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Tte initial release versicn of the 'ITub code ('IWC-P1) ms transmit- _
'

ted to tEC with draft &cmentation. 'Ihis versicn is desigtv.0 to analyze
' ICCAs in IMRs, tut is sufficiently versatile to alas treat a broad range

,

of experimmts. A nutber of imrovments were mab tn'MC ircluding an'

,

up)radcd stearly-stato capability, time- and pressure-dependent fill
boundary conditions to better simulate FEC .injectim systens, i@ roved -'

.

core heat transfer features, and a better novie producticn program. -In a

the '1WC chvelepvntal verifimticn crea, tM CRGRE refill experimental .|
cxmparisons were extended to cases having high III: snhmnlirg, igroved m

zqteemmt between calculatim and emerimtnt ms obtained fcr a heated
core Seniscale blowdown test, and stcody-state calculaticns were ocn-
pleted for a IDPP nonnuclear blowdown experiment. In tie 'lWC cpplica-
tions area, car 11r.r H'L calculaticro were exter&d to include subcooled

,

b:,t-leg injecticn, reflood Icat transfer, and qtench front notirn; a
oteacty-state calculaticn was petforred fx a typical four-Icop U.S. IVR; .

marbling of the four-loop cylirdrical core Japanese reficod facility was
critpletal; aM preliminary calculations were performed fcr the DEt, air-
water injecticn tests. 'Ihe tturmal-hydraulic research effort focused cn
determinirn the a;ptcpriate critical ficw multipliers for different noz--

zie er break gaotetries, the develegnmt of a tucalimensicnal (slab gean-
etry) cxrputer coch to analy7e the proposed Japanese reflood experiments, '

the analysis of a broad range of ramed steam flow CRFARE cbwnoczner ex-
periments with the K-TIF cock, aM the ccr.parloan of 2-D and 3-D tech-
nigtns fcr treatirn fluid-struct.ure interacticn probics:s. In tk IIra
safety experiments and instrtraentaticn area, progress was mach cn devel-
cpirg a Stor: Icns vicho system and cxxplcd data reducticn capability toi

examine two-phase flos ocnditions.

.tn the IMER area, tre analysis of pcotdiWMly expansicn previ- " " ~ .
'

ously perfocmed with SI!1G-I was repeated with SDICR-II. A ocrparable
calculaticn with ncaninal parameters predicted tln system kinetic energy
was about a factor of 101cwer than that calculated with SDfER-I. A,

cne-dimensicnal, two-phase emansicn dynamics stt:3y was perfcrrmd with*

; SI!re-I aM results ccrpared to similar calculations with the E10Y'

Iagrangim hydrodynamics code. 'Ihe abi1 *ty of SDfErt-I to predict the
hydecxt namics of a ncntnifcrm expansion process was ccnfirmed by thisf

| sttr3y. Initial results from multicorpcnent <xndensaticn experimmts arer
! in gocd agreenent with predictions by the new model recently iglemented

! I in SDfER-II. In otter wrk in tin SDER verificaticn experiment activ-

| ; ity, diagnostics chveltinent fcr ard statistical analysis of the inter-

| field drag (air-particle) experiments were orpleted. Also, initial flod
'

coastdown sinulaticn emeriments were performed. In fuel moticn diagnos-,

tic systems evaltnticn work in tin IEBR safety test facilities projtet,,

| initial analyses were cmpletcd of densitoreter traces of film radicr-
' graphs taken of 37 and 169 fuel pin arrays at the HEroCC flash x-ray
i facility. 'Ihe analyses iMicate that the informaticn contained in the

transmitted x rays is sufficimt to provich about I rm spatial resoluticn

{
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2ard a tren danalty smsitivity of about 1 g/cu anr1 about 2 g/ca fc ,
th) 37- arvi 169-pin arraya, reqxctively. Ihis is about 61 censitivity
in or:h cmw.

l,

..in the fisnial prodtet tack area of thu IfIUlt cafety research program,
tM centur:: &corptica kinetica cttrlies reporterl laat quarter were repest-
ed and tin initial results wre verifini. Analytical mrk omeentrated
ai cptirif tity; tre direct nearch algorithn in C/JII/rJJIt', no11fying the
evaltaticn of turst release in 3NIUS, cnd preparirri a preprocecnor fcr
SWIts. Data redteticn fcr tin seltnic model tents in tte strtctural
evaltutien task was en:pleted. . A mw clastic-plactic ocnstitutive nrr3e1
fcr arrrete wa's chvelcpul for inpinnentaticn in turmIW. A probabil-
ictic reliability accec:n<nt of a single-cavity 10# ms perfcnnor3. In
wa:k wit.h tre cmp series of IfCII cystan transient sulysis co&s, an im-

. prom'1 Iruer plenurn marble was developed for the Ft. St. Vrain versici
(Gr.D-2), reverne tellun ficw heat trennfer u. i adkd to all primary lop
mxkt1r.s, n general cne-dimmsicrul ttbe arx1 sin 11 tcat exc!wvjer stb-
routire was developed for FIN cnergency coollrrj prob 1mo, arvi a module
for calculatirrg fuel particle failurorarvi nucli& release Wrimj acci&nt
trancients was &velopcd. Papid depressurizaticn accidents uting the FSV
norlel were also attrlia) ducirrj this pericd. '

ProJrens continunt in plamirri arr3 developing the harckrare for the
CEIil subacaenbly disrupticn experinvnts. Delivery ms a:rtpleted en nrxit
of the parts required to arrenbb tin 37-rol full-length test fixture arx1
its first test annerbly. h hnter rod "Jrirrhr in ro,s fully opxaticnal
ard an initial net of graphite imter rols prolucal for tre first 37-rorl
test as0tribly. A tent plan for the first 37-rod test ma outlined.

In th> reactor contairment coaluatirn program, progrecs was made in
tin areas of inproving tJe (DerE code, providirrj a better analysis of
trf rogm concentratirn diritribt ticna within contairrannt strtctures, en-d
tablishing standard nnlell rj procedures fcr subcmpartrvnt analyses, arx1
proclicting tic coluquence of a min steam ]irn break within a ccniain-
ment strtcLure.
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I. INITEXXCTIGI

(J. F. Jxkson and M. G. Stevensm, 0-D0)
n

%e Ios Alarnos Scientific laboratory (IASL) is conducting a broad * asedo

nuclear reactor safety research program. A key feet of this program concen-
trates en providing a dotalled understanding of the behavior of reactor sys-

ir terrn under pcntulated accid 2nt conditicns. Ibth analytical and experimental
f efforts are included. %is report stmnarizes the tectnical progress frca this
J work in that area. '

g %e repcrt is mainly organized according to reactor type. Major sections
deal with Light Water Reactors (IERs), Liquid Metal Fast Breeder Reactors

( (IffBRs), Illgh-Terrporature Gas-Cooled Reactors (IGGRs), and Gas-Cooled Fast

Reactors (O'3Rs) . The last secticn of the report discusses work in the area
,y of INR reactor containmcnt evaltntion.
/ %e research discussed in this repcrt was performed by a ntmber of divi-
1

( siens ard groups at IASL. %e names and grotp affiliations of the individul
OI staff menbers respcnsible fcr the work are given at the begiming of each sec-

1

g tien. lest of the work was perfocmed in the Ene:.gy (Q) Division. Other divi-4

,; sicns crnteibuting to the program were the %eoretical (T) Division, %e Chem-
.

; istry-Miterials Science (CM3) Divisicn, the Design Ihgineering (WX) D'ivision,
and the Dynamic Testing (M) Divist(n.

.

i

L
"

''he bulk of this research was funded by the U.S. PAclear Regulatory Ctm-
missicn (tmC), with certain projects being funded by the U.S. D2partment of

g Ibergy (IDE).
8 1
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_

(J. F. Jackar, 0-DO).

.. -

e

( Progrens frcm three projects in IASL's INR cafety research program is re-
portel in this secticn. %ese related projects are surported by the Division
of Pmetor Safety Research of the !@c (IGR/lEC) . h first project focuses on
the delogrent, verificaticn, arri application of the T_rarsient ,Pactor
Arnlysis, gxle (MC). %c scccnl v md. rates on thernul-Irf r:mli< rescorchi

relatal to De safety probler:0 and the develognmt of cxrponent <wh. %e

third supports the above aralytical efforts with nrrb1 development ard wrifi-
cation' experiments ard also develops advanced instnznentaticn teclniques for
use in UR safety experiments. An additicnal project that erw-=M Da

ocntairz:nnt systan arnlysis ard evaluaticn is reported in Sec. VI.

.

A. WC Cbh Develoment and Verificatirn
(J. C. Vigil and R. J. Pryor, Q-6)
%e MC code is m advanced, best estimate cxrputer program for IHR ac-

cident analyses. It provides an frprovenent over previous system coies both
in strtcture md in the riore accurate treatment og key thermal-hydraulic phe-
rrznene. %e modular strteture of WC permits the efficient <ievelopnent and
maintenance of more detailed rncr5els of system orpcrents. %e treatment of
multidimensicnal, two-phase flow in the vessel more accurately rncriels the im-
portant IAawa that occur during eccident conditions.

W first release versicn of WC, called 'IR/C-P1, was trantanitted to NIC
in Deca:ber 1977. %is versicn is directed toward loss-of-coolant accidents
(11;Gs) in pressurized water reactors (1Wts). Decause of its versatility,

however, WC-P1 can also be applied to a wide variety of analyses rargirn
fran blew &wns in si@le pipes to integral IDG tests in multilotp facili-

ties. Iater wrsicns of the code will treat boilirg water reactors (IKas) and

will provide capabilitics for Anticipatal Transient Without feram (/dEG) and
Reactivity Inserticn Accident (PJA) analyses.

l In ccnjuncticn with the 'IR/C <hvelopment effort and as a part of a cimely:

coupled verificaticn effcet, the code is beirg applied to a broad range of re-,

duced-scale water-reactor safety experie nts. % ese experi:nents are designed
,

! 2
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d to sturly separate arv3 Integral effects that occur & ring all stages of a
4

[ IOCA. M predictions are cortpared with the experimental results to verify
:0 the therm 1-h draulic rrodels in the code. '/

'.d N.pr acomplishnents <brity the past quarter in thn areas of W devel-.

opsent arx! verificaticn irc1 trier

w
1. release of 'IRAC-P1 with draft documentation to NRC,

.c
A 2. cmpletion of generalized svi PWR steadr state capsilities for *

d 'IRAC-P1,
(;y 1

N 3. incorporatiest of timc-avi pressure-depeMent fill otundary corylitions,v. i

! 4.
V cmpletim of an improwdmovie production progran, '

d S. incorporation of several improvemmts to the orxe heat transfer
't package,
h;d 6. cxtension of CRE: APE refill calculations to cases having high umr c
F.

wy
j] core cooling (III) water sifvmling,

(:) 7. resoluticn of previous discrepancies beteen calculated armi measuredpj flow rates and pressures for RSR Staryhrd Problem 5 (heated SeniscaleU
s blowdown test),

y 8. cmpletim of ste.vfy-state calculaticns for RSR Standard Prob 1cm 7 '

q (IDET nonnuclear blow 3odn test), and
~

| - , 9. ecupleticn of the first draf t of a report thit discusses metMas for
| statistical sensitivity analysis.

"

7

> 1. 'IRAC Cb3e Dweloamentt

[,! (R. J. Pryor, Q-6)
'

A major milestone ms rret (bring the past quarter with the release of the
'IPAC-P1 code to NRC altrq with draf t docmentation. Ibetrientation transnitted

*-

with the code consists of Volume I of the '1RAC-P1 User's Mmual. '1his voltane"

contains a ccmplete descripticn of th., 'IPAC models anr1 methods, a user's

quide, a programmer's infccmticn section, arvi a sar:ple IMR input deck.? Vbl-e

tune II contains the results of the verificatim problems and is now being pre-
pared. Work continued cn acopleting a public release version of TRAC-P1,which

i

[ will be sent to the Argonne Code Center as som as the reqJired developental
} verificaticn ie pleted. Several inprovenetts related to preparirg tM code
( for this re'.e e cbscritn3 below. !
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| a. ' Stesdf-State Cerebilities - '

'
.(J. M. Sicilian, H)

.

Tto T2PC steMy-state capabilities have been rnpleted and tested in 4

a preliminary marner. ho opticre are available to tM user a generalized :
calculatico that arplies to any type of system gecractry and a Iwt initializa-

.

'

tion oticulaticn. Both calculations une tte crnpment Iteration sit)tou- |

tires to advarm the system conditicn to its steadj state. Both also errploy
tre cowergmce test algorition which ocepare system variable derivatives with<

corres;xxvilrq mtural time scales.'

'The IWR initializatim cniculaticn Mjusts the ptmp speeds and steam gm-
,

r

erator fouling factors in ca:h coolant lo_p to obta!n a steady-state conditico
,

'

which matches Icop flow rates md vessel inlet tenperatures specified by the ;

user. 'The evaluaticn of syntes parameters is performed in an iterative man-
ner. An aiproxlinate steady-state conditicn is evaluated for a particular set
of ptmp speeds arri steam generatcr areas. A simple set of balance equations I

is then wived f& new values of the ny, tem parameters, usirn tM flew and ;
thermal ccxv11ticms cbtained previously. 'IMse new values are used to evaltnte )
a new steMy state. 'the process continues mtil the locp flow rates and ves- [
sel inlet terpcratures obtained nutch the user-mecifled values within the f
conuergence eritericn. }

b. FILL ttyble Trprovmonts f.
(R. J. Prya , 0-6) [

l'Itc FIIL module was modified to alloe the user additional ficxibility tn
in @ecifying boundary emditicns. A PITL is used to specify a velocity f
boundary conditicn at an crvl of a W1mensicnal ccrpcnent, such as a pipe. p
Defore this modification, only a fixed velocity could be specified. '1he addi- <

6tional cpticna permit ops:ifiestion of velocity vs time or velocity vs pres- ;

; sure with the pcosibility of trip control. 'Ihese opticns can be usn1 to model h
transimt emergency core coolity) (IIC) injecticn by tM high- anl loe-pressure }
injecticn systms. 'Desting of the options was crupleted sucessfully. f

c. CMing Standardizations I

(R. J. !!arper, 0-6) [|
Dam tintrJh an effcrt was mado duriro tM develorrent of tie 'ITVC ]

code to keep usage of ncnstaMard fumWI at a mininn, a certain nteber of
(f
,4
I

'

4'
.i'

b,dl
,f.
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_. _r eg syster-&perehnt features were intervbned. In order to prepare the code for , I,7.1
f release, thme nonstardard usages have been renoved. t . ik
hi d. TPAC Omtlay Structure

'

N/
1

(,
.

(R. J. Pryor, Q-6) ,4
.,

E]
A new overlay, IHRSS, omtaining IHR initialization coding was Mded

~

~>

to the steady-state segnent of the overlay calling tree. %e new code overlay;@ ,

',Q structure is starnarized in Fig. I ard Table I. H is finalizes the overlay
. . .

{ strtcture of the release versim of the code except that overlays STERDY and
' ^

@ 1RANS will be canbined with overlay MMN. % is will be &ne to reduce the
my nunber of overlay levels to three,which is the maxima allowed by the CDC

.p .

Since tIese two overlays are small, the increase in the loadpl stardard loader. w
*

, , . ,

% - module size will be minimal. .x
Pa
.g -' -,e. Prcietim of Ptwies for TRAC
n( (J. C. Ferguson, 0-6)

|
,

h A new versim of the PCer prograa has been written and tested.l

D
; IOST rems the 1RAC movie output file and produces 16 num color movies of the

[. ' two-phase flow patterns in a three-dimensimal reactor vessel. %e display.s

j] uses incinetric projecticn of all geonetric objects involved including all ves-
'

,

~: sel boundaries and parts. %e flow is visualized by the motion of tracer par-
ticles whose velocity, density, and color are functions of the 1<w.1 vapor and

,

2^3
liquid properties.

.. A,
v

7:
1

l

w
.

.

I

I,|1
,

J l I I I

1 - Il - 1 I n- 1 I-Ie

''
t i

4 I I I I I I I I I |'

|-| | --|| => || .- || - || -n. || -. | | , || - II - || n. I
'

I |
| | | i

! I - = Il = = | | = = || = = |
|

'1
i

d Fig. 1.
J1RAC overlay structure.' , , -
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c.
'm/C OVi2IAYS

Over g Description

PADi ' Chitrols overall flos of calculaticn. ('nn VAIN overlay also
contains neny service routines used throtr3 out the code.)h'

,

INIt? Hems input and restart files, assigns IOt storage space and
saves input data there, and malyzes Iva loops for WR initial-

,

izaticn calculaticns.1

INIT Initializes cnpenent data aM gwphics tables.

STEACrt. Perform a steady-state calculation, unirg either the general-
ized or the MR initialization option.

'GANS Perfans a transient calculaticn.

OCTIER Perform cre cmplete outer iteration.

Otfl1D Ptrfann all the imer iterations for a sirgle cne-dinnsicnal
ar:pcnent <brity one cuter iteration.

OtTr3D Perfcrm all the imer iteraticns for a VEFEZL during cne cuter
j iteration.

'n crIM Evaluates maxinun rormalized rates of change thrco;hout the
system.

Ph?SS Evaluates rew parancter values fcr the PWR initializatim opticr.,
7

f DtFP Arils a dtttp at the current time to the 'ITGF# file.;

I
j EDIT hils an edit at the current tine to the 'mCDLTP file.

GRf? ArE!c a graphics edit at the current ti."e to the 'mO:|FF file.

i

i

Specific features of the new versicn of 10GP, which wre rot handled by
the original version, include:

1. Pipe comecticns can occur at any mech cell face.

I 2. 'Itn user can select the type of pect cutline (c.g., the cell face
I perimeter cr m mular image).

6
.

t
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pj 3. Particle flow display can be restricted to certain r-0-z intervals 9[
g .within the veerel (all particles having r-0-z coordinates outside f
i - these intervals are not plotted). q

.7 .

h 4. Vessel gemetry allofs both lower ard upper plenta definiticns. ,

e i.
$p ' 5. Vessel rotaticn (for display enharciiii:nt), can be time-coordinated ,j
rd with previous POST runs. 'Ihis is used to merge files fran different

,| ttns.
,

o i c . .;

h,k Fbrmal checkout of PO6T is corrp'.cte, and the program is successfully being ap- U
'

plied to the CRIARE downotmer calculations desceibed later in this report.

j,d 2. I'luid Mechanics Methods
. .

'C (D. R. Liles and J. H. Mahaffy, H ) -
4 :n

Most of the past quarter was used to debug and refine the TNC code before
aq release ard to write the appropriate parts of the user's manual. 'Ihe one-

hf dimcnsicml crift-flux tuodel used for the lcop otrptnents in 'IPAC-P1 was

%$ discussed in tn2 previous quarterly report.2 ,Ihe three-djmensional, two-
fluid no3el nmi in the vessel nodule is described below. 'Ibe ncuenclature

no
.P used in this v.ction is defined in Table II.
v3
'% /

-

M~h

s
..

a 'IRBIE II
[ tOECIKIURE: ICR 3-D 'IhD-FIU!D IEUATIONS

' ;.1,.

Indepmdent vaciables

s t Time.
w ,

| .?,1 r i*
, .

Rxilal coordinate in cylirdrical gecmetry.
3~ * . .

0 Azimuthal coordinate in cylindrical gecmetry. i
'

[~'[ x Cbordinate fcr (ne-dimensicnal gectnetry.
v"g. z Axial coordinate in cylindrical gemetry.

: n
l 5 Other Variables L

k A Area.

i

~ c Shear ce fricti n coefficient in two-fluid equaticns,.

sa D Dianeter.
,(

.

Specific internal energy.e
"

FA Flow area.
os.

. ' . 7

.$r

,

- -

._ _ _ _ _ _ _ _ _ _ _ _ _ _
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o e s ,

_Other Veriebles (cont)
'

- - .,

Specific (ntM1pf ce test transfer coefficient. _h '
,

h Iatent' trat, of vepccization.
IM ~ IMmelt rr.x::ber. " '

p Pre p re.

q liest generaticn ''t.te..
*

Id "i Reyrolda rusta. <s >

T
,

'nsperature.
V Velocity. . .

vol Hydredynamic cell voltme. *

We ,I Trtbcr naber,
,

'a' Vapor witne fracticn or rhnptivity. Y,'

T Net voltnetric vepc1 prokcticn rate de to phase chme.
A Incro:st.

p Viscosity.

p Microvepic e' nsity.2

o Curfcco tensicn. ,

StttTrir,ts
,.

b Dubble. [
r

d Droplet.
g Vapor (gss) field.
h I!ydtaulic.
1 Interface (liquid-wpoc) quantity.
fg Liquid field. ,

f. Liquid to vapot. g,

a Mixture quantitles.
r Iblative qmntitles.

r , 0, z Cylithical coordinate directicns. -

ril/2

011/2 Vsh cell texndary irriloca.

211/2
o Saturaticn quantitics,
w Wall quantitics.

8

--- ,
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a. Differential BIuations .~ ' +prij
- -

kh h field eqtations '4 describing the tw> phase, two-fluid flow are
.,

3'

- .n >

gj .giv e below.
-

;,-q
fa .. -

vy
-

,

N Mixture Masa Bruat.icm q,;
F1M -

e a,
nya@. 3P ,+ 7 - [G p ,

V + (1-0)p V]=0y gg g9 g g g (1),e
..

i,

: :4 ,

k
gj Vapor Mass @2ation

fiA . '

,

b 3(GP ):4 g
,(OH + V - (a p V)=r (2)

.

at g 9
4;.y

Vapor Bluation of hion
'

f-

hi
1)$ DV c ,

V(V|-y- V p a p - (V
y

M1 - 9.+ V VV y9)-V |=-

g at g g a p, r r p g

p3
-

q g
-

s

> C6 c
1:.41 "I v|V|--

g g (3)
"P 9 9

g
...s-

D;u
py Liquid BTuatica of M ian

,

[M
r

1E+V .VV V |V | &
r r p P + (1-c) p (V -Vit)V=. ,

; at i 1 (1-c) p ig g g ....

i.,4,

?!j c
~

V |V |g g
+:3

yg
-

y> (1-0) p (4)g .

i s,t
1,.

;j i ='

'j Mixture Dergy B;uatirn,' >

i.,
i-

.

w v1
g ,4

'y 3 [(1-a) p o '''

, g g+ap e] - '

g
at + Y * III~"IPL *1 YL*"P

,

* Yl '

g g g
n

L,4 . [,
, a

y - ^)
-

', =-P V - [(1-a)Vg+aV]+ + %1 (5)g

; ;
9
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,
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.

r. _b., .y; m.,x.p,,i n
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s
,, , . , , *

,
-a^ .

,

s
- .,d_z t i s

,

,Q' ' Q ,"jf,
' # ' ' *v . s, < ' , , < r , '-s, ,

.
. . , .-. lJ. *Z , ,' 'fFi'i

, ., c , px !Deroy R;uatica
- 6 2.- , ,. ,. .

-; _ ' n,'
c @ M.r4

' Va
'- <

-

-

' '

;
,,A. -g .

s -.3 , N,j# .. -
. ~,.. . -

H ' 3(ap e) '

g g. .g
e ) = - p o - p 7 - (a V ) + g + q,g + Ihsg ,(6) M$'

' - + V - (a p V
. , d, t.: 9 9 9 t .g< .,

,
,

.. .~,

'l,

l: -

= . s , . ).e. . . .,
. si

! where
'

-

_.(7) ' . ,

' >
'

' *
.

li ,,, .

. + (l '- a)'p
- '-

. i p,[ = ap g
,-

g
-j:s v. -

,

q .

! r, <

,

ard
"' i,'r .I

,.

A

j ''y .V -V (8)
''

-r g 1,
,

,
- i

i|. ,

b. Finite Differerce Filuaticns - , r,
,

"

t (
Q .. m .

,
The montr. tun equaticns are separated into the three crordinate G'

ff ctapxvsrits. Chip the vapor equaticn will be discussed with the tzvierstanding '}
"" that tbs liquid armmtus equaticn is treated in an analogous inanner. 'Ihe

O

three cosponents cf the vapor-amentum differentia 1 equaticn are:n

c -

| e . . . >, 9,

.

a .

| Axlal fr) C&pomat
r

'l

av BV V BV 37'

9* 3

Bz )
bl

. 1E 9Z I +V93 - (ygr 1r . + p Bzr 30 gzDt g
..

I -

%y jy j,(9)r12
Ez| ap gy _y

iz}|V igz) _ ap gz gz-V(V V-_

gzgz
|

ap gzg g g

l Radial (r) Ctrrxnent- .,.
,

,

.,
,

I BV DV V DV BV

az ) _1__ 8or . _ (V or+_si or ar E+V-

p Brat gr Dr r au r gz g
| ,,

.

|

C
'

C
#

gr|Vgr|,(10)fr| op (V -Vj Er}|V - V igr) op V(V V--

grgrop gr
g g 9 g
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. ._ ,, v,re ;ee , -~ ~ q*~ - .

,,j
--'

f ,

'O.I| 'e ,

< uisj' .
* .

|-3 p ; ,. . a .,
, ,

s.s =

, t, a

f Azine.Ithal (0) Ctmyrr.ent
!

jf, . .

,

%|; 7'* WM4 .d. av V- BV
ge " ~ N q0 , V_gD_ avq0 ,V gg 1 an '!gr qt #y 32 ) _ p r gy at gr 3r r 30 r gz q

k ge!Y N -Vl -Y-V
p' (V

~~ *

g0 10 ap g8 ig a 90 90- -

gg g g (71)

Velocities are defined cn the mesh-cell surfaces as shown in Fig. 2 where sub-
script "a" stands for either 1 or g.

b In the staggered scheme ,6 used in 'mAC, the velocities are located on5
H

g the mesh-call surfaces at the locaticns shown in Fig. 2 while the voltne prop-

f'N
erties, p, o, T, e, r, etc., are located at the mesh-cell centers. 'Ihe scalar
field equaticns are writtei over a given mesh cell while the mmenttro equa-

h ticns are staggered between mesh cells in the three critpcrient directions.
.

=

i
'Ib write out the difference scheme for each of the mmentirn equations is a

{$< rather lengthy process (be to tM cross-derivative terns. 'Iherefore, cnly the '
T'1

vapor z-direccicn finite difference equaticns for a typical mesh cell are,

IN given to illuctrate tM procedure used. 'Ihe time levels are indicated by the }

f stperscript n (old time) or n+1 (new time) . 'Ihe subscript g (for vapor) will
{

.

f,

V| be drosped except where it is needed for clarity of the presentation. Using !
f these ccrwentions, the finite difference vapor mmenttu equation in the 4

{
[ z-directicn is:
4

n V (r,0,2 + %) -

j
, ..

(r,0,z+ ) == ((r,0,z+ ) - At V (r+ ,0,z+ ) - V (r-%,0,z+t)
# n

g z g

.,

,

I V I#'O***bI '"
0+ Y (r,0+ ,z+ ) - V (r,0 ,z+ ) ;rA0 z z

i

} V (r,0,z+ ) "
g

i + V (r,0,z+1) - v (r,0,z)32 2 z ,
1

1

) n&l
' p(r,0,z+1) - p(r,0,z) ],

t,
p (r,0,z+ ) Az

;

'
11

i

__.__.A_._.-- "- - - - - - -
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, 'y , z
, . ,
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,, ~ y <,7
,

i-
-

1 .

n+1I .

h(r,0,z+ ) V (r,0,z+%) ' - Vg(r,0,z+%)c,

f a"(r,0,z+%) p"(r,0,z+%)
1 > .

2; ' -n
|Vg (r,0,z+ ) - Vg(r,0,z+%)|t =

, , ,
,

' "+1 '

! 1"(r,0,z+%) v,(r,0,z+%) - Vh(r,0,z+%)j
_

a"(r,0,z+%) p"(r,0,z+%)

c" (r,0,2+%) (I(r,0,z+ } |((r,0,z+ } |
a"(r,0,z+ ) p"(r,0,z+%) (12)

where At is tre time-step size.

i ,

a
I V, (r 61/2,0, )

|V, (r.0, r + 1/2) ,
| /

Y/

~%s%/
/ N

v.0 (r 0 + 1/2,z) /

N s*s
T r s

7
<>r g

/ 8 \
/

/ (r,0,2)
/

/
/

/
/
/
/

e

!

,

i

| Fig. 2.
%ree-dLmensicml nesn-cell velocities.;
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y~g
i 'As with any finite difference scheme, certain quantities'are required at ' .(,

locaticns where they are not formally defined so that arMiticnal relations are
needed. 'Ihe volume properties, r, a, and p are cbvr celled, depending eng,

the directicn of V,(r,0,z+h) . Ett ex;mple,
,

,

:1
t

y
a(r,0,z+%) = a(r,0,z) if V (r,0,2+%) 2 0 jz

= a(r,0,z+1) if V,(r,0,z+ ) < 0 .
(13)

'Ihe radial ww.ent of velocity at axial locaticn z+h is obtained fran
.,.

v (r,0,z+%) = ktV (r+k,0,z) + V,(r-%,0,z) + V,(r+k,0,z+1) }r r

!

+ V,(r-%,0,z+1)] ,

with a similar expressicn atplying to V (r,0,z+h). 'the spatial differences
0

for V, are also d:nor celled. Pbr exm ple,in the~r-directitn ,

V,(r+ ,0,z+%) - V,(r ,0,z+%) = V,(r,0,z+ ) - V (r-1,0,z+%) c_<z

if V (r,0,z+i) 2 0, or '

r

= V,(r+1,0,z+ ) - V, (r,0,z+%)

if V (r,0,z+%) < 0.
r . _ .

'Ihe finite difference relations for the scalar fleid equations are written
in ocnservaticn fctm, noting, of course, that internal energy is rot a can-
served quantity. 'Ihe finite difference form of the overall mixture mass eque-
ticn is

FA ,g (1-c)p 1 + (op )" 1p, = p[ + (At/vol) - g g g

"
- FA,,g (1-a) p (+1 + (ep )" 1 1+ FA (1-a) pg

(1 + (opg" +1'+ (op )" - FA (1-a) pg
_

g g

u

}'
%d
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-
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,, ,
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,
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-

(
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(1-0) p \f1 }" *1p;|-F5g-
-
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I' (16)

' .-
v

'
,, :,'

.

.

where vol. is tM hydrodynmic cell voltrro and FA is the flow area at the tresh- ~

cell edge. 'Ite other scalar eqtatimo are differe.W cimilarly.
1 All of tM field equntiens (1-6) have additional' source tets to allow

pipirvj to ba mnnected anywhere in tM mesh. '1hese sources in the scalar
equations cmtain both an explicit and an inplicit term. 'Ihe implicit term iti
iterated with tM rect of th? ntv time variables in order to provide a wrt-

. nictent (in tert::s of ti:ve differencing) proceduro for providing Mimension-
al o cncctims to the veccel. 'Itc source terms appearing in the mass and en-

| ergy eqtutims are given below. Subscripts p and v refer to pipe and vessel

quantities, respectively, arr5 V, an:] e, are given by

CD V + (1 - a)p V (17)gg gg
V =
m p,

and

op e + (1 -a) p egq gg
e = .m p II0Im

Overall Mass Cintinuity Scurce 'Ibrm

pg g)pn(p
m m

i

Vapor Miss Cintinuity Source Term ).,

[(aP ) FA [m ]p + [a(1-c) FA V ]" '.g p, p :
I

b

!
!t

I
r

, f
h
;

.
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s-
,

v Overall Fnergy Source Term
'

.

' ' .[K,_

L pp i 'J
.N [(p e )" FA V ]p + [a(1-a) 9 (e ?- e ) FA V ]p . g' ' . .g r, a m a p, g.

b p, FA)p + p [a(1-a) FA V ]"9"
y r

- a s
I

'

wa' ' > ~9 V@or Diergy Source Term;

e )" FA ( }p + [a(1e)1, [(ap 9 FA V ]" 'og p g rpg '

.. +

d
v(n" FA [ )p + P [a(1-a) p FA V }" -+

m y #Em

h
'the mmaentta roarce terns are conplicated due to the staggered differencingt-i

M
anr1 the fact that pipes may enter at an arbitrary angle. Pbr the present codec

j versicn, we have assumed that the pipe enters normal to the vessel mesh-cell
m

f face. 'the basic forms for the liquid ard vapor manenttan acurce terms are:
Y.<--

,
.

o i

; Liquid Ptmmtta Source 'Ibrm i

u

A /,

5 -

4

Vapor Manmttu Source Term*
,

-1
41

| .
i

..

where '

?
? ap
k V - V, J V1 p # (19)m

| ~:

." and

p-

-.;

- V, + (1-a) gV Vp, r. . (20)9

:
i

|
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If ftrteture exists in tM mesh cell,' the hydrodynartic flow areas 'and vol-,

g . . ..
.

.
. .

, taes nra reduced fraa tMir geanet.ric rxsh-cell valtna. %us, FA may be less
! thm of a;tal to tic gaa:ttric csdxell'arca,end ml ef be less tMn ce

,

atual to tM guretric mmb-oell voltne. Flow areas wf also be set identi-
cally eqtal to zwo. If this is the car.c, all fluxes across that pime are
stpprenaco alcrg with the inyfividual velocities o' cach phee. This procedire
allows largo cbstacles sich as the downcoccc walls to ho properly :rAeled.
7tn tiser la aliceed cuplete freerbs to gecify the f1cu and voltrae
re<trictic a.

'Ite finite differenm eqtatims thus for:md are semi-iq11 cit, since the
pressure gradient teres in the v:per and liquid rxrumttn equations are treated
at tist rww tira. A Qurant stability critericn of the fcrin

t
'

|V| A t < g -

L

is necessary,where

$ = gax (V V
5$. V

V V V
or 12 10 fr@

L az ' As , or ' Az ' A0 ' or ) ,

In mder to tolve the systro of finite differerre rqtutims, a lineariza-

ticn procedure is carried out. All of the scalar equatims are reduced to a
'lirear system in V , V . T , T , o, and p. Wis is accn:plished by usirng g g g

the thert:al equaticn3 of state:

p = p (p,T )g g g

p = p (p,T )i ,

9 9 9,

| the caloric equaticns of state:
f

g = o (p,T )e g g

e = e (p,T ) ,
9 9 9

3

and tM definiticns fcr g eM eg.'

: A further redrticn in tM system is acccrplished by cbcerving tMt the
! finite differcrce vapce and liquid errenttra egmticns yield equations of the

i form

i -

( 16
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N V"*1 = V" + [conv" + b Vp#1 + FRIC] At ,
,

5

d Pg (21)@Q where conv designates the explicit convection terms and FRIC includes both the

N3 wall end interfacial shears. Bputim (21) indicates that changes in V are J.n
{Ar linearly dep<wient (af ter an explicit pass on the explicit parts of the mmen-
$M ttsn eg.nticns) on changes in prescure. h system of variables may therefore

#$. be further reduced to T , T , p, and a and solved by a Block Gauss-Seidel
n. L 9W method. Reference 7 provides a much more detailed description of the basic ;

h Block Gauss-Seldel numerical technique.

h One ininovanent to the nethod puruxi in acf. 7 has been inplmented to

h redtoe tM canputing cost. h linear systan that results from this metled is
M a block seven-strip matrix. In performing the Gauss-Seidel operation, if thehp nonlinear terms are not updated, the matrix coefficients rmain constant for

;j tM time step. In this case, a G2uss climinaticn technique can be applied once,

Q at cach time step to the seven-stripe block array, which allows its reduction

h to a seven-stripe single-c1cment array. 'ntis results in a cuch faster itera-
m 3

g tion (after the first iteration) for the pressure. Mien the vessel pressures
% are obtained to a specified convergence criterion, a back-substitution is per-

3is g

formod to unfold T , T , and a and the velocities for each phase. ' Die therro- Ig

t dynamic properties and their derivatives are then uplatcd in preparation for j
x: ;the next timr step.

I... i.

c. Cnstitutive Diuations
fj 'Ihe field equations (1-6) require certain auxiliary or omstitutive

[ equations to effect clocure. It has already been mentioned that thermal and

9. .) caloric equatims of state for each phase are required. In addition, the
-N liquid and vapor wall shear, interfacial drag, wall heat transfer, interfacial

} beat transfer, the net vaporizaticn rate, and a specifica. tion for the inter-
; facial velocities are necessary.

'Ihe wall heat transfers
.j' T and q,g are accomted for in the standard
- way,as described previously. 'Ihe wall shear coefficients e and c,g
h are defined as
y ,

>y: C
O C = app wg g 2 (22)
,

*fl
%1 " I IPt 2 * (23)

17
,

b
kJ

, " " ^ ^ * * ' ' ' ' ' * " ' "~_m,.-_- - - - - - - - - - - - - - * " - #-*"^='
, , .W,,__



, 3.:. . v , - ,3 - '.gm;qw w. --( 4pf;;~ r - v.3 ,.
.

