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2.1

INTRODUCTION
Purpose

This report provides the results of a computer simulation of a natural
circulation cooldown of a Combustion Engineering System 80 NSSS from hot
standby to conditions that permit initiation of the shutdown cooling
system. The simulation was performed using Long Term Cooling (LTC)
computer simulation code which uses a node and flow path type network to
model the reactor coolant system and rigorously accounts for steam bubble
formation in the reactor vessel upper head. The simulation was performed
assuming the restrictions of Branch Technical Position (BTP) RSB 5-1,
i.e., only safety-grade equipment was used in the analysis concurrent
with a loss of offsite power and a single failure. Table I (p. 2) lists
the operational status of certain key systems and equipment assumed in
the analysis.

Scope

This report contains a computer simulation of a full, natural circulation
cooldown from hot standby conditions to temperatures and pressures that
permit the initiation of the shutdown cooling system. All systems,
equipment, and components used in the simulation corform to the
requirements of BTP RSB 5-1, i.e., the simulation was conducted using
only safety-grade equipment concurrent with a loss of offsite power and
an assumed single failure. The analysis was performed for the C-E System
80 NSSS. Values of certain key System 80 plant parameters pertinent to
the natural circulation cooldown process are shown in Table II (p. 3).

COMPUTER SIMULATION
Methodology and Assumptions
The LTC computer simulation code that was used to perform the analysis

contained in this report is described in Reference 1. However, the code
is modified to provide an improved flow path modeling for the reactor
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TABLE 11

Key System 80 Parameters
Pertinent to the Natural Circulation
Cooldown Process

PARAMETER

Rated thermal power

Reartor vessel upper head volume
Normal system pressure

Charging pump flowrate, per pump
Main steam safety valve setpoint

Atmospheric dump valve capacity,
per valve (steam at 1070 psia)

Atmospheric dump valve effective
flow area

Number of atmospheric dump valves
per steam generator

RCS water volume
Pressurizer volume

Normal, no load, steam generator
pressure

VALUE
3800 Mw

2019 ft3

2250 psia

44 gpm

1270 psia

9.59 x 10° 1bm/hr

0.122 ft?

12097 ft3

1800 ft°

1170 psia



vessel upper head (RVUH). Previously only one flow path was used to
connect the RVUH with the reactor vesse' outlet plenum; in this version
two flow paths, representing the normal flow of heated water into and out
of the RVUH region, were used to connect the RVUH to the reactor vessel
outlet plenum. The hydraulic data used by the code for the two flow
paths is design data which allows the code to mechanistically calculate
the normal flow under forced circulation into and out of the region.

<ode initialization is such that the initial RVUH water temperature is
equal to the weighted average of the hot and cold leg fluid temperatures
entering the reqion. For System 80 this temperature is 599°F.

The norval pumped flowrates representing the design calculated flows into
end out of the RVUH region are shown in Figure 1. [Al]l figures for this
report are contained together at the enc¢ of this section (p. 11).] In
contrast with the pumped flowrates, i.e., reactor coolant pumps running,
the flowrates under natural! circulation are very small. Therefore,
following a loss of all forced flow the RVUH can remain relatively hot
and thermally lag behind the remainder of the reactor coolant system
(RCS) during a caoldown. In addition since the RVUH is at a “igher
elevation than the RCS, natural circulation induced flow into and out of
the region is unlikely. As a result the RVUH must be cooled by either a
hea* conduction process or by first draining and then flushing cooler
loop water into the regicn.

Nodalized heat conduction calculations in conjunction with a normal RCS
cooldown indicate that a conduction related cooldown of the
RVUH to shutdown cooling system initiation conditions, i.e., a cooldown
and subsequent depressurization without forming a steam bubble in the
upper head, will require about 55 hours for System 80. This cooldown
rate precludes entrance into the shutdown cooling system within the
capacity of the condensate storage system, therefore, an analysis using
the deliberate draining and refilling of the i per head region via steam
bubble formation is credited. Previous analyses (Reference 2), credited
full przssurizer heaters to displace fluid via heater action from the
pressurizer into a drained RVUH in order to effect cooling in



e.&

that region. In the analysis performed for this report the reactor
vessel upper head vent system was used to assist in depressurizing the
upper head. Although the orifice size is small (7/32" diameter), the use
of the head vent system allows adequate depressurization of the upper
head which in turn allows cooler RCS loop water, augmented by charging
flow, to preferentially enter and cool the region.

Table I (p. 2) shows the status of key systems and components assumed for
this report. The analysis was performed using the restrictions of BTP
RSB 5-1, i.e., only safety-grade equipment was used corcurrent with a
loss of offsite power and a single failure. The single failure assumed
was a fatlure of one diesel generator to start which disabies one entire
emergency power train. Additional assumptions and initial conditions are
listed in Table III (p. 6).

