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THE NUCLEAR SAFETY INFORMATION CENTER SERVICES 

The Nuclear Safety Information Center (NSIC), which was established 
in March 1963 at Oak Ridge National Laboratory, is principally supported 
by the U.S. Nuclear Regulatory Coamission's Office of Nuclear Regulatory 
Research. Support is also provided by tie Division of Reactor Research 
and Development of the U.S. Energy Research and Developaent Administration. 
NSIC is a focal point for the collection, storage, evaluation, and dissemi
nation of safety information to aid those concerned with the analysis, 
design, and operation of nucle«r facilities. A system of key words is used 
to index the information cataloged by the Center. The title, author, in
stallation, abstract, and key words for each document reviewed are recorded 
at the central computing facility in Oak Ridge. The references are cata
loged according to the following categories: 

1. General Safety Criteria 
2. Siting of Nuclear Facilities 
3. Transportation and Handling of Radioactive Materials 
4. Aerospace Safety (inactive 11970) 
5. Heat Transfer and Thermal Transients 
6. Reactor Transients, Kinetics, and Stability 
7. Fission Product Release, Transport, and Removal 
8. Sources of Energy Release under Accident Conditions 
9. Nuclear Instrumentation, Control, and Safety Systems 
10. Electrical Power Systems 
11. Containment of Nuclear Facilities 
12. Plant Safety Features - Reactor 
13. Plant Safety Features — Nonreactor 
14. Radionuclide Release and Movement in the Environment 

(inactive September 1973) 
15. Environmental Surveys, Monitoring, and Radiation Exposure 

of Man (5 ."r.tive September 1973) 
16. Meteorological Considerations 
17. Operational Safety and Experience 
18. Safety Analysl" and Design Reports 
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PREFACE 

In August 196© the Nuclear Safety Information Center published a compila
tion of selected reportable occurrences experienced at reactor facilities. 
The report, OBHL-MSIC-17, contained selected operating experiences which 
had occurred in the United States from 1963 through 1965. This was 
followed by two other similar reports in October 1969 and May 1972, desig
nate*: m* ORKL-NSIC-64 and 0EW.-NSIC-103 respectively. The format employed 
for each document was basically similar and involved utilization of Reac
tor Operating Experience (ROE) reports prepared by the former united States 
Atomic Energy Commission. Each original ROE report was issued by the 
Commission to help alert the industry to special operating problems by 
presenting the operating experiences of others. The Nuclear Safety Informa
tion Center has enhanced the usefulness of these individual report* by 
compiling them iato single documents with indexes. 

This new report, ORNL-NSIC-121, will update the three aforementioned 
reports. This latest compilation of ROE's covers the period beginning 
with January 1972 and ending in July 1974. In July 1974 the ROE program 
was discontinued and a new program was instituted. The last four reports 
presented in this docuaent are part of the new program. 

We wish to acknowledge our appreciation to the Office of Inspection and 
Enforcement, the Office of Nuclear Reactor Regulation and the Office of 
Administration for their assistance in identifying and processing of 
these reports. 

Richard A. Hartfield. Chief 
Performance Evaluation Branch 
Office of Management Information and 
Program Control 
United States Nuclear Regulatory 
Commission 
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FOREWORD 

The Nuclear Safety Information Center is pleased to publish the 
fourth compilation of unusual operating experiences collected by the 
U.S. Nuclear Regulatory Commission (formerly a part of the U.S. Atomic 
Energy Commission). The earlier reports, ORML-XSIC-17, "Abnormal Reactor 
Operating Experiences," ORKL-KSIC-64, "Abnormal Reactor Operating Fjtperi-
ences 1966-1968," and ORXL-XSIC-103, "Abnormal Reactor Operating Experi
ences 1969-1971," are still available from the National Technical Informa
tion Service (see page ii for address). 

This compilation contains the experiences reported during the period 
January 1972 through December 1974. The reports have been arranged in 
numerical order and consequently they are in chronological order. Note 
that the last four reports are identified in a different manner due to a 
name change of the reports. An index has been prepared using keywords 
from the XSIC thesaurus of indexiag terms, in addition, a permuted title 
index was also prepared to assist the reviewer in locating the reports 
of interest, 

R. B. Gallaher and R. L. Scott 
Nuclear Safety Information Center 



BOE 72-1 Januarv 14, 1972 
FUEL HANDLING INCIDENTS 

This report describes several INCIDENTS that occurred DURING FUEL 
HANDLING OPERATIONS. The cause cf most of these incidents has been DE
FECTIVE FUEL HANDLING JCCHAMSMS. Alt he ugh none of the reported inci
dents resulted in significant radiological consequences, the dropping 
of a highly irradiated fuel element in a power reactor plant could lead 
to significant releases of radioactivity to the environment. 

Circumstances 

Defective Spring in Handling Tool 

An irradiated stainless steel-clad fuel assembly case loose from the 
fuel handling tool as its nosepiece was entering the upper grid guide dur
ing core rearrangement at a BWR. The fuel assembly dropped approximately 
eight feet on the core support plate. Subsequent dry sipping of the fuel 
assembly showed no indication of cracks or leaks. The core support plate 
was slightly bent and was replaced with a spare support plate. 

The cause of this occurrence was found to be a defective spring in 
the fuel grapple mechanism. 

Inspection of the grapple spring from which the fuel assembly dropped 
showed that the spring had lost a corsiderable amount of its spring ten
sion and had taken a permanent set. 

A new grapple spring of improved spring material and heat treatment 
was installed on the fuel handling tool. The spring tension was also in
creased. This modification reduces the probability of the grapple taking 
a "set" in such a way as to allow the fuel element handle to come loose 
when the element is lifted. A check of grapple spring tension and distor
tion has been included in the periodic routine inspection of refueling 
tools prior to their use. 

Galling of Lead-In Surface 

An irradiated fuel elemenc became disengage.. . rom the f-iel handling 
tool and dropped approximately 10 feet into an espty fuel storage position 
during fuel transfer operation at a PWR. Subsequent visual examination 
of the fuel element by binoculars and horoscope did not disclose any vis
ible damage. Operating personnel concluded that the fuel element was not 
damaged because it dropped straight into the storage position and struck 
the storage pool wooden flooring which absorbed the impact. 
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An examination of tne fuel handling tool revealed sone slight galling 
of the top edge of the lead-in surface of the fuel handling tool. The 
galling prevented the tool from properly seating in its mating piece in 
thi fuel element. The galled surface was poli»aed and a microswitch was 
installed in the tool co prevent upward motion of the tool unless it is 
properly seated on the fuel element. 

No Locks on Latch 

Following a series of lew power experiments at a research reactor, 
the reactor tank was emptied of water, and fuel elements were raised in
dividually for visual inFpection. Upon raising the handling tool with a 
fuel element engaged, the operator hit the bottom of the wooden catwalk on 
the overhead crane with the cop of the handling tool. The element came 
off the handling tool and fell into the reactor tank. Some welds holding 
the end fitting to the plates of the element sheared, and the leading edge 
of the end fitting was slightly flattened and driven into the element. No 
radioactive material was released. 

The handling tool latches, which engage the fuel element through holes 
in the endplates of the element, are held in a retracted position within 
the tool sleeve by a spring. A long rod extends through the length of the 
tool sleeve and is fitted at its lower end with a conical knob which forces 
the two fingers of the latch into the extended, or latched position. The 
long rod is fitted with a pull trigger at its upper end. Investigation 
following the dropping of the element showed that the tool could be put 
into the released condition when it was inadvertently struck, as occurred 
in this instance. 

To prevent a recurrence, the handling tool was modified to lock in 
the fuel element automatically, and to require a deliberate action by the 
operator to release the fuel element under all circumstances. 

Too.". Hits Crane Bus 

During fuel transfer operations at a pool reactor, an operator in
advertently contacted the overhead crane power bus with the fuel handling 
tool. No personnel injury nor equipment damage resulted. Power to the 
crane bus was turned off in order to complete the task safely. Following 
this incident, appropriate protective enclosures wers installed over the 
crane bus to prevent a recurrence. 

Multiple Design Details 

A graphite fuel element of a gas-cooled reactor dropped 13 feet into 
a parking hole canister when it became disengaged from the grapple of the 
charge machine hoist during a routine fuel inspection operation. During 
this operation, the fuel element was grar.p_d with the head oriented 90° 
from the normal position, in order to provide rwu views, at right angles, 
of the element for checking that the element was straight. 
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Investigation following the incident disclosed that design deficien
cies and pynr adjustment of components contributed to the accident. The 
hoist ar.<i grapple are supported and actuated by independent steel tape 
systems. Tape adjustment was not optimum to give full jaw closure of the 
grapple. The jaw mechanism bottomed out on a support plate thus limiting 
full actuation of the jaw mechanism. There was interference between the 
jaw locking mechanism and the canister that caused the jaws to open 
slightly. Differential stretch of the tape systems resulted in an opening 
motion of the jaws. Rotation of the element 90° reduced the effective 
gripping area of the grapple by 50%. 

Modifications were made to eliminate the design and adjustment prob
lems, and operating procedures were changed to require that elements be 
picked up with the head in proper orientation for maximum gripping. 

Welded Relay Contacts 

While an irradiated fuel element was being withdrawn from the core of 
a water-cooled power reactor, a malfunction of the electrical controls of 
the fuel handling hoist caused an uncontrolled continuous upward drive. 
When the fu«l element had reached the normal upper limit position, the 
operator released the "up" button. The hoist continued to raise the ele
ment until the operator pressed the "stop" button, de-energizing the hoist 
motor and controls and stopping the upward motion of the fuel element. The 
minimum height of water over the irradiated fuel element was estimated at 
4 feet, and the maximum radiation level at the location of the operator 
was 125mR/hr., as measured by the Health Physics Technician present. 

Investigation after the incident disclosed that the raise relay con
tacts were stuck closed. Inspection of the contact points of both raise 
and lowar relays showed excessive pitting. As a result of repetitive jog
ging of the hoist, the raise relay contacts had finally welded closed. 

To prevent recurrence of a similar event, both relays were replaced 
and arc suppression devices were installed across the relay contacts to 
increase contact life. Additional limit switches, to interrupt power to 
the hoist motor, were installed a short distance beyond the normal upper 
limit of tue hoist. 

Shorts in Hoist Control Circuit 

ROE:67-9 described an incident at a nuclear power station in which a 
fuel handling grapple hoist experienced an uncontrolled continuous upward 
drive. The hoist grapple held no load at the time of the incident. The 
cause was determined to be two electrical grounds in the hoist control cir
cuit which shorted out the raise control contact and resulted in an uncon
trolled continuous upward drive. The corrective action consisted of instal
lation of both a mechanical stop on the grapple and an additional electric 
stop to prevent contacting the mechanical stop during normal operation. 
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January 28 , 1972 
OVERINFLATION OF SUPPLIED-A1R SUIT 

Summary 

OVFklSFLATION of a SUPPLIED-AIR SUIT worn by a man working in an in-
erted rc:fue«.ing cell CAUSED THE WEARER TO LOSE HIS BALANCE AND FALL across 
the reactor vessel head. Had the head of ';he reactor vessel not been in 
place, the operator would have tumbled into the vessel containing molten 
sodium. A CRIMPED VACUUM EXHAUST HOSE caused the overinflation. 

See also ROE: 70-8, dated May 26, 1970. 

Circums tances 

Contact maintenance may be performed in the refueling cell at a 
liquid-aetal-cooled reactor facility. Since the c^ll has an argon atmo
sphere, the operator in the cell wears a pressurized plastic suit, to 
which breathing and cooling air are supplied at controlled temperature and 
humidity through a flexible hose. Within the suit, the air is supplied to 
the face mask for breathing, and to the suit extremities for cooling. Ex
haust from the face mask passes through a flapper check valve into the suit 
to uii.2: with the cooling air. Air is exhausted from the suit by a vacuum 
pump and vacuum control valves through a flexible hose and piping. When 
Suited personnel are working in the cell, standby personnel, equipped for 
emergency cell entry, are stationed at observation windows outside the 
cell. 

In this instance, a man had been working in the cell approximately 
one hour when he reported that his suit '-..-as inflating. He Va3 tfrge'rved" "* 
to lose his balance and fall across the reactor vessel head. The two 
standby operators outside the cell opened an emergency hatch, assisted 
the fallen operator out of the cell, and removed the supplied-air suit. 
The operator appeared to have suffered no injury or ill effect. A number 
of holes were made in the suit when he fell across the vessel head. By 
the time the standby operators had reached the fallen man, the suit had 
partially deflated. 

Cause and Corrective Action 

Tests showed that an air pressure in excess of 5 inches of water 
above atmospheric pressure within the suit would cause the suit, with the 
man inside, to become extended and slightly buoyant in the argon atmosphere, 
with the result that the man could lose his balance and traction if he were 
taking a step. The tests showed that when the exhaust hose, attached to 
the back plate on the suit, was lifted vertically, temporarily deforming 
the exhaust hose, the suit pressure rose to 15 inches of water in less than 
five seconds. 
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New hoses are being procured of a reinforced design that should pre
clude crimping. The use of alternate types of swivel connectors on these 
hoses will be evaluated. The Site Safety Committee suspended all use of 
the supplied-air suit until modifications are made, and the suit is given 
? comprehensive test in which component failures are simulated. The Com
mittee ilso initiated a study of the basic need for the pressurized suit 
and is considering alternate means for protecting the operator. 
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ROE 72-3 February 1 1 , 1972 
FAILED BASKET STRAINER 

Summary 

A FAILURE OF A BASKET TYPE STRAINER IN THE PRIMARY COOLANT SYSTEM 
occurred at a water-cooled testing reactor BECAUSE OF POOR DESIGN AND 
CONSTRUCTION. No damage occurred as a result of the failures. In the 
event of a failure of this type, however, it would be possible for a 
piece of the broken strainer to lodge against a fuel element in a manner 
that would significantly reduce the coolant flow through the fuel element. 

Pescriptior 

The strainer assembly, located in a plenum in an 18-inch-diameter 
pipe section between the reactor heat exchanger and two sections of the 
reactor inlet pipe, consists of the strainer (number 4 size, 304 stain
less steel wire mesh with 1/32-inch diameter wire) welded to a frame, 
reinforcing bars, and top and ooftorn plates. The assembly is shaped to 
fit the contour of the circumference of the strainer plenum. A similar 
strainer assembly is installed in the reactor outlet pipe. 

Circumstances 

The reactor was shut down to repair a leak in the vent line attached 
to the top of the reactor primary water inlet strainer. When the bolted 
cover plate for the strainer was removed to repair the leaking vent line 
it was discovered that the wire mesh, the two retaining bars and pieces 
of the bottom plate had apparently torn loose from the strainer basket 
and had been washed downstream. The strainer had been installed in the 
system for approximately four years. This was the first time that the 
strainer has been inspected. The reactor fuel was removed from the core 
and placed in the storage pool to permit repairs to the strainer, and the 
reactor vessel jnd primary piping were drained to the storage tank. 

Inspection for missing pieces included radiographic or visual inspec
tion of all piping between the point of failure of the inlet strainer and 
the bottom of the reactor vessel below the lower grid plate, disassembly 
of control and check valves, and examination of the outlet strainer and 
the reactor vessel. All missing pieces were found and removed, except for 
a triangular piece of the 1/16-inch-thick bottom plate (approximately 
2" x 2" * 2"). The investigators concluded that the missing piece was not 
between the inlet strainer and the core. It is possible that the piece 
may have been removed during repairs made to the basket prior to operation 
of the reactor. 
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Cause 

The probable cause of the strainer basket fa"'are was determined to 
have been poor design and construction, with two main contributing fac
tors: 
1. The strainer basket vas bui l t of thin materials (1/16-inch plate and 

1/32-inch wire) . This did not permit adequate weld area to withstand 
local flow surges, turbulence and pressures occuring within the 
strainer; and 

2. The strainer basket was bui l t to cover almost the entire circumference 
of the plenum housing thereby considerably reducing the flow area 
through the strainer and increasing the pressure dif ferent ial across 
the wire mesh, although the actual design showed rhe strainer to be 
recessed permitting greater flow. 

Corrective Action 

New strainers for both the inlet and outlet pipes were fabricated of 
heavier material (3/16-inch plate and 80-mil wire). The nev basket i s re
cessed farther from the pipe entrance in the plenum, permitting about 
2-1/2 times the flow area and reducing the pressure drop across the wire 
mesh. 
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ROE 72-4 February 2 5 , 1972 

EMERGENCY POWER FAILURES 

Operating Experience Reports, ROE:69-21 and 69-22, both dated Octo
ber 10. 1969. and ROE:70-15, dated September 29, 1970, described a number 
of Failures of Emergency Power Sources to respond properly when called 
upon. Twenty-two MORE INSTANCES OF FAILURE OF EMERGENCY POWER SOURCES 
to respond properly are reported here. As in the cases covered in the 
earlier reports, no radiation hazard resulted frrm any failure. 

Emergency diesel generators at reactor facilities failed to start 
during tests for the following reasons: 

1. The governor lube oil supply had been depleted during an earlier 
shutdown of the diesel generator. The oil supply was restored by manually 
starting the second working cycle. 

Investigation disclosed that when the diesel generator is shut down 
electrically, the governor attempts to maintain engine speed by applying 
governor oil pressure to hold open the fuel rack via mechanical linkages. 
An engine-driven pump supplies lubricating oil to a reservoir in the gov
ernor. As the engine coasts down to a halt, the oil supply to the gover
nor is lost. However, the governor remains in the wide-open position un
til governor oil pressure decays to a point that spring tension returns 
the governor and the fuel rack to the closed position. At the next at
tempt to start the engine, it is necessary to crank long enough for the 
lube oil system to supply sufficient oil to the governor so that the 
governor actuates the fuel rack, aii the engine starts. 

A manual shutdown traps the governor oil supply so that it is imme
diately available during the next attempt to start the engine. It was 
found that, during a manual shutdown, a pin in the governor linkage could 
slip out of place if the control lever is released suddenly prior to the 
engine stopping. 

A slightly oversized pin has been installed in the governor linkage. 
Revised operating instructions that require manual shutdown, and that de
scribe proper manipulation of the governor control lever have been posted 
at the control panel. 

2. The air-driven starting motor did not turn as a result of the 
failure of a solenoid valve in the air supply system. A buildup of oil 
and scale had impeded valve seating. 

The valve was cleaned and the air reservoir tanks were blown down. 
It was found that the air supply for the valve plunger was taken from the 
line upstream of the in-line lubricator for the air motors. The supply 
line was rerouted downstream of the lubricator. 
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3. The pinions on the air-driven starting motors did not engage the 
ring gear of the d ie se l . The starting motors were found to be running 
with the pinion gear free wheeling. Both air compressors were running 
but the air-supply pressure was so low that the starting tutors could not 
rotate the d iese l engine. 

A piece of weld slag was found in a check valve in the air-supply 
l ine that internittently prevented the checV valve from clos ing. A flow 
path resulted from the starting a ir ace jmulctors to the start ing motors 
causing them to rotate prior to engaging the ring gear, and also causing 
the decrease in air pressure. 

4. The air-driven starting motor did not rotate. Dismantling of the 
air motor disclosed a broken cylinder and damaged vanes. The mo cor sup
pl ier and the ditsel-generator manufacturer stated that this was ac i so la 
ted failure and that such motors start successfully many thousands of times 
per year in diese l truck service. The failed motor had a prior record of 
135 starts at the factory and ar. additional 135 s tarts at the reactor fa
c i l i t y . 

5. The diesel engine failed to start in the f i r s t 10-second cranking 
period. Ten seconds la ter , i t started on the second crank. 

The engine-mounted plunger on the hand-operated fue l -o i l priming pump 
was found frozen in place and not fully seated, allowing enough air to be 
pulled into the fuel system so that the air was not cleared from the fuel 
system unt i l the second cranking period. A priming pump of improved design 
has been insta l led . 

6. The diese l engine failed to start on the f i r s t crank, but started 
properly on the second. The cranking procedure for this engine has f ive 
10-second cycles of crank, off, crank, off, crank, and trouble alarm. 

On the starting cycle , the engine must crank unti l the lubricating 
o i l pressure reaches 25 psig, at which pressure a "cut in" pressure switch 
energizes two solenoids on the hydraulic governor. The governor then per
mits the fuel-pump rack to withdraw and the engine to start f ir ing. The 
engine must f ire ir. the remaining time period of the f i r s t crank, or wait 
the 10-seconds'off time. 

To reduce the lubricating o i l "cut-in" time, the pressure switch was 
relocated as close as possible to the main o i l gallery for the engine by 
reducing the tubing frota three feet of 1/8-inch tubing to four inches of 
1/4-inch tubing. The elevation of the switch was also changed from above 
the pressure tap to below the tap to reduce the poss ib i l i ty of a ir entrain-
ment. Subsequent corrective action included the instal lat ion of an 
electric-powered immersion heater to maintain higher cooling water and o i l 
temperatures during engine standby periods. These modifications reduced 
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che "cut-in" tine from 4.8 seconds to 2.5 seconds, and in subsequent test
ing the engine has consistently started in 3.0 seconds or less oi the 
first crank. 

7. Failure to start resulted because the controls in the automatic 
start position of the diesel-control transfer switch were not completely 
closed. Cleaning and adjusting the switch cured the problem. The control 
circuitry performed properly on a subsequent test, but the engine failed 
to start on the first crank and cranking speed was observed to be much 
slower than had been recorded during preoperational testing. Tne screen 
in the air line to a pair of air-driven starting motors was found to be 
almost completely clogged with rust. Cleaning the screens and blowing 
down the air lines resulted in successful starts of the diesel engine. 

8. The overspeed trip on a diesel-generator unit was found to be in 
the tripped position during the investigation of an overspeed trip alarm 
that actuated during the last phase of a normal shutdown af er a success
ful periodic test. The overspeed trip had been actuated by the decrease 
in lube oil pressure during the shutdown. Corrective action to prevent an 
alarm and crip during shutdown consisted of installation of a c itout of che 
low lube-oil-pressure trip during the last phase of normal shutdown of the 
diesel unit. 

9. Pressure to the hydraulic crashing motor of a diesel engine is 
supplied from a bank of accumulators. Failure of the diesel to start re
sulted from failure of a 3/4-in.-tubing fitting between the accumulators 
and the motors. A flexible hose was installed in place of the failed tub
ing. 

Emergency diesel generators at reactor facilities f-iled, after 
starting successfully, for the following reasons: 

1. An emergency diesel had been operating satisfactorily under a 
test load when the operator noted that th*= frequency had dropped below 55 
cycles/second. As he attempted to increase engine speed, the generator 
tripped. The engine then tripped on overspeed. Investigation disclosed 
that the operator may have failed to reset the mechanical overspeed trip 
before attempting to start the engine. 

The cause of the decrease in the engine »peed was determined to be a 
sticking fuel Injector. Dirty fuel may have contributed to the sticking 
injector. Administrative procedures were reviewed to assure that delivered 
fuel Is Inspected for conformance to specifications to reduce the possi
bility of contamination and that filters are inspected regularly. 

2. Immediately afucr an emergency diesel generator was started, high 
vibration was apparent on the end bearing of the generator. An inspection 
of the generator indicated that a rotor pole cap. Including the attached 
balancing weights, had been thrown clear of the rotor and had caused damage 
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to the stator windings. The bolts which had secured the pole caps to the 
rotor had sheared. 

The stator was rewound, and the mounting of :ne balance weights was 
changed to the face of the rotor core to reduce the shearing strain on the 
hold-down b o l t s . 

3. The output voltage of an emergency d i e se l generator indicated 
zero immediately after the diese l engine started. Two diodes had fai led 
in the same p'..ase of the exciter for the generator f i e l d . No possible 
cause for failure could be determined as a result of a ser ies of inves t i 
gations. The failure was attributed to old age or moisture. Operators 
were reinstructed in the importance of checking for proper generator v o l t 
age prior to placing the generator in serv ice . 

4. An emergency d iese l generator started but did not build up v o l t 
age. The governor speed control had been improperly set at less than 800 
rpm at the conclusion of the previous surveil lance t e s t . The normal shut
down procedure includes the reestablishment of voltage and frequency condi
tions for automatic operation. The speed at which the s tart relay in the 
generator exciter energizes the generator f ie ld i s 800 rpm. 

The procedure for proper voltage and frequency adjustment was sub
sequently posted at the diesel-generator control switch. 

5. A water-cooled d ie se l generator tripped about seven minutes after 
loss of o f f s i t e power. Although the cause of the tr ip could not be pre
c i se ly ident i f ied, i t was attributed to failure of a coolant boost pump 
to start when the normal coolant pump fa i led . The dtese l generator i s 
normally operated continuously during reactor operation with coolant flow 
provided by a pump that i s operated from the o f f s i t e power. Upon loss of 
the normal coolant pump, a low-pressure c ircuit s t a r . s the coolant boost 
pump, powered by the diese l generator bus. It i s believed that s t a t i c 
pressure in the coolant header prevented the 1jw-pressure circuit from 
being actuated. The coolant water boost pump lontrol c ircuit was modi
fied to start the boost pump on loss of o f f s i t e power. 

6. A diese l started on an Init iat ing signal but tripped because of 
low coolant pressure and high crankcase pressure. As a result of cool 
ambient weather conditions, the coolant-temperature control valve had 
operated to reduce flow, and also had reduced coolant pressure below the 
low-pressure-coolant trip point. 

Corrective action included a lowering of the low-pressure set point 
for the coolant to 3 psig below the actual pressure at the switch. The 
crankcase-pressure tr ip set point was not changed; but the crankcase pres
sure was reduced by enlarging the f low-restricting or i f i ce to the vent i la 
tion eductor for the crankcase. 
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7. A di«>se 1 tripped off on a signal from the low lub-oil-pressure 
switch after about 15 seconds of operation. To eliminate switch actua
tion resulting from vibration, the switch was relocated on the wall ad
jacent to the control panels rather than inside the control panels. 

The l ine from the d ie se l lube-oi l system to the pressure switch was 
approximately 15 feet long and of 1/4- in. diameter. The o i l in the l ine 
was cold and viscous, and contained some entrapped a ir . These conditions 
probably prevented transmission of o i l pressure to the pressure switch 
quickly enough to prevent d iese l shutdown after the low oil-pressure 
shutdown-bypass time delay (15 seconds) dropped out. 

The 1/4-in. tubing was replaced with 3 /8 - in . tubing and a vent was 
instal led to permit the release of any entrapped a ir . 

Gas turbine emergency generators were inoperable for the following 
reasons: 

1. A gas turbine fa i led to start upon a loss of normal AC power 
following a turbine t r ip . A fuse had blown in the power supply to the 
tach switch which, in turn, prevented the speed switch on the e l ec tr i c 
generator from completing the start-up sequence. The terminals on the 
f i r s t stage speed-sensing relay had burned because of loose power-supply 
connections that caused a short c ircuit and the blown fuse. The fuse and 
relay were replaced and the power supply terminals connected properly. 

2. A gas-turbine generator failed during test because a DC emergency 
lube-oi l pump for the generator failed to reach the required discharge 
pressure. 

The pump speed was found to be about 500 rpm under rated speed. The 
brush rig position was adjusted to bring up the speed. 

The temperature set point for the thermostat that controls the lube-
o i l reservoir was increased as recommended by the manufacturer. These 
changes resulted in proper pressures at the generator bearings prior to 
generator ro l l -of f on a fast s t a r t . 

The starting time was improved by the insta l lat ion of improved gover
nor components, and a larger fuel forwarding pump motor. 

3. A gas-turbine generator fai led because the emergency lube-oil pump 
failed to reach the required discharge pressure in time to prevent turbine 
t r ip . The problem was traced to an excessively low lube-oi l sump tempera
ture. The heating capacity of the sump immersion heaters was doubled by 
adding s i x more heaters. Two forty-gallon accumulators were installed on 
the discharge of the lube-oi l puaps. The accumulators are kept charged by 
the continuous operation of the AC lube-oi l pump for the e l ec tr i c generator 
and w i l l function to assure adequate lube-oi l pressure during the period 
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following a loss of normal power unti l the emergency DC lube-oil pump can 
furnish the required flow and pressure. 

4 . The unit , mentioned in 3 above, fai led again because the lube-oi l 
p mq> failed to reach required discharge pressure. When the two accumula
tors were instal led on the discharge s ide of the lube-oi l pump, a vent 
l ine that had been connected on top of the pump reservoir vas not re ins ta l 
led. Air accumulated on the discharge side of the pump, thus requiring a 
longer time for the pump to attain required discharge pressure. 

Reinstallation of the vent l ine solved the problem. Subsequently, i t 
was determined that one of the accumulators had los t i t s nitrogen charge. 
The accumulator was repaired and recharged. The surveillance tes t s were 
amplified to include operability of the accumulator and other gas turbine 
auxi l iar ies . 

5. The excessively slow starting time for a gas turbine was found to 
be tae result of leaks on the seals of the a ir s tart motor. 

6. While an emergency gas turbine vas shut down, the low-level indi 
cator on the lube-oi l reservoir alarmed. The oil-pump switch was found in 
HAND posit ion, rather than AUTO as required by procedure. As a resul t , the 
turbine lube-oil pump had continued to run, while the vapor extractor was 
not running, and o i l had been forced out of the system at th& air start 
motor. 
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LOSS OF DC POWER SUPPLY RESULTS IN 
TURBINE DAMAGE AT PWR 

Su—ary 

DAMAGE to the MAIN TURBINE occurred at a pressurized water reactor 
DURING A ROUTINE TEST OF THE TURBINE-OIL SUPPLY WHEN POWER TO THE EMER
GENCY OIL PUMP WAS LOST. The battery for the station was supplying power 
to the emergency oil pump with the battery charger on-line. Because of 
the larger-than-normai load there was a continuing decrease in battery 
output causing a reactor trip, a loss of the DC turbine oil pump, and a 
loss of the normal AC turbine oil pump when the breaker to Motor Control 
Center-5 tripped. As a consequence, the oil pressure in the bearing de
creased as the turbine coasted down. An assessment of the damage indi
cated that all eight turbine and generator bearings had suffered some 
damage and that the rotor connecting the two low-pressure turbines was 
also damaeed. In addition, SEAL-WATER FLOW and THERMAL-BARRIER FLOW WERE 
INTERRUPTED to two reactor-coolant pumps for approximately one minute 
during the reactor shutdown, RESULTING IN UNEVEN HEATING AND DISTORTION 
OF THE SHAFT OF ONE OF THE REACTOR COOLANT PUMPS. 

Circumstances 

While the reactor was operating at 85Z of full power (615 MWe), a 50 
hp DC emergency oil pump, which is powered by one of two battery banks 
Idattery A), was started for a routine weekly 2-hour test run. The pump 
was not stopped after two hours as planned. Four hours and twenty-five 
minutes after the test was begun, the station battery had become so de
pleted that a reactor trip occurred because of low DC voltage on the trip 
coils of the reactor trip breakers. The reactor trip initiated a turbine 
trip, and a generator lockout occurred about one minute later when the 
circuit breaker and stop valves closed. This generator lockout caused 
the 4kV busses 3 and 4 to be transferred to the startup transformer; 
however, because of the low voltage from battery A, the tie breakers to 
the startup transformer for busses 1 and 2 did not close, and the power 
to these busses was lost. Emergency diesel generator A started properly 
but the E-l emergency bus did not close because of the low DC voltage. 
The loss of busses 1 and 2 led to the loss of the AC turbine oil pump. 

The DC emergency oil pump was already inoperable because of the low 
voltage in Battery A. As the turbine slowed, the shaft oil pump became 
ineffective, and the turbine was unable to receive lubrication from either 
the AC or the DC oil pump. The turbine coasted to a stop in 17 minutes 
rather than the normal 1-1/4 hours. This resulted in seizure of the 
turbine rotor in several bearings. 
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Discussion 

The battery chargers at this facility are rated at 300 amps vita a 
current limiting device set at approximately 375 amps. With the normal 
load on Eattery A being approximately 150 amps and the DC oil pump re
quiring approximately 365 amps, the approximate load on the DC bus while 
the DC oil pump was operating was probably in excess of 500 amps. This 
imposed a minimum discharge rate on the Battery A of 125 to 200 amps. A 
200-amp discharge rate would lower battery voltage to 105 V DC in approxi
mately four hours, assuming a fully charged battery initially. A subse
quent check of Battery A after the incident showed that it had a voltage 
of 60 volts and 0 amps current flow. 

Shortly before the incident, one momentary alarm was received on the 
"Battery B Charger Trouble" annunciator. The alarm cleared immediately 
and no further indication of trouble was noted on Battery B or its 
charger. 

Six minutes before the reactor trip, the plant computer failed. Sub
sequent investigation revealed the failure was due to low DC voltage (DC 
power supply for the computer is Battery A). Since there had been numerous 
computer failures in the past, no significance was placed on this failure 
at the time. One minute after the computer failure the reactor operator 
noticed that the reactor-trip-breaker indicator light was out and notified 
the shift foreman. The bulb was changed with no effect. Several other 
lights on the reactor turbine generator board were also observed to be out, 
and a technician was summoned. Instrument busses vere checked for failure. 
Three minutes prior to the reactor trip, a low-flow alarm for thermal-
barrier cooling water to the reactor-coolant pumps was received. The 
air-operated outlet isolation valve had closed because of low DC control 
voltage and caused the loss of cooling water. Valve-position indication 
was also lost. Three minutes later, low voltage on the DC trip coils 
caused a reactor trip, but no battery charger alarms were received. 

One charging pump failed because voltage to the E-l bus was lost. 
Another charging pump was started immediately to reestablish seal- and 
charging-water flow. During the seconds that both charging pumps were 
down, the seal leak-off temperature on reactor coolant pumps A and C 
(both of which had tripped when busses 1 and 2 were lost) rose sharply 
to approximately 300°F, and the seal-water flow on the A and C pumps 
decreased to zero. 

The level indicator for the volume control tank indicated zero. The 
operator switched to the refueling water storage tank to reestablish the 
volume-control tank level, then switched back to normal lineup after the 
indicated level in the volume control tank reached 30 inches. 

A signal from the safety-injection system was activated as a result 
of the failure of the instrumentation power supply. The pressurizer level 
remained above 202, and pressure above 2000 psi. All safety-injection 
equipment except that from bus E-l operated satisfactorily. 
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Approximately three minutes a f t e r the turbine had stopped, the 
battery-bus t i e between Battery A and B was c losed manually and Battery-A 
vol tage immediately increased to 125 v o l t s . The breaker between d i e s e l -
generator A and the emergency-bus E-1 ci -sed and res tored the vo l tage in 
E-1. The operator then c losed the t i e breakers and picked up 4-kV busses 
1 and 2 from the s tartup transformer. He then restored power to the 
480 V-bus No. 1 v i a s t a t i o n - s e r v i c e transformer A. The o i l pump for the 
turning gear s t a r t e d when power to the E-1 bus was restored and the turning 
gear attempted to r o l l the turbine . The turbine , however, would not turn 
and the turning-gear motor began smoking h e a v i l y . The turning-gear motor 
was then manually t r i p p e d . An i n v e s t i g a t i o n , which was made when attempts 
to r o l l the turbine both manually and with an a i r - d r i v e n motor had f a i l e d , 
revealed that o i l was p o . r i n g from the No. 5 turbine bearing . The o i l 
pump and l i f t pump for t.ie turning-gear were secuved because of the o i l 
leakage from the bearing. 

Condenser-vacuum and s team-seals were maintained on the u n i t , and 
steam dump to the condenser continued. 

Restoration of DC power allowed the o u t l e t i s o l a t i o n va lve to open 
to res tore thermal-barrier flow to the reac tor -coo lant pumps. Approxi
mately f ive minutes a f t e r res tor ing power to normal, the breaker in Motor 
Control Center-6 t r ipped , and the operator was unable to r e c l o s e the 
breaker. The control fuses were replaced and the breaker then c losed 
properly. 

Results 

An assessment of the damage indicated that a l l e ight turbine and 
generator bearings had suffered some damage. The most severe damage 
occurred in bearings 4 and 5, which are between the two low-pressure 
turbines . These f a i l e d to the extent that molten babbit metal flowed 
through the bear ings . As a r e s u l t , the No. 1 low-pressure turbine rotor 
dropped encugh to a l low the rotor to rub the s h e l l . Some s team-sea l 
s t r i p s fa i l ed and three shroud segments on the No. 6 wheel nearest 
No. 4 bearing cracked. Surface hardening of the No. 1 rotor had occurred 
on the o i l s e a l adjacent to the No. 4 bearing, so the rotor was removed 
to the manufacturer's turbina shop for a complete i n s p e c t i o n . The "hard 
spot" was removed by machining. The bearings were a l s o returned t o the 
manufacturer for r e p a i r . 

The No. 2 low-pressure rotor was removed from the s h e l l and inspected 
thoroughly at the p l a n t . Magnaflux readings were taken on a l l c r i t i c a l 
areas . No damage was ind ica ted on the No. 2 rotor or s h e l l so that 
unit was reassembled. 

Inves t i ga t ion a l s o revealed that the shaft in pump A had been warped 
by the exces s ive temperature in the pump s e a l s and bearings when the 
simultaneous l o s s of charging flow and thermal-barrier cool ing-water flow 
occurred. Although s e a l - l e a k o f f temperatures in both A and C pumps had 
risen to approximately the sane v a l u e s , C pump was not damaged. 
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Corrective Action 

The incident was in i t ia ted by the decrease in 5attery-A voltage to 
the point where components supplied by bus A in the DC-system A .ould 
not function as designed. Several factors, for which corrective actions 
have been in i t i a t ed , contributed t"> this loss of DC power. Corrective 
actions include the following: 
a. Operating procedures and operator training have been reviewed, to 

ensure that a longsr-than-planned operation of the DC emergency 
o i l pump does not occur. 

b. A low voltage alarm has been insta l led on the battery bus to warn 
the control operator of low DC-bus voltage. In addition, the bat
tery-charger annunciator alarm, which formerly remained en only 
while the alarming condition ex i s ted , w i l l now continue after the 
alarm condition clears and until the annunciator i s manually reset . 

c. Additional batteries have now been added to furnish control power 
to the d ie se l generator when the main batter voltage i s l o s t . 
This supplements battery voltage to ensure proper operation of the 
emergency busses in the event that a diesel-supply breaker fa i l s 
to c lose . 
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FIRES 

Introduction 

This operating experiences report describes SEVEN FIRES that have 
occurred at reactor f a c i l i t i e s . Although none of these fires direct ly 
affected the nuclear portions of the plants and the personnel reacted 
promptly and correctly, knowledge of the causes of and events surround
ing these f ires can be of potential value to personnel at other plants. 
Other f ires have been described in the following previous ROEs: 63-1, 
63-2, 67-11, 69-4, and 70-6. 

Circumstances 

Low Flow Through Air Dryer 

While a power reactor was shutdown a loud blowing sound became 
clearly audible in the reactor control room, followed at once by several 
alarms. Investigation disclosed that the instrument air header had 
separated at the discharge of the a f t er - f i l t e r of the air dryer. The 
a f t e r - f i l t e r had overheated, and loosened a si lver-soldered copper-to-
copper jo in t . 

The cause of the incident was determined to be a low flow of air 
through the air-dryer unit. The sequential timer on the air dryer had 
been set for a cycle of three hours of heating followed by one hour of 
cooling. The heater thermostat was set at 650°F. These sett ings were 
based on an anticipated 100—200 standard cubic feet per minute (scfm) 
of air flow. The actual air flow through the unit was only about 20 
scfm. This lower flow did not deposit enough moisture on the desiccant 
to absorb the heat input from the heating element of the dryer with the 
controls set for the design value of 100—200 scfm. the resultant high 
temperature led to the ignition of the f i l t e r paper of the a f t e r - f i l t e r . 
The intense heat had then melted the solder of the silver-soldered j o i n t . 

To compensate for the low air-flow through the dryer, the manufac
turer recommended that the controls be reset for a cycle of two hours of 
heating and two hours of cooling, and that the heater thermostat se t t ing 
be reduced from 650°F to 350°F. The damaged f i l t e r was replaced and the 
f i l t e r medium was changed to a material capable of withstanding 350°F. 

Charcoal Filter 

When thd Standby Gas Treatment System at a boiling-water reactor was 
started, sparks were noticed going past an inspection pert that was down
stream of the charcoal filter h?nk. The unit was shut down immediately, 
and the fire in the charcoal iilters was extinguished with a CO2 extin
guisher. 
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The fire had been caused by the overheating of the electrical strip 
heaters of the charcoal blanket. A short circuit across one of the 
heaters, caused by a deterioration of the plastic tape on the lead wires, 
had initiated the overheating. 

To preclude recurrence of the overheating, the lead wires to the 
strip heaters were taped with asbestos tape. Also, the heater circuits 
were modified to include temperature switches that sense the surface 
temperature of the heaters and interrupt a control signal to the power-
control unit if the heater temperature exceeds 400°F. The damaged char
coal filters were replaced, and the filter unit was tested. 

Further review and evaluation of the system revealed that the char
coal blanket could be heated sufficiently by ensuring that the room tem
perature did not fall below the dew point while the reactor was shutdown. 
To maintain the temperature of the charcoal filters above the dew point 
temperature in the room, two 12 kV heaters were installed. The thermo
statically-controlled heaters are powered from the emergency bus. Also, 
a temperature sensor was installed downstream of the charcoal filters to 
annunciate in the reactor control room if the room temperature should ex
ceed i preset value. 

Oil Leaks 

a. Smoke was detected during an entry into the containment for 
an inspection during ful l power operation at a pressurized-
water reactor (PWR) f a c i l i t y . The v ic ini ty of a main coolant 
pump was identified as the source of the smoke. Power was 
reduced and the reactor coolant loop from which the smoke was 
emanating was isolated for purposes of investigation. 

The fire had resulted from o i l leaking from a thermocouple 
junction box on the upper thrust bearing of the main coolant-
pump motor. Tht o i l soaked into the insulation on the suction 
piping from the pump and vaporized on the hot pipe. 

The outer layer of the four-inch-thick insulation of wire-
wrapped fiberglass mat was charred at a result of the burning 
and smoldering. The o i l was reported to have a flash point 
of 395°F and an ignition temperature of 700-750°F. The o i l 
leak was repaired, the damaged insulation and residual o i l 
were removed, and the pipe was reinsulated and sealed with 
aluminum cloth. 

b. Coastdown tests of the reactor-coolant pumps were in progress 
during preoperational test ing at a PUR f a c i l i t y . An observer, 
stationed at the pump for the t e s t , noticed smoke coming from 
the insulation that covers the volute of the reactor coolant 
pump and immediately cal led for assistance to fight the f ire . 
Several minutes after the f ire was extinguished, a reflash 
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occurred and was immediately extinguished. To prevent a re
currence of flashing, a cooldown of the primary system was 
in i t ia ted . As cooling progressed, pieces of the oil-soaked 
insulation were removed and any resulting f ires were ext in
guished. 

A rupture in the high-pressure o i l l ine from the o i l - l i f t 
pump to the upper thrust shoe on the motor of the reactor-
coolant pump allowed the o i l to seep onto the hot volute 
(547°F) where i t flashed. The rupture in the o i l l ine 
occurred because a female swivel f i t t ing was omitted during 
construction, and the o i l l ine could not turn when a twist
ing force was applied. 

The f i t t i n g was replaced by one of an improved design and 
splash pans were insta l led to prevent o i l spi l lage from 
reaching hot piping areas. The o i l specif ications were 
rechecked to ensure that they had the following character
i s t i c s : flash point, 455*F; f i re point , 490°F; ignit ion, 
682°F. 

NaK Spi l l 

A s p i l l of between one and two pints of sodium-potassium (NaK) eu-
t ec t i c from an argon-purificatior. bubbler occurred in the refueling ce l l 
of a liquid-metal-cooled reactor. Carbon dioxide was injected into the 
c e l l to convert the NaK to carbonate, but when the c e l l air purge began, 
a NaK f ire was observed in the c e l l . The air-purge valves were immedi
ately secured. Argon was discharged into the area of the f ire and ad
dit ional CO2 was introduced into the c e l l . Again, while the c e l l was 
subsequently being purged with a i r , a NaK f ire broke out and was ex
tinguished by a purge of argon over the NaK. 

An investigation disclosed that , when the CO2 was introduced into the 
c e l l , there was insufficient moisture for conversion of the NaK to carbon
ate . 

The NaK was postulated to have entered the argon-circulation system 
because of errors in valving. Consequently, operating procedures to 
prevent these valving errors were ins t i tuted . Additionally, the puri f i 
cation system was redesigned to includ. t cyclone separator ia the d i s 
charge l ine so that any NaK carryover i s prevented, and a ca';ch tank was 
included in the suction l ine to prevent backflow. The NaK-cleanup pro
cedure was revised to ensure that a suff ic ient amount of moisture i s 
introduced into the c e l l prior to the addition of CO2 so that the NaK 
could be converted to the carbonate form. 
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Sodium Uak 

A mild, explosive energy release and a sodiiai f ire occurred when 
sodiusi leaked frosi a piping system in the cold trap rooa of the fuel-
hand lir.g building of a sodium-cooled reactor. A sodium-water reaction 
la the annulus of the double walled pipe in the cold trap caused the 
rupture of the outer pipe. The cold trap roon was immediately isolated 
froa the venti lat ion systea and purged with argon. The beating of the 
sodiua-systea piping was shut off to freeze the sodiua. The incident 
was confined to the cold-trap rooa and did not involve the sodiun from 
the reactor priaary-cooling systea. 

The sodiua piping and equipment comprising the cold trap systea are 
enclosed in a carbon-steel structure, and the resulting annuli are inerted 
with nitrogen. 

Post-incident investigation and analysis indicated that a combina
tion of two separate failures associated with the cold-trap systea caused 
the sodiua-water incident. The source of water was a snai l leak in the 
water-nitrogen heat exchanger in the nitrogen-cooling systea, although 
there was some evidence that the water could have accumulated beneath the 
cold trap. In addition, the inlet to the electromagnetic sodium puap con
tained a small crack which provided a path for leakage of sodium into the 
secondary containment region where the water accumulated. It i s hypothe
sized that hydrogen and sodium hydroxide or sodium oxide were formed as 
reaction products. The heat of reaction raised the temperature, weakening 
the s tee l - l ined structure and raising the internal pressure. Both of 
these phenomena contributed to the subsequent failure of this containment 
barrier. It i s further postulated that hydrogen may have reacted with the 
available air in the room, producing a pressure pulse which caused the 
observed damage to the secondary containment, and which permitted the 
sodiua retained by the barrier to enf^r the cold trap rooa where i t ox i 
dized slowly. The sodium-air reaction was terminated by a buildup of a 
protective layer of oxide on the sodiua surface and by oxygen depletion 
which occurred as a result of isolating the cold-trap room and introduc
ing argon through a temporary connection to an available header. 

The pertinent operating procedure s t a t e s , "If cold trapping i s being 
done at the time (of a leak detector alarm), the operator wi l l secure the 
systea by shutting down the EM pump, nitrogen blower, a l l heaters external 
to the transfer tank rooa and close a l l valves." The f a c i l i t y had a h i s 
tory of ten leak-detector alarms since the system was put into operation 
four years previously. Seven of these alarms had proven fa l se , resulting 
from either thermal movement of the piping or contaminants at the e l e c 
trode gap, and three false alarms had occurred within the preceding s i x 
months. Based on this past experience, the operators immediately not i f ied 
the Technical Engineer rather than shut devn the system when a leak-
detector alarm was received in the control room. A visual inspection of 
the cold-trap room was made by the Technical Engineer, the Maintenance 
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Engineer and the operator. No unusual conditions were noted, and the 
group returned to the operating room to review conditions. A second leak-
detector alarm was received, followed immediately by the sound of the 
explosion from sodium-water reaction. 

As a result of the review and evaluation of the incident, design 
changes were made to the electromagnetic pump, the nitrogen-water heat 
exchanger, and tha cold-trap system and i t s instrumentation, to minimize 
the probability of occurrence of a sodium-water reaction. In addition, 
the management of the f a c i l i t y re-emphasized the requirement that operat
ing procedures be followed, and that the existence of abnormal conditions 
and suspected unreliable equipment should be reported promptly to the 
Plant Superintendent for his evaluation and action. 
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TURBINE LOCKOUT AT A BOILINC WATER REACTOR 

Su—ary 

A TURBINE LOCKOUT occ-rred at a b o i l i n g water reactor (BUR) SUBSE
QUENT TO A LOAD-REJECTION TEST from approximately 15% of f u l l - p o w e r . The 
resu l t of the turbine lockout was a LOSS OF AlXII.!AR\ POWER and AUTOMATIC 
SHUTDOWN OF THE REACTOR. Aft»r res torat ion of a u x i l i a r y power, the r e 
c i r c u l a t i o n pumps could be ne i ther re s tar ted nor i s o l a t e d in time t o pre 
vent the f a i l u r e of the s e a l s on the pumps. Ihis f a i l u r e of the pump s e a l s 
allowed the r e l e a s e of primary coolant into the primary containment volume 
(drywel l ) and increased the drywell pressure approximately 1 ps i u n t i l the 
dryve l l was vented to the atmosphere through the Standby Gas Treatment S y s 
tem. 

Ci rcums t ances 

Preparations for a scheduled l o a d - r e j e c t ion t e s t included both pro
cedures tor ant i c ipa ted plant response under the t e s t c o n d i t i o n s , and pre 
cautionary procedures for which operators were s t a t i o n e d at key l o c a t i o n s 
so that they could res tore the aux i l iary power for the plant in the event 
i t should be l o s t . 

With the reactor at rated temperature and pressure and at a power of 
235 MWt, a load r e j e c t i o n was i n i t i a t e d . F i f ty seconds l a t e r a turbine 
lockout occurred. The output breakers from the Motor-Generator (MG) s e t 
supplying the Reactor Protect ion System (RPS) were tr ipped automat ica l ly 
by t h e i r under-frequency r e l a y s . This r e su l t ed in the automatic shutdown 
of the reactor and the i s o l a t i o n of the primary containment system. Since 
the feedwater, contro l -rod drive (CRD), and r e c i r c u l a t i o n pumps had tr ipped 
prior to reactor shutdown, the reactor-core i s o l a t i o n - c o o l i n g system pro
vided makeup water to the core u n t i l these pumps were r e s t a r t e d . The f e e d -
water and CRD pumps were res tar ted wi th in 6 minutes; however, d i f f i c u l t y 
was encountered when attempts were made to r e s t a r t the r e c i r c u l a t i o n pumps 
because permissive in ter locks apparently f a i l e d to operate proper ly . At
tempts to protect the s e a l s of the r e c i r c u l a t i o n pumps by i s o l a t i n g the 
pumps were unsuccess ful a l s o , and within 15 minutes a f t e r the scram the 
drywell pressure had r isen about 0.6 p s i . Observations confirmed that the 
s e a l s had f a i l e d on one of the r e c i r c u l a t i o n pumps. 

Because the temperature of the water in the pressure-suppress ion chan-
ber ( torus) had begun r i s i n g s lowly , one of the res idual -heat-removal (RHF.) 
pumps anu one of the residual-heat-removal s e r v i c e - w a t e r (RHRSW) pumps were 
s tar ted to cool the torus water. However, the control va lve for the 
serv ice -water o u t l e t of the RHR heat exchanger f a i l e d to open. When a 
third attempt to open the control valve f a i l e d , the operator switched the 
valve c o n t r o l l e r t o the manual mode and opened the v a l v e . The va lve 
operated properly when the contro l l e r was returned to the automatic mode. 
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The feedwater puap was reaoved from service when the water levt1 in 
the reactor vessel had risen to 50 inches above the reference leve l . Since 
water was s t i l l being added by the CRD puaps, the charging-water supply was 
shut off to decrease the addition rate . The reactor-core isolation-cooling 
system, operating in the TEST mode, was extracting the steam through the 
cleanup system. 

Further attempts to i so late the recirculation puaps were s t i l l un
successful. At th i s t iae i t was determined 'hat , in addition to the RHR 
control-valve fa i lure , the isolat ion valves for the drywell-saapling sys 
tem would not open. 

When dryvell pressure reached 15.4 psia, the drywell was vented 
through the 18-inch l ine of the Standby Gas Treatment System (SBCTS) for 
about 1 minute. The drywell pressure rapidly decreased to 14.1 psia with 
the stack-gas act iv i ty being Halted to about 15 uCi/sec. About 75 minutes 
after the turbine lockout occurred, the suction valve MI one of the re
circulation puaps closed while an operator was contx:- .ing his attempts to 
close the valve froa the control rooa. Subsequent investigation of the 
problems with the puap led to the hypothesis that the inner seal on the 
pump had fa i led . 

Preparations were begun to re-establish condenser vacuin. The out
board oain-steam-line i so lat ion valves (NSIVs) were opened, but attempts 
to pressurize the system between the inboard MSIVs and the turbine-stop 
valves by means of the main steam-line drain valve proved fut i l e because 
the outboard i so lat ion valve for the inner drain l ine would not open. 
The isolat ion valves were opened by manually opening the contactors at the 
motor control centers. Meanwhile, the suction valve on the other recircu
lation pump was closed manually by closing the contactors on the valve 
motor. 

Condenser vacuum was established and depressurization of the reactor 
was begun about 98 minutes after the turbine lockout. Three hours and 
fifteen minutes after the turbine lockout, a l l reactor trips had been 
cleared. 

Causes and Corrective Action 

Turbine Lockout 

The most probable cause of the turbine trip was postulated to be a 
high-water-level trip from a moisture-separator tank. However, the oc
currence of the leve l trip could not be verif ied because the high-level 
indications from the moisture-separator drain tank were not connected to 
the data-logging computer, although an alarm was attached to this indica
tor. The indicator is now connected to the computer so that a sequential, 
chronological computer printout of events can be obtained for any high-
level condition for the moisture-separator tank. 
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The drain valves and controls for the four moisture-separator drain 
tanks were checked. One drain valve did not function properly, so i t was 
repaired. 

Recirculation Pumps 

One recirculation pump failed to restart after the RPS MC set was 
returned to service because a valve-position limit switch which provides 
a permissive-interlock function in the pump-starting c ircuit did not 
operate properly. The second recirculation puap, after start ing, tripped 
again because of an incorrect sett ing on a time-delay relay in the puap-
starting circuit and because of a shift in calibration of a d i f ferent ia l -
pressure transmitter which provides a permissive signal to the autostart 
sequencing log ic . The differential-pressure transmitters for both puaps 
were calibrated and the autostart sequencing logic for both puaps was 
checked for proper time-delay se t t ings . All valve interlocks in the re
circulation system were checked and adjusted where necessary to assure 
proper operation of the relays. The seal cooling system for the recircula
tion pumps was total ly redesigned. The new design provided for using the 
same cooling-water system that was used for the control-rod-drive s e a l s . 

