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This bi-monthly newsletter summarizes noteworthy information about nuclear power plants obtained from
Licensee Event Reports and NRC Inspection Reports. This information is reported in the belief that its
open commurication benefits all interested individuals and organizations. The events reported are or have
been under NRC review and usually concern safety-related issues. Although most events summarized have
occurred recently, reporting on some is delayed either because certain generic problems become evident
only after an extended period or because certain issues require lengthy resolution
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% - Failed assembly locations

| - Outside corner, center injection

Inside corner, corner injection

Figure 1. Grid of Trojan Core
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the top of the AFW header while remaining in contact with the bottom of the
header. Two pins were missing on one support and the outer brackets were
bent. The bottom 1igament of one bracket was torn out.

The licensee fur Oconee Unit 3 (the only unit at Oconee with an internal
header) performed inspections on April 29 during an outage. Header and bracket
damage was found in both steam generators. In the A steam generator, damage
included deformation of the outer wall of the header toward the tubes and away
from the shell, and a gap of about 3/8 inch over a distance of severai feet
between the bottom of the ring header and the top of the shroud. Header
deformation in the B steam generator was also toward the tubes. In addition,
both steam generator headers had bent brackets and missing pins, and both
thermal sleeves showed erosion at the header entry location.

The operational history of the plants reveals that Davis-Besse has had about
30 AFW actuations, Rancho Seco about 20, and Oconee Unit 3 about ten. Davis-
Besse's experience includes three tests in which AFW was initiated to demon-
strate natural circulation and the ability to shut down from outside the
control room. A single actuation of AFW can entail numerous cycles as flow is
varied for level control.

The Davis-Besse licensee has evaluated several possible failure mechanisms and
has concluded that the most likely cause is condensation-induced high pressure
differentials. These can be generated when cold auxiliary feedwater is injected
into the header. ODuring normal operation, the header would be filled with
super-heated steam since it sits in the upper super-heat region of the steam
generator. When cold auxiliary feedwater (<100°F) is injected into the rectan-
gular header, very large local pressure differences can cccur with large
steam-water contact areas which cannot be compensated for quickly enough
locally through the 60 1-1/2-inch diameter flow holes. Except for the extra
strength weld areas, the 3/8-inch plate walls are not reinforced and are
inadequate for the loads generated under these conditions. In addition to the
possibly large reduced pressure areas, the header experiences high thermal
differences when the cold auxiliary feedwater enters the header and begins to
fill from the bottom up and flows around the header from the single nozzle.

B&W and the licensees of the three plants involved have developed a design
change for permanent repair. These repaiis are underway and nearly compieted
at Davis-Besse and Rancho Seco. The three plants will use the same conceptual
design. The repair procedure will satisfy two major objectives: (1) the
existing internal AFW header must be stabilized to preclude damage to the
steam generator tubes, and (2) o ' iferent means of injecting auxiliary feed-
water to the steam generators must be provided. To satisfy these objectives
the internal AFW header will be further restrained to the shroud on which it
currently rests, and an external AFW header will be installed with six injection
nozzles (eight at Davis-Besse) to provide AFW flow. (This external AFW ring
design already exist at five other B&W plants.) The AFW penetration will be
blank flanged, and the internal head~r will not be used for flow
distribution.7-15
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the volume control tank such that high pressure nitrogen could enter into the
SDC piping. This hypothesis requires several operator errors, some of which
are due to poor human engineering features.

The positive reactivity addition was due to a misalignment of valves while the
SDC system pump's suction was being transferred from the RCS hot leg to the
RWST. This event was also partially due to poor human engineering features
(the valve escutcheons are placed so that they can easily be misread by the
operator). This misalignment resulted in draining approximately 6000 gallons
of water from the RWST into the RCS by gravity feed. Since the water in the
RWST had a lower boron concentration than that in the RCS, the RCS fluid was
diluted and a positive reactivity addition resulted.

The licensee plans to revise the procedures for operating the backflushable
filter to require isolating the purification system prior to any backflushing
operation, since the pathway for injecting nitrogen gas into the SDC system
exists only when the purification system is in operation. In addition, a
caution statement will be added to the operating procedure for the SDC system
emphasizing the need for closing the RCS suction line before opening the RWST
suction line. Corrective actions are also being developed to ¢nsure that RWST
samples in the future are fully representative of tank contents.

