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Licensee Event Report No. 08-2 - December 29, 2008
University of Missouri Research Reactor

Introduction

On December 29, 2008, with the reactor shutdown for regularly scheduled maintenance
activities, the reactor containment isolation system was being tested as part of the pre-
startup checks prior to conducting a normal reactor startup. When containment isolation
was manually initiated, Door 504, one of two containment building ventilation system
automatically-closing doors, did not remain in the sealed condition after the door was
fully closed. All other automatic features of the reactor containment isolation system
operated properly, as required.

Technical Specification (TS) 3.5.a requires that reactor containment integrity be
maintained at all times except when (1) the reactor is secured, and (2) irradiated fuel with
a decay time of less than sixty days is not being handled. As defined by TS 1.15, six
conditions must be satisfied for reactor containment integrity to exist. One of these six
conditions is "All containment building ventilation system automatically-closing doors
and automatically-closing valves are operable or placed in the closed position." TS 1.12
defines "operable" as "A system or component is operable when it is capable of
performing its intended function in a normal manner."

Because Door 504 had failed to maintain a seal after it was in the fully closed position, it
can be construed that the reactor may have operated during the previous week of
December 22 to December 29 with reactor containment integrity in a state of reduced
effectiveness due to the uncertainty in the operability of the containment building
ventilation system automatically-closing door. This would have resulted in a deviation
from TS 3.5.a.

Description of the Containment Buildinp, Ventilation System Automatically-Closin
Doors

The containment building ventilation system automatically-closing doors are a part of the
"Containment System," as described in Section 3.0 of the MURR Hazards Summary
Report. The containment building ventilation system supply and exhaust air ducts
contain two electric-motor-driven horizontal sliding doors located in the ventilation
plenums on the fifth level of the reactor containment building. When these doors are in
the open position, a path is created for containment air to be circulated through the east
tower and then back into the containment building. The motorized isolation door for the
supply plenum is designated as Door 504 whereas the motorized isolation door for the
exhaust plenum is designated as Door 505.

The physical description of the doors is considered sensitive information from a security
perspective. This information is kept onsite and is available to the U.S. Nuclear
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Regulatory Commission for inspection and review. The following information describes
the door control circuitry.

There are two micro-switches that are actuated during a normal door closing sequence.
One switch secures power to the electric drive motor when the door is in the fully closed
position while the second micro-switch energizes a three-way, dual solenoid-operated
valve, which supplies air to an inflatable gasket mounted in the door facing, thus sealing
the door. Both micro-switches are actuated by a rotary cam driven by a chain and
sprocket assembly attached to the door drive system. The solenoids are normally de-
energized and only momentarily energize to either inflate or deflate the door-sealing
gasket. A latching cam in the valve actuator keeps the three-way valve in either the
pressurized or vent position after the solenoid de-energizes.

The supply and exhaust air doors are normally kept in the open position during reactor
operation. Actuation of the reactor containment isolation or facility evacuation switches
located in the reactor control room, or the facility evacuation switch located in the facility
lobby, will close Doors 504 and 505. A radiation level greater than the set point of
either of the reactor bridge radiation monitors, or either of the exhaust plenum radiation
monitors, will also close both doors automatically. A closure signal from any of the
above causes two parallel relays to de-energize, closing a contact associated with each
relay, and completing the circuit to the closing coil of each motor. The motors will then
drive the isolation doors to the closed position, actuating the micro-switch and energizing
the solenoid-operated three-way valves and sealing the doors. It takes approximately 7
seconds from the initiation of the isolation signal until the isolation doors are closed and
sealed.

Additionally, a second set, of isolation doors, designated as the backup doors, are located
in the reactor containment building supply and exhaust plenums thereby providing
redundancy for containment building isolation. These doors were added to the reactor
containment system prior to issuing facility license R-103 for 5 MW operation and are
described in Addendum 2 to the Hazards Summary Report.

