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g e et T TR I R e i s

INCIDENT | TIGATION REP 96-
“Plant Shutdown Due To Circulating Water And Subsequent
Essential Service Water Intake Icing (IIT 96-002)"

TEAM LEADER: [name deleted]

TEAM MEMBERS: See Appendix “A" for Team Assignment
ASSESSMENT PERIOD: This Incident Investigation Team investigation

activities occurred from February 3, 1996, through
February 17, 1996. Follow-up activities and report
development continued into the week of February
26, 1996.

L XECUTI RY:

This report documents the findings of the Incident Investigation Team
(IT) (96-002) and gives recommended corrective action and the
recommended enhancements for the various areas evaluated. The
basic report and its recommendations concern the Essential Service
Water (ESW) trash rack frazil ice formation and the Circulating Water
(CW) traveling screens freezing problems. In addition the report
addresses a number of issues found during the IIT such as the initial
misalignment of valves during the operation of the ESW system.

The inherent root cause of this event is the inadequate design of the
CW and ESW systems to operate in the cold environment existing on
January 30, 1996, through February 1, 1996. This report addresses the
recommended corrective action to preclude this event in the future.

il.  INTRODUCTION:

At 0337 hours on January 30, 1996, Wolf Creek Generating Station
(WCGS) was manually tripped following ice build-up on the
Circulating Water (CW) traveling screens. Ice build-up on the Essential
Service Water (ESW) trash racks later caused the loss of the “"A" ESW
pump on two separate occasions. Twice during this event the Wolf
Creek Nuclear Operating Corporation (WCNOC) declared a
Notification of Unusual Event (NUE).
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The Vice President Piant Operations, through letter WO 96-0024,
chartered an Incident Investigation Team (IIT) to investigate the plant
shutdown due to CW intake icing, the ESW intake icing, and
subsequent events relating to these conditions. The WCNOC Nuclear
Safety Review Committee (NSRC) Chairman was appointed as the
team leader. The first team meeting was conducted at 0800 hours on
February 3, 1996. The team was split into two groups, one to evaluate
engineering and design issues, and the other to investigate
Operations and Emergency Planning issues. The Manager Support
Engineering was appointed to lead the Engineering Team and the
Manager Training was appointed to lead the Operations Team.
Consultants were brought in from both Bechtel Engineering and
Sargent & Lundy (S&L), respective designers of the ESW, Ultimate Heat
Sink (UHS) and Train Systems. Personnel were also brought in from
Cooper Nuclear Station, Callaway Nuclear Station, and the Institute
Of Nuclear Power Operations. Additionally, a Hydraulic Engineer from
the United States Army Corps of Engineers, Cold Regions Research
and Engineering Laboratory, participated in the investigation. See
Appendix "A" for a listing of the team composition and expertise.

Specific concerns associated with the Turbine Driven Auxiliary Feed
Water Pump (TDAFWP) and the failure of some control rods to fully
insert were not included in this investigation. Incident Investigation IIT
96-001 was chartered with investigating the TDAFWP concerns and
the control rod problems are being investigated under significant PIR
96-0268.

i, RIPTION OF EVENT:
Qverview:

On January 30, 1996, Wolf Creek Generating Station (WCGS) initiated
a plant shutdown due to the loss of all CW because of ice build up on
the traveling screens. To gain a broader perspective of this event, this
description will encompass specific events occurring prior to, during,
and subsequent to this plant shutdown.
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Historical Developments:

In August of 1975 S&L performed calculations (Calc WR-WC-DT-3) for
determining flow rates for the CW warming lines. During April and
May of 1976, Bechtel performed an evaluation on the potential for
frazil ice formation at the WCGS ESW pumphouse. As a result of this
evaluation Bechtel changed the location of the warming line from in
front of the pumphouse to inside the pumphouse. Bechtel also
instructed the individual performing the evaluation to assume that the
Service V'ater (SW) would enter the ESW Screenhouse through the
warming line at 35°F (Calc K-20-01-F), when lake water temperature is
sub-cooled to less than 32°F. The Bechtel calculation (Calc K-20-01-F)
also determines a flow of 4000 gallons per minute (gpm) is required
through the warming line to prevent frazil ice formation. A later
Bechtel calculation (Calc M-EF-13) determined the actual flow
through the warming lines will be 4413 gpm with valves EF HV-39, 40,
41, and 42 closed, and EF HV-37, and 38 open. This calculation
assumes the line would be full.

STN GP-001, Revision 0, “Plant Winterization," is released in October
1985. Initially it does not contain any steps to winterize either the CW
Screen House (CWSH) or the ESW Pumphouse. These were added to
the procedure in Revision 3 (1990) in response to PMR 2149
modifications. These modifications were to allow SW flow through the
warming lines when the ESW system is not in operation to control
Microbiologically Induced Corrosion (MIC). In October 1988, with
regards to the CWSH side, the setup includes putting the traveling
screens in “manual slow".

STN GP-001 was initiated on September 22, 1995, and the steps
associated with the CWSH and the ESW pumphouse were completed
on October 30, 1995. During winter conditions the shift crews begin
receiving briefings when the temperatures are predicted to be
extremely low, aimed at heightening awareness of problem areas
created by the cold weather.