Failure of the Recirculation-Pump Suction Valves to Close 
and the Main-Steamline Drain Valves to Open 

Torque limit switches that were improperly set were the cause of the 
malfunctioning of the suction valves in the recirculation system and of 
the drain valves in the main steam l ine . The torque-switch set t ings were 
checked and properly reset where required. All the valves were then tested 
under cold conditions to verify proper operation. A program for continual 
surveillance of the torque-switch sett ings and the operation of their re
lated valves was then developed. 

Drywell-Sampling Isolation Valves 

When the reactor shut down from the turbine t r ip , the sampling-system 
valves could not be opened from the control room. An investigation of the 
problem revealed that the instrument air supply to the valves was provided 
by the header for the CRD scram system, and that the header was depres
surized by the backup scram-solenoid valves subsequent to reactor shutdown. 
The air supply to the sampling-system valves was changed so that the air 
supply comes directly from the header for the reactor building air-supply 
system. 

Possible Effects of Drywell Moisture on Nuclear Instrumentation 

During preparations for returning the plant to the l i n e , resistance 
measurements were taken on a l l cables for the local-power-range monitors. 
Nine detectors produced above-normal signals and a l l nine detector cables 
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indicated low resistances. The cable connectors were cleaned and the re
sistance values returned to nornal. All nuclear instrumentation was 
functioning normally before the plant was returned to service. 
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STRUCTURAL DAMAGE TO COXTAINMFJiT TORUS BAFFLES 

Summary 
During a scheduled maintenance shutdown at a boi l ing water reactor 

(BUR), STRUCTURAL DAMAGE OF RAFFLES in the pressure suppression chaaber 
(torus) of the containaent was noted during internal inspection of the 
torus. On the basis of an engineering analys is , i t was concluded that 
the damage RESULTED FROM TBX DYNAMIC LOADING PRODUCED BY THE DISCBARGE 
OF THE PRIMARY-SYSTEM SAFETY/RELIEF VALVES into the water in the torus. 
The baffles were removed, and the discharge point for the re l i e f valves 
was moved into the deepest part of the torus water. 

Circumstances 

The torus of the BVR containment was provided with 72 baffle sections 
Cor the purpose of preventing a short-term overpressure in the event of 
blovdovn of the primary system within the containment. This overpressure 
had been observed in 1/4-scale t e s t s of the containment design, but later 
evidence obtained from fu l l - sca le tests showed that the baff les were un
necessary. 

The baffle sections consisted of two I-beams that were supported by 
brackets on each side of the torus wall . Channels were welded along each 
I-beam with the wide surface of the channels positioned vert ica l ly and 
the channel webs welded to each other. The baffles were connected to the 
brackets by four 7/16-inch bolts at each end and were mounted just below 
the normal water level in the torus. Prior to the scheduled plant shut
down, an air-actuated torus-to-drywell vacuum breaker valve had not re
sponded to test s ignals . 

Upon entering the containaent torus, personnel found that 11 of the 
72 baffle sections were dislodged from the support brackets at one or 
both torus wal l s , and that 114 bo l t s weTe out of place. The damaged baf
f les were located in the area where the re l ief -valve discharge l ines and 
the discharge l ine froa the high-pressure-coolant-injection-system turbine 
entered the torus. The air-supply l ine to the actuator for the inoperable 
vacuum breaker valve was broken off inside the torus near i t s penetration 
of the torus wall. The l ine breakage apparently was caused by a baffle 
striking the vacuum-breaker air-supply l i n e . Damage was also noted to 6 
of the 8 low-point drain l ines on the drywell vent-distribution header. 

Angle-iron supports from the lower torus-wall area provide the brac
ing for the catwalk to the vacuum breakers in the torus. Four of these 
supports were sheared off and four more were badly bent, although they 
were s t i l l in place. The wall surface of the torus was scratched by the 
movement of the ends of the baf f les , but no signif icant damage was done 
to the metal walls . 
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All the u-bolts that had been used to anchor the 10-inch re l ie f -
valve discharge l ines to the torus wall were s t re tched and the brackets 
were bent. 

Conclusions 

Based on an engineering analysis of the type and extent of physical 
damage, it was concluded that the damage resulted from the discharge of 
compressed air which immediately follows the discharge of water when the 
primary system safecy/relief valves p^en into the torus. Although the 
water that is in the discharge pipe is rapidly ejected from the piping 
when the valves open, ca1 "-.lot.ions showed that the forces produced by 
the water would be short lived and that the baffles were designed to 
withstand greater resultant forces. 

Air, that is distributed in the relief-valve piping under normal 
conditions, is compressed by the steam flow when the relief valve is 
actuated. As the compressed air is suddenly injected into the suppres
sion pool, the displaced water exerts forces which co:ild be capable of 
displacing the baffles, especially baffles that are close to the dis
charge point. The steady-state steam flow, which fellows the initial 
transient from the water-air slug, exerts insignificant force? on the 
baffles. 

Remedial Actions 

Since the torus baffles had been shown to be unnecessary and have 
been omitted from later-design BWRs, Che reactor manufacturer recomended 
that the baffles be remeved. 

In the original design the relief-valve discharge line released 
steam straight down near .he inner torus wall, 4 feet below the normal 
torus water level. The design was modified to extend the discharge line 
into the deepest region of the torus water so that steam is ejected about 
9 feet under th<* water from a ram's-head tee chat directs the steam flew 
away from the walls of the torus. Also, in the modified design, new 
supports were provided Co anchor Che discharge lines within the torus. 
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EQUIPMENT MALFUNCTIONS IK A STANDBY GAS 

TREATMENT SYSTEM 

Summary 

During t e s t i n g of the STANDBY GAS TREATMENT SYSTEM at a b o i l i n g water 
reactor (BWR) f a c i l i t y a s e r i e s of DIFFICULTIES was EXPERIENCED involv ing 
e l e c t r i c a l h e a t e r s , dampers, and damper c o n t r o l l e r s . The three separate 
occurrences were d e t e c t e d during the p r e - f u e l - l o a d i n g t e s t i n g periods when 
secondary containment was not required. 

Circumstances 

Each of the two Standby Cas Treatment System (SGTS) was o r i g i n a l l y 
provided with a 20 kW a i " hea ter . To reduce the pressure drop in the s y s 
tem, and thereby increase the gas flow r a t e , the 20 kW heater in each t r a i n 
was replaced by three heaters of 12 kW each, r a i s i n g the t o t a l heat rat ing 
from 20 to 36 kW per t r a i n . Since the powar-control c i r c u i t r y for each 
f i l t e r - t r a i n heater had been designed and s i z e d for 20 kW, r e c a l i b r a t i o n 
of the c u r r e n t - l i m i t i n g c i r c u i t r y was necessary when the 36 kW of heat ing 
capacity was i n s t a l l e d . During the reca l ibrat i o n , a fuse to one of the 
SGTS heater c i r c u i t s was blown. The cause of the blown fuse was traced 
to a short in one of the 12 kW h e a t e r s . The heater was d isconnected, the 
blown fuse was replaced and r e c a l i b r a t i o n cont inued. About ten minutes 
l a t e r , when the contro l panel door was opened for c a l i b r a t i o n of the 
current - l imi t ing c i r c u i t to the two operat ional heaters in the f i l t e r , 
smoke was observed in the panel . A short in the a i r - h e a t e r power-control 
c i r c u i t r y , in combination with a momentary overload produced as part of 
the recommended c a l i b r a t i o n procedures, resu l ted in a high current flow 
which damaged one of the s i l i c o n - c o n t r o l l e d r e c t i f i e r s , a c u r r e n t - l i m i t i n g 
transformer, and other components in the power-control c i r c u i t r y . 

The damaged components were replaced or repaired and put back inro 
s e r v i c e . Procedures were changed to c a l i b r a t e from a lower power l e v e l 
up to the maximum s e t point of 20 kW which i s the l i m i t i n g value for which 
the c i r c u i t r y i s ra ted . In a d d i t i o n , the heater capac i ty was phys i ca l ly 
l imi ted by d i sconnect ing s u f f i c i e n t heater elements to reduce the capacity 
from 36 kW to 20 kW. 

Following the event described above, the SOTS train B was put into 
serv ice to ver i fy i t s o p e r a b i l i t y . A flow of 4000 cfm i s the design value 
for maintaining a p a r t i a l vacuum of 0.25 psi in the secondary containment 
during emergency c o n d i t i o n s , but only 2800 cfm was flowing through tra in B. 

One of the turbine b»iilding exhaust fans was exhaust ing into s tack-
d i l u t i o n fan A. When the low flow in f i l t e r t ra in B was observed, the 
flow was switched to f i l t e r tra in A. Low flow was a l s o observed in f i l t e r 
train A. S t a c k - d i l u t i o n flow was switched from d i l u t i o n fan A to fan B. 
Flow through f i l t e r train A thei increased to 39C3 cfm. When flow was 
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transferred back to tra in B, i t decreased to 3300 cfm. In ves t i ga t ion r e 
vealed thac a back-draft damper on stack d i l u t i o n fan B had f a i l e d to 
clos.2 prcperly when operat ion was transferred from f i l t e r t ra in B to t r a i n 
A. The a i l u t i o n fan B back-draft damper was manually c losed and, with the 
stack d i l u t i o n fan A operat ing , flow in f i l t e r t r a i n A increased to 4000 
cfm. When flew was switched to f i l t e r t r a i n B, however, flow was only 
3300 cfm. The stack d i l u t i o n fan B back-draft damper was found to be 
binding in the duct work as a re su l t of end play of the damper s h a f t . 
After t h i s was correc ted , d i l u t i o n fan A damper was modified i n the same 
manner to prevent a p o s s i b l e s i m i l a r malfunction. 

When tu ib ine exhaust fan B was s t a r t e d , the flow from f i l t e r t r a i n A 
decreased from 4000 cfm to 3850. Inves t igat ion revealed a design error in 
the l o g i c c i r c u i t r y for the plenum-exhaust dampers. The error in wir ing 
caused f i l t e r t r a i n A to be as soc ia ted only wi th plenum-exhaust damper A, 
and f i l t e r tra in B only with plenum-exhaust damper B. Since exhaust damper 
A did not open when f i l t e r t ra in B was placed i n s e r v i c e , addi t ional d i l u 
t ion a i r was suppl ied by turb ine -bu i ld ing exhaust fan A and the flow 
through tra in B was reduced. A wiring change was made to open the proper 
pxenum exhaust damper, independent of which SGTS tra in was operat ing. The 
d i f f i c u l t y was corrected and both t r a i n s were s u c c e s s f u l l y cycled severa l 
t imes . 

Further t e s t i n g was performed of t ra in A of the SGTS. The f i r s t op-
e r a b i l i t y t e s t was s a t i s f a c t o r y , and a 4000 cfm flow was achieved through 
the t r a i n . However, when the system was res tar ted the flow was only 3950 
cfm with the discharge damper adjusted to approximately 80Z open. When 
the operator attempted to adjust che discharge damper, the c o n t r o l l e r 
f a i l e d to respond to the s i g n a l . The c o n t r o l l e r was then placed in the 
manual mode, but the discharge damper could not be adjusted as the c o n t r o l 
l e r output was f ixed at a constant va lue . 

Inves t iga t ion of the malfunction revealed that there was a damaged 
f i e l d - e f f e c t t r a n s i s t o r in the c o n t r o l l e r . A new t r a n s i s t o r was i n s t a l l e d 
in the inoperable c o n t r o l l e r , and a capaci tor was i n s t a l l e d on the output 
s ide of the t r a n s i s t o r in each f i l t e r tra_n. These capac i tors were con
nected d i r e c t l y to ground to protect the t r a n s i s t o r s suppressing feedback 
noise s p i k e s . 

Test ing of both t r a i n s continued and the c o n t r o l l e r s in the system 
operated properly. 
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RECENT PROBLEMS ENCOUNTERED DURINC 

RESEARCH REACTOR OPERATION 

Summary 

This report provides b r i e f d e s c r i p t i o n s of some representat ive prob
lems that have occurred during operat ion of RESEARCH REACTORS. The prob
lems involve MECHANICAL OR COMPONENT FAILURES that may be of general 
i n t e r e s t to reac tor operators . 

Fa i lure of a Safety Rod to Insert Fully as a Result 
of Temperature S e n s i t i v e Alignment Problem 

When an Agronaut-type research reac tor operat ing at 100 kW was tripped 
by a spurious scram s i g n a l , the reactor shut down normally, but one of the 
sa fe ty rods f a i l e d to i n s e r t f u l l y . A spare s a f e t y rod was inser ted i n 
pla~.t? of the s l u g g i s h rod and t e s t s of the s l u g g i s h rod were conducted 
l a t e r . 

When the reactor-coo lant temperature was low, the rod performed 
s a t i s f a c t o r i l y , but when the temperature approached 120°F (the operat ing 
temperature for 100 kW power l e v e l ) , the rod motion was s l u g g i s h . As a 
re su l t of these o b s e r v a t i o n s , the e n t i r e rod dr ive assembly was removed, 
inc luding the rod dr ive shaf t (approx. 8 f t long) which extends through 
the b i o l o g i c a l s h i e l d . A pinned coupl ing between the dr ive shaf t and the 
rod assembly had prevented removal of the shaf t in rout ine tu in tenar^e . 
By b o r e - s i g h t i n g along the bearings supporting the long drive s h a f t , a 
miselignment was noted. As the operat ing temperature increased , t h i s 
misalignment accentuated bowing in the s h a f t , causing the pinned coupling 
to bind as the shaf t ro ta ted . 

The contro l -rod maintenance procedures were modified to include a 
v i s u a l alignment of each rod drive s h a f t . The pinned coupling was r e 
placed by one which al lows expansion of the dr ive shaft with temperature 
increases and which permits remote disassembly . In add i t ion , rod-drop 
checks at operat ing temperature are now performed subsequent to any 
maintenance on the drive s h a f t . 

Broken Bolts in Primary-System Check-Valve Flange 
Result from Improper Materials and I n s t a l l a t i o n 

After a tank-type research reactor was r e f u e l e d , a leak f about 80 
gph was discovered in the pressur ized primary-cool ing system It was s u s 
pected that the r e a c t o r - v e s s e l head had r.ot been properly secured a f t e r 
the r e f u e l i n g . Additional e f f o r t s were made to t ighten the ves se l head 
without o v e r s t r e s s i n g the studs but these e f f o r t s did not stop the l e a k 
age. The r e a c t o ; was shut down and defueled and the primary system was 
depressurized. A leak wa9 found in the 1 2 - i n . primary-system check v a l v e . 
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Inspection of the check vrlve showed that seven of the sixteen valve 
cover bolts had fractured completely resulting ic a slight warpage of the 
cover plate. Further investigation showed that the Holts had been fabri
cated of aluminur instead of the specified type 18-8 stainless steel. 

The manufacturer of the valve was consulted, the valve cover was r*»-
machined, ai-d new stainless steel bolts were installed. 

Pinhole Leaks in Gasoline Tanks for Emergency 
Power Supply as Result cf Corrosion 

During the completion of startup checklists at a tank-typ° research 
reactor th<_ emergency generator would not start. A gasoline sample, taken 
from the reservoir above the generator, contained water. The system was 
flushed and the generator was started twice ro verify operability. 

Subsequently a temporary gravity-feed gasoline tank was installed to 
supply the emergency generator so the main gasoline tank which was fabri
cated from carbon steel and covered with asphaltum could be removed from 
the ground and inspected. This inspection showed that several small pin
hole leaks had developed from corrosion and had allowed water to seep into 
the underground gasoline tank. Although the water apparently entered the 
tank primarily through the leak paths, it could also enter and condense 
in the normal course of breathing of the tank. 

A stainless steel tank was installed in concrete footings that were 
poured into the same location as the old tank. Provisions were also made 
for periodic sampling and draining of water condensate from the bottom of 
the tank to assure reliability of the emergency generator. 

Failure of Glass Dewar F.isk Sample Container Results 
from Discharge of Ionization Induced Static Charge* 

As a liquid-nitrogen Dewar flask, which contained an experiment 
sample, was being remotely refilled at a swimming-pool-type research reac
tor, a series of three minor explosions destroyed the flask and its con
tainer, scattering small glass splinters about the area immediately adja
cent to the experiment loading tube. Physical damage was limited to the 
experiment can, the disposable glass Dewar flask, and the experiment sample. 
No personnel were exposed to irradiation. 

*Material for this section was furnished by an AEC field office. 
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It was postulated that an ionization-induced s ta t i c charge had built 
up on the flask while i t was being irradiated. The s t a t i c charge then d i s 
charged via the glass t ip of the sealing tube at the bottom of the flask, 
and caused the glass t ip to shatter. The exact mechanism that triggered 
the subsequent explosions i s unknown but oxygen contamination of the liquid 
nitrogen i s susj^ct, since oxygen exclusion i s believed to be the only 
successful method of preventing such explosions. The potential for frac
ture of the Dewar flask as a result of s ta t i c charge had not been con
sidered in t\e design of the equipment. 
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COMPLETE LOSS OF OFF-SITE POWER 

Su—ary 

A COMPLETE LOSS OF OFF-SITE POWER at a nuclear power generating fa
cility resulted in a REACTOR SCRAM, AUTOMATIC DEPRESSVRTZATION of the 
reactor, and subsequent INITIATION of the LOW PRESSURE CORE FLOODING, and 
CORE SPRAY systems. No damage to the facility resulted from the occur
rence and no measurable radioactivity was released to the site or the en
virons . 

C i rcuast ances 

A boiling water reactor was operating normally at full load condi
tions of 210 MWt, 65 MWe, 1140 psig, 560'F. The 2.4 kV auxiliary equip
ment bus was being supplied from the reactor generator house transformer 
and the plant start-up transformer bank was available for automatic trans
fer. One of two 54 MWe fossil-fueled generating units, at the same site, 
was operating normally at 20 MWe. 

The oil circuit breaker (OCB No. 132) for the nuclear-plant generator 
opened on a generator-backup overcurrent-relay action that was initiated by 
a fault at an off-site substation (the breaker numbers given refer to those 
shown in Fig. 1). The substation operator had opened OCB No. 12 in order 
to de-energize a section of line for maintenance. The position lights at 
the control switch indicated that the OCB was open, when in fact it did 
not open because of a physical blockage in the OCB trip mechanism which 
had been left there following previous scheduled maintenance When the 
substation operator subsequently opened an air disconnect switch on the 
same hot 60 kV line, flashovers, both to ground and between phases, occur
red causing generator-backup overcurrent-relay action. In addition to 
tripping OCB 132, this relay action also tripped the house transformer 
breaker, the generator field breaker, the turbine control valves and the 
turbine stop valves. Power was lost to the 2.4 kV auxiliary equipment bus 
and the automatic transfer of the 2.4 kV auxiliary equi^uent bus to the 
start-up bank occurred. The OCB for the fossil-fueled generator opened 
on generator-backup overcurrent-relay action, but the unit remained in 
service supplying its own auxiliaries. These operations de-energized the 
60 kV bus and OCB Nos. 62, 42, 22 and 12 on the plant 60 kV line opened 
on loss of power. As a result, all of the normal a-c power at the nu
clear unit was lost. The emergency propane engine generator started 
automatically upon loss of normal power to the 480-volt load center. 

The lose of normal power resulted in an isolation scram, loss of 
feed-water flow, loss of drywell cooling, and loss of all indication of 
reactor vessel wafer level and pressure in the reactor control room. As 
a result of the transient, the reactor pressure increased to the set point 
for automatic initiation of the emergency condenser (1200 psig). However, 
the condensate return valve on the emergency condenser did not operate, 
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and the reactor pressure increased to the set point of the safety valve 
having the lowest pressure setting, and the safety valve lifted. Shrink
age of reactor water level from void collapse, because of the scram and 
primary system isolation, combined with loss of coolant due to blowdown 
through the safety valve, resulted in a low water level scram signal. 
This signal, combined with the loss of feed-water flow and an increase in 
drywell pressure to two psig (which resulted from the loss of dryvell 
cooling fans and of the closed cooling water system) started the 60-
second automatic-control timer that actuates the reactor pressure vessel 
auto-depressurizatior. vent system. Steam escaped from a rupture in the 
bellows expansion joint on the safety-valve discharge line leading to the 
suppression pool. This also contributed to the increase in drywell pres
sure. After the preset time delay elapsed, the reactor auto-depressuriza-
tion vent valves opened, allowing steam to dump to the suppression chamber 
pool through the safety valve discharge lines. 

The Senior Nuclear Engineer, who is also a licensed Senior Reactor 
Operator, was present in the control room, and he assumed command of the 
situation as the senior management representative. The drywell pressure 
was confirmed to be approximately twe psig and the Engineer concluded 
that no actual pipe break existed. The control operator was directed to 
close the reactor depressurization vent valves manually. The valves were 
closed about five minutes after they had opened. Another operator checked 
the reactor pressure by reading gauges connected to the emergency conden
ser condensate return line; the pressure was 170 psig. 

About 14 minutes after the power failure, the fire pumps started auto
matically, indicating the initiation of operation of the low-pressure core-
flooding system. A minute later, operation of the core-spray system vas 
automatically initiated. Operation of both low-pressure core-flooding 
systems was initiated automatically by the simultaneous occurrence of low 
reactor-water level, high drywell pressure, and loss of power to the safety 
system, concurrent with a reactor pressure of 150 psig or lower. These 
systems were left in service about four minutes, until normal electric 
power was restored; the power had been lost for a total of about eighteen 
minutes. At this time, one of the reactor feedwater pumps was restarted; 
the vessel was filled with condensate Co a level above the flange and the 
core flooding systems were deactivated. Once normal power was restored, 
reactor vessel instrumentation was also restored, and it was observed that 
the reactor pressure was approximately 160 psig. 

Investigation and analyses, following this incident, based upon the 
observed change in suppression pool level and upon chemical analyses of 
reactor water samples, indi ated that no more than 3500 gallons of reactor 
water were blown into the suppression pool via the depressurization vent 
valves and the opened safety valve. Chemical analysis of the reactor 
water indicated that about 500 gallons of suppression pool water were in
jected into the vessel via the core spray system. It was not possible to 
determine how much water from the fire-fighting system was injected into 



JO 

ROE 72-11 

the vessel via the low-pressure core-flooding system because reactor pres
sure was approximately the same as the fire-pump shutoff head. 

A program of sampling and analysis of the reactor water for chrornate 
ions, chloride ions, pH, conductivity and radioactivity was begun shortly 
after power was restored and conditions were s tab i l i zed . Reactor water 
was cleaned up by routing i t through a condensate demineralizer and then 
through the reactor cleanup demineralizev back to the reactor vesse l . 

Discussion 

Loss of 60 kV Bus 

When the substation operator opened the air disconnect switch, and the 
60 kV line flashed over to ground and between phases, the fault should have 
been cleared immediately by the opening of the OCB by directional ground 
relay action. The relay operated satisfactorily; however, OCB No. 12 did 
not open because of the physical block which had inadvertently been left 
in the trip mechanism following scheduled maintenance the previous month. 

With substation OCB No. 12 inoperative, the next line of protection 
became OCB Nos. 12, 22, 42 and 62 at the power plant. These OCBs are 
provided with zoned, impedance-type, directional distance relays. The 
distance relays sensed the fault to be in a zone such that there : ss a 
time delay before the relays operated to open the plant OCBs. The purpose 
of the time delay is to allow circuit breakers closer to the fault, which, 
in this case, was the faulty OCB at the substation, to operate first. The 
settings of the time delays proved to be too long to prevent operation of 
the generator-backup overeurrent-relay from the fossil-fueled plant, and 
it operated to separate the generator from the 60 kV bus. 

io prevent similar occurrences, improved maintenance procedures were 
put into effect at the substation, including revised check-off sheets to 
help assure that all circuit breakers are completely operable before being 
returned to service after maintenance. In addition, the time delay set
tings on the distance relays at the power plant have been reduced. 

Tripping of Reactor Generator 

The main generator breaker (OCJ No. 132) for the nuclear unit opened 
by generator-backup overcurrent-rel&y action as a result of the fault on 
the 60 kV bus. This should have removed the fault current from the genera
tor. To protect the generator and main Transformer from faults on the 
plant side of the OCB a twer.ty-cycle time-delay relay is used. However, 
the unit tripped out after a delay of only two cycles. Investigation 
showed that the time-delay relay had not operated because of a failed sili
con-controlled rectifier. The relay was replaced and the testing frequency 
for protective relays increased from every 2.5 years to every refueling 
cycle. 
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When the nuclear unit tripped, automatic transfer to the start-up 
transformer was not accomplished because of the loss of the main 60 kV 
bus. Personnel at the fossil unit then proceeded to attempt to restore 
power to the nuclear unit. This took longer than normal — the outage 
lasted 18 minutes — because the appropriate OCB would not operate from 
its remote manual switch and an operator had to be dispatched to operate 
th? controls in the switchyard. It was larer discovered that wiring to 
the remote manual switch had inadvertently been left disconnected follow
ing maintenance work several months prior to this incident. The OCB was 
still capable of being tripped by automatic operation of fault protection 
relays. 

Emergency Condenser Condensate Return Valve 

During the subsequent investigation of the failure of the condensate-
return valve on the emergency condenser to open, the valve and the operator 
were disassembled. The valve wedge gate was found to be stuck in its guide. 
The parts were separated by jacking the gate out of the body. The absence 
of physical damage to the valve that would explain its failure to operate 
indicated that a high closing-torque-switch setting probably caused the 
valve gate to jam occasionally in the valve guide. The torque-switch 
setting was reduced, valve operation was satisfactorily tested, and the 
frequency of testing of valve operation was increased. 

An indicator light was installed in the valve-operator thermal-over
load relay circuit to alert operating personnel when the relay drops out 
so that they wil] be aware that the emergency condenser system is not 
operable. 

Auto Depressurization 

The reactor-vessel automatic depressurization system is equipped with 
a 60-second timer to provide time for personnel to evaluate plant condi
tions. If conditions indicate that a loss-of-coolant accident has not 
occurred, automatic operation of the valves can be precluded by switching 
the controls to the manual position. During the power outage, the timer 
had completed its delay function and the valves had opened before the 
controls were checked by control room personnel. The decision to inter
vene in the depressurization was made by a senior member of operating 
management, who happened to be in the control room at the time of the 
occurrence, after it was concluded that no actual pipe break existed. 
Shift operating personnel on duty at the time of the incident later stated 
that they would have permitted the system to operate by itself since it is 
an engineered safety feature designed to protect against a loss-of-coolant 
accident. 

Senior management of the facility subsequently determined that the 
operators would have been correct to permit the systetr to blow down: but 
that by virtue of his knowledge of the plant the Senior Nuclear Engineer 
who had assumed command was able to conclude correctly that no pipe break 
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existed because of the lack of an increase in drywell pressure. Procedures 
have since been written to furnish guidance to operators for the combined 
set of circumstances that occurred in this incident. 

Instrumentation 

The loss of power deactivated the instrumentation in the control 
room that was necessary for the operator to assess whether a loss-of-
coolant incident had occurred. The only useful instruments available 
to the operator in the control room were the pneumatic indicators that 
sensed drywell and suppression-chamber pressures. Some recording in
strumentation was not operating during the eighteen minutes of normal 
power loss. During the incident, operations personnel could not place 
full confidence in the information supplied by instrumentation since 
they were uncertain as to which instruments were on emergency power. 

As a result of a review of control room instrumentation, emergency 
power was provided for the following i. strumentation: 

Three independent means of measuring and recording reactor level; 
Reactor pressure recorder; 
Reactor power range recorder; and 
Suppression-chamber and drywell temperature recorder. 

An alarm was installed to alert the Control Operator of the activa
tion of the 60-second time delay relay for the reactor vent valves. 

Fuel 

Analyses of primary coolant after the incident showed that the con
centration of radioactivity was such that fuel integrity had not been 
lost as a result of the automatic depressurization of the system. The 
incident released a significant amount of crud from the fuel cladding 
during the transient. 

Reactor Safety Valves 

When the drywell head was removed, the condition of the stainless 
steel bellows in the safety valve exhaust line confirmed that one safety 
valve had lifted. The bellows were found to have ruptured in two places. 
The ruptures were attributed to the sudden release of high-pressure 
(1230 psig) steam into the exhaust line. The discharge end of the ex
haust line is submerged under approximately two feet of water in the 
suppression chamber. 

The rupture in the bellows permitted f.he introduction of steam 
directly into the drywell. The steam, combined with the loss of drywell 
cooling, resulted in the drywell pressure of two psig which is one of 
the three required conditions which must be satisfied before the timer 
on the automatic depressurization system starts to run. 
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Drywell Cooling 

The cooling fans in the drywell t r ipped on loss of normal power. 
The fans were on emergency power but would have had to be manually r e 
s t a r t e d . The fans were not r e s t a r t ed during the power outage. Opera
tion of the fans would have removed some heat from the drywell , but 
the pumps supplying water to the drywell coolers were fed only by normal 
power, and rherefore were inoperative during the power outage. Opera
tion of the fans and oumps has been changed so that they w i l l automati
cal ly r e s t a r t a f te r t ransfer to the emergency power supply. 

Emergency Operating Procedures 

The plant Emergency Operating Procedures provided de ta i led i n s t r u c 
tions on the operation of engineered safety features and provided guidance 
for evaluat ing a possible loss-of-coolant inc iden t . The procedures did 
not provide guidance to the operator in the event of a possible loss-of-
coolant incident concurrent with a loss-of-power inc iden t . The procedures 
did not contain guidance on the permissive conditions required for i n i t i a t 
ing, overr iding or terminating action of the primary-system automatic de-
pressur iza t ion system. Additions and modifications to the plant Emergency 
Operating Procedures have been made r e l a t i v e to these types of s i t u a t i o n s . 

Low Pressure Core Flooding System 

As the pressure in the reactor vessel decreased to approximately 150 
psig , the emergency d iese l f i r e pump s t a r t e d and the i so la t ion valves on 
the shutdown cooling l ine and the flow-control valve on the low-pressure 
flooding system opened to supply water from the f i re loop system to the 
reactor vesse l . 

Calculat ions showed that the dynamic head of the f i r e pump plus the 
s t a t i c head of the low-pressure flooding system approximately equaled the 
reactor pressure . Therefore, there was some doubt that the low-pressure 
core-flooding system had injected water in to the reactor vessel during the 
period that i t operated. The reactor feed pump was s t a r t ed and the core 
flooding system deactivated when the power was res tored . 

A small thermal re l i e f valve in the shutdown cooling supply l i n e 
l i f t ed at a pressure of 130 ps ig . This resu l ted in a measurable increase 
in a i r a c t i v i t y in the refueling bu i ld ing . 

The pressure re l ie f valve vas replaced with a new valve of the proper 
r a t ing . A method of exhausting the r e l i e f valve to a closed system i s 
under considera t ion. 
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TURBINE PROBLEMS AT BWRs 

Summary 

Recurring problems with turbines and associated equipment result in 
significant outages at nuclear power plants, in spite of the face that 
turbine technology is not a recent development. In the case of boiling-
water reactors (BWRs), personnel are exposed to radiation when recurring 
or extensive maintenance and repair are required. TWO of the score com
plex PROBLEMS that have occurred recently WITH TURBINE COMPONENTS at BWRs 
are discussed in this report. 

Circumstances 

Failures of Turbine-Blade Attachment Pins 

At a nuclear power p l a n t , inspection during a refuel ing outage con
firmed that many of the pins that at tach the l a s t - s t age buckets to the 
turbine shaft were cracked. 

The turbine at th i s plant i s a sLx-flow, reheat type with 38-inch 
las t - s tage buckets having two t ie -wires but no shroud band. The bucket 
shanks f i t into dovetai l grooves in a f ive-f inger pa t te rn and the buckets 
are attached by passing pins through the shaft and catching each of the 
f ingers . This attachment technique creates ten sh l a r plans in each pin. 
Three pins are between adjacent buckets around the circumference of the 
shaf t . Figure 1 shows the general arrangement of the bucket-wheel a s 
sembly. Ultra-sonic t e s t i n g during routine survei l lance of the 2646 
pins in the rotor assembly revealed that 92 of the pins had fa i led . When 
the failed pins were removed, i t was observed that some were broken in 
more than one place . Some of the pins were broken along the shear planes 
and some were broken between shear planes. 

The fa i lure was a t t r i bu t ed to s t ress -cor ros ion cracking caused by 
chloride and sulfur contamination in the cu t t ing o i l that was used in 
reaming the holes for the p ins . All 2646 pins were replaceJ with pins 
that were made of a chromium-molybdenum vanadium s t e e l . Plans were also 
made for sampling the new pins with the same nondestructive t e s t ing 
techniques af ter one year or less of operat ion. 

Early detection of the fa i led components during a maintenance shut
down possibly precluded more serious consequences. 

Failure of Level-Controller on Turbine Reheater 

At another BWR, the reactor was at 160 MWt (972 of full power) when 
a loud noise was heard and steam was observed to be f i l l i n g the turbine 
room. The reactor was shut down immediately, the turbine was t r ipped, 
and the turbine was isola ted from the primary system. A controlled entry 
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i n t o the turbine bu i ld ing was n e c e s s i t a t e d by the higher-rhan-normal 
r a d i o a c t i v i t y l e v e l s that were present in the b u i l d i n g . A ruptured f l o a t 
case on the l e v e l c o n t r o l l e r for the turbine-steam reheater proved to be 
the source of steam that was f i l l i n g the turbine b u i l d i n g . 

The l e v e l c o n t r o l l e r ( F i g . 2) was a fac tory - fabr ica ted unit that 
c o n s i s t e d of a l e v e l f l o a t encased in 4- inch Schedule-80 p i p e . A 2 . 7 5 -
inch O.D. branch connect ion , welded to the v e r t i c a l c a s e , contained the 
torque arm that transmitted the f l u i d - l e v e l s i g n a l to an a i r - c o n t r o l l e r 
u n i t . This a i r - c s ; i t r o l l e r u n i t , in turn, modulated the l e v e l - c o n t r o l 
v a l v e . 

The pipe rupture appeared to s t a r t on one s i d e of ihe weld at the 
branch connection and propagate in v o t h d i r e c t i o n s around about 60% of 
the 4- inch p ipe . An oval p i e c e of metal that was about 10 inches high 
and 8 inches wide was blown out of the 4-inch p i p e . A v i sua l examina
t i o n of the f a i l e d s e c t i o n showed that the f a i l u r e was caused by an i n 
s u f f i c i e n t weld penetrat ion at the branch connect ion, poor weld-surface 
preparation at the j o i n t , and inadequate reinforcement taetal at the weld 
to ensure Adequate s trength at the operating-temperature and -pressure 
c o n d i t i o n s . 

A l l instrument u n i t s for l e v e l control were examined, but no other 
d e f e c t i v e u n i t s were found. The f a i l e d unit was replaced by a new unit 
which conformed t o the i n t e n t and requirements of the l a t e s t appl icable 
codes before the plant was returned to s e r v i c e . The f a i l e d l e v e l con
t r o l l e r on the turbine-steam reheater re su l t ed in at l e a s t 5 days of 
p lant outage and radia t ion exposure to plant personnel , although the 
f a i l u r e posed no hazard to o f f - s i t e areas or personnel . 
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PRESSURE TRANSIENT IN PRIMARY SYSTEM OF A BWR 

Summary 

A MALFUNCTION of a TURBINE-CONTROL SYSTEM at a b o i l i n g water reactor 
(BWR) caused a PRESSURE TRANSIENT in the cool in- ' system which resu l ted in 
a high neutron- f lux t r i p of the reactor . Simultaneously with the scram a 
RELIEF VALVE MALFUNCTIONED, l i f t i n g prematurely, causing a SHARP DECREASE 
IN PRIMARY-SYSTEM TEMPERATURE AND PRESSURE. 

Although the pressure trans ient that occurred was not as severe as 
the d e s i g n - b a s i s t r a n s i e n t , an engineer ing a n a l y s i s was performed to e v a l 
uate the pos tu la ted e f f e c t s on the primary c o o l i n g system of 120 r e p e t i 
t i ons of a s i m i l a r t r a n s i e n t . Results of these analyses indicated that 
one such t r a n s i e n t would not have a s i g n i f i c a n t e f f e c t on the i n t e g r i t y of 
the primary system. 

Al l engineered s a f e t y features performed as intended and the plant 
was brought to a s a f e shi't^.own cond i t ion . 

Circumstances 

When an unexplained i n s t a b i l i t y occurred in the turbine contro l s y s 
tem, the reactor operator began reducing the power l e v e l , according to 
procedures, by flow reduction using the r e c i r c u l a t i o n pumps. Approximately 
one minute l a t e r , the i n s t a b i l i t y in the turbine control system caused an 
increase in primary system pressure to 1040 p s i g . This pressure i n c r e a s e , 
in turn , caused a high-high neutron-f lux t r i p of the reactor from the 
average power-range mouitors (APRM). The turbine was manually tripped 
within a few seconds a f t e r the automatic reactor t r i p . The turbine bypass 
va lves opened in accordance with design and the control va lves c l o s e d . 

Normally, the bypass va lves open for only a very short time and then 
c l o s e to maintain reactor pressure . However, t h i s time one of the bypass 
va lves remained completely open, and t h i s r e s u l t e d in a cont inuing decrease 
in primary system pressure . Noting t h i s cont inuing decrease in pres sure , 
the operator c l o s e d the main s teamline i s o l a t i o n valves in an e f f o r t to 
prevent a further decrease in pressure . When the depressur iza t ion con
t inued , the operator became aware that the r e l i e f valve had remained open 
s ince the reactor scram. 

About 18 minutes a f t e r the reactor scram, the reactor pressure had de
creased to 263 p s i g , and the r e l i e f valve then re sea ted . After the operator 
had confirmed that the pressure was i n c r e a s i n g , he i n i t i a t e d a contro l l ed 
cooldown of the reactor v e s s e l v i a the i s o l a t i o n condenser. During the 18 
minutes that the malfunct ioning r e l i e f valve s tayed open, the pressure 
dropped from 1035 to 263 p s i g , and the temperature dropped from 525 to 
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390°F. After the valve reseated, the pressure in the reactor vessel in 
creased to 360 psig before a normal cooldown was begun. During the cool-
down the faulty re l ie f valve l i f t e d twice again. After the incident, a 
total of 75,000 gallons of water was removed from the torus. I t was e s t i 
mated that 30,000 gallons had been added as a result of the i n i t i a l re l i e f -
valve actuation and the remaining 45,000 gallons were added as a result of 
the two subsequent rel ief-valve actuations. 

Causes and Remedial Actions 

The transient resulted from two independent fai lures . One failure was 
within the turbine-control system; the second involved the re l ie f valve. 

Turbine Control System 

Immediately after the incident, an investigation showed that the dash-
pot on a p i lot valve in the turbine control system had vibrated loose. The 
dashpot i s connected to a torque tube which i s required to maintain control-
system s t a b i l i t y . The loss of this dashpot i s postulated to have precipi
tated the ins tabi l i ty of the turbine control system. 

Subsequent investigations revealed additional problems in the turbine-
control system. The weights on the turbine governor were loose , the hori
zontal rod from the pi lot valve to the reactor-coolant-flow limit switch 
was bent and a pillow-block bearing for the torque tube on the output of 
the bypass relay had vibrated loose . These occurrences were considered to 
be e f fects of the ins tab i l i ty , not the cause. 

The in-depth examination of the turbine-control syFt»m resulted in 
the following corrective actions: The dashpot was pinned to prevent i t s 
vibrating loose again; the linkage clo.vis and studs on the bypass valve 
were replaced with heavier units; new or i f i ce plates were instal led on 
the hydraulic servo-motors in the individual control valves to increase 
the damping of the control valves; the turbine-governor weights were re-
tightened and locked; "stop blocks" were insta l led in the pillow-block 
bearing on the bypass-valve relay to provide additional support for the 
bearing; the control-valve and control-speed relays were checked for ex
cessive wear or frict ion by hysteresis methods; a l l rod-end bearing con
nections on the control linkages in the front standard were checked, and 
where clearances were greater than desired, the linkages were replaced; 
a preloading piston was instal led to s tab i l i ze the bypass-relay pi lot 
valve; some floating levers with undesirable deflections were replaced 
with stronger levers; a linear variable dif ferent ial transformer (LVDT) 
and a rotary potentiometer were instal led on the torque tube of the 
pressure regulator to ass i s t in monitoring turbine-control behavior; and 
maintenance and inspection checks were performed on a l l parts of the 
turbine control system. 
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Relief Valve 

The rel ief-valve failure that occurred ?t the time of the scram was 
caused by the relaxation of a pressure-adjustment set spring. This spring 
relaxation allowed the valve to l i f t at 1040 psig instead of the normal 
set-point value of 1095 psig. The other two re l i e f valves had experienced 
a similar reduction of pressure-relief set-point valve, but the set point 
had not decreased as much as that of the valve that l i f t e d . 

After the plant was brought to a cold shutdown condition, the valve 
that malfunctioned was disassembled and inspected. The main disc was 
eroded by steam in some places, and the pi lot-valve seat and disc were 
badly eroded. The erosion of the p i lot valve had prevented the valve from 
reseating properly. 

Further investigation into the problem of both the spring relaxation 
and the scoring of the pi lot-valve seat revealed that the valves had not 
been designed to function in the environment to which they had been ex
posed. With regard to the set-pressure adjustment spring, the a 1 loy used 
in the manufacture of the original spring was adequate for temperatures 
up to 500°F. However, the valves had been insulated, and the insulation 
raised the temperature in the pi lot-valve section to near the 546"F tem
perature of the steam. 

Subsequent tes t s of relaxation rate as a function of time were con
ducted with the rel ief-valve spring material. At 500°F the spring material 
exhibited a one-percent relaxation in about 72 hours. After 72 hours the 
relaxation continued at a reduced rate, A one-percent relaxation of the 
spring material corresponded to a 28-psig c'^crease in set-point l i f t pres
sure. The spring material also was tested 550°F and at 500°F. At 
550°F the spring-material relaxation was three percent and at 600°F the 
relaxation was about five percent. An examination of the temper colors on 
the re l i e f valve indicated that the spring material hid been exposed to 
temperatures of about 550°F. 

The erosion on the disc of the pi lot-valve was a result of the lowered 
pressure-relief set-point of the valve. When the operating pressure came 
within 97 percent of the pi lot-valve setpoints , the valves simmered. This 
leakage eroded the valve seat . Although i t was not enough to equalize 
forces on the second stage piston and cause the rel ief valve to l i f t , i t 
did prevent the valve „~rom reseating properly. 

As a result of the malfunction of one of the re l ie f valves, a l l three 
we.-e thoroughly inspected. The main disc seat on the malfunctioning valve 
was leground, and the disc and spring on the pilot-valve were replaced. 
The secondary pilot-valve seats and discs on a l l the valves were redressed 
and lapped. The springs were changed on a l l valves, the set-point was 
properly reset , and the insulation was removed from the upper valve bodies. 
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During the ensuing plant startup, a l l valves were functionally tested 
and checked for capacity. Procedures were also developed for future 
periodic test ing of tht valves . 

Effects of the Depressurization 
on the Reactor Vessel 

During the pressure transient, the change in the reactor water tem
perature was 140°F in 18 minutes. This change was less severe than the 
design-basis transient of 171°F in 10 minutes. From an analysis of the 
transient and i t s effect on s tress l eve ls and fatigue l i f e , i t was deter
mined the effects of the s ingle transient were negl ig ib le . 
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FEEDWATER TRANSIENT AT A BWR 

Summary 

A TRANSIENT INCREASE in the REACTOR VESSEL WATER LEVEL occurred i n a 
b o i l i n g water reactor (BWR) when the feedwater punps were tr ipped by a low 
suct ion-pressure s i g n a l as a r e s u l t of a t r i p of one of the condensate-
booster pumps. An abnormally HIGH WATER LEVEL in the reactor v e s s e l , f o l 
lowing the scram, CAUSED WATER TO ENTER THE MAIN STEAM LINES. The water 
that entered the main steam l i n e s CAUSED A SAFETY VALVE TO OPEN for about 
1.5 minutes , RESULTING IN THE PRESSUR1ZATION OF THE DRYWELL. 

The cables on one l o c a l power-range monitor (LPRM) , one so l eno id 
operator for an e lec tromat ic r e l i e f v a l v e , and some p ip ing i n s u l a t i o n 
were damaged by the occurrence. Al l s a f e t y systems functioned as they 
were designed to do. 

Circumstances 

With the power plant operating at 792 >We, one of the three operating 
condensate-booster pumps tripped and the remaining two condensate—booster 
pumps could not supply the required amount of water at the full-load 
level. A resulting low pressure condition then occurred at the suction 
to the two operating feedwater pumps, and these two pumps tripped, automa
tically causing a standby feedwater pump to start. Fourteen seconds ifter 
the condensate-booster pump had tripped, the reactor tripped automatically 
because of the low water-level condition that had resulted from the de
crease in feedwater flow. The water level continued to decrease until it 
reached a low point of about 108 inches above the top of the core. 

At this point, the continuing feedwater addition from the standby 
feedwater pump began to override the reactor vessel pressure. When the 
water level began to increase, the reactor operator manually reduced the 
set point on the master feedwater controller to zero, and then transferred 
the feedwater controller to manual operation in an attempt to provide 
manual control of feedwater addition. 

Although it was not detected by the operator, manual control of feed-
water flow was not possible because the feedwater control valve was in
operable. This condition occurred when the initial, sudden demand to 
close the valve created a localized effect of low air pressure at the 
valve positioner causing the feedwater control valve to be locked out. 
Thus, subsequent attempts to control feedwater flow in the manual mode 
were ineffective. 

As the level of the rising water approached it:; normal operating 
height above the core, the operator started closing the motor-operated 
isolation valve in the feedwater line ahead of the feedwater control 
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valve. However, the valve s ta l l ed after the feedwater flow was reduced to 
about 20% of ful l flow because of the high dif ferent ial pressure across 
the gate of the valve. 

Because of the continuing cold feedwater addition, the reactor pres
sure decreased. At about 65 seconds after the tr ip of the condensate-
booster pump, the main steamline isolat ion valves closed because of a low 
reactor pressure s ignal . Reactor pressure continued to decrease because 
of the addition of the cold feedwater and reached a low point of 795 ps ig . 
At this point, the feedwater addition and decay heat caused the pressure 
to begin increasing. 

Meanwhile, the reactor water leve l had continued to increase. Eighty-
one seconds after the condensate-booster pump t r i p , the low-reactor-water-
level trip automatically reset . When the water level rose to about one 
and one half feet above normal, the turbine stop valves tripped as they 
were designed to do. 

The continued feedwater addition caused the pressure in the reactor 
vessel to continue to increase so the operator manually valved the i so la 
tion condenser into the system. However, by this time the water level in 
the reactor vessel was above the supply nozzle to the isolat ion condenser 
so that operation of the isolat ion condenser had l i t t l e effect on the 
reactor vessel pressure. The reactor-vessel water level continued to in 
crease until i t began to f i l l the main steam l i n e s . 

As the water level in the reactor vessel increased, the pressure in 
the vessel increased to 1020 psig . When the pressure reached this l e v e l , 
one of the safety valves l i f t e d and the reactor-vessel pressure decreased 
rapidly. However, when the safety valve l i f t e d , primary-system water was 
released to the drywell and flashed to steam, pressurizing the containment 
vessel . As the drywell pressure rose to two ps ig , the containment high-
pressure trip was actuated, automatically start ing both diese l generators, 
the core spray pumps, and the low-pressure coolant-injection (LPCI) pumps. 
Although an actuation signal also wis received by the high-pressure 
coolant-injection (HPCI) system, i t did not inject water because of the 
reactor-high-water-level trip of the HPCI turbine that was in e f fect . The 
containment high-pressure trip also tripped the reactor recirculation 
pumps and isolated the containment building. 

The safety valve was open for about 1.5 minutes. During this time the 
drywell pressure rose to a peak value of 20 psig. About 30 seconds after 
this peak pressure was reached, cooling of the pressure suppression chamber 
(torus) was ini t iated by circulating the water in the torus through the 
heat exchangers in the containment cooling system. The spray system in 
the torus was not used during the cooling and depressurization of the torus. 

About 13 minutes after the i n i t i a l pump t r i p , the operator tripped the 
only feedwater pump that had been operating and the reactor pressure drop
ped from a peak of 1025 to 980 psig before fission-product-decay heat 
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caused i t Co s t a r t increas ing aga in . About 9 .5 minutes a f t e r t h i s , one of 
the h igh-pressure sensors tripped at 1044 p s i g . The reactor v e s s e l p r e s 
sure then decreased temporarily because of a l o s s of water when an unsuc
c e s s f u l attempt was made to place the cleanup demineral izer in s e r v i c e . 

The drywell pressure had decreased to 13.5 p s i g wi thin 22 minutes 
a f t e r the i n i t i a l pump t r i p because of the operat ion of the pressure-
suppression c o o l i n g system. Three hours and 47 minutes a r t e r the pump 
t r ip the containment pressure had been reduced to about 4 .5 p s i g . About 
e ight hours l a t e r the drywell pressure had decreased to 1.75 p s i g , the 
high-pressure t r i p for the containment had been r e s e t , a l l emergency c o r e -
coo l ing systems had been returned to the standby c o n d i t i o n , and Che dry-
w e l l coo lers had been res tar ted manu&My. 

A jumper had been i n s t a l l e d about four hours a f t e r the o r i g i n a l pump 
t r i p so that the reactor water-sample i s o l a t i o n va lves could be opened 
and a water sample could be c o l l e c t e d pr ior to a d e l i b e r a t e reduction of 
the reactor coolant l e v e l . The sample was c o l l e c t e d , the jumper wa.s r e 
moved and i s o l a t i o n of Che system was r e e s t a b l i s h e d . Analys is of the 
sample ind icated normal a c t i v i t y , and a reduction of the reactor coolant 
l e v e l v ia the reactor cleanup system was i n i t i a t e d about s i x hours a f t e r 
the i n i t i a l pump t r i p . About one hour l a t e r , the water l e v e l in the r e a c 
tor v e s s e l had been reduced to a point below the main steam l i n e s . The 
water l e v e l in the reactor v e s s e l had reached a maximum of 145 inches 
above normal because of the continued input from the contro l - rod-dr ive 
(CRD) system. 

The use of the cleanup system for a c o n t r o l l e d cooldown cf the o r i -
raary system continued u n t i l about 33 hours a f t e r the o r i g i n a l pump t r i p . 
At t h i s time the normal shutdown coo l ing system was placed i n t o operat ion . 

Samples of the drywell atmosphere were f i r s t taken about 13 hours 
a f t e r the i n i t i a l pump t r i p . These samples ind ica ted a r a d i o a c t i v i t y 
l e v e l in the containment that was s l i g h t l y above normal. Twenty hours 
a f t e r the f i r s t sample was taken, the d iywe l l atmosphere was sampled 
again. The r a d i o a c t i v i t y l e v e l s had been reduced s u f f i c i e n t l y t o permit 
de iner t ing of the drywel l . S ix hours l a t e r , personnel entered the drywell 
to inspect i t . 

The inspec t ion revealed t h a t : rupture d i s c s on the discharge l i n e 
for four of the e ight s a f e t y valves were ruptured and that the rupture 
d i sc in the s a f e t y valve that had re l i eved was blown completely out; the 
steam j e t from the r e l i e v i n g s a f e t y va lve had discharged against the 
so leno id operator on one of the e lec tromat ic r e l i e f v a l v e s : some thermal 
insu la t ion for some piping was damaged; the top ccat of paint on a 3 * 3 
squate- foot area was lemoved from the containment wal l by the steam j e t ; 
s e c t i o n s cf v e n t i l a t i o n duct around the steam j e t weia d i s p l a c e d ; and 
p r a c t i c a l l y a l l l o c a l power-range monicor cab les were damaged. 
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Conclusions 

The ef fects of the transients on the pressure vessel and containment 
system were ins ignif icant . However, efforts to establish an exact mecha
nism by which the safety valve opened were unsuccessful because of the 
existence of several unknown conditions. Regardless of the exact mechanise, 
c-f safety-valve l i f t , the cause of the l i f t i n g of the safety valve was 
determined to be the flooding of the steam l ines at elevated reactor pres
sures . 

The feedwater-control system did not function properly during the 
incident. When the sudden demand for closure of the feedwater-control 
valve was received at the valve positioner, the rapid movement of this 
valve created a localized low air-pressure condition at the positioner 
and rendered the control valve inoperable. Also, previous experience 
had demonstrated the inabi l i ty of the control system to control the 
water level automatically below the high-water-level trip point when the 
main steam l ine i s isolated during osc i l la t ions in reactor coolant level 
such as occurred in this instance. Therefore, i t was necessary that the 
operator take action. 

With two s ignif icant exceptions, the responses of the operator were 
in accordance with operating procedures. The operator did not reset the 
lockout of the feedwater-regulating valve, but reduced the control po
tentiometer to zero and transferred it from automatic to manual mode. His 
second error was in not tripping the feedwater pump when the reactor-
vessel water leve l reached five feet above normal height. A third, but 
less s ign i f i cant , violat ion of procedures occurred when the torus spray 
was not manually in i t ia ted w" en drywell pressure reached 2 psig. 

Corrective Actions 

After the damage in the containment system was assessed, repairs and 
corrective maintenance were begun. All the defective LPRM cables and the 
damaged piping insulation were replaced. The safety valve that had re
lieved was replaced with one that had been previously tested, and the 
ram's-horn exhaust was rotated to direct the safety-valve discharge open
ing away from the solenoid operator of the nearby electromatic rel ief 
valve. The torque se t t ing of the feedwater-regulating isolation valve 
was increased, the damaged paint on the drywell was repaired, and a 10 f t 3 

accumulator and larger air-supply piping were insta l led on the feedwater 
control valve to reduce the probability of inadvertent lockout. Addi
t ional ly , detailed checks of a l l systems were performed prior to restart- • 
ing the reactor. 

Operating procedures for handling osc i l la t ions of reactor coolant 
level were revised and emphasized. 
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FAILURE OF SAFETY-VALVE HEADER 
AT A PWR 

Two FAILURES of HEADERS on STEAM LINES have occurred in as many years 
at PWR nuclear-power plants during preoperational, hot-functional test ing 
before fuel had been loaded into the core. 

