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Introduction

A continuous reactor vessel head vent design was suggested for the Toledo
Edison, Davis Besse Plant as 2 possible alternative to a RV head level
measurement system and the more standard type vent to the reactor building
atmosphere. A passive vent path from the reactor vessel upper head region
to the top of the steam generator (SG) would act to transfer non-conden-
sible gases and/or steam, which could accumulate in the RV . to the
upper region of one of the two hot legs. In the hot leg, the non-conden-
sible gases, and the steam which was not condensed in the flow stream,
could be observed and monitored utilizing the full range hot leg level
monitoring system. The non-condensible gases could then be vented from the
RCS through the hot leg vents.

If the RV head vent line 1s sized with adequate flow capacity, steam and
non-condensible gas accumulations in the RV head would be minimized. Such
a continuous vent system would seem to obviate the need for a RV head level
measurement system since any steam and non-condensible gases which did form
would be quickly and effectively moved to the hot leg region.

In addition to the benefits described above, a continuous RV head vent
system could greatly enhance the cooldown of the reactor vessei head.
During natural circulation flow conditions, the expected flow and mixing in
the RV head are substantially reduced from that during forced flow
resulting in the hot stagnant fluid collecting in the upper regions of the
RV head. This upper head trapped fluid can inhibit a normal natural
circulation cooldown by flashing during RCS depressurization to the decay
heat system cut-in pressure and thereby interfering with the normal
pressurizer pressure control. A continuous RV head vent will promote
increased flow and mixing of the RV head fluid, and should yield a more
uniform cooldown of the RV head metal. This will not only allow a more
rapid natural circulation depressurization under normal conditions, but
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will also provide a mecans for effectively removing and condensing the steam
bubble which could form in the head during a controlled rapid cooldown and
depressurization (e.g. following the steam generator tube rupture ATOG
procedure).

This document summarizes the results of an evaluation to quantify the
operational benefits of a continuous RV head vent design concept. In
particular, the following aspects of this design are addressed:

Vent line flow rates during forced flow and natural circulation
conditions, and non-cordensible gas bubble removal rates.

- RV head liquid cooling during normal natural circulation.

- RV head steam bubble generation and removal rate during a controlled
rapid RCS depressurization and cooldown.

- Preliminary evaluation of potential impact on FSAR accident analyses.
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An evaluation was performed of a RV head vent design concept which would
provide a continuous flow pat® from the RV head to the hot leg flow stream
at the SG upper plenum. The evaluation focused on the functional
characteristics of this design with the intent of quantifying the
operational benefits and identifying any potentially significant concerns

associated with its implementation.

The resulis ¢ e anal performad to e\ ite the functional aspects of
the continuous RV d ve design were compared to pre-established

31 design criteria. All of these design

below, for a RV head vent

line flowrates during mal nat | ¢irculation cooldown are
the RV head, assuming
temperature at the Decay Heat
Removal System (DHRS) cut-in p ure approximately 12 hours without
steam formation in the F ad This easily satisfies the 36 hour
or this
line flowrates during a controlled rapid Iresst ation and
cooldown with natural » ation flow are sufficier + 5 t cooldown
and depressurization po ) condit .0 approximately 1000

psig and 500°F in 1 than 30 minutes without the steam bubble

expanding out RV head. The steam bubble, which did form during

the final depressurization phas s smaller than that which occured
th no RV head vent, and was fectively dissipated through the v

after the depressurization was terminated. The f

criteria for this event was easily satisfied since the

bubble d not progress out the outlet nozzles.

volume of non-condensible gas can be vented to the upper hot

minutes, which is well within the 30 minute target




The Davis Besse Chapter 15 FSAR analvses were reviewed as part of the
evaluation effort to identify the potential impact of a continuous RY head
vent design on these events. No significant impact is anticipated.
Although the addition of the vent may affect the timing of events during
certain small break LOCA's which result in interruption of natural
circulation, the basic results and their acceptability should not be
significantly impacted. These effects cen be quantitatively addressed when
aaae

plant specific analyses are performed in accordance with NUREG-0

1
Lo

This design evaluation effort has shown that a continuous RV head vent
design as proposed for Davis Besse provides many desirable operational

features.

