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TENNESSEE VALLEY AUTHORITY
CH ATTANOOG A. TENNESSEE 37. 01

400 Chestnut Street Tower II

December 18, 1981

8 Co

Director of Nuclear Reactor Regulation \'
Y

""9 0.;Attention: Ms. E. Adensam, Chief y ,m

Licensing Branch No. 4 [H
"

- \j7 -0Division of Licensing
'D D"-S. Nuclear Regulatory Commission p\ $r!.:A

h
$Washington, DC M 55 ,

Dear Ms. Adensam: / p
3. e

"

In the Matter of ) Docket Nos. 50-327
Tenneusee Valley Authority ) 50-328

The Sequoyah Nuclear Plant unit 2 operating licenae (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-dssigned
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
circulation cooldown/depressurization transients and to specify those
conditima 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
circulation cooldown.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

,

) ff[
L M. Mills, Manager
Nuclear Regulation and Safety Q

Sworn to and subscrib before me U

ay off{ f
#

% 1981 ft

$1. iti
'

My06'[=missionExpires(/Y
Notar Public 7

L
~/ /
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AMERICAN ELECTRIC POWER Service Corporation
.

gp 2 Broad::ay,Ne:o York,5. Y.10004
(212) 440 2000

April 20,1981
OG-57

Mr. Paul S. Check
Assistant Director for Plant Systems
Division of Systems Integration
U.S. fluclear Regulatory Commission
7920 florfolk Avenue
Bethesda, Maryland 20014

.

Dear Mr. Check:

ST. LUCIE C00LCOWil EVEtlT rep 0RT

On June 11, 1980, a total loss of. component cooling water flow to the reactor ~

coolant pumps occurred at the St. Lucie Unit 1 plant. When the cooling ficw
could not be restored in the time limit specified by the plants Technical
Specifications, the reactor was manually tripped. Within two minutes after
the reactor trip, the reactor coolant pumps were also manually tripped.
Approximately 27 minutes later natural circulation cooldown was initiated.

It is evident that void formation occurred in the upper head region of the
reactor vessel during the natural circulation cooldown at 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 saturation
pressure corresponding to the temperature of the fluid in the upper head.

After the St. Lucie incident, the itRC recommended various action items for
power reactor licensee consideration. These items are listed in IE Circular
80-15 and include establishing a natural circulation cooldown/depressurization
rate envelope to preclude void formation. Subsecuent to this, the Westinghouse
Owners Group undertook a study with Westinghouse to ascertain the potential
for void formation in Westinghouse designed itSSS's during natural circulation
cooldown/depressurization transients and to develop appropriate modifications
to Westinghouse Owners Group Reference Operating Instructions. A description
of the study, including major assumptions and results, is attached. The
Westinghouse Owners Group Reference Abnormal Operating Instructions are being
modifiec to take the results of the study into account so as to preclude void
formation in the upper head region during natural circulation cooldown/

| depressurization transients, and to specify those conditions under wh'ich
| upper head voiding may occur.

Very truly yours,
,

Ii
''

i c}u

hb ~ Robert W. Jurge n, airman
'

. /pab ,

nttachment Westinghouse O .ers oupj

I__
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I. INTRODUCTION

On June 11, 1980, a total loss of ce=conent cooling water ficw to the
reacter coolant pu==s cc=rred at the St. Lucie . Unit 1 plant. An elec-
trical short across a solenoid valve terminal board caused one of the
two series containment isolation valves in the component cooling water
return from all reactor coolant pumps to fail shut. khen the cooling
flow could not be cert: red in the time limit specified by the plants
Tecnnical Specifications, the reacter was manually tripped. Within two
minutes after the reactor trip, the reacter coolant pumps were also

.

manually tripped. Approximately 27 minutes later natural circulation
cooldown was initiated.

Based on pressurizer level and primary system pressure response it is
evident that void formation cccurred in the uooer Mad region during the
natural circulation coolcown. At St. Lucie, the measured hot arid cold

,

leg temoeratures at ne time of voiding were hignly subecolea. It
appears that the fluid in the upper head was much hotter, relatively
stagnant and in pocr ec==unication with the rest of the primary system..

