/3) '

)
i

l
i

(Continued on inside back cover)
... .- ., - . . _ - - - - , - . - -.
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! PREFACE

3

| Over the years the Nuclear Safety Information Center has produced
a series of documents of selected reportable occurrences experienced at

| reactor facilities. These reports were designated ORNL-NS'C-17, ORNL-
| NSIr-64, ORNL-NSIC-103, and ORNL-NSIC-121. Their formats were similar,
j although the reportable events occurred between 1963 and 1974.
f

| This report, ORNL/NUREG/NSIC-144, updates the four aforementioned
i reports. It is a compilation of reactor operating experiences reported
| during the period January 1975 through December 1977 and selected for
| publication in the NRC bulletins, Current Events and Operating Experience.
j The individual reports were filed from 1975 through 1977 and were com-
j piled by the Office of Management and Program Analysis (originally the
j Office of Management Information and Program Control).
.

Through the years the Nuclear Safety Information Center has enhanced
j the usefulness of these individual reports by combining them into single
j documents with indexes.
}

| We wish to acknowledge our appreciation to the Office of Inspection
; and Enforcement and the Office of Nuclear Reactor Regulation for their
i aenistance in reviewing the original draft documents.

I

i.

R. A. Hartfield, Chief
Licensee Operations Evaluation Branch

j Division of Technical Support
Office of Management & Program Analysis.

| U.S. Nuclear Regulatory Commission

:
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FOPR ORD

The Nuclear Safety Information Center (NSIC) is pleased to publish
1 the fifth compilation of unusual reactor operating experiences collected

by the U.S. Nuclear Regulatory Commission. The earlier reports - ORNL/
NSIC-17, Abnomal Reactor Operatina E.rperiences : ORNL/NSIC-64, Abnormal

. Reactor Operating Experiences 1966-1968; ORNL/NSIC-103, Abnomat Reactor'

Operating Experiences 1969-1971; and ORNL/NSIC-121, Reactor Operating
Ezperiences 1972-1974 - are still available from the National Technical
Information Service (see page 11 for address) .

i
'

This compilation contains those experiences reported during thei

period January 1975 through December 1977 and selected for publication
in the NRC bulletins, Chrrent Events and Operating Experience. The

l reports in Chrrent Events are presented in the order in which they appeared 1

in individual issues, with the issues arranged in chronological order.
The issues of Cperating Experience are also arranged chronologically. |

A keyword index has been prepared using the NSIC thesaurus of indexing;

;
terms. In addition, a permuted-title index is included to assist the !

4

reader in locating reports of interest.
;

1
#

.

G. T. Mays and R. L. Scott,

: Nuclear Safety Information Center

i

!.

:
|
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i
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A>RRENT EVENTS !p!!jCU< v
. . . .

"

POWER REACTORS !!!!!! I
,

p,

V|,","$E$$TT '

EVENTS SELECTED FROM REPORTS SUBMITTED TO THE UNITED STATES NUCLEAR
REGULATORY CO.T11SSION AS OF:

JANUARY 1975 |

FEEDWATER SPARGER MOVEMEhT

Unit 3 of the Humboldt Bay Power Plant was shut down for a regular
scheduled refueling outage when it was discovered that five of the
eight hold-down U-bolts on the feedwater sparger had failed where |
the bolt enters the upper lock nut; the sparger and thermal sleeve '

had shif ted approximately 1.7-inches f rom the vessel inlet nozzle.
|Bo th 0. 5-inc h diame ter type 304 stainless steel legs wera broken on I

three U-bolts; the other two had one leg broken. There were no missing
|

parts.

1
i

A metallographic examination of two bolts led to the conclusion or '

f ailure f rora high cycle f atigue; the U-bolts vibrated in response to
the feedwater pump or to recirculation flow. It was postulated the
sparger was not vibrating or that the vibration amplitude was very
small because there were no unusual wear marks.

The sparger was reinstalled in its original location with redesigned
and substantially stronger sparger restraints which clamp tightly
around the sparger. Because the restraints are in firm contact with
the sparger, the new restraints should be less susceptible to vibration.

The failure of the bolts and movement of the sparger did not impair
the ability of the :parger to perform its intended function during
either normal or accident conditions. There were no indications of any
changes in the thermal-hydraulic operating characteristics of the
feedwater or reactor systems. Since the thermal sleeve is an inter-
t erence fit and the nozzle inside diameter is uniform for the entire
length of the nozzle, no increase in feedwater flow around the sleeve
would have occurred as a result of any shift in the sparger. This12
event did not af f ect the health and safety of the public.

REACTOR STARTUP ON INCORRECT POWER RANGE RECORDER

Power level at the Oconee Nuclear Station Unit 2 was being increased
f ollowing a shutdown the previous day, and was at 3% of full power as

i

- _



_ _. _ _._ __-. __ _ __ - . _ . _ _ _ . . _ _ - _ . _ . _ _ . _ _ _ . _ . . _ . _ _ _

I
!
,

I
'

2

i

f indicated on the Reactor Power Range Recorder. Following a control room
shif t change, the operator noted from redundant instrumentation that the
reactor power level was actually at 15% of full power. The Power Range
Recorder was in the O to 125% full power range instead of the O to 25%

I full power range. The selector switch for the power range recorder had i
'

| not been changed to the expanded range after the reactor shutdown.
$
j The operator normally uses the power range recorder during startup

because of the instrument's expanded scale. Because of the assumed;

i lower power level, the control operator did not utilize other redundant
instrumentation for comparison because of their limitations at low power'

levels,

j The Trip Recovery Procedure has been revised to specify that the lower
range on the power range recorder be utilized whenever reactor power is.

{ below 20% of full power. In addition, personnel were reminded of the
| importance of utilizing redundant instrumentation.

|
| The Reactor Protection System is totally independent of reactor power

j indication devices, and would have functioned to protect the unit even
( with the power range recorder in the wrong range. This incident did not

j affect the health and safety of the public.3
! |

1 l
j |

'
1

1 UNPLANNED RADICACTIVE RELEASES - PERSONNEL ERRORS
:

Dresden - 1 i

With Unit No. 1 of the Dresden Nuclear Power Station operating at a

steady state power of 143 MWe, an operator was given instructions to
line up the valving to discharge the "B" Waste Holdup Tank. The pro-

i cedure for this operation is specified on a discharge card which con-
| tains all information necessary to discharge the tank, and includes a

j check-off sheet. The operator misinterpreted the card to be for the "B"
; Laundry Holdup Tank. As a result, the unsampled liquid from the Laundry

Holdup Tank was discharged for a period of 45 minutes.
4

; Upon realization that the wrong tank was being discharged, the action
j was terminated and the water remaining in the Laundry Holdup Tank sampled

for radioactivity. The gross Beta Gamma analysis of this sample was
;

1. 2 x 10' uC1/cc. An estimated release rate of 20 gallons per minutej led to a calculated release concentration of 20 utC1/cc after dilution.;

|
1 It was concluded the health and safety of the general public was not
4 affected by the unplanned release of liquid from the "B" Laundry Tank;
! at no time was the technical specification al.lowable limit for liquid

) releases exceeded.
i
| The corrective action to prevent the recurrence will be to color code
i the discharge cards with a dif ferent color for each tank. Each dis-

charge card will contain instructions and valve check-of f list onlyd

i for the specified tank. In addition valves required for discharging

; tanks will have color coded identification tags matching the discharge
card for the specific tanke.4i

i

i
n

4
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i

Palisad es

With the Palisades Plant in a cold shutdown condition, the south "iltered

waste tank containing laundry waste was placed on recycle for analysis
to determine if the contents could be released. The technician per-
forming this analysis had calculated the release, and transferred the
data to the batch release form. The following day, an operator released
the north filtered waste tank as authorized by the batch release form.
The release should have been for the south filtered waste tank; when
transposing the data to the batch card, the technician wrote down the
wrong tank identification.

No safety limits were exceeded by the release; none of three monitors
sampling the release alarmed. A sample of water remaining in the north
tank was analyzed for activity, and a comparison was ande with the sout.;
tank analysis. No significant differences were found. The total release
was estimated to be 1? millicuries.

This event was reviewed with the responsible technician and rperator.

Oconee - 2

| With the Oconee Nuclear Station at 99% power, preparations were being
^

made to replace the letdown filter. The valves necessary to isolate the
filter were oroperly positioned and tagged. However, maintenance per-
sonnel accidentally disconnected the vent piping f rom the filter (a
quick disconnect fitting). This action resulted in release of reactor

coolant to the letdown filter room and adjacent hallways in the auxiliary
building. The maintenance men immediately evacuated the area.

The resultant spray from this incident discharged approximately 3500
gallons of water, and a total gaseous release of 16.5 curies. The
gaseous release was 3.7% of the one-hour release rate permitted in the
technical specifications. The wa ter was analyzed for particulates,
lodine and tritium; only negligible quantities were found. It was

1 concluded that the health and safety of the public was not affected by
this incident.

The apparent cause of this occurrence was the failure of maintenance
personnel to identify the filter they were to replace. The filter had
no identifying markings.

Identification of the letdoni filters will be 1.ade permanent, legible,
and easily recognizable to prevent future occurr ences. In addition, a
program will be developed to assure that all eqelpment is identified by
unit and component.D

Oconee - 1
,

Unit 1 of the Oconee Nuclear Station was in a cold shutdown condition
j when an operator discovered three feet of water standing in the pump

Electrical power was isolated f rom the pumps and a submersibleroom.
| pump was used to pump the water to the low activity waste tank. Elec-'

trical and functional checks of the low pressure injection and reactor
building spray pumps were perf ormed to verif y operability.

_- _- . __. . . _. , - - .
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Samples of water were taken from the pump room; chemical and gamma
spectrum analyses indicated. a radioactivity level and boron concentra-
tion consistent with water from the Low Pressure Injection System.

The apparent cause of the flooding was personnel error. A utility j

operator incorrectly assumed that isolation of the low pressure in- |
jection header had been complated by the control room operator by ,

closing the remotely operated valves; be did not visually verify that *

the valves were closed. The header drain valves were opan.

The water drained from the header to the floor drains and the automatic !
cycling sump pumps apparently tripped because of pump ovarload. The {
draining water collected in the pump room. |

The draining of the pump room and subsequent verification testing of the
affected components was completed ten hours after initial discovery. Since
the radioactive water was not discharged to the environment, it was |

concluded that the health and safety of the public was not affected. ;

1
1
I

To prevent a similar recurrence, a sump pump monitoring alarm was in-
'
|

stalled to detect early pump failure, and the necessity for attention to
detail in all station operations was stressed to personnel.7

,

Also at Unit 1 of the Oconee Nuclear Power Station, with the reactor
operating at 30% power, several radiation monitors alarmed in the auxiliary ,

building. An instrument line for the unloading valve on the gaseous
waste separator tank was found disconnected. The loose tubitg was
reconnected.

Apparently, during a station modification performed by the day shift,
the piping was not fully connected. The contents of one of the gaseous
waste decay tanks emptied into the auxiliary building.

The total gaseous activity released was 25.8 C1, which was 0.05%
of the annual release limit. The total iodine released was 2.4 x 10-4
C1, which was 0.06% of the annual limit. The maximum release rate
averaged over a one-hour period was not exceeded, and personnel did not
receive any significant radiation exposure. The health and safety of
the public was not affected.

At a meeting of the station manager and all supervisors the necessity
f or attention to detail and completeness of neintenance action was
discussed.8

Quad-Cities .

While Units 1 and 2 of the Quad-Cities Nuclear Power Station were in
operation, discharge of a known quality of liquid from the "A" floor

drain sample tank (FDST) to the river was initiated. Later in the day,
a radwaste operator started processing the controls of the floor drain
collector tank to the "A" FDST rather than to the correct tank, the "B"
FDST. The incorrect transfer continued for about fifteen minutes during
which about 1000 gallons of water of unknown quality was moved to the
"A" FDST. The radwaste operator noticed the level increasing in the "A"

i
J
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FDST and checked the valve line-up. Realizing the mistake, the dis-
| charge to the river was stopped. Approximately, 90 gallons of uncon-

trolled, but monitored effluent was discharged to the river in this
fifteen minute period.

The mistake was caused by operator error. Between the time the "A" FDST
discharge was initiated and the pumping of the floor drain collector tank
there had been a shif t change. Following the shift change, the new
operator made a valving error while processing the water from the floor
drain collector tank.

Samples were taken at the floor drain collector filter effluent and on
the "A" FDST after it had been recirculated. The floor drain filter
effluent concentration was 1.2 x 10-3 LCi/cc. The "A" FDST activity
analyzed for the original batch release was 2.9 x 10-3 LC1/cc. In this
occurrence the activity of the water coming from the floor drain collector
was less than that being discharged.

There had been a similar occurrence about seven months earlier when an
operator had accidentally opened the inlet to the "A" FDST instead of
the "B" FDST while processing water from the floor drain collector tank.

i

; The "A" FDST was being discharged to the river at the time.

) In both events there were no adverse effects on the health or safety

j of the public or plant personnel. The applicable limits in 10 CFR 20

were not violated because of ghe inherent safety limitations designed
into the discharge procedure.

PIPE WALL EROSION

With Unit No. 1 of the Calvert Cliffs Nuclear Power Plant in a cold
shutdown condition, a pinhole leak was discovered in piping immediately
downstream of a butterfly valve in the saltwater return system. An
ultrasonic test measured a maximum thinning of the 0.375-inch pipe wall
to 0.110 inches at the 12 o' clock position, approximately one and a half
inches from the valve flange. Also, a general reduction of pipe wall
thickness had occurred in the top portion of the pipe in an area about
four inches downstream of the valve.

The pipe erosion was assumed to have occurred from prolonged operation
with the butterfly valve partially closed, thus acting as a throttle.

valve. This valve is throttled to control temperature in one of the
,

service water subsystems; a similiar erosion of the pipe wall had
occurred previously in another saltwater subsystem.

The pipe erosion had been a slow localized process and would not have
resulted in a catastrophic loss of the service water or saltwater sub-
systems. There was no immediate saf ety hazard to the plant, its per-
sonnel, or to the general public.10

LEAK IN LOW PRESSURE INJECTION SYSTEM

A leak was discovered in the low pressure injection system pipir.g in
the decay heat removal room at the Oconee Nuclear Sta tion Unit 3. The leak

originated from a common sample line for the A and B low pressure in-
jection discharge headers. The defect was found two inches from the A

- - - - . _ .-.- - .
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j header isolation valve. The 3/8-inch stainless steel piping failed from

3
vibration of the low pressure injection discharge headers.

! The leak was discovered when the reactor was in a cold shutdown mode.
'

i The small size of the piping did not have any effect on the decay heat
! removal operation; the leak did not affect the health or safety of the

i pcblic. The line was repaired and a coil was added to absorb vibrational ,

j stress.ll )

DIESEL GENERATOR FIRE

At Unit No. 1 of the Three Mile Island Nuclear Station, a small fire
occurred in the lagging around the diesel generator engine exhaust mani- '

,

fold adjacent to the turbocharger exhaust gas inlet. The fire was

| promptly extinguished and the diesel engine was shut down. !

l
The cause of the fire was oil leaking from the engine inspection cover |

i

j plate into the exhaust manifold lagging. The oil-soaked lagging was
ignited by the heat from engine exhaust manifold. Since there was no,

j apparent damage to the engine, it was restarted and the operational
j surveillance procedure was completed satisfactorily.
4

| A temporary oil catch tray was installed under the engine cover plate to
,

| prevent oil contact with the exhaust manifold lagging. The engine
manufacturer was contacted for a permanent solution to the oil leakage
problem.12

i
j VALVE FAILURES - SEPARATED DISCS
}

Kewaunee-1
,

!

Unit I of the Kewaunee Nuclear Station was preparing for reactor startup'

when a valve developed a packing leak. The affected valve was isolated,
i repacked, and the isolation valves were reopened, but flow through the
| hot leg portion of the resistance temperature detector (RTD) bypass loop

could not be reestablished,
; j
i I

X-ray revealed the stem had separated from the disc of a valve; the i

j direction of flow through the valve then caused the f ree disc to act as
j a check valve.
;

! The def ective valve was a Rockwell-Edwards F. stainless steel Univalve,
| General Assembly Number 3624-F-316J.
|
i The apparent cause of failure was excessive closing torque. An impact
! handle is designed into the valve to aid in opening or closing.
*

Failure occurred f rom continued impacting af ter the valve was either in
j the fully closed or fully open position.
'

|

: A plant directive wcs issued specifying the number of turns required to
| open and close the valve, and that the impactor handle was not to be
j used to force the disc against the backseat.

1

The bypass loops were provided with flow indication and temperature sig-
nals, so a reduction or stoppage of bypass flow at operating conditions
wouldbeadequatelysensedandcorrectivemeasurescogdbetaken.There was no danger to the public or plant personnel.

1
I.

, _ . _. . . . . - , _ ._- -
. _ ._



. . . - _ . - . . _ _ - _- _ _ . . - - ._ . - - - . - . . _ - .- - - . ,
1
1

!

7

;

Prairie Island 1

A similar event occurred at Unit 1 of the Prairie Island Nuclear Gen-
erating Plant. A low flow condition was indicated in one of the RTD
manifolds. Normal flow was observed in the redundant loop. By isolating
the hot and cold leg manifolds, it was determined the obstruction
existed in the hot leg RTD manifold. X-rays of valves in the hot leg

! showed separation of the valve stems from the discs. Again the,
separated discs were acting as check valves obstructing flow in the
manifolds.

Rockwell-Edwards considered excessive backseating to be the probable
cause of failure. However, they believe that backseating with the
impactor handle would not cause valve damage unless a sledge or cheater

"

is utilized. The two valves at Prairie Island 1 were located under
floor plating in a position where it would be almost impossible to
utilize a sledg or a cheater.

To prevent recurrence, the valves are to be seated gently. Rockwell-
Edwards is analyzing one of the damaged valve stems and discs to deter-
mine the cause of failure.14

Point Beach 1
!
i

In early 1973, Unit 1 of the Point Beach Nucle.r Plant was experiencing
problems with the seventeen Rockwell-Edwards valves in the RTD bypass

J'

line. The most common were associated with valve packing leakage.

4 hen packing leakage was discovered, it was difficult to disassemble or
zmove the valves. Galling and lack of access space, together with high

i mdiation levels because of crud accumulation, created removal difficulties.

When attempting to back flush the valves to reduce the radiation level,
some of the valves appeared to be acting as stop check valves. X-ray
inspection revealed two of the valve discs had become separated from
their stems; because of the orientation of these valves, they were
acting as check valves.

Because of radiolog1 cal and disassembly problems, the entire piping was
cut intact from the system.

Three valve discs were found to have separated from their stems. No

parts were missing. The valves were replaced with similar valves with a
modified method of retaining the stem to the disc.13 |

MALFUNCTION OF MAIN STEAM LINE TRIP VALVES
|

During periodic testing of the Main Steam Trip Valves (MSTV 's ) at the j
ISurry Power Station Unit 2 while the reactor was at 58% of rated power,,

'

three MSTV's did not respond to a signal. On the second test of
Valve B, all the air was bled from its actuating cylinders; the valve
closed fully before limit switches could operate solenoid valves to
restore ait to the cylinders. Closure of the valve prevented normal I

'

steam flow, and a reactor trip occurred as a result of "B" steam generator
Lo-Lo level. During the unit trip, Valve A closed correctly, but Valve
C remained open.

.- - _ - .
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| Following the trip, the reactor was brought to a cold shutdown. An
investigation of Valve C revealed a slight crud buildup and mechanical'

! binding of the rockshaft in the stuffing bcx bushing. This binding

| apparently was caused by a minor bend in the rockshaft as it passed
i through the stuffing box bushing. Repair involved relieving the cilite

! bushings in the area of the splined portion of the rockshaft to eliminate

| interference and removing the crud buildup.

Each of the main steam lines has a main steam trip valve and a non-
: return valve. These six valves, in total, prevent blowdown of one or

! more steam generators regardless of a break location even if one valve
j fails to close. During this occurrence, one valve remained open even

j though the other two experienced some binding. If a steam line rupture !

j had occurred, five valves would have perfo ad their function. Hence,
the inciden did not represent any dacter s the health and safety of

{ thepublic.{6
4

|
'

1 |
i

|Theodore C. Cintula
John J. Riczo

i Of fice of Operations Evaluation
|i U,S. Nuclear Regulatory Commission
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lFEBRUARY 1975

FUEL ROD CLADDING FAILURES

On October 30, 1974 at Dresden Nuclear Power Station Unit 3, while the |
position of the control rods was being changed, excessive power
peaking was observed in the lower region of the core. Additional control ,

rod movements to reduce peaking caused the peaking to increase. This
was accompanied by a high of f-gas radiation alarm. The control rods ,

were then inserted to reduce both peaking and power, and the radiation
Ialarm ceased.
i

|The estimated stack off-gas release rate during the transient was
a pproxima tely 300,000 uC1/sec. The off-gas release rate for the day of |
the occurrence has been estimated by the Ucensee to be an average of i

45,000 pCi which is less than half the technical specification limit;
the 48-hour technical specification limit probably was exceeded for less

than 10 minutes.
'

Prior to control rod movement, reactor power was 440 MWe; the power
increased to 520 MWe during control roc movement and stabilized at
370 MWe af ter clearing the high of f-gas radiation alarm. Design power
is 800 MWe.

The apparent cause of the occurrence was personnel error. A xenon
transient occurred, with a known condition of very low fuel exposure at
the core bottom. The rapid changes in power occurring low in the core I

probably resulted in some fuel rod perforation. Failure of fuel rod
cladding resulted in the high off-gas release rate.

Unit 3 had a known flux distribution peaked toward the top of the cot e,
with relatively unexposed fuel at the lower section of the core. The
control rods were being moved to change the axial power distribution of
the core at the time of xenon peaking, and when xenon started burning
out, the bottom power peak, which had just f ormed by control rod move-
ment, increased rapidly. Because the bottom of the core had relatively
little exposure, the power peaking problem was exaggerated.
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Since the occurrence, the undesirable rate of of f-gas rcdiation indica tes
several fuel rods with cladding failure. The high oft-gas radiation
levels have resulted in a station imposed 50% derating of power. At a
derated lead of 400 MWe, the stack gas release rate has been about
24,000 .C1/sec, about one fourth of the technical specification limit.

The cause of the suspected f ailure is evidently pellet clad interaction.
No fuel safety limits were approached in the occurrence. This mode of
fuel failure has occurred previously in the Dresden units during normal
reactor operation.,

An isotopic analysis of the off-gas composition indicated little or no
,

holdup in the pellet or fuel column for fission product gases. This
would imply that few relatively large cladding perforations occurred
during the peaking transient. There was no adverse effect on the public
health and saf ety.

As a result of this occurrence, more training for all nuclear engineers
have been initiated; procedures for BWR control rod sequences have been
reviewed and new procedures approved; and the General Electric Company
has recommended certain operational procedure changes to reduce the
number of fuel failures during normal power reduction operation.'

CONTROL RCD WlThDRAWAL PROBLDis

Dresden-2

While Dresden Nuclear Power Station, Unit 2, was in a refueling cutage
with the mode switch locked in the shutdown position and contr ' rod
d r ive (CRD) overhaul was in progress, a repaired drive was instelled at
position 10-35 and an attempt was made to remove drive 18-11. The
uncoupling tool for drive 18-11 failed to indica te if the drive had

properly uncoupled from the blade, so the drive probe was reinstallec
and indica ted the drive had uncoupled. Shift personnel then issued a
temporary procedure change to allow the General Electric maintenance
crew to skip drive 18-11 and proceed to the next step, the withdrawal of
drive 6-35. At this time drive 10-35 had been valved in service aed not
reinserted to position 00. Drive 6-35 was then withdrawn and valvec out
of service.

The operator and shift personnel on duty did not notice that control
rod 10-35 was still at position 48 before withdrawing adjacent control

rod 6-35. When it was noted, approximately an hour and a half later,
drive 10-35 was immediately reinserted.

The temporary procedure change to allow the General Electric main-
tenance crew to proceed to the next step violated the intent of the
orginal procedure. The procedure for CRD replacement had been written
such that if a step in the procedure were skipped, the next CRD to be
removed would be adjacent to the CRD withdrawn previously. The pro-
cedure also stated that the two CRD's could be pulled only if separated
by two or more control cells. All personnel involved f ailed to notice
that the two adjacent control rods wuuld be withdrawn with the
implementation of the temporary procedure change.

.

- % mw.g -a ?,<e -
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a The safety of the plant and pub. tic was not in jeopardy. Neither of the
' withdrawn control rods were the highest worth rods; the reactor was

; subcritical by greater than 1.34%. There was no damage to any system
or structures. No personnel received injuries or exposure, and no ii

! radioactive material was released.
i

j A temporary procedure change was subsequently issued to instruct the
| operators to verify that procedure changes will not result in a control
j rod being pulled within four cells of a withdrawn control rod.
!

i In the future, station nuclear engineers will review procedures involving

! control rod movement. The control rod drive procedure will also be

| revised so that several steps may be skipped without violating separation ,

| criteria.
i

| Brunswick-2

) Prior to f uel loading at Brunswick Steam Electric' Plant, Unit 2, and

; during perf ormance of a periodic test it was discovered that the de-

| select interlock on four control rods had f ailed. The refuel interlock )
l check required withdrawal of one control rod to position 02 and verificatien )

| that the control and " Withdrawal Permissive" light remained energized. 1

| Before performance of the next step, the operator was able to select |

j an adlacent control rod. The " rod block" alarm was not received and
j the operator was able to withdraw the second control rod, so all rods I

{ were fully inserted and management apprised of the situation.

I ,

i Investigation revealed that one pin of a connector had lost its mechanical |
!

| connection with the copper bus in a relay module of the reactor manual
j control system. The f ailure could have been caused by manuf acturing, j
| shipping, or installation error,
i

| The relay module was removed, repaired and returned to service, and
i the refuel interlock check was revised to include a functional test of
j the de-select circuitry.

!
! 3ecause the malfunction of the relay module was detected prior to fuel
i loading, there were no adverse effects on the plant or to the health

and general safety of the public.3i
a

?

{ Quad Cities-1

I At the Quad-Cities Nuclear Power Station, Unit 1, prior to reactor
startup the rod worth minimizer (RWM) was operable. With reactor power

j level of approximately 5%, a control rod was withdrawn that should j

have resulted in a RWM stall which should alarm in the control room |

9 and block rod withdrawal; neither event happened. 1

The operator was unaware of the RWM failure and continued withdrawing
control rods; a violation of the technical specifications. Approximately
a hour and a half later, the reactor operator mistakenly selected and
withdrew an out-of-sequence control rod. Ten minutes later the error
was noticed. The out-of-sequence rod was repositioned and reactor startup
was halted until the source of the RWM f ailure could be determined.

The failure was attributed to an error in the startup procedure for the
RWM. This procedura was modified during a spring 1974 refueling outage,

_ . _ _ _ .. . _ _ _ _ , _ _
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| and a step requiring tne computer room console mode switch to be turned i

{ to the "off" position was omitted. As a result, with the console switch
j in the local position, the control room did not receive indication of a
; computer stall and no rod blocks f ollowed the stall.
t
|

1 The postulated rod drop accident that forms the basis for the RWM technical

; specification would require a high worth rod to become uncoupled, the
rod to stick when the drive is withdrawn, and the rod to fall before

,

'

I the rod was detected to te uncoupled. There were no uncoupled control I
j rods, no rod drop, and no abnormal core transients as a result of this I
l occurrence. 1

4

4

!

:

i CRACKS IN FEEDWATER SPARGERS

i.
'

Two cracks were discovered in the f eedwater spargers during a General
Electric Company recommended feedwater sparger inspection at Unit 2
of the Dresden Nuclear Power Station. One crack was located on thej

3 upper part of the right side header pipe to the junction box weld
I area of the southwest quadrant sparger. The crack was relatively

straight and extended about 90 degrees around the pipe circumference.
The other crack was located on the upper part of the left side header

4

i pipe to the junc tion box weld area of the northeast quadrant header.

| This crack was more jagged, near the weld area and extended about
" '00 degrees around the pipe circumf erence.
i
! The bearing bars (preload spacers) on the right side of the southeast

and northwest quadrant spargers were not in contact with the vessel wall.*

!

! TV inspection and cold flow tests led to the conclusion that the I

j primary cause of cracking was flow induced vibration. I

1

i
'

! Tests by CE have shown that sparger vibration will occur even if only

j leakage flow between the inside of the thermal sleeve and the outside

g of the feedwater nozzle is present. The typical service conditions of

j c hanging f eedwa ter flow ra te, the temperature difference between feed-
3 .ater and the water in the vessel, and movement of water within the
j vessel also contribute to the problem by producing thermal cycling and
1 thermal stress.

i

! The four spargers were to be replaced during a refueling outage with
| spargers of a new design, a design based on tests where there was no
j vibration under flow conditions and of schedule 80 rather than scbedule
i 40 stainless steel pipe,

i
~

Af ter an evalua tion by General Elec tric and Commonwealth Edison it was
i concluded that the consequence of sparger cracking when sparger position
; is maintained is not of safety significance. The event did not cause
i any personnel injuries, exposures, or release of radioactive material.

] It was concluded that this event did not endanger the health and safety
j of the public.

;

*

T

d

I
,

i
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; CRACKS IN REACTOR PIPING

Dresden-2
;

} 'n' hen insulation was removed f rom the core spray lines at the Dresden
i Nuclear Power Station, Unit 2, cracks were discovered in each line.
4
1

j The core spray lines are 10-inch diameter stainless steel pipe welded +

to the reactor vessel nozzles. Short pieces of welded stainless steel
' pipe (Dutchmen) connected the core spray line with the saf e-end of
j the reactor vessel.
;
5

j Two longitudinal cracks one 0. 75-inch, and the other 0. 5-inch, occurred
;

4 at the heat af f ected zone of the Dutchmen to the saf e-end weld. One ;

j 0.4-inch circumferential crack occurred at the heat affected zone of
f the Dutchmen to the inlet pipe. Two circumferential cracks occurred
! at the heat af f ected zone of the other core spray loop Dutchmen to the ~

) pipe weld. Each crack was 0.12-inch in length. All five cracks were
; weeping, indicating each was a through-wall penetration All other.

3 welds in the core spray lines were to be examined.

l<

; Engineering drawings indicated the saf e-ends and Dutchmen were type 316 '

i furnace sensitized stainless steel. The inlet piping was type 304

j stainless steel. '

j The reactor was shutdown for refueling and replacement of the 4-inch
j 6nrirculation line bypass, piping; there was no danger to the health
; and 3afety of the public.'
i
8 Zion-2
$ [

|

j Water was discovered to be spraying from a crack in the suction pressure
; indicator piping of the charging pump at Unit 2 of the Zion Station.
j The l ea k wa s e s t ima t ed t o be 1 gal / min, so the pump was stopped and isolated.
q Normal flow was maintained without interruption with an alternate charging ;
, pump.

|!

|The crack developed in a 3/4-inch pipe immediately adjacent to a socket<

; weld which had been repaired one month earlier. The failure was aggre-
j vated by high vibration; the charging pump is of positive displacement
j design and nearby piping is subj ect to high vibrations. Material adjacent
i to the crack was submitted for metallurgical examination.
!
i Vibrat ion aggrevated f ailures have been a common occurrence on the

;j charging pipes at Zion-2. A study is underway to determine the feasibility i

of installing pressure pulsation damping in the positive pump discharge*

piping. '

i
~

The released primary coolant was collected in the floor drains and
j routinely processed with other liquid radioactive vastes. There was
j no danger to the plant or to the health and safety of the public.7

1

I

:
i

j

.!
-- , - - . - r- -

-- - - - - - -
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UNPLANNED RELEASES

Oconee 1&2

A somple from a vaste gas tank at the Oconee Nuclear Station Units 1
and 2 had been analyzed and a release rate of 40 CFM had been determined' !

from the analysis. However, during discharge, an alarm was received
from the vent gas monitor; release of the waste gas tank was terminated. .

The waste gas tank had been sampled with the correct 100 ml container,

,
but when entering information to the computer to calculate the release

3 rate, a volume of 3300 m1, used in several procedures, was used instead
of the 100 m1 sample value. Subsequent recalculation with the correct
volume indicated the correct release rate should have been B 6 CFM.

! However, the actual release rate was still only 9% of the one-hour
release rate limit. Because there was no radiation exposure and the ,

i release was within the limitations of the technical specifications, it
was concluded that the health and safety of the public was not affected.B

Surry 1&2

"ith both units of the Surry Power Station in the cold shutdown condi-
tion, a tobe rupture occurred in a component cooling heat exchanger.
The rupture resulted in the release of approximately 8000 gallons of
low level radioactive component cooling weter to the service water
system and ultimately to the James River. The leak rate was estimated
to be 170 gal / min. Investigation of this tailure and resulting large
leak revealed that the component cooling system had been undergoing
minor dilution for a 66-day period. Of ficials estimated that the
dilution over this period would have been the result of a leakage of
at least 33,500 gallons of low level radioactive water. This release,
too, was to the James River.

] Only one tube had failed in the heat exchanger. It was presumed that
'

the slow leak was caused by gradual degradation of this tube; the tube j
was plugged. It was the first instance of a tube f ailure in the component i

cooling heat exchangers. |

Af ter the exchanger was returned to service f or a short time, component
cooling system leakage was again discovered; there were pinhole leaks
in two tubes. The two leaking tubes resulted in an additional 2445 gallons
of low level radioactive water being released to the James River. The
f ailed tubes in the component cooling water heat exchanger were plugged.

Eleven days later, a radiation monitor that senses service water leaving
the component cooling heat exchangers alarmed. The heat exchanger was*

immediately isolated and pinhole leaks were observed in two tubes. They
'

had been leaking for more than 11 hours, which meant there had been an
additional release of 349 gallons of low level radioactive component

,

cooling water to the James River.

Preliminary results of an analysis of a previously f ailed tube ey* cacted '

from the heat exchanger indicated the f ailure was mechanical in nature
and not corrosion related.<

Procedures have been instituted to prohibit the use of component cooling
system pump and heat exchanger combinations which could stress the heat'

. . . - - - - -
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exchanger tubes and cause further failures. Service water radioactivity-
"

is being logged on two hour intervals to ensure that trends are detected

in a timely manner. Two tubes have been removed for further inspection,
i

| An insignificant amount of radioactivity was released to the environ-
ment and all radioactivity concentrations were within 10 CFR 20 limits.

} This occurrence did not af f ect the safe operation of the station or the
j health and saf ety of the general public. S
i

STEAM GENERATOR TUBE DETERIORATION,

1

| In a continuing program of eddy current testing of the steam gen 2rator
tubes at the Surry Power Stations, Units 1 and 2, a total of 10,831 hot,

leg side tubes and 1689 cold leg side tubes have be. n tested;195 tubes;

| had wall thickness deterioration of greater than 50% so these tubes were
j plugged.
;
; Tube wall deterioration of the steam generators at Surry 1 and 2 is

believed to have been caused by sheet sludge deposits and deleterious
effects of sodium-phosphate chemistry control. However, this phenomena
is a generic problem and its solution is not completely understood.

!

In order to prevent recurrence, steam side chemistry control is being'

'

changed from phosphate treatment to all volatile treatment. An all
volatile treatment specification has been provided by the nuclear,

j steam supply system manufacturer, the Westinghouse Electric Corporation.
1

Plugging of tubes in the steam generators resulted in only a negligible+

reduction of available heat transfer area. There were no safety
; implications associated with the tube plugging, and this occurrence

did not af f ect the safe operation of the station or the health and
safety of the general public.10

1

D1ESEL GENERATOR PkOBLEMS

A number of problems were experienced with the three diesel generators
;

at the Edwin I. Hatch Nuclear Plant, Unit 1. One diesel generator
would start and operate a short time, but would not co=e up to speed

i because a timer (Agastat) was curting out before the diesel reached
rated speed. The timer, which had been set for 7 seconds, was tested

'

; and f ound to trip in 4 seconds. In addition to the timer problem, the
booster for the governors of both diesel generators was rusted on the;

; a ir side. Without the booster, the diesel could not rotate fast enough
) to allow the shaft-driven pumps to supply sufficient oil to the governor.

The vendor, Fairbanks Morse, recommended cleaning and increasing the
; port size from 0.025 inches to 0.050 inches. The larger port allowed
'

air to enter the booster faster and open the fuel rack so the diesel
generator would come up to speed before timer closure.

During a loss of off-site pcwer test, one diesel started automatically
and picked up its load on the bus. However, after one minute of opera-
tion, the diesel shut down. Investigation revealed that there was
approximately 50 gallons of water in the diesel day tank. The day
tanks for the other two diesel generators were checked and found to
contain less than two gallons of water.
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The day tanks are supplied f rom underground storage tanks located
;'

external to the diesel generator building. Water had accumulated '

j in the access area to the storage tanks where the transfer pumps and
j fuel oil sample penetrations are located; the cap on the sample

penetration pipe, located below water level, was only hand tight.
j Water also could have leaked into the storage tank through the
j pump seals which were under water. In addition, the storage tanks
e contained a manhole which could leak. It was found that three gallons
i of water had leaked into each storage tank.
l
! .

j The water detector of the day tank that contained most of the water,
was inoperative. The detector was repaired. Corrective action will,

' involve raising the access opening to approximately 12-inches above
j grade. In addition, the hatch cover will be made water tight.ll

,

|
1
i

| Point of Contact:
; Theodore C. Cintula ,

| Office of Management Information
' and Program Control :

U. S. Nuclear Regulatory Commission
1 ,

;

;

1
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EVENTS SELECTED FROM REPORTS SUBMITTED TO THE UNITED STATES NUCLEAR
REGULATORY COMMISSION AS OF:

MARCH 1975
FUEL MISPOSITIONED IN REACTOR CORE

While performing core verification before replacement of the reactor
head at Unit 1 of the Quad-Cities Nuclear Power Station, a fuel
assembly was f ound to be in its proper core location, but misoriented
180 degrees. The miseriented fuel assembly was an initial cycle (7x7)
fuel assembly with approximately 8000 MWD /T of exposure. For a fuel
assembly in this exposure range and with local peaking factor increased
by a potential of 35% because of misorientation, it was estimated that
the peak linear heat generation rate (LHCR) was about 17 kW/ft.

With this heat generation rate, the fuel assembly would not have
approached the 1% plastic strain limit or departed from nucleate boiling.

Upon review of video tapes of the core verification to assure there were

no other loading errors, it was found that three other peripheral fuel
assemblies were not fully seated because the spring clips were hung-up
on the core upper grid. At the reduced power level of a peripheral
assembly (approximately 60*: of the power level of an average assembly),
there was no possibility of departure from nucleate boiling even if the
assembly received no forced circulation.

|
The misoriented assembly was replaced with an assembly of the same type I

and approximately the same exposure as removed from the core during the 1
previous refueling. The three spring clips on the peripheral assemblies

i

were replaced and the assemblies returned to the core. These reloaded
]assemblies were subsequently verified for proper identification, orientation, -

and seating.
|

To prevent repetition, the core verification procedure was changed to
require a separate verifica: ion of bundle orientation and bundle height ,

before fuel assembly identification numbers were verified. |

|

Unit I was returned to commercial power operation and the of f-gas release
rate and off-gas response to power change was identical to prior conditions
before removal of the misoriented fuel assembly. This observation led |

to the conclusion that no gross fuel failure occurred as a result of )
fuel misorientation.
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~ It was concluded that no saf ety limit nPs exceeded and that there were

no adverse effects on the health and safety of the public.l
(

! UNPLANNED INSERTION OF CONTROL ROD ,

.

Unit 1 of the Oyster Creek Nuclear Generating Station was at a steady
state power of 647 MWe and a weekly control rod exercise surveillance; '

was being performed. A control rod had been properly inserted one notch'

j f rom position 48 (f ully withdrawn) to position 46. When an attempt was

made to return the rod to position 48 using the manual rod control switchd

I the rod inserted to position 28. The rod stopped only after several

! attempts to withdraw it using " notch override" in conjunction with the
! manual rod control switch, and finally by reducing the control rod drive

| water pressure.
4

The unplanned insertion caused the linear heat generation rate in the ,

iI fuel assemblies surrounding the rod to increase sharply in the upper
! position of the core as the control rod approached and stopped at the (
! same position as two adjacent rods.

'

i

| Af ter return to the original rod pattern, the control exercise surveillance

j was contit.ued, and operation of the manual rod control system was satisf actory
with no abnormal indications.;

<

| Later, a relay thought to be a possible source of the malfunction was
! removed f rom the manual rod control system and bench-tested. Out of

j 400 operations, the relay failed to reset two times, confirming it as the
j intermittently inuperable component. The relay was replaced with a spare
j and the manual rod control fstem was returned to service.

After estimating the heat generation rate, it was concluded that no core
thermal-hydraulic limits were exceeded that could cause fuel damage,

j This estimate was confirmed by observation of the of f-gas monitors where
1 no increase in ac tivity was noted. j
j
a

The average planar linear heat generation limits were exceeded for
approximately fourteen minutes. Under loss-of-coolant accident conditions, I

;

; this might possibly have reduced the ef fectiveness of the emergency core
cooling system.2 Because there was no increase in off-gas rate, therei

was no hazard to the health and safety of the public.

POSSIBLE GENERIC PROBLEM WI"E SAMPLE |

. LINES WITHIN CONTAINMENT PENETRATIONS i

I
$

i

A pool of reactor coolant water was discovered on the floor of the
pipeway in the primary auxiliary building of Unit 2 of the Point Beach j

Nuclear Plant on five occasions during a 10-day period.

There are three sample lines passing through the penetration. The pene- |

tration steel shell was air tested and was determined to be breached at
some point within the containment concrete wall, permitting water within
the steel penetration shell to permeate through the concrete and exit
f rom the floor joint in the pipeway. The reactor coolant system hot leg
sample line was leaking within the boundary of the penetration envelope.
Two valves within the containment were closed to isolate the leak. A
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more conservative containment boundary was established by cutting the
3/8-inch sample tube close to where it entered the penetration within the
containment and capping both ends of the cut tube. The pressurizer liquid
sample line also was leaking within the penetration; it was isolated by
closing two valves, and the line was subsequently capped.

The penetration was opened for examination during a refueling outage.
The hot leg sample line was found to have cracked within the penetration
a t a po in t approximately two-thirds of its length from where the pipe
entered the penetration from the containment side. During sampling
operations, leakage at the crack led to overpressure and a rupture leak
of the penetration. The penetration assembly was breached at a weld
where the cylindrical shell joined a backing plate on the outside of the
liner plate. The penetration assembly was successfully repaired, tested
and returned te service.

There was insufficient provision for thermal expansion of the pipe
during cyclic sampling operations. The four foot length of pipe within
the penetration is normally subjected to a rapid temperature rise of
approximately 500*F during taking of a hot leg sample.

The pipe crack had characteristics of f?tigue failure, and failure

apparently occurred at the point of maximum bending of the tube following
rapid expansion, with the pipe ends essentially fully restrained by the
penetration assembly.

A review of the containment penetrations indicated ten possible sample
lines within four assemblies that are subject to significant and repeated
thermal cycling at the two units.

It was estimated a total of 15 gallons of leakage occurred in the 10 day
period of penetration leakage. However, each time the liquid was found
it was mopped up and deposited in the plant radioactive waste treatment
facilities. No detectable radioactive release was measured by plant
monitors throughout this event, and it was concluded that these occurrences
did not constitute a hazard to the health and saf ety of the public.3

i

i

HICH GASEOUS RELFASE FATE I

Prior to January 10, the Pilgrin Station, Unit I was operating at less
than 90% power, and the release rate of halogens and particulates with
half-lives greater than eight days was less than the technical specifica-
tions . limit. On January 11, the station was shut down for maintenance
of a recirculation pump seal. Fron time of shutdown to January 14, the
release rate from the reactor building vent exceeded the technical
specification by about 13 percent. It was concluded that there had been
a limited deterioration of fuel cladding.i

l

Following shutdown of a reactor with ocrforated fuel, an iodine spiking
phenomenon would occur from the reduction in reactor coolant pressure.
Iodine would diffuse f rom the deteriore ted fuel cladding into the reactor

coolant system. In this reactor shutdown, the reactor coolant iod ine |
'

inventory (mainly iodine-131), spiked to a level over 100 times the
level during full power operation. During most of the shutdown, the
reictor cleanup system was out of service for repair, and coolant iodine
ac tivity remained much higher than usual throughout the outage. With

- _ . _ _ _ . . . , --
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j the plant in a shutdown condition, the usual procedure is to vent the

| reactor head to the drywell sump. When reactor activity increased, air
i presumably saturs ted with lodino passed through the reactor head vent
i and ultimately exited from the station through the reactor building !
! vent.
.

| On January 14, the reactor building vent release rate was reduced to 41".4

| of the allowable technical specification limit by routing drywell air

; through the standby gas treatment system and charcoal filters.

j A special procedure has been placed in the control room stipulating the
operating steps to be performed during periods of unusual iodine conditions. !,

! A detailed broad-scope investigation of iodine release sources, covering
,

| startup, shutdown, and steady state operation, was initiated. '

1

! The air exiting the reactor building vent was much lower in activity

| than permissible t,o breathe without respiratory protection. Activity ,

} after leaving the vent, is further dispersed and its concentration
beyond the site boundary where the public would be located, is much less j1

j than at the vent. i
+

i
i ,J 3

.

'

i The concentration calculated at the site boundary was 2 x 10 uCi/ce,
j 4 5,000 times less than a worker is allowed to breathe and 500 times less
; than the allowable annual average concentration for the general public.

Therefore, it was concluded that this event did not pose a threat to the
} health and saf ety of the public."
i

! UNCONTROLLED LIQUID RELEASE

While Unit 1 of the Oyster Creek Nuclear Power Plant was being refueled,,

j the hotwell of one of the condensers was flooded to search for tube
i leaks in the north and south water boxes. As part of the operation, ,

j each water box had to be drained for personnel access. This was accomplished
1 by cracking the backwash discharge valves and opening the water box vent
i valves. The backwash discharge valves were not returned to the closed
j position before flooding the hotwells and because of the unexpec ted
a magnitude of tube leakage, the condensate f rom the hotwell flowed into
I the water boxes and out the backwash valves to the discharge tunnel at
| an estimated flow rate of 3 gpm. Thirty-three leaking tubes were plugged,

reducing the tube leakage rate to approximately 1 gpm. The leakage rate,

i in the south side water box was very small, and did not contribute
j significantly to the release. About 5 hours after completion of the tube
t plugging, the significance of the flow through the backwash discharge
j valves was realized, and the valves were closed. It was estimated that
i there had been an uncontrolled release of approximately 4000 gallons of
' condensate to the discharge canal,
l

The water remaining in the water boxes was pumped to the radwaste facility
,

; for processing. Revisions were to be made to plant operating procedures
to prevent recurrence of this event.4

Water samples were collected from the intake and discharge structure and
the discharge canal prior to and af ter dilution with Oyster Creek, and

it was determined the concentrations of effluents released from the site
were less than the maximum permissible concentrations of 10 CFR 20. 1

-- - - - -- --

- - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _
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Therefore, this event did not adversely af fect the health and safety *of
the public.5

PERSONNEL ERROR CAUSES INCREASE IN CONTAINMENT INSTRUMENT
AIR PRESSURE

,

Unit No. 1 of the Sucry Power Station was in the intermediate shutdown
condition when it was noted that containmen t instrument air pressure
was the same as station instrument air pressure. Normally, containment
instrument air pressure is about 10 psi lower. A check of containment
isolation valves revealed two valves were open.

In establishing the valve lineup, the operator assumed all valves beginning
with the digit "2" were associated with Unit No. 2. He did not realize
there were two valves in series from Unit No. 2 station instrument air
system to Unit No. 1 containment. The position of these valves was not
verified by checking valve tag numbers.

The importance of following procedures and verif ying their actions are
in accordance with procedures was stressed to the operator. A change to
the procedures now includes a statement that valve identification tags
will be visually checked and the valve number verified.

There were no saf ety implications associated with this occurrence
because there were no accident conditions requiring containment iso-
lation. Therefore, this event did not affect the safe operation of the
station or the health and safety of the general public.6

'

i

MULTIPLE LEAKS IN REACTOR BUILDING SPRAY SYSTEM |

On November 7, a leak was discovered in a reactor building spray system
of Arkansas Nuclear One, Unit 1. The plant was being shut down following
a hot functional test of the primary coolant drain line when the leak

was detected. A segment of the line including the leak was replaced and
the plant returned to operation. On November 13, a second leak was
detected adjacent to the new weld in the original pipe as part of the
original repair. Three subsequent leaks were discovered in the spray
pumps suction crossover line. . Samples of the pipe containing each of
the first three pipe leaks were forwarded to Bechtel for metallurgical'

analysis.

The three leaking pipe sections showed very similar crack morphologies.
All exhibited intergranular cracking roughly parallel to circumferential
butt welds in the continuous sensitized region of the heat af f ected

|
zone. In all cases the cracking began on inside diameter surfaces )
approximately 1/4-inch from the root of the weld. The microstructure of
the pipe showed carbide precipitation.

j Intergranular stress-assisted corrosion cracks of Type 304 stainless
.

|| steels at temperatures near ambient have been rare. Southwest Research
4

Institute has been retained to review the analysis by Bechtel and to j
report their findings.'

I

- . . - . - - -- _ _ _ -
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STEAM GENERATOR TUBE FAILURE

A steam generator tube failure occurred with Unit No. 1 of the Point
Beach Nuclear Plant at 100* power. The f ailure was progressive over an ;

,

interval of approximately 48 minutes. The failure was first indicated i

on the air ejector monitor, and later on the blowdown monitor. This [
was followed by increased pump flow until all three pumps were operating [
at a combined flow rate of 125 gpm to maintain reactor water level. |

t

Reactor power was gradually reduced to 25% before the unit was manually
shut down. This method of power reduction kept releases as low as

,

!possible, saf ety injection was avoided, and no saf eguards equipment
was required. Secondary system pressure and steam generator levels :

were controlled throughout the event without actuation of relief or I

safety valves.

The radioactivity of water in the steam generator reached a maximum of
5 uCi/cc. All radioactive water was contained in the hotwell, steam
generator and waste collection tank and processed by the radwaste
evaporator. No liquid releases exceeded limits, and a preliminary

'
analysis indicated the gaseous release limits of 10 CFR 20 were not4

; exc eed ed . It can be concluded that this event did not af f ect the |
| health and safety of the public.

.!1

i Subsequent tube inspection of the het and cold leg sides of both steam

| generators revealed 143 tubes with a wall reduction greater than 30%. j
! All tube wastage occurred on the hot leg side within six inches of the j

tube sheet. All tubes with wall reductions greater than 30% will be
,

plugged before the unit returns to power operation.3 .

I
!

!
i

OlLY FILM ON POWER CABLE TERMINATIONS ,
.

During construction of the North Anna Power Statica, Units 1 and 2,
verification checking of the emergency switchgear prior to energization >

for initial operation revealed an oily film on some 4160V and 480V power
cable terminations. The oil was being secreted between termination tape-

layers; a check of all power cable terminations revealed 553 terminations
in safety related systens exhibited a similar condition.

All power cable terminating was stopped. Materials used to make these
terminations and a sample of secreted oil were sent to a laboratory for
analysis.

J
|

The results of the analysis indicated the oil could only have originated
| from two of the terminating materials: John-Mansville Type NSC Duxseal

or Bishop Electric Filler Tape #125. Duxseal was believed to be the
major contributor of the problem.

