
UNITEO STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

SAFETY EVALUATION FOR ST. LUCIE 1

REGARDING NATURAL CIRCULATION COOLDOWN

Background

Iln June 11, 1980, an event occurred at St. Lucie Plant Unit 1, which

resulted in steam formation within the upper head of the reactor vessel while

undergoing primary systen cooldown under natural circulation conditions.

The steam formation within the reactor vessel resulted from excessive

plant depressurization, in turn leading to saturated fluid conditions

within the upper head. As a result of this event, the staff, in a

letter dated July 8, 1980 requested that the licensee provide the following

information.

1. Provide analyses of plant cooldown on natural circulation using an

analytical model that properly accounts for the relatively

stagnant fluid in the upper head of the vessel and the nI tal

structure (i.e., internals, vessel walls, etc.). Your response

should include a description of the analytical model used. From these

analyses, an optimum plant cooldown rate on natural circulation

should be identified. Furthermore, confirm that, assuming loss of

offsite power, adequate condensate grade secondary makeup is

available to support plant cooldown at the determined rate.

2. Provide discussions of the consequences of a nore severe

depressurization. Could the steam bubble expand to the elevation

of the hot legs? If so, what could be the consequences?

3. The operators depressurized the plant as fast as they did due to a

concern for pump seal failure. Evaluate the consequences of the

seals failing on all four pumps.
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4. Provide the results of a review of the events analyzed in Chapter

15 of your FSAR and either (1) show that the consideration of a

stagnant upper head fluid region »ith structural heat included does

not alter the analyses presented; in particular, events which

depressurize or require depressurizing the primary system (e.g.,

stuck open turbine bypass valve, steam generator tube rupture), or

(2) revise your analyses as necessary to properly account for the

upper head fluid and structure temperatures and resubmit the

results.

5. Describe how your operator guidelines and procedures have been

revised for the cooldown on natural circulation event to properly

recognize the potential for upper head steam formation, and to

instruct the operator regarding plant cooldown rates necessary to

keep from forming voids. The guidelines should also address

recognition and corrective action to be taken in the event of upper

head steam formation.

6. Excessive cooldown rates, during natural circulation or other means

of cooldown, which lead to upper vessel voiding should be properly

modeled on the simulator for operator training. Confirm that this

phenomena has been properly modeled on the simulator and that

events which produce upper head voiding will be included in future

operator training and requalification.

The licensee response to these concerns are documented in references 2,

3, 4, 5, and 6. The following is the staff's evaluation of the licensee's

response to the above questions. Portions of the licensee's response

involving guidelines and procedures will not be evaluated in this Safety

Evaluation (SE). The vendor guidelines and the bases for these guidelines are being
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reviewed as part of Tt1I Action Item I.C.l. Conformance of plant

specific procedures with the guidelines will be reviewed by the

Procedures and Test Review Branch, Division of Human Factors Safety.

This SE . evaluates the mechanistic safety considerations associated with

upper head voiding.

Evaluation

1. Analytical Model- References 5 and 6 describe the licensee's

analytical model used for analyzing plant cooldown during natural

circulation. This model was the RETRAN computer code and included

the following: "a detailed nodalization of the upper portion of

the reactor vessel including a representation of the reactor vessel

walls and internals; a number of automatic control systems (for

charqing pumps, letdown control valve and pressurizer heaters); and

a non-equilibrium thermal hydraulic model for the pressurizer."

The analysis concluded that a cooldown rate of 30'F/hr to 325'F

followed by a soak (to prevent upper head voiding) cools the

reactor vessel upper head to 409.5'F in 16. 1 hrs. Another analysis

concluded that a cooldown rate of 50'F/hr to 325'F followed by a

thermal soak allows the reactor vessel upper head coolant

temperature to reach 409.5'F in 14.2 hrs. 409.50F is the saturation

temperature corresponding to shutdown co'oling entry conditions {275

psia). An additional analysis was then performed for a 50'F/hr

cooldown to 325'F using conservative assumptions regarding fluid

mixing in the upper vessel. The model assumed that the upper head

was split into two volumes. The small amount of rela'tively cool

water that enters the region through the control element assembly

shrouds was assumed to mix only with the lower volume. The upper



volume is cooled only by conduction. Results with these conservative

fluid mixing assumptions showed that the upper head coole~ to

409.5'F after 25.7 hrs (20.4 hr soak).

