% UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20686

Truat SEPTEMBER 2 4 1982

MEMORANDUM FOR: Licensing Project Managers

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

SUBJECT: BOARD NOTIFICATION - SEMISCALE TEST RES'ILTS
(BN 82-93)

The ASLB, ASLAB, or Commission (as appropriate) were notified of the
subject report for the following plants:

Callaway, Unit 1 Waterford 3

Comanche Peak, Units 1 & 2 Diablo Canyon, Units 1 & 2
Palo Verde, Units 1, 2 & 3 Summer

Midland, Units 1 & 2 Floating Nuclear Plants 1-8

For those plants which are contested but for which the hearing has not
yet started, please ensure that the substance of BN 82-93 is addressed
in your SER or SSER. Attached is a summary of the subject report for

your information.
o

Thomas M. Novak, Assistant Director
for Licensing
Division of Licensing

Enclosure:
As stated

cc: LBCs
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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 RECENT SEMISCALE TEST,
RESULTS
SUMMARY

The purpose of this memorandum is to request that you notify all
PWR licensing boards of the results of a recent Semiscale “feed and
bleed" test.

During a recent test in the Semiscale facility* in which the "feed and
bleed" mode of core cooling** was being tested, uncovery of the core
simulator occurred, causing the test to be prematurely terminated to
prevent core simulator overheating. The relevancy of this result is
that core simulator uncovery was not expected to occur.

BACKGROUND

Recent licensing proceedings (in particular TMI-1 restart hearing) have
focused on the ability of PWRs to remove decay heat using "feed and
bleed" cooling in the event of loss of all feedwater.

Although neither the staff nor the licensees or applicants have ever
relied upon feed and bleed in order to meet the Commission's
regulations, and although the staff has never concluded that all plants
with installed HPI and safety-relief systems can successfully “feed and
bleed," we believe that there is an inherent margin of safety
attributable to a feed and bleed capability.

CONTACT: M. Keane
X289% /

¥Semiscale 1s a test facility approximately 1/1500th volume-scaled to
a typical Westinghouse 4-1oop PWR.

**"Feed and Bleed" refers to a mode of core cooling in which all
feedwater (main and auxiliary) is not available, and deczy heat
removal is accomplished by adding ceolant inventory with the HPI
sy?tem. and removing decay heat energy through the safety or relief
valves,
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The Semiscale test simulated a loss of all feedwater with a complete
dryout of the steam generator secondary side. The scaled PORV was
open 4 as the recommended action to depressurize the system to below the
HP1 pump shutoff head to allow the HPI flow to restore primary coolant
inventory. Prior to ichieving an equilibrium thermal hydraulic
condition for core cooling, the core simulator rods began to heat up
excessively. This caused the test to be prematurely terminated to
protect the core simulator rods.

The relevance of this result is that core simulator uncovery was not-
expected to occur. Pretest predictions were not performed for this
particular test, and it is not known if any new phenomena occurred that
were not capable of being predicted by current analysis computer codes.
(The expectation that no core simulator uncovery would occur was based
on engineering judgment and not on detailed calculations.) Thus, the
applicability of these results to the feed and bleed capability of large
PWRs is unknown. Further information is presented in the RES memorandum
from Bassett to Speis covering this topic which is attached.

A related test has been run in LOFT, which is approximately 1/60th in
volume compared to a typical Westinghouse 4-loop plant., Ir this test,
the PORV was latched open and the system depressurized to below the HPI
shutoff head (the HPI was not allowed tc inject for other testing
purposes). There was no indication of core uncovery.

Westinghouse has also performed an analysis that indicates that with
low-head HPI, core uncovery would occur it feed and bleed is not
initiated before the steam generators have dried out. An analysis of a
PWR at the Semiscale test conditions is part of the resolution plan,

RESOLUTION PLAN

To fully understand the relevance of the test, the following resolution
plan will be pursued by the Office of Nuclear Regulatory Research:

1. Analysis of the Semiscale test, including study of the data and
RELAP 5 computer code calculation of the experiment,

2. Analysis of the atypicality of Semiscale as compared to the FWR for
this type of operation,

3. Analysis of a PWR for the same conditions that existed during the
Semiscale test with the RELAPS code.

CONCLUSIONS

Based on our assessment of the results to date and on the criteria of
Office Letter Number 19, we do not believe that a board notification is
warranted. However, due to the interest in feed and bleed cooling in
recent licensing proceedings, we believe it is in the best interest of
the regulatory process to inform the licensing boards of this recent
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test result., we do not bel‘eve that sufficient information is available
yet to draw any conclusion from the results. We also do not believe
that these results adversely impact our present staft position regarding
reliance on feed and bleed cooling. We intend to pursue resolution of
the issue with RES. We expect this resolution by approximately
September 30, 1982 and we wiil inform the boards cf our conclusions at
that time.

