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REACTOR VESSEL HEAD YENT OPERATION

I. GENERAL DISCUSSION

A, Purpose

The operator actions and precautions specified in this guideline -
are those instructions necessary for the téhova] of 'gases from .o
the reactor vessel head by operation of the reactor vessel head

vent system.

B. Guideline Assumotions

1. The specific design of the reactor vassal rzad vent sysstem
used in this guideline includes a single csornectinon to tha
vessel head with redundant flow paths and isoiation vaives

. extending from a common 1ine. The ccmmon line includes
a 3/8" . orifice which limits the flowrate to within the makeup ..
capability of_thé chemical and volume control system. . The
redundant flow paths discharge to the reactor containment
huilding. Note that those plants which have vent systsms
installed which vent to the pressurizer or the orassurizar
relief tank may desire to modify or make 2dgiticns o0 the
existing guideline in order to imcorporate the plant
specific design. )

2. Although the guidéline does not require a reactor vessel

level system it is recommended that any venting operation s
be performed in conjunction with an accurate vessel level

" indication for both with and without reactor coolant pump
operation. Fér plants without a level system, the performance
of Appendix A,“"RCS Gasecus Yoid Detection and Sizing”
may provjde an estimate of the total volume of gaseous
voids in the RCS (other than the pressurizer).

»
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3. The reactor coolant system can be stabilized with a constant
pressurizer level and adequate reactor coolant sub-cooling
established. These conditions are required to ensure adequate
core-éoo11ng is maintained during the venting perfod.

4. The pressurizer level and pressure requirements throughout the
guide]ine do not include error allocations due to an adverse
containment environment. Therefore, it 15 assumed- that
containment temperature {s near normal operating conditions.

5. Any venting operation must be pdrformed prior to the initiation-
"of safety injection flow throttling during a POST-LOCA -
cooldown and deoressurizaticn cperaticn. Severzl guideiine
actions require the initiation o. safaty infaction {7 gressurizer

level cannot be restores. The P3ST-LOCA coslcowa and depresuri-
zation operation begins to throttle safaty injection Fiow and

- therefore full SI flow could not-be delivered to the RCS

when required. *

6. The head vent system is not designad for and should not.
be used as the primary means tswmitigate an inadequate -
core cooling event. The vent ficwpath is no. sized to provida:T
this capability and should cniy be usead 1n coenjunciion with
the Inadequate Core Cooling Guidelines.

»

Symotnms

The foi]owing are symptoms that may indicate the presence of a
gaseous void in the reactor coolant system. HNote that any one
or compination'of symptoms may 1ndfcate,that a void exists. .
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For Plants with a RV Tevel 1ndication:‘

‘ 1 L

Reactor vessel level indication lggé_than (plant specific)
percent of span. The plant specific value should include

an allowance for normal chénnel accuracy. If the level

system does not include a reference leg temperature compensator '
than an additional allowance shouid be included for conditions

where the RCS temperature is not equal to-the channel calibration - ° -
. temperature. .

For Plants viith/without a RY level indication: i

2.

3.

‘4,

" "February, 1981

Variations from the normz1 pressurizsr pressure and ievel

respense due to scrmar charging and.;;raying crerztisn

may not be observeqa if a gasecus void exists in cthe ACS.

The pressurizer level may decrease during 2 RCS pressurization
from charging due to gaseous void contraction and level may T
rise rapidly during a spraying oparation due to a gaseous N
void expansion. T S S C

An indication of reactor vessel head temperatures equal to -

or"greater than saturation temperature warrants the presence

-an

of a steam bubble being cenerated in the RCS.