Th.se two materials have been removed f rom the approved materials list.
The written procedures for making electrical terminations have been
revised to identify acceptable procedures and materials to be used. All

; power cable terminations at North Anna were reworked with approved
' termination materials.9

- _ _ . _ . , .. _. .,_ _ ~ _ _ . - _ ._._-_ _ _ _ _ _ _ _ _ _
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-2 21 from the two top rows of a remov- IApproximately 45 concret-

able concrete block wall ou11 (e he containment structure at Unit,

| 1 of the Surry Power Station. ? me of wall collapse, the reactor

! head had been removed for refuc ai *he upper internals and all
i f uel had been removed f rom the ; block f ell into the reac tor. , .

| cavity approximately three feet froa .ne reactor vessel. Other debris,
} ranging in size from approximately two-inches in diameter to small chips,
j were deposited primarily in the southeastern corner of the reactor

|
| cavity, inside the reactor vessel, and on the uppe- 'nternals which had 1

| been placed alongside the reactor vessel in its rotoeling storage position.
4

b

j When attempting to remove the remainder of the concrete wall by raising
| a section several inches, the upper rows of concrete blocks separated
{ f rom the wall and f ell approximately 15 feet to the operating floor
! level of the containment vessel. One block and small pieces of debris
i fell into the reactor vessel,
i

All concrete particles were removed. A videotape survey following the
j cleanup operation verified the thoroughness of the cleanup procedure.
| The reaccor vessel and associated system were not damaged by this incident.
j The concrete wall is being rebuilt la a fashion that will preclude a
i similar occurrence. This event did not af f ect the safe operation of the
j sta tion or the health and saf ety of the public.10
;
.

; ENERGIZED WELDING CABLE MELTS LIQUID SAMPLE LINE
i.

| An energized welding cable had been draped over the pressurizer liquid
sample line at Unit 2 of the Prairie Island Nuclear Generating Plant. As4

the plant was heated and samples were drawn from the line, the line

! melted through the insulation of the welding cable. The conductor of
,

j the cable electrically shorted to the sample line and caused the tubing |

| at the point of contact to melt into two pieces The portion of tubing.

j to the containment was red hot approximately one foot from the melt
. point; the portion of line to the sample room was red hot for about 50

{ feet. It took several minutes to dislodge the fused welding cable from
; the sample line.

1

j The fuel in Unit 2 was not irradiated, so no contamination resulted. All

. welding cables were inspected to assure they were not lying on hot or
j potentially hot piping and to confirm their insulation was intact. The

j sample line tubing was replaced.ll
i
*

TEST REACTOR PROBLEMS
1
s

| During shutdown of the General Electric Tert Reactor at the Vallecitos
Nuclear Center, a control rod was found sp;it four to six inches in,

] length in one of the seams of the stainless steel cladding. Inspection
] capabilities in the canal were limited, so the poison section was to be
] transf ered to renotely-operated hot cells f or a more complete examina tion,
i The failure appeared to be in the corner weld area of the cladding.
t

I During the shutdown, a control rod failed to disengage from the control
; rod drive during a rod drop time test. An inspection of the control rod

i
:
4

i
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|
drive revealed the self-locking not at the bottom of the rod which |

I actuates the ball coupling was out of position. As a result, the rod
could not travel a distance suf ficient ,to release the ball coupling*

; m ec hanism. After proper adjustment of the lock nut, the control rod
4 "

! performed within specifications. Subsequent inspections revealed the
' lock nut to be properly positioned on all other control rod drives.

I Later, an inspection of the control rod poison section revealed small

separations in the weld seams of the stainless steel cladding and slight
| swelling of the boron stainless steel poison material in three poison
j sections.
i

!
j Two poison sections will continue to be used, as past experience with this
j problem has demonstrated that the swelling has had no ef fect on the ability
' of the control rods to perform within the Jimits of the technical specifications

,

(the sections exhibited swelling of only 10 to 40 mils, and separated i

seam welds of 1.5 and 2-inches, respectively). The poison sections were i

i reversed end-to-end when reinstalled so that the ends exhibiting swelling |

| will receive practically no neutron exposure.12 |

There was no release of radioactivity and the health and safety of the

{ public was not affected. 1

|)
. Point of Contact: |

i
t
i Theodore C. Cintula
} Of fice of Management Information |

[ and Program Control ,

| U. S. Nuclear Regulatory Commission |
!

!

i
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,

LOSS OF MAIN COOLANT PUMP SEAL
:

! The H. B. Robinson S. E. Plant, Unit 2, was operating at 100% power when
,

4 leakage from the first stage shaft seal of one of three main coolant pumps ;
'

j resulted in an alarm. The reactor power level was reduced to 36%, the

i leaking pump was shut down, and the reactor tripped from a high steam
i generator flow signal. About ten minutes later, the two remaining main ;

j coolant pumps were shut down and the component cooling water return line
| was isolated. Approximately two hours later, it became necessary to

i equalize temperature in the reactor system, so the pump with the leaking
] first stage shaft seal was restarted. The pump was operated approximately

! two hours, but was shut down when the second stage seal separated and the
I pump was now discharging a high volume of primary coolant to the floor

of the containment building.

| Approximately 135,000 gallons of primary coolant water was discharged
into the containment structure from the leaking shaft seals. The liquid'

level of the pressurizer vessel was maintained by using three charging
pumps at high system pressures, and by in t e rmi t t en t manual actuation of,

i the safety injection system at pressures below 1500 psig. The leakage
! rate through the shaft seals reached a maximum of 500 gpm. The plant

j was brought to a cold shutdown condition by natural circulation and by
j the residual beat removal cooling mode. Pressure in the containment

building reached 2 to 4 psig, but was reduced by normal temperature loss*

,

and with the containment purge system. Radioactive releases wers within
|

licensee limits. Waste water was transferred to water storage and

holdup facilities.'

,

Westinghouse Electric Corporation is investigating the cause of seal
failure, evaluating the cooldown rate of the coolant system and the
effect of flooding the lower reactor vessel.1

IMPROPER VALVE LINEUP DEFEATS REACTOR INSTRUMFliTATION

FitzPatrick

During a routine surveillance test at the James A. FitzPatrick Nuclear
Power Plant, the rack isolation valves of four sets of drywell high

. - - - - - . - - - - _ , ,
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pressure instrumentation for both safety systems were found closed.4

1 Their associated root valves at the four drywell penetrations also were
I closed. Because the root valves are not used in surveillance testing
j and the position of the root valves were not on a valve line-up sheet,
j these valves were assumed to be closed for the past seven months. A
( valve check of the instrument racks three months earlier had indicated
1 the rack valves were open, but the fact the root valves were closed
! negated the design function of the drywell high pressure instrumentation.
| The isolated valves were sealed open to prevent closure, and this condi-

tion was added to the valve check-off lists for operations, instrument,;

2 and control surveillance. The position of the valve is to be checked j
j prior to plant startup and during instrument surveillance testing. l

1

After discovery of the closed instrument valves, other reactor protec-

j tion system instrumentation valves were inspected, and four other valves
; for variable monitoring, not of safety significance, were found closed
f and were opened.
4

;

; Even though the high drywell pressure signal had been isolated, the
; desired functions of the safeguard systems for all accidents were not

affected because of the availability of redundant systems, so there*

was no hazard to the general public as a result of this procedural
failure.2

3

Hatchj

1
; On returning the Edwin I. Hatch Nuclear Plant to a lew power level of

operation following a scram, Yarway Corporation level switches that

i initiate core cooling systems from a low level water signal were reading
unusually high on scale. Investigation revealed two Yarways piped in

: parallel had their equalizing valves open, causing the high upscale
indications. The equalizing valves were closed and proper indication
was restored.

1

The equalizing valves apparently were not closed after the instruments
had been functionally tested. The normal startup procedure has been revised-

! to reference valve lineup procedure, and the instrument check procedure has
! been revised to include the expected reading of these instruments for !

j verification of magnitude of correct approximate reading.
J

Since the plant had not been to high power levels and beconse the 0mproper
valving was discovered at low level operation following the outage, it

| was concluded that the health and safety of the public was not endangered.3
,

! Quad-Cities-2
,

, With Unit 2 of the Quad-Cities Station at approximately 90% power, a
] " reactor vessel low pressure" alarm was received in the control room. |

j A check of a redundant channel indicated reactor pressurn to be noreal. |
4 Investigation determined the sensor with an alarm indication had been i

valved from service, and that reactor pressure was normal. 1

Earlier in the day, a surveillance test had been completed that required )
] isolation of the pressure switch. With completion of surveillance, the

instrument technician left the switch valved out.

4

4
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| This was the first occurrence of a switch being valved out at Quad-Cities-2.
j Analysis of possible consequences led to the detemination the core spray
i system and the residual heat removal system would havo functioned properly
{ in event of an emergency core cooling initiation signal. Thus, there were
, no safety implications from this occurrence, and the health and safety of
j the public was not endangered."

i

POOR CRAFTSMANSHIP AND PERSONNEL ERRORS

i
! Ouad-Cities-2 |

1

1

j During scheduled inspection of the twenty jet pumps at Quad-Cities Station,
a Unit 2, the beam bolt retainer cups and the 0.5-inch cap screws were
! found to be missing f rom two jet pumps. The restrainer adjusting screw
1 on the shroud side of another jet pump was also missing. The rentrainer

f gate kaepers on five jet pumps had their velds intact, but were not

; fused to the restrainer gate.
- ,

|
5 The apparent cause for all deficiencies was attributed to faulty '

'

ins tallation and workmanship. Vibrational forces on inadequately
j installed components cou:d cause these components to dislodge from

.eir normal positions..

! ',

j The missing beam bolt retainer cups and cap screws will not be replaced I

; as these pieces were important only during initial assembly or removal
j of the pumps. The restrainer adjusting screw was installed and tack
j welded to its holding clamp. As a result of the faulty tack welds on

j the jet pump restrainer gate keepers, the restrainer gate bolts were
j retorqued and new tack welds were placed and verified. A list of loose
i or missing parts was compiled so a search to retrieve the loose objects

could be completed prior to returning the unit to operation.
|

| The missing jet pump hold-down components did not lead to jet pump ;

| f ailure or to loss of jet pump operational integrity. There were no
j failures of any jet pump hold-down components and there was no unsafe
j condition during previous periods of reactor operation. This event

did not affect the health and safety of the public..

.

| The problems discovered on this inspection were similar but less severe j

| than those discovered following a jet pump failure of Unit 2 in t

,
August 1972. At that time, a jet pump assembly had become dislodged

1 from its normal position and rotated in the vessel. Extensive inspections

i and repairs were performed on all Unit 2 jet pumps and they since have
operated satisfactorily.

4

An extensive inspection of all Unit 1 jet pumps during the first refueling
outage in April 1974 revealed a large number of jet pump discrepancies.
These included beam bolt torque test failures, sheared restrainer gate
bolts and keepers, and missing and cracked restrainer gate bolt keeper,

tack weld. A missing restrainer gate wedge had indications of wear in
the vicinity of the wedge, indicating possible vertical movement of the
wedge.

All of the jet pump problems that have occurred at Quad-Cities Station
have been attributed to faulty craft installation and workmanship during

the initial construction of both units.5

. _ . _ __ __ _ - . __, ,,
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IThree Mile Island-li

Three Mile Island Nuclear Station, Unit 1, was at 99% power when a
high pressure injection pu=p failed to start on signal from the control
room. There was a loose terminal on a Westinghouse 50-DH-P350 breaker.
The breaker was replaced and the pump operated satisfactorily.

This incident prompted further investigation into the craftsmanship and
expected reliability of the engineered safeguards electrical circuits.
Six of 20 motor control center units (ITE Imperial Corporation Series
9600) had wiring and/or connector deficiencies. Wire of smaller guage
than required by the manufacturer's specifications, strands broken from
multiple strand wire, poorly crinted lugs, and loosely-bolted electrical

connections were discovered. The apparent cause for each deficiency was
poor workmanship either during manufacture or during installation. All
deficiencies were corrected.

The connector and wiring problems in the engineered safeguards motor
control center did not present a threat to the health and safety of
the public. There was no evidence of overheating nor indication of
imminent failure of a component. If failure would have occurred,
operable redundant safety systems were available.6

Fort Calhoun-1

With Unit No. 1 of the Fort Calhoun station in a refueling shutdown
condition, a high pressure safety injection valve f ailed to open on
switch command from the control room. Investigation determined the
reversing interlock of the General Electric combination breaker / starter

was not making proper contact. The reversing interlock was disassembled
and inspected; a normally open contact had been installed instead of a
normally closed contact.

Preventive maintenance had been performed on the breaker / starter and,
evidently, the unit was improperly assembled. The maintenance procedure
for inspection, disassembly, cleaning, lubrication and reassembly was
adequate in every respect except no functional test was performed after
completion of preventive maintenance.

The interlock was properly assembled and the valve functioned normally.
There was no danger to the health and safety of the public because the
reactor was in a shutdown condition and redundant systems were available.7

Calvert Cliffs-1

Unit 1 of the Calvert Cliffs Nuclear Power Plant was at 100% power, and
a planned discharge of the reactor coolant waste monitor tank (RCWMT)
was in progress. A release permit had been obtained and the discharge
was being continuously recorded on the radiation monitoring system.

Coincident with discharge of the RCWMT, the miscellaneous waste receiver
tank (MWRT) was also being pumped out. After release of the RCWMT
contents, the operator discovered that the inlet stop valve of the
RCWMT which is also an influent path from the MWRT had been left open.
Therefore, the entire contents (4000 gallons) of the MWRT had been
inadvertently discharged through the RCWMT while it was being released.

- . _ _ _ . _ -.
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j Measurements of the discharge from the radiation monitoring system
I were not greater than expected values. It was not possible to obtain

) a representative RCWMT sample because the tank had been refilled for i

|
| a future planned release. Based on past analyses, a typical concentration
j of the MWRT is about 1x10~5 LCi/ml gross beta-gamma concentration. An
j assumed concentration of this magnitude would be corroborated by the
j monitored discharge data. The assumed activity of the release was of
j little significance with respect to the technical specifications.
:

| To prevent recurrence, signs have been conspicuously posted in the area

j of the RCWMTs stating the tank influent valves must be shut prior to I

initiating a discharge. The importance of adhering to written procedures |
has been reiterated to all operations personnel.9 I

Oconee-2
1

| During replacement of purification demineralizer resin at Oconee Nuclear

! Station Unit 2, the drain valve for Unit 1 purification demineralizer

; was inadvertently opened instead of the drain valve for Unit 2 purifica-
| tion demineralizer. The control operator immediately identified a

decreasing level indication in the letdown storage tank and monitoring
' of other instrumentation verified tank level to be decreasing. The

Unit 1 purification demineralyzer drain valve was shua, and the leakage
: isolated.
!

Valves at Oconee Nuclear Station are normally identified by black
identification tags. However, in this instance, the valve had been

.,

i labeled with a marker. Subsequent wetting made it difficult to distin-

'

guish whether the valves were for Unit 1 or Unit 2. The condition of
the valve identifier contributed to the failure of the operator to
adequately identify the valve to be opened.

The prompt and timely action by the control operator detected the<

decreasing letdown storage tank level before an alarm sounded. Little,
i if any, resin had been transferred from the purification demineralizer.

The resin sluice line and the spent resin storage tank were monitored>

during the discharge and no increases in radiation level were detected.;
'

With this information, it was concluded the health and safety of the

j public was not affected by this incident.3
j

l
; Zion-2 i

.

Unit 2 of the Zion Station was operating at 857 MWe when a reactor trip
occurred because of low level (25%) in a C steam generator coincident with:

# a feed flow / steam flow mismatch. Safety injection occurred 25 seconds
after the trip from the high rate of steam flow together with a low-low
Tavg (540*) steam generator temperature. Safety injection was terminated.

after 90 seconds when unit parameters had stabilized.

Prior to performing a channel calibration on steam flow loops, the
! operator was mistakenly instructed to select loop 522 for steam generator
! level control rather than loop 523. When a technician started to calibrate

the feedwater regulating valve for the steam generator, the valve closed,
j causing the low steam generator level and feed flow / steam flow mismatch.
4

h

i

l

|

.
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| The operator attempted to manually return the steam generator level to I

a correct value, overfed and thereby subcooled the system. The high Isteam flow signals were artificially induced by the channel calibration
procedure.

I

The inadvertent saf ety injection was caused by operator error in mis-
reading the procedure. The personnel involved have been instructed in

' the correct procedure for steam generator level control calibration and
i to double check which channel is selected.

|*

I The safety injection system operated satisfactorily and correctly
terminated upon recovery of pressurizer level. Inspection of the reactor<

i coolant system did not reveal damage to the system and it was concluded
the health and safety of the public was not affected.10

1 UNMONITORED RELEASE OF CONTAMINATED LIQUID

Unit No. 1 of the Millstone Nuclear Power Station was operating at a
steady state power level of 100% while the liquid radwaste concentrator
was undergoing a blowdown operation and one of the house heating boilers
was being manually placed in operation. During the process of placing
the boiler on line, liquid from the boiler makeup deareating tank over-
flowed to the floor of the boiler room. A man leaving the boiler roomi

found his shoes were contaminated from the water on the boiler room'

i floor. The boiler was removed iron operation and barriers were estab-
lished to limit the spread of contimination.

This boiler was supplying steam to the Unit 2 heating system. Because of
possible contamination, all Unit 2 construction workers were ordered to

,

leave the site after completing personnel radiological measurements. |

4 A radiological survey of Unit I revealed approximately 1200 square feet
2of floor area contaminated to a level of 80,000 dpm/100cm , 100.000

1 dpm/100ca" in the area of the heating steam condensate surge tank,
j and 80,000 dpm/100cm in the area of the heating steam condensate2

; recovery tank. Unit 2 heating steam piping was ceasured at 1 mr/hr,
with traps at 3 to 6 mr/hr.s

4

The contaminated water originated with the blowdown operation of the
radwaste concentrator. Heating steam to the ring sparger of the radwaste
concentrator had been properly valved off, but the isolation valve
leaked and passed high activity concentrate to the condensate return
tank. The discharge from the condensate return tank is monitored for
conductivity and water of low concentration is returned to the boiler i

makeup deareating tank. High concentration discharge is diverted to the
radwaste floor drain system af ter indication of conductivity to the
radwaste operator and panel alarm annunciation. The conductivity sensor
was found mis-wired and, thus, permitted high activity concentrate to

.

enter the heater boiler makeup system without alarm indication. This

! instrument loop had undergone maintenance work two months earlier and
i had not been properly checked when completed. |

| Spillage of contaminated water to the boiler room floor from the boiler
makeup dearcating tank occurred during the manual startup of the house
heating boiler. The contaminated water on the boiler room floor flowedi
to an unmonitored sump that discharged to the storm drain system.i

;

.

4



- . _ - . = . _. . . - -

.

4

; 34
1
a

:
'

An estimated 3,000 gallons of contaminated water was released unmonitored
to the storm drain system. The activity of water remaining on the floor

2: was analyzed to be 1.18x10 uC1/ml gross beta. With dilution, the

i calculated average concentration at the point of release was 1.4x106
j uCi/ml. The average allowable daily discharge limit for Millstone is
j 1.0x106 uCi/ml. There were no personnel directly contaminated as a
j result of this occurrence. However, a total of 12 pairs of work shoes ,

j were not returned to employees because of fixed contamination.

J

j Subsequent surveys of the Unit 2 house heating piping system indicated

i contamination throughout the system; all flush water and boiler drains
j were routed to the Unit I radwaste system for processing.
4

; The mis-wiring of the conductivity sensor was corrected and the con-
1 ductivity instrument loop was successfully tested. Unit 1 building

; floor drain sump was diverted to discharge to the radwaste floor drain j

system instead of the storm drain system for decontamination of the ;

boiler room and adjacent floor areas. The Unit 2 heating system piping

I was drained, steam cleaned and refilled. Activity levels were reduced

j to barely above background. Local floor contamination from leakage of
: heating system valve packing was decontaminated. Instructions were j

'issued that all sumps must be sampled and, if found to be contaminated,
j pumped to the Unit 1 radwaste system. 'l

'

.

?

I CRACKS IN FEEDWATER SPARGERS j
1
1

j During a refueling shutdown at Unit 2 of the Quad Cities Nuclear Power
Station, a liquid penetrant test on the four feedwater junction boxes

; revealed evidence of cracking. The test had been performed as a result
i of a request of General Electric Co. because of concern over cracking in

several feedwater spargers installations of the same design.i

!

{ There were several cracks in the heat affected zones on the piping side
j on each of the four spargers. After removal of the spargers, further

dye penetrant exsminations of the feedwater nozzle cladding detected
numerous linear indications. All relevant indications were removed by4

{ grinding.

| Cracking of the feedwater spargers was attributed to flow-induced
vibration compounded by stresses induced by thermal gradients between

i the feedwater piping and reactor vessel internals. Leakage between the
'

sparger and the. feedwater nozzle also contributed significantly to
vibration of the sparger assembly and imposed thermal stresses on the
nozzle.

Feedwater spargers of a new design utilizing an interf erence fit to
eliminate leakage and thus reduce vibration were to be installed prior
to completion of the refueling outage.

The safety implications of this event were inconsequential because the
reactor was shutdown. Although minor leakage was present, the feedwater
spargers were still capable of performing their design function. There
was no effect on the safe operation of the plant or to the health and
safety of the public.12

_ _ . . _ .
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I
Point of Contact:

$ I

'
Theodore C. Cintula

; Office of Management Information
; and Program Control

U. S. Nuclear Regulatory Commission I

i
.
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j 12. Letter, N. J. Kalivianakis (Commonwealth Edison) to J. F. O' Leary,
! USNRC, Office of Nuclear Reactor Regulation, March 21, 1975. Docket
i No. 50-265.
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JUNE-JULY 1975

,

DEFICIENCIES IN DESIGN OF PRIMARY SHIELDING

!
? During two recent reactor power ascension programs, at a pressurized water

reactor (PWR) and a boiling water reactor (BWR) facility, radiation in
certain areas was in excess of predicted or design values. Each plant
involved dif f erent architect-engineers and a dif ferent type of radiation.

'

FitzPatrick

During drywell entry with the James A. FitzPatrick Nuclear Power Plant
at 1.5% power, unexpectedly high radioactivity levels were discovered

! at upper elevations in the drywell. Levels from 5 rem /hr neutron to 20
| rem /hr gamma were measured near the reactor vessel level reference leg

piping penetration. Investigation of the biological shield around the
reactor vessel disclosed hydrogenous material had not been used for
shielding around two instrument penetration inspection doo s and six
reactor vessel weld inspection doors.

it was determined that nine-inches of "Permali" (80#/f t3) and four-';

inches of borated (3% weight) "Permali" would be required in addition
to nine-inches of steel at the inspection doors. Also, long range plans

have been made to shield tt. recirculation pump suction penetrations,

the jet pump penetrations and the area about the containment spray
header.

During an NRC inspection, it was observed that seven of the doors in the
biological shielding would, upon opening, strike drywell piping. These
doors provide access to the jet pump supply vessel nozzles, and the
doors could strike the reactor water cleanup return line or two of the
main steam lines. These pipes are considered to be critical as a rupture
could lead to a loss of coolant accident. The doors with additional
shielding to be added will be pinned shut with hardware designed to
withstand the pressure transient of a recirculation line break. The doors
to six penetrations at the top of the biological shield are to be removed.I
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Calvert Cliffs-1

When reactor power was increased into the power range (greater than 2%
power) for the first time at the Calvert Cliffs Nuclear Power Plant, Unit 1
excessive radiation levels (approximately the same as predicted for 100%
power) were noted on the outside surfaces of the containment structure.
In addition, if radiation levels taken at 20% power were extrapolated to
100% power, all normally accessible areas inside containment would have j
had greater-than-design radiation levels.

The high radiation levels were caused by neutron and gamma streaming
from an annulus between the reactor vessel flange and the primary
shield wall and the annulus around the reactor coolant piping where it
penetrates the primary shield wall. To a lesser extent, radiation was
also measured at the access opening at the base of the primary shield.
The reactor vessel - primary shield annulus is approximately 2.5 ft.
wide, and radiation in the vessel cavity, scattered by the vessel wall
and primary shield concrete, was streaming out of the large gap. Subsequent
scattering and direct penetration by the streaming radiation contributed
to the high radiation level at the 69-ft. elevation level outside the
secondary shield and at the equipment hatch.

I

Radiation streaming also occurred from large openings in the primary
shield for the six reactor coolant piping-nozzle connections. These
openings are conical in cross-section with an insulation-air gap of
approximately 10-inches at the inside surface and 24-inches at the outer
surface. The highest radiation levels outside the primary shield were

1 in the vicinity of the cold legs at the discharge of the reactor coolant
pumps.

A high radiation level near the bottom of the primary shield was caused
by a 2.5 ft. square personnel access opening that extends through the
primary shield into the reactor cavity. The access hole is sealed at
the inside by a steel door which did not provide a significant amount of
shielding.

Temporary shielding installed outside the equipment hatch reduced
radiation levels to less than 0.5 mrem /hr at 20% power. Restrictions
on personnel access to some areas and to the containment structure have'

been instituted to minimize personnel radiation exposure.

Temporary shielding was also installed above the gap between the reactor
vessel flange and the primary shield wall and at the personnel access
opening at the bottom of the primary shield. Bagged crystalline boric
acid (H 50 ) was stacked on the support grating which spans the 2.5 f t.3 3
gap between the primary shield at the reactor vessel flange. The addition
of this shielding reduced radiation levels in this area by a factor of j

50-100. The reactor coolant piping nozzle shield was insulated with |

|
rectangular sections of polyethylene installed around the reactor coolant
pipes just outside the primary shield walls.

Action was initiated to design a permanent shield for the area between
the reactor vessel and primary shield and for the reactor coolant piping
nozzles.2

- - _ _ _ . - _ _ _ _ _ _ _ __- - .-- , -- _ - . , -
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! DAMAGE TO FUEL ASSEMBLIES
i

Humboldt Bay

|
! Dur'ing transfer of an irradiated fuel assembly from the transfer basket I

' position in the spent fuel pool at Unit 3 of the Humboldt Bay Power Plant
,

i to a pool storage tocation, the fuel assembly was disengaged from the !
| fuel grapple and fell approximately six feet to the spent fuel pool
i floor. It then tipped over and fell into the ten-foot deep spent fuel |
j cask pit in the corner of the pool.

,

!

f An air sample was normal, and the grapple was examined and found to be i
! functioning properly. It was concluded the fuel assembly had not been !

; grappled properly or properly checked prior to movement of the fuel
; bundle. The only damage to the fuel assembly was that the channel had

been forced down over the fuel bundle nose piece and was split in at-

f least two corners from the channel bottom for about eight to ten-inches.
.

! Two days later, when attempt was made to recover the fuel assembly from
' the cask pit, and as the fuel assembly was lifted toward the vertical position,
j the channel came off and fuel rods fell out of the bundle. The remaining

portion of the bundle was lowered and the refueling building was evacuated,

i until an air sample showed no abnormal airborne concentrations.

!
i The tie rods and/or tie rod keepers apparently had sheared during the drep, |
# allowing the bundle to separate. It was planned to recover the f uel |

assembly af ter the refueling outage at which time a complete examination i

of the fuel bundle would be completed.e

I
There were no personnel exposures, injuries or off-site consequences as4

| a result of this event.3
|
j Turkey Point-4
I |
4 During refueling at Turkey Point Station, Unit 4, an observer noted damage 1

J to the side of a fuel assembly as it war being lowered to the reactor |
| core. Containment air particulata, gaseous radioactivity and area l

i radiation detectors showed only background radiation levels.
i |

j The first grid above the bottom nozzle of the fuel assembly was damaged, |
| and the seventh and eighth fuel rods from the southwest corner of the
j fuel assembly were distorted. These two fuel rods had been pushed back
] and out of line with other fuel rods in the outside row. There was no
I evidence of breach of fuel cladding integrity. However, damage to the
j grid and deformation of fuel rods made this assembly unacceptable for

;

j further use in the reactor core.
i

Apparently, when the spent fuel pit (SFP) side lif ting frame was upended, )s

3 the lifting frame struck the fuel assembly and pushed it into the lifting
'

frame pulley mounted on the west wall of the SFP transfer canal. The

j location of the pulley was consistent with damage to the fuel assembly.

The licensee concluded that procedural deficiencies were the cause of 1,

the occurrence; procedures did not specify the fuel assembly must be
*

lifted to the " full-up" position by the SFP bridge crans before the SFP
j bridge was moved from the SFP rack position. Procedures did not specify

!

l

;

1
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that fuel assemblies must not be moved over the SFP side lifting frame
area until the lifting frame had been upended and ready to receive a-

! fuel assembly. The procedures have been revised accordingly.
.

!

j There were no injuries to personnel and no exposure of personnel to
radiation or concentrations of radioactive material as a result of this
occurrence, and it was concluded neither reactor safety nor the health and
safety of the public were jeopardized."1

Quad-Cities-2

| A series of Local Power Range Monitor (LPRM) high alarms occurred during
i power ascension of Jnit 2 of the Quad-Cities Nuclear Power Station following

a fo.eed outage. The unit nuclear engineer was informed by telephone of
these alarms, and each time recommended rod position changes that cleared

j the LPRM alarms. After two changes of rod configurations, a high
offgas alarm indicative of possible fuel damage was received and plant,

load was decreased.

The increased offgas was a result of failure of the fuel cladding. The;

maximum release rate was estimated to be 1.5 Ci/sec, a factor of four
higher than the steady state rate before the fuel clad failure.

The cause of the occurrence was a combination of in-sequence rod patterns.

that produced abnormally high peaking at the bottom of the core because
,

of a low xenon condition followed by a power increase on flow. The net
result was a local power level increase at a rate that would not allow
fuel pellet cladding stresses to relax without cladding failure. Operating
personnel could have minimized the damage had they more thoroughly }
understood reactor conditions and inserted enough rods to completely
clear the high peaking.

; Fuel failure from rapid power increases have been experienced at both
; Quad-Cities and Dresden stations as a result of rod withdrawal errors.

Although differences exist in the circumstances of these incidents, the
cumulative experience indicates that significant fuel failure may result
if the local rate of power increase is excessive.

To prevent recurrence, the most recent maximum power distribution data will
be provided to the reactor operator for reference during startup to
serve as a guide in determining if the previous cycle maximum local power
densities are being approached too soon. Written instructions from the
nuclear engineer vill be approved by the operating engineer and included-

I in the daily log for rod maneuvers which have potential of exceeding the
previous maximum power densities. Increased efforts will be made to more

accurately determine when control rod sequence will require modification
to stay within the previous power envelope, especially on xenon-deficient'

startups. Ccusideration will also be given to the possibility of reduced ;
rates of power ascension or power soaks following outages of 24 hours i

| or more in order to allow buildup of a larger xenon inventory during
non-emergency load conditions.5

_Surry-2

During inspection of fuel assemblies for the first refueling operation
of Unit No. 2 of the Surry Power Statinn, gas bubbles were noted coming

,- - -- _ --.-. - -,
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| from one of the outer fuel rods, and it was established the cladding

| was perforated by local hydriding. The defect area was approximately
j 0.1 inches in diameter, with the surrounding hydride area being approximately
; 0.25 inches in diameter.

!
! Reactor coolant activity levels during the first cycle had showed a i
' slight increase, typical of a few failed rods, about two months after the |

beginning of operation.

.

Westinghouse Electric Corporation concluded the fuel assembly could be
j operated through its end of cycle 2 design burnup as scheduled. A
'
; review of. previous operating experience in other reactors with known

; defected fuel revealed no evidence of propagation of similiar failures,
i and there was no evidence that similiar perforations led to gross failure

| of an effected rod.
i

A review of Quality Control / Quality Assurance records of the fuel assembly,

| revealed no deviations or discrepancies that contributed to this defect,
; and inspection of other fuel assemblies revealed no other defected
! fuel rods.6
! |

| Also at Surry 2, when a fuel assembly was being removed from its core

i location, two adjacent locking fingers on the fuel handling crane failed )
! to engage the top nozzle, so the fuel assembly was supported only by the '

'

remaining two fingers. When the assembly was pulled clear of the core,

i it was free to pivot about the axis formed by the two engaged fingers.
j Coolant flow, caused the lower end of the fuel assembly to drift and to
| bind in the crane mast. The binding caused an increase in load, and the

;

j crane operator ceased fuel withdrawal before an overload condition was t

j reached.
!
*

Unaware of the cause of increased load, the crane operator lowered the ;

i fuel assembly. However, the bottom of the fuel assembly had now drifed

,
over another fuel assembly in a different core location, and the bottom

i nozzle came to rest on the top nozzle of the stationary fuel assembly.
| Upon contact, the crane operator noted a decreased in load and stopped
I the crane. Two of the bottom pedestal feet of the fuel assembly were

partially resting on the hold-down springs of the stationary fuel assembly.
i

Subsequent inspections established the hold-down springs of the stationary
fuel assembly had been plastica 11y deformed with a permanent set of 1.0
and 1.1 inches, respectively. No additional damage to either fuel !

.

assembly was observed.d

| As a result of a Westinghouse analysis of the possiblity of adverse
'

consequences of continued operation with the damaged in-place fuel
,

assembly, it was concluded that the remaining hold-down capability was'

adequate to prevent the assembly from lifting off the lower core plate
during normal power operation. In addition, it was concluded that a
postulated reactor coolant pump overspeed transient condition of 110
percent or less would not lift the assembly to the extent that further
plastic deformation of the hold-down springs would occur.

The refueling operation was completed and the reactor was returned to
service.7

,

a - -_ m _-r_
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PERSONNEL ERRORS,

Dresden-2

With Unit No. 2 of the Dresden Nuclear Power Station at 55% power, it was
discovered during a main steam isolation valve (MSIV) timing surveillance
test that the reactor protection relay was de-energized. This relay is
energized by the "<10% closure" limit switches on MSIV's 1C and 2C.
Investigation of the 1C limit switch revealed the internal workings of
the switch were missing.

During a refueling outage, all MSIV limit switches had been removed for
inspection and cleaning. Inadvertently, the 1C limit switch was never
reinstalled. When the work package for limit switch maintenance was
subsequently reviewed, all signatures were present. The safety-related
work request package had required a maintenance functional test, two
post-maintenance operational tests, MSIV 10% closure tests and a MSIV
closure timing test.

Absence of the limit switch simulated a " fail safe" condition toward a
full scram. Therefore, the health and safety of plant personnel and the
public were not jeopardized as a result of this occurrence.

;

*

The unit was operated for four days without the limit switch in the circuit.
When the unit was shut down, the switch was installed and proper operation
verified.B

Oconee-2

A quench tank low level alarm was received in the Oconee Nucicar Station
Unit 2 control room with the plant at 100% power. The alarm was acknow-
ledged. Approximately 20 minutes later, the control operator observed
a low quench tank level of 40-inches. Corrective action was taken and
normal quench tank level was restored 45 minutes after the initial alarm.

Immediately prior to this incident, the alarm next to the quench tank
low level alarm had been alarming intermittently. The operator heard
the audio portion of the quench tank alarm, looked up, and mistakenly
thought this alarm was the intermittent alarm again. The apparent cause
of this event was improper identification of an alarm because of proximity
of alarm panels.

This incident did not affect the safe operation of the unit, and the
health and safety of the public was not endangered.

Personnel involved in this incident were reminded of the importance
of :onsidering each alarm as a new and different alarm.9

Dresden-1

An operator inadvertently started a vrong pump and transf ered liquid
radwaste from the resin vault to the radwaste contractor's treatment
facility at Unit 1 of the Dresden Nuclear Power Station. The licensee
did not become aware of the event until two days later (contractor
personnel did not work over the weekend). The pump ran until the

__ _ _ . _ . ._ _ ._. - . _ _
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|
resin vault emptied and liquid waste overflowed the contractor's tank

: to t he ground.

i
| An estimated 19,500 gallons overflowed the tank. Surveys of soil samples

! indicate the surface water overflow was confined within the reactor
plant boundaries. The licensee planned to remove and dispose of approximately i'

; 1,000 cubic yards of soil.10
4

j Maine Yankee

! During startup of the Maine Yankee Atomic Power Plant, all three safety
j injection tank motor-operated isolation valves were not opened during
j plant heatup. These valves are part of the Emergency Core Cooling
| System (ECCS) valve checklist, and this checklist is to be completed i

i prior to reaching a reactor coolant system temperature and pressure of <

j 210*F and 400 psig. I
1

<

k I
!

;
i The condition of safety injection isolation was detected by the control
! room operator during routine review of main control board valve position |

4 Indicators. At this time, the reactor coolant system was at 370*F and |
700 psig.

Personnel responsible for completing the checklist had noted the locked I

handwheels, but mistakenly assumed the values to be locked open when,
j in fact, they were locked closed. The three safety injection tank
i motor-operated isolation valves were immediately opened. The en* ire
i ECCS valve checklist was recompleted with no further discrepancies
j noted.
1

i The ECCS valve checklist has been revised to require independent check
of main control board ECCS valve positions prior to exceeding 210'F and

a

i 400 psig. Review of this incident by plant personnel led to the
conclusion the incident presented no significant health or safety hazard

j to the general public.ll
| |

i

! Turkey Point-4
* t

f Unit No. 4 of the Turkey Point Station was being returned to service !

after shutdown, and reactor heatup was in progress. A quality control'

inspector discovered a disconnected mechanical linkage on the equalizing |,

valve for the outer door of the personnel airlock. Further investigation !-

showed the valve to be in the open position and establishing a flow path.

from containment to atmosphere whenever the airlock inner door was open. i
,

4

Containment integrity had been administrative 1y verified prior to plant
;

startup by completion of the prestart check-off list. However, personnel
conducting the checkoff were not aware the linkage was disconnected because
both valve and linkage were hidden from view behind a vertical steel
cover plate. The valve operating handle and position indicators were"

visable in front of the steel plate, so, personnel thought they were
checking the valve shut when, in fact, it was staying open.

A checkpoint was added to the appropriate check-off list to require
verification that mechanical linkages for the airlock inner and outer
door equalizing valves were connected.

_ _ . _ _ _ _ _ - __ __ - _._.
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Breach of containment integrity occurred for only a brief period when
the inner airlock door was opened concurrent with movement of fuel inside
containment or heatup of the reactor coolant system above 200*F. The
flow path through the two-inch equalizing valve permitted only a small
amount of air flow from containment to atmosphere. Therefore, the health
and safety of the public were not adversely affected.12

FAILED LIGHT BLrLB PREVENTS DIESEL FROM STARTING

With the Yankee Nuclear Power Station at full power operation, the
No. 3 Diesel Generator DC control circuit pilot light located outside
the diesel cubicle was observed to be out. It was fused to its socket.

i The pilot light located on the control room diesel panel also was out,
and an attempt to start the diesel failed.

The apparent cause of bulb failures and the failure of the diesel to start
was a short circuit within the pilot light, resulting in a blown fuse in I
the DC control circuit.

The defective pilot light and holder were replaced and new fuses were
installed in the DC control circuit. The diesel was successfully test run.

Immediately af ter the f ailure of the diesel generator to start, two redundant
diesel generators, were started and run for 5 minutes to verify their

,

operability. Hence, this event did not jeopardize the health and saf ety
of the public.13

ABNORMAL DEPRESSURIZATION OF PRDRRY SYSTEM AND RELEASE OF
GASEOUS ACTIVITY

!

|
'

Unit 1 of the Zion Station was in a hot shutdown condition, and valves of I

the excess letdown system were being lined-up to service a relief valve
,

to the pressurizer relief tank (PRT) that had been weeping. When the
! reactor coolant drain valve was opened to establish excess letdown flow,

high seal water flow and high outlet temperature indications were noted
on two reactor coolant pumps. Reactor vessel flange leakoff temperature
increased rapidly, and pressurizer level and standpipe level alarms were
received from three reactor coolant pumps.

The licensee thought a pump seal had blown, so safety injection was
manually initiated and the reactor coolant pumps were deenergized.
Closure of the reactor coolant loop isolation valves caused almost
immediate stabilization of reactor systems.

In the twenty minute excursion, reactor pressure decreased from 2235 to
1560 psig, containment pressure reached approximately 1 psig and a containment
humidity change of 10% was noted on one detector. Approximately 3 to 4
inches of coolant had accumulated on the containment floor, and the rupture

disc (100 psi burst pressure) on the pressurizer relief tank ruptured.

A manual drain valve in one loop of the reactor coolant system that had
been inadvertently left in the open position. This caused the abnormal
conditions and leakage.

. . _ _ _ _ _ _ . _ _ .. _, . _ . - __ _ _~ -
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j The position of the valve had not been listed in the abnormal valve

; line-up when opened, or added as a temporary change to the drain or to
; the fill procedure. After the loop was refilled, the valve was not
i reclosed.
!

j Release of gaseous activity originated from the auxiliary building ventilation

i system when approximately 2,000 gallons of liquid was erroneously pumped
j from the containment sump to the auxiliary building floor drain analysis ;

*
tank. The containment sump valves had not been repositioned prior to reset

1 of safety injection.

The maximum release rate was calculated to be 69,000 pCi/sec (Technical
Specification limit is 60,000 uCi/sec) for a total release of less than4 ,

! 0.5 curies. The safety of the public was not endangered because of |

I short release duration, the direction of release, the short half-life and

| the total magnitude of the release.

Permanent changes have been made for the check-list of valves for
reset of safety injection and to the drain and fill procedure to
preclude recurrence of these events.14,15;

i

f Point of Contact: !
J |
1 i

i Theodore C. Cintula |

Office of Management Information
and Program Contrcl;

U. S. Nuclear Regulatory Commission;
i

!
t
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j CRACKS DISCOVERED IN COLLET HOUSINGS OF CONTROL ROD DRIVES

1

During a refueling outage at Unit 3 of the Dresden Nuclear Power Station
j and while overhauling a control rod drive, a crack was discovered in the

| collet housing short tube. Four other control rod drives were available

! for scrutiny; inspection revealed each of their collet housings to be

| cracked. In each case, the cracks occurred in the collet housing short
tube below the water ports in the area of incre.ased wall thickness.

,

j Subsequent inspection of eighteen control rod drive mechanisms revealed
; that eleven rods displayed some indications of cracking in the collct

} housing aren.

General Electric Company's Nuclear Energy Division was advised of this
possible generic problem. Examination of their test control rod drive
mechanisms revealed cracks of the collet housings nearly identical to the

j four control rod drives examined at Dresden-3.
a

General Electric had been aware of similar cracking on test collet housings

f of control rods that had been scram-cycled 2000 times, and more severe

j cracking on mechanisms scram cycled more than 4000 times. However, there l

! were no indications that cracking would develop within the expected ,

j lifetime of 200 scrams for the control rods at Dresden-3. !

! The collets with cracked housing were replaced with new assemblies.

! Future actions will be determined by the outcome of tests now in progress.

i
j At present, General Electric and Argonne National Laboratory are conducting
j independent metallurgical tests to determine the cause of cracking.

| Although it has not been substantiated, the cause of cracking may be related
i to the temperature cycle a control rod drive experiences during a reactor

scram.
,

The 2000 and 4000 cycle scram tests performed at G.E. demonstrated the
probability of total collet housing failure to be quite remote. The
collet housing does not function as a pressure barrier and is subject to

.

,

k
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stress vastly less than the yield strength of collet housing metal. In a
supposed possible worst conditions accident, a number of collet housings
failing si=ultaneously, localized core damage could result from abnormal'

rod patterns and power levels. However, even in this unlikely event, a
standby liquid control system would be available to reduce reactivity and
maintain the reactor in a shutdown condition; all radioactivity would be
contained within the reactor vessel or the standby gas treatment system;
and there would be no danger to plant personnel or the public.I

STEAM GENERATOR TUBE LEAK

At Unit 2 of the Point Beach Nuclear Plant, operating personnel noted an
upward trend on the air ejector radiation and blowdown monitors, indicative
of primary-to-secondary steam generator leakage. The primary-to-secondary

'

leak rate was calculated to be 0.23 gpm, a rate near the normal average of
0.2 gpm, but operating personnel began securing systems in anticipation of
a blowdown / shutdown. Five and one-half hours later, the primary-to-secondary
leak rate had increased to 0.4 gpm, and four and a half hours after that,
the blowdown monitor alarm was received. Thirteen and one-half hours
later, an orderly shutdown of Unit 2 commenced at a rate of approximately
100 MW/ hour. Subsequent eddy current inspection idratified a failed tube
in the "B" steam generator. The failed tube was on the periphery of the
tube bundle slightly above the top of the tube sheet, and the appearance of
a relatively clean cut and roughly circular hole indicated a manufacturing
defect or the result of damage following manufacture. The failure appeared
to be random in nature and not connected with previous generic problems of
wastage in the kidney shaped high heat flux zone of the hot leg.

Two tubes, in addition to the leaking tube, were discovered to have significant
defects. One, a 44% defect, was located at the third support. A second,
with a 58% defect, was located approximately one-inch above the sixth
support. These tubes had previously been measured with a 20 to 30% defect,
and a 40% defect respectively. The failed tube had never been examined in
service.

Of the 712 tubes tested during the eddy current program, 150 appeared to
exhibit a loss of ovality of 0.002-inch or greater. The steam generator
manufacturer has advised that tube vibration from crossflow of water ur. .

tube may be a contributing factor to the loss of ovality. There was no
measurable metal loss with loss of ovality.

The switch to all volatile water chemistry treatment at both Units 1 and 2*

appears to have inhibited the tube wastage problem previously discovered
in the kidney-shaped high heat zone of the steam generator hot legs. No

'
new indications of wastage in this heat zone were observed during the

inspection. In addition, although sludge depths of up to four inches were
measured on the tubesheet by eddy current examination, this sludge appeared
to be harmonious with the tubing. Sludge lancing, therefore, was not
performed during this outage.

A secondary-to-primary 800 psig leak test was performed with satisfactory
results.2

-
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$ FAILURE OF SAFETY RELIEF VALVE
i
; With a reactor power of approximately 10% at Unit No. 2 of the Brunswick

Steam Electric Plant, the "B" safety relief valve inadvertently opened. I4

f An attempt to close the relief valve by placing the control switch to
close failed. (A violation of the emergency instructions occurred when

j the reactor was not manually shut down when it was determined that the
i relief valve was stuck in the open position.) Concurrent with attempt to
j seat the relief valve, an attempt was made to initiate torus cooling with
j one of the residual heat removal loops, but the service water supply valve
' to the heat exchanger failed to open. A redundant loop was immediately
j placed in the torus cooling mode.

When the decision was made to shut down the reactor, the High Pressure
i Coolant Injection (HPCI) operated for only a limited time because of high
! torus level. When it was apparent that manual operation of the HPCI could

not supply clean water to the reactor, the main steam isolation valves
i were closed. This action resulted in a reactor scram. Reactor pressure
i decreased rapidly, and continued to decrease until the pressure reduction

was stopped at 72 psi by apparent seating of the relief valve. There was,

no damage to the torus structure or relief valve discharge pipes, and
' inspection indicated all components reacted normally to the discharge

failure. A specific cause for the blowdown incident was not discovered.
All relief valves were actuated successfully at 50 psi during subsequent
reactor heatup, and all relief valves met capacity checks successfully.
No problem with valve operation was identified.

: ,

Seven days later, with the reactor at 8-9% power, and at 600 psi pressure, l

it was observed that the te=perature of the discharge of the same relief
valve was abnormally high. The relief valve was cycled three times but |

1did not rescat. Adjacent valves were cycled in an attempt to shock close
lthe open relief valve, but the valve still did not rereat. Reactor pres- !

sure was at 475 psi and decreasing so the reactor was manually scram =ed. |

During the blowdown, several attempts were made to reseat the relief

valve: once at 184 psi, once at 82 psi, and once at 49 psi. Two and a
half hours af ter the relief valve inadvertently opened, the valve appeared

;

to reseat with reactor pressure at 20 psi.

Two or three days prior to the first depressurization, a ground alarm had
been received in the control rocm. The ground circuit was subsequently
discovered in the conduit for the relief valve that had inadvertently
opened. A screw on the conduit cover had pierced the insulation at the

|connection between the remote cabling and the solenoid viring. The con- 1

nection was reinsulated and a small burr on the end of the screw removed. I

l

Between the first and second depressurization, all Target Rock relief
valve solenoid pilot operators had been rebuilt. Upon entering the drywell
after the second depressurization, the solenoid operator of the relief
valve that lif ted was found to be stuck in an intermediate position so
it was both blowing air into the valve air operator and venting air from
the operator. A second ground was found to be caused by water in the
solenoid housing caused from condensation in the instrument air system.
The ground was repaired and the air lines blown dry.

.

I
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All relief valve solenoid operators were removed, and during bench testing,

it was found the solenoids were initially energizing at 90 volts, but the'

valve did not drop out until a value of 6 to 8 volts DC and when almost zero
holding current was reached. These low values of hysteresis current could
make solenoid operation susceptible to spurious grounds, leakage paths,
or phantom circuits.

Five of the eleven solenoids were found to have their 0-ring partially out of
their seat. However, further testing of the valve solenoid showed the 0-ring
could be recaptured in its seat by continued operation (approximately
twenty times). A burr on the plungers contributed to the 0-ring sticking
in the full open position.

Inspection of the valve solenoids revealed all to have dirt in the body
area, and the lubricant used to assemble the valves had turned black from

valve heat. Rust was found in several of the valves, and at some joints
the teflon tape had deteriorated. Dirt was found around the solenoid

pilot seats and plungers, and seven of the valves had piston seat 0-rings
in various stages of being dislodged from their seats.

4

The solencid valves were cleaned and reassembled with new body internals,

; and lubricant. A leak check of the valves indicated zero piston and'

poppet seat leakage, but all ten valves had some pilot seat leakage. |

Af ter new plungers were installed, pilot leakage was detected to be coming
around the pilot seat and through porosity in the valve body. Six valves
were made leak tight by resetting the pilot seat, and four valves were
rejected because of body porosity. The latter were replaced with new
valves..

The eleven solenoid valves that passed inspection were installed and
functionally tested satisfactorily at 250 psi reactor pressure, and again
at 930 psi and 20% power.

The insulation of the Target Rock relief valves was modified to maintain
the air actuator and solenoid valves at a lower temperature. After unit
startup, the solenoids were o
safe for prolonged operation.gerating at less than 210'F, a temperature ,

!

|

EXCESSIVE REACTOR COOLANT SYSTEM COOLDOWN RATE

During the course of a routine shutdown for maintenance of the Oconee

Nuclear Station Unit 3, when reactor power had decreased to approximately
15%, a system transient occurred that resulted in the opening of a pres-
surizer relief valve.

The power actuated relief valve had correctly opened when reactor coolant
i system pressure reached 2255 pai, but failed to close when pressure dropped

below 2220 psi. The open/close lights in the control room did not indicate
that the valve was open. As reactor coolant system pressure dropped, the
reactor tripped on low pressure, and the High Pressure Coolant Injection
(RFCI) system actuated. Reactor coolant system temperature and pressure
were 480*F and 720 psi, respectively, when depressurization terminated.

( The initial drop of temperature exceeded the allowable cooldown rate of
100*F/hr. by l'F/hr.

, . - - -- -. _ . __.
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i The relief valve was stuck open because of heat expansion and boric acid
i crystal buildup on the valve lever. The crystals rubbed against the

i solenoid brackets and bent the solenoid spring bracket. The valve was
i repaired and reinstalled. The cause for malfunction of the valve position

| indication was not observed when the repaired valve was reinstalled.

