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August 1, 1973

Dr. S. Salah

United States Atomic Energy Commission
Rocnm 511

7620 ltiorfolk Avenue

Bethesda, MD 20014

Dear Dr, Salah:

Enclosed is a Xerox ~upy of the section of the
I1daho Nuclear Corporation Report, Ny-123-69,
concerning the statistical verification of the
Macbeth correlation. The pages of specific interest
to you are II-3 and II-4,

1f I can be of any further assistance, please
don't hesitate to contact me.

Sincerely yours

ON ENCINEERING ING

WINDSCR CONN CE2 58

181 CABLE COMEBENG

(:!::L<n:%&é:§i£2;:;ii:‘r,.‘“5Cﬂ?t‘dk

Dr. Charles L. «ling
Supervisor, Nuclear safety Dept.
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Tnclosed please find your copies of the Octloter ‘iornthly Report of

the Luclear Safety Pregram Divisicn of Idaho Nuclear Corporation.

Very truly yours,
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w. Z. liver, Uafager
nuclear Saferr Program Division
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Assistant Dirsctcr for Nuclear Safety, DRDT
Assistant Dire:icr for Project “anzgenernt, DRDT
Assistan: Direstsr for Plant Ingireering, DRDT
Assistant Direstsr for Zeicter Togineering, DROT
1CFT Fralecs Tanager, ~itus
LOFT Progres ''snzger, DROD
Chief, Research and Develorment Zranch, DRDT
Chief, Zngin

L

rirg and Test Zranch, ORDT

Chief, E r+2) ani Sanitary Inginesring Branch, DRDT

s

BYLTOrSIens
Chief, Fuel Engineerin; 3ranch, DROT
Chief, Conircl l‘echanien 3rarch, DRDT

Chief, Weter Systems 3ranch, DRDT

Division of navel 2esctors, DuR (R. S. Brodsky)
Director, Divisicn of Reactor Stendards

Deputy Director, RZG

Assistant Direztor for Reacteors, REG

Assistent Director for Special Projects, RZIG

Direstor, Division of Rescter Licensing, REG .
Chief, luclear and Systems Teozhnolegy 3ranch, DRL (2)

Directar, Nuslear Teshnolegy Divisien, ID (3)
irector, iuclesr Suf2vy Divisien, ID
Directer, LOTT Praject Division, ID (3)
Direstor, Nuslesr Ingineering &nd Cenetrustion Divieion, ID
Chief, Technicel Services 3ranch, CSTS Divisicnm, ID

Chief, Budget 2ranch, ID
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A. Analyvtical Develooment

2 Teckhnicel Activities

Core Heat Trznefer A=slv:is: A users manual has been prepared and
distritaced within Iia:0 .uslear Cerporation fer +he single rod, single
channel ccde TIZTAL. Thermozhysical proverties for Ul2 and Zircaloy-i
have been inccrpcrated in the code.

Work is continuing toward development of a thr2e-dimensicnzl core
heatup code for the FEUST 8x3 rod bundle. A subrcutire to calculate
the rluid energzy btalance at escn axial level is currently beirg developed.
With the addition of the subrouzine the code will be crerational.

The CHF study continued. A total of 729 low pressure (150 to 725
peia) rcd bundle CiF data points has teen ccllectad and correlated, and
a rerort of this study sterted. Also, & rerort descriding the ccmparison
of selected C=F correlaticns to 3zte rrevicusly cclliected was started.

A portion of this rerort follows.

One major raraveter in lcss-of-coclant accident (LOCA) eanalysis is
the time-to-criticel heat flux(e) (CEF), that is, the time frcm initiation
of the breek +o0 the time criticsl hest flux occurs in the ccre. Irmediately
fellouing the occurrence of a orezx, the pressure diffarensial across the

core results in forced convection wnich regins to irensler the sensible
energy stored in the fuel rods end the decay erergy zenerated oy nuclear

e

fissicn from the ro3s %0 the coolant flowing shrcugh the core. Eventually

*ae -

the eri<icz2) heat flux condition, whizh L 2 functicn of the rcd an’ core
ecretry, exial nest flux distribuzicr, eni the flow ani thermoiynanic
state of <re coolen% is reeched. At ¥ g film of vepor exists adlacent
to the rod surface and results in severe reduction in the amount of energy
that can te removed from the core. Iillowing the ettel b+

condition, the rod surface temrerature tegins to incresse es the en
rereining in the rods and the genersted cec2y energy ceccres redis

Althzach predissicn of the srisiaal heas Tl is nacesciy f3r reector
design rurposes, the cthenomenc: o7 :ritical heat flux mairnzeins o uznizue
status in engireerirg in that no thecretical analysis has been attempted

{a) Critic 3A% pawst Soongwd tw Th 5 desorite ¢ large
decrease i1 the local neat sraszlor ecell resultie in a large
increase of ths surface temperature.



end ccnseguernt
of the cr
state with
ecniition and
equation.

