TENNESSEE VALLEY AUTHORITY

CHATTANOOGA. TENNESSEE 37. O

400 Chestnut Street Tower II1

December 18, 1981

Director of Nuclear Reactor Regulation

Attention: Ms, E. Adensam, Chief
Licensing Branch No. 4
Division of Licensing

".S. Nuclear Regulatory Commission

Washington, DC 7.755

Dear Ms, Adensam:

In the Matter of ) Docket Nos. 57-327
Tenne._3ee Valley Authority ) 5u=328

The Sequoyah Nuclear Plant unit 2 operating license (DPR-79) condition
2.C(16).n requires TVA to submit the analysis performed by the Westinghouse
Owners Group (WOG) addressing void formation in Westinghouse-d2signed
nuclear steam supply systems during natural circulation/depressurization
transients. Enclosed is a copy of a letter submitted to Paul S. Check,
NRC, on April 20, 1981 from Robert W. Jurgensen, chairman of the WOG., The
information provided by the April 20, 1981 letter is applicable to TVA's
Sequoyah Nuclear Plant. This submittal satisfies the unit 2 operating
license condition 2.C(16).n.

In addition, the Westinghouse Owners Group is currently developing
appropriate modifications to the Westinghouse Owners Group Reference
Operating Instructions to take the results of the study into account so as
to preclude void formation in the upper bead region during natural
eirculation cooldown/depressurization transients and to specify those
goiiGLtiama under which upper head voiding may occur. TVA will consider the
generic guidance developed by the Westinghouse Owners Group in the
development of the Sequoyah operating procedures. TVA submitted a response
to NRC's Generic Letter 81-21 (Natural Circulation Cooldown) which
contained the WOG description of the Westinghouse analysis on natural
eirculation cocldown.

Very truly yours,
TENNESSEE VALLEY AUTHORITY

™y "y [

L. M. Mills, Manager

[

Notary Publie

é S./ /
My O6mmission Expires

8201180128 811218
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Nuclear Regulation and Safety ’go}/
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AMERICAN ELECTRIC POWER Service Corperation

2 Broadway, New York, N. Y. 10004
(212) 440+3000

April 20, 1981
0G6-57

Mr. Paul S. Check

Assistant Director for Plant Systems
Division of Systems Integration

U.S. Nuclear Regulatory Commission
7520 Norfolk Avenue

Asthesda, Maryland 20014

Dear Mr. Check:

ST. LUCIE COOLDOWN EVENT REPORT

On June 171, 1980, a total loss of component cooling water flow to the reactor
ccolant pumps occurred at the St. Lucie Unit 1 plant. When the cooling flow
could not be restored in the time 1imit specified by the plants Technical
Specifications, the reactor was manually tripped. Within two minutes af<er
the reactor trip, the reactor coolant pumps were also manually tripped.
Approximately 27 minutes later natural circulation cocldown was initiated.

[t is evident that veid formation occurred in the upper head region of the
reactor vessel during the natural circulation cooldown 3t St. Lucie.
Apparently, the fluid in the upper head was much hotter than the rest of the
primary system. It is postulated that the steam bubble in the upper head
area was produced when the system pressure dropped below the saturaticn
pressure correspending to the temperature of the fluid in the upper head.

After the St. Lucie incident, the NRC recommended varicus action items for
power reactor licensee consideration. These items are 1istad ‘n IE Circular
80-15 and include establishing a natural circulation cooldown/depressurization
rate envelope to preclude void formation. Subsecuent to this, the Westinchouse
Qwners Group undertook a study with Westinghouse to ascertain the potential
for void formation in Westinghouse designed NSSS's during natural circulation
cooldown/depressurization transients and to develop appropriate modifications
to Westinchouse Owners Group Reference Operating I[nstiructicns. A description
of the study, including major assumptions and results, is attached. The
‘Westinghouse Owners Group Refarence Abnormal QOperating Instructions are being
modifiea to take the results of the study into account so as to preclude veid
formation in the upper head region during natural circulation cooldown/
depressurization transients, and to specify those conditions under which

upper head voiding may occur.