: Possibly, this malfunction could have been caused by the solenoid plunger
sticking at slightly less than the full open position, or by crud buildup

'

j around the plunger-operated minature control switch to the open/close
lights.

i

! The transient and associated events also caused the quench tank rupture
i disc to blow, mirror insulation to be separated from the bottom nozzle of
| the pressurizer, and the release of approximately 1500 gallons of reactor
i coolant to the reactor building sump.
'

| The release of coolant did not cause any significant increase of radiation
level in the reactor building, and no radioactivity was released into the.

i environment. The excessive cooldown rate associated with the transient
1 was evaluated, and it was determined that the operability of the reactor

; and the health and safety o the public were not affected. No other
4

' system limits were exceeded
i

3

LOW FLOW FEEDWATER LINE SEVERS AT 6x4 REDUCER

While the power level was increasing at Unit 2 of the Quad-Cities Station
I after an outage, and with both main and low flow regulating valves partially

open, a feedwater vibration alarm was received in the control room. The;

j unit was manually scrammed, feedwater pumps were tripped and the feedwater
( regulating station was isolated. Reactor vessel level was controlled with
' the Reactor Core Isolation Cooling System (RCIC).
;

i The low flow feedwater line had severed at a 6- to 4-inch reducer on the
i downstream side of the low flow regulating valve. Inspections also revealed

| cracks in the low flow piping at the low flow riser junction to the main

| feedvater line and in the reducer upstream of the regulating valve.

i
i The initial cause of cracking was operational vibrations at the feedwater

] regulating station, and the break was attributed to vibrations at the
f eedwater regulating station during transfer of flow from the low flow

. valve to the main feedwater regulating valve.

At no time was safe operation of the reactor threatened; all reactor'

parameters responded satisfactorily. The total amount of water released>

as a result of this occurrence was estimated at 12,500 gallons: 8500'

gallons from the severed line and 4,000 gallons from the service water
l deluge system. This water was discharged from the site on a batch control

basis, and activity at the release point in the discharge bay was less
than the Technical Specification limit.

s

: The low flow feedwater line had failed previously on June 10, 1974, when
the low flow regulating valve ruptured. This rupture, also, was believed;

ta have been partly caused by vibration during normal service, but the main
cause was improper machining of the valve body for weld preparation.

}
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Corrective actions to prevent future recurrence include the installation
of a " drag valve" to replace one of the main feedwater regulating valves
to provide more adequate flow control over a wider range of flow conditions,

and reduce flow induced vibrations at the regulating station. Also, the
low flow control valve line is planned to be repiped to a
path as another measure to reduce flow induced vibrations.gess rigorous

UNFLANhTD RELEASE FROM SITE BOUNDARY

With Unit No. 1 of the Calvert Cliffs Nuclear Power Plant at steady state
conditions at approximately 99% power, the control room received a high
alarm from the waste area ventilation radiogas monitor. The main vent
radiation ' monitor was also reading above normal. Investigation revealed
gaseous radioactivity was being released to the auxiliary building venti-
lation system.

The radioactive gas was leaking from a vaste gas compressor and from the
volume control sample hood. The valve had not been completely closed
following sampling, allowing leakage through a section of excessively
perforated surgical rubber tubing into the primary sample hood and into
the waste area ventilation system. This caused the monitor alarm and also
vented the volume control tank vapor space to the waste gas system.

Approximately 46 Ci of Xe-133 and 5 C1 of Xe-135 were released during the,

incident. This release is less than 1% of the Technical Specification
release rate limit for noble gases. Two individuals were slightly contam-
inated while investigating the source of gaseous activity, but they were
readily and completely decontaminated. It was concluded this incident did
not constitute an undue hazard to the health and safety of plant personnel
or to the general public.

The diaphram of the waste gas co= pressor was replaced. The section of
surgical rubber tubing on the volume control tank sample point, which had
been repeatedly perforated by the gas sampling syringe, was replaced. The
importance of regularly replacing used gas sampling membranes and tubing,
andofproperoperationofsamplesystemvagveswasemphasizedtoallplantradiation safety and chemistry technicians.

RELEASE IN EXCESS OF TECHNICAL SPECIFICATION LIMITS

Over a period of several weeks, containment structure internal pressure
gradually increased to 0.9 psig at the Calvert Cliffs Nuclear Power Plant
Unit 1, and it was decided to deliberately vent excess containment pressure
to the atmosphere.

Based on radioactivity measurements of the containment atmosphere, a
maximum release rate of 49,550 cfm would ensure compliance with Technical
Specifications. Using the containment purge fan, rated at 50.000 cfm,
would have resulted in the allowable release rate being exceeded, so it
was decided to vent through the containment purge isolation valves without
operating the f ans. These valves were opened for four minutes, and con-
tainment pressure decreased to 0.05 psig. Review of pressures recorded
during. venting indicated the actual release rate to be 51,300 cfm during
the first minute of venting, exceeding the limit by 4%.

_ - _ _ _ _ _
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-3It was estimated the release resulted in less than 5x10 mrem to an
individual at the site boundary. Therefore, this incident did not constitute
an undue hazard to the general public.

During future containment ventings, either one of the purge isolation
valves will be throttled, or an alternate means for more slowly venting
the containment will be provided.7

TRANSFER OF RE NELING WATER TO CONTAINMENT BASEMENT

During performance of a periodic test for safeguard system valve operation
at Unit No. 1 of the R.E. Cinna Nuclear Power Plant, a flow path from the
refueling water storage tank (RWST) to the containment was inadvertently
established, and containment integrity was violated.

An operator, while following a checksheet, closed valve MOV-851B and
erroneously reopened it before the next step to stroke MOV-850B and
initialed the procedural step '?close MOV-851B". He then noted it was time
for his hourly readings and requested another operator to take them for
him. Returning to the procedure he saw that the next step after the last
step he had initialed was to open MOV-850B. Upon the opening of MOV-S50B
with MOV-851B open, flow was established from the RWST to sump B.

Upon receipt of alarms, the operator immediately secured the flow path.
It was estimated containment had been violated for approximately 3 minutes
and about 12,000 gallons of refueling water was transferred to containment.

|
There were indications that approximately 1-inch of water had been on the
containment floor. No damage to the safeguards equipment was noted and
the water was processed according to normal procedures.

There was no danger tc the plant or to the health and safety of the public.
| The control room operator was reprimanded and, because of the nature of
| this occurrence, precautions have been implemented so that control room

duties and routine operations.p eous responsibilities relative to normal
personnel will not have simult

|

UNREQUIRED ACTUATION OF EMERGENCY SYSTEMS

With Unit No. 2 of the Millstone Nuclear Power Station in the power ascension

phase, the cabinet for channel "C" of the Engineered Safeguards Activation
System (ESAS) was deenergized for maintenance. All other safeguards
channels were energized. The technicians performing the maintenance then
noticed the positive logic power supply fuse light for ESAS channel "D"
was out; this condition was indicative of a blown fuse. The fuse indicator

light bulb was replaced, but the bulb did not energize. The fuse was then
removed, resulting in a loss of channel "D" ESAS power because the fuse
was actually not blown. With channels "C" and "D" deenergized, a 2-out-

of-4 logic condition was established, resulting in generation of all
engineered safeguards actuation signals. This included the loss of the
normal power signal and caused both diesel generators to start, with load
shedding to occur from the emergency buses.

The actuation of the ESAS components did t.ot adversely affect the rest of
the plant or the health and safety of the public.
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As a result of the ESAS transient, it was discovered that a blown fuse of,

'

a power supply for automatic closure of one of the diesel generators onto
an emergency bus was undersized. Power was unavailable to this bus for a
period of about 12 minutes.

The "B" service water pump failed to start. Because of an administrative i

error, the pump was aligned to Unit 1. A wiring error was subsequently
discovered in the water pump control circuit that prevented proper sequencing
of the service water pump.

Also, two of the containment air recirculation fans did not start on slow '

speed. The problon was traced to a loose relay to the control of both
fans.

Allofthediscoveredmagfunctionswererepairedandtestedtaverify
their correct operation.
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I
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l.
'

|

j FAILURE OF REACTOR COOLANT PUMP SEALS |
|

During startup activities from a hot shutdown on September 20, 1975 at '

| Unit No. 1 of the Fort Calhoun Station, an increase in containment sump

j levels indicated a leak f rom the upper -vapor seal region of reactor

coolant pumps C and D. Althoegh it was within Technical Specification ;,

; limits, the plant was brought to a cold shutdown and the vapor seals of
'

| the two reactor coolant pumps were replaced.
5

i |

| After completion of vapor seal replacement, the pumps were pressurized )
j for a leak check and, at pressure, it was discovered the seal pressure j

4 breakdown for pump D was incorrect; both first and second stage seals did
j not indicate a pressure drop. Upon removal of the seal cartridge, it was

} discovered that five of the eight lower breakdown device cap screws had

i backed out and damaged the seal coolant recirculation impeller and the

{ bottom supports of the lower breakdown device. All parts were recovered.

After reassembly of the seal, reactor coolant pumps A and C did not

1 indicate a correct pressuic breakdown across the seals, sa the seals for
both pumps were replaced.

4 Cause for the initial leakage from vapor seals of pumps C and D could
not be determined. However, the problem with the D pump seal caused by;

the backed out cap screws was the direct result of an inadequate main-

; tenance procedure covering the rebuilding of reactor coolant pump seals. |

A lock wire had not been installed on the pump seal, and the maintenance l

procedure covering the rebuilding of the seals was too general.
!

The subsequent improper breakdown of seal pressure across the A and C
pump seals was attributed to independent causes; the upper shaft sleeve

;

; retaining pin clearance of pump C was greater than normal and allowed
relative movement between the upper and lower shaft sleeves. This
resulted in unloading of contact forces between the rotating and

stationary faces of the bottom two seals. The improper pressure break-
down for pump A was the result of crud blockage in the leakoff path

w w e- w- " -r---
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i' within the pressure breakdown device. After examination of the seal, it
was postulated that this condition might have correct.ed itself if the;

system had been brought to a higher pressure before shutdown.
4

| Initial leakage through the vapor seal of the pump allowed reactor coolant
leakage to the containment atmosphere. However, a certain leakage is
permissible under the Technical Specifications, and at all times thea

measured leakage was below the permissible limit.

| The loose parts and damage found to the D pump seal did not jeopardize
I system integrity because all parts were contained within the cavity and

were recovered.

The maintenance procedure has been revised to include more specific
information for seal rebuilding and for proper checks for upper shaf t ,

sleeve pin clearance.1

VIBRATION CAUSES LOW FLOW FEEDWATER LINE DAMAGE

While decreasing load in preparation for shutdown of Unit 2 of the Quad-
Cities Nuclear Power Station on August 31, 1975, a feedwater vibration

,

; alarm indicated excessive vibration. Because of an increase in reactor
j vessel war.er level, the unit operator started closing the feedwater

regulating valve. However, before he was able to fully close the valve,a

the reactor scracmed f rom a turbine trip.
3

The reactor vessel water level was controlled, after the scram, by the

] feedwater system until the personnel investigating the source of
vibration reported a leak in the feedwater system. The feedwater system*

was then isolated from the reactor vessel.
!

.

| The leakage was caused by severance of two 3/4-inch feedwater drain
lines and the 3/4-inch bypass line around the inlet valve for the high<

! pressure heater. Also, the feedwater regulating valve was found to be

j in the full open position.

The three lines broke because of high vibration of the feedwater system.
1 Vibration also caused the loss of the feedback spring on the valve

j controller. This caused the feedwater regulating valve to go to the
fully open position."

The feedwater low flow drain lines were welded and braced, and the high
'

; pressure heater bypass line was replaced from the elbow to the weldolet
on the heater side. i

i

The piston-cylinder air actuator on the feedwater regulating valves was j<

replaced with a diaphragm operator in attempt to reduce oscillations of i

I: the feedwater regulating valves.

'

j All water from the breaks of piping was processed by the radioactive
) waste system; there was no eFCessive exposure to plant personnel nor

adverse effect on health and safety of the public as a result of this
occurrence.

,
.

f There have been several cases of excessive vibration of the feedwater
system at the Quad-cities Station. In July 1975, the low flow feedwater

!
:

!
!

, , . . , . . _-~~,
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j line severed at a 6-to-4-inch reducer on the downstream side of the low i

.

flow regulating valve. In June 1974, the 4-inch low flow feedwater

! valve failed. In September 1974, the 4-inch feedwater bypass valve had J

| a crack about three inches long in the bottom of the valve, and cracks

{ in the welds of the bypass valve and pipe reducers.
:
i

Excessivevibrationproblemshavebeenunderinvestigationbyacompang|

j task force, outside consultants, and engineers from Sargent and Lundy.
!
!

1

i

| OTHER CRACKS IN REACTOR PIPING

1
QUAD-CITIES 2a

i
.'

v

j on October 14,1975, Unit 2 of the Quad-Cities Nuclear Power Station was
i in a cold shutdown condition and ultrasonic testing of the bypass piping

| around the recirculation pump discharge valves was being performed in
accordance with an NRC Bulletin. A crack was found in the heat-affected,

zone on the 4-inch pipe side of a pipe-to-weldolet weld used to connect to
,

j the 28-inch discharge header on the downstream side of the bypass valve. '

l *

I Although a mode of failure had not been established, the apparent cause
i was believed to be the same as that which caused cracks in recirculation

bypass lines in the past: intergranular stress assisted corrosion.

1

i Early detection of the crack prevented a leak. No radioactivity was

| released to the environment, so this incident did not present a health
j hazard to the public or plant personnel.
1

] The existing recirculation pump discharge valve bypass piping of both
loops was to be permanently removed and capped.

!

There have been crack indications in the bypass lines of the Quad-Cities
station in the past. On September 16, 1974, there was a crack at a.

weld on the B loop of Unit 2 which was corrected by replacing the weld
,

and a short section of pipe.
4

During a second ultrasonic inspection at Unit 2 on December 23, 1974,
two cracks were found on bypass loop A and one on bypass loop B, the A
and the B loop recirculation pump discharge valve bypass piping was
replaced.

On January 10, 1975, at Unit 1, a crack was found in the recirculation
pump discharge valve bypass piping on the A loop weldolet running along
the 4-inch side of the veld. In addition, there was a crack on the B

1 loop weldolet running 1/2-inch to 3/4-inch from the veld bead. Both the
A and the B loop recirculation pump discharge valve bypass piping were
replaced.

Similar cracks were found at Dresden, Hillstone, Peach Bottom Unit 3,
Monticello and the Edwin I.. Hatch Nuclear Power Stations.

The pipe that failed in all cases was 304 stainless steel, four-inch
,

diameter, with a vall thickness of 0.377 inches. 3

-
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; DRESDEN-2
;

While a local leak-rate test was being conducted with Unit 2 of the |

| Dresden Nuclear Power Station at 700 We on October 7,1975, the test
failed, and inspection revealed a throughwall crack on the 18-inch4

!
j drywell/ torus nitrogen purge line. The crack occurred at an 8- to 18-

inch tee connection, and extended 180' around the 8-inch connection on
j the 18-inch line, crossing the welded intersection, and extending approxi- !

mately seven inches along the 8-inch line.

It was assumed the crack occurred during a drywell inerting process when
the heating steam boilers, which vaporize liquid nitrogen before admission

{
! to the dryvell, failed temporarily. Because a previous heating steam
: boiler alarm had not cleared, the boilers were inoperable for approximately
! 15 minutes before the problem became evident. During this interval,

liquid nitrogen passed through the vaporizer directly, and impingement
on the steel tee connection caused a rapid and unesen contraction,
resulting in the throughwall cracking.

The throughwall crack constituted a breach of primary containment. I

However, no abnormal makeup of nitrogen was required, so it was suspected,

that leakage was minimal. Secondary containment was in effect, and the
pressure suppression system and all emergency core cooling systems

; remained operable.

The immediate corrective action was an orderly unit shutdown at the rate
of 100 MWe an hour. After extensive magnetic particle examination, a
20-inch section of pipe containing the tee connection was replaced. The
new welds were radiographed and a successful local leak-rate test was

3completed. I

A thermocouple and scrip chart recorder were installed on the vaporizer j

discharge for rapid isolation of the vaporizer to prevent a similar 14

failure. A special operating procedure for startup was written, adding
i

; precautionary measures to the existing inerting procedures." |
j

FAILED FUEL ASSEMBLY
|

'

During cycle 4 core loading in December, 1975 at Unit No. 1 of the Point.

j Beach Nuclear Station, personnel noted something protruding from the
: side of a fuel assembly as it was being lowered into the fuel assembly

upender. The assembly was moved to the spent fuel pit for examination.
|

*

Near grid 1, rust marks were on the grid and on rods 12 and 13. The
clad of these two rods was worn so that the fuel springs were visible,

i behind slots in the grid. A fuel fragment was observed lodged between
'

rods 13 and 14. There were gouge marks in rods 12 and 13 adjacent to
the grid tab, and a hole was visible in rod 12 at the grid tab.

i

| In the vicinity of grid 2, the cladding of rod 12 was separated with no
j cladding or fuel behind the upper part of the grid. Rod 13 had a cut
j mark near the upper edge of the clad and a hole on the left side. A

fuel fragment was visible between rods 13 and 14.

Between grids 2 and 3, there were several holes at the contact points of
the grid springs on rod 12; no fuel was visible. There was a split in
rod 13 and no fuel was visible except at the top end of the split.

l
|

l
t

.
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| At the top of grid 3, there was an open cut in the cladding of rod 12
i adjacent to the vane; the vane was severely worn. Rod 13 was completely
| separated just above the grid. Another fuel fragment was visible on top
j of the grid.

I
j Below grid 3, holes were visible in rod 11. There was a large hole in
'

12, with a large fuel fragment sticking out. A section of cladding from

rod 13 was missing. No fuel was visible at the top edge of this section.
;

!

} Many small fuel f ragments were visible behind grid 4 and rods 12 and 13.
!

j Between grids 4 and 5, the top 11 inches of rod 13 were missing. The
; end of rod 13 was bent to a horizontal position about two inches long.

,

!
! The ll-inch section of rod 13 was found lying diagonally across another
i fuel assembly, and was recovered.
I

k Westinghouse Electric Corporation believes the initiating factor for
fuel failure was water impingement when the fuel assembly was in its-

i original position in the reactor core.

!

| Water impingement at the corner or near the corner fuel rods has led to
j vibration and fretting wear in foreign reactors. This fuel assembly

{ occupied a corner position in cycle 2. It is postulated a small hole

j from fuel rod vibration occurred at this time.

! ',
: The initial escalation to power at the beginning of cycle 3 was at a

rate higher than the present operating guidelines, and the cycle 3.

'

| position subjected the assembly to a measurably higher power rating than
i its cycle 2 position. During initial escalation to power at the beginning
j of cycle 3, a sharp increase in reactor coolant activity was noted
j between power levels of 40% to 50%. It was presumed the fuel rods con-
| taining holes in the clad became water-logged in the shutdown and burst
j from steam pressure during the power et,calation phase.
!
; The potential for additional fuel failures is minimized by new guide-

{ lines governing the rate of power escalation following a cold shutdown.
'

The controlled power escalation will allow fuel rods which may have-

! absorbed water from pinhole leaks to expel the water before a substan-

! tial increase of steam pressure.

!
j Attempts have been made to locate and remove all loose pellets from |

adjacent fuel assemblies and the lower core support plate, and apparently |'

I no loose pellets remain in the reactor vessel or on fuel remaining in
'

the core.

J
; Based on a safety evaluation, operation of cycle 4 core is not con-

sidered to pose a hazard to the health and safety of the public.5j
i i

HYDROGEN EXPLOSIONSi

.

]
On November 5, 1975, the Cooper Nuclear Station was in steady state

; operation at 60% power, and station personnel were removing the manhole
; cover to the sump below the elevated release point to investigate a

pressurization of the sump, a hydrogen explosion occurred when the airi

! sampler was turned on. An orderly shutdown of the reactor was initiated.

|

L

,
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Two persons were burned, and after cleaning the burned areas and finding-
j both free of contamination. one patient was retained in the hospital and

treated as a burn patient, and the second worker was released.

During investigation of the source of hydrogen gas, it was determined,

that an isolation valve in the off-gas system was in the closed rather
than the normal open position. This caused the discharge of off-gas
from the steam jet air ejector to be routed through the loop seal drain
line to the sump and back to the dilution fans prior to being discharged
at the elevated release point,

,

The valve was found in the closed position although the control room
valve position indicating lights and the control switch showed the valve
to be open. Personnel, who had been making viring changes to this valve
for additional off-gas treatment equipment, thought they had verified

i the proper position of the valve by noting the position of the slotted
notch at the top of the stem. However, the butterfly valve gate was not
aligned parallel to the slot as they had believed.

The explosion occurred when the air sampler was turned on to monitor the
gaseous activity release from the sump. Hydrogen from the off-gas line
exploded as it was drawn through the air monitor; it was ignited by the
arcing of the brushes of the sampler motor. An explosive mixture meter

i had not been used to sample the gases from the sump; the meter previously
' had been used when opening the sump, but no indication of hydrogen had

been found.

The sump at the base of the elevated release point was inspected and
found to be damaged. The top of the metal lined sump had separated from
the side wall liner. Repair was made and the sump air tested.

Station operation with improper position of the valve resulted in by-
passing the absolute filters in the off-gas system. The stack gas-

activity prior to the explosion was calculated to be approximately 680
pCi/sec; af ter explosion, the stack gas activity was calculated to be

j 235 uC1/sec. Therefore, a ground level release of approximately 445
pCi/sec occurred from the time of accident until reactor shutdown.

Although the ground level release was unplanned and unmonitored for a
period of time, there were no indications that abnormal conditions
existed outside the site boundary. Therefore, it was considered this
occurrence presented no adverse potential consequences from the standpoint
of public health and safety.6

Two months later, with the Cooper Nuclear Station at 83% power, an alarm
in the control room indicated a low flow condition at the discharge of
one of two off-gas dilution fans. The alarm automatically started the
alternate dilution fan. It was then noted the elevated release point
(ERP) recorder had indicated a gradual decrease in flow rate from
approximately 2800 CFM to 2200 CFM over a period of several hours.
There was no increase in flow rate after the alternate dilution fan was
started. The standby gas treatment (SBGT) system fans were started, but |
there was not indication of increase ERP flow, and the SBCT flow was
low.

- -
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|

1 Inspection of the off-gas building did not reveal the sources of the
i problem. However, it was noted the constant air monitor (CAM) was j

showing an increase in activity, and the building did not appear to be !
,

|
at its normal negative pressure.

I After inspecting the ERP and observing no indication of the problem,
personnel returned to the of f-gas building. Upon reentry, they noted an |,

unusual odor, and the constant air monitor was off scale high. The off- |4

gas building was immediately evacuated and an explosion in the building |,

occurred shortly thereafter. Reactor power was immediately reduced and,

then the reactor was shutdown.
1

; The 32-foot by 48-foot metal building was completely destroyed with the
i exception of some heavy metal framework. The dilution fan room ceiling
' and upper walls (constructed of reinforced concrete) were severely
i damaged.
I
j A partially melted ice plug was found at the bottom of the ERP several
j days after the explosion. It was postulated the ice plug had formed at j

j the top of the 325-foot elevated release point pipe and reduced the l

; discharge area from 153 sq. in. to approximately 12 sq. in. The ERP is
uninsulated pipe. The bottom 66 feet is constructed of 30-inch diameter
pipe with a divider. The pipe then is reduced to an 18-inch' diameter

i until the last 15 inches, where it is further reduced to a 14-inch
diameter at point of discharge. All pipe has a 3/8-inch wall thickness.

The ice plug and subsequent reduction in ERP pipe discharge area resulted
j in back pressure that created the off-gas dilution fan low flow condition.

The starting of the standby gas treatment system compounded the problem.

| by creating additional back pressure at the ERP.
! !

! The progression of ERP blockage and flow reduction was not easily dis- |
j cernible. The ERP flow monitor, a Pitot-Venturi type sensor device, did j
4 not indicate an unusual flow reduction. This instrument had not been
! reliable and after the explosion and complete ERP flow loss, the recorder
! still indicated a flow of 2000 cfm.

The hydrogen concentration apparently increased until an ignition source |
'

within the room caused the explosion. There were several electrical
devices including limit switches and solenoids that were not of explosion-
proof rating.

|
The event presented no adverse potential consequences from the stand- |.

'

| point of public health and safety. Although there was an unplanned and
unmonitored radioactive release with the explosion of the building,'

i there was no indication of abnormal conditions outside the site boundary.
1

! A new of f-gas building has been erected. The upper 10 feet of the
] elevated release point has been heat traced and insulated to preclude

the formation of another ice plug. Also, another 10-foot section of the
j ERP around the ERP flow monitor location and the sensor flange was heat
j traced and insulated to improve flow monitoring reliability.

{ The dilution fans were removed from the direct path of the process flow
' stream and now take suction from the building room air only. Piping in

the off-gas building that can potentially carry an explosive mixture is
,

,

i
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now designed to stand an explosion. The ERP flow pitot-venturi sensing
device has been modified to improve flow monitoring reliability.7

EXPLOSION IN STACK FILTER HOUSE

A hydrogen explosion occurred at Unit No. 2 of the Brunswick Steam
Electric Plant while at 85% power. On January 19, 1976, during an
attempted blowdown of the stack monitor sample line an increase in
radiation activity of the stack monitors was noted, although off-gas |

loop seals had been determined to be filled. Two people were dispatched
to the filter house and saw an alarm on the local area alarm monitor, ,

'and water was on the floor with a heavy mist overhead. They spent about
30 seconds in the building and, upon exit, discovered they were contaminated. 1

They were subsequently decontaminated.
1

About 2-1/2 hours later, the filter pit area was reentered, and the loop j
seals were refilled with water although it could not be determined if
the seals had blown their original water supply.

About 4 hours later, two off-gas annunicators alarmed. A security guard |
'

reported to the control room there had been an explosion in the filter
i.ouse and that the house was on fire. |

l

The fire was extinguished with no apparent structural damage to the ;
filter house. However, the hatch cover hinges were bent from the ;

explosion.

Investigation revealed that removal of a filter cell concrete plug
during subfreezing temperatures had permitted moisture buildup on the
high efficiency particulate filter (REPA). Additional moisture buildup
also occurred because the HEPA filter demister was i= properly positioned
and did not allow proper water removal from the process stream.

As a result of the moisture loading, the increased pressure differential
across the HEPA caused an increase in system backpressure that caused
water to be blown from an undetermined number of off-gas loop seals.
The blown seals allowed both airborne activity and hydrogen gas to the
filter house where the hydrogen gas was ignited, presumably by an arc
from a relay contact.

The operating group had no warning of the occurrence because excess
differential pressure across the filter was not annunciated.

|
|

The source and sequence leading to the off-gas explosion has been accu-
rately identified, and corrective measures have been implemented to
preclude occurrence of further off-gas explosions in a similar manner.e

CONTROL ROD DRIFT

During a control rod drive scram time periodic test at Unit 2 of the
Brunswick Steam Electric Plant on September 25, 1975, a control rod
scrammed from position 48. Following the rod scram, the operecor withdrew
the rod to position 06. When the control switches were rele". sed, the

rod continued to drift beyond position 06 to position 48. The rod was
inserted again to position 00 but five times drifted out so 48.

.._
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Suspecting a problem with the hydraulic control unit, the insert and
withdraw riser valves were closed after positioning the rod at 00.
However, the drive continued to drift to position 48. The valves were ;

reopened, and the drive was exercisad by notching in from position 48 to
46. After two to three notching exercises, the drive successfully
latched at position 46. The drive was then fully inserted and observed
to stay full in. Then, the drive was withdrawn to position 48 and left
there.

While the control rod was drifting, it was noted there was no control
rod drive hydraulic fluid flow and the withdraw and insert lights were
not lit. The time to drift from full in to full out was estimated to be
90-120 seconds. During subsequent operation of the control rod drive,
it was observed to double notch out and to insert sluggishly.

Based on the control rod performance, it was concluded that foreign
material had entered the collet piston area which prevented reseating of
the collet piston and closure of the collet fingers.

The sluggish insert motion was indicative of directional control valve
failure.

As a result of proper rod latching following the drift, it was concluded
the interference material at the collet piston had been eliminated
during the sequences of rod exercising. Demonstration of proper collet
finger operation under a scram condition was terminated after six
successful scram insertions. However, numerous double notches were
encountered during withdrawal, apparently caused by directional control
valve failure. Also, during testing, withdraw stall flow decreased from
an original value of 1.5 GPM to 0.2 GPM. The insert speed control

needle valve was adjusted and the drive water supply, under-piston water
to exhaust, and the over-piston water to exhaust filters were replaced;
the withdraw exhaust and settle valve was replaced. Four scram tests
were completed successfully; the control rod successfully notched from
00 to 48 with no indicated deviation from normal drive performance. .

Failure of a single control rod to position is not considered by the
licensee to lead to a compromise of reactor safety systems. The failure
of a control rod to insert under a scram condition is considered in the
plant safety analysis as a worst-case situation. The apparent failure
of the control rod was detected by performance of periodic tests which
are designed to provide such detection.9

LOSS OF POWER AND SUBFEQUENT REACTOR BLOWDOWN

on September 13, 1975, Unit 1 of the Pilgrim Station was being shut down
for replacement of a flange gasket on a pressure reducing valve when, at
17% power while switching the turbine generator of f-line, two 345-kV
power switchyard breakers malf unctioned. This resulted in loss of power
to the emergency busses, and to non-vital equipment including the reactor
feedwater pumps. However, offsite power was available to the Core Spray
Cooling System (CSCS); but it was not needed.

The malfunction of the breakers caused a reactor scram to occur; the
emergency diesel generators started and restored station power to the
safety related busses, as designed.

- _ - _ _ _ _ _ _ _ - _ _ - _ _ _ - - ____ - - . - -.
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Primary and secondary containment isolation occurred immediately following
the scram and a Reactor Core Injection Cooling (RCIC) system flow of 400

|_ gpm was established in the test mode. I

{ Approximately 10 minutes after primary containment isolation occurred,
! one relief valve opened automatically at its design pressure. Another

relief valve was opened manually to augment relief of the pressure
vessel, and coolant from the RCIC system was injected into the vessel at,

, the full flow rate.
|

: When the reactor pressure decreased to 800 psi, the manually operated i

relief valve was closed. However, the relief valve operating in the |
i

automatic mode failed to reseat with return to proper reactor pressure. i
,

Reactor vessel inventory continued to decrease and caused initiation of
the Core Standby Cooling System (CSCS) - High Pressure Coolant Inj ection4

3 (HPCI), Low Pressure Coolant Injection (LPCI), Residual Heat Removal
1 (RHR) system, and the Core Spray System - approximately 21 minutes after

the loss of station power.

| The CSCS system responded and main'tained coolant level until the relief
valve subsequently rescated at a pressure of 275 pai.'

$ The minimum reactor vessel level during the transient was the CSCS

| initiation level (greater than 60 inches above the top of the reactor

j fuel). During the reactor depressurization, the temperature of the
vessel exceeded the maximum cooldown rate of 100*F/hr. However, the<

; actual rate of cooldown was less severe than a previously analyzed
j transient at Pilgrim, and analysis of the vessel temperature transient

was not required.

; A preliminary inspection of the torus showed no abnormal conditions.
,

However, a more detailed inspection below the normal water level of the ji

torus showed the lower restraints of two discharge lines were each
missing their top structural member, an 8-inch channel section. The |

other two relief valve discharge line restraints showed indication of4

| movement at the point of contact between the pipe and the channel. One
discharge line had damage to the upper structural supports and to the

j 12-inch discharge pipe.
|

i
1 The relief valve that failed to reseat was disassembled and inspected.

Failure was attributed to pilot valve leakage; flow of steam had eroded
the pilot valve assembly, and erosion permitted an increase of pressure i
on the actuating side of the second stage piston and, thereby, reduced

,

the closing forces on the second stage piston.10-12
,

!
I
i

Point of Contact:

Theodore C. Cintula
Office of Management Information

and Program Control
' U.S. Nuclear Regulatory Commission

:

i
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ISOLATION CONDENSER TUBE FAIIERE
1

, With Unit No. 1 of the Millstone Nuclear Power Station operating at 100%
j power, the fire suppression deluge system on the main transformer in the

switchyard initiated without being required to do so. The water from i

this system apparently combined with salt residue on the transformer
insulator causing an electrical arc-over. The are was sensed by the
protective circuitry as an electrical fault, so the main generator ,

i breaker tripped open. This, in turn, caused the reactor protection I

eystem to initiate a trip trom 100% power. The disturbance on the i

electrical system at the site also resulted in a reactor trip of the
Unit 2 reactor from about 80% power. Unit 2 experienced no problems as
a result of the trip.

At Unit 1, an operator in the area of the isolation condenser noted that
an internal rumbling started about one minute after the trip; he presumed
the isolation condenser had gone into service. He also noted that *he.

smaller piping attached to the isolation condenser was vibrating. Other
personnel noted "puf fs" of steam coming from the vent of the isolation I
condenser. One operator noticed the lights on the isolation condenser |

'

condensate return valve momentarily lose the full closed indication;
there was no reason for the valve to open automatically because a
reactor pressure of 1085 psig was not sustained for 15 seconds. The
isolation condenser steam inlet valve is normally open, and opening of
the condensate return valve would have established flow of reactor steam
through the isolation condenser.

The isolation condenser is an ll-foot diameter shell with two U-tube
bundles, each with 121 stainless steel 1-inch 0.D. tubes. It is a high
pressure residual heat removal unit used as a backup to the main con-
denser, and is designed to reject all residual heat for a period of 5
minutes after a reactor trip. The unit functions by taking steam from
the reactor, condenses it on the tube side of the isolation condenser,
and returns the condensate to the reactor. With this heat exchanger,
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|
| residual heat removal and reactor cooldown can be accomplished without'

use of other heat sinks such as the main condenser or torus. The shell
| side of the condenser contains greater than 15,500 gallons of water

which absorbs residual heat by boiling at atmospheric pressure.
I Because of the momentary anomaly with the indication lights, an operator
j was sent to check the position of the isolation condenser condensate

return valve; it was found in the full closed position.
4

Eight minutes after the reactor trip, the main condenser was valved in
to act as the prime heat sink. Reports from the area indicated the

j amount of steam coming from the isolation condenser vent had now dropped
j off considerably.

Recovery from the reactor trip proceeded smoothly, with the only off-
normal condition being the continuing temperature change in the isolation
condenser. Although the temperature change was being monitored, it was'

presumed that the isolation condenser temperature was stabilizing since
the condensate return valve was known to be in the closed position.
However, as a precaution from the continued issuance of both steam and,

water from the isolation condenser vent, the area was secured to minimize
2 the potential from contamination. It was thought the first condensate

|return valve might be leaking, and the second in-line isolation condenser4

I condensate return valve was closed to eliminate the boiling in the
isolation condenser. About fifteen minutes later (65 minutes after the I

trip) an alarm was received from the isolation condenser vent radiation
monitor. The alarm, together with reports of steam and water still,

" coming out of the vent, caused the operator to shut the isolation con-
denser steam inlet valves; steam from the isolation condenser started to
decrease at this time. I.

|
After the incident, the isolation condenser shell side was entered and a |
visual inspection revealed that one of the stainless steel tubes had

1 failed; the hole in the tube was approximately one inch wide by two
inches long. No physical damage to adjacent tubes was noted.

A review of trip sequence and plant parameters revealed no reason for |

initiation of the isolation condenser or tube failure. Pressure in the
reactor never approached the isolation condenser initiation setpoint, and

; a review of isolation logic and relays showed no isolation signal had
been received. No thermal shocks had been nosed.

.

. Observations made by an operator in the immediate area of the isolation
j condenser at the time of the reactor trip, personnel reporting " puffs"

i

of steam from the isolation condenser vent, and a review of the vent |<

radiation monitor recorder indicated the tube failure occurred almost
immediately after the reactor trip.

The failed tube allowed reactor steam to enter the shell side of the
i isolation condenser for approximately 65 minutes. Actions taken during

this time were based on the initial evaluation that the isolation con-
! denser condensate return valve was leaking and that tube integrity had
i not been impaired.
.

j A preliminary examination of the f ailed tube indicated the cracking
j originated on the inside surface (primary waterside). The cracking

i
,

|

+

!

_
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j was transgranular and branching, characteristic of stress-corrosion
j cracking. Many secondary cracks, some penetrating up to 90% of wall
j thickness, were found in both the bent and straight sections (near the
{ support plate) of one tube. The fracture surfaces were covered with
j rust, and most cracks were filled with corrosion products. The crack

; appearance suggests these cracks did not occur during recent usage,
; but that they had been present in the tube for some time.
4

There were no evidence of chlorides either in the cracks or in adjacent
corrosion deposits. One slight indication of fluoride was found. The
cracks did contain significant amounts of silicon, calcium, and aluminum.

j None of these elements would be expected in the primary water. Their

] presence suggest CaSO during a past intrusion of the primary cooling
4

< system.

1

A microscopic examination of an intact tube failed to reveal any indica-
tions of stress-corrosion cracking on either tube surface along the

|, entire sample length.
:

j After plugging the failed tube, the shell side was filled with water and

} 1eak-inspected, no additional leaks were found.
3

{ The majority of inlet ferrules, all 121 ferrules on the north end and
J 107 ferrules on the south end, designed to minimize thermal stresses on

i the tube-to-tube sheet welds, were found to have collapsed. They were

j to be replaced. In the outlet, only a f ew collapsed ferrules were
i found.

The north side heat shield was found to have bent mounting studs and
some misalignment and the south side heat shield mounting studs were4

! broken and the shield had been pulled away from the tube sheet. Heat .

i shield deformation and bolt failure was attributed to thermal stress. !

! They will be repaired. The outlet pipe thermal shield on the south side
| was found have a cracked weld and will be repaired.

4 Because non-destructive eddy current examination of the tubes revealed
i numerous indications ranging from 10% to 90% of through-wall thick-

.
ness, it was decided to retube the isolation condenser with 0.065-

| inch wall thickness Inconel 600 material.

Instrumentation changes to prevent recurrence included continuous monitoring
: of the shell side temperature with an alarm, a prescribed action in

| event of alarm actuation, and adjusting the isolation condenser vent !

; monitor setpoint close to the steady state background.

| At the time of the incident, the potential for minor offsite contamina-
tion was recognized and technicians were dispatched to the offsite

,

monitoring station; no measurable offsite air activity or contamination4

i was detected. However, the tube break caused minor contamination of
approximately one acre inside the fenced area. The roadways and open

,

areas were scraped and the dirt contained for storage. By the next day,;

all areas were clean with the exception of the inaccessible condensate
storage tank moat. The rapid decay of the activity indicated the predom-*

inate isotopes were short lived.

; No measurable air activity or contamination was found offsite, most of
the released isotopes, were of short half life and no reportable radiation

,,. - - - - _ .
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| exposures occurred. The incident posed no hazard to the health and
safety of the public.I,2

| HPCI SYSTEM PROBLEMS
!
.

! Ouad-Cities 2,

i

k When testing the High Pressure Coolant Injection (HPCI) system because
j of failure of the Reactor Core Isolation Cooling (RCIC) system at Unit 2
j of the Quad-Cities Nuclear Power Station, it was discovered the HPCI
;

system was also inoperable. The auxiliary oil pu=p kept tripping and
.

the HPCI turbine would not start.
!

| Because both the HPCI and RCIC were not functional, an orderly shutdown of
] the reactor is required by the technical specification and was initiated

from 506 MWe.

3 Investigation revealed a flexible line inside the oil storage tank for
j the high pressure oil discharge had broken and caused the auxiliary lube
i oil pump to trip. The flexible line was enclosed in a wire mesh to
; increase its strength. The wire mesh was also broken.

| The broken oil line was replaced with the same type of line.
t

|

| The HPCI system is one of the four Emergency Core Cooling Systems that
; provide emergency cooling water to the core over a wide spectrum of line
! breaks. Because the low pressure systems were operable, and unit shut-
i down had been initiated after the RCIC system was found inoperable, the
] safety implications were minimal, involving principally the availability
j of redundant systems.3

,
Duane Arnold

1

i
i During a manual start of the HPCI system, operating personnel at the
1 Duane Arnold Energy Center noted a high pressure indication in the HPCI
! turbine exhaust line; they manually tripped the HPCI turbine. Operating

1 personnel had been closely monitoring the turbine exhaust pressure
3 because a rupture disc had blown during similar testing the previous
! day.
s

3 Subsequent investigation determined the disk of the HPCI Swing Check
j Valve had become separated from the hinge arm and was lying on the
! bottom of the check valve. The disk retaining nut and washer were

| missing. However, the missing nut and washer were later found in the
i torus.
i
'

The HPCI Stop Check Valve was disassembled in the search for the missing

! nut and washer. Although the nut and washer were not found in the stop
! check valve, it was observed that two tack welds between the valve disk
#

and the disk retaining nut were broken.
1
.

The disk apparently separated from the swing arm in the 16-inch HPCI1

! Swing Check Valve because, during manufacture, the retaining nut had not
; been welded to the disk stud in accordance with the design drawing by

Anchor Valve Company.

|

!

!

4
1
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The apparent cause of the broken tack welds between the valve disk and
the disk retaining nut in HPCI Stop Check Valve was a design deficiency.
The two tack welds apparently were insufficient to secure the nut and
disk under normal operating conditions. j

The detached disk in the HPCI Swing Check Valve could have prevented
performance of the HPCI subsystem; the disk could have lodged against
the discharge of the valve causing overpressurization of the KPCI tur-
bine exhaust line and a subsequent trip of the HPCI turbine.

;

i

If the valve disk in the HPCI Stop Check Valve would have become
separated from the valve stem as a result of the broken tack welds, the i

above analysis would also be applicable. The design function of the
HPCI Subsystem is only required when normal makeup water to the reactor
is not available. If operation of the HPCI system is required and the
system does not perform, the Automatic Depressurization System (ADS) in
conjunction with the Low Pressure Coolant Injection (LPCI) and the Core
Spray System are available for reactor cooldown. This event did not
present a hazard to the health and safety of the public.

It also should be noted that the detached disk in the HPCI Swing Check
Valve would have prevented the valve from acting as a boundary isolation
valve. However, in the as-found condition, the HPCI Stop Check Valve
would have performed the isolation function and would have isolated the
HPCl turbine exhaust line even if the HPCI Swing Check Valve did not.

Corrective action was to tack weld the retaining nut and disk stud in
the HPCI Swing Check Valve in two locations in accordance with an approved
design change. The valve disk and retaining nut in the HPCI Stop Check
Valve were tack welded in four locations in accordance with vendor
recommendations and an approved plant design change.

Similar Swing Check and Stop Check Valve installations in the RCIC were
inspected to ensure the disk retaining nuts were adequately secured.
The disk retaining nut in the RCIC Swing Check Valve was properly secured
with a pin. Two tack welds were added to provide additional assurance
the nut would remain secure. The RCIC Stop Check Valve disk retaining
out was found secured with two tack welds; two additional tack welds
were added."

INADVERTENT ISOLATION OF REACTOR INSTRUMENTATION

Quad Cities-1

Unit No. 1 of the Quad Cities Nuclear Power Station was at 512 MWe while
a routine surveillance test of the Reactor High Pressure scram switches
was in progress. When the instrument mechanic attempted to isolate one ,

of the switches prior to calibration, he discovered it was already
isolated.

The switch apparently had been left isolated after completion of the
previous month's testing, since no maintenance had been performed on the~

switch.

-. ._ - __ _ _ _ _ _ _ ._. . _ --
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The safety significance of this occurrence was minimal; redundant pressure
switches were operable. The surveillance test found the other three
switches to be operational and they would have tripped within prescribed
limits.

Seven days later, with the reactor at 541 MWe, a monthly surveillance
test of the Emergency Core Cooling System (ECCS) pressure switches was
made. One pressure switch was discovered to be isolated. Apparently,
the isolation valves for the pressure switches had been inadvertently

| left in the closed position since the last surveillance test.

A redundant pressure switch was operable; ECCS systems would have per-
formed their required function. The safety implications of both cases
of inadvertent isolation were minimal, and the public health and safety
were not affected.

An additional requirement was added to the surveillance procedures to
place wire security seals on safety related instrument stop valves.
This additional step should eliminate valving errors in the future.5,6

TROJAN

With the Trojan Nuclear Plant at 30% power, it was noted the steam flow
indications for one of the steam lines were constant while indications
for other loops were fluctuating. Investigation revealed both flow
transmitters for the steam line were isolated.

The recorder charts indicated the sensors had been isolated foc three
days. During that period, reactor power varied between 0 and 30 per-
cent. Apparently the steam flow indicators had not been returned to
service following maintenance, and the continued operation in this
period was a violation of the limiting conditions of operation.

Although automatic protection of the plant to steam line breaks was
reduced, adequate protection still remained. A steam line rupture
downstream of the main steam check valves would have actuated a high
steam line flow signal on the other three steam lines (logic is 2 of 4) ;

to produce a safety injection signal. It was concluded that there was !

j no danger to the health or safety of the public.

To prevent recurrence, the importance of returning safety-related
;

instrumentation to service as rapidly as possible was stressed. The j
operators were instructed in the importance of recording when a safety

'

] related instrument is removed from service a.nd placing the applicable
resctor protection channel in the " trip" condition.7,

'

PROBLEMS DURING FUEL MOVEMENT

Crystal River

While transferring the 55th new unirradiated fuel assembly from its
shipping container to the inspection location at the Crystal River i
Nuclear Plant, it fell approximately five feet to the floor. The wire
cable for the fuel handling tool had pulled out of its swaged fitting.

.
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The cable was certified to support 2,400 pounds; the fuel assembly
I weighed 1,550 pounds. ,

l'

i
' Some of the fuel pins were bowed, but none had ruptured. Some spacer |

grids were broken, the lower end fitting was bent, and some welds on the
1

fuel handling tool were cracked.'

; Af ter the fuel assembly drop, radiation and contamination surveys
J indicated there had been no release of radioactive material. Therefore,
] the drop did not cause exposure to employees or present a hazard to the

public. All fuel handling slings were to be evaluated and consideration'

! given to eliminating the use of swaged connections. Until this evalua-
| tion is completed, a different type of fuel handling tool that does not
j require the use of slings was to be employed.8
'

1Surry-1
)

i Unit No.1 of the Surry Power Station was in a refueling shutcown
I following fuel movement and replacement of the upper internals package.
| The manipulator crane was being moved in preparation for latching the i

full length control rods. During movement, the manipulator outer mast
i was inadvertently driven into the upper internals package and damaged
j the drive shaf t at core location F-8. The drive shaft was not latched

'

j to its control rod at the time of impact.

| The impact caused a bend in the drive shaft and a minor displacement in
,

9 straight edge measurement of the upper guide tube.
1

It was concluded that the drive line was acceptable for reuse. Controlled
tests indicated that guide tube misalignment would not have significant
effect on drive line operation. Westinghouse Electric Corporation
reviewed the occurrence and agreed that the continued use of the component '

would not significantly affect operation of the system.
I

As final assurance of adequacy of the drive line, an extensive rod dropt
' test program was to be conducted on this rod prior to reactor startup.
j In addition, the drive line was to be inspected during the next refueling
1 outage to determine if abnormal wear was occurring.
'

| This occurrence did not affect the health and safety of the public.9
!

! '

! CONTROL ROD PROBLEMS
.

j Palisades
|

) With the Palisades Plant at 80% power, a control rod dropped into the
'

core. A turbine runback further reduced plant power to 70%, and admin-
istratively plant power was further reduced to 50%. An attempt te

i retrieve the dropped rod failed. I

The apparent cause of the control rod drop was a shorted clutch coil.
When the clutch coil is energized, the upper and lower clutch jaws are
held together and maintain rod position at the set location. When the
clutch is deenergized, the lower portion of the jaw separates from the
upper, and the control rod falls by gravity to a more safe position.
The shorted clutch coil did not allow the rod to be retrieved.

._ _ _________ __ .-- _ . _ .__ _ _ - --_ --
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Plant operation can continue with one inoperable control rod. However,
, it was decided to shut the plant down because of problems of high seal
| leakoff temperature in another control rod drive mechanism.
l

: Core flux tilts were calculated to be within the limits of the technical
| specifications. The shorted clutch coil was replaced. There was no

hazard to the health and safety of the public.10
t

j Robinson-2
i
j The H. B. Robinson Steam Electric Plant, Unit 2, had reduced power to

perform weekly surveillance tests. These tests were completed success-
' fully and a power level increase had commenced. The Rod Exercise Test

was in progress. These tests check operability of the full length;

control rods by inserting and withdrawing them 19 steps and observing
the rod position indication response.

,

While withdrawing shutdown Bank "A," an alarm was received on the con-
trol panel. This alarm prevented step movement of the entire bank.

'
of twelve control rods. A decision was made to proceed with a normal
reactor shutdown as f ar as practicable.

,

j With the reactor at approximately 9% power, a turbine trip occurred from
j a high water level in a steam generator. Shortly, the reactor was
j manually tripped; all rods inserted satisfactorily.
!
2

{ The alarm resulted from a defective fuse in the AC power supply to a rod
! control cabinet. The fuse was improperly assembled during manufacture,

causing intermittent continuity. When discovered, the fuse link had not
burned apart, but was not making solid contact with one end of the fuse
housing. This disabled one of the three phases from the AC power source

i to the power cabinet. When rod movement was attempted, the phase
i monitoring card in the cabinet sensed the loss of the AC phase and
j initiated the alarm.

i
; A replacement fuse was installed. It was believed that this was an
| isolated case of failure. Other fuses were not inspected because of
! possible link damage from twisting.
:

I The reactor control rods and shutdown rods were all capable of tripping
throughout the duration of the occurrence, and all reactor trips were j

i operable to provide the fullest protection possible. At no time was
q reactor shutdown capability reduced by the presence of the inoperable

!
| rods. This occurrence did not create or threaten to create any hazard

I3 to the plant or the public.ll l

l

TAPED REACTOR SPRAY BUILDING N0ZZLES 'i

,
I

4 It was reported that several of the reactor building spray system
i nozzlee at the Rancho Seco Nuclear Generating Station had, at

;

some I

i earlier date, been covered with tape which had not been removed.
1!- Investigation revealed that four of the nozzles had their spray openings |'

covered by tape, and 12 other nozzles had tape on them which did not
block the spray opening and did not affect their performance. Dis- |

i

| cussion with maintenance personnel led to the conclusion that tape was
; placed over the nozzles to protect them during painting activity. At j
.

d

I
|
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completion of the work, which was done while the plant was still under
construction in mid-1974, the outside contractors doing the painting
f ailed to remove the tape.

The four inoperative nozzles represented only 2% of the 199 nozzles of
the reactor spray system. Several periodic surveillance tests have been
performed on both spray systems and the systems passed all requirements
of the tests. Therefore, it was concluded that the health and safety of
the public was not endangered by the taped nozzles.12 ,

OCCUPATIONAL EXPOSURES

Indian Point ,

!

Unit Number 2 of the Indian Point Station was in cold shutdown condition, :

having been shut down five days earlier for a refueling outage. An
individual had been assigned to determine the lighting requirements in !

the general sump area beneath the reactor vessel.in preparation for in-
sta11ation of a pump.

Camma field measurements made several hours after shutdown and on the
following day showed general radiation levels in the sump area ranging
from 30-150 mR/hr. However, between the time of the last field survey '

and the time the individual entered the area, thimbles which housed

the fixed and movable in-core detectors had been withdrawn from the
reactor vessel. Withdrawal of the thimbles is required for the refuel-
ing procedure and is mechanically performed at an area far removed from
the reactor vessel sump level. Unaware that the radiation field had
increased considerably as a result of thimble withdrawal, the individual
proceeded to the sump level. Upon reaching the sump level he checked his
self reading pocket dosimeters (0-200 and 0-500 mrem), found them of f-
scale and immediately exited the area. Immediate processing of the film

,

badge indicated the individual had received a whole body radiation dose of
10.06 rem for the quarterly period of April 1 through June 30, 1976.

It was subsequently determined that the maximum radiation field to which
this individual was exposed was approximately 600 R/hr. Based on ,

retracing the individual's steps in the identical Unit No. 3 (not yet
critical), it was estimated that he spent approximately 100 seconds in

the area.

