MEMORANDUM FOR: The Atomic Safety & Licensing Boards for:

Callaway Plant, Unit 1

Comanche Peak Steam Electric Station, Units 1/2
Midland Power Station, Units 1/2

Palo Verde Nuclear Generating Station, Units 1/2/3
South Texas Project 1/2

Waterford Steam Electric Station, Unit 3

The Atomic Safety & Licensing Appeal Boards for:

Comanche Peak Steam Electric Station, Units 1/2

Diablo Canyon Nuclear Power Plant, Units 1/2 — o . <
Offshore Power Systems, FNP 1-8

San Onofre Nuclear Generating Station, Units 2/3

Virgil C. Summer Nuclear Station, Unit No. 1

Waterford Steam Electric Station, Unit 3

FROM: Thomas M. Novak, Assistant Director
for Licensing
Division of Licensing, NRR

SUBJECT: BOARD NOTIFICATION - ACRS EVALUATION OF PWR FLOW
BLOCKAGE (Board Notification No. 82-125, 82-125A)

In accordance with present NRC procedures regarding Board Notifications,
the enclosed information is being provided for your information as
constituting new information relevant and material to safety issues.
This information is applicable to all PWR's.

The notification relates to an evaluation concerning flow blockage during
natural circulation which was performed by H. Etherington. Our assessment

",Qg has concluded we are in general agreement with all of the points identified
—0a in Mr. Ctherington's evaluation, and that all of his concerns regarding
ﬁg the phenomena of natural circulation flow blockage have been previously
g,, jdentified by the staff and provided to the boards in Board Notification

o BN-82-71. However, due to the interest in natural circulation and feed
3,‘ and bleed cooling in recent licensing proceedings, we believe it is in
§§ the best interest of the requlatory process to make the licensing boards

Q aware of this recent evaluation. We do not believe that these results
ﬁ adversely impact our present staff position regarding reliance on natural
by circulation or the validity of feed and bleed cooling as a defense in
80.& depth measure.
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The staff is continuing to pursue with the B&W Owners the requirement for
them to provide acceptable integral system experimental test data to aid
in code verification and emergency operator procedure evaluation as part
of TMI-2 action items II1.K.3.30 and I.C.1 respectively. We will inform
the boards of significant information if it causes us to change our
technical position.

Original signed bys

Thomas M. Novak

Thomas M. Novak, Assistant Director
for Licensing

Division of Licensing

Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: Licensee/Boards
Service List
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MEMORANDUM FOR: Darrell Eisenhut, Director
Division of Licensing

FROM: Roger J. Mattson, Director
Division of Systems Integration
SUBJECT: BOARD NOTIFICATION CONCERNING A RECENT ACRS

EVALUATION OF PWR FLOW BLOCKAGE

References: 1. TMI-1 Restart Appeal Board Notification, BN-82-71,
containing Tetter from H. Denton, NRC, to H. Myers,
congressional staff, "Dynamic Response of B4V Reactors
to.Small Break LOCAs.

2. Safety Evaluation Report, related to the operation of
Midland Plant Units 1 and 2, NUREG-0793, Section 5.5,
"Design Sensitivity of B&W Reactors", May 1982,

SUMMARY :

Thc surpose of this memorandum is to request that you inform all PKR
Licensing and Appeal Boards of an evaluatfon by ACRS member H.
Etherington titled “Flow Blockage by Steam During Natural Circulation in
PWRs" and provided as enclosure (1). The Etherington evaluation
discusces various mechanisms by which single phase natural circulation
might be Tost and regained. The feed and bleed mode of decay heat
removal and the effect of high point vents in the Ba&K design on
restoration of natural circulation are also discussed. The evaluation
s primarily for plants with once through steam generators (B&W design),
although some of the discussion relates to plants with inverted U-tube
steam generators (Westinghouse and C. E. designs). The evaluation
concludes that "the Committee (ACRS) may want to review the final
disposition of this problem, and to be assured that the various
possibilities (of core cooling) are reflected in sufficiently flexible
and understandable operating procedures."