{ \.4,; £ 'S‘)

( 4

/\ A ~

Ua | GALE Q422 - .
/pab - «/ ' Rebert W. Jurgepden, gfairman
Attachment » Westinghouse C#fers Sroup

Very truly yours,
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possibility since voids generated in the upper head would be ¢ollapsed
when they are drought in contact with the subcooled region of the
system., Furthermore, actual events wnich necessitated cooldown on
natural circulation have shown no real safety issues attributable to any
upper head flashing phenomenon.
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I1. METHOD OF SNALYSIS

Parameters Governing Void Formatiun

There are several parameters which can have a significant effect on
the formatior. of veids in the upper head region during natural cir-
culation cooldown/depressurization transients. One such parameter
is the magnitude of the flow communication between the upper down-
comer and the upper head. This flow is at a temperature equivalent
to that of the cold leg fluid. Hence, this flow directly affects
the steady state upper head fluid temperature, whick is a second
factor which has an offect on the formation of veids in the upper
head region. Most currently operating Westinghouse plants have an
amount of flow into the upper head region which results in an upper
head fluid temperature between the cold leg temperature (TCOLD)

and the core outlet temperature (TQOT)' In the analysis described
in this study the initial upper head temperature for these plants fis
conservatively cheosen as THOT' Other Westinghouse plants operats
with sufficient flcw from the uoper downcomer to the upper head
region to make the upper head fluid temperature equal to the cold
leg fluid temperature (TCCLD)' B8oth types of plants are analyzed
in this study.

Another parametsr affecting void formation in the upper head which
{s analyzed in the study is the cooldown/depressurization rate of
the primary system.

A final parameter important in the formation of vo'ds in the upper
head is the heat removal rate from the upper head. The two primary
means of heat loss are ambient heat losses and heat removal by the
control rod drive mechanism (CROM) fans.




The CROM coc.ing system consists of fans wnich maintain a suitable
atmosphere within the CROM shroud to protect and prolong the life of
the CROM motors. The system induces cooler containment air into the
CROM shroud and exhausts through the fans.

The effect of ambient heat losses through the reactor vessel on
upper head temperature is small compared to the effect of the CROM
fans and is neglected in this study. The cooloff rate of the upper
head due to ambient heat losses is less than 1% /hr.

Meta]l neat addition to the upper head area from the reactor vessel
anc upper internals is taken into account.

Mezjor Assumptions

The WFLASH code (refererces 1 and 2) is used in the analysis.

WFLASH permits a deta‘led spatial representation of the primary
system with the system nodalized into voiumes interconnected by flow
paths. The transient benavior of the systam is detarmined from
conservation equaticns of mass, energy and momentum applied throughe
out the systam. The WFLASH code has two phase capapility and can
track void propagation if it occurs.

A 4-To0p plant with a core thermal power of 3411 MW is usad. Since
the analysis is not a design basis anmalysis, the transient response
of the primary system is based upon the conditions more likely ta
occur during the event; i.e., a best estimate model is employed.

For the Dest estimate model, several changes were made in order to
approach more realistic assumptions and more likely conditions dur-
ing the cooldown transient than are presently found in the Appendix
X model. The principal differences between the best estimate and
Appendix K modeis are listed in Table 1.

An invertad top hat upper support plate design is assumed since it
results in a larger upper head volume and henca more total heat in
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the upper head area initially. This design would offer the maximum
thermal inertia for cooling of the upper head region.

The reactor and the reactor coolant pumps are assumed to be tripped
at the initiation of the transient (at 2.0 seconds in WFLASH). The
pumps are tripped at the start of the transient to conservatively
keep the upper head temperature higher by minimizing the flow come
munication bDetween the upper head and the rest of the system.

The orimary sys:em pressure is maintained at approximately 2250 psia
prior t3 initiation of natural circulation cooldown. Natural circu-
lation cooldown rates of 25°%/hr and 50%%/nr are analyzed.

These rates are in the range of typical plant cocoldown rates.

While the analysis is based on a 4-loop plant, the results and cone
clusions of the anlysis are applicable t2 2 and 3-lccp plants. The
power level %o core/upper plenum volume ratic is essentially the
same for Z, 3 and 4-lccp plants (1.97, 1.75 and 1.8 for typical 2, 3
and 4-locp plants with inverted top hat upper suppert plates). Thus
the cowncomer density t0 core/upper pierum density ratio remains
essentially the same for 2, 3 and 4-lo0p plants. As discussed in
Section [II.3, the driving fcrca for the guide tube/spray nozzle
flow is the downcomer density being greater than the core density.