The immediate corrective action to prevent recurrence included locking
of the access hatch, conspicuously posting a warning sign at the entrance,
partial reinsertion of the thimbles into the reactor vessel, thereby
lowering the radiation levels from 600 R/hr to 50 R/hr, and placing a
gamma monitor in the area to alert individuals to any increase in radia-
tion fields above the postulated levels.

In view of the unusually high radiation level that can exist in this I

area, a long-range investigation was initiated to determine other
corrective actions for controlling personnel access which could be used
in addition to controls already implemented.

A design review of Units Noo. 2 and 3 did not find any similar situations
where an operation at one location could significantly affect radiation
levels at a different location. Because an unusually high radiation level ,

i
:

- -- - - -- -- ~. - . . ._, -- ,, |



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

73

can exist in this area and not be immediately apparent, the utility contacted
all similar operating units in the U.S. and the vendor to advise them of
this incident to prevent recurrence at another site.

10 CFR Part 20 requires that an individual's total accumulated exposure
be limited so as not to exceed 5(N-18) where N is age of employee in
years. Within this limit the allowable exposure in any one year is 12
rem. For this employee, who was 32, the total permissible accumulated
dose was 70 rem, his actual accumulated dose had been 16.98 rem, including
the dose received in this incident. To assure that the employee's
annual allowable exposure elid not exceed the 12 rem limit, he was not to
be assigned to further work involving potential radiation exposure for
the balance of the year.13

Zion-1

Unit Number 1 of the Zion Generating Station was in its first refueling
operation. When the refueling cavity was partially flooded, excessive
leakage was noted from the refueling cavity into the reactor cavity. In
an attempt to discover the leakage pathway, an inspector entered the reactor
cavity and, after remaining for 1 to 1-1/2 minutes, noted he had accumulated
an exposure of 200 to 250 mren. He wished to inspect the platform area
of the annulus between the reactor vessel and the concrete shield wall,
and decided he could make a rapid inspection and maintain his accumulated
exposure under a 500 mrem lim.lt.

He proceeded to this area, but during inspection noted the meter was
pegged full scale; he immediately lef t the reactor cavity. The total
elapsed time on the platform was estimated to be 1 to 1-1/2 minutes.
His film badge was sent for immediate processing; his exposure was
estimated at 8.05 rems.

The exact level of radiation throughout the area was not known because
the 58 incere detector thimbles were withdrawn from the reactor vessel
into their guide tubes as required for refueling operation. A subsequent
survey indicated a range of at least 200 R/hr in the platform area.

This was the only exposure for tha individual during the quarter.

This entry was in direct violation of approved Zion Radiation Protection
Procedure. To prevent recurrence, the importance of following approved
station procedures was stressed to all station personnel. To preciude
ready access to the reactor cavity area during periods of cold shutdown,
administrative controls were established to have all accessess to the
cavity padlocked. These padlocks were to be removed prior to proceeding
to criticalitverification.{" These administrat.tve controls were to include Management

.

HUMBOLDT BAY In preparation for cleanup line repairs at the Humboldt Bay
Power Plant, a foreman and worker made four trips to the lower drywell *

area for removal of flux wire guide tubes and the installation of copper
" freeze seal" cooling coils. The radiation fields in the lower drywell
area ranged from 200 mR/hr to 10 R/hr.

Af ter the foreman's second trip into the lcwer drywell area, his highest
range pocket dosimeter (range 0-IR) was beyond full scale (above IR with
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the hairline still visible). The other individual who was performing
essentially the same work and in essentially the same location, had a
total indication of 1000 mrem at this time. From this measurement, a j

preliminary calculation indicated the highest dose the foreman could I

have received was 1200 mrem. It was decided that it would be proper for I

the f oreman to continue the j ob. Both individuals made two additional )
'trips te the lower drywell to complete the job, and each time their

dosimeters pencils indicated they had received the same doses within 50
mrem.

The next day the foreman was issued a new film badge and worked in a
radiation area until his total estimated dose for the two days was 2550
mrem. When the film badge results were received, it was learned that
the foreman's first badge read 3500 mrem and his second film badge was
95 mrem. The individual who had worked with the foreman in the lower
drywell had a badge reading of 2300 mrem.

The most probable cause of the overexposure was the assumption that two |

men working side by side receive approximately the same exposure and, |

based on thdt assumption, permitting the individual to return to work
af ter his pocket dosimeter had exceeded full scale and before his film
badge result was known. A contributing factor was that the foreman was
not wearing a higher range dosimeter pencil for a backup dose estimate.

To prevent recurrence, a procedure was to be initiated in which the proper
actions to be taken when a pencil dosimeter goes beyond full scale would
be defined, and a list of pocket dosimeter ranges to be used while
working in various radiation levels would be provided. The new pro-
cedure was to be reviewed with all plant radiation protection personnel
and issued in the plant manual following review.

Point of Contact:

Theodore C. Cintula
Office of Management Information

and Program Control
U.S. Nuclear Regulatory Commission
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EMERGENCY DIESEL GENERATOR PROBLEMS

SURRY-1

A routine start of the emergency diesel generators from the control room of Unit
1 of the Surry Power Station damaged the number 1 diesel generator. The EDM-GM
Turbo Vee 20, 3810 Ehp engine had a crack in 1/17 cylinder head which extended
between two exhaust valve seats and into the water jacket. The cylinder vall
was ruptured, the piston broken and the connecting rod bent. The cylinder head
is an area of high heat stress and this was the most probable cause of the
crack. The crack permitted water f rom the water jacket to drip into the cylin-
der. The engine had not been operated for twelve days, and this time frame
allowed suf ficient water to accumulate in the cylinder to form a hydraulic lock.
As the piston started the compression stroke during starting, the noncompressa-
bility of the water caused the bend in the piston connecting rod and ruptured
the cylinder wall. The broken piston resulted from the bent connecting rod
allowing the piston to bottom out and striking the cylinder wall on the return
stroke. The other cylinders were inspected and no damage or indications of
water were found.

The engine was repaired by replacing all damaged parts. The starting procedure
was modified to insure the diesel would be rolled with the cylinder test cocks
open to check for flooded cylinders prior to manual start.

I

About three weeks later, in preparation to start the number 1 emergency diesel
generator, water was observed dripping from the air box drain. Investigation
revealed water had entered the air box from #1 cylinder via the cylinder inlet
ports.

The crack in #1 cylinder head extended from an exhaust valve seat approximately
three-fourths of the distance to the injector well and through to the water
jacket. The crack permitted water from the water jacket to drip into the cylin- i
der. The piston was near the bottom of the stroke which uncovered the air inlet
ports and allowed water t e enter the air box and exit the engine via the air box
drains.i

|

|
,
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! The cylinder head was replaced. Because inspection after the last incident
'

failed to detect the cracked head, a more strinrent inspection was conducted to
ensure no other cylinder heads of this engine were defective.

About six weeks later, during preparation to test the starting of number 1
,

emergency diesel generator, water was detected in #7 cylinder. The crack extended
between the two exhaust valve seats and through the water jacket. Inspection
of the engine prior to starting permitted the detection of water in the cylinder
and prevented further damage to the engine,i

i

This was the sixth cylinder head on this engine to be found with a crack in a j

three month time period. The location of #7 head on the engine does tend to I

eliminate the presumed causes of either cylinder heat imbalance or heat stress
as a result of an engine overheat.

It now appears that all failures were the result of a previous engine overheat
condition that may have heat stressed the cylinder heads to a point where pre-
mature metal fatigue from vibration is causing the cracks to appear between the

; exhaust valve seats. This is an area of high heat and vibrational stress.

| To ensure reliability of this engine, weekly testing of the engine will continue. j
New cylinder heads have been ordered and total replacement should peeclude I

additional failures. !

I
; In each instance, the backup emergency diesel generater was demonstrated to be

operable. In addition, the manufacturer's representative indicated that the
number 1 diesel engine would have operated and performed its intended function
had it been necessary, so no hazard to the saf ety or health of the general
public existed.1-"#

:

D RESDEN-2

On March 17, 1975, the Diesel Generator failed to start at Unit 2 of the Dresden4

Nuclear Power Station and the diesel was taken out of service. During subsequent
testing, the diesel again f ailed to start and the air start motors were replaced
and sent to the manufacturer (Ingersoll-Rand) for examination. No defect could

ibe found.
|
|

On April 15, the diesel generator was being returned to service af ter repairs
when the pinion gears and ring gear jammed. No cause for the failure could
be pinpointed.-

The diesel generator failed to start again on June 4 after successfully starting
for a monthly inspection. The diesel generator was then started successfully a
number of times in an attempt to isolate the cause of failure. The diesel
generator had started 12 times without incident when, on June 12, it failed to
start twice in four attempts. The same day, with a factory representative

( present, the diesel started six consecutive times.

On November 14, vendor representatives were summoned to the plant to exhaustively
investigate the air start system. The ring gear was examined in detail and
found to have two small, slightly ~ gouged and burred areas. A series of 22 tests
were performed, consisting of rotating the ring gear manually and engaging the
pinion gears from the control switch with the main air valved out, simulating an
actual s tart. At the two gouged and burred areas, the pinion gears failed to
engage three out of six times, while at all other points on the ring gear the
tests were satisf actory.

_ - -
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:

} The ring gear was dressed in these areas with a hone and file. No diesel genera-
,

! tor starting failures have occurred since the burrs were removed from the ring
gear.5

i

i CRACKS IN REACTOR PIPING

DRESDEN-2
1

i An inservice inspection at Unit No. 2 of the Dresden Nuclear Power Station
! revealed an unacceptable ultrasonic indication in the isolation' condenser
j safe-end. Removal of the 14-inch diameter saf e-end and subsequent dye-penetrant

i examination of the inside pipe surface confirmed the existence of the cracks.
I 1

'

i The cracked safe-end was sent to Battelle Columbus Laboratories for metallo-
| graphic analysis. This analysis revealed one circumferential crack at the 7:00
.

position and four axially-oriented cracks at the 1:00, 4:00, 4:45 and 5:00 |

| positions . The depth of the circumferential crack was 0.261 inches, while the
axial cracks ranged in depth from 0.255 to 0.500 inches. The circumferential;

; crack was located approximately 3/8-inch from the safe-end-to-pipe weld and was
j 0.60 inches long at the I.D. surface. The axial cracks ranged from 0.23 to 0.43 ,

'

} inches in length and extended to within 1/16-inch of the safe-end-to-pipe weld.

The metallographic examination revealed similar features in both the axial and I

; circumferential cracks. They initiated at the I.D. surface and propagated
|

; intergranularly in the heavily sensitized microstructure. The fractured sur- 1

i faces showed no indication of chlorides, fluorides, sulfides, or other possible
'

corrosives. There were moderate residual stresses from welding and possibly
. from inner surface grinding (up to 5 mils of cold working were observed). The
| mechanism for cracking was intergranular stress corrosion and has previously
| occurred at Unit 2 in the High Pressure Coolant Injection (HPCI) safe end, the

;
? 10-inch core spray piping, and the 4-inch recirculation bypass piping. 1

d I

i
1

The unclad cracked isolation condenser safe-end was type 316 stainless steel. i,

! It was approximately 5-inches long, with a 14-inch 0.D. at the piping end (0.56-

i inch wall thickness) and a 16-inch 0.D. at the nozzle end (1.08-inch wall '

j thickness). The safe-end was furnace-sensitized during the post-weld stress
relief treatment of the pressure vessel.

; The safe-end is to be replaced with a forging of type 316L stainless steel. The
i indications were not through wall and in no way affected system operation. I
j There was no effect to the health and safety of the public. |
t
*

Also, a final report was received on the metallographic examination on the 10-
1 inch diameter stainless steel core spray piping weldments at Unit 2. The cracks

were discovered in January 1975 and four of the eight welds were examined in.

detail by Argonne National Laboratory,4

l

| Their report concludes that the cracks were generally circumferential and were

! located in the heat-affected zone near the welds. None of the cracks propogated
j through the welds, but were limited to a penetration of about 0.2 inches. The
3 mode of failure was strictly intergranular stress corrosion that initiated at
! the inside pipe diameter surface and propagated toward the outside diameter.
}

3 The corrective action taken to prevent recurrence was to replace the stainless
j steel portion of the core spray piping from the vessel nozzle to the second

isolation valve with carbon steel pipe. The reactor vessel core spray safe-ends,

i
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were replaced with tge 316L stainless steel with an inside diameter clad of |308L weld material.6 j

QUAD-CITIES-1

A dye penetrant examination of the feedwater spargers at Unit 1 of the Quad-
Cities Nuclear Power Station revealed one indication of cracking in each of two '

spargers. The test was being performed, after a negative visual inspection,
upon request of the General Electric Company, which was concerned over the.

occurrence of cracking in several feedwater spargers of similar design.-

The sparger crack indications were a 1.5-inch linear indication on the 60'
sparger and a 2-inch linear indication on the 150' sparger. Both indica tions
were through the junction box-to-thermal sleeve weld.

Af ter removal of the spargers, a dye penetrant examination of the inner bend

radius revealed numerous linear indications on all four nozzles. The indica-
tions averaged two inches in length; the longest indication was five inches.

Maximum indication depth was 5/32 inch into the base metal. The majority of the
indications were segregated on the upper half of the nozzles. The cause of
sparger cracking was attributed to f atigue caused by flow induced vibration, and
compounded by stresses induced by inherent thermal gradients between the feed-
water piping and reactor vessel internals. Leakage between the sparger and the
feedwater nozzle contributed significantly to vibration of the sparger assembly |

and also imposed thermal stresses on the nozzle.

!

New feedwater spargers designed and manufactured by General Electric Company
have been installed. These spargers have an interference fit to eliminate

leakage and thus reduce vibration and thermal induced stress cycling.

The safety implications of the event were minimal because the reactor was shut-
down for refueling and although minor cracking was present, the feedwater
spargers and nozzles were still capable of performing their designed functions.
There was no effect on safe plant operation nor on the health and safety of the
public as a result of this occurrence.8

SMALL FIRE DURING CONSTRUCTION

During modification of an existing grating in the drywell at Unit No. 1 of the
Browns Ferry Nuclear Plant, weld slag fell onto a 16-inch I-beam installed on a.

45-degree angle. The slag ran down the beam anc' *;nited four lengths of breath-
ing air hose in a plastic wrapper and an electri extension cord at an elevation
17 feet below the welders. Ignition occurred after the craftsmen installing the

; grating had lef t the area.
1

The roving fire watch was notified of smoke coming from the reactor building in'

i the vicinity of the TIP (Traversing Incore Probe) room. The fire watch was
I unable to find the source of smoke and called the control room to request operator

assistance. Three operators arrived almost immediately and determined the smoke
was coming from within the drywell. The fire alarm was sounded and the fire was
promptly extinguished following the arrival of the fire brigade. It was extin-

,

I guished by using dry chemicals and demineralized water. There was no damage or
detriment to any system operating ability as a result of this event. This event |

will not cause delay in returning the Browns Ferry Units to service.

_ _ _ _ _ _ _
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| To prevent recurrence, the concurrence of a senior licensed operator or a certified
. Quality Control Inspector will be required when the foreman determines that a
! fire watch is not required at the welding site.9
i

| ERROR IN FILING OF PLANT DRAWINGS
I

i With the Cooper Nuclear Station at 81% power, one of the reactor recirculation
| pumps tripped. This was the first trip of this type at Cooper and a check of
f the control circuit indicated no malfunction, so e cause for the trip could not

f be determined. About two weeks later, a second reactor recirculation pump trip
! occurred. This time, the licensee found that a ventilation temperature switch
I was tripping from vibration induced by a motor generator drive motor. The trip i

; of the ventilation temperature switch caused the reactor recirculation pumps to
j trip. The temperature switch was disconnected and was to be replaced by an
j improved type of switch,

i During an unannounced inspection, the NRC inspector had planned to review the
i recent pump failures and asked one of the plant engineers to review the trip
: circuit diagram logic for the pumps with him. When the engineer began to ex-
| plain the circuit, he noted what he though was an error in the print. The
: drawing (Revision 11) showed the pump could be tripped by the temperature switch
; and a lube oil pressure switch. The engineer believed there should also be
j another contact in the circuit to also provide a pump trip.
!

j An identical drawing (Revision 10) in the engineering stick file did show another
i

i contact in the trip circuit. Examination of the pump trip circuit showed the !

; circuit to be actually wired in conformance with Revision 10 of the drawing.
The engineer and the inspector then attempted to determine the origin of changes

| in Revision 11 of the drawing. They found the above change and 14 additional
! changes on separate drawings had been transmitted to the licensee by the Archi-
| tectual Engineer (Burns and Roe, Inc.). The transmittal letter noted the
i drawings were " approved for construction."
!
| The licensee's Document Control Department apparently processed these drawings
i as an "as-built" revision and placed them into the drawing system. Revision 11
i drawings had been intended to illustrate plant changes required for a modifica-
| tion planned for the forthcoming refueling outage. These drawings should have

.

been clearly identified for " construction only" and should not have been placed j
;
'

in the drawing system. '

i
; The remaining 14 drawings that accompanied the transmittal letter will be re-
; viewed to determine if these drawings were also modified erroneously. The

licensee will determlne if other drawing transmittals were made which resulted ,'

'

in drawing changes that were made in error.M
!

i !
! INADVERTENT CONTAMINATIONS

: FITZPATRICK

While moving the lawn on the east side of the Administration Building of the
James A. FitzPatrick Nuclear Power Plant, the janitor discovered an area of
ground that was especially soft, and vapors could be seen rising from the
ground. A radiation survey indicated readings above the background level.
A backhoe was immediately brought to the area and the area was roped off. A
small hole was dug and a sample of water and mud were taken for analysis.

- _ _ _. _. _ . _ . . - __.
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The source of leakage was a flange in a bondstrand pipe thac carries water from
the Was te Sample Tanks in Rad Waste to the Condensate Storage fanks that are
located outside of the Administrative Building. A sump pump was located in the
area to keep the hole free of water so that repair of the pipe could be made.

The leak was repaired by replacing the section of bondstrand with type 304
stainless steel pipe. As a final solution, the entire length of bondstrand will
be replaced with stainless as soon as practicable. The Architect / Engineer
(Stone & Webster Engineering Corp.) has been requested to investigate all under-
ground piping that does or could be used to transport radioactive water.

An estimated 1000 cubic yards of dirt will have to be shipped of fsite for
burial.

It was estimated that the total activity released from the time of discovery
until the leak was stoppec was 418 mC1. It is highly unlikely that there was a
significant release prior to excavation because there were no peripheral drains
to transport the water directly to the sewer. Surveys of the lawn indicated no
activity above normal background ten feet away from the leak at the time of
dis cove ry . l l

CONNECTICUT YANKEE

When the Haddam Neck Plant of the Connecticut Yankee Atomic Power Company was
shutdown for refueling operations, a small through wall leak was discovered in
the sump area into the safety injection cubicle. Nine days later, a second wall
leak was noted coming into the lowest level of the radwaste building.

Af ter an extensive unsuccessful search to locate the source of leakage, it was
decided to investigate the waste liquid steam generator blowdown discharge
piping where it joins the service water ef fluent line. This required core
drilling through the 12-inch reinforced concrete floor. The source of leakage
was then identified as a fillet weld on the 24-inch service line that had eroded
and was allowing leakage to the area below the drumming room floor.

The waste discharge pipe directs steam generator blowdown and intermittent
radioactive waste liquid effluent into the service water discharge which even-
tually flows into the discharge canal.

With the change in steam generator chemistry control from phosphate to all
volatile treatment, an increase in steam generator blowdown was required. It is

believed that this continuous blowdown of increased volume caused a rapid
deterioration of the piping material where the hot blowdown water contacted the
relatively cold service water effluent.

A repair consisting of a saddle and sleeve was welded over the defective areas.
The plant engineering group will evaluate a design that includes a heat ex-
changer to cool the steam generator blowdown to prevent thermal shock and a
change in piping configuration which will place the piping connection above
ground where it will be visible.

I There was a release of radioactive tritium. Through underground seepage, the
tritium found its way to the lowest point in the area, the containment external
sump, and f rom there to the discharia canal. Samples of the mud and water in
the area of the leak showed the concentration of all radionuclides within the !

limits of 10 CFR 20, Appendix B, Table 1, column 2.12

. _ . ,_ -_. - _ __ _ _ _ _ . . _ - .
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J EXPOSURES
i

i ZION 1
4

i
| Two contractor personnel were working cogether reinstalling insulation at the
j piping elbow of a Resistance Temperature Detector (RTD) line of Unit No. 1 of
i the Zion Generating Station. They each were wearing film badges and indirect

reading 0-200 mR pocket dosimeters. They were under the occasional surveillance
j of a contract radiation protection technican, who was timekeeping to estimate
j accumulated worker dose. At the end of their shif t, both worker's dosimeters

were found discharged. The timekeepers estimate of dose recieved was approximately '
<

270 mrems and 320 mrems, respectively,
f
4

j one film badge was sent for processing as a routine check of timekeeping .

; accuracy. An exposure of 3,460 mrem was indicated on the film. Subsequently, !

the second worker's badge was sent for processing; the film read 3,390 mrem. 13

'This brought their respective current calendar quarter whole body doses to 3,870
j mrems and 4,310 mrems.
i

j A subsequent survey indicated a high radiation level existed only in a localized
} area near the piping elbow. An adequate survey prior to issuance of a work
j permit ar.d recognition of the potential hazard by requiring 4a high range self-
|

reading dosimeter may have prevented the overexposures. '} I

Point of Contact:

! Theodore C. Cintula
j Office of Management Info rmation
i and Program Control ,

U.S. Nuclear Regulatory Commission;

3
i

}
'

I i

i
j !

4

j REFERENCES

|
! 1. LER 76-04, Docket No. 50-280, May 12,1976.
!

| 2. LER 76-06, Docket No. 50-280, May 27,1976. j

i
'

3. LER 76-10, Docket No. 50-280, August 2, 1976.
|
a

4. IE inspection Report Nos. 50-280/76-6 and 50-281/76-6, June 11, 1976.
!

5. LER No. 75-39A, Docket No. 50-237, April 13, 1976.

' 6. LER 76-21, Docket Number 50-237, July 14, 1976.
i

! 7. LER 75-llA, Supplemental Report, Docket Number 50-237, June 29,1976.

8. LER Number 76-6, Docket Number 50-254, February 18, 1976.

9. LER Number 76-5, Docket Number 50-259, May 20,1976.
;

10. IE Inspection Report 50-298/76-04, May 12,19 76.
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LOW VOLTAGE ON SAFETY-RELATED EQUIPMENT

On July 5, when decreasing load for repair of a leaking feedwater
regulating valve at Unit No. 2 of the Millstone Nuclear Power Station, a

!reacter trip occurred from a steam generator transient. The in-plant
electrical loads had been transferred to the reserve station service
transformer prior to the trip in preparation of a normal shutdown so
plant systems would receive power from the preferred source - the grid
transmission network. At the time of the trip, both Units 1 and 2 were
in operation with Unit 1 carrying 680 MW and Unit 2 at approximately 100
MW. The pre-trip voltage of the 345 KV grid was approximately 352 KV
(the normal operating voltage on the 345 KV system is 359-361 KV). The
very light load condition of the grid was the ef fect of the end of a
holiday weekend and the entire state of Connecticut was being supplian
by the two Millstone units and one small conventional plant.

As a result of the trip, the 345 KV grid dropped to 335 KV, and remained ,

at this voltage for over an hour. The capacity of the remaining two |
'

plants could not maintain a proper grid voltage level. The central load
dispatcher was aware Unit 2 was going off line but apparently was not
monitoring the grid condition or aware of the required additional
generating capacity needed to custain the grid at an acceptable working
voltage. |

At Unit 2, in accordance with normal post-trip procedures, personnel
started various auxiliary equipment associated with the plant shutdown; i
however, certain non-safety 480 V equipment did not start. This equip- i

ment included the "A" charging pump, three of six turbine generator i

bearing oil lift pumps, the "A" steam generator feed pump auxiliary oil I

pump and the main turbine turning gear motor and the AC motor oil suction
pump. Investigation revealed each of the motor controllers on the
motors that failed to start had a blown control power fuse.

The control power fuses were replaced and the equipment was started as
desired.

The reserve service transformer had tap settings for normal 345-4.16 KV
and 4160-480 volt transformation ratios. The degradation in grid voltage
resulted in a ratioed degradation on all transformer buses.
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Apparently, the low control voJtage was insufficient to actuate the main
line contactors and as a result, the control power fuses were blown.
The contactors require approximately 807, of rated voltage to operate,
and the problem may have been compounded by inherent cable voltage drops
to individual contactors.

The licensee concluded that under similar low voltage conditions, the
operability of 480V Engineered Safety Feature Actuation Systems (ESFAS)
equipment might not be assured and measurements were taken to determine
a minimum voltage above which the 480 V safety related equipment would
start. Testing of two motors selected as worst case situations found
satisfactory performance at all bus voltages above 410 V. The pre-
ventive action was to raise the setpoint of the ESFAS " loss of power"
undervoltage relays to assure that the plant would be separated from
the grid and emergency power system operation would be initiated before
control voltage fell below that required for contactor operation.

However, sixteen days later, with the plant at 100% power, a 1500 HP
circulating water pump was started. The voltage drop from the pump
motor inrush current apparently drew the ESFAS bus below the new
elevated undervoltage trip point and caused the engineered safeguards
actuation system (ESAS) to sense a loss of normal power (LNP) condition.

A LNP should cause the emergency buses to deenergize, a load shed signal
to strip the buses, the diesel generators to start and come to speed at
no load conditions and the required safety related loads to sequentially
pull in on buses that are now being powered by the diesel generators.
A reactor trip occurred as designed due to the load shed deenergization
feature of the emergency buses.

However, actuation of the undervoltage sensor now initiated a function
to prohibit offsite power from being available to the safety related
4160 volt buses (an assumed undervoltage grid situation). Both emergency
diesels started and when they attained their rated speed and voltage,
they were connected to their safety related buses.

The only significant loads to be sequenced onto the diesels were the
service water and reactor building closed cooling water (RBCCW) pumps.
However, inrush current caused the bus voltage to drop below the new
undervoltage trip point settings for each ESAS load; these loads were
then tripped off from the bus. Thus, on completion of load sequence,
the emergency buses were energized, but the service water and reactor
building closed cooling water pumps were not operating because of the
additional load shed signals.

On recognizing the situation, the undervoltage bistables were then
immediately reset to their previous setting of 2912 V and the reserve
station service transformer was connected to the emergency buses. The
service water and R3CCW pumps were restarted successfully. The total
time the emergency buses were incapable of accepting emergency loads was

[ approximately five minutes.

Other plant systems responded properly, and at all times the plant was
maintained in a satisf actory hot shutdown status.

As a result of the plant trip, a seal which had been degrading on the
reactor coolant pump failed.

-. . _ _ _ _ .
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The purpose of the load shed feature was to ensure the diesels can
quickly come to speed and energize the buses without sustaining an
overload condition, It is only necessary upon initial transfer of the
bus loads to the diesel generator. Subsequent operation of the load
shedding feature could be detrimental to supplying power to the safety
related equipment since it can cause inadvertent shedding of these loads
on momentary voltage transients.

A subsequent investigation to verify the calibration of the ESAS under-
voltage relays determined there was a design error in the test circuit.
This error led to an actual undervoltage (UV) calibration setpoint of
approximately 5% higher than anticipated (approximately 4000 volts on
the 4.16 KV bus) .

By design, there was no adverse consequence from plant shutdown without
AC emergency power. Redundant safety features such as a steam turbine
driven aux 1111ary feedwater pump and DC power assure safe shutdown
capability without AC power on the emergency buses under normal conditions.

However, the coincident occurrence of a postulated design basis accident
together with inability of AC powered safeguards equipment to auto-
matically energize and function successfully is not theorized in the
safety review of nuclear power plants. This incident brought attention
to existence of a new type of possible common mode failure; con-
sideration of this and related conditions were analyzed and corrected
prior to plant startup.

Specifically, in the condition of temporary loss of operability of the
safety related 480 V equipment, Millstone Unit 2 had insufficient
capability to cope with all postulated credible design basis accident
conditions. Though this is an undesirable condition, no immediate
hazard existed as serious postulated design basis accidents have a low
probability of occurring because of conservative design nargins.

To protect plant equipment against all credible undervoltage conditions
and to insure the correct operation of all safeguard equipment, the
licensee performed design modifications to the UV trip logic which
(1) prevent the emergency buses from load shedding after the diesels
have started, (2) replace tne single UV trip setpoint with a dual set-
point logic, one setpoint of which has an eight second delay (this
second design change allows for grid transients while preventing sus-
tained reactor operation under a degraded voltage condition), and (3)
change the plant transformer taps to optimize the in-plant voltage.

The NRC has held meetings to address the potential generic implications
of the events and equipment failures and of grid stability and control
of load sharing with representatives of various licensees. Solutions to

prevent this type of problem from recurring are being resolved on a plant-
by-plant basis

1NADVERTENT RELEASE OF TRITIUM

During a routine pumpdown of the fuel oil storage tank sump at the
Vermont Yankee Nuclear Power Plant, the operator noted an unexpected
increased water level in an adjacent area. Investigation revealed water
was entering from an electrical conduit that was in communication with

. _ _ _
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the condensate storage tank (CST) moat. Examination of the CST moat
revealed an elevated water level.

Pumpdown of the fuel oil storage tank was terminated and the CST sump
pump was started to transfer water,from the moat to radwaste storage
facilities. During the pumpdown, a station operator observed flow from
the CST overflow pipe although the control room indication of CST level
was a normal 85%. A sample of water indicated the presence of tritium
at a concentration of 5 x 10-3 pCi/ml.

Additional investigation revealed a second flow path existed between the
flooded subterranean portion of the CST moat and a pipe chase. The
chase contained a drain that allowed contaminated water to leak unmoni-
tored to the Connecticut River.

.

The cause of the inadvertant unmonitored release was the two leakage
paths from the CST moat to the storm drain system and the overflow of
the CST. The maximum water level of the CST moat was approximately 20
inches above the moat floor level. The first leakage path was a non-
watertight electrical junction box located one foot above the floor
level inside the CST moat. Conduit from the junction box runs below
ground level from the fuel oil transfer pump room, to the fuel oil
storage tank sump from which rain water is routinely pumped to the storm
drain after only a sample analysis for the presence of oil.

The second leakage path was from seepage around pipe penetrations in a
chase that runs through the CST moat sump wall. The drain line for this
chase discharges to the same storm drain system as the fuel oil storage
tank sump.

It is estimated a total of 1.6 curies of tritium was released in a 46
hour discharge period. The fully diluted rate of tritium discharge
would be unobservable from normal variation of background tritium con-
centration in the river water from month to month. The net environ-
mental impact was negligible and full use of the river (i.e., water
supply, swimming, fishing, etc.) was in no way impaired by the incident
and there was no hazard to the general public.

Tritium acts chemically as normal hydrogen and cannot be removed by
radioactive waste treatment. Vermont Yankee voluntarily elected to
recycle tritium effluent for reuse in the plant rather than make periodic
discharge of the effluent to the river within federal and state allowable
limits. By doing so, the significance and risk of an unmonitored spill
is increased as the inventory of tritium builds with continued plant
operation.

After four years of operation, the 1,500,000 gallon recycle water
reservoir contains approximately 30 curies of tritium. Had this quantity
of tritium been released within regulatory limits over the past four
years, approximately 28 curies more of tritium would have been released
to the environment.

Adequate precautions have been taken to ensure this incident is not
likely to be repeated. In addition, a review was made to identify all
plant equipment and structures that can potentially result in an unmoni-
tored flow path of radioactive liquid to the river.6

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _
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INADVERTENT VALVE ISOLATIONS

Fort Calhoun

With Unit 1 of the Fort Calhoun Station at 99% power and with steam
generator blowdown in progress, both steam generator blowdown radiation
monitors indicated a no flow condition. As soon as the no flow con-
d. tion was discovered, valve HCV-2508 was found to be closed. The valve
was immediately opened to restore steam generator blowdown sample flow
to the blowdown radiation monitors. It was then noted the "no flow"
alarm for the "B" steam generator would still not clear even though
proper sample flow was now indicated.

The steam generator blowdown monitors are used to detect primary to
secondary leakage. Although isolated, the condenser offgas radiation
monitor was operable and available to detect primary to secondary leak-
age if it had occurred. The steam generator blowdown sample system
provides an alarm should sample flow through either blowdown radiation
monitor be lost. The alarm is both visual and audible and must be
acknowledged to be cleared.

On the day prior to the evant, a maintenance order was implemented to
remove lead bricks (shiel ing) from around the monitors and to replace
the bricks after a shielding support table was moved into position.
During removal of the lead shielding, both radiation monitors alarmed
because of the increase in background radiation and automatically termi-
nated steam generator blowdown. Steam generator blowdown was restored
af ter shielding relocation work was completed, but the alarm at local

'

panel AI-107 was not acknowledged by the auxiliary building operator.

On the day of the event, the auxiliary building operator could not
verify sample flow because the relocated monitor shielding blocked
access. When the shielding was removed, he then discovered that a no-
flow condition existed on both blowdown radiation monitors. Flow was

Iimmediately restored by opening HCV-2508. However, the "no flow" alarm
for B steam generator would not clear even though proper sample flow was
indicated. A technician investigating the failure of the alarm to reset,
determined the monitor shielding rearrangement had placed the lead
shielding too close to the coilspf the alarm sensor and thus, activated ,

the alarm. After rearranging the shielding, the alarm cleared.

The individual responsible for closing HCV-2508 could not be identified.
1

Control room operators permitted an unacknowledged alarm to persist with-
out requiring prompt action from the auxiliary building operator. The
control room operators had reasoned incorrectly that the alarm was
caused by the inability to reset the first alarm and was not due to a
separate valid alarm.

To prevent recurrence, auxiliary building operators are now required to
tour the primary sampling room every two hours, to visually verify
sample flow to the steam generator blowdown radiation monitors and to
check the alarm status. The operating staff has been cautioned as to
the importance of prompt response to alarm conditions.7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .
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i Oconee-2
| |

; During startup of Oconee Nuclear Station Unit 2, one of four Reactor
'

Protective System (RPS) Channels (Channel "B") failed to trip as required
when the reactor coolaat pressure reached 1720 psi. Investigation i
revealed the root valve for the pressure transmitter had inadvertently-

i

; been left closed. This resulted in isolation of the transmitter and
i prevented the channel from tripping when the setpoint was reached. The

; valve had been left open as required following calibration of the
j pressure transmitter a month earlier, but had been clcsed at some
i subsequent time before unit startup.

Although RPS Channel "B" failed to trip as required in the shutdown
bypass mode, the other three RPS channels tripped when the 1,720 psi

i setpoint was reached. The Reactor Protective System utilizes a two out
of four redundant logic, and would have been disabled only if two other4

: channels were inoperable. It is concluded that this occurrence did not
! impair the operability of the Reactor Protective System, and therefore,

the health and safety of the public was not af fected.a

1
1

Station procedures are currently being revised to assure, following'

; refueling outages, instrumentation is checked for proper operation prior
1 to unit heatup and to assure, f ollowing performance of maintenance,

! instrument valves are returned to their pre-maintenance position.8
,

St. Lucie
,

.

While pump 1ng water from the primary water tank to the spent fuel pool
at Unit 1 of the St. Lucie Nuclear Power Plant, operations personnel'

discovered the refueling water tank (RWT) was overflowing. The valve
lineup was checked and a crossover valve between the RWT and the spent

,

fuel pool system was found open. The valve was immediately closed.

Leaving the valve open caused dilution of the borcn concentration in the

| RWT to 1,653 ppm. The Technical Specifications requires a minimum boron
concentration of 1,720 ppm. Concentrated boric acid was added and a

i sample taken one hour later indicated a proper boron concentration had
been restored.3

s

Zion-2

At the Zion Station, service water to the Unit 2 lube oil cooling for the,

# main turbine, feedwater pumps, condensate pumps and heater drain pumps
was isolated through an operator valving error. The operator had been,

instructed to isolate the service water return line to the discharge
tunnel for Unit 1; however, he closed the isolation valve for Unit 2.

He was not sure of the valve location and could not identify the valve
number clearly. Valves performing the same function at Zion have
identical valve numbers and are differentiated only by the prefix'

number for the respective unit.

j Approximately 2 hours later, an instantaneous puff of fire was seen from
the bearing area of the main turbine generator. The unit was safely
shutdown; however, the #1 and #5 bearings on the turbine were damaged.

| The pump had just been returned to service af ter a turbine bearing
repair. It had been presumed that bearing temperature alarms and pump

. --. -. - - - - - - - - -. --
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vibration were caused by the recent repairs; the alarms were ignored and*

a were not reset. Also, the trend alarm typewriter was out of paper and
'

thus was ineffective in indicating the steady increase in bearing
temperature. I

l

| A planned outage originally scheduled to modify the condensate system
j was advanced to incorporate repairs to the turbine.10

! FAILURE OF FLEXIBLE METAL HOSE |

! I

; During the initial approach to power at the Beaver Valley Power Station,

| it was noted that air pressure in the containment vessel was 9.39 psia

| when the maximum permissable was 9.36 psia. Upon checking, it was |

| determined that both air partial pressure and moisture content were |

] increasing. The reactor was shutdown and station cooldown was commenced
| so personnel could enter the containment.

,

j
i
i The source of air leakage was the failure of a Swagelock flexible stain- |

| 1ess steel metal hose that was installed between a pressure transmitter |

|
root valve and the isolation valve of the pressure transmitter. i

j

| The sensing line was replaced with a rigid stainless steel instrument

j line. The rigid line was dye checked and hydrostatically tested and
,

when the plant was returned to operation, a visual inspection was madei <

'
to insure no leakage.

] The health and safety of the public was not jeopardized as all

: leakage was contained within the containment. No excessive exposures

| were received by plant personnel. An inspection was made of all high
j pressure stainless steel instrument lines including those in the
! reactor coolant system, charging system, boric acid system and safety

injection system to assure that no metallic hoses were installed. None.

| were found. ,

Installation of the flexible metallic hose was the result of an engineering

! decision made by unauthorized personnel. The change to the flexible
i metal sensing line was made by construction craft personnel who relied
} on the craft supervisor's ability to interpret an engineering data

sheet. Apparently, the problem was compounded by the normal pressure
rating system for hoses; i.e., the listing of both a working pressure'

and a burst pressure. ,

1

*

Project documentation is continuing to be reviewed to assure that no

| further unauthorized installations have been made.Il
:

!

;

1

|
DISCHARGE WATER TEMPERATURE EXCEEDS ENVIRONMENTAL LIMIT

Unit No. 1 of the Three Mile Island Nuclear Station was operating at
100% power, the river water intake temperature was 78.4*F and a 2*F

,

differential temperature was being maintained between plant inlet and
outlet.

However, a severe thunderstorm which accompanied a cold front caused the I
'

local ambient air temperature to sharply drop from approximately 83*F to
72'T in twenty minutes. Although attempting to respond to the change,

i

- , . , , . . - , . _ . _ . _ . . ...m, .._m, , ,m
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the operator was unable to anticipate the abrupt change on the mechanical
draft cooling water characteristics. As a result, the Federal Power
Commission requirement to maintain a delta T between 0*F and 3*F was
exceeded for nearly thirty minutes. The maximum temperature difference
was 4*F.

It was not believed the maximum temperature differential of 4*F caused
environmental damage because this condition lasted only a short time and
was not so severe as to greatly alter the ambient temperature of the
river. Accordingly, a change to the Environmental Technical Specifications

j and the Federal Power Commission requirements will be evaluated to
determine whether short term departures from the 3*F delta T coincident
with approprf r.te action levels would provide adequate environmental
p ro t ec tion.12

ERRORS IN COMPUTER PROGRAMS

Westinghouse

Westinghouse Electric Corporation Pressurized Water Reactors (PWRs) have
been advised of a generic error in the nonconservative direction in
their Emergency Core Cooling System (ECCS) analyses following a presumed
loss-of-coolant accident (LOCA).

The ECCS analysis had been performed with the assumption that the
primary soolant in the upper head region above the reactor core is at
the cold leg temperature (reactor coolant return flow). Recent tests
have indicated the more conservative assumption should be made that the
temperature of the primary coolant in the upper head region of the
reactor is the hot leg temperature. This analytical change would result
in an increase in the maximum calculated peak fuel clad temperature
following a postulated accident.

Perhaps typical of the numerical and descriptive changes this reanalysis
2 has had on the nuclear power plants can be illustrated by example of the

Indian Point Units.
1

The ECCS analysis originally performed for Indian Point No. 3 yielded a
calculated maximum peak clad temperature of 2,168*F. The calculation
with the higher temperature of the hot leg coolant resulted in a 40*F
increase in the calculated maximum peak clad temperature to 2,203*F.

Westinghouse then esalulated the effect of a change in the nuclear heat

results in a 10*F reductio 0)in peak clad temperature. For Indian PoEnt-
flux hot channel factor (F and determined a decrement of 0.01 in F

3, the new analysis resulted in a F limit of 2.312 (a change in F of -
0.008) and the corresponding peak clad temperature t ould be reduce 8 to
2,200*F.

The new F limit is sufficiently large to require no additional analysis
or surve131ance for the remainder of the present cycle. No additional
action, either analytical or administrative, is required for the remainder
of the cycle.

Westinghouse also determined that an additional penalty of 10*F must be
applied for each 1% of steam generator tubes that are plugged. Indian

- . - - . - -
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i
? Point No. 2 has three percent of their steam generator tubes plugged, so

an additional 30*F penalty must be applied.

| The ECCS analysis for Indian Point No. 2 had yielded a calculav.d I
i maximum peak clad temperature of 2,115'F. Applying the two penalties
j (40*F + 30*F) the calculated maximum peak clad temperature becomes j

1 2,185'F. Because the final acceptance criteria permits a maximum peak !

j clad temperature of 2,200*F, a sufficient margin still exists and no

| operating or Technical Specification changes were necessary.
!

j As a contingent calculation of the assumed increase in upper head region
temperature, the reactor vessel thermal stress was reevaluated. It was.

j determined that the new calculated stress values still satisfy the
j reactor vessel design criteria and no changes were required.

! l

| Westinghouse also informed licensees with an identified rod bowing
'
|

j problem that departure from nucleate boiling (DNB) penalties are to be
higher than previously reported.>

Fuel rod bowing has been under generic review by the NRC staff and has
focused on information supplied by Westinghouse. Previously, based on

j empirical models, the NRC issued an interim licensing position that :
; concluded generic design margins were adequate to offset bow effects for J
^

15x15 fuel design with linear core densities exceeding that corres- <

ponding to 100% power.
<

i
! However, recent data on the effect of fuel rod bow on DNB has resulted

j in larger DNB penalities. The NRC now requires the Nuclear Enthalpy

J Hot Channel Factor (Fq) be reduced to account for loss of DNB margins i

~ or that existing margins be used to demonstrate that the F penalty isg
not required.;

* ,

i Although Indian Point-3 had demonstrated a margin, by administrative
j action, the first cycle operation will include a 0 to 4% penalty

directly proportional to core average burnup. ;
'

1

i At Indian Point Unit-2, the two lead burnup assemblies had previously
j been scanned and the two rod segments per face, between neighboring i
i grids, exhibiting the largest rod bow were chosen for detailed measure-

ment. Of a total population of 2,880 rod segments, only 0.4% of the
segments exhibited measurable rod bow (0.02 inches). As a result,
no DNB penalties for Unit 2 were deemed necessary.i3-14

.

Combustion Engineering

As part of an on-going review of LOCA (loss-of-coolant accident) computer
codes, Combustion Engineering, Incorporated, recently discovered several
small errors in STRIKIN-2, the code used to calculate hot rod clad
temperature and clad oxidation percentage.

a

As a result of the STRIKIN-2 corrections at Maine Yankee, the peak clad
temperature has increased from 1,887'F to 1,953*F and the peak local
clad oxidation increased from 6.92 to 8.91%. The LOCA analysis values
of peak clad temperature and peak local clad oxidation would change from
2,094*F to approximately 2,175'F and from 15.98% to 17.75%. These new

.-- _ -,
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results were well below limits of 10 CFR 50.46 and do not create a
safety concern.

However, at Unit No. 1 of the Calvert Cliffs Nuclear Power Plant, the
corrected calculation justified reactor operation up to a peak linear
heat rate (PLHR) of only 14.9 KW/f t. However, at that time, reactor j
operation was limited to 15.2 KW/ft. for existing burnup. The incore
detector alarm setpoints were immediately lowered to ensure reactor
operation did not violate the more conservative PLHR linit. Calvert I

Cliffs was subsequently notified by the NRC to incorporate a 1 KW/f t. |
uncertainty penalty. Consequently reactor operation is presently |limited to a PLHR of 13.9 KW/f t.15,16

Point of Contact: j

Theodore C. Cintula
Of fice of Management Information

and Program Control
U.S. Nuclear Regulatory Commission

!

|
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UNITED STATES

CURRENTEVENTS NUCl. EAR

REGULATORY

POWER REACTORS coussioN

THIS COMPILATION OF SELECTED EVENTS IS PREPARED TO DISSEMINATE INFORMATION
ON OPERATING EXPERIENCE AT NUCLEAR POWER PLANTS IN A TIMELY MANNER AND AS
OF A FIXED DATE. THESE EVENTS ARE SELECTED FROM PUBLIC INFORMATION SOURCES.
NRC HAS, OR IS TAKING CONTINUOUS ACTION ON THESE ISSUES AS APPLICABLE,
FROM AN INSPECTION AND ENFORCEMENT, LICENSING AND GENERIC REVIEW STANDPOINT.

1 OCTOBER - 31 DECEMBER 1976

(Published Mid-March 1977)

UNPLANNED CRITICALITY

Millstone Point Unit No.1 of the Millstone Nuclear Power Station had been
shutdown for a scheduled refueling outage and maintenance. The reactor
pressure vessel head and internals had been removed, the refueling cavity
was filled with water and fuel loading was in progress. Five hundred and
forty-three (543) of the 580 fuel assembly total core complement had been
loaded and the licensee was proceeding to conduct a shutdown margin test.
Administrative requirements specified such testing to be completed once
each operating shift after 36 fuel assemblies had been loaded, and these
tests were being done on a routine basis. The shutdown margin test is
performed by full withdrawal of the highest worth rod and partial with-
drawal of the diagonal rod to a predetermined position that demonstrates a
safe specified shutdown margin.

Administrative controls for fuel loading and unloading required movement
of the highest worth control rod, 46-23, at the existing core configura-
tion to the fully withdrawn position followed by re-insertion of this rod
to notch position 10 (21% withdrawn), a position determined by calculation.
The diagenal control rod, 42-19, was then also to be withdrawn to notch
position 10 followed by full withdrawal of the high worth rod to notch
position 48 with the reactor remaining subcritical, thus demonstrating an
adequate shutdown margin.

Although specific instructions were provided specifying the correct
control rods and movement sequence, the licensed reactor operator incorrectly
selected one of the four directly adjacent control rods, rod 46-19 instead
of control rod 42-19, the correct and designated rod, and withdrew this
rod to notch position 10. Without recognition of the selection error, the
high worth rod was then withdrawn.

A reactor trip occurred when control rod 46-23 was being notched out from
position 14 to 1C (27% withdrawn). The duration of the resultant transient

- _ _ _ _ _ _ _ _ _ _ _
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was approximately seven seconds and the high flux condition was terminated
; by the Reactor Protection System (Intermediate Range Monitors (IRMS)), i

which were in the most sensitive range position. Four IRM channels tripped i

and terminated the event.
|

At the time of the occurrence, the Rod Worth Minimizer (RWM), a plant
feature that provides automatic supervision to assure that out of sequencea

i control rods will not be withdrawn or inserted, had been bypassed and was
not programmed for the shutdown margin test sequence. The reactor mode

,

switch was in the startup mode, a condition which permits the withdrawal
j of more than one control rod.
1

The operator had performed the shutdown margin test by himself at the
control room console with the prior authorization of the Shift Supervisor,
a licensed Senior Reactor Operator. The circumstances of the reactor trip ;
were reported to the Shift Supervisor who attributed the trip to be the '

result of " electronic noise" and therefore, not meaningful . A second
q
; test, under the direction of the Shift Supervisor, was performed contrary
: to procedural requirements concerning evaluation of instrumentation.

Again, the operator introduced the identical human error in erroneously'

selecting control rod 46-19 and positioning it at notch 10. Subsequent
' movement of the high worth rod from notch 10 to notch 12 (25% withdrawn)

resulted in a flux increase and the high worth rod was immediately re-
inserted by the operator to avert a second trip. Following recognition of
the previous rod selection errors, a third shutdown margin test using the
correct and designated rods was successfully completed and the reactor,

' remained subcritical.
'

During the next two and one-half hours, fuel loading was resumed and an
; additional eleven assemblies were loaded into the core. Contrary to

procedural requirements, the event was not reported to appropriate manage-'

ment personnel until their arrival for the scheduled worir day. Additionally.
testing and refueling operations were permitted without assessment of
potential overexposure to personnel, or possible fuel damage as a result
of the event.

1

; A visual inspection of fuel assemblies surrounding the high worth control
j rod disclosed no apparent damage and provided further verification of

calculations that the event was of no consequence with respect to fuel and
cladding integrity.

3 The thermal evaluations for the core area of interest indicated a center
line differential temperature of less than 7 F and an increase in fuel
enthalpy of less than one calorie per gram.

Thermoluminescent dosimeters of all personnel on site involved with Unit
No.1 revealed no gamma exposure outside of that expected; no neutron
exposure was indicated either. The five area radiation monitors and the
continuous air monitor showed no increase in the background radiation;
none alarmed nor was the standby gas treatment system initiated. The
reactor building exhaust plenum monitor recorder and the stack gas monitor
recorder also showed no change in radiation level or background. No work
was being conducted in the drywell at the time of the event, and no radia-

,

tion detectors alarmed. However, contrary to 10 CFR Part 20, Section 20.203,
required drywell access control had not been adequately provided.

. _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i Refueling operations were suspended pending a complete review of the event.
* Existing refueling related procedures were revised to further preclude the

possibility of similar occurrence. A number of new procedures were generated.

; to further define precautions and actions to be taken during refueling
activities. A re-training program was established to insure that all,

licensed personnel were aware of the new procedures and changes in addition
to Technical Specification requirements.

This event is under investigation by the NRC.l .2
'

IMPROPER MOVEMENT OF CONTROL RODS

Unit No.1 of the Quad Cities Station was in the REFUEL mode for inspection
and for control rod drive replacement. Control rod drive CRD F-13 was
stuck fully inserted past position 00 and a position indicating box had
been installed on CRD F-13 to clear its drif t alarm and to obtain a one
rod permissive to withdraw CRD L-06 for maintenance. CRD L-06 was then
successfully withdrawn, vented and timed. When timing was completed, the
control room operator was instructed to leave CRD L-06 fully inserted at;

position 00. The operator inadvertently left the CRD fully withdrawn at
; position 48, and informed the shift engineer that CRD L-06 was vented,
; timed and in the full-in position.

The checklist called for withdrawal of the next rod, CRD K-10. However,
with the mode switch in REFUEL, a rod block occurred to prevent movement
of CR0 K-10. Reasoning that the existing drif t alarm on CRD F-13 was the
sole cause of the rod block in the REFUEL mode, and also knowing that
plant system status was such that unit startup could have commenced, the
shif t engineer instructed the foreman to have the operator put the mode
switch in STARTUP to withdraw CRD K-10. CRD K-10 was withdrawn to position
48 and the mode switch was returned to the REFUEL position.

