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On October 9, 1991, at approximately 0912 hours, with Units 1 and 2 in Mode ],
Power Operation, at 100% power, Technical Specification (7/8) 3.0.3 was
entered due to both trains of the Control Room Area Ventilation (VC) and
Chilled Water (YC) Systems being declared inoperable. Train 'A' was declared
inoperable after its chiller tripped due to spurious actuation of the low
refrigerant temperature cutout switch. An investigation revealed that the
root cause for the Train 'A' YC Chiller trips was due to corroded switch
contacts. The Train 'B' YC Chiller inoperability was due to the chiller
failing to start. A chiller motor overload occurred as a result of a problem
with the guide varie actuator. YC Train 'A' was declared operable and returned
to service after replacing the low refrigerant temperature cutr 't switch.
Train 'B' YC Chiller was evaluated and declared operable afte: crective
action was performed on the guide vane actuator. 7T/8 3.0.3 wa. exited at 1515
hours. This incldent is attributed to equipment fallureg. Subsequent
caorrective actions restored both chillers to operable status. Planned
corrective actions include replacing the guide vane actuatar on 'B' Chiller.
Additional corrective actions may be implemented upon completion of an
incidents,

investigation of both
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BACKGROUND

The Contrel Room Area Ventilation |EIIS:UC) (VC) System operates in
conjunction with the Control Room (C/R) Area Chilled Water |[EIIS:UE] (YC)
System to maintain conditions in the C/R Area that are suitable for personnel
and equipment, as well as provide pressurization to prevent any in-leakage
from surrcunding areas: C/R Area, Cable [E1I18:CON] Room, Battery [EI118:BTRY)
Rooms, Switchgear Rooms, Motor |EIIS:MO) Control Center (MCC) Rooms, and the
Electrical Penetration [EIIS:PEN] Rooms at elevation 594+40.

The VC/YC System is shared between both Units and consists of two 100%
redundant trains of equipment., Each is capable of being powered by Unit 1 or
2 Essential Auxiliary Power, but under normal conditions both trains are
aligned to Unit 1. Two Diesel Generators [EIIS:GEN] (D/Gs) are provided per
Unit to energize the Essential Auxiliary Power buses “uring emergency
conditions. The VC/YC System operates prior to, during, and after a Loss of
Coolant Accident (LOCA) and Blackout (B/0). Following a LOCA or B/O, the
train that was in service will continue to run or be sequenced or, and the
opposite train's C/R Area Pressurizing Filter Train Fan (CRA-PFTF) and C/R Air
Handling Unit (CR-AHU) will be sequenced on. This VC/YC System operates
exactly the same during normal, B/0, and LOCA conditions with the exception
that chilled water makeup is isclated on a Safety Injection 8Signal (8s).

The YC portion of the VC/YC System supplies chilled water to all of the air
handling units {(EIIS:BLO] gerving the C/R, C/R area, and Switchgear Rooms. It
consists of two 100% capacity chillers, two 100% capacity chilled water pumps,
and a three-way hydromotor/actuator [EIIS:XCV] type control valve at each air
handling unit, Train separation provides that one chiller and associated pump
be Train 'A' and serve the Train 'A' air hancling units and the other be Train
'B' and serve the Train 'B' air handling units.

The chiller guide vane actuator manipu'ates the guide vanes, which control the
flow of freon to the chiller compresso: The actuator is located in a NEMA 4
rated enclosure, which is both dustproo. and waterproof.

The YC chiller flow rate and temperature of the chilled water leaving the
evaporator of the chiller is maintained constantly. The temperature of the
water leaving the evaporator is maintained by a thermostat with a sensing bulb
located in the water line leaving the chiller. The low refrigerant
temperature trip is provided to protect the chiller evaporator tubes from
damage (rupture) due to freezing in the event of a chiller malfunction. The
low refrigerant temperature cutout switch 1s located in a NEMA 4 rated
enclosure. Condenser water for the chiller is provided by the Nuclear Service
Water [EIIS:BI] (RN} System. The condenser water flow rate is controlled by a
head pressure controller [EI1IS:XC] set to maintain the chiller head pressure
within acceptable limits for proper machine operation.