It is postulated that the steam bubble in the upper head area was pro-
ducac when the system pressure drcpped belcw the saturation pressure
corresponding to the temperature of the fluid in the upper head.

The cojectives of this study are twofold. First the potential for void
forsiation in Westinghouse designed NSSS's during ' natural circulatien
c:oldown/depressurization transients and the conditions under which such
voiding (if any) can oc=r is to be estaclished. Second, potential
modifications to Westinghouse Owners' Group Reference Operating Instruc-
tions are to be developed; if appropriate.

The results of the analysis are applicable to all 2, 3 and 4 loop
Westinghouse plants. Previous analyses performed for preparation of
reference emergency coerating guidelines and safety analyses reported in
plant licensing documentation explicitly account for void formation in
the uoper head regicn if it is calculated to cccur. The results of
the previous analyses indicate no safety c:ncerns are associated with this

..
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possibility since voids generated in the upper head would be collapsed
when they are becught in contact with the subccoled region of the
system. Further= ore, actual events wnica necessitated cooldown on

natural circulation have shown no real safety issues attributacle to any
upper head flashing pnenomenon.
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II. METHOD OF ANALYSIS
.

A. Parameters Governing Void Formation

There are several parmeters which can have a significant effect on
the formation cf voids in the upper head region during natural cir-
culation c oldown/depressurization transients. One such parameter
is the magnitude of the flow cc:miunicai; ion between the up3r'd35
c mer and the upper head. This ficw is at a taperature equivalent
to that of the cold leg fluid. Hence, this flow directly affects
the steady state upper head fluid temperature, which is a sec nd
facter which has an effect en the formation of voids in the upper.

-

head regicn. Most currently operating Westinghouse plants have an
amount of flow into the upper head region which results in an upper

head fluid tem:erature between the cold leg tem:erature (TCOLD)
and the core outlet t aperature (THOT). In the analysis described -

in this study the initial upper head temperature for these plants is
conservatively chosen as T Other Westinghouse plants operateHOT.
with sufficient ficw frem the u:per downc::mer to the upper head '

regicn to make the upper head fluid temperature equal to the cold

leg fluid temperature (TCOLD). B th types of plants are analyzed
in this study.

*

,

7
_

Another parameter affecting void formation in the upper head which
is analy:ed in the study is the c oldown/depressurization rate of

* the primary system.

A,_ final parameter im ortant in the formation of voids 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

centrol red drive mechanism (CRCM) fans.

.
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The CRDM cooling system consists of fans which maintain a suitable

atmosphere within the CRDM shroud to protect and prolong the life of
the CRDM matcrs. The system induces cooler containment air into the

CRDM shroud and exhausts through the fans.

The effect of ambient heat losses through the reactor vessel on
upper head temperature is small canpared to the effect of the CRDM

fans and is neglected in this study. The cooloff rate of the upper
0head due to ambient heat losses is le'ss than 1 F/hr.

.

Metal heat addition to the upper head area from the reactor vessel
and upper internals is taken into account.

.

B. Major Assu=ptions

The WFLASH code (referer.ces 1 and 2) is used in the analysis. '

WFLASH permits a detailed spatial representation of the primary
system with the system nadalized into volumes interconnected by ficw
pa ths. The transient behavior of the system is determined frcm
conservation equations of mass, energy and momentum acplied through-
out the system. The WFLASH code has two phase capability and can '

track void propagation if it occurs.

A 4_ loop plant with a core thermal power of 3411 MW is used. Since
the analysis is not a design basis analysis, the transient response
of the primary system is based upon the conditions more likely to

,

occur during the event; i.e., a best estimate model is employed.

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

An inverted top hat upper support plate design is assumed since it
results in a larger upper head volume and hence more total heat in

.

l
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the upper. head area initially. This design would offer the maximum
ther-nal inertia for cooling of the upper head region.

The reactor and the reac:cr coolant pumas are assumed to be tripped

at the initiation of the transient (at 2.0 seconds in WFLASH). The ;

pumas are tripped at the start of the transient to conservatively
keep the upper head temperature higher by minimizing the ficw ccm-

,

munication between the upper head -and the rest of the system.