P T
G
(e YT
Rogef J. Mattson,

Division of Systems\ Integration

Enclosure: As Stated

cc: H. Denton E. Case
S. Hanauer G. Knighton
R. Minogue, RES D. Ross, RES
0. Bassett, RES H. Sullivan, RES
R. Landry, RES G. D. McPherson
N. Lauben T. Marsh
W. Hodges G. Mazetis
W. Lyon R. Barrett
M. Keane T. Novak
G. Lainas W. Jensen



UNITED STATES
NUCLEAR REGULATORY COMMISSIO:.
WASHINGTON, D. C. 20558

AUG 2 3 1982

MEMORANDUM FOR: Themis P. Speis, Assistant Director
for Reactor Safety
Division of Systems Integration

FROM: 0. E. Bassett, Director
Division of Accident Evaluaticn
Office of Nuclear Reguiatory Reszarch

SUBJECT: FEED AND BLEED EXPERIMENTS IN SEMISCALE

As you are aware, RES has performed a semiscale feed and ble2d experiment
(S-SR-2) at the request of NRR. Results of this test indicate that
difficulty was experienced in maintaining a steady-state feed and bleed
condition without uncovering the heater rod bundles. Several members of
your staff have had questions as to how this relates to the PWR feed and
bleed operations being purposed for several plants. These questions are
now being addressed by EG&G Idaho, Inc., while taking into account the
ciypicalities of Semiscale, as they might affect the feed and bleed
behavior.

As a start, EG&G have provided 2 letter report of several steady-state
calculations they have performed in an effort to help understand the
Semiscale data (see enclosure). These calculations included a study ¢7

the sensitivity of the results to core power, break flow quality, surge
line and pressurizer geometry, and availability of equipment, and were
extended to parametric values typical of a commercial PWR., The report
concludes that there are large uncertainties in predicting the satisfactory
performance of feed and bleed in the steady-state, but that the Semiscale
experiment does not point to the existence of a2 definite problem regarding
the satisfactory performance of feed and bleed in a PWR. The Semiscale
results still must be analyzed to determine the extent that the atypicalities
effect the results and to put them in proper perspective. This analysis
work is currently in progress and should be completed in September 1982.

The Divisien of Accident Evaluation has concluded that the Semiscale
results have not produced new and unique results that indicate a PWR
would have a definite problem regarding feed and bleed. Therefore, we

do not recommend a board notification. We have concluded that the
Semiscale results should be carefully analyzed to determine that relevance
to PWR feed and bleed transients and this work is now in progress. we
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should be able to provide you with a more complete answer to the relevance
of the Semiscale experiment and our investigation into the feed and
bleed transient in a PWR by late September 1982.

Y ( '., /{/L" /-w
0. ;. Bassett, Director

Division of Accident Evaluation
Office of Nuclear Regulatory Research

Enclosure: Ltr fm North to
Tiller dtd 08/06/82

cc w/encl: .
L. H. Sullivan, EPB

R. R. Landry, EPB

B. Sheron, NRR
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August 6, 1982

Kr. R. E. Tiller, Director

Reactor Operations and Programs Divisfom
ldaho Operatfons Office -

Idaho Falis, 10 83418

PRIMARY COOLANT SYSTEM FEED AND BLEED - PH-137-R2
Desr Nr. Tiller:

At the request of the Muclear Regulatory Commissfon the Semiscale
Program recently conducted experiments designed to investigate the
feasibility of primary coolant system (PCS) feed and bleed as & mesns
vf rejecting decay heat in the absence of steam generator heat removal.
The results and preliminary analysis of the experiments suggested that
8 reasonable uncertainty may exist in the ability to effect stable
PCS feed and bleed. Since current pressurized waler reactor emergency
operating guidelines call for primary feed and bleed uncer cortatn
dbnorwmal conditfons, 1t was considered of some fmportance that the
eneral subject of feed and bleed Le studied in some depth st that
he Semiscale results be carefully anslyzed so that they might be inter-
preted in the proper perspective. To this end, the Semiscale Program
is currently engaged in an extersive analysfs effort involving both
full-scale plants and experimertal results (f.e., Semisca > and LOFT).
The purpose of this letter 1s to provide a brief overvie: .{ our analy- -
$i. of feed and bleed to date, Including the recent Seaiscale results.