, ,

M.,
_

-
. .i. .

,

,

- ., ~~
. , , ,

-
. , 77

g 8
)

i . .
i c .

I where egg'and egg are, respectively, the vapor and liquid wall friction
.

9factors. TM ctandard Harwil correlation is er@loyed to provide tne wani

| fricticn factore. The average een vector velocity is used to define the
i mshr-cell Ucyrnids re.srber, erx! the tw> phase railtiplier is calculated using
'

cen-antered quantities. A totd fricticn facter is calculated frt2n the in-
formaticn aMue and is ascribed c:xmletely to the 11guld m2:entum egmtim tn-
til a' veper fracticn of 0.9 is reached. Frca cr of 0.9 to 0.9999, the shear is
assigned with linear wighting to both the liquid and vapor. Beyorv5 a vapx
fracticn of 0.9999, a pure vapor drag coefficient is calculated (laminar or
Blausius) ar>1 assigned totally to the vapor acmentta equaticn. If the vapor

'

fractico is less than 0.0001, a single-phase liquid correlatim (laminar or
Blausius) is used.

A single fricticn coefficient is generated for both the outer radial and
upper axial cen face fran this procedure. However, the hydraulic diar.eter
used in the radial and axial directicns will, in general, vary depending cn
the gocrnetry. 'Ihese hydraulic dianeters are calculated from

/P , where i = 0, z, rDh " 4I^1 f

and where the wetted perimeter (P ) rormal to directicn i includes the sur-g

fa area of any rods, wall heat slabs, or flow boundaries. If there is no
solid natorial in a mesh cell, tM mil shear is zero. A similar procedure is

I used to arrive at a wan shear in the theta directicn. In this case, however,
vector velocitics and properties cn the appropriate theta face (rather thani

the cen-centered averages) are dsed in order to achieve theta symetry,where
such syrrnetry stould exist.

, . Ihe basic finite difference scheme will properly calculate classical'

i
j Dourch losces at an espansicn but overpredicts the losses at a contraction.

At present, no additicnal correcticn at a crntracticn is stpplied autrxnatical-,

ly by the code, but an additimal ccnstant hydraulic less factor can be speci--

fied by the usar in my of tM coordirute directions and at any mesh face.
'Ihe flashing rate r is determined fran a sinplified thermal energy jtrrp,

conditicn.8 In'both the vapcr ocntinuity equaticn uy! the vapor thermal
; energy eqtntion, the potentials T -T and T -Tg are evaluated at the3 g s

new time level while h A arr5 h A are evaluated at the old time.gg f gg g

I 19
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3 . 'Ihe Literfacial heat transfers daring boiling and the interfacial shear'- '

]
+

.

a

% are calculated in conjtnction with a sinple f1w re0ime mm.10 Figure 3 11- 'ia
"1 lustrates tin manner in which the flow map in laplemented in the code.

If the void fracticn is less than oc equal to 0.25, a bubbly flow is as- - H. . -

ej amed. 'Ihe interfacial surface area in this regi:ne is calculated in cxmjune- ?

y tien with a critical bubble Weber ntater g (100 is used in the present
$ code): -

-

'3.

m

i4
3 j

-

<

or -

,:s
O.

>

$ 'S " - (24)
'

, - .

@ where D is the hele diameter. Por this dimaeter, and asstning a uniform ],bw
bubble distributicn within the raesh-cell volume (vol), the ntsber of bubbles ise

N

CNB = 6 a volF
3 (25)

| *%
p'1

y and the interfacial area is
2Af = 6 a vol p V ,,g

.a

i
!

O BUBBLY BueBLY INTER. ANN'JLAR ,

, J FLOW OR POLATED O F.

SLUG ANNULAR g
FP OW MIST

j eA c25 0.50 0.75 1.0

| VAPOR FRACTION a
'

] Fig. 3.
| S Flow regime nop for three-dimensicnal hydrodynamics.
I ? 3
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'!he llquid cide interfacial hoot. transfer coefficient is taken as the larger
9of m approximate fcraulatim of the Plesset " wick tubble growth : rode 1,n*

3p

g /[p (h, g - hg g)] -

tit =4 0.95493(T - T,) pg3g g

and a iphere cxxwacticn coefficient

Re . 5 ,0Nu = 2.0 + 0.7
(28)

' '

where

r Yi *b"bHe
i

'!he interfacial shear coefficient is provided by a rather standard set of
formlas for a sphere:13

| c aog g
(29)

c1 = 2g

where
j

( = 240 for g < 0.1,e-

b

= 24/Pe f r 0.1 s Ib s 2,b b
0 68= 9.35/Ib f r Pc3 > 2.b

If the cell-average mass flux is less than 2000 and the vapor fracticn is

| between 0.25 and 0.5, the ficw enters the slug regime. At the roxir:m a of
0.5, 40% of the vapcr is asstraed to exist in the form of trailing bubbles with
the rrsuinder contained in the slug. 'It-ce bubbles probably contribute the
majority of the interfacial heat transfer, ard the liquid side coefficient is

|
calculated fram the relations for the entrained bubbles. If the mass flux is
greater than 2700, all of the vapx is asstrned to exist in butble form.
Linear interpolatico in mass flux is used in the range 2000 to 2700. In the
slug reginn the interfa::ial drag is voltrne-averaged between the slty and the,

,

trailing bubbles with a constant drag coefficient of 0.44 used for the sits.
In tin vapcr fracticn range of 0.75 to 1.0, an snular et annular mint

14
o i

regime is etplcrfod. An espro;ti: nation to the Wallis entrain;nent correlation

|
is used to estimate the fraction of liquid that is in droplet form:

i 29
-

,

- - - - - . - _. _ _ _ _ _ ,__,_,_ m, _ _
.

t



.

m.n 3 . . ,,-c. n n1g .- .~ . , - n n y r - , , - ,--m v t cm=~ - -
*

,

f, . .jb . '_ . j-}
.

:) ; {. .|-r 'f ,.

_.i

'

. ,c
'' '

, .6-, ,-

M..-
. . ,

,

- . ,,
.,

E a 1 - exp[- 0.125(J' - 2.1)] (30)

y -
.

.where

9
(p )! J' = 10 a |.

~ g a g

h.
'

The rerninder of the liquid is in a film or sheet. h wetted surface area
' of the mesh cell is determined frcra the rod or slab heat transfer area in the
h
a cell and that porticn of the geometric flow area whidi is blocked off. If the
tw
fg cell is in a regi<n devoid of my structure, the geanetric surface area is ese-
s.ti

g played as a scaling factor. 'Ihis is, of a)urse, artificial but in a realistic

PWR simulaticn very few, if any, of the mesh cells are coupletely free of'

(
'

netal structure. 'Ihe total interfacial surface area is determined by the sun
of the areas contained in the wetted film and the droplets. A critical Weber

h msnber equal to 12 for the drops is used with a calculation procedure that is

}. similar to that for bubbly flow. 'Ihe liquid side heat transfer coefficient is
Y# sinply l

,

N j

| it=ck& 'g d
(31) 1~p where e, a constant, has been adjusted to drive the drops to equilibrium under

'

g

Jg a variety of flow crnditicns. In the present code, c = 15060 whkh,inplies a
3 thermal boundary layer in the drops that is abnut a thousandth of the drop
.c
9 diameter. In the film a correlationsy Nu = 0.0073 Re (32)

,
is employed to predict h 'Ihe Wallis annular flow model determines .-gg.

{}; the shear for a wavy film while the same drag cocrelations used for a bubble

% are enployed if droplets exist. 'Ihe droplet Reynolds nunber 6 defited as
a:
'|' p V Dq g d
( Red" p (33).

:q; r g

c:1 Since the a:tual relative velocity calculated is tused cn a shear that has
,

15,7 been averaged between the film avi drop correlaticess, a separate ftneticn

]s is used for Vrd
e

p )/p j% ,2
'

VM = 1.4 a[9.8 cip -

g

.

'l.
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j .In|the interpolated regime & fined in Fig. 3, a linear interpolaticn in e-

3 vaper |frecticn is mMi betwen the cxnditions that would exist' if the vapor
_

1
fracticn were at 0.75. in the annular a annular mist topology, and the cav31-'

J

tions that wculd exist if the fku were in the IMbly or bubbly slug regi:ne at
>

|
a void fracticn of 0.5. Wis ma!<es the correlation for the interfacial shear,

a interfacial Mat transfer, ard surface area a ecntinmus function of vapor
i

j ' recticn, relative velocity, casa flux, and tM various fluid thermodynamic-

1'

i and transport properties. '

5e now discuss the vapor-side heat transfer coefficient and the liquid
heat transfer coefficient & ring condensation. % e vapor heat transfer coef-

4
ficlint is the sir:ple functicn hig = c, wtere c = 1 x 10 . % is W 1 bn
that the rate fer boiling er cuduc.ation is determined principally by the--

liquid sida coefficient with a vap:r coefficient & signed to drive the vance
tcuard the naturaticn te=perature. The formulaticn for the total liquid heat

transfer coefficient h gg used fee toiling seems to provide too high ag

coefficient & ring ocndensatien. It is anticipated that a condensaticn rate

barel en a film cedel might be nrre owgiate. %erefore, fcr crrylensation

the interfacial area is calculated fran

A = (vol/Az)c,
.

where the coefficicnt c ccounts for a rou3h interface and is equal to 10.
ne specific heat transfer coefficient is the si.m as tM film coefficient

used in tM annular boiling regime. 21s r:odel for ecndensaticn is achittedly
sinple aryl may be inproved in future versicns of the code if adliticnal test-
ing irdicates that this is &sirdble.

3. IIaat Transfer mthods
(W. L. Kirchner, Q-6)

Sever'al r.nlifications and improvements have been made to the heat transfer
pages in the 'ITtAC code. %e ccndtx: tim soluticns have been tzrlated to al-
low spccificaticn of either inplicit er semi-inplicit boundary oaviiticns.
%e aMition of the fctmer allcws rapid ccnvergence of the tenperature field
calculaticn fcr cteady-state soluticns. A rtdinmtary dynxaic gap emdtx:tance
calculaticnal method has been added and tested. 'ne condtx:tance is calculated
as a ftncticn of gap gas conductivity and radiation term 3. Provisicn for
future inccrporaticn of a ocntact ccnductance term has been made. Radiation

22
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( f, heat transfer from wall to liquid in the film boilirg regimes and a major in-
provrsent. in the refloorf heat transfer nadalizaticn have been added.~S

$ a. Radiation Heat Transfer to Liquid $

16 ?dW 2e radiaticn heat transfer mefficient is based on Brculey's
n;A
pq arnlysis:

N)'
4 4

pf h = a P(T - T )/(T -T),m g y g

vN_-
(35)

g wtere '

,

1p.
'Q 1+1-1c a .

. t

.rg and

a.,j c = emissivity of the wall, ~ 7
% a = absorptivity of tM liquid, and

a = Stefan-Boltzmann cxnstant. .i

4
,. Since this method is cnly strictly applicable to parallel wall omfigurations,-o,

$ the value obtained is weighted by cne minus the vapor fraction (1 - a). %is

(h model will be inproved as a more sophisticated dispersed flow film boiling

M regim analysis is added. !

6 b. Reflood IMat Transfer;

, a

| %. _ . j Limitations cn exmputer runnirs times required "IWC fluid 11s in
J[i; tre core regicn to be cn the order of a half meter in length in the axial
~~

T3 directicn. However, urr3er reficod conditicns, significant variaticns in
,,

3 transport processes may take plam in a much shseter axial lenc+b. 1b allow
7 igroved modeling of tNse processes, without irrmering proh e ccaputer
..Q |,

%q costs, a renadalizatirm of the fuel rod conducticn calculation was made avail-|

N able. Based cn user-stpplied input, the coarse axial mash correspcnding to
W the fluid cell is subdivided into an arbitrary ntuber of fine-mesh intervals.
sg

Q %e radial mnducticn noluticn is then applied in each fine-mesh interval.
j ..O Material properties ard gap heat transfer coefficients centinue to be

g. y

^ ;j based cn marse-nesh values, but heat transfer mefficimts are nru evaluated;
; for each fine mesh. To better amroximate actual tenperature profiles, a tere-

c[' perature interpolaticn scheme has been alded to initially fill the fine-meshFi.
17Q temerature fields. A Lagrangian interpolaticn h is &

_q

> -
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~ T(z) => { i T
<

f 1,
L=0 :' .s ' '

, .

- . ,y .

wtnre 2'
(z-z _p (z-z ,1) . ~ (z-z )(z-z ) f i nr ...o

[i ~ (z --z ) . . . (z -z _pz -z ,1) . . . (z -z )i 1 g g y n
.f o

an:5 T are rJe coarse-mesh terpecatures. 'the quviratic equation obtained b/
g

fitting three adjoining coarse-mesh tenperatures at a time yielde tin., fine-
mesh profile.

I 'Ib msure omse vation of energy, and taking advantage of constant proper-
.

. ties within a coarse mesh, the fine-mesh tenperatures (T)) are normalized as
follows:

'

i, Ng

f) Y) ,T) = Ng iT
' j=1
,i where

j N-g = ntreber of axial fine meshes in omrce mesh 1,
T) = az)2 + bz) + c,

*
1

and a, b, arri e are obtained fern nl. (38) .
i

I

j A seccnd procedure ircorpcrated in the reflood initialization is a search

|
to locate querch fecnts. Rather than anstr.ie the core is dry at the beginning

i of reflood, which may . lot be the case, a tuttern search of each average rod is
| mule for the erzrbined ccnditicn of clad surface tenperature less than tM
i

! Icider. front tc::perature and sufficient liquid available to form a film en the
rod. 'No quench frcnts per rod are accounted for: a falling film fran the top
and a bottcra quench front.

4. 'IWC Developtrmtal Verification

(K. A. Willia:c, 0-6)
j

'Ibe verificaticn problono cMt will be included with tM (bcumentaticn of
_ .te first public release versicn of 'IWC Mve been selected. 'Ihese probimsT

.

. <.re rru being run with the code versicn recently released to NIC. 'Ihe prob-

|
les were nelected co prcnide verificaticn of the code over the large class of

| proble:c cn which the 'IWC code can be e:plcr/ed. 'Ihese proble:n range fecn

i

|
24

x .-

_ . _ _ _ _ . - _ .,._ _ _ _ . __ . , _ _



l
,

= . *

cj
M~ ::
@p

"

>
(q3
nd sigle mbeated pipe bloabwn experiments to the large-scale experiments that

Q are prototypical of full-sized reactor systems. ,

.j
h vecification problerts selected fcr 'IRAC <bcumentaticn include: .!
[D '

l.
. . -

Ekiwards harizontal pipe bloakwn,
)

2. CISE unheated pipe blowcbwn (100% break area), j
-3

3. CISE heated pipe bloabwn (100% break area), |
,

4.- RSR Standard Problem 2 (Semiscale isothernal blowdown)

7 5. RSR Standard Problern 5 (Scsniscale heated blowcbwn),
Y

6. CRET.RE refill experiments,

@j 7. FIIDrP reflerri experiment,
ib. }
4 8. Se=niscale blodown/reflood emeriment ('Ibst 5-05-1), and
8
s 9. RSR Standard Problem 7 (IDPP nmnuclear blowdown experiment - Test
i L! 4).
1
s In additicn to reference calculatials of these problems, the rbcumentaticn :

'

U will incitrb the results of parametric sttriies and a blcwdoan/reflood calcula-
- tico of a typical IHR with BI injectim. j

i%e pipe blmdown problems and Stanriard Problem 2 have all been rerm with
i

j'd the release versicn of tM code, 'mAC-Pl. Results fectu these calculations are !,

.

i ( similar to or better than thoce previously reported.
t t:

.

H Calculational results from Standard Problem 5 are now in rmrh better f} agreement with experimental data cn mass flow rates and pressures. nis im- ~

f provement was ebe to the correctim of an error in the geonetrical input
data. %e calculated rori tenperatures are in good agreetent with the data, as

' they were before.
'.
h! 'ne CREAIE refill calculaticns Mve been extended to include cases having
1 the highest EIr water subcooling that was tested (80 K). %is case also had
h the highest reverse core stea:a flow rate.
j ETIDrr reficod calculations are continuing and have identified a problem

.~t area; that is, tM overpredicticn of liquid above the quench front. Possible
nolutions to this probicsn are currently being investigatal.

<
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An initial stead -state calculatim has been performed for IGT nonnuclearf
;

bicm! awn ' Dest L1-4. % e results are in very goczi agreenent with the experi-
mentally me.actr ed steady-state values. Calculation of the actual blow &wn is
currently in progress.

a. TPAC Analysis of Downerner Effects in the Creare 1/15-Scale
' Vessel

(K. A. Williaan, 0-6)

Dutire the previous qmrter, TRAC was used to analyze downccmer ex-
periments conducted by creare with a 1/lS-scale vessel. W e purpoce of this
experiment was to better understmd how delivary to the lower plenum of IOC
water is affected by reverse core steam flow rate, E water subcooling, and
stperheated walls. %e previcus calculatims had included only cases having
lcw subecoling and low reverse core steam fim rate. %is quarter 'mAC was
used to analyze cases having the highest IOC water ctbooolirq as well as the
highest reverse core stara flcu rate reported by the Creare experimenters.
%e came modeling of the Creare vessel (as discussed last quarter) was used in
tM currcat analyses.

| %e lowest IIE water torperature used in the Creare comtercurrent flo,e
experimmts is 303 K (85 F). A case usire this water tenperature md oper-

| ating near the cruplete bypass point (thus having the highest reverse steam
flow rate) was cxmputed. %e diensicnless comtercurrent steam ficw, J ,

[ is equal to 0.30 for this case. Wis steam flow results in crmplete bypass of
| the IDC water injacted at a rate of 3.785 x 10'3 m /s (60 cyn). %e 'mAC3

| calculatic, alix) resulted in cxmplete bypass of the IOC water.
.

| Another case ws analyzed having an intermediate value of IEC water tem- ('

perature. %is case was at an III water tenperature of 339 K (150 F) and an
injecticn rate of 3.785 x 10-3 m /s (60 gpn). %e dimensicnless reverse3

core ste m flow m s J* = 0.17, prodtx:ing partial delivery of III water to
! the icwer plm um and partial bypass. Prcn the reported pmetr,aticn curve, )! s

| this should result in a dirrnsicnless water ficw delivered, Jfd' O W O*I~ f
mately 0.01. Wis means that atout 18% of the injected IIE water in delivered h

\ +
to the lower plentm:. '1WC cxmtx2ted a value of 0.003; if the point is plott<xi ly
on tM penetraticn curve, it is seen to fall within the range of uncertainty }
for this curve, which is estimated to be about t St.

n.

N f-i
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Finally, the original penetration curve that was analyzed last quarterf

4c; ~

$ was rectxnp2ted to see if recent minor changes to the three-di2nensional,
'

j two-fluid hydrodynamic package produced any effect. %ree cases were corrputed [4

[|| such that the entire range fran corplete bypass to mnplete delivery was
| j covered. %ese calculatims again produced good agreement with the experi-

'

| mental penetratim curve. ,

! b. Analysis of RSR Standard Prcblen No. 5 '

$ (J. W. Bolstad, 0-6)

Both steady-state and transient verification calculations have been [i

|
perforned for RSR Standard Problen No. 5, a Seniscale blowdown experiment with

{
an active mee and steam generator, %e calculated cladding tenperature re- j

| 8 sponse for this experiment was presented in the last quarterly progress ,

| h report. Ozrparisms with experimental results of the other calculated

$ thermal-hydraulic output variables have been made and a repraentative sam-
I pling of these conparisons is presented here. ,,

| b %e calculated break flow rates are shown in Figs. 4 and 5; the agreement
b 'with experim.nt in good. %e predictim of the cold-leg side break mass flow

rate is slightly high for the first pxticn of the transient. However, it is

believed that the measurement is m the low side during this time perio3.19''

l Error hars in these and other figures are estimates of the uncertainties in
! the experimental measurements.
u

y A otmparison of the calculated and experimental lower plenurn pressure is

; shown in Fig. 6. We agreement is quite good ex pt for the first six sec-

|
onds. %e cause of this discrepancy is arrently being investigated.

y %e calculated arvi e perimental fluid tenperatures are shown in Fig. 7.
%e core flow is negative for the first five seconds,arri the effect of the tot;

f core fluid being swept into the lower plenun is evident in both the calcula-

/ tion and experiment *

Ozrparisms of the pmp differential pressure and mass flow rate are shown''

,

h in Figs. 8 and 9. Both quantities shcw good agreement between the predicted
a

4 and experinntal values. It is noted that the initial punp differential pres-
o

sure is analler than experiment; this is due to the fact that the initial ex-
"

perimental punp head and ficw rate cb not agree with the given prp tonologous j>

faarves.

.

b.
**

t
,

-)27
; -

W __- _ __
- . ___- . ,.._ _

_ _ -_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



; ... <**p?T:"'~~~'f TT x - y, ,, ; ,;,
. , .

,

| -. '- | = .I' *r' ;'- *

i . y['. _.
' ~-

|
. '; ,,

n. >,
. >| !;

!' ..
.

.
, '

, ,

,

! ; , .
3 ,

,

, ,
,,
, m

*

Y. .
< .;

* - ' ;I ' . 80 , , , , ,

.' \
-E EXPTR? DENTg -

.I
-

q 1 _Ms it , \ ,

\
_

7 .' * f
,\

.

,

m -. '
W \

_
'

- ao- ,s _

. r.
,.

8 -
\, .

4 g _-

. . g
\ * *.

' -

C . N' .

fjA.
''

4i ' e ;,,, .,
~ .- .-

., f r- .N>

2 - ; 's _

'

hmo e '\ ' t - I
'

O 5 's- 15 20 2$ 30.
, ,

| TIME (s)
'

rig. 4.
' Calculsted and experi::: ental c.r.s f1w rate (mid-leg side of break)

for Sonicalle 'Ibst S.-02-0.;

1

6 g i g | [_
un

A5 EXPERIMENT|
-

5 \ ---- TRAC

w4 _\.
-

| F 's'

$
,

. 3 -
\ i.. ..

-;.
"6 >s--

1
<

! o
J2 - ' -

u.
,. ..

|
- ~~

.
'

_ A -g:==- a
..

: ..

i i i i --o
! O 5 10 ' 15 20 25 30
t

| i TIME (s)
,

| Fig. S.
! Calculatryl ard cyperirrntal enss f1cw rate (hot-leg sido of bmak)
I for Somh. calc 'Ibst S-02-8.
t :

29
t

.g.L-. '

_ _L . , a- _ - - . - -

. _ _ _ , .-



.

-

,
,

'

,

,

?,

k
'

16 0j , , , a i

I* ~

EXPERIMENT J.

~

-,

2 ao - ----- TRACi _
m
0 % 1

C LOO 's ' f
-sw s -

$80 - \ -

M
G. .

60 -
-

k<
f -,

V4 40 - '
-

s
tI 20 -

-

. i

h'" O'
.

i ' ' ' ' ' ~

k'i-
0 5 10 15 20 25 30 4

,

| TIME (s)
-

' t,

I '.c

N Fig. 6.
| A Calculated and experimental loact plentza pressure for

Semiscale 'Ibst S-02-8.
.

.

{<i 600 g i y g i ,

h EXFm MENT -

' ' ---- TRAC
| g560 %s -

- g - x _

(520 -

s's
F -

: ew
i o.

-
_

s
i w 480 -

-
c F

.

a.? -
-

i
i y 440 - i

| 4

| I I I I I,

'
l O 5 10 15 20 25 30

'

TIME (s)
< -

Fig. 7.c

Calculated ard experimental los plerran fluid tenperature for
Seniscale Test S-02-8.-

)

| | 29
l -
'

| -_ _ - : ------ c '"-'-- '
- - -

.

.
__ .



- r.w m,p.,. . 7 v.y-
-

. _ .

~ . . .
.

. :. - - - - - - s -

'., c :+ - -

. - -
. ,.

- g ., -.
.

,! s . . ,

' v , e, : <- ->; ..
.

-, > . ,

,

.
- -- .- ;_. - ,.

-

,
-

. . .
,.-

, +, >. . c. - c ,-
.

,
.

.
,

P ! SE
p

?. - .
.

.

i

,

. .
-

, ' "
, .

! 10 i i a i i
e

g ~% c:rtmutxi
~23

'/'teg ---- Tuc
I-,

y r.o- 8,
'

-
,

t i
! w - \ --

t :

J k LO-
.' E !

-

,

W o.3 - _

' ;' -

I k. .o - p _,- - ---

!

.c3 i l i i i
O 5 10 IS 20 25 30

TiteE(a)
.

Fig. 8.
Calculated md experimental p=p d'fferential precaure fa

Semiccale Test S-02-8.

*
s i e a

f swamort
a . , -- mc, -

j#'

1

}. 1 -

E 4 .

I

! i, 5e
- 4 .

! c '. 4 -
.

|

l /< 2 3'

, \, ' -

|

-
-

'
,- s

. ' ~~ . ,w a-t
. . , , . e i i; s.

,

, .; - o e o e m es so
9 Tact w

'
| . .

L
I

' .?ig. 9.
t Calculated ard emeter.ntal pm inlet macs flow rate for'

; Sadscale Tect S-02-0.
,

b

t'

..

-

ao ..
..

.

'

'

,. _ _ . . - L 12a ' ^ - - - *
h- @- *Am eDemiMhhmMM._



e

0 *; :'

6.
, Xt. ,

,

<>

8
7) ?W . ;

[$
.d

Otr:parisens for the stean generator (primary side) autlet density and

g pressure are shcwn in Figs.10 and 11. We predicted &nsity crrpares favor-
3 ably with experiment while th- steam generator outlet r.ressure is slightly
wy cnerpredicted for tne first 10 s.

g The overpredicticn of the pressures in Figs. 6 and 11 has been traced to
p; the fnct that the calculated pressurizer pressure decreased too rapidly. His

[ occurred because the experimental apparatus has a very high resistance in the
^

?f1 pressurizer surge line,and this high resistance was not reflected in the 'IPAC

Q calculaticn. %e calculaticn is currently being repeated with the correct j

h;2
6 surge line hydraulic resistance.

4 c. Analysis of IDFT Nconuclear Test L1-4 (RSR Standard Probim
h
L/t No. 7)

f (J. J. Pyun, Q-6)
b Test L1-4 is the fourth in a series of five nonnuclear isothermal
h, blo,alown tests performed bf the Ioss-of-Fluid 'Ibst (IDFT) program and is0

,f. , designated as RSR Standard Problem No. 7. %e IDFT facility was designed to
j.s

p simulate the major acr:penents and system respcnses of a large pressurized j
" water reactor during a IIEA. A hydraulic core simu.1ator assembly was in-
% stalled in place of the nuclear core. Test L1-4 was perferW frm initial
$ ccnditims of 552 K and 15.75 MPa (abcolute pressure) and had a 200% (100%
y break area in each leg) rbuble-ended offset shear break in the simulated cold
? leg. %e parpose of this test was to provide s:ystem themal-hydraulic data to

'] crupare with predicticns and othcr experimental data for code verificaticns,,

'"- and to provide crrpariscn of delayed HPIS (high-pressure injectirn system) and

} IPIS (lcu-pressure injection system) injecticn to the cold leg and the Icwer
k plentan. %e 'IWC model of this system, and the calculated results for

f steady-state crnditicns, are described here.

{ % Figure 12 shows a detailed noding diagram for this problem, ala1g with a
[s .

'lWC arrangement o Irpcnents and juncticos. We system is r:odeled using 21.

junctions and 20 ccuponents centaining 176 fluid cells. % e reactor vessel is
ncdeled using the three-dimmsional VESSEL nodule cxntair.ing 56 fluid cells.,

y Except near the break, the wil diamnsions are approximately 0.2-2.0 m long.
> 2e cell length fcr the fully brplicit PIPE r:odules near the breaks (ccrptn-

ents 15 and 16) varies fecrn 0.02-0.1 m.

.:

I
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TM steadt-state ocnditicns wre cniculated with TRAC by rmning a tran-
sienteilculaticn with' initial conditicns21 of zero flo,e rate, uniform pres-
cure,'and te::perature distritetiens. At ti:ne zero, the pups were started and
the transient was initiated. %e systera ficw rates, pressure, and terperature

. approxh their steady-state distributicra after cne locp cycle time (- 3-4 s)
because' thu wtole system is tnder isottermi conditicns, and heat transfer
ancng orp:rymts and within a oc@ca.mt are negligibly sna11. In addition, no
heat in generated within the reactor core. % is stoody-state calculation re-
quired approxinntely 30 n of CPU tine cn the CDC-7600.

Table III stows the oogarison between calculated and measured initial
conditions. In general, the agreement is very good (i.e., within 0.1%) except
for the differential pressure across the primry pmps in ten intact loop.

; %e dicagreement in the ptzg, differential pressure is pro'aably due to the fact
'

that the mensured value is not alueys consistent with the correspcnding mass
flow rate generated by tre innolcyous ptmp characteristic curves used in 'NC.

Transient calculaticos, based cn calculated steady-state initial condi-
ticns, are beiro perfor acd fcr the systrn depressurization transient with DI
injecticn to the intact loop cnid leg.

5. Statistical Sensitivity Arnivsis

(M. D. McKay, 0-12)

%e first draft of a report that discusses four methcds of sensitivity
analysis was etupleted. %e report exanines the partial derivative, the
partial derivative of a respcnse surface, an averaged partial derivative tech-
nique, an1 tre partial rank correlaticn coefficient as measures of sensitiv-
ity. De measures are sttriicd relative to the local vicw cf sensitivity anal-

'

ysis, which is ocncerned with outpat variability in a neighborhocr1 of a single
point in tie inpat space, and with respect to the global view, which is cxn-
cerned with output variability over the entire range of inpats.

An investigatico into the matter of minimum sanple size requirements for
sensitivity analysis was initiated. Tentative indications are that sanple
size mst be at least cne (and rrre often two) larger than the number of in-

| puts under sttriy. This 1cuer limit will hold for mcnt analysis techniques in-

lecs restrictive asstrpticns cn the relaticnships anrng irpats and outputs are
made. The investigaticn is continuing.,

i
!
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'mBIE III j
| CDMPARISCN OF INITIAL CINDITIOG KR IDFT MERX1 EAR TESP L1-44

.g
i ,

!Parmeter Calculated Measurede

5 TI
2j.g Icap mss Flow Rate (kg/s) 268.00 268.40

. Pressurizer Pressure (wa) 15.73 15 '.'. '3
v.a
& Pressurizer Water mss (kg) 414.80 418.80

'

Pressurizer mter Ievel (m) 1.15 1.16
Steert Generator Primary Side Pressure (MPa) 15.70 15.75

. . . -

' - Steam Generator Primary Side Inlet Tenperature (K) 552.30 554.00
$ Steem Generator Primary Side Outlet- Tenperature (K) 553.20 552.0C

'

%d Steam Generator Secmdary Side Pressure (MPa) 6.65 6.65
di Steen Generator Secondary Side Tenperature (K) 553.00 552.00Rb
ry3 Core Inlet 'nmperature (K) 552.20 552.00
SGg Total System Mass (kg) 7677.80 7652.2
UEIl Differential Pressuze in Intact Icop Across
$h Primary Ptrps 1 and 2 (MPa) 0.10 0.13
e ,

,

?S j
Yb: {
M3 !
d 1

p% A mettod for measuring the sensitivity of an output to a gro@ of inputs
[9 a taken collectively is being inpimented in the analysis code. If successful,/y.t,.,r

Q the metted will enable the detecticn of joint inportance of inputs,which may
. . . .

g, have a very low & gree of inportance when taken separately,
s] B. %AC Aoplications

[ (J. C. Vigil and P. B. Bleiwels, 0-6)
.. r,q
w

iO 'Ihe scope of the work described in this secticn includes the application
of WAC to full-scale light water reactor (IER) transients and to the large-

,j scale Germ m and Japanese reficod tests. '1hese applicaticns provida design
y assistance, pretest predictions, and posttest analyses for the experimental

G progra:rs. In general, they are used to help with the planning and ocordina-
?.~if ticn of the large-scale reflood experients. WAC applications to these ex-
{ periments also help validate the code fcr use cn full-scale INR systers. AP-

. plicaticns of WAC to full-scale IER systms provide best estimate predicticns
,

of the consegmnoes of pcstulated transients. )
gm
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I . Effcet in the 'IPJC aFplicatims area ducirg the past quarter'has cancen-
2trate! cn an extensicn of a PKL calculaticn reportal in the last quarterly

aid cn the nodirn and steady-state calculaticn of a typical U.S. PWR in prep-
aration fcr the firrt amplete M RR IIX'A calculatim. The PKL fatstra-

tion probica deteribed belos exterds m earlier calculatim by the inc1tulen
of sti:ccolts! hot-leg injectico, reflood heat transfer and quench fecnt co-
tien. 'Ita cniculaticn was also extended over a langer time period. '1he re-
sults serve to detestrate m:sne of the inportant multidimensional capabilities
of W C. A detailed maciel for a typical U.S. IMR has been completed ard the
modtil ard results of a steady-state calculaticn are also described below. In
arMition to these two major projects, a WC cn3el of the Idaho National Digi-
neering Laboratory (INIL) air-water injecticn tests has been ompleted and
prelindnary test calculaticos perfccmed. '1he four-loop Japanese cylindrical
core reflood test facility was also modeled durirg the past quarter. s'inally,
initial antact with the SN4 co3e develcpers regarding its use for design-
related calculaticns md test malysas cf the smanese slab core experiment
has bem sk.

1. PKL Demnstration Proble:n
(P. B. Bleiweis, 0-6)

As a preltde % actual PKL posttest analyses, an extension of the prelim-
2inary PKL calculaticn repcrted in the last qturterly was performed. '1he

preliminary calculaticn was a short simulation of a int-leg break with bot- and
mid-leg injecticn at naturaticn and to reflood heat transfer. 'Ihe new calcu-
laticn extends tre previous PKL preliminary calculaticn to incitFIO subcooled
hot-leg injecticn, reficx;d heat transfer, quench front moticn, and a mich
lenger simulaticn time. 'Ihe main purpose of this particular PKL calculatim

! is to derrnstrate come of the nul':idimennicnal capabilities of Mc stch as
2.iquid pool formaticn ateve tte taw core support plate (UCSP), penetration
into the core frcra this pool, hot-leg iajecticn with subecoled liquid, reflood
heat transfer, an] quench front moticn. In uHiticn, such a calculation
serves to test WC cn a large, cer:plicate problem.

Figure 13 shows a schematic of the WC FEL arrangenent. Figures 14 and
15 slow a side and tcp view, respectively, of the Mc nodirg for the PKL
vessel. 'Ibe NL schcr.atic and noding diagrams were presented previously tut
are repeated inte for the convenierre of the reader. tbte that the
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croso-hitched area cir*n in Fig.' 14 is a ro-flow region whidi, in the real
systcst, . id' blo:'<cd off b metal plates. As em be seen frem Figs. '14 and 15,f

there are 8 angular segvstts, 4 radial ri:y3s, and 10 axial IcVels. totalling
N 320 MT mesh cells. In aMition,. five fine-mesh cells per coarse-resh are

'inchr!ed in tte noding fT the reficod heat transfer calculatim. As shown in
:6

Fig,14, the tot-1cq injectim pipes enter at the sme angular locatims as
tre hot legn ths:nnelves but at me axial level icwer than the tot legs.

As r:wmticried previously, the calculation is a hot-leg break begiming with
$an all vapa system at a pressure of 4.2 x 10 Pa. %e power curve enployed

is 1.2 times the NG stavhrd & cay lwat curve.22 Initial vapor terrpera-
tures are at saturaticx1 (417.4 K) and the initial fuel rod tesperatures are
shown in Fig. 16. At time = 0.0 s, the hot-and cold-leg injection systems
begin to cperate with the hot-leg E liquid entering at a7 initial tenpera-
ture of 3081: and the cnid-leg E liquid at 400 K. his ins axie to separate
the effects of the subcooled int-leg injection. Por this denonstraticn prob-

51ers' the E syster:n were r.edeled by constant pressure breaks at 6.2 x 10
Pa. Because of a lack of detailed experimental information, exact E flew

5rates were not available. %e 2 x 10 Pa pressure differential forces the
I:0C watcr in at nxx:h higher vele:itics than were present in the attual test.

5.0 i

%R
-"

3 NN Na =

-

g 3- N
\OUTEgR

| , gi

INTEFW.EDIATEhc
a 2.0 CENTRAL s

-

o uxx MdM
tt VN 2yN
%m

' ~

l %:S
| 0.0 L I ' I

i 450 550 650 750 850
| TEMPERATURE (K)

Fig. 16.
PKL initial fuel red tcrperatures.
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y %us, the sequence of events, such as pml formaticn and lower plentml filling,
is accelerated,cczipated to a normal test.