The primary system pressure is maintained at approximately 2250 psia $
prior to initiation of natural circulation cooldown. Natural circu-

0 Ulation cooldown rates of 25 F/hr and 50 F/hr are analyzed.
These rates are in the range of typical plant cooldown rates.

While the analysis is based on a 4-1000 plant, the results and cen-
clusions of tne anlysis are applicable to 2 and 3-locp plants. The

.

pcwer level to cere/ upper plenum volume ratio is essentially the
same for 2, 3 and 4-loco plants (1.97,1.75 and 1.8 fer typical 2, 3
and 4-loca plants with inverted tcp hat upper suppcrt plates). Thus
the cowncomer density to core /uaper pier.um density ratio remains
essentially the same for 2, 3 and 4-locp plants. As discussed in
Section III.3, the driving fcree for the guide tace / spray noz:le
flow is the downcemer density being greater than the core density.

~A comparison cf the guide tube / spray noz:le flow path resistance
between 2, 3 and 4-loca plants can be gained from the percent of

.

total plant flew passing througn the spray noz: led The minimum
percentage of total ficw going tnrougn the scray nop:les for 2 and
3-loop plants (0.27% for a 2-loop plant and 0.17% for a 3 loop
plant) is greater than that used in this analysis fer 4-loep plants
(0.15% for T upper head).

H0T

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

kw kw
'

(1.05 7g3 and 1.02 g3 for typical 2 and 3-loep) as fcr 4-1000

plants (0.92 k ). Thus the cocidown rates given above for the CROM
,

3122A
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fans are applicable to 2 and 3 ILea plants as well as 4 loop plants.

Since (1) the driving force for the guide tube / spray no=le flow is
essentially the same for 2, 3 and 4-loop plants, (2) the resistance to '

guide tube / spray no=le flow is less for 2 and 3-loop plants than 4-loop
; plants and (3) the cooldown rate of the upper head by the CRDM fans is

effectively the same for 2, 3 and 4-loop plants, the results and con-,

clusions reached in this analysis are valid for 2, 3 and 4-loop plants.
.

.

.

l

!

.

.

|

|

*
.

3123A
.. .-



_ . _ _ _ . _ . . . _ . . - - - - - - ~

_ , , ,

, . .
~

.

'
.

III. RESULTS

,

A. Establishing Natural Circulation

With the input is described in the previous section; WFLASH is run
' until steady state natural circulation is established in the plan .
This occurred prior.to 720 seconds into the transient. In this
analysis, natural circulation cooldown is assumed to be initiated at
720 seconds into the transient. The primary plant conditions at

6 this time are listed in Table 2. At 720 seconds the difference
between the hot and cold leg temperatures is approximately 20 F,U

the primary system loop flow is approximately 500 lb/sec, and the
reactor power (due to dec,ay heat) 1s 2.3% of full power (nominal).
The loop flow rate of 500 lb/sec is approximately 5% of full power
icoo flow. Natural circulation flow is observed to be 4.5% to 5.0%
of full power flow at 2.3% of nominal power (see Figure 1) for a
Westinghouse 4-1 cop plant based on 4-loop calcul' tiens and tests.

.

a

With forced flow (i.e., with the reactor coolant pumps running) the
flow goes from the upper downcomer through the upper head spray
no::les in o .the upper head region. Frem the upper head region the
ficw goes down through the guide tubes into the upper plenun/ core
region. With the reactor coolant punps running the vessel pressure
distributien is such that flow is forced up the upper head spray
no::les. 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 regien and down through the upper head spray no::les into
the upper downr.omer. This flow reversal occurs due to the downcomer
density being greater than the upper plenum / core density, and the
upper plenum / core density being greater than the upper head den-
sity. This' density variation forces flow up the guide tubes.

With the exceptien of the pressurizer, the primary system is sub-
cooled when the natural circulation cooldown is initiated.

.

*
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B. T EI""** '

CCLD

Some Westinghouse PWR's (referred to as T plants) have suffi-
CCLD

cient bypass ficw from the upper downcomer througn the spray naz:les
into the upper head area to keep the unper head fluid temperature
equal to the cold leg fluid temoerature during normal power opera-
tion. of the plant. Table 3 gives the initial upper head spray -

noz:le flow rate, 609 lb/sec, and other pertinent data regarding the
initial upper head ficw for a T pl ant.

