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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.
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MAFIA
A ONE-TDIMENSTONAL BURN-UP CODE
by

L3 - "
L, Yassimo and J, Schlosser

INTRODUCTION

Spectral changes due to the depletion of fissionable materials and build=
up of fission products have a strong influence on the effective cross sections
off all the various isotopes and on the reactivity of a long irradiated core,

Since, as far as the authors know, no one-dimensional burn-up code suitable
for high temperature graphite reactors provides the possibility of treating
spectrum changes with time, a programme, MAFIA, has been written which combines
the General Atomic burn-up code FEVER [1] with the Dragon Project multi-—group
diffusion code MUPO [2],

FEVER is an up to four-group, one-dimensional burn-up programme which uses
a Tew group cross section library, In order to follow spectral changes of the
neutron flux it is necessary teo modify the library for the different parts of
the reactor core at each time step of the burn-up caleuvlation, As this has to
be repeated many times during the lifetime of a core, great care has been taken
to speed up the spectrum evaluation,

MUPO is a programme which meets these requirements. It is a zero-
dimensional 43-group diffusion theory code, and its source iteration routine
is used for the spectrum caloulation., It permits the introduction of energy
dependent leakage. 43=group cross sections and scattering kernels are obtained
from a library tape. This tape iz used only once so that all spectrum
calculations can be performed without anv time consuming tape manipulation.
To allow for spectrum changes across the core, this can be divided into a
maximom of 4 regions and the MUPO spectrum calculation will be repeated for
each zone at each time step, "

To improve the accuracy of the spectrum calculation an energy dependent
leakage, obtained by the FEVER one-dimensional diffusion calculation of the
previous time step, is used in MUPO, By this procedure of coupling spectrunm
and burn-up caloulations it is not necessary to provide a few group cross section
library for the beginning of life which saves considerable time in input
preparation and card manipulation., Few group cross sections for the reflector,
however, have to be specified as they do not change markedly with burn-up.

PROCRAMME DESCRIPTION#

MAFIA is written in Portran for a 32,000 word computer as a chain job with
three links,

*As the FEVER code has already been fully described by F, Todt [1] it is assumed
that the reader is familiar with this report.




Link 1 reads all isotope compositions, geometrical and burn-up data which
have been mainteined gimilar to those of FEVER, From this data it vprepares
the average atomic concentration for each zone in which the core is divided
for the spectrum caleulation,

Link 2 consists of the modified MUPO-programme. At beginning of life it
reads the resonance data and disadvantage factors for each material and core
zone and prevares the 43-group cross section of all isotopes used.

The spectrum caleulation follows the usual source iteration procedure as
this is the fastest method to evaluate z neutron specirum in many energy groups.
The inherent weakness of this procedure lies in the fact that changing the
fast neutron source is not in accordance with the physical reality. The shape
of the spectrum, however, in the region above, let us say, 20 KeV into which
fisgion neutrons are borne is of relatively small importance for the overall
effective cross section in thermal reactors, Of greater importance is the
influence of the energy dependent lsakage, To account for this a new subroutine
called PARBAL has been added to the original FEVER version, see the flow
diagram of Figure 1, which calculates the total leakage by making a neutron
balance over a so-called zone., A zone comprises one or more burn=up regions
for which the change in the microscopic few group cross sechions dus to specitrum
changes is considered to be small, Up to four zones can he used, this means
that for every isotope up to four different sets of group cross sections are
available,

Typerience has shown that it is sufficient for the spectrum caleculations to
keep the four group buckling constant within the four groups. As the leakages
are calculated for the critical system the source iteration process should
give a k .. which is close to one, in fact it is usually within a Tew
thousand%ﬁs of wnity,

After having caleulated the neutron svectrum for a gone lin't 2 of MAFIA
evaluates the bread group microscopic cross sections for the various isotopes
needed in the diffuzion and burn-up calculation,.

For each of the spectrum zones this procedure is repeated and after
completion the control of the programme is transferred to link 3, a modification
of the orisinal FEVER programme,

Link 2 consiasts of the FUVER code proper without the input subroutines,
After everyv burn-up step it caleculates average atomic concentrations and few
group leakages for the spectrum calculations of link 2. It also includes a
reshuffling and recharsing subroutine (see Appendix 2).

A flow diagram iz shown in Fig. 1.