We recommend providing this informatien to the Boards due to recent
interest in two phase natural circulation and the feed 2nd bleed rnde of
cooling.,

The staff is in genera! agreement with Mr. Etherington's evaluation. A
similar evaluation was previously performed by the staff and documented
in & letter which responded to questions from Dr. Henry liyers, Science
hévisor to the House Committee on Interfor and Irsular Affairs. This

A
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letter is attached to Board Notification BN-82-71 (Ref. 1). In this
letter the staff also expressed concerns relating to the understanding
of plant response by .operators.in the event of natural circulation flow
blockage, and has recommended that the phénomena bé fhvestigated by
integral system tests.

The staff is pursuing resolution of the requfrement for integral systems
tests with the B&W Owners as part of TMI-2 Action Items II.K.3.30 and
1.C.1. (see NUREG-0737). The status of this resolution 1s surmarized in
a letter recently sent to all licensees with B&W designed reactors. A
?ggy of this letter is provided for the hoard's information as enclosure

The staff has reviewed the Etherington evaluation and our assessment {is
discussed in some detail below. We request that our assessment be
provided to the licensing boards concurrently with the Etherington
evaluation (enclosure 1) and the letter to the B&W Owners (enclosure 2).

Backqround: '

Recent licensing proceedings (in particular the TMI-1 Restart Hearing)
have focused on the ability of PWRs to remove decay heat in various
modes of natural circulation when feedwater is available and by feed and
bleed in the event of loss of all feedwater. License applicants have
not relied on feed and bleed cooling in meeting the Commission's
regulations, but the staff and applicants recognize that such capability
is available at many PHRs as a defense in depth for events beyond the
design basis.

As such, feed and bleed cooling is addressed in present emergency
procedures and is included in the emergency procedure guidelines now
under development. Natural circulation, both in single phase and
two-phase modes (including boiler-condenser), is the primary mechanism
for decay heat removal when the reactor coolant pumps are not
operational and feedwater is available. Reliance on natural
circulation to remove decay heat from the reactor system, both with and
without a small break LOCA, has always been considered acceptable to the
staff. Single phase (1iquid) natural circulation has been demonstrated
extensively in operating reactors, and twe phase natural circulation
including the boiler condenser mode, has been justified by test for
inverted U-tube steam generator plants. Two phase natural circulation,
including the boiler-condenser mode, hes been shown to be effective by
analycis for all PHR reactor types. In addition, auxiliary feedwater
systems are sufficiently reliable to provide the required heat sink for
catisfactory comformance to the General Design Criteria.

Staff Comments:

T, The evaluation by Mr. Etherington deals primarily with the time
recuired to condense a steam bubble which might be trezpped at the
top of the hot legs of a B&W designed reactor and therefore affect
the period of time in which natural circulation, and hence decay
heat removal, was interrupted. The evaluation does not address
core cooling as a result of natural circulation interruption. The
question ¢f core cooling in such a situation was addressed by the
staff in BN-82-71 (reference 1). In that reference the staff
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reported @ similar evaluation of bubble condensation rates and
concluded that the reactor core would be adequately covered and

_cooled regardle s_?f;tnp tipe required to condense the bubble and
restore & Tiquid flow path between the vessel™aid the steam
generators.,

2. The Etherington evaluation postulates various heat transfer
mechanisms for steam void condensation within the hot leg, assuming
that the coolant lToops are in a quiescent condition (11ttle or no
coolant flow). Bubble condensation times of between 3 and 65 hours
are calculated, depending on which heat transfer mechanisms
dominate the condensation process. The Etherington evaluation also
makes note of a calculation performed by LANL using the TRAC
computer code. The TRAC code predicted that the coclant loops
would not be in a quiescent condition even in the presence of a
steam bubble. Rather, 1t predicted an intermittent condition of
slug flow causing rapid steam condensation. Using the RELAP-S
computer code the staff has alsoc predicted slug flow in the coolant
loops when steam voids were present.

But the staff's conclusion on the safety of interrupted natural
circulation does not rest on the TRAC or RELAP calculations.,

Rather the staff evaluated the consequences of both rapid and siow
bubble condensation in Ref, 1. For the 1imiting assumption of an
infinitely slow condensation rate (f.e., no condensation) the sta’f
concluded that the reactor core would still remain covered with
-water and adequately cooled.

3. The staff does not believe that any cyrrent method of predicting
steam void condensation rates has been adequately verified. The
staff has concluded that additiona) data needs to be obtained using
an integral system test facility scaled and geometically similar to
the B&W reactor design. Appropriate test data has 2lready been
obtained for Westinghouse and CE desfigns at the LOFT and Semiscale
facilities. The staff concluded in reference 1 that for B&W
designs such data was needed for operator trafning and evaluation
of emergency cperation procedures but was not reguired to
demonstrate the adequacy of core cooling.