It 1s passive and re ! 0 operator action to place it in service.

1

I[ts steam flow capacity 11 help minimize bubble accumulation in the RV

head region by t to the hot leg flow stream where the steam car

be condensed.

Non-condensible gases will be quickly and effectively transferred to the

upper hot leg where they can be vented from the RCS through the hot leg

vents.

RV hb2aa cooling Guring natural circulation flow conditions will be

markedly improved without losing RCS inventory.

In summary, the continuous RV head vent design concept has considerable

advantage over a conventional type vent to the reactor building atmosphere.

1

In addition, its nor-condensible gas and steam flow capacity is such that

significant bubble accumulation wculd not be expected in the RV head for

any substantial period of time. An RV head level measurement should

]
therefore, not be needed if this continuous RV head vent design is

implemented.




Design Criteria for Continuous RV Head Vent Line

The following general and functional design criteria were developed for the

continuous RV head vent 1ine design concept. The general design criteria

s

provide basic RV head vent system design requirements. The functional
design criteria are the primary performance criteria for judging the
acceptability of the desigr and defining some of the key hardware design

specifications (e.g., minimum 1ine size). Also identified in the

1

functional design criteria are limitations regarding the effect of the RV

head vent on Chapter 15 accident analyses.

continous RV head vent design concept with respect to

design criteria is the scope of this document.

Criteria

The addition of an RV head vent shall not increase the probability
interrupting natural circulation fiow in both hot legs. The
line will be connected to the loop with the pressurizer to

atisfy this criterion.

ad vent shall be desi to accommodate flow in either

direction.

RV head vent system connections to the RCS shall use existing

penetrations.

boundary RV head vent piping shall be designed
[I1, Class 1 criteria and be supported in such a
manner that any stress due to weight, thermal transients, internal
piping conditions and external environment will be within the
maximum allowable stresses at the existinj vent nozzles. n

addition, > 1ine shall be routed and supported to avoil




significant subsequent impairment of the intended design functions

of essential systems and components from pipe whip, jet
impingement, and missiles following a postulated RV head

oreax.

RV head vent piping shall be thermally irsulated to

e. Increase driving head for vent flow

he insulation shall be sufficient to ensure that ambient
to the reactor building during natural circulation will n

adversely affect vent 1ine performance.

11

gaskets or seals shall be compatible with all anticipated fluids

vent

l0sses

ot

Piping shall be designed for 2500 psig and 650°F and any

11

i

and gases. This includes RCS water, saturated steam, steam water

mixture, superheated steam, fission product gases, helium,

F.
a. Provide piping protection
b. Reduce heat losses
c. Minimize piping stresses
d. Provide personnel protection
G. The RV head vent line shal
during refueling.
H. Vent P
nitrogen and hydrogen.
Functional Design Criteria
0

The RV head vent system design shall

. ' - i

capability through the RV upper head region during a normal

natural circulation cooldown that such a cooldown can be achiev

hours without steam formation in the RV head.

have sufficient liquid

e

be designed for convenient dismantling




head vent system design shall have sufficient steam flow
ility during a rapid RCS cooldown/depressurization that the
an be depressurized to 1000 psig within approximately 15

minutes without the steam bubble in the RV head expanding to the

level of the hot leg nozzles. This assumes a controlled transient
for

consistent with ATOG guidelines SG tube rupture with no RC

pumps operating.

head vent system design shall have sufficient noncondensible
capability that an assumed RV head volume of gas can be

the upper hot leg region within 30 minutes.