On January 24, 1996, maintenance was performed on the TDAFWP. |t
was confirmed that Maintenance personnel had removed the
packing gland follower, and that it was not reinstalled correctly.
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January 29, 1996:

Preventive Maintenance (PM) was performed on the CWSH traveling
screens and the “B" CW Pump Motor. The work on the traveling
screens was completed successfully around 1430 hours. The lead
mechanic has indicated that there was a little ice on the traveling
screens, and on the screen cover backsplash, but nothing out of the
ordinary for that time of year and the existing weather conditions. He
also noted that the ice on the lake was closer in toward the pump
fore bays than he had previously seen, but it did not raise any undue
concern in his mind. The traveling screens were left in the “as-found"
condition which was, all running in “manual slow speed.”

The PM work on the “B" CW Pump Motor was completed successfully
at about 1500 hours. However, the electricians had noticed that there
was a bushing on a potentiometer that might be a potential problem.
The supervisor was contacted, and it was agreed that the pump
would be left “tagged out” until the following day. They would then
pull a spare from the warehouse to compare with the installed
problem part. The “"A" and "C" CW Pumps were not affected by the
PM on “B," and thus were running the entire time. They were also
running when the electricians left the CWSH that afternoon.

January 30, 1996:

At 0000 hours the plant status was as follows: MODE 1, Power level
98.3% with Reactor Coolant System (RCS) Average Temperature at
584.6°F and RCS Pressure at 2235 psig. The lake elevation was at 1086
(Technical Specification (T/§) Limit for UHS is 1070'). The lake
temperature was between 32.2°F and 32.8°F (CW inlet temperature).
The air temperature was 8°F with wind speeds of 16 MPH. The “B"
Component Cooling Water (CCW) pump was carrying cll the CCW
loads. The “A" and “C" SW pumps were supplying SW, and, as noted
above, the "A" and "C" CW pumps were running with the “B" pump
tagged out. The CWSH fraveling screens were in the manual mode
on slow (per Procedure STN GP-001).
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Icing Event ription:

At 0149 hours on January 30, 1996, the following sequence of events
began. The control room receives CWSH trouble alarms. At 0154
hours the site watch reports high differential pressure (AP) in bay #3. A
couple of minutes later (0158 hours) Annunciator (ANN) 5A, CWSH
alarms. The Shift Supervisor (SS) instructs the operator to immediately
start "A” & “B" ESW, at 0159 hours, based on a drop in SW pressure and
an increase in load temperatures.

The operator is directed to do this without the System Procedure (SYS§)
due to the need for urgency. Thus, the following actions were
accomplished without the use of the procedure. The “B" ESW Pump is
started at 0159 hours, followed by the "A" ESW Pump at 0211 hours. At
approximately the same time (0200 hours) the site watch reports
traveling screens in “A" and "C" CWSH bays are frozen. Operators
open ESW return to SW isolation valves EF HV-39, -40, -41 and -42. They
close ESW to UHS isolation valves EF HV-37 and -38, aware that the
valves will still be 0% and 67% open, respectively, by design.

The site watch notes that the traveling screens in CWSH “B" bay are
clear of ice, but the pump is “tagged out" and not running at 0223
hours. He places the traveling screens in “manual fast" to prevent
freezing, and, at the direction of the Control Room, clears the “tag
out". The “B" CW Pump and the Low Flow SW Pump are started and
the “A" CW Pump and the "A" SW Pump are secured due to low bay
level. Two minutes later, 0225 hours, the site watch reports bay “B"
traveling screens are frozen and level in bay "B" and "“C" are
decreasing. The CW valves are throttled to stop level decrease.

The SS contacts the Manager Operations at 0212 hours, to apprise him
of the situation and to request additional support. In addition, support
is requested from Mechanical Maintenance (MMA) at 0200 hours,
plant support at 0238 hours, Electrical Maintenance at 0312 hours and
Reactor Engineering at 0326 hours.

The Operators start the standby condenser vacuum pumps at 0252
hours in response to decreasing condenser vacuum. With the
decrease in condenser vacuum and the continued degradation of
the CWSH conditions, the decision is made to begin decreasing
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turbine load at 1/2% per minute (0255 hours) by manually inserting
rods and borating.

With CW bay levels still decreasing, the SS and the Supervising
Operator (SO) discuss a plan of action for tripping the plant (0334
hours). At 0335 hours the SW Pressure Low Alarm comes in and the site
watch reports auto start of the electric fire pump. Also, the low flow
SW pump is making a lot of noise.

System Operations is contacted, the plant announcement is made
and the reactor is manually tripped at 0337 hours. The Operators
enter Emergency Operating Procedure (EMG) E-0, “Response To
Reactor Trip Or Safety Injection,” and begin monitoring the Critical
Safety Function trees, break condenser va~ijum and remove CW from
service. The following control rods failed to fully insert: H2 (12 steps), Fé
(18 steps), Ké (6 steps), K10 (6 steps), and H8 (12 steps).

The Auxiliary Feedwater started on Lo Lo Steam Generator (S/G) Level
and the Operators manually initiate the Main Steam Isolation Signal at
0338 hours.

At 0341 hours the Control Room transitions from the EMG E-O0 and then
entered EMG ES-02, "Reactor Trip Response.” In the process of the
transition it was discovered that the Control Room did not have a
copy of EMG ES-02 on hand. Fourteen minutes later, (0355 hours) the
Operators begin emergency boration, using ES-02 and Off Normal
Procedure (OFN) BG-009, "Emergency Boration."

