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At 0029 on June 23, 1984, with reactor power at 23'4, the Plant Protective System
| (PPS) initiated an automatic scram upon exceeding the floating high pressure trip
| point in the Prestressed Concrete Reactor Vessel (PCRV). Prior to the high

pressure trip, an orderly shutdown from 40% power was in progress due to high
primary coolant moisture levels following an automatic trip action on "A" helium
circulator.

As the orderly shutdown and corresponding vessel depressurization were in !

progress, the normal decressurization f!owpath became blocked causing the eventual
high pressure trip. The automatic actuation of the PPS scram circuitry is being

,

reported under Section 50.73(a)(2)(iv). '

The reactor went subcritical immediately following the automatic scram action, but
it was noted that 6 of the 37 control rod pairs had failed to automatically

| insert. The six rod pairs were driven into the core within 20 minutes following
the event. The reactor remained subcritical throughout the event and the
indapendently redundant reserve shutdown system was available as designed. The
conditions of this event are under investigation to determine the potential impact
on the automatic safe shutdown function of the control rod system. Therefore,
this event is also being reported under Section 50.73(a)(2)(v) for its potential

$ impact in preventing an automatic safe shutdown.
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BACKGROUND: (Fort St. Vrain FSAR Section 3.8)

| The control rod drives (CRD) are essentially electrically powered winches, which
raise and lower the control rods by means of flexible steel cables. Gravitational
force acts to propel the control rods into the core during a scram, the free-fall
speed be'ing controlled by a velocity limiting system (Figure 1). All control rod
drives are of identical design and have the same operating characteristics.

The control rod drive mechanism operates in a helium environment within the PCRV
at reactor pressure (Figure 2). Ambient temperature is nominally maintained at
approximately 150 degrees Fahrenheit by the refueling penetration cooling system
and a thermal barrier between the drive and the reactor core. Shielding,
interposed between the drive and the reactor core, limits the radiation level at
the control rod drive to approximately 1 rad per hour. A helium purge flow of

| about 5.5 pounds per hour floods the drive assembly and reduces the ingress of
contaminated reactor helium coolant (Figure 3).

The principal components of the control rod mechanism are the drive motor, motor
brake, reduction gearing, rod position potentiometer, limit switches, limit switch

n cams, slack cable indication device, duplex cable drum, control rod guide tubes,
(j and 1/4 inch diameter suspension cables.

The control rod drive raises and lowers the two control rods simultaneously by
winding and unwinding the control rod suspension cables from a common drum having
two winding grooves. This drum is made up of three plates which are bolted
together. The two joints formed by the three plates are machined to form two deep
spiral grooves. Each of the two cables is attached to its respective drum groove
by an anchor swaged to the cable. The anchor rides in bushings pressed into the
drum plates and is therefore able to rotate as required. The spiral grooves are
machined such that each successive wrap of cable lies properly on the previous
wrap. From their anchor point on the cable drum, the cables pass through a guide
pulley assembly consisting of three pulleys mounted approximately 18 inches below
the centerline of the drum. The guide pulleys maintain the cables at the current
center distance, where they enter the radiation shield below the drive mechanism.

The control rods are electrically controlled by the shim motor and brake assembly.
The shim motor and brake assembly is assembled as a unit having a single shaft and
can be easily disconnected from the gear train by removing two screws. The shim
motor is a 3 phase, 4 pole induction motor operatin; at 60 cycles, 105 volts, and
approximately 1750 rpm. Attached to the motor shaft is an electromagnetic
friction disc brake. The brake is spring-released whan de-energized. Thus, the
brake, when energized and applied, retains the control rods in a withdrawn
position. When a scram is initiated, the brake is de-energized and released,
allowing the rods to fall into the core under gravitational force.
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A 3 phase capacitor array is permanently connected to the motor circuit; thus,
when the motor is rotated under the influence of the falling rods, it functions as
an induction generator supplying a capacitive-resistive load, the characteristic
frequancy of which determines the limiting speed of the motor and, consequently,
the control rod insertion velocity. The rod velocity during a scram, in this
case, is controlled at a value approximately 15% in excess of the shim speed
(i.e., scram speed is about 1.25 inches per second). The initial excitation of
the motor for operation as an induction generator is provided by' residual
magnetism built into the motor.

Rod-out and rod-in position indication is provided by cam-actuated switches. The
cams are mounted on a drum which is gear-driven by the rod position potentiometer
drive shaft. This shaft is dir'ectly coupled to the cable drum through a gear
train and rotates as required for the full rod travel.

All bearings and gears in the drive assembly are treated with a thoroughly tested
dry film lubrication technique which is essentially unaffected by the existing
radiation and temperature levels. Bearings and gears are fabricated of materials
proved by extensive testing to be suitable for dry film lubrication in a purified
helium environment. The bearings are of a special construction compatible with

h such duty. Motor winding insulation is a high grade material, found by test to be
necessary in a low-dielectric-strength gaseous environment; the stator windings
are entirely encapsulated as an additional precaution against shorting to the
frame and laminations.

With the rods in the inserted position, rod movement is initiated by applying
electric power to the drive motor and simultaneously de-energizing the motor
brake. The cables then begit. to wind onto the drums and withdraw the rods. The
limit switch cams release the rod-in switch, causing the " rod in" light on the
console to be extinguish:d. Roa position is transmitted to the console by a
potentiometer coupled directly to the drum gearing. As a precaution against loss
of rod position indication, both the rod-in and rod-out limit switches and the rod
positien potentiometer transmitters are duplicated. Also, there are two slack
cable sensing switches.