COMPUTTING TINT

The computing time on the IBM 7090 depends on the nature of the problem
attempted,

For straight burn-up, four energy groups, about 50 mesh points, and only
one core zone fTor spectrum calculations, the running time has been from
30 to 40 s per time step, on the average of many subsequent cases.
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OPERATING INSTRUCTIONS

izvment according to the computer
used, the first instructions of link v the tape unilts for reading of
input and writing of output data, for JPO Library and for two further tape
units necesssary for storing intermediary vesults (see below),

Tape Assignment: 4o change

TRY 7090, The three links arse

At present the pro ne i dr :
B3 and &@ TeRn ﬁ“@ﬁlﬁ@lj@ The MUPO library is loaded

stored on the tape units
on unit A5,

As there is not enough core space Tor all the data, necessary for FEVER and
MUPO, part of the Common is stored on tape before passing from one link to
another, This is done by the FAP subroutine READ-WRITE which is included in each
link., It dumps part of the FEVIER Common {(link 1 and 3} un unit B5 in the present
version, and part of the MUPO Common (link 2) on B6, but other tape units may be
used, This subroutine assumes, howsver, that the following ftape designation is
valids

Fortran Logical Designation Actual Tape Unit
9 A5
10 Ab
11 B5
12 B6

this can be changed easily to any other assignment.

DISCUSSION OF SOME RESULTS

Some calculations have been performed in order to compare the results of
MAFIA with those of FEVER,

Two cases have been considereds:
(a) TDragon reactor with 3 region cere, 20 kg U-235 leoading.

(b) An hypothetical loading of a big power reactor of the Dragon type,
with the following assumpbions.

Thermal Power TO00 M
Power Density ﬁﬁjﬁwg
U=235 loading 1000 kg
The232 . .

=235 ratlo i

In both cases one gels with NAFIA a running bime longer by almost 20%

(Figs, 2 & 3)., For the case (b) the spectrum variations are shown in Fig. 4

and the changes in thermal absorpiion crozs section for a 1 absorber and for
T

VO of U=235 are shown in the follewing Table,




Fresh Unvoisoned Reactor

After 700 Days

B=10 o
a

1395 b

1461 b

U=235 Vo,

413.7 1

438.3 b

The effect of the iteration om the buckling at begimming of life has also
The effect is guite important in the ocase (a) but negligible

been investigated,
in case (b),

REFERENCES

[1] 7. Todt., FEVER,

%A One~Dimensional Few~Group Depletion Program for

Reactor Analysis.™ CA=-2749, 28th November, 1962,

[2] J. L. SechlBsser.

D.P, Report 172,
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APPENDIX 1

NOTES ON DIFFERENCES FROM THE FEVER CODE

FEVER options not available in MAFIA

(a.1)

(2.2)

(a.3)

Cold shutdown k_.. will not be caloulated by MAFIA, because

no cold cross section blocks are provided.
Punching of atom densities for restarts, This option has been

considered superfluous for MAFIA., The option NTSTRT is instead
uged for information on recharging or reshuffling schemes.

All core regions must have the same materials, even if with
different concentrations,

Differences in Input Data

A complete descripfion of the MAFIA input data is given in Appendix 3,

The main differences are:

(b.1)

(v.2)

(v.3)

(b.4)

Library cross sections do not need to bhe specified for the
core, They still need to be specified for the reflectors as in
PEVER,

Card 8 need not be specified any longer.

Card 9 need not contain any cross section block specification
for the core regiong., Also self-shieldings do not need to be
specified if they are 1.0. (Any self~shielding which is zero will
automatically be changed to 1,0.)

Por the reflector it is necessary to specify the cross section
block numbers -~ which, however, start with number 101,

The following cards will have to follow the last card of the
FEVER input:

Columns
4 Number of zones in which the core is divided for
spectrum calculations,

78 Region number of the first core region,
11=12 Region number of the last region of core zone No, 1.
15=16 Region number of the last region of core zone No, 2.
etc.

] MUPO material number of the first FEVER material

in the core,

-7 -




Card Columns

22 7-8

11=12

etc,

23

12

16

e 0 produces least possible print out: the k

MUPO material number of the second FEVER material
in the core.

MUPO material number of the third FEVER material
in the core,

Going to a second card if necessary,

Options

Printing option Wo., 1., Controls the amount of
print out obtainable from link 2.

of the spectrum calculation as a check. eff

= 1 additionally to the ke P the user obtains also

T
the average isotope concentration, and the group
fluxes per unit lethargy for each spectrum zone.

= 2 additionally to the previous print out the user
obtains also the bucklings used for the spectrum
calculation and the microscopic broad group
cross sections for every isotope and spectrum zZone.

Controles the print out from the subroutine DPRIN
of link 3 (printing of the diffusion calculation,)

= 0 Only keff
= 1 keff + fluxes 4 power distribution
= 2 keff + fluxes 4+ power + group cross sections.

