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w5 BRIC.is a- two=dimensional nuclear-thermal deple-
tion program to study the effects of mederator
15, . :-- boiling on. the neutron flux distribution and the
depletion of the time-~dependent isotopes. The
program requires an IBM-704 with a memory of
32,768 words and ten tape units.

.|‘

BRIC - AN IBM-70L4 TWO-DIMENSIONAL NUCLEAR-THERMAL
o - . - DEPLETION PROGRAM WITH DISTRIBUTED VOID EFFECTS

W. M, Jacobi .
T. J. Lawton
‘S. H. Meanor
Jo. R. Parrette’

I, . INTRODUCTION

BRIC-1l-is_an IBM-70h program to study the effecté of moderator boiling on the

neutron flux distribution and:.depletion of time-dependent isotopes in an x=y slice

.-of a water cooled and moderated reactor., Flow is assumed to take place in the

axial direction?

The program is essentially a modification of TURBO=-13# (Ref; 1). Using input
water densities, the diffusion eqnationé are solved in xny geometry to obtain a
neutron flux shape and a corresponding power shapeﬁ A themmal and hydraulic calcu-
lation yieldé a new wéter deﬂsity'distribution corresponding to the power shape.
The power shape can be recalculated based on these densities until a converged
density distfigufion is obtainea,Athen a depletion of the time=dependentlisqtopes

can be calculatéd;

II. CALCULATION

A, Spatiai Ifératidn'

A modlflcatlon of the PDQ=3 (Refo 3) as 1ncorporated in the rev1sed TURBO

)

program is used to compute the neutron flux, @is and crltlcallty factor9 Xu

# No provisions are made for r-z calculations or for maximum xenon studies.

s The revised TURBO program will be described in an addendum to WAPD-TM-95.,
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‘ The two-"or four-group parameters requlred in the diffusion equatlons are obtained
by comblnlng 1sotoplc number den51t1es and the mal self-shleldlng factors with*'
fltted few-group mxcroscoplc crose sections. A library of fast cross sections is
available for ﬁée ﬁhich c;ﬁ be corrected to obtain a more accu;ape'fit for indi-
vidual pfoblems.

The flux shapeé obtained from.the spapial oaloﬁlatiop,are:normalized by com-’ .
puting a power shape from these flux values and the fission cross sections and by
comparing the integral of this power w1th a specified power output. The depletion
or the variation in the water den81ty is computed for each rectangle of the mesh
by using an average flux computed from the four surrounding po;;:.n;wis‘epflﬁx'values°
See Reference' 1 for a more complete description of the depletiopﬁsoheme;

Water must .be carrled as a single element number 30, in. the fueled regions
where the water densities are to be varied.as a function of the local power densie-
ties. For non-fuel bearing regions, water may be carried as elepents land 2,

hydrogen and oxygen. ' The BRIC-1 library contains the'followihé picroscopic cross

sections for element 30, (HZO)'

Group ' ' Ftr Op N . 9,
1 L.Logs 3.8 ~ o.okes
2 9.2l LSS - 0.0004
3 16,9331 1.5536 0,028, )
B. Themal and Hydraulic Calculation o ‘ o

The normal TURBO-1 calculation is discontinued prlor to the solutlon of
the 1sotop1c den31ty equatlons° In each mesh rectangle contalnlng f1331onab1e
1sotopes (1.e., non-zero power) the power normallzed to the output power 1s

L

calculated by the expre581on



TETISE ARt SO | ()
i=] m=-- - I SO .
18,20,21, 23

where r refers to the Iecfangle defined by'its foﬁr values x, y, Xx+1, y+1, é is
the TURBO power normalization factor, K is the energy produced per fission,
Vip is the macroscopic fission cross section, $ is the average fluk, i is the
lethargy group, k is the fhermal group, and M is the element nuiber. Only rec-
tangles with P(r) # O are considered in ‘the thermal ‘and hyaraLilc calculation,

The mass flow rate, G(r) is calculated by llnear 1nterpolatlon in a table of
P, power density versus G. The table is composition-dependent input supplied by
the requestor and is used to approximate the flow redistribution effects which
result from boiling. No detailed calculation of flbw distribution is poéSible at
this point, because such a calculation reqyires a;knowledée of the powerfdistria

bution along the channel in the axial direction.