NRCT Form 3864 689
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Trouble annunciators [EIIS:ANN] for each chiller are located on the Heating
Ventilation Air Conditioning (HVAC) Main Control Board (MCB) and will actuate
when a trouble condition is sensed by the chiller Scanmaster. The Operator
Aid Computer (OAC) pointe for each chiller provide an indication [EIIS:XI] for
Operations (OPS) personnel that more monitoring of the local refrigerant
temperature indication is necessary. An operator is to dispatch the proper
personnel to investigate and rectify the problem to insure proper and
continuous safe ouperation of the chillers. In addition, safety indication
lights are located on each chiller's control panel. These safety indication
lights are provided to aid personnel in determining problems.

1P/0/A/3190/01A, Calibration Procedure for Train 'A' Control Room Area Chilled
Water Safety-Related YC System, is an Instrument and Electrical (IAE)
procedure which provides guidance for calibration of Train 'A' safety-related
instruments. Enclosure 11.1.20 is used to perform the calibration of
instrument number OYCTS9208A, Low Refrigerant Temperature Cutout Switch
[ETIS8:X1S].

1P/0/A/3190/01B, Calibration Procedure for Train 'B' Control Room Area Chilled
Water Safety-Related YC System, is an IAE procedure which provides guidance
for calibration of Train 'B' safety-related instruments. Enclosure 11.1.20 is
used to perform the calibration of instrument number OYCTS9208B, Low
Refrigerant Temperature Cutout Switch.

MP/O/R/7450/C3, Refrigerant Charge for YC Chillers, is a MNT procedure that
provides the method to charge the YC chillers with freon.

IP/0/A/73890/01, Controlling Procedure for Troubleshooting and Corrective
Maintenance, is an lAE procedure used in the invegtigation, repair and
inspection of inoperable or damaged equipment.

PT/G/A/4971/02R, Routine Test Procedure: Brown-Boveri Type GR-S Ground Shield
Relay [EIIS:RLY], is a Power Delivery Depurtment (PDD) procedure used in the
investigation, repair, and inspection of inoperable cor damaged relays.

Technical Specificatien (T/8) 3.7.6 specifies that two independent trains of
VC/YC shall be operable during all operational modes. If one train becaomes
inoperable while either Unit is in Mode 4, Hot Shutdeown, cor above, the
inoperable train must be restored to operablility within seven days, or the
operating Units must be shutdown. If both Units are below Mode 4, and one
train is inoperable, the train must be restored to operability within seven
days, or the operable train mist be operated in the FILTER mode. If both
traing are lnoperable, or with the operable train not capable of being powerec
by an operable emergency power source, all core alterations and positive
reactivity changes must be suspended on both Units. The requirement for an
operable emergency power source is only specifically stated in T/8 31.7.6 for

NAC Farm JBRA (585
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Units operating below Mode 4. However T/8 3.8.1 (A.C. Sources) assures that
an operable emergency power supr.y is available for the VC/YC System for Units
operating above Mode 4.

T/6 3.0.3 is required to be ontered when the Unit ls operating in a condition
prohibited by T/8s. This condition exists when a Limiting Condition for
Qperation is not met as provided in the assocviated Action Requirements. It
requires that within one hour action shall be initiated to place the Unit in a
Mode in which the specification does not apply by placing it, as applicable,
in:

a) At least Hot Standby in the next €& hours,
b) At least Hot Shutdown within the following & hours, and
c) At least Cold Shutdown within the subsequent 24 hours.

EVENT DESCRIPTION

On both October 4, 1991 and October 5, 1991, with Units 1 and 2 in Mode 1, at
100% power, 'A' YC Chiller tripped on a "low refrigerant temperature"
indication. The chiller unit was checked for freon leaks that were thought to
be found in the vicinity of the power terminals. The low refrigerant
temperature trip condition is an indication that could result from low freon
charge. The chiller unit was declared inoperable on October 5, 1991, Train
'B' YC Chiller was cperable at this time and was in service. The Shift
Manager requested Planning to set up the Maintenance (MNT) HVAC crew to work
on the chiller Monday, October 7, 1991. PDD personnel were alsoc scheduled to
untape the motor leads to allow for further leak checking using work request
(W/R) 493810PS-1.

On October 7, 1991, MNT personnel begen investigating the freon leak problem
on 'A' YC Chiller. By 1600 hours, MNT personnel had determined that the
problem was not with the power terminal block but might be with the low
refrigerant temperature cutout switch. Supplemental W/R 493810PS-2 was
written for TAE to calibrate the temperature cutout switch.