AT 0430 hours the Control Room Operators begin Attachment “"A" of
General Operating Procedure (GEN) 00-005, “Minimum Load To Hot
Standby,” in accordance with EMG ES-02. AT 0432 hours the SS makes
the event nofification to the Nuclear Regulatory Commission (NRC)
per 10CFR50.72, Reactor Protection System (RPS) actuation. At 0439
hours operators halt emergency boration, all rods having settled on
the bottom of the reactor without operator action. Emergency
boration is halted with concurrence of the Reactor Engineer, but
without completion of a shutdown margin calculation (Surveillance
Procedure (STS) RE-004, “Shutdown Margin Determination”) as
required by OFN BG-009.
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At 0503 hours Security reports that the TDAFWP is spraying water on the
wall. The turbine building watch confirms that the TDAFWP is leaking
about 20-25 gpm from the shaft gland packing. At 0505 hours, MMA is
notified.  Operations personnel use the Motor Driven Auxiliary
Feedwater Pump (MDAFP) to control S/G levels. The TDAFWP is
secured and declared inoperable at 0514 hours. The plant enters T/S
3.7.1.2, and is in a 72 hour Limiting Condition for Operations (LCO).

The S§S instructs Chemistry to obtain a sample to determine the Dose
Equivalent lodine (DEI) so the Emergency Action Levels (EALs) can be
reviewed. At 0528 hours Chemistry reports DEI at 2.16uC/gm. This is

high enough to enter T/S 3.4.8, but not high enough to require
notifications.

The Operations shift change occurs at 0700 hours. The oncoming
Reactor Operator (RO) recognizes that the ESW valve lineup is
improper, but takes no immediate action to correct the condition.

At 0747 hours operators secure the "A" ESW Pump [place the pump in
“Pull-To-Lock" (PTL)] due to low discharge pressure and high strainer
AP. Operations enters OFN-33, "ESW Malfunctions,” and the plant
enters T/S 3.7.1.2, 3.7.4 and 3.8.1.1. This puts the plant in a é hour LCO.
The SO continues working GEN 00-005, Attachment “A," before
beginning GEN 00-006, “Hot Standby To Cold Shutdown.” The TDAFWP
is tripped locally at 0750 hours and AL HV-36 is closed to reduce
condensate loss from the TDAFWP inboard packing seal. About fifteen
minutes later the SO directs the ESW line-up to be corrected using SYS
EA-120, "Service Water System Startup.” Operators also start SGK04B
and secure SGKO4A to provide more heat to the “B" Train ESW.

Notification Of Unusual Event (NUE):

At 0845 hours the Emergency Plan pagers are activated, but the
recording on the Automatic Dialog System (ADS) states that there is
no emergency. A minute later, and after consultation with the Shift
Engineer, the Manager Operations, the Vice President Plant
Operations, and the Manager Emergency Planning on the EALs, the SS
declares a NUE due to "A" ESW and TDAFWP being out of service. This
is done in accordance with the Emergency Action Level (EAL)
Administrative Tree 1, 2.
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A report comes in that the “D" §/G Safety valve ABV045 is lifting at
0900 hours. The current /G pressure is 1100 psig and the Safety valve

setpoint is 1185 psi. Operations declares ABV045 inoperable and
enters T/S 3.7.1.1.

Electrical Maintenance sets up temporary heaters for both “A" and
“B" ESW fore bays at 0925 hours. At 1013 hours Operations authorizes
Emergency Temporary Modification (TMO) 96-0C5-NG and TMO 96-
004-NG to install heaters from spare breakers in NG056 and NGOQ&E.
System Engineering determines this does not render either train
inoperable, and this is verified by the Call Superintendent per Step 6.8
of Administrative Procedure (AP) 211-001, “Temporary Modifications.”

At 1107 hours operators commence cooling down the RCS to 350°F
per GEN 00-006 (T/S 3.7.1.2). At this point the plant was a little over
three (3) hours into the six (6) hour LCO. This delay is due to the SO
having difficulty completing Attachment A" of GEN 00-005.

The site watch reports that the CW Warming Line Valve 1CW002 is
open. Operators close the valve at 1211 hours. They also close
NGO6E HF1 to supply temporary heaters at ESW. About ten (10)
minutes later, in response to reports that five (5) traveling screen
panels have buckled on the "A" CW screen, the Low Flow and “A" SW
pumps, and the "A" CW pump, are put in PTL. Operators close
breaker NGOSE GF2 to supply temporary heaters.

The SS logs that operations has failed to reach MODE 4, RCS less than
350°F, as required by T/S 3.7.1.2. Operations continues the cooldown,
while the SS prepares an RER and PIR at 1347 hours.

Operations commences boration of the RCS at 1433 hours. The RCS
will be borated to 900 parts per milion (PPM) to facilitate Rod Drop
Testing, if needed.

The §S notifies the Call Superintendent, at 1521 hours, of having missed
the é-hour limit to be in Hot Shutdown (MODE 4). Ten minutes later
(1531 hours) WCGS enters MODE 4. The "A" ESW Pump is started and

placed in service per SYS EF-200, "Operation Of The ESW System," at
1543 hours.
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The operators secure "A" Reactor Coolant Pump (RCP) to allow oil
addition at 1645 hours. The “A" Train containment coolers are filled,
vented and placed in service with the ESW flow through them at 1704
hours.

