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PREFACE

The findings, recommendations, and conclusions contained in this

report are based on information gathered through informal channels

between Florida Power 8 Light, Combustion Engineering, and the U.S.

Nuclear Regulatory Commission Headquarters and Regional Offices. To

the extent possible, the information used in this report has been

verified by cross checking with other sources. The findings contained

in this reDort relate mostly to Saint Lucie I and other Combustion

Engineering pressurized water reactors. However, similarities among

pressurized water reactors leads us to believe that many of the findinqs

and recommendations may be broadly and generally applicable to all

pressurized water reactors. To this end, we recommend that a plant-

by-plant review not possible in this investigation, be undertaken by

others, to assess the applicability of these findings and recommend-

ations to other PWR's and to analyze and evaluate plant unique

design features not addressed in this investigation. The scope

of this report, although primarily limited to Saint Lucie I, does

address some of the design features unique to Westinghouse plants

with Upper Head Injection and Babcock 4 Wilcox plants as they relate

to a cooldown by natural circulation.



SAINT LUCIE NATURAL CIRCULATION COOLDOWN FOLLOWING

SIMULTANEOUS LOSS OF COMPONENT COOLING WATER TO ALL

REACTOR COOLANT PUMPS

l. Event Description

On June ll, 1980 while operating at full power one of the two containment

isolation valves in the component cooling water (CCW) return line from the

reactor coolant pumps (RCP's) failed closed causing a simultaneous loss of

CCW to all RCP's. CCW is supplied to all RCP's and Control Rod Drive (CRD)

air coolers through a single line penetrating the containment that is

connected to the non-essential CCW header, designated as "Header N". Likewise

the CCW return from the RCP's and the CRD air coolers is via a single line

penetrating containment. The containment isolation function for both the

supply and return lines is provided by two air operated valves in series in

each line. Both containment isolation valves in each line are located outside

the containment.

The failure of the CCW return valve was caused by a short circuit of a

terminal board that controls the solenoid valve in the air supply line to
'

CCW valve. The short circuit of the terminal board, due to the effects of

moisture produced by steam leakage from a flanged connection in a blowdown

line, caused the valve to fail closed at 0226 hours. After unsuccessfully

attempting to reopen the CCW return valve, the reactor was manually tripped

at 0233 hour s. RCP 181 was tripped at 0234 hours and RCP's lA1, lA2, and 182

were tripped at 0235 hours. The RCP's were running approximately 8 to 9



minutes without CCW prior to heing tripped. This is within the

allowable 10 minute time interval specified in the plant procedures.

At 0238 hours the operator jogged RCP 181 to aid in establishing

natural circulation.

The plant cooldown on natural circulation was commenced at 0300 hours

by dumping steam via the atmospheric dump valves. This is the normal

means of cooling the plant. CCW was reestablished to the RCP's at 0350

hours by jumpering an air supply to the CCW return valve to reopen it.
The RCP's were not restarted since RCP lower seal cavity temperature had

exceeded the 250'F limit specified by the pumo manufacturer (Byron-Jackson).

The manufacturer recommends that the RCP shaft seals he removed for

inspection if the lower seal cavity temperature goes above 250'F.

Since the RCP lower seal cavity temperature had exceeded 250'F, the

licensee continued cooling down by natural circulation in an exoeditious

manner but within the cooldown rate permitted by Plant Technical Specifi-

cations. During the time interval from 0601 to 0630 hours the Reactor

Coolant System (RCS) pressure was lowered from 1140 psig to 690 psig.

As can be seen from Figure 1, at 0613 hours pressurizer level oscillations

were observed when the charging pumps were aligned to the auxiliary spray

connection in the pressurizer. As the charging pump flow was alternated

between the auxiliary spray connection and the normal charging connection

in the cold leg, the pressurizer level was observed to increase at a rate

approximately ten'times as rapidly as could be accounted for by the

charging flow rate when the charging pumps were in the spray mode and



rapidly decrease when- in the normal charging mode. This behavior is

indicative of a void somewhere in the RCS other than the pressurizer.

Samples of reactor coolant taken indicated that there were not enough

dissolved gases in the coolant to account for the magnitude of the

level oscillations observed. This lead to the conclusion that the

void was steam rather than noncondensable gases.

