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16805 WCR 19 1/2, Platteville, Colorado 80651

August 4, 1989
Fort St. Vrain
Unit No. 1
P-89297

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

'

Docket No. 50-267

SUBJECT: Licensee Event Report
88-009-01, Final Report

REFERENCE: Facility Operating
License No. DPR-34

Gentlemen:

Enclosed, please find a copy of Licensee Event Report
No. 50-267/88-009-01, Final, submitted per the requirements of
10 CFR 50.73(a)(2)(iv).

If you have any questions, please contact Mr. M. H. Holmes at (303)
480-6960.

Sincerely,

6 .a$G
C. H. Fuller
Manager, Nuclear Production
and Station Manager

Enclosure

cc: Regional Administrator, Region IV
ATTN: Mr. T. F. Westerman, Chief

Projects Section B

Mr. R. E. Farrell
Senior Resident Inspector, FSV
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At 1234 hours on May 6,1988, with the plant operating at 79*,; power, a reactor
scram on high hot reheat steam temperature occurred following a trip of "B"
helium circulator. This event is being reported per 10CFR50.73(a)(2)(iv).

The cause of this event was a malfunction of an analog averaging instrument in
the overall plant control system which resulted in an analog average hot reheat
steam temperature indication 35 degrees F below the actual temperature, thereby
preventing the cold reheat attemperation boost circuit from operating properly
to prevent the scram. A discrepancy between hot reheat steam temperatures

,

indicated by the Plant Protective System (PPS) and actual bot reheat steam j
temperatures also contributed to the cause. !

The hot reheat steam temperature circuit of the overall plant control system was
functionally tested and performed as designed. Although the malfunction of the
analog averaging instrument in the overall plant control system appears to be j
intermittent, it is readily detectable based on Operator observations.
Operators have been made aware of the indications that will exist, and the

| actions to be taken, if the problem reappears. The cause of the discrepancy
| between PPS indicated and actual hot reheat steam temperatutcs has been
j attributed to the calibration methodology, and several improvements have been
| made,

~
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BACKGROUND:

The Fort St, Vrain reactor core consists of vertical columns of hexagonal
graphite fuel-moderator elements and graphite reflector blocks grouped into a
cylindrical array and supported by a graphite core support structure. The large
heat capacity of the graphite core results in sustaired core outlet helium, main
steam and hot reheat steam temperatures following down power transients such as

! those initiated by a helium circulator or main turbine trip. These temperature
conditions last for several minutes until core temperatures have equilibrated at
the new power level. Historically, down power transients of significant
magnitude resulted in a high hot reheat steam temperature scram. The cold
reheat attemperation boost circuit was installed as a means of preventing these
hot reheat steam temperature scrams during plant transients.

The high reheat temperature scram is the third level of defense against a rod
withdrawal accident. The first and second levels of defense are the high
neutron flux rod withdrawal prohibit and the high neutron flux scram,,

respectively. The hot reheat steam temperature parameter serves as a sensitive
indicator of the balance between core power output and secondary system power
demand. The design scram setpoint for this parameter, 1075 degrees F, was
established to be above the maximum hot reheat steam temperature expected
following a turbine trip from full load. When instrument inaccuracies and other
uncertainties are taken into account, the actual setpoint is lowered to 1050 +/-
4 degrees F.

EVENT DESCRIPTION:

At 1232 hours on May 6,1988, with the reactor operating at 79?J power and the
turbine generator on-line providing 265 MW electrical output, "B" helium
circulator tripped on buffer seal malfunction due to a short term (less than two
minutes duration) level excursion in the loop 1 bearing water surge tank.
Following the circulator trip, the main turbine ran back to approximately 50?;
load, as designed, and reactor power was run back by the flux controller. The
'" boost" circuit of the cold reheat attemperation system did not function
properly because the measured average hot reheat temperature signal it received
from the overall plant control system was reading 35 degrees F low at the time
of the incident. Without boosted cold reheat attemperation flow, hot reheat
steam temperatures rose to the scram setpoint approximately two minutes after
the circulator trip. The operaters were manually inserting control rods to
reduce the hot reheat steam temperature at the time of the scram. This is an
expected Reactor Operator response to increasing rehea' steam temperatures.