By 1710 hours the System Engineers have established that ABV 045 was
not leaking. The evidence of steam was due to entrainment of steam
from the §/G Atmospheric Relief Valves (ARV's). The S/G Safety Valve
s determined to be operable per System Engineering
recommendations and Operations exits T/S 3.7.1.1

NUE Terminated:

At 1745 hours the NRC requests continuous Emergency Notification
System (ENS) communications be maintained through the night. Per
discussions with the Manager Operations, the Vice President Plant
Operations and the System Engineer, the ESW “A" Train can be
considered fully operable for the following reasons: 1) The system is
filed and vented and running properly; 2) Supplemental heating is
available and functioning (one diesel fired heater per train, ducted
and tented to the back of the ESW and two electric heaters per train
in the pump room ducted to the fore bays); and, 3) Continuous Fire
Watches stationed to observe fore bay levels, watch for icing and to
monitor diesel fired hecters. Per an engineering evaluation, as long as
the ESW strainer AP's are within allowable values (i.e., not alarming)

the ESW system is operable. The contingencies taken above are to
ensure ESW AP's remain in the normal range. Currently ESW “"A" and

“B" Trains are fully Operable. The PSRC reviewed and concurred, prior
to implementation, with the above discussed actions and decisions.
Continuous ENS communications were maintained throughout the
night per NRC request. Based on this reasoning, the NUE is terminated
at 1758 hours.

Shift Turnover occurred at 1900 hours with the plant in MODE 4; "A"
and “B" ESW Pumps running, A" and "“B" MDAFP are running, "B" RHR
Pump is in service, "A" RCP is Out Of Service, “B", "C", & "D" RCPs are
running.

At 1923 hours the Operators secure “"A" ESW Pump due to fluctuating
discharge pressure and flow. The Plant enters T/S 3.7.1.2, 3.7.4 and
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3.8.1.1; which require the plant to be in Cold Shutdown (<200°F within
30 hours). Ten minutes later the site watch reports that the level of the
"A" ESW After Bay is 10" iower than normal. At 1931 hours the NRC
Resident and the ENS are notified that the "A" ESW has been secured.
The SS and the Shift Engineer (SE) review the EAL's. No EAL is made at
this time (1936 hours) since the “B" ESW s still operating properly, and
with the plant in MODE 4 no Auxiliary Feedwater (AFW) is required.

At 2002 hours the Site Watch notifies the SS that the level in the “B"
ESW fore bay is slowly decreasing. The 35S, the SE and the Manager
Operations discuss the potential for the loss of the “B" ESW. If “B" ESW
is lost both Emergency Diesel Generators (EDG) will be inoperable
which will require a NUE declaration. The SS directs the SO to
commence the cooldown using the "B" RHR system at 2012 hours,
and to cooldown to 200°F at 2019 hours. By 2021 hours the “B" ESW

fore bay Level is recovering. The thought is that the recovery may be
due to hotter water returning through the warming line. The fore bay
level is at 1077

At 2024 hours the Call Superintendent directs the SS to cool the plant
down to 190°F.

The operators place the "A" EDG master transfer switch in “Local" as
the "A" EDG is inoperable at 2041 hours. The Site Watch reports to the
SS that the "A" ESW fore bay level is normal, and that he will be rolling
the traveling screens in slow speed. About fifteen (15) minutes later,
2058 hours, with the “A" ESW traveling screens rotating freely in slow
speed, the site watch reports that the “B" ESW fore bay level is
fluctuating below normal level, but still greater than T/S Level. This
leads to a discussion between the SS, the SE and the Call
Superintendent (at 2100 hours), that if the “B" fore bay level decreases
below 1070, or if the pump cannot be run, the proper EAL will be a
Site Area Emergency (SAE) from Block 7 of the Safety System Functions
Chart. At 2128 hours the site watch reports that both “A" and “B" ESW
fore bay levels are equal with Lake Level.

At 2141 hours operators isolate ESW flow to the “"A’' containment
coolers to allow venting of the "A" Train ESW. In the meantime the
Superintendent of MMA updates the SS on status of maintenance on
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“C"/"D" CWSH traveling screens. Once all of the “A" Train ESW high
points, with the exception of containment, are vented, the “"A" ESW
pump is started at 2214 hours. Fourteen (14) minutes later, at 2227
hours, operators secure the "A" ESW pump due to fluctuating
discharge and pressure. The discharge pressure went to 0 psig and
the flow decreased. The site watch says the level is about 12' below
where it was when the pump was started.

At 2325 hours the clearance order on the "A" RCP is restored.

January 31, 1996:

The operators stari the "A" RCP at 0047 hours. At the same time, the
Call Superintender.t is directed to leave the control room to man the
Technical Support Center (TSC). The Outage Shift Manager nofifies
the Engineering team to move to the TSC, along with the Outage
Control Center (OCC) at 0103 hours. A manual callout of ERO Team
“A" personnel is initiated at 0208 hours.

The SS authorizes Clearance Order 96-175-EF to allow diver inspection
of the "A" ESW fore bay at 0238 hours. At 0357 hours MMA reports, via
the 1SC, that “C" and "D" CWSH fraveling screens are working
properly and rotating in slow speed. About a hour later (0454 hours)
the “"D" CWSH traveling screens are turned off. The "A" ESW Train is
filed and vented outside containment and containment coolers “A"
and "C" are isolated.