Plant safety was not significantly affected by this event; however, the event
identified a condition that has not been specifically analyzed. Possible
generic implications are under review by the NRC.16-18

HYDROGEN EXPLOSION DURING HPI NOZZLE REPAIR (UPDATE)

As discussed in the previous issue of Power Reactor Events, various plants
designed by Babcock & Wilcox (B&W) recently were found to have cracking in the
makeup/high-pressure injection (HPI) nozzle thermal sleeve. (See PRE, Vol. 4,
No. 2, "Cracking in Piping of Makeup Coolant Lines," pp. 7-10.) Both Units 2
and 3 at Oconee* had cracks in one makeup nozzle that had a loose thermal
sleeve. Of the four HPI nozzles at Arkansas Nuclear One - Unit 1,** (1) the
nozzle A thermal sleeve retainer buttons were missing, the sleeve had shifted
axially toward the pipe, and the upstream end of the sleeve was worn; (2) on
nozzle B, only about half of the upstream link which is specified to be rolled
actually was rolled; and (3) a possible 360° crack was found in the thermal
sleeve in the rolled area on nozzle D. At Rancho Seco,*** the thermal sleeve

*Oconee Units 2 and 3 are both 860 MWe PWRs located 30 miles west of
Greenville, South Carolina, and are operated by Duke Power.

**Arkansas Nuclear One - Unit 1 is an 836 MWe PWR located six miles northwest
of Russellville, Arkansas, and is operated by Arkansas Power and Light.

xxxRancho Seco is an 873 Mwe PWR located 25 miles southeast of Sacramento,
California, and is operated by Sacramento Municipal! Utility District.



on nozzle A was actually missing and believed to be somewhere in the reactor
coolant system, and the B thermal sleeve was in place but loose.

On April 10, 1982, a hydrogen explosion occurred at Arkansas Unit 1 while
repairs were being made to the HPI nozzle. The unit was shut down at the
time. The event occurred during a grinding operation on the pipe of the B HPI
line where the pipe was tc be welded to the safe end of the B nozzle on the
cold leg of the reactor coolant system. The nozzle had been inspected, but
the gas concentration had not been checked since March 26. The safe end/pipe
weld had been cut, and the workmen were preparing to re-roll the thermal
sleeve and re-weld the HPI line to the nozzle. The explosion from the HPI pipe
blew off the face mask of one worker and the breathing canister off the belt
of the worker. No injuries occurred, but one of the workers was propelled
backwards along the 30-ft high scaffolding.

The makeup tank is normally under hydrogen overpressure. The source of the
explosion appears to be from hydrogen that was released from the water in the
makeup line and trapped in the piping upstream from the nozzle repair location.
No equipment damage was identified. The licensee purged the line and continued
to monitor the lines for explosive gases, and intends to perform future
operations of this sort under an argon atmosphere.

Since similar repair work was being performed at Rancho Seco, the licensee for
Arkansas informed the Rancho Seco licensee about the event shortly after it
occurred. The Rancho Seco staff then began monitoring the hydrogen concentra-
tion above the water in the drained-down reactor coolant system. On April 14,
the hydrogen concentration reached 90% of the lower explosive limit, and work
on the HPI nozzles was stopped. The space above the reactor coolant was
purged with nitrogen to reduce the hydrogen concentration. The repair work
was completed in April at both Arkansas Unit 1 and Rancho Seco.!®-22

PARTIAL LOSS OF OFFSITE POWER

On January 27, 1982 at Beaver Valley Unit 1,* the backup residual heat removal
(RHR) pump became unavailable when its normal ac power source was lost due to
a fault in a section of 4 kV bus cable. The No. 1 emergency diesel generator
was out of service for modifications. The remaining RHR pump remained in
service for core decay heat removal.

The event began at 2:15 p.m., when a fire alarm was received in the switchgear
area. Thirty seconds later, the 1C unit station service transformer supply
breaker tripped on transformer differential current due to a fault in 4 kV bus
cable. The faulted area was between the 1C unit station service transformer
secondary and the 1A bus supply breaker. Both the 1A normal and 1AE emergency
busses were deenergized. Emergency diesel generator No. 1, which is the backup

“Beaver Valley Unit 1 is an 810 MwWe PWR located in Shippingport, Pennsylvania
and is operated by Duquesne Light.
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power supply for the 1AE emergency bus, was eut of service for modifications.
The loss of the 1AE emergency bus resulted in the loss of the backup RHR pump,
which technical specifications require to be operable due to single failure
considerations.

The bus cable section that faulted was manufactured by Okonite. The 12 Okonite
cables in the bus are routed through a Husky Cabl1-Bus System supported in
insulating clamping blocks in a covered cible tray arrangement. Visual observa-
tions of the cables revealed that two were damaged to the extent of melting

the aluminum conductor. Other cables had varying degrees of charred jacketing,
and only two appeared to be undamaged. There was also some burning and melting
of the cable tray side and bottom cover.

The cause of the failure is not known at this time. Samples of the faulted
area were sent to Okonite for analysis. Because of “he extent of the damage,
it was concluded as part of the testing conducted at ithe Okonite facility that
it would be difficult to reconstruct the failure mechanism or determine which
cable failed first. The licensee is considering repairing the cable by

(1) splicing in identical cable which exists in stock, and/or (2) replacing
the damaged section with equivalent cable.?3

DEFECTIVE MANUAL INITIATE ESF SWITCHES

On December 12, 1981, with McGuire Unit 1* in cold shutdown, the A train
engineered safety features (ESF) manual initiate switches failed to actuate
all of their designed devices during the ESF actuation periodic test. Initial
indications were that when the switches were depressed, some of the contacts
changed state while others did not. Following this failure, the switches were
tested at least 30 times with no more failures. Controlled devices and cables
on the A train were checked, and no problems were found. The switches had not
been cycled since the ESF functional test was performed almost two years ago.