During the transient, problems were experienced with the purified helium system
| which resulted in a reduction of belium buffer flow to the circulator shafts and

allowed small quantities of radioactive primary coolant to enter the normally
non-radioactive buffer helium and bearing water systems, and eventually out into
the reactor building. At approximately 1250 hours, the noble gas instruments on

;

the reactor building stack monitors began to indicate above background.

i
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At approximately 1252 hours, buffer-midbuffer indication on "A" circulator went
negative, indicating a bearing water ingress into the reactor vessel. Operators
then tripped "A" circulator, resulting in an automatic loop shutdown, and made
preparations to isolate the circulator auxiliaries to stop the moisture ingress.
The ingress was terminated at approximately 1256 hours, and resulted in an
estimated 5 to 10 gallons of water in the primary coolant system.

Due to unplanned radiological releases through the core support floor (CSF) vent .

safety valve'following recent reactor scrams, the Operators were sensitive to !

the effects of PCRV pressure on the CSF vent system, and attempted to
depressurize the PCRV at too rapid a rate. The rapid depressurization rate
through the on-line helium purification train resulted in high flow through the
low temperature adsorber (LTA) and a gradual heatup of the :omponent to the
point where it began offgassing noble gases to the purified helium header at
about 1330 hours. A total unplanned release of approximately 3,600 microcuries
of radioactive noble gas escaped via the reactor building exhaust stack over the
course of the event.

CAUSE DESCRIPTION:

The cause of the 'nitiating event, the trip of "B" circulator, was a bearing
water level excursion of less than two minutes duration which first compressed,
then rapidly expanded the gas. volume in the top of the tank. The performance of
the buffer helium system is sensitive to the differential pressure between the
bearing water surge tank and the reactor vessel, which may change rapidly during
surge tank level upsets. In this case, the upset tripped "B" circulator on
buffer seal malfunction. The cause of the level excursion has been determined
to be a sticking surge tank normal level controller, combined with a
decalibration of the emergency level controller, which served to aggravate the
transient.

The reactor scram was caused by the malfunction of an analog averaging
instrument in the overall plant control system which resulted in an analog
average hot reheat steam temperature indication 35 degrees F below the actual -

temperature. This error prevented the attemperation boost circuit, compensating
sufficiently to prevent the reheat steam temperatures from reaching the scram
setpoint.
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The reheaters are intentionally oversized to allow for decreased efficiency
(such as tube plugging or tube fouling). Normally, attemperation flow is
programmed with feedwater flow. Following a main turbine trip or runback,

I however, a " boost" circuit is temporarily activated. At the time of the event,
this circuit was calibrated to provide 1000 pounds per hour of attemperation
flow for every one degree above 980 degrees F average hot reheat steam
temperature, in addition +.o that already demanded by the feedwater program.
This circuit temporarily increases the attemperation flow of the reheater
section of the steam generator, and has been successful in reducing unnecessary
high hot reheat steam temperature scrams during plant runbacks. During this 1

event, however, since the average hot reheat steam temperature signal from the
overall plant control system was 35 degrees F below actual temperature, the
amount of boosted attemperation flow provided was not sufficient to prevent an
automatic scram.

!

This plant has twelve steam generator modules, each with an economizer-
-vaporator-superheater (EES) and reheater section, arranged in two separate
secondary cooling loops. The hot reheat steam temperature is sensed by
thermocouple at the outlet cf each module. The six temperature transmitters
for loop 2 are numbered TT-2256-1 through -6. TT-2256-1, -2 and -3 send their
outputs to TM-2256-1, which is a three-input averager. Transmitters -4, -5 and
-6 send their outputs to TM-2256-2, which is a four-input averager. The fourth
input is the output of TM-2256-1, and the inputs are properly weighted so that
each module has an equal contribution to the average temperature. The two loop
averages are then combined in the instrument numbered TM-2256-7 (see Figure 1).