An average coolant enthalpy is calculated for each mesh rectangle from the

expression
. k_P(r,t)
h(r,t) = a(hgy) + Y LB+ sh(r,t-l) (2)
‘ ' G(r,t) : ‘

where t is the time step number, hgy is the inlet enthalpy,_kn is a compositione

dependent power conversion factor, and a, Y, and & are input constants which are

described below.
Water number densities are determined from the coolant enthalpy by linear

interpolation in a composition-dependent input table of NBO versus h.

'1. Nuclear~Thermal Iterationv

The typé of heat balance to be considered is determined by a;, ¥, and

fo ]

If a = Y=1, 5= 0, a -nuclear-the rmal iteration is specified, i.e., the water



number densities are determined solelyjby the immediately preceding pover, itéera-
tion. The constant & may be used to accelerate convergence of den31ty shapes,
For example, if the coolant densities tend to oscillate in the process of con-.
veréence, one might set Y equal to some fractional value and let =1 -« where
Y =a, . This will :tend to damp oscillations and may speed convergence, -

. Two convergence,criteriahareAcalculated, onevon-tﬁe'integrated change in water
density over the entire.fueled region, and one on the'maximunicgange’inrwater
density at any mesh point. The following.expressions are used.to calculate the

convergence; criteriaz:

7;‘ [NBO( I",t) -NBO(r,tﬁl)] A'R

S S = 61' . T . - (3)
mﬁheré AﬁJis'the area of the rectangie, rh
U max | Nap(Fst) -N3glr,t-1) - . : | )

These are compared with the input qnantitiesbel and €2 to detemmine converéence.

-, After edited;values have :been inspected,'the requestor can proceed to another
iteration (time-step) or a depletion. Current time-step.values of coolant énthalpy
are saved on punched cards. These binary cards are part of the input for the next
time~-step calculation. The time-step number in the TURBO-1 deck must be increased
by 1 in order to do another iteration.

If the water number densities calculated in the current 1teration are satise
factory, it is poss1ble to do a depletlon of the tlme—dependent 1sotopes with

element 30 held constant ThlS 1s done by lnltlatlng a restarto It should be



noted that the most recently calculated number densities are not used. This
should not be considered as a limitation, because convergence of the iteration

!
scheme implies that the time-step (t-l) number densities are just as good as time-

step (t).

2. Sequential Heat Additions

Ifa =0, Y =6 =11in equation 2, heat may be added sequentially to
an x-y plane slice. This would correspond to examining power, enthalpy, and den-
sity distribution at several heights in the core. One might set the value of kj,
to correspond to 20% of core power; the water density and power shapes calculated
in the first step then correspond to that height in the core where 20% of the total
heat has been added. The second step would add én additional 20% heat load, based
on the p&wer shape and enthalpies existing at the first step. The process would
be repeated five times, and on the last step the power distribﬁtion at the top of

the core and the exit coolant enthalpies would be calculated. With this procedure,

G(r) is calculated for the first time-step (i.e., at the bottom of the core) and

is held constant through the remainder of the heat addition steps. The time-step

number in the TURBO-1l deck must be increased by 1 as each slice is added. The

sequential addition of heat is the most realistic ﬁethod of calculating density

shapes in a three-dimensional core, but may be subject.to significant inaccuracies

where the local flow rate G(r) is a strong function of tﬁe chahnel~thenhal conditions.
AlthoughAthe procedure involves cumbersome.tape manipulatibns, it is possible

to do a depletion of the time-dependent isotOpeé° Howevér, this will not be

described here,
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III. INPUT AND OUTPUT S . O

‘A, Input
"In general,'control'informabiOn‘(lncluding card numbers) is punched in
fixed point notation and data information in floating point notation,

Fixed decimal 1ntegers are represented by a 31gn followed by a sequence of
decimal dlglts, The decimal p01nt is not punched but is assumed to be to the g
rlght of the last dlglt of the fleld.