Results

Immediately following the loss of offsite power, flow through the core
decreases rapidly as reactor coolant pumps begin to coast down. A
reactor trip is assumed to occur essentially concurrent with the loss of
offsite power and full natural circulation is establish in the RCS in
approximately ten minutes (Figure 2). Secondary pressures and
temperatures (Figure 3 thruugh Figure 6) are rapidly stabilized at hot
zero power conditions by manual control of the atmospheric dump valves
(ADVs). Pressurizer level (Figure 7) stabilizes at about 43% and is
maintained relatively constant via manual control of charging (Figure 8).
Loop temperatures (Figure 9 and Figure 10) rapidly stabilize with cold
leg temperatures approximately equal to steam generator secondary
temperatures. RVUH temperature, initially 599°F (Figure 11) is
essentially constant throughout the beginning portions of the simulation.

The plant is maintained in hot standby for four hours, consistent with
BTD RSB 5-1. During this period, RCS pressure gradually decreases due to
pressurizer ambient heat losses (Figure 12). As noted previously,
heaters are assumed to be unavailable. At four hours following reactor
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2.3

.
in the RVUH is reduced to approximately 100 ft” at 10.0 hours. The
collapse of the steam bubble is then halted by closing the vent; at this
point RCS pressure has dropped to about 900 psia.

Now that the upper head has been essentially refilled and the pressurizer
is relatively empty with the RCS pressure still too high to enter
shutdown cooling (s 400 psia), auxiliary spray is used to further reduce
the system pressure. This occurs from 10.1 hours to 10.3 hours (Figure
15). The resulting depressurization is rapid, with RCS pressure falling
to about 500 psia during this time frame (Figure 12). Auxiliary spray is
halted when the pressurizer level reaches about 80%. Following the
auxiliary spray action, the vent is again opened but charging is not used
this time to preferentially force cooler loop water into the RVUH, If
charging had been used, the results would have been as previously
described and an RCS pressure below 400 psia would have been reached very
shortly. Instead, after opening the vent, nothing more was done in order
to demonstrate the effect of the combined depressurization rate due to
RCS heat losses and steam venting in the absence of charging. As seen in
Figure 12, this rate is adequate to depressurize the system to 400 psia
in a fraction of an hour, but as expected, a slightly larger steam bubble
is formed in the RVUH since the process used is not cne of collapsing the
bubble.

Figure 16 shows locop subcooling throughout the simulation. Even though a
steam bubble was formed in the RVUH, adequate loop subcooling was
maintained throughout the analysis to ensure proper natural circulation
flow. Figure 17 shows the feedwater usage for the evolution as
calculated by the simulation code. Note that approximately 220,000
gallons of condensate water was required, well within the 300,000 gallons
available per plant Technical Specifications,

Conclusions
The total time required to take the plant from hot standby conditions to

temperatures and pressures that permit use ot the shutdown cooling system
was approximately 10.5 hcurs. This time assumes the restrictions



;team bubbie 1n the RVUH beg
into the plant cooldown when

saturation pressure f that regio

nce the steam bubble formed, cont

fluid was displaced from the upper head

-ommodating for the contraction due
team bubbl ¢ alted and reverse
vepressurization continues when the vent
cooldown has produced

4 ba
an upper { waler

Mirina *hi
.‘.J' 4 19

ncurrent with

1ing was maintained.

4 P i . - - 9 - o 7~ 1
an 3¢ ¢ 3 ( 1 he 3 A S )
ant depressurizatio - e ac evt ) steam bubble

ormed Dy the use
thnut $ -

without he

bubble continue

steam flows out the head vent




4.0 REFERENCES

1. “Response of Combustion Engineering Nuclear Steam Supply
System to Transients and Accidents", CEN-128, April 1980

2. Letter from A. E. Scherer to D. G. Eisenhut dated 8 Sept 1982,
LD-82-078, Docket No. STN-50-470F, Subject: CESSAR SER Confirm-
atory Item Number 9

3. "Combustion Engineering Emergency Procedure Guidelines",
CEN-152, Rev. 01, November 1982



- VAIN FLOW

e BYPASS FLOW

THRU OQUTLET
CLEARANCE
THRU INSTRUMENTED
- CENTER G
-

| { : THRU SHROQUD-BARREL

'—&mr.x&-a!m:: J‘: ANNULUS

» . THRU CENTER GUIDE TUBES
Ve -

THRU OQOUTER GUIDE TUBES
b r THRU ALIGNMENT KEY.wAYS

NOZZLE

—




mn

na o

FULL NATURAL CIRCULATION
FLOW ESTABLISHED




. LY
. -

-
VL™

.l
e
(M

o)
O.q-U
LT ]

oo

L
L e
e
L8] b
ol W)
(TYR o

(Y-
e
-
ot
[
o)

()

e

-~
- w o=
.:na ’

BRSEUSER §

O
o
w

-

SRRECDIR &

1A

)
Lan ]
-t

-

(HISd)

O
o
c

N~~~

oW W e

(8]
L.
o ‘n

~ -~
i
o -

JANSSINS H NID UHIS

«»
(R
cy
o)
¥

L8 |

L0}
o

28800

3

il

| SIS

) Lan ] o
o) L8}
-t cJ

-
-

( SECON!

