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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.
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MAFIA
A Ol'TE-DIMMSI01TAL BUBH-UP CODE

Dj

L, Massimo and J» Sclilosser

1. Ilf T R ODD CTIOTT

Spectral changes due to the depletion of fissionable materials and build­
up of fission products have a strong influence on the effective cross sections 
of 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 PETER [l] with the Dragon Project multi-group 
diffusion code OTTO [2 ],

FEVER is an up to four-group, one-dimensional burn-up programme which uses 
a few group cross section library® In order to follow spectral changes of the 
neutron flux it is necessary to modify the library for the different parts of 
the reactor core at each time step of the burn—up calculation® 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 spectra™ calculation. It permits the introduction of energy- 
dependent leakage. 43-group cross sections and scattering kernels are obtained 
from a library tap©. This tape is used only once so that all spectrum 
calculations can be performed without any time consuming tape manipulation.
To allow for spectrum changes across the core, this can be divided into a 
maximum 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 spectrum 
and burn-up calculations 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. Pew group cross sections for the reflector, 
however, have to be specified as they do not change markedly with burn-up.

2, PROGRAMME DESCRIPTION*
MAFIA is written in Fortran 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.



Miile 1 reads all isotope compositions, geometrical and burn—up data which 
have been maintained similar to those of PEVEH. Prom this data it prepares 
the average atomic concentration for each zone in which the core is divided 
for the spectrum calculation.

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 prepares the 43-group cross section of all isotopes used.

The spectrum calculation follows the usual source iteration procedure as 
this is the fastest method to evaluate a neutron spectrum 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 ns say, 20 KeV into which 
fission, 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 leakage. To account for this a new subroutine 
called PARBAL has been added to the original FSVER 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 sections due to spectrum 
changes is considered to be small. Up to four zones can be used, this means 
that for every isotope up to four different sets of group cross sections are 
available.

Experience has shown that it is sufficient for the spectrum calculations 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 few
thousandths of unity.

After having calculated the neutron spectrum for a zone link 2 of MAFIA
evaluates the broad group microscopic cross sections for the various isotopes
needed in the diffusion 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 original FI37ER programme.

Link 3 consists of the PETES code proper without the input subroutines. 
After every burn—up step it calculates average atomic concentrations and few 
group leakages for the spectrum calculations of link 2, It also includes a 
reshuffling and recharging subroutine (see Appendix 2),

A flow diagram is shown in Fig. 1» 

. COKPUTIUG TIME

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 for spectrum calculations, the running tine has been from 
30 to 40 s per time step, on the average of many subsequent cases.

- 4 -



4. OPERATING INSTRUCTIONS
Tape Assignmenti to change the tape .assignment according to the computer 

used, the first instructions of link 1 specify th© tape units for reading of 
input and writing of output data, for the MUPO Library and for two further tape 
units necessary for storing intermediary results (see below).

At present the programme is intended for an IBM 7090, The three links are
stored on the tape units B2? B3 and 14 respectively. The MUPO library is loaded 
on unit A5.

As there is not enough core space for a,ll 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 PAP subroutine READ-WRITE which is included in each
link. It dumps part of the FEVER Common (link 1 and 3) on 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, however, that the following tape designation is
valid:

Fortran Logical Designation Actual Tape Unit

9 15
10 16
11 B5
12 B6

this can be changed easily to any other assignment, 
5. 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 considered:?

(a) Dragon reactor with 3 region core, 20 kg U-235 loading,
(b) An hypothetical loading of a big power reactor of the Dragon type, 

with'the following assumptions.
Thermal Power 1000 MU
Power Density 15 MU/nt
U-235 loading 1000 kg

Th-232 
u-235 ratl° 10

In both cases one gets with MAFIA a running time longer by almost 20$
(Figs, 2 & 3), For the case (b) the spectrum variations are shown in Fig. 4
and the changes in thermal absorption cross section for a J. absorber and for

v
vcr of U-235 are shown in the following Table,



Fresh Unpoisoned Reactor After 700 Days

B—10 cr a 1395 b 1461 b

0-235 vo-f 413.7 b 438.3 b

The effect of the iteration on the buckling at beginning of life has also 
been investigated. The effect is quite important in the case (a) but negligible 
in case (b).

RBP3RMGB5

[1 ] P. Todt. FE¥ER. WA One-Dimensional Pew-Group 'Depletion Program for 
Reactor Analysis.1* GA-2749. 28th November, 1962,

[2 ] J. L. Schlosser. P.P. Report 172



APPENDIX 1
NOTES ON DIFFERENCES FROM THE FEVER CODE

(a.) FEVER options not available in MAFIA

(a.1) Cold shutdown will not he calculated hy MAFIA, because
no cold cross section blocks are provided.