Controls the print out from the subroutine
AVRAGE and PARBAL of link 3,

= 0 No print out

1 Print average region fluxes

2 Average region fluxes + partial neutron balance,

This option allows the use of MAFIA as well as FEVER,
without recalculating the spectrum at each time step,
or iterating on the buckling at beginning of life.

= 0 (or blank) normal HAFIA run

= =1 do not recalculate the spectrum, but use the
initial cross sections for the whole life.

-2 as above, but do not even iterate on the
bucklings at beginning of life.
- B -
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Card Columns

24 3

25 1-5

26

27 T=i

Number of energy groups (Integer)

Highest fine group number of first broad group
(Integer).

Highest fine group number of second broad group
(Integer).

Number of Library Tape to be used,

Fuel temperature (°K) (Integer).

6b~va1ue for resonance calculation of thorium (barns)
o, ~value for resonance caleulation of U~238 (barns)
i o

Moderator temperature ( K) (Integer).

Total number of sets of disadvantage factors to he
read (Integer).

Card 25 has to be supplied for each zone. Only one
moderator temperature will be accepted by the
programns, the one svecified on the first card 25,

Gives the disadvantage factor.

43 numbers in fixed decimal form (12 per card),
the disadvantage factor for the most thermal group
has to be given first.

Total number of isotopes with this disadvantage
factor set,

Library Tape number of first isotope.

of second isotope, etc,

Cards 26 and 27 have 1o be repeated as often as
given on Card 25 columns 31=35 for each of the
spectrum gzones., To simplify the input preparation
the followirs conwvention holds: il the interer on
Card 25 columns 31-35 (LS) is negative the sane
disadvantace factors ars applied to the =ame isotones
as in the previous spectrum zone., It ig not
permissible to specify a negative LS after 2 zero IO
in the previous zone,






APPENDIX 2

RECHARGING ANVD RESHUFILING SUBROUTINE OF THE MAFIA CODE

The reshuffling and recharging svbroutine written for the AFIA code is
kept as general as possible,

For this purpose the reactor can be divided into reshuffling areas, each
of them including one or more burn-up regions. There can be up to 20 reshuffling
areas and each of them can include up to 20 burn-up regions, with the limitation
that the total number of burn~up regions must not exceed 20, The regions
composing a reshuffling area do not need to be adjacent.

Before each reshuffle the programme calculates and prints the average
atom densitiss for each area. Any area can be either recharged with a new
composition specified in the input, or get the atom concentrations of any other
area, or not be altered at all., If an area gets the atomic concentrations of
another area, the two volumes must be equal.

A reshuffle can take place after any specified number of time steps or when
the reactivity drops below a specified control point. There can be any number
of reshuffles during the core lifetime.

MAFIA being a one-dimensional code it is not possible to treat two-
dimensional variations of composition., This means that some recharging and
reshuffling scheme cannot be followed with this code, For example, in radial
geometry it can happen that after a recharge or reshuffle one gets azimuthal
variations of composition: the same ring of fuel elements can contain elements
of different composition. One cannot homogenise the ring because in that case
the individual composition of the elements is lost for the following reshuffles,

The possibility of defining reshuffling areas out of non-adjacent burn-up
regions can be used in these cases, In the above mentioned example it is possible
to simulate azimuthal variations by radial variations, The ring can be split
in several radial regions and each azimuthal zone of different fuel elements
can be simulated by a reshuffling area consisting of alternative burn-up regions.

In this way, as the regions can be made very small, the result of the
diffusion calculation will be almost the same as if these zones were homogenised,
but the composition of each group of fuel elements is kept separate during
burn"up e

This subroutine includes also the facility for iterating on the concentration
of a material specified in the input, in order to adjust the reactivity to the
beginning of life value, The iteration is performed in one or more reshuffling
areas, as specified in the input. If the concentrations of the material used for
the iteration are different in the areas specified, they are varied in such a
way that their ratios remain constant,

- 1] -




Input prepvaration for the reshuffling subroutine:

In the card Yo, 2 of the run data the option NRSTRT (col, 28) indicates
whether there are reshuffles, with or without iteration.

NRSTRT ‘= 0 No reshuffls
1 Reshuffle but no iteration
2 Reshuffle with iteration

If NRSTRT » 0 at the end of the run data there must be the de ignation of fhe
reshuffling areas,

Card Columriz

R1 1-3 No. of reshuffling areas (NRESHZ).