Floatlng de01mal numbers are represented by a sign and a two dlglt chaxdcf
'terlstlc, C followed by a fractlon of up to eight (8) dlglts, ‘va& ?.iO.XXYX.lOy,
then N is punched as +CCXXXX where CC = 50¢+y. The fractlon must always be in
normallzed fom, i.e., the lequnost.dlgit must not be zero. Floating point
zeros are represented byba +_sdgn followed by at least’three Zeros,

Each card 1n the 1nput deck except the title card has a four-dlglt card .number,

All numbers on the cards are separated one from the other by a sign punch. Every
Hcolumn must be punched, There must be a 12 punch in the column ;mmedlately‘followe

ing the last data digit, followed by zeros to fill out the 72 columns:of the card,
éll‘numbers are floabing decimal numbers unless otherwise specifled., If more

nunbers than needed are.specified for a card, fill the remaining columns after the

‘ lasb data digit with #000------0 through column 72.
B The BRIC-l 1nput deck consists of a TURBO-l deck, a blank rard a thennal and
hydraullc deck, a blank card, and the binary deck punched by the prev1nns tlmem
hotcpa There 1s, vl cuurde, no binary check for tlme-step 00, L ‘ v

1. TURBO-l Deck

Prepared precisely as described in WAPD-MM-95 and in the addendum

to that report.



2. Thermal and Hydraullc Deck

“-Caution muet be exerclsed bv the requestor in the‘constructlon of all
input tables., In the process of 1nterpola$1ng in these tables the program will
halt if the range of the table is exceeded in elther dlrectlon.

Water number densities may be held constant over a fueled composition by setting
the values of NBO in the LOOO serles equal to zero. The enthalpy'values in this
series and all other input values associated with the comp031tlon rust be reasonable
va;l.ues° If they are not, the program will halt while attemptisé to interpolate in
these tables, '

Title card - Anything may be punched in columns 1-66. Uﬁlike the title card

in the TURBO-1 deck, this title card may be different for each time-step.

Card .

Number  Symbol Description
" sl00L a R
¥ Parametefs.in equaﬁion (2);
m - - . Number of fueled compositions - fixed point. .
G-Edit 0 for no flow edit or 1 for flow edit - fixed point.
H-Edit O for no enthalpy edit or 1 for enthalpy edit -
fixed point.
N-Edit O for no density edit or 1 for den31ty'ed1t - fixed
: point.
) él Convergence criterion.
€, | Convergence criterion.
(Although €, and €, are not used in sequential heat
addition problems, two floating p01nt numbers must
be punched on the card.)
+2001 nq Composition number - fixed point.
(ho)nl .Inlefc, enthalpy.



Card , o S e
Number Symbol Description
. R R o RSV
kn1 Conversion factor.
no Compoéition number - fixed point.
ok, B
kn Conversion factor.
. . 52 ' L e
LR ™ ,

nb .
(b0>ﬁh- N - ,:“HM'. o | L
“k. S . . oo

ooy
+2003 (etc.)

where the composition numbers are in ascending order, specifying one fofleach of
m fueled compositions. There must be six and only six words on ocach card with Lhe

exception of the last card in the series, if m is odd.

+300% . Power versus Flow tables for first fueled composition.

(O B v

D-d .

" 43002

O W Yo



Card

,Number  Symbolrrizre : Description.
. .
G
+3003 etc,
+3011 P Table for second fueled composition.
4 5 0
P
G
P e
G
+3012 P
G
P
G .
P
G
etc;
where up to twenty pairs of P and G values may beAspecifiedAfor each fueled com-
position. The P values must be in increasing order and there must be input for m
v tables. The fifst card number for each table is 2991 + 100 where N = Yoo m,
oy There must be isix and only six words on .each card except the last one in each
) table. T A O L S SN SR
| ¥£061'1' | 'HQ. h :“>A&érﬁgé.coéiéntféntﬁaipy'Versus ﬁ3© ;éf firs?,fuéled
Co ©oc sy .ow o compositien. coowlc e [ES S S .
NBO ' k
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Card .
Number = Symbol. = = _ ~ Description /.