(a.2) Punching of atom densities for restarts. This option has been
considered superfluous for MAFIA. The option NTSTRT is instead 
used for information on recharging or reshuffling schemes.

(a.3) All core regions must have the same materials, even if with
different concentrations.

(b) Differences in Input Data
A complete description of the MAFIA input data is given in Appendix 3• 

The main differences are:
(b.1) Library cross sections do not need to be specified for the

core. They still need to be specified for the reflectors as in 
FEVER.

(b.2) Card 8 need not be specified any longer.
(b.3) Card 9 need not contain any cross section block specification

for the core regions. 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.)

For the reflector it is necessary to specify the cross section 
block numbers — which, however, start with number 101,

(b.4) The following cards will have to follow the last card of the
FEVER input:

Number of zones in which the core is divided for 
spectrum calculations.
Region number of the first core region.
Region number of the last region of core zone No. 1.
Region number of the last region of core zone No. 2.

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

Card Columns

7-8

11-12

15-16

etc.
3-4

- 7 -



Card Columns
22 7-8 MUPO material number of the second FEVER material

in the core.

11-12 MUPO material number of the third FEVER material 
in the core.

etc. Going to a second card if necessary.

23 Options
3-4 Printing option No. 1. Controls the amount of 

print out obtainable from link 2,

= 0 produces least possible print out: the k
of the spectrum calculation as a check® e

= 1 additionally to the the user obtains also
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 zone®

8 Controls the print out from the subroutine DPRIN
of link 3 (printing of the diffusion calculation®)

= 0 Only k0ff

" ^ ^eff + ^uxes + P°wer distribution
® 2 + fluxes + power + group oross sections.

12 Controls the print out from the subroutine
AVRA03 and PARBAL of link 3.
o 0 No print out
= 1 Print average region fluxes

= 2 Average region fluxes + partial neutron balance.

16 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 MAFIA run
a -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.



Card Columns
24 3 Number of energy groups (integer)

4-6

7-9

etc.
16-18

25 1-5
6-15
16-25
26-30

31-35

26

27 1-4

5-8
9-12

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).

CTp-value for resonance calculation of thorium (barns)
cr -value for resonance calculation of U-238 (barns)*P
Moderator temperature (°K) (integer).
Total number of sets of disadvantage factors to be 
read (Integer).
Card 25 has to be supplied for each zone. Only one 
moderator temperature will be accepted by the 
programme, the one specified 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 to be repeated as often as 
given on Card 25 columns 31-35 Tor each of the 
spectrum zones. To simplify the input, preparation 
the following convention holds: if the integer on
Card 25 columns 31-35 (TS) is negative the same 
disadvantage factors are applled to the same isotopes 
as in the previous spectrum zone. It is not 
permissible to specify a negative LS after a zero L3 
in the previous zone.

- 9 -





APPENDIX 2
EECIIASGING AND BESIIUFFLINa SUBDOUTUfS OP TIE MAFIA CODE

The reshuffling and recharging subroutine written for the MAFIA 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 densities 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 oase 
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.

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.

- 11 -



Input preparation for the reshuffling subroutines

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

FR3TRT = 0 Ho reshuffle

1 Reshuffle hut no iteration
2 Reshuffle with iteration

If NRSTRT > 0 at the end of the run data there must he the designation of the 
reshuffling areas.

Card Columns

R1 1-3

R2

.1-3

4—6

7-9

Ho. of reshuffling areas (iTRESHZ).

As many as NRESHZ - Format (2113)*
Ho. of hurn-up regions in this area. 
Region number of first hum-up region. 
Region number of second hurn-up region.

After these cards, for each reshuffle and each area one has to specify the 
number of the. area whose concentrations will he attributed to this area.

If this number is negative this means that the area is reloaded, with new 
fuel. In this case another card will follow, and the absolute value of the 
number will give the number of material concentrations to be read in the 
foilowing card.

If I'TRSTRT s 2 one has also to specify the data for the iteration.

Card Columns

R3 1-3

(1-2
((3-12

As mans'- as HF.E3HZ.
If Integer positive: it specifies the number
of the reshuffle area from which the isotope 
concentrations are to be taken.
If Integer negatives 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.

- 12 -



Card

R4

Columns

|13-14 FEVER material number (int)

(15-24

etc.

concentration.