It appears that the steam bubble was formed in the reactor vessel head

since during natural circulation there is essentially no flow through

this region of the reactor vessel to affect its cooldown. Although

the subcoolinq margin (calculated using either T or the core exit
H

temperature) indicated about 200'F subcooling, it was not representative

of the subcooling margin of the fluid in the reactor vessel head.

Since the steam bubble in the reactor vessel head was not affecting the

natural circulation flow, the cooldown was continued and at 1051 hours

Shutdown Cooling (SDC) Loop B, as shown in Figure 2, was put into service.

During the time interval of 0613 hours when the bubble was first formed

until 1227 hours when the Low Pressure Safety Injection (LPSI) Pump 1A was

started to take the RCS and pressurizer solid and to raise the RCS pressure;

pressurizer level was maintained by alternately charging through the auxil-

iary spray and normal charging connections and by starting and stopping

letdown flow from the RCS. At approximately 1237 hours the pressurizer

level indicator went off scale high indicating that the pressurizer was

solid. LPSI Pump lA was left dead headed against the RCS in the injection

mode until 1347 hours when it was secured and the mini-flow line was shut

by closing the motor operated valves (MOV's) in the common line to the

Refueling Water Tank (RWT).



After the pressurizer was taken water solid, the operators tried unsuccess-

fully to raise the RCS pressure above 200 psig (produced by running

LPSI Pump lA dead headed against the RCS) by using charging pumps, pressurizer

heaters, and securing letdown. The absence of a pressure rise indicated that

there was a leakage path from the RCS. During the 90 minutes the LPSI Pump 1A

was running in the injection mode the RWT level was observed to increase by

4 inches which corresponds to 4500 gallons or a flow of 50 GPN to the RWT.

Upon securing of LPSI Pump lA and closing the NOV's in the mini-flow line,

RCS pressure showed a slight increase. Simultaneously a recheck of valve

alignment revealed that the manually operated mini-flow valve on LPSI Pump

1B was 1/2 turn open and it was subsequently closed. Since the securing

of LPSI Pump 1A, the closing of the MOV's in the mini-flow line, and the

tightening of the manually operated valve occurred at essentially the same

time, the actual leakage path from the RCS to the RWT could not be deter-

mined. The potential leakage paths as shown in Figure 2 are as follows:

a. Through the LPSI Pump 18 manually operated mini-flow valve to

the RWT or,

b. Backflow through the LPSI Pump lA discharge check valve and

through the mini-flow line to'he RWT.

Once the leakage path to the RWT was isolated, the RCS pressure responded

in a normal manner. At 1432 hours letdown flow was established greater

than the charging flow and a bubble was drawn in the pressurizer. The RCS



behaved normally indicating that the steam hubble in the reactor vessel

head was no longer present. The cooldown was continued until the RCS

was in Mode 5 so that the RCP shaft seals could be replaced.



2. Event Sequence Analysis

As shown in Figure 3, following the reactor trip and the subsequent RCP

trip both T and T initially decreased as expected. T , which is
H C C

controlled by the secondary side saturation conditions, stabilized at

about 532'F the zero load temperature. T, after initially decreasing,
H

began to climb steadily at a rate of approximately 5'F per minute.

This increase in T caused the operator to become concerned that natural
H

circulation was not being established. Subsequently, RCP 181 was started

momentarily at 0238 hours and run for about 1 minute, in which time T
H

dropped to a value equal to T . After RCP 1Bl was stopped, T increased
C H

again at approximately 5'F per minute until it peaked at 555'F. It then

began to decrease indicating that natural circulation had been established.

Approximately 25 minutes after CCW flow had been lost to the RCP seals,

the lower seal cavity temperature on all four pumps exceeded the 250'F

temperature limit. Upon exceeding 250'F, Bryon Jackson recommends that

the RCP shaft seals be removed and inspected for degradation.

Cooldown was commenced at 0300 hours using the atmospheric dump valves

and RCS pressure was reduced by spraying into the pressurizer via the

auxiliary spray connection. Since the RCS pressure strip chart recorder



goes off scale below 1500 psig it cannot accurately he determined at

what pressure the steam bubble was formed. It appears from looking

at the strip chart of pressurizer level that the steam bubble (estimated

to he about 750 cubic feet) was formed about 0613 hours at which time

the RCS pressure was somewhere between 1140 and 690 psig. This would

bracket the temperature of the fluid in the upper head between 563'F and

504'F. Assuming a linear decrease in pressure between 0600 and 0630

hours would infer a temperature of the fluid in the reactor vessel head

of about 536'F. The full power T is 585'F which means that over the
H

four hours after the reactor trip this region of the reactor vessel

cooled down only about 50'F. This represents a cooldown rate of about

12.5'F per hour in the upper head as compared with approximately a 60'F

per hour coolhown rate of the bulk RCS inventory over the same interval.