Gases in the reactor coolant system may result from several
types of plant events. An accumulator tank discharge or

a core uncovery may result in non-condensible gases (e.g.’
nftrogen and hxdrogen) being trapped in the RCS. A rapid- )

RCS cooldown may result in the vessel head temperature being

greater than the primary saturation temperature and result
in a steam bubble being developed. The operator should °
suspect the presence of gases in the RCS if any .of the above
events occur,
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11. BASIS FOR SUBSEQUENT ACTIONS

The CAUTION preceding Step 1 warns the operator to maintain the

existing mode of core cooling during the performance of the subsequent
actions. Tripping an operating reactor coolant pump could result

in gases in the reactor coolant loops collecting in the steam generator
U~tubes and may disturb natural circulation and primary to secondary
heat transfer.” "Starting reactor coolant pumps would disperse any

gases already collected in the vessel head and make their rémoval -
more difficult. Therefore, the existing status of the reactor
coolant pumps should be maintained during the venting operation.

_If possible and {if conditions require so,-then a reactor coolant pump
should be stariaed follcwing the compieticn of the venting operation.

’,

The Eglg_precsdﬁﬁg 3%ep 1 identifies carvain staps {markea by'an

asterisk} which are not applicable if safety injection has been

‘{nitiated and these étpps should be skipped during the ventin

operation. . o .t

1. Once a gaseous Void is detected or suspected in the RCS, then
any changes being made to the primary system should be terminated
and a steady-state condition should be established. This step
refers to events -1ike a FCST-LOCA cooidewn, a normal plant
cooldown, or a plant recovery from & design basis event. The
intent {s to allow the RCS to stabiiize so that the size and

" position of the void can be determined. Note that a normal - -

pressurizer pressure control condition ‘may not be attainable 3
due to the reasons stated in symptom 2.

2. The first action taken to remove any gases from the RCS {s to - .

attempt to recombine any condensible gases by increasing RCS
. pressdre. This step may be slow acting and 1f a upward trend

is witnessed on the vessel level indicator then maintain this '
mode until the head is refi{lled or the upward trend stops. If
this step is successful in fil1ling the head, then return to the
appropriatesoperat1ng instruction. If this step 1s not successful,
then proceed to Step 4. .

o %
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The CAUTION alerts the operator that charging flow may result

in a sudden collapse of steam bubbles in the RCS and cause a
}apid decreasa in pressurizer level. The level should be
restored”by increasing the RCS makeup flowrate. If the increased
makeup flow fails to restore level then safety injection should
be initiated and the operator is to proceed to E0I-0, Immediate
Actiors and Diagnostics. ‘

The venting operation will result in RCS gases being vented to

the containment. Therefore the containment purge and exhaust

system should be isolated to prevent the release of any radioactive
gases: to the environment. A1l available containment air circuiazicr’
ecuipment should be siarcad to preventeany nydroczn from FocTirg

a gas pccket and to ensure a recvesentziive hydregan concentrztica

is obtained in St2p 5.

Increasing the reactor coolant sub-cooling 50°F above the minimum
plant specific value ensures that reactor coolant sub-coo}ing

will be maintained over the entire range of RCS operating conditions
if the venting operation is terminated.following a 200 psi decrease
in RCS pressure. The preferrad method:of obtaining the additicnal
sub-cooling is increasing RCS pressureisince this will aid in
condensing any steam bubbles present. If the additional SC°F
sub-cooling is already establishad then proceed to Step 5. v

The actions of Appendix B "Venting Time Period" determine the
maximum- allcwable time period for venting which will 1imit the
containment hydrogen concentration to less than 3 volume percent.
This 1imit is required to prevent a potentially explosive hydrogen
concentration from being déde]oped inside the containment.

(This step-may not be applicable for plants which vent to the

pressurizer or pressurizer relief tank.) d \
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*6. Pressurizer level is increased to greater than 50% ‘for the
"« . purpose of maintaining RCS mass inventory during the venting
* period. . The operator is instructed to isolate letdown in °
order to obtain the level increase. Letdown will remain isolated
until the venting operation is complete.

*7, This step and the following CAUTION warns the operator that
» ) hcs.preésure will decrease during the venting and if.initial
pre§§ure is near the low pressure safety injection actuation
setpoint, then SI may.be automatically initiated during'the i
venting, The operator is instructed:to block the low pressure
"SI actuation if and/or when the block permissive is energized R

- e

to prevent an inadvent n. 31,

*8, Charging flow is increased to maximum to 1Timit the net mas:
deplétion of the RCS during the venting period. A second charging. s
pump should be started if it will provide additional make-up ¥iouw. |
,If the safety injection system isﬁinfoperation then maintain the -
“current plant configuration until the venting is complete.