4, In reference 1, the staff evealuated the consequences of steam voids
trapped in the hot legs of a B&K reactor following a small break
(i.e., stuck open PORV) which was subsequently isoleted. The
evaluation by Mr. Etherington postulates that voids might be formed
by PORV or pressurizer sprey actuation. Ve agree that pressurizer
PORV or spray actuation*, when the primary system is at or near
saturation conditions, is a mechanism by which veids micht form :nd

*Tn this case, we assume this is the auxiliary pressurizer spray,
which is not derived from the main reactor coolant pump flow. If this
was normal pressurizer spray, which is derived from mair reactor
coolant pump flow, then this pump operation would also serve to sweep
any steam voids into the steam generators where they would be
condensed.
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interrupt natural circulation. The staff also evaluated the effect
of reactor system overcooling in producing void formation and the
.loss of natyral.circulation, for BN reactors in Ref. 2. This evaluation
indicated tha* anticipated overcooling events should not result in the
loss of natu~a? circulation, and even the more severe steamline break
events would (nly tend to bluck circulation in one loop.

The evaluation by Mr, Etheringtor states “Ii appears possible that
there is no direct recovery to single-phase natural circulation
from the boiler-condenser mode." The staff agreexz with this
statement in the sense that rapid void condensation predicted by
computer codes has nct been verified by integral system tests and,
in fact, may not occur. However, recovery of single phase natural

circulation 1s not required for successful mitigation of a LOCA as
discussed below.

Following a loss of coolant accident, the ECCS systems of PWRs are
not designed to deliver enough water to the reactor system to
completely refill it except for very small break sfzes. When the
system refills above the break elevation, the ECC water will spill
out of the break and prevent the coolant level in the primary
system from rising higher than the break elevation. However,
because all primary system piping 1s at an elevation above the top
of the core, the system will always refi1]l to above the top of the
core, thus assuring the core will be covered. By maintaining a
water level above the top of the core, core cooling 1s assured by

nucleate pool boiling heat transfer. This condition will maintain

the maximum fuel cladding temperatures s1ightly above the coolant
saturation t ature, Smaii break LOCA operator guidelines for
B&W designed so state that it is not neceszary to refill the

]
reactor system following a LOCA in order to assure long-term core
cooling.

e
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The evaziuation by Mr. Etherinoton states that a "one-inch vent line
at the top of a U-bend could easi!y eliminate a steam void in a
subcoolec system as fast as makeup could be supplied. But venting
a steam space in a saturated system without makeup could be an
exercise in futility." We agree with these statements, but we note
that the high point vents of PWRs are designed to vent hydrogen,
not steam, in accordance with the requirements of 10CFR 50.44,

They are designed to be small enough ir diameter so that their
failure will not produce » LOCA in 2crordance with Item II.B.1 of
NUREG-0727. lost high | t vent sizes are smaller than one inch
i.d. If the high point vunts were opened by the operator in an
attempt to restore rnatural circuieticn while the primary system hot
leg coolant was near to or at satura‘ion conditions, the pressure
in the vicinity of the open vent would decrezce. This would cause
some of the saturated Tiquid to flash tc steam., The stzam formed
from flashing ith additional steam formed from boiling in
the core, woulc pienish any steam removed from the hct 7pqvu-berd
by the vent. Opening of the hot leg nigh point vents would only
¢1d in reestablishing natural circulation if opening the vent
removes steam at a faster rate than it 1s generated and 4f the
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volume occupied by the steam being vented was being replaced with
liquid (1.e., the syztem was being refilled).