R2 As many as NRESHZ ~ Format (21I3).
Fo, of burn-up regions in this area,
Region number of first burn-up region,

Reglon number of second burn=up region.

etc;

After these ~cards, Tor each reshuffle an' sach area one has to gneclfv the

number of the area whose concentrations will be attributed to this area,
If this number is negative this means that the area is reloaded wlth new

, fuel In this case another card will follow, and the absolute value of fthe

number will give the number of material concentrations to be read in the
following card.

£ TRETRT = 2 one has also to specify the data for the iteration,
Cblumns
1=3 As many as ¥DEITZ.
If Integer positive: 1t specifies the number
‘of the reshuffle area from which the isotope

concentrations are to be taken.

If Integer negative: its absolute value gives
the number of isotopes to be read in card R4.

Only for loading of fuel elements,
FEVER material number (Int)

concentration.




Card Columns

R4 €13~14 FEVER material number (Int)
(15-24 concentration.
etc.

The first card R3 and, if necessary, card R4 refer to the first reshuffle
area, the second card{s) to the second reshuffle area, etc.

Card Columnzs
5 13 PEVER material number of the material used for
iteration.
Aol Nos of areas on which to iterate.
7 Area number of first area on which to iterate.
10«12 Area number of second area on which to iterate.
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INPUT PREPARATION

HAFIA REFLICTOR AND LIBRARY DATA

’ . ‘

APPENDIX 3

Word

1

2

3 4 5 3
" =8 -12 Sm1b a0 - A
Column 4 6-8 11-12 15=14 10-20 23=12 One card per
Format Yo Decimal o Decimal Yo Decimal Ho Decimal Yo Decimal Ho Decimal tibrary.
© Humber of Tumber of Humber of Special data set Special data set Special data set
groups 2 £ H26 g 4 | reflector cross | special material number to be used number to be number to be
Card A1 section blocks data sets in for nonsaturating used for Xe~135 uged for Sm-149
& {sets) in library NLT € 15 figsior product
libia:r:y
NLB €20 (aterial 13) (taterial 14) (vaterial 15)
Symbel n26 ¥LB ¥LT hos 2 ¥3
Word 1 2 3 4
- - 3 48
Column 1-12 13-24 25=~36 37-43 One card per
Format Decimal Decimal Decimal Decimal lidbrary.
Diffusion coef~ Diffusion coef- Diffusion coef- Diffusion coef- Sup?ly as max‘zy‘dlf—
) ! X A fusion coefficient
ficient adjust~ ficient adjust- ficient adjust- ficient adjust- f
actors as groups
Card A2 ment factor for ment factor for ment factor for ment factor for (526)
Group 1 Group 2 Group 3 Group 4 ¢
Symbol UG (1) 306 (2) BUG {3) BUG (4)
Word 1 2 3
Column 1-12 13-24 2536 One card per
Format Decimal Decimal Decimal 1ibrary.
Eigenvalue Point conver- Control search
convergence gence criterion convergence
Card A3 criterion eriterion
Symbol CORK CONBIG SBERCON
Word
Column 2-40 61-12 One card for each
- . cross section set
Format Hollerith Decimal (HLB) followed by as
s many card A5's as
I()zgiizgoiaﬁz:r there are groups
Cress section block identification to phys;lcal (x26).
Card A4 (Alphs-numeric) expansion
ar Only for reflector data ® ion)
Symbol X BUG

XIANZILY



VAPIA LIBRARY DATX

Haord

4

2

3

4

2

Coluumn

=12

13=24

25-36

37=48:

49-60

Format

Decimal

Decimal

Decimal

Decimal

Decimal

Card A5

ve

Tey g4

“'Symbal

FISIG(1E,

U ABSTE(1E; L)

OUSTG(1E, 11)

w18, 1)

One card for each
group (¥26).

Word

3

4

5

Colamn

1=12

13~24

25-36

3748

43-60

Format

Decimal

Decimal.

Decimal

Decinmal

Decimal

& capifure prod-
uct.of preceding
nucliae?

0.0 = ®G

1.0 = ¥E8

Pission yield
from U-233

Fission ¥ield

from U235

Fission yield
from Pu~235

Fisgion' yield
from Pu-241%

DIRAG{X)

CYITID. 2(K)

TIRID 3(%)

QOne card for sach
special data set
(FLT).
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¥AFTA CASE INPUT DATA

| | .