T A comparison of the guide tube/spray nozzle flow path resistance
between 2, 3 and 4-locp plants can be gained from _the percent of
total plant flow passing through the spray noz:leg._ The minimum
percentage of total flow going througn the soray nazzies for 2 and
3-lccp plants (0.27% for a 2-7100p plant and 0.17% for a 3 loop
plant) is grezater than that ysed in this analysis for 4-lgop plants
(0.15% for THOT upper head),

The ratio of upper nead heat removal by the CROM fans to upper head
total energy is essentially the same for 2 and 3 loop plants

< W "
(1.05 77, and 1.02 773 for typical 2 and 3-loop) as for 4-loop

plants (0.52 % ). Thus the cooldown rates given above for the CROM
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fans are applicable t0 2 and 3 1. » plants as well as 4 lcop plants.

Since (1) the driving force for the guide tube/spray nozzle flow is
essentially the same for 2, 3 and 4-loop plants, (2) the resistance to
guide tube/spray nozzle flow is less for 2 and 3-loop plants than 4-locp
plants and (3) the cooldown rate of the upper head by the CRDM fans is
effectively the same for 2, 3 and 4-locp plants, the results and con-
clusions reached in this analysis are valid for 2, 3 and 4-loop plants.



111. RESWLTS
Establishing Natural Circulation

With the input as described in the previous section; WFLASH is run

un®il steady state natural circulation is established in the plart.

This occurred prior to 720 seconds into the transient. In this
analysis, natural circulation cooldown is assumad to be initiated at
720 seconds into the transient. The primary plant conditions at
this time are listed in Table 2. At 720 seconds the difference
between the hot and 2old leg temperatures is approximatel y 30°F.
the primary systam loop flow is approximately 500 1b/sec, and the
reactor power (due to decay heat) s 2.3% of full power (nominal).
The loop flow rate of 500 1b/sec is approximately 5% of full power
Teoo flow. Natural circulation flow is observed to be 4.5% to 5.0%
of full power flow at 2.3X% of nominal power (see Figure 1) for a
Westinghous? 4-loop plant based on 4-lcop calculations and tests.

With forced flow (i.e., with the reactor coclant pumps »unning) the
flow goces from the upper downcomer through the upper head spray
nozzles into the upper head region. From the upper head region the
flow goes down through the guide tubes into the upper plenum/core
region. With the reactor coolant pumps running the vessel pressure
distribution is such that flow is forced up the upper head spray
nozzles. Within 2 to 4 minutes after the reactor coolant pumps are
tripped this flow reverses and goes up the guide tubes into the
upper head region and down through the upper head spray nozzles into
the upper down.omer. This flow reversal oczurs due to the downcomer
density being greater thar the upper plenum/core density, and the
upper plenum/coie density being greater than the upper head den-
sity. This’éénsity variation forces flow up the guide tubes.

With the excaption of the pressurizer, the primary systam is sub-
ccoled when the natural circulation cooldown is initiated.
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B. TCOLD Plants

Some Westinghouse PWR's (referred to as TCGLD plants) have suffi-
cient bypass flow from the upper downcomer througn the spray nozzles
into the upper head area to keep the urper head fluid temperature
equal to the cold leg fluid temperaturr during normal power opera-
tion of the plant. Table 3 gives the initial upper head spray
nozzle flow rate, 609 1b/sec, and other pertinent data regarding the
initial upper head flow for a TCOLD plant.

Westingnouse plants with the upper head injection (UHI) system are
TCSLD plants. Thus, the results and conclusions reached in this
study for T’C’D plants are valid for these units.

Two natural circulation cocldown rates are analyzed: 25°F/hr and
50°F/hr. An update was made to WFLASH which permits the seccndary
side tamperature as a function of time to be input specified. If a
cooldown rate of 25°F/hr is prescribed for the secondary sy::em,
the primary system in natura] circulation will follow this cooldown
rate. For both cooldown rates natural circulation cocldown is
initiated at 720 seconds. -

The core inlet, hot leg and cold leg temperature transients are
shown in Figures 2 through 7. Fcr both cooldown rates, the transi-
ent is carried cut until the hot leg tamperature reaches 350”?,
which is the temperature at which the Residual Heat Removal System
(RHRS) could bSe employed for further cooldown.