@ Sirve qualitative, rather than quantitative, trends were desired and D

g since u.. particular calculaticn does mt match an actual test, the results '

(f are displayed in a semiquantitative manner. Referring back to Figs. 14 and -

.,

t 15, the inportant paraneters that demcastrate the phac-sa mentioned above
J

N incittb time-depcndent void fracticns and quench front positions for cuts in ja
.

$ the r,z plane directly across the hot leg (<buble-loop leg) entering at Cell '?f 29. %e time-dependent behavior in the r,z plane across from the other hot
S legs is similar. -

IU
y Figure 17 s?ows void fractions (four different shade' regicns) and quench I

g fecnt positicns (lines in the core) for mesh-cell segnents 29, 21, 13, 5, 1, ;
5 9,17, and 25 in the r,z plane at 1.5 s after the transient has begun. At 1
h

this time, a anall pool cn the tXEP (axial level 8) has begtn to form (the ]i
.

i
void fractions are between 0.75 aM 0.0). A quench front has fcrmed on the

.

m rod in supnent 21 because of the low initial tenperatures for the outside
1
j rods. At this point in time, there is between 0 and 25% liquid in this cell ).
? m that immediate quenching can occur. Figure 18 shows the smee plane at 5.0e
( s after the begiming of the transient. At this point in time, the pool en '

3[ the UCSP has spread to au the segnents shmn and liquid has begun to pene- *

| trate into the core. %us, all of the rods in the segments shown have formed
falling films (quench fronts), while the two outer reds have formed both top
and tottczn quench fronts. Again, even a snall mount of liquid (between 0 and

$ 25t) is enough to quench the lwer, colder porticns of the outside rods. At
t

j the sam point in time the mid-leg HI water has aim begun to enter the ves-
I set fran the simulated downcerner.
M

h Figures 19 and 20 show the miMle and end stages of this particular calcu-
[

'

lation. Figure 19 shcus the void fracticns aM quench front positicns at 10.0
.

| s into the calculaticn. As can be seen, the lower plentra has begun to fill
and sane of the hot- and cold-leg HI water has started to quench an the rods- a

/ s
i on the bottcru. Fina Hy, Fig. 20 shows the results at the end of the calcula-
| tien (25.0 s). At this point, an of the bottrrn and tcp quanch fronts have
j noved to the next ocarse axial level and the core is begiming to fill with
j

'

liquid. In aMition, a fairly stable pcol has formed m the UCSP. %e calcu- '

'
laticn was stcwed at 25.0 s because it was felt that the impcrtant physical

5,
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PKL vepor volume fractions and quench front positions at t = 5 s.
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l phencarmon nuntimed previously had been adeqtntely demonstrated. 'Ihis prob-
} im has served to dernenstrate sone of 'IRAC's capabilities in preparation for !,

| more detailed pmttest malyses. [
2. U.S. IHR 'ITJC ledel and Steady-State Calculation,

[
-

.

[ (P. D. Bleiweis and J. R. Ireland, Q-6)

j A t.ypical U.S. four-lcop PWR & sign, which cxzebines features of a variety
of different Westirnhouse IHR declgns,23-26 was cet ip ducirn the past

,

| quarter. Figure 21 shows a schematic of the icxp and vessel arrarywat used
I to model the PWR. Stown in this figure is the loop that cxmtains the pres- '

i surizer; another locp,which represents two of the other typical IHR loops

! (these two loops are modeled separately in the actual 'IRAC calculaticn); and a
; third loop,which represents the broken loop. Also shown in the figure are

| | jtoction rurters (circled ntzabers) and ocaspcnent mebers (ntsters in
l ! squaren). 'rhere are a total of 42 rTaipments and 45 junctions. As can be

seen frcm Fig. 21, each of the three intact cnid legs ircitdes a tee connected
|

.

to a FIIL which model both the IIPIS and IPIS. 'Ihese legs also include a teeI '

i connected to a valve md an acctmolator. 'Ihere are no BOC systens ircitr3ed in
! the broken cold leg because it was asstuned this systs was not operaticnal and I

;

would not significantly affect the transient.

Almoct all of the dimensions for the pipes and tees in each of the loops ;

were obtained frcus the IMAP input fcr the BP/di sttdy. $ Pigure 22 ;
shrvs the inding for the three unbroken cold legs fccra the vessel to the stsyn {
generators, incitdire the IOC systems. Hast of the cells in the pipes and -

tors are en the order of 1-2 m icng, except where gecxmtric considerations
forced the use of staller cells. " 'Ihe IIPIS and IPIS are orbined into one irr i

jectim tee warited to a PIIL module on each of the three unbroken cold -

|
- legs. 'Ihe acttnl 11PIS and TPIS flow ratas, which also were obtained from the ;

! E
,

| i BP/IM sttdy, are cmbined through this tee when these two systems are actuated
'

I
- by tripo &riry; the transimt. As can be seen from Fig. 22, the acetrnulators f

are connected to a valve that is tri[ ped open when the valve pressure on the (

l loop si& decreases below 4.08 x 10 p,, ,Ihe ptz:p characteristics stch as h
6

i opaed, head, torque, ard dimensicns, were obtained fem Ref. 25. [;

! Figure 23 gives tte dimensicns and nodirq for the hot leg that cxmtains L
'

?| the pressurizer. A tce connects the vessel to the stcern generator, and the;

I secondary si& of the tee is used to nodal the Icng surge line wmesting the '

|
+ t
5 h
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precourizer to the hot leg. . %e m1y difference between the tot leg contain .
ing the pressurizer, stown in the figure, arvi the other three hot legs is that
the tee is replaced with a pipe -v.ning the vessel to the steam generators.

Figure 24 shws the noding for the broken a id-leg pipe arri gives the nod-

{ ing u:xx1 for t!n pipe durirs; steady state and the rrxlirg that will be used
,

; after the breck. n2 ring the steady-state calculaticn all thr pipes are calcu-

[ - lated using the semi-icplicit optirn in 'ITUC.

| Figure 25 precents the nodisv) schere used for the ETt pressure vessel and
I ics anxx:iated internals. As en be cecn, there are 8 angular, 5 radial, and

! 10 axial rnh3 totalling 400 TWC cells. %is noding distributicn was chocen
tn dafim tM follcwing regicns in the vessel core, typer and lower plena,
upper' lead, barrel-baffle sectico, and the dowromer. %e positicns of the'

axial redes carerpand to asjer flow restricticn 1ccaticns such as the flow
,

dictt:ibutor plate,1cuer core suppoet plate, arrl upper core support plate.
i h locatim of tM azi:uthal redes accounts for the eight vessel penetratiens

(four hot legs aM four cold legs), while the radial noding accounts for the
three cajer radial pcwcr regicns (crifice zcnes). %e radial redirs; aim
defires the barrel-baffle regicn arr3 the cbwncnter.

%e 1cuer plenum extends frca tM totten of the first to the top of the
second axial level,where the 1cuer core suivat plate is located, h core
axial houMaries extend frcra tM bottcra of the third to the top of the seventh

axial level,where tre urper core support plate is located, while the radial
cre inn!ary is located at the core shroud (the outer edge of the third
radial regicn). %e barrel-baffle regicn alto exterris frm the bottan of the

,

i third to tre top of the seventh axial level, and this regicn exteMs fecxn the
third to the fourth radial regicns between tre core shroud arri core barrel. A
mall ar: cunt of flos area is available throts)h the axe shrotri in tM radial

l directicn and at the bottan of the second level in the axial directirm for the
barrel-baffle twicn to allcu fcr cooling and depressurizaticn. %e cbwnccrner
extcM:2 frm tre bottaa of the first to the top of the ninth aximi level aM

i is located in tM fif th radial zone betwen tre core barrel armi the vessel

j wall. Tte upper plenun exterris fecn the top of tre ttper core sqport plate

j in the eighth axial level to the bottcn of tM tpper sqport strtrture

| ! ascenbly located in the ninth axial level. %e tot and cold legs enter at the
|
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tdnth axial levell 'the hot legs extend 'into the fourth radial regim, while

4

ug the cold legs penatrate the fifth radial regim only and feed directly into
P;W; the downoaner inlet. Finally, the tpper head of the pressura vessel is N44 y)p J.d located in the tenth axial level between the top of the tpper st4 port struc-t .t?.%
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. flased m the gmmetry and noding described atxxe, a steady-state calcula-
tien was perfonned using the generalized steady-state option in 'WC. 'the
calculatim wan run to 140 s of reactor steady-state time. All of the initial

.

velocities in the input'were set to zero. Until the pumps reach full speed,
~

.

the reletr>r power is also internally zerced to prevent toiling in the core.
~

-1At approximately 17 s, the velocities in the system have almost reached a zero-
power steady state and the pcwer is turned m. It thus takes afproximately ,j

another 12r s before all thetmperatures, velocities, and pressures mnverge 'r.
to a steady state.

Figures 26 throtr)h 31 shuw some representative sieady-state results for
velocities, pressures, and tenperatures. Figure 26 shows the mixture velocity
time histories for the four cnli legs at the cells connecting to the vessel.,

.
Figure 27 shows the velocities for the Four hot lgs at the vessel junctions

,

and tre pressurizer the" is mnnected to hot leg $4 (HL $4). Note that the
.d
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pressurizer is treated sinply as a cmstant pressure break durirg the steady-
state calculatim to prevent it frcra aptying. Figures 28 and 29 show tM
steady-state pressure tite histories for the hot- and mid leg cells at the-

vessel jurctims, ard for tse axial locatims in the vnw1. (at the same r ard
0 locatims), respectively. Figures 30 ard 31 shw the avnrage lut- an1 cold-
Icg +Trntures at the vessel juh ard two vessel lotations, respcctively.-

As can be seen fran the velocity histories, the cold-1cq velocities es-
sortb11y ccxwerge to a steady state within 60 s. It taket lcnger for IL 44
bu--e tk prmmmizer la ccrth to it. Since the initial cxxditico guesses
for the systm were cnly rcxz;h estinntes, it takes the pressurizer about 100 s
to ccrwerry to a zero-discharge velocity. During the first 5 s, the pressurizar
aptics rapidly into IL I4 to m*.e up for the zero initial velocity ccn11ticn
input to the cxde. After a zerweer velocity is achievcd in the systm, the
prmmmizer velocity decrearcs until a zero-dischargo velocity is reacNd.,
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From the pressure histories in Figs. 28 and 29, we see that the D
isteady-state pressures take 60-80 s to omverge. % e cold legs have a higher

steady-state pressure than the hat legs due to the pressure drop throtrih the
~

* '

core. % e core pressure drop is shown in Fig. 29.
Fran Figs. 30 and 31, it een be seen that initially the systen fluid tear-

peratures decrease, since tie power is zero, but after the power is turned on
they increase and eventually omverge to their steady-state values. Se ii

steady-state br of about 33 K is the expected design value,and the other
steady-state results are quite reasonabic.

3. Preliminary Noding of the INEL Air-44 ster Injection hsts
(D. Dobranich, 0-6) ,

%e INfL air-water injection tests will enable a preliminary investigation '

of see of the important phenmena and flow characteristics in the region
above the apper mee stpport plate during the reflood phase of a PWR IfX:A.
Dese tests are directly related to the inupce=J German igper plentan experi-
mentsi and [esttest malyses of these testr. are being performed. Using air
in place of stwun in the test eliminates condensation. % is allows the phen-
amenon of t'rothing (or foaming) to be observed exclusively in ceder to deter- !

mine its ipportance as a mechmism fcr hot-leg carryout. D e mechanisns of I

entrainnent and fallback will also be c5 served.
| %e test vessel is designed to allow a flow area for one Westinghouse 15 x
' 15 fuel hundle with sufficient tpper plentaa space to allow fa scaled tpper

plentan internals. A preliminary 'mAC noding scheme for this vessel is shown
in Fig. 32. %e vessel is represented by 7 axial, 2 radial, and 2 arxnlar
segnents. A hot leg is connacted to the vessel at axial level 5. %e munter-

current flood plate, spacer, and mee support plate are represented by an area
restriction in axial level 4. A short section of simulated fuel rois is
located in levels 1 and 2. In the experiment, air md water will be injected
at the bottan of the vessel. At present, the asn@iate air-water flow rates-

can be achieved by adjusting the initial values of velocity at the first axial
!

level.

Very preliminary 'IWC calculations have been performed to check out the
noding. % ese were done with ste m ter and are not representative of an
acttul experiment. kMiticial calculations will be performed after the first

series of tests have been cxrpleted.
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P .4. 1YtAC Noding for the Japanase Heflood Experinent ;

i
,

k (D. Dobranich and P. B. Bleiweis, 0-6)
.3J ._

25 %e loopo of the 2000-red Japanese cylindrical core reflood experiment
3 1

$.- have been noded for preliminary TRAC calculations. A preliminary nMing

y scheme for the vessel was reported in the last quarterly report.2 % is nod-
> '-

{ ing has since bem changed the to new dt.v gn information and is also described
2 belcw. Figure 33 is a s6ematic of this model,which, almg with Table IV, I
4
N references all the major ws ts and their relative locations. As can be
p
L) seen fecrn the figure, the experiment and TMC nodel mnsist of a vessel with

h four hot and four cold legs connected to two steam generators. Connected to
p| all four cold legs bf tees is a lowessure injecticn system (represented byi. ;

,

a fill caponent) aM a valve controlling an accianulator. Each acetanulator inj
T the ruodel represents me-quarter of the volume of the actual accumulator and

the valves are trip-controlled by primary system pressures. A break wst
3 is connected to both ends of the broken cold leg while the remaining hot and 1

cold legs remain intact. r'

Figure 34 is a noding scheme for the 2000-rM, electrically heated cylin-
D drical vessel. %e vessel consists of 10 axial segnents (conwr. ding to in-a
[.A strument locatims), 4 radial sagnents (correspcnding to different heated core
N regims and a downconer), and 8 angular sements (corresponr*Ing to the 8 ves- 1A f
y sel penetraticns). %e cold legs enter the fourth radial region feeding into !

} the acwncrner while the hot legs enter the third rMial regicm passing through

( j the core barrel. %e <bwnetzner extends from the second to the eighth axial
" segnent and the core extends from the third to the sixth axial segnent.

h 5. Analycin Succort for Japanese Slab Core Wsts
"

(F. H. Harlow and A. A. Ansden, T-3; and P. B. Bleiweis, Q-6)

%e developnent of the SAM ccmputer code is being carried out in the
W,,

q hydrodynsnics gro@ (T-3) at IASL and is described in anothat section of this
J report. %is code initially will be the main ecmputer tool used to provide
N chsign-related assistance and pretest predicticns for the proposed Japanese

f
- slab core tests. Such design-related questions as ebwnoczner gecznetry, typer

plentra boundary conditions, and flow characteristics will be investigated as
'

g soon as the code is finished and when more detailed descriptims of the basic
,

experimental settp are obtained.

q
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d CDENENP IDENPIFICATICN KR JAPNCE REMIXD EXPERPCf7, yjy

e. 3
: ;

i

., -\

|; Gyu r-nt ib. Cu w cnt'Noe Canncnts
,|/ 1 VESSEL 320 ceu s
W 2 SCEN 10 cells primary and

,3&
r-?
J 5 cells seccridary !j

d 3 SCEN See above(,
# 4 MnN 1/4 voltmer
.o 5 MnN 1/4 volume

6
'

AOCUM 1/4 voltane :)
VU 7 ACCIM 1/4 voltane -,

. ,
<

h. 8 VALVE Pressure trip
R; 9 VALVE Pressure trip
9" 10 VALVE Pressure trip ,

11 VALVE Pressure trip I.,

2
1; 12 BRENC Cold leg

13 BRENC (bid leg ,i

j 14 FIIL IPIS 1

! 16 FIIL IPIS
4

17 FIIL U iS
.s18 m

19 m <

r' 20 m
'

~

21 mt i

| J '

'

t 24 m
25 m
26 m
27 m

,

29 m.

.
'

4
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E RRRRi234

Fig. 34.
W/C rurlina for Japer vessel.
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$ C. hrral-ffvdraulle IW.earch for Reactor Safety Analvsis

M
(T. D. Butler, T-3)

m%
%

h %e research reported in this section aMeesses a wide variety of thermal-
hydraulic ars! fluid-strtrture interactirn problems encountered in IHR safety

4
F,(i analysis. %is qmeter we focus en tM progress in four areas:
f., a

,

i 1. % eoretical analysis of critical nozzle flows. %is study has shown
u. the deoendence of the break f1w multiplier used in me-dimensional
I cxrbs m the ratio of the nozzle 1errith to its diameter. D e purpose

- of this effort is to ascertain a priori the value of the multiplier,

that is needad for a given nozzle or break gecnetry.

N 2. Develegnent of a cryle to investigate slab core reflood experiments. I
he FWt computer coa is a two-dimensinnal, two-fluid program tMt I

| has been written to analvre the prooce:ed Japanem reflood experimrnts
g in a slab qcmetrv.

,

'

h 3. Analysis of transient steam-water flows in a PWR rbncomer. %e

h2 KafIF code was used to calcult.te a wide range of raruped steam flow
S experiments for ecmparison with thts from the Creare, Inc.1/15-scale
h IMR model. We modeling parameter * vare the sawa as those determined

/pq
in previous ste@ tate cor. pari,.:ns and wre not changed thrcuihout
the sequence of runs. We fotnd that the code prooerly predicted jk trends over the entire range, but s.5 owed a ocnsistent earlier-than- gg measured time of delivery of the water to the lwar olentan. ;

w
}% 4. Omparison of two- and three-dimensicnal calculaticns of a fluid- -

; structure interacticn problem. De core barrel dvmsnics during blow-
P down for the IDR reactor vessel were calculated boC1 with the 2-D 4

Q SOIA-FLX code aryl the K-FIX (3-D, FLX) code. We fotrd that a sbple '

U1 physical model enabled SOIA-TLX predictions to agree well with the
more crrplex, fully 3-D calculation.g .q

_.

G7
2'
M1

'
l. h F.ffect of cha %roat-Inngth-to-Wroat-Diameter Ratio in Critical

su
Pbzzle Flowsq

la (J. R. Travis, C. W. Hirt, and W. C. Rivard, T-3)
V 8p It Ms been denrnstrated that twcalimensional flow effects explain t:.

need for the use of a break flow multiplier in the one-dimensicnal anal-
28

: ysis of the Semiscale Henry rozzle. Recent one- and twxlimensional

[" calculaticns,when certpared with data of the IGT cxxmterpart nozzle, irvil-
,

"I cate that cr.ly a snall, if any, break ficw correction is needed. At first,
1

* * ~. i.

0
'
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t one might clate a contradicticn in that the Semiscale Henry nozzle requires a
!

bemk flo,t multiplier to bring the cMi:a-noimal calculations into agresnent'

with the data aM tM two-dirrnsicnal calculaticns, while the eno-dhrancicnal

calcuhtions fce the ID?r counterpart nozzle d:) not rquire such a multipli-
er. We abrtpt entrance to the throat of the ICET nozzle ceern rcre likely to

exhibit two-<li:acnsional effects than tre entrarce to tin Scaiccale nozzle
thrent, which is slofly varyim in cross-sectimal flow area.

In order to $smatrate tre effect of entrance gecrnetry, we ran a two-

dirmnsional calculatim of a nodified Henry nozzle; i.e., the entrance to tie

throot. uca na.Je abrupt by ecsentially replacing the tapered secticn with a
canstant croca occticn eqtn1 to that of the inlet pipe. W e mass flow rate
and tre throat precsure for the abrupt entrance gecraetry was found to be ap.-
pecuinad.ely 22 less than the tapered entrance geometry for the same initial
ers5 bcAnyhry conditicns. %crefore, this chang, '' vzzle entrance gaanetry
into the throat accounts for cnly a srall percenta,,, of the difference between
tie me- and two-dimcnsional thectics. Subccriuent calculatims revealed that
the largest effect seems to be due to the throat-length to-throat-diameter
ratio.

In Fig. 35, the break ficw nultipliers calculated from cne- arri two-
dime:micm1 theorice are clmn as a fu:rtion of the throat-Icrg;th-to4hroat-

diamter ratio fee the 92neral gecr:etric crnfiguraticn of the IDET nozzle.
Only the thrcet lemth is varied to obtain the (I/D) range indicated by the
curve. Ebr mall thrcnt lengths, stch as an criffoe plate, I/D & 1, the
break flow multiplier cIpears to ascach the valte of 0.61. When the throat
length is ircreased, Idb = 1, calculaticos indicate the break flow rultiplier
er(n wches unity. %is irx11 cates that as the throat length becernes suffi-

| ciently 1cng, say I/D 7 5, two-dimensicnal effe::ts are no icnger inportant and
tre exit flov em be arproxinated as being cne dimensional.

An a3diticnal data point representirg the Semiccale Henry nozzle is shown
in the figure. The Henry rozzle has a break flow multiplier which is roughly
34 rum 11er tlan the ICET counterpart type rozzle with the same throat I/D
ratio. Because of the tapered entrarx:e, the tvcy-dirrmsicnal velocity distri-
buticn is clichtly r.xre pronounced at the throat, therefore reficcting a

;

snaller break flow multiplier.
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.; Effect of throat-lenrJth-to-throat-di.W. ratio en thel

miminted flow r:ultiplier.
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''Ihe break" flow mltiplier curve as shcun in the figure (bes rot represent
a universal fumtion. Sharp and rounded entrance crifice plates are clearly

'riot chscribed bf this curve. Ilowever, ott'er calculaticns, which are rot
reported here, chow that for a variety of practical entrance and exit gecne- '

tries, the actrective discharge mltiplier reported in this figure is correct .

to'within a few per cent.
?;

t 2. Sl$hVesselReficedcalculations
, F. II. Haricw arvi A. A. Amsden, 'P-3)(

J . The Sm cmputer program has been written toe the numerical analysis of
. cote reflced in a slab cmfiguration. '1he calculaticn regim can ocnsist of
four parta <kunoczner, lower plentra, core, and urcer plentro. In each there is
a specified distrituticn of voltane fracticn attributable to structural ele-
ments, either positive (tp to tnity) to denote the presence of conctricting

\ structure, er mgative to denote the local enlargement of clab width beyrnd a
prescribed r.cuinal dimensicn. 'Ihroughout each part, there is also a pre-
scribed distributicn of flow resistance coefficients representing the ncniso--
trcpic friction exerted b/ the structural elements and slab walls, and also
representing the nonicotropic resistance of perferated support plates, which
are otherwise ustolly too thin fcr resolution. Implicit numerical treatment
cf tre stwort plz.te resir.tarae alloas for the representatim of internal
rigid walls b means of e. wry large valtn fcr the coefficient. 'Ibe strte-f

tural eler.ents are given a roecified distributicn of inith te perature,
which changes in W calculaticn as a result of a mecified distribution of
stelied power a~ 1 t?e effects e heat flux to the Mjacent water, the latter
limited by critical heat flux cc:..ideraticns whenever arpropriate. 'Ihe dyna:n'-
ics, beat trane.for, and phase transiticn calculaticos rese:rble tMse of the
K-TIF ouputer program, but tle heat -ransfer calculations are rrdifled in %M
to scrnunt more directly for tha treperature variations h the strmtural

,

| clamnts.

Typical initial cxxyliticns have the entire vessel filled wi*h steaT. As ,
d' the calculaticn proceeds, water at a specified inlet tenperature travels &un

,
the &wnctner or ic inserted through a hole in the sicie of the louer plentrn,
filln the lower plenum, ard c.smences to penetrate into the 1cuer part of the
wre. At that stage, ocnsichtsble steam is generated, moves tp through the
core into the um plentn carrying ocne entrained water droplets, rd passes

,
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. -Wy out through a " in the side of the tpper plentsn. At the same tine,the

Ni strtctural eles ents in the core will start cooling if the applied poer level
is Icw enotsfi, and the water level will then rise thrwgh the core and can be

r;

M,fd follrued through the full reflood process.
v I

Q Major debugging of the exrputer code has row been cmpleted and calcula-

f[> tion exn:ples are being produced with a quick-running coarse scale of resolu-
c

ud tien, in orche to score out the results obtained with a variety of different ,

8

j
@ init tal anr1 inlet conditions within the range of expected experimental

,

%y corditions. Exchange and mixture functicns have been chosen br means of our

N experience with K-TIF calculations and will incorporate progressively more
d refined representaticns of the chtailed microscopic physics as these become "

M'
available thagh the coordinated research being simultaneously carried on
with K-TIP, SAM, K-FIX, and SOIA-DP.~

Wg Six SAM calculatirns have been conpleted without difficulty as of this
P . writing, each carried far enotqh in time to demonstrate the various types of

prtial or total reficed that ein be'acccmplisMd in each case. No insur-
y mountable difficulties with the SN4 program Mve been encountered, and none

.to -

b are expccted, other than th3se ascociated with the continuing qmstions of )
i

h representing extrmely orx: plicated floes 'by means of ma:remopic marbling. |'

. One calculaticn exanple in shown in Fig. 36. Incitried are the voltime- i
'

y fract[on-weighted velocity vectors for the water arri stem, the voltane frac-
f tion crntours, and contours of water tenperature and strtx:ture terrporature. j

'Ihese plots are given for four stages in the refloori process, At the first
|( stage (t = 2.5 s) water has filled about half of the 1cer plentsn volume, and }

f a sttriy of closely spaced configuratiens shoes that the water wave is sicching |
| h back and fccth at this stage. At t = 6.0 s,tuter is entering the core regicn $

' ) brvi violent"biling has corrnenced. 'Ihe structure, which continues to be

| k. h ated by a spet:ified pc>er input, is aboTe t!q critical-heat-flux hF)
'

,

'fi limiting tenperature ovar most of the left.E .'Iherefore, water enters this 1
..

&
3 regicn and thegboler right-hand region rnore . easily than in the central parts )
h - of the core where heat transfer is greatest. Just before t = 6.0, the lower
j left pre of the core cooled to below the critical heat tiux limitaticn, re- j
[ sulting in the newly develcped hot spot in water teerature visible in the j
j illustration. By t = 11.5 s, the core is nearly half ficoded, with the hot-- |
] test regicn of the core strteture ccnfined to the tr;per 5ef t. At t'e last |

,

r.1
,b *

~
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Fig. 36.
vblune-fra:ticn-wichted velocity vectors of the water and steam flat, cen-
tours of volume fracticn, and crotours of water terperature and structure tera-

|
perature. 'Itp tcu, t = 2.5 s; seccxvi roi, t = 6.Os; third rcv, t = 11.5 s

| botttzn row, t = 18.0 s. 'Ihe rnxima for the first coltrm are, respectively, .

! 36.7 an/s, 42.6 cWs, 42.0 Ws, and 43.1 cWs; fcr the secmnd coltr.1, 32.4
cr./s, 2403.0 W. , l'D6.5 crn/s, and 742.8 cWs; fcr the fourth colu.m, /06.4
K, 400.0 K, 396.0 K, and 374.1 K; and fcr the fif th coltrnn, 505.0 K, 532.4 K,

493.2 K, and 379.5 K.
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stage, t' = 18.0 s, the core reficod is almost etmplete anri the structure has ^

g +.

N cooled nearly to the saturatim tenperature, 373 K in this exanple. ih 3. N merical Study of Downco ve Steam-Water Flowsp
k (A. A. Arreden, B. J. Daly, and F. H. Harlow, T-3) . m

h A series of K-TIF calculaticns es perfcrmed to determine the accuracy of
.4

(] tM model in predictions of downcmer dynamics for a wide variety of physical

@ conditions. A coarse-finite-difference mesh was used in this study to mini- i

h mize tM cmqutatirm time. 'Ihe specific set of modeling parameters is the
a
g saae as used in most of our previously reported work and was not changed fra
j probisa to problem, m that the only variaticns ancng the calculations were

{' the initial and boundary cxmditions specifyirq each case.
ij (Ihe neerical calculaticns were designed to simulate specific tra tsient, .

k
0 ranped steam fica experinsis perforan4 'Jy Creare, Inc. In a 1/15-scale pres- a

asurized water reactor model. 'Ihe boundary conditirns used in this ettsty are .)
illustrated in Fig. 37. 'the top and bottcm boundaries of the cx:nputaticn mesh )
are rigid, free-slip boundaries, while the left aM right boundaries are peri- ff
edic. rhe horizontal line through the conputation region separates the ebwn-
ccrner frczn the lower plentrn, which is an extensicn of the downcxzner with vol-

! tune a;pecximately eqtnl to that of the cylindrically syrrenetric experimental j
u

apparatus. Steam is injected into the system thromhout the entire lower
plenten at the transient ranping rate measured in the experiment. An experi-

J
mentally measured transient lower plentza pressure is used in the calculations

M to determine the time-varying steam chnsity and saturaticn terrperature. R:C "

A

: wa'er is injected into the downcxrner through the three intact cold legs (A),
| and water and steam nove through the broken bg (B) at rates appropriate to

voltrne cmservaticn in the system. Because of the coarseness of the calcula- .j
tien mesh, the effect of the tot legs (X) is neglected in this study, except

| as roted below.
Figure 38 shNs a cxrparison between calculated and experimental filling

I curves for a 60-gpn water injecticn rate aM four different steam ranp rates.
|'Ihe calculaticn of the Create H .' experiment was perforred with the coarse

| mesh and with a finer mesh, the re.,oluticn of which was abuble that of the

| coarse mesh in both the horizcntal and vertical directicns. 'Ihe finer scale'
<

|
| calculaticn also included obstacle cells to simulate the hot legs. It can be

seen frcrn the figure that these changes had little effect cn the 1cuer plentra
filling rate. j
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perioiic. 'Ir water is inimted into the cystan through the intact cold legs X!
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| |

stesa anr1 water exit thromh the bcdcen icg (B cell), but only ste n enters P[
the cysta throo;h this pcet. 'Ihe hot-leg obstacles (X) are irclud.2d only in 4'

the fine-recoluticn calculat.icns.
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! . A comarison of the calculated and experinental filling curves iMicates *

f that tlw calculated delay time for the cnset ot water delivery is aproximate-
ly 2 a less than the experimental value, iMependent of ram rate. 'Ihe cal-t

culated plerPJm filling OlrVes are Slightly steeper than the experimental
Curves.

Figure 39 stuws similar comarisons of water & livery curves fcr three
different water injecticn rates aM aproximately the saae stean ram rate.
'Itw three ccr,parMns shw similar trends: a sinrter delav time fcr the cnset
of water delivery aM a steeper delivery curve for tie calculated results as
cmpared to the experiments. Both of these treMs are enMnced slightly with
incremed water injectim rates. 'Ite water delivery curve for the 30-gpn
water injecticn rate experiment shows an early mset of delivery associated
with oscillatory diriping of water into the lower plentra prior to the main
delivery. Occ111atory moticns of the water-stea:n front were also cbserved in
tre calculaticns and,in atme cases, these resulted 'in premature dtriping of
water into the lower pimtru.

A eceparison of calculated and experimental water delivery curves for
heated wall tests aM two different steau tem rates are shtun in Fig. 40. As
in the previcus comarisons the calculated delay time for the onset of watet
delivery is less tlwn tte experimental chlay time. 'Ihe same trend is evident
when the IIE water is heated and the walls are not (results not shown).

4. Im Chre Barrel Dyncrnics

(J. K. Dienes, W. C. Rivard, L. R. Stein, and M. D. Torrey, T-3)
'Ihe three-dimensicnal versien of tin K-FIX code Ms been cotpled with

| the elastic shell code MX to calculate the core barrel dynamics durirn blow-

down fcc the IfDR reactor vessel. 'Ihe results of the calculaticn are used as a
standard to ansess the adequacy of two-dimensicnal calculations perfomed with

31the SOIA-FIX code. When a si@le physical model for depressurization in
the lower plentn and core is used in CDIA-EU, the results are found to agree
very wil with the K-FIX(3-D, FIX) calculaticn. Figures 41a throtqh 41d con-
pare the core barrel radial displacements in the r-z plane throtgh the broken
pipe at 10, 20, 30, ard 40 ms after pipe rtpture. Results fecra two SOIA-FLX
calculaticns are simn to illustrate the increased accuracy obtained when the
depressurizaticn rxxiel is used, relative to that obtained with constant pres-i

sure in the lower plmtw ad core. A secticnal view of the cylindrical LOR
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d .Cxparison of calculated and experimental water delivery curves for three different EOC injection rates and ,,
,

. . s ,.,-
'i ![ sproximately the same steam ranp rate. The curves are as indicated in Fig. 38.
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Orpariom of calculated arv* er.perisental water delivery curves for 60-gpn FDC
injecticn rate, te different stears re:rp rates and stperheated (350 F) ves-
sel walls. %e light solid line in the Creare H157 experiment shcus the ef-

I fect of incitalirg a critical heat flux transiticn in the mil Mat transfer
r.o'.el . Otherwise, the curves are as indicated in Fig. 38.

|

|

vessel is strwn in Fig. 42. %e vessel is initially filled with sthcooled

water at 543 K and pressurized to 11.0 MPa. he pressure in the lower plentrn
and core decreases & ring the bloAown, reachirg a value of about 9.0 MPa at
40 ms. nis depressurization, which affects the pressure differential cn the
core turrel, is rrodeled in the SOIA-M.X calculaticns by mcnitoring the liquid

i efflux. At any instant, the pressure in the lower plentra and core is speci-
I fled as

- a h m ,- m) W ,P=P o

wtwrre p and m are the instantaneous pressure and liquid trass, V is the cm-
bined voltrne of the lower plentra arv3 core, a is the liquid round speed, and
subscript o refers to the initial state. %e depressurizaticn described tu

this mcriel agrees very well with the pressure fields calculated with
K-PIX (3-D, FLX) .

For these cniculaticns,SOIA-MX used 15 ciretnferential zenes arvi 26 axial
*

| zcnes to & scribe tM fluid dymmics in 180 of the Mwncrar annulus.
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d,tda <

w \

i*g Similar nading was used for the structural dynamics. K-FIX(3-D, FD0 used the I
,

|

y ,

4 same circumferential zming, ?2 axial zcnes (6 zcnes in the lower plenurn), 4 }
gh radial zones, and the same noding for the structure. SHA-FLX required 15<

h min of CDC-7600 time while K "TX(3-D, FLX) required 45 min.+
(.7 'lhe good agreewmt with the three-dimensional results dancnstrates that ;

,

p.q two-dimensicnal SDIA-KX calculaticns provide an meurate descripticn of the
;. ~.). core barrel displacenents. 'Ite ac, curacy of the tocp and bendin.J stress calcu- ,f

<, "
|

|t laticns, which depend cn displacement spatial derivatives to fearth order, is
.

.e
|j being investigated foe various structural nodings and will be discussed in a .

..d

g future progress report.
je .
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Ine otna:tives of IASL's tWR safety experinbtal prografa cre: |y J E ' Is '
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- |! 1. to. provide ex;crimenta$. sumort me rMel deve'w.t activit!**s and -
g. - _. .

.,
;. 'l'3. . . . aA .. ..: . __ _ m _ . . . ,y

|2. - t'o rkvelop advz: ::e.$ safety expen M instrtrrentatico technigtns to ".j
' facilitate the detailed masurenents required for advvced code ' r

< /| -
S 1.,de,relqwnt and verificatios efforts. n .

*
,.

p. :i ! .3 , .,
- 2,. .

: . . i~: ~. .,'

..,

nis prcqrtrn is cenkrted in cime cocediration with~ corb and ::o3e1 develcp- E ..
.

.

1,". ment rcojectn at IASL. It is also'ox>rdireted with other experimnta! pro.. - Q-., ,.
,

grans fo %1ch akanced 'instrtznentatim is beirc d velmed. --
-

<
Devedermnt of tN Srotz Icns vi&o cystem is proceedirq m. scher!ul . .All . '.,

,

of the"vidco equipnent tas been procured and terts cf sinulaied qwr pie,trn
accres hwe beco perfor:ned. Dralpnent is being r4epared for delivery to the
PKL facility (Erlangen, W. Genuny) fee the parfor''wNc.? of preliminary at-site ,

tests. A sirgle vl&o c5snel will be lccated to vie.e the tpper pientsu of
. nw purpe of this test is to determine the severity'of i.les.cerweaetic'I"XL.

interference 'n the envircre.mt where the equiprcat wil'1 have ta be Irrated

derirs the actual tests.
%e &velesunt of mf tware fcr ortuter reocnstrtrtien of the vicm

t.

im is aproxLmately 501 orplete. Transfer furctions of '.he Storz lens'

(with barrel distorticrs) and the vidictn system have been measured. W is in- .',

formaticn will alicw the frage siculaticn required for the testirg of models
duri g rx: del develcinent. .

