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On February 24, 1989, the High Pressure Coolant Injection System (HPCI) isolated
on high steam flow during a surveillance test. Due to a concurrent Reactor Core
Isolation Cooling System inoperability, per Technical Specifications the plant
was placed in a twenty-four hour Limiting Condition for Operation. The high
steam flow isolation occurred due to problems in the HPCI turbine governor
controls. The governor did not adequately control steam flow on turbine
startup. The intermediate cause was an erroneous control signal from the
Woodward Governor Company EG-M control box, which provides the HPCI turbine
governor valve control signal. The problem was similar to one reported in LER
89-002. At that time, removable printed circuit boards in the EG-M were
replaced, but the EG-M chassis, which also contains some circuitry, was not.
As a corrective action for the February 24 event, a new EG-M chassis with new
boards was installed. Periodic monitoring of the EG-M control signal has been
initiated. The turbine was returned to service on February 25, 1989.

Investigation by Iowa Electric and Woodward Governor has not determined the root
cause of this event. The investigation is continuing, and an update to this
LER will be submitted.
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I. DESCRIPTION OF EVENT:

On February 24, 1989, at 1636 hours, with the reactor at 100% power
and the Reactor Core Isolation Cooling System (RCIC, EIIS System Code
BN) out of service, the High Pressure Coolant Injection System (HPCI,
EIIS System Code BJ) outboard steam supply isolation valve closed due
to a high steam flow signal. This occurred during the autostart
portion of the HPCI surveillance test, which was being performed in
accordance with the Technical Specification requirements for RCIC
inoperability. RCIC had been declared inoperable at 1421 hours due
to an unwarranted isolation signal from the Steam Leak Detection System
(SLDS, EIIS System Code JM). The RCIC inoperability is fully discussed
in LER 89-006.

A review of HPCI system pressure instrumentation and area conditions
shortly after the first isolation determined the steam supply high flow
signal was not due to a HPCI steam leak. The HPCI turbine was restarted
at 1645 hours, and again the same steam supply valve closed.on a high
flow signal. HPCI was then considered inoperable.

Per the plant Technical Specification, concurrent inoperability of the
HPCI and RCIC systems is-a twenty-four hour Limiting Condition for
Operation (LCO). In accordance with the Duane Arnold Energy Center
Emergency Operating Procedures, an Unusual Event was declared. The
NRC and the appropriate state and local authorities were notified.
Preparations for plant shutdown were begun. The operability of the
systems which provide redundancy for HPCI: the Automatic
Depressurization System (ADS, EIIS System Code SB), the Low Pressure
Coolant Injection System (LPCI, EIIS System Code BO), and the Core
Spray System (CS, EIIS System Code BM), was verified.

Troubleshooting of the HPCI system revealed that an erroneous high
speed demand signal from the turbine governor circuitry had resulted
in an improperly controlled turbine governor valve. Following
replacement of the HPCI governor control box and successful
post-testing, the HPCI system was declared operable at 0600 hours on
February 25, 1989. This ended the Unusual Event and the twenty-four
hour LCO. The plant remained in a seven day LCO due to the RCIC
inoperability. HPCI started and ran without problems during a plant
scram on March 5, 1989 (see LER 89-008), and was successfully tested
during the subsequent startup. :

IT. CAUSE OF EVENT:

A. Troubleshooting.

NRC FORM 3562
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A review of possible causes for the February 24, 1989 HPCI isolation
began shortly after the event. It was recogn1zed immediately that
the turbine had responded in a similar manner on January 26, 1989.
This event was report in LER 89-002. The cause of the January event
was an erroneous signal from a HPCI turbine governor component, the
EG-M control box. Testing of the turbine governor components was
the first step in troubleshooting the problem. : :

A check of the EG-M output voltage on February 24 found the unit's
output signal with the turbine at rest was erroneously high at 6.8
volts versus the nominal 3.0 volts. The EG-M output would also not
respond to various input signals. The EG-M receives information
on the turbine speed, the automatic startup rate, and a signal from
the fiow controller. It provides a speed demand signal to an
electro-hydraulic actuator, which controls the turbine governor
valve, :

The cause of the HPCI isolation of February 24 was a continuous high
EG-M output signal. This resulted in the turbine steam supply
governor valve maintaining a full open position during the entire
HPCI startup sequence. Normally the governor valve reaches a full
open position during the beginning of the startup sequence, but as
the turbine gains speed the valve will travel in the closed
direction to reduce the steam flow to that flow needed to maintain
adequate turbine speed. The continuously full open governor valve
led to a high steam flow condition.

The January 26 isolation of HPCI on a high steam flow signal was
also due to an erroneously high EG-M output signal of approximately
6.6 volts. The EG-M box was isolated as the source of the erroneous
governor signal during the January troubleshooting. During a -
calibration attempt the day of the January event, the EG-M output
| experienced a step change from its correct output to the erroneous
six volt value on several occasions. Further examination of the
EG-M on the following day failed to recreate the problem for some
time, indicating it was intermittent in nature. At one point, the
turbine was successfully started and ran for several minutes before
a step change to the six volt level in the EG-M output voltage
occurred, which resulted in a high steam flow isolation. All inputs
to the box with the exception of the power supply were removed at
that time, and the erroneous output signal remained unchanged.