Ouring the cooldown, prior to taking the pressurizer water solid , the

pressurizer level was being controlled by alternatively spraying into

the pressurizer and charging through the normal charging connections

in the cold legs. The auxiliary spray was periodically initiated

to keep the pressurizer level above the heater cut out point. The

continued controlled variation of pressurizer level was beneficial

in that the expansion and .contraction of the steam bubble in the

reactor vessel caused cool fluid to be flushed in and out of the vessel

head area thus enhancing the cooldown of this region of the vessel. The

continued insurge and outsurge of the pressurizer, however, exceeded the

capability of the pressurizer heaters to maintain RCS pressure. The con-

tinuing decay of RCS pressure necessitated the use of the LPSI Pump 1A





in the injection mode simultaneously with the LPSI 18 in the shutdown

cooling mode in order to maintain an adequate subcooling marqin. At

the time when LPSI Pump lA was started in the injection mode, the

pressurizer pressure and the subcooling margin had dropped to approxi-

mately 110 psig and 50'F respectively.



3. Findings

a. The rapid depressurization of the RCS resulted in a plant condition

that was not anticipated by the plant operators. Although the actual

safety significance of drawing a steam bubble in the reactor vessel

head during the natural circulation cooldown appears to be small, the

plant response did initially puzzle the plant operators. This could

have resulted in the plant operators taking actions that were incorrect.

Although this was not the case in this instance, it does indicate that

operator guidance needs to be developed in this area.

b. The jogging of the RCP to aid in the establishment of natural circula-

tion appears to have been unnecessary. The plant operators, apparently

concerned over the increasing T , decided to jog RCP 181, the first
H

pump tripped. RCP 181 had been run 8 minutes following the loss of

CCM prior to its being tripped, 2 minutes less than the 10 minutes

allowable time specified in plant procedures. Prior to jogging RCP 181,

core/ T was approaching the normal full power+ T. Emergency Operating

Procedures at the plant indicate that one of the criteria to ensure that

natural circulation has been established is that core/ T is less then the

normal full power QT. As seen in Figure 3, CE plants exhibit a charac-

teristic increase in T during the establishment of natural circulation.
H

Considering that T increased again at the same rate and stabilized at
H

approximately the same temperature after RCP 181 was stopped would tend

to indicate that jogging was unnecessary in establishing natural circula-

tion. Ouring the incipient stages of establishing natural circulation,



operators need to be made aware that T will initially decrease
H

then rise and peak suddenly. While jogging the pump caused no prob-

lem it did increase the potential for seal failure. Operator guid-

ance in how to recognize natural circulation needs to be expanded.

c. The continued sloshing of the pressurizer eventually led to a

condition that resulted in the simultaneous use of the LPSI pumps

in the SDC and injection modes to maintain an adequate subcooling

margin. When aligned in this manner, the check valve on the dis-

charge side of the LPSI pump in the injection mode becomes the only

barrier between the reactor coolant fluid and the Refueling Water

Tank (RWT). Since the RWT vents to atmosphere, a leaky check valve

in this system alignment creates an unmonitored leakage path for

primary coolant activity. The leak tightness of the check valves

on the discharge side of the LPSI pumps needs to be periodically

verified.

d. The formation of the steam bubble in the reactor vessel did not

inhibit natural circulation flow; although, it is estimated by

the licensee that the size of the bubble was about 750 cubic feet.

Information provided by the licensee indicates that the bubble

extended down about 10 inches below the reactor vessel closure

flange. This left a 36 inch margin above the top of the hot leg

which corresponds to approximately 300 cubic feet of reactor vessel

10



volume. The steam bubble size would have had to be 1050 cubic

feet before it would have reached the top of the hot legs.

