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The ACRS Subcommittee on Natural Circulation Heat Removal met on March 26,
1980 in Room 1046 at 1717 H Street, N. W., Washington, D. C. The purpose of
the meeting was to review the present state of knowledge on varicus modes of
natural circulation heat remoQa1 in PWR's which might be important to decay
heat removal during accicent or transient conditions. Notice of the meeting
was published in the Federal Register on March 10 and March 19, 1980 (Appendix
A). Dr. Andrew Bates was the Designated Federal Employee for the meeting. A
list of meeting attendees is attached as Appendix B. No written statements

or requests for time to make oral statements were received from the public.

NRC STAFF PRESENTATION ON CURRENT REQUIREMENTS FOR AND KNOWLEDGE OF NATURAL
CIRCULATION IN COMMERCIAL PLANTS

Mr. W. Hodges indicated thut Regulatory Guide 1.63 required testing for natural
circulation (water solid) during the start up phase of each reactor unless
tests at a similar reactor could be shown to be equivalent. The major problem
in running the tests is in mea-urement of the natural circulation. Flow is
too low to be detected so verification is cependent upon establishment of AT
values acress the core and steam gene ator as well as a system heat balance.
Verification of natural circulation is dependent upon examination of the sys-
tem temperatures, verification of stable hot and cold leg temperatures with

a &T across the core and steam removal from the steam generators. A1l of the
current requirements relate to natural circulation under water solid condi-
tions (bubble in pressurizer); there are no requirements for any tests under
two-phase conditiens and such testing would be avoided as possibly damaging

to the reactor fuel., Tests have been run under steady state conditions and
transient conditions from high power. The startup tests are initiated at

about 5% power with a reactor trip and a coolant pump trip. A number of events
have also been initiated at near full power due to loss of power to the reactor
coolant pumps or other transient eQents leading to pump trip. In 2ither case
natura! circulation has been pro&en to function. In response to questions

the Staff indicated that the tests have been initiated from RCP coast down
conditions and there have not been tests of the self starting capability of
natural circulation. The Staff indicated that they did not see any potential
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problem in W and CE designs since the Steam Generator Elevation was suffi-
ciently above the core, on B&W reactors the secondary side water level would
have to be high enough to initiate the natural circulation flow.

Or. B. Sheron indicated that the NRR Staff had a number of unanswered questions
with regard to two-phase natural circulation. Certain small break LOCAs
require heat removal by the steam generators. Calculations indicate that twec-
phase loop flow and ref lux boiling should take place; howeQer. no experimental
data is available. NRR has asked Research to experimentally verify that two-
phase natural circulation will take place. At the present time significant
problems are not foreseen; howe@er, the capability of natural circulation to
remove decay heat when large enough quantities of non-condensable gases are
introduced into the primary system is still of concern. The Staff indicated
that gas may arise from accumuIator nitrogen, dissolved gases, core oxidation,
or failure of the UHI cut off valves. For very small breaks where the steam
generators are required to remove decay heat the pressure does not decreése to
the accumulator set point, for.breaks which do thrn on the accumulator the RCS
pressure must fall to about 150 psia before significant quantities of Ny enter
the system. At this pressure the LPIS and RHR system can provide adequate core
cooling., The Staff does not believe that there is a significant problem with
non-condensables, unless there is significant core oxidation or failure of tne
UHI valves which should block Nz injection. (See also W presentation on UHI

to ECCS Subcommittee on March 25, 1980).

The Staff also reviewed the guidelines given to the plant operators for veri-
fying natural circulation. The ghidelines reqﬁire verification of reactor

trip, start of the diesels if offsite power is lost, verification of nathral
circulation for core AT values, verification of steam dump setpoint, starting

of auxiliary feedwater pumps, and actions to prevent a too rapid cooldown of

of the primary system, lnstrumentation available to the operator includes

T hot, T cold, pressurizer level, pressure, incore thermocoup]es. secondary

steam pressure, and steam generator level. The procedure also contains corrective
actions to establish natural circulation if the verification procedures fail to
indicate natural circulation.
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Mr. R. Baer outlined the special low power tests to be performed at the
Sequoyah plant during start hp. At the time of the meeting the Staff indi-
cated that they still did not have detailed information on the procedures to
be used in conducting the tests or a detailed safety analysis for the tests.
The proposed tests include:
(1) Natural circulation under norma) conditions
(2) Natural circulation (N/C) with simulated loss of offsite AC
(3) N/C with loss of pressurizer heaters
(4) Effect of steam generator isolation on N/C
(5) N/C at reduced pressure
(6) Cooldown capability of charging/letdown system
(7) Simulated loss of all AC
(8) Establishment of N/C from stagnant conditions
(9.a) Forced circulation cooldown '
(9;b) Boron mixing and cooldown in N/C.