Second NUE:

At 1000 hours the SS declares a NUE using Administrative Tree 1.2. This
was due to the excessive ice build-up in the "A" ESW fore bay. Thirty-
five minutes later, 1035 hours, follow-up notifications to the county and
state are initiated. These are done at approximately 30 minute
intervals.

The diver exits the ESW fore bay around 1255 hours. At 1435 hours
MMA initiates sparging air to “"A" ESW return line using a temporary air
compressor. The air is introduced into a vent line on the chemical
injection line. A little more than an hour later, 1548 hours, the divers re-
enter the "A" ESW fore bay. At 1610 hours the TSC informs the control
room that the effect of the air sparge has moved the ice block 2'
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back from the trash racks. The plan is to do the following things: 1)
Disconnect the air sparge to connect a flange to the ESW chemical
injection spool piece to inject heated water from a portable tanker
(truck) heater; 2) Then reconnect the air sparge to the ESW vent line
and force heated water and air into the ESW warming line. Once this
is accompiished TMO 96-006 will be implemented which will direct SW
return to the UHS via the "A" ESW warming line.

Thirty minutes later the decision is made to not implement TMO 96-006.
This decision is made because of the flange configuration. Since
there is no isolation valve on the truck or the flange, the modification
would require the warming lines to be closed to change trucks. A
telecon is held between the TSC staff and the NRC, to update the
NRC on the plant status and plans of action.

At 1730 hours, the control room starts hourly logging the ESW return
temperatures on a local Fluke temperature meter. Inputs for the
meter are from Valves EF HV-37 and EF HV-38. (Between 1730 hours,
on January 31, 1996, ond 1005 hours, on February 2, 1996, the
temperatures ranged between 39.9°F and 41.1°F for HV-37, and
between 56.0°F and 57.2°F for HV-38.)

By 1821 hours Maintenance resumes injecting air into the ESW vent
line. They will follow this with injection of hot water from the tanker
heater. Thirty minutes (1932 hours) after they went into the “"A" ESW
fore bay, the divers are out. At 2000 hours Operators secure the hot
water flush of “A" ESW to allow the truck to be refilled. The TSC noitifies
the SS that the ice under the water at the "A" ESW is cleared.

At 2100 hours, SW flow to "A" ESW is established in accordance with
TMO 96-006. However, when the Operator attempts to close EA HV-6
electrically. It does not close the all the way. The site watch is
instructed to manually shut the valve. (Action Request (AR) #12238 is
initiated) The SW pressure is 104 psig. The watch at the ESW sees more
turbulence in the "A" ESW fore bay. It appears that two of the
warming line valves, EF-V264 and EF-V262, are leaking by. At 2113
hours, Operators close EF-V318, secure the air purge of the "A" ESW
fore bay and the venting header, and disconnect the air hose.
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The Outage Shift Manager informs the SS at 2123 hours, of a discussion
held previously between representatives from Wolf Creek, the NRC,
the State, the County and Federal Emergency Management
Administration (FEMA). The decision was made that if a SAE
declaration was made based on loss of functions needed to maintain
Hot Shutdown (i.e., Loss of all ESW), and no release occurred, that
John Redmond Reservoir (JRR) would riot be evacuated. “NOTE A"
on EPP 01-10.1 would be applicable in this situation only.

At 2148 hours Operations recommence hot water flush to “A" ESW
fore bay. The SS directs the SO to take the plant to MODE 5 at 2205
hours. At 2248 hours, Operations makes the announcement that the
plant is in MODE 5. This allows the exiting of T/S 3.7.4 on the “A" ESW
pump. The corirol room directs the watch at ESW to open both "A"
warming valves, EF-V262 and EF-V264 at 2303 hours. The watch
reports to the TSC that on opening the valves he did not hear any
flow. The air sparge is realigned to go through EF-V318, and the
watch reports that warming line flow can be seen in the A" fore bay.

February 1, 1996:

The SS approves TMO 96-008 to establish air sparging to the ESW fore
bays at 0120 hours. TMO 96-007 is also approved at 0230 hours. This
TMO adds a hot water connection and sparging air to the ESW
warming lines. At 0243 hours Operators open EA-HV6 and start the “A"
ESW pump. Both discharge pressure and flow are normal. After
starting the "A"” pump, operations closes out TMO 96-006. About an
hour later (0351 hours) the watch reports that Maintenance has
commenced putting bubbling air on the bar grill on the “B" ESW fore
bay. This is slowly breaking up the ice in the "B" fore bay. There is no
ice in either the fore or after bay of the "A" ESW.

At 0527 hours the “A" and "“"C" Containment Coolers are vented and
ESW flow through them is reestablished. Maintenance commences
hot water flush of the "B" ESW fore bay at 0811 hours. About an hour
later, 0910 hours, the "B" ESW hot water sparging is secured for about
thirty-seven minutes and then restarted at 0947 hours. At 1140 hours
the hot water injection at the ESW fore bays is secured. No further hot
water injection will be done for now, however the system will remain in
hot standby. The air sparging to the "A" ESW warming line is also
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secured at 1200 hours and EF-V318 is closed. About a half hour later
EF-V262 and EV-V264 are closed to install new flanges at the “A" ESW.
These valves are open again by 1340 hours.

At 1358 hours the divers enter the fore bay at the CWSH to inspect the
“F" screen. They are entering the area between the screen and the
trash rack. The divers are aware that a pump is running in the fore
bay. Maintenance installs TMO 96-009-ZC. This puts air sparging on
the lake side of each of the CW Traveling Screens.