The response§ indicated in the NOTE will ‘provide the protable o
statub of the RCS for those plants without a lével syssem. It -
may also idenzity the presence <f voids in the RCS cther than
the reactor vessel head or pressurizer.

a) During a depressurization, any gaseods voids that exist in
‘the RCS, other than the vessel head, will rapidly expand -
'anﬂ result.in an increase in the.pressurizer level.
b) -The orifice in the head vent discharge 1ine is sized to 1imit -
Lwater relief to within the makeuup capab111ty of a charging
pump. Therefbre, if no gases are present in the vessel head,
then the vent flowrate will match the charging flowrate and
the pressurizer level will remain constant.
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© ¢) The venting of gases will result in a rapid decrease

. 9.

in pressurizer level due to the mass flowrate of the
gases being greater than then the mass input being provided
- by the makeupoflow.

Both isolation valves in one vent flowpath must be opened
to initiate the venting operation. The, NOTE instructs the

. operator to close both isolation valves in the fioépath if.

10.

February, 1981

one or both of the valves fail to open. 'The isolation valves
in the redundant flowpath should then be opened. This prevents
two flowpaths being open if the failed valve suddenly opens,

The venting is ‘terminated when the reactor vesssi head iz
refilled or when the following criteria are me:.

b) he maximum time period allowable for venting whica limits
ccntainment hydrogen. concentration-to less than 3 volume
parcent -(determined by Appendix B, "Venting Time Period").

c,d,e) These 1imiting conditions are consistent with the safety
" injection re~initiation criteria of the emergency operating
instructions. They provide suffjcient operating margin for
the venting and at the same time, provide 1imits cn the
transient which ensures adequate-system control can te
mainta1ned - %

f) Once the reactor vessel head is vented and refilled then
vater relief through the vent path will begin. At this time,
the rate of RCS depressurization and the rate of pressurizer
level decrease should change any may even terminate. This
may be used on an indication that. the head has been 'refilled
for those plants without a vessel level system.

Both isolation valves in the vent flowpath shou1d be closed
to terminate the venting. .
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The CAUTION instructs the operatér to maintain the RCS venting
if Ioss of reactor coolant pump operation occurs. The venting

" s ma1nta1ned to remove as much gas as possible from the vessel

1.

head during the RCP coastdown and onsought of natural circulation.
This will minimize the amount of gas bubbles in the reactor
coo1aﬁt loops and steam generator U-tubes. The operator should
refer to AOI-4 "Natural Circulation” to ensure adequate core
coo11ng is being maintained. ¢ y

Normal pressurizer pressure and level control is restored
after the completion of the venting. A stable level and

- pressure should be maintained while.it is detarmined if further ¢

*12.

13.

February, 1981

B el

venting is reauired. "

If a ‘gas bubble existed in the vessel head and the venting
was terminated prior to the vessel head being comcietsly refilied,
then "the operator should return to Step 4 and repeat the venting

operation until the reactor vessel head has been ccmpletely

refilled.

The NOTE alerts the operator that i{ffthe time period for venting
determined in Appendix B is met befcre the vessel head is n*ﬁ.xsdié
theﬁ the containment hydrogan concentraticr must be red
and a new venting period calculated prior to performing additional .
venting. The hydrogen concentration could be reduced through

the use of the containment hydrogen re-combiners or by the purge

ucsd

‘and exhaust system if radioactive gas concentrations are within

1imits., The new venting period will be based upon the reduced
hydrogen concentration.

F

The opérator should return to.the appropriate operating instruction
following the successful complietion of venting the reactor
vessel head. If, during subsequent actions, a gaseous bubble
reforms in the vessél head, then the operator should return to
Step 1 and repeat the venting operation.