The addition o o ad vent shall not significantly affect

Chapter 1% cident analysis results to where resubmittal of any




Assumptions and Results

Continuous RV Head Vent Line Flow

System Description

The continuous RV head vent

line design evaluated for Davis
Besse is shown in Figure 1, A currently unused control
drive (CR[

rod
D) mounting

J
o)

nozzle would
on the RV

V head. This CRD

serve as the connection point
nozzle is located 27.2 inches from
the center nozzle. From fl

assumed for the

-
rrom

pipe were evaluated tc

the upper plenum of the

at the steam generator would
nch diameter spection port, This location

1

vda

te a large vent line without adding

to the flow path resistance,

It is available and accessible,

[ts elevation will

provide for a good driving head for

ocation below the top

lude steam

11 -
coilecting

ding significant condensation of

by leq subcooled flow stream

)

A new cover flange with the vent line connection can
manufactured in

the shop.
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vent

Flow Analysis

Methods

The flow
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flow conditions when low vent line flow-
could occur. During forced flow conditions,
ng to hot leg during natural circulation,
1

y1ds number is very near to or within the complete

turbulence zone for the vent line pipe sizes considered.

Using the flow resistance coefficient from Figure 2, the

flowrates through the RV head vent line during natural
ion conditions were calculated as a function of
difference between the hot leg fluid and the

5ing tne formula:

r

where: @ Jrasitational constant, ft/s<

on difference between vent line entrance

in RV head, lbm/fto

fluid density minus RV head fluid density,

esistance coefficient, dimensionless

ne piping area, ftt<c

The predicted vent line flowrates using the above formula are

shown in Figure 3 for both the 1-1/2 inch and 2-1/2 inch

1

schedule 160 vent piping These same vent line flowrates are

in Figure 4 as a function of the temperature difference

RV head fluid and the hot leg fluid.

steam flowrates for the two vent line sizes are Sshowr

as a function of RV head pressure. These flowrates

ated assuming natural circulation conditions with

L

b | - F e an e
fluid 2( Subcoo led.
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able 4-2: RV Head Vent Flowrates During Forced Flow
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4.2.1 Model Description and Analysis Assumptions
A finite difference heat *ransfer model was developed tc

investigate the thermal response of the reactor vessel head

fluid and metal under natural circulation conditions. The model
consists of nodes representing the coolant, plenum cover, vessel
wall, insulation, and the air trapped between the insulation and
onduction

, convection, and radiation heat transfer were

considered in addition to the convective transport of heat due

to the vent flow and natural circulation. Figure 6 shows th
heat transfer paths and mechanisms. The flow through the upper
head region due to natural circulation was derived from previous

hydraulics calculations; Figure 7 shows these flow paths.




assumptions used
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the cooldown transient

temperatures are 608°F
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10 shows the temperature of the hottest head fluid volume

u

inction of time. This hot volume was typically that at the

the RV head where there was assumed to be no vent related

ow (refer to Figu 3). During the cooldown, the RV head fluid

|

cooldown rat hottest model fluid volume reached

approximately 1 2°F/hr in the case with no RV head vent. With
an RV head vent yldown rate increased to
inch vent |
shows the calculated

inch vent line case.

temper

nottest

3 v -
th the assumed

£1

RV head fluid can

take about

cases nour criterieé

.
. ~ - ! a ¢ Al Ae + anc 4 +
1atura C1 3T10Nn COoOIdOwn Lransient.

head vent would promote a more un

d metal by enhancing the flow and




uid cooldown

fluid saturation pressure vs. time (Figure 13)

and approximat
the effect of
upper head region on
yther was to evaluate the sensiti

ansfer at the fluid/metal

the base analyses assumed
each of the seven radial

u

For convenience, this base

ype A. The twu other vent

assumptions evaluated were:

ent flow

Ow area




o Type C - The vent flow distribution was skewed towards the
center of the RV head. In this distribution, the three center
radial regions each received 30% of the vent flow, and the
remaining four regions received 4%, 3%, 2% and 1% respectively

proceeding outward.

The cooldown results for the hottest RV head fluid volume are
shown in Figure 15 for the three vent line flow distributions

y 1/

with a 2-1/2 1inch vent

1

line. The results for the e B flow

1
iietribhutinn nraohahb
gistripution \,'Judul

v the most realistic) compares favorably

1

with the bast /pe A, distribution Although the predicted

cooldown with the type C distribution 1 ignificantly slower

1 !
than that with 0as distribution, | appears adequate

(o] 3

- 1A~ . : 4 3 &
cooldown Ccriteria

In the base analyses, the fluid/metal interface temperature were

calculated based on a first order approximation. The surface

>

metal temperature the heat flux culation was determined

from the a age metal temperature of the volume assuming a
linear pel ire profile. Since the actual temperature profile
ivity of the cooldown results to

investigated. This was done Dy
in the convective heat transrter
by factors of 0.5 and 2.0. The

show that the thermal response of the

hottest fluid volume 1 latively insensitive to this

€

met 10
assumpt
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the important initial conditions and analysis

ions are licted below:

were taken from the

state natural

head uld temperature was assumed to be

responds to the hot leg temperature at 10U%

flow was zero, | he analyses, AFW contr

inventory rol limits which

.