Consistent with normal plant cperations, charging flow is added to
the primary system at a rate sufficient to keep the pressurizer
mixture level relatively constant during the cooldown transient
(Figures 3 and 2). The primary system pressure response is shown in
Figures 10 and 11. Some depressur
system shrinkage caused by the coolidewn. Further deoressurization
resyits from the cooiing of the pressurizer due to the addition of
colider water from the hot leg %0 the pressurizer in the latter part

ation occurs initially due to
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of the transient. Pressurizer neaters were not modelled for the
2nalysis.

The upper head pressure transient is given in Figures 12 and 13. A
sensitivity study, discussed in Section [II.C, verifies that the
primary system depressurization rate effect on the upocer head tem-
perature is insignificant.

The hot leg and cold leg mass flow rate. transients are given in
Figures 14 througn 17.

The upper head spray nozzle flow 15 initially from the upper down-
comer through the upper head spray nozzles into the upper head area,
and from the upper head 2rea down through the guide tubes into the
upper pienum/co-2 area. [n the first 2 tc 4 minutes of the
transient, this flow reverses (see Figures 18 and 18) due to the
density in the downcomer being greater than the core density, and
the reacter coolant pumps being tripped at the start of the
transient.

Because of this flow rever;al. upper head temperature rises early in
the transient (see Figures 20 and 21). The upper head temperature
is initially equivalent to the coid leg temperatu-e. When the spray
nozzle/guide tube flow reversal (discussed in the previous para-
grapn) occurs, hotter water from the core is introduced into the
upper head area and causes the upper head temperature rise. After
this early increase, the upper head temperature steadily decreases.

Frem the upper head tamderature transients, the upper head satura-
tion pressure transients (see Figures 22 and 23) are determined. As
shown, the upper iead saturation pressure is well below the primary
system pressure (Figures 11 and 12) at any given time during the
caiculated transienc.

When the primary systam temperature reaches 300°F during tne cool-
down transient the upper head temperature and corresponding satue
ration pressure are as given in Table 4 for both csoldown rates.

o
LY
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The same informaticn is listed in Table 4 for a primary system
temperature of 350°F. If, for example, during the ccoldown of the
plant, the operator wanted the primary syst=m pressurc to be less
than 1500 psia when the primary systam temperature is 500°F. then
the upper head saturation pressure for either cooldown rate is well
beiow 1500 psia and there would be no void formation in the upper
head area. If a second condition for the plants cooidown is that
the primary system pressure be less than 400 psia when the primary
system temperature is 350% (conditions under which the RHRS could
be used), then the upper head saturation pressure for either cool-
down rate is well below 400 psia and no voids would be formed in the
upper head.

In effect, the analysis shows that formaticn of a steam bubble in
the upper head area is avoided when cooling down at 25% /hr

because the primary system pressure can easily be maintained above
the upper head saturation pressure shown in Figure 22 at any speci-
fic time by maintaining 50°F subcooling in the hot leg. For the
50%F /hr cooldown rate the primary systam pressure is shown to

renain above the upper head saturation curve on Figure 23 if the hot
leg is maintained 100°F subcooled. '

t should be noted that no credit is taken for the effect on the
upper head temperature of ambient heat lcsses for the reactor vessel
or heat removal from the upper head area by the control rod drive
mechanism (CROM) fans in the amalysis of TanD plants. As des-
cribed in section [I1I.D, the CRDM fans could considerably increase
the upper head cooldown rate for a given RCS cooldown rate.

THOT Plants

Scme Westinchouse PWR's have a bypass flow path characteristic from
the upper downccmer througn the spray nozzles into the upper head
area wnich results in an upper head fluid tamperature between the
RCS cold leg temperature and the core outlet temperature. In this
study the initial upper head tamperature for these plants (referred







coolant pumps being tripped at the start of the transient. The

resulting upper head temperature transients are given in Figures 42
and 43. From the upper head temperature transients, the upper head
saturation pressure transients (Figures 44 and 45) are determined.