The "B" CW pump is started at 1650 hours with the traveling screens in
rnanual slow and the discharge valve is throttled to achieve 21.5 psig
discharge pressure. At 1702 hours, the watch station at the CWSH
reports that the level in the "B" fore bay initially dropped about two
inches, then stabilzed. The fore bay level will be continually
monitored until ANN 6B, "CWSH Screen Bloc" is cleared. An AR has
been submitted. The Operators open 1CW 002, CW warming line
valve at 1708 hours. Forty minutes later "C" and "D" CWSH traveling
screens are placed in "Auto” per an On-The-Spot-Change (OTSC) to
SYS SW-121, "Circulating Water Screen Wash System."

At 2300 hours Mechanics lower the sparging header in the “"A" ESW
fore bay from its present position of about 15' below the water level to
the bottom of the fore bay. The "A" ESW pump parameters were
monitored during this evolution to verify that pump performance
would be acceptable with the sparging header at any elevation in
the fore bay. Ten minutes later it is returned to its original level. No
changes were observed on the "A" ESW pump discharge pressure or
current. The System Engineer reports that with the sparging header on
the bottom of the fore bay the observed turbulence was the same as,
or greater than the turbulence with the header at the (-)15 foot level.
This indicates that the air supplied through the sparging header is not
being ingested into the ESW pump, at 2310 hours.

The Qutage Shift Manager reports that the day shift completed a
temporary procedure to collect data on the ESW pump. All
measured parameters were found to be acceptable. These
parameters were measured to ensure “A" ESW was operated
properly. STS EF-100A, “"ESW System Inservice Pump A Test And ESW A
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Service Water Cross Connect Valve Test,” is current and will not need
to be performed as a prerequisite to calling "A" ESW operable.

February 2, 1996:

The ESW sparging headers are placed on the bottom of "A" ESW fore
bay at the direction of the System Engineer at 0200 hours. Operations
personnel complete venting of the “A" Train ESW via selected vents
(per SYS EF-203, “Fill And Vent Of A(B) Train ESW," - partial procedure
performed). The OCC had requested this action be taken. The only
air found was about a 1/2 second release from GK V71. This
information is forwarded to the OCC.

At 0800 hours the S, the SE, the SO, the Superintendent of Operations
and the System Engineering Supervisor review the AP 28-001,
“Evaluation Of Nonconforming Conditions Of Installed Plant
Equipment,” operability evaluation of the ESW system. The SS signs
concurrence with the evaluation, but will hold on making an
operability call until after the Plant Safety Review Committee (PSRC)
has reviewed the evaluation.

Termination Of The Second NUE:

At 1005 hours with the review, and approval of the “A" ESW
Operability evaluation per AP 28-001 by the PSRC, the SS reviews the
contingencies, actions taken and the present status of the ESW fore
bays and declares the "A" ESW Operable. T/S 3.7.4 and T/S 3.8.1.1 are
exited and the NUE is terminated.

The ESW fore bays are free of ice and there is a tent installed over the
grating of the fore bay. Two air compressors are located at the ESW
with one in service supplying air sparging to the "A" ESW fore bay. The
second compressor is idling in standby. If ice formation is detected in
the fore bays while the pumps are secure, they will be started and
maintained running until ice free conditions are restored.

At 1005 hours on February 2, 1996, the second NUE was terminated.

IV.  ANALYSi EVENT:
The IIT was established to perform an analysis of the icing event by
initially addressing the questions posed by the Vice President Plant
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Operations in letter WO 96-0024, dated February 2, 1996. This was
followed up by root cause analysis of the icing event, contributing
causes, and a related event concerning the failure to meet a 1/
Action Statement cooldown time. In addition, questions posed by the
NRC Augmented Inspection Team (AIT) were also addressed.
Questions posed by the NRC in regard to how close the operability
margin associated with “B" ESW Pump was during the event and the
adequacy of the first operability determination of ESW Pump “A" will
be addressed at the end of this section.

This Section will summarize the questions addressed as well as discuss
the evaluations and their conclusions. Corrective Actions will be
summarized in the Recommended Corrective Action Section and the
Recommended Enhancement Section.

QUESTIONS/ANSWERS:

How will ESW operability be assured under the icing conditions
experienced during this event? What are the proposed temporary
modifications, administrative controls, and compensatory measures
that will be used to anticipate and mitigate the ESW intake icing
conditions?

A comprehensive and critical review was performed of the
Engineering Evaluation performed for Work Package (WP)
109199 Task 1 dated February 2, 1996, to mitigate the ESW
intake icing conditions. The Engineering Team found the
Evaluation to be thorough, conservative and reflected good
Engineering judgment. However, it was evident from the review
that those involved with the Evaluation did not fully understand
the mechanisms that initiate frazil ice formation and the root
cause for it. PIR 96-0367 was initiated to document the IIT
review of the Operability Evaluation. With the knowledge
gained from conducting this investigation, the IIT Engineering
Team has recommended enhancements to System Engineering
for incorporation into the WP 109199 Task 1 to ensure frazil ice
blockage of the ESW intake trash racks does not occur.
Incorporation of these enhancements gives additional
assurance for frazil ice mitigation into the ESW Pumphouse:
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1. Verify proper valve and system lineup to maximize warming
flow to the ESW fore bays whenever ESW pumps are running.