Intuitively, it would appear that if the 'RCS pressure is slowly

decreased (causing a correspondingly slow expansion of the bubble)

it is not likely that a bubble of this size (1050 cubic feet) would

be achieved, since as the size of the bubble is increased the vapor

liquid interface moves out of the upper head region to a progres-

sively cooler region of the reactor vessel. This would tend to

condense the steam. Also, the liquid temperature aporoaches the

measured T as the surface moves from a stagnant flow ar ea to one
H

that is in the natural circulation flow path. This cooling effect

also tends to inhibit further formation of steam. On the other

hand, a very rapid decrease in RCS pressure will result in a rapid

rise of pressurizer level and may result in the expansion of the

bubble in the reactor vessel head into the hot legs. In this case,

the dynamics of the situation may not permit sufficient time for

condensation of the steam bubble in the reactor vessel. However,

this may not be a problem in that the vapor should condense either

in hot legs or in the steam generator tubes. In any case, it may be

desirable to maintain the pressurizer level between specified bounds

during the level oscillations to assure that the vapor remains in

the reactor vessel.

11
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e. A rapid depressurization could be a problem for 88W plants, nartic-

ularly if they are cooling down on natural circulation on one steam

generator, as a steam bubble might form in the "candy-cane" region of

the inactive hot leg. Once a bubble forms in this inactive hot leg

either due to flashing in the "candy-cane" or due to vapor expanding
I

out of the reactor vessel natural circulation could be precluded in

the inactive loop.. It may be difficult to totally condense a steam

bubble once formed simply by repressurization of the RCS. If the

liquid surface is quiescent the liquid acts as a piston and the

increase in the pressure causes the bubble temperature to increase.
n

The increase in RCS pressure causes a corresoonding increase in the

saturation temperature of the bubble and if the process of repressur-

ization is adiabatic, it is thermodynamically impossible to condense

the vapor. The steam bubble can only be condensed by cooling of the

bubble which may be a relatively slow process because of the hot walls

of the RCS piping.

f. During a natural circulation cooldown with an idle steam generator,

it may be possible to form steam bubbles in the upper regions of the

"U" tubes. Although these bubbles can be condensed by cooling down

the secondary side of the steam generator, the concern is that a

rapid collapse of these bubbles could cause a large decrease in

pressurizer level and possibly drain the pressurizer. Operators

should be alerted to this possibility when starting an idle steam

generator during a natural circulation cooldown.

12



g. The RCS pressure boundary is an extremely reliable passive safety

feature in that with the exception of the RCP seals, it requires no

dependence on auxiliary systems to perform its function of contain-

ing the reactor coolant. The integrity of the reactor coolant pump

seals depends on coolihg water. This cooling water is provided either

by seal injection or CCW to the thermal barrier heat exchanger or inte-

gral seal cooler. Saint Lucie, as well as all other operating Combustion

Engineering plants, does not have seal injection as a backup to CCM for

seal cooling. In addition, the CCM is supplied to the RCP in such a

manner that a single failure can stop cooling flow to all RCP seals.

Since the loss of CCW to the RCP seals may cause degradation of the

RCS pressure boundary even if the RCP's are stopped, the CCM supply

to the RCP's should be hi'ghly reliable even though it may not be from

a safety grade source. Consideration should be given to upgradinq the

reliability of the system supplying cooling water to the RCP seals.

h. Saint Lucie was rapidly depressurized due to a valid concern over the

capability of the RCP seals to maintain their inteority. Following an

extended loss of CCW to the seals, the lower seal cavity temperature

limit will be exceeded in about 25 minutes with the reactor at hot stand-

by. At this point, the pump manufacturer recommends seal removal and

inspection. This guidance, however, is not reflected in plant operating

procedures. The manufacturer also recommends, as indicated in plant

procedures, that the pumps not be run more than 10 minutes without CCW.

In a similar loss of CCW in 1977, the RCP's were run for 12 minutes and

this resulted in failure of the lower stage of a seal in one RCP. The

June ll, 1980 incident showed no damage to the two RCP seals inspected.

These RCP seals were run for 8 to 9 minutes without CCM. Based on a

13
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single data point, the 10 minute criterion appears to be a good

one; but considering the seal stage failure in 1977 after 12 min-

utes, which clearly could have been influenced by other variables,

the question of whether 10 minutes is close to a threshold is also

raised. There appears to be a lack of data on the "off-design"

performance of RCP seals.