The staff agrees with Mr, Etherington's statement that natural
circulation "Blockage by non-condensible gas remains as a
low-probability occurrence”. This statement 1s consistant with
previous staff eveluations. (See NUREG-0565, NUREG-0611 and
NUREG-0635. )

The evaluation by Mr, Etherington states thit feed-and-bleed
requires use of non-safety-grade components and 1s not an NRC
requirement. We point out that at those plants which can feed and
bleed with the safety vaives, the safety valves are safety grade.
In addition, at some plants, the PORVs do meet safety grade
requirements., Thus, we belfeve a more appropriate statement would

N

be "feed and bleed operation mey rely on non-safety components,

Conclusions

Based on our assessment of Mr. Etherington's evaluation, we do not
believe it contains any relevant material for rew informetion per the
criteria of Office Leti2r Mumber 19, Thus, we do not believe we are
required to notify Licens Boards of either Mr, Etherington's
evaluation, or the aff’ ssessment of this evaluation. Tn fact, our
assessment has cc jed we a2re in genera] agreement with all c¢7 th
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D. C. 20658

November 10, 1982
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MEMORANDUM FOR: Harold Denton, Director, NRR
Robert Minogue

FROM: R. F. Fraley;

SUBJECT: FLOW BLOCKAGE BY STEAM DURING NATURAL CIRCULATION
IN BWRs

The attached is being made publicly available in accordance with a
request from the Science Advisor, House Committee on Interior and

Insular Affairs. Copies are being provided for your information and
use.

Attachment:

Memo from H. Etherington, ACRS Member, to
P. G. Shewmon, ACRS Chairman and ACRS Mbrs.
dated 9/7/82, Subject: Flow Blockage

By Steam During Natural Circulation in

PWRs
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WASHINGTON, D. €. 20585
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September 7, 1982

MEMORANDUM FOR: P. G. Shewmon, Chairman

ACRS Members

FROM: H. Etherington, ACRS Member

SUBJECT: FLOW BLOCKAGE BY STEAM DURING NATURAL CIRCULATION IN

PWRs

At the June 1982 ACRS meeting, there was 2 brief discussion of this
subject. Questions have been asked by the Unfon of Concerned Sceintists,
Dr. Henry Myers, and the ASLAB for Rancho Seco. The purpose of this
memorandum 1s to explore and quantify some fundamentals of the problenm.

1'

In the absence of a heat sink, steam cannot be condensed, in any amount,
B}’repreSSUrization. When steam (or any other vapor) 1s compressed,

4t becomes superheated. for example, the Mollier chart shows that
{sentropic compression of saturated steam from 1000 psia to 1500 psia
results in superheat of 2bout 40°F; {rreversible adiabatic compression
results in greater superheat.

Condensation of a steam pocket is not a simple reversal of the steam
Tormation process, 1.tes It should not be assumed that steam formed
during a pressure transient can be quickly condensad by restoring the
original pres... €.

steam separates by gravity and accumilates at high spots in the system,
but the steam may be 2 product of flashing over 2 substantial part of
the 1iquid system. The reverse process, steam condensation, proceeds by
heat transfer processes that have no relation to the mass separation
process.

simpie classical modes of heat transmission are {nadequate for rapid
condensation of & large steam yoid., When the system 1s repressurized.
the steam quickly Toses its siight superheat Dy contact with the steel
boundary and surface water, Thereafter, the steam and the water surface
remain at the saturation temperature corresponding to the new pressure.
As steam condenses by contact with water, latent heat of condensation
{s transmitted downwards by the very slow process of conduction into
stratified water == temperature gradient {s in the wrong direction
for convection.
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Other modes of heat transfer are also investigated in an 11lustrative
calculation which shows that a layer of steam, three feet high, might be
condensed in the following times, each mode being treated separately.

1.
2.
3.

4.

8.

Conduction into water 65 hr.
Conduction along a low-alloy steel pipe 18 hr.

Conduction through low-alloy steel pipe from
the steam space to just below the surface of
the water 3 hr. (7)

Heat loss through pipe to atmosphere — 15 hr. {2)

(The last two ftems are based on unsupported hypotheses -- both
are calculable, and 1tem 3 might be worth developing.)

At the assumed conditions, steam 1s a significant heat radiator,

and 1f much of the radiant heat from the steam or pipe could pass
through the thin layer of heated water, it would be possible to
condense about 1/2 ft/hr of steam by this mode. However, whereas
water is transparent to radfation in the visibie part of the
spectrum, 1t is relatively opaque to low-temperature heat radfation.
Also, any internal radiation “from hot water to cold water® is
presumably included in the experimentally determined conductivity.
It appears unlikely that radfation could contribute importantly

to condensation,

Other modes of heat transfer may predict greater rates of steam
condensation, but these would ﬁ*vc to be gustified either gener-

Jcally or on a case-by-case basis.. - 5 =

It might, for example, be demonstrated that the system is not
sufficiently quiescent to sustain a fully stratified thin layer
of heated water at the surface; or that alternately rafsing and
lowering the level, by varying the system pressure or by surges,
will permit effective heat transfer by alternately heating and
cooling the steel pipe.