Prcqress ms mado cn the entrairr.mt-ch-entrairracet experinuit.8 '' 'bri-

/cation of the test fixture is now abaat 754 emplete and preliminary tesi.s
have tnen run at the mter cpray rozzles and air ficw systen. Tot-flim ancn'r -
etry equipmt is cpetaticrul ard is awaiting ccrpleticn of the expari: rental
vehicle for installaticn of the onmes.

1. Stor: Irr.a - Video Svstr n
(C. R. M3:mfield, J. Spaldiry, and P. P. Bird, 0-8)

i %e work ai developirs the Sterz lens for droplet velocity measurenents !s'

progressing exatially m schedule. i
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a. Stors Tens Develegrvnt

gte Stors lenses to be used in the proposed large-scale reflood ex-
perixent.s in Gerwny and Japm are being wx11fied to prote ct them frm thea

high steara tcTerature test envircnment. We are proceeding with two t) pes of
protective sheaths. One wg. is based on a design proposed by MPR Msoci-
aten that user a nitrogm-cooled sheath. %e other concept is based cn heat
pipe tactrology. %e werk in this area has progressed to the cuWual de-
sign stage.

A short test of the video equipnmt in the electrcnagnetic enviroment of
the German PKL experiment is plamed for early Itbruary 1978. %e equipnent
for this test has bmn ordered, some of the equipnmt has arrived, and are is
being fabricated.

We prime objective is to rtn a television camra tring an experiment and
see if acceptable signals can be ra'er&,d en video tape. Electremagnetic
shielding cases have been ordered fcr this tett. A secarbry objective is to
look into the upper plentra with a zorm lens aM mske preliminary recordings of
what is cocurrirr] inside the plcntrs. We plan to look in via a sapphire wirviow
arrl 111tninate tre volixte with a fiber cptic bundle.

A strohoccepic flash system to be used in otnjtncticn with the Storz lens
video svstun Ms been designed ard is being fabricated. %is systen is in-
tended to produce two cr three ficshes spaced as cicrie in time as cne-M1f

( millisecond and at a repetitirn rote of 30 Hz. Illtrnination of toe viewing

I area will be through fiber optic ' tn11es cr direct expccure, cbptnding cn ac-
l

cessibility arx! light-level regtt wents. ,1

Ib. Deta Reduction %d hiques
,

Tectniqms are under de/elopnent to autr2natically reduce the Storz
i

lens dsta directly from the video recordings. %is work is being &ne in txn-,

jimction with Group M-8 at IA9L. A model is being develepcd to Cermine tM
accuracy of the &duced droplet velcrities and &nsities crd tM ra.vye of

j velocity and dreplet density distributicas which can yield useful results. We
inve been ruking mtnsmemmts of syste:n nrx5ulaticn transfer furetions arvi
reise Icvels to provide Group M-8 with the data which they need.

A short r.cticn picture wss produced in October for the Fif th Light Water
Reactor Safety Ornference. %e trovie stas intery',ed to &mmustrate two points.

| $
1 1-
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1 1. the obtainirs of sterooinfausticn fecra vid:so irpst arx5

1 tM r.bility to strodoncepically exp::ce a vidicen and thm scan the [
9 2.*

] info mtica in vi*o fashion.'

)
j A stern fh:shla p was ur.ed to provide strtWie erposures. Stereo-

ecxplc vios sere obtainu1 by sinultanceus reccedirg cf the output of two '1V'

We video signals were recorded m a 1/2-in., blad and white video
,

car, eras.

- taje re::wder. nis was ecc:zaplished bf alternately recocoirs horizcntal
- lines fecn ecch ornera at ncrual vid:o scan rates. We empewite recording

ww curverted into a novie usirrj equipment at the Ios Alicos Divisicn of 1GG.
I 2. 11rper Plemm D*-entralrment Erimelment

(P. F. Bird, 0-8 and H. L. Kirchner, Q-6)
'$ Denign and fabcication of the etparatus for the upper plen n de-entrain-

,

trant experIwsst is a4proxir:stely 75% cceplete. %e tect secticn that sie-
lates tre typer internals is in the process of teing fabricated. D e water
injectica r,ection is in tM design stem,incitxitro irrastigaticn of wei-

i ate nozzles. Available otrcercial rvazzles present relatively uniform sprays
over a surface perperviloslar to the central axis of a ecne. Within oxn
li: sits, the dreplet size distributicn and ficu voltzne can be controlled. h5-

? dittaul control of the ficw voltre requires changirs the rmber and distribo-
tien of the nozzles. At present, an exhaust co11ceticn systers will not be
used since initial infcr:nsticn of interest can be cbtained ty measurirn in;ut'

I air and water ficwa and de-entrained water ficu. .

3. Ibt-Pilm Ane-ometer

| ] (P. P. Bird, 0-8)

|
t With assistarce fecra tM UOL cetrolegt grotp we have cxmpleted m11 bra-
1 tien of a hot-film anmameter fcr measurirv3 air f1cus tp to 100 m/s. %is| ]
1 calibrated anecmeter will be used as a soccrvtary calibraticn fee other ane:to.-
g

meters and gss ficw recasurirs equipent.
1 We hwe aided a lirearizer arvi zero suppresocr to our tot-film me::creter
}' equignent. hMiticnal calibraticn is nacessary to use this general purpoce| 7

polyrrnial lirearizer n'v! zero ctyprer.er. Initial c6ervaticn of fallirs t

'

h water droplets suggests ttut the signal due to rec.wnt film dryirq is rela-

) tively emil as3 rather ircignificant ctr:pcred to the total signal fras a ,

i j passirig droplet. We reistively larger traitirq signal due to the re:nanent
!
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film drying (ar:1 acm in the nesslirmarixcd a:tput frem a tot-film anen:cmeter) p
is characteristic of the qucrtic nrniintsseity of these devices. - ,g

gwith th:r assista ce of I,ML clectxtziics gcups we hwu destgrad erw! are -

f#alcatirn a &vice to tz'te th2 cut;:ut sigtul fran a' hot-f11a amfrmeter (or ' .c h
othtr &71 cia,t411:h detert ths prossr:e of liquid ite;plets entraimd in fice I
irry air), erd cmvert it to read digitally a:s void fracticn. h outp2t em f
alno t:6 otcced in a ex::qtater-ocsttro11rd dita ecquisition syste:2. W in tech- [

Enigtu trill in evaltuted tode'mdrwrav;as of cerr11tions over dich it cm be
-

cpplio3 tro w'uthx it will have gastral utility in tm-phase flot experiments. ,

Lt:rxemted Derec&er Extv*rlent 0+/q. "-.

(V. S. Stsrkovich, 0-0)
'

-

Facenfiguratten et the trurapped d:wnecner apparatus has been ccr@leted.
-

-

'Ihe new versicn was designed to better correspcnd to the existien SOIA-TIF
mesh-cell etnfiguratia). In a6Siticn, the air flee raeters ime been cali- p

.

bested at press 2res tp to 100 psig, to limit tncertainties in the air-flow
-

.

data at high pcectures and volt"wtric flew rates.
,

.
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1 -III. DSTR TMEIY RP.iEAR31 ,

04. G. Stevmson, 0-00 arvi J. E. BoMreau, 0-7)
'

<

-- -

g ,.

I %e Liquid Metal Past Breeder Reactor (IFER) stfety rewatch effort at
IN;L cmsists of newral prograres. In the first of these, the SIM eMe is

? betro developos and eglied to mee disruptive accident (CR) analysis with
support fran the Divisicn of Reactor Safety Research (RSR) of MC. SI!9ER is
a Wiensicnal, catpled neutronics-fluid dynamics ocrie intervied for transi-J

k tien pMse, oore disassenbly, and extended fuel motien analysis. Se second

f version of the code, SDNER-II, has been completed and is now beiry; used in

i the aulysis of Om problems.
In a neparate progra!n ftmoed ty the U.S. Department of Energy (DOE),

][ mMels are being develcped fee phermena important to the progressim arvf con-

sequences of cas. Sane of this work is basic research on phernmena, tot in'

rrme ca.ses the develcped models will be included directly in accident analysis
moes arvi, particularly, in SDin. Arother part of this DOE program is

il focused on the applicaticn of tre accident acrbs, particularly tie SIW3
code, to the stuiy of specific aspects of accident secpences. m is program is

I reported in Sec. III.B.
Experlmntal investigation, including crnfin::aticr of reactor safety anal-

ysis methods, is an importmt part of safety research. Section III.C provides .

i

a sumary of recent work in a program irwolving out-of-pile exocrinents and,

L

related analysis in support of SIMR model developwnt and verification.
.

Finally, Sec. III.D repxte recent work in the IA9L INER Safety Test

) Facility (SIT) sttdy, a prcgram funded by P&./RSR.
i

~

A. SDMR Ch5e Dmictrwnt and Arplications

(L. L. Smith, 0-7)
A note irplicit phase transitial method has been develcped for use in

[ SDNER-II. %e model is otmpstible with the more occplex surfaces rnbled in

SIMs-II and is related to the conducticn heat-transfer-limited model of.

a

} SDMm-I. ,

f %e analysis of pcstdisassat>1y expmsicn previously perfccmed with
SDMR-I ins beat repeat <xi with SINER-II. 7tn structure of SINER-II

I
. jji___._..__._,____,,.,__.,_, , _ __
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precluies ictntical reproducticn of tha input qusntities aryl nry5cis of
SDtGI-I. Nonetheless, a cc: parable calculaticn was perfomed and the systers
kinetic onergy insa about a facter of 10 loser than that calculated with
SDNEP-I.

L SIMO-II Phase Transiticn MetMds
Ot. R. Dahl, 0-7)

%e sigle vaporization-oniensaticn model opticn used in SIMet-II is cne
in which the phase transition rates are limited by heat conducticn rates to or
from the interface where tre phase transition is assuns5 to cx: cur. % e nodel4

is sinilar to the ene used in SD9C3-I," although three revisicns were made'

to tM SIFICR-I equations. First, nodifications were inserted to amept thei

surface a:rplicaticns introduced by the additional ruridents cry 1 the stric-
ture surface treatment in SDfCR-II. Second, both the vapor internal energv
and ompant'nt naturaticn terperatures are row evalusted in a totally inplicit'

fashicn, althcof) the liquid and strtz:ture te@eratures are asnuned to remain
,

constant. Wird, the vapor h=at transfer (nefficients are alicei to depend
implicitly cn the vaporizaticn er cxr&ncaticn rate at a given curface. In
additicn to tbse revisicns, the remitirv) arriel equatials are toived in a

,

different t w .-r, as in detailed beloe.'

In this SIMG-II rniel, the vaporizaticrxzndensation rates are c6taimd
by iteration. %ree inner iterations are etntained within an cnerall outer
iteraticn. %e first imer iteraticn solves sisultaneously for the new vapor
densities, the tprhted saturation terperatures, and the heat of vaporization

i asstrairn that the vapor specific internal energy and the heat transfer coef-

f ficients rcmin unchanged. %e secorri iteraticn uses the change in the vapor

|
a:rvitticns to begin a calculatial tpdatirn tM vapor heat transfer coeffi-
cients. %e third iteraticn solves the vapor eneccfr equaticn to update the
vapcr internal energy. Fo11cwirg cnerall convergence, heat and mas transfer
rates are evaluated usirg the final tpdated values of the vapor tenperatures,
the uxga.cnt naturaticn tr#,xratures, the Mat of vapcrizaticn, and the heat
transfer coefficients.

%e charyps in th3 vapr ecnditicns in the first imer iteration are et>-
tained by solvirn the coupled vapcr continuity cquiticns arv3 the equatia) of
state. A Newtcn-Raphxn procedure is used with all vapcc properties assumed
to ckpend solely cn the changing vnper densities and the kno.c1 average vapor

.___.,_,____S5_,,_
. . . . _ _ _ _ _ . _ _ ,_._ _ ._ _
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"I internal ovreff. This first imer iteraticn can tins e-m -s%te both the. ' -

. vq
Q patentially strcng depen &nce of the vapor densities on the terpective satura- gy

tien temeratures and the rymlinearities associated with the equation-of-state -

8]
,

informaticn, e.g., the rapid change in the heat of vaporization near the sadi- u ,

' "
.:ua.:ritlea1. point. ,

'the stocr:1 imer iteration updates the vsper-sich heat transfet coeffi- 1,[
,.

;0 cients. In the c2rrent mcx5e1 these are defined by_
.%

? _p+r1 g+1k e m 9A h +1,f '/ '

ly +1 @M
Jt +1'

r] 11 w 9w
-
,,

1*W -1) |. e9 ,

Y Ygw '

. .

iu
( I,

W where

+j ( is the surface area of surface w,

'I
h* is the corrected vapor heat transfer coefficient at surface w,

.|r4
] h is tM rormi vapor Mat transfer coefficient at surface w, g

is the average crnstant-pressure specific heat of the vaporcg mixture,

s r is the total av:s tra .sfer rate at surface w, and
9W -;

k denotes the outer iteratim counter.
t-" .

2) Sdastitution of Di. (40) into the definition of the phase transiticn rate al-
i

icws a Newton-P,aphson procedure to be famlated usirv) T as the iteratieno
;

parameter. In the condu-tion-lisitcd rodel, the definition of the phase
,

3 transiticn rate at a surface is
n .

|

-

!.

| C -T ,A w (tt,1 - s) + vs' ?dt,1 - 4) ,

m3,

feJ, A
,

!~A ' .

where

| Li A chnignates all wwesits that can cxn?cose a vaporite fras a ;

Jgiven nurface,
1
ih is tM latent heat of vaporizaticn for carp;rmt 1,gx
"

j ( is the liquid & ctructure Mat transfer coefficient fx surface'

<w,

%_ 4
'

Li" 66 - . .

.

_ ._

, _ _ __ __



_

4 i [[$ i b $hf [ i

a'
s

*
1 .>. g , .'. , a:

.

..,s ~
.

,

, ,. ,
,

, ;. ,

,'

ISatd in w sawatim wature d -(4.mt 1,

|
T l's tie tecperature of surface v, and

,

T is the vaper tenparature.
g,

Here, all parm utu s other than p are Mid crmstant. Ttn vapor heat
tramfer coefficient is nubstguently appented decirg condmsation ard de-
creamd durirg wpairation. This charreteristic significantly inproves the
ac*el's stability by aubanatically adjustirn the degree to which the latant
heat o!' vyrcization or <xxviemation can be taken from or erMed to the vapor
ifeld.

The third imer iteratim solves thre vapor energy egmtim, with the quan-
titles that are directly (tht cri the vapor te:sperature egressed in terms
of the charge in the vapr tenperature. 1tus, the vapec tenperature and vepor
internal erergy are expsr&d as

,

t'+1 ,q ', y '+1
,

JC

.)9 (42)g g
and

k'+1 ~ k' + p ' g '+1
g g vg 9 (43)'

where,

e is the average omstant-volume heat cepecity of the vapor
W mixture and

k' is the imer iteratim counter.

Substituticn of DJs. (42) ard (43) into the vapor ercegy trpnticn results in
A*+1an egression fcr 41 qiven in terms of a ratio of kron qtantities.
9Because the deiminator of this ratio is the vapor terperature derivative,

this third imer iteration is airo essentially a Newtm-Pephson proceture.
k'+1

Follcuing cxmvergence of **1, the firal valie of e is used as theg
vapor internal energy for a eccalculatim of the first inner iteration.

Overall cxmvergence is checked,startirn on tie acceryl outer iteraticn and
following the first inner iteratim. Here, an equati e f-ctate call is raade

k k1
to &terraine a fimi net of consistent vapor properties, e.g., e +1, h +g,x,9 g

These prcperties are then used toc ,T Sat,1

fl7
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j larlp determine whether overall convergence has been chtained, j'
.

,-
calculate heat ard mss flows if convergence has been achieved, ard ?

1 2.
9
A| <

k 3. finish tpisting values fer the secord and third inner iteraticns l
21 if the convergence tests fail.

1

b W.ree cuttr iteraticn convergence tests have been established, %e vapor tem-
'

) peraturas ra2st be converged to within one d=greer the naturatien temperature -

} fee each otr4crent must be converged to within ene degreer ani the vapor beat

d temsfer coefficients mst be ennverg-d to within 0.14. Generally, fewer than
w

1 five outer iteraticns suffice fee convergence. >

$>
Win new iterative solution procerkte for the simple vaoocL:aticrrvih

-}satien robl ebes clie several of the SDNER-I problems involving negative3

) tapperatures cc instabilities. It can be excessively time crnsuming in cases
|*

5 were extreanly rapid mndeasatim is nodeled (due to a required small time 4

[ step nize), or where both cold strtrture ma nearly critical hot sedlun exist |
' in the sens role (due to a large nmber of iterations required for conver-

? gerce). In addition, the current medel . a not inclide terms for a vapor |
ccrpment cendensing cn tre deepleta of a different sterial, the mppression f,,

of cerviensation due te fissicn gas, or a:tual ti:nWapnht mas transfer
limitatims on phsse transiticn rates. We multim. wet phace transitim a

" nalel (nkt developrent will rers:ve these limitattms.
,

i2. SDfGR-II Postdisasserbly Exrnnsim Analvstaj.
(W. R. Bchl, O-7)

>
As part of the SIMER developtent program, early versions of the code are^

; being applied to key probims related to hycothetical core disciptive acci- I

dents UCRs) . In porticular, the SDNER-I co$e has been used to calculate j

i the systm kinetic energy follo< irs; rostulated energatic disasseublies in the
Clirch River Breeder Reactor (CER). %is previous attr!y exatire.d cases

-

with m average initial core tarperature of 4800 K. %e attriy emcity'ed that'

' 9xm all of the interactive transpcrt. processes modeled in SntEn-I are nyie
'

K operative in a "best estimte" fashion, the systm kinetic energy at 12rpact
with the reactor lead is 3 KT as orpared to an isentropic work exparnim

potential of 100 K7.
'ne p2rpoco of the current sttdy was to use this perb1m as a test case |

for SDMR-II, cxrpate a "best estimte" system kinetic energy at had inpact

y '3 ')
,

b
4 m. ., hw w .LJ , a.e se m oew.< C m _- -- _m.m.w... uA.--_ - -

1

....-v- en - ana ..-



.

?"iMMMWMAEfMMA%N%-+ d '""mL E MM i N=Ve ~ - - -

- - ,-
,

h 4

- , . . ,
, s , . ,

,,

rd ..

'I

v

following a Mimaaasibly core extunsicn, and cmpare the results to Sut'.ER--

I. Parce, tM smne thcarshysical prqerty data were ural, ani identical inEnt
was crgicrpxS for tirano SDtTR-I modal options that are still red. in SIMMER-
II. Ik:w;rser, the current version of SDt01-II emeninn nest of the exchange
pro:eza models for Imat, trass, an3 acmmtam tric,rmi. explicitly in the ca*.a,

i ircluling a perticle size mimlation. 'Itus, the ne$ce effort anvolved in
L settlig up this ''best es.timata" SDNR-II case was to ensure a cxnsistent

9h.muic omfiguratim. Cccparol to SDtCD-I results, the SDt1ER-II calm 1-
tim was cmsiderably less emay4.ic. IrM, the SDMER-II system kinetic
enerryj at head insect was reduced by a[pr=4=tely an order of angnitu$a to .

0.3 HJ.
Trere gpear to be two majcr reas3ns for this energy reducticn. First,

| the GD9tiR-I coie us able to meintain pressure in the core regicn Icruter

I despite appreciable transpect of fuel vapor into the fission gas plenum. %is
I

was dJe to

1. a sicw rate of (m1 to steel energ/ transfer (bssed <n a 2.25 sen
particle radius) and

,

2. a fcreed local equilibraticn of fuel vapcc with the liquid funi
saturation cay 11tims (resulting feca an assuv51 high liquid-fel

, heat transfer mefficient).t

i

| With tM SDezn-II code, the initial pressure gradients aM vapor velocities
| result in tM predicticn of ar.311 particles aM nignificant fuel to steel en- ~.

erg / transfer. Because the stael terperature is initially 1700 K, the quench-
I frq effect cn the liquid fuel reduces the swity of fuel to vaporize,

resultirq in a pressure reiuction. Secyri, the sMiun in the region between
I the fissicn gas plenus and the flow quide ttbes fors:s a natural " mixing rcne"

f for the prodrticn of soilun vs;cr resulting fran the introduction of cors cate-

| ; rial a x1 steel ablated fran the finninn cps pierun. %e relatively largo particle

j radius ceployed in the SIME9-I calculaticn (0.002 m) allcued the vapor pro-
da::cd to ceparato fren tM 11guld in tM interacticn regicn and accelerate the

| ; singlo-phase colius in the ficw guide tties and the sodiun rool. %is, then,
i allowrmi additicm1 hat fluid to en+er the interactico regicn an! mix with tM

ransining liquid coditru. In SDt'.FD-II, the attsptal escape of va;cr causes
particle frag mtation. %c Mt and cold enterials then crne together, limiting
both ths tire tMt liquid codit:n is in the iMeraction region an1 the c::xunt of

1 tot liqaid that interacts with this collun.,

R9

.
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.



- |.s ..- . . , ., , , . v y,% .. . . , -- s - ... . . , , . . . , .. s ,f , , , . . , . , .,

,7 , u
<

.

7 .
.~ q .

o ,.
.

m

. n. a.n
' p - .

, 7 . 7]
,

- ,? -

|? ,'et ,
.

., s
-

,y

|| [j.|| - Y. {'

+m .
.

SDf1P!4-II currently possesses only limited capability to simlate theI;,j '

. fw + ,

{;jj , " tent estimato' SIPM:R-1 phentraena. 'Ib increase the fuel vaporizatim rate, ;

Q the physical perperties for fuel suct be dwgco, e.g., the fuel's tMemal
,p

A : ecMintivity taxst M increased. Wia has undesirable sich etfects: all Mat ,
'

k, [ transfer associated with liquid fuel is then arynented. Input rtes exist fcr

'd fIrwerirg both liquid-liquid heat transfer aM the strtcture heat transfer
.

j

I ' crnfficleats,'and a case with these dimgee was atteptrA. SIPM R-II tM n
%,( predicted thst the resulting relative vapor / liquid velocities would produce a

i h14A vapor heat trznsfer coefficient far the vaporization armi ocndensatim. '1

Baat trancfor fztra W M fuel to liquid steel was then anyented using vaporFJ
<y

y as a borr.prt -4 f =- Again, a quenching effect us observed. j
}. :

-

A secoM methoS of mintainirs tM core &lving pressure is to tie the two
.y

AN ,

-o
Q fields tryther without decreasing tM particle radius. % is can be done in j

was arbitrar- )[ SDMER-II by increasing the form drag coefficient, g flerie, CD

f|.1 11y increased fecn 1 to 100. '!b guarantee that liqald fuel to liquid steel !

.

heat transfer would not be excnssive, tM liquid ftati to liquid steel beat }

)>k
9 }

" transfer mitiplier was set to 0.1. %is case did mintain core pressure for ;
-

N a Icnger time. Ilo.never, mixirs of liquid sodits with hot core mterials was
,N. redtred, aM the system kirmtic energy at sitg impact was still cnly m the |?

order of 1 M7. In an attermt to increase etch mixirg, structure crzvlensation j

5 was elimitated. Initial upward core mterial velocities did ircrease but the
h

d increased velocities caused m increase in the ablaticn of cold plentzn steel

Q into the expanding fue!-steel mixture. As a result, there was little differ-

y ence in the nuirars moltn sitg kinetic cnargy. t
!It was cornitried that it is difficult to si:milate the effects predicted by

i

i SDt'ER-I with SDfCl-II,qlvm the SIMCR-II input allc>aed in the current for-
mat. Ik: wever, this ccnclusim should not be interpreted as denotirq the ab- )'

,

solute impmaibility of achieving greater liquid kinetic energies at sity in-i' <

pact with SIM Ct-II. Itc exmple, 0211tn vapccizaticn can be increased by
at:wirn the liquid sodita interfxe frca tM top of the fissicn gas plenum to
the core blanket interface. In an IKLA, striitra osuld Irv5m3 in closer to the-

core if a bla: kino existed bercre the disasse:bly event. In a case sirulating

| ' ';' this cmfiguraticn, the system kinetic energy at s19:9 Lpact ircreased to 9
M7. 'Ib limit tM qtenching FN6 xenon caused by lic;uid ftel to liquid steel

,

O. .

.

, .- - . _n
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j heat traswfer, cre can a::strae that cne disassenbly evene takes place under u - ]
trmsitim phun cmditicns, '/nere tM predisasserbly liquid steel tenperature~ ~ '

,

) is. abrve the fuel :altire point. Usiro the previous cane but i;creacirg the
I stevil te:persture to 33tTJ K qave an increased kinetic energy at sits impact

~

to - 20 MJ.
,In ccrcluaien, the nere cxxplex treatent in SI.9%II does rot sees to

33charns the tesic comiuciens dram fran tha SL9CD-I cttriy in that a large

[
redsticn in the anxit.asa systaa kinetic cnargy can result fran a inechanistic

t

| treatmant et the putdicascesbly core expmsicn folicwirq m energetic are'

,

| distsnetly event. Indeed, ccnsiderable insensitivity to noiel assumptions
' and especially to ruterial prcperties seems to be present as long as there is

nce. a significant change in the role of the ab.mw.e structure tpan the
characterr of the prenzure source that acts on the tulk nodium. Se details of
the espxtsien t'b chtsge in SDfER-II. Dere are tso principal effects ob-

.

serud in mses rine to date. First, the dynamic calculaticn of the liquid

| droplet radius ir SD21T+ II teMs to increase het trenifer in a situati<n
,

I where a hot liquid is premixed with a cold liquid arvi to decrease heet trans-
|

| fer if ths liquids are initially separated. Seoarr5, the current models of
: : SDMa-!I ::cre c=pictely integrate all the fluid 4 nxsics and heat tramfer/

! ! phernmna, thereby decreasirn the flexibility for the user to change one phe-
I1

i i
rmencn while holdirn everythirq else artstant. % is latter characteristic is
a6tantageous freza tte staMpoint of reore correctly simulatirq the trtn natore

'

of the evmt tzw3er cttr9y, bat it teMa to make the calculated results less -

transparent to the user's interpretation.
! l 3. Anlicaticn of Prcha.bilint'.c mthMs to Mxk-Fnercr/ Partitlen

Calculattens with SDEER-fT
(R. D. Durns, III and L. D. D.ek, 0-7)

%e ispa:t of tncertainties in intut valtes for wxk-energy partition cal-
culaticna was sttriled rs a part of tM SDMER verificaticn effect. % e sta-

J
tintical procedure for SImER tensitivity analysis ses used. * Distrito-

|
ticns of results were calculated based cn the statistical variatiers of in-

L certain irput valtns, and smsitivity analyses were perfcrmed. A few tryk
33

| versicn (3 radial and 12 axial nodes) of tin work-energy partition prebic:s
i
! was teed to gain e@erience with both tre statistical procedure and the prob-
! Icn itself cnd to provich a basis fcr cbsignirs the analysis of the larger,

more detailed vernicn (20 radial and 33 axial ncrks) of the problesa.
91
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.M.; ' As the first step in tM analysis, inp2t tacertainties were gecifie41n-
,y

f cluling initial carvittion, exchange coefficients, equation-of-state parm- :

p eters, and SIM4m-II convergence parancters. A total of 20 trWperv5ent piraar-
,t-

7y eter variations were used. A realistic descriptirm of the uncertainty rarryes j

f[tp j|for these parameters was rot attempted. Wis has been postpmed tmtil the
analysis of the larger problem. Werefore, most input valms were taken to

[ vary within 10% of their reference values, and all probability distributions ;

h were assmed to be tmiform. De 10% ranges were modified for mze parneters
h

~ )M.1,.- whm the analysis led to ra$ ysical initial ocav11tims. .
.n

%e inpact of input parameter uncertainties was measured by observing var-

g% i latims in key output quantities. Some of these are time-varying quantities

PA while others are time-integrated or erw1-point quantitles. %ese incitHe ves- ~|*

hg sul head iguiser umwent mass av$ energy; strtz:ture> liquid > and vapor- |
M flaid voltme fractionar and other SDMR-II cutput cruantities.
e<g Ten SDteR-II calculaticns were perforned using diffe.ent values of each

g uncertain input parameter. De input sets were in&pn.katly and ranttsaly

g;] selected,tra2s making it pmsible to calculate average values arvi standard j
y deviations of outp2t quantities. |

Ii %e sensitivity malyses were based <n calculatims of partial ranked cor- i

M relatim ocefficients (PRIs). Se significance of IPCCs is explained as fol-
I

'' loc: if m irput value rniotmically affects a carticular output value, the
inp2t and output values will rise ax! fall correspcry31ngly frm rm to run."

Ni Fbe strcngly arrelated relaticns, the maxir.ua value of the outp2t quantity f
,

'
-I should occur in the SIMTR-II calculaticn using the maxinza (or alqinare, for

inverse relaticnships) value for the correlated input parameter. %e mxt
<

'

largest outpat value shrx21d occur in the calculatim with the next highest Y

input value, and so cn throtz;hout the rest of the wTuence of 10 rtns.

[ 1b quantify the degree of correlation, each input and output sequence is
Jl transfcrmed bf replacirs the lowest value in the sequence with 1, the next

1 highest with 2, ani co on. %cn for strcng correlatima, the sequences of ,

ntm6ces 1 throu3h 10 stould arrespmd exactly (or inversely). Usually, how-
ever, more tinn one input variatien will affect an output value, and the

,]
transfccmed output value seqtence will not correspcnd ext:tly to any input

..

.

1
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# , actumce. It s%uld, however, be simi!at to one or nore input sequences. De --

d - ' -

-t.Mr is therefere use$ as a quantitative masure of tre <%qree of correspond-/

'
'

- ence Mtw3en sequencen. , _

j] The PROC is cniculated using the transformed sequences of rusers 1 At
ya

{
thros;h 10: 3

-a
: % n . '

} 6 g' g - y )2 ]
T*

g

i=1 -1+

9$ twx: - 1 - ,-

( n M - 1) (44-,

bTi utnre%;
},@ n = trJuber of calculaticris (i.e., n = 10),

%
-

gn.

= tramforraerf value of input parameter value tm i CO
E X(

-Ncalculation,

i*d th I
= transforma value of output quantity value for i 3j\ yg

calculatic.i. 3

f1 - .'n '

u
M The aheolute value of tM Fftr is alwys less than er equal to one. Values

M cloce to one indicate direct correlation, cloce to minus one iMicate inverse f
5 oorrelaticri, and cirze to zero indiente to correlatia). By cryipsring each j

E output sequnnee with each input sequence in this mnner, outpit variatiers em
,

,

. be explaired in terne of specific trput mccrtainties (In aM ition, the PR I q
1

e. can be used to cross-correbte tuo output valms.)
{s

[
1.11 calculatials were for 250 ms of accident tirme. Vessel head inpact ?

I
$ occurs af ter 150 ms aM peaks at 200 ms. %e results of the calculatims cnd i

y the analysis fouew. |
L>

1. Variaticns in the cniculated mass of moim vnoor are Ir.rge durinq !
y? the tr.msient aM a; pear to str>< that tre stremth of fiw4-onobent ,

interactim (EUI) is omsiderable in scee cases. 'ne initial nMiue
U vapor reass is 4 kg. We mxt: ara obcerved mss accurs at 100 m and
; is 184 kg, iMicating a presibly strong EtI precedirq vessel hem

impact. 21s is a; parent fraa the strcry correlatim (PRI = 0.92)'

; betwecq riso in core pressure md oodim vapor russ at 100 m. In

three of the 10 rtr.s, htvever, tre rnlitrs me <tes not eW 26 kg,a
;y indicatirq nc strcrig FCI in these cases.

Figure 43 sunurires the calculations of rolim vcpor mass foe 10
SDfsa-II calmIaticns. 'Ite it.avinus curve in Pig. 43 reprasents the,-

auxt:m n of the 10 calculatW values at each p' int in tire.
;

Ilased on PRI cal:ulations, tre variaticn in initial are liquid fuel
crature a[ pears to be resp r.sible for tre wide variatirsi in

q
93.
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, .|' sor11un vamr reass generation the to FCI. We staryhrd deviation in j
'lj - ftel teTerature is 6% of tre mean, wMreas the stanrbed deviation in j
'h sodiun vapor scass is 85%, iniicating ttnt the strength of FCI is both >-

.)d'_ nmlirear arri sensitive.

[]j 2. *ne linuid field kinetic energy sfrws wide variaticn anr1 is strongly
,

A crocs-correlated with the soliua vapor mass generatien (IW:C =
'Q 0.90). %in inlicates a strong relation to the strength of the 2.!

r

~; PCIs. Initially zero for all runs, the rmimum otrierved liquid field
,, : kinetic crwrgy was 200 70, Mich corresponds to tM highest d:cerved

'''1 valtn for nodius vapor mass and core pressure at 100 ms. In 3 of the, .

p@[. .
: 10 calculations, this value teamins below 20 H7.-

,h ] 3. As stan in Fig. 44, the vessel haad imoulse is five times greater in ?

K the maximJrn thLn in the mininut of 10 calculaged valtes. At 250 ma
gT tM standard <bviation is 44% of tM 1.4 x 10 lbs average im- j
Q pulse. We inpilse is defined as the area-weighted integral of pres- i

i; sure in the tpper row of SIMfR cells. !
g, .:

]< %e variaticn ir th- magnitude of the inpulse af ter 150 ms is most 3

,1 s closely related to the uncertainty in the fuel heat of vapcrization }
f? ' (PRI = - 0.7) . Were is no correlaticn of 1. pulse wnnitude ard the {'" EUI-related quantities: sodiu,4 vapcc rass, total liquid field kinetic :
C energy, an1 core pressure ircrease. W e inverse correlaticn with }
..; fuel heat of vaprrizatim inplies tb: Icuer values fcr the Nat of

'

% vaporization leart to greater inpulse.

; 4. Little deviaticn is cbcerved in the alculations of the folicwirrj j
O outp2t quantitles: liquid fuel tem erature, total systaa energy, and I

fa the field voltre fracticns.

7 %e average crrputaticn time fcr the csiculations was 240 s cn the

'
_

CC 7600. We mxima ard mininrn for 10 runs ware 262 and 152,'

respectively. %is varlaticn in tire is rot clearly related to any
j specific input paraneter variation.

,.

T In crn;1usion, the abtne exarples et-Instrate the use of statistical tech-

| nigtes in the analysis of accident pMnrrma usino SDNER. A Prxe careful

! sttdy in which irpat paraxeter tncertainty rangas are carefully specified aM '

( 4 in which a finer rxyhl strtcture is used is invr way. W e results of that
sttdy will be used, in part, to plan ex;nrL-ents related to sensitive and

,

uncertain aspr. cts of the SPtER rnielirn for this prcblern area.
-

|
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Fig. 43.
Sodium vapor enns - eximtn, minimtn, and average for 10 SIYnt-IIg.

calculaticns.
,

D. Ptybilrn of hg aM Stvl<>s on tM Limits and Cmtrol of 'M

h rontics

| (C. R. Fell, 0-7)

itn SP!CR-I analysis of the posolisanschly core expansiol Tvi systM
'

| kinetic energv <bvolopvmt identif trd several irportint charnmna which arn=ar

.

to cnntribute to tM Icw system kimtic enercy calculat.ed at the time of
,

I |
sMitrn trol igrt with the rmctor vessel MM. Sme of these p%rrym.1 are

L .. m... . _ . _ _ . . _ . . _ . . _ , . . . . _ . . _ . . . . _ . . _ , . _ . _ _ _ . . . _ . . . _ _ _ _ _ _ _ . _ . . . _
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Irpulse en wssel hcod - m3xinun, mininun, and average for 10 SDfCR-II
calculaticns.

.

beirr; investigated with a slylified me-<limnsicnal representatim of the j

j reactor gecretry. A sturt/ of tin character of the nc iuniform expansim r>he-
i rnnmm has bcen perforeni arvi is presented tnlow. 'I9m chility of SPMR to

corractly predict this behavior is asnessed ma fourri to tw highly <weeptable.
,

'Ite pentdisscsetly core expansion analysis referred to t.bove arw1 other
35

applicaticns of SDfER-I,srh as tln loryt-term mittbe of a sthie.f,rstiv
d ._..___....._..._.___._am. . . . . _ . . -. _ . . . . _ , . _ . . _ . _ _ _ . . _ . . ..___._.__._s
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$Ldicate that etw3msaticn and vaporizaticn in cc:rplex anvironants wr/ pbw a e
3$

sdctantial role in tN sults. 'Ihe cultiempenent :xxviensation raie1 7

reemtly develooel arr] trplemented in SDIG-II is interr%d to provide a rince [
"

realintic treatment of the rxocess in tMae environmmts. Initial results
3 *

frun the varificatim everimento fcr this nedel Mve been obtaimd and
analyzed. 'Ihe otrmariren of tMse results with the nnh1 irylicates good
agccernt Mtwen emerirrnt and roiel if roterial properties are evaluated at-

'

the |ripropriate cosition in tM vapor strecs.
:1. Fyaluatim of Wnuniform Exnansien Thsscc in tM Pmtdisas's-rhly

Oore Exmnnion
7

(C. R. Dell, P. J. Blewett, and G. P. DeVault, 0-7)
1he nrnuniform expansicn phmorrenen Ms hean identifiel as playing an

inportant role in the redteticn of the severitv of the nostdisansmhly core
expene'. o as calculatad b/ SIM-I fer an assuwl highly enargetic core dis-

'

rtpti.'s accichnt. 'I5? SIWTJt-I eMe calculates tM kinetic anergy ac-

quire! b/ the fluids in the reactor svstem Mfore the codita pm1 imacts the
reactor vessel Mad as a measure of tM potential W. age to the primrv sys- I

tem. 'the object of this stuhr in to determine the accuracy with which the
total kimtic energy of the expandity core-sodlin sita system is calculated b/
SIMER-I . Our apptrach is to cremre the SIM-I results with those of a
vastiv different cxyk, inUI when the two cnies are forced to treat this
expannicn probicm in a cmsistent manner.