.- - - - -

.
- - e, l*“.."'lo—f-v tis. & l.mm'u » - e - ———— - - di
e Tk e s o 3 R RSV

. i .. . e, -y 3 s
Bl . cer i taesveris [ Sty L L PN N Nl HTee o 0 B s A1 ) C

Primary coolant system feed and bleed 1n 8 pressurized water reactor
becomes a necessary decay heat recoval mechanism n the uniitely event
that all secondary heat removal ceapability 15 Tost. While there exist
nuzerous scenarfos that could lead to this situation, the focus of
the present analyses 13 the feastbility of achieving & Tavoradle cool- . .
ant and energy balance within the primary coolsnt system under condi-
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e oot e emmedethe bigh pressure injection system (ECCS). 15 operative fa... ...
- - . an undegraded condition

4. the pnisuriur ‘heu'ien'm fnactive

5.7 ‘the pressure-operated relfef valves(si (PORVs) are operative
1 6. primary recirculation pumps are off "

Feed and bleed would commence when the PORY(s) were opened (dleed)

| and mh pressure injectfon began (feed}. The passage of steam out
(- the Vis) provides for the refection of decay heat while the {ntrodut=
tion of ECCS coolant provides makeup for the resultant coolent loss.

: The reodinder of this letter exanrines the general aspects of primary

- : feed and bleed operation and the thermpl-hydraulfc phenomesma that
el goversd ft. The predicted system résponse 13 cutlined Tirst &nd the

4 effects of uncertaintfes are {1lustrated with an example frox actual
plant parameters. Next the key thermal-hydraulfc phenomena that fa~
fluence the uncertainties are discussed. Finally, the data from
Seaiscale experiments is bricfiy presented to demonstrate system signa-
tures and response during an sctual experiment.

, . THEORETICAL FEED Ah'b KEED ?QERATWG PRESSURE RARGE

A simple examination of the wass and energy transfer pathways assocte
- Wted with feed and Bleed results 'In Yhe concluston that feed and blesd
is t.heoretica"{ possible within & certain band of pressuce (see Ff .

. cazue e, The gov arameters whic determine this gressure band ere.ciz =i
TR Sdechy utg I:QT'? !s'ﬁwfgngr' Flow'yate tand mhﬂp;r&'?'ﬁ""

© 7 Plow tale).” Except for Lhe tuwre decay heat level €he vecaiaing para=- . -
, meters are functfons of prisiry svsted pressime. The lower bound of 7,
- tha operating band w‘-pnseats the mintwum prezsure at which the PORY. - -
Can pass enowgh stem” (with the coolant repleced by mwbfent texperature
- 10 remova tuff.!cﬁe@t..:w: froa the ¢ystem. Steady-stete - . z:
operstion below this pressute without ddditione] energy vemral paths = " -
.. 15 3ot possidle. Operatioh 3t 4 préssure above the lower boend mays | o~
be accooplished by cycling the PORY open and closed withim & desired . - - - .-

B

pressure band.

- An upper pressure bound to the steady-state operating band 43 defined
- *. by a balance between the PORY average coolant removal rate mnd the
. MPIS coolant injectfon rate.- The average PORY coolant remova) rate ]

it simply defined as th2 core power divided by the difference between
,inlet and outlet enthalpies:

8. Base cese conditions assume that 1007 3uahty steam 15 discharged
through the PORY. The affect of varied quality is exacimad later.
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== (Tals assumes that the coolant removed through the PORY §s replaced
with axbient tesperature water. Actually a coolant deficit exists
at pressures higher than the vpper bound and » steady-state condition
canaot exist due to A continual 10Ss of system coolant fnventory.)
Below the upper bound the sSystem mass {nventory can theoretically be
maintafned within a desired operating range by efther throttiing tie
KPIS or cycling 1t on and off, -

UNCERTAINTIES ASSOCIATED WITH STEADY-STATE OPLRATING PRESSURE BAND

N practice the curves ¢ i36d. above are. 0ot well defined due 20 o oryimerne
: _-,,-.._,&,:,sémr‘a_ ~mccrginties;_.zi.gubj_e_c;._tg Lhe greatest uncertainty are the —= 'v;:-v,g;
_ug“l‘f** . POAY mats removal and Energy removal Curveés o The wmass £)ow through = RV T
the PORV fs dependent on the flyid conditfons at the top of the pres-
" surizer, If the pressurizer {s near liquid full the flow through the
PORY will be & wixture of iquid and vapor. At » given sysiem pressure
this results in greater mass flow than for satlurated steam flow through
the PORY. The result of having two-phase flow through the PORY 1s
th'erefore to lower the upper bound pressure.

Fii.. 010 PPACtIEE the cirves Mscuised above

Uncertainty also arises in the PORY energy removal curve due to two-

phase flow. With decreasing Quality the energy removal per unft mass

decreases while the mass discharge rate increascs. Lvpending upon

the quality the encrgy removal rate at a given pressure may be less

than or greater than that for saturated steas. The lower bound of
. the opereting band will viry accordingly. . : . :

Another significant variable that affects the width of the operating
band concerns the actual heat load that must be rejected ¢t ' the
PORY. Core decay heat decreases continually with time after shutdown.
Also, if some additional h=at sink exists, such as environmenta) heat
Toss or resfdual water in the steam generator secondaries, the heat
1oad required to be rejected through the PORY will decreace. Referring
to Figure 1, this results 1n Tower ng the core power line and thus
lowering the bottom end of the operating band, and also Jowering the
l"ORv :z:rage mass Tlow curve, thus raising the upper end of the operat-
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The tinal Uncorta1nfy sddressed here s the uncertainty associated
with the HPJS injection curvé., The effects here are rather clesr;
& lower injection rate wil) lower the upper end of the opersting Send.