Word
Column 2-72 One card per case.
Format Hollerith
Card 1 Case Identification
(Alpha=numerical)
Symbol
Word 1 2 3 4 5 )
Column 3wdd 8 12 16 20 24 One card per case,
Format Ho Decimal o Decimal No Decimal No Decimal No Decimal Yo Decimal
¥umber of Geometry O=Control poison O=Calculation hot | O0-Plot power and | O0-0alculation
regions € 20 {-slab search, burnup max. Xere summary data xenon build-up
- 2-cylinder 1=3traight buraup 1=-Cnit above 1~0mit plot before preceed-
Card 2
2-8ingle 4if- calculation ing
fusion 1=-411 initial
caleulation atom densities
given as input
Symbol 120 a27 JSER NSPEC NPLOT NXE
Hord 7 8 2 10
Column 23 32 36 81=72
Format ¥o Decimal No Decimal Yo Decimal Decinmal
O-lio effect Reflector cross | O~No effect Position
1-Reshuffle section library 1=Shutdown~ of mesh
Card 2 without for next case Start-up point zero
{cont'd) iteration 1=-Same 2~Kenon over-
Z~Reshuffle O=-Rsad new libr- ride
with iteration ary {if any) calculation
Symbol HRSTRT ¥SER NSHUFL RAD
VWord 4 2 3 4
Column 112 13-24 25=36 3748 One card per case;
supply as many
_Format Decimal Bscimal Decimal Decimal albedo values as
groups.
Left albedo Left albedo Left albedo Left albede
Group 1 Group 2 Group 3 Group 4
. . ie
Jard 3 if necessary if necessary
Symbol aLz{1) a11(2) ALT{3) ALI(4)




- gy -

1

4

3

A

112 13=24 25w36 37=AT Cne gard per cise,
Decimal Decimal Decimal Decimal
Bight .albedo EBight albedo Right albedo Right albedo
Grodp 1 Group -2 Greup 3 Group 4
if necessary if necessary

Symbol AL2( 1) Arz(2;} sr2(3) an2lsa)
Ford: 1 2 3 4 g €
Column 10=12 13=24 2835 3748 AGLEC E1aT2 Orie card for each
. resions
Format Ho Decimal Decimal Decimal Tecimal Decimal

Fumbezr of Region Transverse Transverse Transverse

intervals in outer buekiin, buckling buckiing
Card ¥ this region radius Group 1 Group 2 Groug. 3 I

‘ if necessary if necessary
Symbol FVaLs(IR) RADR(IR) TRARS(1, IR) TRANS(2, IR} TRANS(3, IR} TRANS{4, IR
Wors 1 2 3 4 & I
Coliumn 34 T=8 11=12 15=15 19=20 23=24 Orne or iwo cards
per case depending

Format Fo: Decimal ¥o: Decimal Fo Deeimal Ko Decimal No ' Decimal No Decimal ¢n number-of reégions-

Rumber- of Region Humber Regisoy Number Region Number Region Number

power-generating | of 1st power= of 2nd power= of ‘3rd power- of Aih -powers
Card 6 regions generating generating gererating genersting
region region region region

Symbol K7t weoen(1) ¥3onE(2) weuRn{3) ®RURN( 4} SRURN{S ]
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REGICH DATA:

Supply Cards 7, 8, 9,

10, 11, 12, and 13 in Sets for Bach Regicn

Word 1 2 3 4 = 5
Columa 3-4 8 12 16 10-20 23~24 One card for each
Teg1iom.
Format Ho Decimal ¥o Decimal No Decimal KXo Decimal Yo Decimal ¥o Decimal
Potal number of Fumber of Fumber of Humber of Kumber of Humber of
materials in special lumped poisons control poisons cards 8 for cards 2 for
Card 7 this region materials for for this for this this region this region
‘ this region region region It should be
normally = O
Symbol HMAT(IR) ¥o(IR) NLUK(IR) NG{IR) NREAD 1 NREAD
Word 7 8 g 10 11 12 If numbsy of cards 8
and cards 9 € number
Column 27=-28 31=32 35=36 3840 A3=44 47=48 of materials, specify
£ O value for word 7.
Format ¥o Decimsl No Decimal Yo Decimal No Decimal No Decimal ¥o Decimal M1, M2, M3 omitted
if gorrectly
Number of a previocus Fumber of a Rumber of a Fumber of a Humber of a Pission product specified in library
gpecified region previous previous previously prior region aggregate yield data {that is:
Card 7 having same atomic | specified region| specified region specified region having same data region invariant).
{eontta) densities, self~ having same having same lump having same selfw control poison identification
shielding and special material poison geom. shielding coef- data number
cross section blocks| data {Card 10) data {Card 11) ficient (Card 12) Card 13)
Symbol NCH1 NCH2 NCH3 WCH4 H0HES 1
Word 13 14
Column 5152 55=56
Format No Decimal No Decimal
Xe~135 yield data Sm=149 yield
identification data
Card 7 nunber identification
{conttd) number
Symbol X 3
Word 1 2 3
Column el ) 1912 This card is not
. necessary for MAPIA.
Format No Decimal ¥o Decimal ¥o Decimal 1f they are in the -
deciky they can be read
¥aterial Number and ignored by the
programme,
Card & This is in order to
allow the use of old
FEVER inputs,
Symool L FROT(Z, IR) wcoL{L, IR)