SIMG-I is a cxrplex nulticrroment, rmitifield D21erIan code while IDet
is a single-phase, oWimensicm1 Ialrangian code. Figures 45 aryl 46 give
the gemetric rroiels md detailed initial enviitims for the standard cases'

for SIWR-I arxl iODY, reTcctively. In Fig. 46 it is seen that the entire
aorilta slug is replaced merely bi the bounchry trnditicn,

(47)
..

61 " P60b '#

where P is the zcxxH: entered pressure in the 60th zme, M is the solit.ag 3
sita mss per unit area an.1 X is the a:celeratirn of the cnce-sity inter-

61
i face. 'ne sity aM core meses are identical in both trMt:nents. 'The zrning

used in the two csoes is very different <ha to the dif ferent ntrrotical rnethrxis

used b/ SIP!C-I aM 100l.
i

A secmi mjor dif ference betwen the two carbs i:, in the tMrrrorWynic

h ter at:nent of the flashing, two-phnse fuel-steel mterial in the core region,
t____ _ _ . _ . _ _ _ _ _ . _ . _ _ . _ _ , , __
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Garetric rohl aryl initial covlitions fcr the stanrlard )

1
case SDiG-I cciculaticn.

na.._ __ ..- m _.._ _ .: _ m . _ .. m___ a ..._._.u._,x m _ a-.-m



i
,

5" *~(j
, .. -" '

i ,. L.
~

7,yj , ,,, .., .

,, , , j tw<
. -.s

,

'

,
,

- , . ,
. ..
' L.;

_
_

.

a
- , . ; . ,

!- , ,>
i

,

,

S-

-|
'

. ,

i; l
~

. . _i
E. _

'

:|
x ,

L, i

d 1
1

'

-,
.

I Vacuum
| ~

P=0 |u ,

Applied Boundary Condition:

| j=61
r-- p

-

i
5 = m;

M
| 61

I
% zonej uel-Steel |0.92 :: F 3 3_p = 4.9210 kg/m

l Pressure = 3.71 MPai

!
| |

Quality = 0.002
|
1

'

j=1 Rigid Boundary

Fig. 46.

Gecretric mMel aM initied ccniitims fcr the standard case
ICUt calculaticn.

Because 10DI treatn a single-phase systrrn rnly, a new equatirn of state was
required fcr the cnerall two-phase ntixture. %e equaticn of state was repre-
canted as a prersure versus density table. 'Ib determine this wanticn of
state, tre follmirn asstrmticns were nyle.

1. %e liquid fuel aM liquid steel are incomtessible aM the latter is
cnly a rrninteractive mass a+1ed to the former.

f

| 2. 'Ile rpecific trat, c, aM the heat of vaporiz.aticn, hgg, cf the
fuel are cmstant.,

I
i 3. We cpecific voltr:n of the liquid ftel msy te igmred,ctrpared to the
I tracific voltrne of the fuel vapor.
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4. 7tn vaper expment is an 14ral gas. ,.[]g ,

p.. .,:1
.a

h, Ist x be tM quality (veper rmas fr.wtim) arri T be the caturatirn tecperature ~ j

[:[ cf tie tw:>phaso fuel-steel system. From irtitial vsluen, T and x,' to firal -

g
'

',' 4 values, T and x + Ax, the chaw in the soecific entreer, as, of the six- T;,
2,

2 ture b,r assarptions 1 ary) 2, is ,

d..

]
*

as=h - -- + c fa .

.

u ;'d D T T1 T (43) , j~

2 y
. .l .

*

% : ,

* ;:'. ,Y.
.

. [ If this ;xcc.cas takas plam reversthly within an adiabatic encloncre (letM. .
i

,%n l Ty + T and T2+T+ &T), B1. (48) I m a - _'

3; f ']].Y]
id$ dx_ x.. e

M dT T h (49)*

.1 19
.

<

.'
|cc

l*1 e 17 x
(50)7 = 7- + h T 's.-

1 19

i where x is initial q,ality. Ilanoe, x is deterzirai W T. Dv am mptions 3 ' !'
y

arvi 4, at. (48) alen L plies tM Clausius-Clapayron equation. Therefore, the,o ,

precure, o, arvi tM vapor density, p , are rhterni-ed as ftretienn of T.g

j itm p as a fury: tion of t@9e mixt' ire <'msity, p, is obtained b/ crmbin-

! ing D1. (50), the prfect es im, the Clausius-Clancyton equation, arvi the
,

.

!
' folicwirg egmtion,

|L -

| 1
| r=v=xv + (1 - x)vg. ($1} g

0 g 74
./: N

|
. 1

Figure 47 r. bra this &parvimoe over the rars;e of interent anr1 it is rnticed
that the curvature is qvcsite to thst of a strale-stwse ruterial, i.e., tM
souni cpeed decreues with t'.ensitv.

.,

In mntrast to the tritn f:rrici, SIWIR-I calculates the n.rroompic densi-

1 ,, ties of the gas ani hqald co ponents separately by the use of tM respective
4

j
j continuity arv3 rrnnttrn (quatims a:Ti the sv.ns ev.chvr7e between th xs. Ibr

'j there calculaticrs tM phase transiticn :xdel in SI'tCt-I is purpr>wly'

4
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j afhated rn that t!w vapor and liquid ccqxments are contirmally in saturated y
'-

.

j olullikium. 'Ihe relation betvem tzgerature aM precaare alcng tM satura . j f
~

t1<m <.urve tas tM sama analytic form as the soluticn to ths Claualus- _ y"

.Chcey.m estnticn under sasqlens 3 and 4 b.it the constants in the equaticn _- j

Q dlif er metto$1y. Also, the heat of aporier.tien is trect3d as a functicn of ].g]
.

e

ts.TerzJ.ute. Finally, the diccliutive prcc!:rxs cf heat transfer and inter- a,

ij field dres are eliminated in tin SDist-I cela.11aticns bf using =cro values _|
,. .

j fx t!e hat e=chry;e coefficients arx3 bf eliminating slip between the fluid p,a

q phases. . . :V._

i 'Itm asely ofnamics of the NO:M < alm 1* tim are sizple. At t = 0, a race '

] fa:tlen fai t:ogirm to foes with cne boundary acwing tcuard the rigid wall with ~}
<l tin, c.sbient temd speed, c , of the fuel and steel mi=ture. 'I5e other {o

[ boundary in tM core-sity interface as it accelerates in the cyposite direc-
Id tiai. . 'Ihe Watm treatsa:nt can be chocka3 in the case of an ideal gas as the x

N eJpmding ncditn b:cause this probles has en malytic soluticn.37 Figure 48aa

,,9,
c:nperes a ham calm 1mtien with the analytic soluticn. The nocaalizing ,

m

1) tino, T, is interpreted as ths tin:e required to accelerate the a:ditra clog }I
,} mass, M , bf tM initial prescure, p , to tha :xmic velccity, c , of tM3 o o

gas at the ir.itial conditions. In Fig. 48,T is lecs than the tra'isit tire of6

the rarefactiot mye to reach the rigid mil, hence the riaid wall does not ,e .
-I'' influence the soticn of the slug. Upcn reflecticn of the wave at the rigid

i,
wall, znother rarefaction is fccmed ed the ficw hvet scre c2 plicated.

'-
Figure 48 it:51 cates that W0t m 's accuracy fm this problem is within 0.54.a

Ftc the fuel-ctrel mixture, similar behavice coeurs in the 10M calculaticns
,

and we em have censidetable confidence in its predictions. In the SIM st-I
' calculaticns, a rarefacticn mye travels into the are sile simultaneously a .;

prescure wave travels into tM ccditra slug, acceleratirg it progressivelyi

tcuard the head. j
q '

| Our primary inteeest in this sttdf is to ampare the kinetic energy of the'

total fuel-cteel, seditra city system wtxn tM slug has becn dicplaced 8.02 ti.
Itr a cyliMer of radius 0.913 ra,this would represent a displacenent of 21.0 |

3
j c:, which is eqproxt:cately the cmer gas voltco in CTSR. Figure 49 sh:ws tin

I
1 results of 8 SDCCt-I calculaticns and 13 inM calculaticno in sich tM sity

$
$

] msss, M , in varin3 over a wide range. 'Du coce mx:3 is fixed at 11900 kg, js '

J which egtnin t!n cntined inventales of ftel and steel irt tln tx:tive core ofI

CR0a. 'Ihe slug mc. s ma chzen as tic parca.eter to vary for ccquricon of the| .)
. _ _ ,, _ _ _

, _. , . _ I102
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tw) ceth:43 since in tM cmtdisacscbly core c@ansion avilvrer,this inass or ab
frmrtial constrair:t fmtrottitin axmittW of the rvrxnifcna emannicn effect. [e

y
]

- , the two extrane (nints in Piq.'49 reprencnt differec.t ti"vm to alug irpet , ' y

0 with tM vermel be41. For tN roxt::are slug maso#ADY prerlicts a time to ire , r,

pa:tof3501d1.- Por tM tinirasa slug r.w:s 5DUI reedicts the slug ignet at - ~T~

r

j 20 me, rer all practical turpows etn raini: aunt ictY valin represents a free J
n

} cxne.al:n of tM ftel-steel system. For con valins cf M ths L39eargisa
'

g ,-

|3, zone' wijacent to the core-n1tn intcefrar incasa.c progrese.tvelv larger; thus, , ,

q
. . .u.

recto Lagranglen zcncs were added. Per tM three lower values of M,, 720 , f. yt
4

*

zcn, s were usod. As M ircrease", tie tirra reale of tM probless is treremdt .

g
~^'

Y to h.h3 point that all trarnients in tM core are danped cut over tM majecitvj ,-

p cf ftin egannien. In this limit,the epaitsirn tery's to pcodooe a crnstant
,

-i
.1

3 force on tM slts. %erefore, the analysis reduce to'a omstant no:eleraticn j#

j .

g p cblea in which tM klietic energ'/ at slug ir@act is irr'aendent of M, and ._ I
U

] eppro3:hes the isentrepic limit of a enmietely unifone exemsten.
.:*

.. j
j . We SING-I results show tM sxne general deperriency of systen kinetic
d encegg cn nlig rass ac calculated with Xmt. In fact, the agrearent is R

yq
't
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O renarkrbly groi between tin tu) very differmt '=tmiadau. In the high usas
.

1.imit SIMEn 1 yM*s a =Hd*1y higher k.inatic emrgf. H is n n k at e ' '.A,

uted to tio different c=stants used in the relatimship bet- tie saturat-

h od tar,.eaturo arx1 pressure and the renconstant heat of vaporizatica ussi in q]
0: GMER.

} We con:]udo frun this cttz5y that the treatment of the rxxunifcrm expcnsicn

, fj phira:.cncts 171 SDua-I is essentially correct from a purely fluid dynamics
'

D arterdpoint. It not cnly predicts the bdiavior appropriately in the alug mass
.

range of interest but also gymmies the isentrepic work potential in thui

.: mild espmsicn (high slug macs) limit as it should. His also leads us to be- ;

h lleve that the basic phase transition representatien is cierect. 1
'

4 nrrther watk in this area will cxmaider the relaxaticn of sczne of the con-
.a
J straints a: ployed in this study. %ese will incit:5e the effects of slip and

[ rrnequilibritsi vapcrizaticn arzS cxnSmsaticn. ]
8

[. 2. Analysis of MtitiWi rat Condensaticn Ibtperiments jw
h (A. J. Suo-Anttila, 0-7) ;

We purpcse of the initial series of nultiwychent waknsaticn experi- )*

ments p?rformed with a stease-air system was to check cut both the experi- j35

j mental apparatus and the t!roretical :: ult 1%uent pensa transiticn ecd- ]
-

*

' g' el.35 A stea:n-air cystem was checen as the sinnlmt system because thef
materials are nontoxic, the therncyA1ysical prcperties of these ccrpenents are ,'$

i

H readily available,and tM air acts as a rx:ncxrdensible gas, j

%e experiments were conoteted by filling the bottaa of the mecssation

,

afparatus with water, which was stbcequently toiled with a 2 kW beater. We1
4

t ~

vapors were heated in the stperheat secticn to 400 K. Air was injected into -

l
the boiler secticn at various ficw rates a) tMt variable free stream roncen-
densible emcentraticns were generated. A co[per Ephere (0.025 m dia:n) was

,

st.m5denly in:nersed into tM test secticn. %e stperheated steam oJndensed cna

the sphere and causo5 a transient rice in cphere tecperature. We tenperature
rise of the cosper sphere was recorded by a strip chart recorder via a therre-:''

E cxxple inbed5cd in the center of the sphere. }
i%e theoretical predicticna of the cctper rphere tenperature were cada

m
35with tM rulticxrpanent phase transiticn mode 1 now available in SDME:R-

1

II. %e rodel was ccdified to account fcr tN presence of a ecndenced liquid j'

film enc! a natural crnvecticn boundary layer. %e cxandensed liquid film w1s |
|

l'15

J ,

M, - ~ m% _._ _ %ma . __._%,m_
--u.~ ma .
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' .c;' , incitdyl by mirq a standard Masselt filra fcrmula esplicable to peres, ' -
'

,
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99 h D1 g10,

k "[1hw$ I
.: U'

_(52): "? $,
'

fg, u , T , and T, are tM liquid film heat, jg? where h, k , D, g, p , h g gg g

, ,?:4 tre.wrer crnfficient, liquid film thamal ecnductivity, $nre dimeter, grav- 3.s
)

'K-i itaticrn1 acceleratio1, liquid &nsity, Intent test of veporitation, liquid ,1

.m. m
:f.d viscosity, vrecc-liquid interfcce (surface) treperature, arvi the sphere sur- '

a

p* [j i free tegerature, terpectively. 'nn curface te.perature of both the pere 1

j.fy |-
and tM liquid film were calculated imlicitiv during the enurse of the time- )

iJ | .&perbnt calculatten. %e ratural cmvectial txsniary laver was frodeled bv
ustro a r:tandard orrelatirn available in the literature.39

swa i

4 i

g..% g '

1/4

.
<

.

N.kM 3
'

@A fp 9py (p , - p )D gg
lP# #%j Nu = p = 2 + 0.55 2 (53)

5n V My .
,

;. ~ ,
.

where the mhvTipt v imlics vapcr ph3:v=. We orivira fcece, o, q, i: 5
.g

~ the vzrpor density difference between the vapoe-free strexa and the surfact.
' ' (vaixr-liquid interface). Proper evaluatirn of t!e vaper pfnse preperties is,,

crucial in obtainirs reasnnable agrement with experiment because significant-

"

[i concentraticn gradimts of the tv) opecies (water ini air) exist 11. the bound-
I

ary layer. i
- '

%e results of tM everimmts and the analyr,es are rJom in Figs. 50 and |
51. Figure 50 shoo expe-i. ental measurenents arvi theoretical predictions for |

~ *

the temerature rice of tM crxper sphere with variable avrunts of air pres-
.

ent. Exmilent agrement can be ceci for the case having 1.8% air crncentra-j
2' tio). 'ne emer i:rmtal <bta fcr the "tr>-air" cace fall slightly below the

theoretical predicticn. Wis is probably <nused by trace quantities of air in
..y

a tM ;(pratus eitrirq the emeriment. If a trace quantity o.' 1 pcm is assurned, ,

'

i the experiment and predictim aqrce. %e case of 10% air had eM.at peorer

3 agreemit, perh3hly due to variations in tM vapor-liquid interface terpera-.

ture over the surface of the sphere. A deviatim sMuld be expected at low
,

1 russ trer.sfer rates txcause tM t: .selt rt.x:ber correlt.ticns fer the liquid
'|
a >
23 1

-] 1%

.a. a. .

' - %mk - '' --g--_ - mm, g gyg -_* _ _ _ _ _ _ _ ,

'

_ _
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M. film and the vapcr bounthry layer are based tecn average tenperatures over the .

<:

[:[ surface. Further, the accuracy of these correlations was not reported in the
m,

,y literature. 3

|;$ Figure 51 shows the effect of thermcshysical' property ivaluaticn tpcn the

@, predicted results. All of the curves in Fig. 51 correspera to the 1.8% air
'

!
w:

h case in Fig. 50. Curve A represents the predicticn usity.: ths tl% rysicali
,

fj properties of the vapor-liquid interface (surface) ard 'tv b.e corrected for

@;$ the mass dif fusivity of the water-air mixture, i.e., no'l .pticn has been
.

nwh about the Irwis (I4) razscr, the ratio of the mam. . Busivity to the

o thermal diffusivity. If the mixture mass diffusivity in s. taken into account
sw
3/5 (i.e., Ic = 1), curve B is the result. 'Ihe assuwtion or as inwis rvr+ce of ,

vo yJ unity is essential in sir:plifying the calm 1ations when :.are than two caponentsM.
Z are ir:volved. Curves C ard D are the predicticms one wo tid obtain using thek-t f

mean-toundary layer ard free-street ravec.n.ies, respcti ely.
-

f Futum experimmts will incitde forced convectico ard vapor systms with
greater variaticms in properties, such as 11e-Igo ard CO -IL). Ih se experiments

d] should help to resolve the questica of then:ortrynical preparty variations and
2

will also provide for different flow cxxditions.
a
k Our conclusicn on this firnt cet of experimmts and analyses is that the

1 multiccrpment phase transiticn model adequately predicts the behavior of a
birary vapor system provided that adequate thermophysical property cbta and

heat transfer correlaticos are available.g
' :q

C. SDfe Ptrbi Dnvelcrrrmt and Verification ExTeriments.,

(J.11. Scott, Q-7 rd H. II. IIelmick, Q-8)
'IYo activitiec related to SDfER verificatic.i eere cxxp1 ted this qtur-'

ter. Diignostics develegnent fcr aM statistical atalysis Wi the interfield
' drag (aic-particle) experiments were cxx:pleted. IJ!n, prelft..itury tests for

f the ficv coastckun sinulaticn were perforced. A 'ests lei to definiticn ofi >

I. new upniment needs related to this class of e u .mmts.
1. interfacial Area and Drag Exraerlmnt

(P. E. Pcxtoth, Q-7 and V. S. Starkovi . -8)*
,

fn i .trent SDfER mo:5? ling, mcraentin cotplity. t nweer i Uquid ard vapor''

q

[ is mit ad thrcu3h drag force terr.n. 'Ihe inter L - c '.al ar >: ad drag e geri-
2 mem is .ntended to evaltnte thz vapcr droplet <* , correNicn fcc a variety"'

- ..~.- . _ .+ . -. - - - - - - - - - -- . m . w _ ~-- - . .4.
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} of .uaumt md fim properties. 'Itn previces quarterly report incitded a ,

[ brief descripticn of the experimntal a;paratus and rocedure. 'the sluggingt

h
tam.icn that oxurred when nitroqcn gas was passed throtzih a colturn of glass i

i beads was described. It was noted that the SD9ER analysis of the experi:nent ,

'

j . Viel&d this sarse general sitqging behavior, as well as similar values for

[ maxinzn sitxyging height and period. j
To facilitate correlaticri between the cniculations and experiments, more'

qmntitative data are required fran the experiment such as the void fraction
,

j in the mitsen as a functicn of time ed locatim. 7tacnq the methods we have

j considered to obtain these data are:

I i
r.

1. flash x raditxtraphy with sthcequent optical deruitametry on the
j! - resulting images,
3_

k 2. rxecurement of electrical <xrductance or capcitance across the ttbe,
% which can be related to the irnotrnt of ruterf al at the measured
r locaticn, ard i
rn

Y 3. garma densittnetry.
$
) We have chosen garrma densitaaetry as the best short-range coticn. For qamna

'

&nsittmetry, the experimental coltrn is Icmted between a series of amma-W

emitting murces md xditra iodide &tectors spaced along the length of the;

ttbe. 'Ihe magnittrie of the signal reaching the detectors can be related to^

$ the a:ount of mterial betwen the murce and detecter. Based cn the stecess-

{ ful perfornunce of a single grma probe, several sour::es and detectors will be
J obtained m that <bta can be taken sirruitaneously at several axial locations.
E 'Ihe signals fran the detectors will be digitized and processed by corputer.

A thnel analog-to-digital ccmverter system using two Hewlett-Packard'

5416A ccrrrerters, a Digital DIulpwnt Corporation PDP 8/I, and mn@iate in-

$ terfacin) electrcnics is cperaticnal. Akfiticnally, sore pmerful and truch
rnore flexible data ecquisitirn and control equipment is either delivered or isc
in transit. S! .:altaneous pilce counting from two garuna densiteneter channals' ,

d is cperaticnal. 'Ihe system is being expanded to handle 12 sirtultaneous count-

if ing channels.
'1he experimental program was extended this quarter to incitAe an initialj;

7fc
evaltnticn of the equignent in the gas-liquid flow s/stm. An experb:ent was

3
'the

@
perferrrd in which colcred unter replaced the heads of the pravious rtns.

$ - .- - - - ...-.. _ . . . - --_ _ _ _ ___ _
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inhavior resultirn frms several dif ferent gas flow rates uns observ*1 mi re- ,

cordm3 cn calor novie film. At very low vapor ficw velocities (- 0.1 nVs), aY '

y turbalmt tubbly flow was observed, displaying little or no apparent peciMic-

h .ity. ' At higher flow rates, sczne sluqq ng was o serve , but high leveln ofi b d

@ turbulence masked the periodicity.
~ '

h . When the rm.titiprobe gamna densitmeter is available, data fran the system

E will be analymi using autocorrelatim techniques in an ' attempt to identify
~

h any periodicity that might exist. We have begun SD9ER calculiticms to sim-
late the behavior of a gas-liTid system. ,

2. Statistical Analvsis of the Interfield Ares and Dran Experiment
g

% (R. D. Burns, III and P. E. arexroth, 0-7)
2h Previcusly reported results of analysis of the interfield area and drag

q
@ experiment irylicated that the behavior of the fluidir.ed bead bed as calculated
q with SIME9-I closely resabled experimental ofwervatims. %ese results m-a

h 5=ncel tM cmfide.nce in the SDfER-I trertnent of interfield Araq. %e re-
sults retortal hero provide a statidim1 analysis of the experiment and an

4 truerstarding of the enir nlational sensitivitics.

:d 1A1 certainty in the selectim of values of innut oaixteters in the SIMER-I
calculatims sugcests the need to estabile corresponding uncertainty or error

L, ,
botods in calculated values fcr rice height and period of the rise aryl ml-

| M lapse cycle. %is provides a basis for otrparison with experiments. Quanti-
-

| #
l '~ ficaticn of the inp2t t_-leertainty is shcun in Table V.

t

| '[
Ranrbn selecticns of input values fran the twJes specified in Table V

| [, were raie according to the Iatin !!ypercube Sarplirr;/ Partial Ranked Correlation
Ocefficient (IlIS/imOC) procedure for SDMM-I senativity analysis. 'Iwelve'

'. SutCR-I calculaticns were perfctnyl for each of five rise mi collapse cy--

j cles. Statistical and sensitivity analyses were basel est the results of these
,

I calculaticns. %e stack of glass beads wis initially at rest. j
'

Ocnsiderable variaticn er,ang the 12 calet:laticns was observed in the re-| e

O sul*s for rise height. Figure 52 shows tM average, maxinsn, and minimtn val-
A' ucs of rise Might in each of five suc&ssive cycles. %e tarne of uncertain- ,

,

ty in rise height calculaticns is about 0.3 m (aMut 15%).
P!1CC correlaticns of the variaticns in rise Night with each of the 10 fre| a-

p2t variations described in Table V chow there are 3 inrot tricertainties '

3

Q (bninatirs the results. A vaptr density uncertainty of f. 51 correlates with
-

NLJ _],c 1. . _. m _. _ ..,___ m _ _ _ .,_ _ _ _ _nem - -. . . . .
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Fig. 52.
Fluidized bed rise height - mxiran, minirin, ard average

of 12 SDt<ZR-I calculaticns.

the rise height variaticn in cycles 1, 3, vd 5 (fYtr = + 0.7).* Initial void

fracticn turettairtycorrelates in cycle 2 (Hur = -0.7) and initial stack
height uncertainty in cycle 4 (PItr = -0.8) . Pb cther input paraneter cxxte-
laticn exceeded 0.55 fcr the absolute value of the Pitr darirg any cycle.
7tus, it aIpears that the uncertainties in each of these three pararseters ccn-
tributes strcngly to the rise height variaticn.

Figure 53 indicates about a 10% variaticn in the tirse to reach r:nxffan
height in the rise and collapse cycle. As with the rise height variaticns,
three inInt uncertainties appear to cininate. Vapor density uncertainty cor-

.

relates in cycles 3 ard 4 (Pitr = +0.7), glass bcod radius uncertainty corre-
lates in cycles 1 ard 5 (mCC = -0.7), and vapcr velccity uncertainty corre-
lates in cycle 2 (PItr = +0.7). %ese three irtut trcertainties each e; pear
to centribute to the variaticxu in rise / collapse period.

[
%e internal SDfca-I drag rxx3c1 is cxntained in the mamcnttn excMnge co-

efficient, K . % is cadal involves several of tin terms in the input
g

!
yftr near 1 indicates direct relaticnship, near -1 indicates imerse
*

~telatienchip, ard near 0 irdicates to relaticoship.
L..__.__. ._. _ ...._ m___,_ . . . _ . _ , , _ _ _ . _ . , _ , , _ , , _ ._ _ 111,
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V -V a relative vapar-bead velocity,--

a ~43 i.

)4g+g p = microempic vapcr &nsity, if . j
..-g 9
&q.; v

W a = bend voltrue fracticn = (1 - a ),
L 9(q;5xmr

.I52 a = vzpor voltre fraction-

b
. . . .
4,/ r = glans bend radius,
y P

M2

yf,.I C = form < tag coefficimt, and
. . D
':l;

' f rf,*

y,3
'

V = vapor kirvmtic vismsity.
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$ -j, Inrut Parareter Decerfoticn Ranae 'W
s

i * - -
+

, . ., s o.

k
3 1 4

(1) Vgxx mib%1c &nsity (kgAo )
'

975 & 54 ,

4 ,
, . , . .

9
.

.

3j (2)' Glasn bed, microscopic density (kgAm ) 2350 * 150 -

.
7

M .

$ (3) Vgoc specific heat (J/):g-K) 718 4 5%
y ,

'
I

,

j (4) Ratio of cpocific heats (Y e c/c )p

I (5) Vapor viscesity (p?) 1.5 x 10-5 10%

'k
: t i

..fj (6) Initial vapor-voltmo fracticn 0.3 - 0.4
,

j (7) Class bead radlua (ra) 0.0015 t 134
x
? i

a
(8) Vapcr velocity (rva) 4.4 t 10t

i;
!

(9) Initial stack Might (m) 0.16 + lot
.,

>

il

} (10) Formdragcoefficient,g 0.44 t 10% ;

;
,

aA recent check of tM flow meter calibraticn irrlicates tM n:nirnt value re.2y
j actually M censiderably Icwcr.

-

,

*

,

)
.

A drag-related coefficient <kpavknt cnly cn irput partaters wn chrived frcm ,

y equaticn (54) by dropping dmxnic quantities ce assigning initial valtes.
1 .,
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fM This redxed draq correlaticn as then <%firel by
,

|ig'~1
Drag confficient = (3v + r C v )vP'g pDW

V = initial vapoe inlet velccity,}.'ig
= initial beai vohre fraction, aM ~J

' ."il L0 n
'

a.

+ i= initial void fracticn..V ' ' 0 3t 93
''$ q %is drag coefficient varied 30% fress mximus to minirsmi in the 12 ]j.
Q$ eniculaticns. 'j

%} PRI calculations te tM above drag coefficient and rise height and |

{; cycle period show very strong correlation. 'Dn PRI of drag and height is ]
jfG above +0.7 for all five cycles and ateve +0.8 fer four of the cycles. %e j
- e y

~;,f drac/perico IT|CC is about +0.8 for four of five cycles. W e positive values 3

.[' of the PRI values iMicate that increated draq leads to higher rise heights ]
(; and Icnger rise and collapee cycle perfor3s. |

# 4 Experinvnts performi with a variety of vapor velreities md inttial stack ,

heights iMicate tMt increasing either of these two parameters results in in- ;

> creasing the rise height and the rise and collapse cycle period. %e direc- |>a
'tirm of the vapor velocity depeMencies is cmsistent with the analytical re-

| y '
| sults. It is orpccite fcr the stack height %eh:les, which may be caused

by the attrk beight variaticns in the SDft'R-I calculaticos being fraall }
t

(+ 0.002 m) cx2tpared to the height of the Eulerian SDtE:R cell (0.04 m). In- :
1 4

4

'' J itial stack heights tMt are not evm multiples of 0.04 ri resul.t in the spa- |
'

j| tialturgenizaticn of the mfilled cell at the top of the stack. Hence,
slight decreases in stick height'should dacresc.- the density in the wrmont i

m

cell of the stack, permitting it to be Insted to a higher rise height. Ris !
1

is emsistent with the analytical results and inpties tM'. vaciatims in stack j

|
height stould be moe crnsistent with the cell stetrture of SI1+ER for the !

I
i best calculational results. ;

*
3. Multiccrpment Cmdansation Exneriment'

(W. M. Hughes, 0-8 aM A. J. Soo-Anttila, 0-7) j,

,

IMulticx2 pcnent crndensaticn experi:ncnts DCZ) tuve been etnducted. Aral-
}

,

ysis of the initial experiments Ms indicated goM agrecent for two-ctrpon- ;

ent, tWane ocn11tims. Subocqtent emeriments with thresw.ts and f
'

1 three-pMses are uMer analysis at this tim. Ctupcnents that have been used ]
:
t
t
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| ita:ltzh we.tcr, toluene, synthetic air, nitrogen, and helitn. Meriifiestiens
f;; havn, bosn instituted recently to ensure better calibration of omiponant flow

h.. ratonf inproved hars}rmity of v. asis.r.tni and better <hfined ficw regime in ,

i the condensatirm: region. Mxilficaticns that are presently being contenplated
v .

;{ incl't.e a rewxkirg of the apparatun to h:rve better defined initial -

^ $rvlitiens.V, o <

a.

h . A scheretic of the ICE arparatus is given in Fig. 54. 'the m tire system

N is wrapped with' heat tapes, insulated, and instruoented with thermoouples.

d 'Ihe tJrce volu:mes are twie of nickel-coated steel and the source cfathers are
m stainieso steel. Vapor arvi gas sources are found in the lower portion of thej

figure. (br.pc.ent f1cu rates are determined from a c.alibrated flow wter in''

f the gas input line and bf raeterirg current / voltage input for boiling the

l liquids in the vapor source cswebers. 'Ihe umi.ents are mixed and heated ad-
I1 ditionally in the mixing voltne.

f An epariment is usus11y initiated b/ insertirri a chilled hertf into the
]
3

condensaticn volume. A therroccuple is Iccated at the center of the conderma-

) ticn tot / ma is the prime dirgnostic device in these emeriments. '!M tryly
j can be viewed throty;h pxts to determine mx:h parmeters as the conrknsatico
! film iniferraity aM the time of phsne change. It appears that malysis of
,

d raotion pictures of the ccndensaticn process sw/ be a useful diagnmtic tech-

J
nique. Sore emeriments use a glass sleeve to provide c:nditions where the

j ccndensaticn rate is dtninated by fcreed ccnvection flow rather than being
j limited b/ diffusien flov.

A plamod reocnfiguraticn stould allow analysis of 43ta into the milli-
| second regime. Data taken under ::ulticcuponent r:ultiphase fast-time scale

conditicns will begin to approach scrne of the cxrplexity of a SIW.Dt calcula-,

i tien of an IFEIrt accident. ;
g-

j 4. Flow Chastdown Sirmlaticn Experiments

(H. R fbreharvi, 0-7 and J. F. Davis, 0-0)

$ 'Ihe ficw ocestd>n sirulaticn (II:S) experiments are a whicle to test the
1 overall capabilities aM mcdels of tha SIFist cole arvi to provi6e guidance for

l future rxxici md rnethods &velop,ent and experiment definiticn. For the tests
Idescribed herein, water (coolant), shrink fit tihiry) (c151), and zinc (fuel)

3 were used. In the test vehicle for the EIS experiments, &scriboi in Fig. 55,
zine (simulant fuel) was heated b/ radio frequmcy inducticn with a coupling ga

? ns
L . _ . - _ ~ - - ~ . ... - . _ . _ . .__........__.-__a
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efficiercy of $0-40%. 'No preliminary everixents wre perfamed aM &ta ,

M 11 wre recorded igt means of slow-motim photo 3reptte. 'Ibe first emeriment was 1

fhk ' :) otrr5ccted with a furruce power of 8.9 kid eM rc water (sinulant coolant) flow l'
_

+ ] tr1d was teminat.ed at the tim of massive coolut widing. A sumary of
%d erents for esse 1 is precented in Table VI. Tte r.co:n3 emerimant was con- j'

y. dirted with a fornare power of 10 bl and a constant ecolant ficw of 0.0014 1/s j%a. ,1 ,-

s
]My and was treninated after esetantial sine relocation. A su mary of events for 1

.s}
case 2 in precented in Tchle VII. Mn shrinkable tubirs (similant claA*trg)-

,

y ! {,y mewcetedly failed to imit and relo::ste. '1he tabirq maintained its geometrye ,

3diD with the exception of rtptures which provided a leak 21ew path for the molten

9~ 3,',1
e zinc. Mwae rtptures wre the result of the thermal h--Mition of the ]

,

E. . tubing..

~

4Y Wese first epicratory FCS experiments have doecnstrated the necessity
:w -
f.d for the folicwing design revisions: [
Wy..r )

% 1. the replacent of the shrinkable ttbing with a simulant < 1= Ming !

pt; whis will pass through a inolton (liqui $) phase, j.
:. , g-

p'' 2. the incorporatim of a bypass icop to alicw ticw reversal, :
rp

k' 3. the replaccracnt of Pyrex glass tubirn with high-service tc::perature !
glass ttbing, arv3 ,-p$ 1:y

V-h 4. the replacement of tJe indxticn heatirg coil with a maxinun viewirg '

I
i .- f P|

field coil. 1? l'
j'

, Nv

g/i' When the major features of a icns-of-flow acx:ident (INA) sequence can be )

| k.h reprenced in the FCS emeriments, SU9ER will be used to perform pre- and ]
"

D'] posttest analyses,and calculaticnal/cmerimental crrparisons will be made.I

i ''jT p

mq ,

2. s i i

>
,

D. Safetv Test Pacilities Sttyhr-

m
.j (M. G. Stevenscn, Q-00),

| r:{ 1. liAn.nn Diac,octic Synt<rs Draltutirris

! -H (A. E. Evans, 0-14) 1

.,

j'' Preparaticns are tnder way to irr:rease the cize of the test tole in PARKA ,

and place therein a 127-pin acerbly of fast test reactor (FIR) size fully*
' ' ,,''s enriched tD fuel pin . Omversicn will inv ive re:vwal f 18 a&11tional <

2
*

1 i
> .<

$
'

>,) j
4us-

.
\.y

\..r ...nw w- w- -,,,, n _ n _ - -' - . - - _ _ _ ,_ _ _ _. _.
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-.x j(jg 10) Massive coolant voidirn
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V
r .J :
6 110 Power off
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ildW-1 I!E"A fuel rods, installaticn of a rcw 110 nm o.d. x 89 ma 1.4. rotating steel *
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1;
, .e:n }? lime md of the altnintra grid plates has been empleted. Uranita oxl<h fuel
| sq

aW' s

e y

[ .g pellets with which to fabricate the 90 adriiticnnl fuel pins needed for the new ]
test assably are beim fabricated ty Group 09-6. Tubing for the pins clad- j

QM ding is haing obtained frrn llanford ?hqineering Development Woratorv j

[. t
(lanL) . Delivery of crruleted fuel pins is expected in February 1978.