The quontitative effects of the uncertainties and/or varfances discus-
sed above sre i1lustrated in Figures 2 through 6. For these examples
the curves were qgnsrs'.eo' using daota obtainez from the Z1on I nuclear
encrating plant, *“*7 a4 34)1) WW(t) pressurized water rcactor. Figure
g shows 8 primary feed and bleed map for » 21 decay heat power level,
A sleady-stete operating bend {3 seen to exist between 7.5 e 14 NPa.
A decay heal level of 2% of full power s typical of the tise period
from sbout 10 min to 20 min after shuldown. Figure 3 is & simidar
Curve, but here no makeup pump injection 15 sssumed: only tha HPIS
puzps were assumed to be opersting. nhe HPIS pumps sre shown to dead-
head at abnut 10.3 WFp. For this case no nperedting nend exists, since
4t the ainimun pressure where Lthe PORY can rexove the energy there
i3 2 mass deficit between the PORV coolant rewoval snd the HPIS (njec-
tion capacity.

Figure 4 thows the primary feed and bleed map for 1.1/2% full power,

A decay heat level typical of the period from V/2 to 1 hr after shut-
down, and for only HPIS fnjection. Comparison to Figure 3 ithows that
the reduction in core power and corresponding PORV average =ass flow

both act to estoblish a steady-stale operating band,

Yhe sbove curves are bosed ugon the assumption that 100% guality steam

exists ot the PORY., Figure 5 shows the sensitivity of the PCRY ene
removal curve Lo lower qualities os delermined with Lhe KN flow wocel.
Since the energy removal per unit mass decreases while the miss flow
rate increases the energy removal rate nitinlly decrcoses with decress-
fag quality. However, since the mass flow rate increascs substantially
wilh decreasing quality the energy removal rate eventually Increases.
The effect on the lower operating bound pressure s not large; huwcver
the large increase in PORV masy 3low rapidly lowers the upper end of
the band., As an example, for the conditions used in r‘?ur' 4 the

operating band does not exist at qualities below approximately 75%
(‘k. r‘QUI‘Q ‘,a

The foregoing enalysis 4s useful, in that 1t prouvides a besis for
exanining the feasibility of feed and bleed and Yor quantitatively
sssessing the effects of uncertainties or variations in the bounding
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pirameters. However, {1 does not ‘address transient Lenavisr that may
‘avc an important bearing on the ultimate vistility of prisary feed

and bleed. In particular, #t shou'd be evideat that there exists some
uncertainty regarding the ebility to safely bring the primary conlant
System to within the “feasible® ogerattng pressure band without sustaine
tn? unacceptable coolant luss fn the process. Factors whick bear on
this transient process include the primary coolant system state ot

the inftiation of an attempl to fecd and bleed, and the nature of the '
tuvvlent discharged through the FOkY(s) In Gepressurizing the system

to within the operating band. These questions can only be addressed
threugh eaxperimentation ond the use o? Computer code analyses,

TACTCRS ATFECTING PORV DISCHARGE

Sf the factors previously discuzced tne largest uncertainty sffecting
the feed and bleed operating band arises from the influence of two-
phase PORY flow. The mass flow through the PORY 1 dgependent on up-
stream fluid conditions at the top of the pressurizer. Several factors
contribute to establishing pressurizer fluid conditions. The onecs
discussed here are: transient vs steady-state behavior, primary cool-
nn} sys::m conditions, pressurizer/surge line geomelry, and surge line
orientation. a

Tropstent vs Steady-State Conditions and Prismary Inventory

If feed and bleed 15 not 4nitisted soon after loosing the secondary
heat sink the primary liquid swell wil) F111 the pressurizer and col-
1agse the steam bubble. Several conditions may form or sustein a vapor
bubble at the top of the pressurizer. A vapor bubble can be produced
by Juss of pressurizer 1iquid fnventory, besting of the fluid to satura-
tion, and/or depressurization. in the present study the pressurizer
heaters are assumed to be non-operationdl and direct heating fs there-
fore precluded. 1n & transient depressurization, liquid flashing in
the pressurfzer will tend to create high quatity region mear the

top as long as the fluid in the gressur(xer 1s Lthe hottest 9a the
Sysiem. However, the liquid swell that eccompanics bulk flashing will
tend to decrease the Quality at the top of ghe pressurizer. For either
® quasi-steady-state situatfon, or in a transient once the sriginal
pressurizer iaventory has been replaced with coolant from the hot leg,
the PORV flu‘d conditions are dependent upon the conditfons im the

hot leg. If the coolant lost through the PORY §s replaced by Jow quali-
ty f!u?d the mass discharge out the PORY will resoin fairly high,-