When the backup doors are shut, the steel plenum chamber above the door becomes part
of the containment system. Each door is held open against gravity by a double acting
pneumatic cylinder. Air is supplied to the pneumatic cylinders from the facility main air
compressors and the emergency air compressor. A %-inch (0.95-cm) rubber gasket
installed in the door facing creates a seal for the backup doors when in the closed
position.

The backup doors are normally kept open during reactor operation. A radiation level
greater than the set point of either of the reactor bridge radiation monitors, or either of the
exhaust plenum radiation monitors, will close both isolation doors automatically. Two
solenoid-operated valves, installed in series, control the air supply to each pneumatic
cylinder. A closure signal will de-energize both solenoid valves causing air to be vented
from the pneumatic cylinder, and allowing gravity to close the isolation door. Actuation
of either of the solenoid-operated valves will close the backup door.
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Detailed Event Description

On Monday, December 29, 2008, at approximately 13:00 with the reactor shutdown for
regularly scheduled maintenance activities, a "Long Form Startup Checksheet" (Form 57)
was being performed as part of the normnal pre-startup checks. One of the systems that is
tested prior to conducting a reactor startup is the reactor containment isolation system.
Upon manual initiation of the system, the control room operators observed that Door 504
had properly closed and sealed by illumination of the "Door 504 Closed" indication light
mounted to the Instrument Panel in the control room. However, moments later, the
"Door 504 Closed" indication light extinguished. The door closed indication light is
energized by the door closed micro-switch (the micro-switch that secures power to the
electric drive motor when the door is in the fully closed position) in series with a pressure
switch that senses door sealing pressure. This arrangement is used since it provides a
positive indication that the door is both fully closed and properly sealed. The system was
reset and a repeat of the test was performed. Once again, the control room operators
noted that the "Door 504 Closed" indication light properly illuminated when the door was
fully closed and sealed and then a second or two later extinguished.

Upon investigation, it was determined that the gasket inflate solenoid was properly
energizing when the door was in the fully closed position, however, the valve actuator
(Page 5 of 6) latch cam (Part Code 9) was not maintaining the three-way valve in the
pressurized position after the inflate solenoid had de-energized. The valve actuator was
removed, inspected for wear or any broken parts, and then thoroughly cleaned and
reinstalled. The system was retested satisfactorily five (5) times; however, during the
sixth test the problem was reproduced. The valve actuator was once again removed and
through further investigation it was discovered the deflate contact plunger was not always
returning to its normal, or retracted, position after the deflate solenoid had de-energized,
thus preventing the latch cam from latching. The deflate solenoid assembly (Page 6 of 6)
was removed and it was determined that the plunger assembly (Part Code 6) would
occasionally drag on the inside of the tube guide (Part Code 5) not allowing it to fully
retract. The most probable cause appeared to be hardening of some lithium-based grease
on the plunger. A refurbished deflate solenoid assembly was installed and the
containment isolation system was satisfactorily tested nine (9) times.

Safety Analysis

The basis for Technical Specification 3.5.a is to ensure that the reactor containment
building can be isolated at all times except when plant conditions are such that the
probability of release of radioactivity is negligible. Although there is some uncertainty to
whether Door 504 was fully operable during the time interval that the reactor was
operating the previous week (from 15:14 December 22 to 02:00 December 29), the
containment isolation system still would have been able to perform its intended safety
function due to the availability of the containment ventilation system backup doors.
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Corrective Actions

As stated above in the Detailed Event Description, Door 504 valve actuator was removed
and thoroughly cleaned and inspected and the gasket deflate solenoid assembly was
replaced with a refurbished assembly. The containment isolation system, including
operation of Door 504, was then satisfactorily tested nine (9) times.

On January 5, 2009, the gasket inflate and deflate solenoid assemblies (Page 6 of 6) and
the valve actuators (Page 5 of 6) for Doors 504 and 505 were removed and disassembled
for inspection and cleaning. The solenoid assembly tube guide (Part Code 5), plunger
assembly (Part Code 6), trip pin (Part Code 12), plunger (Part Code 14) and cover
assembly (Part Code 9) were cleaned, the o-ring retainer (Part Code 13) and plunger seal
(Part Code 15) were replaced and lightly lubricated with vacuum grease, and the integrity
of the spring (Part Code 11) was verified for each solenoid assembly. Operation of Doors
504 and 505 was then satisfactorily tested seven (7) times.