Twenty-seven hours later, while returning CRD K-10 to service, it was
discovered that CRD L-06 was still in the fully withdrawn position.
Immediately CRD L-06 and CRD K-10 were inserted and all other rods were
verified to be fully inserted.

Even though the rod drift alarm on CRD F-13 contributed to the cause of
this occurrence, operating personnel did not follow normal operating
procedures when withdrawing the CRD's for maintenance. The position
indicator box used on CRD F-13 was contrary to procedures. The control
room operator did not adequately scan the full core display to determine
that CRD L-06 had been inserted before attempting to withdraw CRD K-10.
An additional deviation to the procedures occurred when the operator
placed the mode switch in the STARTUP position to withdraw CRD K-10.

During the time that CRD L-06 was in the fully withdrawn position, the
eight control rods surrounding CRD L-06 were fully inserted and disarmed
electrically as required. Adequate shutdown margin was maintained at all

' times.

To prevent recurrence, all personnel have been made aware of the signifi-
cance of their actions and nave been directed to follow approved procedures.
The operating procedures and the operating checklist have been combined to

: a checklist that completely covers control rod movement during maintenance.
! This procedure was also revised to include the use of a computer program

._ __ _ ._
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! to verify CRD position. Also, procedures will be revised to more clearly
' define the use of substitute position indications for CRD's not involved

in CRD maintenance.3;

f REACTOR SCRAM CAUSED BY INADVERTENT RELIEF VALVE LIFTING

| With the Brunswick Steam Electric Plant at 20% power and a reactor pressure
; of 933 psig, the " SAFETY OR DEPRESS VLV LEAKING" annunciator was received.
; Investigation indicated that one of the safety / relief valve discharge pipe
1 temperatures (valve "G") had elevated to above the alarm point. Other

indicators showed the valve had not lifted but was merely leaking steam.-

f About an hour later, the suppression pool Hi/Lo level alarm sounded and
! the suppression pool level was observed to be oscillating. This and other
: indications positively confirmed that one of the safety / relief valves had
i now lifted. The shift foreman checked the safety / relief valve tail pipe
! temperature recorder to determine which relief valve had lif ted. The i

j highest reading point was still valve "G"; it was just above the alarm |

4 point. An attempt was made to reseat this valve by cycling; however, a )

| group I isolation on low steam line pressure (less than 850 psig in the 1

; run mode) was received and a subsequent reactor scram resulted. The valve
j reseated and reactor pressure stabilized at about 400 psig. i

' |
| Within a few seconds after cycling valve "G", the safety / relief tail pipe
; temperature printed out valve "K" as being the valve with the highest tail
! pipe temperature. Apparently, valve "K" had lifted, but the time lag of
I the multipoint recorder had not permitted this information to be printed 1

when the recorder was checked to determine which safety / relief was lifting,

|j After reactor cold shutdown, subsequent disassembly of the Target Rock
relief valve "K" pilot assemblies revealed the poppet and seat had been,

j cut by steam flow to cause the spurious lift. Three other relief valve
pilots were also found to be degraded due to steam cutting.

4 The valve discs were lapped and each pilot valve was retested satisfac-
i torily. To prevent recurrence, a preventive maintenance program was
: started to inspect and lap the pilot discs as required.4
3

| FAILURE OF AUTOMATIC DEPRESSURIZATION VALVES
i
? During a surveillance test of the reactor vessel main steam relief valves
! of the Vermont Yankee Nuclear Power Station, the air operator plunger of a
j Target Rock relief valve did not move when air pressure was applied. The
4 air operators were removed from the three remaining relief valves and the
4 air operators plungers failed to operate o'i demand on two additional valves.
!

Investigation revealed the air operators tralfunctioned because their
,
~ silicon-nomex diaphragms had failed. Aft'.r consultation with the dia- j

phragm manufacturer (Bellofram Corporation, Burlington, Mass.), failure of '

the bellows was attributed to excessive heating.

Excessive heating of the diaphragms may be attributed to a combination of
improper installation of insulation in the vicinity of the diaphragm and
the extended two-year operation cycle between refueling operations.;

:

The corrective action included modification of the valves existing insulation
to conform with the latest edition of Target Rock Technical Manual and

,

',
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replacement of all air operator diaphragms. Unlike the past two year
cycle, the next refueling outage and subsequent refueling outages are
anticipated to be scheduled so that operating cycles will nominally be one;

year in duration. Surveillance testing scheduled for each subsequent
refueling outage will include an operability check of the air operator
diaphragm followed by diaphragm replacement on all valves and a subsequent4

retest of new diaphragms independent of the initial test result. This
combination of insulation modification, shorter operating cycles, and
yearly d{aphragm replacement should minimize the potential for a reptitivefailure.

LOSS OF DC BUS AND SUBSEQUENT DIESEL FIRE

With Unit No. 2 of the Zion Generating Station at 30% power and increasing
to full load, an operator switching error occurred when attempting to
take one of the two DC batteries off an equalizing charge. This deenergized
one of the 125 VDC control buses and caused a loss of control power to
relays for some major equipment and to the main control board annunciators.

The loss of the DC bus correctly resulted in a reactor shutdown. However,
because of the loss of DC power capability, only two of the four reactor
coolant pumps continued to operate and one of the main feedwater pumps
could not be shutdown. The continued operation of the feedwater pump
caused a rapid cooldown and pressure reduction in two of the steam generators.
This in turn initiated a safety injection signal.

When the main generator field breakers were maaually opened from the
control board, the Automatic Transfer of the 4kV buses from the unit

auxiliary transformer to the system auxiliary transformer did not occur
due to the loss of DC control power. As a result, the main generator
was motorized by the diesel generator through the 4kV buses.

At the time of the switching error, one of the five diesel generators was
undergoing an extended test run. The diesel picked up and attempted to
carry the loads on the 4kV buses, however, the loss of generator relaying
prevented the shedding of unnecessary loads and resulted in an overload'

condition and a fire in the generator windings. The generator windings
burned to the point where the phases opened; then the main generator and
pumps coasted to a stop. The fire was extinguished by actuation of the
carbon dioxide system.

There was no hazard to the general public. There were no radioactive
releases or personnel injuries.

I No safety limits were exceeded during the event and the plant was safely
shutdown. The operation and response of all safeguards equipment was as
expected except for equipment without DC power. Upon restoration of DC,
all equipment started satisfactorily. The requirements for equipment
operability as specified in the safety analysis of the FSAR were met at
all times throughout the event.

| The event was initiated when an equipment operator opened the tie breaker
to remove the battery from an equalizing charge prior to paralleling the
battery onto the 125 VDC control bus. This deenergized the 125 VDC
control power to four of the 4kV buses and caused the immediate loss of
generator and transformer metering and relaying. Because of the remote

__. - __ __



_. - . .- = - -. -_ - .

100

location of the breaker and lack of status lights, the operator was not
aware of the consequences of his action. The operator initiated the i

switching without a check sheet in hand and without the knowledge of the
shift engineer. The operator action was contrary to the procedure that
requires the battery to be paralleled to the DC bus before the tieline
supplying DC power from the bus is opened.

This event has been discussed with operating personnel with the emphasis
on the requirement to follow procedures properly and that operations of j
this nature must be checked off as performed using the appropriate system )

or general operating procedure. |
,

I
The procedure for aligning the 4kV buses and the auxiliary and service i

transformers will be revised so that no more than one 4kV bus will be
deenergized on loss of a DC bus. It will also prevent overloading of a
diesel generator that is paralleled to the system during a loss of the DC
bus.

An automatic throw-over to a backup power supply for the plant computers
will be investigated. Although the majority of the alarm inputs into the !
computer were lost during the incident because of the loss of DC power, '

the computer was also lost when its power supply opened due to fuses
blowing. This loss made the reconstruction of the sequence of events
difficult since all information is supplied through the computer.

The main control board annunciators may be revised to annunciate the loss
of any DC bus. This type of alarm would enable the operator to quickly
identify any DC bus that has been deenergized and immediately take steps
to reenergize. All alarms that were to provide this function were rendered
inoperable by the loss of the DC bus.

The circuit for main generator tripping is under review for rgdundant tripcapability in the event that normal DC control power is lost.

I

LEAKS IN SAFETY INJECTION SYSTEMS

| Ginna i

With the Robert E. Ginna Plant at 100% power, an auxiliary operator found
an accumulation of borated water near a valve in the safety injection
system piping between the boric acid tanks and the safety injection
pumps. Further investigation revealed a leak in a section of 8-inch
diameter schedule 10 stainless steel pipe between two valves. The unit ,

|was taken to a cold shutdown and leaks were found in two sections of the
pipe. |

A subsequent liquid penetrant and ultrasonic examination of 73 welds and
the piping associated with those welds revealed five other sections of
pipe or fittings with indications. All seven of these components of the
piping system containing leaks or indications were replaced with schedule

I40 piping. The system was hydrostatically tested after repairs.

A preliminary metallurgical analysis and metallographic examination
indicated that chloride stress corrosion cracking was the Cause of the

This event is being further evaluated by the NRC.7leaks.

1
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| Indian Point-3
1

! During heatup of the reactor coolant system from a cold shutdown condition
! at Unit 3 of the Indian Point Station, a leak was discovered in a shop
; weld at the outlet nozzle of the boron injection tank. Unit neatup was
i imediately terminated and the plant was returned to a cold shutdown |
{ condition.

I

3 A metallographic examination of the defective weld showed the cause to be
| corrosion at the outlet nozzle. The weld joint was completely removed and ;

an acceptable repair weld was completed at the leaking joint. I

i
'

i The source of corrosion at the outlet nozzle of the boron injection tank l
I was attributed to removal of the 1/8-inch thick inconel overlay from areas '

i of the carbon steel nozzle during multiple field repairs performed in
8October 1973;

'
<

i NUCLEAR CORE POWER DISTRIBUTION ANOMALY
t
# In July 1976, Unit No.1 of the St. Lucie Nuclear Power Plant was in power
; ascension testing at 80% power. At that time, the reactor core exhibited

,

; an azimuthal power tilt (a measure of deviation from uniform core power !

| distribution) of about 3%; the expected tilt would be no more than 2%. A |

review of the test data showed that three core characteristics (axial
power shape, radial power distribution and gross core reactivity) had
begun to show anomalous behavior in June and the nagnitude of the anomalies

; had increased in a slow and uniform manner.
!

On July 9,1976, the following measurements of core parameters led to aJ

i decision to shut the plant down for testing and inspection: (1) azimuthal
! power tilt had increased to about 4%, (2) the average axial peak which had
! been expected to grow to 1.35 had grown to 1.53 and was centered at the
I core midplane, and (3) the core was about 0.4% more ceactive than expected.
1

| Visual inspection of the vessel internals showed some minor debris in the
lower plenum; the debris that was removed appeared to have no relationship;

l to the observed anomalous behavior of the core characteristics. However,

j borescopic examination of fuel bundles revealed extensive blistering and
; breaches of the lumped barnable poison (LBP) rods. These rods consist of |
j a stack of alumina pellets (with boron carbide particles unifomly dispersed

,

j in the alumina) clad with zircaloy tubes and are used to absorb the excess i

neutrons produced in the fissioning process; they are also used to help
shape the power distribution in the core. Burnable poison rods are
incorporated in nearly half of the fuel assemblies of the St. Lucie core.

I

; A break of the LBP cladding would allow reactor coolant to diffuse through-
out the rod. The boron carbide would then be oxidized and leached out of
the LBP rods. Since the process is expected to be both neutron flux and

d temperature dependent, the rate of removal would be the greatest near the
midplane of the core and would account for the increase in core reactivity-

; and axial peaking. Since the poison rod failures and subsequent leaching
; process may not be azimuthally uniform, the observed flux tilt could also
j result from this same cause,

j Because of the poison pin defects, it was decided to unload the entire
i reactor core and to replace all burnable poison rods.
]

'

i
;

i
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A number of LBP rods were removed from the fuel assemblies for examination.
Some rods were subjected to detailed metallographic examination. The
defects were found to be caused by hydriding of the zirconium cladding from
internal moisture. The remaining rods were subjected to accurate reactivity
measurements in the Advanced Reactivity Measurement Facility at the National
Reactor Test Station in Idaho. The distribution of the boron content in
the perforated rods was found to be altered. Some of the boron was gone
from the rod and some had been redeposited toward the ends of the rods.
The observed boron depletion and redistribution in this sample, taken with
the large number of LBP rods known to have defects, fully explain the
measured reactivity increase and axial peaking.

All of the LBP rods have been removed from the St. Lucie reactor and
replaced with new rods having a reduced moisture content. The modification
and reinstallation of the fuel was completed late in 1976.

A preliminary visual examination of eleven fuel assemblies at the Calvert
Cliffs Nuclear Power Plant, Unit No.1, revealed blisters on some of the
poison pins. The blisters appear to have been caused by hydriding, and
some poison pins appeared to be perforated. Calvert Cliffs-1 is currently
in its first refueling outage and visual inspection of these and additional
fuel assemblies is continuing.

All other Combustion Engineering plants had been requested by the NRC to
increase incore surveillance to assure a similar problem does not exist.
In all plants except two, the burnup of the LBP rods had proceeded far
enough so that the burnable poison no longer had significant effect on the
reactivity and power distribution. The exceptions were Millstone 2 and
Calvert Cliffs 2. At Millstone 2, over half of the reactivity effect of
the LBP rods has been burned out. A review of this plant's power distribu-
tion revealed no anomalous behavior similar to that which occurred at
St. Lucie. At Calvert Cliffs 2, which had not yet gone to power, the
poisonrodswereremogejj dried to lower moisture specifications and
returned to the core.

Point of Contact:
Theodore C. Cintula
Office of Management Information and Program Control
U.S. Nuclear Regulatory Connission
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1 JANUARY - 28 FEBRUARY 1977

(Published Early May 1977).

RECURRENT WATER PRESSURE SURGES
j

On November 5,197C, the Beaver Valley Power Station, Unit 1, was operating 1
'

'

at approximately 50' power after recovery from a reactor shutdown. The-

main feed pump suction isolation bypass valve was open and operators were
! opening the main feet pump suction valve when a rumbling noise lasting

from 5 to 10 seconds was heard in the control room. The rumbling was i

accompanied by a large variation in steam generator water level. ;

Approximately two minutes later, a second rumbling was heard, louder*

j than the first. At this time, the steam generator level control was ,

operating in the automatic mode and the operator noted large variations |

,
(33-60 percent on feed flow and 43-32 percent on level indication) in '

i stability characteristics. Also, operators at the main feed pump suction I
Ivalve reported a shaking of the feedwater line from the main feed pump

! to the feed heater.
1

!An operator was sent to the main steam valve room, but steam in the room1

precluded his entering, so a reactor shutdown was initiated. When reactor'

power was reduced to approximately 15%, the plant tripped on a low-low
| steam generator level signal from the "A" generator. No further rumbling

was evident during the shutdown.

Investigation revealed the failure of a 3/4-inch drain line connected to,

the auxiliary feedwater system. Since the 3/4-inch line was welded to
the drain header (a condition not considered in the piping design), it
resulted in a permanent anchor point and prevented pipe movement. As
part of the repair, the 3/4-inch lines were disconnected from the A, B
and C auxiliary feedwater lines and replaced with removable spool
pieces. Also, the air supply to the "A" feedwater bypass valve had
parted. Loss of this line caused the bypass valve to remain closed and
subsequently caused the "A" generator to experience the low-low water
level trip.

- . - - . _ - _ - - _ _ _ _ _ _ _ _ _ _ .
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| Two hydraulic shock suppressors on the "B" feedwater loop were found
i - inoperable, one was broken at the shaf t, the other was locked up.

$ To ascertain the cause of the feedwater instability, the licensee instru-
4 mented the main feedwater and auxiliary feedwater systems, The plant was
; returned to operation to conduct tests at progressive 5' increments in4
j power level to duplicate the event under controlled conditions to deter-
! mine the exact cause of the vibrations and take the appropriate corrective
j action.
.

In the test, the licensee proposed to induce flow fluctuations by two2

j methods; first by momentarily removing a steam generator water level
; signal, and second, by momentarily removing a feedwater flow signal.

On December 22 and 23, the instability testing was performed. No pipe
; motion or flow instability was observed, and thus the cause could not

be determined.,
,

i On December 27, while operating at 75% power, the plant experienced a j

feedwater line vibration similar to the first event. The line vibration j
: occurred approximately five minutes af ter a plant transient and resulted
| in a reactor trip from a low steam generator level signal coincident with j

a steam flow / feed flow mismatch signal.,

1

The transient occurred at 600 MWe power wnen a 200 MWe turbine step load :
decrease occurred. About six minutes later with the plant now at about 1

50% reactor power, a 100 MWe spike up and down occurred. !

About 6 or 7 minutes later with the plant apparently stabilized after the;

load excursions, a rumbling noise described as less severe than the
November 5 incident, was heard. Shortly thereaf ter, the reactor trip
occurred.

Investigation into the cause of the load variations revealed a broken wire
on the No. 2 main turbine governor valve position transmitter. The wire was
repaired and the EH (electro-hydraulic) control systems was verified to
be functioning properly.

Visual examination of the feedwater lines. snubbers and supports did not
reveal abnormalities. However, a 1/4-inch air supply line to the feed-
water control valve was broken on the "B" loop bypass valve. Also, a |,

3/16-incn sensing line to a pressure transducer installed for the insta- I

bility tests had parted. ;

The initiating event was the loose wire in the turbine controller; the,

loose wire also caused the rapid changes in power. However, the feedwater
regulating valves were also presumed to be a major contributor to the
feedwater flow instabilities. Investigation revealed the valves' trim

'

was not characteristic of a typical feedwater valve. This particular type,

of valve trim was oversized and capable of quick opening. Very little changes
of the valve opening would result in large flow variations; a trim without
fine control. It was planned to install hydraulic dampers to smooth the
incoming hydraulic signal, and to order a new valve trim with more linear
characteristics. A modification was made to the feedwater regulating
valves to prohibit them from closing beyond the 5% open position except
in the tripped mode to preclude operation of the valve in a known unstable
region.

. .- _ __ ___ _ _ _ _ _ _ _ ___ _ _
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} Before these changes could be effected, power operation of the reactor
; was resumed because the EH controller malfunction which initiated the
i event had been repaired, thus presumedly eliminating the main source of
! flow instability.

h
i On January 5,1977, Beaver Valley experienced its third feedwater line
l vibration. The reactor was at 75% power when a feedwater heater drain

pump tripped; this caused the main feed pumps to trip on low suction
j pressure, causing a low feed flow. Turbine load reduction was commenced
| immediately at a rate of 2% per minute. The drain and feed pumps were
j returned to service, and the plant operated at 54% power for approximately
{ 3 minutes, when a loud rumbling noise was heard, followed by a reactor
j trip from low steam generator level signal coincident with a feed flow / steam
i flow mismatch signal. The vibration lasted about 15 seconds.

Some of the damage incurred by the third pressure surge included:

j The motor operator on the "B" containment isolation valve was broken off,

the four 3/8-inch retaining studs were sheared (a seismic category I
,

j component).
1

i Three 1/8-inch lines and one 1/4-inch line had pulled out of the fittings
! of the bypass regulating valve on the "B" loop. The pressure impulse
| line from the "B" loop feed control system had also parted. Addi tional

potentiometer wires on the test instrumentation also separated.
;

1

|
Seismic indicators and alarms had actuated; hydraulic fluid from the

j shock suppressors was found on the floor inside and outside of primary
| containment.

It is believed the pressure surge was caused by dynamic instability of
the feedwater regulating valves; the valves become unstable and opened
despite the control signal to the valves.

During this event, data was obtained to calculate forcing functions for
several conservative postulated transients in the feedwater piping system
both inside and outside of containment. Pipe stresses were calculated.

based on these forcing functions to identify locations on the feed pipe4

i of the highest stress levels. Based on the results of nondestructive
testing of these highest stress areas, it was determined that degradation

i of the piping had not occurred. From these tests, one can reasonably I
'

} conclude that the feedwater piping has not been damaged as a result of

|
the three pressure surges.

During a routine review of the piping systems' 2000 support points, twenty- !
*

j nine were found unacceptable, and restraints at these points have been |
; modified or replaced. Five of the twenty-nine points were identified to |
1 be on the main feedwater line. Three of these points involved the replace-
j ment of six snubbers while existing supports were modified on the other
i two points,
i

: Because two snubbers on the "B" feedwater line failed during the November
! ever.t. it appears likely that the undersized snubbers did contribute to
| the magnitude of the pipe movement. However, because no snubbers failed
j or locked up during other events, the undersized supports apparently did
j not aggravate these events. It should be noted that it is customary to

i
.

d

4
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|

| check pipe support points throughout the plant during the startup and
power ascension phase of initial operation.

,

New trims have been installed in the three feedwater regulating valves and
the feedwater flow control valves and the feedwater pipes have beena

! extensively instrumented. Preoperational testing consisting of introducing
plant transients while the feedwater control system is in the automatic

. mode will demonstrate the degg of valve stability and the effect of this' stability on pioing movement.

A POSSIBLE HIGH TEMPERATURE PROBLEM WITH H /0 DRYWELL MONITORS WITH SWRS.2 2

As a result of an engineering study at the Brunswick Steam Electric Plants,
either several tubing lines in the containment atmosphere control system
to the hydrogen and oxygen (H /0 ) analyzers had to be increased in length2 7or higher capacity cooler / dehumidifiers had to be installed to assure
individual components of the system operate at acceptable temperatures.

Each H /0 analyzer has a process temperature limitation of 120 degrees9 7
Fahrenheit. To assure operation within these limits, these analyzers
are supplied process gas from a cooler / dehumidifier which discharges the
process gas at approximately 60 degrees Fahrenheit into the analyzers.

The study found there are temperature limitations on the originally
installed cooler / dehumidifiers. Tests determined that if the primary
containment gas temperature (from the drywell or suppression chambef)
is 150 degrees Fahrenheit or less by the time it reaches the cooler /
dehumidifier, the dehumidifier will perform as designed and, in turn,
the monitors will operate within their temperature limitations. The
reactor building temperature, where the cooler / dehumidifier is located,

; is at an ambient temperature of up to 130 degrees Fahrenheit.

The maximum sample gas temperature associated with the postulated loss
. of coolant accident (LOCA) as described in the Final Safety Analysis
j Report (F5AR) was used as the maximum gas inlet temperature to the
'

cooler / dehumidifier. Using this temperature it was determined that a
; minimum of 17 feet of instrument tubing was required to reduce the high

temperature sample gas to a maximum of 150 degrees Fahrenheit before3

entry to the cooler / dehumidifiers. For additional conservatism, it was
tentatively decided to install at least 40 feet of instrument tubing
from the drywell to the cooler / dehumidifier.1

After further study and review, it was decided it would be better to
install larger capacity coolers instead of additional lengths of tubing
and to take no credit for tubing length. New coolers were installed of
a capacity such that they can handle the sample gas from the suppression
chamber at all times during a LOCA. Drywell sample lines will isolate
cn a LOCA signal precluding this higher temperature sample gas from the*

H /0 analyzer. The isolation valves may be reopened by operatorp 7,

2 action at a late time when the drywell temperature has been reduced to
3j acceptable level

REACTOR CORE ISOLATION COOLING TURBINE OVERSPEED TRIPS

Seven Reactor Core Isolation Cooling (RCIC) turbine overspeed trips haved

occurred in the past year at the Brunswick Steam Electric Plant. Unit No. 2.;

}
!

I I
:
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These trips occurred when cold, quick-start, reactor vessel injections
were initiated from the normal standby lineup without system warmup prior
to the initiation. Under these conditions, the RCIC turbine would trip ;

on electronic overspeed before sufficient oil pressure could be developed
to throttle the control valve. Upon restart, a sufficient head of control
oil would have been accumulated and the turbine would run without tripping.
The turbine rated speed is 4500 rpm and the electronic overspeed trip ,

setpoint is at 110%.

From the standby configuration, on system initiation, the turbine begins
to roll as the steam supply inlet valve is opened. Oil pressure develops
as the turbine speed increases and oil pressure closes the governor valve.
A delay in the development of oil pressure would slow the initial closing
rate of the governor valve and allow the turbine to overspeed.

To reduce the peak turbine speed and to increase oil pressure flow on
system initiation, the Woodward Remote Servo drain (Port D) was rerouted
to the EG-R Actuator case drain (Port E) using three-eighths inch tub-
ing. This provided loop seal.and continuous prime between the two
components. Previously, the Servo drain was routed to the oil equalizer
pipe and the EG-R case drain was unused and plugged.

As recommomended by General Electric Corporation, the Electronic Over-
speed Trip was disconnected from the RCIC trip circuit.

New oil system piping was fabricated to lower the piping as much as
possible below the system normal shutdown oil level. Concurrent with
installation of the revised piping layout, the EG-R hydraulic actuator
supply line was replaced with three-eighths inch tubing. This was an i

attempt to prevent draining of the oil supply to the EG-R actuator during
and extended period of system shutdown. This modification was successful
in preventing overspeed trips at 36-hour intervals; however, the turbine
tripped on overspeed af ter a 43-hour interval between cold quick-starts.

Af ter observation of system operation by Terry Turbine and Woodward Governor
representatives, and Auxiliary 011 Sump was installed in the oil supply
line to the EG-R actuator. This modification resulted in a peak speed of
4500 rpm on a 24-hour and a 45-hour cold quick-start. Later, two cold 1

quick-starts at 42 hours and 96 hours were satisfactory.'

STEAM GENERATOR - TUBE DENTING

On ' r 15,1976, during normal power operation at Unit 2 of the j
Surry . ear Power Plant, a primary te secondary leak of about 80 gpm
developed rapidly in a steam generator tube. The tube leakage was quickly
detected; the reactor was safely shutdown and offsite releases were within
regulatory limits.

Investigation revealed that the leak resulted from an axial crack in the j

U-bend of the tube near the top; the crack was approximately 4-1/2 inches ;

in length. Removal of the damaged tube showed that the failure was caused I

by intergranular stress corrosion cracking that initiated from the inside
of the tube (the primary coolant side).
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The loss of integrity (of a steam generator tube results in a breach of the )]

: primary to seconddry radioactive to nonradioactive) boundary that keeps
the. radioactive primary coolant intact in a closed system and sealed off
from the environment. When a tube is found to be degraded or leaking, i

* integrity of the steam generator is usually restored by plugging the
defective tube at both ends. Plugging eliminates the likelihood of rapid
leaks developing from reduced wall thickness tubes or of many degraded tubes
failing during an operational transient. To date, approximately 530 tubes !

j in each steam generator have been plugged at Surry-2.
|;

1 Modern, large pressurized water reactors generally have three or four
j steam generators, each containing more than 3,000 U-shaped tubes of
| inconel-600 alloy that are supported at several levels by horizontal

steel plates.'

Following the conversion from a sodium phosphate secondary water treatment
to an all volatile treatment (AVT) a phenomenon Known as " tube denting"
has occurred at several Westinghouse-supplied plants. Tube denting was,

first noticed at Surry Units 1 and 2 and Turkey Point Units 3 and 4 in
early 1975 when it appeared that eddy current probes properly sized to pass
through the inside of the steam generator tubes were encountering restric-
tions in some tubes at the location of tube support plates.

In May 1976, a dented tube sample and segments of a tube support plate
were removed from Surry Unit 2. Inspection of the removed sample revealed
the tube support plates were cracked. l.aboratory analysis indicated that
the annulus between tubes and tube support plates had become filled with
a hardened ceramiclike corrosion product (Fe 0 ) that expanded volumetrically

3toexertsufficientforceto' dent'thetubeahdcrackthetubesupport
] plate ligaments between the tube holes and the water circulation flow

holes. This phenomenon of denting was directly attributed to residual |
phosphC es tnat remained in the annulus when the phosphate treatment was
converted to AVT. Known dented tubes have otherwise generally retained '

their integrity and although there have been very small but detectable'

leaks at the dent locations, there had been no rapid failures until the
failure at Surry 2.

: ,

| An examination of the failed tube at Surry ' Unit 2 concluded 9e tube
! failed from primary side intergranular stress-assisted attack nich was
i initiated or substantially enhanced by large increases in hoop strain in
i the U-bends due to Inward distortion of the upper tube support plate

material into coolant flow slots along the diameter of the plate between,

; the legs of the innermost row of tubes. This tube movement results from
j the same conditions that have caused ' tube denting.'

In the support plate, blorig the diameter, between the legs of the
innermost row of tubes, there is a row of rectangular flow slots, con-
sisting of six slots, approximately 16-inches lorg by 2-3/4 inches wide.
As a result of the pressures built up in the tube support plate acting on
these slots, the slots have been observed to show 'hourglassing' that is,
the central portion of the slot walls have moved closer together so that
some slots are now narrower in the center than at the ends. Since the slot
width had diminished, the tube support plate material supporting the
tubes nearest this central portion of these slots has also moved inward,
in turn forcing the legs of the U-bend at these locations inward. This
inward force on the legs of the U-bends caused a very great increase in

.. - _. - _ _ _
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i the hoop bending strain at the U-bend. This has been shown by an increase
in ovalization of the tubes at these locations. It is this increase in

'

hoop bending strain which is believed to have increased the susceptability
of the U-bends to intergranular stress-assisted attack in this location,
leading to the failure experienced at Surry Unit 2 on September 15, 1976.

! Significant steam generator tube denting has also occurred at other
| reactors - Virginia Electric Power Company's Surry Unit 1, Florida Power
j and Light Company's Turkey Point Units 3 and 4; Consolidated Edison
! Company's Indian Point Unit 2; and Southern California Edison's San Onofre

Unit 1. All of the steam generators were supplied by Westinghouse, the;
; reactor vendor, and all had switched from phosphate to AVT chemical
j treatment except San Onofre,
i
i At the request of the NRC, all of these plants have or will perform detailed
j inspections of their steam generrtors in the near future. Based on the
; inspection results, the utilities will complete a repair program if necessary
1 and obtain NRC approval prior to restarting their plants. In addition,

j should degradation of steam generat tubes continue at a rate commeasurate
with past experience, unit stegm generator replacement or repair programs7may be required in the future.

Point of Contact:
Theodore C. Cintula |

Office of Management Information
; and Program Control
i U.S. Nuclear Regulatory Connission
}
i

i

i.
'
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1 FARCH - 30 APRIL 1977
:

(PUBLISHED MID-AUGUST 1977)
'

MALFUNCTION OF ROD WORTH MINIMIZER

On August 3, 1976, Unit No. 1 of the Quad Cities Nuclear Power Station was
commencing control rod withdrawals in anticipation of a reactor startup follow-
ing an out The control rod withdrawal sequence was halted af ter withdrawal
of the SCPgge.
displaying the f#gl rod because the rod worth minimizer (RWM) was still- contr

- control rod to be withdrawn in group one and apparently was
not following the control rod withdrawals. At this point, the control rod
pattern was verified as being correct by both the control room operator and
the shift engineer and subsequent rod withdrawals were also verified by a
nuclear engineer. Control rod withdrawal was stopped just short of critical-
ity, and all rods were subsequently fully inserted when delays were encountered
in the repair of an unrelated system.

On August 4, a computer technician investigated and repaired the rod worth
minimizer and declared it operable for an August 5 startup. However, during
the maintenance, the wrong control rod withdrawal sequence was loaded into tne
rod wcrth minimizer. The control rod sequence which should have been loaded,
and t, e one which was loaded, were identical in sequence through control rod
group 6. Groups 7 and 8 on the improper sequence were identical to groups 7
and 8 on the correct sequence, but were in reverse order. Both sequences were
substantially different for groups 9 and higher.

After the reacter had reached criticality on August C, which occurred in rod
group 5, control rod withdrawal continued through group 6 with the rod worth
minimizer functioning properly. Then, the operator failed to follow the
specified sequence and skipped group 7 and went on to withdraw group 8 instead

| of 7 as proper insequence rod withdrawals. The operator then discovered that
a group had been skipped and returned to group 7 to complete the rod withdrawals
and thus inadvet tently fully complied with the loaded improper sequence. The
rod worth minimizer followed the withdrawals. When the operator moved to

group 9, the rod worth minimizer properly applied rod blocks. The rod worth



- -- - . - -. . . .- . - . - - -=

112

minimizer was subsequently bypassed and control rod withdrawal continued
with the assistance of an extra control room operator to verify the rod
withdrawals. 1

The RWM is designed to serve as a backup to procedural controls to limit
,

cnntrci rod worth during startup and low power operation and the RWM is '

a passive control as long as the operator follows the proper rod with-
drawal sequence. The rod withdrawal pattern is selected to insure a
good scattering of rods and to preclude creation of a high worth rod in
a given area. If the operator should attempt a rod selection or movement
that deviates significantly from the selected program, the RWM either
alarms or blocks the action.

The malfunction of the rod worth minimizer was caused by a series of
individual component failures. Apparently at some time previous to
August 3, a RWM power supply drif t caused some of the relay board wires

,

to short. The defective relay boards were not detected and the rod
worth minimizer was reinitialized with an error clear message displayed
following a correction of the power supply drift. On August 3, a diode
in the rod position / error output window display failed. The failed
diode should have applied rod insert and withdrawal blocks as part of
the fail-safe design of the rod worth minimizer, but the previous relay
board wire short prevented this signal from being effected. The control
room display panel remained unchanged from the previous error message
and the rod blocks were not received because of the shorted relay
boa rd. A contributing cause to this occurrence was the control room
operator's failure to notice that the r f worth minimizer was not follow-
ing the selection and movement of the 7- rod in group 1 on August 3,
1976. Had he done so, control rod movement could have been halted until
the rod worth minimizer was repaired.

The loading of the rod worth minimizer on August 4, 1976 with the incor-
rect sequence was attributed to poor comunication as well as poor
documentation and filing of rod worth minimizer sequences. There was
also an apparent inadequacy in the operating procedure for verification
that the proper sequence had been loaded into the rod worth minimizer,
because only the first five groups of the minimizer's sequence was
proofed by the unit operator.

The faulty power supply was replaced and its maintenance schedule has
been changed to increase surveillance. The burned out relay board and
the bad diode were also replaced. The operating procedure for the rod

i worth minimizer will be revised to caution that if an error condition
cannot be acknowledged and cleared from the control room, it is an
indication of a serious type failure requiring the presence of the
computer hardware technician. The computer hardware technician, aware
of the potential for burned out relay boards, will always check for such
failures each time he clears an error condition on the rod worth mini-
mizer before returning it to operation.

Some additional corrective actions taken to improve station performance
in this area were:

Computer systems personnel have been requested to modify the rod
worth minimizer software to place the rod worth minimizer in a

- , .- .. . . _ - .
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STALL condition upon receipt of an overload multiple output distribu-
tion error. This will provide an independent and redundant rod
block signal in the event of an overload error.

The procedure for checking out the rod worth minimizer prior to
startup will be changed to require verification of the rod worth
minimizer's first ten rod groups to insure the proper sequence is
loaded.

A rod worth minimizer log book will be instituted to document all
maintenance performed on the rod worth minimizer. Operational
information, such as which sequence is presently loaded in each
unit's rod worth minimizer, will also be documented.

The computer hardware technician will investigate a wiring change
to the rod worth minimizer to supply a special error detection 28
volt D.C. input to the relay buffer from the same power supply that
supplies the relay buffer. This change will eliminate a difference
in potential in the relay buffer if a power supply fails.1

HYDRAULIC TUBING FAILURES

On December 29, 1976, during the r,tartup and power escalation test
program at the Salem Generating Station, an hydraulic oil line to No.12
main steam line isolation valve (MSIV) ruptured while attempting to open
the valve. At this time, the reactor was in mode 2 operation at 3.5%
power. Oil sprayed on hot piping in the immediate area, and pipe insula-
tion began to smolder, but there was no fire except that caused by
fanning action when the insulation was removed. The line failure occurred
at a compression type fitting.

During power operation on January 15, 1977, an oil line on No. 12 MSIV
ruptured and the valve was declared inoperable. On January 16, a similar
failure occurred with No. 11 MSIV. With two MSIVs inoperable, the plant
was returned to hot standby condition as required by the Technical
Specifications. In both instances, the resultant fluid spray from the
parted oil lines wetted an area that included pipe insulation. There
was no flame. Both valves remained in the closed position throughout '

the event.

The three tubing failures were each 3/8-inch 0. D. 0.048-inch wall
carbon steel hydraulic tubing that was attached to the actuators of the
MSIVs. Although these failures are still under engineering evaluation,
it appears that the failures may have been from fatigue caused by trans-
verse vibrational bending or wall bending of the tubing that may have
been accelerated by the radial restraint of the tubing compression
fitting. Minor mechanical damage to the tubing induced by installation
of the compression fitting may also have been a contributing factor.

With the concurrence of the vaive manufacturer (Atwood and Morrill/
Hopkinson), all tubing similar to the failed tubing will be replaced
with heavier wall (0.065 inches) 3/8-inch 0. D. Type 316 stainless steel
tubing. A different type of compression fitting (Swagelok, in place of

_ - _ _ _ - _ _ - _ -
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originally supplied Dealaring) is also being used. The increased mechani-
cal strength of the tubing and the design of the new fittings to avoid
mechanical damage should prevent recurrence.2

MAINTENANCE ERROR CAUSES FEEDWATER TEMPERATUPZ TPANSIENT

During normal operation with Unit No. 2 of Dresden Nuclear Power Station
at 92*, power, an attempt was made to replace a burned-out indicating
light bulb for the feed breaker to motor control center. The light bulb
glass apparently had loosened from itr base. When the operator tried to
remove the bulb, the wires twisted together, shorting out the socket,
resulting in the trip of a motor control center. Among the systems
affected was the motor operated feedwater heater valve, which failed
closed resulting in loss of all extraction steam to the feedwater heaters.
The decreasing feedwater temperature caused reactor power to increase,
which the unit operator effectively countered by insertion of several
control rods. However, feedwater temperature decreased 150 F in about
20 minutes before the heaters were returned to service.

,

The applicable fuel reload license submittal analysis for Unit 2 assumed
only a 100 F feedwater temperature reduction (loss of a single heater
string) in about a one minute time interval to be the limiting cool
water injection transient. The station promptly contacted General

|
Electric to determine whether the critical power ratio (CPR) safety

| limit had been approached or exceeded during the transient. Based on.
! the prevailing reactor conditions and the much slower feedwater tempera-

ture reduction, it was determined that no safety limit had been exceeded,
This conclusion was upheld by analysis of the event by the utility's
Nuclear Fuel Services department. They determined that a considerable

| margin had been maintained between minimum CPR and the safety limit.

Following the event, the air ejector off-gas analyses were performed
with increased frequency. No significant increase in off-gas activity
was noted. A description of the occurrence was sent to General Electric
for information.

There were no injuries to or exposure of personnel to radiation as a
result of this occurrence, and it was concluded that health and safety
of the public were not jeopardized. 3

MINOR FUEL DEGRADATION

On November 25, 1975, during cycle 4 operation, Unit 3 of the Dresden
Nuclear Power Station experienced an increase in off-gas activity. The
unit was in the run mode at a ' power level of 2,355 MWt and 795 MWe, and
there had been no power changes in the preceding 32 hours.

The highest stack release occurred on November 26 and the release rate
continued to stabilize during the remainder of the week. As station
off-gas releases remained well below Technical Specification limits,
public health and safety were not adversely affected by this occurrence.
The cause of this occurrence could not be established at the time; but

limited degradation of fuel cladding was considered probable.
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! In November,1976, General Electric Company and Commonwealth Edison
i personnel visually inspected six fuel assemblies that had been determined
j to be defective at the end of cycle 4 During the inspection, a major

defect was discovered in fuel assembly 0D-418. The defect, which was
i confined to fuel rod A-3, was located immediately above and below the
j second foci assembly spacer from the bottom.
4

i Below the spacer, the defect appeared as a longitudinal crack in the
cladding approximately six inches long. Above the spacer, the defect

; consisted of numerous longitudinal splits in the cladding, with an
: approximately one inch long section comp 7etely devoid of cladding.
j There was no evidence of fuel in this inch-long section,

f It was presumed that this single defective fuel rod caused most or all
j of the off-gas activity increase of November 25-26, 1975. The defect
; apparently originated below the spacer, with the splitting above the
! spacer resulting from secondary hydriding of the cladding over a period
: of time. Through-wall hydride formation was then followed by erosion of
! the exposed UO2 pellet (s). Secondary hydriding has been observed before

in the BWR fuel rods at Dresden, but never to the extent evidenced by:

! this particular fuel rod.

1

i Because fuel assembly DD-418 was situated in the extreme periphery of
i the core during cycle 4, operations during that cycle should not have
| caused the observed primary defect. It appears most probable, therefore,

that this defect was related to cycle 3 operations, and in particular to'

an event of October 31, 1974, in which a change in control rod patterns4
' resulted in fuel rod cladding failures that were determined to be the
j result of pellet clad interaction. It is believed that the defect
i either developed during cycle 3, or was initiated during that cycle, and
1 propagated through the cladding wall during cycle 4 operations.

Fuel assembly DD 418 has been permanently removed from the reactor.M
,

|

} REACTOR PERIOD LESS THAN FIVE SECONDS AT BWRs

] Monticello

During reactor startup at the Monticello Nuclear Generating Plant, the '

,

E withdrawal of the correct insequence control rod resulted in a reactor
,

; period (an increase in neutron flux by a factor of e,(2.71) of*less than
j five seconds. The intemediate range monitor (IRM) was in its most j

sensitive range and was calibrated to scram the reactor at less than '

,

| 0.00155 power. The reactor shut down with the trip of this instrument. !

i
s The event occurred 10.25 hours af ter a shutdown from full power operation.
j The reactor moderator temperature was 480*F and apparently Xenon was

near a transient peak. The combined negative reactivity of Xenon and,

; the high moderator temperature at the time of startup required withdrawal
4

of a significantly greater number of rod groups than normally experienced !
i

before reaching criticality. The designated rod withdrawal sequence was |
being fo' lowed and it called for withdrawing rods 06-27 and 46-27 from '

position 00 to position 10. When these rods were individually moved to'

| position 06, the reactor became approximately critical. When rod 46-27
was withdrawn an additional notch from position 06 to Ob the reactor I

>

immediately scrammed. |
l
i

, __
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i It should be emphasized all applicable pre-startup checks were performed
j and operating procedures were followed. The rod worth minimizer was
j operable and was not bypassed. No Technical Specifications were violated
: and fuel enthalpy criteria was not exceeded.
!

! The designated rod withdrawal sequence being followed was developed
i using the Haling withdrawal principle. In the next cycle, the generic
! banked position withdrawal sequence (BPWS) will be used; insequence rod
j worths using the BPWS are expected to be lower. Until that time (Fall
j '77) additional analysis to identify high reactivity worth rods will be
i performed for each rod withdrawal sequence. Steps are in progress to
! alleviate the potential for recurrence of this type of operational
] problem.7
!
; Dresden 2
(
j During startup operations following a s ~am at Unit 2 of the Dresden

Nuclear Power Station, a short period realted when control rod drive
;j (CRD) J-2 was withdrawn one notch. The pusitive reactivity inserted by
; this notch withdrawal resulted in a transient power increase. The

'
i transient was terminated by a scram on the intermediate range neutron
j flux monitors (IRM) before the operator could reinsert the control rod
; or adjust instrument ranges. A period of approximately 5 seconds was
; indicated.
t

i Apparently a combination of conditions including control rod pattern,
| moderator density (temperature), and local Xenon concentration resulted
! in an unexpectedly high reactivity worth for the notch. The withdrawal
j was performed in accordance with General Electric control rod withdrawal
i sequencing rules for reactor power levels below 20%. The reactor protec-
| tion systems functioned as designed to terminate the event. i

$ i

i Following the normal scram recovery, startup operations were resumed. |

Although the notch withdrawal of CRD J-2 was postponed until a later |

,
step in the control rod withdrawal sequence, all CRD movements remained |

| in conformance with the General Electric startup CR0 withdrawal sequenc- |
: ing rules. Additionally, the nuclear engineers discussec the incident
! and developed methods of avoiding future potentially undesirable notch
! pulls under similar conditions.
)
| Because of the similarity of these two events, the NRC issued IE Circular
! No. 77-07 to alert BWR licensees to review their startup procedures and to
j assure that their plant operating staff has adequate information for

performing a safe reactor startup.e
J
i4

j Point of Contact:
Theodore C. Cintula

! Office of Management Information
and Program Control

,

U.S. Nuclear Regulatory Commission
e

NOTE: Following the references, a questionnaire has been included
to assess the utility of this publication. We would be
pleased if the reader would complete the questionnaire.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- -
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CURRENT EVENTS-POWER REACTORS have been dir tributed free of charge upon request
to all subscribers for the past three years. To assess the use of this publi-

' cation and to take advantage of the readers experience, we respectfully request
that this questionnaire be completed.

The reverse of this questionnaire forms a preaddressed franked envelope.
Merely fold and staple or otherwise secure the questionnaire to form an envelope
with the address on the outside and mail. We would be pleased if the
questionnaire could be returned by September 31, 1977. Thank you.

I find the publication CURRENT EVENTS-POWER REACTORS to be:

Useful for some specific applications.
Of no specific use, but I find them interesting
to read.
Not useful for my purposes.>

In regard to presentation of operating experience at Nuclear Power Plants, I
find CURRENT EVENTS:

Provide a good spectrum of information.
Other publications are more timely and are more
complete.
I received no new information from this publication.

In regard to understanding of the events, CURRENT EVENTS generally:

Tend to clarify or explain the event.
Tend to confuse or muddle the event.

I find this publication to be:

Creditable
Biased

How frequently should CURRENT EVENTS be published?

Monthly
Bi-monthly
Quarterly
Semiannually
Not at all

Additional comments:

. - - - ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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UNITED STATES

CURRENTEVENTS NUCLEAR

REGULATORY

POWER REACTORS c0MMissioN

THIS COMPILATION OF SELECTED EVENTS IS PREPARED TO DISSEMINATE INFORMATION
ON OPERATING EXPEP,IENCE AT NUCLEAR POWER PLANTS IN A TIMELY MANNER AND AS
OF A FIXED DATE. THESE EVENTS ARE SELECTED FROM PUBLIC INFORMATION
SOURCES. NRC HAS, OR IS TAKING CONTINUOUS ACTION ON THESE ISSUES AS
APPLICABLE, FROM AN INSPECTION AND ENFORCEMENT, LICENSING AND GENERIC
REVIEW STANDPOINT

1 MAY - 30 JUNE 1977

(PUBLISHED MID - OCTOBER 1977)

DEGkADATION OF FUEL R0D INTEGRITY

l

i

Prior to shutdown for a scheduled rafueling outage, the Lacrosse Boiling '

Water Reactor {LACB4R) operated at reduced power levels to maintain offaas
releases within their Technical Specification limits. At the completion
of cycle 4, all irradiated fuel (72 fuel assemblies, each containinq 100
fuel rods in a 10 x in array) were removed from the reactor core for
inspection. The visual inspection resulted in the identification of
damaced fuel rods in six of the fuel assemblies with an average of 4 to 5
damaged rods in each assembly. Cracks in one or two fuel rods were
observed in three of these assemblies but the rods appeareo to be intecral
with no fuel missing. The rod defects in the remaining three Usemblies
(2-15, 2-39 and 2-43) were major breaches of the fuel integrity (ie. fuel

|pellets had separated from these assemblies). It was estimated that a
total of about 55 inches (length) of fuel pellets which contained approxi-
mately 818 grams of uranium had separated from the fuel assemblies. It
was estimated that a total of 33.5 inches of fuel rod was missing from
assembly 2-15 from a four rod cluster. Approximately 17.4 inches of fuel
was missing from two fuel rods in assembly 2-19. Approximately 4.4 inches
of a fuel rod was missing from assembly 2-43.

Some of the missing pieces have been accounted for at this point in the
outage. The 4.4 inch segment from assembly 2-43 is in the LACBWR fuel
storage well. An equivalent of s 10.8 inches of fuel rod from assembly
2-39 is in the fuel storage well. Approximately 6 inches of fuel rod from
assembly 2-15 is in the reactor core esting in a recoverable location on
top of control rod 9. A small piece of cladding (s 1.5 inches long) was
also located on the top of control rod 16. Continuing efforts are being
made to locate and recover additional missing fuel and cladding pieces.

._ .- _. ._ ._
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The visual inspection also showed fuel rods to be distorted and touching
in the high density portion of the core. There were no indications of any
departure from nucleate boiling type of failure of the fuel clad,

;

k In addition to the 6 fuel assemblies which exhibited visual damage, 20
.' fuel assemblies were found to exhibit fission gas release rates above
| specified limits based on the results of fuel " sipping" examinations which

measure fuel assembly radioactive releases to core cooling water.
|

The licensee has determined that it is not possible to have an inadvertant

i criticality or flow blockage from the quantity of the fuel that was origi- |

|
nally lost from the fuel assemblies. |

| LACBWR is one of 3 opardting reactors and the only boiling water reactor
that uses fuel rods with stainless steel cladding. Each fuel rod consistsa

! of uranium-dioxide fuel pellets housed in a closed hollow tube of stain-
: less steel about 0.4-inches in diameter and about 8-feet long. The fuel
! was manufactured by Allis-Chalmers.
i
j The average burnup of the fuel that failed was about 17,-18,000 megawatt
j days per metric ton. The warranty of the fuel was for a burnup 15,000

megawatt days per metric ton. It is believed that the fuel did not fail'

prior to expiration of the warranty. This was the highest average
exposure of discharged fuel in the history of LACBWR's operation.-

| Some fuel degradation had been anticipated because of above normal
! radioactive release rate during power operation. For approximately a five
I month period prior to the reactor shutdown for the refueling outage, the

reactor was operated at reduced power levels to maintain radioactive
j releases to the environment within the prescribed limits. At shutdown,

; reactor operation was limited to approximately 60% of rated power.
1

I This event is not the first incidence of fuel rod failures at LACBWR. At'

the completion of fuel cycle No. 2, there were nine fuel assemblies with*

visible defects and a total of twenty-three defective assemblies.a

] Based on preliminary investigations, the observed defects in the cladding
i of the damaged fuel rods were quite similar to the circumferential cracks
f observed in fuel cycle No. 2. The circumferential cracks observed at the
| conclusion of fuel cycle No. 2 were attributed to excessive clad stress

from pellet clad interaction. Pellet-clad interaction could be caused by
rapid movement of the control rods during control rod repositioning or
power level changes leading to excessive clad stress at the pellet pellet

4 interface. Other factors may also have contributed to the fuel damage.

The licensee believes that the six severely affected fuel assemblies of
fuel cycle No. 4 may have been the result of stress corrosion cracking of
the stainless steel clad accelerated by relatively high stresses occurring
when the control rod was withdrawn after extended periods of insertion.
The condition was aggravated when power was escalated rapidly in fuel rods i

next to rapidly moving control rods during subsequent startups. The 4

damaged rods may have been subjected to flow induced vibration combined
with additional reactor shutdowns, startups and power changes. These
conditions may have aggravated the circumferential and longitudinal
defects to the degree that some rod sections disintegrated resulting in
fuel and cladding fragments being transported from the fuel assembly and
distributed in the primary system. The actual operating conditions

--___________- - - _ - _ _ - _ - _ _ _ _ _ _ _ _ _. - _ _ -.
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experienced by the grossly failed assemblies will be studied and this
history will be used for proposed changes in operation to minimize
recurrence of this type of failure.

It was the licensee's conclusion that the rate at which power is escalated
during reactor startup must be carefully controlled and limited to mini-
mize the potential for inducing clad failures in fuel rods and/or
aggravating the condition in rods which have experienced minor clad
defects. The fact that the grossly failed assemblies were located next to
control rods which were part of the controlling banks during Cycle 4 has
led to the conclusion that it is also vitally important to control the
average rate of rod movement.