U71# In anticipation of hig5or radiatirn levels arvi an increased workleM as- i
:8%

+% snciated with planned 127-otn assably tests, the radiation chielding sur- |
.

fj7[k(y rouMing PARKA Ms been ircreased. %e reactor has hann wramed with 12.7 :ss j

hp.$ of Icad on the sides and 50 m of NA m tre to reduce otsannel exposure l'

h during cMnges to the core or test assanbly. In Wition, 40 m of concrete |
GI block has been erected against the all between PARKA and the shielded instrts-

f rentation raran to reduce backgrouM in the instrtmentatirn room. A 0.8 m !

thick concrete block wall trw separates PARKA frca the area where tM Godiva
.g[p?

.

asserbly is used. %is will reduce activation of PARKA ty Godiva bursts and I
f.g; f
w

permit freer schadolirn of settp, maintenance, and meratim of these two
'

)pp4y reactor % A pMtcaraph of PARKA with its new shleiding is shtun in Fig. 56.
..k<>

*

.

Wihj A plan vicw of the facility is given in Flo. 57.
2Sk- Stilhene &tectors previous 1v described were tr;cd with the 'ASL 4-chan-

. %m
nel hcMr<noe facility at DAMA to stat / hodostrpe inaging of 1- and 37-pin

.

.

:

3,g PTR fm1 hurylles. 'Ib recapitulate brief1v, these Atectors have the propectv..

N.+(;h of pulse-stupe discriminatirm betwem mutrens aM qama rays 90 that a pulse-

fM tisetime analyzer can he used to distinguish between and to count simitan-

@Q;Q ayxmiv neutron- and qartra-ray iMuced events. 'No detectors were used: tmer >

, y'. '. ,M. detector hyl a pulse-height discriminator setting for ganm-ray events with~k,sn.

i
.

y > 0.33 MeV and neutron avents such that E > 1.3 M V; the other chtector} E n

*y counted all gama-ray events with Ey > 0.66 MeV arvi neutrons with E *
. n

!
* $ IQ MeV.

NiI Results from reutron scanning of a single pin in PARKA are slown in Fig.

{'f;} 58, together with backgrouM scans of the evty PARKA test section. As would

"TM be expected, the higher discrimimtor setting resulted in a better signal-to-
.

N backgrouM (S/B) ratio, s 0.75:1 for E > 2.2 MeV as contrasted to aboutn
of L <
ff 0.5:1 for E > 1.3 Mev. e S/B result for the icwer discriminator netting ,

n ,.w_a
C'' is cnly slightiv better than the S/B ratio previously obtained with llornyak -

I

buttons (E ;t 1 MeV) .8 Ilowever, the new detectors are a factor of five |'

., n '

3 more efficient than the llornvak tuttons, so that statistically better data can
w

i nw be takm with less reactor coerating time md pvr.* .

;'. ,
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, @j ' Single-pin ga:::na m:nns, strm in Fig. 59, resultM in S/B ratics of the .
'

a ,

,_3j ocdtx of 1:1, trrerbat Mtter than the S/B ratios chtainco for neuttr:ns. Win'

|.ID.]
is contrary to cur experience for larger simi test burdles.2,40,41

-
.

M ,t th airo scanned a 37-pin test hundle acrocs the flats with both the full'
,.

'

pj ). : bterile tryl with the center pin missityJ. Neutron and 9 m a-ray results appear

. , .h ., in Fig. CO. %e Mta nimn are raw cxxmts,which reflect a counting rate In-
D, crence with tirno fee the ga:m-ray and lo.er energy neutrcn scans due to

M huil&p of fissicn and activatim prodtets. Both scans were taken fran left

O,.N. to right mo the 36-pin cann folloed the 37-pin scan. le have n*wiuently
n .

M fourd tMt :sost of the counting-rate increase pecblem can be eliminated by

;/p@: rmnirrJ the reactor at the poer levt1 of the experir ental run fcr 1 h beforew

$m startify] to take data. One may also, if desired, measure this time-depcshnt

% builtbp cryl correct fcr it. Wis effcet is, of courae. not inportant to the

,] perfonte.xe of r.nitichnnel hodosocoes, with which all data are taken sinul-

| '[
taneously, provialed that pc.er distributicn nv1 history are uniform t. cross the

?! y tecst regten.j
'g %e ti:ne-related buil&p for the E > 1.3 MeV scan procably results frcnn

incrr:plete separatirm of neutron and gm.3-ray co2nts &e to slight overlap cf"'O

7 ;< pilse-risetime distributiens as ineasured b/ the pulse-sh:pe analyzer.24.' One

@A might airo expect ccntasinatlas of the ganna-ray scan data by neutrons which1
--

(1 are captured or imlastically scsttered in tM vicinity of tM detectors,

N which then indirectly "see" these neutrens as gaTma-ray events. 'Ib test for
intermixing of ge-ray and neutrcn-Irr!uced enunts in the detectors, 37 ,'*

: 36 ,1, and 0-pin scans were repeated with 200-cm-Img I> rite olty;s inserted
into the reactor md of the hodoscope collimtor holei. %e effect of the"

lucite pits;s cn gxrma-ray and neutral cconting rates is shown in Table VIII.
..

Crule estimates irr11cated attenuaticns cMuld have Men N 3 for reactcc cp-ma<

radiaticn and 2-3 orders of tw;nittMa for fast neutrcns. Ptct of the neutronsa

asunted fcr the 0-pin, Incite-pitxjged care are recm tmkground ratMr than
neutrens casing dcwn the collimtor, which explains the apparent lower attenu-

,

aticn of these mutrcns by the IAcite pitx]s.
It is noted in Table VIII that the aboolute neutron counting locs due to'

,

j the witJrirawal of ena pin fecm the 37-pin b.:ndle was less than M1f of the net
.

'1 ocunt (less background) fren a single pin in the test section. For g:r:na
radiaticn, the c.ittnticn is rich wxse, the counting icas &e to witMrer4a1 ofm

one pin frcn a 37-pin txnile being lens than ene-fourth of the net count fern~1 LM --
-- - 2 _ _ .. _
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m . .
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S i
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Ocurt Pate Count Rate Count Rate'

(counts /a) (counts /s) Ratio y'

|.[
' '

'

37-pin, E > 2.2 MeV 7/20 450 17 :
n "

, .

r{ En > 1.3 23400
'

1300 18
~

i E > 0.66 30700 10600 2.9a

R Y
p
4 E > 0.33 63400 19300 3.3

Y4

.\

36-pin, E > 2.2 MeV 7100 400 18
-

n

E 1. 2050 1E 18 f
n

E > 0.66 28900 10000 2.9
, y
,

y E > 0.33 60400 18200 ( 3.3
: i

1 1-pin, E > 2.2 V 2800 175 16
,.In

En > 1.3 9100 600 15
_

E > 0.66 14000 5400 2.6 1

Ey > 0.33 30400 10000 3.0
| ., 4

) 0-pin, E > 2.2 mv 1600 110 14.5 d
n3

. 4 > 1.3 6000 450 13.3

4

C E > 0.66 6500 3200 2.0
Y.

tl E > 0.33 16000 6200 2.6
Y q
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1
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% a ningle pin in ths test section. Wis raises qinctims'cancerning the line- i
a

h,b arity of respcnse of the th- srd the sensitivity of.the hc&ccape call-L ' N
- -

an
;;y beaticn to tie Imaitim of a perturbaticn in fuel denotty within the test . 1

. _

"

.. . .
, '

n y ., -
, ,- . ""

- ic- tunile.
% ,4

fj' j Psition smsitivity of respense was tested in a 37-pin txrx31e tyf acaming ' 'f
*

,arj the tmile with the center pin witMrem and thm scanning with a front pin
(necres.t the collicater) and with a beck p!n witMras.n. 'linresultsaresham*/E+1 i'

jy }p
n .s '

.ln Fig. 61. A general redtrticn in censitivity from front to back of 20-304 .

53[
] is roted fx fast-neutron scans and 35-50% for em scans. I

~ '

;f{''
'

Linearity of reopense was tested by scanning while withdrawinq ferm 1-4 ,;"
.;

.ws q.,

gg pirs in line from the txrrile. %e results are abet in Fig. 62 fcr neutrons
u.g and Fig. 63 for gas:.a rays. '!*n neutrcn scans are consistent with linearity <

:|'

m,
M within tre cnuntirn statistics, which are shown. %e gar.ma scans abt a S

J slight (5-10%) ircrease in sensitivity per gram of the last fuel pin retowed ~ |dw

)
Qj over the first two pins. ''{ '
]] In simary, the experiments stow tint the ici6.upe enn easily detect

'

eJ pellet-sized voids in a 37-pin array of FPIP fuel pins but that quantitative
sneasurements will require a point-by-point calibraticn of the toi%+ '|

<N sensitivity within the array. It is alco evident that quantitative measure-
, acnts of fuel notion fcr a tan 11e this size and larger mat be tmographic;

''

i.e., one cannot accurately measure fuel motim wittout knowing the depth at,

which tre noticn occurred. Given tcrographic capability, depth and linearity
corrections in an asse+1y of this size do not appear trmwsgeable. It re-

i mains to be seen whether this ccoclusicn will hold fcr larger asset >1ies.
- C Data frra previcusly taken gara scans of a single-pin and of 36- and

N 2
;1 37-pin burriles have been redtred and plotted at the IASL Central Ctznputirs

Pacility using a program written by D. M. Petercon, 0-8 aryl H. ft. Ibcehr.no,
_,

"

.] Q-7. Data re&cticn irr/olved correcticn for tullrbp of fissicn- and

] activation-pecxict activity during the scans, normalization fcc integrated

|
; reactor poser, and cniculaticn of statisticn1 errors. In the future, it will'I

,.

I be possible to provide for ' hands off* reActicn and plotting of all inWe

g scennirq data frcra cascotte tapes generated by tto cbta-acquiciticn equipant.

' // ' P,esults of gr:ra scans taken with 13 m dim x 13 m Irre HaI(TI) crystals
7' arr! m:102 plastic ceintillators are stxm in Figs. 64 thrcx.gh 67. % ese
r ,!
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j M] results are elmilar to ttrxse obtained from the gma acam made with' the stil-

f
bene detectors. The figures are superpositicum of tmretouched <r-rcter . 3 -

' 7' printouts.
$, ag
,

I. k.-) 2. Flash X-Rav tt:nitating of Racette hl Pbtien_ .

w
j [ (W. E. . Stein, P-DOR) .,. ,

.

.
,,

'ne potmtlal capability el flash x-ray rzwittorim of fm1 net.icn In Fast'

[ Reactee Safety '!Wst P(cilities is being evaluated with th3 facilities aM -

C '7
L

H y
j fj ' ~ ' . equipment available at IAL X-ray radiographs of vsricxts nafetv emerinste

.

'

f;
i

p .. omficpraticxw are being mer".e with film as will an an electro-coticalN c.
'

'ncse radicgrat ts are tai en with palsM, 30 MeV .xens-f tizv;ing r:ystem.''
.,

9 ina strahlung f11 terry) through steel of various thicknesses (50-100 m), which U.
m -a'

9 yty used to simulate the emerimmt aantsirrxnt wssals. Film rMirrJraph3 are

) 9.x.k, used to ascertain the irwxmt aM rIuality of informticr* contained in the
-

j 'W tranradtted x ravs ma, tMeeby, to establish the ocucted s;mtial remlutim
.

i1 ,
aM mass omsity r.cnsitivity of this diagnostic technique.

t

e S 'Ib natisfy all of the goals of the & sired systm, particularly the repe-p
3

K ~$ titicn rate requirement of up to 10 pictures per mcoM (1 ns time remlu-
c _,

W tion), it is clear LMt a: imaging syste:a other then direct recording on film
# ' ?d - will be required. It atpers that it would he very difficult, if rnt irpocsi.-

e,

I; .I bic, to attain sufriciently rapid sNtter cpead and frere mott n of the film
to prevent focning of the filn ty radiation fron either the reactor ce pre-

' vious aM stfr,equent x-ray flash-s, 'nerefore, an electro-optical Isaging
i system is tr'.ng ev imted cc-currens '.y with filn.

'Ihe present electro-optical imvling cyctem cmsists of a fluoremt*

) screen and a gatable irrje intensifier cotpler to a vidicm (TV crera). 'the
21ooremt ocreen is used to crrwert W x-rav rMicqraoh to a vinthle pic-'

' ,' ture which is viewed via a mirror r f thi imme intensifier-vidican ccrabim-
tion. Results obtainad with thit. a*.':r-of-the-art imaging synton are beinga

:i y used not cnly to ,tsrnetrate th btiv attainable spatial avvl teprxal
resoluticns but also to establish |. r 2-ray murce intensity which will be

$ necessary fcr catisfactory na:r N i smaltivity.'

..

X rays proiuced by Pmnn, a .f W electren accelerator with a 0.2-tm,

-! : pulce d.traticn, wre tred to radica h arrays of rm-size fuel pins usirr; <_n-

! riched LD Pellets instead of nixed'ccine. 'nn fuel pin e.rray tnder attdyl 2

i was positimed equidistantly between tm x-ray ocurce cM the film cc-
-

i . t -

U hamamenM. - .a h . . . : a. .-w - -ma . A.,. . - - -%%,,,.. uAw.wL
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; ;;j p f1trrencent ocreen. h overall. murce-to-4tecter distece ms 6 n. ,
,

*!b, test

),.. :c}th sians srinsitivity of this tednique, tM cetral pin in ecch array con-;

' talmd m intehticnal 25.4-m leng' void. ''
, 7' .

:,

t Y Filta rtd. iograi s taken perperrlicularly to the11nts of the hexxJonal ar-tR
. >

j:
. ,. .

- ,.-

- ,j rays clearly alcer the central void fee tp td '169 pim et:rrotraso br a steel
,

'
'

9 cylirv',erMith ra'fial thickness'of 39 r a. Etmples of dens!tamter traces
''

,

j ([ ,' taken pm.pEMicularly to the errey adis|cnd through the regim of the vol&d ' I
fj ' central pin 'are shown in Figs. 63 end 69. Also s % m in Fig. 68 la the cal-!

[] : cult.ted x-ray tranniasicn fcc the sanx! trace throu;h the 37-pin array and '

f-| steel cylirder. : hulysis of these film &nsity variations indicates that the'

| [9 ' . infocmatim omtsined in the transaltted x rays is sufficient to provide about
2

, ,
.

1 mn matial resolution ma a msa &nsity censitilvity of ahtut 1 c/as and
2'

about 2 g/et for the 37- and 169-pin arravs, respectively. 'Ihis is about-

,

;q 64 cmsitivity in each case.
M Str.ilar results fcc the electro-optieni (mgirq system are s!c.n in Fig.

i ej
,; 70 for the 37-pin array. It is clear that the results, alttoxIh mcrmraging,

h are,at present,inferice to those rhtained with film. 'Ibe present inaging sye-
y)] ten is not ce;nhle of extracting all of the inforratirn crntained in the

Q tranmitted x rays. h correspardirn estimates fcr the cresent irssgirg sys-i

2
';, tem are about 2 ma contial resolution rrd abcut 3 g/an areal density refo-

luticn for ths 37-pin array.
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IV. ITIGR SM'EW REACI
(H. G. Stevenccn anr1 J. F. Jackson, 0-00)

'

O, , .
'

g Ohdex the opmerxship of the 1:C'RSR, IASL is otrriuctim a orogram of re-o

$[ t.carch in Tilgh 'nsperature Gas Cooled Remtor safety technology in the fol-
lowing task areas.'

:

E -

e .,

$
,

Fissicn Proriuct Release m1 Transport
-4 *j

.

d + Stru:turni Evaltntion

Id e'Itrwarma Modelim, Systens Analynis, and Accident Dellreation
p
(3
;M

% 'Ite progress reported in this section is arranged according to these task

h ' areas.

k%

A. Fissien Prrrket fielease and Trennport

4 (C. E. A;'perom, Jr., 0-13)

If II.SL c:tivitics in the fiscien product transport t.sk inc1'rie tha rbvelop-
ment of crrrputer corles to be used for calculating ficsion product tran@xt in%.

h. variorr; parts of the reactor mi both theoretical arri experimental sturiles to
defim transport machanisms and sup>1y data for calculatirns.9

42 43
W<* Durirq this quarter me technical paper aryl rne technical rote wern

.1
4p published. Analytical work concentrate 1 cn optimizing the direct scarch algo-

'

sC rittra in GUTI/QUIC, modifvim the evaluaticn of burst release in .'RNIUS, and
e;

~ preparing a preprocener for SENIts. 'Ite cecitra desorptien kimtics nttriics-

repcrted last qtntter were repeated and the initial results were verifiel. A

h work plan for the fuel particle heattp exoeriment was cu'nitted to FEC. Sev-

% eral rolificaticns are being made to tograde the operaticnal capability of the
T equipnent used in this experiment.

1. Finairn Prcrhet Release 15oeriments
a (R. G. Behrens and M. A. Invid, 00-3)"

.

Sttriics of cesitra decorpticn kinetics from H-451 graphite using a vacutu
ultra-mierttalsme were continted chring this reporting period. ibek involved'^

'1,
repeating the two experiments (DpnL. rents 2 and 31 perfctmed durim the pre-
vious qturter in order to ecnfinn their validity. 'Ibe experiments involved
attr1ying cesita desorpticn from graphite unim srpics prepared in tm*

,

,

different ways:

141
- - a_ _. a .. . . . _ . _ _ . _ _ _ . _ _ .. _ . . _ . _ . _ . _ _
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.
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. , L ,,
., ,. . ,

'

3 '1.
.

. . : . .';y y - ~, . ._ ,

a , r- -

..
:.; . .;

5p,% .cbpirn the graphite with Crnt mlut[m and then plicim the cuple.Q a ,

' .a

;j urder vacutra foe. cre wed at co.a temerature and 1. ~ g ' 5;jm

' A)
.

-.

i 2. <bpim tha graphite with Crai colutim 'ard then heating the sasple at ,['

.(dw ~1373 K foc 2 h in a c1 cool tantalta crucible.to aid in deccipositien/ D/,,

| ', cf the C:st to Macebed oesitra metal and to eienly distribute the

7 '9 msitra throutcut the gra;tilte. '

.if>j
- - . .y.i

, -J .
-

.
t.

. ,;_r..
: A mx:rary of emeci:: ental canditicns is given in Tabis TX. -

, , . -

, q'h
,

I' the tuo experi: rants perfce:w1 during this quarter (Ihpariruents 6 and 7) ll,,

"d ccofirm1 the r::am-lenn beh:rilce cbtarwl for the ts previam egarlets. . ,, !q

[ [^ -Tigure 71 shows tle thae depm'knce of the daccepticn flux at tmperatures j
. . ''

y>f3
4, ; .

.

,.-g, ,.
, . . m .

. . ~. -
. 3

rd4 -
. , .

,

*

.w ; .s
a

1

a-s 'M StHMt OF I:KrERDD.TAL Oct1DITIWS PCR InIWrIGI WSrncfrs
0111-451 G3MurIE i

.ts

M "

L2,G Projected
j Graphite M cs Grtphita . -face

Pxpt. No. (en) Area (ca Otremts'~

1

a-

2 107.9 1,2 ' tbt pecheated.
,

6
. 3 121.7 1.2 - Prehested at 1373 K

foe 2 h in closed Ta
/> crucible.

6 117.0 1.3 Not preheated.
'

7 96.5 1.2 Preheated at 1373 K
'

' for 2 h in closed Ta
crtribic..

,

; i

j Blank 01 113.2 1.4 lbt preheated.

,' B1rnk 02 141.3 1.5 Preheated at 1373 K
f for 2 h in eleced Ta

crucible..

4

1

"Heutron activatim of graphite af ter ecperirrnt chewod cesitn ccncentraticn
of 0.84 rx) Cs/g C.

. htrm activaticn of gref itte af ter em:rimat ninel cesitn concmtration;l f
t of 9.6 rx3 Cs/g C.

*|
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%- d between 765 and 996 K fcr Experiment 6. %e cecitW graphite teed in .
U

~

h- this esperiment ma not preheated to 1373 K. Figure 72 chms 'a similar plot' -
i

7 of Mt.a obtain=d in Dperimnt 3 in which the cesium-<1oped graphite ws pre- 3
,

b ',' d I hmte.d to 1373 K prior to irrestigaticn with the nierchalm:o. f,
yd 0

{;sj Itao-1cas r.nsweennts were also pericmod sing bisnk graphite sarples. g,.
'

pq Ulmk Ib. I cmsisted of graphite doped with water ard was rot preheatal to'

Q 1373 K. Blenk No. 2 was & ped with cter md ws preheated to 1373 K in a ;

i s ', , i :lis:cd tantalt:a crtcible for 2 h (see Table IX). Rasults of the blank experi- 1
<

, ]'s ,

j mento clo.t decception '"1tues strallar to ttose fcund for the cesitur-& ped smo- ~j-

,t . pleo. This inplies that mess losces cboerved with the cesium-&eed sacples
-

" '

. 414j nr:y not be de to cesita desorpticn alme tut erf ircitde &agion of water ,

7] md other gases.

U.j It is interesting to rote that &a%icn fitnes of the ncrpreheated ,

[ casiira-* ped graphite ard blank graphite sanplec measured in this work are

V .M simils to cesita ducepticn rates raeasured tv Aronsm inirg Cs1 ard CatD --3
&psd cx: pica.44 Sires we arrtsure total anss tens and Arennon smnuredM

t
,

S.M mass less of cesitn only, our weesured disrpticn ratas sinuld tw hiober tMn
7 ttri.a & rived fresa 7.rcnsen's reported 7.m-1cca resulta. Ce re.::m fce this

4

1 discrepvc/ between the two types of experir:ents is ret clear. It sema that
^!_g the desorpticn inhavice of CrGI in the presence of water is omst&rably rcre

capplex th:n originally thatx;ht. It is clear that l'nfocmaticn cmcerning theu

M vapce cxmpoolticn of roccies decorbirn fecra the graphite surface is needed in
.m order to better understard the results of our expximents with CaCH-& ped

; graphite.*

$.. 2. Puel Pallure and Fission Cas Paleare Ermelmnts

; .j $. (J. L. Iuncfced, OD-8)
;f Several r:odificaticns are being indertaken to tpgrade the operaticnal cap-

ability of tre equipment used in the fuel particle heat-up experi ents. In
i the past, cperator atterdance ses desirable fcr several resocns. First, tem-

perature rocasureacnts for tie experiment were na& with a disarpearirs fila-
ment pyrcrvter dich requires r anual operaticn. Seccrd, rann r.electicn cn

,

J1 the vibratira capaciter electrtr.cter was carried out bv "ridirq" tre rmge
Y seltetion owitch in cr&r to obtain that scale which gwe maxinn sensitiv-

3
h ity. In order to obtain nore accurate data duriry the icnger runs rcquired by

1 the 1cos-of-fcreed-ccolent (wx) accident histories, en auto atic two-colce

't recordira pfteneter will te cahd to lie high-trrperature furrece. Also, a
.o

1
J 144
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' Marithmic mnvertec will be placed between the eld.bo eter and the strip ' '
' ~

A '

W '

* *i 4, - - chart ' recorder m that the electroneter em in left on the highest scale

[
f T ' dersmed teamubis. Because tm data reoccds will now be pecouced, a two-pen.;<

%'3 ', f ' strip chart recorder will be substituted for;the single-pen unit per.:,ently
: i, ~ imed. (Although temperature profiles could be estistated (bring unattended

..!Q g ,i" operaticn by calibrating the terperature against the programned power profile,

f.4;;p. (p .n - it tecs &cided that better dsts would result if cx:ntintous temperature man-
,sa.n

,

/

MSN(d%%. ,p,.y,' $ . ene of tM power feed flanges. The cause of the ther:nal excursien is un-

M urnorrnts were available.)I
,

- The high-ter:perature furnace recently experienced sericus overheating cm
w .g

'

]4qig ; krown. Ibwever, to guard against a repetition of su::h a problem an4 to permit.

g:M diagrostics in the event tMt the difficulty oc:urs again, the tesperature of

Q'g the four return-water coolirn circuits from the furnace to the furnace ocn-

9Q{ troller will be instrunented with indicatire digital neters equipped with

N9N.
analog output capabilities. In a5diticn, these ineters will drive digital cart-

g g..s trollers wired into a high-ahrm, manual-reset inade,which will ternove the 35-

y.[ kVA furnace fro:a the line in the event of emtheating. 1ttis shmid protect'

sI @ N.
the furnaca and increcsc ocnfidence in cchedulirg 1cng-tLme tnatterr5cd

.c . t

gj. cperaticn.

No$ 3. Fission Prodact Transrett Calculatitns
uw;
M I'? (J. L. Dnsford, 03-8)
% .4
f7 a. Finsien Product Kineticst b.i h
y.ER Outpit capabilities for the kinetics side of the scoping coie

yQ. . .w, OUIIAUIC have teen coupleted. Printed cutput is extensive and incitries reac-.r

$[f{[y; tien coordinates, reacticn rates,* opecies, ard equilibrium constants. Plotted

[ cutput irc1tries a plot of the species distrituticns and a plot of the reacticn

95,@ rates in the systen. Reacticn potentials are also plotted when tky are in-- ,;s

,z. y/ citded in the irtut. e
a>a mg The system m1ver in QUIL enloys a two-dimensicnsi direct-ocarch tech-

7;7 nique. The tm search variables are E, a scalirq factor which is applied to

'N the calculated correcticn to the current epproximation,to the final mluticn,

Ub" and p, the tevenberg4tirqtntdt parameter.O In a typical problem, several

I AH,. thousan5 calculations of ( (the st::: of the ex;uares of the errors) are required1 c

:c by tM direct-scarch strategy in CUIL. In gmeral, the acount of cxr:putirn
' required to apply the ts.o paraneters differs markedly. 1;plicaticn of the

,

- [ '. y Ievenberg-Margtntdt parereter requires that the linearized set of equations be
|

'gj <
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- solved anco for cacit trial value of f. 'Ib speed up"executlerE for/0UILTthel ' #
.

,. , ,

t
~

~ ., m .. . , o o,..... .u.c ~ .w>-dimensicnal direct search was rewritten ~1n such a way.that'the search' pro 'w ,

g3 '

pjf' , ceeds alcng creas secticns of mnstmt p. . Although the search remains two-
dimensional, a nee soluticn vectcc is required less frequently. .It is esti-p||. 3

yy.g sated tMt this changa vill speed tp execution times for CUIL by a factor of

HQ
, ;

two.,

,

F4 b. Gemxis Finnien Proict Delease ' n* s- .,

wR '
'

QQ (C. E. 4perrien, Jr., @ 13)' .
,

vy,
|f M %e SUVIIG co6e has been nodified to more accurately nodel the re-

.
.- w Icame of fission gases at the instant of fuel particle failure. Initially,571d ,

* ~ ~QM ' pcteursor behavice was approximted. %is resulted in s1ightly moetestimat- ~
,

M M, ing the burst uw.st of ficsian gas reJense. 0se is now made of the expen-
y3

,

~

;g ential cperetoes developed fx the main solution routines in SUVIts. '!Mee
>

IM cperators have be=n discussed in previous quarterlies.
wy,' Mfg to release fraction of the fuel particles is a ftmetim of tenverature.

h For calculaticnal purpcoes, it is ocnvenient to specify the average release

Q& fracticn of a ccre regicn in terun of m effectiw taperature. Unforttr. ate-

-

ly, this te.perature does rot necessarily corresperd to the voluce-weighted% 2:4
a.m .]my regicn average terperature. 'Ib improve the accuracy of the activity estimates
. .: .

.p
.; calculatcd by SUVItG, a pwpca.ew code has bem developed,which performs a

4:f.Q}? detailed mlum-weighted avera72 of the failed c:4 intact release fractions.
.

.m ) %ese results can be translated directly into the pecper effective trrperature%
.g;
g for use in SU7ItG. Usirg theca isprovements, future enphasis will be placed

t s

WW' on resolving the differences noted last quarter in the results credicted tr/

N'" SU7ILG and the Gerieral Atomic Ompmy (GAC) code.
^

Q' { .: ,

wy
My ,r d B. Strtetural Draltnticn

q
,2/;Q (C. A. Ardercen, 0-13)

, 2 %e chta obtaired from all of the seimic model tests conicted at the
White sam 3 Missile Rayje (HSm) during FY 3977 have been reduced. Results,

,

reported as msxinus strains produced in the various nobis, are precented aMt
.

discussed for both trte and distorted nodeln. We current status of the three,:

codes, IDCAP-C, DGEN, and I"EIE.IASL, which have been used fcr Prectressed'. J
a.1 Concrete Rertcr Vernc1 (PCIN) analysis, is discuened. In elastic-plastic'

' '
ccncrete ccnstitutive codel that differs fecra the variable co3ulus co3e1 rrw'-

1

;$
, .,
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g:p beirn used in ICNSAP-C is dimmed; this sodel is propcsed fcr implementatiam
,

gf '

in tomP-C to provide better correlation with experimental data fras Imr-u

Mi, n, ng
'c

Y|,Q rolels. Results from a reliability ascessment of a single-cavity ICIV are

gjf.Q mraarized.

N$2 1. Seismic Program ,

t:Q (R. C. ID.e arri J. G. Dennett, 0-13)4Q.y.;,

3 'fM (bta obtained frcan all of the vibraticn tests which were ccnducted at

! i r ''M HSMR during FY 1977 have been reduced. % e dimensions, material properties,

I arr3 instrtrnmtaticn of the systeres that were tested tai the characteristics of
Mj.* the test facility at W941 were given in a previous report;36 therefore, cnly.M
LIsYg g| j- the test results are presente1 here.

t %e first series of tests involved tM use of sinanoidal excitation to in-

Q[.{| }
vestigate the effect of selected partraeter variations cn systas response. %e

ip41 results of tests conducted en the prototype systen are stown in Figs. 73 and
.

#:Q J 74. Ficyare 73 shcus how the maxinza strain (a a:nvenient seasure of block re-
.,n

wvgg sponce) is affected bf the clearance gap between the biceks. 02 perison of
results presented in Fig. 73 to results obtained frcra the analytical model,

g% FYS{D (nee Fig.16, p. 24 of Ref. 46) shows that both experiment and theory

%g; predict the rar:e trend for the effect of clearance gap cn systen respcnse.

)}f Figure 74 shows tow the systen respcnse is affected b/ variaticn in the4-
r

i exciting frequency. %e analytical mrylel, FYSKD, was not used to make this

'y. kirr5 of sttd/ (ctnstant acceleraticn at various frequencies) so rn empsriscn
, .{

:s with theory is avalbblo in this case.g.
, 7, %e cectni series of tests involved the use of si:rulated earttquake exci-

Y' taticn to investigate the feasibility of using a ccale model to predict system
36i

- recpcnse. As given in a previous retxrt it was found that there is ranee

,

' 'd 5 variation in the response of either protetype oc model systen when either is
- s

}}; subjected to several stypenedly identical tests.
%e reatx:n fcr this lack of repeatability was jtdjed to be the unemtroll-

yf i
able difference in the starting omditicns between otherwise identical tests.'

L'' . q Ebr exanple, ocnsider the four-block prototype cystem subjected to a sinulated

c earttquake. Althou)h the gap can be carefully set befcre each test (for ex-5

. h a::ple, equal gaps betwem each block), mall variaticns in static coefficient
of fricticn ancng the four blocks rxrf cause rmll, tut irportant, relat'veM

|
moticn between the blocks befcre the first major pulse, which causes irprt,

o

em tre .

' .)
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1gg Fig. 73.
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'

f.g bicek prototype system respcnse. the four-block Aototype system

(dC .

resperse.
.

'
tg,4, .o
1., .

y .y

pd 'Ib test this hypothesis, several tests were ecMucted cn the four-block

.j,[ prototype system in which starting cxxv11tions were 4211berately varied, in
y. . ,

sFi each test the systs was driven at 5 !!: to i 1 g. Et total o3p romsined the

W,vf: rme fac each test (31); towever, the initial insiticns of the blocks were
.

e . .. *

|f.1:[[
varied. %e results of two of the tests are shom in Figs. 75 and 76. Clear-

.j ly, the initial positim has a great effect m the inpact sequence. %ese
d.d haramic noticn tests were run fee a larce ntrrber of cycles, and it was ob-'

t vm

jj nerved that the respmse noticn never W periodic, i.e., tMee is no re-'

k spcnse conditim that can be & scribed as " steady-state, periodic" even with!

f> steady-state perialic excitaticn. . ,

.

.

[h Fbe these reasms,we anticipated that when ''ther the prototype oc the

j;Os1 redel systm was excited several times by identical earttquake signals, the

} ._ N respcnses muld vary fcc each test. % is was feuv3 to be the case, and as a
.-

! y' result, model predicticns are expared to prototype results, using average a.v1
C maxinz:n valtes of inpact-induced strains rather than by oxpariccn of a sirgle.i e 4

j

! d pulse as uas &ne in the previous tests which inm1ved cnly a single inpact of
i two olocks (see Figs. 70 and 71 of Ref. 36).
i ,
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<

.4 ') %e four-block pectotype system ms subjected to five earthquake tents.j ;
,

f %e exciting furetirm (i.e., 'he simulated earth;tnke) was the sane for each
,

, . ' ' test within tM limits of the ability of the servo-hydraulic system to repro-
-a

y dtre the control signal. %e initial clearance gap between blocks and the^^

j /C startira positicn of the blocks were identical fx each test within the limits

9 of settp error. Table X shcus the maxinn strains produced in the prototype'

system fa each of the five tests, together with tM average value.j
,

y

$] I %e four-b1cck plastic model system was also subjected to five carttquake

$ tests,which were as nearly identical as was pocsible. Ebr these rxAe1 tests

U tM acceleration-time history used as the exciting ftreticn was, of course,
S,

; properly time scaled. We maximum strains prcrheed in the nodel systen fee,

4 s
a ,

d 4 each of the five testry together with the average valua, are also cham in Table
4

-
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".y X. These chta irdicate tMt tM m3e1 predicts aplittrie of respcnse (as

; '% measured Sw strain produced) reasernbly well but that there is trore variatim-

, j "j in results fa "i&ntical" strylel tests thm tMre is for " identical" prototype
1

| 'M tests. He believe the rearm for this is the fact that static frictional ef-| +

|
- -

fects are rtore difficult to cmtrol in the ariel nystem than in the prototype1 -

4
i
y,' systen.

It srould be rersbered that, as pointed out in a previous repcrt (see' . >
1 t7-

; '.] Figs. 74 and 77 of Ref. 36), the model etFM dot predict exactly the sequ%Ce
,

| h oc rulse shapes of bicek ixpacts that cr: cur over the carttquake time-historv.'

T- However, no twa tests of the prototype itself prob:e exactly the sme se-'

~

quence of tulse chapes of bicek Lprts.
'
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-

xp

$b |
' '

.

tex. Strain 'in Max. Strain in-

-

"y - tex. Strain in Plastig M1 Distogted W6
H ' rest No. Prototype x 10 x 10 x 10

| 1 212 . 212 265*

2 - 191 187 ' 2231g
3 191 170 '.'254

[k ns
'
$b 4 - 201 254 (/244

: ,-

f@$i 5 223 191 ' 254
4 a

h)j
g Average of 5 'Itsts 204 201 248

w
| eff Deviatim fecro Ave. -6.4% to +9.3% -15.4% to + 25.4% -L'. to +6.8%

-

1 G3
* Error in Predicticn
6 of Average Maximsa -1.4% +21%

( h t
j ''-

. a.
W: %e third series of tests involved the testing, again using simulated
?,

7e earttquake excitation, of a graphite nrx5el. %is model was made of the same

@| material as was the prototype, A-378 graphite, but was the same size as thej
. . . ,

1 u
1 fj plastic nosel. wis model was knewn, from tsaretical censiaeraticns, to be a

si distorted mty3c1 in that all friction forces are inptcperly scaled (too rmall)

h as orpared to inertial and mntact forces. %e question to be investigated

,y in this sttx1y was: "What is the effect cn system recponse of this distortim'

o
' of frictional fcrees?" This questim hvi been investigated analytically tv

Jr.<
using FYSID to sttx*y the effect of variatim in the coefficient of frictir:n,I

pk, and tM cn3ulus-tc>-weight ratio, , of the core blocks (see Figs.17'

l
~ and 19 of Ref. 46 arx! the dirc.tssirn of distorted mtyble en pp. 32-35 of Pef.

| (A 47). As a result of this investigation,it was expected that une of a dis-
^

1

torted model would result in a prediction cf strains (or accelerations) thatl
'

# were larger than would a:tually be prodtced in a prototype. 11mever, with
earthquake excitation the actual regnittrie of the effect of the distortirn'

|
3 cannot be cxnveniently rbtermined fras the analysis.'