The f i r s t such failure was discussed in ROE 71-12; the second failure 
is discussed in this ROE. As a result of the secor.U steam-line fa i lure , 
sixteen persons received treatment or observation for injuries from the 
steam and flying debris. Of the sixteen persons, only two were injured 
seriously enough to be hospitalized overnight. The DAMAGE to the plant 
resulting from this steam-header failure was LIMITED to ONE of the STEAM-
LINE LOOPS and the surrounding areas. 

! 
Circumstances 

Pre-incident Plant Description 

The main steam l m e for each of the three steam generators in the sub
ject PWR runs in an e ist-vest direction from the containment building to 
the turbine island. Each steam l ine has four safety re l i e f valves, two 
each on the north and south segments of the main-steam-line branch headers. 

' Figure 1 shows the physical arrangement of Che steam l ine and the re l ie f 
valves, and Figure 2 shows the original header design. The original header 
assembly was fabricated of 12-inch Schedule-60 SA-106 Crade-B seamless pipe. 
It had a 12-inch Schedule-60 pipe cap, a 6-ir.ch-on-12-inch weldolet and a 
6-inch ASA 1500-lb small-tongue welding neck flange. The header assemblies 
were field welded to the 26-inch-O.D. main steam l ine through a 12-inci ,.-on-
26-inch weldolet. The safety valves were bolted to the top of the 6-inch 
flanges and they discharged into 10-inch Schedule-40 stacks. A 1-inch-
thick support saddle assembly was welded to the 0.56-inch-thick header pipe 
at 2 points that were 24-inches apart. The saddle s l i d on a Lubrite plate 
embedded in concrete. All of the steam-line safety valves had been se t by 
the valve manufacturer about two weeks before the header fai lure. Each of 
the three loops had four safety valves, set at 1085, 1100, 1115, and 1130 
psig, respectively. After the valves had been set by the manufacturer, i t 
was necessary to gag the 1100-psig valves on each l ine because they were 
weeping excessively. 

Pre-incident Conditions 

Early on the morning of the incident the hot-functional t e s t s were 
nearing completion and preparations were under way for rol l ing the turbine. 
The header fai led about 15 minutes prior to the shi f t change, so that only 
personnel from the midnight crew and some of the day-shift crew who had 
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come e a r l y were present . Equilibrium condi t ions of 547°F and 2235 p s i g 
had been e s t a b l i s h e d in the primary coo l ing system for at l e a s t e ight hours 
prior to the header f a i l u r e . Three primary pumps were in s e r v i c e , one 
charging pump was operat ing , and letdown flow through the mixed-bed de-
minera l izer was 60 gpm. The p r e s s u r i z e r pressure and l e v e l contro l s were 
on automatic . Boration of the primary system was the only t e s t procedure 
in progress and t h i s operat ion had been e s t a b l i s h e d almost two hours prior 
to the i n c i d e n t . 

The secondary-system pressure had been e s t a b l i s h e d at 990 p s i g for 
over e i g h t hours . The main s t eam- l ine i s o l a t i o n bypass valves were c l o s e d , 
the main feedwater and feedwater-bypass va lves were c l o s e d , and the steam-
generator feed pumps were o f f . Thus, the secondary system was operat ing 
under s t a t i c - l o a d c o n d i t i o n s , on ly . 

The Incident and Operator Actions 

The i n i t i a l i n d i c a t i o n of the inc ident to the operators in the reac
tor contro l room was a loud no i se that sounded l i k e escaping steam. Thr: 
operators then observed a rapid decrease in pressur izer l e v e l and pressure , 
a rapid decrease in the temperatures of tne hot and cold l egs of the loop 
and in the average loop temperature, a rapid decrease in steam-generator 
l e v e l , c l o s u r e of the letdown v a l v e , and a t r i p of the pressur izer hea ter . 
From the reactor contro l room console the operators immediately stopped the 
three primary pumps, s t a r t e d a second charging pump, c losed the feedwater 
valve to the steam generator , c lo sed the atmospheric steam-dump valves on 
the o ther two l o o p s , and i n i t i a t e d makeup of primary water to r e s t o r e the 
l e v e l in the volume-control tank. The pressur izer l e v e l was restored to 
normal w i t h i n f i f t e e n minutes and then one of the charging puops was stopped 
and a 45-gpm lecdovn was e s t a b l i s h e d . When condit ions had s t a b i l i z e d , the 
coolant p'~ . ' in the f a i l e d loop was r e s t a r t e d and an orderly cooldown was 
i n i t i a t e d . 

Damage from Incident 

Overal l P lant . When the steam blowing had subsided., i t was observed 
that three o f the four s a f e t y va lves had blown of f the header on one steam 
loop and that the north segment of the header was s p l i t open. Figure 3 i n 
d i c a t e s f a i l u r e modes for the header, and Figures 4-6 show f a i l u r e modes 
for each s a f e t y - v a l v e connect ion. 

The escaping steam a l s o had blown away the t e s t s t a t i o n for the main-
s t e a m - l i n e i s o l a t i o n va lves and the access platform for the safety v a l v e s . 
The handwheel on the manual i s o l a t i o n va lve for steam dump to the atmosphere 
was mis s ing . A l so , the motor operator on the steam supply to the a u x i l i a r y 
feedwater pumps, s e c t i o n s of the pene tra t ion -coo l ing ducts for the main 
steam and blowdown l i n e s , h a n d r a i l s , s t a i r t r e a d s , l i g h t standards, lagging 
and i n s u l t t i o n m a t e r i a l , and two s t eam- l ine pressure transmit ters had been 
blown away. 
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Steam-Loop Components. The three safety valves that were ejected from 
the header had fallen within a short distance of each other. One valve 
landed on the steam-generator blowdown piping and the motor-operated valves 
in the piping. 

A manufacturer's representative inspected the safety relief valves from 
the failed header and decided that they should be returned to the factory 
for testing. All the valves from the failed header, including the one that 
was not ejected, were returned to the factory with two valves from an un-
failed header that wer to serve as references. 

Analyses of Steam Header and Safety Valves. After the incident, all 
six of the valves were tested at the manufacturer's plant using nitrogen, 
but only four were tested with steam. The two that were not tested with 
steam because of apparent physical damage were two of the three that had 
been ejected from the failed steam header. One of the damaged valves was 
disassembled to ascertain the extent of damage. The nut assembly at the 
top of the tension spring was broken and the valve shaft was bent. 

Since the header appeared to be properly fabricated and no preexisting 
defects were present, the cause of failure was attributed to an over-
stressing of the header. Some aspects of the failure indicated a sudden 
application of the overstress, and apparently residual stress played no role 
in the failure. Also, investigations confirmed that the failure of each 
valve attachment began at the point which is opposite the valve discharge 
stack, and that this point would sustain the highest stress under a bending 
moment produced by a valve reaction force. 

Remedial Action. The steam-line headers for all 3 loops have been re
designed completely, and have been replaced by heavier 14*14*8 Schedule-160 
forged T's. The valve side of the 6*8 expander flanges has a tongue-in-
groove construction, and the discharge pipes are supported so that no bend
ing moment can be transmitted to the main-steam-line piping. The safety 
relief valves have been rearranged on the headers so that the lower lift 
pressure valves are nearest to the main steam line. 

Conclusion 

It was concluded that the probable cause of failure was the actuation 
of the safety relief valve that was set at 1085 psig. The dynamic loading 
resulting from the actuation of this valve, combined with the condensate in 
the line, exerted a bending moment and torsional stress on the header at 
the location of the valve attachment. Since the architect-engineer had not 
taken these cverstressing forces into account in the original design, che 
valve attachment was not fabricated to withstand this dynamic loading and 
the valve tore loose from the header at a point opposite the valve discharge 
stack. T i two other valves failed when they lifted as a result of the 
forces that were set up in the steam header by the water and steam escaping 
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from the failed 1085-psig valve. The valve that had been gagged previously 
did not tear loo^e from the header. 

The header design had been analyzed only for static loads; the analysis 
did not consider the conditions associated with actuation of the safety 
relief valves. In contrast, the designs for the replacement headers in all 
three main steam lines have included analysis of transients as well as the 
static and operating loads. 

Effects on Other PWRs 

As a result of the occurrence at this PWR, all owners of PWRs that 
were either operating, or very close to being operational, were notified 
immediately to check their plants and designs. Necessary modifications 
disclosed by these reviews are under way. 
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PROCEDURAL PROBLEMS 
AT RESEARCH REACTORS 

Suanary 

The reactor operating experiences reported herein are illustrative of 
OPERATIONAL PROBLEJB RELATED to the DEVELOPMENT and USE of WRITTEN PROCE
DURES. Each of the events reported occurred at research reactors or criti
cal facilities. 

Circumstances 

Research Reactor is Operated with Experiment Apparatus 
Partially In-Core* 

A lithium-filled heat-pipe experiment apparatus that was to be ir
radiated in a pulsed research reactor consisted of an upper evaporator 
section containing a graphite element, in which U fuel was embedded, 
and a 30-inch-long condenser section, containing the lithium coolant for 
the heat pipe. The apparatus was to be irradiated with the fueled section 
in the core and the condenser section in the reactor coolant plenum below 
the core. 

When the experiment had received the specified fluence, the research 
reactor was shut down so the experiment could be removed. However, dif
ficulties were encountered in sliding the experiment through the seal in 
the reactor vessel head so operations personnel clamped and sealed the 
apparatus in a partially withdrawn position. In this position, the fueled 
part of the experiment was well out of the core and only the condenser sec
tion was still in the core. The reactor was then restarted. During the 
increase in power level, the reactor was automatically shut down by the 
period circuit. A routine check was made by the reactor supervisor and 
reactor operator. No problems were noted, so the reactor was restarted. 
At the same thermal power level where the previous shutdown had occurred, 
another automatic shutdown was initiated by the period circuit. This time 
extensive checks were made, but there still was no indication of problems. 
The decision was made to start up the reactor very cautiously and go to a 
lower power level than that at which the two previous trips had occurred. 
As the power level approached the previous shutdown point, the period 
trip was bypassed, and the reactor behavior was watched closely in an 
effort to obtain sufficient information to diagnose the problem. When 
the power level reached the point where the two previous trips had occur
red, power spikes were observed on all power-level instrumentation at 

* 
Material for this Section of the ROF. was contributed by an AEC Field 

Office. 
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about 40-second intervals. The fluctuations stopped when the power level 
was reduced. At this point, operations personnel shut the reactor down 
for the night and consulted the reactor steering committee the next morn-
ing. 

The steering committee noted that a chugging phenomenon had been ob
served in laboratory experiments with lithium-filled heat pumps. On the 
basis of this information, it was theorized that the lithium could be a 
possible source of periodic reactivity addition that was causing the power 
spikes because the experiment had been clamped in a position which left 
the lithium-filled condenser section in the core. A possible mechanism 
by which the reactivity could have been added periodically was by means 
of the lithium becoming superheated and being forced up through the heat 
pipe. 

Subsequent investigations verified this hypothesis. The observed 
power spikes were determined to be caused by the periodic reactivity 
insertion of 12 i 1 cents. The total reactivity worth of the 3 grams 
of lithium in the condenser had been measured previously and determined 
to be 15.3 ± 0.6 cents, lending credence to the hypothesis. 

When the operations crew again attempted to re.aove the experimental 
apparatus from the core, they found that it could not be removed because 
two hanger tubes had been tack welded together. This change in the ex
periment design had not been recorded on either the operations log or the 
design drawings, and had not been approved. Also, a weld on one of the 
tubes was too large to pass through the seal. 

Two irregularities in personnel action caused this event. First, un
documented and unapproved changes were made during the fabrication and in
stallation of the experiment assembly. As a result of these changes the 
complete withdrawal of the assembly was not possible. The second contribu
tion to the incident was that the shift supervisor approved reactor opera
tion with the experiment assembly partially withdrawn. To reduce the 
probability of future incidents of this type, the reactor steering commit-
tee was assigned the tasks of specifying in-depth quality control procedures 
for each in-core experiment and for assigning the responsibility for execu
tion of these procedures to a member of the operating group. Additional 
guidance was also provided to the shift supervisors as to when higher ap
provals for reactor operation are required. 

Operation or o ,bcritical Assembly with a Mispositioned Source* 

At a subcritical assembly that is used for quality control purposes, 
functional, testing of the protection systems is achieved prior to startup 
by moving the neutron source near each of two ion chambers that are 
located at opposite ends of the lattice. 

Material for this Section ok the ROE was contributed by an AEC Field 
Office. 
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Prior to the incident discussed belov, the source position had been 
determined from a source rod which protruded from the core and which was 
in clear view of the assembly operator. However, just before the inci
dent, a shield had been installed to reduce the radiation exposure to 
operations personnel. While the shield accomplished its intended purpose, 
it also blocked the assembly operator's view of the source-position indi
cator. Consequently, the operator had to have assistance during startup. 

During this particular startup of the assembly, the operator had an 
instrument mechanic move the source for pre-startup verification of in
strument response. Following the movement of the source, it was not 
repositioned to its operating location, since the instrument mechanic had 
not been instructed to do so. In addition, since he was not a certified 
operator, he had no knowledge of the need to reposition the source. After 
instrument-response verification, the operator proceeded to start the sub-
cricital assembly. Upon insertion of a standard fuel element that was 
u_ed for calibration, the operator noted the abnormally low instrument 
readings and recognized that the source was mispositioned. In violation 
of procedures, he then moved the neutron source to the correct position 
without shutting down the assembly. The movement of the neutron source 
caused an increase of one-percent reactivity ir *he assembly because of 
the removal from the lattice of the cadmium follower on the source rod. 

While the effects of the source-rod removal would not have exceeded 
the previously evaluated design-basis accident for the critical assembly, 
the incident demonstrated the need for fully considering all aspects of 
equipment changes. Because of the inadequate design of the radiation 
shield, the efficiency, =ind possibly the safety of, operation of the as
sembly was impaired. 

To prevent a repetition of the accident, an interlock was installed 
to prevent either startup or operation of the assembly with a mispositioned 
source rod; procedures were revised to require two certified operators 
during pre-startup checks; and strick adherence to operating procedures 
was emphasized to operations personnel. 

Communications Problems Between Reactor Supervisors 
of Different Shifts 

At a university research and training reactor, the spent-fuel storage 
tank, located inside the reactor cor.cainment building, was scheduled for 
repainting. To provide adequate ventilation for the repainting operation, 
a temporary vent line was installed that extended from the fuel-storage 
room through the reactor-building wall via the neutron-beam window to the 
outside. The dished aluminum flange that sealed the neutron-beam window 
was removed to allow the temporary vent-line installation. The removal of 
the flange was duly noted in the log book. 

The painting of the spent-fuel torage pool was completed the same 
day that it was begun, and the neutron-beam window was closed by replacing 
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six of the twenty-four bolts on the flange at equidistant positions and 
tightening the*. An additional item was added to the operations work 
schedule, instructing the crew to replace the remaining bolts the following 
day. However, the additional item was overlooked the next morning, and 
the reactor building was closed for the weekend. 

On the following Monday the reactor was operated at its authorized 
power rating. The Monday night shift supervisor noted that the additional 
work item had not been signed off. He then inspected the neutron-beam 
window, and replaced the remaining bolts. 

Since the six bolts that were installed had been placed equidistantly 
and the seal was provided by a soft rubber gasket, an adequate seal was 
ensured. Also, the seal design is such that an overpressure in the con
tainment would improve the seal. 

Nontheless, the occurrence revealed a lack of communication between 
shifts. Consequently, it was restated and emphasized the importance of 
reactor supervisors checking operations schedules and reactor log books 
before beginning any activities that involve the movement of control rods 
or fuel within the cere. 
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XENON OSCILLATIONS IN A LARGE POWER REACTOR 

Summary 

The possibility of the occurrence of XENON OSCILLATIONS IN THE CORES 
of LARGE POWER REACTORS has been known for some time. A relatively simple 
method for control of oscillations in the axial power distribution for a 
pressurized water reactor has ..roved effective. 

Circumstances 

Normal Plant Operating Conditions 

A 700 MW(e) pressurized-vater reactor (PVR) had been base loaded for 
several months, during which time the most significant deviations from the 
1002 power level occurred during scheduled load reductions for tests of 
turbine stop valve and governor performance. These weekly tests required 
that the load be reduced to 70% of full power for varying lengths of time, 
depending on valve performance during the tests. The time required at 
reduced power levels varied from approximately one hour to more than twelve 
hours. 

Power was reduced for the tests by inserting one of the control rod 
banks to the 100-step withdrawn position. The increase in negative re
activity resulting from the buildup of xenon was then compensated by with
drawal of control rods in the other control rod banks and by boron dilu
tion, to maintain power at the 702 level. 

When the plant was returned to full power following the weekly tests, 
the axial power offset of the core was normally positive, but continued 
operation resulted in a substantial variation in the offset during the 
first xenon cycle, as illustrated in the first twelve-hour period of the 
?ower curve of Figure 1. 

Scheme for Controlling Oscillations 

In this PWR, an axial stability index for the core has been measured 
to be +0.008, indicating an unstable condition. With this value for the 
axial stability index, the difference between positive and negative limits 
of successive oscillations would increase by about 23% for each oscilla
tory cycle; further divergence would be curtailed by a turbine runback 
when the overpower and overtcmperature setbacks were exceeded. 

Although part-length control rods are available in this reactor for 
control of axial xenon oscillations, they have no*- been utilized because 
a simpler method has proved effective. The control scheme that was used 
is known as a first-overtone control method. It utilized the same con
trol rod bank for control of the oscillations as was used to reduce power 
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for the valve tests described above. In this control method, the control 
rod bank was inserted in a carefully timed manner, several hours after 
return to full power, to counter simultaneously the axial xenot. a*.-d iodine 
oscillations, with a return to normal control rod configuration T̂ien oscil
lations have died out. Figure 1 shows axial offset measurements using th'.-
first-overtone control method. 

This control method was used for control of increasingly divergent 
xenon-iodine instabilities as the core approached the end of life. 
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PWR CONTROL ROD DRIVE PROBLEMS 

Summary 

The events described in this report illustrate different MALFUNCTIONS 
that have occurred AT PRESSURIZED WATER REACTORS INVOLVING CONTROL RODS OR 
CONTROL ROD DRIVES. All malfunctions were detected during testing periods; 
none compromised safety of the plant. In one instance, DEPOSITS OF EPOXY-
LIKE MATERIAL ON THE FACES OF CLUTCHES in control rod drive mechanisms 
(CP-PHs) CAUSED FAILURES OF SINGLE CONTROL RODS TO DROP ON SIGNAL. In a 
second case, CRDMs were DAMAGED when they were dropped with the hydraulic 
DASHPOTS either EMPTY or only partially filled BECAUSE OF INADEQUATE VENT
ING THROUGH HOUSING SEALS. Third, INTERMITTENT RESPONSE TO WITHDRAW AND 
INSERT SIGNALS on one control rod was TRACED TO A DRAGGING MOTOR BRAKE on 
the CRDM. Finally, LOOSE DOWEL PINS used to position the stationary brake 
discs were found to be the CAUSE of MISPOSITIONED CONTROL RODS. 

Circumstances 

Failure of Control Rods to Drop on Test Signal 

During drop tests of individiial control rods being conducted as part 
of the low power physics testing at a pressurized water reactor (PWR), a 
test switch on the power supply for one of ti.e control rod drive mechanisms 
(CRDMs) was opened in accordance with test procedures, but the control rod 
failed to drop as expected. The circuit was checked and determined to be 
functional, so a slight force was applied to the lower half of the CRDM 
clutch. This freed the rod and it dropped. The CRDM was exercised ten 
times and, when no problems were experienced, the low power physics testing 
was resumed. 

Later during these tests, the rod drop test switch for another CRDM 
was opened and this rod also failed to drop immediately, although it did 
drop within a few seconds. 

The tests of drop times for single rods were completed, and the reac
tor was secured to remove the two malfunctioning CRDMs for observation. An 
examination of the clutch surfaces in the two CRDMs affected showed a slight 
deposit of an epoxy-like material combined with some additional foreign 
material. These deposits apparently had hampered the free movement of the 
spring-loaded movable clutch face in the CRDM. 

It was concluded that an excessive amount of epoxy had been used when 
new springs and pins were installed on the magnetic clutches. Some of the 
epoxy had flowed into the spring holes in each of the two lower clutch 
faces and, in some cases, into the spline area of the lower j w of the 
clutches. All the CRDMs were cleaned and tested prior to reuse. 
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Control Rod Drive Mechanism Damaged When Control Rods 
Were Drop-Tested With No Water in Dash Pots 

After an extended outage at a PWR, drop tests of control rods were 
conducted prior to reactor startup. During these tests, anomalous behavior 
of one of the control rod drives led operations personnel to suspect that 
the energy absorber had shifted its location. When the control rod drive 
was removed from the vessel head for inspection, pressurized air was ob
served to escape from the drive housing, indicating that the CRDM had not 
vented through the housing seal as was the design intent. 

To investigate further the functioning of the CRDMs, the primary-system 
pressure was raised to 200 psig and the rods were tested again. During 
these tests one control rod could not be withdrawn. The drive mechanism 
for this rod was removed and inspected and the shaft from the clutch output 
was found to be broken. In addition to the broken shaft on this CRDM, what 
appeared to be mechanical problems were encountered with two other CRDMs. 
As a consequence of these four problems, all four CRDMs were replaced. 

Because of the problems that had occurred with these four CRDMs and 
suspected problems with six more, it was decided thar further detailed 
investigations of all CRDM packages were in order. The CRDMs were operated 
and observed closely; the clutch units were removed and inspected at the 
plant and then returned to the manufacturer for complete disassembly and 
detailed inspection. All parts of the CRDMs that had sustained any damage 
were repaired or replaced and displacement measurements were made on all 
energy-absorber units. In addition, the reactor vessel head was removed 
and all control blades were visually inspected for damage. 

Analyses of the events surrounding the damaged CRDMs indicated the 
possibility that the CRDM motor could not drive the rod into the energy 
absorber with the force necessary to cau&e shaft breakage. Based on these 
analyses, the tests performed by the manufacturer were designed to simulate 
the effects of a rod drop from the fully withdrawn position when the hydrau
lic dash pots were dry. The tests showed a pronounced recoil of the verti
cal motion assembly and a deformation of the coupler. Results of metallo-
graphic examinations of the failed clutch output shaft rcvtaled that the 
shaft failure was caused by an impact loading in the same direction in 
which the recoil loading was applied. Other deformations in the input and 
output shafts were caused by a similar loading. Metallographic analyses 
of damaged gears in the drive train confirmed that the gears also had been 
subjected to impact loading. 

The cause of the damage to the CRDMs was determined to be inadequate 
venting through the housing seals prior to trip testing. This caused the 
rods to be tripped with the hydraulic dash pots either dry or only partially 
filled with water. The hydraulic dash pots were then ineffective as energy 
absorbers and allowed the CRDMs to impact the hardstops with sufficient 
force (15,000—17,000 lbs) to displace the mechanical energy absorber units. 
These mechanical energy absorber units had been installed to preserve the 
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integrity of the vertical motion assembly and vere not intended to prevent 
damage to tue assembly. 

Hie corrective or remedial actions that were taken by the licensee as 
a result of these incidents included the replacement of all twisted or 
broken output clutch shafts, replacement of all twisted clutch input shafts, 
replacement of the two CRDMs that had gear damage, replacement of pinion 
gears that showed a significant spalling of the malcolroiziug coat on load-
bearing surfaces, replacement of two bevel gears that had been slightly 
warped, replacement of all couplers that showed signs of damage, replace
ment or repair of the four energy absorber units that were displaced, and 
inspection of load-bearing surfaces on the upper end fitting of the control 
rod blades for structural integrity and reworking as necessary for proper 
coupling operation. In addition, calculations were made to determine the 
pressure that is required in the dash pot to provide normal deceleration 
of the drives and plant operation and testing procedures were revised to 
preclude tripping of the drives with the dash-pot pressure below the cal
culated value. 

Intermittent Malfunctioning of Control Rod Drive Mechanisms 

During preparations for testing of feedwater pumps at a PWR, a four-
inch deviation alarm was received from the bank of control rods that was 
being used to control the reactor. An investigation revealed that one con
trol rod was about four inches below the rest of the rods in the group. 

The controls for the low rod were switched from automatic to manual, 
but the rod response to withdiaw and insert signals still was intermittent. 
The wiring and circuits were inspected and tested, and these appeared to be 
satisfactory. Consequently, the problem was thought to be & malfunction of 
the motor brake on the CRDM. Before the reactor was shut down to remove the 
malfunctioning CRDM. the rest of the CIUJMs were checked to assure that they 
functioned properly. 

The motor for the malfunctioning CRDM was replaced, and the motor that 
had been removed was disassembled and inspected. Aside from what appeared 
to be excessive wear on the brake, no other abnormalities were noted, so the 
CRDM was shipped to the manufacturer for further inspections. The inspec
tions by the manufacturer cor firmed that the brake had been "dragging", and 
that the dragging would have been sufficient to cause intermittent malfunc
tioning becaup^ the motor develops very low torque when it is running. 

Although the incident revealed an inadequate design of the CRDM that 
caused oper«ting problems, it did not compromise the safety ~>f the reactor 
because the CRDM could still ba tripped. Because the clutch separates the 
CRDM from the motor, the deenerglzing of the clutch as a result of a motor 
malfunction only serves to separate the motor from the CRDM. 
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Misposition of Control Rods 

Three instances of misposition of the same control rod occurred at a 
?WR when the power l eve l was between ?0 and 30 percent of rated power. 
When the SO percent power leve l was achieved, two additional mispositions 
occurred. 

The f i r s t incident occurred during test ing of the plant. The regulat
ing rod group was being withdrawn in the automatic mode when a four-inch 
deviation alarm on one bank of control rods was received in the reactor 
control room. During the ensuing investigation to verify the alarm, an 
eight-inch deviation alarm was received. When both alarms were confirmed, 
the reactor operator proceeded, as directed by procedures, to afempt to 
withdraw the affected control rod with the control system in the manual 
mode. When these ef forts were unsuccessful, the fuses in the CRDM motor 
packages were changed and another unsuccessful attempt was made to withdraw 
the control rod. The control rod was then inserted about an inch and 
successfully withdrawn to i t s proper place. During farther test ing and 
operation, the control rods functioned normally. 

The second and third incidents happened within a period of two days. 
During the second occurrence the four-inch deviation alarm did not actuate 
but, when the control rod lagged the bank by eight inches, both the four-
inch and eight-inch deviation alarms sounded. Normal corrective action, 
which is to move the affected control rod unt i l i t i s aligned with the rest 
of the bank, was in i t ia ted . Additional observations and investigations 
revealed that st icking relay contacts were contributing to the erratic 
behavior of the alarms. 

The third event also occurred during withdrawal of the affected con
trol rod. At this time, the affected control rod lagged the bank by 10.2 
inches because neither the four- nor the eight-inch deviation alarms 
actuated at the proper times. An immediate investigation revealed that 
the deviation alarms could not respond rapidly enough to prevent a 
deviation greater than eight inches when the control rods were being 
withdrawn continuously. To compansate fcr this condition, the devia
tion alarms were reset to trip for three-inch and six-inch deviations, 
and the reactor operators were instructed to move the rods in four-inch 
increments to check for possible relay problems as the rods were being 
withdrawn. 

The two incidents that occurred during later test ing at the 50 per
cent power level involved the same control rod. During the f irst of 
these two incidents, the rod fai led to withdraw with the bank and. once 
again, init iated the eight-inch deviation alarm. The rod was success
fully repositioned with the control system in the automatic mode. 

Lat>r, during a test of plant response to a ramp decrease in load, 
the same control rod continued to insert into the core after the insert 
signal wi's removed, because of brake slippage. The rod drifted 8.9 
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inches farther into the core than the rest of the bank and had to be 
repositioned manually. 

Because of these continuing problems, a detailed investigation of 
the control rod drive system was i n i t i a t e i . Inspection, cleaning, and 
dimensional checks of the brake assemblies were performed. All control-
relay auxiliary contacts were replaced by s l ight ly modified assemblies, 
according to the manufacturer's suggestion, because intermittent problems 
had been experienced in other applications. During the inspection of the 
brake assemblies, about 60Z of the dowel pins, which posit ion the s tat ion
ary brake d i sc s , were found to be loose. These loose dowel pins , which 
were gall ing the moving brake faces, were the cause of the continuing 
CRDH problems. Since the loosened pins had been held in their yokes by 
interference f i t s , a l l the pins were replaced with pins that were 
s l ight ly oversized. 



75 

ROE 72-19 December 15, 1972 

BWR CONTROL ROD DRIVE FROBLEMS 

The events described in this report illustrate different MALFUNCTIONS 
that have occurred AT BOILING WATER REACTORS INVOLVING CONTROL RODS OR CON
TROL ROD DRIVES. None of the malfunctions compromised the safety of the 
plants. At one facility, ROLLERS FROM BLADE-TYPE CONTROL RODS WERE DE
TACHED, LODGING IN THE CONTROL ROD DRIVE MECHANISMS. In a second instance, 
LEAKAGE Of REACTOR WATER PAST SEALS on the stop piston CAUSED PREMATURE 
LATCHING OF CONTROL RODS. The third case involved an electrical SHORT 
CIRCUIT IN A TRANSFORMER AS A RESULT OF DECONTAMINATION ACTIVITIES. 

Circumstances 

Foreign Object in Control Rod Drive Mechanism 

During testing of control rod drives at a boiling water reactor (BWR), 
one of the control rods could not be withdrawn from the fully inserted 
position. Inspection disclosed that a foreign object was lodged between 
the index rube and the conical thimble end of the control rod drive mecha
nism. Th» foreign object was retrieved and the control rod and drive were 
retested to assure proper operation. 

The foreign object was a roller from one of the older blade-type con
trol rods. Comparison cf this roller with others that were still attached 
revealed that the roller had been detached from its control rod for some 
time. It was hypothesized that the roller probably had become lodged be
tween the index tube and the conical thimble end of the control rod drive 
mechanism in the three--nonth period between the withdrawal of the control 
rod and preparations for the refueling outage during which tne test was 
conducted. 

A periscopic examination of the rollers on two other control rods 
that were still in the core disclosed that no excessive wear or degrada
tion of rollers, pins, or castings had occurred. On the basis of this 
examination, it was hypothesized that the event was an isolated occur
rence . 

About three months larer, during routine testing of the control rod 
drives, a second control rod could not be withdrawn, although it could be 
inserted. This control rod wa» valved out of service, and scheduled for 
examination during the next refueling outage, at which time it was deter-
mined that the roller on this control rod was also detached, in a similar 
failure. 
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Also during the next refueling outage, a detailed examination of the 

two control rods from which rollers had been retrieved was performed. 
These two control rods had been replaced about seven years earlier. At 
the time of the earlier replacement, the rollers were missing on the two 
control rods that were replaced. Because of the similarities of these 
occurrences, it was concluded that the loss of the rollers was peculiar 
to these two locations and that the loss was a flow-induced phenomenon. 
The rollerless control rods were reinstalled in thir original positions 
and the plant was returned to service. Subsequent tests verified satis
factory operation. 

Control Rods Fail to Insert Fully After Scram 

On two separate occasions, at the termination of the scrams at the 
same reactor, some of the control rods latched six inches from the fully 
inserted position. The difference in worth of a single rod in this par
tially withdrawn position, compared to the fully inserted position, was 
approximately 3.65 x 10"3 percent Ak. Although this amount of reactivity 
is small, the malfunction does require an additional action by the opera
tor to complete reactor shutdown. 

On the first occasion, when the station air supply was interrupted, 
the reactor was scrammed manually. The reactor operator noticed that two 
of the rods had not latched in the fully inserted position but instead 
were six inches away from that position. The operator manually inserted 
the rods as specified by procedures. On the second occasion, the same two 
control rods, along with two additional rods, again latched six inches 
from the fully inserted position. All four rods were fully inserted by 
the operator as required by procedures. 

The failure of rods to insert fully was attributed to increased leak
age of reactor water past the seals of the stop piston. Worn or broken 
stop piston seals were found to be the cause of increased leakage. 

The control rod drives in this reactor are positioned and scrammed 
hydraulically. They are equipped with buffer orifices comprised of a 
series of graduated holes which allow water to flow from the volume be
tween the upper surfaces of the moving drive piston and the bottom of the 
stationary stop piston during a scram or normal rod insertion. Upon in
sertion of the drive piston the series of buffer orifices progressively 
limits the water flow to decrease the rate of movement of the drives. 
These orifices, together with spring washers which are mounted on the 
bottom of the stop piston, cushion the moving drive to reduce the shock 
of impact at the end of the stroke. With the drive in normal operating 
condition, the drive piston then settles back to the fully inserted posi
tion and latches mechanically. However, when the seals on the cpntrol 
rod drive (CRD) stop pistons leak because of normal wear or any other 
degraded condition, sufficient water can be trapped between the drive 
piston and the slop piston to create an added buffer which decreases the 
rate of rod travel, and allows the rods to latch prematurely. 
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Because the leakage past the stop piston seals and the resulting in
termittent partial insertion of the control rods had been observed early 
in the history of the plant, an augmented program of surveillance of the 
control rod drives had been established for the purpose of verifying the 
adequacy of their performance. This surveillance program consisted of the 
following: monitoring and recording, during each scram, the scram times 
for a selected group of control rods, monthly measurements of the with
draw stall flows for all drives, monitoring drive pressure during opera
tion, exercising of all drives and ponitoring the time between the occur
rence of a scram and the high scram discharge volirme trip. This augmented 
surveillance program permits early detection of degradation of performance 
of the drives. 

Short-circuited Transformer 

During a maintenance shutdown at another BUR, all fuel had been re
moved from the reactor vessel, and surfaces in the vicinity of the control 
rod drive mechanisms (CRDMs) had been decontaminated with high-pressure 
water and detergent. While one of the CRDMs was lowered for maintenance, 
a short circuit occurred in the 120 volt secondary windings of a trans
former in the control power circuit for the control rods. The transformer 
failed and the 440 volt circuit breaker on the high side of the transformer 
was tripped automatically by an overcurrent signal. When smoke was ob
served to be cosing from one of the compartments of the motor control 
center, the main breaker was tripped. Had the transformer failed during 
operation rather than during maintenance, control power to the CRDrts would 
have been lost, resulting in automatic shutdown cf the reactor. 

The affected cubicle of the motor control center was removed and its 
associated electrical equipment was inspected for damage. The failed 
transformer was replaced with a spare, the circuit breaker was cleaned, 
and the cubicle was returned to service. 

To reduce the probability of recurrence of similar incidents, a fuce 
was installed in the control power transformer circuit of e?ch control 
iod drive to provide added protection for the transformers. 
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MALFUNCTIONS OF MAIN STEAMLINE ISOLATION VALVES 

Summary 

MALFUNCTIONS of Mt'IN STEAMLINE ISOLATION VALVES have been experi
enced recently at both boiling water and pressurized water reactors. The 
malfunctions that are discussed below result from several causes: impuri
ties in either the air or hydraulic systems caused valves to malfunction 
on four occasions; low air pressure and binding resulted in three other 
malfunctions; and improperly functioning instrumentation, worn gears, and 
materials failures are each responsible for at least one failure of the 
main steamline isolation valves to function as required. The number of 
malfunctions discussed in each of the sections below varies because, in 
some cases, an entire system may be affected or one valve may malfunction 
more than once. 

Circumstances 

Main Steamline Isolation Valve Failed to Close 
on Two Separate Occasions 

Following a trip from full power at a pressurized water reactor (PWR) 
caused by an unrelated loss of the feedwater pumps, a gasket on an 
orifice flange in one of the steamline reheaters failed, allowing steam 
to escape. In order to stop the leakage, the reactor operator attempted 
to close the two main steamline isolation valves (MSIV's) from the control 
room; however, one of the two valves failed to close. The operator then 
went to the valve and manually tripped the solenoid-operated valves on 
the air line to the MSIV operator, closing the isolation valve. Subsequent 
investigations revealed that the linkage of the solenoid valves was bind
ing. The equipment was returned to an operable condition and proper 
operation was verified by testing prior to returning the plant to opera
tion. Also, a program was begun for testing the MSIV's each time the 
turbine generator was removed from service. 

The MSIV's were tested satisfactorily during ten successive turbine 
outages over a period of about nine months. The valves were checked on 
the eleventh turbine outage and, at this time, one of the two MSIV's 
closed only half way. The packing glands on the valve were loosened 
slightly, and the valve closed fully. The valve was exercised several 
times, and gave no indication of further problems. 
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Impurities in Air Supply Line Cause Main 
Steamline Isolation Valve Malfunction 

At a boiling water reactor (BWR), the main steamline isolation -aIves 
(MSIV's) had failed to operate on several occasions because of sticking 
valves in the pneumatic system which controls the flow of air to the 
air-operated valves. 

An inspection of the valves, after they had failed to operate, 
showed that the lands of the valve spools were significantly discolored 
and were coated with a varnish-like substance. These were cleaned, but 
the spools still did not operate as freely as required. It was hypothe
sized that, in addition to impurities in the air supply system, the 
spools and sleeves were binding mechanically because of the high tempera
ture in the environment in which these valves operate. To reduce this 
difficulty all the pneumatic valves were replaced with valves that had 
lcrger clearances between the spools and their sleeves. Also, additional 
air conditioning equipment was added to the steam tunnel in which the 
valves were located to reduce temperature in that area. 

About six months after these valve modifications were completed, 
four of the MSIV's again failed to close and one closed slower than 
permitted by technical specifications. Once again, when the valves were 
inspected, the varnish-like substance was found on the pilot valves. 
The source of impurities in the control air was deterrined to be the oil-
lubricated compressors in the instrument air system. 

The entire instrumentation system was thoroughly cleaned to remove 
entrained dirt and oil, and a new cleaning system was installed to ensure 
that oil and other impurities did not leak back into the air supply. 

Impurities and Low Pressure Causes Main 
Steamline Isolation Valve to Bind 

During routine testing prior to reactor startup at boiling water 
reactor (BWR), a valve failed to close when the control switch for a main 
steaml .ne isolation valve (MSIV) was placed in the closed position. The 
control switch then was returned to the opei position and the spool on the 
pilot valve of the MSIV was moved to the closed position by applying force 
on one end of the spool. Although about 20 pounds of pressure were 
required initially to move the spool, it subsequently moved freely. 

The pilot valve was removed from its mounting, disassembled, and the 
parts were inspected. A small amount of residue was found on the 0-ring 
and the spool surfaces, which were then cleaned and the valve was reassem
bled with the original 0-ring and parts. TKe pilot valve was installed 
for testing the MSIV and there were no indications of abnormal operation. 
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On a later occasion the pilot valve was removed again and the 0-rings 
and seal gaskets were replaced, tfren the pilot valve was reassembled, it 
moved freely so it was reinstalled. At this time the pressure regulator 
and pressure gage were checked for pressure and calibration. The regulated 
pressure, as measured, was 37-38 psi instead of the desired 50 psi. 
Calculations showed that the 38 psi was not sufficient to overcome the 
frictional resistance of the dirty pilot valve spool and therefore to 
close the HS1V. 

In order to minimize future occurrences of this type, procedural 
changes were made to have the valves checked and cleaned more often. In 
addition, the system was redesigned to supply full accumulator pressure 
to the pilot valve, and the watar chemistry practices for the water in 
the reactor coolant system were changed to substitute hydrazine for a 
combination of sodium phosphate, sodium chromate and sodium hydroxide. 
The prior use of these sodium compounds as oxygen scavengers had left 
undesirable residues on the valves which prevented free movement of the 
pilot valve spools. 

Malfunction of Main Steamline Isolation Valve 
Control Components Render Valve Inoperable 

During periodic tests on the steam system at a boiling water reactor 
(BWR), the reactor operator noticed a very slow response of the inboard 
main steamline isolation valve (MSIV) when he initiated valve closure. 
The valve was cycled again in an effort to determine the cause of the 
sluggishness. This time the valve opened, but did not close. The air 
slide valve (a pneumatic valve controlling the flow of air to the MSIV) 
had failed to move, thus rendering the isolation valve inoperable. The 
air slide valve in the pilot operator was removed and inspected. Although 
there were no visible signs of wear or corrosion, the plunger showed 
evidence of resistance to sliding inside the barrel. A new slide valve 
was installed and functionally tested, and the MSIV was returned to 
service. 

During tests at a later date, difficulties were again encountered 
with the same MSIV's. When functional tests were performed on the trip 
circuits, one of the inboard switches failed to actuate properly (in this 
particular test the MSIV is not required to be fully closed. Rather, it 
is operated from 100Z open to 90Z open and back to 100Z open). The limit 
switch for the reactor protection system (RPS) signal was at the 90Z open 
point, so that a partial closure of the valve should have tripped the 
switch. However, when the valve was moved to the 90Z open position, the 
switch failed to actuate. Subsequent investigations showed that the 
switch was operable, but that the test circuit was reopening the valve 
before it could reach the trip switch. To assure operability, the RPS 
trip switches were adjusted so that they tripped with the valve at the 92 
to 93Z open position, thus assuring that the 100-90-100Z test cycle would 
trip the RPS switches. 
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Worn Gear Causes Malfunction of Main Steamline 
Isolation Valve (MSIV) Circuitry 

During the testing of main steamline isolation valves (MSIV's) at a 
pressurized water reactor, one of the valvas did not respond to the 
signal to close; however, it could be closed manually. An investigation 
of the problem revealed that a worn gear in one of the two counter boxes, 
which actuates the limit switches on the motor operator, had prevented 
the proper operation of the limit switch. 

The counter box was replaced and a different lubricant was applied 
to reduce the likelihood of a similar failure occurring in the future. 
The motor operators on the other three MSIV's were also examined. The 
counter box in one of the operators was replaced because of worn gears 
and the lubricant in this counter box and one other box was changed. The 
valve operator for the fourth MSIV was left unchanged because it showed 
no sign of wear. All four MSIV's were tested to assure satisfactory 
operation before they were returned to service. 

Leakage and Closure Problems of a 
Main Steamline Isolation Valve 

At a boiling water reactor (BWR) the failure of two main steamline 
isolation valves (MSIV's) to operate within Technical Specifications was 
discovered during testing. The Technical Specifications for this facility 
require that the closure times of the MSIV's be between three and five 
seconds. One of the MSIV's closed too rapidly and one closed too slowly. 

An investigation revealed that the external piping to the oil dash-
pot cylinder on the valve that had exhibited the fast closure time was 
leaking. The dashpot piping and fittings on all MSIV's were tightened, 
sealed or replaced to eliminate oil leakage. Also, the oil levels in the 
dashpots were checked and oil was added where necessary. 

In an attempt to ascertain the cause of its malfunction, the valve 
that had exhibited the slow closure time (>5 seconds) was tested agaiti. 
It was the i discovered that the valve closed slowly only when it was 
opened and reclosed immediately. Since this valve, located inside the 
containment building, was the only one that performed in this manner, the 
containment building was deinerted to allow personnel to enter and further 
investigate the problem. These investigations revealed that the spool 
valve controlling the flow of air to the MSIV was not operating properly. 
When it was disassembled, it was evident that the spool would not travel 
freely in the spool sleeve. The spool was polished with emery cloth, the 
spool valve was interchanged with the spool valve on another MSIV, and no 
further problems developed with the operation of either of the MSIV's. 

Subsequent to the checking of all MSIV's, another MSIV was found 
leaking. 
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Subsequent testing revealed that four of the eight NSIV's were 
leaking. Detailed investigation into the leakage revealed four major 
problems, each of which contributed to the leakage: foreign material 
in the poppet/poppet-guide assembly, failures of spring-collar tack velds, 
scratching of a pilot valve during reassembly, and unsatisfactory lapping 
procedures. 

On one of the four leaking MSiV's, ther? was excessive wear of the 
lower inch of guide material on one of the <:hree poppets, and there was an 
indication of wear between the guide and the poppet. This wear was 
postulated to have br^n caused by foreign nc.tter which had become wec'ged 
between the guide anl the poppet or by foreign material that had become 
lodged under the poppet seat during flushing operations. The worn area 
of the poppet guide was overlaid with stellite, and the poppet was rotated 
to provide a new mating surface between the poppet and the guide. 

Each MSIV has a spring-seat collar which is screwed to the stem of 
the pilot valve, and tack welded to the stem to restrict rotation. The 
tack welds had cracked on all four of the MSIV's that were disassembled, 
and the collar on one valve had unscrewed about 0.4 inches. The cracked 
tack welds had been made of 410 stainless steel, a material that loses its 
ductility as the grain structure changes during hardening. It was hypothe
sized that this could have caused the cracked welds. The tack welds were 
replaced with longer welds of 309 stainless steel, an austenitic material 
that retains its ductility as it hardens. 

It was necessary to disassemble three of the MSIV's twice to correct 
the leakage problem. One MSIV had to be disassembled a second time 
because, during valve reassembly, the pilot valve was scratched by the 
very sharp upper edges of the pilot valve guides. When the valve was 
disassembled the second time, chamfers were machined on the upper edges 
of the guides, and the assembly procedures were modified to minimize the 
possibility of scratching the pilot valve. Another MSIV had to be dis
assembled twice because lapping procedures suggested by the valve maufac-
turer proved unsatisfactory. Lapping procedures and tools were modified 
to permit satisfactory lapping of :he valve. 

Two other MSIV's had individual problems. One of the valves had a 
chip out of the main seat and was not seating over 25% of the circumfer
ence of the valve. Also, the upper guide land of the poppet on this 
valve was oui; of round by as much as 20 mils. Both problems were cor
rected before the valve was returned to service. 

The mail seat of the other valve was chipped, so the seat was lapped 
before the valve was returned to service. 
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Closure-Time and Leakage Problems of a 
Main Steamline Isolation Valve 

During a routine test of the closure times for the main steamline 
isolation valves (MSIV's) at a boiling water reactor (BWR), one of the 
valves exhibited a closure time of 3.2 seconds, which was within the 
limits prescribed by Technical Specifications, but was too close to the 
lower limit to satisfy operations personnel. (The Technical Specifications 
at this plant specify closure times (t ) of 3 sec <_ t £ 10 sec.) The 
valve was inspected and it was noted tnat oil was leaking from the adjust
ment leg for the hydraulic dashpot. The line was repaired and about three 
pints of oil were added to the dashpot. 

Later during the same outage, leak-rate measurements were performed 
on all four MSIV's. The above-mentioned valve was observed to have a 
leakage rate of 110 SCFH with 20 psig air pressure in the reactor vessel. 
This test was performed in the as-found condition following plant shutdown. 

The leaking valve was disassembled and inspected. The valve stem, 
which was 27 mils out of alignment, was straightened, and the seats on 
both the main valve and the pilot valve were lapped. The MSIV was 
reassembled and tested to assure that the leakage problem was corrected. 

During subsequent surveillance testing, while the reactor was shut 
down the cxosed indication fjr this sat.* valve failed to actuate. An 
immediate investigation was begun and, after determining that the indica
tor-circuit logic was not the cause of failure, the drywell was deinerted 
to allow a physical examination of the MSIV and valve operator. It was 
noted that the valve operator lacked about 1.5 inches of travel to accom
plish full closure. The dashpot section of the valve operator was dis
mantled, and the cast-iron cushion spud was found crushed between the 
bottom of the dashpot piston and the base of the cylinder. 

The cause of spud failure was postulated to be a shock wave that 
resulted from a failure to equalize the pressure across the valve before 
opening it. The shock wave was transmitted to the cast iron spud by the 
valve stem, thereby causing the spud to fail in compression. Subsequent 
to the discovery of the failed spud, the remaining three MSIV's were 
inspected. One additional valve had a failed cushion spud, but this had 
not interferred with valve closing times. Two naw spuds were fabricated 
and installed in place of the failed spuds, and the repaired valves were 
tested to assure proper operability before they were returned to service. 
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ROE 73-2 February 23, 1973 
WATER HAMMERS IN ENGINEERED SAFETY SYSTEMS 

Summary 

The two events discussed below have a single common cause: the WATER 
HAMMERS in both instances were CAUSED BY LACK OF SUFFICIENT ATTENTION TO 
the Oi'CRATING DETAIL of assuring that the systems containing water were, 
in fact, free of air when they were to be operated. In the first case, 
startups of the core spray pumps during testing resulted in superficial 
damage from pipe movement in the core spray pump discharge header. Inves
tigation revealed that the core spray lines could drain to the torus, 
resulting in a water hammer when the pumps were started. Jockey pumps 
were installed to keep the lines filled continuously. The second case 
involved some physical damage to pipe hangers and seismic restraints as 
a result of a water hammer traced to inadequate procedures for venting 
the residual heat removal system following refill of the system after 
it had been drained. 

Circumstances 

Water Haumer in A Core Spray System 

Each loop of the core spray system (shown in Fig. 1) at a boiling 
water reactor (BWR) includes two redundant core spray pumps and two 
booster pumps. The core spray pumps take suction from the torus under 
an elevation head of about 12 feet of water and discharge to the booster 
pumps, which are automatically actuated by the containment pressure. The 
flow leaving the booster pumps is returned to the torus during testing 
of the system by means of a bypass line that is located just upstream of 
the containment isolation valves. 

During testing, a team of observers witnessed the startup of both 
core spray loops. During the startup of the system, the discharge pipe 
header was observed to move about ± 2.5 inches. No movement was noted 
downstream of the containment isolation valves and further investigations 
substantiated that the core spray pumps and bcoster pumps had suffered no 
damage. Upstream of the containment isolation valves, minor damage, con
sisting of paint scrapes and torn insulation, were sustained by the core 
spray system. 

To evaluate the effects of the water hammer on the components of 
the core spray system, stress and fatigua analyses were performed and 
the results of these analyses were compared with data from low cycle 
fatigue tests of similar components. Magnetic particle and dye penetrant 
tests and wall thickness measurements wer° performed in the areas of the 
core spray system where the calculated stresses were high. No compromise 
of system integrity was detected. Also, ultrasonic tests of the piping 
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of the piping welds inside the drywell were performed as part of the in 
service inspection program, and the integrity cf this portion of the 
system was confirmed. 

It was hypothesized that the water hammer was caused by starting 
the pumps with the discharge lines empty. When changes in procedures 
proved ineffective, the decision was Bade to install jockey pumps (also 
shown in Fig. 1) to keep the lines filled continuously. During the 
investigation, an evaluation of the design of the core spray system 
disclosed that the core spray lines could drain through the check valves 
into the torus because of the relative elevation of these lines with 
respect to the torus. Hence, the need for a continuous fill system. 

The jockey pumps are canned rotor centrifugal pumps that are connected 
across the check valves at the discharge of one of the core spray pumps 
in each core spray loop. They are below the water level of the torus, 
and take their suction from the torus water, discharging to the downstream 
piping. After each extended outage of the core spray loop, proper filling 
and venting of the system is ensured before the vent valve on the line 
is closed. 

Since the jockey pumps in both core spray loops have been in service 
for at least 12 monthly tests of the core spray system and no observable 
vibrations have occurred, the jockey pump modification is considered to 
have solved the water hammer problem. 

Water Hammer in Residual Heat Removal System 

At another boiling water reactor, an extensive search for missing 
sections of vane type flow switches had necessitated the draining of the 
primary side of the heat exchanger in the Residual Heat Removal (RHR) 
loop and the removal of the bottom head of the heat exchanger. Subsequent 
to the replacement of the bottom head and the refilling and venting of 
the RHR system, tests were conducted to assure proper functioning and 
leak tightness of the system. The tests were terminated prematurely, 
however, when a water hammer was experienced in the loop and a leak was 
observed at th^ flange on the lower head c-f the heat exchanger. 

A preliminary inspection revealed that pipe motion had occurred at 
seven hanger and fcur restraint locations, and that one motor operated 
valve was inoperative. One pipe hanger b.ise plate was bent and four 
anchor bolts on each of two other hanger base plates had pulled loose 
from the supports. Three seismic restraints were damaged and the grout 
was chipped at the fourth restraint. A misalignment between the motor 
and valve actuator had resulted from loose raotoi alignment bolts on one 
of the motor operated inboard valves in the drywell spray system. 

Procedures were then rechecked in an attempt to understand the 
cause of the water hammer. From this reevaluation it became apparent 
that the procedure for venting the system was faulty. Although procedures 
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called for venting the line at high points, only one vent point was 
used, with a jockey pump being used as a source of water. This procedure 
left several points for air accumulation, such as upstream from all four 
discharge check valves or in the tie line to the fuel pool cooling system. 

A detailed analysis of the water hammer effects was performed to 
identify the areas of the RHR system that were subjected to the greatest 
stress, Fron this analysis some welds were selected for dye penetrant 
tests. None of the welds or adjacent piping sustained detectable 
damage. 

The damaged seismic restraints and pipe hangers were repaired, the 
inoperative valve was replaced with a spare one, all logic systems were 
rerun, and all valves were exercised. At the same time, a new refill 
and vent procedure was prepared, approved, and used for functional testing 
of the RHR system prior to returning it to service. With the new proce
dure the water hammer did not occur. 

Conclusions 

In the first event, the problem was observed during startup testing; 
hence, tne damage was only m'.nor scrapes of paint and torn insulation. 
The second event occurred a-., the system was being returned to operation 
following maintenance. Although the damage differed in two cases, 
apparently according to length of time the system was operated before 
the damage was discovered, each of the systems were still operable. In 
case either of these syscems had been required, they would have performed 
their required safety function. Both instances demonstrate, however, the 
need for careful evaluation of the forces which may result from unusual 
operating conditions. 
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ROE 73-3 March 30, 1973 
ABNORMAL FLOW RATES FROM JET PUMPS 

Summiry 

THREE OCCURRENCES oi ABNORMAL FLOW RATES from the COOLING SYSTEM JET 
PUMPS in boiling water reactors (BWR's) have occurred in the last two years. 
TWO of the PROBLEMS resulted FROM MATERIAL that was LEFT IN the JET PUMPS 
DURING CONSTRUCTION, and ONE PROBLEM resulted FROM MATERIALS FAILURES. In 
all three cases, the flow anomalies were discovered during Listing so that 
the safety of the plant was not compromised. 

C ircins tances 

Background 

Some BWR's that are operational at present are equipped with jet punps 
which nix the recirculated coolant from the recirculation loops and the 
coolant in the reactor vessel annulus to recover coolant pressure. A 
schematic of a typical jet pump is shown in Fig. 1. 