This will occur until the prisary system fnventory 1s reduced enough
to ceuse sfignificant voiding in the hot leg. Once signivicant hot

leg voiding occurs pressurizer/ surge line geometry and orientation
tome inte play #s described bedewr. _ '




R. £. Titler
PN-137-82"
August 6, 1982
Page b

Pres&urlzér/Sugig_line Geometry

For ¢ glven vapor volume a pressurizer with e large ienoth-to-diameter
ratio would have & "La)1” voic height reletive Lo o pressurizer with

s smaller ratio, in edéitfon Lo alsc having 8 smaller cross-section.

A steam bubble of greater height would tend to enhénce sederztior from
the vapor of )17 quid droplets created dy bubbles bresdiing through the
1iquid surfece due to the greater wall surfoce ares ond reduced
potential for droplets being thrgwn upward into the high vepor velocity
srea near the PORY line entrance”, lnowever. since vapor mwit Ly
necessity pass through the pressurizer 1iquid from the surye line to
the PORV a targe L/D would iend to promote liquid swel) end croplet
enirainment due Lo the smaller cross-seciional area.

In aav case, the influence of the pressurizer geometry may be minimized
by the preciusion of counter-turrent flow in the surge line. Even ¥

» Yiquid/vapor separation mechanism did exist in Lhe prossuriger,
typical surge line velocities are well above flooding limits.” There-
fore, the 1iquid (ould not drsin back to the loop snd woull comtinve

to be stored in the pressurfizer until the PORY dtschar?e quality self-
adjusted to accommi.uate removal of the mass. [t thereicre appesrs

nccessari to have high quality steam supplied from the hot leg in order
to have high guality PORY discharge.

§irge Line Orientation

If hol leg voiding does nccur, the orfsntation of the surge line would
influence the primary systen invcntony at which high gquality steam

¢entered Lhe pressurizer, Surge l{ne-to-hot leg connectioas of various
orfentations, from horizonts) side entrance Lo vertical top entrance,

sre used in current PWR's. With the top entrance lire, &nd guiescent hot
leg conditfons, minimal hot leg voiding 1s necessary tc 2)low high quality
surge Yine flow., Nith & side entrance line the hot leg pipe Jigquid level
must drop much lower befure high qualily flow begins. 1n either case

the surge 1ine flow may sti1] be varied significantly {f non-quiescent
conditfons exist that disrupt stratificd flow, such #s when primary

recirculation pumpt are turned on, or & tramsieatl depressurization is
occurring.

8. lor typicei PWR pressurizer dimensions the vapor velocity (due to
an open PORY) 1n & vapor filled cross-section 15 on the order of 1
fL/s which presents 1ittle chance of droplet entryinment.
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COKCLUSIOAS BASED Ok SIMPLIFICD ARRLYSIS

4

Based on the foregoing discussion it §s roncluded that 2 simpléfied
approach Lo cetermining the feasibility of primary ferd and Hleed in a

ressurfzed watzr rcactor lies in the mapping of energy and mass flows.
aoreover Lhis technique can be used to quantilatively asscss the
sens'tiv‘ty o' the ovperating pressure L2nd ta varfations ¢n the
boundary toncitfons of ECCS flow, PORV fiow, and cecey heat. It is
evident that plavsible varfations and uncertsinlies in these parzmeiers
tan lead to the eliafnation of & steady-state operating pressure ronge.
Principal omong these uncertainties §s the coolanc discharge through
the PORV. The predictability of Lhfs single porometer 15 suject tO
much greater uncertainty than either decay hest or ECLS Tlow,

Irresoective of the existence of a theoretically fessible operating
pressure band, there remains tne question 83 to whethier Lhe reactor
system tan be s:fel{ maneuvered into this pressure ronga. in this
regara it is clear that a depencence must placed on computer csdc
anatyses (with suitable verification) and adegquate suppcriing experi-
mental data. Such :nalyses andfor experiment: should examine the
plausible scenarios which Tead the ooerator Lo commence primsry feel
érnd dleed, since the initfal condition of the primary coolant system
iperticularly inventory) wil) have B significant effect on the Sulcome.

lu;ghermore. it would appoar to be a useful exercise (v examine the
vperaling map that results for each set of individus! PWR plert para-
weters, The operating map represents an vitimate stztement as £o whether
feerd and Hleed iz poss?blo. sud is the starting point Tor exeaining
specific design features that bear on the opersting bounds.