On January 12, 2009, the gasket inflate and deflate solenoid assemblies and the valve
actuators on the three-way, dual solenoid-operated valves for Personnel Airlock Doors
276 and 277 were removed and disassembled for inspection and cleaning. These are the
same model valves used on Doors 504 and 505. Preventative maintenance as described
above was performed on these valves. Operation of the Airlock Doors was then
satisfactorily tested.

Additionally, a periodic Preventative Maintenance (PM) procedure is being developed for
each three-way, dual solenoid-operated valve that will include the items mentioned
above. This event has also been entered into the MURR Corrective Action Program as
CAP entry No. 09-0001 and any additional improvements or corrective actions will be
considered.

If there are any questions regarding this LER, please contact me at (573) 882-5276. I
declare under penalty of perjury that the foregoing is true and correct.

ENDORSEMENT:
Sincerely, Reviewed and Approved,

Leslie P. Foyto Ralph A. Butler, P.E.
Reactor Manager Director

, MARGEE P. STOUT
My Commission F~qpires

- NOAR % March 24,2012
Montgomery County

Commiion #0851 o6
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PARTS LIST, ASSEMBLY and PARTS PRICES • 2002J • 2001R • 2002R * 2003 SOLENOIDS SHEET E

SHEET F
0

(0

PARTS LIST, ASSEMBLY and PARTS PRICES

For valves 6
with tipe'O 0
pilot capsule 1 9

For valves
with type 'C'
pilot capsule

1-1130 VALVE ACTUATOR
(Used with Single Sol. Impulse Valves)

- When used with 1-1133, 1-1133 UK and 1-134]

Wen used with :-1243, 1-1]43 MK and 1-1244)

When used with 1-1135

used with 1-t245
Part NO Par: List
Code Re P Name Number Price

0 ] 1 "0" Plunger Assembly 1-1130-01 2.50
2 1 "C" Plunger Assembly 1-1130-Cl 2.50

. 3 1 Plunger Spring 1-1130-3 .25
4 1 Actuator Body 1-1130-2 9.50

a 4 1 Actuator Body 1-1132-2 10.50
5 1 Set Screw Set 10461-18 .30

I Compression Cap 1.1130-4 .75
7 1 Housing - Pol:pet Assembly 1-1046-W3 9.75

* * 8 1 Contact Plunger 1-1046 11 .75
a 1 Contact Plunger 1-1132-l1 .75
9 1 Plunger Sprdn 1130-3 .25

1-1130 *.2-1130 ACTUATORS

and SOLENOIDS for above.
EgPLOIIONPROOF SOLENOID 2003 FOR ABOVE, LISTED ON SHEET 'E'

For valves
with type '0
pilot capsule

For valves
with type C''"----
pilot capsule

2-1130 VALVE ACTUATOR
(Used with Dual Sol. Impulse Valves)

Used with 2-1133, 241133 MK & 2-1134J

Used with 2-1243, 2-1243 NK & 2.1244J

Used with 2-1135

--= Used with 2-1245

-I
(0
(0

C)

C
~1

C,'
0

-o
(0
~1
0'
(0
0~

Part "o. Part Name Part ListCode Req'd Number Price

1 1 Plunger Assembly, Type "3" 1-1130-01 2.50
* 2 1 Plunger Assemly, Type "C" 1-1130-C1 2.50

* * S 3 1 Plunger Spring 2-1130-3 .25
* 0 0 4 1 Valve Adapter 2-1130-I 4.75

*0 0 5 1 Contact Plunger 2-1046-3 .20
. . 6 1 Body Assembly 2-1046-2 7.50

0 6 1 Body Assembly 2-1132-2
* * • 7 3 Set Screw Set 10461-18 .30
* S * 8 1 Craik Cam 2-1046.4 1.20
* S 0 9 1 Latch Cam 2-1046-5 .60