-

g
-g'1
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3
N This distorted model was subjected to five identical enethquake tests. je

'

Q .'Itn accele. cation-time history used as the exciting furcticn was, of course,
,

| [ prcperly eccelerated md tim e:sicd. %e maxirars strains predtx:ed in the

] distortul moSal systera for each of the five tests,together with tre average

M ' valm are also shom in Table XII. %e measured strain . ord, terce,the pec-

; ?g dicted strain, since strain is ccaled tu a factor of tnity, is larger than the
'

strain measured in tin N test. %is fiMing c3nfirms the distorted
,

,

d . model theory previously discuered.

h h Funds are available for additicnal test work at M, aM several artil-

[.[. ., ticnal tests are being planned. %ece inc1Me studies of the effect of coef-!
.

| p ficient of fricticn md excitaticn anplitude.
,

'

| 'M 2. Code Develognent for Analvsis of PCRVs'

i m
, ; 6 (P. D. 9mith, W. A. 030>. and C. A. Arrkrson, Q-13)

,s
a. Status of IDEAP-C, IM, and IC/IE.IASLy

,

ffr;
he three cnies, IMIN, POCAP-C, and MNIE.IASL, used for PCRV

Z. e
strtetural analysis require the use of large core mernory (IO4) in the G C-7600

| N arputer. Until an irrhistry-standard cn: plier ms made available at IASL in
1 October 1977, all three cobs tad to have nrxntaMard EUmWN cxyiing to have

[j access to 104. Rath IM2N and EtN have been receded to run with thet

[ staMard language. .D/IE.IRIL is heavily tied to the nonstaMard IRSS versicn'

of EUm&N; it would be a major effort to repredtre m exportable versicn of
<g
'l this code. Discussed belcw is the current status of tie three ccdes.
,'

M 1. Prerrtocessing: '11n user's ca.ual for "lGN has been sent toi |
press. loutines have bean adr'd to I'GN to process the 3-0 mesh
data err 3 write files that can be accessed directly ty MNIE.IASL.r

'1 One can ncu generate a mnsh and obcain a pict. of the mesh irrmediately.
;

,;
'

'' 2. Structural Analvsis: 'Itn criqinal ICGAP cerie has been modified to
include an orthotropic, variable morMus reinforced concrete mrybl

< with therm 1 strains and cracking, a creep nobl with thermal strains,

and time- cr tenperaturc% Ment mterial properties, a 3-D'

, " ' ' mmbrane elerrnt with either a linear, erthotropic material, or a vm,

'1 Mises clastic'-plastic material, gravity louis, pressure loads, arrt
boundary ccMiticns in cylirrtical coordirates. %ese alied features

,

are working well, but the code is still inakpnte for use as a PCRV, ,,

''

_
safety analysis tool.

.

%e reirtforced cxyerete rxyiel <bes rot yet satisfactorily reproduceI

| i observed load-deficcticn behavice during postcrackirn stages of fail-
Suggesticna for modificaticns will be discussed in Sec. 2.b be-' ure.

low. In ad3ition, a three-norb prestressing element is necht, and a- <

i,

. ]' Il 153
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typ crack fwmaticn arr3el needs to be added to the creep Imaterialit: del.' ' '
$41

'
i

,. .

Exeoaticn tir.as can be reduced significantly by recoding matrix as-NE Lt -

nesbly routims to take a&antage of the ranrt:ct accecs file rxnipala-Af 4 '

Pj . p| ' tions that are newly availabic with the FORmM EXT?M:ED orypliar.3

Sane of the above modifications are small joM ma scoe are majort
,, ,

* *

i 9. *

'. they will all add to the valm of tM totW code.f M- i:

yM '

i

3. Postprocessiryn }GGP-C generates rrrial displaoments in a femd5 '' -

that can be used dirnetly by IC/IE.IAST, for defernal mesh plots. Pbr|$% .

_ stress and strain ocmtcur plots, K7/IE.IASL requires stress and%% -

We incremental soluticm schee used by_ strain data at node points.IiM .|.l
e

- the IDEAP/ADI!n family of codes fcr ntnlinear malysis permits cal-'

$"@ culation of stresses cmly at interior integraticn points. To modifyk['

?! . tccP-C to calculate nadal ctrains esv1 stressen direct y would re-l
,-

quire the use of 42 adiiHm1 words of e6@u for each htyetion)k'~ point in the mesh. Srh an cdditicnal .h@c requirment would re-,

Q
a dult in prohibitivo inermen in eweinn tines. A posin _---W
My; routine is being writtc1 for NOTAP-C that will m41 ate stx*eman

+

Q and strains fran interior integraticn points to the nodal points of
the mesh. 'Ihese nnrh1 values will then be put into a data file to begi

44 accamei by }c/IE.IASL. ir

ik
k.1 A flow chart that illustrates the interaction of the three PCRV anal-
M,W ysis codes is shown in Fig. 77. D e dashed lines represent the link-
%d tp capabilty tiet is wrrently being developed.
M
a s ,- p .

b. Concrete constitutive Palations|. g,

( QM As was menticned previously, the reinferced concrete strength utriel,
which has bem inplcaented in the IDEAP-C co&,does not yet satisfactcrily'

g.] reproduce the postcrackirr; icod-deficction behavior observed in experimmts m
$.D.; IG/ models. Figure 78 illustrates the load-deflection behavior of PV-27,
wp .- cne of a series of PCRV models tested tryler internal pressure at the Struc-

'

Q
M tural Research Iabcratory of the University of 1111nois,49 that ms camated
we.
Q,5 by to G P-C and observed experimentally. Far more ductility appears in the

,

, pug experimental curve tMn in the calculated cne.
.

| g
,

Nf Ductile behavice of metals ins bem explained as the motim of disicra-

| f tiens precent in the metal, and mathematical theories of plasticity have bem
r

nM developed to explain the plastic behavior of all types of strtetural elemmts
o;->#

i - under c:rplitated stress states. A plastic etnstitutive relation for concrete,

,

VN under general three-dimensicnal stress states has been propoced recently by
..

4 50 in which the cxmcrete is anstr.ni to be a ocntintraus, ico-Chen aryl Chen0 :
C ' tropic, and linearly clastic-plastic strain-hardening-fracture me.erial. In

j Q this theory, an initial disamtinuity surface, stbncquent Iceding surfres,

hd and a failure surface for ccncrete are & fined, arx3 clastic-plastic streca-|

;
strain ircre: mental relaticnships are & rived using the classical threry ofj i '

i O . _ . ~ .154._ m _ a_._,._ .__. .;._ m _ _ _ _, w _ m , _ _ _ _ n

-- --___ __ __ _ _ _ _ _ _



k NNNh ; f
.

i
. '

d
:

- ~ ' 2 9. 4 7 ; , __-1 f39 . , M; f ..<4 p .g , '. ,q,> , . ,, ,.
,

. :-
,

:,. - '' . - . ....y

} m ,% . ;- . g;~ . : -

.. - , .
. ...Lp. -

7, ,

,- . ,,
-

, .24
- ~,
-g ,

i ,

;
,

..

$ '-

.,
'

=A --
M: t- - .

.7
._, .

s
. , St.e

,.

cs ,

$ - 6 4 6
' "

-

5

b b '|:'|*
'

i |,

.'
kp t v t

a.TJ t

e . .

{ .s.r
. fj y ,

"
_

D,jg
'

.

[*
' ' 4

U ' 1f; ' '

(y] a.s .see

*C".'.">'" -@, .

, , ,

h:
""' ~ * *

.

trh i" ''

I_I,E , , , , , , , , - **||||||" ;

__

.M | ,',=,.=.=.=|

M@
- i

@_.] "* I" **
,

~A e t'

4 51

? , , , . ~ . , Q.***

C/-

t.
:'d.

"

1~)
' Fig. 77.7.?

7' Flow chart illustrating the coupling between the ICW malysis codes IM2M,
POCAP-C, and PO/IE.IASL.'{

. i)
'-? plasticity. Figure 79 illustrates the failure and initial discontinuitya

{,7) surfaces in principal stress opace fcr this type of material. 'Ihe failure
"? , surface is precuraed to tn c'LMmt on the first stress invariant, T , Wy

,. ? precsure) and the cecond invarimt of the &viatoric stress tenece, J ' Ofo.
2

d,f the forn

# ^ 1"1 1* l kJ ~-

2
(55)

where A and T are materialecnstants that be detemined fran the cancrete[ p p

4 tensile ma cocprecsive strengths md utere K = 3 provi&s a good fit to

;' rmitiaxial failure &ta. 'Ihis focm of failure surface his been propeced pre-*

vlously ty Sax;y.51

155fy.
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4 .14 ,
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yppT ments of tha adequacy of puokarnt u md.e reactor min is essential.'
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- j Re puToco of this work is to outline a pMum for cWh1hhNy ths'
pxtysbility density functica f (x) of the recistarce R of a structure dh~never$,. . R.

R de;xxxis renlinmrli cm a large r*r of rely distrituted absqth paraat-3

WM 8

oters. The proodtre usca Iatin hyrerette s*w+1F%1 sarglir:3 of the sLmjf[k
;] ptrm:fara to es*ahlich ths haity functicn f (x) with a *=11e rassber'ofR

~j re::: plea than is required in tha Itmte Carlo meth:x3. ' ha ethcx1 is partim1=rly

d'$N officient (in trmon of a decreace in rere** of nocessary c:rtuter runs) for
.:n
!Qp . estah14ahirs3 tzert$s frtxa large finita els= nt analyses of rrmlair uLduas.

f once the pWhi14ty denalty f (x) f r the =Lugth of the structure has beta

[IQld.
R

detemirxx1 an3 the perh'h411ty distrih*lrn furcting for the Irwitng F (x) hasg
:. &

M been detr mineri, the rat hhility L can be r=1m12ta5 fmn the any===!rn
M.w%
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Mi@|yg

2rh. a
Ah5

jf.y; L= P (x) f (*)d* ' (Wg R

y|~p *
?. . . . p.:.s

'h i ? which represents, fcr eadi mi every possible value of the resistznoe, the
.q,y probability tMt the applial fcree <bes rot exceed t. If the strerygth R armi

[ tin Icod S are both rctmally distributr$3 ran&2s variahics with means isR *1

u and standard chviaticns I then the rarvtzs variable Z = R - S
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g R" de
and a staryhrd
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. p;; alm follon a roeml distributicn with a mean pg - v3

C deviaticn E272 and,
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' where e dm>tes the staryhrd rormal distrih2ticn function.
The reliability acpect of tM strer*3th mi the behwice of pcestressed''

ccricrete reector vessels in cmplicated by the inherent threM!:tmsicnal
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geonetry of thece ctrtetures and by the ill-defined behavior of corerete inI <

otates of triaxial stress. Por illustrative purpcnes, a reliability analysis!
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[ Figure 01 illustrates the concrete reacter vessel that ton used,in the
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'd Iwv3th 1 with Imer an$ cuter radii a ma b, respectively. %e w.mde ves-,
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val; the prostrens y, wu treated as a randex: variable.'4 ."
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~ been rem:Td IASM (Im Alamos System Analysis Oxie). The :odel-ckpu42nt,,y . 3

-

,

porticn of ORP ccnsists of linked modules, each representing a v cpu,=nt or1
- -

,

-e

~
3'4 subsyste:n of tM overall limR pimt n~iel and havim a standardized ex*ular

m.

y
; structure. 1he program organizaticn facilitates mcdificaticm of errpwent"

4

j nMels, modificaticn of mluticm algcriths, and additicn of new solution
* 4. ~ techniques. Overlav eM noroverlay versicns of the ccrh have been develened.s

i The initial versicn of ORP nedels tM 3000 IE(t) IfIGR. ORP-2 is currently
' unr%r cbvelopnent aM morbis the Ebet St. Vrain (EYN) IrIGR.

'' Durire the pn-t gtnrter a frequency respcnse calculaticn capability was;;n

aMed to the IASM package, a new treatment of inplicit algebraic loops was'
.;

incorperated, and tha ntrrrical integraticn altyxithu es further modified.
,

|

An irproved Icwer plentn nMule was <bvelcped for ORP-2, reverse helita flow
,

heet transfer ms armed tn all pri-arv Icep mMules, a general cne-dL-msicm,

,

ttbe and shell heat exchmger cubroutine was cbvelcmod for FSV emecgency cool
;

ing problers, and a crdule fcr calc'ilatirg ftel particle failure aM ntelide
|, yj

release during accident transients m3 develcped. Rapid depressurization ac-
cidents usim the fiv nrdel wre stuiied during this perio3.;

i;

1.

162
i

I
A w.s - . - - . . . - . . . _ _ . _ . _ _ _ _ ._ . _ _ _

|
|
!

|



'1 y p.g , '; 3w, , . ,y . g 1. : .a n.5., :"x ~z

) Mi'.$ Yt . 1, . -t., ' < ' ' ' . t % D N , A; '" ;1 ; , , , 1.i:.

,
x . 3. ..x _ , e. y,+. , .

; y ..;$,a m. .- 3..c, - r-.
~.: ,.

. . . . . . + . _ , c,

b'..,.?> s.'
~

n
,$| ' , ' ') h " ~ _ , . ''*

h
.

[J /
<

' ~ II

g)f/ . 1. .Pelative_nazard In&xinv; b
(lb ' ' < ' v-

3 ?~ ~ ~ '
'

; , , ''
'

''?(P. c. Bail-y, 0-6 arts B. u. Itsshburn,' 'o-13)
@?.g

~ ' A relative hszard Irviex fr.: normal end a::cidant plant tra.tsients Ms bem
I ~e>

; r

@y _N incitrba in the CIAP code. 'Its hazard iryhx iti <hfirel as the ratio of the
i

f:y$_ .4
%jp~/. a ', .I accumulated th/roid anr2 ufole-body cbse alculated just outsih of the fuel;
-

e

,p$! ~ J particles (both intact an' fai)ed BISO and mim particles) to the dose re-l [,Qf
j; 1msod' ftra equilibritra fissicn products 'at 100 per cent pmer, asstming allhj

j L'y . fuel,particien have failed. Such en irWx provides a crnsistent relative
j g N masure of tra ultimate rieverity of all operaticnal and accident transients

h.g . ' perfonned with the code.
'

-

j . . , .

! $W . 'Iwnty-five nuclides have been identified Ircrn previous radicilogical con-*

i ).hk - seqtsee evaluaticns t.s being ruajor cmtributors to sinet-term health hazard
,55

[h. s'j - effects for toth light mter and gas-cooled reactors. Sinplifici fcr-
e .,i

istien and c' cay chain equaticris are used to describe the concentration ofQg..

dM each nuclich both inside erv1 cutsich the fuel par ~sicles as a functiot of oper-
.

ating history, reactor power, fuel ter:perature, and time.56'57 'Ihe decay
!

: e:
; 25

hb) chain equations incitrh decay bre.nchiry) ratioe and acetanulative or direct fis-
y.wpp sica prodtr:t yields and are sinplified by eliminating extraneous rJort-lived

i $[ nuclides frcra the chain. All nuclides used in the decay chain analyses are

Ud* listed in Table XII.
My.

Q Oxe-averaged per cent particle failures avi fracticnal release rates of,
'

, ! wt

Q the 10 Gtc nucli<b groupa for both intact and failed BIm and ' MISO particles
9D . are miculated from failure rate <bta in a runner similar to that umd in the
y$;4" INC cxrie.58-60 'Ihe particle release rates, ntclide concentrations, aryl

; .

,s v
M relative hazard index are calculated in CIAP ir. a new module called HA7Am.i m

; p-
g *i 'Ihe hazard irriex is calculated external to the fuel particles, i.e., noi
4 x.-

; g& attrept ins been made to include fissien prodtx:t transport or external release
,

( f ' rechanisas. 'Ihe relative hazard irriex is calculated using <bse crnversion

I I M factors for both the thyroid organ and whole boh,asstrning a representative

,h breathirv3 rate.61,62'
*

~ , + 2. IASAN thanerical Intearaticn TechniqueX'X[
i n_".
j ]' (R. B. Lazarus, C-3 arvi P. A. Secker, Q-6)

! [l 'Ihe inplicit cptimtra integrating factor (IOIF) numrical integraticn

|! ' '

method for the a@roximate soluticn of a set of strble, rx:n11near, ccn-
II strab--0, ficat-<xder differential eqtuticns was investigated and adapted foe' '''

i 1
I .' use in tin IRWI code. 'Ihe IOIF rethart is applied to an tecapanmt state

' '

i
i 163
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PKK*r. IDES I1Z3DDED IN HAZARD DED0f CUTG'

'

$ JO.e. .

@ v
'Ihl31M -

~M 9 Br83 -

,

.. y e;
% 'a Kr83M 1131
c.e cw, .Te132 , -

y ,; R Kr85M
-

N hk Kr85 1132'
- . . .

% / s en

[M MM Br87 1133-
.

$ @Q [7 Kr87 Xel33 .~

I@ % ', Kr88 1135'

,.

i Sr89 :Xel35h (
.

M Sr90 Cs136
&
%- i$u - 2r95 Cs137

i

M) /f$1 NtSS Bal40'
'nw

a w
7:J ., [|, Rul03 La141

. w-

Rul06 Cel41
, %.c

'% -w
. 1 I129 Cel44'-&

+a : .3 .
.

mg
[(g

- --;

3
,

. o

[( N. vector y(t), which is given at time t - O and utose first time chrivative is

f] j given tv a rate vector, f_(v,t) . In the present applicaticn, the state vector
M is stbject to the inplicit omstraint equation,"

e -

;y ..

p) ~ '

(58)
f(y,(t) ,t) s y (t) < [ (y,(t) ,t) , i=1,2, . . .N.hfj) g ,

:X .

R rthermore, the oxpenents of the rate vector may W cn a ntrber of[
f y,trs ,s , ...), which themwlves my de-e

- " switch" variables, f =y
'

_' pend cn the history of the colution. 'Ihus, f my be disecntinuous, and f is
g y 2g

/$-
1

4
,

A rot, in gmeral, a point functici.
e 'Ihe IOIF methc3 chtermines an irc casing segmnce of times O = to#

,

|}
y < . . . < t , . . . , and estimates y_(t ) bf solving , fcr k = 1, 2, . . . ,t

M| k k

1
- the inplicit matrix eqtnticn

% -

(I-B)[ (59)y, = [ 1 + (t g ) n[4' + ,
- k,

f,
.. stbject to the ccnstraints of Eq. (58). Here B is a dingmal mtrix, ,f_y, and

- ,

a.
m y _

.
,
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.,s ,
'* 1 *>v,

- ;stmis' fx f,k,v ,t I' ***I "$ is or estimte for the true rol tien , -N
k -

*y d v,,(g) .'.
~ ''

, ,
,

/>
tu gmeral rical of this effat ms te develop an aloccithu sich gives .

I
p,

<

1 g acotptably exurate estiraates of tie trte solutirn with minital oca:putational"

ra ovat. . %ere are, of ccurse, marry nckztd bugma for integrating mts of - I~( ,

] $|k sindt2neous ordinary differential equations,where the rate vector is given by
'

N,d .
. '.' tritcutirns applie:1 by the ter. tect of tMrs, towever, as::trae that the rate+

c vectcr is.a racoth functicn of its arguacnts (exxpt perMpe for isolated, C
t: s|
R integrable airgularitles), which is tot the case in omP alplications. Fur-'

b thersnore, in tM ORP cot tM affaensicnality of tM system may be increased i
h at any tir:e wititut warning (i.e., the m23e1 may introduce additirnal state

'variables during tM cource of the solution). a (,
,

' #'i On tin other terxt, it is expe:ted ttnt trost of tM state variables will

h have sinple c%rivatives depending cn relatively few of the other variables arvi

j { having al:nst Urnar depenScrcies. Thus, the Jmobian of the system will be
I C sparse, and mcct of its elments will be al:nost constant. 'Ihe inteqration
} c:1
2 3 netln) eploits these nice propect.ies.
e v

| f 'Ihe first raajor problem was the autnutic and efficient <hterminaticn of
R k

},1 tint time raTrnce (t , t , ...) for which D]. (59) yields rarbers v ,

3]
y 2

which are satisfactory estimates of tie true noluticn v(g), while at the|

f 2 same time minirnizing ccmxatational coct. %e trick is in the pecper cMice of

I 9. tM discrnl matrix B. For a linear, tncoupled, unccmstrained system, where
-

i

t 1

| i;j f Ms W fxm
i

1
-

-

) /> e|

f (Z,t) = Ag+Bt+ayi (50)I q i i g
p

.1, -g
and dere A , B , and a; are constants (i.e., for a systen with a con-r'

| g g

}
stant, diarnal Jmobian ard linear explicit time dependence), the ctolce|

| L

atis -a at + (baat)c'i'

B g g i = 1,Nj ne u'
,

a at (1-e"iat) (61)
; g

| -.

! [ wtcre At = tk-tk-1, fa tM din 3cnal cicment of tM B matrix in DI. (59)
Icauses tin IOIF methy3 to track tin exact soluticn: yk " YI k*

1 ingly, aj. (61) is used in IATN as written, but for the coupled, rrnlinear
,

'
.

:..
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$ ' ergaticns cpected in practim, various possibilities were investigated fcr
,

~.a

$~1
o:npatirs tre time omstants a . A choice which secra satisfactory and is

i
-q presently in use is as follows. Defim a " decay rate"
] y:a'

. ,

AN i y~

b EJ f )c-1 ~
-

h gg<

t .
3" i=1,N (62)

'

] f A, xq

$ ~ i -

afi
,

d at time twhere J ) is an a;:proxiraticn to the Jaceblan elementI g k-l*
hA is pcsitive but use og = 0 (did is eg=-Ag g%en we use op

,

is rot positive. % is choice guarantees 0 <fj say,use B31 = ]/2) when Ag
~

+~
g < 1/2, which makes M. (59) aspptotim11y stahla.

~
.

Bj L'g

h+., %e seemd major problem was the ' numerical solution et the inpilcit M.1
t

J y,) (59). %ece tw major erobic::s are related; that is, evid=nce acquiral in the
i % course of tre ramerical solution of M. (59) can be used to guide tY. choice

%cw of the next c1mmt of the time segmme. nontion (59) is m1ved by a m31-1

i
S

4 M. ficd Newton-Ibphmi methorf. 'Ib use the standard rethod, we write Eq. (59) in,.

the form O = Q([), w+nre
n_-

- At B_fk-1 + ti-B)f_(r,t I (63)@ Q(y)=g-[-1 k .

,<4

0We then take m initial gueco v and iterate
v

| i k,5

ib [ = [- H Q([), (64)
~

where H is the Jacubim of Q(v"). He (b rot actually (b precisely this, be-'

cause it would take too nurh c::rputer time to get H at each iteration and be-' ~'

( ' cause it would take both too etch time md too nurh rentry space to m1ve'

|

| directly A. (64) by fully inplicit natrix inversicn. Instead,we get an ap-'

.,

- ; proxirrate reluticn of M. (68) by a metted of &w+usiticn and itaraticn.
| We replace H by-

|
'

1
,

'

M = I - At (I-B)J , (65)| 4

1 ;

winre J is the cocplete approximate Jacobian matrix whovi elecents are ttrrel <

used in M. (62) . A significant effcrt was devoted to firriing a gco3 way to
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'W ' keep J Mequstely close to the true Jacobian while minimibing cxrputational
i .g w:>rk. 'The M matrix is then written as

,

1 01

M=My+M, (66)72

M}i and we toive the linear equatirm
M

t Q |
i U , M1 = g (67)L
1 5 a

'b
e :- -

.) 1 bu iterating' ^

9
g 4, .

} . f = f(g - M I (68)2J s ,

:.

W
Ftr this iteraticn to cmverge rapidly, all the eigenvalues of hf

; mst be clustered about zero. 'Ib minimize storage cpace aM/or crrputing time
; cn th? otNr MM, M must be to strtetured as to be easily triangularized.
j) 1

%is em always be acx:rrplished b/ taking At Frnall err 2x)h but,of courne,emo-j

| 7 cr:rf in the large requires a big time step. What trust be Mne is to identify
f j stdyratrices within M which are rerpcnsible for M's larqcst eigenvalues; thace
}

g subnatrices are then ircorpcrated,cnd M is treated as a block-diagcnaly
I matrix with rows aM coltrns permted.
f
j In the general case, "to identify stimatrices within M which are respms-

j
. ible for M's largest eigenvaltns" is a problen without practical solution. It
i

'

eppears, towever, that a great &al can he dcne in real, physical cases, aven

{ if we do not ask the user to identify strcngly coupled feedback loops. Fur-
'

, y therrrrre, the pmalty fcr failure, in same prticularly nasty case, will mere-
i ly be increased ocriputing cost rather than an inaccurete solution.

f Initially, (and every so often) the mtrix M is analyzed as follcws. We
chcoce a likely maxL an for At aM an acceptable ccnvergence rate r. We scan

b the nonzero off-diagmal elements of J to fir:1 troce for which

[M2
$$| , M put tre associated four elements of M intoAt |J ) Jgg M

it

M , listing (i,1) as a " pair." When this has been ri:ne, we scan the list ofy
pairs fcr any which are not disjoint [e.g. , (3,7) , (3,11) , and (7,14) J . All

3 the l's and j's fcr rrn11sjoint pairs are then thrown into a single n-tiple
] [in the exanple arnve, we would get the quadruple (3,7,11,14) ],and we put the

associated elemmts of M into My (i.e., all Mg3 or which i aM j are bothf

167,
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I n the rhtmle).- Ibeever, we have preselected a mdelma value for' the n of"i

c ,[ i re'n-ttple (presently 9), and, if the logic desceibed atove leada to a 3arge
i d.)-

~

t
. , . . ~

%;r [o re-ttple, then we reduce at md try main. %us, we end to with an g matrix.j

03 6 lwhich is a peruutation of a block-dLvyxml matrix (me n by n block,' a ntster '6,a.- .

gj '| . of-2 ty 2 biccks, and the rest truly diu3cnal), plus a maximn allowable time
i . . .

..
' '

f]hf step.. - ; , _

3 ,

r - 2 account for the fact that the Jacobian is changing in time, we ' repeatj Q
! $2 this analysis whenever the linear cystan solver iteratim does not converge

1 $ satisfactorily within a reacanable nteber of iterations (carrently 7), when-
; $ -

ever the dimensionality of the system is increased, and whenever the derivedD '
*

y
J 'value of At is actually otnerved to be restricting excessively the natural

j h tine step,which is deduced frm the Newton-Raphson cxrtvergence,as follows.'

} Taking [1 (the old state vector) ::s a natural first gu~ss for [
(the new state vector), we observe that the first iterate wouh3 be the correct

[%a f.4
,

N answer if i
; wc

f :M u

EN 1. our esproximate Jacobian were the correct Jacobian md
ew.

N 2. the correct Jacobian were constant.I
I _

j y An a@ropriate norm, then, of the difference between the first iterate and the

% secorvi iterate tells us whether our step is tco big, too small, or just ainut
jd right.
V: p I&ntificnticn of the "a@ropriate rorm" has been a significant difficul-

@hk ty, because of our desire to amand as little informatien as paraible fem the
w ,,

Ag user of the r.udel ocde. We therefcre track "important" variations in the

g state variables a. * ignore "uninportant" variaticms to prevent "tmimortant"~

$m"
variaticns from holding <hn the time step size. It is custcmary to pass this

M value jurkyvnt back to the user by asking him to cpecify what absolute and

! relative errors he is willing tn ccept for each state variable. While such a
O feature is no (bubt chsirable as an option, we have been successful in provid-

R ing a basis by which thrt exie can itself deduca tM espropr' ate norm.
F, %e method, as dveribed, has been extensively tested daring this quar-'

l e ter. We began by cttsiying linear unccnstraire.1 system whose Jambim mtrix
i coefficients were ran&nly selected using a randan ntrrber generator. FigureS

,

84 plots th3 malytic tine soluticn of a tenth-order prob 1cm with all initial
,

ccnditions set to 1.0. The IOIF methcy3 was applied to this probicra with a
i
i

j .; 168
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Fig. 84.j .,

,i ::-/ IOIF oolutims for a tenth-order linear systcsn.
|4 :y1

| i lj fixed tirne step of At = 1.0 s, and the mluticri points are plotted cn the
| . ;;

I a analytic carves. Note that even for variables wtxr.e solutions reverse trend,'' '

1 ! s
' | w the method a:curately predicts the result while itztping over the "stcicture."

| f [ '1his is not desirable,usually,but denxnstrates the accuracy and speed of the
i

}
, ,' metted.

i. M, . Myty ranrtrnly created renlinear systens were investigated with hard limit
s

I ,! ccnstraints inpoced. tu studied systems with orders as high as 100 and coa-
j . /;

%. pared ooluticn rtrning times end a: curacy with results obtained using the rect
3,

,

| 5,] widely used " canned" integraticn packages in use at IA9L. In these cases m r

} [ methyl was etpericr in all recpects. 'Ihe I:ethod was then applied to a variety

f ' , ' of OM problems using the current FSV (OM-2) modules and t..e OM-l mod-*

ules. Figure 85 is a plot of prcrpt reutrcn power in the FSV reactor recult-
ing fran a 1.0 dollar step in reactivity with separate fuel and moderator
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" 4> 'feAxek resetivity. - 'fne 101F rethod scedicted pee.:c prast=r (cr the transient; .~4,

s
,

I d ' within 0.51 using enly.tuo solutim tire points. Om secorA of'tM solutirn'

~ ~

^

h h was.obtairrd usiraj cnly five :salutia icau.:nts. , ~

$ u.( . A rapid d@reasurizaticn of the PCFM correccarling to Itna of helium in-
Q., - [/vernoty in the reactor cavity wa sttdini. A 645 c2} becak ma ptulated

* 4 : -- .s

'

*) ' d Qin the FCW ttper pluus of' the IW rn:r: tor. During this atprecsurizatirn ec-
S . cid:nt;,protectivs plant control cpticns wre emrcised. When tM pser-to- .

.- .. . .-

p? , f1ru rutio incressed a xwe 1.4,the rezctor ws scra:so2d. All crntrol roisJ
'

'

d.~
l wre driven fully'into the reactor core. Figure En sho.o the h211tra inventerv

,

(.'/j - i and cysten pressure as a fumtion of time. 'Ibe pcwer-to-firw ratio in plotted
j , in Fig. 87.. %e tranaimt ma carriot out fa* l'h of transient tiFe IMt tock

-) (coly 1.2 rain. of c:0-7600 nachine time using tho(OIF raethod.
d 3. IISN Precuenev Idrpense Cyability ",
LN

, (P. A. Secker, 0-6 and M. L. Stein, C-3)
' . ' 4

- W tave a%x1 a frequmey response coluticn caruhility to the IASAN code.
' h alacritir.n usal for thin analysis are simila$ to thone ccntained in the

.,

h IA3L-develepcd TAP (Tranaimt and Frequency) c-de.63 ,Itn IASAN code is ep-
abie of obtaining transfer functicns of rpecified ORP mcdel respence vart-m.-

|- |
abics with respect to specified nodol input variables be lirearitirn the non-

,i 2 lircar state variable derivative equaticns.

S 'Ite cotpleyi first-ceder crainary differential equatiens (mP5) in Onp are
q
# cbscritxximtbestically as
s.

f.

f d y,(t) = f (y,x,t) (69)'

w i[g

| Hy where v is the vector of tirre,1.-pendent state varlitbles in the nodel, t is thec
.;~ irriplent variable tin:0, x, is a vector of M time chpervient forciro fum-,i u

i O ' tiens, and f is the state variable derivative vectEr. When the rrnlinear fm
are lirearizcd about rum steady-state cperstiry otrditicn, where<

c| ,

*

.N
. y_(t ) = f. (4,4,t ) = g ,o o
.:.

the resulting linear approxir.aticn3 to tre ncnlinear expressicns provide in-
fecaticn cn the <tfrwnics of the syste= in a regicn about the steady-state irr'

,.

put g. 'Ihe size of the regico cver sich the lircarized ro3el is valid'
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g ''@ . varies with the degree of ncnlimarity of the cystem rev1 the rtvJnittrie of tha -
t | s;:n ;s.

.

A ' input disturbance. In instrix notaticn the lirearized equatty.s in IA7.N are'

' .c, e;
1, . .

1 GJ., y ,

dfNI .N I d '3f a1 + T 6x!

L BE 01 , 3y.. Eo .BE. Yo ~ ' 01) -i WG3 '

a;% '

e

f, .

where [ ] is the II by N Ja:cbian matrix avl [h is the N by M input metrix.
~

. . -

L..fM} 'Ihe fregtnrcy recpmse of the linearizedCIEn is obtaired tw Iglace trans-) "

f,(f;'
,

...o

'Q formsticn of DI. ~71) aryl cniculaticn of the transfer functicr.s of 6Y (s)/6' g.

k[j ' X (s) . '1ho I41 ace transfern of 3;. 01) is
,: k'

i sA
i . ;lNN '

Ih;g ~[ 6Y(s) 5 6Y(s) +
BE

EX(s) 02)=a -

.By, -

..

'W af;;
m- :4c

j

i b75 where [I] is the diagcmal identity matrix,'s is the Iaplace independent vari-
,

; s.,

able, 6Y_(s) is the Iglace transfccm of tin oy,(t) vector, arw1 X(s) is the
%;-; ''
.;; ;

,+,

. Iapizce transform of the 6x,(t) vectoe. Upm rearranging terms in B1 02),4

,

1p ,3 the fo11cwirq lirear matrix eqintion is obtalmd.
- -

4,

r ,.

. Q. .
..

-
.

-
.

3 '1 6X(s) - U3)
; ..# c .d3 6Y(s)s- .y a I =-

.:Q b - 3L - .L --

..
; <<u -

j fQC
| {', M If all 6X (s) = 1, (k = 1,M) in D1. (73), tinn the irrlivid2a1 solutims

k
.gl 6Y (s) in the Y_(s) vector are cdiled the transfer functicns of 6Y (s)/'

g g

with respect to
'] 67.g(c), representing the variaticn of the state variable yg'

,% the variaticn of the input x . 'the bicek dis 3 ram below illustrates thek
j N d transfer fumticn process. y

? % .< .i. .Wp
| [, :. b;

L;.['' BXg(s) BY (s)i >::"
Hik (s ) RESPONSE

'

| [U INPUT
. ,. .

| ? '[1
.~

{'s]

- [1 wtnre Ilik(s) is tie transfer functicn CY (s)/$x I8) *g k,

^t y-
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1 . . - -

%e dynmeic respcnse of the variable Oy (t) with the transfer fmetien ' ' ,.)
.- ,.

., *. ' , ,
,1 f,eq g,

4(M, g(s't can be crmeniently f:ttriled when the inpat &c (t) is a simsold ,j [, H k<

h>l
I ' with trequency u and mit anxt::un enplittrie, i.e.,

n , ,c ,.

',@ * ' -
4

6x (t) = nin u t .'< m c k (74)} t9'i ~ i
-

m

,

4 dd 'Ite rutpit regmce of a linear cyctm, subjectM to a sinusoidal input, is
r . , ,1

j yp: ', allo a cine wave of the sasa fregumcy tut ar:rlifici in mplittrie irvi shifted

! $ ' in"pinne. Wa frequervey reepcnse fwctim of a linear cysteiin <hfined as'

)h h,h tic rw;nituSe md ptnse angle of the syntm transfer (meticm ebtained frers
mj iM BI. (73). In general, both the egnittrk and pince angle of the frequency re-

J
p:L.

.
t

.g i spense functicn are imlirear fmeticns of tM simsoirh1 frequency, u .' o
L.

' 1, % ne caspicx alrpbraic rehtlonships giving the frequency response function
m are prograssred in UGN in stbroutirn Pl@SP. '%e fregtency response function
M@jj

t 4;4

for specified inruts arxl outputs are otsputed at selected nune6Ical values of
h;; g. It is *-y to plot 20 log |Hg(le )l, which is the definitionn
@ of a decibel mit, vs frequancy 9, on a nanilog graph. W e value of the
yg mgnittrh in decibels is plotted on the linear ordinate while the value of

j { g in radims/s is plotted m tM locprithnic abecissa. %e pe.se angle int

; M degrecc of tM frcquency regrnse functicn is also plotted linearly cn the

f l sean grcph. %e cochired otsilog plet of 20 log |Hg(im )] and th? Maceg

j g angle e vs e,is enlled a Done plot. Out;mt listings and Ibde plots are
generated with the IAS/N cole.I

y+%
,

i Wen the in[ut fcccira fmeticns are introduced externally to the retriel,
K>F the frequency rep are called " closed locp" frequency respcnses and rep-

j
..

I fr'

p
ka resent'all tie feedback <Wnamics. If the selected imut forcing functicn is a
.m
i state variable of the systm, the frequency responses carputed are called

a

WI "open loop" frequency reqxnses because all of the feedback dynsaica are not
m

i k present. Doth "q)en Icop" and "cicned locp" frequency responses em he ob-
4 % - .