The EG-M control box is manufactured by the Woodward Governor
Company. It consists of three removable print circuit cards and a
chassis which also contains some electronic circuitry. The printed
circuit boards were replaced following the January event
(replacement of the EG-M chassis did not occur due to a wiring
problem within a spare chassis) and the turbine was then

NRC FORM 3652
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successfully tested, running for approximately fifteen minutes and
again for thirty minutes with no problems. The HPCI turbine also
automatically started and ran without incident during a scram on
February 2, 1989 (LER 89-03). Following consuitation with the
manufacturer, the root cause of the January event was thought to
be an unanticipated age-related response of a component or
components on removable printed ctircuit boards within the EG-M
control box. The EG-M unit had been almost continuously energized
for at least ten years.

‘The EG-M had been determined to be the source of the erroneous EG-M

output signal in January, and this also appeared to be the case for
the February 24 isolation. The portion of the EG-M which was the
common factor in the two events was the chassis. Therefore, as an
initial corrective action for the February event, the chassis of
the EG-M unit was replaced. Following this, on February 25 the
turbine was successfully auto-started. With the addition of
enhanced monitoring of the EG-M output signal (see Corrective
Actions), the HPCI system was declared operable. No continuous high
EG-M output signals have been observed since that time.

Extensive testing has been performed on the removed EG-M control
box, both the unit as a whole, and the chassis circuitry. A field
service engineer from Woodward, and a representative of an
independent service company authorized by Woodward, examined ‘the
removed EG-M unit on site and were unable to recreate the failure.
The chassis, and the printed circuit cards removed during the
January event, have been tested at the Woodward Governor Company
headquarters. This testing included simulated operation
performance under high-heat conditions, and individual circuitry

" component evaluation and examination. No problems have been

ITI.

identified.

A second Woodward representative visited the site during a recent
shutdown, and examined the HPCI turbine governor system as
currently installed. A check of the system calibration, wiring,
and EG-M power supply stability identified no operability concerns.

B. Root Cause.

The root cause of the HPCI governor control problem which caused
the February 24 system isolation has not yet been established. A
component problem in the EG-M chassis is considered the most likely
cause of the erroneous signal. Testing and analysis of the EG-M
control box is continuing. An update to this LER, providing
additional results, will be submitted.

CORRECTIVE ACTIONS:

NRC FORM 386a
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As an immediate corrective action for the failure of the HPCI turbine to
successfully autostart during a surveillance test on February 24, 1989,
the component which was the source of the erroneous signal, the EG-M
control box, was replaced. This replacement included both the removable
printed circuit boards and the EG-M chassis itself. In addition, periodic
monitoring of the EG-M output voltage was initiated at that time to
provide continuing assurance that the erroneous high signal was not
recurring. This monitoring is ongoing.

Testing and analysis of the EG-M control box is continuing. An update
to this LER, providing additional results, will be submitted. Further
corrective actions may be taken based on those results.

IV. ANALYSIS OF EVENT:

The inoperability of the HPCI system on February 24 - 25, 1989, had a
minimal effect on the operability of the plant. Due to a concurrent RCIC
inoperability, the HPCI problem resulted in the plant being in a
twenty-four hour LCO per the Technical Specifications. Power was reduced
such that cold shutdown would have been achieved with the required time
period had not the HPCI system been restored to operable status.
Redundant safety systems were operable throughout the period of HPCI
inoperability. The worst case effect of the failure or inability of the
HPCI system to operate would be the Toss of the ability to maintain reactor

-vessel inventory after small Tine breaks that do not rapidly depressurize

the vessel. ADS, in conjunction with LPCI or CS, provides full redundancy
for HPCI. The RCIC system is not considered fully redundant to HPCI.

V. ADDITIONAL INFORMATION
A. Failed Component Information.

The HPCI turbine governor'EG-M box discussed in the text as the

source of the erroneous signal is a Woodward Governor Company EG-M
Control Assembly 8270-811. ‘

The HPCI turbine is a type CS, manufactured by the Terry Steam
Turbine Company.

B. Previous Similar Events.

As noted in the text, this event is very similar to one which
occurred on January 26, 1989, and was reported by LER 89-002.
Other HPCI problems involving the turbine governor have been
reported in LERs 83-018 and 86-010. LERs documenting HPCI
starting or high flow problems are 75-057, 76-089, 77-077, 77-095,
77-096, 78-025, 83-022, 83-056, 88-001, and 88-004.

This event is being reported in accordance with 10 CFR 50.73(a)(2)(iv).

NRC FORM 366a
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Iowa Electric Light and Power Company

March 23, 1989 .
DAEC-89-0168

Mr. A. Bert Davis

Regional Administrator

Region III

U. S. Nuciear Regulatory Comm1ss1on
799 Roosevelt Road

Glen Ellyn, IL 60137

~ Subject: Duane Arnold Energy Center
Docket No: 50-331
Op. License DPR-49
Licensee Event Report #89-007

Gentlemen:

In accordance with 10 CFR 50.73 please find attached a copy of the subject
Licensee Event Report.

Very truly

3-23-87
. Hannen

Plant Superintendent - Nuclear

RLH/JRP/go

cc: Director of Nuclear Reactor Regulation
Document Control Desk
U.S. Nuclear Regulatory Commission
Mail Station P1-137
Washington, D. C. 20555
NRC Resident Inspector - DAEC

File A-118a
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