When the primary system reaches 500°F during the cooldown

transient the upper head temperature and corresponding saturation
pressure are as shown in Table 7 for both cooldown rates. The same
information 1s listed in Table 7 for a primary system temperature of
350°F. If, for example, during the cooldown of the plant, it was
desired to huve the primary system pressure less than 1500 psia when
the primary system temperature is 500°F, then the upper head
saturation pressure for the 25°7/hr cooldown rate is below 1500

psia and there would be no void formation in the upper ha2ad area.
However, for the 30%F/hr cooldown rate, some upper head void
formation may occur at these conditions since the upper head
saturation pressure is slightly above 1500 psia when the hot leg
temperature reaches 300°7.

A second condition for the plant cooidown might be that the primary
sy:ten pressure be 300 psia or less when the primary system tempera-
ture is 350°F (conditions which would permit use of the RHRS).

From Table 7 it is seen that the upper head saturation pressure is
well above 400 psia for either cooldown rate when the hot leg tem-
perature reache: 350°%F. To prevent void formation in the upper
head area the natural circulation ccoldown and depressurization
should be terminatead wnhen the hot leg temperature reaches 2pproxi-
mately 350%F to allow the upper head to cool off.

[n determining the upper head cool off due to conduction through the
1.0 foot thick stainless steel upper support plate, the primary
system is assumed to stay at 350°F since the heat added from the
upper head during the cool off period is small compared to the total

heat in the primary system. A window mode hand calculation of the
conduction was performed which utilized the initial upper head
temperature at the time the primary system reached 350°F. rrom
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ccoldown, a THOT plant could be ccoled at a natural circulation
cooldown rate of 25°F/hr to the noint where the RHRS could be used
for further cooldown with no void formation occurring in the upper
head area. The operator should maintain 50°F subccoling during
the depressurization.

Without the CROM fans a THOT.p1ant can be csoled down to RHRS
conditions at a natural circulation cooldown rate of 25°F/hr with
no void formation occurring in the upper head with appropriate pre-
cautions being taken by the operators. The operator should maintain
50°F subcooling until the primary systam pressure reaches 1500
psia. Aftar the autcmatic safety injection signals are blocked, the
operator should establish 200°F subcooling (approximately 430°F
in the hot leg) an< maintain 200%F subcooling (or the Technical
Specification 1imit if it is more restrictive) to a primary system
pressure of 1200 psia (see Figure 47). The depressurization should
be stopped at 1200 psi2 and the ccoldewn continued until the primary
system temperature is lesz tnan 350°F. At this point the operator
ust wait Tor approximately 20 hours to allow the upper head to cool
off to a temperature corresponding to a saturation pressure of 400
psia; For plants with upper head thermocoupies, they can provide
further verification of the upper head temperature for guidance.
Finally the primary system should be depressurized to 400 psia and
the RHRS used for any further cooldown.

Summary of Conclusions

Table 8 sumnarizes the recommended maximum natural circulation ccol-
down rates and primary system subccoling requirements for THOT and
TCCLD plants with and without fans. The limits noted provide
appropriate and conservative margin to the calculated limits.

21974



A.

IV. CONCLUSIONS

T Plants

caoLD
The average cooldown rate of the upper head fluid due to a 50% /hr
natural circulaticn cooldown rate is about 34°F/hr for a TCOLD
plant. The total upper nead cooldown rate due to both natural cire
culation cooldown and the CROM fans varies from a maximum of

4% /hr to around 31°F/hr when the upper head temperature is

cooled to 350°F. Thus, with the CROM fans cperating during the
¢ooldown, a TCS‘..O plant could be cooled at a natural circulation
cooldown rate of 50°F/hr to the point where the RHRS could be
employed for further ccoldown without void formation occurring in
the upper head area. The operator should maintain 50°%¢ subcooling
during the depressurization.

Adding the cooldown rate due to the CROM fans to that from the
natural circulation cooldown is Zonservative since the additional
coocling due to the fans will enhance the density effect (discussed
in Section [II.A) which in turn increases the guide tube/spray
nozzle flow rate. X

With the CROM fans not available, a TCOLD plant can be cooled dcwn
to RHRS conditions at a natural circulation cooldown rate of
50°%/hr with no void formation in the upper head area if the
operator maintains 100°7 subcooling during the depressurization
(see Figure 48).