CCLD

Westingneuse plants with the upper head injection (LHI) system are
T plants. Thus, the results and conclusions reached in this

CCLD
study for T plants are valid for these units.

CCLD
.

Two natural circulation cooldown rates are analyzed: 25 F/hr and
50 F/hr. An update was made to '# LASH which permits the secondary

'

side temperature as a function of time to be input specified. If a
Ucooldown rate of 25 F/hr is prescribed for the secondary sy: tem,

the primary system in natural circulation will follow this cooldown

rate. For both cooldewn rates natural circulation cooldown 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-

0
,

ent is carried cut until the hot leg tamperature reaches 350 F,
which is the temperature at which the Residual Heat Removal System
(RHRS) could be employed for further cooldown.

Consistent with nomal plant cperations, charging ficw 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 9). The primary system pressure response is shown in
Figures 10 and 11. Some depressurization occurs initially due to
system shrinkage caused by the cooldewn. Further depressurizaticit
results from tne cooling of the pressurizer due to the addition of
colder water from the hot leg to the pressurizer in the latter part

8122A .
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of the transient. Pressurizer heaters were not modelled for the
analysis.

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

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

'

The upper head spray noz:le ficw is initially from the upper down-
comer through the upper head spray nozzles into the uoper head area,
and from the upper head area down through the guide tubes into the
upper plenum / core area. In the first 2 to 4 minutes of the
transient, this flow reverses (see Figures 18 and 19) due to the

.

density in the downcomer being greater than the core density, and
* the reacter coolant pu=cs being tripped at the start of the

transient.

Because of this flow reversal, upper head temoerature rises early in
the transient (see Figures 20 and 21). The upper head temperature
is initially equivalent to the cold leg temperature. When the spray
nozzle / guide tube flow reversal (discussed in the previous para-
graoh) 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 temperature transients, the upcer head satura--

tion pressure transients (see Figures 22 and 23) are determined. As
shcwn, the uoper head saturation pressure is well below the primary
system pressure (Figures 11 and 12) at any given time during the
calculated transieric.

0When the primary system temperature reaches S00 F during the cool-
down transient the upper head temperature and ccrresponding satu-
ration pressure are as given in Table 4 for both cocidown rates.

.

3123A
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The same informaticn is listed in Table 4 for a primary systen
temperature of 350 F. If, for examole, during the cooldown of the
plant, the operator wanted the primary systen pressure to be less

0than 1500 psia when the primary system temperature is 500 F, then
the upper head saturation pressure for either cooldown rate is well
below 1500 psia and there would be no void formation in the upper
head area. If a second condition for the plants cooldown is that
the primary system pressure be less than 400 psia when the primary

0system temperature is 350 F (conditions under which the RHRS could
be used), then the upper head saturation pressure for either cool-
down rate is well belcw 400 psia and no voids would be formed in the
upper head.

In effect, the analysis shows that fermation of a steam bubble in
the upper head area is avoided when cooling down at 25 F/hr
because the primary system pressure can easily be maintained above ~

the upper head saturation pressure shown in Figure 22 at any speci-
Ufic time by maintaining 50 F subcooling in the hot leg. For the

c50 F/hr cooldown rate the primary system pressure is shown to
renain above the upper head saturation curve on Figure 23 if the hot
leg is maintained 100 F subcooled. '

.

It should be noted that no credit is taken for the effect on the
upper head temperature of ambient heat losses for the reactor vessel
or heat re:: oval frem the upper head area by the control rod drive

mechanism (CRDM) fans in the analysis of TCOLD plants. As des-
cribed in section III.D, the CRDM fans could considerably increase
the upper head cooldown rate for a given RCS cooldown rate.