On the other hand, sustained interruption of circulation could
lead to intrusfon of hotter water and even more steam into the
hot leg pipes.

A high repressurization pressure is strongly favorable to steam
condensation.

The driving force for all modes ov heat transfer, except heat
loss to atmosphere, is the temperature difference between the
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steam and the water, {.e., the difference between the saturation

temperatures corresponding to the repressurized pressure and the
depressurized pressure.

The numbers given in Section 3 are for depressurizatfon to 980 psia
and repressurization to 2000 psfa. If the system were repres-
surized to 1200 psia, the times for modes 1, 2, 3, and 4 would be
increased to 1180, 324, 3.6, and 17.5 hr., respectively.

In the event of a small-break loss-of-coolant accident (SBLOCA),
the attainable repressurization pressure may be Timited by
conflicting procedural requirements, or inadequacy of HPI

pump head or capacity. With nc repressurization and no natural’
recirculation, heat transfer ceases by all modes discussed in

Sections 3 and 4 except by heat-loss through the pipe to the
sourroundings.

Feasibflity of developing a large steam void. It is not the
purpose of this memorandum to discuss how steam voids nay form in
& system during natural circulation, but it is pertinent to
inquire whether the {1lustrative example is reasonable.

The calculation s based on depressurization to 980 psia of a
system whose saturation pressure 1s 1000 psia (a negative tempera-
ture margin of 2.44°F). Such a pressure loss might be associated
with an open valve in the pressurizer or actuation of a pressurizer
spray. For the assumed conditfons, a three-foot high steam layer
forms at the high points of a loop -~ more exactly, three cubic
feet of steam in the U-bend regfon for each square foot of pipe
cross section., For two 3 ft, diameter loops, the total volume of
steam (at actual conditfons) s 42.4 cu. ft. This quantity of
steam 1s assocfated with expulsion of water to the pressurizer
which causes a 12 in. increase in pressurizer level. Since the
calibrated height of the pressurizer {1s 400 in., it appears that
much larger steam voids could form without generating strong
self-1imiting tendencies,

An important one-step reduction in steam volume. Repressurization,
if permissible, raises the temperature of the steam above that

of the pipe or vessel, and the latter becomes a heat sink, causing
fairly rapid partial condensation of steam. (This rapid one-step
partial condensation is distinct from the slow continuing condensa-
tion described in Section 3).

The fraction of steam condensed depends on the inftfal water
temperature, the final pressure, and the rate of repressurization.
An {1lustrative calculation, improbably favorable in these
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respects, shows that 45% of the steam could be condensed by this
mechanism,

Steam voids can be quickly dispersed by forced circulation.
Problems arise only when conditions or procedures require shutdown
of the reactor coolant pumps. Natural circulation 1s

assumed in following discussions unless otherwise stated.

Blockage of an inverted U-bend ("candy cane®) in a B&W system,

(1) If the void does not completely block flow, it will not
stop natural circulation. , - B

(2) If the void completely blocks flow, the heat sink (steam
generator) 1s fsolated and the temperature of a subcooled
system rises unti{l saturation is reached; cooling then
proceeds in the boiler-condenser mode.

The bofler-condenser mode requires that the steam void extend
over several feet of the riser pipe, over the entire U-bend

and the-upper plenum ("channel®) of the steam generator, and
down into the steam generator tubes far enough to provide
sufficient heat transfer surface to condense the steam. Com-
plete blockage implies that the water level in the riser pipe,
allowing for static and dynamic effects of steam bubbles, 1s

Tow enough tc prevent two-phase flow or slug flow over the bend.

It appears possible that there 1s no direct recovery to single-
phase natural circuTation from the boiler-condenser mode. Re-
plenishment of {nventory by make-up pumps will compress the
steam void, raising the level of water in the tubes, and
probably into the plenum, thereby decreasing the heat transfer
surface or fsolating the heuat sink. There will be some steam
condensation by mechanisms described in Sections 3 and 7, but
the temperature of the water will slowly rise until 1t reaches
saturation at the increased pressure, bofling will start 2gain
and lower the level of the water in the steam generator plenum
and tubes until the bofler-condenser mode is re-established at
the new pressure. It appears that the recirculation pumps must
be started for re-establishment of single-phase recirculativi.
(The basis for the B&W admonition to "bump the pump*?)