ARCSULTS FROM SEMISCALE CXPCRINENTS

An experiment was conducted in the Semiscalc Mod-2A focility to evalueste
system behavicr during primsry feed and bleed operaticons. Figure 7
thows the primery feed and bleed opersting map representing boundery
tonditions used for the cxperiment. It 45 sesn that these parzmeiers
define a rteady-state operating band between 7.) and 2.2 KPa. Several
attempts were made to establish steady-state feed and blecd within the
operating band, While 1t was possible to maintain pressure control by
c,cling he PORY, measurements showed a continuvous loss of primary
coolant inventory due to a low quality discharge cut the FORY. The
phenomena that led to this behavior sre described below. ~
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§ingle-phase, 1iquid tull conditions were established at & pressure of

18.2 vPa. At {nitia) conditionst the pressurizer hedters were used to
tontrol pressure with & small stesm bubble in the pressurizer. Some
subcooling existed in parts of the Toops due to the lack of netural
circulation resulting from having empty secondaries. At 15000 seconds
{test {ime) pressurizer heaters were turned off and the PORV was latched
optn. Figure 8 shows that the system rapidly depressurized cown to
approximately B MPa. This corresponded closely to the saturatfion pressure
tF Lhe toldest fluid ¢n the loops. As seen from the pressurizer collapsed
1iquid level curve, floshing of the hot pressurizer fiufd initially
tesulted {n substantial voiding of the pressurizer. Referring to Figure S
4t 15 seen that this §s reflected in the PORY mass discharge rate.
Following & briel initis) mass flow surge the flow out the FORY agreed
tlosely with the predicted steam flow rate for 1007 quality. The steam
bubble depleted sfter approximstely 250 s {Figure 8) and the PORY mass
flew rate increased to approximately 5 times the steam flow rate (Figure
8). As teen in Figure 9, the aass flow rate out Lhe PORY appeared to be
dependent upon the conditions in the hot leg. Once substantial voiding

of the hot leg occurred the flow oul the PORY began to egree with the
predicted steam flow rate, in spite of the fact that the pressurizes
temained nearly ligquid full (Figure 8). (The pressurizer surge lire

in the Mod-2A system {3 connected tv the side of the hot leg.

AL the Lime when tufficient primary toolant inventory was fimally lost
3o 85 Lo void the hot leg the core was still adequetely covered and
cooled. As seen in Figure 10, there was still a small deficit in the
mass injected inlo the system with the HPIS relative to the POCY mass
discharge rate. The result was then & very slow continued loss of U*ss
which led to eventua) uncovery of the caore at about 17000 seconds.

thée {mportance of the Semiscale results 1ies in demonstrating the dominance
bf the PORY discharge rate on pr1nor:°feed sand bleed capability and the
dependence of the PORY discharge on hot te? conditions, and consequently
system {nventory. The fnability to maintainsystem {nventary once the

PORY ass flow rate dropped to reflect steam flow is subject to experimental
uncertaintfes, since the steady-state operating band of Figure 7 {s

rather narrow. Uncertainties exist in the actual PORY orifice char.cte;is-
tics, HPIS Injection rate and the measurement thereof, system heat loss™,
énd Tluid leakage.

the observed PORY discharge relation to hot leg conditions however, Vies
outside the effects of uncertainties discussed above. The questions

that need to be addressed in interpreting and extrepolating the results
dre largely related to ihe geometry effects. The ¥od-24 sy.tem has a
short pressurfzer relative to the desired scaling of L/D. The L/D effecis
on 1iquid vapor separation must be analyred. The surge 1ine needs to be
evaluated also, mainly with regsrd to the infiluence of the side entry to
tha hot leg a: opposed to other designs.

&, Core power was sugmented to compensate for the best estimate system
heat loss.
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LONCLUSIONS, SASED O SEMISCALE EXPLRINFKTS

'n and of Lhcuselves, the results from the Semfscale ex;arisents do
not point to the cxistence of a definfte prodblem regarding grimary
feed and bleed., But they do tend to support a concern advutl the
relative Lenuousness of the process. Further angl;sis atteapting to
antify the potential) erxperimenta) distortions eng their effect on
the results 13 now in progrcs;. These analyses, along with the :
results of analysis of existent LOFT data, and computer cice calevia-
tions of the Semfscale cxperiment and a full-scale plans »fil e
docuriented in September. 3 e : ;

Very truly yours,
' ‘;; J! 'l K4
:/;aoé-lgofﬁﬁco
P. North, Manager:

Water Reactor Rescarch
Test Facilities Division

| >JS:td

Attachments:
As ctated

cc§ R. ¥. Barber, DOL - 2

R. R. Landry, NRC - 2
W. R. Young. DOE-ID
R. W. Yiehn, EGSS !daho

I|
ll
l|
|
‘I

.l\




b i e sl TR S Ol . . o Benal Sl B T T SR T ESNN T OReE T sme—— . P
. . . L . . ., . . . 0 Tos, - T N ¢

\ .