+4,002 h

+1,003 etc,

+4011 h Table for second fueled composition,

where the L0OOO .series are.specified in the same manner as the 3000 series. .
3. For all ﬁime steps except 00, the binary deck pﬁhchéd‘by the previous

tlme-step follows the blank card after the thermal and hydraullc deck, The binary

deok contains the prev1ous timeqstep enthalples and for sequentlal heat addltion j

problems, the constant flows,

10
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B. OQutput

For each time-step a binary deck is punched which .is part.of the. input for
the next time-step. If a = O (sequential heat additions) the deck cons1sts of the
mass flow rates, G(r) for each rectangle, three blank cards, and the enthalpy
values for each rectangle. If a # 0 (nuclear-thermal iteretion) the punched deck
consists only of enthalpy values. On both flow and enthalpy carqe the 9L-rou.;
contains the time-step number in columms 13-18, columns 19-21 are blank, and the
card number is punched in columns 22-36 Enthalpy and flow cards are identified
. by the punches in columns 1-12, Enthalpy cards have a punch in every column, flow
cards have a punch in every other column o 4 : ‘

At the end of each time-step, G(r), h(r), and NBO(r) are edited off~line if
they were specified by the requestor, in:the input.
For nuclear-thermal iteration problem, the two convergence criteria are calcu-

;
lated and compared with the input criteria 451 and~-'52° If. the problem is not

converged, this fact is printed on-line and the calculated € ; and.the ten maximum
values of ¢, are printed on-llneo;>Whenhthe;desired convergence has been obtained,

this fact is noted on-line,

IV. OPERAVING INSTRUCTIONS ~

Only the basic operating instructions are outlined here, More defeiled operating
— instructions and the program and error stop 1ist1ngs associated w1th TURBO—O, 1, and
5, the end of tape 7 procedure and the restart procedure are glven in WAPD-BH—95
(Ref. 1) and the addendum (to be published) to it. In addltlon“thls”edQendum will
contain new TURBO=1. input.options- and.with-these changes will be associated addi-

tional operating instructions. .. ..,



Card Reader
< 12<T2 card*reéder board
Card Punch _
80-80 card punch board

On-Line Printer

- SHARE -2 board

Oft-Line Printer

Carriage control set to "program"

1 BRIC-1 program tape (includes TURBO-0, 1, and 5)
26  Blank |

7 Hi's;cory (blank for time-step 00)

8,9 Blank
~10- Blank or fiux tape from previeous problem

Sense Switches

1 Down - stopé iteration at best point if forced to remove problem
2 Restart
3-5 Up "always

6 Down - brings in NYDSIB octal dump for restart failures

‘Starting Procedure

" Mount fﬁé tapéé gs indicated above, ready the input deck in the card reader,
set the sense switches, ready the printer, clear and ready fhe'q;rd punch, CLEAR
aqd LOAD TAf’E° At program stop (0001)8. Manually enter } (TURQP-I) into the
address portion of the MQ, S?ART. o

12 .



“Restart ... ..
If the TURBO~l.deck has been read prior to the stop which:caused.the restart,
rewind tape 1 and depress sense switch 2., Remove the TURBO-1 input deck (i.ea,
remove all cards up to the gggggd title card) and follow the startlng procedure.

“'

All tapes must have been saved for a restart. If the TURBO-1 deck has not been

read, rewind all tapes and start the problem again.'

P
 Edits (TURBO-5) .
'Folldw'TURBO-S'inStfdetlone (Ref;“l). The BRIC-1 program tape cdhtaipe
TURBO-5. | -
Instruction Tape Preparation
A) Cogz BRIC-1
{ .ﬁx" Mount a blank on loglcal 1, BRIC-l progran tape on 1oglcal 2, ready the
deck (WBBRCOOO-WBBR0029) in the card reader CLEAR and LOAD CARDS. The normal
stop is at (00067)8o AJl other stops are machlne errors, -
B) Write BRIC-l
- Mount a blank on logical 1, the New TURBO progra@ tape on logical 10,
ready the deck (WBBRlOOO-WBBR1228) in the card reader, dLEAR and L@AD'CARDS
When the machine stops at locatlon (003h3)8, sw1tch loglcal 1 to loglcal 2,
) mount a blank on logical 1o CLEAR'and LOAD CARDS. The normal stop is at (00067)8°
) A1l other stops are machine errors. The tape on logical I is the BRIC-1 program
kY tape.. .