Note: A LANL draft report “Small-Break LOCA Fe:ov$ry in B&W
d Jul

Plants® was distributed with a memorandum date y 19, 1982,
T. M. Novak to ASLAB for Rancho Seco. This report 1s based on
a8 TRAC analysis and concludes that natural circulation can be
reestablished by restoring the inventory. The analysis shows

u
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e
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an intermediate condition of slug flow, apparently associated
with oscillation of water level. 1 don't know whether this
condition can be demonstrated and quantified in a real system.

Non-condensible gas in a void strongly inhibits all modes of
steam condensation.

(1) There is no effective mechanism for absorption of 2
non-condensible gas in a non-flowing sytem, Most of
the gas originates, 1ike steam, from regions remote
from the surface. Return of gas to the water proceeds
by slow mass transfer analogous to heat transfer by
conduction, but in the case of a gas, there are no
alternative faster modes of mass transfer,

(2) The presence of gas reduces the partial pressure of the
steam, and therefore the saturation temperature which
provides the driving force for steam condensation. When
the saturation temperature of the steam is reduced to
that of the water, the water and steel are no longer
available as hoat sinks.

(3) Hydrogen, in normal concentrations, is not 1ikely to
cause a problem. At 1000 psi, the volume of added
hydrogen fn the system is only 2 to 3 cubic feet. This
is small compared with the volume of a2 steam void
that could cause trouble,

(4) Hydrogen from a metal-water reaction or nitrogen from
core flooding accumulators could lead to large quantities
of non-condensible gases in the steam voids.

Water must be supplied to fi1] a void! If water is not supplied,

the system cannot be repressurized except by objectionadle in-
crease of bulk water temperature and additional poiiing.

Water may be supplied by the pressurizer, by transfer from
another voided region (the vessel head), by makeup pumps, or

by starting the circulating pumps to disperse the void through-
out the system. In a very small break LOCA, these processes
may suffice to eliminate a void, possibly becoming effective
only after partial depressurization. With a slightly larger
break, voids may persist at least until the Tow pressure
emergency cooling system can function,
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makeup could be supplied.

But venting a steam space in a saturated system without
makeup could be an exercise in futility.

The main concern is a B&W System with a SBLOCA that 1s too
small to depressurize the system sufficiently for early
operation of the low pressure safety systems, yet too

large to permit the inventory to be maintained by the

high pressure pumps. Loss of fnventory leads to formation

of st*an voids at high spots, and the possibility of “degraded"”
modes’ of heat transfer as discussed in Sections 9 and 10.

Other Possible Concerns. Other conditions that could cause
concern are possible but not 1ikely.

(1) Steam blockage of the U-bends in a B&W system as 2 result
of an operating transient is concefvable. In this case
the reactor coolant pumps (RCP) would probably be available
to disperse the steam., If the RCPs were not available,
it might be possible by repressurization to reduce the
steam volume sufficiently to permit passage of water; or
it might be possible to depressurize the system and
sufficiently reduce the inventory to permit cooling in
the boiler-condenser mode., If these procedures cannot
be relied on, 1t may be necessary to review the adequacy
of heat transfer modes discussed early in this memorandum.

(2) In U-tube steam generators (W and CE), the Tevel of the
setondary system water is normally above the U-bend, and
a Steam pocket could not form so long as the temperature
of the secondary system is belcw that of the primary
system., Departure from the normal condition could lead
to conditions similar to those described for a BAW system.

(3) Blockage by non-condensible gas remains as a Tow-probability
occurrence,

‘The NRC Staff considers single-phase natural circulation
and boiler-condenser heat transfer both acceptabdle.
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Feed-and-bleed offers an alternative mode of heat removal. This

requires use of non-safety-grade components and 1s not an NRC
requirement. Licensing Boards, however, appear to give some
weight to this capability.

Conclusion. The Committee may wanl to review the final dis-

position of this problem, and to be assured that the varfous

possibilities are reflected in sufficfently flexible and
understandable operating procedures.




ATTACHMENT A

L

TLLUSTRATIVE CALCULATION = -

Initial hot-leg water temperature: 544.6°F (corresponding to saturation
at 1000 psia), and at some satisfactory overpressure.