At 1710 hours, IAE personnel using W/R 493810P8 reported finding no problems
with the temperature cutout switch on 'A' YC Chiller (0OYCTS9208A) and
requested MNT personnel to have Operations (OPS) 1lift the tags. The chiller
was then restarted for troubleshooting. At 1815 hours, 'A' YC Chiller was
gstarted and troubleshooting began by the HVAC crew. On October 8, 1931, at
0510 hours, it was reported that the Maintenance Engineering Services (MES)
personnvl -1so had begun their evaiuation concerning the problems asscociated
with the &' ¥YC Chiller.

At 1653 hours, OPS swapped to Train 'B' VC/YC, while MNT and IAE personnel
began checking out the control circuitry on 'A' ¥YC Chiller. By 1840 hours,
IAE reached the peoint during their troubleshooting that they needed to have

NRC Farm I6BA (540
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could actnate the relay. The guide vane linkage was found to be slipping due
to loose set screws on the actuator shaft at the motor crank arm. The &~t
screws had worn loose, consequently allowing the motor to operate as though
the vane guides were closed, when in actuality, they were partially open. The
motor normally starts with the guide vanes closed for minimum freon flow at
startup.

At 1045 hours, IAE had determined that there were no replacement safety
related temperature switches onsite to be used on 'A' YC Chiller. However, it
was found that McGuire Nuclear Station (MNE) had three switches available.

IAE requested that a switch be transferred from MNS., After additional
discusgions between IAE and MNT personnel, the decision was made to remove
temperature cutout switch (OYCTS9208B) from 'B' YC Chiller and install it in
the 'A' ¥YC Chiller. W/R 564570PS8 was initiated for IAE to transfer the
switch. IAE estimated that removal and installation of the switch could be
completed within an hour.

At 1130 hours, after discussions between Design Engineering and Performance
(PRP), it was determined that, with the appropriate compensatory actions, the
'B' ¥YC chiller would remain operable without a functional temperature switch.
The PRF Engineer was pursuing the necessary paperwork (10CFR50,59 Evaluation)
to declare the chiller operable in addition to a Temporary St.tion
Modification (TSM) to allow the jumper on 'B' YC Chiller to remain in place
until a replacement was found. MES issued an operability statement for the
'B' YC Chiller control vane actuator linkage situation following guide vane
actuator adjustments and set screw repalirs on the actuator stem. Based on
this information, OPS8 determined that a Unit 1 and 2 shutdown was not
necessary. No load rewuction was commenced under T/8 3.0.3 due to the
assurance of the cause of Train 'A' VC/YC trip and relatively short repair
time, This was due to the evaluation from Design and operability statements
from MES and PRF.

installation on 'A' YC Chiller and only calibrations remained. I[AE fou.d
damaged contacts on the temperature cutout switch removed from 'A' YC Chiller,
along witu enclosure moisture intrusion, At 1225 hours, it was determined
that the installed *emperature cutout switch would require a setpoint
adjustment.. At 1325 hours, IAE had completed the temperature cutout switch
calibrations. OPS successfully restarted 'A' YC Chiller. All cenditions
appeared tc be satisfactory.

l At 1145 hours, IAE had completed the low refrigerant temperature cutou* witch

(TSON) was approved concerning 'B' YC Chiller which stated that the guide vane
actuator shaft had been worn over time to a point where the set screws were no
longer tight and the linkage was slipping. W/R 564560P8 was used to

!

|

\ At 1400 hours, the Technical Specification Operability Notification Sheet

|

|

re-tighten the set screws. The actuator was stroke tested to ensure a proper

NRC Form 3884 (585
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At 1515 hours, Units 1 and 2 exited from T/S 3.0.3.
operable and Train 'B' YC Chiller would remain inoperable (but functional)

linkage connection, and the chiller was determined to be functional, The
actuat -1 would be replaced under the same W/R upon arrival of a new actuator.

Train 'A' VC/YC was

until the replacement temperature cutout switch arrived from MNS. Problem
Investigation Process (P1P)/PIR 0-C91-0379 was written to document this event.