Circumstances 

During startup testing at Dresden-3, calibiation data on the flow 
instrumentation for the jet pumps were being obtained when a low flow 
indication from one of the 20 jet pumps was noted. Since normal flows 
from this pump had been observed the preceding day, the problem was 
tentatively attributed to a faulty transmitter. However, after extensive 
checks indicated that the problem was within the jet pump, the reactor 
vessel head and internals were removed so that the jet pump could be 
inspected. 

This inspection revealed that the cause of the reduced flow in the 
pump was a welding purse dam that was lodged in the transition casting 
of the pump at a point where the flow is divided from the riser inlet to 
the nozzles for two jet pumps. The purge dam, whicl. was lodged against 
the casting, blocked about three-fourths of the flow from the riser to 
one jet-pump nozzle. 

The purge dam was removed and examined. It was a standard plywood 
and rubber dam, about 16 inche^ in diameter, which is commonly used in 
construction for inert gas back purge of pipe-closure root welds. The 
dam consisted of four 3/8-inch-thlck plywood semicircular segments and 
two 1/8-inch thick, red rubber, circular sheets that are sandwiched 
together by 1-1/4-inch stove bolts. When the purge dam was retrieved, 
one of the plywood segments was broken completely and another was badly 
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damaged. These two segpents were joined by a chain that was designed to 
be a handle for 'he removal of the purge dam. 

After the damaged purge dam was removed, the pumps, primary system, 
and fuel elements were inspected for debris. The following parts oi the 
purge dam were determined to be missing: about 30 square inches of 
rubber consisting of small pieces; approximately 16 square inches of ply
wood consisting mostly of splinters; four nut-screw combinations (1/4-inch 
- 1-1/4 inch); one washer (1/4-inch); and one nut (1/4-inch). Tests of 
wood and rubber of the type used in the purge dam, conducted under simu
lated reactor environment, revealed that these organic materials would 
disintegrate within 18 hours under operating conditions. 

After the system had been cleaned, flushed, and checked, the following 
additional actions were taken to ensure that the system was safe for 
operation: 

- both core-spray systems were operated to inject water into 
the vessel; proper operation was verified from examination 
of photographs of the spray, 

- the inside of each of the feedwater spargers was inspected 
for debris; none was found, 

- the HPCl testable check valve was disasseabled and the 
piping near the discharge to the feedwater line was 
inspected; no foreign material was found, 

- proper performance of the LPCI t'-r.raile check valves was 
verified by "deration of the shutdown cooling system at 
high flows, 

- the lower reactor plenum was inspected at four locati'jns 
by completely unloading the fuel from these positions 
and observing the plenum by means of an underwater TV 
camera; a 2" • 4" piece of rubber was retrieved fror-
the plems* area near the bottom drain of the reactor 
vessel as a result of this examination. 

Subsequent to these extensive investigations, the plant was operated 
at the nominal rated temperature of 540*F for three days before the 101 
power level was exceeded. This was done to ensure that any remaining 
debris was disintegrated before a substantial power level was reached. 

Prior to installing the steam separator, steam dryer, and reactor 
vessel head at Quad Cities-2, the primary system was checked by means of 
a jet pump flow comparison test. 

This jet pump flow test is performed with both reactor recirculation 
pumps operating at the same speed and iho valves on the crosstie for the 
recirculation header closed. With the recirculation system in this condi
tion, the indicated flow rates en each of the 20 jet pumps should be 
approximately the same. 
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However, during this particular test, two of the puaps had an indi
cated flow rate of about 50? below the average of the other 18 jet puaps. 

When one of these two jet puaps was reaoved for examination, an 
obstruction, consisting of a beliarc welding rig, was found. The rig 
comprised one 5/8-inch rubber hose, 24.5 feet long with fitting attached; 
one 5/8-inch rubber hose, 12 feet long with a "Chicago" fitting on one end 
and a copper fitting on the other end; and a 24.5-foot long, two-conductor 
welding cable that waa attached to a TIC welding gun. 

When the Material was reaoved froa the jet puap riser, the riser was 
inspected to verify its integrity, and the jet puap waa than returned to 
the reactor vessel. The quality control records, flow teat results, and 
details of the inspection and reinstallation of the jet puap were evaluated 
and analyzed. The systea waa determined to be clean and clear of foreign 
material, and the startup test prograa was continued. 

Also at Quad Clties-2, a flow iabalance was discovered subsequent to 
a trip and restart of a recirculation puap. Balanced flows had been 
recorded previously with this recirculation puap operating. A cursory 
investigation revealed an indicated abnormal flow rate in one of the 20 
jet puaps. When a low AP across the core was confirmed, an orderly plant 
shutdown was initiated for investigation and analysis of the apparent 
flow anomaly. 

After the plant had bean sb'ic down, flow tests were conducted in the 
recirculation loop that had exhibited the anomalous behavior. From these 
teats, and examination of additional flow data, and the routine operating 
data, it waa hypcthes«zed that either an elbow or a nozzle waa either 
plugged or broken. 

The reactor vassal head was then reaoved for further insp*ctionv. 
Whan the vessel head had been reaoved, the malfunctioning jet puap was 
found lying between the adjacent jet puap and the reactor "esse* wall. 
The jet pump had lifted 3 to 6 inches and rotated 45* about itn axis. 
Further investigations disclosed the following: the beam bolt assembly 
(Fig. 2) and insert waah«tr were aissing froa the top of the alxer, the 
retainer and 1/2-inch connecting bolt (see Fig. 2) were aissing, and one 
keeper on one of the claa bolt's on a lower restrainer (Fig. 3) was gone. 
A subsequent search with an underwater TV camera located these parta. The 
remaining 19 jet puaps were then inspected with the underwater TV camera 
to verify tlw'r integrity. 

Detailed aetallirgical analyses were performed on tire component« of 
the jet puap hold down mechanism. The Jet puap beam-bolt assembly had four 
failed fusion welds. The weld on the rastrainar claap bolt that waa to 
hold the jet puap in place had failed, as had ths only weld on the hex 
head of the retainer bolt. 

In the subsequent investigation, two special tests were performed on 
all the Jet puaps to check beam-bolt preload, and to check for proper siz
ing of welds on all the jet-puap beam bolts. In one teat, a 300 ft-lb 
counterclockwise torque waa applied to the lock welds on the keeper. The 
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welds failed on two of the reaeiaing 19 jet punps, indicating that 
Inadequate bean preload had been applied to these bean bolts. The second 
test used a detenslotting technique for checking the release point on the 
bean bolts while a constant 300 ft-lb counterclockwise torque was applied. 
This test was applied to the bean bolts on four of the revaluing 17 jet 
punps and the bean bolts on three of these rotated free at tensiooer 
pressures that indicated proper bean preload. The fourth bean bolt failed 
to release at the naxirnm tens loner pressure, indicating that the keeper 
lock weld* were larger than required. 

Based on these extensive tests and evaluations, the original failure 
of the jet puap was attributed to inadequate field asseably and installa
tion, i.e., the required preload was not applied to the jet punp hold 
down asseably and the keeper was inadequately field welded. 

In order to preclude this disassembly type of problea from recurring, 
all bean-bolt keeper welds were broken, the preloads were applied accord
ing to original installation requirements, new welds were wad*, torque 
tests were performed on the new welds, and the Integrity of these new 
welds was confirned by an underwater TV caaera. 
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ROE 7 3 - 4 A p r i l 1 3 , 1 9 7 3 

VALVE PROBLEM CAUSES FLOODING OF TURBINE-BUILDING BASEMENT 

Summary 

EFFECTS of a VALVE MALFUNCTION in the condenser circulating water 
system at a boiling water reactor facility are described below. At the 
time of this occurrence, the REACTOR WAS in a SHUTDOWN condition, so 
that no threat to the public health and safety existed, despite the fact 
that the FLOODING of the TURBINE BUILDING BASEMENT RESULTED in loss of 
engineered-safety systems equipment. 

Background 

As nuclear power plants have increased in size, the practice of 
designing the circulating water systems so that flow direction can be 
reversed regularly to maintain condenser cleanliness has become more 
prevalent. As a result of the size and system requirements, the designers 
have generally specified butterfly valves to permit flow reversal of the 
circulating water through the tubing of the main condenser while the plant 
is on line. Often the position of these large butterfly valves is con
trolled by hydraulic or pneumatic positioners. 

Circumstances 

At Unit 1 of the Quad-Cities station, a boiling water reactor (BWR), 
the 10-ft diameter butterfly valves in the circulating water system of 
the main condenser were controlled by hydraulic positioners. These valves 
had a history of drifting in position, which caused excessive operation 
of the hydraulic actuator. Consequently, the valves and associated con
trol systems were being modified during a scheduled mainttnrv.ee outage in 
June 1972. 

During the venting of the hydraulic actuator, a 10-ft diameter butter
fly valve in one of the circulating water discharge lines slammed shut, 
and with three circulating water pumps operating, caused a water hammer In 
the system. This water hammer, in turn, ruptured a rubber expansion joint 
that was located in the recirculation l'.ne about 16 feet above the valve 
at the water-box connection. When this expansion joint ruptured, river 
water from the circulating water system began to flood the condenser room 
and flow into the condensate pump roc in the turbine building basement. 

The flooding was immediately reported to the reactor operator who 
shut down all circulating water pumps. The puop shutdown automatically 
closed the pump discharge valves. Within about six minutes, all of the 
supply breakers on all electrical equipment that was housed in the flooded 

http://mainttnrv.ee
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area had been opened, the discharge gates in the circulating vater system 
had been closed, and the ice-aelting gate had been opened to prevent a 
backflow of water to the condenser anu to lower the discharge head. How
ever, during these six minutes, the turbine-building basement filled to a 
depth of about 15.5 ft. As a result of the flooding, the following equip
ment was rendered inoperable: four emergency service water pumps in the 
residual heat removal system, the cooling water pumps for the No. 1 diesel 
generator ajd for the No. 1/2 diesel generator, four condensate-condensate 
booster pumps, three condensate transfer pumps, the seismic detector, four 
sump pumps in the equipment and floor drains system, the analyzer and sam
ple pump in the hypochlorite system, and the hydraulic power unit for the 
circulating water valve actuators. The diesel generator cooling water 
pumps and the residual heat removal system service water pumps comprised 
the engineered safety features equipment which was incapacitated at this 
time. 

Corrective Action 

Unit 2 of this dual-unit facility was immediately shut down and 
remained in this status until the Mo. 1/2 diesel generator, which is 
shared by the two units, was returned to service. 

Before the water in the basement was pmmped aut, samples were taken 
and analyzed; the activity was found to be typical of river water back
ground. Samples were also taken and analyzed continuously for activity 
during the pumpout operation. At all times the activity of the samples 
remained at background levels. 

After the water in the turbine building had been pumped out, cleanup 
and repair work was begun. The diesel generator unit shared by Units 1 
and 2 was returned to service, and the condensate transfer pump and the 
seismic detector were returned to service in less than three days. The 
instrumentation was cleaned and recalibrated; the electrical motors were 
removed for drying. After the motors dried and the power cables had been 
reinstalled, the motors were meggered and operationally tested prior to 
being reinstalled. One service water pump motor was returned to the fac
tory to be rewound. 

In order to • elude recurrence, a new procedure was adopted for vent
ing the hydraulic cuators for the valves in the circulating water system. 
The new procedure required that all butterfly valves have their loci', pins 
in place before the actuators are vented. In addition, the sealed door to 
the hotwell area of the condenser was replaced with a water-tight bulkhead 
door, the 4' * 4' ventilation opening that connected the area under the 
condenier with the condensate pump room was raised above the flood level, 
alarms were installed at different levels to indicate flooding under the 
condenser, a very-high-level trip for the circulating water pumps was 
installed under the condenser, and a back-up alarm to the existing sump-
pump alarms was installed in the condensate pump room. 
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The engineered safety systems equipcent located in the condenser 
pup.p room has been protected by water tight vaults around the service 
water pumps for the residual heat removal s'stem and around the cooling 
water pumps for the diesei generator. 
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ROE 73-5 May 25, 1973 

COOLING SYSTEM TRANSIENTS-I 

Summary 

Since the AEC published its Task Force Report on the "Evaluation of 
Incidents of Primary Coolant Release from Operating Boiling Water Reac
tors," dated October 30, 1972, several more such incidents have occurred. 
Of the transients that are discussed below, six occurred at boiling water 
reactor plants and one occurred at a pressurized water reactor plant. Two 
of the transients occurred when the turbine tripped; in one of these cases 
a failure of the loss-of-field relay on the generator caused a generator 
trip and turbine lockout; in the second event th^ turbine trip occurred 
•̂•ring routine weekly tests because of the failure of a microswitch in 
test instrumentation. A third transient occurred during startup tests on 
the main steam line isolation valves when a rafety valve actuated pre
maturely. An internal fault on the startup transformer resulted in the 
fourth event, a loss of station power and a consequent cooling system 
transient. A fifth transient resulted from a reactor scram caused by a 
spurious signal on an average power-range monitor, and the sixth incident 
resulted from a steam leak through a gasket on the check valve bonnet of 
a steam generator inside the containment. 

Events 

Turbine Trip Initiates Lifting of 
Safety Valve 

In July 1972, while the Monticello reactor (BWR) was operating at 
100% power, a loss-of-field relay for the generator tripped causing a 
turbine lockout. When the turbine-lockout -elay actuated, it tripped 
the generator field breaker and the supply breakers to the motor-genera
tor sets for both recirculation pumps, and actuated an automatic closed 
transfer from the main auxiliary transformer to the reserve auxiliary 
transformer. The master hydraulic trip solenoid was actuated which, in 
turn, initiated the closing of the steam inlet valves and the tripping 
of the control valve fast-closure pressure switches. Also, both diesel 
generators were started by the power transfer relays. The reactor 
scrammed automatically, and the main steam lines were isolated. About 
1.2 seconds after the turbine trip the reactor high-pressure scram relays 
tripped, and 1.8 seconds after the turbine trip the low reactor water 
level trip was actuated. This low water level trip initiated: contain
ment isolation; starting of the standby gas treatment system; isolation 
of the oxygen analyzer; withdrawal of the traversing incore probes; and 
an isolation of the reactor building ventilation system. 
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The reactor water level stabilized above the low-low level trip 
point, and then returned to near normal; the reactor pressure continued 
to increase until at least three of the relief valves and one safety valve 
had lifted. The maximum reactor pressure was 1141 psig. 

Two of the four channels of the primary containment isolation and 
reactor protection systems tripped on high drywell pressure between 8.0 
and 8.5 seconds after the turbine trip. Separate containment pressure 
sensors initiated the low-pressure coolant injection and core-spray pumps, 
and the automatic relay in the high-pressure coolant injection (HPCI) 
system received an initiation signal, but since the isolation valves in 
the HPCI steam line were closed for surveillance testing the HPCI did 
not actuate. 

The primary containment isolation and reactor protection system trip 
signals and high reactor pressure scram relays reset automatically approxi
mately 12.3 seconds after the turbine trip. Reactor pressure continued 
to decrease, and the reactor operator observed that one relief valve had 
not fully closed automatically. He operated the manual control switch 
and the valve closed. The reactor pressure reached a low point of 600 
psi. 

About fivi minutes after the curbine trip, operations personnel 
observed that an emergency condition did not exist, so operation of the 
emergency core cooling systems was stopped. About eight minutes after 
the turbine trip, operations personnel observed that containment isola
tion was not required, and opened the main steam line isolation valves. 
Plant conditions were stabilized by following scram-recovery procedures. 

Once stable conditions had been achieved, the plant was placed in 
cold shutdown, the drywell was deinerted, and the event was investigated 
thoroughly. The following evaluations and corrective actions resulted 
from the investigation: 

Generator — The loss of field which caused the initial turbine 
trip was caused by a poorly soldered transistor in the voltage 
error signal amplifier of the amplidyne control circuit for the 
generator; the amplifier was repaired and tested and the genera
tor was returned to service. 

Control Rod — One control rod settled at the 6-inches withdrawn 
position after the automatic, scram (as had happened once pre
viously); the reactor operator noted the control rod position 
and fully inserted the rod by means of a remote manual control 
switch on the reactor control console. 

Relief Valves — The relief valve that did not reseat properly 
had rust particles in the second stage piston chamber; since 
the rust was the only abnormal condition noted it was hypothe
sized that rust had lodged across the orifice, causing the 
improper seating of the valve. 
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A second relief valve appeared not to have opened properly; how
ever, no reason was found for the apparent malfunction. The 
other two relief valves functioned properly. 

Safety Valves — Two of the four safety valves apparently actu-ated 
prematurely, and the recorded drywell pressure increased from 
14.7 to 15.55 psia. Since a similar premature safety valve 
actuation had occurred once previously, additional corrective 
measures to permit more expeditious analysis were initiated. 
These included placing rupture links on each of the four 
safety valve discharge nozzles to initiate the sequence-of-
events log tnat is compiled by the plant process computer, and 
development of analytical models of the steam lines to provide 
pressure transient information ^n response to turbine-trip 
events and valve interaction influence;:. One of the safety 
valves that lifted was returned to the manufacturer for speci
fic tests. A field test program was also developed to measure 
transient responses as a function of either a turbine trip or 
isolation and compare these measured data with the analytical 
data. 

Drywell Pressure Instrumentation — During the scram and 
isolation, the maximum drywell pressure that vas recorded 
remotely in the control room was 0.85 psi, but the 2-psi 
drywell high pressure switches were actuated. Duct tape 
was found covering the pressure taps on the lines that were 
connected to the recorder in the control room. The tape 
was removed and all instrumentation was checked to verify 
operability and proper functioning. 

Recirculation Pump — When the recirculation pump was 
restarted after the transient, the discharge valve would 
not open because a limit switch was out of adjustment and 
had allowed the valve to seat wii_h excessive force. The 
damaged valve threads were repaired and the pump discharge 
valve was returned to service. , 

Turbine Trip During Testing Causes Reactor Scram 
and Safety Valve Actuation 

In November 1972, during the routine weekly tests of the wear detec
tor on the turbine thrust bearing at the Nine Mile Point facility, the 
turbine was unintentionally tripped, resulting in a reactor scram from 
about 100% power. The turbine bypass functioned as designed, limiting 
the pressure rise in the reactor vessel that resulted from the stop 
valve closure. 
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However, during the transient, one of the safety valves lifted 
orematurely at 1080 psig rather than at the desxgn value of 1236 psxg. 
?hTvalve'actuated for ! seconds, and released about 290 * £ ~ J g > -
mary coolant into the drain system in the drywell floor. This " W 
valve operation maintained reactor system pressure at less than the pres
sure at which the lowest set point for the electro-atxc relxef valve xs 
Placed, so that no steam was released to the torus via the electromatxc 
relief system. 

The actuation set points for the emergency core cooling systems were 
not reached during the transient. All systems functioned as they were 
Lsigned to do with the exception of the safety valve actuation and a 
recirculation system anomaly. 

Forty-five seconds after the trip occurred, a minimum flow condition 
of 6 x 10 6 lbs/hr was indicated in the recirculation system. Thxs 
minimum flow was indicated at a time when the reactor water level was 
increasing, and the feedwater flow and reactor pressure were decreasing. 
The flow reduction occurred over an 18 second time span after the reactor 
was shut down, and was apparently caused by the formation of voxds in the 
recirculation and flow sensing lines. 

This event was initiated when a microswitch in the test circuit of 
the turbine thrust-bearing wear detector circuit failed. This micro-
switch is activated when the wear detector is in the test mode and blocks 
the trip signal to the turbine; the microswitch also annunicates an 
alarm in the control room. However, the reactor operator was not alerted 
by the lack of annunciation and attempted to proceed wxth the test. The 
operator action tripped the turbine. 

The corrective actions taken prior to restarting the reactor con
sisted of: 

- installing the most reliable set of safety valves, which 
had been tested with steam and nitrogen; 

- installing an indicator in the reactor control room to 
signal microswitch operation so that the possible recur
rence of a turbine trip during testing would be minimized; 

- determining and repairing damage to insulation (on the 
valve and vent piping to the drywell coolers) near the 
safety valve that had actuated. 

Momenta .-y Actuation of Safety Valve During Startup Tests 
Causes Cooling System Transient 

During startup testing at the Pilgrim Plant (BWR) in November 1972, 
the main steam line isolation valves (MSIV's) were tripped with the. 
reactor at 96% of rated power, in accordance with one of the startup 
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test procedures. As expected, an initial pressure spike cf 50 psi was 
observed; the pressure then returned to its norma] level cf 1020 psig 
and began to increase slowly at about one psi/second, to a peak value 
of 1122 psig, at which time the main steam relief valve actuated. The 
relief valves were allowed to actuate twice in the pressure mode to verify 
the pressure set points on the valves. About five minutes a'rer the 
MSIV's had closed, all the systems were operating as they were designed 
to do when one of the safety valves lifted momentarily while the reactor 
pressure was in the range of 1100 to 1122 psig. This momentary valve 
actuation caused drywell pressure to reach the 2-psig set point that 
actuates the high drywell pressure switches. All systems responded to 
this high drywell pressure set point trip as they were designed to do and 
the trip reset in 59 seconds when the drywell pressure had been suffi
ciently decreased by normal cooling provided by the drywell ventilation 
system. The amount of moisture that collected in the drywell sumps as a 
result of the actuation of the safety valve was insignificant. 

The corrective action consisted of: 

- replacing the safety valve that had lifted prematurely 
(at 1100 psig) with a spare valve that was set to operate 
at 1240 psig steam pressure, and 

- repairing the minor damage to a 4-foot section of piping 
insulation, replacing the insulation on an RUR valve, 
and cleaning of the co^ls in the drywell cooler which 
had been plugged by the insulation. 

Loss of Normal Station Power Causes Cooling System 
Transient 

The Vermont Yankee reactor (BWR) was operating at steady state at 
approximately 63% of full power in December 1972, when an internal fault 
on the startup transformer resulted in a total loss of normal power. This 
loss of normal power caused .in automatic reactor scran. : liich was followed 
immediately by a manual turbine trip. The MSIV's immediately isolated the 
primary system. 

The iritial pressure transient rose to about 1130 psig and caused 
three of the four relief valves to open and one of the two safety valves 
to chatter on its seat about 100 psig below the safety valve set point 
pressure of 1230 psig. 

The high pressure coolant injection (HPCI) system failed to start 
automatically when the drywell pressure momentarily exceeded the 2 psig 
set point. The HPCI was started manually. The same signal which initiated 
the HPCI also actuated the residual heat removal system and the core spray 
system, but these were not required to inject water into the vessel. Both 
emergency diesel generators started automatically and performed according 
to design. 
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After conditions in tt plant had stabilized somewhat, a cooldown 
of the plant was begun. During the cooldown, the HPCI was utilized to 
remove decay heat and the reactor core isolation cooling systea was 
utilized to maintain water level. 

An investigation following plant cooldown led to the following 
corrective actions: 

- the safety valve that had chattered was replaced with a 
spare valve. 

- the relief valve that did not lift was originally set 
to relieve at 1100 psig; its failure tc perform was 
attributed the differential expansion of components 
within the pilot valve. The components of the pilot 
valve and the discharge thermocouple were replaced. 

- work was begun on tti«. replacement of the windings 
in the startup transformer. Since the complete 
repair was expected to require about four months, a 
temporary set of replacement transformers was 
installed to provide normal station power. 

Failure of Gasket on Feedwater Check Valve Causes 
Rapid Cooling of Primary System 

At the Surry-1 (PVR) plant, while the reactor was being maintained 
ir. a hot shutdown condition prior to startup in October 1972, a noise 
was heard inside the containment. The shift supervisor and reactor 
operator noted an automatic initiation of the safety injection system 
and an increase in containment teaperature and pressure. A rapid decrease 
in the level cf one of the steam generators was also noted. It was also 
observed that as containment sump level, temperature and pressure rose, 
the radioactivity levels in the containment did not increase. From these 
facts, operations personnel concluded that steam or feedwater was leaking 
into the containment. 

As rontainaent pressure rose, procedures were initiated to isolate 
the affected coolant loop, and containment pressure returned to the sub-
atmospheric level in about 35 ainutes. By a'^it 30 minutes after the 
initiation of the safety injection systea, all the liquid from the steaa 
generator had escaped, and a controlled cooldown was begun. 

The ensuing investigation into the incident disclosed that there had 
been a very gradual steaa leak from the steam generator through the gasket 
on the check valve bonnet. This had caused a flow path froa the steam 
generator feedwater ring back to the check valve which, in turn, had set 
up a steam-water alxture in the feedwater line and caused a severe water 
hammer. The water hammer had created sufficient force to increase the 
opening between the valve body and the bonnet flange. The resulting 
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direct flow of steaa and feedwater froa the steaa generator into the 
reactor containment building initiated the safety injection systea which 
operated about 25 minutes and pumped an estimated 11,000 gallons of boric 
acid solution into the primary system. This boric acid injection raised 
the boron concentration from 1094 ppm to 1495 ppm. 

Physical damage sustained by the feedwater system included: 

- the 14-inch feedwater line was displaced approximately seven to 
ten inches from its normal position. 

- all seven spring hanger assemblies and three sliding support 
assemblies on the feedwater line were displaced by varying degrees. 

- the seven hydraulic shock suppressors that provide seismic 
restraint to the feedwater line had failed in eitner shear or 
tension. 

- the bolting flange on the valvd body was distorted in a convex 
shape. 

- the valve body contained a 1.25-inch long crack and the seating 
surface on the swinging disk and seat ring on the valve body 
were damaged. 

Detailed evaluations and analyses of the damage and potential effects 
of the water hammer on the feedVater systec were performed. The effects 
of the cooling sysce* transient and cooldown rates wer>. analyzed, and 
the effects on the containment were evaluated. A comprehensive inspection 
of instrutentation, electrical components, and electrical penetrations 
inside the containment was conducted; no indication of any kind of degraded 
safety system condition was found. As a result of these extensive inspec
tions and analyses, the following corrective actions were instituted: 

- the instrumentation that was damaged during the incident was 
replaced. 

- the valve manufacturer completely rebuilt the damaged feedwater 
check valve, tested it against the original specifications, and 
returned it to the plant with a new valve warranty; this rebuilt 
valve was reinstalled in the feedwater line. 

- bonnet gaskets were replaced with a seal-welded membrane on all 
six feedwater check valves (three valves inside and three valves 
outside containment). 

- the line in the feedwater loop that was involved in the incident 
was redesigned and modified to preclude draining of condensate in 
the line to the steaa generator; this modification would also 
prevent siphoning of the feedwater in this line. 
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detailed examinations of all equipment and systems involved in 
the incident indicated no other need of repairs or modifications. 

Spurious Flux Spike During Tests Causes Cooling 
System Transient 

During startup tests of the flow control mechanisms of the recircula
tion punps at the Pilgrim plant in October 1972, a reactor acram occurred 
from 602 of rated power when a noise spike occurred on an average power 
range monitor (APRM) channel. The high reactor water level tripped the 
main steam line isolation valves (MSIV's) forty-one seconds after the 
scram. 

The feedwater pumps were stopped according to procedures, and, since 
the reactor pressure was greater than 600 psig, operations personnel 
manually operated the main steam line safety relief valves to control water 
level. When reactor pressure had been reduced to less than 600 psig, the 
scram was reset and the main steam drain lines were used to attempt a 
repressuri^ation of the main steam lines. However, the pressure in the 
main steam lines continued to decrease, and it was discovered that one of 
the safety relief valves had failed to reclose. When attempts to close 
the malfunctioning valve failed, the operator closed one of the main steam 
line drain valves to isolate the primary system as required under these 
conditions. 

About 10 hours after the start of the depressurization of the plant, 
the reactor pressure had decreased to 2 psig. At this time the 
malfunctioning safety relief valve closed, and reactor pressure began 
increasing slowly because of fission-product decay heat and the heat 
from the operation of the recirculation pumps. When reactor pressure had 
increased to 6 psig, the safety relief valve opened again. The valve 
continued to cycle fourteen times until the system could be cooled 
sufficiently to permit removal of the faulty safety relief valve. The 
residual heat removal (RHR) system was used in the torus — cooling mode 
to keep the torus water below 115°F. Seventy-five thousand gallons of 
water that were released to the torus by means of the safety reUci valve 
actuation was subsequently processed through filters and dex'neralizers 
and returned to the process system. The water in the reactor vessel was 
maintained at normal levels by the periodic use of the condensate pump. 

After the reactor was placed in a cold shutdown condition, the 
following evaluations and corrective actions were taken: 

the malfunctioning main steam relief valve was replaced by a 
spare. The malfunctioning valve was disassembled and inspected 
by the valve vendor and General Electric engineers. This 
inspection showed that the second stage disc had been held in 
the open position by the remote air actuator because of inter
ference and galling between the air actuator stem and its 
surrounding packing gland. 
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- Subsequent investigation revealed that the air actuator stesi would 
stroke toward the open position but that the return spring on the 
actuator was unable to withdraw adequately to allow the second 
stage disc to close because of the frictional force between the 
galled actuator stem and the packing gland. 

The fatigue life of critical reactor components was evaluated by 
the vendor at the request of Eos ton Edison Coapany so that the fatigue 
life analyses for these coaponents could becoae a part of the records 
on the reactor vessel history. The transient, treated as additional 
usage, was determined to produce an extra usage factor on the control rod 
drive (CBS) nozzles of 0.0015, and an additional usage factor for other 
areas of the vessel as 0.006. 

The usage factor that is allowed for all specified normal and upset 
cycles for Section III of the ASME Boiler and Pressure Vessel Code is 
1.0. This transient brought the total usage factor for the CRD nozzle? 
to 0.8415, and the total usage factor for the most limiting component 
(the recirculation inlet nozzle chermal sleeve) to 0.976. 

Additionally, at the recommendation of <•'..» vendor, the torque switch 
was also replaced with an improved model although the original switch 
was not faulty. 
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ROE 73-6 June 8, 1973 

MALFUNCTIONS OF TORUS-TO-ORYWELL 
VACUUM BREAKER CHECK VALVES 

Types of MALFUNCTIONS of the TORUS-TO-DRYVEL. VACUUM BREAKER CHECK 
VALVE5 are illustrated by the occurrences that are discussed below. One 
•alfunztion required a redesign of the actuating system to effect proper 
closure, while another required only reaoval of the packing that was out
side the bushings. In both cases, the malfunction of the valves iapaired 
the function of the primary containment system for suppression of steam-
induced pressure inside the containment vessel. 

Background 

Vacuum breaker check valves are installed between the containment 
drywell and the free volume above the water in the torus (suppression 
chamber) in some boiling-water reactor (BWR) plants. Figure 1 shows, 
in idealized form, the valving and piping arrangements in this type of 
containment system. The purpose of the vacuum breaker check valves is 
to provide a flow path for noncondensible gases to return from the free 
volume above the suppression chamber to the drywell in the event the 
drywell is vented. After the steam-air mixture has passed into the 
drywell through the torus water, the open path through the vacuum breaker 
check valves thus prevents excessive negative pressure differential 
between the torus and the drywell. The check function of the valves is 
to force the steam that is vented from the drywell to be released under 
the torus water instead of allowing the steam to enter the air space in 
the torus. As the steam then rises through the torus water, the poten
tial energy in the steam is dissipated in the torus water. 

The number of valves per plant ranges from 4 to 14 and the sizes 
range from 14 to 3C inches in diameter. 

Circumstances 

Unit 2 of the Quad-Cities Nuclear Power Station was shut down for a 
routine inspection of the interior of the torus during August 1972. 
During a check of operability of the torus-to-drywell vacuua break check 
valves, seven gave sporadic open/closed indications and one failed to 
Indicate actuation during remote test operations. Subsequent visual 
inspections revealed that four of the valves which had given a closed 
indication after the test were open an inch or more and others had faulty 
position indicator switches. The valves were dismantled to determine 
possible faults and causes of malfunction. The Inspection revealed 
excessive friction and improper alignment. Further review of the design 
of the valves disclosed that adjustments of the counterweight and of the 
indicating switches would be necessary to iaprove the reliability of the 
systea. 
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The modifications consisted of the adjustment of the counterbalance 
so that a positive closing moment was applied to the vacuus breaker valve. 
This corresponded to a positive differential pressure set point for open
ing the valve, which was well within design limits. 

The limit switches on the indicating device were replaced with 
switches that have a tolerance of ±0.01 inches. The mounts for the 
switches were changed to accommodate the new switches and to allow proper 
setting. Relays were also added to provide control room annunciation if 
all valves were not fully closed. 

Because of the problems with the vacuum breaker valves at Unit No. 2, 
the containment system at Unit 1 was checked and three of these valves 
were found to be open while the position was indicated as closed. 

The reactor at Unit 1 was shutdown, and the plant was cooled down so 
that the torus could be entered for an inspection of the vacuum breakers. 
During the inspection, the valves were cycled to verify operability. This 
time six vacuum breaker valves failed to close; of these six, two were 
valves that had previously indicated an erroneous position. 

The same modifications were made to the vacuum breaker valves on Unit 
1 as were described above for Unir 2. 

After the modifications were made to the valves on each Unit, the 
valves were tested, cycled, and inspected to verify valve operability 
before the plants were returned to the line. 

During a maintenance shutdown at the Monticello reactor during Decem
ber 1972, the torus-to-drywell vacuum breaker valves were checked for 
proper operation because of problems that had been experienced at Quad-
Cities. One of the ten valves was found to be open 1.25 inches although 
its position was indicated as closed. During further cycling of the 
valves, four more failed to close fully. Also, two of the test operators 
failed to operate properly. 

Manual exercising of the valves indicated that excessive friction 
between the shaft and shaft packing was occurring. Consequently, the 
teflon packing was removed and penetrating oil was applied. The vacuum 
breakers w*re then leak tested and surveyed for leaks with a sonic probe. 
No shaft leakage was detected; the minor seat leakage that was detected 
was eliminated by cleaning the resilient seating surfaces on the valve 
discs and polishing the metal areas with emery cloth. 

The two improperly functioning air operators for the valvei were dis
assembled and cleaned, the seating rings on the actuator piston were 
replaced, and the operators were reassembled. ''Then the valves were checked 
following this maintenance, the valve operators functioned properly. Sub
sequent: to the tests, the proper valve positions were verified by visual 
Inspection. Procedures ware also modified to Include monthly testing using 
the air operators to remotely operate the vacuum breakers, followed imme
diately by leak-rate testing to verify that all valves are fully closed. 



109 

Remedial Actions 

In addition to the specific itens of Maintenance, repair and survtil 
lance that were discussed above, other aore general Maintenance and 
surveillance procedures have been instituted at the plants that have 
experienced probleas with the vacuus breaker valves. Soae other BWR's 
are instituting these saae practices at their own plants in an effort 
to preclude soae of the probleas discussed above. The additional Main
tenance and surveillance practices include aore rigorous preoperational 
testing to verify that valve leakage is within design liaits and aore 
frequent preventive Maintenance and testing. These practices ofte" can 
indicate potential problea areas, and serve as an early warning to the 
operations staff. 
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ROE 73-7 August 31, 1973 

COMMON MODE FAILURE OF INCORE INSTRUMENTATION 

Summary 

Two instances of common mode failures are discussed. One incident 
involved the FAILURE OF 120 LOCAL POWER RANGE MONITORS (LPRM) as a direct 
re.«.ult of seawa-er entering the reactor ccolant system through leaks in 
condenser tubes. The second incident involved the LOSS OF FUNCTION OF 
ONE STRING OF FOUR FISSION CHAMBERS, caused by a single short circuit of 
a common electrical lead. 

Circumstances 

Common Mode Failure of Local Pover Range Monitors 

During the startup of Unit 1 of th* Millstone Nuclear Power Station 
in September 1972, the plant had reacheu operational temperature and 
pressure, with the reactor power at 100 MW(t). When the operator noted 
an indication that the resins in one of the demineralizers were becoming 
depleted, he switched a second demineralizer into service. Since only 
condensate was being recirculated and no addition to the reactor coolant 
was necessary at the time, the operator proceeded vith the startup. Half 
an hour later, high conductivity of the feedwater was noted, and the 
operator initiated a deliberate reactor shutdown. Ten minutes after 
reactor shutdown was begun, resins in both condensate deinineralizers were 
completely depleted. An hour later, the operations supervisor ordered 
fhe reactor to be scrammed manually because of excessive chlorides in 
the primary system. The main steam line isolation valves were shut and 
the isolation condenser was placed in service to continue cooldown of 
the plant. 

About 30 minutes after the isolation condenser -as placed into ser
vice, the first LPRM failed. Within the next 24 hours, all of the LPRM's 
had failed. 

Of the 120 failed detectors, 116 showed low detector-to-cable 
resistance, indicating that the seal weld on the detector-to-cable shields 
had failed. This was substantiated by the upscale failures of the rietec-
tors, indicating very low resistance between the detector signal wire 
and the cable shield. Subsequt.it metallographic investigations revealed 
that chloride stress corrosion had caused the failures. No significant 
indications were obtained from dye-penetrant testing of the LPRM cables. 
This led to the conclusion that the route for entry of moisture into the 
cables was provided through the cable collars, through the chamber fill 
tubes, or through both paths. 

http://Subsequt.it
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The source of the moisture and high chloride content in the reactor 
coolant was in-leakage of about 17 gpm of seawater into the hot wells of 
the main condensers through leaking condenser tubes. The resulting 
chloride concentration in the reactor coolant caused the demineralizer 
resias i > become depleted rapidly and resulted in rapid buildup of chlo
ride concentration in the reactor cooling system. 

All the LPRM detectors were replaced while the plant was shut down 
for maintenance and cleanup of the affected systems. 

To prevent recurrence of this type of event, all 40,000 aluminum-
brass condenser tubes were replaced with copper-nickel tubes to provide 
better resistance to chloride corrosion attack. Also, instrumentation 
was added to monitor condenser water chemistry. 

Procedures for reactor operation have been changed and additional 
technical specifications have been effected. 

Common Mode Failure of Four Chamber Amplifiers 

The reactor core of the Dresden Nuclear Power Station, Unit 1 con
tains 164 fission chambers in 41 strings of four chambers each. The 
chambers in each string are distributed axially on four planes and the 
strings are radially distributed on sixteen rays. 

In April 1973, with the reactor at 407 MWt and with no control rod 
movement in progress, all four chambers on one of the incore strings 
failed upscale simultaneously. 

An investigation into the cause of the failure of the detectors 
revealed that a 100-volt DC electrical lead to the amplifiers for the 
four failed channels had become pinched between the amplifier chassis 
and the support frame. The insulation on the pinched wire had worn 
sufficiently to short the common 100-volt line to ground. The pinched 
wire was replaced by a shorter one and the failed amplifiers were 
repaired. 
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STEAM GENERATOR PROBLEMS AT PUR'S 

Summary 

Primary-to-secondary COOLANT LEAKAGE through FAULTY STEAM GENERATOR 
TUBES poses frequent OPERATING PROBLEMS at Pressurized Water Reactors 
(PWR's). Although the effects of these steam-generator tube failures 
generally are adverse only to plant availability, these failures may 
present unnecessary radiation hazards to maintenance personnel when 
extensive repairs or modifications are needed. In the problems at six 
PWR's that are discussed below, the CAUSES OF the steam-generator tube 
FAILJRE5 HAVE BEEN ATTRIBUTED to a combination of POOR SECONDARY WATER 
CHEMISTRY CONTROL and STEAM GENERATOR DESIGN. Generally, the failures 
have occurred in one or more of three general areas where steam blanket
ing is most likely to occur because of poor circulation: near the tube 
sheet, adjacent to tubt supports, or in the U-bend area near the top 
of the steam generator. 

Circumstances 

H. B. Robinson Steam Electric Plai.t, Unit 2 

The steam generators at the H. B. Robinson nuclear plant comprise 
3260 tubes of Inconel 600. In May, 1972, during startup after a week's 
outage, a primary-to-secondary leak was confirmed by noting an increased 
water inventory and increased radioactivity levels in the secondary sys
tem. The leak rate was measured to be about 12 gpm as contrasted with a 
55 gpd leak rate that had been experienced prior to shutdown. The startup 
was discontinued and the plant was returned to the cold shutdovr. condition 
for inspection and repairs of the steam generators. Subsequent evaluation 
of the incident and of data from eddy current inspections of the steam 
generator tubes indicated that some tubes in each of the three steam 
generators were cracked. These cracks were intergranular in nature and 
penetrated into the wall from the outside of the tubes. Corrective action 
involved plugging a total of thirty-three tubes in three steam generators; 
twenty-seven tubes were plugged in one steam generator, four tubes in the 
second steam generator, and two tubes in the third. All leaks were located 
within four inches of the top of the cube sheet (made of ASME-SA-336-Mn-
Moly-Steel clad with Inconel on the primary side). 

Metallographic examination of the tubes that were removed from one 
of the steam generators revealed tight intergranular longitudinal cracks 
a maximum of 0.6-inches long. 
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The cause of the problem wis suspected to be poor secondary water 
chemistry resulting from restricted blowdown, low phosphate concentration, 
and a reduction of secondary coolant circulation rate within the steam 
generator resulting from a change in the steam generator design that was 
made to improve moisture separation. When the steam generator was returned 
to service in June 1972, continuous blowdown was resumed and the circula
tion rate was returned to the original design value. The phosphate con
centration was also increased and the Na/POi, molar ratios were carefully 
maintained between 2.0 and 2.6, averaging 2.2. 

During the refueling outage in March 1973, 99Z of the tubes in all 
three steam generators were eddy-current tested. Two defective tubes 
were found in one steam generator; one was in an area that had not been 
previously inspected and the other was a tube that had been left unplugged 
unintentionally after the earlier tests. A penetration of about 75Z of 
the tube wall chlckness was observed in the tube that had been left 
unplugged in June 1972, indicating that the corrosion had been stopped by 
the changes in the secondary chemistry that had been instituted at that 
time. No eddy current indications were found in any tubes in the other 
two steam generators. Following startup after this refueling outage, a 
comprehensive surveillance program was begun at the Robinson plant because 
of the apparent success in eliminating corrosion problems in the steam 
generators. The secondary-system chenistry_surveillance program includes: 
daily sampling and analysis for pH, Na +, P0% and CI ions and for hydra
zine. -Both the Na/POi, molar ratio and the ratio calculated from the pH 
and PO^ measurements are determined and recorded daily. The analyses of 
the secondary system are plotted as a function of time to indicate trends. 
As of July 1973 no indications of incipient steam generator leakage had 
been detected by these methods, and no actual leaks had been observed. 

San Onofre Nuclear Generating Station, Unit 1 

Each of the steam generators at Unit 1 of the San Onofre Nuclear 
Generating Station have 3"94 tubes which are fabricated from Inconel 600. 

During the first 4.5 years of operation only one tube experienced 
leakage (about 15 gpd). The steam generator that had been leaking was 
hydrostatically tested during the refueling outage of October 1970, and 
four tubes that were suspect were plugged in addition to the leaking tube. 

In January 1972 the plant was shut down for the second refueling 
outage. During this outage, eddy current inspections showed that one tube 
in one steam generator was leaking about four feet from the tube sheet 
near the first support plate. Eddy current examinations of 1000 adja
cent tubes showed no other defects. In July 1972, a second leak developed 
in the same steam generator. The plant was shut down to locate the leak 
and repair it. Eddy current examinations of 819 tunes adjacent to the 
fa'.led tube revealed eight more defective tubes. All of these were plug
ged before the plant was returned to service. 
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In September 1972, a failed tube was detected in another sfean 
generator. The leakage at this time was determined to be about 2.4 <?pd. 
Sampling of the secondary system continued until October 13, 1972. By 
this time the leakage had increased to about 122 gpd, so the plant was 
removed from service to effect repairs of the leaking steam generator 
tubes. One-hundred-twenty-seven adjacent tubes were tested by eddy cur
rent techniques, and none were found to be defective. However, in 
January 1973, the plant was removed from service again to repair a leak
ing tube in the same steam generator. 

All the tube failures occurred just above the tube sheet near the 
first support plate, in the U-bends and near the antivibration bars, and 
have tentatively been attributed to mechanical conditions rather than any 
chemical conditions in the feedwater. An extensive investigation of the 
cause is underway. 

Indian Point Nuclear Station, Unit 1 

The four horizontal steam generators at Unit 1 of the Indian Point 
Nucli-ar Station have experienced varying degrees of leakage in the Type 
304 stainless steel tubes for about nine of the eleven years that the unit 
has been in operation. 

In July 1972, while the reactor was being brought up to normal operat
ing pressure and remperature, the radiation monitor in the blevdoim system 
of one of the steam generators indicated an unusually high secondary 
coolant activity level. Samples of steam generator coolant wo>.re taken and 
subsequent analyses confirmed the high level of radioactivity, so the 
steam generator was isolated. At this time, tube leakage in two of the 
other three steam generators became apparent. The plant was returned 
to th? cold shutdown condition so that all three leaking steam generators 
could be repaired. The leaking tubes were plugged and the steam genera
tors were returned to service. About a week later, one of the three 
steam generators that had been repaired was isolated again because of 
excessive leakage. This steam generator remained isolated lor six weeks 
before it could be repaired. 

Between July and September 1972, a total of 25 tubes were plugged in 
the four steam generators: four tubes weie plugged in each of two steam 
generators, one tube was plugged in a third, and sixteen in the fourth. 
3y July 1973, about 200 more tubes had been plugged. Of these 200 tubes, 
148 were leaking and 45 were plugged as a precautionary measure. Most of 
the 200 leaking tubes that were plugged by July 1973, were in the U-bend 
area of the bottom quadrant in one steam generator. 

Palisades Nuclear Power Station 

The Palisades plant was shut down in January 1973, about a year after 
it fivst started to produce electricity, because of excessive leakage in 
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one of the two steaa generators. Pressure tests and eddy current tests 
indicated that three tubes had failed i*; the U-bend area in the sixth and 
seventh rows from the channel partition and that all tubes in the first 
eleven rows had varying degrees of thinning of the wall thickness; a ainor 
eddy current indication of thinning was found in row 12. The first eleven 
rows of the other steaa generator also showed the saae tube wastage, but 
to a auch lesser degree. 

All the failures and indications occurred in the 180-degree bend area 
which is enclosed by divider strips on either side. In the immediate 
vicinity of the first eleven rows of tubes the three divider strips fora 
a "Y" shape, resulting in a tight configuration. It has been hypothesized 
that this tight coapartaentation leads to steaa olanketing which concen
trates the impurities in the steaa generator water. 

One of the leaking tubes and one that had thinned, but int-ct, walls 
froa the first steat generator were exw.ined by special radiographic 
techniques. Results of this examination showed a relatively broad area 
of attack of varying depth and irregular shape. 

The wall thinning was caused by accelerated localized corrosion of 
the Inconel 600, and was characterized by general tube wastage in a 
specific area. Mo intergranular corrosion was evident. The aost likely 
corrosion aechanisa was postulated to be a concentration of free caustic 
at a pseudostagnant steam-water interface. The alternate wetting and 
drying caused by the tighc configuration resulted in tube degradation 
in the localized region. 

About 600 tubes were plugged in the first eleven rows of each steaa 
generator, and the plant was returned to the line in March 1973 with 
provisions for continuous aonitoring of phosphate concentrations and pH. 

Point Beach Nuclear Power Plant. Unit 1 

About two years after Unit 1 of the Point Beach Nuclear Station was 
placed in service, hydrostatic tests were performed on the steaa genera
tors to check the tubesheet cladding. During these tests, a group of 15 
to 20 tubes in one steaa generator and approximately eight tubes in a 
second steam generator were found to be weeping. Subsequent eddy current 
test? ot 1597 steam generator tubes showed 75 tubes with crack indications, 
of which 1/ ere full penetration cracks; eddy current tests of 874 tubes 
in the second steam generator revealed 108 tubes with crack indications, 
of which 9 were full penetration cracks. The majority of defects in the 
tubes were found in a central area bounded by the fourteenth to twentieth 
rows. All defects were located from one to five inches above the tube-
sheet on the primary side. 

The defects were attributed to a failure of condenser tubes during 
the early operation of Point Beach 1. This conclusion was reached because, 
at this tine, maintenance of recommended phosphate concentrations in the 
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feedwater was not possible because of the condenser tube in-leakage. All 
the tubes vith eddy current indications of cracks were plugged and the 
plant was returned to service. 

Beznau Muclear Station. Unit 1 

The steam generator tubes at Unit 1 of the Bezoau Kuclear Station 
(which is similar in design to sow of the 350-MUe CIMU PWl's in the 
U.S.) are of Inconel 600. Substantial in-leakage of river water through 
the condenser to the secondary coolant system had caused scale to for* 
on the steam generator tubes. During a riincenance shutdown, a number 
of leaking or significantly corroded tubes were found. The faulty tubes 
were located in the central third of the tubesheet where the tubes 
penetrate the tubesheet. Seventeen tubes were plugged in one steam 
generator and 45 tubes were plugged in a second steam generator. Also, 
several lubes were removed for a detailed metallographic examination. 
This examination confirmed that intergranular corrosion was attacking 
the secondary side of the steam generators from the outside diameter of 
the tubes. 

The plant had originally operated using a zero-solids conditioning 
of the secondary system with the addition of hydrazine to control the 
oxygen level. After the 62 steam generator tubes in the two steam 
generators had been plugged, the plant was returned to service in Septem
ber 1971, with phosphate additions to the secondary system. However, it 
was not possible to add sufficient amounts of phosphate to obtain a 
Ka/POt molar ratio of <2.6, because the phosphate reacted readily with 
the scale that had already formed. As a result of excessive tube leakage 
the plant was again shut down in December 1971. The tubes were plugged 
and the plant was returned to service with a water chemistry program 
specifically designed to maintain the phosphate level at <2.6 Na/POt 
ratio. No further tube failures were reported in the next nine months 
although present plans call for the replacement of these steam generators 
because of apparently unrelated tubesheet cladding problems. 

Conclusion 

Intergranular stress corrosion of Inconel 600 in steam generators 
often is caused by high concentrations of hydroxy1 radicals coupled vith 
high stresses. Although concentrations of impurities in th* primary 
coolant are carefully maintained at <1 ppm in accordance with Technical 
Specifications to maintain the integrity of the reactor coolant pressure 
boundary, no such rigor is presently applied to water quality for the 
secondary system. A concentration mechanism for any Impurities can exist 
on the secondary side because of poor secondary coolant circulation. 
Areas where poor water circulation nay permit steam blanketing are cre
vices where the tube joins the tubesheet, low flow areas near the inlet 
tubesheet, and where the tubes pass through tube supports or divider 
strips. Some metallurgists have postulated concentrations factors of 10 3 
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and 10" in these areas. Concentration factors of this magnitude indicate 
the desirability of avoiding free caustic. This free-caustic condition 
can be avoided by a zero-solids water "reatment process, which also 
requires careful monitoring of the conaensate and demineralizer effluent; 
or the coordinated phosphate water treatnent process, which also should 
be accompanied by careful monitoring to detect condenser leakage. 

Suggested secondary-coolant chemistry conditions have been given 
as: 

(a) phosphate ion concentration should be maintained between 10 and 80 
ppm with a fresh-water-cooled condenser, and between 25 and 80 ppm 
for a seawater-cooled condenser; 

(b) the molar concentration of sodium ions should be less than 2.6 times 
the molar concentration of phosphate ions (most plants seem to get 
best results by averaging about 2.2 over a given period of time); 

(c) tlw pH of the water should be kept within the range given in Fig. 1; 
and 

(d) the oxygen concentration should be kept below 0.10 ppm. 

In addition, careful steac generator design to minimize areas that 
are subject to steam blanketing due to poor flow conditions has been 
found to be helpful in reducing the likelihood of steam generator tube 
leakage. 



ORNL-DWO 78-3344 

11.0 

100 
POJ IN SOLUTION (ppm) 

Fig. 1. Recommended Ranges oi pH and Phosphate Concent rat ions 
in PWR Steam Generator Water. 
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REFUELING IKTERLOCK-CIRCUITRY DAMAGE 

Si—ary 

Failure to adhere to established operating procedures and a lack 
of adequate ciimmmilcatloos resulted in an IMPROPERLY WIRED, UNTESTED 
CARLE being ENERGIZED. An overvoltage occurred which RESULTED IJi 
ELECTRICAL DAMAGE TO THE REFUELING INTERLOCK CIRCUITRY. 

Circumstances 

In March 1972, a new retractable cable for the refueling bridge was 
being asseabled at Quad Cities Unit 1 nuclear power plant. The new 
cable was to be longer than the one it replaced and soae wiring changes 
were necessary for the cole to confora with the manufacturer's drawings. 
Assembly of the cable had been completed by contractor personnel at the 
end of the day shift. However, wiring checks had not been performed. 
For this reason, the cable was not plugged into its receptacle. 

During off-shift operations, plant personnel found that they could 
not move the control rods because of a refueling rod block interlock. 
The cause of the interlock was determined to be the disconnected refuel
ing bridge cable, and plant personnel plugged the cable into its recepta
cle. Wiring errors existed in the new cable such that 277 volts were 
applied to circuits which were designed for 120 volt service. In addition 
to blowing several fuses and burning out nine relays in the refueling 
interlock, some wiring in the rod worth minimizer buffer was damaged. 

The electrical damage was a direct result of the failure to adhere 
to established procedures and a lack of adequate communications. Specifi
cally, the contractor foreman had not informed the plant shift engineer 
of the incomplete status of the cable work at the end of the shift. 
Further, the foreman had also failed to identify the cable with an "out-of-
service" tag. As a result of these deficiencies the communication link 
to all shift supervisors was broken and the cabin was assumed to be 
operable. 

The wiring errors in the cable were corrected and all defective 
circuit components were replaced. The completed circuit wa*> tested to 
verify that the system was properly wired and functioning as designed. 
Also, the necessity of adhering to established procedures was reemphasized 
to all station and contractor personnel and the importance of these 
procedures to the safety of personnel and equipment was stressed. 
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COOLING SYSTEM TRANSIENTS - II 

Summarv. 

COOL lite SYSTEM TRANSIENTS have been the subject of one Task Force 
Report, "Evaluation of Incidents of Primary Cooling Release froa Operat
ing Boiling Water Reactors/' dated October 30, 1972, and of ROE 73-5, 
"Cooling System Transients - I," dated May 25, 1973. These two reports 
and the four additional transients discussed belov provide an accounting 
of the cooling systea transients that have occurred in thn past three 
years during the operation of thirty-three nuclear power stations. 