The criteria in choosing the tests to be performed include:
(1) The tests should provide meaningful information
(2) The tests should pro@ide supplemental operator_training
(3) The tests should not pose undue risk to the public
(4) The risk of plant damage should be Tow, and
(5) The post test radiation leQels shou1d not preclude implementation
of the future TMI-2 reguirements,

The Staff noted that none of the tests is expected to enter 2 region of two-

phase fluid flow. In response to questions Mr, Baer indicated that TVA would be
adding some supplemental instrumentation for the tests but not a lot. The con-
sultants and Subcommittee members expressed concern over the adequacy of instru-
mentation and the value of any data (or lack of data) that might be obtained

from the tests. The consultants also questioned how meaningful the tests would be
if they did not include two-phase flow. Mr. Baer indicated that the Staff viewed
the tests more as a method of operator training than as needed experimental data.

Mr. Baer reviewed the NRC Staff's present positions with regard to feed and
bleed heat removal., The B&0 Task Forc concluded that the capability of plants
with low head HPI pumps to depressurize with the PORVs to initiate HP! in time
to preclude core damage is highly uncertain and that a diverse decay heat
removal path independent of the steam generators was desirable. They recom-
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mended consideration be gi@en to increased PORV capacity, high head HPI
pumps, or high pressure residual heat removal systems.

At the present time there are no NRC requirements for plants to have a feed
and bleed capability. There are a number of different opinions within the
NRC Staff as to whether it is better to have feed and bleed capability, a
high pressure RHR system, or increase the reliability of the auxiliary feed-
water system, .

Mr. J. Ebersole indicated that the reliability of natural circulation would
limit the extent to which improvements in the secondary side would be useful,

The Staff indicated that for cases where there were no non-condensable gases
they did not forsee any interruption of natural circulation. In the case of
UHI injection you would not be injecting Ny until the system pressure was
below about 600 psia. At that point the steam generator would be acting as

a heat source rather than a heat sink. W has also submitted a calculation that
the Staff is reQiewing (See ECCS meeting March 25, 1950) which indicates that
even with tne UHI gas there is sufficient area and volume in the steam gene-
rator tubes to maintain the heat transfer process. The Staff is still reQiew-
ing this submittal and the Subcommittee consultants indicated that they have
some questions with regard to the degradation of the heat transfer c.afficient.

The Staff stated that there coulcd be a number of problems with feed ar ~ -ed
even in reactors with high head HPI pumps; these include lack of safety . -ade
controls to PORVs, reiiability of the Qa‘@es under twc phase or liquid flow,
and the dumping ¢ large amounts of water into the containment. (There is
currently an NRC research program which is following tests which are planned
by EPRI on PORV and safety valve discharges. These tests should address some
of the unanswered questions on flow rates under different conditions of the
fluid).

Dr. S. Fabic reviewed the present status with regarg to the ability to calculate
natural circulation under water solid two-phase loop flow, and reflux condi-
tions. He also discussed the experimental data needs for assessment of the
codes calculational ability; Experimental knowledge of hot and cold leg flow
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rates, stratification, fluid densities, 1iquid and vapor §e1oc1t1es, froth
leéels. and fluid temperatures in both the primary side and secondary side are
important. Some data is available from LOFT Tests L3-1 and L3-2 for compari-
son to the calculations. Review of the data shows the need to vake into
account stratified flow, counter-gurrent flow, and fluid conditions upstream
of the break orifice. Knowledge is needed on the flow regimes which will
occur in the steam geperator tubes and in the hot leg in order to properly
mode) the flow. Present codes (RELAP 4) are basically homogeneous flow, more
advanced codes (TRAC and RELAP 5) should be able to e@entually handle the
two-fluid flow involved with counter current conditions, stratification, and
refluxing, TRAC will also eventually include a non-condensable gas field.
Dr. Fabic indicated he felt that with the recent experimental uncertainties
and lack of needed measurements he could not say whether the codes were doing
a good job or a bad job in calculating two-phase natural circulation,