Word

1

2

3

4

5

3

Column

34

68

10=12

13=-24

25=36

37=48

Format

No' Decimal

He¢ Decimal

Ho Decimal

Decimal

Decimal

Deécimal

Material number

Cross: section
block
associated with
this material
{only for
reflector)

Atomic
density

£ 10724

Self-shielding
factor for
Group 1

Self-shielding
Pactor for
Group 2

¥E0™{L, IR)

¥COL(L, IR}

DEN(L, IR)

s$5{1, L, IR)

ss(2, 1, IR)

Supply one ecard: for
each material whose
atom density'¥ 0.0 or
self-shielding ¢ 1.0,
or. to 'change atomic
density and self-
shielding if not the
same a8 a preceding
regione.

Any melf-shielding

= 0,0 will be changed
to 1.0,

7

8

49-60

61~72

Decimal

Decimal

Card @
(contta)

Self-shielding
factor for
Group 3

Self=-shielding
factor for
Group 4

Symbol

ss{3, I, I®)

ss{4, L, IR)

Word

Column

Format

Column

Format

Card




Py

[av]

tification
aunber for tst
necial material

Snecial data
identification
mber for Znd

special material

Symbol

wx{1, IR}

One card per region
only if necessary.
Supply one number
for each special
material. Omit
card if same as a
vreceding region
{i.e0y if card 7,
word § £ ).

b
-

=12

Decimal

Decimal

Humber of lumped
poison rods in
this region

Inner diameter
of lumped
poigon rod

Density of lux

Supply one card for
each lumped-poison
material. Omit
this data if the
same as in &
preceding region
{i.e., if card 7,

werd o £ Cl.

[ AR

Sard 12

L.P
LePe
coefficient

44

or i

—
ao{I®, %, IR)

A1(12, %, IR)

45(18, ¥, IR)

©
&
e (Y
I
o b
ad
4
[+
H

<8
e
(=8

5
Y iy
i3

twe

230 I

oW
3 O .
3 e £ FhT EE O
Y e

o
2

oo
s b
O Oy
Wl by
[13
%
N

Tord 1 2
Column 1-12 13-24
Format Decimal Decimal
Minimum control Haximum control
poison atom poison atom
'S} 3 - . n
Gard 13 density density
24 24
x 10777 10 24

porst{¥, I

Supply one card for
each control poison
material, Omit
this data if the
same as in a
preceding region
(i.e. if card T,
word 11 £ 0).




o

o

Large burn=up
time st

Xenon removal
Vcomstant {1/sec)

One card per case.

Gard 14
Symbol B
HFord 1
Column femd
Format Ho Decimal
Termination Fumber of small

: time siep time steps per
Card 15 number € 24
Symbol JUSTOP

One card per case.




-2 -

CONTROL SEARCH DAT

3

A:  Supply Cards 16, 17 and 15 only for Control Search Cases

kY

€

11-12

1320

23-24

%o Decimal

Fo Decimal

Yo Decimal

Yo Decimal

¥o Decimal

laximum total
control poison

Yumber of
control regions

Total number

of contrel region

Control regicn
number {to be

Control region
rumber (to be

Use additional
cards if rnecessary.

Controel region
ber (%o be
sted 3rd)

Supply a8 many control regicn numbers as required to complete the list

lard 18 ad justments ad justed ad justments in ad justed 1si) ad justed 2nd)
simnltaneously following list
Symbel JSHaX JS3HAX LSTM Xss NPOIS{IRR) NPOIS{IRR)
Hord 7
Column 27-28 Use additional
cards if necessary.
Forzat Xo Decimal

rimum poison

¥inimum poison

¥Hinimum poison

¥inimum poison

Minimum poison

Minimum poison

Symbol 520Is{I3R)
Yord 1 2 3 4 5 £
=12 13-24 25-35 37458 42=60 172 Use additicnal
cards if necessary.
Format Decimal Decimal Decimal Decimal Decimal Decimal