2.Install temporary heating equipment to the ESW screen bay
area to reduce the likelihood of ice formation to the traveling
screens.

3.Provide a mean: ‘o clean the front of the ESW trash racks. This
can be accomplished by installing temporary air sparging in
each fore bay to "broom" the front of the trash rack and/or
by use of a trash rack rake.

4.To provide early detection of active frazil ice formation while
the ESW pumps are running, immerse a metal chain several
feet into the trash rack fore bay water and monitor for ice
accumulation.

5.Install tents over the grating of the fore bay to provide wind
protection to personnel assigned to monitor ESW fore bay
conditions and to prevent surface ice formation. This is to
assist in detection and cleaning of the trash racks should frazil
ice begin to form.

é.Station a dedicated cognizant individual at the ESW
pumphouse while the ESW pumps are operating. This
individual will: 1) Monitor the sparging air compressors, 2)
Monitor the tents, and 3) Watch for formation of ice on the
traveling screens, screen wash discharge, and trash racks.
Notification of the Control Room should occur immediately

upon compressor failure, tent degradation or detection of ice
formation.

7. Install high intensity lights for observing and cleaning of trash
racks and traveling screens.

Actions 1 through 7 above will be performed on both ESW trains
when:

1) Actual lake temperature is 33°F and decreasing, as
measured at the intake of the ESW Pumphouse.
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2) Anice cover does not exist from the ESW UHS to the Owner
Controlled Area Boundary.

NOTE: In evaluating whether a substantial ice cover does
exist, a small amoaunt of open water adjacent to the
pumphouse structure is not of concern.

What is the justification for using these temporary modifications to
provide for system operability?

The justification for the use of temporary modifications is based
upon the design deficiency to provide adeqguate warming line
heat as determined through the root cause investigation. Use
of the above temporary measures adequately compensates for
the inability of the design to mitigate the affects of frazil ice by
providing:

1. Indication of the changing environmental conditions
necessary to take actions

2. Early detection of any frazil ice ingress

3. A means to remove the frazl ice should it begin to
accumulate on the trash racks.

4. Protection for personnel performing work and surveillance
activities during frazil ice conditions.

Performance of these measures within the WCNOC procedural
control program and from the experience gained from the
icing event provides assurance that these temporary measures

are adequate compensation until the design deficiency can be
corrected.

Is the installed warm-up line adequate to mitigate the icing conditions
experienced? If so, why didn't it prevent the icing condition from
occurring?

The ESW warming line is inadequate to mitigate the icing
conditions as experienced. The system hydraulics will not
provide 4000 gpm ai 35°F minimum as originally designed. PIR
96-0263 was initiated to document the "A" ESW pump
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becoming inoperable due to low water level in the fore bay
due fo icing.

A design calculation performed in 1976 specified a warming
line flow rate of 4000 gpm for the prevention of frazil ice. This
was determined using valid, conservative methods, but
assumed that the temperature of the warming line flow would
be at least 3°F above freezing. During the time that the icing
occurred the estimated actual warming line temperature rise
from Train “A" was on the order of 1°F. This situation is due to
the only substantial heat load on Train "A" being the “A" Train
Containment Coolers. CCW Heat Exchangers are the only
other significant heat load to ESW in addition to the
Containment Coolers. During the event the CCW Heat
Exchanger “B" was valved in to reject heat to “B" Train ESW in
addition to the “B" Train Containment Coolers. Although, a
greater amount of heat input was being delivered to the “B"
Train ESW, than “A" Train ESW, neither train was delivering the
amount of heat specified by the original design to the ESW
Pumphouse warming lines. PIR 96-0316 was initioted to
document the design deficiency and to develop corrective
actions.

Using present day United States Army Corps of Engineers
minimum recommendations, the flow required to prevent frazil
ice for a warming line flow temperature of 1°F above freezing
would be 2,700 gpm. Using this methodology the 4000 gpm
design flow rate might have been adequate even with the
lower than assumed warming temperature.

The UHS and warming lines are open ended piping runs to the
UHS and ESW Pumphouse respectively. The piping diameters
and elevations are such that portions of these lines operate with
patitial pipe flows due to the low driving head and with the dry
portions not vented. This condition was apparently not foreseen
by the piping designer, and makes the calculation
methodology used for sizing the warming line inadequate and
resulted in a much lower than required flowrate. PIR 96-0334
was initiated to document the lower than required flowrate: and
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to develop corrective actions. The warming line flow rate
during an accident line-up for the piping as-built configuration
cannot be readily calculated or measured with a high degree
of certainty, but is estimated to be about 2500 gpm.

The “B" Train ESW warming line was operating with a known
nonconformance. Valve EFV-0263 is one of two manual
butterfly valves in series located in the “B" ESW warming
discharge line at the ESW Pumphouse. From previous work
histcry, EFV-0263 was mechanically frozen in the 50% open
position. Engineering had been quoted in company
correspondence that this nonconformance was acceptable for
system operation as the partial open position did not affect flow
appreciably. However, no formal disposition by Engineering of
this nonconformance could be found. Furthermore, had the
“B" ESW been operating as the original design intended, the
pressure drop across this partially open valve could have
impeded flow by approximately 600 gpm. PIR 96-0430 was
initiated to document the nonconformance and provide
corrective actions. The IIT Engineering team concluded from
the hydraulic analyses and partial pipe fill conditions that the
partially open butterfly valve EFV-0263 actually had negligible
affect to further reduce the flow. However, PIR 96-0438 was
initiated to ensure that the outstanding repair activities for the
four warming line valves, EFV-0262, 0263, 0264 and 0265 be
completed in order to accommodate the corrective actions
being developed to alter the ESW System hydraulic
characteristics for satisfactory warm as well as cold weather
operation.