In response to a question from Dr. Theofanous, Dr. Fabic indicated that the
present vendor evaluation models which do not include two-fluid models

were probably inadequate for calculation of some of the small break LOCA
sequences. He indicated that Research was using both advanced codes and codes
which were similar in model (but best estimate) to the vendors codes in order
to gain knowledge as to the important phenomena that need to be modeled.

Dr. Catton recommended that consideration be gi@en to doing a simple experi-
ment to determine the effect of non-condensables on reflux boiling. He indi-
cated that such a test could be done as a gross basis to determine when enough
gas had been injected to shut off the refluxing, this could be done using a
heat balance without need to measure where the gas vent or other param-

eters that might be of interest to the advanced code development people. The
details could be worked out in the longer term,

Dr. Fabic pointed out a number of modeling problems with the codes. These
include the need to model stratified flow in pipes; counter-current steam-
liquid flow in steam generator tubes and the hot leg, ECC mixing at the
injection nozzle, and system leakage flows and bypass flows. A1l of these
items have been shown to be important in LOFT tests.
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The Subrommittee consultants and members generally agreed that decisions

were going to have to be made as to the level of detail necessary in the code,
otherwise, with 2 purely microscopic approach the exper imental program would
never yield sufficient data to accurately calculate the desired transients.

Dr. H. Su111§an. NRC Research, reviewed a number of programs in the Systems
Engineering Branch that will be looking at natural circalation, In response

to a question he indicated that some tests would be conducted from stagnant
conditions to verify that natural circulation would start by itself without

any forced flow. Or, Su\li@an indicated that p - ;ent calculations with RELAP
4/MOD 7, and RELAP 5 have indicated that natural circulation under water solid
conditions is not a problem, The codes also predict that the reactors can
enter into a two-phase natural circulation,

The Research program will be conducting a number of tests in experimental
facilities to study natural circulation under various conditions. This will
include single phase, two-phase - one component, and two-phase - 2 component
(non-condensable and water) tests. Test results will be used to study the
adequacy of the calculational methods. The goal is to obtain codes in which
we have adenuate confidence so that the NRC can use them to perdict the
behavior of large PWRs,

In repsonse to questions Dr, Sullivan indicated that studies were being con-
ducted to determine how much non-sondensable gas might be injected or produced

in a reactor system, This would then be used as a basis for running tests in
Semiscale or other facilities to determine whether or not it can casue problems

in interrupting heat removal through the refluxing process. DOr. Sullivan also
indicated that they have not planned any tests on feed a7 '‘ezed since NRR has

not requested them, They do have the capability of doing some tests if requested.
(NRR subsequently asked for some tests on loss of AC and DC power and core boil
off of water, A preliminary test has been conducted in Semiscale.) Tests will be
conducted to look at the heat transfer in the core and steam generator, phase
seraration, transitions between phases, mass injection and remo&al. imbalance
between steam generators, two-phase mixture le@els. and counter-current flow
effects. A number of tests will be conducted in various facilities including
LOFT, Semiscale, Flecht-Seaset, PKL, CCTF, THTF, TLTA, and in various univer-
sity programs. A number of the facilities are scaled to be full height and
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they are are capable of running at a Qariety of test pressures. The
univeristy program involves lqoking at steam generator u-tube behavior using
transparaent U-tubes for flow visualization,

One major problem that Research is working on with each of the experimental
facilities is the adequacy of the instrumentation. In many cases 1mpro§ements
are needed for the phenomena that need to be measured, i.e.; low flow, counter-
current flow, and two-phase fiow.

The Subcommittee members and consultants expressed their opinions on a number

of items that they thought should be 1n9estigated furhter. Mr. Bender indicated
that the capability to depressurize the primary system would solve many of the
problems associated with needing natural circulation or feed and bleed. Or.
Lienhard indicated that he felt more could be done with proper use of dimension-
less groups in scaling of flow between the small experiments and larger systems.