At 1730 hours, it was decided that the night shift IAE crew would replace the
temperature switch on 'B' YC Chiller using W/R 564580PS. Alsc, if 'B' Chiller
was needed to start to support the 'A' Nuclear Service Water System (RN) flow
balance, IAE could install the temperature cutout switch with the chiller in
service. Once the temperature cutout switch was replaced and functionals
completed, the chiller would then be declared operable. To reduce the system
unavailability, some VC/YC preventive maintenance (PM) work scheduled for
October 10, 1991 was rescheduled to be done on October 24, 1991 during 'A' RN
train inoperability.

At 2145 hours, IAE discovered that the part from MNS was the temperature
sensing bulb only and was not what they needed. By 2230 hours, IAE determined
that the part needed was the switch that the temperature probe actuates.

On October 10, 1991, at 0100 hours, a search for the neceded low refrigerant
temperature cutout switch turpned up nothing within the Duke system. IAE
decided to try to rebuild the old temperature cutout switch removed from 'A’
YC Chiller. By 0300 hours, IAE had the switch repaired and calibrated. OPS
decided to have IAE install the switch before swapping to Train 'B' VC/YC for
the flow balance.

At 0345 hours, IAE encountered problems while inatalling the temperature
cutout switch, and OPS decided to run the 'B' YC Chiller unit with the jumper
installed. The field wire's lugs did not match the screws on the temperature
cutout switch., At 0350 hours, MNT personnel were called in to support the
start of '"B' YC Chiller. IAE continued to work on the rebuilt temperature
cutout switch problems but also resumed the search for a new temperature
cutout switch.

At 0510 hours, OP8 swapped to Train 'B' VC/YC. This was the lagt requirement
prior to starting the RN flow balance. Once the flow balance was completed,
OPS would swap back to Train 'A' VC sc IAE could finish the temperature cutout
switch repair on 'B' YC Chiller.

During the day shift on October 10, 1991, a new low refrigerant temperature
cutout switch was found. At 2100 hours, lAE completed the installation and
calibration of the new temperature cutout switch wit!. the chiller unit

NRC Farn 3884 (589
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the porews remain tight during operation. MES personnel are presently
evaluating alternate means of securing the crank arm to the actuator shaft, in
liem of usltg set sorews, including the "drill and pin" and "keyway" methods.
The currently used method involves dimpling the shaft and using set screws Lo
gecure the shaft in 1te desired location, MES will evaluate the feasibllity
of yearly preventive maintenance Yo check the position of get strews on key
plant components, such as the YO chillers.

After the low refrigerant temperature switch was found te be the probiam with
‘A' ¥C Chiller and no replacement switch readlly available, the decision was
made to transfer the tenperature switch from 'B' YC Chiiler to 'A' YC Chilier.
This task required a temporary jumper across terminals in the breaker panel.
An Operability Evaluation (10CFRS0.99) was performed by PRF to allow "B' YC
Chillar Lo operate without ite low refrigerant tumperature cutout switech. The
installation of the jumper allowed a bypass of fhe autumatic trip of the
chiller, which would normally trip If the temperature drops to 33 degrees F.
Due to the setup of the OAC pointe, and the fect that the 'B' YC Chiller is
not known Lo have a low refrigerant charge problem, among othey
considerations, the chiller was allowed to cperate as long as perlodic
monitoring was increased, and with the stipulation that the chiller wouid be
tripped immediately if the temperature dropped to 313 degrees F.

A review of the Operating Experlence Program (OEP) database for the previous
24 monthe prior to this incident revealsd four Licensee Event Keports (LERs)
which involved an entry into T/8 3.0.7 due to both trains of the VC/YC System
being declared inoperable, All four of the LERs (413/89-023, 413/90-028,
413/90~030, and 413/91~00%) involved equipment failures., LER 413/91-005
involved a silmilar incident in whicn both train chillers had problems with the
low refrigerant temperature cutout switeh setpointe. Entry into T/8 3.0.3 due
16 two inoperable traing of the YC/YC System is a recurring problem,

CORRECTIVE ACT1ON

BUBSEQUENT
| 1) On October V. 1991, MNT/HVAC personnél used W/R 4393810PE to
| investigate possible freon leaks on 'A' YC Chiller, and determined
the problem may be with the low refrigerant temperature cutout
| switeh.
"]
2) On Octobey 9, 1991, 1AE personnel chooked out the control

cireultry an 'A' ¥C Chiller and found a problem with the
tempera’ure switch sensor contacts due to corrosion from water
intrus,on.
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MNT personnel investigated the "motor overload" problem on 'B' ¥
‘hiller uging W/R S64560P8 and discovered thact the chiller gulde
vane linkage was 8lipping due to looge sel screws on the actuator

ghaft. The set screws were re-tightened by MNT, and MES personnel
provided an operability statement for the chillet