iiaximum poison

Maximum poison

Maximum poison

Maximum poison

Maximum poison

Maximum poison

ertion fraction ingertion insertion insertion insertion insertion
Sami A% {sorr, to 18t fraction fraction fraction fraction fraction
icn in above {corr. %o 2ad {corr, to 3rd (corr. to 4th {corr. to 5th {corr. to 6th
list} region in above region in above region in above region in above region in above
lisy) list) list) list) list)
AX{IRR; PINMAX{IRR) PINHAX(IRR) PIIMAX(IRR) PINMAX{ IRR ) PINMAX(KSS)

insertion fraction insertion insertion insertion insertion insertion
Card 17 (corr. to 1st fraction fraction fraction fraction fraction
region in above (corr. to 2nd {corr. to 3rd (corr. to 4th {corr. to 5th {corr. to éth
list) region in above region in above region in above region in above region in abovel
list) igt) list) list) list)
Symbol PINUIN{IRR) PINMIN(IRR) PINETN(IRR) PINMIN{ IRR) PINMIN(IRR) PIIMIN{KSS)
Word 1 2 3 4 5 [
1-12 13-24 25=36 37-48 4060 61-72 Tse additional
cards if necessary.
Decimal Decimal Decimal Decimal Decimal Decimal




- HE -

¥ . be repeated as aften ag desired

Hord 1 2 3 & 5
Solumn 112 13=24 25=36 39-40 44 Supply this card
. - only for shutdown—
~Pormat Decinagl Decimal Decinal Decimal Decinal start-up cases
g . - —— - HSHUFL = 1 (card 2,
Shutdown itime Tew opgrating Large burnup Haximum number of O-Lagt card for word 9).
; {bours) vower (watts) time step (days) | large time sieps this case .
Card 1c : {=dno her card 19
for succeeding
shutdomn=sitart-
up' follows
Syabol T o POWER DRLDAY JHSTOP NSEUFL
EEHON QVIERIDE CART
‘Hord 4 2 3 4
Column' 1=12 1516 10=20 23-24 Supply this card
- only for zenon over-
Format Dscimal Ho-Decimal Ho Decimal ¥o Decimal ride cases
- - NSHEUFL = 2 (card 2,
: Time  interval of Humber: of times Pirgt time step Frequency of word 9).
5 override for Kgre for Xe override override
Card 20 caloulation ‘calehlation caleulation caleulation
{nours) during override {number of large
: tipe interval buri=up tims
steps)
Symbol X DOWHE JINT HXZX




'”'QZ"

t‘

Tord 4 2 3 4 S [
Column 4 T3 11-12 15=16 19-20 23~24 One card per case.
Format o Decimal Ho Decimal o Decimal Ho Decimal Ho Decimal No Decimal
Humber of zones Region number Region number of Region number of Region number of | Region number of
in which the of first core lagst region of last regior of last region of last region of
Card 21 core is divided region the first core the second core the third core the fourth core
for srvecirum zZone zone zone zone
calculations {if any) {if any) (if any)
Symbol KZOHE IRZ(1) 1RZ{2) 1RZ(3) IRZ(4) IRZ(5)
Ward 1 2 3 4 5 &
Column i 7-8 1112 1516 10=20 23-24 Use additional card
if necessary.
Format Yo Decimal ¥o Decimal ¥o Decimal %o Decimal
XUPO lidrary MUPO livary lidbrary LUPO livrary MUPC library MUPQ library
Humber of first Fumber of secon of third Number o»f fourth Humber of f£ifth |[Number of sixth
Card 22 FEVER material FEVER material material material FEVER naterial FEVER material
in the core in the cors in %the cors in the core in the core
Symbol TaT(1) TAT(2) a3} THAT{4) THAT(5) THAT(6)
Word 7 3 o 10 11 12
Solumn 27-23 3132 Use additional card
if necessary.
Format Yo Decimal Ko Decimal
HUPO lidbrary
Humber of seventh
Card 22 FEVER wmaterial ete.
{Conttd)} in the core
Symbel A7) T’}
Word 1 2 3 4
Column 3 3 12 16 Printing options
- one per case.
) W& Decimal No Decimal No Decimal No Decimal See Appendix 1.
Prinvout from spec-— Printout from Printout of Normally = 0
$rum caleulation [diffusion caleu~ |average fluxes andiif =- 1 run as FEVER,
Card 2 = 0 only Xepp lation partial balance [if=~2 run as FEVER
= 1 as 0 + concen= | = O only keee = 0 no printout and do not iterate
tration and fluxes [= 1 as O + flux |= 1 average on bucklings
= 2 as 1 + cross + DOWET region fluxzes
sections = 2 as 1 + crogs = 2 as 1 + partiall
sections balance
Symbol 1PRIF(1) TPRTN(2) TPRTI(3) TPRTH{4)




1

-

6

1-3

25

7
=2

13<15

16=18

Yo Decimal

Ao Decimal

Ko Decimal

No Degimal

No: Decimal

Jo Decimal

Card 24

Total number of
onergy srouns

Highest fine
Zroup nunber
of - Pirsty broad

siigroup

Highegt fine
group number

of 'gscond broad

ZTouD

Highest fine
group numnber
of third Yroad
group

Highest fine
group - number
of ‘fourth broad

group

Library tape
number

Symbol

I?AB{?)