The meeting adjourned at 5:30 pm.
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Additional information is available from the meeting transcript available in
the NRC Public Document Room, at 1717 H Street, N. W., Washington, D. C.

A complete copy of the slides presented is on file at the ACRS office with the
reocrd copy of the minutes.
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*Amtic:poted Transiden’s Without Scram
(ATWS), March 26, 1980. Washingtow. DC.
The Subcommittee will meet with
representatives of the NRC Stalf 10
continue discussion of the propoused
resolutnn of ATWS. Netice of this meeting
was published March 11,

*Three M.le Island. Unit 2 Accident Action
Plans. April 1-2, 1980, Washington. DC. An
Ad Hoc Subcomimittoe will review Draft 3
of NRC NUREG-0650. “Action Plans
Developed as @ Result cf The TMI-2
Accident.” Notice of this meeting was
published March 17

*Babcock & Wilcox Water Reactors. April 8,
1980, Washisgton, DC.The Subcommittee
will complete its review of the NRC Staff
study to determine whether constructicn
should be halted on certain B & W plants
because of sensitivity of the once-throagh-
steam generator (OTSG) to feedwa'er
wansients.

*Three Mile Island, Unit-2 Accident
Implicctions, April 9. 1980, Washington,
DC. An Ad Hoc Subcommit'ee will discuss
bmplications of the TMI-2 Accident as they
relate to construction permit applications.

*Regulctory Activities. April 9 198, (845
am). Washington, DC. The Subcommiitee
will review regulatory zuides and revisions
1o existing regulatory guiZes: slso it may
discues pertinent activities which affect the
cusrent Licensing process and/or resctor
operat.on.

*Power and Electricel Systems. April 8, 1880
2:C0 pm). Washing'on DC The

ommittee will consider the nuclear
data link (NDL). presently beng developed
by NEC as part of the TM!-2 Acaident
Actions Plans.

*Reccior Safety Rezearch April 9. 1980, (4.00
pm), Washington, DC. The Subcommittee
will review the NRC ofTice of Nuclear
Reg.latory Resea~ch response to ACRS
reccmmendations to Congress on NRC
research (NUREG-0657). a'so, the FY-82
budget review and preparauon of the
ACKS report to NRC will e discussad.

*Genc-u/ Ejectr = Test Reactor (GETR), Apris
18-19, 1900, Suncl, CA. The Subcommittee
will continue iis review of the geologic and
seismologic aspects of the GETR plant site.
Also, other matters related to the NRC
Order to Show Cause may be discussed.
Notice of this meeting was published
February 22

*Licensee Event Report (LER), April 72. 1980,
(8:30 &xr). Washington. DC. The
Subcommittee will review plans of the naw
NRC Ofiice of Analysis and Evaluation of

Operation2! Data. ard %NRC acticn in
response to the ACRS LER Report,
(NUREG-0572).

*Site Evel.otion, April 22. 1960, (1.00 pm)
Washington. DC. The Subcomeittee wail!
review the proposed Froergoncy Planning
Rule (10 CFR. Part 50). published in the
Federai Rexister Docember 19,1979 and
NUREG-0654, “Criteria for Prepar.ai.on and
Evaluation of Radiolcgizal Emergency
Response Placs and Preparedness in
Support of Nuclcar Power Flants ” Nctics
of this meeting wus pubiished Februory 22

*Conz vt ¢ d Concrete Siruccres. Apri 2=
2. 1980—Roscharulod frors March 25-27,
Washington. DC. The S.bcommittee will

review “user needs” in structural
engineering and the way in which these
needs have been met.

*Reoac:or Radiological Effects. April 23, 1980,
Washington, DC. The Subcommittee will
review the rudiological protection
programs a! nuclear powser plants.

*Natura!l Circulation and Feed and Bleed
Heat Removal, April 24. 1620 An Ad Hoc
Subcommittee will continue its review of
information present!y available on natusal
circulation and feed and bieed heat
removel systems. Alsc. aress where
inadequate information is available will be
examined, and planned NRC (or other)
tests that w.ll be run to obtain needed
information wil be studied and the
possible need for other tests will be
explored.

*Metal Components, April 24-25, 1980. Oak
Ridge, TN. The Subcommittee will meet
with representatives of the NRC anu ORNL
Staffs 10 review the Heavy Section Stee!
Technology (HSST) Program.