W/R SGAST0PS was initiated allowing IAE to transfer the low
refrigerant temperature cutout switch from 'BE' YC Chiller and
ingtall it on 'A' ¥C Chiller. IAE inegtalled a temporary jumper on
'B' ¥YC Chiller, and PRF personnel provided an operability
gtatement and inltiated a TSM for 'B' ¥YC Chiller to allow the
jumper 1o remain in place, so the unit could be declared
"functional",

IAE personnel recalibrated the new Lemperature cutout switch on
'A' YC Chiller, and OPS successfully restarted the chiller unit.

W/R G64580PE was initiated for IAE to remove the temporary jumpe:
oti 'B' YO Chiller and install a new Ltemperature cutout awiteh,
IAE completed the inptallation and calibration of the switch on

October 10, 1991, at 2100 houts.

W/R 564560P8 will be used by MNT personnel to replace the guide
Y !
¥

vane actuator on 'B' ¥YC Chiller after Design Engineering's

evaluation ofi the NEMA 4 enclosure is complete.

Procedure MP/O/A/7450/43, Contrel Room Chiller Guide Vane
Assembly/Disassembly and Corrective Maintenance, will be completed
for guidance during work aon guide vane actuators in the future.

An alternate method to secure the guide vane actuator set sCrews

will be evaluated, along with the need to perform future set screw
survelllancea, and implemented accordingly.

An investigation is planned to determine the cause of the water

intrusion into the NEMA 4 rated enclosure at the low refrigerant
tenperature cutout switch on 'A' YC Chiller.

18

The design

controlled

doses 14

avent. of a

requirements of the VC ESystems are to supply filtered air at a
temperature and humidily to the Control Room and to pressurize the

'R To prevent in-leaksave of untiitered air. The VO Bystem helps ensure that

‘R parsonnel arve As Low As Reagonably Achievable (ALARA) and in the

deslgn basgls accident, the VO System acts Lo limit R operator
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doge to less than the General Design “riterion 13 limites, (i.e., leas than &
Rem whole body or ite egquivalent)., Eince whole body doses arc primarily due
to exposure to hoble gases which the tiltors do not remove, the VC System ig
not required to ensure acceptable whole body doses.

: The VC System reduces thyroid and skin dosed by vressuricing the C/R with
: filtered air to minimize unfiltered in-leakage from surrounding areas.

The principle contaminant contained in air leaking into the C/R ls assumed to
be radicactive lodine which is very conservatively mode'ed in cuse
calculations., Very low amounté of lodine would be expecied to roach the area
around the C/R since this requires passage through either suxiliacvy [E118:VF]
(VA) or Turbine Bullding |E118:VK] (VO) Ventilation Systems or passageways
first,

No credit is taken for the VA filtration, with regard to the C/R dose
caloulation, in mitigating the Emergency Co.e Cooling System (ECCS8) leakage
aource, However, this system ¢ sutomatically switched to the filtured

f exhaust mode of operation on an accident or Blackout signal, or if radiation
is detected by the exhaust monitor |EI1IS:MON]. The VA System hag four 50
percent capacity traing for Units 1 and 2 which respond to an accident on
either unit, thus providing essentially redundant jprotection. Operation of
the VA System in the filtered exhaust mode by either train of the system would
serve to reduce the calculated dose to C/R personnel.

In the event the C/R atmosphere became unbreathable, self contained breathing
apparatus (SCBAs) provided in the C/R area could be employed. Radiation
monitore in the C/R would alert C/R personnel of high radiation levels,

During thig incident, both trains of the VC/YC System were declared inupsrable
due to chiller trips; thus the gystem was not capable of maintaining the
temperature in the C/R or C/R area. Control Room Operators (CROs)
continuously monitored the C/R and C/R area temperatures to ensure they did
not exceed any limits as specified in T/8 3/4.7.6. There were no events
during the time frame for which pressurization would have been required in
order to maintain habitability of the C/R.

The health and safety of the public were not affected by this incident.
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