IPAR(3)

1PAR(4)

IPsR(5)

Group partition and
MUPO 1library
designation.

Word

1

2

3

4

5

Column

=5

7

=15

16225

26=30

3135

Pormat

‘e Decimal

Decimal

Decimal

Ko Decimal

Ho Decimal

Car@ 25

Puel te%perature

g =value of
B 232

o =value .of
P ygupas

Moderator
tengerature
(ox)

Total number
sfgets of
disadvantage
factors

éA(1, )

s

As many cards. 25
ag core zones
(KZONE).

1

2

3

4

5

6

1=5

712

13=18

19=24

25=30

31=35

Decimal

Decimal

Decimal

Decimal

Decimal

Decinmal

Card 26

Disadvaniage
factor for group 1

Dissdvantaze
factor for
aroup 2.

et

Bymbok

3401, 1)

(sale; 1)

43 fine group
digsadvaniage factors
thermal groups first
{four cards 26)s

Word

7

g

S

11

12

Column

37-42

43-45

43=54

61-66

6772

Format

Décimal

Dscimal

Decimal

Decimal

Decimal

Card 26
(Contd)

Sympol




- fe -

Hord

3

4

Coluwmn

1=d

Zil

312

13-16

Format

%o Decimal

To Decimal

¥o Decimal

Yo Decimal

Card 27

Total number of
materizls with
these faciors

EUP0 number- of

first material

PG

“secon

amber of
agterial

ete.

TEn{1}

Cards 26, 27 have to
be repeated as given
in ecard 25 word 5 for}
each zone.

Symbeol

Word

Golumn

Pormat

Card

Ford

Column

Format

Card

Symbel




Only if card 2
word T is 1:ov 2.

o Dedinal

Région number of
third hurnsug
region

One for sach
reshuffling area.

Cards B2l will e

for-sach veshuffle,

Avblank card B3
that the case is
completed and zo
reshuffle:followss




- gz -

i

1-3

%o Decimal

Card 3R3

Humber of the area

whose atenm
densities will
be attributed to

area 3
Symbol ¥RX
Tord 1 If in any card R3
¥BX < 0, the area is
Solumn 13 recharged. The new
concenirations will
Format Ho Decimal be read in the

Card R3

is many cards X3 as reshuffling areas.

card R4 which must
immediately follow.

Symbol WRX
Tord 1 2 3 4 5 &
Column 12 3-12 13-14 15=24 25=26 27~36 If in any card R3
WRX < 0 a card R4
Format ¥o Decimal Decimal Ko Decimal Decimal ¥o Decimal Decimal follows, with as
many concenirations
Haterial Concentraiion Material Concentration Katerial Concentration as |NRX}.
FEVER material The other
Card R4 number ) concentrations are
supposed to be 0.0,
Symbol ¥px(1) crx(1) upPR(2) cPx{2) #px{3) CcPx(3)
Hord 7 3
Solumn 3738 30-43
Format Ho Decimal Decimal
Haterial Concentration etc. Use additional
cards if necessary.
Sard R4
(Con%'i?
Symbol §PX{4) cPx{4)




<

4=5

13%15

o Uecimal

o Deginal

o Degimal

Yo Decimal

amber of
areas inowhich
toiterate

Ares roof
fivsioiteration
gres

Area nunber of
second iteration
area

Ares number . of
third iteration
area

ncon{z, 2)

Neon{z, 3)

Only if card 2
word T is = 2,

It will be repeated
at each reshuffle
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FIG.I MAFIA LINK 3
SIMPLIFIED FLOW DIAGRAM.




MAFIA

—— . FENER

FIG. 2 DRAGON 20Kg U235-3 REGION CORE.




KerF
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MAF A

—————— FEVER

18 +

FIG. 3 BURN-UP FOR A IOOOMW. REACTOR AS
CALCULATED BY MAFIA AND FEVER.




e e e EREGR UNPOISONED .
AFTER GOO DAYS.

15 @) 5

FIG4  NEUTRON SPECTRUM AT BEGINNING & ENO OF LIFE
1000 Mw. B Mw/mP 1000 kg U225 N= [0