During the approximately six hour period preceding the first
time "A" ESW pump had to be secured due to the ice
blockage, ESW return to SW return cross tie isolation valves were
open and the ESW return to the UHS valve was throttled. This
caused some of the ESW return flow to be diverted from UHS
through the normal SW discharge line. It is estimated that this
caused warming line flow to be reduced to about two thirds of
what it would have been, or about 1700 gpm. This flow
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diversion merely hastened the icing event on "A" ESW trash
rack and did not change the eventual outcome.

Is there a need for any additional operator training or any changes to
operating procedures?

The following recommendations are made based on needs
identified during interviews, investigation, and root cause
analysis.

a) Simulator Training on MODE 3 to 4 cooldown in é hours. PIR
96-0370

b) General Operating Procedures (GEN) 00-005 and 00-006
needs clarification for “rapid cooldown." PIR 96-03469

c) Recommendation to include Reactor Engineers in selected
simulator scenario’s. PIR 96-0416

d) include frazil ice formation in applicable training material.
PIR 96-0415

e) Review clarity of management's expectations for
communications when crew composition changes. PIR 96-
0371

f) Contingency Plans should be incorporated into the
winterization procedure. PIR 96-0376 and PIR 96-0398

g) The Alarm Response Procedure (ALR's) should be reviewed
with emphasis on actions required where expeditious actions
may be required. In these cases specific steps could be

added to minimize the references to separate procedur-s.
PIR 96-0375

h) Review guidelines for Axial Flux Conrtrol. PIR 96-0362

i) Review clarity of management expectations for verification
after performing urgent system line-ups. PIR 96-0373

j) Review clarity of management expectations for procedure

adherence when completing GENS for rapid cooldown. PIR
96-0372
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k) Enhance Control Room crew communications. PIR 96-0374

) Review the adequacy of the Shutdown Margin (SDM)
computer program. PIR 96-0406

m)Evaluate Auxiliary Boiler Trips for reliability of boiler. PIR 96-
0417

n) Delete Technical Specification Clarification 88-003 which
promulgated incorrect frazil ice formation. PIR 96-0366

o) Procedure SYS SW-121 needs revision to delete requirement
to operate the traveling screens in slow for cold weather
operations. PIR 96-0376 and 96-0482

p) STN GP-001 needs revision to require controlotron setup and
zero adjustment prior to opening the CW warming line valve
each winter season. PIR 96-0316, and 96-0482

q) SYS SW-121 needs revision to provide guidance on the use of
air bubblers to assist in breaking up surface ice around the
CW traveling screens. PIR 0398, 96-0316, and 96-0482

N ALR 00-006C needs revision to eliminate requirement to
place traveling screens in fast if icing conditions are
encountered. PIR 96-0399

s) EPP 01-4.1 needs revision to ensure that minimum staffing
requirements for the TSC/OSC activation are clear, concise
and consistent with the Radiological Emergency Response
Plan (RERP). PIR 96-0428

Is Wolf Creek’'s Cold Weather Protection Pian adequate?
To answer this question two approaches were pursued.

First, operations personnel were interviewed to determine if they
felt that the program was adequate and to determine the
reasoning behind their answer. The responses received
provided their reasoning for believing the program was
adequate. In addition to the preparotory actions taken at the
peginning of the cold weather season, frequent reminders were
provided at shift briefings when the weather was anticipated to
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be severe. These were usually directed at areas of known or
expect~d vulnerability; areas with vent ducts and uninsulated
piping, specific areas with a history of freezing problems, etc.
This wes being done during shift briefings at this time because of
the low temperatures being experienced. When guestioned
about possible concerns with the CW and ESW System, the
answer was always in the negative. Despite equally cold
conditions having occurred in the past, no proklems of this kind
had ever occurred previously. In addition, it was documented
that questions had been previously directed to engineering
concerning potential problems with “frazil icing". Per a 1990
Engineering Letter, NP 90-2162, to Operations, frazil ice was not
a concern since the ESW pumphouse it heated and the
traveling screens are enclosed by the buildirg structure. PIR 96-
0366 was initiated to address the error in judgment regarding
frazil ice potential and to develop corrective actions.
Furthermore, PIR 96-0377 was initiated to find and remove
documentation referring to frazil ice as not being a credible
event.

The second approach was to review STN GP-001 including the
history of revisions. A review was also done of SYS EA-120, which
is used for the winterization alignr .ent of the ESW system.

ESW and CW winter alignments were added to STN GP-001 in
Revision 3 released in 1990. No changes were found in the
section dealing with the winterization of the Circulating Water
Screenhouse (CWSH) from the time it was included (Rev. 3), until
the revision in use at the time of the icing event. Changes were
found in the section dealing with the winterization of the ESW
pumphouse. Most of the changes made in this section during
the life of the procedure did not affect the basic warming valve
line-ups. However, for several years the procedure carried a
“Note" dealing with the throttling of certain valves in the ESW
(EF) system to maintain system AP and temperatu