Depressurization, caused by pressurizer malfunction (e.g., open PORY or

spray actuation) to 980 psia at high point in the system (saturation
temperature 542.2°F).

Calculated void fraction (cu. ft. of steam, at actual temperature and
pressure, per cu. ft. of water): 0.097 at high point, decreasing
linearly to zero 62 ft. below the final surface of the water.

Nater expelled to pressurizer: B87% of steam volume.

Steam formation and condensation in pipe over 62 ft. h1gﬁ.1

Height of steam void 3.0 ft.

rcsociated heat of condensation per sq. ft. s
of water surface 3690 Btu/ft

Difference between saturaticn temperatures 93.6°F
Condensation time by conduction to water 65 hr.

Condensation time by conduction to carbon steel: 18 hr,

1 The quantity of steam formed is greater if the pipe extends less
than 62 ft. above the vessel outlet, because boiling then also occurs
in the much larger volume of the reactor vessel; but much of the
extra steam will ccllect in the vessel head,
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Effect of pressure.

Difference between saturation temperatures, t

2000 psia/980 psia
1200 psia/980 psia

Heat of condensation of steam

2000 psia 561 Btu/lb.
1200 psia 641 Btu/lb;

Condensation time by conduction to water or steel {s greater at 1200 psja
ty the factor: - .

(641/561)2(93.6/25.0)% = 18.3

Heat capacity of water. If a layer of water could be heated uniformly
from the depressurized temperature to the repressurized temperature,
condensation of 3 ft. of steam would heat a layer 0.72 €t. thick at
2000 psia, 2.9 ft. at 1200 psia, and 20 ft. at 1000 psia.




ATTACHMENT B

CALCULATION IN SUPPORT OF MEMORENDUM

Steam Table Data

spec. vol,v enthslpy density, 1/v

va 14 va 14 va
yap AL yap AL yap
1192.6 46.51 2.154

2.284

psia - 11g

80 542.17 .0215 4557 539.3
.0216 4456 542.4 1191.8 46.30

.

1000 544,61

Average 540,85 46,405

« steam fraction formed by volume
« volume fraction of water expelled at average density and enthalpy

Mztorial Balance per cu. ft. of initial liquid:

(1-a)46.51 + 62,194 + f46.405 = 46.30

Heat Balance per cu.ft.
(1-2)46.51 x 539.3 +22.194 x 1192.6 + 746,405 x 540.85 = 46.30 x 542.4

f = 0,086 _a= 0,097

Rough Check ;
46,3(542.4 - §39,3) = a(1192.6 - 539,3) x 2.194

a = 0,100

Depth corresponding to 20 psi

d = 20 x 144/46.51 = 62 ft.

Height of steam void

62 x 1/2 x 0,097 = 3.0 ft.
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NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20568

NOV 16 182
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Enclosure 2

tir. Williem O, Parker, Jr,

Vice President - Steam Production
Duke Power Company

P. 0. Box 3318S

427 South Church Street
Charlotte, Korth Carolina 28242

Dear Sir:

received twc separate letters from each of the

reactors regarding actions and resolution plans for
testing and TMI Action Plan Item II.K.3.30,

letters ancd has met on twe separate

‘epresentatives in the recently formed Test
hese efforts, we are rﬁ in a po:w ien to

we find your proposal S
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ciy, you indicate that you provided many reports to the sta®f which

in support of resolution of the issue. We point out that most of

v




‘Mr. W. 0. Parker, Jr.

these repcrts did not address the subject of concern, namely
verification cf the two phase performance of the BRW reactor system,
Rather, they addressed soch-issves as leak discharge medelling, surge
line medelling, auxiliary feedwater penetration and axial flow
distribution and core heat transfer model comparison to ORNL data.
While these topics are of definite interest to the staff, and indeed
sddress some of the original nine areas identified by the staff as

reeding adcitional justification, they were of 1ittle use regarding the
primary subject of concern,

Finslly, your letters imply that you believe that ycu have provided
sufficient information on the additional areas of concern (not related
] sterm testing needs) originelly identified by the staff as
30 This belief wes &)so expressed by you at the
ing cf the ACRS subcommittce on ECCS. We do not
ion In your recent letters vou have only
formal submittal of this additioral
rcports were informally transmjtied te us by
30, 1982, we still do not have a forma)
submitted, reviewed, and found
.30 requirements cannot be
mere accurate status of JI.K.3.30
and presertations.
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WU, 1t 15 our desire to treat the need
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longer-tern
proposed by th W owners, We
g riede of the costs and benefits
cbtaining the data. As you know, 2

formed to fulfill this need.
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At present we understand the BAW owners' proposal is that the decision
to define adaitional testing needs should wait until the completion of
the planned GERDA and SRI-II test programs. The bzsis for this proposa!
is that "there is uncerta¥nty 2s™ to whether the GERDA facH ity will

perforn as expected and that no safety issues are involved, and thus no
urgency is indicated.