The licensee concluded that a 50'F/hr cooldown rate to 325'F with a

soak for 20.4 hrs, followed by depressurizatirfn to shutdown cooling

entry conditions, would cool the plant without voiding the upper

head. The licensee indicates that its procedures will be revised

to follow this procedure.

In order to accommodate a 50'F/hr cooldown rate, the licensee

concluded that 270,500 gallons of condensate water are required.

The licensee's procedures will be revised to instruct the operator

to establish make-up to the condensate storage tank and to maintain

the volume of the tank above the technical specification limit

during this procedure. Hake-up water is supplied fron the water

treatment plant and the two 500,000 gallon, city water storage

tanks. The licensee indicates that pumping capability from both

sources can be supplied from the diesel generators and therefore

are available during a loss of offsite oower event.

In addition to the cooldown/soak method, the licensee developed a

back-up method of cooldown ("drain and fi'll")which requires the

technical specification volume of condensate wate~. This "drain

and fill"method would be used in the event of loss of condensate

makeup capability. The drain and fill procedure is a method of

natural circulation cooldown that allows voiding in the reactor



vessel upper head. It involves depressurizing the system with the

pressurizer sprays, resulting in upper head voiding and an insurge

of water into the pressurizer ("drain" the upper head). This

process is reversed by injecting charging water into the Reactor

Coolant System. Due to elevation difference. between the

pressurizer and the upper head, the cooler loop water

preferentially fills the upper head ("fill). This water cools the

upper head, condenses the steam, and leads to an outsurge from the

pressurizer. The licensee. has analyzed and successfully executed

this procedure twice. The use of this method led to a reactor

cooldown within the licensee's Technical Specification cooldown

limits with at least 50'ubcooling maintained in the hot legs.

For these reasons the licensee concludes that it is a safe method

of cooldown. The staff's evaluation of the licensee's response concludes

that they have demonstrated the plant's ability to cooldown without

voiding. The, licensee also demonstrated that they have sufficient

condensate supply to support this extended cooldown if the volume

is maintained above the technical specification limits. The

licensee indicates that pumping capability from their make-up

sources can be supplied from the diesel generator and is therefore

available during a loss of offsite power event. Finally the

licensee has developed a back-up procedure that allows an

expeditious natural circulation cooldown with voiding in the upper

head. This method uses the technical specification volume of

condensate water and has been analyzed and successfully used by the

licensee on two occasions. The staff concludes that the licensee's

response is acceptable but conditional upon acceptance of the



operator quidelines and procedures. As indicated earlier,

procedure and guideline review is being performed as part of TNI

Action Item I.C. 1.

2. Conse uences of Rapid Oepressurization- Reference 3 documents the

licensee's response to the consequences of rapid depressurization.

The licensee concluded that a steam bubble could expand to the top

of the hot legs if a sufficiently rapid depressurization was

allowed to continue, although this is not anticipated. It was also

concluded that the consequences of such an occurrence are minimal

because the voids would be collapse'd by the subcooled water and

heat transfer at the steam generators. Furthermore, a steam void

in the inlet side of the steam generator tubes would enhance

natural circulation due to the increase in driving head. Finally,

the licensee indicated that CEN-114, "Review of Small Break

Transients in Combustion Engineering Nuclear Steam Supplv System,"

July 1979, demonstrated that two phase heat transfer in the steam

generator tubes provided adequate cooling.

The consequences of voiding in the hot leg have been analyzed and

bounded by previous analyses for small breaks and design basis

steam line breaks. For this reason the staff finds acceotable the

consequences of a rapid depressurization during natural

circulation. This event will not result in unacceptable

consequences provided the operators properly recognize the event

and do not take incorrect actions.
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3. Conse uences of RCP Seal Failure (Reference 3)- The licensee

concludes that the simultaneous failure of all four RCP seals is a

highly improbable event. Hot standby tests have been conducted on

an RCP seal cartridge of the type used by St. Lucie (reference 8).