At the time of the scram, the overall plant control system was indicating 965 j
degrees F while other separate indications of hot reheat steam temperature
indicated very close to 1000 degrees F. The day following the scram, thc
calibration of the entire loop was checked while installed in the plant. At
this time TM-2256-1 was observed to be reading approximately 2/3 of its expected
output over the entire calibration range. All five modules were then removed
from the plant and were calibrated on the bench. TM-2256-1 performed properly
on the bench. When the modules were reinstalled in the plant, the problem was
again evident. Thermocouple inputs were then simulated on the entire circuit,
one loop at a time, and it was verified that the average hot reheat steam
temperature circuit performed as designed for the simulated inputs. The problem

| with TM-2256-1 having 2/3 of its expected output can not be reproduced.

|

l
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| During troubleshooting of the reheat control system circuitry, a discrepancy
| between hot reheat steam temperatures indicated by the Plant Protective System
I (PPS) scram circuitry and actual hot reheat steam temperatures has also been
I identified. The PPS indicated temperatures are approximately 10 F to 16 F
| higher than actual temperatures. This is the more conservative direction.

Thus, the scram occurred at actual reheat temperatures that were below the trip
1 setpoint. The cause of the discrepancy between PPS indicated and actual hot
| reheat steam temperatures has been attributed to the calibration methodology.
| One problem was that the applied test voltages were measured at the Module Test
1 Unit (MTU) and were not accurate due to line resistances between the MTV and the
| temperature transmitters. In addition, the temperature transmitter amplifier
I design included two compensating resistors that were improperly sized and other
| problems regarding the cold junction locations. The net effect of these errors
| was that calibration of the reheat steam temperature scram channels resulted in
i a scram setting that was effectively lower than expected.

ANALYSIS:

Since this reactor scram actuation was not part of a preplanned sequence, it is
reportable per the requirements of 10CFR50.73(a)(2)(iv).

The reactor scram occurred as a result of an equipment malfunction which
prevented the proper operation of the attemperation boost circuit intended to
prevent hot reheat steam temperature scrams under the conditions encountered.
The PPS scram circuitry actuated as designed, based on indicated temperatures
that were conservative compared to actual hot reheat steam temperatures.

The unplanned release that occurred during this event was approximately 0.08% of
Techn: cal Specification limits and resulted in a total dose of 1.94 E-7 REM at
the Exclusion Area Boundary (EAB). This event therefore posed no threat to the
health and safety of the public.

Similar events involving hot reheat steam temperature scrams were reported in
LER's 86-006 and 87-031.

CORRECTIVE ACTION:

The bearing water surge tank normal level controller was removed and cleaned,
and both the normal and energency level controllers were calibrated. Following
calibration, a functional test of the bearing water surge tank level control
system for both loops was performed to verify proper operation.

The hot reheat steam temperature circuit of the overall plant control system was
functionally tested and performed as designed. Although it can not positively
be stated that the problem with TM-2256-1 has been corrected, the circuit is now
working as designed. Indication of the problem reoccurring would be an increase
in hot reheat steam temperature. An audible alarm on the plant data logger will
alert the Operators if hot reheat steam temperatures exceed 1015 degrees F. All
Operators have been made aware of the indications that will exist, and the
actions to be taken, if the problem reappears,
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| The overall plant control system hot reheat steam temperature controller was set
to control hot reheat steam temperature at approximately 970 degrees F. Actual

| hot reheat steam temperatures were indicating approximately 975 degrees F, and
| the control circuit functioned properly. To provide additional margin against

hot reheat steam temperature scrams, the attemperation boost circuit has been
adjusted to activate at 970 degrees F (as opposed to the previous activhtion
temperature of 980 degrees F) following a turbine trip or runback.

| The temperature discrepancy between PPS indicated hot reheat steam temperatures
| and actual hot reheat steam temperatures are approximately 10 F to 16 F in the

~

| conservative direction. The calibration method has been revised to add test
| points closer to the temperature transmitters, so that more accurate test
| voltage measurements can be made. However, any further corrective actions would
| require either a new module design.or extensive redesign and neither of these
| options is justified for the remaining operation of Fort St. Vrain.

Corrective actions have been taken to correct the previous problems encountered
| with the core support floor vent safety valve following reactor scrams. Per
| SOP-24-01, Operators have received direction on proper depressurization rates

following a scram.
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