Of the FOUR INCIDENTS that are discussed BELOW, TWO WERE CAUSED BY 
COMPONENT MALFUNCTION and TWO WERE CAUSED BY PERSONNEL ERROR, lo one 
case a deenergized breaker in the reactor protection system caused an 
electromatic relief valve to open; in a second instance a malfunctioning 
continuous power supply for the reactor protection system caused relief 
valve actuation; an inadvertent bumping of the high/low water level 
sensors caused a turbine trip/reactor scram; and the opening of an inter
locked door to a fuse panel resulted in the fourth cooling systea transient. 

Circumstances 

Deenergized Breaker to Reactor Protection System 
Causes Electromagnetic Relief Valve to Open 

In September 1971, preparations were underway for an approach to 
criticality at the Palisades Nuclear Power Plant with the plant in the 
hot shutdown condition, when a technician deenergized breakers to the 
reactor protective system to make minor modifications to the system. 
When these breakers were deenergized, the electrical input to the pilot 
valve solenoids of the two electrically operated pressurizer relief valves 
also were deenergized, causing the two relief valves to open. One of 
the valves had been isolated previously, but the operable valve opened 
and released steam to the quench tank. A decrease in primary system 
pressure resulted from the relief valve actuation. One minute after the 
inadvertent opening of the breaker, a safety injection system (SIS) 
signal actuated both SIS channels. 
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One of the charging puaps was started manually about two ainutes 
after the breakers had been deenergized. By this time, zhe operator 
had closed the other isolation valve and stopped the steaa flow to the 
quench tap~- The decay in systea pressure reached a low point of 1280 
psia (about £20 psia below starting pressure) within the next ainute. 
About one ainite later the safety injection puaps were stopped. 

Five ainutes after the puaps were stopped, the breakers were closed 
and power was restored to the relief valve control circuits. The charg
ing and letdown rates returned to noraal, and twenty-five ainutes after 
the beginning of the incident (the inadvertent opening of the breakers), 
the systea pressure had increased to aore than 1700 psia. At this point, 
the operator reset the second SIS channel and returned all equipment to 
its noraal operating state. The priaary systea temperature and pressure 
were back to noraal within 55 ainutes of the opening of the breakers. 

Since the depressurization design rate for the reactor vessel and the 
pressurizer had taken into account 200 pressurizer safety valve transients, 
it was concluded that the integrity of the priaary systea had not been 
coaproaised in any way. 

The cause of the transient was determined to be the use of nonstandard 
designation of relay contacts on one of the drawings for the systea. This 
designation aisled the technician into believing chat the relief valves 
would not open when he opened the breaker. The drawing was corrected 
to reflect the "as built" condition using standard notation. The operat
ing personnel were also furnished with revised procedures for minimizing 
any future depr*>ssurization that Bight occur. 

Malfunction of Continuous Power Supply Results in 
Cooling Systea Transient 

With the Nine Mile Point Nuclear Station, Unit 1, operating at about 
600 Mfe on February 28, 1972, a motor-generator set in the continuous power 
supply (CPS) to the reactor protection systea malfunctioned causing Che 
reactor to trip. The malfunction of the power supply resulted in a loss 
of electrical power to half of the reactor protection systea and part of 
the feedwater control system. This loss of power resulted in a fluctua
tion in reactor vessel water level, a reactor low water level scraa, and 
the subsequent actuation of the electroaatic relief valves accompanied by 
a spillage of reactor vessel water into the main steaa lines. Just prior 
to the scram, an under frequency relay on one of the aotor-generator sets 
had caused a transfer to the DC power provided by the station battery. 
This transfer normally trips Che AC power supply Co Che moCor drive and 
closes the contactor on the DC motor drive. However, a malfunction in Che 
DC drive control prevented Che transfer Co che DC drive power supply, and 
consequently che motor-generator sec began Co coast down. This coastdown 
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resulted in the loss of power to half of the reactor protection system 
and part of the feedwater control system. The actor-generator set then 
transferred back the AC drive power after two minutes as it is designed 
to do, but transferred a second tiae to DC power. Because of the malfunc
tion in the DC drive control, the motor-generator set continued to coast 
down and power was lost for two aore ainutes. 

As a result of the loss of the aotor-generator output, the control 
valves on the feedwater puaps locked open, resulting in the inability 
to control feedwater flow after the scraa. The loss of control of the 
feedwater systea resulted in the subsequent increase in water level in 
the reactor vessel and the overflow into the aain steaa lines. During 
this tiae relief valve cycling occurred. Therefore the controls for the 
reactor water level and reactor pressure were placed under aanual control. 
The relief valves were then deliberately operated to reduce cooling sys
tea pressure and the emergency condenser was placed into service aanually. 

Since the cleanup systea is tfcs only aeans for removing water froa 
tie primary systea following a reactor trip, and this system isolated 
automatically on loss of control circuit power from the malfunctioned CPS 
MG set, the water that was added via the control rod drive (CRD) system 
could not be removed. It was postulated that this additional water also 
contributed to the overflow into the aain steaa lines because of the 
inability to remove any water added by the CRD system. The overflow 
occurred 13 minutes after the scraa and the cleanup systea was returned 
to service 20 ainutes after the scram, following restoration of control 
circuit power froa the maintenance bus. The aaIfunction of the DC drive 
power was caused by a blown fuse in the control circuit for the DC drive. 
A 6-aap fuse had been installed in the circuit rather than the required 
10-aap fuse because staaping on the fuse was difficult to read. No 
other probleas could be found in the circuits. The cause for the transfer 
froa the AC power to DC power was a 59.75-Hz underfrequency relay with a 
seventy millisecond delay. This short delay time made the systea sensi
tive to spurious electrical noises resulting in frequent transfers. 

In order to preclude recurrence of this type of incident, the time 
delay on the underfrequency relay was changed from 70 Billiseconds to 
100 milliseconds. The fuses in all motor-generator sets were checked 
to aake sure that proper siz^s were installed. Also, surveillance proce
dures were developed to include the motor-generator control panels so 
that a blown fuse and loss of the transfer control circuit could be 
readily detected. In addition, the feedwater lockup circuits were rewired 
so that all of then are net powered from the same motor-generator set. 
This change assures manual feedwater flow control with ac least one pump 
in the event of a loss of power, from one of the CPS systems. 



IM 

ROE 73-10 

Personnel Error Causes Turbine Trip and Subsequent 
Cooling System Transient 

During routine surveillance December 31, 1971, at the Nine Mile 
Point Nuclear Station, Unit 1, the reactor was at about 600 NWe when 
a support for the high/low water level sensors was bumped, causing a 
turbine trip/reactor scram. About 20 seconds after the scram, the 
operator placed two of the feedwater pumps in the manual control mode. 

Because of the slow manual action on feedwater control, the water 
xevel in the reactor vessel rose above normal before the operator could 
reduce Che flow co zero. Four of the electromatic relief valves actuated 
during the twelve minutes before the water level in the reactor vessel 
vas brought under control. During this tine, water overflowed into the 
main steam lines producing steam which caused the steamline break sensor 
Co operace, closing Che main steam isolation valves. Although investiga
tions had shown chat the automatic control response of the feedwater sys
tem is adequate to handle a feedvater transient after a scram, Che reactor 
operator made the decision to shift the control of the feedwater system 
from automatic to manual based on his interpretation of the instrumenta
tion that he was observing. With the system on manual control, some 
feedwater addition continued for about four minutes after the scram. 
About two minutes after che scram, wacer had overflowed into the steam 
lines, and feedwater flow continued for 3bout two more minutes before it 
was reduced to zero. 

To minimize the effects of any future transients that occur, the 
system response characteristics were reviewed with the reaccor operators. 
Also, the emphasis on the response and capability of the automatic control 
of the feedwater systems has been incorporated as part of the continuing 
education program for operations personnel. 

Operator Error Results in Turbine Trip/Reactor Scram 

On December 29, 1972, with the Oyster CreeK Nuclear Plant at 650 MWe, 
an operator opened the door carrying the protective fuses for the genera
tor monitoring relays and caused a turbine trip/reactor scram. The trip 
resulted in a cooling system transient during which the water level 
dropped to about 10.7 feet above the core and the pressure rose to the 
actuation point for the relief valvi<3. within a few seconds after the 
trip at least two of the relief valves actuated. Ouring the transient 
the reactor operator attempted to switch the reactor from the run to the 
startup mode to prevent a containment isolation when system pressure 
dropped below 850 psig, but the bypass key broke off in the switch, pre
venting the transfer. 
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Three out of the four main steamline isolation valves (MSIV) closed 
as soon as the primary system pressure decreaseo below 850 psig, and 
this removed the mair condensers from service. Consequently, both isola
tion condensers were actuated to minimize the volume of water that was 
released to the torus as a result of one of the relief valves failing to 
close. However, a condensate drain valve on one of the isolation conden
sers failed to open, rendering one of the isolation condensers inoperable. 
While the relief valves were open, 53,000 gallons of water were added to 
the torus, increasing drywell pressure to one psig. The containment 
spray system was initiated to reduce pressure and temperature In the torus. 

The relief valve that had failed to close va*. discovered by operating 
each valve manually and listening for the sound of condensing steam 
because of difficulties bas^d by the logic of the temperature indicating 
instrumentation. When the malfunctioning valve vas found, the reactor 
was placed in cold shutdown and the causes of the caifunctions were 
investigated. 

The malfunctioning relief valve was removed and disassembled. An 
inspection showed that a piece of steel from the thread of the disc 
retainer was lodged between the pilot valve seat and disc, causing the 
pilot valve to remain open. In addition, the locking arm for the disc 
retainer, the set screw for the locking arm, and the tie wire that pre
vents the lock screw from backing out were missing. 

The set screw was found ir a drain valve off the 30-inch steam header. 
The tie vire and locking arm were not found; however, analyses indicated 
that these would be stopped by the screens in front of the turbine stop 
valves. 

As a result of the inspections and findings from this relief valve, 
the other four relief valves were removed and disassembled. The sub
sequent inspections showed that a piece of the lock aria on another relief 
valve was broken off. This missing part was not recovered. In addition, 
the solenoid plunger and spring guide on another relief valve was mis
aligned, although the misalignment would not have prevented the relief 
valve from opening. The solenoid plunger and guide were realigned to 
assure proper operation. In addition, the mating threads on the disc 
retainer and the valve bodies of all the valves were drilled for a set 
screw so that the disi: retainer would be locked in place when the set 
screw was installed. All relief valves were functionally tested for 
proper operability at plant system temperature and pressure prior to 
returning the plant to service. 

An inspection of the malfunctioning MSIV showed that the air piston 
was sticking in the cylinder of the air operated pilot valve. All four 
pilot valves on the MSIV's had heen replaced during the September—October 
1)71 outage because problems wiuh sticking nilot valves had been reported 
a: another facility. The new pilot valves LU*~ were installed had larger 
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clearances to preclude sticking. To assure proper operation in the xuture, 
full closure tests are now performed at six-week intervals rather than 
three-month intervals, the daily 10Z closing test program which utilized 
the test pilot valves was changed so that the normal pilot valves could 
be utilized, and the suitability of the MSIV's for the environment in 
which they are operating was assessed. 

An investigation of the failed condensate valve on the isolation 
condenser showed that the motor for the valve had burned out. Since the 
same motor had burned out and had been rewound and returned to service 
about a month earlier, the valve and valve motor were disassembled and 
inspected. The 10-inch DC operated condensate valve was manufactured by 
Anchor Valve Company and had a rated hydrostatic test pressure of 2175 
psig. The cause for the valve failure was traced to the fact that the 
valve was designed to operate with the stem vertical, but the valve had 
been installed horizontally with the stem traveling horizontally. Weld 
buildup was added to the lower guide to give the disc a horizontal run 
into the valve, thus preventing the disc from rotating and locking into 
the valve body. The valve was tested satisfactorily and has continued 
to operate satisfactorily. 
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INTRUSION OF CHLORIDES INTO PRIMARY SYSTEM 

Summary 

During a routine startup of a BUR, seawater entered the condenser 
system through many leaks in the main condenser tubing. The magnitude 
of the CONDENSER TUBE LEAKAGE and the high ionic concentration of the 
intruding seawater caused the demineralizers to become depleted very 
rapidly and allow seawater to enter the primary system. The chloride 
content of the water in the primary system exceeded the operational 
limit of 1 ppm and reached a maximum of 15 ppm wirh the primary system 
at rated operating pressure and temperature. 

The SEAWATER INTRUSION RESULTED IN extensive plant damage from 
CHLORIDE STRESS-CORROSION CRACKING. 

Background 

The Millftone Unit No. 1 condenser system has a total surface area of 
over 444,000 square feet composed of 7/8-inch outside diameter tubes each 
48 feet long. The condenser tubes are aluminum-brass ASTM B-ll alloy 687, 
(alpha-type) with an 18 BUG wall thickness. This choice of tube alloy was 
based on the operating experience at other Northeast Utilities Plants. 
Copper-nickel (70/30) tubes were used in the condenser inlet and air re
moval sections as an added protective measure against the corrosive envi
ronment of steam and water impingement. A total of 38,412 aluminum-brass 
tubes were installed along with 2,036 copper-nickel tubes. 

When the plant was initially placed into service in December 1970, 
some tube vibration was noted in the upper periphery of the main condenser. 
This vibration was attributed to a combination of high steam loading and 
impingement of moisture droplets. Consequently, these condenser tubes 
were staked with 10-guage metal strips to reduce vibration to an acceptable 
operating level. 

During the first year of operation, condenser tube leakage necessi
tated that 118 tubes be plugged. An additional 260 tubes were plugged 
between January and August 1972. Further tube leakage was relatively 
minor, and high quality reactor water was maintained by tho addition of 
"stopleak" to the condenser seawater intake and the high deionization 
capacity of the demineralizer beds. 
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Circumstances 

The plant was undergoing a rr-ttine startup in September 1972. All 
nuclear instrumentation was operaole with the exception of three local 
power range monitors (LPRM) which previously had been removed from 
service. All specific conductivity elements were operable and registering 
normal operating conditions. The primary coolant flow path was through 
the condensate pump minimum flow line using one condensate pump (bypassing 
the demineralizer). A much smaller volume was flowing through the demin-
ersiizer into the minimum flow line of the feedwater pump. No water was 
being added to the reactor vessel. 

Two hours after startup, specific conductivity xn the hotwell 
increased to the alarm point. The reactor operator, correctly noting 
that the condenser tubes had developed a seawater leak, dispatched person
nel to the seawater intake structure to place sawdust in the intake in 
an attempt to plug the tube leak, and continued with the startup. 

After another hour of operation, the operator received two additoriel 
alarms from specific conductivity meters that indicated the demineralizer 
in service was becoming depleted. Since condensate was still being 
recirculated and no makeup water to the reactor vessel was necessary, the 
operator continued with the startup with the intent of valving a new 
demineralizer into service prior to injecting water into the reactor ves
sel. 

Ac five hours and 40 minutes after startup, the reactor had reached 
normal operating pressure of 980 PSIG and it was obvious to the reactor 
operator that feedwater would have to be added periodically to the reactor 
vessel because steam had begun to flow from the vessel into the condenser. 
At this time, all specific conductivity instrumentation except those in 
the reactor vessel and the feedwater system were pegged full scale. The 
operator ralved off the expended demineralizer and placed two fresh beds 
into service. He then added water to the reactor from the teedwater sys
tem. The reactor vessel feedwater specific conductivity indicator alarmed 
at full scale. However, the specific conductivity meter in the deminera
lizer effluent started to decrease from full scale, and the reactor opera
tor interpreted this to mean that the new demineralizers were effective. 
Consequently, he continued to feed the reactor vessel as required. The 
conductivity of the reactor water increased very slightly from these 
feedwater additions. 

Forty minutes after the two new demineralizers had been placed into 
service, both beds suddenly became exhausted and "broke through," allow
ing high conductivity water into the reactor vessel. The high conducti
vity alarm for the reactor vessel water actuated, and the operator shut 
down the reactor. An attempt to place other deainerallzers into service 
was unsuccessful because thepe beds rapidly became depleted while the 
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primary system water was being recycled. The reactor continued to cool 
down normally with a high concentration of chloride ions in the primary 
system. The plant reached the cold shutdown condition approximately 13 
hours after the high reactor vessel water conductivity alarm. 

Corrective Actions 

The sain condenser was retubed entirely with 70/30 copper-nickel 
tubing because this alloy has better resistance to a salt-water environ
ment. Also, the new condenser tubes were restaked to minimize fatigue 
cycling wherever vibrations were apparent. 

Additional high range specific conductivity instrumentation that will 
indicate gross changes in conductivity was added to the inlet and dis
charge of the demineralizers. This will provide sufficient information 
so that proper evaluation of rapid changes in conductivity can be made, 
and immediate corrective action can be taken. 

Also, revised procedures have been developed to assure appropriate 
and prompt operator response to alarms that indicate increasing con
ductivity in the feedwater. These procedures list the symptoms of a 
possible high conductivity condition and delineate the immediate operator 
action that is required. 

The technical specifications for Millstone 1 have been revised in 
the areas of reactor water chemistry, allowable seawater inleakage rate, 
pump operation, and demineralization capacity. 
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FAILURE OF SAFETY-VALVE SEAT BUSHINGS 

Summary 

On two separate occasions at the same BUR facility, SAFETY VALVES 
were found to be LEAKING FROM CRACKED VALVE SEAT BUSHINGS caused by 
TRANSGRANULAR CHLORIDE STRESS CORROSION. The exact source of chloride 
contamination has not been identified, but the attack is believed to be 
isolated to the safety valves. Preventive measures include replacement 
of the defective bushings, control of potential sources of chlorine by 
careful handling and cleaning procedures and safety valve inspections 
during all refueling outages. 

Background 

The Oyster Creek Nuclear Power Plant has a total of sixteen, six-
inch spring-loaded safety valves on the two main steam lines between the 
reactor and the main steam line isolation valves. The safety valves are 
attached to the steam line by flanged connections. The steam line and 
the inlcr safety valve flanges are insulated, but the valve bodies above 
the inlet flange are not insulated. 

The safety valves are normally subjected to a reactor operating 
pressure of 1020 PSI. The relief setting of the valves is between 1200 
and 1250 PSI. 

The valve seat bushings are machined from 304 austenitic stainless 
steel, and the valve discs are fabricated from 422 stainless steel. The 
valve bodies are carbon steel. At the time of manufacture, both the 
seat bushings and discs were ultrasonically and liquid dye-penetrant 
inspected and found to be free of defects. 

Circumstances 

The technical specifications for the plant require chat a minimum of 
five safety valves be bench checked or replaced with bench cl."»rked valves 
during each refueling outage. During the October 1971 refueling outage, 
five safety valves wer.e replaced with five clean, tested spare valves. 
The safety valves that were removed had been in service since full power 
operation began in December 1969. 
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It was found that two of the removed valves could not be decontami
nated to suitable levels for shipment to the manufacturer. The seat 
bushings were unscrewed from the valve bodies and were subjected to a 
liquid dye-penetrant examination. This examination revealed cracks in 
the seat bushings of these two valves. 

One valve seat bushing had radial cracks an the valve seat and circum
ferential cracks at a fillet radius above the lover threads. The radial 
cracks started at the outside surface and extended partway across the 
seat face. Circumferential cracks were located around a major portion 
of the outer bushing diameter. The maximum depth of the circumferential 
cracks was 0.120 inch. There were no crack indications on the inside 
diameter of the seat bushing. 

The other defective seat bus.iing had approximately 15 radial cracks. 
There were numerous longitudinal cracks on the outer diameter and circum
ferential cracks at the fillet radius above the lower threads. Again no 
crack indications were found on the inside diameter. This seat bushing 
was sent for destructive testing. A metallographic examination disclosed 
that the cracks were typical of those associated with transgranular 
chloride stress corrosion cracking. A section of one crack was examined 
by microprobe in two areas and chlorine, sulphur and potassium were 
detected in each crack area. The valve seat bushing was tested and found 
to meet the requirements of ASTM A-182, 304 stainless steel. 

The remaining three valves removed in October 1971 were also dis
assembled and dye-penetrant checked, but did not show crack indications. 

When the plant was shut down for refueling in May 1372, all sixteen 
safety relief valves in service were removed, disassembled and inspected. 
All valves had scale or rust deposits on the outside of the seat bushing. 
A wav.cr level ring at the low point of the outlet discharge pipe indicated 
that all valves had leaked or vented. A dye-penetrant examination of the 
seat bushings and discs from the valves disclosed that seat bushings on 
seven of these sixteen valves were cracked. On three seat bushings, the 
cracks were across the seat and on the outside surfaces. Two of the seat 
bushings had cracks only across the seat, and the two remaining seat bush
ings had cracks only on the outside surface. 

On each cracked seat bushing there was a hard scale deposit about 
1/32-inch thick that had partially flaked off. The scale was light tan 
in color anu was located below the water level mark on the valve base. 
The contact gamma-radiation dose rate at the thick scale was 200 to 
?000 mR/hr. Three of the valves with the scale had been in the plant only 
from November 1971 to Hay 1972. 
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In addition, four of the seat bushings had damaged threads at the 
connection between the seat bushing and the valve base. However, metallur
gical examination of two of these seat bushings indicated that the thread 
damage was mechanical in nature and had probably occurred during valve 
assembly or disassembly. 

Discussion 

The high gamma dose rate and the hard scale deposits on the down
stream side of the valves indicate that the valves with the cracked seat 
bushings were leaking steam in service. The scale deposits are believed 
to have been deposited by a repetitive cycle of condensation and boiling 
inside the valve body. The escaping steam leaking through the valve 
seat would condense on the uninsulated valve body. The condensate would 
return by gravity to the lower valve base and be revaporized as steam by 
the hot seat bushing which was in contact with reactor steam at its 
inner surface. 

The environment at the seat bushing during plant operation was hot 
steam, free oxygen, free chloride 'ons and stress in the seat bushing 
from the reactor pressure of 1020 •. >IC. The chloride concentration of 
the reactor water is normally less than 0.1 ppm with an operating limit 
of 1.0 ppm (the exact source of the chloride contamination is unknown). 
Under these conditions, stress corrosion cracking of 304 stainless steel 
can occur. 

In both occurrences, the valves with the cracked seat bushings were 
the valves located closest to the reactor. 

Corrective Actions 

All cracked seat bushings were replaced with new, type 304 stainless 
steel bushings of the same design as originally provided. 

After parts were dimensianally checked, they were cleaned with 
alcohol and demineralized water. The valves were reassembled using gra
phite and castor oil as lubricants. All materials were checked for 
chloride and fluoride contamination. 

To eliminate the possibility of water standing in the lower part of 
the valves, where the cracking had occurred, a drain hole was added just 
above the inler. flange. 
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The inlets and outlets of the reworked valves were covered during 
shipping and in all handling opeiations. Prior to installation, the 
outlet discharge pipe for each of the refurbished valves was washed 
with demineralized water. 

Conclusion 

The valve manufacturer indicated that cracking of the seat bushing 
is a rare occurrence in thousands of similar valves in service. Accord
ing to the valve manufacturer, in each previous failure case, the crack
ing of the valve seat bushings was attributed to chloride contamination 
and in no instance had a seat bushing failed catastrophysically. The 
corrective measures were ~.o replace the defective parts and to control 
further exposure of the valves to potential sources of chloride contamina
tion. 

Other operating facilities were advised to perform inspections to 
determine if this condition might exist on sicilar valves at their plants. 
No abnormal conditions in the safety valves were found in these inspec
tions. 
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FAILURE OF VANE TYPE FLOW SWITCHES 

Summary 

SEVENTEEN FAILURES of VANE TYPE (PADDLE) FLOW SWITCHES have occurred 
at FIVE BURS. ALL FAILURES were SIMILAR with either the ENTIRE VANE or 
a PORTION OF THE VANE BECOMING DETACHED frca the switch. These flow 
switches were used to detect minimum flow conditions. The failure mecha
nism was postulated to be excessive vibrational stress imposed on the 
vane from normal flow turbulence. 

Wherever possible, the vane flow switches have been replaced with 
differential pressure flow sensors. Where replacement was not feasible, 
the vanes were removed from the installed flow switches. Owners of BWRs 
now under construction have been advised to use alternative flow sensing 
devices. 

Circumstances 

Background 

All the vane flow switches involved in the events reported here were 
manufactured by Power Engineering and Equipment Co., Inc., (PEECO) of 
Torrance, California. The switches varied in size and construction 
depending on their application and set point. However, all switches 
were on/off type with the vane physically located in the fluid flow path. 
The purpose of these nonindicating switches was to monitor for minimum 
flow conditions and thereby to function as a permissive signal. 

The flow switch vanes were fabricated from laminated stainless steel 
sheets and tapered so that the greatest thickness was at the attachment 
end. The laminations were banded and secured by spot welds and the 
vanes were attached to the switches by mounting screws. 

Quad Cities Unit 2 

In January 1972, one of four switches that monitors minimum flow con
ditions in the residual heat removal (RHR) loop did not actuate with 
reduction of flow below the set point on the switch. When the flow switch 
was removed from the system, it was discovered that the flow-sensing vane 
was missing. The broken vane was approximately 4-lnches long, 1-inch 
wlda and 3/32-inches thick. 
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After an extensive recovery effort, uhe missing vane was found in 
the RHR heat exchanger. All four vane flow switches in the RHR system 
were replaced with differential pressure flow sensors, aud the other 
systems with vane flov switches were checked to verify that the vanes 
were ciiil intact. 

Quad Cities Unit 1 

Because of the flow-switch failures at Unit 2, all four vane-type 
flow switches in the RHR system of Unit 1 were examined. Two switches 
were defective. The entire vane of one switch was broken off at the 
point of attachment to the actuating lever and ~. 3-inch long portion 
of the vane and the assembly band were missing on the other defective 
switch. 

After an extensive recovery effort, the hissing vane was found in 
the lower head of the RHR heat exchanger, and the 3-inch vane section 
was recovered from the discharge check valve of the cleanup pump. 

Since several defective switches had b<je-. found in the RHR systems, 
similar switches in other systems at the scalier, were examined. This 
investigation resulted in the removal of four switches, two from each 
reactor vater cleanup system. Each of these switches had failed. The 
entire ilow vane was missing from two of the switches; the third switch 
had a portion of the flow vane and the assembly band missing; and the 
assembly band was missing on the fourth switch. The vanes were approxi
mately 10-incl;es long by 7/8-inch wide. One vane section was retrieved 
from the discharge check valve of the cleanup system pump. However, the 
two remaining vanes and the two assembly bands were not recovered. The 
missing flow switch components had no potential for entering the primary 
system of the reactor. All vane type flow switches were replaced by 
pitot tubes to prevent a recurrence of this type of failure. 

Dresden Unit 2 

In April 1972, when the plant was shutdown for a partial refueling 
outage, four of thirteen vane type flow switches installed in the plant 
were inspected because of the failures that had been discovered at the 
Quad Cities plants. When one of the four High Pressure Coolant Injection 
(I'PCI) system flow switches was removed, it was discovered that the 
3--'n:h long vane and two mounting screws were missing. Since this switch 
shewed no other apparent signs of damage, it was concluded that the vane 
mounting screws had vibrated loose and backed out of their tapped holes, 
allowing the vane and screws to fall into the piping. The mounting screws 
of the other three flow switches were intact so they were peened to 
prevent them from vibrating loose. 
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An extensive search, including both dissasseably and radiography 
of inaccessible piping, failed to locate the missing flow switch parts. 
A safety analysis was performed to evaluate the possible effects of 
leaving the pieces in the system. It was concluded that there was only 
a remote possibility of the parts entering the vessel through the feed-
water sparger and that the parts were too small to compromise coolant 
capabilities. 

Further investigation revealed that all three flow switches in the 
shutdown cooling system (SDCS) were each missing their entire vane. An 
extensive search succeeded in recovering two full vanes and half of the 
third vane. One complete and one half vane were found in the SDCS heat 
exchanger and the other complete vane was found in the SDCS pump suction 
stra'ner. The missing 9-3/8-inch long vane segment could not be located. 
Failure of all three of these switches occurred at the point of vane 
attachment to the body of the switch. This was the same failure mode 
that had been noted at the Quad Cities plant. The remaining six flow 
switches were found to be intact. Their mounting screws were peened to 
prevent vibrational loosening. 

Because of recurring flow switch failures, an inspection of the HPCI 
flow switch at Unit 3 of th2 Dresden Nuclear Power Station was conducted 
immediately and the switch was found to be intact. The mounting screws 
were peened to insure continued vane integrity. The vanes were removed 
from the flow switches in the shutdown cooling system of Unit 3. 

Monticello 

In September 197?, during an inspection of die RHR loop, one flow 
switch was found with the entire vane missing, and a partial vane section 
was missing from another switch. A review of operating records indicated 
that the vanes proochly had become detached and had retrained in the sys
tem for about one year with no adverse effects. The vanes of all switches 
in the RHR loop have subsequently been removed. 

Oyster Creek 

In June 1973, during a refueling outage, all four vane type flow 
switches in the reactor water cleanup system were examined. It was 
found that each vane had broken off and was lodged in the switch mounting 
tee because it could not escape without additional vane breakage. The 
vanes of these switches were removed and their function was replaced by 
a revision to the operating procedures that now requires a field check 
prior to opening the bypass recirculation lines when starting the recir
culation pump. 

A flow switch in the standby liquid control system was found intact 
and subsequently reinstalled because this switch is subject to flow only 
during annual inspections or during emergency conditions. 
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VALVE YOKE FAILURES 

Summary 

After a FRACTURED YOKE OS A BYPASS ISOLATION VALVE CAUSED A LOSS OF 
CONTAINMENT AIR, an improved data logging monitor was installed to detect 
rapid changes in the containment volume and to provide an alarm whenever 
the volume of containment air is not within a specified tole^nce condi
tion. The yoke failure was caused by thereal stresses induced by seasonal 
temperature variations. 

Following the installation of the data logger alarm system, the SAME 
VALVE YOKE FRACTURED AGAIN, with the plant at essentially the sanre condi
tions. This time the IMPROVED MONITOR DETECTED the CONTAINMENT LEAK WITHIN 
20 MINUTES, as opposed to a 186 minute detection delay with the unalarmed 
system, 'fi.is second failure was caused by freezing of moisture accuaulated 
in the valve internals. 

Following the second failure, electrical heat tracing and insulation 
were installed and a low point drain was added downstream of the affected 
valve to prevent moisture accumulation. 

Circumstances 

In January 1972, whil? the Connecticut Yankee Nuclear Plant was at 
100% power, '.he control room operator noticed a decrease in the weight of 
containment air as he scanned the trend printout from the data logger. A 
systematic investigation disclosed that the yoke on ar. 8-in. bypass isola
tion valve in the containment purge exhaust system had fractured, permit
ting the valve to open approximately 0.75 in. Tnis allowed containment 
air to escape through the partially open valve. A temporary closure mech
anism was applied to the valve to stop the a.rr leakage. Before making 
permanent vepairs to the valve, a temporary blank flange vas installed in 
the 42-in. purge air exhaust penetraMon upstream of the defective val"e. 

The broken valve yoke was relieved aod a new yoke wis installed. The 
broken yoke was examined by Che manufacturer (Mason-Neilan) and the failure 
was attributed to thermal stresses caused by seasonal temperat.ire varia
tions (the valve was located outside the reactor contairment building). 

A review of the data logger printout revealed a total loss of 3894 
pounds of containment air over a period of about four and one-half hours. 
From the time the leak started, it was sligntly over three hours till it 
was discovered. 

An automatic alarm was added to the data logger trend recorder to 
provide a more rapid detection of containment air losses. Provisions were 
made for an alarm message (together with actuation of the main control 
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board annunciat.r) to be printed on the message trend typewriter whenever 
the weight of containeent air is not within a specified tolerance range. 
This range check is perforced autoaatically once per minute. 

In December 1972, this automatic check for "Reactor Conrainment Air 
Out of Range" registered an alarm. The control room operator scanned the 
data logger printout and confirmed the decrease in weight of centaintent 
air. Ar immediate investigation revealed cracks in the sane valve yoke 
that had failed previously. Again, the cracked yoke permitted the valve 
to open approximately 0.73-inch. Th* same procedure of first applving a 
temporary closure mechanism to the valve and a blank flange on the up
stream side of the purge air exhaust penetration permitted a safe and 
deliberate repair of the valve. 

The fractured valva yoke war removed and replaced. After a success
ful leak test- the temporary blank flange was removed from the containment 
purge exhaust line. 

The second valve yoke failure was attributed to moisture accumulation 
within the valve internals, followed by freezing and expansion of the ac
cumulated water. To prevent recurrence, both the bypass valve and the 
main purge valve have been electrically heat traced and insulated, and low 
point drains have been installed immediately downstream of both valves to 
prevent moisture accumulation. 

An analysis of the data logger printout for the period following the 
second yoke fracture indicated a total loss of HOC pounds of containment 
air. The tine between the second fracture of the valve yoke and installa
tion of the temporary closure mechanism was 52 minutes. Only 20 minutes 
elapsed between the fracture of the valve yoke and detection of the leak. 
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VALVE vOKE FAILURES 

After a FRACTURED YOKE ON A BYPASS ISOLATION VALVE CAUSED A LOSS OF 
CONTAINMENT AIR, an improved data logging monitor was instilled to detect 
rapid losses of containment air and to provide an alarm whenever the 
weight of containment air is not within a specified tolerance condition. 
The yoke failure was caused by thermal stresses induced by seasonal 
temperature variatiiiis. 

Following .ne installation of the data logger alan system, the SAMt 
VALVE YOKE FRACTURED AGAIN, with the plant at essentially the same condi
tions. This time the IMPROVED MONITOR DETECTED che CONTAINMENT LEAK 
WITHIN 20 MINUTES, as opposed to a 186 minute detection delay with the 
•malarmed system. This second failure was caused by freezing of moisture 
accumulated in the valve internals. 

Following the second failure, electrical heat tracing and insulation 
were installed and a low point drain was added downstream of the affected 
valve to prevent moisture accumulation. 

Circumstances 

In January, 1972 while the Connecticut Yankee Nuclear P'.ant was at 
100 percent power, the control room operator noticed a decrease in the 
weight of containment air as he scanned the trend printout from the data 
logger. A systematic investigation disclosed that the yoke on an 8-inch 
bypass isolation valve in the containment purge exhaust system had frac
tured, permitting the valve to open approximately 0.75 inch. This 
allowed containment air to escape through the partially open valve. A 
temporary closure mechanism was applied to the valve to stop the air 
leakage. Before- making permanent repairs to the valve, a temporary 
blank flange was installed in the 42-inch purge air ?xhaust penetration 
upstream of the defective valve. 

The broken valve yoke was removed and a new yc.e was installed. The 
broken yoke was examined by the manufacturer (Mason-Neilan) and the 
failure was attributed to thermal stresses caused by seasonal temperature 
variations (the valve was located outside the reactor containment build
ing). 

A review of the data logger printout revealed a total loss of 3894 
pounds of containment air over a period of about four and one-half hours. 
From the time the leak started, it was slightly over three hours till it 
was discovered. 
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An automatic alarm was added to the data logger trend recorder to 
provide a more rapid detection of containment air losses. Provisions 
were made for an alarm message (together with actuation of the main con
trol board annunciator) to be printed on the message trend typewriter 
whenever the weight of containment air is not within a specified tolerance 
range. This range check is performed automatically once per minute. 

In December, 1972, this automatic check for "Reactor Containment Air 
Out of Range" registered an alarm. The control room operator scanned 
the data logger printout and confirmed the decrease in weight of contain
ment air. An immediate investigation revealed cracks in the same valve 
yoke that had failed praviously. Again, the cracked yoke permitted the 
valve to open approximately 0.75-inch. The same procedure of first apply
ing a temporary closure mechanism to the valve and a blank flange on the 
upstream side of the purge air exhaust penetration permitted a safe and 
deliberate repair of che valve. 

The fractured valve yoke was removed and replaced. After a successful 
leak test, the temporary blank flange was removed from the containment 
purge exhaust line. 

The second valve yoke failure was attributed to moisture accumula
tion within the valve internals, followed by freezing and expansion of 
the accumulated water. To prevent recurrence, both the bypass valve 
and the main purge valve have been electrically heat traced and insulated, 
and low point drains have been installed immediately downstream of both 
valves to prevent moisture accumulation. 

An analysis of the data logger printout for the period following the 
second yoke fracture indicated a total loss of 1100 pounds of containment 
air. The time between the second fracture of the valve yoke and installa
tion of the temporary closure mechanism was 52 minutes. Only 20 minutes 
elapsed between the fracture of the valve yoke and detection of the leak. 
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MALOPERATION OF HPCI SYSTEMS 

Summary 

Events at boiling water reactors (BWRs) in which HIGH PRESSURE COOLANT 
INJECTION (HPCO systems either were declared inoperable or failed to 
perform satisfactorily are discussed. The EVENTS INCLUDE MISALIGNED 
LIMIT SWITCHES, IMPROPER ELECTRICAL WIRING, JAMMED VALVES, IMPROPER 
INSTALLATION, FOREIGN MATERIAL IN VALVES AND PERSONNEL ERROR. 

Operating Experiences 

Limit-Level Switches 

(a) During routine surveillance r.n August 1971, with Unit 2 of the 
Dresden Nuclear Power Station at 50% power, it was discovered that the 
High Pressure Coolant Injection (HPCI) system turbine stop valve would 
not open. Subsequent investigation detected a misaligned limit switch 
on the HPCI control valve. This valve provides a permissive signal for 
the HPCI turbine stop valve to open. Because the HPCI control valve 
failed to trip its limit switch when the valve closed, the actuating 
circuit for the HPCI stop valve could not be energized. 

Repositioning of the limit switch corrected this problem, and the 
HPCI system was tested successfully. 

(b) In November 1971, with Unit 2 of the Dresden Nuclear Power Station 
at 62% power, the HPCI system was declared inoperable when the hydraulic 
control system could not be reset from the control room. The problem was 
traced to a loose limit switch on the HPCI control valve which kept the 
circuit to the hydraulic solenoid valve open. The inability to reset the 
control system could have prevented automatic start of the HPCI turbine. 

The adjusting screw on the limit switch was tightened, and a double 
lock nut was added to prevent its loosening. The KPCI system was satisfac
torily tested and declared operational following this modification. 

(c) In June 1973, at Unit 1 of the Browns Ferry Nuclear Power Station, 
two l»vel switches which initiate transfer of the HPCI water supply from 
the condensate ring header to the torus did not actuate during a scheduled 
test. Upon investigation, the contacts of the switches were found to be 
badly burned and stuck in the closed position. This allowed HPCI coolant 
water to be taken from the torus only. 



1 /. O 

An investigation determined that the electrical contacts on the 
affected switches were undersized. The installed switches v^re Robertshaw 
Model 83481 Levelac level switches with an electrical rating of 0.25 
ampere at 250-volts DC. Switches with ratings of 0.50 ampere at 250-volts 
DC should have been installed. The two defective level switches were 
replaced with switches of the correct electrical rating. 

Electrical Wiring Errors 

(a) In May 1972, at Unit 3 of the Dresden Nuclear Power Station, the 
HPCI turbine could not be reset from the Control room during the monthly 
surveillance test, although the indicator light that monitored the reset 
circuit was energized indicating a normal condition for this circuit 
throughout the test. The turbine was reset locally, and the surveillance 
test was completed. 

The following day, an electrician found a loose wire in the reset 
solenoid. The cause of the loose wire was a brittle failure of a terminal 
on the solenoid causing the wire to become electrically grounded. This 
permitted the indicating light to be dimly lit. The faulty solenoid was 
replaced. 

(b) In May 1972, the turning gear motor on the HPCI turbine failed 
to start on demand at Unit 2 of the Quad Cities Nuclear Power Station. 
The system was declared inoperable, and the reactor was shut down 
immediitely. 

An inspection indicated that the windings of the turning gear motor 
had burned out. The turning gear motor had a two-winding field circuit 
that permitted the izotor to be wired for either 125-volt or 250-volt DC 
service. At the time of installation, a wiring error had been made which 
connected 250-volt electrical power to the field circuit for the 125-volt 
windings. The motor had performed properly during periods of relatively 
short duration operation. However, with prolonged usage the windings 
overheated and burned out. 

The turning gear motor was rewound and the wiring error was orrected. 
When the motor was returned to service, it performed satisfactorily. 

HPCI Valve Problems 

(a) In July 1972, following maintenance on the HPCI exhaust line 
check valve8 at the Monticello Nuclear Power Station, a simulated automatic 
fast start of the HPCI system was unsuccessful. Instrumentation indicated 
that the turbine control valve was not responding to its governor control 
signal. Inspection of the hydraulic actuating system for the control 
valve revealed several pieces of a plastic pipe cap in the oil inlet port 
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of the pilot valve. The pits tic fragments were removed from the pilot 
valve. The remainder of the valve, power piscon and governor servo-
mechansim were disassembled, inspected, and found to be satisfactory. 

After reassembly, several successful fast starts demonstrated system 
operability. 

(b> In November 1972, at Unit 2 of the Dresden Nuclear Power Station, 
the HFCI steam supply valve would not open during a post-maintenance 
surveillance test. The reactor was critical and the reactor vessel pres
sure was 85 psi at the time. 

An investigation disclosed that the proper actuation signal was 
provided to the valve motor. On each attempt to open the valve the 
thermal overload contacts opened preventing the valve from receiving a 
sustained power signal. After the control rods were inserted to shut down 
the reactor, the valve was acutated twice and each time the valve cycled 
normally. After these successful tests, the routine startup continued. 

It was postulated chat, prior to startup, system pressures associated 
with a hydrostatic test of the primary system had caused the valve plug 
to become jammed into its seat. To prevent recurrence, a procedural step 
was added to require successful cycling of these motor operated valves 
after completion of hydrostatic tests and prior tc plant startup. 

(c) In February 1973, during a post-maintenance surveillance test on 
the HPCI system at the Pilgrim Nuclear Power Station, the steam supply 
valve to the HPCI turbine failed to open. The control room annunciator 
indicated that the valve motor had been overloaded. 

Investigation disclosed that the valve motor had burned out. The 
valve plug was closed tightly into the valve seat and manual opening of 
the valve required more than normal force to break the valve free. After 
the valve was opened it was operated manually several times and each time 
the valve operated freely. It was concluded that the motor failure 
occurred becaur.e the valve had beer jammed into the seat when it had been 
last closed. Later, when the actuation signal was received, the valve 
remained continuously energized until the motor burned out. 

By design, there was no protection to limit or disconnect the motor 
from the operator when the valve was moved in the open direction. A new 
valve motor was installed and the valve closing torque was adjusted to a 
lower setting to reduce the possibility of recurrence. 

(d) In July 1972, with the Pilgrim Nuclear Power Station at 202 power, 
the HPCI turbine was started as part of the startup test program. Follow
ing this test, the reactor operator observed that the high water level 
alarm in the drain pot on the drain line of the HPCI turbine exhaust did 
not clear in the usual time period. Since the outlet of the turbine 
exhaust drain line was submerged in the torus, it was inmedlately suspected 
that the two-inch check valves in the line were leaking, permitting torus 
water to be siphoned back to t'te drain pot through the steam trap. The 
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manual steam trap valves were closed. This cleared the alarm and con
firmed that the check valves had been leaking. The manual steam trap 
valves were left closed and startup testing continued. 

During an outage four days later, the check valves were removed 
from service. One valve was stuck open, while the other valve appeared 
to be properly closed. Upon disassembly of the valves loose rust was 
found in each valve. This apparently caused the valve plugs to bind. 
These check valves are rising plug type valves with only a small clearance 
between the plug and the valve body. Both valves were cleaned, reassembled 
and leak tested. 

It was postulated that the rust was in the piping when it was 
installed; and that testing and operation had eventually flushed the 
rust from the system. Subsequent HPCI system tests were performed with 
no indication of check valve leakage. 

(e) In October 1972, with Unit 2 of the Quad Cities Nuclear Power 
Station at 45Z power, the HPCI system was activated for a special test 
to measure pressure waves and resulting displacement of the torus during 
electromatic relief valve actuation and HPCI operation. The hydraulically 
operated HPCI turbine stop valve would not open, so the HPCI system was 
declared inoperable. 

An investigation revealed that the valve could be reset locally, but 
it could not be held open remotely. During reactor cooldown, the HPCI 
turbine stop valve operated correctly when several unsuccessful attempts 
were made to duplicate the previous malfunction and the original cause of 
the valve malfunction could not be determined. During further investiga
tions numerous alarms were activated and all the indicating lights on one 
annunciator panel blinked each time the motor operated steam inlet valve 
for the HPCI turbine was cycled to the closed position. 

The switch on the steam inlet valve was actuated several more times 
to determine the cause of the alarms. This valve has a seal-in feature 
to close the valve and a torque switch (limitorque) to stop closure. 
Each time the valve was cycled to the closed position, the valve motor 
started and applied a momentary closing torque until it was tripped by 
the torque switch. Later in the day, the stem on the steam inlet valve 
was discovered to be bent 1.5-inches out of alignment. The bent valve 
stem was attributed to repeated closures during testing. A replacement 
valve stem was obtained and the motor operated steam inlet valve was 
returned to service the following day. 

The cause of the spurious alarms was traced to an electrical ground 
on the strip heaters inside a DC bus cabinet. These heaters were dis
connected and all reactor operators were cautioned against attempting to 
close an already closed valve equipped with a seal-in feature. 

(f) In September 1973, during routine testing of the HPCI system with 
auxiliary steam at Unit 1 of the Browns Ferry Nuclear Power Station, the 
steam supply valve to the HPCI turbine failed to operate. A preliminary 
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investigation indicated that the trouble was in the valve gearbox; removal 
of the linitorque drive motor revealed several damaged pinion gear teeth. 
The clutch gear, which meshes with the drive motor pinion gear, also had 
three chipped teeth. It was concluded that the gears were not properly 
aligned axially because only 0.20 to 0.25-inch engagement of che teeth 
was observed. The misalignment was attributed to improper installation 
of the motor pinion gear, which had been placed on the motor shaft back
wards . 

The corresponding gears were removed from a similar valve operator 
on Unit 2, which was under construction, and installed properly in the 
Unit 1 motor operator. After this modification, the HTCI surveillance test 
was successfully completed. 

Procedural Error 

In January 1973, as part of a routine surveillance test at the Pilgrim 
Nuclear Power Station, the HPCI system turbine tripped from an overspeed 
signal while pump operability tests were being performed. When the turbine 
was restarted, the gasket on the gland seal steam exhauster failed, so the 
HPCI system was removed from service to repair the gasket and investigate 
the cause of the overspeed trip. 

It was determined that the overspeed trip of the HPCI turbine resulted 
from a change in a test procedure that led to the test potentiometer set-
point being reset downward to 2000 rpm prior to the turbine start. This 
allowed the turbine to accelerate to the overspeed trip poi.t before the 
control valve could respond to the speed indication. 

The starting procedure was changed to allow the control valve to take 
control and regulate the HPCI turbine at a lower speed. The gasket on 
the gland seal steam exhauster was replaced and the pump operability test 
was performed successfully later the same day. 

Water Hammer and Pipe Vibration 

(a) In October 1972, the first coupled operation of the HPCI pump-
turbine assembly was made at Unit 1 of the Brown's Ferry Nuclear Power 
Station. The operation resulted in a severe water hammer and violent 
movement of the turbine exhaust line, although the line had been braced 
with a five thousand-pound (five-kip) hydraulic snubber. An additional 
ten-kip snubber was then installed on the exhaust line. However, this 
snubber also had little effect on pipe movement during additional pre
operational testing. 

The next attempted corrective action for reducing pipe vibration 
was to install 2.5-inch check valves as vacuum breakers on the HPCI 
exhaust line. Testing with this modification resulted in a considerable 
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decrease in turbine exhaust line vibration. The noise of the exhausting 
steam still caused some concern, however. 

The final, and successful, corrective measure was to add a condensing 
sparger to the HPCI turbine exhaust line. This sparger was a vertical 
extension of the existing line in the suppression pool. The extended line 
was capped at the bottom, and contained 1296 1-inch diameter holes. The 
ratio of total hole area to cross sectional pipe area was approximately 
2.5 to 1. The uppermost row of holes was submerged under approximately 
two feet of water while the lower row of holes was located under eight 
feet of water. 

(b) In November 1971, during a preoperational test of the HPCI turbine 
at the Vermont Yankee Nuclear Power Station, a vacuum was created in the 
turbine exhaust line causing water from the suppression chamber to be 
drawn into this line at high velocity, resulting in very fast closure of 
the check valves in the exhaust line. This produced a pronounced water 
hammer. To prevent recurrence, the swing check valve in the turbine 
exhaust line was relocated from a vertical to a horizontal run of pipe. 
An additional 2.5-inch check valve, which acts as a vacuum breaker, was 
installed inside the suppression chamber between the exhaust line penetra
tion and the suppression chamber high water level. These modifications 
resulted in satisfactory operation of both turbine systems in subsequent 
HPCI tests. 

Complex Failures Involving Multiple Causes 

(a) In May 1973, at the Monticello Nuclear Generating Station, the 
HPCI system isolated because of high steam flow during a "quick start" 
full flow surveillance test. Recording instrumentation indicated an 
intermittent instability in the electrical control circuitry, a slow 
response of the electro-hydraulic valve actuator and a malfunction of 
the turbine speed feedback signal. These problems collectively con
tributed to excessive opening of the HPCI turbine control valve, result
ing in steam flow which exceeded the isolation trip point for the HPCI 
turbine. 

An intermittent short circuit was discovered on the bias speedsetting 
potentiometer. It was replaced by a fixed resistor. 

The drive gears in the electro-hydraulic valve actuator were found 
to be worn to the point that they were not engaging properly. 

The excessive wear had been caused by insufficient lubrication that 
resulted from an improperly located lube oil supply line. The gears were 
replaced, the lubrication system was thoroughly cleaned and flushed to 
remove metal fragments, and the oil line was extended to supply an ample 
quantity of lubricant directly to the gear teeth. 
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The spur gear which provides the turbine speed signal to the control 
system was loose on the drive shaft. Pilot holes were drilled in the 
drive shaft at the location of the set screws and the spur gear was 
reinstalled with self-locking set screws. The drive coupling for the 
electro-hydraulic valve actuator also was found to be loose on the drive 
shaft. Self-locking set screws were installed to prevent future loosening 
of this connection. 

After completion of these repairs, the HPCI system was tested, control 
settings were adjusted to optimize performance and the UPCI system operated 
satisfactorily. 

(b) In July 1971, during initial startup testing of Unit 3 of the 
Dresden Nuclear Power Station, the reactor pressure was being increased 
for hot functional testing. When the reactor pressure had increased to 
above 100 psi, the HPCI steam isolation valve could not be opened to 
prepare for warming of the turbine. The HPCI system was declared inoper
able, and reactor pressure was reduced to below 90 psi, a condition for 
which the HPCI system was not required. 

The contacts of the permissive relay for the steam isolation valve 
were discovered to be wired in reverse, eliminating the "open" logic 
for both HPCI steam isolation valves. This wiring e ror would not allow 
the 100 psi interlock relay to energize so that the system was incapable 
of providing steam to the HPCI turbine. 

The steam isolation valves in the HPCI system had not been tested 
since October 1970. At that time, operation of the valves and logic 
circuitry had been normal. Records failed to indicate any additional 
work on the relay, so the source of the wiring error could not be identi
fied. The wiring was corrected and the system tested satisfactorily. 

On the following day, with the reactor pressure at 150 psi, the HPCI 
system was again declared inoperable when the steam admission control 
valves could not be opened to admit steam to the HPCI turbine. Again, 
the reactor pressure was reduced to below 90 psi. 

Investigation revealed that the oil-actuated interlock valve that 
controls the turning motor gear and control valves during HPCI operation 
was sticking. Cycling of the motor speed changer, which operates as the 
automatic speed controller for the turbine, freed the interlock valve and 
allowed the control valves to actuate normally. Since the HPCI turbine 
had not been actuated since completion of the preoperational tests in 
November 1970, the valve operability problem was attributed to extended 
idle time. To prevent recurrence, the exercising of the HPCI valves was 
included in the monthly surveillance testing of the HPCI system. Prior 
to plant startup following extended refueling outages when the routine 
monthly HPCI tests are postponed, the HPCI valves will be actuated to 
verify that the valves are fr^e to move and can be operated properly. 
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On the day after successful completion of hot functional tests of 
the HPCI system and preliminary startup tests, it was found that the 
water volume in the suppression chamber (torus) exceeded the maximum 
capacity by 1900 cubic feet. Ihe excess water had been accumulated by 
the extended operations of the HPCI syst^ resulting from the previous 
failure of the oil-actuated interlock valve. The suppression chamber level 
was lowered by pumping the water to the condenser hotwell. 

Three days later, with the reactor »t a pressure of 350 psi, it was 
discovered that the HPCI turbine stop valve would not open. Subsequent 
investigation detected a misaligned limit switch on the HPCI control 
valve which was in the same solenoid circuit as the turbine stop valve. 

After the solenoid valve was repositioned, the post-critical, pre
operational phase of the HPCI tests was completed successfully. 
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re"eruc_ry o, 197* 

After several months of SLTrECTEl voyvvEST CF REACTOR VESSEL IliTER-
liALS baseo or. analysis of r oise measurements from, the ex-core de t ec to r s , 
the ralis-iues L"u.rle^r rover r i a n t was shut down for inspects .n of core 
ir . terr . i is ar.i r epa i r of or.e of the stean genera tors . Signif icant wear of 
some lr.terr.al r e s t r a in ing cocponents or. the core in te rna l s was observed 
ar.i v - i r •-•« iet-_-ctei or. the lower outside shirks on the reac tor ves se l . 
W-ir vas a l s : evident on the alignment keys for the reac tor vessel head 
ir.a six fas'er.ers that held or.e expansion/compensation r ing were broken. 

The movement of the reac tor vessel in te rna l s has been ATTRIBuTEE TC 
•J. EELAXATI;:. J? the PRELOADING G? THE VESSEL HEAD STUDS AND the consequent 
RELAXA::::; I F ~~:± :-:AT::M- SURFACES BETVEE:; THE REACTOR VESSEL AND THE VES
SEL HEAL. Tr.ls reduced the clamping force and allowed the normal primary 
coolant flow tc ir.part a kind of " ro l l i ng teacup" motion to the core bar
r e l assembly, r e s u l t i n g in the observed wear and fractured fas teners . 