The consequences of this event were a reduction in electrical gu erating
capacity, increased radiation levels in the reactor coolant and various
other areas at the plant, and an extended refueling outage to evaluate the
extent of fuel damage and to recover missing pieces of fuel and cladding
located within the primary coolant system. There were no personnel
exposures to radiation and no radioactive releases to the environs in
excess of regulatory limits as a result of this occurrence.

Of the 72 fuel assemblies in the LACBWR core, forty-eight assemblies have
been placed in the storage well and twenty-four assemblies were returned
to the reactor. The twenty-six defective assemblies will not be used.
Most recent plans provide for loading thirty-two core 3 fuel assemblies
manufactured by Exxon Corporatinn and 40 core 2, cycle 4 assemblies.

There have been previous reports from this and other licensees of failed
fuel rods, however, this event at LACBWR is unique in the degree and
extent of fuel damage experienced. It was estimated that about 1 percent
of the fuel rods (about 80 of 7200) were leaking beyond limits of reuse.

The NF.C is currently reviewing the information being supplied by the
licensu and is considering additional ogating restrictions to reduce
the probability of future fuel failures

IMPROPER ELECTRICAL CONNECTORS CAUSE FIRE

At the Oyster Creek Nuclear Generating Station, smoke was found to be
emanating from a unit substation. The fire was extinguished within 3
minutes and all possible loads were removed from the substation to reduce
tne amount of heat being generated by the electrical conductors. In
transferring the Reactor Protection System to an alternate substation, a
reactor shutdown was initiated as a result of the momentary power loss
from the switching operation. The plant was in the refueling mode with
the reactor core unloaded.

The cause of the fire was attributed to loose connections that were found
between the terminal connectors and the aluminum conductors of the cable
bus. Investigation revealed that the terminal connectors used were not
the type specified for installation. Instead, a connector normally used
for copper cable had been used and the different croperties of aluminum
and copper caused the loose connections to develop. The loose connections
were the source of high resistance which produced the intense neat which
ignited the insulation.

_ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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: As a temporary corrective action, a short section was cut from the
aluminum conductors and each conductor was restored to its original length
by splicing on a section of copper conductor. The conductors were re- i

;
i connected to the bus extensions using the proper terminal connectors. The i

! aluminum cables are to be replaced with copper cables. In addition, all

| systems that utilize aluminum cable will be inspected for proper applica-
; tion of terminal connectors and a preventive maintenance program will be
j starteg to insure that connection tightness is checked on a routine
- basis
Y

I
OIL DEGRADES POWER REACTOR CABLES

; |
.

i
I On October 9,1975, station personnel at the Guad-Cities Nuclear Power
! Station were cleaning the electro-hydraulic control (EHC) unit which had

been dripping fluid on the Unit 2 cable tunnel floor. It was noticed
4

that not only had the EHC fluid been leakino onto the floor but also that1

j it had leaked onto the cables in the surroundino cable pans. Closer
! inspection of the cables revealed both puffina and plasticization of

cables where the EHC fluid had made contact. At the time of discovery,a

Unit 2 was in the cold shutdown condition.,

Cables in the Unit 2 cable tunnel are utilized for both safety and non-
:

safety-related f unctions. The EHC fluid leak had not rendered any safetyi

: or nonsafety-related system inoperable.

The immediate action was to determine the extent of plasticization of the
i affected cables. A small section of control cable was hand traced to

identify its function and was cut out and analped. It was discovered;

j that only the jacketing material had been affected by the EHC fluid,
i
1 Various cable manufacturers and the manufacturer of EHC fluid were con-

suited as to the effects of EHC fluid on various polymers used for elec-
|! trical cable insulation. Polyvinylchloride (PVC) and neoprene were found

to be severely affected by EHC fluid and were not recommended for use in;

i the vicinity of EHC fluid. Other polymers such as polyethylene, teflon,
! silicone rubber, nylon, and butyl rubber were acceptable for use in an EHC
i fluid environment.

The next course of action was to determine the function of the cables in
the Unit 2 cable tunnel that were affected by the EHC fluid. The types of'

cable construction were categorized as follows:
1

{ l .- Control and Power (low voltage): Individual or multiconductor PVC
j jacketed, mylar wrapped, PVC over butyl rubber insulated conductors.

; 2. Instrumentation: PVC jacketed, shielded, mylar wrapped, polyethylene
' insulated conductors.
!
. 3. Instrumentation: Single and multiconductor PVC jacketed, polyethy-

lene insulated, mylar wrapped and shielded twisted pairs.3

| 4 Instrumentation: PVC jacketed, polyethylene insulated, coaxial
: cable.
,

The control and power cables comprised approximately 80% of all cables in
i the Unit 2 cable tunnel. Close inspection revealed that the EHC fluid had

I

i
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| not permeated through the PVC overall jacket. Since butyl rubber is not
i affected by EHC fluid, it was recommended that these cables be cleaned and
i left in place after EHC fluid was removed from the cable pans.
4

} Inspection of the instrumentation cables revealed that some saturation
; through the overall PVC jacketing had resulted. However, in no case had
( the EHC fluid permeated through the mylar shielding covering. It was

recommended that the plasticized sections of jacketing be removed and a
suitable jacketing tape be applied.

! The coaxial nuclear instrumentation cables overall jacketing is very thin
' and consequently suf fered f rom the ef fects of plasticization. Plastici-
{ zation had exposed the shielding conductor, such that possible electrical
| interference could result. I

) Since there were only 90 coaxial cables affected by the EHC fluid, it was
i

! recommended to splice in new coaxial cable sections rather than taping |
j over the shielding. All coaxial cables were identified and labeled before '

splicing was permitted. The coaxial cables were tested against acceptable,

| electrical properties after being spliced.
,

1 The postulated path of EHC fluid migration from the EHC fluid reservoir to
; the cable tunnel was traced to small cracks in the rough concrete slab of
; the EHC fluid reservoir. The rough slab serves as the ceiling in the Unit

2 cable tunnel and minor small cracks in the ceiling served as the leak
; path out of the concrete and onto the cable trays and floor. The upper
] cable trays did not contain all of the EHC fluid, even though the pans in

the cable tunnel were of solid bottom construction. EHC fluid leaked1

through the cable pan connecting joints and the lower cable pans were also,

j subjected to the EHC fluid. The cables closest to the bottom of the cable

i pans were most affected by the EHC fluid because these cables were in
constant saturation with EHC fluid.

j At the present time, all the cables in the affected area of the Unit 2
' cable tunnel are being protected from EHC fluid leakage. The leakage has

subsided and once it has stopped the ceilirg area will be cleaned and a
protective sealer will be applied to prevent any possible leakages.

The EHC fluid reservoir foundation will also be sealed with the same
protective sealer. The sealer, type 187 HFP, which is a recommended EHC-

fluid sealant, has been ordered from the Carboline Company.

The licensee's technical staff has been performing a weekly inspection of
,

i the Unit 2 cable tunnel to assure that there is no further leakage onto
| the cables.D
1

1

j

; BORON DILUTION OF PRIMARY COOLANT WITH SODIUM HYDROXIDE

! On February 7, 1977, when Unit No. 3 of the Crystal River Nuclear Power>

i Station was in the Mode 5 (cold shutdown) condition and preparing to enter
Mode 4 (hot shutdown) operation, an error in valve alignment permitted
sodium hydroxide from the containment building spray system to enter the
reactor coolant system. At the time of the event, one train of the decay
heat removal (DHR) system was being used to recirculate reactor coolant
and the reactor coolant system was being filled from a bleed tank. The

i
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i filling and recirculation of the reactor coolant system was temporarily
; discontinued to perform the " Building Spray System Valve Check," a sur-
I veillance test that requires cycling of two containment building spray

valves. When one of the building spray valves was cycled, sodiuma

j hydroxide was drained into the DHR system from the sodium hydroxide tank
through a path of three open valves in the dece', heat removal systemi

| suction line. .

l'

| The introduction of sodium hydroxide solution to the system was not
- apparent and recirculation and filling of the reactor coolant system was
i resumed upon completion of the surveillance test. This introduced sodium

hydroxide into the reactor coolant system. An anomaly in the chemical
Icomposition of the reactor coolant system became apparent when a coron

j analysis indicated a concentration of 305 ppmB. The actual boron con-
,

i centration was approximately 1500 ppm but the alkaline sodium hydroxide
solution masked the true boric acid concentration in the titration;

I analysis. Reactor coolant system filling was immediately terminated and i

f source range instrumentation was monitored, which displayed no ircrease in I

j count rate - a positive indication that no appreciable boron dilution had
occurred. After a second boron analysis, it was realized that sodium2

j hydroxide had been introduced into the reactor coolant system.
|

The cause of the occurrence was procedural inadequacy; there were no
precautions in the surveillance procedure to indicate that either of two ii

'

I specific valves in the building spray system (BSV-36 or BSV-37) should not
be cycled with the decay heat removal system lined up for reactor coolant

j recirculation. |

i It should be noted that there are no Technical Specifications for sodiumi

| hydroxide content in the reactor coolant system at temperatures below ,

1250*F. However, the chloride and flouride content of the water in thej
sodium hydroxide tank were high enough to cause chloride contamination in

Ie

| the range of 1.0 ppm in the reactor coolant system. This level was
i returned to less than 0.05 ppm by using the makeup and purificaiton de-
* mineralizers.

.
On June 15, 1977, the licensee, Florida Power Corporation, notified the |

| NRC that Babcock and Wilcox (B&W) had evaluated the incident and that the
|

event could be extrapolated as a potential unreviewed safety question.
; This scenario postulated the single failure of the sodium hydroxide l

1

! effluent valve. Such a failure during reactor cooldown with the decay
Iheat removal pumps in operation could result in the dilution of boron (the'

sodium hydroxide tank does not contain boron in solution) in the primary |

.
coolant and possibly cause the reactor to become critical with all control !

I rods fully inserted. |
|
I

Baron is added to the coolant systems of pressurized water reactors in the
form of boric acid to aid in the control of the fission process. The
purpose of the sodium hydroxide is to control the pH of the fluid inside I

the reactor containment during a postulated loss-of-coolant accident and
to remove iodine from the containment atmosphere to limit offsite release
dose. However, if the sodium hydroxide tank effluent valve should fail
while the reactor is beino cooled in the DHR mode, a path will be made
available through which the sodium hydroxide can flow to the primary
coolant system. Reactor coolant system boron dilution from this source
was not discussed in the Safety Analysis and remedial action was required
to prevent such dilution as a result of a single failure.

_ _ . _ .



- -- . . . . . .. - . . . _. . - - - - - - - . -

|
t

.

125
|

|

In the actual event at Unit No. 3 of Crystal River, approximately 600
gallons of sodium hydroxide was discharqed into the reactor vessel .
Because the dilution was small, the core remained subcritical by a wide
margin. It was estimated that this amount of dilution resulted in an
increase in reactivity of 0.52% ak/k from an initial subcriticality of
-5.07% ak/k.

In the hypothetical analysis of an unterminated dilution of the reactor
coolant from the sodium hydroxide tank, the Crystal River core would
become critical, the time of criticality beino determined by the rate of
dilution. It was calculated that the maximum possible flow rate from the
sodium hydroxide tank could be only 350 GPt1 due to the 3-inch dianeter
tank discharge piping. Usino this flow rate, the time to criticality
would be just over 22 minutes assuming the worst conditions allowed by the
technical specifications.

1

During injection there would be several alarms and indications of dilution
of reactor coolant to the coerator. dowever, the loss of 600 gallons, as
occurred in the February 7 incident, would not necessarily cause an alarm.
A loss of 820 gallons or more would cause a tank level alarm. An addition
of approximately 8000 aallons to the RCS would be necessary fore

criticality. This is not likely to occur as nuclear instrumentation would
indicate a change in reactivity before the reactor become critical.

The moderator dilution accident presented in Chapter la of the Crystal
River-3 FSAR does not consider the possibility of unterminated dilution.
However, moderator dilution occurring while operating at power will event-
ually result in a reactor trip; this action closes the feed block valve
and thus eliminates the possibility of continuous dilution and return toa

i criticality.

; The Chapter 14 analysis did consider dilution at a cold depressurized core
' condition as in the refueling mode. In the refuelinq configuration, the

reactor core is heavily borated to assure a large subcritical margin. The
dilution event considered at these conditions was limited to the dumping
of a full makeup tank volume of demineralized water into the core and

demonstrating that core criticality was not a possibility. No continuous4

dilution or source of dilutant of a volume comparable to the sodium
hydroxide tank was considered.

As a result of these two postulated accident conditions, the emptying of
the sodium hydroxide tank as dilutant into the reactor vessel was con-
cluded '.o be an unanalyzed moderator dilution event because only one valve+

in each sodium hydroxide exit line is available to prevent the full dis-
charge of the sodium hydroxide tank.

Florida Power Corporation is presently evaluating permanent modifications
to the sodium hydroxide system. Appropriate revisions to the FSAR will be
submitted to the Commission following completion of the evaluation.

1. Prior to aligning the Decay Heat Removal System for operation, the
manual isolation valves BSV-97 and BSV-98 that are located in the
discharge lines of Sodium Hydroxide Tank will be verified to be
closed and the breakers of the motor-operated isolation valves
BSV-36 and BSV-37 will be " racked out" with BSV-36 and BSV-37 in
the closed position. This provides redundant isolation between the

i

Sodium Hydroxide Tank and the Decay Heat System.

-
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! 2. The manual isolation valves BSV-97 and BSV-98 will be verified to be
! in closed position and that the pressure of the Reactor Coolant

System is greater than 12 psig (greater than that of the Sodium i
'

; Hydroxide Tank) before the motor-coerated valve cycle testing is
?

performed on BSV-36 and BSV-37. The piping between BSV-97 and BSV-153, ,

'

! and BSV-98 and BSV-152, respectively, will be thoroughly flushed with

;!
demineralized water to preclude the introduction of Sodium Hydroxide
to the Decay Heat System,

t
! 3. The valve cycle testing required by CR#3 Technical Specifications
| will be performed during a refueling outage.
i

The possibility of an unterminated moderator dilution may not be unique to
the Crystal River Plant. The accident analysis section of the Standard
Review Plan does not seem to address sources of possible dilution (other i

i than the chemical and volume control system) such as the sodium hydroxide |

tank. Other plants have been checked and this type of dilution is possible
on at least some of these plants (Rancho Seco and Arkansas Unit 1).;

j Accordingly, the NRC is sending letters to all PWR licenpgs asking them to ;

investigate the potential for a Baron Dilution Accident

; Point of Contact: 1

i Theodore C. Cintula
Office of Management Information

j and Program Control
j U.S. Nuclear Regulatory Commission
:

1

I
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THIS COMPILATION OF SELECTED EVENT EVENTS IS PREPARED TO DISSEMINATE
INFORMATION ON OPERATING EXPERIENCE AT NUCLEAR POWER PLANTS IN A TIMELY
MANNER AND AS OF A FIXED uATE. THESE EVENTS ARE SELECTED FROM PUBLIC
INFORMATION SOURCES. NRC HAS, OR IS TAKING CONTINUOUS ACTION ON THESE
ISSUES AS APPLICABLE, FROM AN INSPECTION AND ENFORCEMENT, LICENSING AND
GENERIC REVIEW STANDPOINT.

1 JULY-31 AUGUST 1977

(PUBLISHED MID-NOVEMBER 1977)

INSUFFICIENT NET POSITIVE SUCTION HEAD

On August 10, 1977, the NRC was informed by Virginia Electric and
Power Company (VEPCO) that Stone and Webster Company, the architect-
engineer for North Anna Units Nos.1 and 2, had discovered a deficiency
in the design of the Containment Recirculation Spray (CRS) system
pumps for the North Anna facilities. Subsequent discussions with
representatives of VEPCC, Duquesne Light Company (DLC) and Stone and
Webster (S&W), have indicated that this same design deficiency also
exists for the Low Head Safety Injection (LHSI) system pumps. It had
been determined that the net positive suction head (NPSH), calculated
to be available to the pumps of these systems, is insufficient with
respect to the required NPSH specified by the pump manufacturer for
the intended pump operation. The deficiency is generic for the following
Pressurized Water Reactor (PWR) facilities with a subatmospheri: contain- j
ment design. i

State Utility Plant Name

Virginia Virginia Electric & Power Co. North Anna Unit
Nos. 1 & 2

Virginia Virginia Electric & Power Co. Surry Unit Nos.
1&2

Pennsylvania Duquesne Light Co. Beaver Volley Unit
No. 1

Both the CRS and LHSI systems are engineered safety features whose
functions are to mitigate the consequences of a postulated loss-
of-coolant accident (LOCA), a low probability event. The CRS system
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is designed to remove heat from the containment in order to reduce
the containment pressure to below atmospheric pressure within one
hour after a postulated LOCA. It consists of four subsystens, each
with 50 percent capacity. The pumps take suction from the containment
sump, with two pumps located inside and two pumps locat.ed outside the
containment. The LHSI system is designed to inject cold borated water
into the reactor core. The system consists of two 100 percent redundant
and independent subsystems. Initially the system is connected to the
Refueling Water Storage Tank (RWST), but is switched to the containment
sump when the RWST reaches a low-low level.

For each of these systems to satisfy its intended safety function,
the pumps in each system must be capable of providing the design
flow rate under all postulated post-LOCA conditions of containment
pressure and sump water temperature. Thus, conditions leading to
inadequate NPSH for the CRS and LHSI pumps for extended periods of
time could affect the capability of these systems to perform their
intended safety function.

The design deficiency was determined to exist when a reanalysis of
the containment pressure transient response -- which included the
associated time dependent NPSH available to the pumps in both the
CRS and LHSI systems -- was performed by Stone and Webster for VEPCO.
This reanalysis used more refined and conservative considerations of
the overall thermodynamic model for the containment pressure response,
i.e., assumptions that minimize the calculated containment pressure and
maximize the containnent sump water temperature; thus, these assumptions
minimize the calculated NPSH for conservatism in the analysis. Application
of these assumptions in the reanalysis resulted in the new calculated
result that the available NPSH for these pumps would temporarily be
less than the minimum required NPSH specified by the pump manufacturer.
This reanalysis also correct.ed an error in the earlier calculations in
the reference elevation for the LHSI pumps.

,

|

| Based on additional tests performed at North Anna, information from the
| pump manufacturer, low probability of the event and operating restrictions
! that will satisfy the intended safety function of the CRS, Surry Units
| 1 and 2 and Beaver Valley Unit 1 were permitted to continue operating
| for an interim period.

In the additional tests performed at North Anna, the CRS pump
minimum NPSH required to assure satisfactory pump operation without
cavitation was measured to be 10.2 feet for the design flow rate of
3300 gpm used in the containment depressurization analysis. This is
in contrast to the 15.0 feet specified by the pump manufacturer. The
tests also demonstrated the ability of the pumps to operate in the
cavitating mode, though at a reduced flow rate, for at least 30
minutes without sustaining serious damage.

The following changes were subsequently imposed on the operation of
the CRS system in the Surry CRS system.

1. Flow limiting orifices were installed in the discharge lines
of the two CRS system pumps located outside containment. These
orifices would reduce the design flow from 3300 gpm to 2000 gpm and
would reduce the required NPSH to 6.4 feet compared with a calculated
available NPSH of 7.3 feet. Consequently, the associated flow
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reduction assures continued pump operation without cavitation.
With this reduced flow rate of 2000 gpm for the outside CRS pumps,,

and assuming the most limiting single failure (i.e. , the loss of4

a diesel generator and hence one train of inside and outside
CRS pumps), the remaining two CRS pumps would be capable of
delivering a total recirculation flow of at least 5000 gpm, which
is adequate to ensure containment integrity.

2. The CRS system pumps located inside containment would be requirec
to operate in a cavitating mode only for a limited time (from
700 seconds to 2100 seconds after a postulated LOCA) and at a
reduced flow rate of 3000 gpm. At all other times, the calculatec
available NPSH to these pumps would be greater than the NPSH
required to preclude cavitation for a flow rate of 3300 gpm.

3. In addition, limits on certain cperating parameters (service
water temperature, containment temperature, and containment,

air partial maximum pressure) were implemented to ensure adequate
NPSH.

With respect to the LHSI system, a potential for pump cavitation was
found to exist for a short period of time during the recirculation
mode if the flow rate exceeds 3500 gpm (adequate for long term core
cooling requirements). In order to assure that this flow rate will'

not be exceeded, VEPCO has proposed an interim solution of throttling
the valves in the pump discharge line while monitoring the flow rate 1

in the control room. |

Actions have also been taken at Beaver Valley to ensure that the
original planned design margins are restored. In addition, cold

quench spray water will be divereted from the spray header system to
the inlet of the outside CRS pumps at Beaver Valley. With respect to
the North Anna Units, these design deficiencies will be corrected
prior to the issuance of operating licenses for these plants.

Both VEPCO, operator of the Surry and North Anna Units, and DLC,
operator of Beaver Valley, are committed to submitting plans and
schedules for implementing a final resolution of this problem within
90 days from August 24, 1977.I,2

CONTROL ROOM ATMOSPHERE DEGRADED
!

At approximately 1:15 a.m. on August 5,1977, a chemical spill
,

occurred in an area below the control room of Dresden Units 2 and
3. Both of these units were operating; Unit I was shutdown. Some
fuming from the chemicals resulted, and when these fumes entered
the control room, a Generating Station Emergency Plan (GSEP) "on-site
alert" was initiated. Two control room operators donned Scott Air Pack
breathing apparatus as a safety precaution, although this was not
needed during the entire period. The Dresden Units were not taken
off the line, no personnel injuries occurred and the health and safety
of the public was not affected.

The spill occurred when a plant operator was simultaneously filling the
make-up demineralizer acid and caustic day tanks. His attention was
diverted by other activities in the area, resulting in the overflow

- _ _ . - _- --
_ -
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of both tanks. The chemical mixing produced a high concentratior. of
} chemical vapors that prevented the operator from reaching the controls
i to stop the flow of chemicals into the tanks. The fan in the demineralized
j make-up room was not operating, and the fumes seeped through the ceiling

- into the Shift Engineers locker room, the lunch room and ultimately
into the Control Room Ventilation System. The vent fans for the control
room were turned off to minimize the inflow of fumes. In the meantimea

j the flow of chemicals into the tanks had been stopped by control switches
!

at a remote location from the tanks. The contro'i room atmosphere had
been degraded for approximately 45 minutes.

After the area was cleaned up, the control room ventilation was returned.

| to normal recirculation, and within approximately 5 minutes, the control
; room atmosphere was adequately purified. The GSEP on-site alert was

terminated at approximately 3:00 p.m.
;

f The following were contributing factors that caused the event:

! 1. No automatic shutoff of caustic and acid flow to the day tanks
: on high level;

2. No immediately available emergency cutoff switches for the,

; pumps -- it took approximately 15-20 minutes to get to the
remote breakers.j

! 3. No means of taking the control room heating, air conditioning
] and ventilation system off 90%. recirculation flow and placing

it on 1005 outside air ventilation mode.,
.

'

.;

! Extensive helium injection testing was performed to investigate
j the flow path of the fumes. The two major causes for the infiltration
; of the fumes into' the Shift Engineer's locker room and ultimately

the Control Room ventilation system were: !

\

| 1. inadequately sealed holes between the make-up demineralizer l

j room and the Shift Engineer's locker room, and
'

2. an out of service vent fan whose purpose is to exhaust the make-
| up demineralizer area and the Shift Engineer's locker room.
I
j The following immediate short term corrective actions to prevent

recurrence of this event were proposed:4

i
j 1. The procedure for transfer of acid or caustic to the day tanks
j will be changed so that the operator shall be required to be

present during the filling operation and in addition the tanks;

: shall not be filled simultaneously.
U

2. The exhaust fan for the make-up demineralizer roem and Shift
Engineer's locker room is to be repaired.

,

3. All penetrations in the make-up demineralizer room ceiiing
and walls will be realed and the seams in the control room
and computer room heating, ventilation and air conditioning
ducts that go through the demineralizer room will be taped.
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Long term corrective measures will include:
,

.

1. Installing a switch in the control room that will permit operation
of the control room ventilation system in either the recirculation'

mode or outside air supply mode. A procedure will be written so
,

that operating personnel will have adequate instructions as to
when the operating mode of the system should be changed.'

2. A modification will be made to move the decineralizer day tanks
and to place high level trips on all day tanks.3

SPEED CONTROLLER MALFUNCTION

On March 16, 1977, during a routine surveillance test of the High
Pressure Coolant Injection (HPCI) system at the Cooper Nuclear
Station, it was found that the speed of the HPCI turbine could not
be reduced below 4000 rpm. The system met operational requirements
for flow and was therefore not declared inoperable.

The HPCI system is one of the three Emergency Core Cooling Systems
(ECCS) that provide cooling water to the core over a wide spectrum
of line breaks. When the HPCI was declared inoperable to perform
the necessary repairs to the speed controller, the Automatic
Depressurization, Core Spray and low Pressure Coolant Injection,

systems were operable and the occurrence had no potential adverse
consequences on the safe operaticn of the plant or to the public
health and safety.

It was found that the speed control capability was limited because
the governor valve nozzle block lif *. rods were deformed. There are
two such rods and each was tent just below the upper connecting clevis.
The bend in the rods prevented complete closure of the governor valve
and in turn would not allow the turbine speed to decrease below 4000
rpm. The cause of the bent lift roda has been attributed to binding
of the rods at the steam chest bushings, with the binding caused by
rust collection on the rods. (This binding causes a bending load on

; the lift rods because of the linkage design.) A suggested maintenance
'

technique to reduce the possibility of this type of occurrence is to
exercise the velves on a more frequent basis with the hydraulic oil

' system. This should prevent the buildup of deposits on the lift rods
i of the speed controller of the Terry

cation can be made to the lift rods.", turbine until a linkage modifi-

f FIRE PREVENTION |
| 1On May 13, 1977, work was being performed by Carolina Power and Lighti

i

Company personnel in a laydown area of the Brunswick Unit 1 turbine |
building when a mechanic welding on the interior surface of a basket !
Strainer from a main steam stop valve noticed a blue flame burning
just above the surfce of the fire blanket on which the strainer

|
was set. The mechanic extinguished the fire mith a portable )
extinguisher and, although the control room was' notified of the
fire, the fire brigade was not assemblied because the flame was
immediately extinguished.

, _ , . _-_ _ _ _ _ .-__ _ _ _ __ _
-
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Investigation revealed that the fire resulted when a sheet of plastic
placed under the fire blanket to catch filings was heated during the
course of the work. When the blanket was heated, the plastic beneath
it began to evolve ignitable vapors which, on passing through the

.

relatively porous material of the blanket began to burn upon reaching'

the air above the fire blanket.

The work was being performed under a valid permit in accordance with
FP-5, Welding and Burning Control. Although all procedures were
carefully followed by the personnel involved, and combustible material
that chould not be removed was covered by fire blankets, consideration
was not given to the fact that elevated temperatures might occur in i

|some areas and thus present a hazard.0
|

Point of Contact:
Joseph I. McMillen
Office of Management Information

and Program Control
U.S. Nuclear Regulatory Connission

l
!

|
|

1
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s ;

|

|

|

1

|

|
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1 SEPTEER - 31 OCTOBER 1977

(PUBLISHED DECEMBER 1977)

OPERATOR ERROR .

On January 11, 1977 while the Fort Calhoun Station Unit I was I

I
operating, water from the Refueling Water Storage Tank was pumped
into the containment through the containment spray header due to an
operator error.

During the performance of a quarterly test of the safety injection
and containment spray pumps, the operator noticed an increase in
the containment sump level approximately ten minutes after the
low pressure safety injection pump had been started. Approximately
3300 gallons of water had been pumped to the containment. About one
minute later the ventilation isolation actuation signal was received.
At this time the operator realized he had failed to follow the sur-
veillance procedures and had left the discharge valve of the low head
safety injection pump open. He immediately secured the pump.

The Reactor Coolant System was checked for leakage and containment
entry was made approximately one hour later. Inspection revealed
that a discharge from the containment spray nozzles had occurred.
A few minutes later power reduction was started. A second containment
entry was made about an hour later, after containment air samples
confirmed that a full face mask would provide adequate respiratory
protection for the levels of radioactivity in the building. A
detailed inspection revealed no serious deficiencies and no electrical
grounds; the power reduction was terminated at a power level of 83%.

Although the operator had not followed the procedure and the discharge
valve was open, the containment spray header isolation valve (HCV-345)
and the low pressure safety injection to containment spray header
cross-connect valve (HCV-335) should have prevented the event. The

. - _ _ - _ _ _ _ _ _ - _ _ - -
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electric / pneumatic converter on HCV-345 had failed and both red andi

; green position indication lights were on, indicating the valve was
: partially open. Prior to the event the auxiliary Building Equipment

Operator had taken local control of the valve in an attempt to
j completely close the valve. After about 1/2 inch of stem travel, the
,

operator removed the valve pin and the valve went back to its previous
position as demanded by the valve positioner. The third valve (HCV-335)'

- in the incident had a leakage problem that had been previously identified
! but no corrective action had been taken.
.

! The pneumatic relay on valve HCV-345 was replaced and valve HCV-335
i repaired. Valve HCV-344 and HCV-345 are now required to be placed
! in the test mode prior to operating the low pressure safety injection
i pump or contain spray pump for testing. This mode along with verifi-

cationofanannunciatorwillensurethatbothofthejevalvesare
j in the fully closed position prior to pump operation. |
,

|

1
i

| VALVE MALFUNCTIONS
!
i 1. Primary System Depressurization
!

| On September 24, 1977, Davis Besse Nuclear Power Station Unit
! No. 1 experienced a depressurization when a pressurizer power
i relief valve failed in the open position. The Reactor Coolant
i System (RCS) pressure was reduced from 2255 psig to 875 psig in
j approximately twenty-one (21) minutes. At the beginning of

this event, steam was being bypassed to the condenser and the;

j reactor thermal power was at 263 MW, or 9.5%. Electricity
was not being generated. The following systems malfunctionedi

; during the transient:
,

| a. Steam and Feedwater Rupture Control System (SFRCS).
:

b. Pressurizer Pilot Actuated Relief Valve. '

+

i c. No. 2 Steam Generator Auxiliary Feed Pump Turbine Governor.
,

I The event was initiated at 2134 hours, when a spurious " half-trip"
occurred in the SFRCS, resulting in closure of the No. 2 Feedwater

i Startup Valve and loss of flow to No. 2 Steam Generator. Approxi-
i mately one minute later, low level in the No. 2 Steam Generator
! caused a full SFRCS trip, closing the Main Steam Isolation Valves

(MSIV). The loss of heat sink for the reactor caused the RCS.

temperature, pressure, and pressurizer level to rise.'

The RCS pressure increased to the pilot actuated relief valve
setpoint (2255 psig) and the valve cycled open and closed nine
times in rapid succession, failing to close on the tenth opening.
Meanwhile, the reactor operator observed the pressurizer level
increase and manually tripped the reactor about one minute after-

MSIV closure (two minutes into the transient). At this point
the RCS pressure was approximately 2000 psig and decreasing
while the pressurizer level had reached its maximum initial
rise of at.aut 310 inches. The RCS pressure continued to decrease

-_ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ .-
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{ due to tne open relief v: n e d upon reaching 1620 psig approxi-
! mately three minutes into ti;e mnsient, actuated Safety features
; including high pressure (wat e) injection and containment isolation.
1

pproximately five minutes into the transient the rupture disc
j on the pressurizer quench tank, which was receiving the RCS

blowdown, burst. Surst %) of the rupture disc was aggravated
by the actuation of containment isolation, which had isolated

| the quench tank cooling system, resulting in expedited pressuri-
zation of the quench tank.

,

The RCS continued to blow down through the open pressurizer
i power relief valve and the quench tank rupture disc opening

until primary coolant saturation pressure was reached, about*

sit minutes into the transient. The formation of steam in
the RCS caused an insurge of water into the pressurizer. This
insurge and the high pressure water injection then restored
pressurizer level to about 310 inches af ter nine minutes into
the transient.

j
1

; Approximately thirteen minutes into the transient, the secondary !

side of the No. 2 Steam Generator went dry. About fourteen
minutes into the transient, the operators noticed the low level'

condition and found that the auxiliary feed pump was operating
at reduced speed. Manual control of the auxiliary feed pump
was started anJ water level restored to the No. 2 Steam Generator.

| At approximately 21 minutes into the transient, the operators
discovered that the pressurizer power relief valve was stuck i

open. Blowdown via this valve was stopped by closing the block
valve, thus terminating the reactor vessel depressurization. The
RCS pressure recovered to normal and cooldown of the system followed.
The reason for the spurious " half-trip" of the SFRCS has not yet
been determined. An extensive investigation revealed several
loose connections at terminal boards, but nothing conclusive.

Investigation into the failure of the pressurizer pilot actuated
relief valve revealed that a "close" relay was missing from the
control circuit. This missing relay would normally provide a
" seal-in" circuit which would hold the valve open until the
pressure dropped to 2205 psig. Without the relay the power relief
valve cycled open and closed each time the pressure of the RCS,

'

went above or below 2255 psig. The rapid cycling of the valve
! caused a failure of the pilot valve stem, and this failure caused

the power relief valve to remain open.,

f

It was determined that the auxiliary feed pump did not go to full
speed because of " binding" in the turbine governor.

The transient was analyzed by the NSSS vendor and determined to be
within the design parameters analyzed for a rapid depressurization.

With exception of the above noted malfunctions, the plant functioned
as designed and there was no threat to the health and safety of the
general public.2-3

- _ - . - . - ._
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2. Feedwater Isolation Valves'

1 On two occasions in July, at the Trojan nuclear plant, a hydraulic2

I feedwater isolation valve failed to close upon receipt of a close
t

signal. All other equipment required to operate, functioned
normally.

The first failure, July 6,1977, had been attributed to an
3

j improperly assembled solenoid in the hydraulic actuator.
; Investigation of the second failure indicated that both events
i were due to a lack of sufficient hydraulic pressure.

Failure of the valve to close was caused by the pressure regulator
4 leaking and failing to close down to regulate the pressure. This
I caused the hydraulic system on the valve to be drained down to
,

! a point that the valve would not operate. Inspection of the
|. regulator revealed that a locking screw on the regulator adjusting
j knob was loose and would allow the knob to vibrate to any position.

With the regulator improperly set it would not close down to
regulate pressure and would allow the hydraulic fluid to drainj

: before the hycraulic cperator could function. A similar problem
I was discovered on two other valves, although the maladjustment
| was not sufficient to prevent these valves from operating.
i All of the regulators were reset and the adjusting knobs were
{ locked in place so that they could not vibrate loose. The
! isolation v ves were tested satisfactorily following these
! adjustments
!

) 3. Off-Gas System Valves
s

| At the Oyster Creek nuclear generating station on August 27,
! 1977, the reactor building ventilation system isolated and the

standby gas treatment system (SGTS) automatically initiated.'

;

i Investigation revealed that at approximately 1850 hours a station
{ employee performing housekeeping duties in the main control room
4 accidently caused the augmented off gas (A0G) mode switch to move
! from " isolate and bypass" to the " isolate" position. This resulted
( in the off gas valve and the off gas drain valve going closed,
i and since the A0G was not in service the gas flow was stopped. The

isolation of the reactor building ventilation system and initiation3

! of the SGTS occurred at 1905. The two off gas valves were opened
four minutes la ter and the SGTS was secured. The reactor building

,

ventilation system was returned to normal at 2000 hours.2

.

The off gas drain valve did not seat properly and was not leak
j tight. This condition allowed the gaseous radioactivity within
| the isolated off gas system piping to travel up through the stack
i sump in the stack base and fill the air space in the ventilation
i tunnel. When the radiation level in the reactor building
j ventilation duct reached a level of 17 mr/hr the monitors located

next to this duct initiated the SGTS.
,

'

The safety concern associated with this event is the possibility
of a submergence dose a person would have received from the radio-,

j active gaseous atmosphere if they were in the tunnel area. The

!

1
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atmosphere in the tunnel area is processed through the radwaste
ventilation system, which contains both roughing and absolute
filters, prior to exnausting through to the stack which is

' monitored. The maximum radiation level sensed in the tunnel was
26 mr/hr.

No personnel exposures or releases to the environment resulwed
from this event. The licensee is investigating the feasibility
of installing an alarm to alert operations personnel
of the off gas valve when the A0G is cut-of-service.5

SMALL PIPE BREAK ANALYSIS
1

On June 9,1977, an orderly shutdown of the Yankee Nuclear Power
Station (Yankee Rowe), a pressurized water reactor, was initiated
by the licensee because of an error discovered in the Emergency Core
Cooling System (ECCS) performance analysis.

Yankee Atomic Electric Company (YAEC), the licensee, notified the
Nuclear Regulatory Commission (NRC) that an error had been discovered
in a particular small break loss of coolant accident (LOCA) analysis,
which permitted reactor operation with Core XII in a manner less

i conservative than assumed in the original analysis.

While performing a review of the analyzed small break accidents for
the Core XIII reload, the YAEC Safety Analysis Group determined on
June 7,1977 that an incorrect fluid flow resistance calculation
was made in the safety injection line break analysis. The fluid flow,

q characteristics study had taken credit for the 2-1/4 inch safety
" injection line thermal sleeve to retard spillage from the accumulator --

a tank which supplies borated water to the reactor core in the event
of a reactor coolant system pipe break, The flow re istance of the
sleeve should not have been included in the flow calculation, as a

new worst case pipe break was identified in a 4-inch diameter line
! section.

The recomputed decreased flow resistance allowed increased accumulator
flow to be calculated for the break, and decreased the ECCS supply

,

pressure to less than had been assumed, thus decreasing the core'

reflood capability of the ECCS. This corrected flow resistance
assumption was used for the accident analysis of the present core,-

Core XII, which was operating at 79*, of rated power in a coastdown .

program prior to the June 9,1977 shutdown. Operation of the reactor |

with Core XII commenced in December 1975. !

Upon discovering the error, the licensee reduced power level to 300
,

megawatts thermal (50% rated power), which was believed to conservatively
accommodate the analysis error. During subsequent analysis, however,
the licensee was unable to assure himself that the 10 CFR 50.46 limits
on peak fuel cladding temperature could be maintained for the postulated
small break. Therefore, the facility was shutdown pending resolution
of this matter and to proceed with the Core XIII refueling outage which
had been previously scheduled to commence on July 2, 1977.

The licensee subsequently performed an approximate best estimate
analysis of the postulated worst case small pipe break, which included

_ - - . - -. - , . - . - - -
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| assumptions based on actual facility equipment availability during
Core XII operation. The results of this analysis indicated that the'

calculated peak fuel cladding temperature was well below 10 CFR 50.46

|
limits. The more conservative 10 CFR 50 Appendix K reanalysis of Core

: XII operation, however, indicated that 10 CFR 50.46 limits might have
i been exceeded in the event that the safety injection pipe break had
j actually occurred.
h
' Prior to returning the plant to operation after refueling of

Core XIII the licensee: 1) performed flow measurenents tests
i to determine the actual flow resistance through the safety injection
j piping; 2) changed the flow resistance in the safety injection lines, ,

4 by an ECCS modification; and 3) analyzed appropriate pipe break '

j accidents in accordance with 10 CFR 50 Appendix K criteria. The
; changes and results of tests and analysis were submitted to the NRC j

j and were approved prior to restart of the plant after the refueling.6-/ .

,,

I

!

i,

,i DIESEL GENERATOR TRIP

During a loss-of-power test on August 26, 1977, the E-4 diesel of ]
|

the Peach Bottom Atomic Power Station Unit 2 started properly as a
result of the undervoltage condition, but tripped inmediately. This |:

: trip was caused by the overspeed mechanism. The circuitry was reset,
i an adjustment was made to the mechanical governor to limit the diesel
! speed during a start and the unit was started successfully. Because

the exact cause of the trip was not firmly established, surveillance'

testing of the diesel was increased from once a week to once per shift.

I During one of these tests, on August 27, 1977, the diesel tripped
} again. Another adjustment was made to the mechanical governor, the

load capability was checked and several successful starts were performed. !

j Once per shift surveillance was continued. ,

I

{
| On August 29, 1977, the diesel again tripped on overspeed and was j

'

j declared inoperable. The diesel was then operated in excess of
i synchroncus speed in order to determine the exact speed at which the
: overspeed mechanism would function. This test determined that the
! diesel would trip at 940 rpm instead of the desired setpoint of 990 )
i rpm. The trip mechanism was adjusted to 985 rpm by a manufacturer's 1

j representative and diesel was started twice, successfully.

Investigation into the cause of the chant.,e in the trip setting f
!
'

determined that during the diesel maintenance in June 1977 a camshaft I
,

i was replaced. In order to replace this camshaft the overspeed mechanism
had been removed. When the overspeed mechanism was replaced, some

,

necessary shims were not installed. Although this was the only diesel !

! requiring this maintenance during the annual check, the other diesels
were operated up to a speed of 945 rpm to verify proper operation.

! None of these diesels tripped on overspeed.

! Analysis of this event revealed that a deficiency exists in the
maintenance procedure associated with the diesel yearly inspection
and the post-maintenance testing procedure. These procedures will
be revised to correct the deficiencies.8

.
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ELECTRICAL FAULT

On July 13, 1977 while the personnel at James A. Fitzpatrick nuclear
power plant were conducting refueling operations a short in a cable ;

caused 600 volts AC to be introduced into a 115 volt circuit. The
600 volt AC supply for the refueling bridge and the 115 volt AC
circuit for refueling interlocks are both located in the same cable.
Flexing of the cable with bridge motion over the core caused the cable
to short internally. The introduction of the 600 volts into the 115
volt circuit caused nineteen relays in the rod manual control system
to burn out. All of the refueling operations were halted until the
interlocks were repaired. The rod worth minimizer and rod sequence
control systems were also checked for damage.

A modification is being prepared that will remove the 115 volt AC
interlock circuit from the cable carrying the 600 volt AC supply.
This will prevent recurrence.9

PIPE CRACK

The Brunswick Steam Electric Plant Unit 2 was in hot shutdown and
preparations were underway to startup the unit when the Shift Foreman
noticed a small leak of the recirculation loop suction piping. This
discovery was made during the closecut inspection of the drywell.

,

Investigation revealed the leak was from a crack in the socket weld
on a three-quarter inch test connection 900 elbow that was nonisolable,
and the plant was placed in the cold shutdown condition. The cracked I

pipe was cut out of the system and the connection was capped. Similar
connections on both Units 1 and 2 were dye-penetrant checked with no
other indications of cracks.

Further investigation revealed that the crack was contained in the
we'd metal and intergranular stress corrosion in the heat affected
zone of the base metal was ruled out. A dye-penetrant inspection of
the internal and external diameters of this section of pipe revealed
no other cracks. The inspection of the internal diameter of the socket
weld joints showed that a proper gap was present between the socket
and the pipe end.

Based on a stress analysis and the observed condition of permanent
deformation of the failed area, along with the location of the crack,
it is concluded that the initial crack was caused by stress concentration
in the weld fillet area. It is believed that this deformation was the
result of workmen (during construction) using the pipe as a step.
This use of the pipe for this purpose plus vibrational stress resulted
in the failure.

A visual inspection of similar piping on the other loop of Unit 2
and both loops of Unit i revealed no deformation as was observed
on the failed pipe. It was also noted that the location of the three
remaining pipes is such that they are not likely to be used as a step
or support because of physical interferences. These three pipes will

. -- - .. ._
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besupportedtoprotectthemfromexperiencingexcessjge)fxternal;

loading and vibration, or will be removed and capped,:
i j
i

" mint of Contact:
eph I. McM4 .en;
'ce of Management Information.

j .1 Program Control .
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UNITED STATES
CURRENTEVENTS NUCLEAR

REGULATORY

POWER REACTORS commission

RilS C0f1PILATION OF SELECTED EVENTS IS PREPARED TO DISSElilNATE IfiFORf% TION
ON OPERATING EXPERIENCE AT NUCLEAR POWER PLNITS IN A TIfAELY MNINER NO
AS OF A FIXED DATE. THESE EVENTS ARE SELECTED FROM PUBLIC INFORt% TION
SOURCES. NRC HAS, OR IS TAKING C0ffTINUQUS ACTinN ON THESE ISSUES AS
APPLICABLE; FROM AN INSPECTION NO ENFORCEMENT; LICENSING AND GEt'ERIC
REVIEW STNOPOINT.

1 WVEMRER - 30 nECBER 1977

(PUBLISHED FEDRUARY 1978)

DIESEL GENERATOR t%LFUNCTIONS

1. At Peach Bott m l' nit 3 on June 13, 1977, three of four diesel generators
were inoperable for a period no greater than six hours. Unit 2 was
shutdown for refueling, and Unit 3 was at full power with diesel
generator E-1 out of service for its annual maintenance outage.

At about 8:00 a.m., the control room operator noticed trouble alarms

on E-3 and E-4 diesels and assigned their invest,lgation, as well as a
high drywell temperature problen investigation and a blocking test, to
the plant-operator. No task priority was given, and the operator did
not reach the diesel building until approximately 10:30 a.n. He
noted that both diesel air receivers were depressarized and that the l
associated compressors had tripped on thermal overloads. The operator ;

then reset the overloads, returned the compressors _o service, and |
established 70 psig in the starting air receiver taiks prior to |

informing the control room operator of his findings and corrective
actions.

No shutdowns or power reductions were initiated, but another operator
was shottly sent to check the pressurization status. lie found the
receiver tanks were at 170 psig, with the air compressors again tripped
on thermal overloads. The operator reset the overload devices and
returned the compressors to operating status.

A few hours later, the valves which interconnect the diesel starting
' air systems were checked. The E-3-E-4 sectionalizing valve, which was

found partially open, was then closed to isolate the starting air
systems of the E-3 and E-4 diesels. During the entire period, both
of th" normal off-site electrical supplies were in-service.

I
' To date, investigation of the occurrence has revealed two areas of

delleiency. 014 e is that of valving, in that valving, from previous

maintenance on a diesel air compressor had not been returned to normal.

1

1

1
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The exact nature of this failure 1s currently unknown, but the air
receiver tanks were equipped with check valves which failed to
maintain the air pressure in the tanks. |

The other area of deficiency relates to operator performance. The
length of time prior to responding to the initial alarm was too long,
and priority should have been given to the diesel alarm over the other
tasks assigned to the plant operator. In addition, the operator should
have immediately informed shif t supervision and tried to locate the
cause of the air compressor trips. Both initial reaponse and
followup action were, therefore, inadequate.

Corrective actions taken on the valving problem has been to lock the |

starting air header sectionalizing valves closed, thus preventing a
single failure from affecting more than one diesel air starting system,
and to replace the leaking air receiver tank check valves. In addition,

shif t personnel have been forcefully reninded of the need for
immediate response to diesel generator malf unction alarms, and the
alarm cards have been changed to reflect this requirement.

The investigation of this occurrence is continuing in the aret
relating to valving and safety blocking of the diesel generator ;

starting air systems, the conduct of shift operators, and the assignment !
of priority tasks. Further corrective action indicated by the
investigation will be promptly taken. L/

'

2. During a loss-of-power test, August 26, 1977, at Peach Bottom Unit 2
the E-1 diesel failed to start on the loss of voltage signal. During
these tests another failure was also experienced which involved the E-4 i

diesel generator. This event was reported in the Current Events for |
1 September - 31 October, 1977 *. hat was published in December 1977. I

It should be noted that diesel generators E-2 and E-3 were confirmed to )
be operable at the time of the loss of power tests. An immediate j
investigation determined that the diesel circuitry was in the tripped )
condition due to a jacket coolant high temperature condition which '

occurred on August 23. The diesel circuit was reset and the diesel
started and accepted load within 15 minutes of initiation of the loss
of power test. An investigation revealed the following sequence of
events.

The weekly surveillance of the diesel was successfully performed on
August 23, but approximately 20 minutes af ter the diesel generator was
shutdown a diesel trouble annunciator was actuated in the control
room. The operator dispatched to investigate the condition noted
the high temperature alarm on the jacket cooling, and verified the !

fact that the jacket cooling temperature was higher than normal. The j
operator also noted that the jacket coolant circulating pump, which j
operstes the coolant while the diesel is shutdown, had tripped on
thermal overload. He reset the thermal overloads, started the pump and
monitored the system temperature. When the temperature returned to the
normal standby value, the operator attempted to reset the high
temperature annuciator by means of the reset button on the alarm panel,
but was unsuccessful. He therefore assumed that the sensing element
associated with this alarm had malfunctioned and reported to the control
room that, since the jacket cooling system was returning to normal
he would remain on station to watch it cooldown. The control room
operator informed the shift supervisor of the suspected defective

- - .-. -.
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| sensing element and indicated that he would initiate a maintenance

; request form to have the sensing element checked. (Due to an
; oversight he failed to carry out this assignment.) The control

! operator believed at this point that the diesel generator was operable
! when, in fact, it was inoperable because the shutdown relay had not
! been reset. There was, however, no control room indication of this

| condition.

| The diesel generators were being inspected on a daily basis, but the

| man who performed the inspections on August 23, 24 and 25 had been told
; that the sensing element for the jacket coolant was defective, that the

[ alarm condition was present, that a maintenance request form would
be submitted and that the diesel was operable. The second operator;

; who per. formed the routine inspections, therefore, took no action to

i report or correct the condition since he believed that all steps had
; already been taken.
;

j Following the failure of the E-1 dfesel to start, additional investigations
revealed that the temperature sensors on the jacket cooling system would
trip at 194*F on two sensors and 185*F on the third. The sensors

! were recalibrated to trip at the desired setpoint of 205*F.
!
1

; The sizing of the thermal overload devices associated with the pump

: was checked and it was learned that the setpoints were marginal. The
j Electrical Engineering Department directed that the overload devices
1 on all f our diesel generator j acket coolant circulating pumps be

; increased.

i

The confusion associated with the original problem on August 23, 1977
i was caused by the operator's belief that the annunciator was a

direct result of a high temperature switch maltunction rather than an-

i auxiliary relay operation. The diesel circuitry is such that a
high temperature switch operates an auxiliary *;elay which actuates
the alarm and provides an input to a two of three logic circuit

j that shuts down the diesel. This confusion was further complicated
; by the fact that this auxiliary relay was not connected to the " Diesel
j Generatcr Not Reset" alarm in the control room even though plant
; personnel believed that this particular alarm did exist. This belief

} was based on a misinterpretation of details on a secondary and control

i print which, while it showed tha t actual condition of the wiring,

I could bc const rued as having the alarm in service. On September 1,
1977 the connections were made that put the alarm in service on each
of the diesel generators.

i In addition to the . letter issued to shift personnel concerning this
event, training sessions were scheduled for all personnel to discuss,

the diesel circuitry and operating requirements associated with the

i diesel generators. To increase attentiveness to the annuciators
associated with the diesel generator inoperable condition, a yellow

i background will be provided._2/

i INOPERABLE SGTS

On two separate occasions during October, Standby Gas Treatment System
(SGTS) No. I at ' the oyster Creek Nuclear Generating Station f ailed,

to operate as required during surveillance testing. ' he plant was |"

operating at 634 MWe at the time, and SGTS No. 3 was . >perat ional . j

j

l
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During the surveillance test on October 11, indications in the control

; room appeared to show that the discharge valve to the exhaust fan opened
j slowly and was later reported as not opening at all. Investigation

j of the discharge valve showed that the flow sensing probe downstream
j of this valve was pulled out of its normal position. After the flow

!j sensing probe was returned to its proper position, the SGTS was
I retested and was found to operate properly. At this time it was

i believed that the discharge valve had opened but, since the flow
! sensor was inoperable, reclosed on a low flow signal. Tests performed |
; on the system the following week showed it operabic.
i .