*Recctor Fuel, April 29, 1680, Washington,
DC. The Subcommitiee will discuss the
status of reactor fuel development and use
in commercial LWRs. including particular
problems or unusual events that occurred
in the past year.

*Relicbulity and Probabilistic Assessment,
April 30, 1990, Washington. DC. The
Subcommittee will continue its evaiuation
of the need to develop quantitative safety
goals for nuclear power plants and
consideration of th> actual form these goals
may take and whzt they should
accomplish.

*Consideration of Class § Accidents, May 8,
1880, Washingion. DC. The Subcommittee
will discuse consideration of low
probability, bigh consequence accidents
(including core mel:) as part of the
licensing process. The Integrated Fuel Melt
Research Program will alss be discussed.

ACRS Full Committee Meetings

April 10-12. 1960.

A. *Floating Nuclear Plant—Core ladle
conceptual design.

B. *Sequoyah Nuclear Power Plant, Unit 1=
Augmented Low-power test program.

C. *Anticipated Transients Without Scram
(ATWS}—Proposed plant modifications.

D. *Pressurized Water Reactors with Once
Through-Steam Generators (OTSG)—
Dynamic response to transients.

E. *NRC Action Plans to Implement Lessons
Leamned from the TMI-2 Accident—
Proposed implementation of long term
items.

F. *Cods of Federa! Regulations (10 CFR. Part
80, Anpendix K. ECCs Evaluation
Models)—Proposed changes in techniques
to calculate clad-ballooning.

C. *Proposed Renlies to NRC Commissioncr
V. Cilinsky re ACRS Riport dated Dec. 11,
1879 on the pause in licensing and
proposed use of the nuclear data link
(NDL).

H. "Meeting with NRC Chairman ]. Aheamne
and nther NRC Comm issioners who may be
presuni re ACRS activities as an NRC
advisery cuimmitice, including ACRS
commenis on the NRC Action Pluns.

e —

Moy 1-3. 1980—Agenda to beorn, .

June 5-7, 1980—Agendo (o be o,
Dated: March 14. 1980,

John C. Hoyle,

Advisory Commitiee Managemen: (.

(PR Doc. 5334 Filed 3-16-80 43 am|

BILLNG CODE T580-01-4

P

Advisory Committee on Reac:»,
Safeguards, Subcommittee ¢+
Emergency Cors Cooling Systems,
Change of Date

The March 26, 1880 mecting of 1! .-
ACRS Subcommittee on Emeryr..y
Core Cooling Systems has beer,
rescheduled to be beld on Marc b = v
items pertaining to this meetinz v, -
the same as announced in the Fod -,
Register March 11, 1880 (45 FR 157,

Dated March 14, 1880.

Joha C. Hoyle,

Advisory Commitiee Management Orficrr
(PR Doc. 804335 Filed 31640 848 am)

WLLRG COCE 7580-01-4

Advisory Committee on Reactcr
Safeguards, Ad Hoc Subcommittee on
Natural Circulation Heat Removal; V

Change of Date

The March 25, 1980 meeting of the
ACRS Ad Hoc Subcommittee on N.tural
Circulation Heat Removal has been
rescheduled to te beld on March 26.
1880. Notice of this meeting was
announced in the Federal Register
March 10, 1960 (45 FR 1534/).

In addition, the dtle of this Ad Hoc
Subcommittee has been zhanged to
“ACRS Ad Hoc Subcommittee on
Natural Circulation and Feed and U'ccd
Heat Removal.”

All other items regarding this meeting
remain the same as announced in cited
notice.

Dated: March 14, 1980
Joha C. Hoyle,

Advisory Commitiee Monagement Oficer
(PR Doc. 80-4336 Filed 3-15-40 84S ax)
BILLING COOE 7580-01-M

Advisory Committee on Reactor
Safeguards, Subcommittee on
Concrete and Concrete Strictures;
Change of Date

The meeting of the ACRS
Subcommittee on Concrete and
Concrete Structures announced in the
Federal Regicter March 10. 1980 (45 FR
15346) kas been rescheduled from M.rch
25-28, to April 22-23, 1939, All othcr
items regarding this meeting reamin the
same as announced in the cited notice.