Background 

The reac tor core support ba r r e l in the Palisades p lant was r e s t r i c t e d 
l a t e r a l l y a t the upper flange ~zy four alignment keys, the upper guide 
s t r u c t u r e , the expansion/compensation ring shir., and the vessel flange 
assembly. The flange assembly provided compression force between the up
per guide s t ruc tu re and the ring shin on the core b a r r e l . The lower end 
of the core support barre l was res t ra ined l a t e r a l l y by s ix sr.ubber assem
b l i e s . Alignment lugs on the upper guide s t r u c t u r e provided l a t e r a l 
r e s t r a i n t between the base of the upper guide s t ruc tu re and the core sup
port barre^. Tne fuel assemblies were l a t e r a l l y res t ra ined by pins which 
p rc jec te i into the fuel alignment p la te at the top and into the core sup-
pert p la te -it the bottom of the cor.- s t r u c t u r e . 

Six neutron flux (power range) de t ec to r s , located outside the reac tor 
vessel ( ex -co re ) , extended the length of the core so tha t the neutrcn-fiux 
s ignal represented an average flux ra ther than a spat ial ly-dependent flux 
value. Tnese power-range neutron flux detectors provides an ear ly clue 
that the reac tor vessel in te rna l s might be v ib ra t ing . The v ib ra t ion -
induced changes in the core- to-detec tor water thickness had resul ted in 
an apparently anomalous behavior of the de tec to r s . Removal of the vesse l 
head confirmed that the noise pa t te rns associated with the detectors were 
indicat ions of motion within the reactor vesse l . 

http://lr.terr.al
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Ci r c^o tanees 

In May 1972, the reactor vessel head was removed to inspect the uprer 
guide s t ruc ture a f t e r a cap -.icrv?-* ( fas tener ; from the expansion/eemper.-
sat ion r ing was founi in the primary side of one of the four steam gener
a t o r s . At t h i s time i t was discovered tha t another expansion/compensation 
r ing fastener had aj.so fa i l ed , so the regaining s ix fas teners were recure i 
ay welding keeper bars across t h e i r counterbore recesses . The fail-ire of 
the two cap screws was a t t r i bu t ed to gouges on the top surface of the r ing 
shin, which had been damaged during a shipping accident . The broken fas
teners in the expansion/compensation ring were not replaced because they 
served only as loca tors for the correct placement of the expansion/compen
sat ion r ing . A thorough inspection of a l l exposed reac tor in t e rna l s did 
not show any indicat ion of movement, and no evidence of damage or wear was 
present . 

By September 1972, flux var ia t ions of - 0.5 percent noise leve l were 
noted in measurements from the ex-core de tec to r s . 3y December, 1972, the 
flux var ia t ions had reached t 1.0 percent . The flux var ia t ions in Decem
ber 1972, as contrasted to those of April 1972, when the ex-core detector 
s ignals had been r e l a t i v e l y s tab le with an approximate - 0.1 percent noise 
deviat ion, led operat ing personnel to suspect motion of the reactor i n t e r 
n a l s . 

Efforts to understand the apparently anomalous behavior <̂ f the ex-
core detectors began in September 1972, when amplified s t r i p chart record
ings of the de tec tor channel noise were made. The subsequent evaluation 
of these recordings revealed a ISO-degree phase sh i f t between s ignals from 
detectors on opposite s ides of the core. The maximum noise amplitude oc
curred in the east /west de tec to r s . These observations led to the t e n t a 
t i ve conclusion t h a t the major axis of possible core i n t e rna l s movement 
was pr imari ly in the east /west d i r ec t ion . I t was fui ther determined from 
these recordings tha t the amplitude of the ex-core detector noise varied 
l inea r ly with reac tor power. 

The plant was shut down in January 1973 to plug approximately seven 
percent of the steam generator tubes , which reduced the primary coolant 
flow by approximately three percent . After tube plugging, the reac tor 
was r e s t a r t e d in March 1973 and the ex-core detector channels were again 
monitored by amplified s t r i p chart recordings. The amplitude of the ex-
core detector noise had decreased by approximately t h i r t y percent . Core 
support ba r r e l snubbers were monitored a t th i s time for audible ind ica
t ions of core ba r r e l movement. None was found. 

The dependence of the ex-core detector noise on primary flow condi
t ions was further demonstrated by t e s t s between May 30 and June 2 , 1973-
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These t e s t s revealed tha t any combination of three-pump operation reduced 
the noise amplitude to approximately one f i f th of that experienced with 
four-pump operation. 

After the i n i t i a l decrease in noise amplitude following plugging of 
the steam generator tubes , the noise amplitude s tead i ly increased by ap
proximately forty percent from June t c August 1973- Extensive noise ana l 
yses were performed during t h i s period, both to character ize the noise acd 
to ident i fy any changes. On August 7 the f a c i l i t y was placed in t h r e e -
pump operation t o diminish the amplitude of the flux o s c i l l a t i o n s . 

On August 1 1 , 1973, the p lan t was shut down t o inves t iga te r e l a t e d 
primary-to-secondary system leakage in the steam generators and t o remove 
the reac tor vesse l head for inspection of the reac tor i n t e r n a l s . The i n i 
t i a l examination of reactor in t e rna l s revealed tha t the s ix renaming ex
pansion/compensation r ing fasteners were broken and tha t the core support 
b a r r e l flange had worn a 0.25-mch-deep s tep in to the ledge on the reac tor 
vessel f lange, allowing the core support bar re l to be displaced downward 
by t h i s d i s t ance . A corresponding 0.06-inch-deep area had been worn in 
the reac tor vesse l head flange where the expansion/compensation shin r ing 
makes contact with the vessel head. In add i t ion , the four upper alignment 
keys which served as l a t e r a l i e s t r a i n t s t o the core ba r re l had worn the 
vessel and the vessel head key-ways. Upon recovai of the core ba r r e l 
minor wear of the coolant ou t l e t nor.zle was detected where i t appeared to 
contact the core support b a r r e l . The Inconel shims of the s i x snubbers 
that were at tached to the vessel wall to provide l a t e r a l r e s t r a i n t ne.±r 
the bot tor of the core ba r re l a l so showed evidence of we<ir. No damage to 
the fuel , control rods , upper guide s t r u c t u r e or the core support assembly 
was found. 

Conclusions and Remedial Actions 

I t was postulated tha t the core b a r r e l was v ibra t ing in a r o t a t i o n a l , 
rocking, " r o l l i n g teacup" motio.i which resul ted from normal flow turbu
lence and coolant impingement on the inadequately clamped core b a r r e l . 

AJ» an interim measure to preclude subsequent wear problems, the ex
pansion/compensation r ing was replaced by a th icker r ing and the clamping 
force on the flanges of the upper gr id s t ruc tu re and core ba r re l support 
was increased from the o r ig ina l 3,^00 pounds to between 500,000 and 
1,000,000 pounds. Also, the alignment keys and snubbers were repla ted t o 
r e s to re them t o t h e i r o r ig ina l di-aensions. Additional survei l lance and 
continued monitoring of ex-core flux measurements are planned to ver i fy 
the adequacy of these correct ive measures. 
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This report i s based on information contained in the following iocucents: 

1. Summary of meeting held on Sovenber 28, 1973, to discuss core inter
nals inspection, T. V. Wambach, Directorate of Licensing, USAEC. 

2. Notification of incident or occurrence Ko. 98 to Directorate of Reg*' 
latory Operations, USAF7, October 12, 1973. 

3. Letter, R. B. Sewell (Consumers Power Co.) to J. F. O'Leary Director
ate of Licensing, USAJC, July 20, 1973. 

U. Letter, R. B. Sewell (Jonsuaers Power Co.) to P. J . Scheael (Director
ate of Licensing, USAEC), August 20, 1973. 

5. RO Inspection Report Mo. 050-255/7305, August 2U, 1973. 

6. Memorandum, R. J. Cook and W. J. Collins to E. L. Jordan, April 19, 
1973. 

7. Memorandum, G. Fiorel l i to J . G. Keppler, August 7 , 1972-
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VALVE FAILURES RESULTING FROM UNDETECTED 
INSTALLATION ANOMALIES 

Su—ary 

The two valve failures discussed below illustrate events resulting 
from failure to perform routine quality control inspections of components 
prior to installation. la one case, the body of a CHECK VALVE LEAKED FROM 
SUSTAINED HIGH PRESSURE/TEMPERATURE OPERATION. This defective check 
valve had successfully passed a preoperational hydrostatic test although 
the valve had TWO CASTING FLAWS. 

In the second instance, a VALVE DESIGNED TO OPERATE only IN a VERTI
CAL 0R1EXTATI0N was INSTALLED with the stem in a HORIZONTAL POSITION. As 
a result, this manual gate valve could not be operated because the seats 
and discs galled. 

Circumstances 

Casting Flaws Cause Valve Body to Leak 

A check valve in the main steam trip valve bypass line at Unit 1 of 
the Surry Power Station is used to permit manually equalizing the pressure 
differential across the trip valve since the main steamline trip valve 
cannot be opened with a back pressure greater than 4 psi. The swing-gate 
check valve in the six-inch bypass line had a 600 pound rating with a 
cast carbon steel body and buttweld connections. The valve was one of a 
shipment of 26 valves, 24 of which were installed in secondary systems at 
the facility. The valve body had been hydrostatically tested to 2175 psi 
b> the manufacturer (Crane-Chapman Co.) prior to shipment and its 600 
pound rating (1200 psi at 545*F) was commensurate with the maximum plant 
operating conditions of 1005 psi at 545°F. 

In November 1972, while Unit 1 of the Surry plant was being cooled 
down from a hot shutdown condition, water was observed to be dripping 
from the metal-covered thermal insulation that covered the bypass line 
check valve. The insulation was retoved and a snail steam leak was found 
in the upstream side of the valve body casting, mid-way between the weld 
joint and the bonnet flange. The leaking valve was removed and replaced by 
a spare. 
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Visual inspection of the defective valve bo^ revealed fissuring on 
the interior valve surface. The fissure had fused metal-sand aggregate in 
the area of the leak. A second metal-sand casting flaw was also observed 
on the internal surface of the body-to-bonnet flange transition of the 
valve. The valve was returned to the manufacturer for analysis to deter
mine the cause of failure. 

The manufacturer reported that the failure of the valve body had 
resulted from finely distributed shrinkage voids in the casting which 
gradually degraded to prov de the leak path after the valve had been sub
jected to a sustained high pressure and temperature environment. This 
type of defect should have been detected by visual inspection of the 
interior of the valve, body prior to actual valve installation. 

Improperly Installed Valve Causes 
RHR Inoperability 

The valves in the pump suction line of the residual heat removal (RHR) 
system of Unit 4 of the Turkey Point Nuclear Station are Darling 14-in 
manual gate-type valves. The gate assembly for the valve consists of a 
double disc gate separated by a two piece spreader. The upper spreader 
is fastened to the valve stem, and raises and lowers the gate assembly. 
During valve closure, the lower spreader strikes the bottom of the valve 
body and as the stem travels further toward fully closed, the spreaders 
contact each other forcing the gate discs out against the valve seats. 
As the valve opens, the spreaders first separate and allow the discs to 
lift off the seats before the gate moves out of the flow path. 

In May 1973, while attempting to isolate one of the RHR pumps, the 
gate valve in the pump suction line could not be closed. The valve was 
disassembled and it was observed that the valve seats and discs were 
galling each time an attempt was made to close the valve. The valve was 
then reassembled in the closed position to permit isolation and repair 
of the pump. 

Subsequent communications with the valve manufacturer revealed that 
the pump suction valve was designed to be installed with the stem 
vertical although it had been installed in the Turkey Point 4 facility 
with the valve stem horizontal. With the stem installed horizontally, 
the spreaders could not separate properly resulting in the galling of 
the discs and guides. A similar valve in the other RHR loop also had 
been installed with the stem in a horizontal position. 

To correct this condition, the gate assembly was modified by install
ing a spring between the spreaders, parallel to the stem, so that the 
spreaders separate as the valve is opened. This allows the gate to lift 
off the seats with a minimum of friction on the guides. The valve body 
seats were then replaced with the valve in place; no difficulties have 
been encountered with the modified gate assembly. 
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EFFECTS OF LOSS OF OFF-SITE POWER AT 
NUCLEAR POWER PLANTS 

The incidents described below illustrate soae of the possible effects 
of a loss of off-site power. 

In the first case, a series of malfunctions of minor electrical 
systems components eventually led to a DROP OF THE WATER LEVEL IN THE 
SPENT FUEL POOL; in the other two cases, WIRING ERRORS IN THE AUXILIARY 
POWER CIRCUITS RESULTED IN FAILURE TO TRANSFER POWER FROM AUXILIARY TO 
STARTUP TRANSFORMERS following turbine trips. 

Circumstances 

Water Level in Spent Fuel Pool Dropped as a 
Result of Loss of Off-Site Power 

In January 1972 ice-laden transmission lines to the Big Rock Point 
Nuclear Plant failed as they were buffeted by high winds during an 
intense storm. As a result of a momentary loss of off-site power to the 
plant, the generator tripped on overspeed, and the reactor was automati
cally shut down by a high neutron flux signal. The loss of off-site 
power occurred when the breaker to a 138-kV incoming line tripped automati
cally. 

Normally, power to the station would have been transferred automati
cally to a second line rated at 46 kV. However, a contact in one of the 
overcurrent relays on this line had stuck. This stuck relay, coupled with 
the operation of the undervoltage bus fault-detector relay had tripped 
the breaker on the 46-kV line also. This line was deenergized for about 
two hours because repair crews were hampered by thr olowing, drifting 
snow. 

When the loss of both normal and backup incoming power lines occurred, 
the diesel generator started and closed onto the station bus to provide 
power for essential equipment. The 138-kV line was returned to service 
about 20 minutes after the shutdown and after the intermittent interrup
tions of pcwer to the line had ceased. The diesel generator was left 
running for about two hours as a precautionary measure. 
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The first indication of an abnormal condition in the spent fuel pool 
appeared about 24 hours after the shutdown, when a reactor operator 
observed a slight increase in the readings from the radiation monitors 
in the fuel pool area. Inspection revealed that the water level in the 
fuel pool was two to three feet below normal. An investigation determined 
that the decrease in fuel pool level had been caused by a siphoning action 
which, in turn, had been caused by the piping configuration and valve 
alignment and indirectly by the loss of off-site power. 

At the time of the outage the fuel pool had been valved so that the 
water from the pool was recycled through the radwaste system. When off-
site power to the station was interrupted, the pumps in the fuel pool, 
radwaste, and treated waste systems tripped off and the isolation valves 
in the radwaste system closed automatically. 

When the transmission line fault had been cleared and the isolation 
valves in the radwaste system were opened, the piping configuration 
created a hydraulic head of about 11.5 feet from the fuel pool to the 
waste receiver tanks. This was enough to siphon the water from the fuel 
pool to the waste receiver tanks. The decrease in fuel pool level caused 
the radiation dose rate to increase slowly because of the reduced water 
shielding. After the reason for the siphoning action was determined, the 
valve to the radwaste system was closed and the water level in the fuel 
pool was restored. 

To prevent a recurrence of this condition, a siphon breaker was added 
to the inlet piping of the spent fuel pool. This siphon breaker consisted 
of three 7/16-inch holes that were drilled in a horizontal pattern on 
the vertical section of 'nlet piping about two feet below the normal 
fuel pool level. 

Failure to Transfer from Auxiliary Transformer 
to Startup Transformer 

In March 1972, both output breakers from the generator opened and 
tripped the Palisades Plant from 30Z of rated power after this power 
level had been achieved for the first time earlier the same day. The 
plant trip, caused by a trip of a pilot wire circuit for two of the 
345-kV breakers and a failure of the plant protection relays to trip, 
was further complicated by failure to transfer the electrical load to 
the startup transformer following manual trips of the reactor and the 
turbine. 

When the generator output breakers opened, the turbine immediately 
dropped the load to the required station power level and reactor operators 
immediately began inserting control rods. In about 30 seconds, the reac
tor was shut down manually; the turbine tripped automatically. The die-
sel generators had been started prior to the reactor scram to provide 
backup power. 
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When the turbine tripped, the operators noted that power had not 
been transferred to the startup transformer and that the generator had 
not tripped from the auxiliary transformer. The auxiliary transformer 
was tripped from the generator bus manually and then the 2400-volt busses 
were connected to the startup transformer. 

After the plant was brought to a stable shutdown condition, an 
investigation revealed that the generator output breakers had opened from 
a pilot wire trip, when the pilot wire circuit detected an apparent ground 
fault. This ground fault subsequently proved to be the result of a wiring 
error in the pilot wire trip circuit. A review of the protection logic 
for the plant revealed that no direct trip of plant protection relays 
could have occurred when the pilot wire tripped the generator output 
breakers. As a result, one of the two emergency power busses was 
unavailable until it was transferred manually to the startup transformer. 

The wiring error was corrected and the pilot wire relaying scheme 
was taken out of service temporarily while an improved protection scheme 
was developed and implemented. 

Failure to Transfer from Auxiliary Tran former to 
Startup Transformer-II 

In July 1973, Unit 3 of the Turkey Point Station was operating at 
600 MWe when the reactor and the turbine both tripped. At this time, 
the pi assure transmitters on the steam line were being calibrated. One 
of the differential pressure channels on one of the main steam lines was 
in the "tripped" position to permit it to be calibrated. A second 
differential pressure transmitter in the same line received a spurious 
trip signal and provided the necessary two-out-of-three logic for the 
steam line instrumentation to actuate the safety injection system. All 
plant systems and engineered safety systems functioned as designed, except 
that automatic transfer from the auxiliary transformer to the startup 
transformer did not take place. 

A controlled shutdown of the plant was begun because the effect of 
the failure to transfer to the startup transformer was the same as that 
which would have resulted frou a loss of off-site power. Constant 
monitoring of the parameters for the nuclear steam supply system provided 
assurance that conditions requiring the safety injection system were not 
present. Consequently, equipment in the engineered safety systems was 
shut down. The startup transformer breakers thaf had failed to close 
automatically were closed manually and the plant was placed in the hot 
shutdown condition so ihat the cause of the loss of off-site power could 
be investigated thoroughly. 

The subsequent investigation determined that the cause of the failure 
to transfer auxiliary power to the startup transformer automatically was 
an incomplete circuit to the relay that closes the breaker to the startup 
transformer. 
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During the construction of Unit 3 of the Turkey Point Station, the 
original circuit design had been modified to provide automatic transfer 
of the auxiliary power supply to the startup transformer when the safety 
injection system was actuated but one wire inadvertently had not been 
installed. The missing wire was immediately installed and the circuit 
was tested to verify proper operation. 

The modifications that had resulted in the wiring error were completed 
prior to the licensing of Unit 3. Present administrative procedures at 
the plant require complete documentation and approvals for any and all 
changes. 
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ROE 74-6 March 22, 1974 

MALFUNCTIONS OF CONTROL RODS AND 
CONTROL ROD DRIVES 

In the first instance discussed below the BOLTED CORE SHROUD for 
the original plant, which had operated soae twelve years without difficulty, 
OBSTRUCTED REPLACEMEKT OF SHIM RODS following an outage for inspection and 
refueling. In the second case, extensive testing was required to deter
mine the cause of ANOMALOUS BEHAVIOR OF A SINGLE CONT30L BOD. The third 
event involved APPARENT UNCOUPLING OF A CONTROL ROD: in a fourth incident 
SEAL LEAKAGE inhibited proper control rod functioning. 

In aost cases, the events took place either during plant startup or 
shutdown, and were noted immedlately. No hazard to the public occurred 
during any of the occurrences. 

Circumstances 

A Misaligned Shroud Tube Caused Shim Rod 
Insertion Difficulties 

After routine inspection of one shim rod was completed during a 
scheduled outage of the Yankee Nuclear Power Plant in November 1972, 
difficulties were encountered in reinserting the rod. A periscopic 
inspection of this shim rod revealed abnormal wear about nine inches 
below the normal wear area en the guide block. The fouz fuel assemblies 
adjacent to the shim rod were removed to allow inspection of the shim 
rod slot in the lower core support plate. An underwater television inspec
tion revealed that: a cap screw and locking cup, which was later proven 
to be a shroud tube mounting bolt, was lying on the lower core support 
plate (this was later retrieved); the shroud tube had shifted to the east; 
and the slots of the north and south vanes were nearly closed. 

When the misaligned shroud tube and shroud tube bolt were found, all 
the fuel was removed from the reactor to permit inspection of the lower 
reactor internals. This inspection showed that seven bolts which connected 
the lower core support plate to the shroud tubes were missing. Four lock
ing cups also were missing. Four of these missing bolts and two locking 
cups were subsequently found in the bottom of the reactor vessel. 

About two weeks after discovery of the problem, the reactor vendor 
performed independent inspections and analyses at the site. Prior to 
these inspections, the lower core support barrel had been removed to 
permit acess to the shroud tube structure. The inspections revealed that 
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the tie bar between two of the shroud tubes had worn through and that the 
outside lower quarter of the shroud tube was scratched for about one to 
two feet. Also, another (eighth) bolt was missing and one bolt was 
partially withdrawn at the bottom tie plate of another shroud tube. 

It was subsequently determined that the scratch on the lower outside 
quarter of the shroud tube had occurred earlier in plant life and had no 
connection with the missing bolts and locking c ps. 

The bolted shroud structure was replaced by a unitized structure, the 
fuel was reloaded and the plant was returned to service on April 10, 1973. 
To date, no problems with the new structure have been experienced. 

Control Bod Slippage 

On Harch 12, 1973, the Maine Yankee Nuclear Power Plant was in the 
process of being shut down for a scheduled maintenance outage when control 
rod No. 19 slipped from 180 to 50 steps withdrawn. The plant was placed 
in the hot shutdown condition and the control rod drive was exercised. 
During the exercises the rod slipped from 130 to 30 steps. Analyses of 
electrical current traces from the drive mechanism coil indicated that 
the upper gripper was not engaging properly with each step demand. The 
voltage on the upper gripper was increased and the current was applied 
for a longer time period in an attempt to correct the control rod slippage. 
Subsequent exercising of the rod drive produced no irregularities in the 
current traces from the drive mechanism coil. 

The plant was still in the hot shutdown condition approximately ten 
hours after the above adjustments were made, when control No. 19 again 
slipped from 180 to 158 steps. An hour later the rod slipped from 160 
to 141 steps, and during an attempted insertion to the lower electrical 
limit, the rod slipped an additional 20 steps. At this time the coil 
power programmer was deenergized and the power switch for the upper 
gripper coil was replaced. The electrical resistance of the coils for 
control rod No. 19 and an adjacent rod (No. 14) were measured; no coil 
deterioration was evident. Control rod No. 19 was reenergized; coil 
current traces indicated proper operation. 

About three hours later, with the reactor at approximately 20% power, 
control rod No. 19 slipped from 180 to 159 steps. The rod was returned 
to the 180-step position and then inserted to the lower limit so the 
timer module on the coil power programmer could be replaced. During 
subsequent withdrawal, the breaker on control rod No. 19 tripped when the 
rod had been withdrawn to 19 steps, causing full insertion of the rod. 
The breaker was reclosed and current traces on the control rod coil were 
recorded. These traces revealed no irregularities in coil and card cur
rent and indicated no reason for tripping of the breaker. The power 
level was increased to 60Z of rated power, and plant conditions were 
stabilized at that point. 
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Subsequent to stabilization of plant conditions, the 15-volt DC 
power sources that supply the control power programmers were aonitored. 
The output from these power supplies oscillated approximately ±0.5 volt, 
with sporadic oscillations as high as ± 1.0 volt. The 'current traces on 
the gripper coil showed coincident oscillations. These traces were sent 
to the Manufacturer for evaluation. 

On March 14, 1973, control rod drive No. 19 was successfully exercised, 
and no irregularities in the gripper coil current were evident. Reactor 
power level was increased to about 75Z power and stabilized there. The 
control rod exhibited no unusual behavior for three days. 

Six hours after a reactor and turbine trip on March 17, 1973 the 
240-volt power supply breaker to control rod Ho. 19 tripped, causing full 
insertion of the rod. Since control rods 19 and 24 were controlled by 
the saae control power programmer, comparative performance tests were 
begun with these two rods while the reactor was maintained in the just 
critical state (lO'^Z power). After the tests were completed, the power 
and reed switch leads for rod Nos. 19 and 25 were switched at the connec
tion plate in the containment and the two control rods were fully with
drawn. When the breaker was closed, control rod No. 25 (now assigned to 
the control rod No. 19 control power programmer) dropped, indicating that 
the problem was directly associated with the programmer. Control rod 
No. 25 was fully withdrawn and the reactor was returned to 75Z power. 
The following day, after the reactor had reached the 75Z power level, the 
power supply breaker again tripped, causing full insertion of control rod 
No. 25. The rod insertion automatically Initiated a turbine runback 
to 65Z power. Control rod No. 25 was withdrawn fully and the power level 
was maintained at 65Z to prevent another turbine runback. Also a spare 
15-volt DC power supply was substituted for the suspect power supply. 
On March 20, 1973, the plant was returned to the 75Z power level. The 
suspect 15-volt DC power supply was returned to the reactor manufacturer 
for additional tests to determine the cause of the continuing malfunc
tions. 

Problems of a similar nature with control rods of a similar design 
at another plant are discussed in ROE 72-18, "Design Problems with 
Control Rods at PWR's", dated December 1, 1972. 

An Apparent Uncoupling of a Control Rod 
During Plant Startup 

In February 1973, Unit 2 of the Dresden Nuclear Power Station was 
being restarted when a control rod drive (CRD) overtravel annunciator 
alarm tripped. The position indication and red backlighting on the 
annunciator panel were observed, indicating the apparent uncoupling of 
a control rod. 
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The CRD was successfully recoupled with the rod and the assembly was 
checked for positive coupling. During subsequent rod withdrawals, similar 
occurrences were noted with two additional rods. Again, the rods were 
recoupled and tested, with no indicated problems. 

A surveillance program was begun requiring the performance of 
decoupling check once daily on each rod for the four weeks prior to a 
scheduled outage. During these tests, no uncoupling of control rods 
was experienced. 

Subsequent inspection of the three affected CSD's showed that two 
of the three had damaged filters. Further evaluations showed that this 
damage had occurred when the filter was installed without using the proper 
rotating technique. Also, one CRD flange was decoupled. This condition 
was tentatively attributed to a failure to lock the filter onto the 
connector following installation. 

Because the damage to the springs on the inner filter of the CRD 
was the only damage observed, tests were performed to compare the force 
required to install an old filter to that associated with installing a 
new filter. The undamaged old filter required about 25 pounds of force 
for installation, whereas the new filters required about 36 pounds of 
force. 

Hew control rods were installed in place of the three rods that had 
been removed. The correct procedure for installing the filters were 
obtained from the vendor, and the three control rods that had been 
removed were rebuilt to be used as spares. Additional surveillance tests 
also were developed for implementation during scheduled maintenance on 
control rods and control rod drives. 

A Control Rod failed to Insert Completely 

During a routine startup on November 20, 1973, at the Nine Mile Point 
Nuclear Station, the reactor was at 77Z power when a reactor scram/tur
bine trip occurred. All systems operated properly, except that as the 
reactor operator reset *-*"> scram, he observed that eleven of the rods 
had stopped at the 02 position (six-inches withdrawn) instead of fully 
inserting. The operator Immediately Inserted the rods manually. 

The cause for the failure of the control rods to insert fully was 
determined to be excessive leakage past deteriorated piston seals. The 
damage was confirmed by stall leakage flow tests and scram titsts on each 
of the cortrol rods. No repairs to the piston seals were mace at this 
time. It was determined that even with the eleven rods at tht 6-inches 
withdrawn position, there was no possibility of the reactor becoming 
critical. 



163 

On November 25, fifteen rods again failed to insert fully following 
a reactor scram. Seven of these rods were in the group of eleven that 
had failed to fully insert earlier. The reactor operator immediately 
inserted the rods manually. The cause of the failure of the control rods 
to insert fully again was identified as leakage past the stop piston seals. 

To correct the piston seal leakage, the control rods will be over
hauled during the outage scheduled for spring 1974. On a generic basis, 
the rate of deterioration of the piston seals in the CRD's of this genera
tion cf BUR's has been noted to increase when the operating drive pressure 
or the control rod has been increased. Consequently, administrative 
pi^redures at this plant were changed to require that drive pressure fjr 
the control rods be maintained within normal limits. The deterioration 
of these seuls has been tentatively attributed to normal wear. 

Problems with leakage past the stop piston seals were discussed 
in ROE 72-19, "Design Problems with Control Rods at EUR'sr, dated 
December 15, 1972. The Nine Mile Point Station is of the same general 
design as the plants discussed in that ROE. 
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ROE 74-7 March 22, 1974 

OFF-CAS EXPLOSIONS 

Summary 

DETONATIONS IN THE OFF-GAS SYSTEMS have occurred at two or more 
different Boiling Water Reactors (BWR's). Lightning has been directly 
responsible for at least three of t'nc fxve detonations in which the gas 
column above the stack has been ignited, despite the apparent protection 
by a lightning arrestor system. 

In one case, no further problems were encountered after the first 
detonation. In a second case, however, four detonati ns were experienced 
over a period of about three months before the condition was brought under 
control. Two of these four detonations occurred when there was no evidence 
of lightning or electrical storm in the area. 

In no instance were abnormal levels of radioactive discharge or 
overexposure of personnel associated with any of the off-gas system 
detonations. 

Circumstances 

Detonation in Off-gas System Caused 
By Lightning 

On March 6, 1973, during a lightning storm at Unit 2 of the Quad 
Cities Nuclear Power Station, the control room operator observed that 
the reading of the flow indicator on the stack discharge line was 
oscillating in an erratic manner. The power output from the plant was 
reduced and the flow indication stabilised after about one minute of 
erratic variation. Approximately one minute later, several area radia
tion monitors in the turbine building alarmed and the standby gas 
treatment system (SGTS) started automatically. At this time it was 
observed that the continous air monitor, which samples the turbine build
ing exhaust air, indicated an increasing radioactivity level and the 
radiation monitors in the off-gas system indicated a decreasing level. 
With this combination of indications, operations personnel were relatively 
certain that the rupture disc in the off-gas line had blown. 

Approximately twenty minutes later, personnel entered the turbine 
building and confirmed that the rupture disc had blown. A different air 
ejector was placed into service and the rupture disc was replaced. The 
area outside the building was surveyed; no abnormal radiation levels were 
measured and no evidence of mechanical damage was detected. 
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The next day, the two off-gas high efficiency filters that had been 
in service during the lightning strike were analyzed to determine their 
efficiency. These tests indicated zero efficiency on both filters. When 
the filters wero removed, they were charred and their upper support beams 
were deformed, indicating definitely that an explosive recombination of 
hydrogen and oxygeu had occurred in the off-gas line. 

A detailed examination showed some of the filter media had melted in 
the lower portion of the filter vessel. Each damaged filter was weighed 
and found to be essentially ^he same as the weight of a new filter. This 
confirmed that very little, if any, filter material had escaped the vessel. 

It was discovered that the filter element retainers had not been 
installed during construction of th« facility. They were subsequently 
found in the site warehouse and installed. 

Although the exact cause of the detonation cannot be positively 
determined, no otner source of ignition except the lightning storm in 
the vicinity of the station could be identified. 

Recurrent Off-Gas System Detonations 

On June 12, 1973, with the Vermont Yankee Nuclear Power Station at 
78Z power, a direct lightning strike to the top of the plant ventilation 
stack was observed during a severe electrical storm. This caused the 
plant stack gas monitoring system and the gamma radiation monitor on the 
perimeter fence to become inoperable. Since this instrumentation is 
required at all times, an orderly shutdown of the plant was initiated. 
The lightning also resulted in a detonation in the off-gas system which 
caused sufficient back pressure to fracture the rupture disc in the air 
ejector. 

Temporary repairs were made to the rupture disc to minimize gaseous 
radioactivity in the turbine building, and the plant was placed in the 
cold shutdown condition the following day. 

During the shutdown period, the rupture disc in the air elector and 
the stack particulate filter were replaced. The off-gas piping was 
inspected for damage and none was found. All defective off-gas instrumen
tation was replaced and recalibrated, and the plant was returned to 
service. 

The ventilation stack had received a direct lightning strike which 
ignited the gas column issuing from the stack. The flame propagation 
continued down the stack to the piping at the base of the stack. The 
failure of the electronic equipment had been caused by inadequate ground' 
ing. 
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To increase the probability of intercepting electrical discharges 
above the top of the stack by the lighting arrestor system instead of 
the gas column, the lightning rods were extended to approximately 15 feet 
above the top of the stack from a previous additional height of 2.5 feet. 
Two additional grounding circuits were installed on the inside surface 
of the ventilation stack and connected to the station ground system. 
Additional grounding straps were also installed on the off-gas piping near 
the base of the ventilation stack. 

On August 31 with the plant at 50Z power lightning again struck the 
top of the ventilation stack during a severe electrical storm. Again, 
both the plant stack gas monitoring system and the area gas radiation 
monitor became inoperable from the lightning strike. An apparent detona
tion in the off-gas systec also occurred with sufficient back pressure 
to blow the rupture disc on the air ejector. 

Approximately 15 minutes after the lightning strike, the reactor 
scrammed because of a high flux trip from the average power range monitor. 
Because the flux recorder indicated a value lower than the scram setpoint, 
it was postulated that the trip was caused by an electrically induced 
spike on the monitoring system power supplies. The lightning strike also 
caused the interim off-gas system to trip from a loss of power. 

During the shutdown period, the rupture disc on the air ejector was 
replaced and one stack particulate filter was tested and met required 
efficiency standards. The plant was returned to operation on September 
1. The interim off-gas system (a charcoal bed) was valved out of service 
until it could be asce-_ cained if the electrical components in the system 
were a possible cause of detonation. 

On September 3, while the plant was operating at approximately 68% 
power, another apparent detonation in the off-gas system caused sufficient 
back pressure to blow the air-ejector rupture disc. There was no evidence 
of lightning or electrical storm in the area at the time. The plant was 
immediately shut down and the rupture disc was replaced. 

It was theorized that possible smoldering in the off-gas system had 
caused this explosion and that the smoldering could have been started by 
the explosion two days earlier. On inspection of a disassembled filter 
cartridge, a black gum-like substance was found deposited on the inlet 
surface of the filter. 

The rupture disc was replaced and the off-gas system was charged 
with carbon dioxide to extinguish any latent smoldering fires. Then the 
plant was returned to service. 

On September 9, while the plant was operating at 652 power, an 
apparent detonation in the off-gas system again caused sufficient back 
pressure to blow the air ejector rupture disc. Again there was no evidence 
of lightning or an electrics.! storm. An orderly shutdown of the plant was 
initiated and the rupture disc and the stack particulate filter were 
replaced. 
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All instrumentation associated with the off-gas system was tested 
and recalibrated to assure that it was not the spark-producing agent. 
The filter cartridge and inner cover plate of the stack particulate 
monitor were positively grounded to prevent any metallic component from 
acquiring a static charge. A thorough ground conductivity check was made 
on bolted pipe flanges, bolted valve bonnets, tubing and ground straps 
associated with the off-gas piping system. No indication of faulty ground
ing was found. 

A continous air purge was installed in the off-gas line in an attempt 
to reduce the hydrogen concentration below 15% by volume concentration. 
In addition, an emergency operating procedure detailing the proper actions 
for handling a detonation in the off-gas system was written, and the plant 
was returned to service on September 13. To date, no further explosions 
have been experienced at the Vermont Yankee Nuclear Power Plant. 
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ROE 74-8 March 29 , 1974 

CRACKED FEEDWATER SPARGERS 

Summary 

Extensive CRACKING of FEEDWATER SPARGERS in a boiling water reactor 
(BWR) was DISCOVERED subsequent to intrusion of seawater into the primary 
system. The FAILURE WAS ATTRIBUTED to RELAXATION of the INITIAL PRELOAD 
on the spargers, which allowed the spargers to fail from high frequency 
aechanical vibration. 

A MODIFIED SPARGER with HEAVIER HEADERS AND AN ADJUSTABLE JACKING 
BOLT SYSTEM to assure adequate preload was installed. This spaiger system 
FAILED after a brief period of operation. The failure was again attri
buted to a LOSS OF PRELOAD followed by mechanical fatigue. 

A THIRD SPARGER SYSTEM was installed WITH A RIGID MOUNTING TO THE 
VESSEL WALL tc eliminate sparger preload considerations. Ti.is third de
sign also was instrumented to allow evaluation o f its performance under 
service conditions. The instrumented spargers vibrated significantly at 
full power operation, so that plant output had to be reduced to 85% power 
for continued operation. The plant is currently operating at reduced 
power and a resolution of the sparger vibrational problem will be reached 
subsequent to plant shutdown. 

Cif-vastances 

On September 1972, Unit 1 of tl Millstone Point Nuclear Power Station 
was in the process of a routine startup when operations personnel noted 
that seawater had entered the main condenser through tube leaks and had 
been introduced into the full-flow deminoralizers. The magnitude of the 
condenser tube leakage caused the demineralizers to deplete very rapidly 
and allowed high conductivity water to enter the primary system. This 
intrusion of seawater into the primary cooling system resulted in exten
sive piVant damage from chloride-ion stress corrosion cracking accompanied 
by a prolonged plant outage (see ROE 73-11). 

During the outage, a visual examination of the reactor internals re
vealed that each feedwater sparger had extensive cracking at the connec
tion of the tee box-to-header transition, and at the tee box-to-thermal 
sleeve transition. The cracks tended to be singular, and all the cracks 
were on external surfaces of the sparger transitions except for two open 
cracks. The sparger headers were relatively fi.ee of cracks. The sparger 
brackets showed wear patterns indicst*.**- ci excessive movement. 

An extensive metallographic and analytical investigation was performed 
to determine the caute of the sparger failure. This investigation con-
clnjed that each sparger had failed prior to the chlorine intrustion. The 

http://fi.ee
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failure was attributed to high frequency fatigue caused by inadequate pre
load on the spargers. It was presumed that the srurgers were either In
stalled without adequate preload or that the preload had relaxed because 
of thermal stresses. The extensive damage to the spargers and the heavy 
oxide residue in the cracks were indicative of a considerable period of 
operation after initial crack propagation. This evidence tender1 to con-
fina that the suarger failure vas not a result of chloride stress corrosion 
cracking. The original sparger design was standard for BVRs an<t the sparger 
installation was considered routine. 

An inspection of the feedwater spargers at two similar nuclear plants, 
after abojt 10,000 and 15,000 hours of operation, showed the other spargers 
were performing as designed. No visible cracking in these spargers were 
observable and all preload wedges were properly in contact with the vessel 
wall. One sparger was tested for preload, and a 2300 pound force did not 
move the sparger from engagement with the preload point. 

A new sparger system that would permit both a higher preload and 
greater flexibility to movement was installed at Unit 1 of the Millstone 
Nuclear Power Plant. The new sparger headers were fabricated from six-in. 
schedule 80 pipe (the old spargers were schedule 40 pipe); the new tee 
boxes were reduced from a j-in. to 0.5-in. wall thickness to provide 
greater flexibility and to reduce the stress in the attachment welds to 
the sparger header. Also, the new sparger headers had a shop welded sad
dle to which a jacking bolt was mounted. These design changes allowed 
considerable adjustment at the preload point and provided compensation for 
any weld distortion after installation. The redesigned spargers were in
stalled with approximately twice the initial preload of the original 
spargers. 

Prior to a planned outage In April 1973, two of the feedwater spargers 
were inspected by an underwater television camera and found to be crackci 
at the tee box. Examination of the remaining two spargers by a dye pene
trant test also disclosed cracking. This set of four spargers had been in 
service for only six weeks. Subsequent tests on the Installed spargers 
show.'d that only one sparger had maintained its original preload. 7he other 
three spargers showed a resistance to movement, but none exhibited any 
significant preload. Further investigation revealed wear to the sparger 
pin slots, the top cf the sparger support brackets and the support pad for 
the thermal sleeve. Broken tack welds were also observed on the two lower 
jack bolts of one sparger. The jack bolts were loose on the other spargers 
without preload and could readily be turned by hand. 

This sparger failure was attributed to a loss of preload because of 
thermal relaxation of the components. The loss of preload allowed high 
frequency vibrations, and the sparger ultimately failed from mechanical 
fatigue. The second failure of the sparger confirmed that the Initial 
failure was not caused by the chlorine intrusion incident. 
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A third set of spargers of fundamentally different support design 
were installed. The new sparger installation had an additional load bear
ing member to provide essentially rigid attachment of the sparger to the 
reactor vessel. This welded attachment eliminated the dependence of the 
spargers on preloading and on the jack bolt arrangement that had been em
ployed in the second sparger design. 

All four t*f this set of feedwater spargers were instrumented with 
varying combinations of accelerometers, strain gages and resistance tem
perature detectors (RTDs) so that sparger performance could be evaulated 
under service conditions. 

The plant was returned to service in July 1973, and sparger vibration 
data taken at 25-, SO-, and 75-2 power showed only background vibration. 
However, significant vibrations were observed on one sparger at 90Z power 
and on a different sparger at 100Z power. These were the only two spargers 
that were instrumented with accelerometers. 

After three hours of full power operation, the plant was reduced to 
85Z power and vibration of one sparger was virtually eliminated. Also, 
the amplitude of the second vibrating sparger decreased to an acceptable 
level. The plant has continued to operate at this power level. 

Preliminary data from the instrumented spargers indicate that sparger 
vibration is not the result of pressure fluctuations in the feedwater sys
tem. It is now theorized that sparger vibration is flow induced and self-
exciting from normal coolant flow operation. 
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COOLANT PUMP GUIDE-VANE FAILURE 

The FAILURE of resistance temperature detector (RTD) WELLS at a nu
clear power plant was TRACED TO FAILURE OF a GUIDE VANE ON A PRIMARY COOL
ANT PUMP. The failure of the guide vane was ATTRIBUTED TO HIGH FREQUENCY 
FATIGUE, followed by CRACK PROPAGATION FROM A DEFECTIVE WELD. 

Background 

Each of the three reactor coolant loops at the Maine Yankee Nuclear 
Power Station was equipped with two guide vanes to reduce the foraation 
of vertices at the pump inlet. Each guide vane was approximately 7-inches 
high by 10-inches long by 1.5-inches thick, was fabricated from stainless 
steel, and weighed 26 pounds. The guide vanes were designed by Byron-
Jackson and field welded by Stone & Webster according to S&W procedure. 

The cold-leg suction lines, which connected the steam generators to 
the reactor coolant pump, were U-shaped loops, each approximately 25-feet 
long and 33.5-inches in inside diameter. This carbon steel pipe had a 
0.5-inch thick clacking to prevent corrosion. Six resistance temperature 
detectors (RTDs) were located in wells penetrating the pipe wall at the 
top of the U-bend. 

Circumstances 

On July 5, 1972, near the end of hot functional testing, a clattering 
noise was heard near one reactor coolant pump and its cold-leg suction 
pip'ng. An initial inspection revealed that water was leaking from an 
RTD cable conduit. Furter investigation disclosed that all six of the 
RTD wells were leaking. 

On July 8, the steam generator manways were opened and the water 
boxes were visually Inspected. Approximately one cup of metal chips were 
found and removed from the cold leg of the steam generator; a few metal 
chips were retrieved from the hot leg side also. The following day, two 
more cups of chips were removed from the cold leg side, and four RTD wells 
(approximately 3-Inches long) were retrieved. The piping temperature was 
still too high for direct physical Inspection, but a visual check from the 
steam generator showed that the pipe cladding was gouged. This gouging 
was readily identified as the source of the metal chips. 

On July 10, plant personnel entered the cold leg suction piping and 
discovered that the pipe cladding was extensively gouged over the entire 
surface area. One of the two guide vanes from the pucp was found directly 
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over the drain nozzle at the bottom of the suction piping. Five of the 
six RTD wells were severed; the sixth was bent, but still in place. 

The gouges in the cladding started about two feet from the steam 
generator and extended almost to the pump volute. This required the 26-
pound guide vane to have traveled more than 25 feet upstream and uphill 
into the steam generator elbow. The periphery of the recovered vane 
was extensively peened apparently from repeated contact with the suction 
leg piping. There was no damage to either the steam generator or to the 
pump impeller. 

Four RTD wells were recovered from the cold leg side of the steam 
generator. The missing RTD well could not be locatec after an extensive 
search throughout the primary cooling system. It was postulated that 
the well had been pulverized by the guide vane and removed in the form 
of metal chips. 

The four RTD wells that were recovered showed marks indicating that 
they had withstood several impacts by the vane before breaking off. The 
bent well that was still intact had a number of marks on it, but appar
ently they had not been struck with enough force to break off. 

Corrective Actions 

The cladding surface on the suction piping was ground until no fur
ther dye indications could be found. The cladding was then checked using 
copper sulfate as a reagent to ascertain whether it had been penetrated 
to the carbon steel base. No exposed carbon steel was found. The deepest 
gouges were then checked by direct depth measurements and it was deter
mined that the deepest penetration was only halfway through the cladUng. 
Since the cladding was needed only for corrosion protection, the sucrion 
pipe was still acceptable for continued use. 

A metallurgical examination of the detached coolant pump guide vane 
showed that the failure was propagated by high frequency fatigue (above 
10,000 cps). The major cracks originated on the side of heaviest loading 
near the primary pump. It was estimated that between 100,000 and 
1,000,000 load cycles occurred between crack initiation and failure, be
cause a significant portion of the fractured surfaces were oxidized. 

Metallographic and radiographic examinations revealed a number of 
defects (porosity, linear indications and inclusions) on both sides of 
the vane. The majority of defects occurred in the area of fusion of the 
weld metal to the base metal. 

It was postulated that the initial crack began in one of the defects 
in the weld area and progressed by fatigue mode through the interface of 
the weld metal to the babe metal. Because of the total number and types 
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of defects observed, it was concluded that the weld was i.t -Eolation of 
code requirements. 

Additional dye checks were made on the intact guide vanes. These 
vanes and tneir attachment welds were acceptable. 

The remaining guide vanes were removed from the coolant p~>mps because 
flow eodel tests indicated that their removal would have little or no 
effect on total pump head and efficiency. The puap manufacturer also did 
not believe that removal of the vanes would affect detrimentally either 
mechanical or hydraulic performance. 

A program to compare actual performance of the pumps without guide 
vanes to previously acquired pump data indicated no significant change 
in overall performance. 

The six damaged RTD wells were replaced. 
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TORUS PROBLEMS 

Suamary 

The pressure suppression chamber used to absorb energy contained in 
steam released to the drywell in the event it becomes necessary to relieve 
the pressure in the reactor coolant system rapidly at some boiling water 
reactor (BWR) power plints has the shape of a torus. Forces involved in 
venting steam from the -irywell to the torus are often very large. 

In the first instance described below, the TORUS SUPPORTS were NOT IN 
full CONTACT WITH the SUPPORT PADS, allowing the torus to vibrate when the 
relief valves were actuated. Temporary shims and new vertical leadings on 
the ring header were used co reestablish contact and reduce the vibration 
to acceptable levels. 

In three other instances, TORUS BAFFLE SECTIONS WERE DAMAGED by 
SAFETY/RELIEF VALVE DISCHARGES. 

The DEGRADATION of the submerged portion OF a TORUS COATING is de
scribed in the fifth event. 

Circumstances 

Torus Not in Proper Contact with Support Pads 

In November 1973, at Unit 1 oi" the Browns Ferry Nuclear Power Plant, 
a significant noise was heard from the torus and drywell area when the 
relief valves were actuated. When the torus was entered three days later, 
it was evident that a discharge pipe from a relief valve had been vibrat
ing against the floor grating within the drywell. The clearance between 
the discharge pipe and grating was increased to eliminate the interference. 

Ten days later, during testing, it was noticed that three of the torus 
supports were not in full contact with their support pads. The next day, 
the lack of full contact of six additional torus supoort saddle feet with 
their support pads was also discovered. 

The spaces between the torus supports and their support pads were 
temporarily shimmed. The relief valves were actuated individually, and 
although the shinning reduced vibration, the movement of torus and ring 
header were still excessive. The ring header support was modified to re
duce vertical movement of the header to an a<ceptable level. Each torus 
support was subsequently permanently shimmed aod loaded. 
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All Baffle Sections Removed from Torus 

On November 1971. during an inspection of the torus at the Monticello 
Nuclear Generating Plane, 11 of the 72 large double I-beam baffle sections 
were found to have been displaced. Some bolts were sheared on the baffle 
sections that remained in place, the 3/4-inch diameter U-bolts that anchored 
the re l ie f valve discharge l ines were stretched, and trie air l ine to the 
actuator of a torus-to-drywell vacuum breaker valve was severed. Paint on 
the torus wall was bl istered and missing from surfaces direct ly below the 
discharge l ines and some of the catwalk support legs were either bent or 
broken. A total of 114 bo l t s were found to have sheared. The damage was 
concentrated around the r e l i e f valve discharge l ines and the HPCI turbine 
discharge l i n e . 

The failure was postulated to have been caused by a slug of compressed 
air trapped by water in the r e l i e f valve piping. With the discharge of the 
re l ief valve, this mass of compressed air was suddenly injected into the 
suppression pool. The pressure forces arising from the resulting water ham
mer were suff ic ient to displace the baffles near the valve discharge. 

All the baffles from the torus were removed and the discharge l ines 
for the re l ie f valves were extended to the deepest region of the torus to 
cause the steam to be discharged under about nine feet of water. At the 
discharge point, a rams head tee was instal led to direct discharge flow so 
i t does not impinge direct ly on the torus wal ls . 

Partial Baffle Removal from Torus 

As a result of torus damage at the Monticello Power Station described 
above, the torus at the Oyster Creek Nuclear Power Station was Inspected in 
May 1972. Five baffles in the v ic in i ty of the re l i e f valve discharge l ines 
were found displaced from their proper posit ion. Several other baffles had 
loose nuts and bo l t s , and in some cases the bolts were missing. The remain
ing baffles downstream of the two seta closest to the re l i e f valve discharge 
pipes were inspected and i t was determined that 44 bolts were missing and 11 
were broken. The broken bolt pieces that were retrieved appeared to have 
failed from overtnrquing during construction of the plant. In most cases 
where bolts were missing, i t was obvious that an alignment problem had ex
isted between the baffle and the support bracket and the bolts had never 
been inserted. 

The torus she l l was carefully inspected for damage to the coating. 
With the exception of scraped paint where the baff les contacted the torus 
s h e l l , no damage was apparent to the coating or to the special coating be l t 
at the water-air interface of the torus she l l . The small areas where paint 
had b ien removed were not considered significant because the corrosion in 
hibitor solution of the torus would prevent subsequent corrosion. 

As a result of the inspections, the f i r s t three sets of baffles in 
front of each re l i e f valve discharge l ine were removed, leaving a total of 
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72 of the original 90 baffles still in place. All broken and missing 
fasteners in the remaining baffles were replaced with new fasteners and 
lock washers. The fasteners were properly torqued to the recommended 
value. 

Damaged Baffle Sections Allowed to Stay in Place 

In August 1972, during a refueling outage at Unit No. 3 of the Humbolt 
Bay Power rMant, an inspection of the torus was performed. This investiga
tion WAS prompted by notification of torus baffle d&mage in the vicinity of 
safety/relief valve discharge lines at other BVRs. This inspection revealed 
that two upper baffle sections adjacent to the relief valve discharge line 
had failed attachment welds at one end of the baffle section. In addition, 
the baffle closest to the end of the relief valve discharge piping was de
formed. However, both baffles remained firmly attached to their bracket at 
the other end of the baffle. The damage was theorized to have occurred in 
July 1970 when one of the four reactor relief valves discharged. 

Analysis of the possible results of removing the two damaged baffle 
sections led to the conclusion that their removal might cause the next 
nearest baffles to become detached in the event of a r l~r>f valve dis
charge. Therefore, the damaged baffles were retained in place. As a 
precautionary measure, the torus will be inspected following any future 
relief valve discharge. 

Replacement of Underwater Torus Coating 

During a refueling outage in the spring of 1971 at Unit No. 2 of the 
Dresden Nuclear Power Station, an inspection of the torus revealed some 
pinpoint rusting, blistering and delamination of the Phenoline 368 coat
ing above the water line. The torus was drained and extensive areas of 
degradation of the coating were found in the underwater portion. Large 
delaminations from one to sixteen square feet in area existed, in which 
the coating had separated from the primer coat. The delaminated areas 
were discolored and a thin film of water was behind the coating. There 
were also 6- to 13- inch long cracks in the paint surface at the bottom 
of the torus. 

An interim repair to the small isolated areas of pinpoint rusting 
and blistering was made by grinding these areas to bare metal and re-
application of the coating. The deliminated areas were shot blasted to 
remove the separated material. The shot blasting did not disturb the 
prime coat, which in all cases was still firmly bonded to the metal sur
face. The perimeter of the delaminated area was ground to a smooth trans
ition to the coating-primer interface. The edges of the coating Interface 
were sealed with A- to 6-inch wide strips of Phenoline 368 to prevent water 
seepage under the coating. The remaining prime coat was left exposed. 

During inspections in February and March 1972, the coating system 
above the normal water line was found to be still in good condition. 



177 

ROE 74-10 

However, the coating below the normal water l eve l had continued to deter i 
orate. Consequently, the coating was reaoved froa the torus s h e l l and ring 
girders below the normal water l ine and replaced with an inorganic zinc 
coating (Carboline Carbo Zinc #11). The baff les were not recoated, but a l l 
of the distressed top coating was removed to the primer surface. The 
Pt.enoline 368 coating was not replaced in the above water portions of the 
torus s h e l l . 

Although extensive laboratory testing was done to duplicate the f a i l 
ure pattern of the Phenoline 368 coating that was experienced at Dresden, 
no conclusive results could be ascertained. Soar, specimens performed wel l ; 
oti.ers failed in an identical fashion to the torus fai lures for no clearly 
discernible reason. The fai lure phenoaena were also investigated by 
chemical analysis of failed coating specimens taken from the torus. The 
results of these t e s t s were also inconclusive in identifying the failure 
mechanism. 
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SAFETY INJECTION SYSTEM PROBLEMS 

Three events that have occurred involving SAFETY INJECTION SYSTEMS 
a^e reported to illustrate the nature and type of EQUIPMENT MALFUNCTIONS 
AND PERSONNEL ERRORS that may be encountered with these systems. 