. ?&% ::ua.ca E!u»mv N .
ucw n

‘ " q L r ”. B g g
; > : ] . 2 3 L A
< . L . 2 . - ¥ . g, o Sl .t .. o
> s NP - i wds ; ‘ . 0 £ ¢ . ot TS L P e
: . < > 3 . e, e & i X " ‘ ¢4 s . & Rt o
. AR Vi, - *e ’ 3 L . - : o gt e i - w..l
. Bh & 2 . : 5 ? i i oo . " . te q S o ¢ L NY B,
é . e . - " " o X . . ... . .....ﬂ'l.}it-\o
-, . . : : : . e / : ' B SR 31 el "R \ S
L . “._. ? . \J ¥ . " ' ’ . o % PR e e £
e e M i\ ; o.wn ‘ A R I o o
’ ; . g E L : : . ., “.<l.n ..
. s . ' ¢ i ey x L W

-~

. F 21 &
‘. ..!.llao:w 9.:9.&9 pee|q puc pes) fo.:tn _8:5. 1 !.aaz nad , ;

-
»

L
SUNC

o1

-

0401 MO ssOpN
r .
L ‘ .
s |
P
Aaaouq

.
g
J
i
Ve e a2 PPAMI ] s s B i AL ) B el el AS b Aren s st B L



3

>

I/éns NoJ MmO} SSOpN

. 5 o %
5 - ' i
PR
b e S
L B .
. s A
. e 7
LY A .4
3 .

(

S i o 904

"2 3anbjy4

(odn) eanssead wesig
! a o N ¥ v

-

z
s
\:l&

.
o
- - .
’ o e
e H s
i, . “~. " .
AT b ) 2 . »
. . . e
P % w?
'
~ - . U P " -

= - ; .
. y .
g v B ' a
i e 24
" - - - v
. AT L .
. . -
! ‘ . AN LT
. ‘L . A
~ [- . » -
-. Lx a i .
., e
t .” wei ‘\ - » J. L)
: .
(] o )

wmzsm dNINVN HL1IM
&u?o& J40J ZT ¥O4 dVN ¢z_._.<mumo
nwuu_m 8 T334 A¥VNIYD NOIZ - -

o2 8
.
. N
. . . .
'S . 3 ‘..\- ¢ 1 o
¢ O IS R S .- . - .
b o .\ ] -t r
: . r.. Vo o' 3Y St > '
v ' red ‘e . ’ Sy
' S §. A
’ . ot " . .
. Ll ot
-, S &S . -
¢ w % T 3 N
- ¢ 1

o

I

ROFY

s @
g e e
$ 522
a..s .t
~ - . "

. ' & i
8 st ]
-

1.8 .

] E
o
‘\l "
-
n;
..,
,Ns-m 1
3 A J



"EED & BLEED
OPERATING MAP FOR 2% CORE POWER

ZION PRIMARY

(1/6%) w103 Moy

T ¢
gree—y

v r

v

. - s &
- -~
CeTpr el



a

_'.'

S 8 B 8

(s/8%) o404 4_‘9‘”'.?_

T % R 3

. = N
. g
. v .
¥ .
. s AwuT, SEY
L 3 -0 -,
» oA
. e
. i e T
. . - ‘..t .
. v 8™
¢ " a e
d \f o* .—A.
. .
o

YJIMOd 3803 %Sl 404 dVIN INILY¥3dO
03378 ® Q334 A¥VNIYd NOIZ




.-o- L

-0‘ ou-‘o“- - -

.Q...

.; ‘.. ".‘""""f’ "‘| .“..“-‘o- N

“
gl‘.-‘

.
r aash co . than - -or-oo mamams Sgece o o
-

.+

« .
e e ee———— W

“w etisase seme
.

e -ooun-:--o "o SRS B SRR R RE  —

.
-

.- 'o RO - ¢ 08D B0t

: . .05 B3 . . . o Nas B @ . .

e

L 3 : "
L

u._ .
¢ |

'.ihi.

il

) oisis L l.‘_.'r

huJ

F 0

i K

. -u-."o MP ! L..uu. - i

-1 r 'u l.,lli,..,—-... J - -od:- '

"_‘r’;‘:.. L‘—J..ouo-f--a.. L L
. . L g
6 : ' :l . o.‘

t|~

-
e e

]
. .‘

- .

.y

“ : ,-—-.-:-'--.:-.--p--- Smer o

..-:-—-—.-q-_—---
.

S - eted i b bgen Lo s gquepe -‘.-q\--_. R oo e o

& ":..F--rrm“ AR KRR v’ RARIRE i

ol A S 5 SR TPTY S YIS YRS [ , c oot R . ‘ e - -
SoTes ' .