! % tained with U.SN1:n.kirn it a vCy powerful tool fcr control cystaa & sign and
&,

. f., sensitivity analysis. r
#

. ,N. < , Figures 00 arx123 clnw selected Bork plots obtained Crcra I1CN using the'"

;

|
' ''f FSV model of the CP.P-2 cxxle. Figure 88 is a Done plot of the "cloced loop"~ .

kv, fregtrney respcnse of prcmpt neutrm pcuer with respect to pcmr (knvx1. Fig-l
,

|< % ute 89 is an cpen loop frequency rerpcrse of pecmpt neutrcn power with requet,

~

!4 Q to central c:ntrol red retien.
|
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d2 4. Fort St. Vrain thieling'

Pp x

t[yf (P. A.Secker and G. J. E. Willcutt, Gr-6 and T. J. Merson, WX-4).-

. rskh.
Ebet St. Vrain modeling for ORP was continued during this quarter. Ma}(,'

p .

g. *,

eC.'N ' model refinerrets were rnade to tte steam generator / reheater rnadules, the we -'

, . ..m 9: ,

1, M.m; and sich reflector modules, and the primary lo.p helitxt plera modules. ,.
.

3 ,

g. '

5$ a. Stetri Generatne/bheater Striolinr[|
*

4

. .r,1-

i

| ; 9 A tw generic helium-tcWater shell afyi ttfe heat exchrger sabecu-
. V.p

*O tine package vos chveloped for GEP. 'This cthroutine packs]e, named 'ILJSHL,
,

''

.

. ;,6 is called by both the main steam generatce rnodule and the stemi reheate-r rx:6- |' '

,

.I pt 4s - 1

?.K ule in O mP-2. 'Ibe miing for this rnodel allo.ra tin user a great deal of'

' * 3, ,
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.

flavibility in defining the heat exchanger descriptions. %e model tracks the

%$ saturatal liquid and saturated vapor boundary positims during a transient as
these positions pass frca cme morbled region to another. %is caoability is

fy.mjg required fa FSV because ficadout md dryout can be expected in tnth tre stearn
[

@H,@es generator and reheater during normal and conlatun operation. %us, the modelN
&c g
$QigM can be used fa starttp, shut &wn, and cmergenc'/ cooling renarico.,

%e merlel allows the user to input a variable ntrber of axial heat ex-y[ chmger nodes. For exacple, in the FSV steam generator there are five dis-
M[@;Md - tinct regicns with different geanetric Darameters; the lead-in tubes, the

Qy[iy,hg,gM[ ecmomizer, evapaator, md stperheater active heat transfer sections, and r.he

w +W M lead-out tubes. %e user may elect to treat ccnservation of umenttro in thejf .

h h water across regims either dynamically or quasistaticallv. %e ncdel de-

b tects, fren input data rpecifications, whether the gernetty is once-through cc

h U-ttbe mi treats the problem qpropriately. Ileat transfer en the hellin si6e

f. f.%..n sd
(shell side) is treated quasistatically and aamunts for reverse helita flow

Eben the 6 namic conservation of nomenttn option is selec-cn the stnll side.
{.QQ{H;D

f

ted for tube side dynnics, local flow reversal problems can te calculate.i.
jw p w e,q %us, the nodel is suitable fcr dynamic ficw stability sttr31es.

Og)i,w .-m% . y.
M d b. Modificaticns to Core and Reflector My!els
.,v ww@m
M/GMY Heat transfer frcn rolid roterial to the helitn is bf convecticn in
Nhg 1

W,nm ,.MM all cmponents of the ORP-2 model. R rther, this heat transfer process is
s. ,

gff% treated quasistatically. When rapid chpressurizaticn of the l'CRV cavity oc-
p3 w; ,

-

Wt 7W curs due to breaks in the upper reactor core plenta (normally at a higher
.w . h
QJQ A pressure than the lowr reactor core plentn), the pressure in the tpper plentaWw .y.

p# sx.aq rapidly decreases. %is causes a belitm flow reversal condition in the core;SGr1
@ ph and sich reflector. %e heat transfer equatims were thus modified in these

b@ k'. ) ? crrpcnents to account for flow reversal.

bh <
178
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5 c. Irrproved Inwer Plente !bdule

%e gernetry of the FSV 1mer plentn and side reflector are different
frcn the 3000 m(t) IrIGR. A peripheral annulus formed b/ the core barrel and
the PCRV exists in FSV through which helita passes upward to the uiper plenta

) from the circulator cavity below the reactor. No stch annulus exists for the
lower plenta module in CIAP-1. %is additional pressure <1 rop and convective
heat transfer path has been modeled for FSV both in the lower elenta rrrx*el and
the reflector moriel. However, new equations were only required for the lower
plentu because reverse flow ,es already allowed in the reflector model.

d_.
Plentn Dynamics

Inertia effectr in mnservation of mass and energy relaticnships have
been added to the belita plena modules. %ese effrts are very important for

| depressurizaticn stulles and account foe reverse flow mechanisms in the core

| and side reflector sttriies. Within small-6 ameter channels between plena,
conservaticn of mtnenttrn, energy, ar 4 ras for the belitn are treated quasi-

'
statically.

c. fedifications to Kinetics nylule

Control roi, shim rod, anr1 scram rex 1 reactivity effects were added to
the point reactor kinetics nodule. %e hysteresis-with-deadband control rori
rate logic, shmn in Fig. 90, was liunpcnatc<1 into the module. Inertia and-

danping effects of the ocntrol rod mr: tor drives were alm ulrled. Q:ntrol rod

| position, witirirawal prohibit, and scran logic, based on core power-to-flow
logic were ircorporated in the oxle. A zero-power neutron source level

,

! description was also added to the point kinetics model.

|

t e

l
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V. CEFR M DISTUPTIVE 'IEST PMXRPM
'

'
,

,.

,

$

.,' (D. L. Hanson, 0-8)
,

(GCm) mee is a, } Yd basic assenbly module of the Gas-Cooled Fast hactor.

simonenbly emprising 264 fuel rods, 6 corner sumort rods,1 central rod
,

,

limtrumented), mo their surroundirg doct. %e < bet is a right hexagonal!

| cylirvier. %e purpmes of this out-of-oile' experimental progrm are in r%nnn-<
I

'

|
g istrate the behavior of me of these GCER oore modules in the event of loss-of-

|
, Joore (IDC) coolant flow or pressure and subsequant shut <tJun of rAYJtCT power

~

'

I to the level resultirq from decay heat alone. %e INA will be simulated in
~

thi Dtct m1 ting and Fall-away '!%st (INFT) and the loss of pressure accident;

will be simulated in tin Depressurized Accident Ctsv11ticn (Dnc) test. %ese
experiments require the cbvelognent of an electrically heated fuel rod sino-'

lator capable of deliverirq 2 lof of power while operating at surface tenpera-i

tures exceeding 1650 K, aM the develegnent of a fixture that wiu parmit op-
eration of m msenble of 450 strh rcris (1 core rodule therrn1.ly quarded bf
cegv>nts of the 6 surrounding nr>1 oles) at hellun pressures uo to 9.1 tea.
%is Guarded Core 5bdule (CCM) fixture will be the largest in a seqtxmce of
four test fixtures develcped in the course of this progtm.' %e others are:

c

1. Ten-irch, sirgle rod fixture,
'

t

i 2. OncHneter, seven-rod fixture, and i ,

j 3. Full-1cngth stbgrotp (37-rod) fixture.

%e GCM fixture will be used first for the WIP and subcoquently for the DTC
:
! tests.

,

A. Program Plannirv1 .i'

I (D. L. Hanson, 0-8)

|
Meetirns were held at IASL cn Novenber 10 and 11,1977, between Grc and

|
| IASL for the purpacas of outlining a test plan for the first Ib11-Timgth Sub-

f grotp (FIS) seqtnnce and reviewirs the (Di fixture cc wi.tn1 rhsign.

|
'No types of FLS tests are planned: me in which claMing is held at a

! steady maxir.un tenperature and cre in which pmer is prescribed at the1

;
I ! time-dependent decay heat level. In both types of tests, the testing period

I
r '

i 1M
i

'

t_ e- > _ . .
,_ , ,
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d will be bounded tw perials of omtroueri transimt starttp and shuth to
minimize thermal shock and ratcheting effects. In the controlled pcwer test
regwnee, clakting tenperature will be limited to a matinrn of 1075 K in all.

j tut the final test, which will oroceed for 300 s or until evidance of signif-
'

t icant failure a!p ers. IIelitra pressures of'0.1 MPa and 9.1 Wa will be used
! in both types of tests.
M

| As presently envisimed in the mnceptual <bslon, the GCM fixture Ms out=
; grown the availabic test cell (due to vertical helqht limitatirms). Also,

torizcntal asserbly and sthsaquent transport of this fixture mw appear im-
practical (partly due to an estimted mass of 5 Ft)) . Accordingly, a high iny

| annax to Test Cell 1, Bldg.16, TA-45, wh? rein both testing anri vertical as-
i senbly can be performed, is rrw plannad.

| B. Analvsis

(A. J. Giger, Q-13; D. L. Hanson, 0-8; and J. C. Miller, E-2)
| 1. IIaaror Rori Crindar
! 1he raximtrn piticnal ternluticns of the Heater Rr.v1 Geirrier are 10 pm in

the radial (r) direction and 25.4 um In the axial (z) direction. Since et:t-
ting mtim is psible in enly me of these directicns at any time, thr cen-
tintrus profile of the ideal heater rrri nust he approximated by a segonnce of
mntiguous circular eselirrirical saqmmts. It is pmsible, htymer, to msure
that tM pwr qenerated in each of these segnets is irbntical with that gen-
erated in the corresnoyling axial segmmt of the ideal rod. A ccnputer pro-

gram that perforns this analysis for each successivu riviini (10 pm) step has
been created and used to gecrate a discrete step core rod profile specifica-
tion with the maxirun resoluticn possible fran the IASL machine.

A secevi cxrputer program uns created to adi egmily spaced rod-centering
larvis along the length of the tex 1, and a third progran utilizes the tabulsted
results of tM first two while centrolling the grindar ducirs? actml core rod
prcylucticn. She resulting roi profile is plotted in Fig. 91.

2. Guar,'ed Core %vlule (CD9

] An analytical nrxlel of test fixture and test assechly insulatial was pre-

f pared and is cperating. 1he :ncriel simulates, fran the quard heater outer wall
@ (Fig. 92) outward: a cultiple-layer rely!>3entrn foil radiaticn shield, a fiber

1

9 or granular layer mconted to t!e guard heaters, a large gap containing..
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I - stagmnt helitag, a fiber ce granular layer romted m the false wall, a small
helitra gap, aM the false wall itself. Radiaticn and crwiucticn are assunad

~

a with convecticn stppressed. '-

Prelimimry results using two altzsim fiber layers orodtced the loss rates
shown in Fig. 93. ,

.m. ;,

' ~ ~ ^

". C. Desion - -
,

l . . .
. _ --

. (A. J. Giger, 0-13 and B. C. Cbve, SD-2)i

|
,

1. Full-length Subgroup (FIS) ,-
,,

f Design work ms <xmpleted and <tawings produced and issued for a " tail-

.cv' end" haat exchanger to mol effluent helitst frm the 37-rod fixture to a ten-'
.

i perature mmageable by a back-pressure centrol valve.
2. Guarded (bre thiule (CDC

4 A full-scale layout of the test assetly and fixture was conpleted. Plan-

ning for the DfT is based cn cperaticn at 9.1 MPa. 'rhe u.uyi. being cmsid--

er(J'ases an interice, r.cgmnted, and water-cooled false waU as shown in Fig.
92.

I
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D. Prreuruv'a.t an.1 Pa"r irit ir'n
fA. J. niqar , 0-13 a vi 9. rma, S') ~')
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' - ' ' " ' VI. CIIRAItCCE SYmTM EVAWATICN NO S'.'1 DIPS-

..

h? , _
(R. G. Gido, 0-6)

. . . . ,
. .

,
1he follming sectima ctzmarizethe progress from three FY 197" nrojects

in the reactor contairunent area funried ty the Division of Svstem "afety (I:S!

Wg of hTC. 1*rk for the first project entitled, "Omtairvnent Evaluaticn," is
,

M
ff/1 -

given in Secs. A arri B below. Progreas in the seoni prciect titled, "Om-

{g tainment Suhocxpvt'nmt Amlvsis," is presented in Soc. C. Progress in the

he third projrct titled, "obin Steam Line Break Analysis," is presented in Sec.
. ,. .w

k.'p'id Piscal y.'ar 1977 orogram task resul.ts were tranmittad to MC in the fol-

f *mm lowing series of draft recorts.
3

E i]

r N M $m ,d

}$2" (g 1. Release of CIFPARE-wr11 corle with ghe capability of performing ice6EM o cervienser stbermpart.rnt analyses
',y ? u|%
-# 2. Orpariscn of 01EDPP-LTgalculaticns vith HTrviken, IDPP, arvi- c.o

>@dgvw.m/W Battelle-Frankfurt tests.
s

(, o*3 S* N

$f4 [ $]
6

3. Camarisons of G7PARM/RHAP3 subconTnrtncnt calculations with
W/ '

s
Battelle-Frankfurt C-series tests results.66

Lv p &;w e

$% 4. Amlvsis of the Tagrti cantairrmnt tests.67
'

5. Amlysis of thpeniticn and entrairrnent in two-phase flow.
'$

g;,.'jfj$ph 6.
bkd'dd

Analysis of pnsatien heat transfer within reactor
contairumnts,

f 7. 01ntairrmnt subca'part:nent sensitivity sttriy.

], 8. One-dimensicnal giculation of flow branching using the method ofD . characteristics.-

9. Review of stbcTpartment analysis corles.*

N ..,. se|,' R: %i t sh9eJ@q'

A. CDPARE-Mod 2

She purptse of this task is to incorporate Mvanced procedures chvoloped"
:

%hi[.[*[}
in FY 1977, make cruparisens or calculated and test results, unke critparistn!

die i%. of (RPARE-bhi 2 calculated rest.lts with those from CEPARE-M3rl 1,64 andWeg,]
w c., s
$fds,0; develop user-cenvenience features,
lh ? . w -

m%;N'd 1. Method of CharacteristicsF '104
dij- (R. G. Gido, Q-6)NWg%ifA e: 4

Pfft% One of the Mvanced features to be mv'e available in Fbi 2 is the abili-

h hf%h
_ . _ _. _ _._ _ _ __ . _ > _ _ _ - . _ _ _ - __
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to analyze me-dimmsicnal errpressible flow using the method of 6aracteris-
)
|

tics or wave-diagram malysis method."' m is feature will provide a het-

j- ter aamunting for crrpressibility effects and eliminate nome of the detatico
trxlalizaticn currently utilizM to represent this phenonenm. % e basic abil-

1 ity to perform such analyses is available. 110 wever, em*. asis is currently he-
ing placed on the capability to nodel constant, Nt different, area vents that'

are sta:ked in series. In particular, the storage arrangenent of the code
.,

variables is being no11fied to be core efficient. In alditicn, the capability
D. to Include an orifice at the stackig point is required to model the Battelle-

Frankfurt Cbnparative Analysis StaMard Probles (CASP).
,

| 2. User-Qxrmnience Develetrent
(G. J. E. W111 cutt, 0-6)

A user-crnvenimee coticn has been rhveloped to permit user input tim

steps that can change for different tiae intervals during a run. %e user
selects the md tinn fm each time interval, the time sten to he used in tre
time interval, a print frequency for voltre aM junctim informtion, aM a
print frequencv f& Mat sink informaticn. %is feature has been imorporated
into both CCtOARE->bi 1 and (D@ARE-We5 2.

A plot pac'tage has been develooed and tested in CDr@NIE-:bl I cn the IASL
conputer system. % is packaJe permits both standard plots selected throuah
inpit and user-specified plots of any variable vs any other variable selected
by programing modificaticns in ene subroutine. StaMard plots include voltrne
pressures, volume terperatures, jtrcticn rass flow rates, and pressure differ-
ences between voltznes as a ftecticn of time. Up to five curves can be speci-

fled per plot and eitler linear cc log time scale can be used. Mininun and
maxinra tilnes for plotting are also rpecified in the input data. n us, a plot
can begin in the midlle of a rtn and finish tefore the eM of the run. Provi-
sicn is made for skipping time steps between plotted points to permit storage
savings fcc cases with larga rmbers of time steps. Ebr each standard plot
the user can specify mininra arri maxinun ordinate values, er these valuas can
be determimd fecru the data extrene values by the program. %e user-specified

|

j plot package presently permits a single curve per plot of any variable vs any

| other. It is beim redified to permit plottirF) tp to five Curves per plot.
%1s pa:kage will next be made crerational cn the im systen using the Camrp
pckage.

1
*
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3. 'Ibe Representation Caoability

(R. W. feler, WX-4)

'Ito tee represmtaticn for the branching of cne-dimensional vents analyzer
8br the methtyi of characteristics has been inonepurated into the CDfARE-Myi

2 corie and verified by ormpariscn with expr*rimental test results.
Verificaticn of the branch flew :xylel was achieved bf otmparison of

stear *y-state calculated results with air flow experiments through a tee with
three Uru jmeticns of eqtn1 dimeters of 31.75 m pipes.7 'Ihe tee firm
model gennetry anr1 initial conditions are shown schenntically in Fig.101.
Air properties were input at 294.4 K mr1 aL=i+1eric pressure. Uryler the con <-

ditions shmn in Fig.101, the air flower 1 from vbitme 1 through Voltre 4 and
into Volumes 2 and 3 at egtal rates. Ebr purposes of otmparison with exneri-

mental data, a noorlimmsicnal loss coefficient, g, was calculated using
total pressures:

I1 2 1 2p +p yPg g-.

1 1 1 2 ^2 /S 1 2 (73
-

P u2 A p
7 1

w*wre

p = juncticn pressure,
.

! ts = junction velocity, and
;. = juncticn density.

Subscripts are defined as follows:
A = old time value at juncticn md point,
P = new tim value at juncticn enr1 point,
1 = juncticn 1, and

,

| 2 = junction 2.
1

| 'Ihe results of the mor3e1 calculaticns are sinwn in Fig.102. 'ihe less cr>-
! efficimts, K , (velocity head multipliers) were varied tntil agreement wasg

achieved with experimental data. In this limited investigation, all three
less <xofficimts mee kept equal tut,qmerally, they woutri not have to be
equal. Gocyl agreement was obtained with experimental data when loss coeffi-
cimts of 0.3 mre used. With the lecs coefficients maintained at 0.3, the
pressure in Voltne 1 was both increased anri decreased to obtain different flow
rates. 'Ihese points are also shown in Fig.102 armi agree well with published
experimental data.

,
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P=2.069 xlO*Po'
, , ' V >> l -

,, , ,
'

| J '
,

,.
:! - NJ=2

' '

i [
' '

A=7917xlOM'

, P= 2.2 x lO* Pa L=Imi

| i - g g -
-

|-
(, V>>l Branch P=2.069 xlO*Po

NJ=l point '

A=7917xlOV'

L=Im NJ=3
'

'*

' d 2A=7.917xIO m
L=Im'

'

@ 4
i V >> I P=2.069 x 10 Pa

'I;

Fl.1. 101.-

vb1me and juncticn geometry and 1. itial conditions used in tee flowa

cniculaticn.
,

Figure 303 shows the effect of variatim of the Junction 3 area en the
nondimensimal total prest.ure drop coefficimt, C . %e loss coefficientsg
were maintained at 0.3 for tre fra calculated points. % e results are in
good agreenrnt with the experinntal data.

In strmary, the characteristle egmtions and finite difference amroxima-
ticnn were used to satisfactorfly :n.wlel tin flew of air through a tee. %e

| results are in gcoi agrea:rr.; wig published experimental data. '1he formula-
tim can be extended to mtriel flow through a branch point with Cour or acre
juncticns bf a simple extensicn of the equations for three junctions. It
shculd be mted that ocmsiderable scatter in experinstal data gatheren by

various authors was roted b/ Bmson and 1*n11att.D %e construction of the
1

flow branches (sharp or rounded ert es) hwi a great effeet en the observed
'

i

pressure drops. %ese variaticns in tee constrtrticn can be accounted for b/
changing the velocity head multipliers (loss coefficients).

l .

| t

k

i
-

._ [
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' Fio. 102. Fig. 103.
Static pressure drop throuqh a tee ibtal pressure loss coefficients
(points with sv:thols are calculated throu15 a tee (rbts are calculated
values). values) .

,

B. fivdrcxlen Concantrations in Cbntairvnent Cernartmnts
(G. J. E. Wi11 cutt, Jr., 0-6 aM A. Koestel, TASL Omsul. tant)

A previous sttriy exmtined the separate effects of diffusion aM natural
convectirn cn the novement aM concentratim of hydrogen in a clore! contain-
ment cxrpartant.76,W 7tn murce of hvorogen ms the radiolytic dcwWi-

, tien of the water m the floor of the carpartnent following a IOCA. The ob-
|
'

jective of the mrk this fiscal vear is to cxrbine the effects of the diffu-

sien and emvectim models by mMifying the ene-dimensicnal transient diffu-
sicn model to inclub effects of mtural omvecticn. Tasks involved are to:

*
1. incitrie ecMy diffusivity, based m the flow rate in the wall hcxrylary

layer,
l 2. include a convective term,hased cn the flow rate in the all boundary

' layer,
l

| 3. mcylify the diffusicn rodel bouMary cxw11tiens to incitrie hydrogen
carried back down by the wall bouMary layer, andi

I

l'
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t ', , J. ; coppere results with the. simple diffusicn-aily noiel fcr various' '

cnipartsacnt sizes, generatim rates,'anr1 initial mixing perials. -, ,, ,
'

.L . .
.

.. . . .

'' '

i ?' ' , An cody| diffusivity mcriel was developed, based cn the natural convecticn,

; flow dr><rward in the wall boinviary layer. %is flow pres *ucas an izward ficw! 4

'fri the central core of the mnpartnent cutside the boundary' laver. %e twen'

,, ,
, .

-

velocity in this central core is used with the results of free jet analyses to
! &termire the eddy diffusivitys -82

,

Qi x-

,, ,

'q . . ,, , , ,

d = 0.0922 U R,' y h
,

'

| c
. 4 , ,

,
,

,J i .e, . , , . .
.--

m wo, ,

' ,where U is tre average velocity at a given Might in the central core md R is
the cmpartme_nt radius. Fbr cxrpartment circulatten r'ates of greater than 3'

voltrnes per Inur, the peak ccncentration difference m1culated tw the diffu-p

sici roodel with the eMy diffusivity aMed is nwer greater than 0,5% for the
base case 203 m3 (10,000 f t.3) mbe acrpartnent. %is result asstres a
fixed core velocity based cn the circulatim rate indicated. A peak conr':.r-
traticn difference of 4.8% was calculated without an edav diffusivity term. A

i revised rodel is being developed,which will vary the eMy diffusivity as a
1

ftncticn of Might based at the cnte velocity variaticn with height.
,

C. Containment Subccroartment Analysis

1. Starylard wrieling Procedures

| (J. S. Gilbert, CH5)

he objective of this task is the establishnent of noieling orocedure

| guidelines for reactor contairrnent subocrrpartmest analysis. % ese modeling
procedures are being developcri by determinirs the sensitivity of pressures,
forces, and ranents en the reactor vessel and other corponents to a variety of

j parameters, %e parameters censi& red are:
1

> ~
1
.

fricticn flow lens coefficients defined by the coefficient of frie-| 1.
|

ticn, length of flow path, and hydraulic diameter,
'

i

,

2. gecrnetric flow loss coefficients accounting for ccntracting or ex-

|
panding flow areas,

3. inertial fcrm factors,which ummt foe vent flows with inertia,

| 4. pipe break configuration asstrpticns yielding different break flow
| distrituticns,

*
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'! 5. representaticrt of &rmic flos m obstructions such as disclamt
i piping insulation, anr1

B36. ftxyly critical vent flow multioliers.
'

,

Ibch of these paramters will be varied within the range of its 19risical
limits. %Is sensitivity stuiv will be repeated fcr each of several reactor
cavity and reactor piping genwtries. %e reactor lower cavity thic'< ness is
varied from 0.05084.6096 m (2 in.-2 f t.) . h reactor cavity thickness in
the regio. above anr1 helow the reactor nozzles is varied fran 0.1524-0.9144 m

, (6 in.-3 ft.) vhile reactor Iner cavity thickness in maintained at 0.1524 m
(6 in.). %is region arourri the nozzles exterric 0.9144 m (3 f t.) helrw the
centerline of the rr>zzles and to the top of the reactor owity which is
cpen. Finally, the thickness of the piping annulus is varied f:txn 0.127-
0.3048 m (5 in.-1 f t.) . An alternate arproach to the use of arbitrary goanet-
ric variaticr.3 would be to use different actus1 plant geanetries.

| 1b stpolement this rensitivity sttyiv, an investigaticn of the effects of
vent geanetry, crxx>ressibility, arv) tuM>hase flew on frictim anr1 gemetric

| flow .locs coefficients is heirv) cerfornni. %e -rybling procedures include
th? results of the recently completed contalment subarrpart2nent noialization
sensitivitv sttr+v. ,702

Prelinirnry analysis of the sensitivity of pressures, forcas, and monents
cn the reiv: tor vessel to morlifind friction flow loss coefficients was per-

| formal during this quitter. %e fricticn flow loss coefficients were all
chubled resulting in minor changes in values of peak presst' ens, an approxi-
mately 15% reducticn in the resultant feree en the reactc vessel, and minor
differences for the nrnents due to these forces. Because frictim arvi geanat-

| ric floa .1 ens coefficients are stmed to provie values for entrance and exit
flow 1ccs terne in CDMPNFArrl 1,64 it was nacessary to errlify the cxxle to

j input these quantities separately. %us, for exanple, scrne or all of the
1

| fricticn aantributicns to the flow 1.mses may in sttriicd irriepenriently of con-
| tractirn or expansicn locses.

2. Calculatim of tha Crrmrative Analysis Standard Prob 1tra (CASP)
(W. S. Gregory, WX-8)

%e Battelh *ankfurt CTSP for evaltaticn of contairrnent stix:crpartnent
analysis corb rei calculated. %e test (D10) was run on August 17, 1977,
after which ic, initial, and b1cwba crrvilticns were mark available to

| . 19:,

l

.__,_ ... _.._-------- -- - "

- _ - - - - -_ __



3 . U N E!N E @ g% D N I. D 2 9> +. D '. 9 ;6 m ( k !; g g . g "../ d e N % d u )
~ GWie?%h My-ts.e

ow 9 p,Q wQ ,m g .y,
, ?- .:qP yggdy"o -

.

a. 4~ W~,w~w;,h( d
, di$t gfiu .c.., R m.gp r o w y g .( w:, y

F - + qcQ k,..?D. 4,t
y, . w n, p

:p;,;g;gy %, 4 2 . .wy:-.g;. c
:

.$.g. w3, ,. y q. ywe. . ., -
QD ,4,'t"M,y, y;;

1
: , .- -

.. tmm .,w . t , , , a*
.

e. m;, .. ,s n.m . ..

~/; @'$ %::9 7;.Cc:; 3 M S 'V u
.

,,

,

,b e interested participants. Measured pressures and temperatures were' not made . ;,Q| .t

publicly.
- .

. _ . .. . , , . . . , . . ..:, ; . . . . . . .
. ,. - .

. w.,

; .u .
- available. Participants?in the U.SF were to' calculate the tran- %-7 + o

,
..

o . .. .. . ~ , > ,e . :e .-- .

sient pressure-temperature response and were to; submit, these to Battelle-Frankfura i

for. comparison with the measured results by wah of theINRC. T.
. ~. x(S. .n,

.. z , , . . , ,
'. , . .

!. ,' - Forfour calculations,.CASP,was represented for numerical analysis'by neans'
.

of 25 nodesYThere were four nodes"in' Room',4 (R4),Ifive nodes [in"RS, . five . ,

-

..
- , - ,.

i
i- f : . .

t E' - _. .. . ..

! f| nodes in R6'(the room in which blowdown occurred), four nodes in R7, four '

p ( 1;~ nodes in R8, two. nodes in R9, and one node is ;the 'connecticn between R6 and
. - . - . - .- .. . . . 7 .

i

j
~ .

i
.. . . er

,
-

:

| | . R8. Nodes 'in"a larticular room have volumes that are withis -50% of each
i]{p-

-
.

, - . :. . . ,.c .. . -
.

.>
other.-The main retson for the node tize not being more uniform is that the)

t

:I
;c

.
. .

. -._
~''

f.
,f,. _model was origina11 r set up for, C-series test analysis where volumes were

~ E -located, relative to potential orifice locations.66 '
^'-

J "s +c. v
S

''

- Entrance head-loss coefficients for the junctions between nodes were cal- ~

f ' , ,culated from the sum of upstream friction and the sua due to_ area change. The
~

s

; area change component due to flow contraction was always assumed to be 0.5 if
i
; there was an area change. Exit head-loss coefficients for the junctions be-
1

tween nodes were calculated free the sua due to area change and due to down-
.

i

stream friction. The area change component due to flow expansion was always
' assumed to be 1.0 if there was an area change. No turning losses were included.

| Current licensing assimptions were used in the calculations. In particu-
lar['aMoodymultiplier of 0.6,100% entertainment, no heat sinks and homogene-
ous volume thermodynamics were used.

84
1 'rhe COMPARE code was used to perform the calculations.
!
,

D. Main Steam Line Break Inside Containment
,

(D. E. Lankin, Q-6, and A. Koestel, LASL Consultant)'

1. Introduction

! Recent analyses of postulated Nir s team line break (MSLB; accidents with-
|

*

in the containment building have sn. .;ted containment atmosphere temperatures
! |
! t

!
substantially higher than ve i e 9 ..lification testing of certain safety-

i
related equipment. Consequs.t.y, . m ic concern has arisen regarding the

.
cabability of these safety-related equipent to withstand the accident

I conditions. ,

i

i

j m .

t . .-
%'

,
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85Preliminary r-vmderaticn of the problem has identified several areas..

'

of significant mo -tainty and/or pcssible uMue conservatim in these capu-
tatims. %e pei:nq task for this quarter was to estimate the relative in-
portance of these n: certainties arri to evaluate the possibility of raakirvj sig-

! nificant progress =::mrd their resoluticn within the time aM funding
available.''

%e problem arem can be divided into tw broad categocles:'

4-

i 1. ccmsideracsms affecting the predicted contairment akuriwre thermo-
dynamic resxmse arvi

. 2. omsiderarbis affecting the predicted thermal responsa of equipaent
to given cc winric corr 11tions.

*

Uny are discurateY 5tlivichally below.
2. Pradictiers d Chntainrrent Atroc;uhare Trroerature Re<mmse

a. Heat Wansfer Coefficient for Energy Absorption hv ifeat Sinks

%e inrbst-r standard for mndensation heat transfer within reactrx
mntairrnmts has fcr <rme time been the correlaticns proposed 6/ Tagami
and Uchida. T*v m correlatirms wre based tpon very small-scale experi-
mental conditiers ?d:bly atvolcal of contalment systems. % e baat transfer
coefficient predictef. hv these eqtaticns is conservative (Icw) by roughly a
factor of four fer t,e ccnfiguratirm of the Carolinas Virginia %be Reactor
(CVIR) test.88 'I'm TMR test conditicns are nuch more nearly representative
of actual ccatairvw-r cmditions than are the Japanese experiments cited
above. Variaticn rf the condensing heat transfer mefficient assu::pticns inve

85been stown to iscact the predicted maxinn atnosphere tenperature by about
39 K. !

%e state of trmiedge concerning condensaticn heat transfer under mst-
accident conditicrs Es highly unsatisfactory, and this uncertainty has irpor-
tant inplicaticns f r the problem at hand, t e chief difficulty lies with the
scaling uncertairer involved in extrapolating frem rmall-scale experinrmts to
contairamt oxyliti=s. Even if the Tagami/1k:hida experimental results a e
accepted as valid, tne correlatirn equations used are not obviously appitc3ble
to th? vastly diff- mt omditicns within a omtairment building. Irr3eed, the
CVrR data indicate tum equations are very conservative. %ere is no physi-
cal basis to belies = that the correlatim parameters used in these eqtnticns

199
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3 ; correctly scale the results'ftr the enormous extrapolaticn involved. It would
,

| ;

{, be 'very helpful if more amropriate scaling ' relations could be discovered to

,t 'rMuce 'the ultra-acnservatism of present practice. a -
,

|
%orough resolutim of this problem would best be acyrnplished b1 a rather

,
'

j Iinvolved malytical stWy to determine the correct scaling laws, together with!
.

; |
: sme additicnal supporting experiments. However, it is <bubtful whether this

t | could be recenplished within the time md funding constraints of the present

f stMy. An alternative a@ roach does offer sme prmise, however. Dimnnsimal.

j '| analvsis of the governing differential egmticns reveals that the Nusselt num--
,

( ber for coMensing het transfer is ame mknoot function of several classical'
.,.

dimensicnless vartables incitsiing the Reynnids number, Rr.leigh nuber, Prardt1
>

~ ,,

! nupber, and the Schnidt nunber. Physical arguwnts can he advanced tMt the
dependence ipm several of these parameters should be of seccrd-order inpor-

I tance. %erefore, it seems attractive to attenpt a correlation of existLM
'

experimental data (Tagami, CVrR, Marviken, and Battelle-
Frankfurt ) in terms of these dinynsirnless variables. W is should provide
a mich better basis for scaling.'

b. Condensate Revaporization.

B5Ocuputaticns with standard cantainment analvsis codes have over-
predicted the peak tecperature measured in CVm cperiments. A p sible ex-
planaticn of this discrepancy was considered to be revaporization of corden-
sate (formed early in the transient) during the superheated phase of the m

j accident. It was found that assimpticn of revaporizatirm of - 7.5% of the
condensate produced approximate agreenent with CVrR data. %ere was no recha-
nistic basis fcr this assuTotim, and therefore, no firm basis for applying it
to the larger scale contalment probim with different gemetry and blowhc
characteristics.

A very preliminary investigatirn has uncovered three possible mecMnLws
,

which could act to "destperheat" the containment atmocphere:

I 1. radiaticn from tM tot steam to the cooler walls,

2. recirculatirn into the bulk contalment at:nocphere and revaporizatim
of mall condensate droplets (fcg) in the trxindary layer near the
wall, and'

| 3. coolirn of the atnrrphere bf falling drops of condensate frcxn the
miling of the butiding.;

.
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Crtrie estimates of t'e nwjnittries of these effects iMicates that,in sisn,r
;

they may acxnunt roughly for the discrepancy found in the above corputations.
i %ece mttets require further evaluaticn arvi mrnns of incorporating them into,

contairunant corpttatims may need to be devised.
c. Licmid Entrairment in the Brealt Effluent
%e entralment of liquid water in the stem ficning ferm the broken:,.

steam line can Mve a aignificant effect tzxn the cxmtalment atmosphere ther-
mcriynamics. Wille this surely Ms inportant bearing upon tha present problem,
it lies @lly within the provirce of the NSSS veMor. Current crntairrwnt
analysis meth>1s require to modificatirm to r-.. Mate this consideration,

provirhd aporopeinte inpJt is stpplied. %erefore, this problem was .iuaged tr
be outside the scope of the presant stMy.

3. Prediction of Fbuirment %ermal Pmoonse
a. Troerature Variatirm Within Contaimmt Abnosobore
CVIT'. measurements irriicate that local abuyere te@eratures at var-

tous locations rEpart considerably (> 55 K) fem the " bulk" or mean temera--
ture. %is strongly str; gests tint the ryrtputed mean tenparature may int be
representat.ive of the local ambiont terperature adjacrmt to the safetv-relatet
equignent of concern.

%e CVIR test qeometry is rot presently mil enough tzvierstood to resolve
this matter. Hrvaver, exminaticn of the test results is highly suggestive el
the follcuing interpretaticn: Early in the transient, the tencerature differ-
ences may be due primarily to physical separation (by walls, equipnent, etc.)
of tM contairrnent into several regicns with restricted ficw between these
volt 2nes arri fairly conplete mixing within each one. Iater in the transient,
there qpears to be significant "tenperature stratificaticn" due to thermally
irriuced density differences within each region.

It should be prssible to make srxie progress in this area. 'IM chvsical
separation of the contalment into subregions presents a problem for which
metin3 ology is already available. Within the sep1 rate regirns, sinple
mMels can be devised to crtriely estimate the tenperature stratification
effect.

b. Heat Transfer Co'fficient for Ehuiment
It nny be necessary to perform transient heat conduction analyses

of the various pieces of safety equipnent in ceder to determine the peak tem-
peratures experienced by the critical cruponents. Due to time lag in these
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