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SUMMARY

This testimony responds to the Appeal Board's request for
information concerning the usefulness of the hot leg high point
vents in promoting or restoring natural circulation in the
event of a small-oreak loss of coolant acs~ident.

Based upon a review of the size of the lict leg vents to be
installed at TMI-1l (and therefore their capalility to relieve
steam) and of the reactor coolant system response during
various small-break scenarios, it is concluded that opening of
these vents provides very little benefit during the carly
staées of a small-break LOCA. The vents would provide some
assistance in recovering natural circulation during the refill
stage, when the HPI flow has matched the leak flow. While the
vents may provide some incremental assistance in recovering
natural circulation at this latier phase, Licensee has deter-
mined that this limited benefit does not outweigh the com=-
plexities associated with determining the conditions under
which the vents may be opened. Licensee will instruct the

TMI-1 operators to utilize the vents under inadequate core

cooling conditions.
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INTRODUCTION

This testimony, by Robert C. Jones, Jr., Supervisory
Engineer, Operational Analysis Unit, Babcock & Wilcox Company,
and Louis C. Lanese, Senior Safety Analysis and Plant Control
Engineer, GPU Nuclear Corporation, is in response to Issue No.
2 of the Appeal Board's Memorandum and Order of December 29,
1982 (ALAB-708), which states:

- 4 When and under what circumstances such

vents would or would not be useful to
promote natural circulation, including
reasons for the conclusions reached (from
the staff).
This testimony will also address the concerns expressed by the

Appeal Board at pp. 22-23 and n. 40 of ALAB-708, regarding the

procedural guidelines for use of the hot leg high point vents.

BY WITNESS JONES:

High point vents in the hot legs were designed and are
being installed in the reactor coolant system (RCS) as a means
for control of non~condensible gases. To assure that a failure
of this veht system does not result in a LOCA, the vents have
been sized such that the leak flow rate could be compensated by
the makeup system. The size of the vents limits their useful-
ness for recovery of natural circulation for a small break
LOCA.

Before examining the potential usefulness of the vents for
recovery of natural circulation for a small break, I would like

fftec review briefly the several different RCS responses as a

i




function of break size.

is sufficient to remove all the core decay heat. For very
small breaks, less than approximately 0.005 £t2, a high
pressure injection (HPI) or make-up (MU) pump provides suffi-

cient flow to assure that the RCS remains full of liquid.

What remains is the break size range between 0.005 and 0.02
ft2. For this range of small breaks, energy remcval from the
system is accomplished by a combination of the break flow and
steam generator (SG) heat removal; natural circulation is not
continuously maintained. Opening of the vents could possibly
aid in the restoration of natural circulation for these
transients, but for the reasons provided below, usefulness of
the vents is severely limited.

|
range is necessary to understand the potential usefulness of
‘high point vents. Within this break size range, the HPI flow
is not able to match the inventory being lost through the

break, and the RCS will depressurize and evolve to saturated

fluid conditions. Energy removal via the SG will first be by

all-liquid phase natural circulation and then by two-phase

22| natural circulation. Continued energy additions from the core

23Hdecay heat will result in boiling within the vessel and

24 subsequent formation of pure steam rez’ons within the primary

For larger-sized small breaks, greater

than approximately 0.02 ft2, energy removal via the break alone

Therefore, natural circulation will be continually maintained.

A brief discussion of the RCS response for this break size

2515ystem. These pure steam regions will interrupt the two-phase
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natural circulation. System pressurization will then occur due
to the loss of SGC heat removal. Once sufficient primary system
inventory has been lost to establish a condensing surface
within the steam generator, boiler-condenser cooling wiil be
established. This will terminate the system pressure increase
and a depressurization of the RCS will commence. Ultimately,
the primary system pressure will settle at a condition where
mass and energy flow added to the system is balanced by mass
and energy flow through the break.