T Plants

HCT
The average cooldown rate of the upper head fluid due to the
25%/hr natural cirzulation csoldown rate is abeut 10°%F/hr for a
THOT plant. The total upper head cooldcown rate due to both the
natural circulation cocldown and the CRDM fans varies from 42°7/nr
initially to around 27°?/hr when the upper head tamperature is
cooled to 350°7, Thus, with the CROM fans operating during the

3123A
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A.

PLANT PARAMETERS

1.
2.

TASLE 1

8EST ESTIMATE WFLASH IidPUT

Primary Hot Leg Nodes Mecdeled

Continuous flow paths for
crossover and hot legs

Power Lavel

Pressure drops

Flow rates

3. REACTOR

1.
2.

3.

4.

1.

Decay heat-ANS infinita

Axial power shape

Reactor trip, sec.

Reactor coolant ...

trip, sec.

PRESSURIZER

Non-equilibrium pressurizer

mode]

(4

Tuot
Plant

Yes

Yes
100%

Best
Estimate

Best
Estimate

Nominal

B0L, First
Core B.E.

2.0

2.0

Yes

TeoLn
Plant

Yes

Yes
100%(1)

Thermal
Design

Thermal
Design

Neminal

80L, First
Core B.E.

2.0

2.0

Yes

Arrendix K

No
102%

Thermal
Design

Thermal
Design

120%

Worst Case
Envelope

Low RCS

Pressure
Signal

Reactor
Trip Signal

No

Fressure arops enthalpies flow rates and steam generatar'heat loads based
on 102% power,



TABLE 2

PLANT CONDITIONS AT TIME NATURAL CIRCULATION
COOLDOWN IS INITIATED (720 SECONDS)

Primary system pressure, ps1a_ 2245
Secondary system pressure, psia 1106
Hot leg temperature, °F 586
Cold leg temperature, °F §57
RCS loop flow, 1b/sec s06( *)
Reactor power, % of nominal - r P

(1) Loop flow is 490 1b/sec for TSLD piants at 720 seconds.




om
=44

-
-

B

Primary sys




UPPER HEAD P FOR T

GAT can PA

Temperature (oF)

Cooldown Primary Upper

Rate (OF/hr) System Head
50 500 529
25 500 516
5C 350 425
25 , 350 ] 372

. - cew sso 0w “w- s b ——

NT

Peat for Upper Head
emperature (psia)
878
785

329

178
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TABLE §
UPPER HEAD FLOW - T:-lOT PLANT
Spray nozzle flow area, ftz

Primary system icop flow, 1b/sec

Percent of flow passing thrcugh
spray nozzles

Initial spray noczzle flow, 1h/sec

0.0167

sges

0.15

§9.2



TABLE 6

DEPRESSUR IZATION RATE EFFECT ON UPPER HEAD TEMPERATURE

Depressurization
Rate 1
Primary System Upper Head
Time (sec) Pressure (psi) Temp. (OF)
1810 2050 §12.0
5085 1912 6C05.4
7560 1819 602.3

§97.1

Depressurization
Rate 2
Primary System Upper Head
Pressure (psi) Temp. (OF)
2063 612.0
2014 605.9
1975 602.5

1909



Cooldown
Rate (OF)/Hr)
50
25

50

25

TABLE 7
UPPER HEAD PSAT FOR THOT PLANT

Temperaturé (OF)

Primary Uoper Psat for Upper Head
System Head Temperature (psia)
500 599 1531
500 585 1382
350 549 1035

350 s13 761




TABLE 8

MAXIMUM RECOMMERDED NATURAL
CIRCULATION COOLOCWN RATES

Required Hot Leg

Maximum Cooldown Subcooling*
Upper Head CRDM Fans Rate (°F/Hr) (°F)
Teown Yes 50 50
Tealn No 50 100
Tor ' Yec 25 50
Tuor No s 200

* Required not leg subcooling to avoid reaching saturation pressure in
the upper head.

** Use Tech Spec limt if it is more restrictive. Also, 200°F
subcooling required only between hot leg temperature of 350%F o

430°.
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