38 inches and 5(

0sS rate

assumed

ng the total

ired cooldown

the e o 4 decreas
Ow with decreasing secor

00D transit time.




level increased




The RCS cold leg temperature increased as the

secondary pressure increased to the relief valve

Cooldown (No Vent)

A+ 1EN

At 150 seconds, the RCS cooldown

started by opening the atmospheric

The effect was quickly seen on the
temperature. The hot leg temperature responde

later due to the loop transit time.

The pressurizer level \d the RV head 1
decreased during > st 450 seconds

cooidown a the RCS contraction

exceeded the makeup flc e used during this
also resulted in the decrease seen
pressure which caused additional steam
to occur in the RV head causing an

the steam bubble.

the makeup flowrate was increased
pressure and restore
its initial level.

head started to

mixing of the hot RV
head f ith th olde ot leg fluid which
entered because of the excessive makeup flow.
[RELAP4 allows fluid temperature stratification
only in non-equilibrium volumes (e.g. pressur-
izer); the RV head was not modelled with a

non-equilibrium volume]. In reality,

bubble condensation at this rate wou
expected to occur because of the fl

temperature Stra




Restoration of the pressurizer level was slowed
until after the condensation of the steam bubble
in the RV head.

At about 400 seconds, the ‘ reached the

low inventory setpoint and F cycling

on and off to maintain the SG inventory within
This AFW cycling, and the
began at about 800 seconds,

secondary pressure fluctuations seen

Near the end of the cooldown phase (at 1290
seconds), the makeup flowrate was reduced since
the pressurizer level had increased beyond its
value. This reduction in makeup flowrate
slowed the rate of pressurizer

level increase.

al Depressurization (No Vent)

The RCS depressurization was started
seconds by opening the PORV
occurred when the pressure
saturation pressure of the

This large depressur

of a large steam bubble which

id level to less than

[




- The RV head liquid temperature decreased to the
saturation temperature corresponding to the new
RCS pressure.

- The pressurizer level increased in response to
the RV head steam bubble formation.

- After this depressurization step was completed,
the RV head steam bubble began to condense very
slowly. This was due to the increasing RCS
pressure resulting from the increase in makeup
flowrate, and the uniform mixing of the fluid in
the RV head assumed in RELAP4.

4.3.2.2 2-1/2 Inch RV Head Vent Case

The controlled rapid depressurization and cooldown
transient results for the case which includes a 2-1/2
inch continuous RV head vent are shown in Figures 22 to
25. This case was run from the same initial conditions
as the no vent case, and used similar transient control
variables (e.g. pressure control setpoints, makeup
flowrates, etc.) and timing.

An explanation of the key responses observed is given
below for each of the three key phases of this
transient.

o Initial Depressurization (2-1/2 Inch RV Head Vent)

- When the RCS pressure dropped below the saturation
pressure of the hot fluid in the RV head, steam
flashing occurred and a steam bubble formed.
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- The RV head liquid temperature dropped about 8°F
due to the steam flashing as it approached the

saturation temperature corresponding to the new
RCS pressure.

The pressurizer level increased primarily due to
the steam bubble in the RV head.

- RCS cold leg temperature increased as the
secondary pressure increased to the ADV setpoint.

o Cooldown (2-1/2 Inch RV Head Vent)

- At 150 seconds, the RCS cooldown phase was startea
by opening the atmospheric dump valves. The
effect was quickly seen on the cold leg
temperature. The hot leg temperature responded
later due to the loop transit time.