Program Stops

A) Normal Stops

(00150)8 - Program has been successfully completed Always save tapes 7

and 9. Save tape 6 (converged flux tape) if.requested. If a depletlon is

13
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4 , o
contemplated, save all tapes. Print tape 10 (BCD Tape) on the off-line printer.

Remove output.ca.rds from the card punch and give to the requestor.
, : ad

S0T

‘ B) Error Stop_ ) _
‘ Most error stops are 1dent1cal with the TURBO-l stops a.nd may be found in

Réference 1 and the addendum to Reference 1.

The following stops occur in the themmal and hydraulic calculation:

Location o . L 7 What e Do and Why

. 00150 | Norma.l end of problem.
h uozbz b AFa.lse EOR -~ card reader.’
01531 ‘\(‘)opied ‘card image doesn't match card image computed from
BCD (WH0O01). ' ‘ .

01564 : ' Oriéiha.l BCD dogbn't mateh BCD reconverted fi'o';m binary (WHOOl).
01647  Double punch, blank colunn (WHOOL). ,

02062 Range error (WHOOL1). -

oL15k No input deck.

o155 Maéhine error —«-‘pmhably arithmetic,

oh2kl - Input error -- input is inconsistent. There are tables for

non-fueled composition.

o4251 | . Input error -~ t006 many cards.

04305 Input error -- input is inconsistent. There are tables for
non-fueled composilivil. o : :

o3 Input cards out of order; }

oL327 in énthalpy value specified in the LOOO series is in error. =

ou3L3 . False EOR -~ card reader.

oL352 ‘ False EOF —- card readers

04366 False ECF ~- card reader.

o403 - EOF writing tape Lo



Location
OLLOL
0LL20
0LL30
0LL63
Olli6l
oL5hS
thhé
oL566
0L567
0L652

. 04653
0500k
05005
05022
0SLLL
05145
05351

05352
05353
6605 5

to Do and Why

What

Error tapé Y == see Kiehl

False EOR =~~. card reader. -

False EOF -- card reader.
Checksum error -~ tape 2.
Unwanted ECF -~ tape 2,
Checksum error -- tape 5.
Unwéhted.EOF - tape 5.
Unwanted ECF ;-4tape 7.
Error tape 7 - éee Kiehl

Unwanted EQF tape .

Error tape L4 -- see Kiehl

ECF writing tape 7.

Error tape 7 -- see Kiehl

Error tape 8 -- see Kiehl
ECF writing tape 7.

Error tape 7 -- see Kiehl

card,

card.
card,.

3
card.

card,

card,

Improper binary input -- may be checksum, of cards out of

order,

Input error -- probably card numbering. .

Table range exceeded.

End of tape =- follow TURBO-1 procedure.

# K Kiehl card is a tape error diagnostic card punched in accordance with the
tape routine WBRNT-E :

15
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BRIC-01. TEST PROBLeM 1 XY1 tTRBO1
+01001+2+04+05+405+ j+1+1+1+0+5112022500+4850000+0u+0ULVUUUVU+563T3uéd8+Uv

+01002+5110000000+00090200U0+0V0CO0GU00+00ULICU0U0+UVULUUVULU+0UJUUVUUIL
" +01003+5222536400+514026300J%5162734800+0000000000+0000uLuLUUU+0ULULUGUJY