On December 16, a recorder was connected to the outputs from the B train
manual switches in order to check the first-cycle responses after the same two
years of ipactivity. Failures similar to those found on the A train were also
found on the "B" train during the early cycles. This test eliminated the
possibility of other components in the manual initiate ESF circuitry from
causing the problem, and centered attention on the switches. After the early
cycle failures, the switches worked consistently. During one of the ESF
periodic tests some problems were experienced with one of the reset switches,
and appeared to be similar to the initiate switch problems.

There were four initiate switches and three reset switches per ESF train that
were involved in the problem. The switch assemblies consisted of E-30 opera-
tors and a combination of E30KAL4 and/or E30KAL3 switch blocks made by Cutler

*McGuire Unit 1 is a 1180 MWe PWR located 17 miles north of Charlotte, North
Carolina, and is operated by Duke Power.




Hammer. The E30KAL3 switch
contacts and one normally
consisted of two normally

The only correlation between the failure the low voltage and amperage of
the circuits. The A train safety injection initiate switch failed, but the
B train safety injection initiate switch di )t Voltage and current values
for the switches are mostly 48VDC and 38mA c : in this service

The contacts on these switches are enclosed but not s They had not been
in fregquent use, since the unit was in the preoperation tage when the
failures occurred, the switches had not been cycied T« Imost two years On
December 14 and 18, periodic testing using the defective swilches was conserv-
ative in that any switch failures would have shown up in the test results

The ESF switches which fit the low voltage, low current condition include the
four manual initial switches on both trains (main steam isolation, safety
injection, Phase A isolation and Phase B isolation/containment spray) and
three of the reset switches on each train (containment spray, Phase A
isolation, and Phase B isolation)

Examination and analysis by Cutler Hammer found that a silver sulfide coating
was building up on the silver-plated switch contacts, and the low voltages
involved were unable to establish a current path through the coating Cutler
Hammer informed the licensee that the switches are not intended for low
voltage service. Many similar switches are in 120 V service at McGuire, and
none have failed

The licensee will replace all ESF manual initiate and reset switches having
contacts used in low voltage/low current applications with switch blocks
having gold-plated switch contacts Since the switch failures occurred only
during the early cycles after a long period of inactivity, the length of time
between periodic testing should be evaluated [f the switches at McGuire had

been needed, however, the operators could h: tuated all required devices
by operating the individual controls s is a procedurally-required action
if equipment fails to respond. 4%

SAFETY INJE ON AC ' TEM DESIGN ERROR

On January 28, 1982, while reviewing safet) ction ({ ) actuation system

prints at Maine Yankee,™ an NRC technical review team found that the automatic

sctuation system was not single failu [ ( for some ents which require

SI, such as steam generator tube rupture or a steam lii brea itside
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parameter. Redundant trains (A and B) of SI equipment are provided tc perform
the required safety function. At the time the error was discovered, the logic
matrix which combines the signals from the sensing channels to produce SI
initiation, based on a trip of any two of the four sensing channels, was
implemented by only a single logic element for each parameter (see Figure 3).
High containment pressure was a two-out-of-four train A logic and low pressur-
izer pressure was a two-out-of-four train B logic. Therefore, the design
satisfied the single failure criterion only for events which result in coin-
cident low pressurizer pressure and high containment pressure, such as a
design basis loss-of-coolant accident.

On February 22, the licensee provided a proposed modification of SI logic, and
revised this proposal on March 8. The modification added two-out-of-four
logic matrices to both the A and B train logic such that each train of SI fs
independently initiated based on either low pressurizer pressure or high
containment pressure. This change includes a provision for separation of
electrical wiring for redundant circuits in order to improve the independence
between trains. The modification was judged acceptable by the NRC in a safety
evaluation issued to the licensee on April 27, and has subsequently been
installed at the plant.

In their safety evaluation, the NRC also noted that technical specifications
for Maine Yankee require, as a minimum, only two operable igh containment
pressure and two operable low pressurizer pressure sensor channels. If the
plant operated at these minimum requirements, a single sensor failure would
have caused the failure of SI actuation for events which do not result in both
low pressurizer pressure and high containment pressure. On April 12, the
licensee submitted proposed technical specification changes which addressed
these single failure concerns. These changes required three operable sensors
for both high containment pressure and low pressurizer pressure, or two
operable sensors plus one inoperable sensor placed in a configuration which
simulates the tripped condition. An amendment was made to the technical
specifications on July 14 increasing the number of required SI signal sensors,
which assures the necessary degree of redundancy.?5'2€
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