- The pressurizer level decreased during the first
450 seconds of the cooldown phase because the RCS
contraction rate exceeded the makeup flowrate used
during this period. This also resulted in a
decrease in RCS pressure.

- When the rapid depressurization stopped at 150
seconds, the steam bubble in the RV head started
to dissipate via the RV head vent even though the
decreasing RCS pressure was causing additional
steam flashing. This decrease in the steam bubble

size was reversed momentarily when the steam



flashing rate exceeded the steam flowrate through
the RV head vent line. The momentary increase in
the RCS depressurization was caused by the AFW
cycling on to maintain SG inventory.

At 600 seconds, the makeup flowrate was increased
to stop the decreasing RCS pressure and restore
the pressurizer inventory to its initial level.
The RV head vent flow (Figure 25) served to
dissipate the steam bubble very quickly after the
RCS depressurization (and resultant RV head steam
flashing) stopped, and then to continue to cool
the RV head fluid.

At about 350 seconds, the SG level reached the Tow
inventory control setpoint and AFW began cycling
on and off to maintain the SG inventory within the
control limits. This AFW cycling, and the ADV
cycling which began at about 800 seconds, caused
the secondary pressure fluctuations seen on Figure
22.

Starting at about 900 seconds, the primary
pressure oscillations were due to PORV operation.

Near the end of the cocldown phase (at 1290
seconds), the makeup flowrate was reduced since
the pressurizer level had increased beyond its
initial value. This slowed the rate of
pressurizer level increase.

o Final Depressurization (2-1/2 Inch RV Head Vent)

At 1390 seconds, the PORV was opened which started
the RCS depressurization to 1000 psig. Steam

flashing occurred when the pressure dropped below
the saturation pressure of the hot fluid in the RV
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head. Because of the large depressurization step,
a large RV head steam bubble formed and the RV
head 1iquid level dropped to about 7 inches.

- The RV head liquid temperature decreased to the
saturation temperature corresponding to the new
RCS pressure.

- The pressurizer level increased in response to the
RV head steam bubble formation.

- After the depressurization step was complated, the
RV head steam bubble began to dissipate due to the
flow through the RV head vent. This recovery was
slowed to some extent due to the continued slow
decrease in RCS pressure. The steam vented to the
SG upper plenum was condensed by the hot leg
fluid. This would be expected since the steam
mass flowrate was less than 0.2% of the hot leg
flowrate.

4.3.2.3 Comparison of Results and Limitations of Analyses

The size of the steam bubble formed during the
controlled rapid depressurization and cooldown analyses
is shown in Figure 26 for both the no vent and 2-1/2
inch RV head vent line cases. From this comparison, one
can see the benefits of a continuous RV head vent for
dissipating an RV head steam bubble after a rapid
depressurization event, and for limiting the size of the
steam bubble which may form during a slow depressuri-
zation event.

In examining this comparison, one should also be
cognizant of the limitations of the analytical model and
the analyses which may have significantly affected the
results. These key limitations and their expected
effect on the results are discussed below.
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o No Temperature Stratificatior In RV Head Fluid

The volume representing the RV head region allowed
for phase separation, but not temperature
stratification in the fluid. This meant that all the
fluid and any steam in this volume had to be at the
same temperature. For decreasing pressure
situations, this representation was acceptable, and
the calculated steam bubble sizes formed should be
reasonable. When the pressure increased, however,
the code did the following to decrease the
temperature of all of the RV head liquid and steam to
the new equilibrium temperature:

- Uniformly mixed all fluid entering the head region
with the hotter fluid already there, and

- (Condensed as much steam as needed.

The overall impact of this limitation was, therefore,
a steam condensation rate in the RV head region which
was much too high.

For the no vent case, this resulted in the
unrealistic condensing of the steam bubble during
those times when the RCS pressure increased. If
fluid temperature stratification had been allowed in
this model volume, the steam bubble formed during the
initial depressurization phase would not have
condensed, but instead would have been added to that
formed during the final depressurization phase.

For the case with a continuous RV head vent, the
steam bubble dissipation was due to a combination of
condensation, and steam flow out the vent line.
Better fluid mixing would be expected for this
arrangement due to the higher flow into the RV head
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as the steam exits through the vent. Therefore,
although the calculated steam condensation rate for
this case was aiso probably too high, it was more
realistic than for the no vent case, and was not the
primary cause for the steam bubble dissipation.