TIME

13






.“

c

. e

'fs

(4 8

sl

-
2.1
o;‘R
oy D
)
L ]
U IS ]
o
" o

LN
o vmm

P B
) =
wafi. a)
w e

m
1o
O

SYSTEM 8
Z

7 L] gl BRTRYY

1 |
O (& ] L) L8] (o
[} o (@] » ()
a e § cJ L] 11 ¢

(HISd) ANSSINS 8 NID LS

e e e
-
- ®e =

-

- - -

L )
L]
w
o
L0 ]

L )
"
-3
-1

- - -~
- -

“)

15






'
e
e
(TRER]
e
=
R
LT
m

)
M

e
(TR}
-l
“w)
T

)

0wl

]
n
LAl ]
n

..

- -

5N N TR TR MR — ]
€ © o ©
o ™ r T

(ML EREERE

-t
— =] N )
W le>
(]
w
)
w —
] —
o
woHZ (&
N.WO 1o
-
i "
ow <
oF 2 ok
o o
-ZC
ouw
(= X
w - w -
X« (e ]
oo m w
358 +
o —m Lo )
=
EAM
> W
wer O
- q
% :
s
o
1O
Lo
, :
- =)
| | . | 1 | SRR
) o (] o © )
Tl «t o) g -—
13A 311 N7 HILIH

—

“w)

L]
)
L1 )

17



RVUH STEAM
FORMATION
ONE CHARGI

UBBLE
5INS.

PIMP

< o
Mmoo

SECURED










URRIRRTS)
fr (N

) b}
Al
W= _ 4

i
"
&3}
c»
» bN—.
| B {
o
tft
)
)
< al
i)
"
e (L
et Wl
—lN1
i

mmn

M
“")
(O
LA SRR
-
Lo
—-
(-
> L)
DL
(18
i

Lo}
]
o

1 AASN
- - -

w

~Jw
om o
;| 2~
= -
om <
[+ &
3w
-..A»P
i
[0 o

'

o

pe

(&)

- g

20

o w

- 0

- X

w

-

I LR I P ol o i - 1 |
3 ) ) ) L8 L ] o)
(] ) () « o o o
o r mn i -t ™ cJ

(4 9301 INNIHNIIEIL OB INN 44N

-~

7200

o

cl
o
b 4

-~ o~
18
- o W ow

o v

288

-~ -
-

|44

o

NI Saa

o L ]
Lo ]

-

21600

“w)
)

L)

()
)

1..
aic
7=

[



START RCS COOLDOWN
N °ZR LEVEL DECREASE
\ //
\ /

i

\
/\
SATURATION PRESSURE
FOR RVUH

INITIATE AUX. SPRAY—>!

HEAD VENT OPEN ONLY -

g

NO CHARGING - N




L

-~

T 2D
el
V- )
a1
e
Tt

b
“y D

LT
B.::«
o)

R RLaRTR)
T B
e
) n
cef. O
8. b= =
mea
«
(SRR I
o
g ot
) -

| I
L AR
-
"y )
1
cH

>

n
al
'
o

e

Lon ]
o

L
I
|

- Ladada
- -
-~ -~
o -
{
i
1
|
)

cJ

~
-
~
-

(14 17

I
|
|
|
J

///
) e

w

-d

3058

&S

ms

Im

R | et e RIS

(4] € o L4 ]
(o L] ) Lo ]
o \n cJ (8.2

- - -

OHIHNIJAN 40 JUNT0A M ILHM

i
A‘!NAA
Dﬂdﬂ

3

2880C

o

oy
)
=

o
L
“w)

~

.

o






3-
al
[ 4
o)

w

(8]

- .

c

(HJO)

L&
a

MO 14

N DISRSSSOREE) [EEs il £

LG ] L0 )
i cJ4

-

LHY S ¥Zd

iL
-~~~
WY

28800 36

]
-y
- 8C0

o

o4
r-

L8

o o
o w

(TR






INTEGRATED AUXILIARY FEEDWATER USAGE (GAL) X 10°

2401

R
2

nN

o

o
1

—
oo
o

I

1604

1407

1207

100+

oo
o
i

607

40

201

INTEGRATED AUXILIARY FEEDWATER USAGE

FIGURE 17

N -~

-

=

1 '

5 -7

TIME (HRS)
27