In the first case, the BORIC ACID SOLUTION in the safety injection 
tank was DILUTED below the minimum concentration specified in the Techni
cal Specifications because of recurring failures of a valve in the safety 
injection system to close. In the second occurrence, a FALSE HIGH LEVEL 
SIGNAL was registered on the standby liquid control tank because BORIC 
ACID CRYSTALS had plugged the bubbler tube and CREATED A FLOW RESTRICTION. 
In the third instance, an OPERATOR MISTAKENLY VALVED DEMINERALIZED WATER 
INTO THE SAFETY INJECTION TANK. 

Circumstances 

Safety Injection Tank Dilution Caused by Valve Leakage 
from the Refueling Water Storage Tank 

On July 7, 1972, at Unit No. 2 of the H. B. Robinson Nuclear Power 
Station, operating personnel observed that the position indicators on 
the control board for two valves in one of the safety injection loops 
were indicating an intermediate valve position. A visual inspection in
dicated that each valve was apparently fully closed. The valves were 
cycled and appeared to operate normally. The control board light indica
tion was noted for future investigation. On July 11, as a result of a 
more thorough investigation, it was determined the two safety injection 
valves were, indeed- partially open and a correct signal had been dis
played on the control board. 

Complete closure of the valves apparently had been prevented by an 
accumulation of solidified boric acid under the valve seat. The valve 
insulation was removed and heat was applied to the valve body to dissolve 
the crystals. The valves were operated successfully through their full 
stroke, and a proper control board indication was received with each 
actuation. 

On July 13, it was noted that the level in the supply tank increased 
e?ch time the contents of the tank was recirculated. (This recirculation 
was performed daily to assure that the boric acid content in the injection 
tank was at the required concentration of 20,000 to 22,500 ppm or 12% solu
tion.) An investigation disclosed that one of the safety injection valves 
was again partially open. The torque limit switch was adjusted and the 
valve operated and seated correctly. Tie concentration of the boric acid 
in the tank was measured and found to be only 12,641 ppm. Because proper 
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recirculation between the boric acid tank and the safety injection tank 
was assuaed, the operators concluded that both tanks were at the same 
relative concentration, and batching operations were begun LO bring them 
to a proper concentration. 

On July 16, when personnel attempted ;.o recirculate between the boric 
acid tank and the safety injection tank, it was discovered that the recir
culation line was plugged. It was now evident thac proper recirculation 
had not been taking place since at least July 12, and the concentration 
of the solution in the boron acid tank was not necessarily representative 
of the safety injection tank. The safety injection tank was sampled and 
its concentration was found to be 3045 ppsn (3.5%). A temporary hose was 
connected from the boric acid tank transfer pump to the safety injection 
tank and the safety injection tank was brought to a proper concentration. 
The recirculation line was subsequently cleared. 

It was concluded that the primary cause of dilution of the boron in
jection tank was leakage through the valves by gravity flow from the re
fueling water storage tank. The malfunction of these valves had been 
caused by the blockage of several sections of the normal recirculation 
flow path by boric acid. 

To prevent recurrence, personnel have been instructed to verify re
circulation flow by observing a local flow meter. The results of the flow 
verifications are recorded in a daily log. The sampling frequency for the 
safety injection tank has been changed from monthly to weekly and provi
sions have been made to clear the recirculation lines by means of a nitro
gen stream should further crystallization occur. 

An investigation into the effectiveness of heat tracing on the system 
piping also revealed large areas of heat sinks. Low sections of pipe, un
insulated valve bonnets and piping supported by l*»rge hangers were signi
ficantly lower in temperature than the adequately insulated components. 
The temperature of the safety injection valves was low because of their 
installation configuration and lack of insulation. This condition was 
corrected by insulating all valves from the bonnet to the packing gland, 
insulating pipe hangers where the piping could not be adequately insulated 
because of interference with the hangers, adding strip heaters to large 
area heat sinks and recording thermometers to obtain representative loop 
temperatures. Thf setpoint of the temperature controller for the bottcm 
of the boric acid tank also was increased to preclude precipitation of 
the boric acid crystals in the bottom of the tank. 

On October 19, with the plant at 99.5% power, a routine sampling 
showed that 'be safety injection tank and one of the three boric acid 
tanks were slightly below technical specification requirements for boron 
content. A measurement taken three days earlier had shown that all three 
safety injection loops were at proper concentration. It was concluded, 
therefore, that the dilution occurred during a safety injection test that 
was performed just after the verification of loop concentration. The most 
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probable cause of dilution was agin improper seating of the safety injec
tion valves that allowed refueling water to enter the safety injection 
tank during this test. 

To correct the problem, the safety injection tank was recirculated 
with one of the boric acid tanks that was at the proper concentration. 
After the safety injection tank was verified to be within specifica
tions, a fresh batch of boric acid was prepared and added to the boric 
acid tank used for recirculation. Two additional batches of solution 
were reprocessed through the boric acid evaporator to restore the depleted 
boric acid tank to its proper concentration. 

A procedural change now requires that an analysis of the safety in
jection tank and the boric acid tanks he made immediately following any 
test of the safety injection system that could cause dilution. 

False Level Indications of Boric Acid Tank 

On December 17, 1972, with Unit No. 2 of the Quad Cities Nuclear 
Power Station at 80% power, a "high/low level" alarm was received from 
the standby liquid control tank. A confirming indicator panel light 
showed the tank level to be high. While personnel were verifying the 
high tank level, they noticed the air flow through the level indicating 
device on the bubbler was near zero. When the air flow wa;; restored, 
the tank level indicated 68% of capacity. The cola air in the bubbler 
pipe had caused local crystallization of the boron solution and restricted 
flow in the tube. This restriction caused a high back pressure and created 
a false high level indication. 

After a review of the volume/concentration requirement of the storage 
tank, a decision was made to increase the tank level and sample the con
centration. Subsequently, a fresh batch of boric acid was added to in
crease the tank concentration. A more thorough investigation of the bubble 
indicating device revealed that the transmitter was not calibrated over the 
real usable volume of the tank. The zero indication on the instrument was 
6 inches above the bottom of the tank, or 2.75-inches above the bottom of 
the pump suction line. The volume of solution below the pump suction, 
which is not usable, was 128 gallons. The true net usable volume of the 
tank was decreased by this amount for future volume/concentration require
ments. 

As an interim measure the bubbler was blown out each time a tank 
sample was obtained to prevent a crystal buildup. As a permanent correc
tive action, a sight glaso was installed to allow level determination to 
within 10 gallons. 
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Operator Error Results in Dilution of Safety Injection Tank 

On January 3, 1973, at Unit No. 3 of the Dresden Nuclear Power Sta
tion, an attendant valved sparging air into the boron tank in preparation 
for a routine monthly boron concentration analysis. Two hours later, 
operating personnel were inforaed that the boron tank was overflowing. 
At this time the power station was increasing load after completion of 
routine surveillance tests. Upon notification of the tank overflow, the 
power level was held stationary at 746 W e . 

An investigation showed the sparging air had been valved in properly, 
but the deaineralized water had also been vaived into the boron tank. 
Both valves were normally locked closed; however, the equipment attendant 
mistakenly unlocked and opened both valves, which he thought were in series 
in the air sparge line. 

As soon as the problem was reviewed, the standby liquid control sys
tem was declared inoperable and a plant shutdown was initiated. During 
the shutdown process, the boron tank wa« sampled. Its concentration had 
been diluted to approximately one-hait of tt'e required concentration. A 
portion of the solution was drained from the tank and b?cch nixed to a 
higher boron concentration and then returned to the tank to restore proper 
concentration. 

The valve checkoff list was revised so that a second valve on the 
demineralized water line will have to be opened before water can be added 
to the boron tank. 
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INADVERTENT CRITICALITY DURING RETUELIHG 

Summary 

AS INADVERTENT CRITICAUTY OCCURRED during a refueling outage at a 
nuclear power plant WHEK TWO ADJACENT CONTROL RODS WERE WITHDRAWN. A 
REACTOR SCRAM was INITIATED by a high-high flux signal FROM THE INTERMEDI
ATE RANGE NEUTRON MONITORING (IRM) SYSTEM. The scram signal resulted in 
the rapid, full-rod insertion of the two withdrawn control rods. The 
shutdown instrumentation functioned as designed and terminated the unde
sirable sequence of events. 

THE INCIDENT ILLUSTRATES A FAILURE OF PERSONNEL TO FOLLOW ADMINISTRA
TIVE PROCEDURES, THE INADEQUACY OF SOME EXISTING PROC±£'JR£S, AND A BREAK
DOWN IN INTERDEPARTMENTAL COMMUNICATIONS. 

Circumstances 

On November 7, 1973, the Vermont Yankee Nucl-jar Power Plant was in the 
refueling mode, with the reactor vessel head off, for hoth partial refuel
ing and installation of an eff-gas treatment system of an advanced design. 
The planned outage, which began September 28, 1973, had progressed to the 
point where the final fuel loading had been completed and core verifica
tion tests, concurrent with control rod friction and timing tests, were 
underway. The simultaneous performance of both tests was not possible 
unless the refueling interlock circuit of the manual control system for 
the reactor was jumpered. Jumpers were installed to allov the control rod 
friction and timing tests; however, these jumpers also defeated the inter
lock that prevented the simultaneous withdrawal of two or mor* control 
rods. The existence of the jumpers was recorded in the Lifted Leads Log, 
but it was not noted in the General Plant Log (which was contrary to ad
ministrative procedures) and the scope of interlock defeat was not fully 
communicated to operations personnel. 

As the control rod friction and timing tests continued, one of the 
concrol rods was inadvertently left in the fully withdrawn position. The 
reactor operator then selected a control rod for withdrawal that was ad
jacent to the one that was fully withdrawn. As the sec «d rod was being 
withdrawn for a timing test, the reactor operator noted a rapid increase 
in the indications of the source rangd monitors. He immediately inserted 
the rod, but a fiul scram from the intermediate range monitoring system 
was initiated sintuitu*ously. 

The Shift Supervisor immediately notified plant management and ordered 
the readout of dosimeters of the five people that were working on the re-
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fueling floor, although none of the men were near the reactcr vessel at. 
tfce time of the incident. The maximum dosimeter reading was 2^ aillirec. 
This exposure had been accumulated over a five hour work period and thus 
was not attributable to the incident alone. Seutron exposures to all five 
personnel were measured to be zero. Also, there were no indications of 
increased radiation levels at the local area monitors, the continuous air 
monitor on the refueling floor, or at the ventilation exhaust monitors for 
the reactor building. 

A detailed analytical evaluation of the incident resulted in the fol
lowing: from starting conditions, the peak fuel center-line temperature 
would have increased no more than 50 degrees and the peak temperature of 
the cladding would have increased no more than 5 degrees. Therefore, the 
fuel center-line temperature was no higher than 135 degrees and the peak 
clad temperature was no higher than 90 degrees. 

Remedial and Corrective Actions 

After the arrival on site of the Assistant Plant Superintendent ani 
the Reactor Engineer, the jumpers that had been installed on the rod-block 
interlock were removed and tests were conducted to verify the restoration 
of the interlock. Subcriticality tests were performed separately on each 
of the two control rods which verified the reactivity worth :>f these rods. 
On Hovember 8, 1973, the five fuel assemblies that surrounded the two con
trol rods were removed and examined for evidence of leakage or degradation. 
This examination revealed no damage. 

Plant management discussed the significance of the incideut with all 
involved personnel, stressing areas of inadequate personnel perfor» once. 
Also, a review was made of past and present performance of employees di
rectly involved. No evidence of intentional misconduct was revealed and 
it was concluded that the personnel involved are capable, sincere, and 
conscientious. 

An in-depth evaluation of the incident determined that no single event 
or circumstance vs» the cause, but that a series of coincident circum
stances and events were precipitating factors. 

a) The final condition resulting from the installation of the jumpers 
was beyond the preliminary intent, and the installed Jumpers 
should have been removed immediately following the completion of 
core verification. A new procedure detailing requirements and 
instructions "̂ r installation and removal of Jumpers has been pre
pared. 

b) The procedures that were being used for control rod friction tests 
were the same that had been used in the initial plant startup, but 
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had not been approved as plant operating procedures. Approved 
procedures with data sheets for control rod fr ict ion and timing 
t e s t s are now being developed. 

c) An apparent lack of definition of the interface of respons ibi l i 
t i e s at the interdepartoental level was a contributing factor. 
This Interface hts now been speci f ical ly defined and personnel 
have been required tc beccec- f a s i i i a r with these def init ions . 

a) Training and re tn icing of operations personnel has been cocplete-i. 
This included eaphasis on the responsibil i ty of personnel to f o l 
low procedures, sethods available tc prepare acc-ptable deviations 
free procedures, and supervisory review of procedural de f ic ienc ies . 
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FRACTURE 3F REACTOR MAIS COOLAST PUKP SHAFT 

Saamr 

A reactor XAI5 COGLAST PIMP SHAFT FRACTURED *t a machined reluct lor. i:. 
the shaft diaaeter DURI3G a controlled plant shutdown. There vas r.c ep-
parrent fuel damage. 

Circumstance* 

la loveaber 1973, with 'Jnlt 1 of the Surry 3uci«ar Power Jtatian oper
ating at 955 of rated power, the reactor operator noticed a coolant fiov 
reduction from iOOf to 965 of indicated flow accompanies by a high vibra
tion indication (l«L n i l s / on one of the aair. reactcr coolan* pumps. 
A controlled shutdown was i n i t i a t e ! ta investigate the probl-a. luring 
the shutdown with the unit at *»25 power, the reactor tripped on low stews 
generator level concurrent with a suddes loss of a l l flew indications free 
the sazse coolant loop. The reactor operator further observed that the 
coolant puep was not drawing any e l ec tr i ca l load and the loop was i s sed i -
ately i so lated to prevent any damage from potential scattering of t « f 
internals that amy have broken. 

After disasseably, an inspection of the reactor coolant pus; internals 
showed that the pump shaft had broken about IS inches above the impeller, 
between the themal barrier and the radial bearing. The break occurred 
in the nine-inch diameter shaft at a l/<—inch aachined reduction in dian-
eter and followed along the diameter transition radius, estimated to be 
1/16 to 1/3 inch. 

An examination of the fracture surface showed the characteristics of 
fatigue failure. The fatigue progression extended completely around the 
reduced shaft circumference with toe final rupture located at the center 
of the shaft. The fracture surface showed "ratchet marks" around the pe
riphery; th is implied the failure started at ser-ral points which i s typi 
cal of re lat ive ly high load and m%r*st concentration fa i lures . The cen
tra l location of the f inal rupture together with the break occurIng in a 
stress r i ser section of the shaft conf ined the suspicion of % relat ively 
high nominal s tress on the shaft at time of fa i lure . 

The examination did not show any indication of arterial or manufactur
ing defects that could be associated with the shaft fai lure. The only 
other evidence of damage to the pump internals was s l ight scarring of the 
pump s e a l s . 
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It was postulates that the complete severance of the shaft occurred 
vitri the suiaer. loss of flow indication concurrent with the low leve l t r ip 
of the s teas generator while the reactor was operating at i»2$ of rated 
jower. AT. accident analysis concluded that for these conditions, the de
parture from nucleate boiling rat io for the fuel was l e s s severe than 
those evaluated in the Pinal Safety Analysis Report and Review for the 
f a c i l i t y for a locked rotor incident at .*00t of the rated power. Jio i n 
crease in reactor coolant act iv i ty was observed, as evidence that no fuel 
iasuge ccurred. 

Ten pumps were manufactured using the same shaft design. Six of these 
£uop3 are at ~urry Units Sos. 1 and 2 , and the ether four are at the Sales 
Nuclear Generating Statior.. 

Corrective Actions 

Work i s currently ?n zrogress to rebuild the Surry Unit 1 pumps with 
shafts aanufactured for the liortb Anna Power Station. The replacement 
shafts have a different design configuration in the area of the break. 
After Jurry 1 has been returned to operating s ta tus , a similar pump shaft 
replacement wi l l be cade at curry 2 . 

jr. December 10, an adsinistrat've l imit of 61*5 of rated power was 
piacei or. Surry j 'operation pending a detailed examination of the adequacy 
of the present pyep shaft configuration. Based on a reevaluation of the 
probles the authorised power was increased tc 925 on December 31, 1973, 
and is currently being maintained at this l e v e l . 
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RECU1KIXG POMP OOMPOHEXT FAI LUKES 

Summary 

A BROKEX POPPET VALVE DISCHAtCE SPRING OH A CHARGING PIMP in Che 
primary coolant system led to the deteralnation that the spring was oot 
necessary for proper operation of the puap and the spring was removed. 
A subsequent investigation disclosed that the corresponding spring was 
broken on a second charging puap. At the sane f a c i l i t y , the REPEATED 
CRACKING OF both repaired and as-received IMPELLER HUBS on punas in the 
coaponent cooling water systea led to a change in aaterial and improved 
procureaent speci f icat ions . 

Circumstances 

unnecessary Poppet Valve Springs Fractured 
in Safety Injection Systea Charging Puap 

In November 1973. while the Fort Calhoun Nuclear Power Station was 
at 7o% power, one of the primary coolant systea charging pumps was dis
assembled to inspect valves within the puap to verify that their seating 
surfaces were in proper condition. During disassembly of the pump, it 
was discovered that a spring that loads the poppet discharge valve was 
broken into several pieces. Approximately two and one-half turn- of the 
spring could not be found. The spring was 1/16-inch diameter, type 302 
stainless steel wire wound to a 5/8-inch outside diameter. 

It was learned froa the puap manufacturer that this was not a unique 
problea with this particular puap design. The manufacturer recommended 
removal of the springs. This recommendation was based on the fact that 
the puap was of a design to provide compatibility with many different 
fluids. For this reason, the spring was not necessary for a fluid having 
the viscosity of reactor coolant water. 

The puap was reasseabled without tb.» poppet discharge valve springs. 
A safety analysis of the implications of leaving the missing spring sec
tion in the reactor coolant systea concludes that the saall size of the 
piece involved would probably be further worn significantly froa abrasion 
with the coolant systea walls, and even if swept into the reactor vessel, 
its size and shape would not block any flow channels within the fuel. 

As a result of this incident, it was decided to inspect the other 
two charging pumps. One had two of its three springs broken; the springs 
of the other puap were intact. The intact springs and spring fragments 
were reaoved froa these two pumps. 
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Recurrent Cracking 'poling Wat^r Pvap Tupeller Rub 

In July 1979, at \»rt Calhoun nuclear Power Station, anintenance 
was being perfomed on a *led outboard seal of a pwnp in the continent 
cooling water systea. Dm «**. disassesbly of the pwnp it was observed 
that each side of the iapelJer ' a crack at the keyway. 

Hie puap uaaafacturer v set* n an atteapt to obtain a replace-
nent iapeller. Since none » -r* for ianediate shlpaeut, an la-
peller was placed oa order. Two %>, repairs were considered for the 
defective iapeller. One suggestio) » to nachine a ledge into the oat-
side dianeter awl t* shrink fit a ring onto the iapeller hah. Ihe 
alternative repair technia.ee propo. - *a* to braze the cracks. Erasing 
was selected after consultation with as expert in brazing cast netals. 
Repairs were coapleted; the inpeller was balanced an<* replaced on the pvap 
and operability tests were perfomed successfully. 

On Hoveaber 20, the sane puap was disassembled to Install the aewly 
received inpeller. When the repaired iapeller was reacved froa the pnap, 
new cracks at the hub keyway and a sasll crack in the area of the previous 
repair were noted. Close inspection revealed that the new inpeller also 
had snail cracks in the keyway comer identical to those previously dis
covered. 

The puap nanufactbrer was inforard of the situation. He agaiu recoa-
aended the procedure of shrink fitting a steel ring over a ledge aachined 
into the inpeller hub to reinforce the area where the cracks existed. 
Based on this recount nrt at ion and because the braze repair had failed, it 
was decided a better repair would result froa the shrink fit steel ring 
procedure. The new inpeller bad nore cast iron in the area of the keyway 
than th» previously repaired inpeller. 

Independent aechanical experts concurred with the punp aanufacturer 
that the ring repair would add considerable hoop strength to the iapell*r 
hub and nore than coapensate for the stress lost because of the cracks. 
During the repair, stress concentration points were eliminated as audi as 
possible and the ring was blended into the hub contour to eliainate un
necessary flow turbulence in the iapeller eye. Operating characteristics 
of the punp were aeasured after repairs were coapleted and puap performance 
was consistent with previous puap data. 

Because of the recurring nature of this problem, the other two compo
nent coo!in* water puaps ware inspected to deteraine if cracking had occur
red in the iapcllers. Rone was found in one of these puaps. However, 
inspection of the reaainlng puap revealed cracks at the sane location on 
the hub. This iapeller was also repaired by shrink fitting a steel ring 
over the iapeller hub. Each of the three puaps involved will be dis-
asseabled and inspected on a periodic baai*. 

http://technia.ee
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Replacement iapel lers aade of bronze wi l l be ordered to provide note 
d u c t i l i t y . Revised purchase specifications are acre stringent in their 
requirements for inspection at the manufacturer's plant . 
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WATER HAMMER DAMAGES VALVE OPERATOR 

Rapid cooldown of the primary cooling systea of a pressurized water 
reactor (PUR) resulted in the unnecessary initiation of the safety injec
tion system because the reactor operator failed to switch the feedwater 
control froa autoaatic ro mimnil node during the plant shutdown. The 
shutdown, being performed under routine procedures, had been necessitated 
by an indication of turtine problems. A WATER RAMMER, resulting froa an 
air pocket, DAMAGED THE MOTOR OPERATOR OF A VALVE AMD a HANGER on one 
loop of the safety injection systea. 

Circumstances 

On October 20, 1973, a turbine vibration alar* was annunciated on 
the control panel of Unit 1 of the San Onofre Nuclear Generating Station. 
One minute later, saltwater intrusion was indicated by high conductivity 
alarms from monitors located in the condenser. An investigation to deter
mine the cause of both alarms was started immediately. Approximately 40 
minutes after the turbine vibration alarm, a systematic load decrease was 
begun; and one hour and 15 minutes after the alarm was received, die plant 
was reaoved from the line and the plant load was switched to the auxiliary 
transformers. 

Approximately eight minutes after the plant load had been switched, 
a noload turbine trip alarm was received, although the turbine had been 
removed from service. The trip alarm caused the turbine stop valves to 
close. During removal of the plant froa the line, the operator had 
failed to switch the feedwater control systea to manual. This sequence 
of events caused the feedwater regulating valves to open automatically to 
Sf-i of full open because the average primary coolant temperature was 
greater than 540*F. The switching oi the feedwater control from autoaatic 
to manual is a standard requirement for a routine shutdown. 

The opening of the feedwater valves allowed the average temperature 
and pressure of the reactor coolant to drop rapidly. The water level in 
the steam generators was observed to be increasing rapidly, the pressuri
ze r level had decreased to 10Z and die letdown valve had closed. The 
rapid filling of the steam generators resulted in a rapi<? cooldown and 
decrease in the total pressure of the primary system. 

The primary systea controls were placed in the manual mode and one 
of the control rod banks was pulled to mitigate further drops in primary 
systea pressure and temperature. Feedwater control was also changed to 
the manual mode, the feedwater control valves were closed, and the feed-
water block valves were manually closed. 



1<»2 

K)C 74-15 

This rapid cooldovn and decrease in total primary system pressure 
resulted in the automatic initiation of the safety injection system (SIS). 
Although ao Safety Limits or other Technical Specifications had been ex
ceeded, approximately 1300 gallons of borated water from the refueling 
tank entered the primary system through the clarging pump. The borated 
water did not enter through the safety injection lines because the system 
pressure still had not dropped below the actuation point. 

After normal shutdown conditions were established, the inside of the 
containment was inspected. The safety injection valve had operated prop
erly during initiation, but had not leturned to the fully closed position 
when the loop was returned tc the normal shutdown configuration. The 
valve had failed to reclose fully because the valve motor operator and 
some pipe support equipment in one of the SIS loops were damaged. 

The failures of the valve motor operate- and pipe support equipnent 
were attributed to a water hammer that occuired in the SIS loop caused 
by trapped air accumulated by normal inleakage. The motion of the piping 
generated sufficient force to shear the turnbuckle-type hanger and to 
cause the t«nsile failure of four bolts (0.17-inch diameter) that hold 
the casting of the valve motor operator to the safety injection valve. 
The failure of these four bolts resulted in the motor casing, stator, and 
end bell dropping from their mountings. 

Corrective Actions 

The piping in all three SIS loops were tested by dye penetrant and 
ultrasonic techniques, and no indications of damage were found. 

Piping changes were made to the SIS loops to facilitate on-line 
venting. Also, procedures for frequent venting of the SIS piping were 
developed and implemented. As a precautionary measure, the section of 
the SIS piping in which the water hammer occurred was replaced although 
no damage to -he piping was apparent. 

The valve that failed to close fully was disassembled and tested. 
Its failure to perform properly was attributed to the tensile failure 
of the bolts and the resulting separation of the W" - operator from the 
valve. 

In addition, training sessions were conducted to emphasize Lhe im
portance of placing the feedwater control in the manual node before the 
turbine is removed from service. The adequacy of the SIS piping to sus
tain water hammer loading was evaluated thoroughly. These evaluations 
also were applied to other safety-related systems that are not in contin
uous use. 
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A pre l ia inary examination of the turbine indicated that a separated 
turbine blade and r e s u l t i n g debr i s had penetrated the condenser tubes 
and war. responsible for the indicated sa l twater i n t r u s i o n . 
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PREMATURE CRITICALITY WITH CONTROL RODS 
BELOW MINIMUM INSERTION LIMIT 

Summary 

A PREMATURE CRITICALITY of a pressurized water reactor (PWR) occurred 
during a routine startup BECAUSE THE BORON CONCENTRATION of the reactor 
feedwater HAD BEEN INCORRECTLY DETERMINED. The reactor feedwater was low 
in boron concentration because analysis had been performed with a defective 
burette. The reactor was immediately shut down; the incident did not. jeop
ardize the safecy of the plant or the public. 

Circumstances 

In April 1974, Unit No. 2 of the Zion Nuclear Power Generating Station 
was in the process of a routine startup. Prior to the startup, it had been 
determined that the estimated critical position of Control Rod Bunk C was 
160 steps withdrawn (the low-low insertion limit was calculated at 109.5 
steps). During the startup, an apparent criticality occurred with Control 
Rod Bank C at less than 109 steps withdrawn. Because criticality was at
tained below the minimum insertion limit, the control rods were immediately 
inserted and in accordance with the Technical Specifications, 100 gallons 
of borated solution were added to the reactor coolant system. An additional 
50 gallons of borated solution were subsequently added after the first boron 
addition. The estimated critical position of Control Rod Bank C was re
calculated; no errors were found and a sample oC the feedwater was taken. 

Analysis of the sample determined that criticality apparently had been 
achieved at 109 steps rather than the estimated 160 steps because the 
previously determined boron concentration measurement was incorrect. The 
value of the boron concentration used to determine the estimated critical 
posit'.on was 1108 ppm. Analysis of the sample of the reactor coolant after 
compensating for the boron additions revealed that the actual boron content 
was 1053 ppm. 

An investigation into the cause of this anomaly disclosed that the 
burette used to perform the analysis for boron content was leaking. The 
operator responsible for determining the boron concentration was aware of 
the condition of the burette, but felt the leakage was not of sufficient 
magnitude to affect the results appreciably. 

As a result of this occurrence, personnel performing boron analyses 
have been instructed to check for leakage of the burette before performing 
a boron concentration analysis. If leakage is detected, the burette is to 
he repaired or replaced and rechecked for leakage before another analysis 
is performed. 
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The boron concentration cf the reactor feedwatcr was properly deter
mined and adjusted; the reactor startup was resumed without event. 
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WATER HAWffiR CAUSES FEEDWATER-LINE RUPTURE 

LOW FE'iDWATER FLOW to one of four STEAM GENERATORS «tt a pressurized 
water reaccor (PWR) resulted in a WATER HAMMER that CAUSED RUPTURE OF THE 
FEEDWATER LINE. The auxiliary feedwater pumps operated as designed and 
the other three steam generators did not drop below the low-low-level 
alarm point. The blowdown of the steam generator caused no appreciable 
ris<* in vapor pressure in the containment since the plant was at only 72 
power. The containment structure was designed tc cope with a blowdown 
of the primary cooling system at full power. No risk to public health 
and safety resulted from the event. 

Circumstances 

In November 1973, with Unit 2 of the Indian Point Station at about 
7Z power, a turbine trip occurred because of high water level in steam 
generator No. 23. The turbine trip interrupted the normal feedwater flow 
as designed. Auxiliary feedwater flow supplied three of the steam genera
tors. However, the water level in steam generator No. 21 dropped to the 
Jow-low steam generator level before the auxiliary pumps started and the 
reactor tripped as a result. 

The auxiliary feedvater pumps began to restore the levels in steam 
generator Nos. 21, 23 f.nd 24, but the water level in steam generator No. 22 
continued to drop. As the water level decreased, vibration of the f^ed-
water line to steam generator No. 22 was observed, accompanied by a 
loud noise. 

Within fifteen minutes of the reactor scram, the presence of aois-
ture in the containment atmosphere was indicated. The level in steam 
generator No. 22 was still decreasing, indicating that sufficient flow 
from the auxiliary boiler feed pumps apparently was not reaching the 
steam generator. About forty-five minutes after the reactor trip, a 
second vibration of the No. 22 feedwater line was recorded, also accompa
nied by a loud noise. 

Within 1.5 hours after the reactor trip, further indications of 
leakage inside the containment vessel were evident. The containment 
temperature had increased to a maximum of 110-degrees Fahrenheit, all 
five containment fan coolers had started, the humidity inside the con
tainment was increasing and the weirs in the condensate collection system 
indicated rising levels. At this time, isolation valves to and from 
steam generator No. 22 were closed. 
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When the steam driven auxiliary feedwater pump was started about two 
hours after the reactor scram, additional shaking and noise were noted 
on the No. 22 feedwater line. At this time, it was concluded that a break 
in the feedwater line inside the containment vessel had probably occurred. 
A cooldown of the plant to the cold shutdown condition was begun to permit 
inspections and repairs. 

During the cooldown process, a high differential steam pressure between 
steam generator No. 22 and the other three steam generators resulted in 
initiation of the safety injection system. 

About three hours and fifteen minutes after the reactor scram, steam 
generator No. 22 was completely isolated by shutting the manual stop 
valves in the auxiliary feedwater and chemical feed lines. 

When entry into the containment was made, a break in the No. 22 steam 
generator feedwater line was confirmed. 

Effects Of Incident Of Plant Equipment 

Feedwater Line 

The 18-inch diameter (0.75-inch wall thickness) carbon steel feed-
water line to the No. 22 steam generator fractured adjacent to a fillet 
weld between the feedwater line and the end plate welded into the penetra
tion sleeve in the containment wall. The fracture extended approximately 
180 degrees around the pipe. The maximum measured width of the crack was 
5/32 inch. In addition, localized bulging was noted in a horizontal sec
tion of the line near steam generator No. 22, and the pipe was displaced 
by 3/4 inch at one restraint. It was noted that the structural steel 
shimming for the pipe whip restraints had not been installed. However, a 
subsequent analysis demonstrated that the lack of shimming did not contri
bute to the failure of the feedwater pipe. 

Containment Vessel Damage 

The 3/8-inch thick containment liner showed an inward deformation away 
from the containment wall in an area approximately 2 feet high and 40 feet 
in circumferential length approximately 20 feet above the feedwater pipe 
penetration. The bulge was estimated to be a maximum of 1.3 inches. The 
liner was displaced from some of the studs that anchor the liner to the 
containmc:. vessel wall, nine of 28 studs in the buldged area were broken. 
Construction drawings indicated that the liner had been inadequately 
attached to the containment vessel wall. Specifically, the studs at this 
elevation were spaced 28 inches apart rather than the specified 14 inches. 
Further examination revealed that two rows of studs was also missing 
around the entire circumference of the containment liner immediately above 
the transition weld. 
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Despite the construction deficiences and the failure of t-he studs, 
no evidence of breach of containment integrity was found. lo evaluate 
the damage to the containment liner, profile tests were performed, the 
studs were tested with an ultrasonic scanner, and the liner was inspected 
by magnetic particle techniques and by bend and pressure tests. There 
were no indications of any material defects. 

About six hours after the failure of the feedwater line, an inspection 
team found that water had collected in the reactor vessel cavity to a 
depth of over 4-1/2 feet. 

Other Systems and Components 

The check valve in feedwater loop Mo. 22 was hydrostatically checked 
and leakage past the seat was negligible. Sceam generator No. 22 was 
inspected internally, and found to be intact. A chemical analysis of 
surface deposits on the tube sheet indicated that feedwater chemistry 
had been properly maintained and that no further action was necessary. The 
support structure for the steam generator was inspected; no evidence of 
unusual wear was found. 

Electrical equipment within the containment vessel was inspected. 
The cabling in the upper areas were dry but cables at the 46-foot eleva
tion were partially covered with water. No water damage resulted to 
either the cables or cable splices, because these cables were designed 
and tested for submerged conditions. Other areas within the containment 
were unaffected since they were well above the water level. 

Causes and Remedial Actions 

Feedwater Line Rupture Caused by Water Hammer 

Ti.e rupture of the feedwater line was attributed to dynamic loading 
from n water slug that had resulted from a water-steam reaction in a 
horizontal section of line adjacent to the steam generator. The feedwater 
ring in steam generator No. 22 had been uncovered and the feedwater piping 
had been drained partially. The water hammer, which occurred about the 
time the water level in steam generator No. 22 fell below the cent„rline 
on the feedwater ring, caused the vibration of the feedwater pipe, and the 
rattling noise. 

Remedial Actions 

A. Feedwater Piping. The failed section of feedwater piping was 
replaced. The new section extended from the first elbow outside the con* 
tainment through the penetration to the first elbow inside the containment. 
The containment penetration end plates and expansion joints were also 
replaced. 
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The horizontal run of piping inside the containment leading to the 
feedwater nozzle on the No. 22 steaa generator was lowered about 1.3 feet 
i—pjiately outside the feedvater inlet nozzel to preclude the possibility 
of water draining into the steam generator. Additional restraints on 
each of the feedwater lines were added near the first « -cow inside the 
containment. 

To preclude a possible water hammer resulting from the rapid closure 
of the main feedwater regulating valves under maximum feedwater flow con
ditions, hydraulic dampers were added to the main feedwater regulators. 
The plug on each of the main feedwater regulating valves was modified to 
improve their ability to control feedwater flow during plant startup. 

Another measure to provide feedwater flow stability d-jring startup 
was the installation of a six-inch bypass line on each of the four 
feedwater regulating valves. 

B. Containment Liner. Additional insulation was added to the con
tainment vessel to reduce local heating of the liner in the vicinity of 
the feedwater line penetrations. 
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W E 74-18 June 17, 1974 

FUEL HANDLING PROBLEMS 

Four events are reported involving fuel transfer operations. In the 
first two cases, the general purpose GRAPPLES CANE LOOSE FROM THE JIB 
CRANE CABLES DURING IRRADIATED FUEL TRANSFER OPERATIONS. In the third 
case a fuel bundle was unintentionally lowered while being moved from 
the core area to the spent fuel pool, causing the FUEL ELEMENT to STRIKE 
THE SIDE OF THE REACTOR PRESSURE VESSEL. The last case involved a FUEL 
BUNDLE which became detached from Che main grapple and FELL APPROXIMATELY 
20 FEET TO THE BOTTOM OF THE SPENT FUEL POOL. 

Circumstances 

Loose Grapples 

In February 1973, during fuel transfer operations in the spent fuel 
area at the Vermont Yankee Nuclear Plant, the general purpose fueJ grapple 
became detached from the jib crane hoist cable when tension was applied 
to the cable. At the time, the grapple was attached to a fuel element 
which remained seated in the fuel rack. Prior to this event, numerous 
fuel elements had been moved as part of the fuel transfer operations. 

In January 1974, while fuel channel inspections were in progress in 
the spent fuel pool at the Pilgrim Nuclear Plant, the general purpose 
grapple came loose from the jib crane as the grapple was being attached 
to an irradiated fuel bundle. The fuel bundle was seated in a fuel storage 
rack, and was being prepared for movement to an inspection stand. In 
this case, as in the previous occurrence at Vermont Yankee, spent fuel had 
been moved prior to the event. 

No damage resulted in either occurrence since the grapples became 
detached prior to actual movement of the fuel bundle. In both instances, 
the cable end stud, threads and grapple were undamaged. 

In both cases, lock nuts had been installed on the studs after attach
ment to the grapples. Repeated rotation of the grapples during attachment 
to and removal from fuel, or during fuel inspection, apparently loosened 
Che locking nuts, and allowed Che studs to become disengaged from the 
grapples. 

The corrective action in each case involved drilling a hole through 
Che end stud and installing a locking pin through the grapple and end 
stud after each reassembly. 
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fuel Bundle Strikes Reactor Vessel 

In January 1974, while an irradiated fuel bundle was being transferred 
froa the reactor core to the spent fuel storage pool at the Pilgria Nuclear 
Plant, the sain refueling grapple was lowered without knowledge of the 
operator. This caused the fuel bundle to strike the side of the reactor 
vessel. Subsequent examination revealed that the fuel bundle was not 
damaged and that no fission gases had escaped. Investigation disclosed 
that the "Return to Noraal" spring in the grapple up-down control was 
broken. Evaluation of the occurrence led to the conclusion that as the 
operator raised the grapple to the fully retracted postion and released 
the up-down switch, the switch fell through the neutral position to 
the "down" position due to the broken spring, lowering the fuel grapple. 
The switch was repaired by replacing the defective spring. 

Dropped Fuel Bundle 

In January 1974, while transferring an irradiated fuel bundle froa 
its storage position in the spent fuel pool to the channel inspection 
facility at the Pilgria Nuclear Plant, the fuel bundle became detached 
froa the main grapple and fell approximately 20 feet to the bottom of the 
spent fuel pool. 

Examination of the fuel bundle revealed that the channel had slipped 
down over the end of the nose piece approximately one inch and that the 
nose piece and lower end of the channel were crushed. There were no 
indications of any broken fuel rods nor of any release of fission gas. 
The dropped bundle had a burnup of 3600 MWD/ton and had cooled radio-
actively for 23 days. There were no indications of damage to the fuel 
pool liner. 

The main grapple was also inspected and tested and found to be in 
satisfactory operating condition. Repeated unsuccessful atteapts to 
simulate the failure was made using a dummy elenent. Analysis of the 
problea led to the conclusion that the grapple hook had not been com
pletely latched under the handle of the fuel eleaent that was dropped, 
and that the operator was able to lift the fuel eleaent with only a 
friction grip on the fuel eleaent handle. 

In order tc prevent recurrence a procedure was established requiring 
a visual check of the closure of the grapple hook. Subsequently, a 
switch was installed on Che grapple to indicate closure of the hook by 
actuating a light on the bridge console. 
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ROE 74-19 June 2*. W 7 * 

MECHANICAL VIBRATIONS OF REACTOR INTERNALS 
This report updates and corrects information in ROE 74-3, dated 

Febriary 8, 1974, and is based on a acre detailed investigation of 
the problem. 

After about nine Months of SUSPECTED MOVEMENT OF REACTOR VESSEL 
INTERNALS based on analysis of noise aeasureaents from ion chamber neutron 
detectors located outside the core (ex-core detectors), an inspection of 
core internals at the Palisades Nuclear Power Plant was completed during 
shutdown for unrelated repair of one of the steaa generators. SIGNIFI
CANT WEAR OF SOME RESTRAINING COMPONENTS ON THE CORE INTERNALS was ob
served. Wear was also evident on the alignment keys for the reactor 
vessel head and on the lower outside shins on the reactor vessel. Six 
fasteners that locate the ring shim were broken. 

Movement of the reactor vessel internals was determined to have 
been the result of loss of holddown clamping force at the upper flange 
region, attributed to a combination of a loss of a hot interference fit 
in the internals flange stackup, interference of the core support barrel 
alignment keys with the pressure vessel flange key slots and rotation 
in opposite directions of the inner edges of the flanges on the reactor 
vessel and vessel head about axes tangent to the outside flange edges, 
thus opening a space between the inner edges of the flanges. 

A new holddown concept for restraining the internals has been 
employed to correct the problem. The new holddown design eliminates 
the ring shim and the dependence on a hot interference fit of the flanges. 
Instead, Belleville springs are used to achieve the necessary holddown 
force. 

Circumstances 

In May 1972, the reactor vessel head was removed after a cap screw 
fastener from the ring shim was found in the primary side of one of the 
four steam generators. At this time it w*s discovered that a second 
ring shim fastener had also failed, so the remaining six fasteners were 
secured by welding keeper bars across their counter-bored recesses and 
installing locking pins in the fasteners. The broken fasteners were not 
replaced because they served only as locators for the placement of the 
ring shim and not as structural members for positive clamping of the 
reactor internals. A thorough inspection of all exposed upper reactor 
internals and the upper support structure did not reveal evidence of 
significant wear or fretting. Review of previous reactor internals 
visual inspections indicated that Internals movement had not occurred 
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prior to the May 1972 inspection. However, a acre recent review of 
photographs taken during a June 1970 inspection disclosed interference 
between the bottom edges of the core support barrel alignment keys and 
the reactor vessel key slots. 

The first syaptoa of aotion of the reactor internals was the gradual 
appearance of noise in the signals froa the six ex-core detectors. The 
phenoaenon was recognized as a possible problem in December 1972, when 
simultaneous Brush recorder traces of the noise were studied. As a group, 
the detector noise signals showed a strong azimuthal relationship. Detec
tors to the right of a reference line registered power increasing pulses 
at the same time those on the left side were registering power decreasing 
pulses. The maximm peak-to-peak magnitude of the noise variations was 
approximately 6Z of the total signal. 

Following a shutdown that began in January 1973, during which a 
small number of tubes were plugged in each steam generator, it was 
found during the startup in March 1973 that the system flow had decreased 
by 2.4Z, and the noise magnitude had decreased ny a third, to about 4Z, 
peak-to-peak. 

Following the March startup, simultaneous magnetic tape recordings 
of various reactor instrumentation signals were made for subsequent 
spectral and statistical analyses, including signals from selected ex-
core and in-core detectors, externally mounted reactor vessel accelero-
meters, and several process instruments. Examination of the data at 
reactor power levels up to 80Z confirmed the earlier observations of 
the strong azimuthal character of the ex-core noise, but the accelero-
meter data showed no indication of impact of internals with support 
structures or shims. No correlation was seen between the ex-core asd 
process instruaentation signals. The much lower noise level ot the in-
core detector signals indicated that the primary source of the ex-core 
noise was not nuclear in character. 

From March to June 1973, the magnitude of the ex-core noise was 
observed to decrease gradually. By the end of May, it was approximately 
3% of the total signal. 

In late May 1973, data were obtained at 100Z rower and at 40Z power 
in the four possible three-pump operating configurations. These observa
tions supported the previous recorder data. Again, none of the accelero-
meters gave any indication of impacts of the internals. However, the 
three-pump operation resulted in more than a threefold reduction in the 
magnitude of the noise. 

In late June 1973, the noise level again began Increasing in magni
tude vith continued four-pump operation. In order to follow the changing 
situation more closely, a mini-computer was programmed to calculate the 
root mean square (ras) noise froa each ex-core detector. These new data 
confirmed the increase in noise to a peak of about 5-1/2Z noise, reached 
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during July. The relative variation between detectors, and even between 
subchannels of one detector, suggested tlwt the hypothesized notion of the 
core support barrel was changing slightly in both character and direction 
in this period. 

Also, in late June, limits on the magnitude of the noise were estab
lished beyond which plant operation was to be restricted. 

During the latter part of July and early August, the noise level de
creased slightly. In this period, measurements confirmed that the charac
ter of the noise was changing; unidirectional oscillation was now quite 
pronounced, and intermediate amplitude pulses had become much less frequent. 
In addition, for the first time, the iccelerometer on the vessel head flange 
had occasional bursts of activity, indicating that some rubbing of inter
nals u s occurring. Also, for the first time, noise data were obtained 
from tlw. external intermediate range fission chambers. These data con
firmed that the phenomenon seen by the ex-core power level ion chamb r de
tectors was not something unique to the ion chambers. 

On August 11, 1973, the plant was shut down for steam generator in
spection. When it appeared that the plant would be down for an extended 
period, it was decided to inspect the reactor vessel internals during the 
outage. 

Examination of the underside of the reactor vessel head showed full 
circumferential wear of 12 to 15 mils where the vessel bead cladding had 
contacted the ring shia. Wear was evident in the reactor vessel head key 
slots on the surfaces that interfaced with the core barrel keys. Measure
ments of silicon rubber molds aade of the key slots disclosed mart— wear 
of the key slots of approxiaately 80 ails. The molds did not exhibit stri-
ation that would confirm a preferential direction of motion of the core 
support barrel. 

Examination of the installed upper guide structure revealed that the 
top surface of the ring shim had displaced downward relative to the reactor 
head mating surface by approxiaately 1/4-inch. There was no perceptible 
wear on the ring shia surface that interfaces with the reactor vessel head. 
All of the remaining ring shia positioning cap screws had fractured but 
were retained by their lock bars. 

Upon removal of the ring shia, Che contact surface between the ring 
shia and the top surface of the upper guide structure was found to be pol
ished with no perceptible wear on the upper guide structure flange surface. 
However, burnish marks were observed on the underside of the ring shim. 

The alignment key slots in the upper guide structure and the core 
barrel alignment keys showed no evidence of contact, indlearlng that no 
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relative action had occurred between the upper guide structure asseably and 
the core barrel. A close examination of the instrument stalks, fuel align
ment pins and their guide lug inserts and the fuel alignment plate shoved 
no significant wear and provided confirmatory evidence of the lack of mo
tion of the upper guide structure relative to the fuel assemblies or to 
the core support barrel. 

Measurement of the thickness of the core support barrel flange dis
closed that approximately 50 mils of wear had occurred on the underside of 
the flange. However, as determined by a later inspection, most of the 
wear at the interface of the core barrel and reactor vessel occurred on 
the reactor vessel support ledge. The maximum wear to the vessel support 
ledge was determined to be slightly less than 1/4-inch. Two alignment 
keys for the core support barrel were found to be secure in their respec
tive alignment slots. The remaining two alignment keys were loose, but 
were still held in position by their locking pins. Wear was observed on 
the underside of each key where the keys bottomed in the reactor vessel 
key slot. 

Examination of the outlet nozzle on the core support barrel showed 
evidence of contact. However, wear was not uniform and the most pronounced 
wear spot was only approximately 8 mils deep. The face hardened surfaces 
of the twelve snubbers for the core support barrel had a maximum wear of 
26 mils. The wear areas were generally less, however, and two snubbers 
were free of any indication of wear. Wear was also observed on the reactor 
vessel outlet nozzles, with spot wear depth of up to 50 mils. 

Inspection of the Inconel snubber shies attached to the vessel snubber 
lugs indicated insignificant wear on some shim faces and wear greater than 
250 mils on other shim faces. The attachment bolts of the snubbcr shims 
were intact and no contact with the bolt heads was evident. 

Examination of the fuel assemblies revealed no evidence of damage to 
any fuel assembly component. Only the spacer grids and guide bars showed 
indications of wear and these were slight. No fretting or wear between 
grid fingers and fuel rods was observed. All nuts appeared to be properly 
torqued and, with one exception, all nut retainers remained in place. No 
fuel asseably distortion or fuel rod bowing was evident. 

Conclusions 

The inspections led to the conclusion that most of the wear occurred 
between the interfaces of the reactor vessel internals and the veactor 
vessel; no perceptible wear between the upper guide structure assembly, 
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fuel assemblies and core support barrel assembly was evident. No struc
tural attachments were broken nor was there any loss of structural integ
rity of the reactor vessel internals components. It was concluded that 
the vibration of the internals had had no effect on the integrity or per
formance of the fuel assemblies. 

The motion of c«c reactor internals and fuel was the result of essen
tially rigid body motion of the internals induced by hydraulic loads. 
This motion took place after the clamped support at the core support bar
rel flange was lost as a result of a reduction in core support barrel 
holddown load. 

The holddown load was dependent, in large part, on a hot interference 
fit between the stainless steel internal flanges (core support barrel, 
upper guide structure and ring shim), and the carbon steel clamp formed by 
the reactor vessel support ledge and closure head. Because the stainless 
steel components expanded on heatup more than the carbon steel reactor 
vessel flange, differential growth resulting from thermal expansion was 
designed to cause the hot interference fit. This method of developing a 
holddown load is very sensitive to changes in dimensions and a small re
duction in the hot interference can result in significant or complete: ioss 
of holddown load. 

It was theorized rotation of the flange resulted from bolt-up and 
prr ;surization, increasing the uicension between the reactor vessel sup
port ledge and closure and reducing the hot holddown interference fit. 

From an examination of the wear patterns, it was postulated that the 
core support barrel was seated on the reactor vessel support ledge with 
high spots located at two diametrically opposed alignment keys and that 
the required hot interference fit occurred mainly at these locations on 
the flange. Inlet flow impinging on the core support barrel produced 
varying loads with a resulLart oscillating force primarily in the direc
tion perpendicular to the two unintended main points of support. These 
conditions combined to produce a slight rocking motion of the core support 
barrel. 

The resulting wear on the reactor vessel support ledge allowed an 
increase in the amplitude of motion which gradually transferred increasing 
amounts of the core support vertical load from the flange to the two sup
porting alignment keys. As a result of the continued rocking motion and 
the resulting transfer of load, the shrink fit of the alignment keys in 
the core barrel flange was relieved. This relieving of the shrink fit 
transferred the core support load directly to the radial pin:- securing the 
alignment keys to the core support flange. The radial pins could not sus
tain the loading and failed in bearing. The resulting loss of the remain
ing hot interference fit allowed the barrel to be forced into a combina
tion of rocking and sliding lateral motions. 
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It was concluded that the reactor itenia Is and fuel moved essential
ly as a unit relative to the reactor vessel, in a complex combination of 
rocking, translation and nutation with the core support barrel rocking pri
marily about one axis, translating generally in a direction perpendicular 
to the axis about which the rocking occurred, and nutating on the surface 
of the reactor vessel ledge. The coherence of signals from both the in-
core and ex-core detectors supports this conclusion. 

The driving force for the motion was random hydraulic pulsations act
ing on the barrel in the downcomer annulus, in the core support structure 
region and in the upper plenum. These pulsations occurred from a combi
nation of flow turbulence, inlet coolant impact on the barrel and excita
tion of the known 0.5 hz. natural frequency of the system. 

Corrective Actions 

Smooth surfaces were restored on the worn areas of the reactor vessel 
core support ledge and keyways by local grinding. New alignment keys with 
additional thickness to compensate for the ground areas on the reactor 
vessel and reactor vessel keyways were installed in the core support bar
rel. Although wear was not evident on all snubber shims, new shims were 
installed at all snubber locations. 

A new holddown concept was developed for restraining the internals, 
modeled after a design used in Germany. This design does not depend on 
interference fit for achieving holddown load, but rather on a series of 
Belleville spring units contained within pockets in the flange of the up
per guide structure and compressed against the reactor vessel closure head. 

Four inverted "L" shaped ring segments were added to the upper guide 
structure to contain the Belleville spring units. The 308 stacks of Belle
ville springs positioned around the circumference of the holddown ring 
were designed for a holddown preload of 820,000 lbs. and a minimum hold-
down force of 733,000 lbs. at full power operation. 

A spacer shim was added between the core barrel and the upper guide 
structure flanges. 

To determine the long-term success of the internals repair, a program 
to monitoi reactor instrument signal noise has been developed. This pro
gram requires an initial set of measurements to obtain data to judge sub
sequent reactor behavior, followed by a bimonthly repetition of a set of 
simpler measurements and a yearly repetition of the initial measurements. 
The information will yield an on-the-spot qualitative analysis of the 
noise character, magnitude and azimuthal dependence; it will also serve as 
an information base for judging future data. 
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Long-term magnetic tape recordings of various instrument channels 
also will be made to establish relationships among the various signals in 
either the frequency or time domain. Amplitude problability densities 
will be determined to identify the statistical magnitude of the noise and 
to identify any noise character which could be indicative of internals 
motion. 
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DEFECTIVE WELD ON 12" GLOBE VALVE -
DEFECTIVE 2" GATE VALVE 

Regulatory Operations Bulletin No. 74-1, issued on January 3, 1974, 
identified two valve problems with possible generic implications. The 
first problem occurred at Unit 2 of the Peach Bottom Nuclear Plant. It 
involved a weld failure on a 12-inch, 300-pound, motor-operated globe 
valve (Walworth) used in the High Pressure Service Water line on the 
discharge side of one of the Residual Heat Removal heat exchangers. The 
weld failure, which occurred between one of the legs of the valve yoke 
and the mounting plate for the motor operator, was caused by an under
sized weld resulting from installation of unauthorized shims between the 
yoke leg and the mounting plate. 

x.fter the problem was identified, the licensee, Philadelphia Electric 
Company, inspected all 108 similar valves installed «*c Peach Bottom Units 
2 and 3. This investigation led to the discovery of four more valves 
that had been welded with shims. Each valve was repaired by removing 
the shims and rewelding the mounting plates to the yoke legs with full 
penetration welds. 

The second problem occurred at Unit 1 of the Point Beach Nuclear 
Plant. It involved two two-inch gate valves (Darling) of the double 
disc type. The first defective valve was discovered during an investiga
tion of leakage from the excess letdown line. Inspection of a valve 
(1M0V-1299) that functioned as the line shutoff valve (root valve) dis
closed that the downstream seat was protruding from the valve body, 
causitig the disc to rub against the lip of the downstream seat ring when 
the disc was reinserted following full withdrawal. Four marks were 
found on the lip of the seat ring indicating that the disc had caught 
this rinj during previous valve closings. A vertical crack in the upper 
portion of the seat ring and some scratches on the disc were also noted. 
As a temporary corrective measure, the valve was repaired by rounding the 
lip of the saat ring to prevent further interference. Since the thin 
vertical crack could not be completely lapped out during repair, another 
valve was added downstream of the repaired valve. The permanent correc
tive action planned is to replace the affected valve during an extended 
shutdown. 

The second valve experienced a similar but less severe problem. This 
valve appeared to be sticking during manual manipulation. Inspection of 
the valve internals revealed no damage except some markings on the upper 
edge of the seat ring. This defect also was corrected by rounding the 
seat ring edges so that the vaJve disc could be guided smoothly between 
the seats. 