No RCS Pressure or Pressurizer Level Control

The RELAP model did not include a positive means to
control RCS pressure or pressurizer level during the
cooldown. In the analyses, the makeup flowrate was
used to try to offset the effects of the RCS
contraction and the RV head steam bubble. This
coarse control resuited in the inability to maintain
a constant RCS pressure during the cooldown. During
a realistic rapid cooldown transient, the plant
operator would typically have pressurizer level
controlling the makeup, and the pressurizer heaters
to maintain RCS pressure.

Pancaking in RV Head Vent Line

The RV head vent steam flow rates that were
calculated by RELAP4 were observed to be
approximately a factor of three lower than expected.
This was caused by the model not allowing the
saturated liquid in the vent line volume to slip by
the steam and drain into the RV head volume once the
steam started flowing through the junction path
connecting these two volumes. This significantly
affected the steam flowrate since during natural
circulation the main driving head for flow is the
density difference between the fluid in the hot leg
and that in the RV head vent line.
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This model limitation obviously had a substantial
effect on the calculated steam bubble dissipation
time. The steam bubble should have dissipated
approximately three times faster than shown in the
RELAP results for the vent line case.

Large Final Depressurization Step

As mentioned previously, the ATOG rapid
depressurization and cooldown procedure was simplied
in the RELAP analyses. After the initial
depressurization phase, the ATOG procedure recommends
several small cooldown/depressurization steps to get
to the desired RCS conditions of 1000 psig and
approximately 500°F hot leg temperature. In th2
analyses, one large cooldown and depressurization
step was used.

For the case with no vent and a more realistic steam
condensation rate, the size of the final steam bubble
in the head would not be significantly affected by
the number of cooldown/depressurization steps taken.
This is because very little steam condensation would
be expected auring the cooldown phases.

With a continuous RV head vent, however, the steam
bubble formed during each depressurization step would
be expected to be dissipated during the following
cooldown step. Thus the maximum size of the RV head
steam bubble formed during this controlled rapid
cooldown/depressurization transient could be limited
by the size of each of the depressurization steps.

In summary, the previously described code and analysis
limitations lead to the conclusion that the actual
performance benefits of a continuous RV head vent design
would be substantially greater than shown in the RELAP
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analysis results. If these code and analysis
Timitations did not exist, the estimated steam bubble
size and time to disipate would be as shown in Figure 27
for both the no vent and the 2-1/2" vent cases. This
still assumes a single large cooldown/depressurization
step. By following the recommended ATOG procedure with
several smail cooldown/depressurization steps, this
evaluation shows that the RCS can obviously be quickly
cooled and depressurized to the desired conditions
without a large steam bubble forming in the RV head if
the continous RV head vent design is implemented.
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)f event

where




Large break LOCA's result in a rapid depressurization and loss of
subcooling in the RCS. A continuous RV head vent will have no
significant affect on these events.

For small break LOCA's, core cooling is maintained by natural
circulation flow and cooling via the steam generators or by
boiler-condensor mode if natural circulation is interrupted. There
exists a range of break sizes around approximately 0.0l ftz, for

which natural circulation is predicted to be interrupted by steam in
the top of the hot leg. For these events, the addition of a continuous
RV head vent may result in an earlier interruption of natural
circulation flow in the loop with the RV head vent connection,

However, the natural circulation flow in the other hot leg should not
be degraded by steam from the RV head and may be enhanced such that the
time to total interruption of natural circulation flow may be
increased. In addition, the incressed steam volume in the top of the
affected hot leg may possibly result in establishing a boiler-condensor
cooling surface earlier,

In summary, for a range of small break LOCA's, the addition of a
continuous RV head vent may have some affect on the timina of the
events, However, this change is not expected to have a significant
impact on the basic results of these analyses. The specific effects of
this prcposed design change, if implemented, can be quantitatively
evaluated for these small break events when the plant specific aralyses
are performed for NUREG-0737, Section II.K.3.31l.
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