In contrest to the
desi;n purzcses,

v

|

|

|

\

|

| ;
e }
Cctober 1669

1y exrerimentul dotia are only source cf inforzation

regerding its cccurrence. Trerefcre, rder to Obtain design values
ivipz) heas flux, exrcriments are usually conducted at steedy-
elecsrically neated rods of design dicreter , pitck, spacing,

ngih and with fiuld coniiticns at or near ihe ues-¢1 crerating

If sufficient édata with 2 sysie -azie variaticn cf the core e inlet
maze fl.x &re tzxan, 8 COrralation o the data
ray be attempiec and this sorrelaticn urn may c2 ucel as a cesign

th
l*-s -cl=¢3
mass flux, and inlet conditior

N

rotlen of cotaining inf
he proslen of prediciing
ol + zocident requires data over "4
rns and, in adéis
- "”°"°s in pressure &nd rass flux must te texen intd account.
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when CHEF will Ye reached
:23e ranges of
ne effects

s=esimn of all CF data svailadle in the Cped literature for
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correlaticns ccnsidered in this re,crt are
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a points for rod puniles wnich

Pressure

Mess flux

Fluid inlet ccndition

Rod diameter

Red length

Specing between rods

Azial heat fluy distributicn
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ranges c©f parameters:

156 to 1LCO psia

0.02 x 106 o k.0 x 100 1bg/nr-1t2
0 to 373 Btu/lo. subcccling

0.250 “o C.€25 in.

30.0 to 176.9 in.

0.022 %o 0.30T in.
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For purpczes of somparison, the percent error tetueen tne calzsalgted
- ¢ -~ wn Py

and experimental values is delined as

Qs e I uY
o qC...-C (103) (1)

where
w _ = experiresntal criticsl heat: flux
T, e - r
s = celoulated critical heat flux.
.

The results of the calcsuletions are presented in Figures II- 1 through II-5
as graphs of the freguency that an error is encountered versus the percent
error of Ezuaticon 1. Wncress '*=s- fi;ures éo not revesl the deteils of
the error dist-ibusica with respest to pressure, length, mass Tlux, *nlet
gubcoolirg, and tunile internal ccmstructicon, they do give an overall vie

of the accuracy of the correlaticn.

n'

(1)

Figure II-1 gives the error distrit ‘ticn of the Macbeth correlation
The results are zoci ccnsidering she fact that the correlation is based
[ S

cn a very 1:imizes smount of date (172 poin=s) given in Reference 1. When
compared with COFF values determined Jor rarnges of ;:'="c‘°*s within, as
well as cutsiie, ihae ranges on walsh 1S Is ta:ei. g+ Scrre¢a:;cn predict
- % 2eea ssdwtedyp &ia - - — L b C A

1,9 €1 the deta wit.ih tné errcl tounss ~cuie U b

Figure II-2 gives the errcr distridution Jor the Zezrnett ¢ relation(a).
Agein, the data were ottained Irom tundles Mo0se gecmeiric and o *a'etitg
characteristics were within and outside the range fcr which the correlstion

was basad. All of the date sre predicted within -32.55 and + 7.5 and
O7% is predicses withia -22.5% ani +17.5%., These results end an examination
of Figures II-1 thrcugh II-5 indisate that the 3arnets correlation is

+e: the otrers for predicting stezdy-state C:F data from red

(3).

Fizure II-3 gives the errcr distributicn for the Bascker .correlzticn
Althousr the ccrrelstion is based on éata O"er *nhe rressure range 31 <P

< 1100 psia, and 2ll =f the rod bunile da<i ere witixin this renge, the
predictionz ere not ss accurate as those cf the !lactetr and 2zrnett correle-
tions. The caloulazed results for O7% of the data zgree with e «perimental
rasults within 20

W s mnromw - - g
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Figure II-&4 stribution for the Shinpingport
correlcti::(;). O: the ere sredicted within -160% to
455 error. The remainin g €25 of ti.e predictions preiuced error larger
than -16C5 end, therefore, ere not tzbulated in Figure II-5. As éefined
by Eg:aticn 1, negative errcrs indicate an over-predistion of Qi thus
any correlation that yields rezative errors is undesiratle fcr ooth design
end LOCA enalyses. The results given in Figure II-: clearly indicete the
necessity of etomzaring any sorreiziicn with data telore using ihe srela-
305 FTigire Ii-~e alsc Ingizstes s i b Yok that ar ivle when e
correlaticn tesed on de:a from a given g2 tey eppiieéd to other geometries.