The consequences of forming a steam bubble in the reactor vessel

head on plants equipped with Upper Head Injection (UHI) were

studied to determine possible adverse effects of UHI actuation to

condense the steam bubble.

UHI is a passive injection system provided for core cooling during

a LOCA. The injection pressure of the UHI was selected such that

during a large LOCA the vessel head would be filled with water during

injection. The UHI flows are high in this case hue to the rapid

depressurization of the RCS. UHI during a small break LOCA would be

into a two phase region but the flows would be low hue to the slowly

decreasing RCS pressure. In either of these cases the ootential for

water hammer is minimized.

The UHI system is initially isolated during the cooldown and depres-

surization process as required by normal operating procedures. How-

ever, during natural circulation, if a steam bubble were formed in

the vessel head, actuation of UHI would be one method of collapsing

the bubble available to the operators. In this mode of operation, the

14



UHI could be rapidly injecting into steam filled piping which might

produce water hammer by rapid steam condensation. This same situation
I

could possibly occur over some spectrum of intermediate size breaks.

In some Plants equipped with UHI, the nozzles were added to the vessel

head after the final heat treatment. Since the failure of a UHI line on

the RCS side of the check valves results in a LOCA, it is important, that

the UHI piping will withstand any water hammer loads imposed by injection

into the steam filled lines. Consequently, it should be verified that the

UHI piping will withstand potential water hammer loads associated with the

use of UHI when injecting into steam filled lines either to collapse a

steam bubble in the reactor vessel head or during a LOCA.

j. One design feature that was'rovided on Saint Lucie was a valve closure

on Hi gT for the CCW return valves provided for each RCP. The func-

tion of this automatic closure is to prevent reactor coolant from

going into CCW system in the event of a tube rupture in the RCP Seal

Cooler. Therefore, if the CCW outlet temperature from the RCP Seal Cooler

exceeds the inlet temperature by more than 203'F the air operated outlet

valve will close.

The April 1977 natural circulation cooldown was caused by failure of a

containment air compressor which caused these return valves to fail

closed. After the air supply was restored, the operators were unable to

open these valves since the Hi $ T closure logic prevented the valves from

15



being quickly reopened so that CCW could be reestablished to the

seals. Following this incident, Saint Lucie has provided a reset

feature on these valves with a 10 second time delay incorporated.

This permits the valves to be reopened after closure on Hi Q T

but the valves will automatically close if the differential temper-

ature does not go below 203'F within 10 seconds.

Incorporation of a reset feature on other plants that have an

automatic isolation of CCW on failure of the RCP seal cooler would

permit a more rapid restoration of CCW.

k. As the event progressed at Saint Lucie, the control room became

increasingly occupied as plant personnel responded to the off normal

plant condition. Although the severity of the event did not warrant

activiation of the Technical Support Center (TSC), it appears that the

TSC could have been used to assist the operators in the evaluati'on

of the event. This would have gotten some plant personnel out of

the control room and permitted the operators to function in a quieter

environment.

The TSC is officially activated in accordance with the Emergency

Response Plan only during more serious events. Putting the Emergency

Response Plan into effect at a level where the TSC is activated,

generally implies notification of the State, activation of the Offsite

Support Center and other functions geared toward an event of 'greater

severity. Clearly, there exist many events or situations where

16



it would be beneficial to activate the TSC function at the lowest

emergency action levels.

Criteria should be established to allow the use of the TSC function

during events of less severity which progress over a relatively

longer period of time.

1. The RCP manufacturer, Bryon-Jackson, recommends that the RCP seals

be removed and inspected if the lower seal cavity temperature exceeds

250'F. At the Saint Lucie plant the lower seal cavity temperature

for each RCP is indicated on the main control board and is high

alarmed at 170'F. During normal operation this temperature is

about 100-110'F. Although the lower seal cavity temperature is logged

twice a shift, a situation could arise where this temperature could

exceed the recommended 250'F limit for a period of time and return to

a temperature below 250'F without being noticed by the plant operators.

This situation could be avoided if in addition to the high temperature

alarm at 170'F a high-high temperature alarm was also installed to

actuate at 250'F. In reviewing the Saint Lucie procedure for Reactor

Coolant Pump Off Normal Operation, no mention was made of the manufac-

turers recommendation for RCP seal inspection if the lower seal cavity

temperature exceeds 250 F.