C. T EI""t3
H0T

Sane Westinghouse PWR's have a bypass flow path characteristic frem
the upper downcomer through the spray nozzles into the upper head
area which results in an upper head fluid temperature between the
RCS cold leg tenperature and the core outlet tenperature. In this
study the initial upper head tenperature for these plants (referred

.
-
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I to as igg 7 plants) is conservatively assumed to be equal to the
core outlet temperature. Table 5 gives the initial upper head spray
no::le ficw rate, 59.2 lb/sec, and other pertinent data regarding
the initial upper head ficw for a T IP ""I*

HOT

UNatural circulation cooldown rates of 25 F/hr and 50 F/hr are
analyzed for THOT plants with th'e cooldown initiated at 720
seconcs following plant trip for both cooldown rates.

I The core inlet, hot leg and cold leg temperature transients are
shown in Figures 24 throuen 29. For both cooldown rates, the pri-

'

mary system is cooled down via natural circulation until the hot leg
Utemperature reaches 350 F, whicn is the tem::erature at whien the

RHRS could be employed for further cooldewn.

Charging ficw is added to the primary system at a rate sufficient to
keep the pressurizer mixture level relatively constant during the

. cooldown transient (Figures 30 and 31). The primary system pretsure
response is shown in Figures 32 and 33. Depressurization of the
primary system cccurs fcr the same reasons as stated fer the T

C0t.D
plants (see Section III.3). A sensitivity study was mact to verify
that the primary system depressurization rate has an insig1ificant
effect on the upper head temperature. Table 6 shows that fer two
significantly different primary system depressurization rates, the
coper head temperature 'is essentially equal at any given time.

The upper head pressure transient is given in Figures 34 and 35 for
eacn cooldown rate. The hot leg and cold leg mass ficw rate transi-

| ents are given in Figures 36 through 39.
|
|

As for the TCC'.D plants the scray noz:la ficw is initially frca;

! the upper downcomer througn the spray nozzles into the uoper head
; area, and frem the upper head area down through the guide tubes into
!

i the upper plenum /ccre area. Approximately 2 minutes into the
i .ransient, this ficw reverses (Figures 40 and 41) due to the density

in the dcwncomer being greater tnan the core density and the reactor '
.

.
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coolant pumos 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 priby system reaches 500 F during the cooldownU

transient the upper head temperature and ccrresponding saturation
pressure are as shown in Table 7 for both cooldown rates. The same

,

information'is listed in Taole 7 for a primary system temperature of
350 F. If,ilfer examole, during the cooldown of the plant, it was
desired to have the primary system pressure less than 1500 psia when

Uthe primary system temoerature is 500 F, then the upper head
'

saturation pressure for the 25 F/hr cooldown rate is below 1500
psia and there would be no void formation in the uoper head area.

UHowever, for the 50 F/hr cooldown rate, some upper head void
fer=ation may occur at these conditions since the upper head
saturation pressure is slightly above 1500 psia when the hot leg
temperature reaches 500 F.

A second condition for the plant cooldown might be that the primary
system pressure be 400 psia or less when the primary system tempera-

0ture 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 cooldewn rate when the hat leg tem-

Uperature reache: 350 F. To prevent void formation in the upper
head area the natural circulation cooldown and depressurization

; should be terminated wnen the hot leg temperature reaches approxi-
0mately 350 F to allow the upper head to cool off.

In determining the upper head cool off due to conduction through the
1.0 foot thick stainless steel upper support plate, the primary

0system 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 perfomed which utilized the initial upper head
temperature at the time the primary system reached 350 F. From

,

.
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0the time the hot leg taperature reaches 350 F, it would require
approximately 20 hours to' reach an upper head saturation pressure of
400 psia for the 25 F/hr cooldown transient. The corresponding
upper head cool off period to reach a saturation pressure of 400

0psia for the 50 F/hr cooldown transient is approximately 27
hours. At this point the rest of the primary systs could be I

depressurized to 400 psia and the RHRS employed for any further
cooldown.

'

In the analysis of THOT plants described above no credit is taken
for ambient heat losses through the reactor vessel or heat removal
from the upper head area by the CRDM f ans. As described in Section
III.D, the effect of the CRDM fans could significantly increase the
upper head cocidown rate for a given primary system cooldown rate.

D. Effect of CRDM Fans
.

.