I
h on October 25 the discharge valve failed to open on the first SGTS '

j Initiation signal. A second signal caused the valve to open and the
j system operated as required. Investigation revealed that the flow

| control plunger on the pilot solenoid valve to the discharge valve was

} deteriorated to the exteat that proper seating did not always occur.

j The initial cycling of the plunger resulted in its not properly seating '

on the exhaust part which kept the d ischarge valve f rom opening. The
'

i second signal cycled the plunger and satisf actorily sealed the port.

| It is now believed that, in addition to the flow sensing probe problem

j seen on October 11, the pilot solenoid malfunction also occurred but, 1

due to the irregular nature of the problem, it was not inmediately'

j evident.

!

! A more detailed inspection of the flow control plunger revealed that
'

the rubber surface of the plunger, which mates with the port to form
J

j a leak tight seal, had deteriorated with repeated use of the discharge '

; valve. A new plunger was installed in this valve, and similar valves in !
j both SGTS No. I and SGTS No. 2 were inspected and plungers replaced
{ as required to insure integrity of both systems.

! 1

j The apparent cause of the displaced flow sensor is attributed to the
; construction of some scaffolding near the duct. During this work
'

the tubing connected to the probe was snagged, pulling the sensor from '

its normal position. Corrective actions taken were to replace the flow,

! sensor in its normal position and to peen the collar penetrating the
1

! duct to prevent it from being pulled out._3/
i
!

| BORON INJECTION TANK THERM 0WELL FAILURE
'

i

f on October 26, 1977 while in hot shutdown the H. B. Robinson Unit 2
! received a safety injection (SI) signal which started the SI pumps.

J; The pumps pressurized the Boron injection Tank (BIT) and this increased ;

pressure ruptured a thermowell coupling on the BIT. I
1

The plant was in hot shutdown to repair a packing leak in a valve in
the residual hect removal system. Boration of the system was taking
place in preparation for the reduction to cold shutdown condition. The
Reactor Coolant System temperature was 465'F with a pressure of 2210
psig when the steam header to steam line differential pressure exceeded 100

'
psi (due to a biasing in the steam header pressure monitoring circuit which
prevents this signal from going below 585 psig) on 2 of the 3 comparison
monitors, and the saf ety inj ection signal was initiated. Prior to this the
safety injection block permissive signal had not been received at the Reactor
Turbine Generator Board (RTGB),

,

i
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( The SI pump discharge pressure increased the pressure in the BIT and
a one inch hole was opened in the injection path when a thermowell ruptured.
The flow path was maintained even though in a degraded condition. When the
BIT low level alarm was received at the RTGB the BIT was isolated. During
the blow down, an estimated 148 gallons of solution containing approximately
1.014 pCi of activity was released. This drainage was collected in the
plant sedirent ponds and will be released at controlled rates to the adjacent
Black Creek. The release is much less than the maximum permissible concentrations
and is no threat to the health and safety of the public.

Metallurgical analysis revealed that the couplings on the BIT containing
the thermowells were sensiti?ed and theref ore more subj ec t to fracture.
Investigation confinned that the couplings were welded to the tank and
were heat treated simultaneously with the tank during the tank
fabrication process. The tank cladding was constructed of a lower
carbon content steel, and should not have been sensitized to the same
degree as the couplings. An additional factor contributing to the
failure was the improper fitup of the coupling. The metallurgical
examination of the coupling socket weld indicated that the male socket
fitting was firmly seated at the base of the socket, while a proper
socket weld would ha'e provided some clearance at the socket mating
surface. The improper fitup caused additional atress which, with the
sensitization and operating pressure, resulted in coupling failure.

The investigation of the tank revealed that the stainless cladding
was blistered in several locations with higher concentcations of
blistering in the upper and lower hemispherical sectiors of the tank.
At the blistered locations there was some evidence of corrosio:. products
indicating the possibility of discontinuities in the claddlug and
localized attack of the carbon steel tank.

Although the thermowells could have been repaired, it was evident that
the stainless steel cladding was degraded to such an extent that reasonably
fast repair was not possible. It was therefore decided to replace the
tank, and a new solid stainless steel tank, not subj ec t to the sensitized
properties of the old tank, has been purchased.__4_/

PROCEDURE PROBLEMS

1. S_ odium Hvdroxide Concentrati_on

In August, Westinghouse Electric Company notified Carolina Power
and Light Company (CPL) that an error existed in the procedure used
at H. B. Robinson to determine the sodium hydroxide (NaOH) concentration
in the Safety Injection Spray Additive Tarks.

The error was found in the section of the procedure containing
,

the formula for calculating the percent by weight of NaOH in aqueous |

solution. The instruction stated the quantity of sample taken for
titration in terms of volume; instead, the quantity of sample should
he in sample mass. Use of sample volume instead of mass in the calculation
creates a non-conservative error of 30-35%.

Upon receipt of notification of the error, plant procedures were
revised to include the corrected calculation. Analysis of the Safety
Injection Spray Additive Tanks, using the revised procedures, showed
that the concentration was within the Technical Specitication limit.

_ . - ..- -- _ _ _ , . -. . -- . - - -
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It was concluded that the Technical Specifications have never been
exceeded, since the Spray Additive Tanks were filled in 1970 and

j no additions or dilutions have occurred since that time._5/
!
' 2. Positive Moderator Temperature Coefficient
4

! On August 10, while testing at about 5% power, the moderator temperature
coefficient (MTC) for Joseph M. Farley Unit No. I reactor was determined
to be more positive than the Technical Specification limit for the

. conditions of: the rods fully withdrawn, beginning of cycle life,
! and hot zero thermal power. The Technical Specifications allow the
a reactor to be tested to determine the MTC limits while at or below
! 5% power. By August 15, sufficient test data was available from the
i physics tests to determine the control rod withdrawal limits that
! would keep the MTC to within the required technical specification limit.
#

Based on this data, a temporary change was made to the startup
! procedures. The change added a figure defining the withdrawal limits

for control rod Bank D, which would ensure a negative MTC during operation.

i Subsequently, on three occasions in October and November, the reactor
j was taken critical with a positive MTC, thus violating a Technical

; Specification limiting condition of operation. The startups were
i made using a copy of the revised procedure that did not contain the

! calculated rod withdrawal limit curves needed to preclude a positive ,

t MTC. The erroneous procedure was used by the operator to go from

|
Hot Standby to Minimum Load Conditions. Also the withdrawal limit
requirements were not noted on the Estimated Critical Calculation<

j form used by the operator for reactor startup.
i

f On November 11, it was determined that the facility had been started
up, as noted above, with a positive MTC. This was dernrmined by the

q plant Quality Assurance (QA) Engineer, after the reactor reached a
; power level of approximately 48% and had a negative temperature |
3 coefficient. The QA Engineer was conducting an investigation of a i

; previous Licensee Event Report when he discovered the MTC had, at i

j that time, become negative after operating for approximately 15 hours
i with a positive MTC. Subsequent review of the startup records revealed .

; that the reactor had been brought critical with a positive MTC on )
j October 26 and again on October 27. The reactor had been critical with
' positive MTC's for approximately 2.5 hours and 5.6 hours, respectively,
i following those startups. ;

i -

Although the plant was operated outside of the Technical Specification )
limits and the operating staff was not aware of this fact, the positive;

" MTC was eliminated within the 25-hour period allowed by the Technical
Specifications. The health and safety of the public was not affected
and there was no adverse effect on plant operations.

,

!

Corrective actions were:4

i
I 1. A requirement was added to the Calculation of Estimated Critical

Condition form to assure that a negative MTC exists when the4

estimated cricital boron concentration and rod height have been
determined.;

a

| 2. The operator's copy of the procedure has been updated to
| ' ncorporate the rod withdrawal limits. Also a laminated copy ofi

. - . .
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!

! the rod withdrawal limit curves has been posted on the main control
board,

i

.
3. Reactor engineers have been instructed to make a more timely

j review of the reactor start up data.

1

; 4. The event has been reviewed by all cognizant operations personnel
j to assure that they are aware of the requirement to verify that
; a negative MTC exists prior to startup. This will also be stressed

! as part of the requalification program._jf
!

!
1

| 3. Surve'111ance Procedures Deficient
i

j On November 17, operations personnel at the Davis-Besse Station
; discovered auxiliary feedwater valves AF 599 and AF 608 closed.
- Closing these valves rendered the Steam and Feedwater Rupture Control
| System (SFRCS), Steam Generator to Feedwater Differential Pressure

Switch inputs inoperable. There was no danger to thc health and safety#

! of the public or +.o station personnel, and the SFRCS would have
! actuated from a diverse steam generator low level input if a loss of

feedwater had occurred.
i

| Investigation revealed that there was a deficiency in the procedure

| for monthly testing of the SFRCS. Th!s error was in two sections of

the procedure which failed to reset the valve logic for the auxiliary.

feedwater valves. The test had been performed on November 14, 1977.

The procedure for testing the SFRCS has been revised to remove the )
i deficiency._2/ '

;

;

i 1

i4 Surveillance Procedure Changes
!

|At a Station Review Board Meeting (Davis-Besse Station) on November 1, '

'

1977 it was learned that a surveillance requirement on one of the four high
pressure injectlon lines had not been performed.

,

The Emergency Core Cooling System surveillance testc require that the,
1 four fligh Pressure Injection (HPI) lines be vented at least once each
" 30 days Valve HP-72 had not been vented since August 1, 1977. There

was no danger to the health and safety of the public or to station personnel
since only one of the four lines was not vented. Also, once the HPI
lines are filled, they remain filled with the pressure supplied from the,

! Borated Water Storage Tank.
i
'

Investigation revealed that valve llP-72 had been removed from the

surveillance procedure by a change request on August 31, 1977.
; Personnel had incorrectly requested removal of the valve from the
] procedure because the valve was difficult to service.

) Valve HP-72 was opened on November 1,197 7 to vent the HPI line.
; The modification to the procedure was voided and a facility change
| request was written for an improvement in the accessibility of vent

i valve IIP-72. The requirements needed to make deletions from
j nurveillance tests will be reviewed with all operations personnel._8/
!
>

<

t

4
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5. RWST Water Volume
4

i

$ At about 9:00 p.m., on September 13, 1977, the quantity of borated
water in the Turkey Point Unit 4 refueling water storage tank (RWST)'

! fell to approximately 3% below the limiting conditions for operation
; minimum value (320,000 gal.) allowed by Technical Specification
j 3.4.1.a.1.
4

i The decrease occurred during the routine performance of a monthly
i periodic test which requires stroking the valves individually. As
i the operator inadvertently opened two valves in series in a line from
|

the B containment recirculation sump, a flow path was briefly established
; from the RWST to the containment sump. The water was then pumped
i to the waste holdup tank for normal processing.

}
! Immediate corrective actions were closing of the motor operated valves
j and initiation of a unit shutdown in accordance with administrative
! procedures. Makeup was established to the refueling water storage
|

tank and the tank was confirmed to be within specification at 9:50 pm.
The shutdown was terminated, and the unit was returned to full power.

,

5 No release of radioactive material occurred. 1

;

i During an accident, injection of RWST water is terminated before the
| tank is completely emptied; hence, all piping remains filled with water
i before recirculation is begun. In this case, the small amount of water

drained from the RWST was transferred to the containment floor and
would have only resulted in the recirculation phase starting slightly earlier. I

I The decrease in the RWST water volume was caused by operator error.

| This resulted from the operator's attempt to perform simultaneously )
(in the most cost effective manner) the Technical Specifications |

,

]
requirement on pump and valve surveillance tests (valve cycling) and

j the Inservice Inspection and Testing Program valve exercising |

1 (timing) tests. This created an operational and procedural situation |

1 in which there was increased margin for personnel error; the error
directly causing the occurrence being the operator's f ailure to |
close one of two valves in series prior to opening the secend

valve.

f. In order to minimize the possibility of recurrence, all licensed
i operators on shift have been trained in the circumstances of this j
< occurrence. In addition, during the time when periodic valve
$ surveillance and valve exercising tests are performed in conjunction,

an additional person will be assigned to assist the operator performingj
the tests._jU

4

!
* SURVEY RESUhTS
:
i
i
t
; We have reviewed the rcrprases to the questionnaire included in the

March-April issue of Current Events, and wish to thank the respondents.4

!
; Two-hundred fifty questionnaires were returned, showing that 80%

of the readers found the publication useful for some specific purpose,#

16% did not use the publication for any specific purpose but found
3

~ it interesting to read, and the remaining 4% either did not find
the publication useful or did not answer the question.

, . ___ _. . - _ _ - - , __
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i

Answers to questions concerning presentation, understanding, and,

j credibility of the material showed that 231 readers thought the
' events reported were properly clarified or explained, 214 thought
i Current Events provided a good spectrum of information, and 7
j believed the publication to be biased.

1
j As to frequency of publication, the majority of readers (108)
j preferred monthly, with 70 readers choosing bi-monthly. 66 quarterly,
i 3 semi-annually, and 3 not at all. We have no plans to increase the
j frequency at this time.
4
* .

1

Many readers had additional comments pro and con, the most frequent being 1,

? the publication of events should be more timely. This situation should
j be improved in the next few months. Attempts will also be made to
j include both BWR and PWR items in each issue. In general, we appreciate
; all constructive comments received, and hope to produce an improved
} pubilcation in the months ahead.
!
: i

!
,
3

j Point of Contact:

| Joseph I. McMillen
'

Office of Management Information
| and Program Control
2 U.S. Nuclear Regulatory Commission
|

|

:

i

!

!
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CRACKS IN PIPES AT BWR FACILITIES

Regulatory Operations Bulletin 74-10 was 'ssued on Septerter 18.
1974, after discovery of cracks in two pipe, at the Dresden Nuclear
Power Station Unit 2. These were through-wall cracks in two four-
inch diameter bypass lines connected to the 28-inch "A" and "B"
recirculation headers, as shown in Figure 1. (Figure 1 is drawn
witn only or,e loop for purposes of simplicity. The locations of the
cracks on botn loops are illustrated on this single loop. The "A"
bypass loop and "B" bypass loop are identical in terms of pipe
sizes, pipe length and location of valves.)

As shown in Figure 1, each bypass loop is connected at both ends
to the 28-inch recirculation header. The purpose of the bypass icoo A

is to supply reactor coolant water to warm the 28-inch header before
the recirculation pump is started. Prior to discovery of these
cracks, Dresden 2 was operated with the discharge valve open while
the bypass valve was closed, tnus preventing water flow througn the
bypass loop. This mode of operation has been changed since these
cracks were found. The new mcde of operation requires that the bypass
valve remain open during reactor operation at some BWR facilities.

The cracks were found after the reactor was snut down to investigate a
5 gal / min. unidentified leak. in tne drywell that was detected by
the drywell sump monitoring system on Septemoer 13, 1974. Prior to
that time, the unidentified leak rate was 1.0 to 1.5 gal / min during
the period of Septocter 1-5 and 2.9 gal / min during the period of
September 7-10. 'ne first crack was discovered in the heat-af fectedi

zone of the weld that ties t' e four-inch "B" bypass loop to a weldoletr

connection on the 28-inch recirculation header, (see Figure 2). The
crack was approximately three inches long and extended circumferentially
on the outside diamete" of the pipe f rom the 8 o' clock position to
the 11 o' clock position (see upper right of Figure 1). Ultrasonic
examinations of the cracked area revealed that the inside surface was
also cracked from the 6 o' clock position to the 12 o' clock position.
Based on these findings, the Commonwealth Edison Company ultrasonically
examined the 10 welds in each of the four-inch bypass loops and
discovered a second crack in the bypass loop of the "A" recirculation

_ _ _ _ _ _ _ _ _ _ _ .
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| header. This crack was 5/8-inch long on the outside of the four-
{ inch pipe and i 1/2-inches on the inside surface. The defect in the
{ "B" bypass loop was isolable. However, the cracks in the "A" bypass
j loop were not isolable and special procedures had to be developed to
I repair this line.

t
' Three options considered for repairing the crack in the "A" bypass
] loop included:
i

a. Unloading the core and lowering the water level to below the level,

of the "A" loop. This was impractical because there was insufficient,

| on-site storage space for the 727 fue1 elements.
t
i b. Plt.gging the jet pumps associated with loop "A" so that the
| recirculation line could be drained without lowering the vessel
; water to the 2/3 core height level. This option was not
j attractive because of the time required to remove the vessel head.
4

) c. Plugging the four-inch loop by the use of a freeze plug in a
; manner that would allow the crack to be repaired without completely
j draining the loop.
,

. Commonwealth Edison selected the third option. However, before this
j procedure was used, the AEC required Comonwealth Edison to construct
j mock-ups that would reproduce the full dynamic conditions that existed
: in the original loop .so trat repairs could be conducted safely. In
! addition, maintenance per',onnel for all three shifts were trained in
! Special emergency proceorres through the use of mock-ups to prepare for
1 any contingency that miglt develop in the event the freeze seal failed
! during the initial cut or final welding. The enti re repai r e f fort
4 required four days from the time the freeze plug had been established

until the pipe was repaired; no special problems were experienced
q during this period.

i During repair of the "B" bypass loop, a 1-inch segment of the pipe was
removed for replacement. Samples of the pipe (schedule EO, type 304
stainless steel) were sent to the General Electric Cnmpany and to

,

i
!

3 Argonne National Laboratory for metallurgical examinations. !

During the time that Comonwealth Edison was checking the drywell
area for leaks , another leak was discovered in a one-inch diameter
Type 304 stainless steel instrumentation line. This line is welded to
a half-coupling which, in turn, is welded to the 28-inch reactor
coolant recirculation line. As a result of this third crack, 58
similar lines were examined, including all vents , drains , and
instrumentation lines connected to the reactor coolant system. Dye
penetrant examinations were conducted on each weld, and the supports
and restraints for each line also were examined. The investigation
revealed one additional circumferential crack in a 3/4-inch Type 304

,

stainless steel vent line located at a welded joint between the line
and a 45-degree elbow fitting. The pipe f ailures were determined
to have been caused by excessive vibration of small " field run"
piping. As a corrective measure additional supports or restraints
were installed.

Shortly after these cracks were discovered at Dresden in Septercer
1974, officials at Quad-cities Station, Unit 2 were notified of the

!
,
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. problem. At the time this information was received, the Quad-Cities
! 2 plant had been shut down for maintenance, so the 22 welds in both
| bypass loops were imnediately inspected. Only one was found to be i

I

I de fecti ve. The defect was a subsurface crack about three-inches
! long located at the top of "B" bypass loop, approxicately 1/4-inch
} away from tne pipe to weldolet weld on the upstream side of the
j discharge valve at the point where the bypass loop joined the
j recirculation header (see Figure 3).
,

! A third reactor, Millstone Nuclear Power Station Unit 1, experienced
! cracks in one of its bypass loops. Investigation of the four-inch
! " A" bypass loop revealed a leak from a circumferential crack about
] 21/2-inches in length parallel to the weld joint on the cownstream
i side of the bypass valve (see Figure 3). Although the crack was

I
; located in a non-isolable area of the bypass loop line it was

j unnecessary to develop special procedures to repair the line as in
j the case of Dreaden 2 since the fuel was out of the core at the
j tine. Repairs were made by lowering the reactor water level.
! Millstone's repair involved the replacement of both four-inch bypass

loops.

| As a result of the cracks at these three BWR's the AEC issued RO
j Bulletin 74-10, to 15 CWR licensees with facility piping systems

similar in design to that of Dresden 2. These licensees were
,

i requested to examine their bypass piping for cracks and to report
i their findings to the AEC within 60 days. With the exception of the
i three BWR's noted above, no other f acility discovered any cracks

in their bypass piping. In addition to the 15 BWR's, the Bulletin:

; was sent for information to owners of six older BWR's with piping
configurations different from that of the Dresden 2 reactor. Four of
these six plants notified the AEC of their plans to examine their j

.

!

{ piping systems; no problems have been found to date at two of these
older reactors. The two facilities tnat notified the AEC that they
did not plan to examine their piping did so on the basis that they i

either had no recirculation piping or that their piping was recently I
examined, see Table 1. All 21 facilities that received R0 Bulletin (

!, 74-10 are listed in Table 1. l

i
' At the time this report was being written, the Conmission was notified
i by Commonwealth Edison on December 13, 1974, that additional circum-

ferential cracks were found at Dresden 2 in the heat affected zone: ,

of a weld which joins the "B" bypass line to the weldolet fitting |

on the 28-inch recirculation header. Leakage from the pipe was j
; noted during grinding operations of the pipe wall surface ir. preparation '

i for ultrasonic examination of the bypass piping which was part of the
i inservice inspection program. Subsequent ultrasonic examinations
} revealed that there were two cracks on the inside surface of the |

4-inch pipe. One crack was 1-1/2" long and extending from the 7 to
i 8:30 o' clock position. The other crack was about 4" long and
| extended from the 2 o' clock position to the 8:30 o' clock position.

These cracks were undetected during similar ultrasonic examinations
,

; last September. During the time that these cracks were discovered
i the reactor was shut down from refuelina. Bott defacts wara l oca tari
i in a non-isolable area of the bypass loup. M6 result of this second
! series of cracks at Dresden 2 all boiling water reactor facilities

having jet-pumps were requested (through Regulatory Operations Bulletin
:

74-10A issued on December 17,1974), to reevaluate records of previous

| ultrasonic examinations and other examinations conducted in accordance
i

,
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to Regulatory Bulletin 74-10 or as part of the baseline inservice4

i inspection. In addition they were also requested to exanine (either
} ultrasonically or by other techniques) the bypass piping lines around

the recirculation pump discharge valves as soon as possible.
;

I As a result of these last series of cracks at Dresden 2, the Cccmonwealth
Edison Company has informed the AEC that they plan to replace the'

: bypass loops for their Dresden 2 and Quad Cities 2 facilities iNaediately.
| Both of these plants are presently shut down for refueling. The
! Dresden 2 facility and the Quad Cities I facility will have their
* bypass loops replaced in the spring c f 1975 and fall of 1975,
{ respectively. During this period of operation with the old bypass
i loops, special surveillance requirements sill be instituted to assure

! that any leak which may develop will be immediately detected.

The AEC has been notified that similar prculems were experienced at
i two Japanese facilities similar in design to Dresden-2. These two

reactors had conoonents manufactured in the United States. Althougn
few details are available at this tine it is reported that at one,

facility, Fukushima 1, the bypass loop was replaced.
,

! Based on metallurgical tests conducted by Argonne National Laboratory
and the General Electric Company, it appears that in each case the

| cracks were caused by stress-assisted corrosion originating on the
i inside surface of the pipe. At the present time, the origin of the
; stress has not been determined although it is under investigation. It

is expected that more definitive information related to the cause of
this problem will become known early in 1975.

>

Even though the stress mechanism is not understood at this tine it is

known that the cracks were located in a low stress area where propagation
of the cracks progressed slowly, if similar cracks develop in bypass

4 pipes at other BWR facilities in the future, the resultant water leaks
should be detected by the drywell monitoring system before any.

; castastrophic pipe break occurs. In the unlikely event of a gross
failure of a four-inch bypass loop, the resultant break would be

i well within the capability of the ECCS system.
i

:

|

| John J. Rizzo
Office of Operations Evaluation
U. S. Atomic Energy Commission

a
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TABLE 1 '

;

I
I

i FACILITY INSPECTION FINDINGS
(Jet Pump Plants)

Browns Ferry-1 No cracks identified.

Browns Ferry-2 No cracks identified in 4-inch bypass piping;
cracks identified and repaired in smaller (2-inch)
socket welded piping.

Cooper Station No cracks identified.
!

Dresden-2 Cracks identified in two bypass lines. Repairs
complete and operation resumed.

t

Dresdeu-3 tio cracks identified.

Duane Arnold No cracks identified. U

lla t c h-1 Inspected in December 1973 - No reinspection planned. In early
phase of startup operation. ,

Millstone-1 Cracks identified in one bypass line - Replacement of bypass
piping complete.

Monticello No cracks identified.

Peach Bottom-2 No cracks identified.

Peach Bottom-3 No cracks identified.

Pilgrim-1 No cracks identified.

Quad-Cities-1 No cracks identified.

Quad-Cities-2 No cracks identified. I

Vermont Yankee One small ultransonic idication found. Determined
not to be a crack.

_ _ _ _ _ .
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TABLE 1

FACILITY INSPECTION FINDINGS
(Non-Jet Pump Plants)

Big Rock Point No cracks identified.

Dresden-1 No cracks ide n t i f ied .

llumbold t Bay lias no recirculation piping.
;

Lacrosse No inspection planned because bypass lines wer._
examined and repaired less then two years ago.

.

i

! Nine Mile Point Plan to inspect at a later date.

!,

. Oyster Creek No cracks identified.
I C
i m
!

;
i

|
1

!
|

|
|

1

|
|
1
|

|
|
|
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1

UNDERRATED COILS IN RELAYS

|

Regulatory Operations Bulletin 74-12 issued on October 25, 1974,
identified a problem with 11 Westingnouse relays (type SG293-8255A20)
supplied by ITE for use in 4kV and 12kV switchgear equipment. During
preoperational testing at Portland General Electric's Trojan Nuclear
Plant, it was discovered that these relays contained coils that
were rated for 48 volts dc (Vdc) rather than 125Vdc. The resistance
of the 48 Vdc coils is 725 ohms while the resistaace of the 125 Vdc
coils is 4650 ohms. The 48V relays were labelled incorrectly as
125 Vdc relays by Westinghouse.

Five of the 11 underrated relays were used in control circuits of |engineered safety feature (ESF) circuits. The others were used for '

undervoltage tripping and voltage monitoring in control circuits
of equipment not associated with ESF.

The incorrectly labelled relays could either fail open or short to
ground when subjected to 125 Vdc. Either mode of failure would have
caused the af fected relay to drop out and retain its normally open
contacts in the deenergized position. Two of the fi ve relays in
the ESF circuits were voltage-monitor types used in diesel-generator
protection relay ci rcuits. If these relay coils had failed in an
open mode they would have initiated an alarm in the control room, and
disabled the diesel generator protection circuits. This relay failure-

mode wculd not have af fected the capability to start the emergency
diesel gene rator automatically. However, a shorted relay would have
blown the circuit fuse and prevented automatic startup of the
diesel generator.

A third underrated voltage-monitor relay was used in one of the
protection circuits associated with a 4 Kv bus which indirectly
initiates star'.up of diesel generator "A." Open mode f ailure of
this coil wou'd not have affected the protectica circuit. A
shorted coil would have blown the circuit fuse and prevented diesel
generator "A" from starting automatically. Either mode of failure
would have resulted in a control room alarm.

- , . _ . , -
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i
i The remaining two aff2cted relays in the ESF circuits are designed
|

to prevent automatic closure of diesel generator feed breakers to
_

the 4KV bus for one second following a main generator trip. During
!

this short period of tine, load shedding occurs followed by a
1 sequential transfer of certain ESF systens to the emergency bus
} which is fed by the emergency diesel generator. Even with the

underrated coils, the short duration of overvoltage applied to thesei
i coils is not likely to have caused relay failures in either open or
j short failurc modes.
i
; Regulatory Operations Dulietin 74-12 was issued to approximately
i 100 licensees. These licensees were requested to examine their

| Westinghouse type SG relays in class lE equipment to determine
i whether or not any of these relays had underrated coils. Eighteen
i licensees replied that they had type SS r21ays installed in Class lE
) equipment and in other equipment, but none found any evidence of
' relays containing underrated coils.
!

i
1

.:

| John J. Rizzo
j Cffice of Operations Evaluation
i U. S. :!uclear Regulatory Commission

I
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j April 8, 1975

,

!

RELIEF VALVE DISCilARGE TO SUPPRESSION POOL

!
!
!

| On November 14, 1974, the NRC issued Bulletin 74-14 to all B'a*R operators
i to alert them to a potential problem that could be caused by extended

| discharge from one or more steam relief valves into the suppression

j pool. This problem was highlighted to all BWR operators because of

j past difficulties experienced at two GE-designed BWRs located in

, Europe and similar recent blowdowns at two U. S. facilities,
i
j The firs t incident occurred in Germany while a relief valve was being
i tested with the reactor at 60% power. When the valve was given a

signal to close it did not respond, and attempts were made to close'
the valve for about 30 minutes while the reactor remained at power.4

: During this period the suppression pool temperature continued to rise
due to the discharge of steam from the open relief valve. When the'

suppression pool temperature exceeded 160* F, excessive vibrations occurred*

; which increased until the suppression pool metal liner separated from
the reinforcing beams that had been bolted to the inside of the liner, j*

The relief valve discharge pipe at this facility is directed downward'

; into the pressure suppression pool; this design is different from that

j used in BWRs operating in the United States. l

The second incident occurred in Switzerland while relief valves were
i

being tested with the reactor at 40% power. While one relief valve was

j being operated for five minutes, a second adjoining valve was opened
; by the operator. Within two minutes, suppression pool vibration was
- heard; approximately one minute later the test was terminated by closing

both valves. The vibrations caused displacement of the catwalk sections
and failure of an instrument line in the suppression pool.

i

The vibrations at both foreign reactors were associated with the4

condensation process of the steam discharge jet into the suppression,

,

pool water when the pool temperature is at or about 160* F. The high
j temperature condensation creates destructive impulses produced by

the rapid collapse and formation of steam bubbles in the hot suppression
,

i pool water.

]

.

D
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In the United States, there have been two events at BWRs involving
uck relief valves which raised suppression pool temperatures to at ,

least 120* F. Neither resulted in vibration or damage to the pool
'

because temperatures remained within a range of 120-145' F, which is
about 15' F below what appears to be the critical temperature.

,

One of these incidents occurred at the Peach Bottom Atomic Power II
Station, Unit 2, while the reactor was operating at 100% power. A ; ..

relief valve spuriously opened and remained open for 20 minutes,
causing reactor depressurization. At that time the plant was shut
down. Reactor temperature decreased 55* F during the first ten minutes
following the shutdown and 102* F with!n two hours. Torus water
temperature increased to approximately 120 F, as measured by one of
two thermocouples in the torus. The torus water temperature was
later reduced, using torus cooling water, to less than 100' F in about

,

two and one-half hours. Inasmuch as there were only two thermocouples

| in the torus it is possible that local water temperatures in excess
' of 120' F existed but were not detected.

A similar problem was experienced at the Cooper Nuclear Station " hen the
reactor was operating at approximately 43% power. While testing the main
steam relief valves, one of the valves failed to close. After the
suppression pool temperature limit of 120' F was exceeded, the reactor
was immediately shut down. Following depressurization, the suppression
pool temperature reached a maximum value of 145 F, but started to decrease
following closure of the relief valve. If automatic depressurization
had been required with the suppression pool temperature at 145' F, it might
have resulted in destructive vibrations.

x

NRC requested BWR licensees to review operating procedures applicabic
to this problem to determine if those procedures should be modified in
any of the following ways:

1. Limiting bulk suppression pool temperatures during normal operation
and during controllable transients;

,

F
2. Requiring reactor trips if the bulk suppression pool temperature

exceeded that established as a limit of controllable transients,
or if one or more relief valves fails to reseat properly;

3. Taking prompt steps in case of inadvertent relief valve actuation
or f ailure to rescat, to minimize the duration of steam discharge
to the suppression pool; in case of relief valve discharge,
promptly initiating suppression pool circulation to dissipate local
peaking of water temperatures; and

4. Conducting visual internal and external inspection of the suppression *

pool structure for evidence of damage in instances where one or
more relief valve (s) failed to reseat properly or discharged

.

to the suppression pool for an extended period of time.

Licensees also were requested to assure that procedural changes made
to minimize the effects of steam discharge to the suppression pool did
not have any adverse effects in other areas. g

.

thP
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All licensees who received Bulletin 74-14 were required to inf orm NRC
within 20 days concerning the changes which they planned to make with
respect to their operating procedures including the date when these
changes would be completed.

In addition to Bulletin 74-14, licensees received information from
CE about interim operating procedures and pool temperature limits to
assist them with relating this problem to their own operation.
Specifically CE recommended a limit of 110' F for the torus temperature,
followed by a scram.

The licensees' replies to NRC considered the recommenda t ions n.ade by
C E. However , based on review of the 32. responses from BWR licensees,
there was conriderable variation in the procedures to limit and control
t em p e ra t u r e s in suppression pools. Accordingly, NRC will be discussing
with General Elec tric and licensees, proposals designed to assure that
the final suppression pool temperature limits will not result in
unacceptable structural ef f ects as a result of steam quenching vibra-
tion which could occur in the event of a malfunction of steam relief
v a lv e s .

Point of Contact:
John J. Rizzo
Of fice of Management Informatica

and Program Control
U. S. Nuclear Regulatory Commission

, . .
.

_ _ _ _ _ _ _ . _
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Ma y 13, 1975'

!

IMPROPER MACHINING OF PISTONS IN EMERGENCY DIESEL CENERATORS

Inspection and Enforcement Bulletin 74-16 issued on December 13, 1974,
identified a deficiency involving the machining of pistons in diesels
used to operate emergency generators at nuclear power plants. The most

! signif' cant problem occurred at the Northeast Nuclear Energy Company's
Millstone 2 facility and involved a Fairbanks Morse (a Division of Coltd

: Industries) emergency diesel generator, type H73. The deficiency was
i discovered while the licensee was performing a semiannual field inspec-

'|
tion of these units. At that time it was found that the four capscrews
which retained the piston ine.rt against the piston had broken away from

| the piston and were located in the engine's upper crankcase. An
.

investigation of the problem revealed that the cause of the failures was
j improper machining of the underside of the piston crocn which 1cft an

elevered, ring-shaped surface inside the piston. This elevated surface
,

j prevented the piston and piston insert from mating properly. As a result,
the piston crcwn tended to flex as it was forced down on the insert during*

,
the compression stroke. This produced alternating stresses in the cap-

| screws, causing them to fail. Two other pistons in this engine were found
' with the same machining error. However, the capscrews associated with these

pistons had not failed.

Another licensee, the Baltimore Gas and Electric Company, also reported'

finding deficiencies in their emergency diesel engines which serve Units
i No. 1 and No. 2 at the Calvert Cliffs facility. One diesel associated

j with the No. 2 Unit had two improperly machined piston crowns and four
; defeccive locking strips used to retain the capscrews. Another diesel ,

j serving Unit No. I had a defective locking strip.
'

.

Fairbanks Morse indicated that the most probable cause of the locking
strip failures was improper torque sequencing of the capscrews during
installation. Sketches of the piston, piston inserts, locking strips and'

capscrews are depicted in Figures 1 and 2.

Inspection & Enforcement Bulletin 74-16 was issued to all power reactor
facilities with Operating Licenses and Construction Permits. These
licensees were requested to:

a. Notify NRC if the diesel engine, type H7B was used at their
facilities.

1
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|

b. Specify schedules concerning the inspectiun of all type H7B
. engines.
i

; c. Report results of the examinations and description of any
required repairs.

'

:

A total of 105 licensees were contacted and of this total number, approxi-

4
mately 13 had Type H7B diesels. Only the two licensees mentioned above

' appeared to have found defective pistons and locking strips. i

1

! Colt Industries indicated that based on their engineering analysis any of

i the engines having the defects described above would manifest obvious
i

i engine problems within the first 100 hours of operation. However, to assure
! that all type H73 diesels were free of these deficiencies,' Colt Industries f

!initiated a program for examination and corrective action on those diesels
| that had a potential for this problem. As a result all problems involving )

the incorrectly machined pistons and defective locking strips have now been ''

corrected.4

!

Point of Contact:,

John J. Rizzo
Office of Manage mnt Information

and Program Control
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Jur = 17,1975

MALFUNCTION OF AIR SOLEN 0ID PILOT VALVLS

Inspection and Enforcement Bulletin 74-03 issued on March 17, 1975,
identified similar problems at the Point Beach Nuclear Plant Unit No. I
and the Kewaunee Nuclear Power Plant Unit No. I involving air solenoid
pilot valves which malfunctioned. At both fac.'lities the defective pilot
valves prevented closure of one of two isolation valves in the sample lines
associated with steam generators. The health and safety of the public was
not affected by these events because each of the sample flow lines had a
backup (redundant) valve which closed upon receivina its appropriate
isolation signal.

The air solenoid pilot valves at these plants were manufactured by the
Automatic Switch Company (ASCO) and are desianed te be three-way acting
vtives containing only four moving parts: a core, a lever and two
poppet-type valve discs. An exploded view of the valves is depicted in
Figure 1. The valves are desianed to fail in an open oosition upon loss
of electric power to the solenoids. The air solenoid pilot valves in
question are the Series 8300-C and 8302-C units.

The defective valve from the Point Beach facility was inspected by the
Automatic Switch Company and found to contain a lower disc spring capable
of exerting a greater force than the valve specifications recuire. In
addition the gap between the lower surface of the lever arm and the lower
disc was less than the minimum specification limit of 0.008 inch. It was
the opinion of the Automatic Switch Company that the cap descrepancy was(

the apparent cause of the malfunction of the valve.

The Point Beach licensee reported to NRC that there were 79 of these
valves at the Point Becch Units No. 1 and No. 2. Based on a
comprehensive testing program conducted by the licensee which involved
testing each valve, it was found that at Unit No.1, 26 air solenoid
pilot valves had the wrong size lower springs with 21 of these also
having gaps that were out of specifications. At Unit No. 2 there were
26 solenoid valves with incorrect lower springs, of which 24 had gaps
other than allowed by specifications. All springs were found to
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i exert a force approximately one pound greater than the specifications
required. Point Beach personnel replaced all of the overrated lower-

i disc springs with the correct size springs. In addition, all gaps j

were reset according to specifications by filing the lever arms. )
;

i I

j It should be emphasized that although 66% of the air solenoid pilot
valves had springs and gaps out of specifications, only one valve4

4 malfunctioned at the Point Beach fWility. Nevertheless the licensee
; decided to change the lower springs in 52 valves to assure maximum
j reliability of these air solenoid pilot valves over a long period cf '

I time. |
! l
; At the time this report was in preparation Kewaunee informed NRC that '

they had approximately 70 of the ASCO type valves identified above, in-

i safety related systems. Four of the suspected solenoid valves were
removed and sent to ASCO for analysis. Based on the results of this.

j analysis, Kewaunee will modify or replace any or all of the 70 valves
,

in their safety related equipment.
j

j The gap adjustment is an example of an important parameter which
! contributes to optimum operation of valves. This gap is between the

disc stem and lever (see Figure 1 and 2) and allows the top spring
to perform two functions when the solenoid is de-energized. The first-

{
function is to separate the face of the core from the solenoid base. |

1 Only a small amount of travel is required for this function. The gap I
! allows the top spring to move the core away from the solenoid base 1

: before the upper spring begins to compress the weaker lower spring. 1

1 It appears that when these valves a.e energized over a long period
i oftimethecoreandsolenoidbasebecomemagnetica(lysaturated.
I
4

i Without a sufficient gap between the lower disc stem and lever, the
'

top spring has marginal ability to break the force of the residual
magnetism and subsequently compress the lower spring, see Figure 1.

j It was the opinion of the Point Beach staff that most of the valves
operated even with gaps out of specifications because the residual,

; magnetism was low enough so it could be overcome by the force of
; the top spring.
;

! Inspection and Enforcement Bullet % 74-03 was issued to approximately
' 110 operating reactor licensees and facilities under construction.

All were requested to initiate the following corrective action:.

#

1

|

1. Determine whether Series 8300-C and 8302-C ASCO valves.

,
were used or planned for use.

:

! 2. Notify in writing (30 days for operating reactors and
j 60 days for facilities under construction) the Regional
; Offices of these findings.
1

i 3. If solenoid valves of the type described in 1 were used
i or planned for use in safety related systems, a descrip-
| tion of corrective actions was requested which would

demonstrate how the occurrence described above could be
prevented. In addition, the approximate date when this
corrective action would be completed was also requested.

,

:
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|
' A review by NRC, of all replies received from licensees and permit

holders indicated that 45% had ASCO valves of the model and type de-
i scribed above. The remaining 55% had either direct current ASCO
; valves which were not affected by this problem or valves manufactured
' by other vendors.

Those licensees and permit holders having the valves in question in-
dicated that they would check the gaps and lower springs and perform
any necessary modifications. It is expected that all licensees and

'

permit holders will complete their checks and modifications by the
,

fall r r 1975. Information concerning appropriate measures to be '

taken by those affected, to assure continued high reliability of these |

valves was obtained from the Automatic Switch Company. ASCO offered
appropriate instructions related to this problem and also suggested
that valves 8300-C and 8302-C containing resilient seats (0-rings in
the valve seats) be serviced every three years or converted to metal

. to metal type seating if the valves were in safety related systems.
!

It should be noted that the type of failures described above involving
ASCO valves, series 8300-C and 8302-C, were reported at only two 1facilities, Point Beach and Kewaunee. No other operating reactor or i

facility under construction appeared to experience similar malfunctions
with these ASCO valves.

Point of Contact:

John J. Rizzo
Office of Management Information i

and Program Control
U. S. Nuclear Regulatory Commission

1

|

5

a

,

'

_ _ _
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! REGUMTORY BULLETIN INFORM ATlON
couuissmN REPORT;

! DEFECTIVE CONTROL SWITCHES

1

! On May 30,1975, the U.S. Nuclear Regulatory Commission (NRC)
J issued Bulletin No. 75-06 which discussed a problem involving

'

defective Westinghouse Type OT-2 electrical switches located
i on the main control board of the TVA Sequoyan Nuclear Power
' Plant. The problem was originally called to NRC's attention
' by the Westinghouse Electric Corporation. Tne Type OT-2 switch
j is a spring-return-to-neutral design, and is manually operated

,

by rotating the hanole clockwise or counterclockwise. An |
4

internal spring force retw ns the switch to its central neutral '

i pos i ti on . At the Sequoyah plant, some of the switches were I
' 'binding and not returning to their neutral positions because of

internal friction caused by switch components that were out of
: tolerance.
l

The section of the main control board which contained the<
* defective switches was fabricated and assemDied by Westinghouse
' Nuclear Instrumentation and Control Division in Baltimore; the

Type OT-2 switches were manufactured by Westinghouse Control
Products Division in Beaver, Pennsylvania. To assure that the
appropriate licensees were aware of the problem, Westinghouse
sent a letter to utilities sith operating pressurized water
reactors and to site managers at plants under construction
advising them on methods of testing the switches, and also
recommending tne testing of circuits connected to the switenes. )
Subsequent to the Westinghouse letter, NRC issued Bulletin 75-06
to 83 owners of nuclear power plants requesting NRC be informed<

whether similar switches were installed or planned for use at
.

Itheir facilities. If they had these switches, they were requested I

to describe whatever corrective actions they had planned, to
pievent the occurrence of a similar malfunction as described
above.

Forty-nine of the eighty-three utilities reported that they did not have
Type OT-2 switches. Thirty-four utilities reported that they had located
approximately 1700 Type OT-2 switches at their facilities. Thirty-one
utilities were able to test their switches in accordance with instructiJns
provided by Westinghouse. This resulted in the detection of approximatOy
twenty-one defective swii.ches. The remaining three utilities postponed



. . _ - . - .- . . .-. - - . . . . -

i
'

173
i
a

their tests until a later date. Two of these utilities own facilities
'

that are in the preoperational testing phase. They plan to conduct their
! tests before fuel loading. The third utility is conducting all required

tests of Type OT-2 switches and plans to issue a final report to the,

! Conynission in a few weeks. Facility representatives from all three
; nuclear stations have stated that any defective switches found will be
j replaced.

! Most of the switches are used to control valves in the following areas;
refueling water chemical systems, recirculation spray systems, component,

cooling water systems, bearing cooling water systems, condensers, low
head safety injection systems, boron injection systems, residual heat
removal systems, steam generators, accumulators, reactor containment*

: systems, control room emergency supply systems, core deluge systems, loop
{ safety injection systems and pressurizer relief tanks. Type OT-2 switches
j are also found in refueling handling equipment control system.
i

| A review of this problem by Westinghouse revealed that it was caused by
excessive tolerance stack-up of certain internal switch components.

j These components were manufactured approxir tely five years ago in
: limited production runs. The molds producing these components have been

replaced with molds having tighter tolerance specifications thus cnrrectir.g
the original manufacturing defects. It should be noted that a number of
lit:ensees reported having Type OT-2 switches at their facilities which'

have been operating for approximately eight years without any problems'
verifying that the switch malfunctions discussed above were probably not
caused by degradation of switch components but by manufacturing defects.,

!

I'

' Point of Contact:
John J. Rizzo

| Performance Evaluation Branch
; Office of Management Information

and Program Control
U. S. Nuclear Regulatory Commission

;
.

.
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BULLETIN INFORMATION' REcutuoRy

cousissioN REPORT

PIPE CRACKS IN 4-INCH AND 10-INCH LINES AT BWR FACILITIES
(As of Marca, 1976)

April 12,1976

_ INTRODUCTION

In September 1974, cracks were discovered in 4-inch diameter bypass
lines at Dresden Unit 2, Quad-Cities Unit 2 and Millstone Unit 1. A

short time later, additional cracks were discovered in the bypass lines
at Dresden Unit 2, Quad-Cities Unit 2 and, eventually, at other boiling

water reactors (BWR's). On January 28, 1975, the Nuclear Regulatory
Cor 'ssion (NRC) was informed by the Commonwealth Edison Company of
Chicago that throughwall cracks were found in two 10-inch core spray
injection lines. All the cracks were inund in Type 304, austenitic
stainless steel pipe. A discussion of these pipe crack occurrences
(with appropriate diagrams) and their safety implications, are presented.

Discussion

Cracks were experienced in 4-inch bypass lines and 10-inen core
spray pipes. The bypass lines are designed to provide a means of
preheating a 28-inch idle recirculation loop before it is placed back
in operation. (See Figure 1.) The flow from this 4-inch line reduces
thermal shock on the components in the idle loop. In addition, these
bypass lines are used to equalize pressure on both sides of the <'is-
charge valve to assure proper ceating z i closure of this valve.

The core spray lines are used to supply emergency core cooling water
to the reactor vessel should a loss-of-coolant accident occur. Figure 2
depicts how one core spray pipe system is connected to the reactor
vessel. Most BWR's have redundant core spray systems. All BWR's have
other core cooling systems so that failure of one core spray system
does not impair core cooling capability.

The first problem involving two bypass lines was discovered at the
Dresden Unit 2 facility when water leaks were detected by the plant
leak rate surveillance system. Subsequent ultrasonic testing of 10

welds showed some throughwall cracks. These cracks were located in
the heat-affected zone of the welds which joined the bypass lines to
pipe fittings connected to the 28-inch diameter recirculation pipes.
(See Figure 3. ) In the diagram, "A" and "B" before the " cracking
incident numbers" refer to loops A and B, resp ectively.

$

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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On September 16, Commonwealth Edison ultrasonically examined 22 velds
in the bypass lines of the Quad-Cities Unit 2 facility. One crack was
discovered which had partially penetrated through the bypass line frcm
the inner surface. The crack was located in the heat-affected zone of
a weld joining the bypass line to the 28-inch main recirculation pipe.
(See Figure 4.)

Based on these findings and recommendations by the General Electric
Company, the Northeast Energy Company examined both bypass lines in
their Millstone Point Nuclear Unit 1 facility. Inspection of the 11
circumferential welds in these bypass lines revealed water seeping

j from a crack on one of the welds (again in the heat-affected zone area)
which joined one of the bypass lines to the motor-operated bypass valve.
Two other cracks, which were not leaking, were found by ultrasonic
examination. (See Figure 5.)

The existence of some cracks at these three BWR facilities pro".pted
the issuance of Bulletin 74-10 on September 18, 1974 to all BkR's
that were licensed at that time. This included 15 BWR's with piping
configurations similar to Dresden 2, and six other facilities with
different piping designs. The 21 facilities receiving this Bulletin
are listed in Table 1. The Bulletin requested each licensee to
examine, by ultrasonic or other suitable volumetric nondestructive
examination technique, all accessible welds in the 4-inch bypass piping,
for evidence of cracks. It was further requested that this information
be sent to the (former) ASC within a certain specified time. Based on

|
replies received from all 21 licensees, no additional cracks were found,

j During a refueling outage at a Ir.ter period, Commonwealth Edison dis-

| covered another leak in the Dresden 2 piping. The leak origir.ated f rom
cracks in the connection between the bypass line and the recirculation1

i loop. This was confirmed by ultrasonic tests which verified that the
j cracks started inside the pipe and penetrated through the outside wall

of the pipe, (See Figure 3). The new series of cracks at Dresden 2
prompted the AEC to issue Bulletin 74-10A on December 17 to seventeen
BWR facilities with jet pumps requesting the seventeen licensees to
perf orm the following tasks and then inform the AEC of the results:

1. Reevaluate the results of ultrasonic and other examinations con-
ducted previously, or as part of the baseline inservice inspection
for those facilities not examined under the requests specified in
the earlier bulletin.

2. Reexamine (by ultrasonic or other suitable volumetric inspection
technique) all accessible welds in the bypass piping lines around
the recirculation pump discharge valves.

On December 23, Commonwealth Edison informed the AEC that additional
cracks had been found in the bypass piping of the Quad-Cities 2 facility.

The location of these latest cracks at Dresden 2 and Quad-Cities 2 were
in areas examined earlier in September as a result of Bulletin 74-10.
(See Figure 4). At that time there were no reportable indications
noted, based on applicable codes.

Replies to Bulletin 74-10A indicated that cracks also existed in bypass
lines for the Quad-Cities Unit 1 facility (See Figure 6), the Philadelphia

. . - _ . .. , -
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i
Electric Company's Peach Bottom Unit 3 facility, and the Northern

! States Power Company's Monticello facility. The cracks in the last
i three units did not penetrate through the bypass piping wall and, there-
'

fore, caused no water leakage.
1

| In summary, eight cracks were found in bypass lines of six boiling water
; reactor plants from September 1974 through January 1975; 15 of 21 plants
; did not experience any pipe cracking. The corrective measures taken

! included the eplacinC of entire or partial sections of bypass lines.

{ The detection of those cracks prompted the NRC to issue Bulletin, 74-10B,
' on January 24, 1975, which directed licensees to continue close surveil-

| lance of their readvr coolant systems and specifically, their bypass
lines. )

! There have been three recent crack occurrences involving 4-inch bypass
I lines, since the last Bulletin was issued. These cracks were reported

} for the Georgia Power Company's Hatch Unit 1 (12-26-75), the Quad-Cities
j Unit 1 (1-22-76), and Boston Edison Company's Pilgrim Unit 1 (3-15-76).
! All of these were similar to the cracks found previously in the piping
j of other boiling water reactors.

I On January 28, 1975, during an inservice inspection of the Dresden Unit 2

| piping system, Commonwealth Edison discovered leaks on the outside surface
t of each of the core spray pipes. Ultrasonic examination revealed two

] hairline longitudinal cracks and a pinhole leak in one pipe. The
i longitudinal cracks were approximately 1/8 inch long. The approximate
k locations of these cracks are depicted in Figures 7 and 8. In an effort
j to understand the problem further and assess the extent of the pipe
. cracking problem, NRC issued Bulletin 75-01 on January 30, 1975 and
! supplemental Bulletin 75-01A on February 7,1975. These Bulletins were
j sent to 23 BWR facility licensees and requested that inservice inspections
; be conducted of specific systems within 20 days of the date of issuance.
1 Specifically, these Bulletins requested that certain circumferential
. welds in the core spray loop be examined, and that a system functional
j test or hydrostatic test be conducted on the core spray system piping
! beyond the second isolation valve. In addition, licensees were requested
I to examine representative samples of the pressure retaining welds in
i austenitic piping that was part of the reactor coolant pressure boundary,
i and some circumferential welds in piping graater than 2 inches in diameter
j for certain systems.

l
. The inspection was conducted at all the facilities noted in Table 1, as
j well as Fitzpatrick and Brunswick 2.