. . .
o-o-o-.u e . . 2 *9% s % 1

;.“ ssatises

..;.l-l-tlll

. .._.....-;:LJ 3 ‘densd

er Wb
.

Y

.
..
A

g

.....

Lg
'
et o

!"uu.. - --"- s

: 7 ¥
‘ .

i I.O - :

Figure 5.

Jkis
PUESSURE. (F)

Sysrem

-
.

- -
-

L L - .
-
e -

“-—:—-——.— B

s R

. .
.\--' 0-—.-*-._.—
et e o e

:. .-,-.; H ._. 2 Se 4 . N
K voser go, Lg% 2133, e b gy = =
rpwencz Em i) SR e '3 4 & a .,~.-.~9.. o
s b T ;*._1' 7 ,
b ‘n. r.....,...x. l:f.:,.. e -:‘:'!j.%,_l.;_;:. ‘...g“l‘(l.'!” .--,‘.-,!"-‘u' Mo _2__ s ; B B O
’- ..'. '-b “---4-0}' ..)-.‘ :;-'-: .. ;ot-‘.-’,: . ‘ 0 -::: ; \' 3.’.' S L -‘:-.-" .-' .. . :. .._,, % .l....
L a H r-‘__.! t::_‘__ Soas -- :.“ v ;....2..—‘- :;.-‘.'. \-—- A . ; - 'f" -

| ‘ .!. h.‘ ll l' \} l ‘i"‘.‘;t C’. .‘B

s
> teoe ",._\'
Soge " ar e .4-_

.".. o, IR

0 o adteldosety o edidiee s

L iy - GRS

-



RPRCTL PRI
e ",

s
. to
- .
- ‘_ ..

(l/&q) 0;61 MO} sEOpN

‘9 sunby 4

(oaN) einssesd wesig

o # 4] 04 5 ¥ 4 4 0 |

=

Y
=

8 & v @

B

L

<

| ﬁ/ |
e -
Lo MO MYILS A¥Od ALISND %SZ ONV A3IMOd 3I¥0D %63

|

L0 04 Y ONILVAEHO (3378 ¥ U333 ANVNIND NOIZ

§ ¢ 8 8 s e s a

- g
y b
. L, -

e Adaeus

Y] B e
. FAFN
S LN
» : .'.ﬁ



*L 3nbyy

(odn) einsseyd we|sis

L)

a

3% |
3, .

L N F e

" AIM04 3¥0D LT 03 dYN ONILYH3LO T3IT8 X 03
ANYMIdd SINGNIE3dXT YZ-00N JIVISINIS

A

p <
Q
“w
L
2
O -
%
J
2
-
w
-0
N\
)
™
i
3

e

o B




"

us

.h
. .
. . "

L eeser eemt

YdH 3u¥NSS3¥4d HIL
3 3
4 7

iﬂﬂ]:

RERRE

| CUONmRLNSSRMap 2gvS IS Jep dunssand v
: 3” g—ﬁﬂ' A TTIVS SN Jo WS Liwiwoy diﬂh“ _.. . -;“ :

¢y swrp | .
OFIST  SMST  000ST ee9ST  eeeSt  sewnr

19491
STINSSISg

oot

74 4

o5t

4Ty anss59.g
40 doj

¥ 2 L
L TR

i o R
g S "
R T

¥} jaanq JELTR! e




‘$104 R2jJ Av0d w0 L3psuap B3| 0y 40 ewaniup *g a.nbyy

(8) Il 4
BE2T  BG491 @8291 @SSl BS2GT  BSLyT  BSehl

80521 0881 08591 08091-- @9SST 088GT 08SH! Q08T

M -
e9°9
g
. — - oy, NO.O

1)

1t LL

R i

\

vo°e

98°9
388
o189
AR
*18
91§

b oo

ooy Aiisnad

“/é)&_t e asve



Ft

oy AR e _..lgugﬂ.cvnﬁ! 103 NOLJ- ST PVe Aa0& 2 wospirdwoy ~gp Menby - Fhk

oy 3wy

-

A LA LA LN DL L P

SR S PR A S O

8/ seiq wevy



ol & .
. e . .
. _ . ;
i 4 l
» . .
B % .
.. Sy TP
: | !
.
. e
AR
.
.

ltftntncgg

‘i‘ou halllce'ﬁ H'ﬁﬂ~ !Jcly An..'lysh Report, Commormwealth Edison
pany, 1928, - : : :

3éa &yﬂéo b“cfip“oﬁ! ; Eommuﬂh Edison Company.

Information oblained #rom the reference f1le from the BE/EM study
bt the Idaho Kational Engineering Lobvretory.

8. B, Watdds, bne-dimensfonad Two-Phase Elow, McBraw-Hill Book
Cumpany, 1989, »