+01004+0000000U00+0000000000+000V000V00+0UUNOVINVO+LVVVUIVLUUU+0IJIULUUVUY
+01005+0000000000+000000000U+UU0VLGCUOD+0VLTOLVUI0O+0UVUULVUVU+D 343D L T200
+01006+0000G0G000+00G00000000+U000000UC0+0LUVBLLOCO+UUUTILVULU-UVuvuduuuY
+01007+0000000000+5574770000+5722630000+5265000000+5426417000+5249uy9100
+01008+5021840000+4713160000+5011840000+OOOOOOOOOO+UCUouuuouu+000uuuuu0u
+01009+G0CO000000+00CCO00000+0006003000+0000300000+003CVCLVUVI+D3I0ULUGLLIY
+01010+406000000000+0000000000+20003003C0+0000CV0000+0000UVI0V0+534252000V
+01011+00000000C0+0000C00000+300COLO00C+CTUC033000+30030UVUR0+JUUCLUiudy
+01012+0000000020+5574770000+5722630000+526200LUQU0+542041TLeU+bUb30Y300V
+01013+5335890000+0000000039+000CU0IITC+UOUCILUUEUD+0UVIULUUYVIVGUUUVUUIY
+01014+5387462000+0000000CU0+0V00CICLT0+LUCUUVUOUO+UJUUULUUIIUIJIIUVLULGUIY
+01015+49600CCuIG+000C000000+UCLUUCT0LO+uuUOCT00U0+0ULL0OUVLUUH+VUU+LVUJSY
+02001+5120000020+01+5135000000+04+5170000000+05+0Uv0Juvvvu+Jutudduui vud
+OQOOO+QOOOOOOUDOCOCOGOOOOOVUOOOSOOOOOOSOCOUOUGOOOCUULLOuuuUOUOUuUubuvuu
+04001+01+00+05+00+05+02+01+05+01+05+03+01+04+01+0646+04+01+03+01+03+U00uY
+05000+000000002C0000200032200000000000000U00000C0000GUCIUYLIVOVULUVLUNY
+05011+5410000000+5410000003+5410000000+5410003030+00000uvluU+0UUILURULY
+05021+5310000U0D0+53100300000+53100G06UCU+531000UJGO+0UUVUUVUVU+HUUUIUNU ULy
+06001+4735300020+0000000002+000CGC00Q00+C00C003000+00CCOVLULOV+00IVCUUCCL
+06002+4824400000+482#400000+4524400000+46ZQQUUOOO+UJUUQUQUUU+3UUJUUJUMU
+07001+5110000000+5110000C03+5110CL0C00+511000L00U0+U0LUULVLUVUHULGIUUVULLY
+08001+00000G00CO+000000000C3I+0000C0CO0I+0VUL0GLITD+UVV0UUVIUUHUUULULUULY
+09001+01+01+000000000000000000000000000C000LCULIJ0QUCOCULLUTVILIUIILLOuUT Y
+09002+4949500000+0000000002+00000UIV0I+ UVl QUUGLT+HUUIoLUVJUJUHUJUILUIUILI
+09003+02+01+0V000000000QCOV0O00TIUNIBOV0CUUILUOUILULIVUCVLVULULTYIuulduul )
+09004+4924750900+0000000000+CU0CLU0LO0+0CUU0RVV00+U0ULCUVUUI+UULCULHuULY
+09005+03+02+03-04+0000000020C0000000003CTLUVVIJNI0LV00VIVIVIULULOIVIVIUY
+09006+4919000000+49190000032+491G000000+CU0GUVUR00+UTUCuuvLUCHUIIv LUy
+09007+18+02+03+04+00000000000C00CRO0T0VU0IUIVVICOOLVOVLULIYVLIVLIUVIIVLILUY
+09008+4699257000+4699257000+469925T70C00+0LU0ULIUVLUCUO+LUULULUVLJL+HUUVLULUUUY
+09009+429+02+03+04+0000000000000000530CC000COCLI00U0CULULLUUUGULOUTSULTULS
+09010+4552488900+4552488000+43524830U00+00LU0UUIID+ULIVULVVUVU+HUUVUTIUUUUY
+09011+30+02+03+04+0000000000000CUCOUODVULCLUGUTVOUVILLLULUUVVVUUOLULVUIUUUY
+09012+49141230G0+49140885500+4913968100+0UULULUCUT+UVULVUUUVULI+HUUUGUGULU L