! During January 1975, the AEC formed the Pipe Cracking Study Group (PCSG).
This group reviewed and evaluated the pipe occurrencro discussed above '

.

i from the point of view of metallurgy, coolant water chemistry, mode of
} plant operation, and pipe configurations and supports. The PCSG was
; particularly interested in the safety aspects of pipe cracks, that is,
; whether cracks could lead to major pipe failures and a loss-of-coolant

accident.

In reviewing the general history of cracks in pipes made of various
materials it was found tut rapidly propagating brittle cracking has not
occurred in austenitic Tjpe 304 stainless steel piping. In fact, no
previous crack in austenitic piping in a nuclear system has ever resulted

a

.

4
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! in any serious consequence. Small leaks in pipes usually can be identified )
i by leak detection instrumentation or visual inspection. This is important
i since a major break in austenitic stainless steel piping is highly un- I
j likely without some prior leakage. A corollary conclusion is that, for '

j austenitic Type 304 stainless steel piping, growth of cracks proceeds
: slowly, and water leakage should be detected before any major pipe
, failure occurs.
!

; The NRC reviewed the safety consequences resulting from the unlikely
; event of a break of one bypass line, a c ire spray line or even the more

severe accident resulting in the simultaneous rupture of two core spray
lines. Even in the latter incident, the core would be flooded by the<

; low pressure system through the recirculation lines thus assuring that
the fuel rods would remain intact. This would prevent the release of,

any significant amount of radioactivity to the environment.

; Based on an extensive study of the data associated with the pipe cracks
: experienced with 4-inch bypass lines and core spray lines at B'4R 's , the

Pipe Cracking Study Group and its consultants made a number of important,

observations which are presented, in part, below:

,

! 1. AlSI Types 304 and 316 austenitic stainless steels experience
intergranular stress corrosion cracking when exposed to oxygenated

'

water in regions where stresses equal or exceed the yield strength
of the material, coincident with sensitization of the material
adjacent to welds.

2. F1 nis or cracks in stainless steel pipes grow relatively slowly
because of the ductile nature of the material, and sudden severence
of the pipes is not expected to occur. Leaking should develop in
the cracked area well before the ductile pipe loses its structural
integrity. 'Jhen leakage develops , it can be detected by the
leakage monitoring system located inside containment, at which time
the plant is shut down for repair of the affected pipe.

3. Cracking occurred near the weld joints where residual stresses are
estimated to be at or above the yield strength of the material.

4. Time required for initiation and propagation of intergranular
stress corros4on cracks is dependent on the le"el cf dissolved
oxygen in the water, degree of sensitization or the steel, and the
level of stress..

5. The oxygen level in the coolant, at rated normal operating conditions
is estimated by the Nuclear Steam Supply System manufacturer to
be approximately 0.2 ppm. This level of oxygen is sufficiently
high for stress corrosion to occur when combined with sensitization
due to welding and yield strength level stresses.

6. In stagnant lines, where there is no water flowing during operation
of the plant, dissolved oxygen it. the water may remain at a high
level. The pipe material may be exposed to high levels of oxygen
and, if so, the time required for stress corrosion cracking to
occur will be shorter.

'
1
L ,
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7. The larger diameter pipes within the reactor coolant pressure
boundary have relatively thicker walls than the 4-inch and 10-inch

pipes that have experienced cracking. The thicker wall pipes pro-
vide a more effective heat sink during welding operation, therefore
the sensitization of the base metal adjacent to the weld should
occur to a much lesser degree and the levels of residual stress may
be lower than in smaller diameter pipes. On this basis the larger
pipes should be less susceptible to intergranular stress corrosion
cracking then the pipes that have experienced cracking.

The PCSC completed its study in October 1975 with a number of recommen-
dations that will assist in the identification of stress corrosion
cracking in austenitic stainless steel piping of BWR operating plants.
They also presented long-term recommendations that if followed should
eventually reduce the probability of pipe cracking to a low level in
operating plants and future plants. These recommendations have been
reviewed by the NRC and the Advisory Committee on Reactor Safeguards. A
final decision regarding their implementation will be made by NRC in the
near future.

. Point of Contact:

| John J. Rizzo
Performance Evaluation Branch
Of fice of Management Inf ormation

and Program Control
U. S. Nuclear Regulatory Commission

|
|
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TABLE 1

i

FACILITIES THAT WERE REQUIRED TO TAKE i

ACTION IN ACCORDANCE WITH

BULLETIN 74-10
!

Jet Pump Plants

i
Browns Ferry-1 Cooper Station Dresden~3 Hatch-1 Monticello Peach Bottom-3 !

Browns Ferry-2 Dresden-2 Duane Arnold Millstone-1 Peach Bottom-2 Pilgrim-1 -
u
e

Quad-Cities-1
I

'Quad-Cities-2

Vermont Yankee
I

Non Jet Pump Plants Without Bypass Lines

Big Rock Point llumboldt Bay Nine Mile Point

i

Dresden-1 Lacrosse Oyster Creek

;

i

t
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%E OPERATING EXPERIENCE
R$UIN0RY BULLETIN INFORM ATION

"

comssioN REPORT
.,

May 7, 1976

RADI0 ACTIVE WASTE PACKAGE HEPA FILTER INCIDENT

Inspection and Enforcement Bulletin 75-07 issued on November 26, 1975,
identified an event involving a HEPA filter that occurred at the Nuclear
Engineering Company's burial grounds at Beatty, Nevada.

On June 26, 1975, upon opening a Super Tiger * shipping container the
crew noticed a small quantity of smoke inside the unit. This par-
ticular waste shipment contained an inventory of thirty - fif ty-five
gallon drums in addition to 14 HEPA filters. The latter were individ-
ually packed in 00T Specification 12B fiberboard cartons. While
the Super Tiger container was being unloaded the workmen discovered
that one of the fiberboard cartons was hot to the touch even through
workgloves. The surface of the carton appeared scorched. In addition,
the nylon sealing tape had melted, fusing the scorched carton to an
adjacent carton. Radiation smears revealed only minimal contamination
on the affected carton but no contamination on any other carton in the

1

Super Tiger container. The fiberboard carton was imediately buried {without opening it af ter an identification tag was removed to permit i

the contents in the carton to be identified by the responsible licen- I
see, the Kerr-McGee Nuclear corporation's Cimarron Oklahoma Plant.

Based on the information obtained fror: this licensee it appears the
filter was used in a glovebox system of a scrap recovery area where |

scrap material containing plutonium had been processed. Nitric acid
was used in th?. recovery operation to dissolve the scrap oxide. It
is likely that some dilute nitric acid had collected in the HEPA
filter during use. The heat generated outside the fiberboard carton

|was the result of an exothermic reaction, most likely between the '

nitric acid and some other material. It was determined that this
licensee had wrapped the filter in a 4 mil polythelene (PE) bag and

*The Super Tiger Shipping Container is designed to provide impact and
thermal protection to its contents in accordanca with 10 CFR 71. The
overall dimensions of the standard size container are eight feet by
eight feet by twenty feet. The container is constructed of 3/16" steel.
Each container is packed (or unpacked) through the back which is other-
wise kept bolted, and sealed with a silicone rubber gasket. A
pressure fitting connection is included for leak testing.

|

- - - _ _ _ _ - - - - - - . . _ _ . .- _



- - - - . -- .- - - -- . . - - - - - . =-- _.

_

;

i
j

j 189
:

f then boxed it in the original cardboard shipping box. This box was
; further wrapped in another PE bag before being placed in the fiber-
| board carton,

i

; Subsequent tests conducted at the Cimarron Plant on similar HEPA filters
: did not reveal any significant reactions between nitric acid and the
i filter media, separators, or sealants. Therefore, it is believed that

i the reaction which occu" red involved the nitric acid and the original
j cardboard shipping carton or the nitric acid and some cleaning rags
; (callulose material) which may have been inadvertently lef t in the
! package containing the HEPA filter,
i

i In order to inform appropriate licensees of this problem, the Nuclear
: Regulatory Commission issued Inspection and Enforcement Bulletin 75-07

to 57 facilities, including reprocessing plants, fuel cycle plants<

; and major laboratory licensees known to be processing radioactive
i material and possibly using HEPA filters in their gloveboxes and

ventilation systems. These licensees were requested to review their,

operations and determine if adequate precautions were being takeni

; regarding the handling, packing, and storage of HEPA filters exposed
j to nitric acid fumes in light of the HEPA incident. All licensees

were requested to reply to NRC within 30 days.
;

; Based on NRC's review of these licensee replies, approximately 45
1 facilities sere not involved with any operations emitting corrosive
'

gases or oxidizers, such as nitric acid fumes, into their ventilation
i systems. However,12 licensees use or plan to use oxidizers such as
; nitric acid as part of their operations. NRC reviewed their pro-
A cedures and found that four of the twelve licensees have satisfactory

procedures which should precluce exothermic reactions during shipment
of their HEPA filters. The remaining eight licensees volunteered to
make changes to their procedures and operations in lignt of the HEPA,

J filter incident. These changes include installation of scrubbers
'

and/or storage of their used HEPA filters in hot waste rooms up to
i two months af ter r'aking non-destructive examinations. This will
1 assure that exothermic reactions will occur onsite in safe areas prior
i to shipment. In addition, these licensees plan to indoctrinate their

employees on the safe packaging and shipping of HEPA filters to pre- |
4

Vent a recurrence of the type of event discussed above.

In summary, it appears the 12 licensees using HEPA filters in acid
environments presently nave or will soon have satisfactory procedures
for controlling the use of cellulose materials during packaging of,

their HEPA filters for shipment. Changes to existing procedures will
be checked by NRC inspectors during future inspections. We believe
these steps are adequate to prevent a recurrence of the type of event
experienced at the Nuclear Engineering Company's burial grounds.

Poirt of Contact:
John J. Rizzo
Performance Evaluation Branch
Office of Management Information

& Program Control
U. 5. Nuclear Regulatory Commission'

Washington, D. C. 20555

1
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EM OPERATING EXPERIENCE.

NUCLEAR

BULLETIN INFORMATIONREGULATORY

couuissioN REPORT

DEFECTIVE RADIOGRAPHIC DEVICES

June 21, 1976

Inspection & Enforcement Bulletin 75-02, identified a problem with a radio-
graphic exposure fvice. The unit involved was a Radionics Model //P192-35
manufactured by Radionics Incorporated and contained 29 curies of Iridium-192.
The defective unit was found at the Ryan Airport at Baton Rouge, Louisiana
by personnel associated with Delta Airlines after an abnormally high radia-
tion level was discovered coming from a shipping container. Within a few
hours after this problem was detected, personnal from the Louisiana Division
of Radiation Control and the Nuclear Regulatory Commission arrived to conduct
an investigation.

,

l

A visual examination revealed that the unit had been shipped in a 20-gallon i

drum by the Pittsburgh Testing Laboratory. In order to ship this device in
the designated container, it was necessary to rotate the unit 90* in the
drum. This placed the lockbox at the top of the container and outlet port
at the bottom. A radiation survey or the container and the radiographic

'

device was immediately conducted by investigating personnel. The radiation
level on the outside of the steel drum was as high as 200 mR/hr on the
surface in one area. The radiation levels measured around the device itself
are depicted on the enclosed Figure. A small area, about the size of a
quarter, at the base of the unit had a radiation level of 300 mR/hr.

To assist the investigators in understanding the problem further, the device
was taken to Camma Industries and examined in a hot cell. There, the steel
container was cut in half by the use of a torch. No casting defect was noted
in the lead shielding. The source tube was also examined but no defect was
found in this tube. A dummy source pigtail was constructed measuring
10-1/2 inches in length which was the same dimension as the original. The
dummy pigtail was inserted into the tube and the precise position of the
source noted after the pigtail was in the locked position.

As seen in the attached Figure the source came '. rest in a position in
the tube where there was minimum shielding in f a vertical direction.
It appeared from this experiment that the pigtail was too short, although
10-1/2 inches was the length required by the specifications. Based on
the findings of this examination it was concluded that tco many shims
were installed between the steel shell and the lockbox. This would have
caused the source to miss the top of the tube by one inch even with the
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correct length pigtail, see enclosed Figure. In this position the
radiation could stream down the vertical portion of the source tube and
out through the base at the bottom of the unit.

As a result of the handling procedures e= ployed while the unit was in
transit, the defective device did not affect the health and safety of
the public, airline passengers, flight crews or freight handlers. It
should be noted that 10 CFR 20.105 limits whole body exposures in unrestricted
areas tc 7.5 rem / year. To have received this radiation dose, an
individ. would have had to stand three feet in front of the container
for mor tan half a day.

Inspection and Enforcement Bulletin 75-02 was issued to licensees known
to have similar model radiographic devices based on NRC records. Attached
to each Bulletin was a blank Summary Report Form which each licensee was
requested to complete. Completion of the form required each licensee to
conduct a radiation survey for hot spots producing radiation levels in
excess of 50 mR/hr, six inches from the shielded surface or base. The
survey procedures included the following steps:

1. While the device rested on its base, a survey was performed using a
calibrated survey meter on all surfaces (other than the base) at a
distance of six inches from the surface. These surveys were to be
performed while moving the pigtail back and forth but with the end
of the pigtail locked in position.

2. The device was then turned on one side and the bottom surface was
surveyed at a distance of six inches.

3. The measured maximum readings at six inches were converted to
values which would result if the devices were loaded to their rated
capacities, allowing an excess of 20% for Ir-192, and 10% for Co-
60. For example if the original device was loaded with 100 curies
of Iridium-192 but had decayed to 25 curies and one reading was 15
mR/hr six inches from the surface, then the capacity would be 120
curies allowing 20% excess for Iridium-192. Hence, the maximum
reading with the original device loaded with 100 curies of Iridium-
192 would have been;

15 mR/hr x 120 curies
= 72 mR/hr25 curies

Licensees were informed that any direct or converted reading which was
greater than 50 mR/hr at 6 inches from the surface of the radiographic
device indicated a defective unit.

A survey of the Summary Report Forms revealed that several of the
devices when loaded to the rated capacity would have had radiatien
levels in excess of 10 CFR 34.21 limits. The licensees having these
defective devices took immediate and appropriate action to eliminate any
hazard to the health and safety of the public. On June 8, 1976 an Order
was issued by NRC to fourteen licensees which had the original authorizations
to possess Radionics devices. Prior to issuance of the Order it was
found through the survey that ten of these licensees did not possess
such devices, or possessed them but did not use them. The remaining
four licensees indicated through the survey that they were actively

. .. .

.

.
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using their Radionics dev1ces. The Order to the ten licensees modified
their licenses and revoked authority for any further use of their Radionics
units. The remaining four licensees were required by the Order to
reduce the quantity of radioactive material in their devices to assure
that radiation levels would remain within the limits specified in 10 CFR

34.21.
i

|

|
Point of Contact:
John J. Rizzo
Office of Management Information

and Program Control |
U.S. Nuclear Regulatory Commission '

l
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""#E OPERATING EXPERIENCE
NUCLEAR

BULLETIN INFORMATlONREGULATORY

CouuissiaN REPORT

ISOLATION CONDENSER LEAK

November 12, 1976

Introduction

On February 12, 1976, a tube failure occurred in the isolation condenser of
the Millstone Point 1 Boiling Water Reactor Facility. This resulted in a
minor release of a radioactive steam and water mixture from the isolation
condenser vent to the ground outside the reactor building. The health anc
safety of the public was in no danger as a result of this event. Neverthe-
less NRC considered the event sufficiently important to issue Bulletin 76-01.
This report discusses the circumstances involved in the aforementioned
event and the corrective action taken by NRC.

Discussion

The isolation condenser tube leak occurred af ter (though it was not caused
by) an electrical problem was experienced with the Main Transformer. This
electrical problem was sensed by the protective circuitry which initiated a
generator trip and a reactor trip f rom 100", power. Based on NRC's review
of available data it appears that reactor pressure never reached the trip
point required to initiate operation of the isolation condenser. The
pressure surge which did occur, was a nomal pressure transient resulting
from closure of the Main Steam Isolation Valves. This pressure transient
was apparently sufficient to cause failure of an isolation condenser tube
which had experienced some corrosion from a previous incident (discussed
later in this report).

A sketch of the isolation condenser system is presented in Figure 1.
A review of the function and operation of the isolation condenser will
enhance the rerder's general understanding of this problem.

The isolation condenser at Millstone and at other BWR's provides a heat
sink for the reactor if an incident isolates the reactor from the main
condenser. The isolation condenser which is located in an elevated area
in the reactor building depends on natural convection to maintain circula-
tion. The tubing in the Millstone isolation condenser has a design
pressure of 1250 psig at a temperature of 575*F. The pressure on the
shell side is maintained at 30 psig. The tubing was made of Type 304
stainless steel and the shell side, of carbon-steel alloy. Valves A, B,
& C are normally open during reactor operation hence the tube bundles in
the isolation condenser are continuously subjected to reactor pressure.

__- _ _ _ _ _ _ _ -_
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| The isolation condenser is placed in operation by opening valve D, the
j condensate return valve to the reactor system. This occurs either from
; a high pressure signal, or the valve may be manually opened by an operator.
, When the isolation condenser is operating, steam in the tubes will con-
t dense and return to the reactor vessel through line No. 1, see Figure 1.
; Water on the shell side of the condenser will boil and exhaust to the
1 atmosphere through the vent, line No. 2. Radiation monitors located in
j the shell side of the isolation condenser were designed to read out in
i the control room and sound alarms in the event of high radiation levels

caused by one or nore tube failures. Af ter the February 12, event this'

radiation monitor.ng system was modified so that in addition to sounding,

an alarm, valves A, B and C will be automatically closed, isolating the
: condenser from the reactor. I

I |

1 If additional makeup water is required it can be obtained from the
i

i station firemain storage tanks or the condensate storage tank.
:
1 Following a reactor scram from 100% power the radiation level in the

isolation condenser began its upward climb. The alarm setpoint was not ,

reached until one hour and 16 minutes af ter the scram. Immediately I
*

after the scram, steam puffs were observed coming from the isolation
; condenser vent. Simultaneously, rumbling sounds were heard coming from

the isolatior. condenser, suggesting operation of the condenser even
though valve D was closed. After the alarm setooint was reached valves

. A, B, C, and D were manually closed isolating the condenser from the
' reactor. Shortly thereafter the flow of the steam and water mixture

from vent No. 2 stopped. Approximately 2 hours after the initial tube
failure the Millstone staff instituted their emergency plan involving

)site traffic control, offsite and onsite radiological surveys and i
,

decontamination, where necessary. A contaminated area was found
extending approximately 300 to 350 feet from the reactor building.
However, no contamination was found outside the fenced area known as the

exclusion area. As part of the decontamination program 16 cubic yards
of top soil were removed and disposed in an authorized burial site. NRC
inspectors found that decontamination efforts conducted by the licensee
were sufficiently adequate to assure there was no hazard either to
workers onsite or to the general public. In terms of personnel involve-
ment, seven individuals associated with the Millstone facility who could,

have been contaminated by the radioactive steam and water effluent were"

given wnole body counts. Four of the individuals showed no measurable
activity while three showed activity of less than 2* of the maximum
permissible body burden.

.

As indicated ,bove, there is a reasonable possibility that the normalL

pressure surge resulting from closure of the MSIV's may have contributed
i to failure of a tube in the isolation condenser which was probably de-

graded as a result of salt water intrusion on September 1,1972. This4

salt water intrusion into the reactor coolant system was caused by tuDe
failures in the main condenser.

The mechanism of stress corrosion cracking which appeared to be the
basic cause of the isolation condenser tube failure was based on an
analysis of the failed tube obtained 24 hours after the event occurred.
The actual hole in the tube was approximately one inch wide by two

- - -. . , - .- .- - - .
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inches long. Examination of the tube revealed the following information:

1. Cracks originated on the inside surface of the tube and were trans-
granular in nature. They also appeared to have the branch 1 rig
characteristics of stress-corrosion cracking.

2. Many secondary cracks existed penetrating up to 90 percent of the
wall thickness in different sections of the tube.

3. No indication has been found of cracks originating on the outer
side of the tube.

4 The cracks appeared to have been present in the tube for some time
and were not produced during the February 12th incident.

5. The cracks contained significant amounts of calcium, sulfur and
aluminum. Since none of these chemical elements are found in
reactor primary water their presence suggested intrusion of sea-
water into the isolation condenser at some point in time.

As a result of further examination and tests such as non-destructive
examination and high pressure leak tests of other concenser tubes, it

| was found that 130 tubes out of a total of 202 in the isolation con-
i denser were not acceptable. Accordingly the licensee, Northeast Nuclear

Energy Company has decided to replace all the tubes in the i"olation
condenser with 0.065" wall thickness Inconel 600 tubes. A phctograph of
the upper half and lower half of the isolation condenser is shown in
Figure 2.

On March 9, 1976, NRC issued Bulletin Number 76-01 to all licensees of
BWR power reactor facilities and requested those licensees with isola-
tion condensers, which included only nine facilities, to take the
following specific action:

1. Assure that the integrity of the isolation condenser tubes is
maintained during operation. This assurance will be obtained by
the implementation of tube leak detection procedures such as
control of temperature, volume and isotopic content of the shell
side water.

2. Assure that the margin of isolation condenser tube integrity is
maintained. This assurance could be obtained by periodic non-
destructive examinations of the tubes. In the event that non-
destructive examinations of the tubes is impractical, hydrostatic
testing, in accordance with the 1974 ASME Section XI requirements,
is considered an acceptable alternate.

3. Review procedures to assure prompt detection and operator response
to an isolation condenser tube leak.

Licenses were requested to reply to the above requirements within 30
days.

The nine facilities which have isolation condensers include Big Rock
Point, Dresden 1, 2 & 3, Humboldt Bay, Lacrosse, Millstone, Nine Mile
Point and Oyster Creek. A review of the information received from these
facilities revealed that seven had isolation condensers with tube

--. .. . _ _ _ _ _ _ - _ .
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! material of stainless steel while two facilities had tubes made of
j copper-nickel. Other than the isolation condenser problem experienced

at Millstone only Big Rock Point has experienced tube leaks. This
: facility has stainless steel tubes in its isolation condenser.
,

Use of the isolation condenser varies with each facility. For example,
i in 1975 condenser usage varied from once per year to six times per year
1 with an average of twice per year for the nine facilities. This usage

frequency includes testing of the condenser.
.

5

Further NRC reviews of licensee replies disclosed that existing pro-
cedures pertaining to isolation condensers will be updated to include
additional monitoring efforts. This involves (1) nonitoring of shell
side water level and temperature, (2) analysis of shell side water

,

periodically for pH, nitrate concentration and conductivity, and'

(3) analysis of shell side water for gross beta-gamma activity.

l In addition, every BWR facility with an isolation condenser had some
' form of radiation monitor on the shell side which will sound an alarm in

the control room in the event of a tube leak.

With regard to periodic testing isolation condensers, the existing
technical specifications require operability and capacity tests for all
nine facilities. Only two facilities are required to hydrostatically
test their isolation condensers (one annually the other in conjection
with primary system testing). All licensees will be required to conduct
at least one hydrostatic test of their isolation condensers to satisfy
the requirements of Bulletin 76-01. In the near future NRC will be
reviewing existing technical specifications to determine if any updating
is in order regarding this matters. Presently each of the nine facilities
is required to check automatic operation of its isolation condenser in
addition to cycling the outlet valves associated with the isolation condenser.
In addition four of the nine facilities conduct special tests once every-

five years to verify the heat removal capacity of their isolation condensers.

Point of Contact:
John J. Rizzo
Operating Data Branch
Office of Management Information

and Program Control
U.S. Nuclear Regulatory Commission

I

I

|
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NUCLEAR

BULLETIN INFORMATlONREcutu0n
COMMISSION REPORT

CRACKS IN COLD WORKED PIPING AT BWR's

I&E Bulletin 76-04 was issued on March 30, 1976, after three different leaks
were experienced with the reactor Cleanup System at Nine Mile point. These
leaks were discovered on November 28, 1975, March 19 and March 22, 1976.
Each leak occurred at a dif'erent pipe bend and was the result of through-
wall cracks in the base material.

The piping in each one of the three events was six inch schedule 80, ASTM
A-376, Type 304 stainless steel. A section of piping was removed af ter the
first event (November 28,1975) and sent to a hot lab for retallographic
examination. This pipe section connected the high pressure supply from the
reactor, outside the drywell to the regenerative heat exchanger.

According to available records, f abrication techniques used to form this
pipe included the formation of a 45 cold bend on a 30" radius. This pipe
was not solution annealed as is normally the practice after cold bending.
A photograph of the outside section of the pipe is shown in Figure 1. The
cracks seem to be longitudinal on the outside surface of the 45 bend.
Figure 2 is a photograph of the inside surface of the pipe which appeared to
be deformed during cold bending operations.

Figures 3 and 4 are photographs of the outside and inside surfaces respec-
tively after the application of a dye penetrant. Since the cracks are more
severe on the inside surface, it appears likely that they were initiated on
this surface.

The main crack was approximately 3" long on the outside and 6" long on the
inside surface. The numbers in Figure 4 represent the various sections
which were individually subjected to metallurgical examination, Figures 5
and 6 illustrate the formation Of transgranular cracks in the heavily cold

! worked surface. This propagation changed to an intergranular mode below the
cold worked surface. This specimen was Obtained from Section 1 of the
sample shown in Figure 4 In Figure 7 significant carbide precipitation at
the grain boundaries is clearly visible for the Number i sample.

"

Figure 8 (a photograph of Section 2 specimen noted in Figure 4) reveals
another crack in the cold worked surface which appears to be transgranular
although it has started to propagate in an intergranular mode.

.

- -,.
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! Based on laboratory tests, the structure and hardness of all five specimens. |
! obtained from the pipe sections illustrated in Figure 4, were similar. i

:

j' I&E Bulletin 76-04 was issued to all BWR and PWR facilities with operating
licenses and to all BWR and PWR fa:ilities under construction. Only BWR

i

| licensees with operating licenses were required to take immediate action by
NRC, because this type of stress corrosien has only occurred at BWR's due;

to the high oxygen content in the reactor coolant. This action involved:
J

i 1. Development of the following information for those systems located
'within, or connected to, the reactor coolant pressure boundary if these

-
systems were exposed to reactor coolant system pressure during I

! operation;
,

a. A specific listing of installed austenitic stainless steel piping
or fittings made from piping, greater than two inches nominal

.

size, which may have been cold worked without solution annealing,
i following forming.

| b. A description of the program and procedures including inspecticn
criteria and schedules, for the nondestructive volumetric exami-a

nation of the items identified in (a) above.

2. BWR licensees were requested to report to the NRC Regional Office
within 24 hours, any adverse findings obtained during nondestructive
examination of pipes and fittings.

3. BWR licensees were also requested to submit a reocrt of the perform-
ance, results, and evaluation of any nondestructive evaluation con-
ducted on cold worked stainless steel piping or fittings within 60 days
following completion of the examination.

Holders of BWR construction permits were informed that this issue would be
reviewed by NRC construction inspectors during future inspections and so
they were not required to reply in writing to the Nuclear Regulatory
Conni s sion.

NRC reviewed replies from 24 operating BWR licensees. Only two facilities 1

!(other than Nine Mile Point) appeared to have cold worked stairless steel
piping that was not solution annealed. These facilities were Humboldt Bay
and Lacrosse. In the case of Nine Mile Point, a total of five-6" pipe bends
and two-2" cold worked pipe bends were replaced after additional defects
were found by UT examination. Humboldt Bay discovered defects in a 3" cold
worked stainless steel pipe. This pipe has been replaced. Lacrosse iden-
tified 24 sections of piping which had been cold worked but not solution
annealed. Ten of these pipes were subjected to condestructive examination;

ii

i no defects were found. The remaining 14 sections of piping will be examined
during the next refueling outage.

Of the 24 plants that transmitted replies to NRC, six stated they had
incomplete records making it impractical for the reactor cwner to determine
whether existing cold worked piping had been solution annealed. In each of |

these cases the licensees committed themselves to an extensive nondestruc- i

tive examination program during the next refueling outage. The intent of |
each of these programs will be to identify any and all pipe defects
requiring futher attention.

- - . .- . , . . .
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In summary, NRC has reviewed the problem involving nonsolution annealed cold
worked piping at each of the 24 cperating CWR's which had a potential for
this problem. NRC considers the majority of these replies to be adequate
and, therefore, believes that the issue of cracks in cold worked piping at
operating EWR plants is not a significant ger.eric issue.

|

| Point of Contact:
| John J. Rizzo

Operating Data Branch
Office of Managernent Information

and Program Control
U.S. Nuclear Eegulatory Ccmnission
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RECENT FPOBLEMS WITH GENERAL ELECTRIC hFA ANC STD RELAYS

March 22, 197~
SLMMARY

This rescrt discusses scte recent problems involving General Electric
HFA and STD relays. The NRC issued tuo separate bulletins on this
subject in 1976 to licensed power reactor facilities and those with

construction permits. The cause of tne probler,s with these relays have
been identified and corrective easures taken to NRC's satisfaction.

HFA RELAYS

A number of problems have been experienced with General Electric relays
over the past few years. The most recent failure occurred at tne Turkey
Foint 4 Nuclear Fower Plant in May 197S. Tne latter involved a defective
Type HFA-DC relay wnich prevented the stripcing of various breakers frcr
the 4E-4600 volt tus. This precluded the 43 diesel generator breaker.

from closing since complete icad strirping of a 4160 volt bus is a
recuired permissive to close the diesel ger.erator treaker.

During a review of the problen the licensee found tnat failure et the
PFA r31ay in question could not be duplicated. The relay was removed
and sent to General Electric fo" further examination. GE's investigaticn
revealed that the HFA relay Gilure node was similar to other relays
(HGA, HKA and HMA relays) nhich had malfunctioned over the past few
years. Specifically, this involved the heat stabil17.ing Corpound used
in tre nylon spools of each rel ay coil . The spcols released halcgen
ions over a period of time and in the presence of roisture, the nalogen
ions formed hydrochloric acid. Tnis acid caused electrolytic corrosion
of the copper wire which eventually resulted in a relay coil open circuit
failure.

Nylon was used in the reanufacture of spool raterial in the late 1950's
since it was an improverrent over paper base materials previously used in
spools. In the late 1960's a substance called LEXAN cecame available
whose chemical, electrical and mechanical properties were significantly
better than nylon for use as spool material. Inere are no known corrosion
problems associated with LEXAN. Although LEXAN nad become the ccminant
material in the manufacture of spools for relays it appears that nylon
spools were in extensive use in relays at nuclear plants. There was
also an inventory of relays containing nylon soools which could have
been used as replacements for those relays which deteriorated.

_ _ _ _ _ _ .
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In the spring of 1976 the Nuclear Regulatory Comission became concerned
about this problem and on March 12, issued I&E Bulletin 76-02 to approxi-
mately 110 power reactor facilities with licenses and construction
permits. This involved all operating licensed power reactors and most
reactors under construction. The subject bulletin requested each
facility to determine wnetner relay coils with nylon spools existed in
their electrical systems. If such coils were found, the facilities were
requested to inform the Comission of the nature of the corrective
action planned with regard to these coils. Peplies were reques tec
within 30 days.

NRC reviewed these replies to determine the generic nature of the problen
in addition to correlating the experiences of BWR and PWR facilities.
It was found tnat approximately 2V cf all #acilities (both cperating
and under construction) did not nave any relays containing coils nade of
nylon spools while 521 of all facilities had nylon spools in both safety
and non-safety related ecuipment. A significant number of licensees
reported finding over 100 nylon spool s in safety systems at each of
their facilities. It should ce noted that no facility in this 52 percentile
bracket reported finding relays with nylcn socols which had malfunctioned
or showed signs of deterioration. Nevertheless all facility representatives
finding CC relays with nylen coils operating in an uncontrolled environment
(such as high humidity and temperature), informed the NRC of their plans
tc replace these relays. A few licensees reported finding HGA, HFA,
HM, and HMA relays operating in low humidity and icw temperature environ-
ments. They suggested to the Comission tnat replacement of these
relays aith LEXAN type spool relays appeared to be urnecessary at this
time. The Cennission accepted this position .vith the uncerstanding that
the relays in question would be closely monitored to detect any future
spool deterioration. Scme licensees responding to Liletin 76-02 'approri-
mately 9s) stated trat their relays contained LEXAN spools.

The rena;nder of tne replies (approximately 151) were received from
facilities under construction planning to install hFA, HGA, HKA or HMA
rel ays . Each of these facility representatives assured NRC tha'. their
sendcrs would be requested to use only LEXAN spool relays in their
installations.

STD TRANSFORMER DIFFERENTIAL RELAYS

In addition to the HFA relay prcblen :nis report also discusses recent
experiences with GE Type STD Transferrer Ci f ferential Felays. A
problen involving this relay occurred at the Jcseph M. Farley Nuclear
Plant which was under preoperational testina. During the testing chase
of a 600 volt Motor Control Center (MCC) at tnis plant, a false operation
of the STD transformer differential relay was observed. This caused
loss of power to the essential MCC. An investigation revealed that the
cause was radio frequency interference from an activatea transceiver.
Further testing disclosed that any of the 5 watt transceivers available
at the plant site, having frequencies ranging from 150 MHZ to 470 MHZ,
could cause false operation of thic STD relay. These transceivers were
used by personnel at the facility to coordinate test activities during
plant preoperational testing.

This event was significant because each 600 volt load center contained
one 4160/600 volt transformer with a 600 volt bus on the secondary side.

- _ __ _ _ _ _ _
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When Type STD differential relays are energized, the breakers trip,
isolating the transformer. This removes power to all loads on the 600
volt bus. Since many of the 600 volt load centers are associated with
safety system loads, maximum reliability of STD relays is paranount.

Other facilities experienced similar problems with STD relays. For some
of these events, General Electric found that the STD Sense Ampli fier

cards had failed shorted. This was traced to two rener oiodes whose
cases had been physically touching, sr.or t circuiting cne dioce and
overloading the circuit. GE concluded that this snortec condition made
the circuit associated with the $TD relay, radio frequency sensitive.

As a result of these nalfunctions GE issued Service Advice Eulletin
(SAS) 1.50.1 cated November 17, 1975 to their service engireers alerting
them of the problem. On .Yarch 15, 1976, the Nuclear Regulatory Cornission
issued IE Bulletin 76-03 to approximately 110 pcwer reactor facilities
with licenses and construction per":its. As in tne case of Bulletin!

76-02, each facility representative was recuested to cetermine if STD
relays were installed at their facility. If STD relays were found. the
f acility representative was reauested to describe to the Commis3 ion the
corrective acticn that would be taken to prevent any occurrence similar
to the one experienced at the Farley Nuclear Plant.

Peplies to tnis bulletin fell into three general categories: (1)
approximately 81' of the facility representatives stated that STD relays
were not used in their equicment, (2) approxia:ately Si of all f acility
representatives (mainly at cperating reactcrs) reported finding STD
relays used with tneir electrical systems, and (3) the remaining replies
(aporoximately 115) included trcse reactors under construction, planning
to use STD relays.

Facility representatives in categories 2 and 3 assured the Commi'.,sion
they would contact General Electric to obtain instructions regarding the
appropriate modifications required to correct the deficiencies with STD
relays. The nature of the nodifications include redesigned circuit
boards with components arranged to prevent short circuiting. GE believes
these modifications will prevent the type of occurrence experienced at
the Farley Nuclear Power Plant.

The Off'ce of Inspection and Enforcement has reviewed the fixes and modifica-
tions described above and has found them to be adequate treasures to correct
the probi as described in Bulletins 76-02 and 76-03.

Point of Contact:
John J. Rizzo
Cf fice of Management Information

and Program Control
U. C. Nuclear Regulatory Commission
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REGULA10RY BULLETIN INFORM ATlON
coauissioN REPORT

THIs l P_0RT CONTAINS.THE DIAGRAM WHICH WAS MISSING R OM J LID D TIC!L
DaCUMENLFICEllILLISSUED

PROBLEM WITH CRANE HOIST CIRCUI7 MODIFICATIONS

MAY 16, 1977

This Bulletin Close-Out report discusses a malfunction involvina a
slow speed crane hoist control system which on two occasions resulted
in overtravel of the crane load. This probl em was excerienced witn
the Dresden Units 2 and 3 reactor building crane. Prior to .ts modifi-
cation, the main hois t control system consisted of two electrical
mechanical brakes in series. When the hois t mo tor was energized, the
DC solenoids were also energi:ed relea sing tre loaded orake snoes.
When the solenoids were deenergized a sprinc force engage 1 the brakes
and held the Cable drum s ta ticna ry.

*

The original hoist control system utilized a single Size 2 DC contactor
(two contacts in series) in the solenoid circuit A simplified diagram,
showing the two electro-mechanical brakes and the two contactors of
the orioinal circuitry, is depicted in the upper half of the attached
figure. In order to provide additional hoist recun:ancy and slow
speed hoist capability in accordance with Degulatcev Guide 1.104,
Comenwealth Edison made various modificati:ns to tne Dresden Units 2
and 3 and Quaa Cities Units 1 and 2 crane hoist systens. % se included
a slow speed hois t with a capabil 4 tv of 4 incnes pe- -inute and some
changes to the associa ted circuitry. Dart o ~ this circui t m difica tion
involved the installation of a circuit in parallel with the original
DC contactor which utilized f our AC rated Size I sin]le contacts in a
series-parallel arrav to dis tribute the current carrying and interruoting
load. This part of the circuitry i3 shown n the icwer ha i f of thei

figure.

On May 11, 1976 the mod!fied system including the low s;eed crane was
being used to reins tall the vessel head on tne Dresden Jni t 2 vessel .
At one point in the operation the crane operator a ttempted to halt the
downward motion of the vessel head. Ins tead of storcing, the vessel
head continued to drop arother 15 inches before the load was finally
stopped. An additional 15 inch droc was exoerienced just before tne

.
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head was seated on the reactor vessel flange. Both events occurred as
the head was being guided down over tne reactor vessel studs with
protectors installed on four studs for use as guides. There was no
major abrasive or forcible contact experienced between the vessel head
and the vessel flange or studs and hence no damage to the reactor components
occurred.

Shortly af ter these two events occurred, Communweelth Edison conducted
a detailed investigation of the problen They f ound that on some
occasions, when power to the crane motco dr we wa s termina ted, sporadic
arcing occurred across the contacts of the modified series-parallel
array (see lower half of figure). It was during this arcing that the
crane brake failed to operate because current flow through the brake
solenoid was not interrupted. The licensee concluded that the AC
rated Size 1 single contacts associated with the mocification simply
did not provide suf ficient DC interrupt capacity and therefore could
not always promptly stop current flow to the brake solenoid when power
to the motor drive was termina ted.

NRC Regulatory Guide 1.104 issued on February 1976 encouraged licensees
to review various safety aspects associated with their cranes. Cne of
the areas discussed was related to low crane velocity (approximately 5
fpm) as an operational safety limit. No circuit modifications were
recomnended or suggested in the guide. Since Commonwealth Edison mace
their modifications af ter receivino the Guide and in as much as the
Guide received wide distribution there was ccncern tnat the event
described above could have nad ceneric implications. Accordincly the
NRC issued Bulletin No. 76-07 and Circular 76 r;7 on jul/ 27, 1976. *

The Bulletin was issued to all Operating Reactor Licensees and the
Circular to most Construction Permit Holders. The Bulletin and
Circular requested the following itformation:

(1) A description of the modifications tc tne ncis*, control
sytem made or planned in the f uture.

(2) A description of tne steps to be taken to assure that crane
hoist brake power contactors were adequate #or tne service
to be performed.

<

A reply was requested within 20 days for the Sulletin and 90 days 'or
the Circular. As a resul t of the aforementioned Bulletin and Circular,
the NRC received approximately 122 replies from Licensees and Permit
Holders. A review of these replies revealed tha t circuit modifications,
which could have produced similar incidents as describec above, were
found at two operating facilities althouch neither of these facilities
had experienced any problems. The remaining responses frcm the Licensees
and Construction Permit Holders fell into the following four categories:

(1) 48: had crane control circuits that were dif ferent than tha t
described in the Bulletin and Circular. In adaition no
modifications were planned to the existing controls at these
plants.

(2) 8% either planned to make modifications to their crane
control circuitry in the future or had completed some type
of modification to their circuitry.

_.
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(3) 190 had specifications for their crane designs which were
under review at the time the Bulletin and Circular was
issued. Each reply in this category stated tLut information
from the Bulletin or Circular would be factored into tnefinal design.

(4) 25% of the replies stated that cranes are presently being
installed or being designed but in each case no modifications
were planned insofar as the crane circuitry was concerned.

In summary a review end evaluation of all replies revealed +.here was
no generic problen inasmuch as the circuit modification depicted in
the lower half of the figure was limited to only a few facilities.
Nevertheless the experience gained from the Dresden Unit 2 event
stressed the importance of a functional testing proaram following
modification to the crane, as stipulated in Occupational Safety and
Heal th Administration regula tions No. 29-CFP 1926.179.

Point of Cont?ct:
John J. Rizzo
Office of Management
Information and Program Control
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PERMUTED TITLE INDEX

This index lists alphabetically all significant words in every
report title in context with the complete title. The index words appear
in a column in the center of the page with the titles permuted around -

them. Each title is followed by the appropriate page number listed in
a column on the right side of the page.
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KEYWORD INDEX

Selectors, or keywords, are used to denote the main safety-related
points in items cataloged by uSIC. The following index is an alpha-
betical listing of those keywt cds assigned to each issue of Chrrent Events
and Operating Experience in this report.

Accident, control rod dropin - 20

Accident, control rod withdrawal - 11, 12, 111, 115, 116

Accident, criticality - 95

Accident, loss of coolant - 91, 92, 137

Accident, loss of power -- 62

Arc - 58, 64

Arkansas Nuclear 1 (PWR) - 23

Arnold (BWR) -- 67

Beaver Valley 1 (PWR) -- 90,104

Boron - 89, 1234

Breaker - 31, 62, 206

Browns Ferry 1 (BWR) 'i?

Brunswick 1 (BWR) - 131

Brunswick 2 (BWR) - 12, 48, 61, 98,107,139
3

Cables and Connectors - 24, 25, 69, 121, 122, 139
'

Calvert Cliffs 1 (PWR) - 5, 31, 37, 51, 78

Chemical Reaction - 129, 188, 206

Circuit Closers / Interrupters - 43

Combustion Engineering - 92

Component Cooling System -- 15

f Computer Control - 111

,,
.

.. _-- ___



. _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ -

222

Computer Program - 91, 92, 137

Condenser - 64, 194

Connecticut Yankee (PWR) - 81

Construction - 79

Containment Air Lock - 42

Containment Cooling - 107

Containment, High Prassure - 23, 51

!

| Containment Integrity - 5, 20, 42, 52

Containment Isolation - 42
:

Containment Penetration - 20

Containment, Pressure Venting - 51

Containment Spray - 23, 71

Contamination - 33, 80

Control Panel / Room -- 129

Cont.rol Rods - 11, 12, 20, 25, 46, 61, 70, 71, 95, 97, 111

Control System - 209

Cooper (BWR) - 58, 80, 131

Core Spray - 14,174

Crack - 13, 14, 23, 34, 46, 56, 57, 64, 78, 79, 139, 150, 174, 200

Crane - 40, 70, 209

Crud - 7

Crystal River 3 (PWR) - 69,123

Damage - 38, 55, 119

Davis-Besse 1 (PWR) - 134, 147

Dilution - 89, 123

Dresden 1 (BWR) - 2, 41
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Dresden 2 (BWR) - 11, 13, 14, 41, 57, 77, 78, 114, 116, 129, 209

Dresden 3 (BWR) -- 10, 46,114, 209

Electric Power - 84, 99

Emergency Cooling System - 42, 67, 91, 131, 137, 147

Emergency Power, Electric -- 6,16

Engineered Safety Feature - 52, 84, 127, 159

Explosion - 58, 61

Failure, Administrative Control - 19, 80, 137

Failure, Cladding - 10, 21, 25, 39, 40, 114, 119

Failure, Component - 20

Failure, Design Error - 36, 37, 67, 84, 91, 92, 127, 209

Failure, Equipment - 1, 6, 7, 28, 31, 33, 38, 40, 49, 54, 61, 62, 69, 70,
76, 77, 98, 131, 134, 141, 143, 144, 167, 190, 206, 209

Failure , Fabrication Error -- 31, 50, 67, 71, 164, 167, 172, 200

Failure, Fatigue - 1, 76, 79, 113

Failure, Fuel Element - 57,.114, 119

Failure, Fuel Element Waterlogging -- 57

Failure, Installation Error - 30, 31, 90

Failure, Maintenance Error - 31, 32, 41, 52, 54, 71, 111, 114, 138, 141

Failure, Operator Error - 1, 23, 29, 32, 41, 42, 52, 68, 69, 70, 88, 89,
95, 97, 99, 111, 129, 133, 136, 148

Failure, Piping - 5, 14, 20, 50, 55, 56, 57, 80, 81, 104, 139, 150., 174,
200

Failure, Tubing - 15, 16, 24, 47, 64, 90, 108, 113, 194

Farley 1 (PWR) - 46

Fastener - 1, 25, 30, 31, 54, 164

Feedwater - 50, 55, 104, 114, 136, 147

Feedwater Sparger - 1, 13, 34, 79

-
- - _ _ _
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Fire - 6, 79, 99, 121, 131

Filter, HEPA - 61, 388

Fitzpatrick (BWR) - 28, 36, 80, 139

Flow, Blockag. 7

Ft. Calhoun (PWR) -- 31, 54, 88, 133

Fuel Clad Interaction - 10

Fuel Elements - 38

Fuel Handling - 38, 40, 69, 70

Fuel Loading - 19

Fuel Rod - 10, 21, 39, 40, 119

Generator, Diesel -- 6, 16, 43, 76, 77, 138, 141, 164

General Electric - 206

GETR (TR) -- 25

Ginna (PWR) - 52, 100

Hatch 1 (BWR) - 16, 29

High Temperature - 107

HPCI - 67, 131

Humboldt Bay (BWR) - 1, 38, 73

Hydraulic System - 113 j
Hydrogen - 58,'61

Indian Point 2 (PWR) - 72

Indian Point 3 (PWR) - 101

Instrument, Alarm - 41

Instrum^nt, Flow - 69

Instrument , Power Range -- 1
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Instrument, Switch - 41, 68, 172

Kewaunee (PWR) - 6, 167

Lacrosse (BWR) - 119

Leak - 5, 6, 20, 23, 4 7, 51, 54, 80, 81, 86, 100, 101, 108, 122

Lubrication - 6, 24, 122

Main Cooling System - 43

Maine Yankee (PWR) - 42

Millstone 1 (BWR) - 33, 64, 95,194

Millstone 2 (PWR) -- 52, 84

Moderator Temperature Coefficient - 146

Monitor, Gas - 107

Monticello (BWR) - 115

Nine Mile Point 1 (BWR) - 200

North Anna 1 (PWR) - 24,127

North Anna 2 (PWR) - 24,127

Oconee 1 (PWR) - 3,15

Oconec 2 (PWR) - 1, 3,15, 32, 41, 89

Oconee 3 (PWR) - 5, 49

off Gas - 58, 61, 136

Oyster Creek (BWR) - 20, 22, 121, 136, 143

Palisades (PWR) - 3, 70

Peach Bottom 2 (BWR) - 138

Peach Bottom 3 (BWR) - 141

Personnel Exposure, Radiation - 72, 73, 82

Pilgrim 1 (BWR) - 21, 62

Pipes and Pipe Fittings - 5, 14, 55, 56, 78, 150

.
.

___
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Point Beach 1 (PWR) -- 7, 24, 57,167

Point Beach 2 (PWR) - 20,'47

Poison, Burnable - 101

Power Distribution - 39, 101

Prairie Island 1 (PWR) - 7

Prairie Island 2 (PWR) -- 25

Pressure Relief - 48, 49, 161

Pressure Transient - 43, 49, 134

Pressurizer - 49, 134
|

Procedures and Manuals - 11, 12, 23, 29, 38, 73, 75, 97, 123, 133, 145,
146, 147, 148

Pump, Jet - 31

Pumps - 28, 31, 54, 127

Quad Cities 1 (BWR) -- 4,12,19, 68, 79, 97,111

Quad Cities 2 (BWR) - 4, 29, 30, 34, 39, 50, 55, 56, 67,122

Radioactivity Release -- 2, 3, 4, 15, 21, 22, 31, 41, 51, 80, 81, 86, 114,
194

Radiography - 190

Rancho Seco (PWR) - 71

RCIC - 107
[

Reactor, BWR - 1, 2, 10, 11, 12, 13, 16, 19, 20, 21, 22, 28, 29, 30, 33,
34, 36, 38, 39, 41, 46, 48, 50, 55, 56, 57, 58, 61, 64, 67, 68, 73, 77, ;
78, 79, 80, 86, 93, 97, 107, 111, 114, 115, 116, 119, 121, 129, 131, 136, t

138,.139, 141, 143, 150, 161, 174, 194, 200, 209

Reactor Coolant - 89,-123

Reactor Period - 1.15, 116

Reactor Power - 101

Reactor Protection System -- 28, 41, 89

_ _ _ _ _ .
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Reactor, PWR - 1, 3, 5, 6, 7, 14, 15, 16, 20, 23, 24, 25, 28, 31, 32, 37,
38, 39, 41, 42, 43, 49, 51, 52, 54, 57, 62, 69, 70, 71, 72, 73, 76, 81,
82, 84, 88, 89, 90, 91, 99, 100, 104, 108, 113, 127, 133, 134, 136,
137, 144, 145, 146, 147, 148, 167

Relays - 20, 41, 134, 139, 159, 206

Robinson 2 (PWR) - 28, 71,144,145

Safety Injection - 5, 31, 32, 42, 127, 144, 145

Salem 1 (PWR) -- 113

Seal - 28, 54, 143

Sensor, Flow - 143
-

Shielding - 36, 37

Shipping Container - 188, 190
'

Snubbers - 104

Sodium Hydroxide - 145

Source, Radiation - 190

Stainless Steel, Austenitic - 174

Standby Gas Treatment -- 143

Steam - 7, 161

Steam Generator - 16, 24, 32, 47, 88, 104, 108

Steam Quality - 16

St. Lucie 1 (PWR) - 89,101

Storage Container - 144

Stress Corrosion - 56, 78, 100, 101, 108, 119, 150, 174, 200

Structural Integrity - 25

Support Structure -- 25

Surry 1 (PWR) -- 15,16, 23, 25, 70, 76

Surry 2 (PWR) - 7,15,16, 39,108

Technical Specification, Environmental - 90

l

__
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Temperature Differential -- 90

iThermal Mechanical Effect - 20, 46

Three Mile Island 1 (PWR) - 6, 31, 90
i

Transportation and Handling - 190
f

-Tritium - 81, 86

Trojan (PWR) - 69,136

Turbine - 67, 107, 131

Turkey Point 4 (PWR) - 38, 42,148

Valves -- 6, 7, 28, 29, 31, 32, 33, 48, 49, 58, 61, 62. 67, 88, 89, 98,
133, 134, 136, 147, 161, 167 '

Ventilation System -- 129, 136

Vermont Yankee (BWR) - 86

Vibration - 1, 5, 13, 14, 29, 34, 50, 55, 58, 77, 104, 113, 139, 161

Voltage Condition - 84, 99, 138, 139, 159, 206

Waste Disposal - 188

Weather, Severe - 90

Welding - 25, 67, 79, 101, 131

Westinghouse - 91, 159, 172

Yankee Rowe (PWR) - 43, 137
,

Zion 1 (PWR) -- 14, 43, 73, 82

Zion 2 (PWR) - 32, 89, 99

. . . . . . .
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