For the 4 loop plant evaluated here, the CRDM f ans remove 780 K'A at
0full power. This translates to a cooldown rate of 32 F/hr for the

0upper head fluid when the upper head fluid taperature is 600 F.
If it is assmed that the heat reoval capacity of tha fans is pro-
porticnal to the AT between the upper head metal temperature and
the contaiment temperature (assmed to be 100 F), then the CRDM
fans cooldown the upper head fluid at a rate of 17"F/hr with the

0upper head fluid at 350 F.
'

.
.

For TCOLD plants the upper head cooldown rate due to the CRDM fans
varies from 30 F/hr (when the upper head temperature is at its

U 0highest temperature - 572 F) to 17 F/hr when the upper head
Utemperature is 350 F.

.

1

'
.
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cooldown, a THOT plant could be ecoled at a natural circulation
cooldown rate of 25 F/hr to the ,coint where the RHRS could be used
for further ecoldown with no void fomation occurring in the upper
head area. The operator should maintain 50 F subccoling during
the depressurization.

Without the CRDM fans a THOT. plant can be cooled down to RHRS
0conditions at a natu al circulation cooldown rate of 25 F/hr with

j no void femation occurring in the upper head with appropriate pre-
cautions being taken by the operators. The operator should maintain

0
50 F subccoling until the primary systen pressure reaches ,1900
psia. After the autcmatic safety injection signals are blocked, the

0 0operator should establish 200 F subcooling (approximately 430 F
0in the hot leg) and maintain 200 F subecoling (or the Technicali

Specification limit if it is more restrictive) to a primary system
pressure of 1200 psia (see Figure 47). The depressurization should

.

be stepped at 1200 psia and the cooldewn continued until the primary
0system temperature is lesc than 350 F. At this point the operator

must wait for approximately 20 hours to. allow the upper head to cool
off to a temperature corresponding to a saturaticn pressure of 400
psia. For plants with upper head themoccupies, they can provide
further verification of the upper head tenperature for guidance.
Finally the primary system should be depressurized to 400 psia and
the RHRS used for any further cooldown.

C. Sumary of Conclusions

Table 8 su=narizes the reccmended maximum natural circulation ecol-

; down rates and primary system subecoling requirements for THOT and
i TCOLD plants with and without fans. The limits noted provide

appropriate and conservative margin to the calculated limits.
,

.
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IV. CONCLUSIONS

A. T Plants
COLD

UThe average cooldown rate of the upper head fluid due to a 50 F/hr

natural circulatica cooldown rate is about 34 F/hr for a T
COLD

plant. The total upper head cooldown rate due to both natural cir-
culation cooldown and the CRDM f'ans varies from a maximum of

U64 F/hr to around 51 F/hr when the upper head temoerature is

cooled to 350 F. Thus, with the CRDM fans operating during the

cooldown, a TCOLD plant c uld be cooled at a natural circulation
0cooldown rate of 50 F/hr to the point where the RHRS could be

employed for further cooldown without void formation occurring in
Uthe upper head area. The operator should maintain 50 F subcooling

during the depressurization.

Adding the cooldown rata due to the CROM fans to that from the
natural circulation cooldown is conservative since the additional
cooling due to the fans will enhance the density effect (discussed
in Section III.A) whien in turn increases the guide tube / spray
nozzle . flow rate.

,

With the CRDM fans not available, a T plant can be cooled down
COLD

to RHRS conditions at a natural circulation cooldown rate of
0

50 F/hr with no void formation in the upper head area if the
Uoperator maintains 100 F subcooling during the depressurization.,

! (see Figure 46).

B. T an s
HOT

.