In the tests, the RCPs were stopped and the temperature and pressure

were at normal operating levels. The seal cooling water was shut

off and the seals did not show serious leak rates for 56 hours when

the test was ended. The licensee concludes that the seals can

withstand the loss of cooling water for an extended period of time.

The staff finds the licensee's response acceptable. The seal test

was performed at 550'F and 2250 psig and the maximum recorded leak

rate was 16. 1 gph. During most of the test the controlled leakage

was within normal limits. Additionally, the staff has concluded

that in response to THI Action Item II.K.3.25 the licensee has

adequately demonstrated that the integrity of the RCP seals is

maintained during a loss of electrical power event. (Reference 9)

4. Implications to Chapter 15 Events- The licensee's review of the

FSAR chapter 15 events (Reference 4) showed that consideration o< a

stagnant upper head region does not alter their conclusions.

Specifically, three Design Basis Events resulting in primary

depressurization were examined using the CESEC code. These events

were the Excess Load Event, the Steam Line Rupture, and the Steam

Generator Tube Rupture. For these analyses it was assume~ that the

RCPs were tripped 5 seconds after generation of the Safety

Injection Actuation Signal. At the onset of natural circulation



conditions, flow to the reactor vessel upper head region is set

equal to zero. Automatic actuation of auxiliary feedwater flow and

delivery to the steam generator is assumed three minutes after a

low steam generator level reactor trip signal.

From their analyses the licensee made the following conclusions:

Excess Load Event - The maximum void resulting from this event is

34™~ of the upper head volume. This occurs after the time of

minimum DNBR and peak linear heat generation rate. The licensee

concludes that this event does not adversely affect primary coolant

circulation or the transient approach to the Specified Acceptable

Fuel Design Limits and, therefore, the conclusions from their

previous analyses are valid.

Steam Line Rupture - This event assumes a circumferential rupture

of a steam line at the steam generator main steam line nozzle while

at full power. The first void reaches a maximum of 655 of the

upper head volume at 62 seconds. It is caused by the rapid

cooldown of the primary system and it is collapsed when the

affected steam generator blows dry. A second void forms

approximately 3 minutes after the reactor. trip when auxiliary

feedwater enters the affected steam generator and causes a second

RCS cooldown. This void reaches a maximum of 37Ã of the uoper head

volume.



The licensee concludes that the formation of an upper head void

during a Steam Line Rupture does not adversely impact the

conclusions reached in the FSAR.

Steam Generator Tube Rupture — For this event the void reaches a

maximum of 44% of the upper head region. Natural circulation

cooldown is not impaired because the void does not reach the level

of the hot legs. In the Cycle 4 supplement to the FSAR, the

licensee shows that inclusion of the effects of upper head voiding

during this event results in an insignificant impact on the

predicted offsite doses.

The licensee's submittal does not explicitly identify the

assumptions made in its analysis of the Chapter 15 events described

above. For this reason, our evaluation of the implications of

reactor vessel uppee head voiding to Chapter 15 events is based on

Reference 7, CEN-199 "Effects of Vessel Head Voiding Ouring

Transients and Accidents in CE NSSSs." This report is presently

being reviewed as part of Tt11 Action Item II.K.R.17. The analyses

in this report are based on the CESFC code, an aoproved code that

explicitly models the reactor vessel upper head. The conclusions

of these anal.yses are applicable to St. Lucie ljnit 1.

The most limiting Chapter 15 accidents with respect to vnid

formation are the steam line break and the steam generator tube

rupture events. The primary concern during these events is the

decreased depressurization while the upper head contains voids.



The steam line rupture assumes a double-ended guillotine break of a

main steam line from full power with concurrent loss of offsite

power, failure of one HPSI pump and the most reactive CEA stuck in

the fully withdrawn position. The analyses concluded that the void

will not reach the hot leg elevation. Upper head voiding has no

effect on the pre-reactor trip consequences nf a steam line break.