-
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III. BASIS FOR APPENDIX A "RCS GASEOUS YOID DETECTION AND SIZING"

If géses are present in the reactér coolant ‘system, then the

pressurizer pressure and level controls will not respond as they

normally would. The total gas volume can be estimated by performing
a‘routine pressurizer control operation énd then comparing the

expected results with the actual results...This is the technique

utilized in the following steps.. If the safety injection system .
is in service, then the following steps are not applicable since -
normal pressurizer control will not be maintained. , 2

¢

1. The operator is instructed to achieve z sizbie pressurizar N
pressurs with normal controls beinz msinisined.

(99

2, System pressure and level are placed on “rend recordars *o .
achieve better accuracy for recording their vaives. Tha transienc
is not expected to exceed a 150 psi.or 0% of span charge in RCS
conditions. , o

3. . These recordings will become the initial parameters in the -
following calculation. '

4. Letdown t'low is isolated, pressurizer heaters are tripced,
and giressurjzer spray is terminated to establish a condition
where the pressurizer level will change only as a result of
mass being injected into the RCS.

5. The operator is instructed to allow the system pressure to

. 1ncqéase 100 psi or the pressurizer level increase by 5 percent

of span (pressurizer level is the preferred response). These
conditions are obtained by a slow continuous charging rate. '

6. These recordings will become the final parameters in the following
calculation. '
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Normal RCS pressure and level controls are re-established
and maintained until otherwise directed by steps of this
" {nstruction.

The operator is instructed to ca[cu]ate the total volume of

the pressurizer vapor space. The total cylindrical pressurizer
voiuire is the total volume of the pressurizer exc]uding the
upper. and lower spherical démes. . : .

The total charged volume into the RCS. is the difference between
the (charging and seal injection flows) and the seal leakoff
flow and then converted to cubic fest.

An expected oressurizer level changs can te determined from
the total charged volume in the preceding step.

If the actual pressurizer level change is less than the expectad
change (or if no level change was witnessed) then gaseous voids
exist in the reactor coolant system. 1 This is a result of the
gaseous voids contracting when the pressure was increased by

the charging flow. This will 1imit .or prevent a normal pressturizer

level increase. The void contractior may even be iarge erouagn

~ to cause an actual decrease in the pressurizer level.

Step 12 should then be performed to estimate the total volume
of the gas voids. in the RCS. :

The RCS void volume contraction.is equal to the change in
pressurizer Tevel converted to volume. Also the ratio of final
void volume to initial void volume is equal to the ratio of |
initial RCS pressure to final RCS pressure. From these two
equations the two unknown (initial and final RCS void volume)
can be determined by inserting one equation into another. The

:1n1t1a1 void volume if ca]cu]ated'first and then fit into the

volume/pressure ratio to determine the final void volume. '
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.BASIS FOR APPENDIX B "VENTING TIME PERICD"

During a core uncovery event, there exists the potential for a significant
amount ‘of hydrogen generated in the core which could be trapped in

the reactor vessel head and released to the containment atmosphere

during the ‘venting operation. The containment hydrogen concentration

{s Timited to less than 4 volume percent to prevent a potential 2]
explosive mixture with oxygen, therefore, the amount of hydrogen that: i’
can be vented to the containment is restricted. A maximum allowable .
time period for venting is determined to limit the containment hydrégen .
concentration,

v
3

'1

1. The total containment volume in cubic fTeet is Tirs: dazarmined
and then converted to stancard famperature and pressurs csnditions. “-
Hota That the pressure term For tne conversion is uniy azsiicabie

* to sub-atmospheric containments and can be deistad far che remaining :
plants., ) ‘

-

" 2, The containment hydrogen concentration, is then determined in volume -+
- percent units. This value can be found by direct sampling or by

hydrogen monitors. Sufficient time should be allowed for the
air circulation equipment to mix the containment a tmosphere
prior to sampling in order to determina a representative
concentration. "4

The ﬂglg_i&ent1f1es to the operator that the containment hydrogen
concentration will be insignificant if there has been no leakage
from the RCS to the containment. The operator may assume the

Ha concentration to be 0 volume percent. -

3. The maximum volumé of hydrogen that can be vented is calculated
which will 1imit the containment hydrogen concentration to less:
than 3 volume percent.
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