The average cooldown rate of the upper head fluid due to the
U25 F/hr natural circulation cocidown rate is about 10 F/hr for a

THOT plant. De total upper head cc0 Mown rate due to bod de
Unatural circulation cooldown and the CROM fans varies from 42 F/hr'

0initially to around 27 F/hr when the upper head temoerature is '

Ucooled to 350 F. Thus, with the CROM fans operating during the
,

;-

;

i
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TABLE 1

- BEST ESTIMATE WFLASH IitPUT

T
HOT COLD,

Plant Plant Arr.endix K

'

A. PLANT PARAMETE.45

l. Primary Hot leg Nodes Modeled Yes Yes No

2. Continuous flow paths for
crossover and hot legs Yes Yes No

3. Power Level 100% 100%(1) 102%

4. Pressure drops Best Thermal Thermal
Estimate Design Oesign

,

5. Flow rates Best Thermal Thermal -

Estimate Design Design

B. REACTOR

1. Decay heat-ANS infinite Ncminal Ncminal 120%

2. Axial power shape BOL, First BOL, First Worst Case
Core B.E. Core B.E. Envelope

3. Reactor trip, sec. 2.0 2.0 Low RCS
Pressure
Signal

4. Reactor coolant ,. ,, '

trip, sec. 2.0 2.0 Reactor,

Trip Signal
C. PRESSURIZER

!

I 1. Non-equilibrium pressurizer
|

model Yes Yes No

(1) Pressure crops enthalpies flow rates and steam generator' heat loads based
on 102% power.

'

i
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TABLE 2

.i

j PLANT CONDITIONS AT TIME NATURR. CIRCULATION

C00LDO W IS INITIATED (720 SECONDS):

i

Primary systen pressure, psia 2245

Secondary systen pressure, psia 1106

i
i Hot leg temperature, OF 586

!

Cold leg temperature, OF 557

RCS loop ficw,1b/sec 506(1)

Reactor power, % of nominal 2.3
'

.

i

!

'

.

.

;

.

;

F

l

(1) Loop ficw is 450 lb/sec for TCOLD plants at 720- seconds.

'
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TABLE 3

.

UPPER HEAD FLOW - TCOLD '#

2Spray no=le ficw area, ft 0.192

Primary system loop flow, ib/sec 9757

.

Percent of total flew passing
through spray nonles 1.56

Initial spray no=le ficw, ib/sec 609
4
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TABLE 4

UPPER HEAD PMT FOR T ~ D PLANTCCi

Temperature (oF)
I

Cooldown Primary Upper PSAT for Upper Head
Rate (OF/hr) System Head Temperature (psia)

.

50 500 529 878
._

25 500 516 785-

,

;

'

50 350 425 329

25 350 372 178-

,

.

O

e

I

; .;
i'

1

-
.

!
4

'
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. TABLE 5
-

.

tjPPER Hs0 FLOW - T PN
HOT

.
.

2Spray nonle flow area, ft 0.0167
.

Primary system loop flow, ib/sec 9868

~ Percent of flow passing through 0.15

-. spray no:zles

Initial . spray no=le flow, ib/sec 59.2

.
-

.

4

e

m-

%

%

c

h

|

-
.
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~

, . . . ,
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TABLE 6

DEPRESSURIZATION RATE EFFECT ON UPPER HEAD TE!PERATURE

Depressurizatim Depressurizatim
Rea l Rate 2

,

Primary Syste Upper Head Primary Syste Uppar Head
Time (sec) Pressure (psi) Tep. (oF) Pressure (psi) Tep.(oF)

'

1810 2050 612.0 2053 612.0

5085 1912 605.4 2014 605'.9

7560 1819 602.3 1975 602.5

10440 1708 597.1 1909 597.5

.
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TABLE 7 -

UPPER HEAD PSA. FOR TH0 PLATEi

Temperature (OF),

Cooldown Primary Upper PSAT for Upper Head
Rate (cF)/Hr) System Head Temperature (psia)

50 500 599 1531

25 500 585 1382

50 350 549 1035
.

25 350 513 761

.
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TABLE 8

MAXIMJM RECOMMENDED NATURAL

CIRCULATION C00LDOWN RATES

Required Hot Leg.

Maximum Cooldown Subcooling*
Upper Head CRCM Fans Rate (OF/Hr) (O )F

T Yes 50 50
COLD

T No 50 100
COLD

T Yes 25 50
HOT

I No 25 200**
HO

.

Required hot leg subcooling to avoid reaching saturation pressure in*

the upper head.
U

Use Tech Spec limit if it is more restrictive. Also, 200 F**

0subccoling required only between hot leg temperature of 350 F to
430 F.. .

!
,

(
;
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