4. Recommendations,

a. During the incipient stages of establishinq natural circulation, oper-

ators should be made aware that T will initially decrease then rise
H

17



fairly rapidly and peak suddenly. This guidance would preclude

unneces sary concern or starting of RCP '.

b. Consideration should be given to alarming the lower seal cavity

temperature if it exceeds the recommended limit of 250'F.

c. Cooldown procedures during natural circulation should be expanded

to specify a non-mandatory rate of depressurization which if
adhered to would avoid formation of a bubble in the reactor vessel

head.

d. Procedures should be developed to guide the operators in responding

to a bubble formed in the reactor vessel head. These procedures

should include some definite limits on the controlled oscillations .

of pressurizer level, if this procedure is recommended to aid in

cooling the head. Emphasis should also be placed on the fact that

it may not be possible to condense a steam bubble by repressurization

without cooling.

e. Operator training should be expanded to allow operators to quickly

recognize the symptoms of formation of a void in the RCS other than

the pressurizer.

18



f. Plant procedures should be formulated addressing the simultaneous

use of the LPSI pumps in both the injection and shutdown cooling

mode. Particular attention should be directed to any potential

leakaqe paths from the RCS to the RWT.

g. Leak tightness of the check valves in the LPSI pumo discharge lines

needs to be periodically verified. These valves should be included

in the Inservice Test Program.

h. Analytical models used in accident and transient analysis should be

examined to verify that they properly account for the observed thermal

and hydraulic decoupling of the reactor vessel head region from the

remainder of the reactor vessel.

i. Consideration should be given to the potential for the formation or

accumulation of vapor in the "candy-cane" of the 88W reactors,

particularly in the inactive loop when natural circulation cooldown

is being accomplished with a single steam generator.

j. Plants not using seal injection and having a High QT closure feature

on the CCW discharge valves from the RCP should consider installing a

time delay reset that would permit temporary override of the closure

feature.



k. Loss of Instrument Air Procedures should be reviewed and revised

as necessary to address the potential effects of extended loss of

instrument air on RCP operation.

l. Consideration should be given to providing a supply of coolina

water to the RCPs that will not be totally disabled by a single

failure.

m. Consideration should be given to providing a means to measure

temperature in the reactor vessel head.

n. The following definitive data based on operating experience or

testing should be obtained from RCP vendors for pumps not

provided with seal injection:

(1) The time interval pump seals can survive without CCW at

normal operating RCS temperature and pressure, if the

pump is idle.

,(2) The time interval in which RCPs should be stopped following

the loss of CCW to preclude seal failure.

o. The potential for water hammer due to steam condensation in Upper

Head Injection (UHI) lines should=be evaluated.

20



p. Graduated criteria should be developed to allow the TSC to be

activated at the lowest levels of emergency response for incidents

of less severity that progress over a significant period of time.

q. Revise plant procedures as necessary to include RCP manufacturers

recommendation on seal inspection if lower seal cavity temperature

exceeds 2SO F.

21



5. Conclusions

The primary significance of the June ll, 1980 natural circulation cooldown

is that the formation of the steam bubble in the reactor head was unexpected

by the plant operators and was not immediately recognizeh by them. This

could have led to the operators taking improper corrective action,

although this was not the case. However, operator training needs to be

expanded so that the formation of a steam bubble in the reactor head can be

promptly recognized by the operators during a rapid depressurization while

undergoing natural circulation cooldown. Recognizing that the reactor vessel

head is not in good thermal and hydraulic communication with the remainder

of the reactor vessel and that the formation of a steam bubble in the head

is possible; procedures should be developed to guide the operator in plant

depressurization to avoid bubble formation. Under certain conditions,

rapid depressurization is necessary or desirable; therefore, procedures

should also be developed to guide the operator in cooling down the plant

by natural circulation with a steam bubble in the reactor vessel head.

Although further investigation, as enumerated in the recommendations, is

necessary, the voiding of the reactor vessel head does not represent an

immediate safety concern. Clearly, it is a plant condition that should

be avoided, if possible. However, formation of a steam void in the

reactor vessel head did not in any way impede natural circulation. Other

than the problem caused by the leakage of reactor coolant to the Refueling

Mater Tank, apparently due to a partially open valve, the reactor was

brought to a cold shutdown condition in an orderly manner, considering

the new situation that confronted the plant operators.

22
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