While ve agree that ro immediate safety issues are invelved, we believe
that there are numerous indirect safety issues which warrant a more
rapid decisfon to proceed with additional integral systems tests.
Moreover, since you propose delaying any decision on future testin
until the usefulness of the GERDA data is established, it 1s not clear
te us how we could approve I11.K,3.30 or resolve other licensing issues
prior to determinire if the GERDA data is acceptable. Therefore, we do
not accept the plan you have proposed.

Finally, the GERDA facility lacks active pumps and is nct expected to
adequately address steam generator tube ruptures, and other asymmetric
effects involving two loops. The SRI-II facility lacks: the elevation
scaling that is important ir gravity cominated phenomena. For these
reasons, vwe have conciuced that the FERDA/SRI-II testing program will
most 1ikely not satisfy the confirmatory research need: for the B&W
design,

This cerclusior is shared by the ACRS as shown in its letter to NRC
Mr. Williem ). Dircks dated October 13, 1982 (attached).

We reitérate our earlier pesition that progress by the TAG in developing
recommencdations te senior management in utilities, EPRI and NRC on hew
%0 best meet these Tonger term confirmatory testire needs is necessary
before I171.K.3,30 ard other current licensing issues can be resolved
separate from the Tonger term, integral systems test. Thus it is our
conclusion that the owners must address these issues expeditiously in
order tc 2void delays in resolvire present licensing issves. ]

A L2

\ Harold R. Denton, Director
0ffice of Nuclear Reactor Regulatior

At%tachmert
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NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

WASHINGTON, D. €. 24588

. © e=« .- ~0ctober.13, 1982 .. -

-

Mr. Williem J. Dircks
§ Executive Director for Operations
U. S. Nuclear Regulatory Commission
. Washingtons, DC 20555
.l

Dear Mr. Dircks: y

SUSJzCT: ACRS COMMIRTS ON NRC PROGRA™ TO ADDRESS CONCERNS-HITH THERMAL
HYD2AULIC 2ERAVIOR OF BARCOCK AND WILCOX PLANTS DURIKG
TRANSIENTS ARD ACCIDENTS

During 1ts 270th M2eting, October 7-8, 1882, th2 Advisory Commitiee on
Reacscr Safeguards met with the NRC Staff and representatives of the Babecock
ard Wilcox (BE&W) Owners Group to discuss NRC Staff concerns regarding the
dynemic thermal hydraulic behavior of 3&W plants during transients and
2ccicdents, part‘.c‘g.,l arly small bre2k loss of coolant accidents.

For some time, the NRC Staff has identified a need for experimental data
for investigation of specific plant phenomena- and for assessment of analyti-
cal calculations of B&W plant response to transients and accidents. Re-
cently, a Test Advisory Group composed of NRC Staff members and representa- -
tives of the BaW Owpers Group was formed to evaluate alternatives a2vailable -
for obtaining the “desired test data. The Owners Group h2s proposed use of -
two "industry test facilities (GERDA and SRI-11) in response to the NRC
Staff's concerns. -
While we support the cooper&tive effort between NRC and the Owners Group, it
appears that the GERDA-2nd SRI-I11 facilities as now.proposed will be in-
adequate to satisfactorily address the NRC Staff concerns in this matter.
Although the data cbtained from these facilities mzy be useful, we believe
that a more adeguate facility, simflar to the .proposed Semiscale MOD-5
configuration, is necessary to 2address the major- -operation2]l questions:
of concern., We 2150 wish to emphasize that the timely acquisition of such
data and associated analyses are required in order that NRR'can m2ke use of
52w plant accident analyses confidently.

/’% " Sincerely, o
. .%‘A_’,/ 'Z’ " J‘V\
r. Shews
DWUL- - ; t:.a:m:zon
Frtzt50205-
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