Opening of the high point vents, as a means of recovering
natural circulation, has been examined at various points in the
sequelnce of RCS response for the break sizes between 0.005 and
0.02 £t2 where the conditions described above will occur.
Obviously, opening of the vents would serve no use so long as
liquid single-phase natural circulation is maintained.
Therefore, the earliest situation of interest is during the
two-phase natural circulation period of the transient.

Opening of the vents during the two-phase natural circula-
tion period of the transient could be useful if by doing so the
depressurization rate of the primary system was materially
increased, thereby aiding HPI injection flow. Opening of the
vents when the system is in two-phase natural circulation would
provide an additional energy removal path from the RCS and lead
!to some increase in the depressurization rate. Since the RCS
is saturated during *his phase of the transient however, liquid

in the RCS would flash, retarding the depressurization rate.
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Additionally, because of the swall size of the vent, which is
“ || the equivalent of only a .000s5 ft2 break in the RCS, the

addition to the depress rization rate would be small in any
event. Thus, while some additional HPI flow could be obtained
as a result of the depressurizaticn, the incremental effect
would be minimal and not sufficient to cover the large rang® of
leak flows expected over the break size range of 0.005 to 0.02
£t2.

Opening of the vents after natural circulation is lost
would also not result in a recovery of natural circulation.
The steam flow through the vents (approximately 3 lb/sec total)
is only 4 percent of tne steam production rate from the core at
one-half hour, for example. Thus, unless the combination of
the break flow and the HPI were nearly sufficient alone to
provide the necessary energy relief (a situation which only
occurs for the larger small-break sizes), opening of the vents
would not provide sufficient additional energy relief to
Iprevent pressurization of the system. However, for these
breaks, the HPI flow is small relative to the break flow.
Thus, recovery of the system inventory, and thereby natural

circulation, would not occur.

Opening of the vents would provide a means of recovering
Inatural circulation only when two conditions are met. First,
the HPI flow has matched the leak flow; and second, the energy
flow through the leak is sufficient to remove essentially all

of the energy being added to the system. The vent path would
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result in additional energy removal with a subsequent decrease
in RCS pressure and increased HPI flow. Since the HPI flow
rate would then be greater than the leak flow, RCS refill would
commence. Refill timcs for this mode of recovery could be
expected to be on the order of one to two hours, assuming core
beoiling is suppressed by the incoming HPI.

In summary, opening of hot leg high point vents would
provide virtually no benefit for recovering natural clrculation
during the early phases of a small break LOCA. Thus, the vents
are not capable of replacing the role of the steam generators
for small-break LOCAs. In the long term, however, the vents
could provide a means of recovering the system inventory and

thereby reestablish natural circulation.

BY WITNESS LANESE:

The hot leg high point vents will be used during situ-
ations of inadequate core cooling. Guidelines have been
developed and included in the abnormal transient operating
guidelines (ATOG) program and are undergoing review by the NRC
Staff.

Proposed guidelines for utilizing the hot leg high point
were first submitted by the B&W Owners Group for NRC Staff
review in mid-1981. These guidelines addressed two conditicns
"for opening the hot leg vents: (1) during inadequate core
cooling conditions, and (2) during the refill phase of a

Fsmall-oreak LOCA. However, the vent guidelines for use during

| -5~
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the refill phase a small break LOCA have been withdrawn by the
B&W owners from NRC Staff consideration. This was done after
the initial submission of the guidelines because the owners and
NRC Staff agreed that certain questions raised about the
guidelines could not be resolved without an extensive testing
and analytical effort to demonstrate to the NRC Staff that use
of the vents uader certain conditions woul. not be detrimertal
to plant safety. Since the use of the vents during the refill
phase was considered to be of marginal benefit, the owners
decided to withdraw the refill guideiines in April of 1982.

GPU Nuclear made a plant-specific notification of this decision

by letter to the Staff dated August 23, 1982.
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Safety and Licensing Engineer, GPU Service
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