It does result in a higher RCS pressure as the system is

depressurizing following reactor trip, which in turn results in

lower HPSI flow into the system. The amount of borated HPSI flow

that reaches the core prior to steam generator dryout will impact

the potential for a post-trip return to power condition.

Consequently when upper head voiding is accounted for, analyses

show a larger post trip increase in power, however, it is still
within the acceptance criteria of the Standard Review Plan.

The steam generator tube rupture analyses assume a double-ended

tube rupture from full power with a loss of offsite power at the

time the generator trips and the most reactive CEA is in its fully

withdrawn position. One percent of the full power core/upper

plenum flow is assumed to flow to the upper head unti 1 the time

that the RCPs are shutoff (coincident'with loss of offsite power).

The analyses conclude that the void cannot expand to the top of the

hot leg elevation. There is, however, an increase in the offsite

dose. Following tube rupture, the primary system pressure will

decrease to the reactor trip setpoint, which in turn will lead to a

more rapid depressurization. The pressurizer will empty and safety

in,jection will begin. When upper head voiding is accounted for,



depressurization occurs at a slower rate. An analysis of

integrated releases show that the results are more adverse when the

upper head region is specifically modelled. The radiological

consequences are still within the Standard Review Plan acceptance

criteria.

The staff finds the consequences of upper head'voiding acceptable

contingent upon the acceptance of adequate operator guidelines,

procedures and training to appropriately diagnose and respond to

such events.

5. Revision of Operator Guidelines and Procedures and Operator

J'raininfor NSSS Voidin (Reference 2)- The licensee has revised

its Emergency Operating Procedure 0120040, "Loss of Reactor Coolant

Pump Flow/Natural Circulation." The revisions address the

following concerns:

a) Recognition of potential for upper head steam formation

b) Cooldown rate necessary to keep from void formation

c) Recognition of upper head steam formation

1. RCS temp(T

2. Rapid increase in pressurizer level when charging through

auxiliary sprays

3. Rapid decrease in pressurizer level when charging to RCS

loops

d) Action to be taken in the event of upper head steam formation-

The alternatives given here include: 1) restarting a RCP,

2) elevate RCS pressure, 3) stopping cooldown and using the
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drain and fill method.

The licensee stated that it has included the natural circulation

cooldown event in its operator training and requalification

program. It directs the question concerning simulation of the

event to the owners of simulators as it does not operate its own

simulator.

The staff emphasizes the importance of proper training and adequate

procedures in appropriate operator response to upper head voiding.

Procedures should include the indications that upper head voiding

is occurring and methods to prevent or mitigate void formation.

Training should include discussions on how voiding occurs, the

consequences of voiding, and the St. Lucie event as well as a

discussion of the applicable procedures. The licensee does not

specify that these items are addressed and should review its

training program to ensure that they are. Proper trainino,

including simulator training, is the licensee's responsibility.

The licensee is required to confirm that upper head voiding has

been properly modeled on the simulator. A resolution of the

adequacy of guidelines and procedures will be pursued hy a program

initiated by THI Action Item I.C. l.
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Conclusion

Upper head voiding, in itself, does not present any safety concerns

provided that the operator has adequate training and procedures to

recognize and react to the situation. Assuming proper operator

response, this SE concludes that consequences of upper head voiding are

acceptable. Our conclusion is based upon the vendor's analyses (Ref. 7)

that demonstrate compliance to present regulatory requirements. The staff

further concludes that natural'circulation cooldowns should be performed

without upper head voiding, if the situation warrants, to avoid an unneces-

sary challenge to the operator. This SE did not attempt to duplicate the

review of guidelines and procedures since this effort is being conducted

under TMI Action Item I.C. The Procedures and Test Review Branch will

review plant specific procedures. The licensee is required to review its

training program and confirm that the following items have been addressed:

a) how voiding occurs and its consequences

b) signs that voiding is occurring

c) discussion of procedures to prevent and mitigate voiding

d) discussion of the St. Lucie 1 event.

e) proper simulator modelling of upper head voiding.

Principal Contributor:

Mary E. Keane, RSB
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