1Failure or removal of both AC and DC power from any one drive will allow the rods 1

controlled by that drive to drop into the core under the dynamic braking control
of the motor and capacitor system. If the AC motor power fails and DC brake power
is maintained (no scram signal), the control rods will retain their position. If
DC brake power fails (no scram signal), the rods will drop into the core under
dynamic braking control. The DC brak,e power must be maintained.if the rods are to
be held steady at any position other than fully inserted. |
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EVENT DESCRIPTION:

The sequence of events leading up to the high pressure scram began at 1404 hours
on June 22, 1984, with the reactor at about 50% power. A rapid rise pressure
relay on auxiliary transformer 1 tripped, resulting in a temporary loss of 480V
Essential Bus 1 (until the Bus-tie breaker closed). The .emporary loss of Bus 1
power resulted in a loss of normal bearing water supply to both helium circulators
(A and B) in Loop 1, initiating backup bearing water (BUBW) to be supplied. The
surge of BUBW caused an upset in the buffer helium system, which functions as the
interface between the high pressure bearing water being supplied to the circulator
shaft and the primary coolant helium. The buffer helium upset automatically
tripped "A" circulator, but difficulty in setting the shutdown seal was
experienced. Reactor power was manually run back to 30%, the Interlock Sequence
Switch (ISS) was placed in the " low power" position, and the regulating control
rod was returned to automatic control.

-Several minutes later, evidence of rising primary coolant moisture levels were
seen on -both the Plant Protective System (PPS) Moisture Monitors and the
analytical system moisture monitor in service. The analytical moisture monitor
stabilized in the range of 40+70 ppm, and was subsequently monitored to establish

O Pr4=arx cooiect motst#re 1eveis-

| "A" circulator was available for restart about 60 minutes after the incident
I started and was returned to service around 1620. The reactor power channels
| indicated an increase 'in power to about 40% due to primary system cooldown. Full
| circulator operation continued until about 2000, at which time the decision was

made to begin an orderly shutdown on account of moisture. At this time, it became
evident that the helium purification train, which is used in decreasing vessel
pressure in accordance with power level, was icing up due to the high moisture
levels. The turbine was tripped at 2144 with power at about 30%.

At 0029, with reactor power at 23% and being decreased, the reactor automatically
scrammed on programmed vessel pressure high. Although the reactor was verified
suber.itical following the automatic scram, it was noted that 6 of the 37 control
rods (in Regions 6, 7, 10, 14, 25, and 28) had failed to automatically insert and

| these were driven in over the following 20 minute interval (see Figure 4). A
subsequent calculation using a computer code analysis (Gauge) verified that a
shutdown margin of 0.0225 delta p (Keff = 0.978) existed even with the above rods
not scrammed. The Fort St. Vrain Technical Specifications consider 0.01 delta p
to be an acceptable shutdown margin.
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ANALYSIS OF EVENT: .

The PPS scram circuitry correctly sensed above normal pressure in the PCRV and
initiated protective action as designed. However, protective action was not
necessary during -this--condition since the high pressure was not the result of a
steam generator tube or subheader rupture which would have the potential for

increasing reactor pressure beyond the setting of the PCRV safety valve ,resulting
in an unplanned radiological release. The temporary introduction of moisture
through a malfunction of the backup bearing water system and the circulator
shutdown seal is considered an operational concern and is under investigation.

| The icing up of the helium purification system was not abnormal under the observed
| high moisture conditions. Prior to the trip, the high pressure setpoint was
| decreasins as programmed with circulator inlet temperature (indicating a power
i reduction). When the depressurization flow path was blocked, the trip point was
| exceeded as temperature continued to decrease without a corresponding decrease in
| pressure (Figure 5).

The blockage of the on-line helium purification train caused a loss of the helium
purge flow which normally provides the control rod drive assembly with a supply of

||h | purified helium and mitigates to some extent the upward flow rate of high
| temperature, contaminated, potentially moisture-laden primary coolant helium. The

significance of a loss of purge flow coincident with high primary coolant moisture
| levels has been investigated with respect to control rod operability through
I recent evaluation. It has been determined that the migration of moisture from the
| PCRV into the CRD motor area would not have been prevented even under full design
i purge flow conditions.

| The cause of the six control rod automatic insertion failures is believed to be
I due to the migration of moisture from the PCRV into the CRD motor area.
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| CORRECTIVE ACTIONS: .

| | The preliminary results, conclusions, and future plans for continuing the

|
| investigation program are described in the following summary:

1 1) A number of ttsts have been developed throughout the CRD work in order to
[ better ascertain the mechanism for the apparent binding of the drive system.
| The most conclusive of these tests is "Back-EMF Testing", which p'rovides a

,

| sensitive indication of control rod drive train performance during a scram. A

| "Back-EMF" voltage is generated by the CRD shim motor as its control rod is
I scramming under the velocity limiting sy' stem. Such testing may be used to
| confirm control rod operability prior to reactor startup and during power

| operation.

| 2) The six control rods that failed to automatically insert, along with two that
| did insert, have been inspected, evaluated, refurbished, and tested.

| 3) A meeting is presently being scheduled with the NRC to discuss the details of
| the investigations and testing to date and receive concurrence that our
I conclusions and maintenance will assure that all control rods will scram as

hs | required in the future.

| 4) The functional testing of the two reserve shutdown hoppers, along with
| material examination, is still planned.

| 5) A final engineering report summarizing resolution ~of a'l past and present CRD
| concerns will be issued in the future.

[ Another supplemental report will follow.

.
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FIGURE 4|
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