+10000+00C00000G000CCCO0000000VL0O0000U00UCOUNVVINIDOULULUUvUUILUIUUUVULLY
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+12000+000000020000C00000003000000CGCG000OCO000VI000U00TT0UUIOUDTILILLIUSIT
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+3D064+543330+57134+543806+57117+544758+5692+00000000000UvUUUV0000UUVVIVIY
+3011+511+57200+5415224+457206+5417127+57197+000000u0LUUJIUVUIUUUVUVUULLIY
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+3021+511+57157+564 (1418+57157+56413321+57153+000003000CCIUVIuvIuduUGUYLUYY
+3922+5415224+57144+5417127+57118+5419C3+57102+ooooouooOuooooooeovuuouou
+3323+45420933+569+5422836+5681+5424739+5674+00000JU0UVULUVULUULUUIUVYIUY
+3D24+45426642+9668+5428545+5662+543330+5652+0000000000CI0VUUICUUUGU0VUIUUY
£3025+543B06+5064+544T757+5633+54476+5632+JV00UJQ0UIVUITUULUYLLIUUIULUUUIUIY
+4D01+53510+491426977+53515+491418059+53520+491409140+000VU0L00IV0ULUV0OVIY
+4002+53525+491401708+53530+491394276+553535+451388330+UVdVuuuciUuluiuvuvdy
+40D03+53540+491380898+53545+491259010+4+53550+491123569u+uvivudvuuibyuuivuLviuy
+4004+53555+491031586+5356U+43943886U+53265+458621320+vuvvuvvuivuudvivey
+4005+53570+487982 150+5357%4487536220+5356U+4871348590+0uuvlviluduluiviviud
+4006+53585+480807870+53590+48651u58U+53595+486243030+000JJUuuivddvviudy
+4007+53600+486005200+453640+484756590+00000G00UL0000VV0UULYULILULIGUUULUUY
+5011+53510+4G61426977+53515+491418059+53520+491409140+00000000UJ00uVUI0U
+4012+53525+491401708+53530+431394275+53535+49136833U+00uviilulviuuviduv
+4013453540+491380898+53545+491255010453550+491129693+U00vuuluLIbuuvuviv
+4014+53555+491031586+53560+439436860+53565+438621320+OOOUUUOJCuUOUJQUuu
+4015+53570+487982 [50+53575+437536220+453580+4837134890+Juuvuuvlivvvuviviy
+4016+53585+480807870+53590+48651058U+53595+486243030+uudvuduivUuivvedvuy
+4017+53600+486005200+53640+4834756390+0000U000LJIQUCLLLLUJLULLUUVOUUGUGUVUY
+4021453510+451426977+53515+4916418059+5352+451409140+vvuviduvlvuuvivuuy
+4022453525+491401708+53530+491394276+53535+491388330+00U0LULLUGULUUGUVY
+4023+53540+491380898+53545+491259G10+539550+491129690+uLiVUUUUTICUUGVLULY
+4024+53555+4910315836+53560+4894388560+453565+438621520+000Vuvluvdudvuvuuiy
+4025+53570+487982 150+53575+4375%36220+5558U+457134899+Uluvuiibuvlvuviviviv
+4026+535685+486807870+53590+436510580+539595+43624303U+JJUvlUviudUviduvluly
+6027+53600+486005200+453640+484756550+000UCUOUUI0QUELCLUULVULLINIVUVILVUY
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XYl . . 8TRBCIL -