* 0 0 * 10 1 Latch Cam Pin 2-1046-6 .30
, *: * 11 1 Wa.her 2-1046-7 .10

* 12 1 Cotter Pin 2-1046-8
13 1 Coaer Plate 2-1046-9 .30
14 4 Cover Screw P208249 .10



a a 7 . . I I
Part
Code

NO.
Req'd Part Name Part

Number
List
Price

1
2
3
4
5
6
6
7
8
9

12
13
14
15
16
17
18
I9
20
21

Sol. Cover Assembly 12082-1
Insulating Washer 2082.2
Insulating Strip I 2082-2A
*Coil (See list of standard voltages below)
Tube Guile 2082-4
Plunger Assembly (00) 2-.2082-3
Plunger Assembly 1XC) 2-J2092-D3
Rubher hasher 2102-L 1
Cover Gasket J2082-7
Cover Assembly J2082-8
Sol. Retainer Chain J2082-50
Spring J2082-9
Trip Pin 1208,2-1
O-Ring Retainer J2082.14
Plunger J2082-10
Plunger Seal J2082-11
Cap J2082-1,
Junction Box Housingr J2082-45
Junction Box Gasket J2082-4J
Cover Plate J2082-48
Cover Boe Screw 12082-49
Box Chair J2082-51

4.10
.10

N.C.

.75
4.00
4.75
.10
.20

2.60
.30
.20
-50
.20
.40
.20
.90

1.30
.25
.75
.10
.30

O0Q

0

0.
9

Ps
C.)

2"

F Standard 2-2082 Solenoid

2-2082 with "MK" Override

I Part No. Par N Part List
Code RIq'd art ame Number Price

0 0 I 1 Cover Assembly 2082.1 3.95
* * 2 2 Insulating Washer 2082.2 .10
* 0 3 1 Insulating Strip 20822a N.C.
* 0 4 1 'Coil (See standird voltage; listed belw)
* i 5 1 Guide Tube 2-2082-4 .75
0 4 1 Plunger (AC) 2082.3 1,20

1 Plunger (OC) 2092-03 2.20
* 7 1 Flange Assembly 2082.6 .50
* 8 1 Relailing Ring 2082-7 .35
* 0 9 1 Rubber Washer 2102-1.2 .10
* 10 1 Cover Plate 2082.8 30
* * 11 2 Stop 'ut 2082-10 .10
* 12 1 Condoit Box and Screws 2082-12 .60

13 1 Cover, MK Non-Locking 2082.38 .90
l 14 1 Dust ',ap, MK 2001-M14 .30
* 15 1 Trip Fin Assemb., Non-Lociang 2082-39 1.10

15 
9

CD~
-to

CD -
W

ED

(7N

0

'Coil: 2460
'CoIl. 115-60
'Coil 231-60
'Coil: 113-50
'Coil; 23-50
'Coil: 46--60
,Coil: 551-60
'Coil 44)-50

2-42082-5
2-42082.3
2-12082-5
2-J2082-5
2-42082-5
2-12082-5
2-42082-5
2-J2082-5

9.10
10.00
10.40
8.00

10.0)

*Coil: 24-60
*Coil: 115-60
.Coil: 230-60
'Coil: 110-50

'*Coil: 220-50
*Coil: 460-60
*Coil: 550.60
'Coil; 440-50
'Coil: 6V DC
'Coil: 12Y OC
'Coil: 24V DC

2-20112-5
2-2082-5,
2-2082-5
2-2082-5
2-2082-5
2-2002-5
2-2082-5
2-2082-5
2-2082-5
2-2082-5
2-2082-5

9.10
10.00
10.40
8.00

10.00

10.50
10.50

20 I'Coil: 127 CC 2412082-5 10.50
21 'Coil: 247 DC 242082-5 10.59

1hcludes 2 insulathg washers
[9 •,• For Speial Voltagts, consult factory.

1 2 3 4 5 6 7 1 9 10 11 12 13 14 15 16

'Includes Strip End 2 insulating washers.
For Special Vollages, consilt factory.
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