The GCeneral Electric Cormrany de:3izn surve correlation was derived
ues 4 teo-csver the cperating

. —

ing curves J.d-r T%F 43%a cansd

lers
range ¢ 57R's (that is, & lcwar anval:p» was determined;. That the
correlation is ccnservative /positive errcrs) as intenaed is indicated
by the resilts shcwn in ZFigars I.-5. =-ivevar, the success of using this
methcd of correlaticn rezuires data for the entire range of paraneters
over which the ccrrelation is t0 te avplied. An exzminetion of the
preiistions shews that the ncnesnservaiive errcrs (regative errors) in
Figure 1I-5 were obtained for lew mess flux data (G < 1.0 x lOé lbn/hr-'te)

The results presented }ﬂ <his section have shown thet the method of
correlztion used by & a*c3°:~l’ and ‘e**="(” “rcd ce accurate CHX correla-
ticns that mey be exirzrolated wi4h rezscnatle ceriainty outside the rang
of pura-eters cn wnich they are

Ther~gl-Hvireulls Anelvsis: The dsvelopnment o w heat transfer
podels Zcr use in PZiaf3 has ccntinued. The i tacoe;hxls and Bﬂ*rett(a)
criticel heet flux correlaticns are teing useld for czloulating the criticsal
heat flux. Currently, the 3arnett correlsticn is being used Jor pressures
goove 1CCO psia eni <he i‘scteth corresls-ion for dressures below 7235 psi
For intermeliete nressures an interpcliziion betweesn the %wo correlations
is used. The correlations have besn ccded and ere currentily teing checzed
cut.

251

- i
osrared o RElAZ3 sredictions
terisons shew gcod agreement

An extenzive anelysis of the s
breaexz) is teing rade. Tne tes: &2
mede rrior to Tunrning the test. T
between rredicted and measured rre

2.2 (325 double-ended
wi

Cozputer arses Sursors: An expliecit technicue for solution of
the T2 BT eI A emenss Tor Yoern fnvylvced T o Tizatisn
of & Laxe-denfecil teshnizue oo Sl TS seovidss 8 wore stable and
acsurate soluzion cf gerust 3 ary ecnditions (that 1is,
the channel inlet enthaldy e th 3 during flow reversals)
than the present explicit or implisit =methods currenzly in THETAY. This
new technigue will rerlace the prezont explizit technique.

I1I-9
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B. Separate Effocts Tests i
1. Highlights !
A prelirinary system cdesign description document has been prepared
for the two-loop Semiscale Blcwdew.m end ICC System.

A series cf charnel tlockese erxperirents in support of FLZUHT has
been ccrmpleted c¢n a S-pin heater assendly.
2. Technicel frzirities

Semiznsls Rlo-dcerm gnd 297 (Sin=le loon): The semiscale blowdown
asserc.y is presencly indergiing moiiilsations in preperation for Test
Serins II Greup 2. .icéifica=icns ocrnsziet of the installation of an
elec+ricelly hested ccre, the additicn ¢ three gamma ray densitoneters
t0 chtain messursmants cf aversze fluil density in zhe core, a charge
in the locy ccnfizurzzicn from two rupture devices to one rupture device,
and <he installzstion of additional instrumentation.

Specifications have been issued to the Procurement Branch for 3-
foct heaters for tlowicwyn hest transfer studies. Reguest for guotations

" were issued Octoctar 27; ta: bid cpenin: daze will te licverber 17, 15 CE9,
A celivery date of Februzry 27, 1870, hes been specified. .
Semieccgle Rlesdevm and B0 /Moo Iz2:z): The twe-leccp blowdcwn system
is in the ccnoerszuial design stese. A creliminary system design descripticn
docurent hes been rrepared for review and ccimments. Work has begun on R
specificeticns for leng lead tize components.

Vira«Pinm (Chorral 2l22ka<s Buperimsni: A szeries of experiments has
been corpietes vita & we3ia 2ore t0 siuliy the efeet of flow chanzel
b;::nge on emerzensy core 200ling heat <rancler. The e p°":s:‘s were
condioted Ty flzoiing she ccre o% tempsratures €2 1€30 erd 150°°7 with
restricoted Tlcw srza 2% the center of th2 ccre. Rastriction Inm flow
area wzs veried Zuring the test series from no restriction 0 G0 percent

restriction. Results are being evaluated.

nMET: The TIUST core for Test Szries II testing has teen essexbled
F=UST vessel. Terting is scheduled te tegin tne
o

v
gnd irstelled in <he
seccnd weex £f lcvert
the cystes has tezl on

er the instru-cntation has bteen connected and