FLUX TAFE HAS BEEN COPIzDs REZMOVE TAHPE 10,
COLUMM ,
0123¢5 ,
ROW
Oib-tfoo_
«1 111 1.
l_oooll-o
elel 4e3e24
2 o o « o o
oleds 4-'3020
3 3 s & o o 0.
o143 3 3.2,
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5 o 6 o s o o
'BRIC-01 TEST PROBLEN 1 XYl  8T=301
TIME STEP NUWMBER 00 -
BUCKLING COMP - GRGJPL . GRCUPZ2 GRCUP3 GROUP4
1 -3 853000 -3 &53000 -2 244000 000000
2 =3 833600 -3 853000 -2 244000 000000
2 .=3 853000 -3 853000 -2 244000 000000
4 ~3 853000 -3 853000 -2 244000 000000
& .
C 12
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COMP GROUP

1 1
1 2
2 1
2 2
3 1
3 2
& 1
4 2

BEGIN ITERATIOR ROUTINE

-~

DIFFUSICN

1¢82153C0
e2743327

148490624
¢38326¢%4

1.8517514

«384C3G4.

1.86121¢
+386663

[sv &)

ABSORPTION

«00060033
01081406

«00187561
06449045

«00187481
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« 00187140
e 06442251

MU FISSION

«00000000
«000000060

« 00221208
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00221188
.08681216

«00221121
.08681216

REMOVAL

«03569823

«01948598

«0194£3433

- e01925715

o
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OUTER ITERATION 1

GROUP ‘1 MAX. = +165565+01 - OMEGA = +142510+01 HINe = +139577+(1
NOo 1Te CERFORMED = 2 N MAXe = 7 N MING = . &

 GROUP 1 R(1) +518652-~32 NOe ITe = 8 R(N) = +282688-33

GROUP 2 MAX e +1156056+01  OMZGA = +111161+01 MINe. = +1C3317+01

—i

HOe [Te PERFORMED = 1 M MAKe = 3 N OMINe = 2
GROUP 2 R(1) = +57C449-02 NOe ITe = ‘43 COR(W) = +é50141493
'MAxo =A+12¢225+oi | LAMBDA = +120225+01 C MINke = +1?0224+01
"gps; = +é862Q2—o¢ :* RENORM o ; +iqoooo+01
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BINARY OUTPUT ON TAPE 6
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0.290000E

00946557¢
00326399
0e475842E

041640384%

O

O

02

04

03

04

0.857200E

0e293730E

Oell6222E

0342543E

0.4996601E

(s

O«

(@)
i

A COMPOSITION-INTEGRATED AREA
0.6125005 02 . 0.490000E 02

COMPOSITION-INTEGRATED FLUX - GRCUP 1

:0.2083745 05 04162935E 05

COMPOSTTION-AVERAGED FLUX - GROLP 1.

" 0e340203E 03 0e332523E 03

COMPOSITIGM-IKTEGRATED FLUX - GROUP 2
067426355 04 04692726E 04 '

COMPOSITION-AVERAGED FLUX - GROUP 2

- 0e121247E 03 0e141577Z 03 .

COMPOSITIOR-INTEGRATED. ABSORPTICH
Ce ‘ O -

COMPOSITION-AVERAGED ABSORPTION

O O
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COMPOSITION.

PERCENTAGES

1

2
3
4

18

00000

1. 10000.

—

10000
1 10000

20

00000
00GCCO
00GGCO
00000

POWER

21

. 60000

00000
60000

‘000600

23

0C0090
0G000
0u000
00000

NORMALIZATION FACTCR 14 12802356

COMPOSITION
TOTAL/REACTOR
TOTAL
09000
41170
30576
28254
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THE PROBLEM IS NOT CCNVERGED

INTEGRATED CHANGE IN WATER CONTENT= =2 11022688
MAX CHANGES IN MNUIBER DEMSITY AT CORRe RECTANGLES-

13 -

-2 11804406 23 -2 2320560756 18
-2 11804405 15 -2 22056075 14
-2 14217825 24 -2 27562960 19
-2 14317825 20 -2 37826792 7
-2 14783945 25 -2 58655466

PROBLEIH :

COMPLETEDw



sz

BRIC-01 TEST PROBLEM 1 ITERATION 1

0000
1

0000
2

0000
3

0Q00
4

0G00
5

1

0000

7394
8723
1629

2369

2

0000

8723

1086

1939

2437

3

0,C0
1629
1939
1991

2446

0000

" 2369

2437

2446

2448

FLOW

PAGE 1

EDIT COMPLETED
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. 0000
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