211 

RO Bulletin 74-1 was issued to 49 utility companies that hold 
operating licenses or construction permits for ninety-five facilities 
that could have had affected valves. Of these 95 facilities, 18 had 
used Walworth valves similar in design to the 12-inch, motor operated 
globe valve. 

In no instance had any welds failed as at the Peach Bottom Nuclear 
Plant. However, inspection of 52 valves at two other facilities dis
closed other problems with ten valves, such as undersized and undercut 
fillet welds or cracks in the fillet throat. Each of these deficiencies 
was repaired on site in accordance with procedures recommended by the 
manufacturer. 

None of the facilities contacted had experienced any problems like 
those experienced at the Point Beach facility. 

Two facilities under construction had either Walworth or Darling 
valves of the types originally affected, crated and in storage. Each 
of these facilities plans to inspect the crated valves over the next 
twelve months and before using them. If there are any significant 
findings resulting from these inspections, a supplement to this report 
will be issued. 
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MALFUNCTION OF SAFETY BELIEF VALVE 

Regulatory Operations Bulletins No. 74-4 and 74-4A issued during 
March and May 1974, respectively, identified a problea with safety relief 
valves. A naifunction that prevented the second stage disc froa reseat
ing occurred at Unit 1 of the Brown's Ferry Nuclear Power Plant. This in 
turn held the aain disc open, resulting in a rapid depressurization of the 
primary system. Eleven relief valves of this type are located on the aain 
steaa lines within the drywell between the reactor vessel and flow restric-
tor. All eleven valves discharge to the suppression pool. 

The malfunction occurred while the reactor was shut down, following a 
reactor isolation tUat occurred as a result of high teaperature in the 
aain steaaline tunnel. During the resulting blowdown, one of the pressure 
relief valves failed to reseat after it had lifted at 1080 psig. Operators 
tried to recycle the valve annually but it would not close. When the 
reactor pressure dropped to 300 psig, the feedwater booster pumps started 
and supplied sufficient water to aaintain reactor water level. At no time 
did the reactor vessel water level drop to the point at which the High 
Pressure Coolant Injection or Reactor Core Isolation Coolant automatically 
would have been initiated. The valve reseated when reactor pressure reached 
20 psig. During this blowdown, approximately 91,000 gallons of reactor 
coolant was discharged to the suppression pool. 

The malfunctioning six-inch Model 67-E valve was manufactured by the 
Target Rock Valve Company. It has a 10-inch discharge line and a 1200 
psig design pressure. The valve was set to actuate at 1080 + 11 psig 
and has a flow capacity of 80,000 lb/hr of saturated steam. 

Figure 1 is a simplified drawing of this valve. The valve has three 
main sections: (1) a pilot valve section, containing a small self-actuated 
relief valve that senses pressure, and controls operation of tbe main 
valve; (2) a remote air-actuated pilot valve, us^d for manual control of 
the main valve, actuated by externally supplied air pressure applied to 
a diaphram; and (3) the main valve section, a hydraulically operated 
reverse seating globe valve. When actuated by either pilot valve, the aain 
valve opens to permit venting of steam to the suppression pool. 

Inspection of the valve internals ».vealed that the keeper that retains 
the lock nut on the second et-'.ge piston had becoae disengaged and had 
traveled up the second stage disc stea over the securing wire. In this 
position, the keeper prevented the second stage disc from reseating and 
the aain valve froa closing. 
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ID lulletias 74-4 and 74-4A, requested that certain temporary nod if i-
cations developed by the General Electric Co. be node daring cold shut
down periods. These nodifications are noted in Figure 2 and Included the 
following: 

1. Removal of the tie wire and keaper fron the stoat of the second stage 
piston. 

2. Drilling a 1/16 in. djanitor bole through the nuts and threaded 
portion of the sten. 

3. Inserting a pin in the hole and peaning the edges of the hole. 

Permanent nodifications involving the sscond stage piston and shaft 
have been developed by Target lock and GC. The newly designed parts 
required for these nodifications are scheduled to be available by Oecenber 
1974. 

10 fulletins 74-4 and 74-4A were issued to 32 IHI facilities, 13 of 
which are under construction. Fifteen of these facilities had Target 
lock valves. All fifteen facilities will complete the requested temporary 
nodifications during cold shutdown periods and make the permanent modifi
cations when the appropriate parts become available. 
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OE 10/25/74 October 23, 1974 

DEFECTIVE PARTS IS TYPE W-2 CONTROL SWITCHES 

Regulatory Operations Bulletin 74-6 issued during Hay, June and July 
1974 identified a problea with Westinghouse Type W-2 control switches used 
in soae nuclear power plants with pressurized water reactors (PWRs). The 
bulletin also was distributed for information to utilities with boiling 
water reactor (BVR) facilities. 

The problem discussed in Bulletin 74-6 was preceded by another ptob-
le» experienced earlier at a ?WR under construction. This earlier prob lee 
involved a defective switch that had contact alignment difficulties which 
could have resulted in loss of circuit continuity through certain contact 
pairs. Intermittent loss of electrical contact was reported when torque 
was applied to the handle of the switch while the handle was in the locked 
position. This was caused by the single pin pull lever disc located at 
the end of all W-2 switches that were manufactured in the latter part of 
1971. To correct this probles, Westinghouse redesigned the pull lever 
disc so two pins were located opposite each other. This pu:l lever disc 
together with two other parts was offered to utilities in a repair kit 
that was to be used for modifying Type W-2 control switches. Many utili
ties purchased these kits. One utility, the Rochester Gas and Electric 
Company, found eight out of 14 of the newly designed pull lever d.sc to 
have hairline cracks in line with the expansion pins as shown in tU at
tached figure. Other utilities, subsequently alerted by the AEC, found 
similar defective discs in their replacement kits. Based on these re
ports, the AEC issued Regulatory Operations Bulletin No. 74-6. 

Of the 91 facilities contacted, 39 used Type W-2 control switches. 
An analysis of a sampling of responses indicated that 80 of 468 switches 
examined contained defective discs and approximately half of the switches 
were used in safety-related systems. 

The manufacturer determined that hairline cracks in the pull lever 
discs were caused by excessive forces produced by an impact tool during 
insertion of the pins into the discs. To understand the effect of cracked 
discs on the operation of W-2 switches, Westinghouse subjected four 
switches to a series of fatigue tests to determine if the existence of 
cracks degraded performance of the discs. The results indicated that 
cracked discs failed before intact discs when the switches were tested to 
failure. For less severe tests consisting of a 40-pound static pull pre
load, no failures were experienced after cycling switches with cracked 
discs up to 30,000 times. Based on these tests, Westinghouse concluded 
that the reliability of W-2 switches remained acceptably high even with 
cracked discs. Although none of the licensees contacted had experienced 
any problems with switches using cracked discs, all licensees were re
quested by the AEC to replace any cracked discs found in W-2 switches. 
This has been accomplished at all facilities known to have these switches. 
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DEFICIENCIES INVOLVING CIRCUIT BREAKERS 

Regulatory Operations Bulletins 74-8 and 74-9 concerning ITE Type 
HE-3 and General Electric 4-KV circuit breakers were distributed by the 
AEC because of various problems experienced with these breakers. A de
scription of earn problem togethei with summaries of replies i s discussed. 

Regulatory Operations Bulletin 74-8 issued July and August 1974 iden
t i f i ed a problem with the Magnetic trip elements in a number of ITE Type 
HE-3 molded case circuit breakers. The deficiencies were discovered during 
preoperational test ing conducted at the Portland General Electric Company's 
Trojan Nuclear Plant. The current rating of these breakers was 20A, 30A, 
40A, 60A, 70A, and 90A. The time current carves of the breakers are nor
mally verif ied by test ing the individual breakers at 135Z, 2002, and 6002 
of rated current and then observing the breaker current interrupting 
capability at these ratings. In order to determine whether the magnetic 
trip c o i l s would respond instantaneously, the circuit breakers were over
loaded to 1000Z of rated current. It was during these tes ts that the trip 
elements did not respond in accordance to the published ITE time-current 
characteristic curves for these breakers. The probleo was significant 
because the relay set t ing points of the instantaneous magnetic trip e l e 
ments could have led to undetected cable damage due to overheating in cas* 
of excessive current drain by a component. In addition, the trip coordina
tion of these breakers with the upstream load center breakers also could 
have been affected adversely. The corrective action involved replacing 
rhe Type HE-3 breakers and the associated trip elements with units of a 
modified design. 

Bulletin 74-8 was issued to approximately 103 f a c i l i t i e s . However, 
only 5 f a c i l i t i e s reported hiving ITE Type HE-3 breakers. Representatives 
of those f a c i l i t i e s indicated that they would test their breakers and take 
appropriate corrective action i f any of the Type HE-3 breakers were found 
defect ive . 

Regulatory Operations Bulletin 74-9 issued August 1974 discussed two 
def ic iencies of General Electric 4-KV Magne-Blast air circuit breakers and 
associated equipment. The f irs t problem was discovered at Units 1 and 2 
of the Calvert Cl i f fs Nuclear Power Plant and was found after i t was 
noticed that some 4-KV breakers were inadvertently tripping open for no 
apparent reason. Investigations of the malfunctions determined that the 
cause was an oversized rol ler bar mechanism which interfered with the 
breaker switch linkage. The bars were 1/4-inch longer than their designed 
length. The purpose of the roller bar (which actually functions as a 
mechanical trip) is to trip open the breaker in ' ..e event the breaker is 
unintentionally inserted into the cubicle in a closed mode after mainte
nance. Should the breaker remain in the closed mode, i t could be a serious 
safety hazard to maintenance personnel. 
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Approximately 116 c ircuit breakers were found to have faulty roller 
bars at these two f a c i l i t i e s . Inasmuch as 4-KV Magne-Blast air circuit 
breakers are used in both PWRs and BWRs the AEC issued Regulatory Opera
tions Bulletin 7s-9 to l icensees at both types of f a c i l i t i e s . 

The second problem involving 4-KV circuit breakers was discovered at 
the Vermont Yankee Nuclear Plant when an e lectr ic ian noted that a rear 
mounting bolt associated with the breaker stationary auxiliary switch as
sembly had loosened. The loose bolt was one of two bolts that main
tained the switch contact alignment necessary for proper contact operation. 
Inspection of 47 other similar switch assemblies insta l led on the 4-KV 
circuit breakers at Vermont Yankee revealed that they a l l had loose bo l t s . 
The cause of the loose bolts appeared to be a deficiency in the manu
facturer's quality control inspection procedures which did not require 
that the bolts be torqued tc 20 inch-pounds as required in the General 
Electric design speci f icat ions . 

R0 Bulletin 74-9 was issued to 101 l icensees . Thirty-five indicated 
thn. they had CE Model 4-KV Magne Blast circuit breakers. About 10 of 
these l icensees have experienced similar problems with their switchgear 
equipment as described in RO Bulletin 74-9 while another 11 found their 
equipment free of these problems. Approximately 14 of the l icensees con
tacted plan to test their switchge^r equipment in the near future and 
take the appropriate corrective action i f any breaker i s found de f ec t ive . 
The attached table numerically summarizes this information. 



SUMMARY INFORMATION FOR 
RO BULLETIN 74-9 

. . . _. , No. of Licensees No. of Licensees No. of Licensees 
i-rooiems uiscussea Having Problem That Had Trouble P'anning Tests Totals 
in Bulletin i<*-* N o t e d l n Bulletin Free Equipment If Near Future 

Oversized Roller 3 2 5 10 
Bar 

IN* 
Loose Mounting 7 9 9 25 © 
Bolt 

Totals 10 11 14 35 



221 

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. THE 
ROE REPORT NUMBER FOR EACH TITLE APPEARS IN A COLUMN ON THE RIGHT SIDE OF 
THE TITLE FOLLOWED BY THE PAGE NUMBER. 



no 
• W M M «11» «»t l» •-•"« Jft »»»»** "•• » ' - • •>-«•» 

• « « • ( » u v > s t i u a ' i N t m « vrM*T«c>(9 l < i m u n ( \ aajwaaifs* • • - »<.-«. »-••» 
• S I B U C ' « > M 5aa»« IP crv.Tainat.kT t-*w» M » * l l t > »«•* ' •— »-.»• 

• •a tar » !•«.••) c a i U ) « i o » l « c rr I « K I V - » I I « I « M M » I M * •"* »»-» *»-*• 
• • • H O M B I T ,»a«m««. . " » ; . i ».« 

•aaFMMt*: < M i | C * u r » k|l> i r w i . « c « • * > * • • i |« l^«- IMfFMr* . i l » t » * • * • »»-!» »-••«•. 
• f K O I W tncacu* ** a, (aMllajc •>«»«• • • « » " • • • * • »•-» » - " 

a a a t n n c r I C M r» Tr*j«/-re-c**kFit «acim*> aj taata C"»*c» • « • * * • »•.* * • - - - • . )» 
• O f ' K l f w i c t ••.waapjt ciaculT aataaia i * • • -»? / • /»« . •>-»!• 

at»tiuar f>» l w ( n - « t « f »«at Mtwiatsa »• • »»-t» »-:»> 
• H I r*««Ta«x •••» o*l*f a* jatF<afa •* * »»-••» *>-»*, 

•»fia>a,n> T»ai»if>T * f a aaa* ' - « »»-•«. • -»> 
• W f l V X ! raaMIIMT Ik • » • * * • * Si t tan v a M * »-- r»- i« »-»i 

» m i « n c n m » i aaat* - i-_» »> . i i »_». 
•Maria nan * • ciMCti 'f ltk»aTF»-f.|v «4*»T'.F»«a »*•• *v-r» *-» »*. 

•*u«i • " * ! • u m i aifreiir. w ruaaMF-ak.il »i*i »«•.»••-.»• »••« »•-* *•-•« 
• •M' t i racl loM i» fgaw-T f t -an iKU «aciaja> M i a a f a c a m ( H a r t * * »•— »-'»» 

• laraul lrai or CaMatMS M M n i m i w * i « - » **•« »•-•» > . . « 
• e f * K i ; a c i r » t<am*l«a» CIKtMT aaF«««a»a - « - j . , „ r , . > . ? t , 

• CVaaaja •»»• ' a l u « oa l ie »>• i«urar»«»:r«Tt-,i* *••» »»-» - - i ' I 
• cawa. l t ! I ' m 3» o»«-»l»s ••»«*«* »"f »»-•» >.w> 

••CCv»»r«6 awa* WaTfMfajf i l l i c i t * »•-» r v i % •»-!•» 
ati*atTw«ai eaaiaw t * c—»|a<a| i l i aJus » I F F I « S » »*•« —-- •-»« 

• • n aai tr »«<MHF»$» a.-a T J - . I »-»«. 
• » M i t t *a<wu«r»a •*•• »»-••• » - '» 

a*M.'«ncTio*s 3* c t»»«a anot «•*> c a m * • « B a i r n * aca »«,-«. a - n a 
a«M.«OTCTiia>i or c « n m » w «•» ca * raa • • » n i m * • •» » , . , * - •<» 

m i n i a M t a i T i C M i r r »iTa> CMtaa*. agct * t ? » »i»i«w« »"jv»fr-% n » i f »-« u - t < > - i » . 
• a w n 1 »» •» ! ••> n v f . . » caaoaB » » n t « n » -« - •« /»« /?» — > ^ 

• CM^aw * * • » e»iof-«a»i> «»Hi»t'» >-r< • » - • »-•>• 
•vaacrtKl o» a facn 1 * « l » CHa,wt • « • * w i n ••-< »<,.•« »-•»* 

• Cm. |a» tVSIfo t a w s i f M f - I I * »r> > t - | 9 >-!>> 
• U R M $»$»»« t l M I I I M M a »C« ?»-• »•»• 

• « K * f »0«f ' • I I I W K I O M K T f M * a r * * v - | * • ! > * 
• ( u u n M«o»»rFa ( • n c * * t « > r ' »<.-» »-•«» 

• IHOTfarfxT ca iTKM. I tv oo»i»& •r«u«i l 'K« •"< i*~f ' - - . « • 
• a»Hf»aTira« tSITKat . IT* • I T H cc*jTa"t » T » <«tnk> « I M V I i a v » > m ar» T » . | » » . I «. 

atOSf or K »CH« S U » » I T afmiTS m Tuatiur MaiMf at m a * «n* »»-i »-tv 
aSTVllCTkVM. M M TO Cf!«lTa|a>»tkl Tn*tK M « ' l ' ^ » "•' >;.< • - » • 

XIFaVi lkC |Btfat,aca-<l*XalT»* • « • « • • <r> ?i-» •-1^3 
•tiaTt* naimr* wmmtt% »ai»» "^«a»i»» >r« ' « . ;« »-• n 

a l « » r» ac voaf* t » " l t F f j u t t ' |« ' « • « « « (M«ts< <F » .« • «n« r»-« » - ' * 
a K W I M »a»TS I * T»»f •»» C W I »»irci -5» n»- t j / .« /F« , ».»•» 

• • M P t C f M •*•.•» <»t I J " Cl'Mf » « I » F - vi«fC'l»« ' " \H' r « . » / t / » * , . - t , 
•n»F»cTi»« -fio -»»» ii" mat »a*»t - w i c i m »• -UTF ••I«F> ' f - « « i « ».'ij 

• U T I C O K I I I • . O t * l « * t i a r j i f • * • • . > • « . . - . - , > / » / ' » »-*• « 
• » • • cr»T«<ii aon i s i v r a*am,Fo«* <~> » • - ! • >->, 
• • * • CO»F»>x not M i * f •«9*tF«'»" •••!» »7-*» »-M 

••ai.FtfWF.akS OF f » T a a i a.-mj aao CCkTajt ago « • * * . > • > '" ri-« » - ^ > 
•laasvfaFfaT 0 > l » I t * I F T MMlajc atFoft HH* •-• ' ' « - l ' — • • 

M t c f k t nr.Hfri HXcu%l(>(» M B n t t artfavcx »Fxcir» o»»»jTi'ri» »-» T ' - u • - ! • 
a fFVKTt n» i r i i •>» uFF>S!f »n<Fa aF i w n w »r»f» > I I M < »-t» F*-« » • ! • • 
• f>»Mtf*jCT aqiafa Fanwa ' t * - n •>-•. » - * 

•afCfar F w n t r - s (aCMafFfafa au>|i«« •Fi f * *r>- »'v.fm " i m i w »r« »»-»> »->» 
•MTta »u~t*i I * n H M i f a M *•»»*» ST>TF-«,> »>-• »»-7 »-44, 

a t—IF1WT •••.F-JFatTIOM ! • • i»»%iMT MS f»f*t»«».F i n l r . . . r « r*.i m.tt 
• P F F - C » J l a a i M i M S * »™ r>-» •-i»«, 

a F a l t i a MVtFF SfaaMFaa «-.> T» - ' * . « 
K I F » T H •oct Fai laa* o« I««:O»F l«s tnr»«wai | '^" "• T » - F »-••« 

• F I I U M f «a»FF»-»Jt»* i t fWM «F / » » • • •»•.» 77-IS > .M 
a F a u a M «» ta ' fTT -«u« f SF»F »Kr. i»i«» » « » • - • ; • - • • > 
a Faitvat OF » a v F T » I F I C W I T C H F S * f t » . . . . > . ; « . 

MaavakT F i r * GvfP' -v*** Fa i iaa t * - -^ K . I - . . . r j 
n n > f F a n a a t t • F S U \ » I » « , nrm iraif Mrt«o I \ S » M I iri->- »\—'»if>' •••• »»-* »-•«• 

» M * t Tort FaltaBfS* »n« »»-• »- ! •» 
•a»f»»»»|k» » « F ^ cr»»i* .»F F a l i a a t t * -<-' r» . !» •»-•• • 

•taractkCT ara>ra Fal laatS* •••' '?-«. »-« 
r»ai»F ynsf Fa|| .Mt*ICnn<CTfOI* •<••• • - " »-••» 

ataatafO l l i a a W F l a a a v a i * . " • ' * - • *-<•.* 
a FfftjjaFta raa^siFkT I F a • * > • «^t r » - ! * ' - t » 

* M ' < a •»••»»• cavsrt H f *wTt tv t . l * j f tuaruaf . ."« » w r •-• «s 
» F M | > • • " F»-F • - ! • 

•«UFf aacatfa- rauSFS n « M I « I F . j » | i * r < i * u u i l ' « - . »«»•••?.»• . m r>.» » . . * 
aaknoarat atnaj a»TFi »ao«) J « T FU"»S» »r« ?••» »-«, 

a»»ln»»» OF »a»F Fr»t H * t $ • ! « • • » • •<•» i t . p ».:»» 
a FaaCTaat I F acacTO* aain o r n i t •».•» <>•>•-• an* »%-i» »-•»• 
• M l i M a m a * ISCICFUTS* a n T».| ». i 
a FWft MakMIW »»rBlF«Ha arr r»-!a '-•")•> 

afw|a>F»»F MlFUMTInaiS I * a tTaB'WT CM TajaT»»«T ST IF fa » " ' Ir-t »-••» 
•OfFK' IFF attS t*> I J * HAFF »ai»F - IIFFFC'lFf • • MTV * • ! . * ( • - r . * / » / F a ' - ' . -

atrfaat Majttaro*) a«ra».FKs i r » • * • ( • • - » »».» » . « M 
aOfFFctlvt aflD m l »« M M f » » » f - 0!Facf|»« >« i«F» » « » • * *>*-«/• /*» *»-Jtl 

arori»>r «•»»» t<MW-«*at Faituafa F-W »»-•• » - i r t 
airlFta MMfaaa cawSFS F|fn»»TF»-l lV F»fi»»' a at r T » . | T »-• K 
FMFFI pajajajf* 0**>«Cff F* i f t P*F*a"iaa arr »»- '« •-••>' 

http://crv.Tainat.kT
http://ruaaMF-ak.il
http://cawa.lt
http://tSITKat.IT*
http://��ai.FtfWF.akS


BLANK PAGE 



a t 

•foil 
K i m * ! r* i M i i i - M n * 

• N . C i | t I T | n 3* • 
afi»f» W I I M 

a c t » c * "cw »an.a«» r» 
• M M t » 

aaaa»at«.aa n i t teat i t * a i t » €(*»•<• * o M n u t • I M « I » 
aaaof ' a t tuac* « > w . > i « ( »•>*» aaMt tc t rs 

atpfao*, a » » t a i l * * * c t wcr»f 
M f W U M 

• ^ ( • M K I I a i tva i in ts o» •>aCT«a 
• n c N W - i a t a a a t u a * o» a«attr« 

• • a t i t t i c k <•* o t n a u t f » 
• 

• B t v i t i r a C l f t 
M i > M I | M t» .-ala. t f M I M 

i w i c i m t»«a u m » • » • 
aaaac* • a t l l i a t i c * * I * a 

C M t i f a i . l t * a i t r r r » t a n » 5 K afa.ca tfaptaK i « « f « » I » 
• f iaMHf • 

i n » m o» 
• f M f t l t r 

aaaac'VM Of afattaa 
a ra t ' va f t tn t * 0» 

• 

*»ata»ta«€ ( • I ' K n i n ait*> cnataa acts t / taa 
a C W n 

a » t " c t $ r f io»t i f c t a - n t f K M * at • 
afMICtS 0* 1CSS or 

aco-a i ' t t i r m «* 
a C t M C ' I * ! • ' I f 

M f C t M »*ja«.f.»i » « 1 U t » ; c ? « • ! « , l I K U O i M l t ' i P 
M t > * • • * • « * caaac-H * n « f 

• 
rttK 

a a f M C ' l * * 
a f ' t a c t i j» t o l l a» c « - l l « « »>>•• at w a i n *»»{* 

a« ' t rc t> r» i C M C» r a t - s i l t 
aaaratftC* 

• f w i c t * c* n « o» « M - * i t » « < • a t avct'aa 
a afar* r a c i t i * t | c » t I K a u « « 

«a.r*i i * ac •co^tiTf ten cr cf- t i t ( 
|-»**at|C«i l l » t » * a 

a 
a t * ' * * * * ' taaasi 'a t la 

a i * * * * * ! " * r» M O I R ! I M C 
a»M«t 

•TUMI** 
mint' u m i ' w 

• w c r t n ^ a i 
*aic»»t 

a*M»i Mawtlae 
•aa* cratam a m r * i * t 
m— ceataot a m «ai»f 

* fn* ts 
• l I M t l IXJtCttCa. 1 H T « 

I 
a W v * » l « 6 

arnn«a> 
•aaaft-jer o» >f tc t ra »ai» c x i < * t 

M i - J i o H tita- a a " » <*<*> j a t 
a 

*Mi i ta> ' * s»«MT-»atvf a t m a at * 
« « * n» K »r.a»» *g»"i» a ' H i i t s i * f i / * * i M ra-as» at 

• t t n « s t v a a t c * •acw.'af »t 
aaatapaaat N9> 

a*fr.a*»»iCM vlaaat int t Of 
•arcnaMCaM i l t a i t l t j n * Q» 

a'aactijaf fit 
* * i c t * f a a ^ m m 'acCuMiaao r a t i * * a t t l M C " 

*<•*>•* r a c i i u ' l C M l a a H K f ariafa 
atuapi** iiXantft at a a c i i i a . • * • ( • 

a * * * * * * la. * « r ; i « i « i r >a*<r* n i i ' i -
—mm ••*•»«»• 
— m i x » « m « » j « 
• t a w a •» « • - > • 
aaci *»«aat,a 
u a » — f j t camcaa . i t * ova.i«t " w i n t ' '*• 

n t t a i r v u at •<!•>• 
• V t C f M * W i n aanaiMrt,* 
M t * * t M a l l " l t . 
M l N u M i n a n - m i K rat O H K i l 

« T t t t » 

• f w a r « a i 

t»» s* t t taa 
f» ca i ra i -w j I V i »«l' 

ia*m«ns (Ktitn MtaaMj. 
l a U H M »•».»* »a 
j r t r»»»»» 
l a M * agaca a<acro>-
l » M f > 
UtaaWT at a 40 l i l ac aatra afact ta* 
I M * <«» K "*»»a w * l > a r u a n In ! « • • « « • » » • « at im> 
\mn -w w t - t l t t »o»t» at ««ti«a> »r«t> n a i t t f « 
U H m 9»»-»l t t Hhjta* 
•Mm CPniaat +*m> | W | > 
aa«a t t t a n l * * i s m a t i m • « • < t * 
— > — 1 1 *» » « f t » • ' i l > * * H V > 
ampHHCTMM I * a ' t i a i i i <af ta 'a tw V i w » « 
awMHCtnaaJ v cs«taat «•»* «nr cr*.t->^ »~> -H>H>^» 
•amaaJCtMal w * H * Stfaaiiajt i f « i a t | - s w t « M * 

:ttaas <w ttaHtv-tr-nrcarit » « u u - a«>aa» CM>C« 
l t l * a V M l «< l t t« i» 
Cat »IJ«»tl£»S -v a<actv> • • " • % « « • 

v l a a a t M M "• ««a(»T i w » w t > 
• * • i « f t « M m n * | T . 
* a i u « f nt lacrar i « r» . *^ * ra» i~»» 

•Oat' n a » t l « 
f i i c n • ! • •«• 

• M l t l OTafa at WCl'aa *~a«< • » • » ' » • 
W t - M t t arataa 
• I l » " S»<H« t a u f - nf««C'I»t »" « T « « H * » 

M I | « H n M - ' M t * * t l t > - I | a w i t -
•aCl t ia tMaS l« a iaat« Ktafa i r a c n n ' 
M a t t l » tt»» a - I C?»»l»n laltCaf fa 
H M t S * 
*«a(a at B » U ' » acafa > i » ' s * 
Mk«a t a h i M f t * 
aajfa « i n ' S » 
( M l afactna* 
* • • ( • V * n » a»*3Vt» I N r » « n ; »tr<r,< at » • • • 
p a ^ a t 

I t a | t | t a i | t » a l ta r,-nT»nt »nm •»»i'» • IMatr* 
taa«s i l * t l» »t|a»»» t t f t " o« » - a " 

aaiaaat* $ » j t i » at < *••• 
-~ »t»t«a* 

\Mm CMit ' t t ionr . iv . •» ' u a < i « f - * m i r i " ' . A I < F * ^ T ' 
I faS at I K I > 

WWiHW ar * » • • $ • 
at •«« •«•» •tact-arta 

L f M faCHiaft ft Dual* , a t f f «a r» »rac».-« T t a t t i r * 

. _ ^ - _ f»/m.m at • f^ taar t •»»'!•)«<• 
r a r tl»»«r»fajt ta | l t>« f ( ' 
aajat fe«ir<.«v t a n u a f 
»•»• S f M t a 

»*• c v t t a r i •>»• aaltF »»iai«aia 

• a t t * »»<»• J?t av»S> 
• fa tTW l*tr»«HSa 
a f a t t t a i » t f *>a i t» 
t fattaV M l * Co«a%t avw y t a t f 
atactwi C'faat i n * 

V f a C f W 

aav v«* | a>> 
• r f » * - • • » - > J J 
•«f »y - i * ».« « 
•«» t%-» »•?%* 
ar* t*»i? a-ta^ 
« • »?-: a-> 
act t » - t a-T!? 
•re t%-; • »-• Ft 
• r ' t * - i > • - • » * 
•'rf t * -« a- |sv 
•f^ r«>* • * ! ' * 
a^s v».« a - | * l 
«0* ta - |a a - ; j * 
apt t * -» * - • « « 
•r» t t - t l a . | r » 
ac* t»-?» *>-i2» 
• w - i ? / * * * * * - n a 
ara* t * .« a-?t 
a^« t» - t a—aa 
• l» t f - i r »•»» 
arc Ta.fs a-|aa 
»r e '•T-t a»»a 

' a-f t j - « a - fa 
• T »* - i »- l*a 
aot »»>»• »- t» 
a « » * - ! • *> - !» 
• * • '»-» a*ta 
-«-a/J»»»» a - I l t 
•p* ?>. i a»?a 
a-^ »«-a a*»^a 
ac" »>-! a-ra 
•o» »»-a » - l » t 
•"« ta>.» a - | > | 
ana t a - i a*taa 
ar* t * - | a a - / 9 * 
T * t a - l ^ f - i a a 
act t t - T r - ; t | 
'»•• t * -« a- t * * 
* T t a - t a-fva 
ap* tv-a '••?« 
I!« »»- | - »-»* 
(.«-•/*»*» t - ; i s 
»f?» t? - i a »-»i 
ar» *a-|< a-ta» 
a#»» t ? - j a - * 
a?a t f - | F a-*T 
T t - l a V f / t t a . j l a 
• r * »*•* »-»^« 
• i t ta-« a-i«» 
aff t ' * « a-a 
•** r*-s ^-»^« 
' C t» - l » »-»» 
ar?f •».« a«fa 
arr t / - | t » -«* 
ara Ta-*A P->aa 
ar* t?-»J »>•*• 
•"» »»»|t r -a * 
•0» TJ-I" »- i»r 
ar» T»-a a-a» 
a<w t*»l» a-*» 
a*a »».( ' • • ! < 
ana t f - | a r-*1 
aot »?-?» » - M 
•"« t * - n »->«• 
f f t / . | « ».•.) 
ara » f * | « ».»a 
»r« v~lt *-T ta 
ac» t * - » ! »•!»» 
• i * ' » • ! » r^i» 
• « t» - ia r-'f 
anr t * - t r-»»» 
aa< ta - l> »-'.»" 
ara aa-> *«*•* 
'9 t a - | t » .» j 
ar« t.».|» »-«1 
arta t»-a a. fa 
apf ta-a a-f»t 
• 0 ' » • • ! »-»• 
•nt t a - f » »•«•)» 
a-)f »a-a »- :»* 
ai)» t a - n a.-aa 
anf r7 * ' J a-a» 
arf T j . | t »« i t 
ao* 9?-1 a-af 

http://CMtifai.lt*
http://camcaa.it*


2 8 

• •»- «or«M ncRtr t a? at Max* Mtcraas* act »*-!• •-»» 
" aa«Kf*<, l«tf»«'«»«0 * H K K V U C n > W n a «C« *»*!•»-11 

IMS K*» (rwCKfat l l R l K n * act ta^la r-><» 
MS M M I b 4 m i i l » i ja«a*fa •«( * v « awuj 

atw.lafataaf caKKM.Hl ajalta* W N ) m i aer T%'I2 »-|al 
aaaituiciic* or n» f t i aauf» * « * * • ec-«*»T/t» a-t>t 

• • ' " » ' aaMttas aicaattaafc «a»U£ MWXCa > W ^ C*a»aTi<~.a a«r t j - :J • - » ; 
aaanctoiaiai metf* * ' MMtaOi *f*xt7as« at* * z - u r-*t 

aaMal H I I M I M W . I W not <<*CT1*i.1i3 t*S1WiSl|B> nOWl l f l * «0« > « > . 1 ) 1 
• t r f t o» ec acaaa iaa*ait a n a l * la. rxaana uaaaa af »«•• aga »»-« a-i» 

aaa* coM>n as* a»i»* w m i » » • » »i~ia »-»3 
aa»» CaW*n SO> aaiirt a««l>1> ana »?-*» a.-M 

avaiaiavrms " • c m t n . atrs aw ftwats. M * r*iw«l» an »%-•, • - • « • 
rat'wi KH * rowan M K aju> ( s u m aa> aalatv* »r» »*-t «-•«« 

• " ' • i w i t- i r i c m ' t ait*- ccaa-an aoM • • le . ••*!»•« i%v«»i-> n»i»» *f -*~l* »-i*t 
•*••!> • aai'l- U U I l M»C«»»»-*I»» awtuafa as* *v-ir > - ;» 

a sa*ff* iajKM«» n m » aa»if«*• aef Tv-'l a--ia 
aaaiawt-jj^ 9 saMTT a r i l " aaA*xa ! f - « r i H »-r>I 

a.aw« «a~f»t I I faclaf'ars laVfTV !»»»••»• aajr T I_ * a-a» 
aran.a*f o» sa»tT» a m i p*ar>* ai a »•«- ae» T J - H •-*» 
•aalijaf V MHW w n l«»t > n > m | i an »«-t> a - ;u 

•<«I IJ»< •« ia»at T . M . ,a Mat •«•*»«»• ana r>. I>a-:«l 
* > • ' " ) • • r« •••cTr« ««i crataar aaa» ! « • » • «"f »»—n • - :» • 

•caault, ••raaaif* «*a«U»t» anc ra—a »-;»« 
afeoiaaa.r aM'viMtfCkf :«. a ftaaoW £tt Ta»»taf\t lrir<-> apa »»-» a-»» 

a sTfaa caaaarqa aacaif't »' aia>»ia ac i i -a a-i« • 
a>Ufsatc'IOk? -« •«!» SttaaiM* iy\afl«« taMSt a~ ra-; »-»« 

•»»Hir W|>|1 SfMIWOa ac« T»-» a-« 
• »i»nm.ai cava Ti r.*rar«-f.» »:»•« * a « i f " ape »/-« »-?• 

•ri«M««W»lr% f.» ^ja»i||o-»|* IMta *C» »»-I a-a. 
•C*»ai<*ia?|p» 0» Sa*»ttta>-MB »j|fa ar» TJ - / »-* 
•tc.s ca sr â aca ta»nr «r\airi r* »n»ai»« a-*jt n • » • »v »»-« »-t» 

•f»"CTi,f aaa't 1% Hat a-r cn»t»oi sanitao)** -i-'t/rt/r*- »-?!• 
•fiii<»f r* van; tr»« nsa s»ITta«l> «r« •> - • ! *-•**. 

•aaajlw*' '«a«»i«at | \ a«|a«at lTlta» » • •«»• ana T J - I I » -n 
ataafTw lajfcfira tairta a»s»t<"ia â r >»•!• »-«»i 

< m l H S*tff« *ustif«tt - l|a »rr i . . . ) i - r 
« m r « >«stf« " « » i r " « j - i - »r« »•-? »-»i 

• !\»-ul[Ci -» t n ^ i r r t IMr a«|»aa* s*Srn» »-5 »»-i! a-i»» 
•^tJia^fM •anwV'ICM 1^ « ITancal »II ia«at"«»» »»»Ifa» ara »j-» a-»« 

M <r>- P » " » i t r«,iM(«;r M » « I I m i f M * aif T»-7 a-a*. 
a«i»>aia»Tlr? ?• i#T! SVSTfMSa »C« »a-7 »-•*• 

>in«'w>« gmi f r: ccn«i«^«»f VOOM aaa'in* »'• »:-« •-••» 
a igairl a»c«i»»%» ar» »».«> a-i r» 

*«ai>iMCT|tu 'W T0»o» 10 W m H i i c m > *•>: • ' • csi«'« ?:i»-t« aw T»-« »-jjT 
a>f><ikaTt> tOMSifajl at a »»a. «r« »>-.» »-<.-. 
»a»««<u*r raaajllfKt 1% aaf^aai WSF?V :-* £ a»t* »r« »>-T » »-«.« 

atc'liat «<tr» TB«a.t|(«tS - ll« ar« Ti_;)r.:>t 
a f j i i n i <tii»f» raaa«|ta«l.|- a~« ?•-« »•»« 

• • « l > » \ ' • « i » u « m « l» * Jf»»r»i t«l Mfatafat VH'f— '••' »»-i a-«» 
K"S3 '» rt r .»• suani •f'wiTl la TaatMt aa'isa at »-•• •-« " - • . a.fa. 

a tOMlaf l«K«5ut at a «rtl.l*» »4T«j <>aft>v> a-» »>.r ».»» 
a T«a««|af a f ^ t ^ »» <^s> »«•• »»-t« »-a; 

unvf aainra 'unti n^tif. at tv<a*ia(-aaiiMax u^f^^r. »-« ><.a ».-.^ 
i > i l i » ) ra liar taaa n n . i«irr->t> »»f »»-•• »-i H 

• '•• 'Ctj i t aaatt I^ t»»f »-7 cn»«-H. 1 . 1 ' w c ^».,«/»«/n »-?i» 
« U * t » • » » • * ac«jH|v 4 »••!» laiOtltCTf} l*tT«UM-». n - » u r i < T.t ft.—. a-:«« 

• ««.f«-a:fl-AS " * tr*i>-Tc-i»»»»ii aacaaa) safu*a c»»-'» «M*a*a »f» »»•» a--j» 
M»»irM»« «fic n» i;» wiia * • * . * • . rfM;t i*t ?- I»T* » U » ' » -»-•»*./» a-7:; 

vl>>il'f* • WN>af «*lli«»t " » * « ' l \ t *»'•* ĵ !>«'»?TfB I f l l i m ' m « » rv-a »-•« • 
aki'fa parfa Caracas l«l«t n»«*at'<«a rut »*-:* »-!•>: 

Jifaf.'a a «at«f aaraif^ r-.tuft >iC--3l»C -<a r axM-.'-aull-Ivt «f» »».* »->'. 
» »a«.at arwt <«U4alSlf?aa<c*|nia act »».| »-•?• 
a *Mtf »?•« •ariuafS* ar« »»-« a->>» 

••• I '^.f »l :% 0» »«««»» »fllf> *a|.afa ta.a/?>/*» ».;>7 
0<»-C'l»l a«Vi t l '?" "M ~f» »•»*• - sa»»C*l»f . ' • taf» l « l f t -a-a/«/T» »-»i; 
•aair J*rf lia> :•» t"a ,l-I.--0«Tajil v««J» X t K t ' C»*fa taaafs* •?« t».» »-;3^ 

• • i i f ia /TKM >a »«|% tira-iiat l ! i»t|f» aatafl' ar« i v i a-r. 
wiHuaf c» laat I I » « HT h i v n f f t am •••^i a.'.%» 
aait^nttai TIPttTIOJas -» a(IcT.->a i>rc<iaita a-, n - i a-t»a 
aafCMklCai VIMstlOM 0» »«*CTia |a,rfa^M(a i , : , ta.l« a-?v 

K l f d M »<<« 1^ t»M wt tra»tati t«ITra»s> n».l5,»«/r» »-•!« 
a aatta * • « « 'lcl«» «"i«af|«-ll%« J.iar̂ >«a »(f r» . | - a-ta. 
a aaffa nia^i i t>ab\ aa\*< na»4»TT»a »r« t » . | . a.|»« 
a M i l l *i»».>»j t \ «%il*»f«f(l «a«»'t $Tjr«»J« «»•» •>.» a.««. 

aTuaaiaf ktriout »f J arii.1%6 aat(a »;ac'-a» •'•r t».r a.;« 
ao««;cfl»* afto Vt ! f " i t v « »«» ' - d'f^TIa' ' " '•*" v»i»«» •»-a/i/r* • - ; » ! 

a MUM niCUiirift* 1^ < i«u» an»«« s'affraa »ft TJ.»T a-» » 
I tH l f 10*f OUtfaaticraaicfrt »a .r« ra.i a-t?a 
a«u«t lOKf «»lll)»-»a »r« f*-t a.'»T 
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KEYWORD INDEX 

Selectors or keywords are used to denote the nain safety related 
points in itras catalogued by MSIC. The following index is an alpha
betical listing of those keywords assigned to each operating experience 
bulletin in this report. 

ACCIDENT, CRITICALITY 

74-12 p. 183 74-16 p. 194 

ACCIDENT, LOSS OF POWER 

72-5 p. 14 72-11 p. 34 
74-5 p. 155 

AIR DRYER 

72-6 p. 18 

AUXILIARY COOLING 

74-14 p. 188 

BEARINGS 
72-5 p. 14 

BLOWDOWN 

72-14 p . 49 72-15 p . 53 
74-17 p . 196 9-27-74 p . 212 

BREAKER 

72 l l p . 34 12-9-74 p . 218 

CABLES AND CONNECTORS 

73-9 p . 120 74-2 p . 141 

CHARCOAL ADSORBER 

72-6 p . 18 

CHEMICAL SHIM 

74-J 6 p . 194 

CHLORIDE 

73-7 p. I l l 73-11 p . 127 

73-12 p. 130 74-8 p . 168 

CONCENTRATION 

74-11 p. 179 74-15 p . 191 

CONDENSER 

73-7 p. I l l 73-11 p . 127 

CONTAINMENT ISOLATION 

73-1 p. 78 73-5 p . 98 
74-1 p. 137 

74-1 (corrected) p . 139 

CONTAINMENT PAINT 

74-10 p. 174 

CONTAINMENT VACUUM BREAKER 

73-6 p. 107 

CONTROL RODS 

72-10 p. 31 74-6 p . 159 

74-12 p. 183 

CONTROL ROD DRIVE MECHANISMS 

72-18 p. 70 72-19 p . 75 

74-6 p. 159 

CONTROL SYSTEM 

72-16 p. 63 



BLANK PAGE 



228 

COOLANT LEVEL TRANSIENT 

72-14 p . 49 

COOLANT QUALITY 

73-8 p. 113 

CORE COMPONENTS 

74-3 p. 149 74-19 p. 203 

CRACK. 

9-4-74 p. 210 
10-25-74 p. 216 

CRANE 

72-1 p. 1 73-9 p. 120 
74-18 p. 200 

CRUD 

72-4 p. 8 72-18 p. 70 
72-19 p. 75 73-1 p. 78 
73-3 p. 88 

CRYOGENICS 

72-10 p. 31 

ELECTRIC POWER 

12-9-74 p. 218 

EMERGENCY POWER, ELECTRIC 

74-5 p. 155 

ENGINEERED SAFETY FEATURE 

73-2 p. 84 73-4 p. 95 

EXPLOSION 

74-7 p. 164 

FAILURE ADMINISTRATIVE CONTROL 

72-16 p. 63 74-16 p. 194 

FAILURE, COMMON MODE 

73-6 p. 107 

FAILURE, DESIGN ERROR 

72-1 P- 1 72-3 P- 6 
72-4 P- 8 72-6 P- 18 
72-8 P- 2? 72-15 P- 53 
73-2 P- 84 73-4 P- 95 
73-6 P- 107 73-8 P- 113 
•3-13 P- 134 74-5 P- 155 
74-8 P- 168 74-14 P- 188 
74-17 P- 196 74-18 P- 200 
74-19 P- 203 
9-27-74 P- 212 
10-25-74 P- 216 
12-9-74 P- 218 

FAILURE, EQUIPMENT 

72-1 P- 1 72-2 P- 4 
72-3 P- 6 72-4 ?• 8 
72-6 P- 18 72-7 P- 23 
72-9 P- 29 72-10 P- 31 
72-11 P- 34 72-12 P- 41 
72-13 P- 45 72-14 P< 49 
72-18 P- 70 72-19 P- 75 
72-1 P- 78 73-5 P- 98 
73-9 P- 120 73-10 P- 121 
73-12 P' 130 74-1 P- 137 
74-1 (corrected) p. 139 
74-2 P- 141 74-3 P. 149 
74-6 P« 159 74-7 P' 164 
74-9 P- 171 74-11 P' 179 
74-13 P- 186 74-14 P- 188 
74-15 P- 191 
9-4-74 P- 210 
9-27-74 P« 212 
12-9-74 P« 218 

FAILURE, FABRICATION ERROR 

74-4 p. 153 74-9 p. 171 
74-13 p. 186 
9-4-74 p. 210 
10-25-74 p. 216 

FAILURE, FATIGUE 
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FAILURE, INSTALLATION ERROR FEEDUATER 

72-10 p. 31 72-18 P- 70 72-14 p . 49 
73-3 p. 88 73-9 P- 120 74-8 p . 168 
74-4 p. 153 74-5 P- 155 
74-10 p. 174 FILTERS 

FAILURE, INSTRUMENT 74-6 p . 159 

72-12 p. 41 72-13 P- 45 FILTER, GAS MASK 
73-7 p. I l l 73-11 P- 127 
73-13 p . 134 74-2 P- 141 72-2 p . 4 
74-9 p. 171 74-11 P- 179 
10-25-74 p . 216 FILTER, SCREEN 

FAILURE, MAINTENANCE ERROR 72-3 p . 6 

72-4 P- « 73-1 P- 78 FIRE 
73-2 p. 84 73-5 P- 98 

72-6 p . 18 
FAILURE, OPERATOR ERROR 

FLAW 
72-1 p. 1 72-4 P- 8 
72-5 p . 14 72-6 P- 18 10-25-74 p . 216 
72-16 p . 63 73-9 P- 120 
73-10 p . 121 74-11 P- 179 FLOOD 
74-12 p . 183 74-15 P- 191 
74-18 p. 200 73-4 p . 95 

FAILURE, PIPE FLOW 

72-15 p. 53 73-4 P- 95 73-3 p . 88 
74-8 p . 168 74-17 P« 196 74-19 p . 203 

FAILURE, SCRAM MECHANISM FLOW DISTRIBUTION 

72-18 p. 70 72-19 P' 75 74-9 p . 171 

FAILURE, TUBING FLOW BLOCKAGE 

72-4 p . 8 73-7 P« 111 72-2 p . 4 
73-8 p . 113 73-11 P« 127 

FUEL, FOSSIL 
FASTENER 

72-10 p . 31 
72-10 p . 31 72-12 P' 41 
74-3 p . 149 74-18 P« 200 FUEL HANDLING 

72-1 p . 1 

73-5 p. 98 
74-17 p. 196 

74-4 p. 153 

73-3 88 

74-18 p. 200 
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FUEL HANDLING MACHINE 

72-1 p. 1 74-18 p. 200 

FUEL STORAGE 

74-5 p. 155 

GENERATOR, DIESEL 

72-4 p. 8 

HEATER 

72-6 p. 18 

HPCI 

74-2 p. 141 

HTDIADLIC EFFECT 

72-8 p. 27 73-2 p . 84 
73-4 p. 95 74-10 p . 174 
74-15 p. 191 74-17 p . 196 

74-19 p. 203 

IN PILE EXPERIMENT 

72-16 p. 63 

INSTRUMENT, SWITCH 

10-25-74 p. 216 

INSTRUMENT, POWER RANGE 

73-7 p. Ill 

LEAK 

72-19 p. 75 73-8 p. 113 

LIGHTNING 

74-7 p. 164 

LUBRICATION 
72-4 p. 8 72-5 p. 14 
72-6 p. 18 

MAIN COOLING SYSTEM 

72-3 p. 6 73-1 p. 78 
73-5 p. 98 73-10 p. 121 
73-11 p. 127 74-9 p. 171 
74-13 p. 186 

9-27-74 p. 212 

NaK 

72-6 p. 18 

OBSTRUCTION 

74-6 p. 159 

OFF GAS 

74-7 p. 164 

PERSONNEL PROTECTIVE CLOTHING 

72-2 p. 4 

PIPES AND PIPE FITTINGS 

73-2 p. 84 74-8 p. 168 

PNEUMATIC SYSTEM 

72-4 p. 8 73-1 p. 78 

PRESSURE RELIEF 

72-8 p. 27 72-13 p. 65 
72-15 p. 53 73-5 p. 98 
73-12 p. 130 
9-27-74 p. 212 

PRESSURE TRANSIENT 

72-13 p. 45 73-10 p. 121 

PUMPS 
72-6 p. 18 72-14 p. 49 
74-9 p. 171 74-13 p. 186 
74-14 p. 188 

PUMP, JET 

73-3 p. 88 
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REACTOR, BWR RELAY 

72-1 P- 1 72-6 P- 18 72-1 p. 1 
72-7 P- 23 72-8 P- 27 
72-9 P- 29 72-11 P- 34 RESPONSE TIME 
72-12 P- 41 72-13 P- 45 
72-14 P- 49 72-19 P- 75 12-9-74 p. 218 
73-1 P- 78 73-3 P- 88 
73-4 P- 95 73-5 P- 98 SAFETY INJECTION 
73-6 P- 107 73-7 P- 111 
73-11 P- 127 73-12 P- 130 74-11 p. 179 
73-13 P- 134 74-2 P- 141 74-15 p. 191 
74-7 P- 164 74-10 P- 174 
74-12 P- 183 74-18 P- 200 SCRAM, REAL 
9-4-74 P- 210 
9-27-74 P- 212 73-10 p. 121 
12-9-74 P- 218 

SEAL 
REACTOR, LMCR 73-1 p. 78 

74-6 p. 159 

74-14 p. 188 

72-2 72-6 18 
REACTOR, PVR 

72-1 p. 1 72-5 P- 14 
72-6 p. 18 72-15 P- 53 
72-17 p. 67 72-18 P- 70 
73-1 p. 78 73-5 P. 98 
73-8 p. 113 74-1 P- 137 
74-1 (corr< -^ted) p. 139 
74-3 p. 149 74-4 P« 153 
74-13 p. 186 74-14 P- 188 
74-15 p. 191 74-16 P- 194 
74-17 p. 196 74-19 P- 203 
9-4-74 p. 210 
10-25-74 p. 216 
12-9-74 p. 218 

REACTOR, RESEARCH 

72-1 p. 1 72-10 P- 31 
72-16 p. 63 

REACTOR, TEST 

72-3 p. 6 

REFUELING 

73-9 p. 120 74-12 p. 183 

73-6 p. 107 
159 

SENSORS, FLOW 

73-13 p. 134 

SENSORS, LEVEL 

72-12 p. 41 74-11 p. 179 

SENSORS, TEMPERATURE 

74-9 p. 171 

SET POINT 

73-5 p. 98 

SHUTDOWN COOLING SYSTEM 

9-4-74 p. 210 

SODIUM 

72-6 p. 18 

SOLID STATE DEVICE 

72-4 p. 8 

SOURCE, NEUTRON 

72-16 p. 63 
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STANDBY GAS TREATMENT 

72-9 p 29 

STEAM GENERATOR 

73-8 p. 113 74-17 

STRESS CORROSION 

73-7 p. Ill 73-8 
73-11 p. 127 73-12 
74-8 p. 168 

STORAGE CONTAIHE1 

72-10 p. 31 

SUPPORT STRUCTURE 

74-10 p. 174 74-15 

TESTING 

VALVES 

72-4 p. 2 72-11 P- 34 
72-13 p. 45 72-15 P- 53 
73-1 p. 78 73-5 P- 98 
73-12 p. 130 74-1 P̂  137 

p. 196 74-1 (corrected) p. 139 
74-2 p. 141 
9-4-74 p. 210 
9-27-74 p. 212 

74-4 P« 153 

p. 113 
p. 130 VALVE, CHECK 

p. 191 

72-7 p. 23 72-9 p. 29 
72-17 p. 67 73-6 p. 107 
74-2 p. 141 74-12 p. 183 

THERMAL MECHANICAL EFFECT 

74-1 p. 137 
74-1 (corrected) p. 139 

TORUS 

72-8 

TRANSIENT 

73-5 

TURBINE 

72-5 
72-12 
73-5 

p. 27 74-10 p. 174 

98 73-10 p. 121 

P« 
P< 
P-

14 
41 
98 

72-7 
72-13 

p. 23 
p. 45 

TURBINE, GAS 

72-4 p. 

74-4 p. 153 

VALVE OPERATORS 

74-15 p. 191 

VIBRATION 

73-13 
74-8 
74-19 

p. 134 
p. 168 
p. 203 

74-3 
74-9 

p. 149 
p. 171 

WEATHER, SEVERE 

7 4 - 1 p . 13"/ 
74-1 (corrected) 
74-7 p. 164 

p. 139 

WELDS 

73-3 
9-4-74 

p. 88 
p. 210 

74-9 p. 171 

XENON OSCILLATION 
> 

72-17 p. 67 

UACOVUMMNTHimTMOOmCC Mt-Mfr lWB? 
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19. Radiation Dose to Man froa Radioactivity Release Co the 
Environment (inactive September 1973) 

20. Effects of Thermal Modifications on Ecological Systems 
(Inactive September 1973) 

21. Effects of Radionuclides and Ionixing Radiation on 
Ecological Systems (inactive September 1973) 

Computer programs have been developed that enable NSIC to (1) operate 
a program of se l ec t ive dissemination of information (SDI) to qualif ied 
individuals according to their particular profile of interest , (2) make 
retrospective searches of the stored references, and (3) produce topical 
indexed bibliographies. In addition, the Center staff i s available for 
consultation, and the document l i terature at NSIC off ices nay be examined 
by qualif ied personnel. These services are free of charge to the sponsor
ing agencies and their contractors and are available at cost to other 
organizations. RSIC reports ( i . e . , those ifith the ORRL-NSIC numbers) may 
be purchased from the Rational Technical Information Service (see inside 
front cover). Persons interested in the avai labi l i ty of any of the s er 
vices offered by RSIC should address their inquiry to: 

r J. R. Buchanan, Assistant Director 
Nuclear Safety Information Center 
P.O. Box Y 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Telephone 615-483-8611, Ext. 3-7253 
FTS number i s 615-483-7253 
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