The first card R3 and, if necessary, card R4 refer to the first reshuffle 
area, the second oard(n) to the second reshuffle area, etc.

Card Columns

R5 1-3 PETER material number of the material used for
iteration.

4-6 No. of areas on which to iterate.

7-9 Area number of first area on which to iterate.

10-12 Area number of second area on which to iterate.

etc

- 13 -





INPUT PH3PA5ATI0H APPENDIX 3

ilAPIA REFLECTOR AND LIBRARY DATA

Word i ■ 2 3 4 5 6

Column 4 6-8 11-12 15-16 19-20 23-14
Format No Decimal No Decimal ko Decimal Ho Decimal No Decimal Ho Decimal

‘ Number of Number of Number of Snecial data set Special data set Soecial data set
groups 2 ^ H26 ^ 4 reflector cross special material number to be used number to be number to be

Card A1 section '"locks 
(sets) in 
library

SIB $ 20

data sets in 
library HM’ < 15

for nonsaturating 
fission product

(Material 13)

used for Xe-135

(laaterial 14)

used for Ss—149

(Material 15)

Synbol 2:26 ITLB ITLT Ml 12 £3

One card per
library.

i

1

Word 1 2 3 4

Column 1-12 13-24 25-36 37-48

Format Decimal Decimal Decimal Decimal

Card A2

Diffusion coef­
ficient adjust­
ment factor for 

Group 1

Diffusion coef­
ficient adjust­
ment factor for 

Group 2

Diffusion coef­
ficient adjust­
ment factor for 

Group 3

Diffusion coef­
ficient adjust­
ment factor for 

Group 4

Symbol BOG (1) BUG (2) BUG (3) BUG (4)

One card per 
library.

Supply as many dif­
fusion coefficient 
factors as groups 
(H26).

Word 1 2 3

Column 1-12 13-24 25-36
Format Decimal Decimal Decimal

Card A3

Eigenvalue
convergence
criterion.

Point conver­
gence criterion

Control search 
convergence 
criterion

Symbol CONK COIIEIG SSRCOH

One card per

Word

Column 2-40 61-72

Format Hollerith Decimal

Card A4
Cross section block identification 

(Alpha-numeric)
Only for reflector data

Density factor 
(dilution due 
to physical 
expansion)

Symbol X BUG

One card for eacb 
cross section set 
(NL3) followed by as 
many card A5’s as 
there are grouos 
(K26).

PEMDXX 3



mjtA LIBEAHT BATA

Word 1 2 3 4 5

Column 1-12 13-24 25-36 37-48- 49-60

Format Decimal Decimal . . Decimal Decimal Becinal

Cs,r,a A5 v °f cr ■ ■ ■ - -T ' ' °A ' “g. g+i y

Symbol FISia(lE, 11) T0SI0(1E, 11) ABSIG(1E, 11) 0USIG(1E, 11) xmr(iE, ii)

One card for each, 
group (H26)«

■ Word 1 2 ■ 3 4 5
Column 1-12 13-24 - - 25-36 37-48 49-60

Format Decimal Depisnal . Decimal Decimal Decimal

.. Card ac

A capture prod­
uct of preceding 
nuclide?
0.0 - bT0
1.0 - YSS

Fission yield 
from U-233

Fission yield 
from U-*235

Fission yield 
from Pu—239

Fission yield 
from Pu—241

Symbol DIEA0(3C) YIELD 1(K) . YIELD 2(K) YIELD 3(K) YIELD 4(K)

One card for each 
special data set
(sir).



MAFIA CASS EfPUT DATA

Word

Column 2-72

Format Hollerith

Oar'd 1 Case Identification 
(Alpha-numerical)

Symbol

One card per case

One card per case

One card per case; 
supply as many 
albedo values as 
groups.

Word 1 2 3 4 5 6

Column 3-4 8 12 16 20 24

Format Ho Decimal 2?o Decimal Ho Decimal Ho Decimal Ho Decimal No Decimal

Card 2

dumber of 
regions ^ 20

Geometry
1- slab
2- cylinder

0- Control poison 
search, burnup

1- Straight hurnup
2- Single dif­

fusion 
calculation

0- Calculation hot 
max. 1sCeff

1- 0mit above 
calculation

0— Plot power and 
summary data

1- 0mit plot

0- Calculation 
xenon build-up 
before proceed­
ing

1- All initial 
atom densities 
given as input

Symbol £20 112? jsm HSPHC HPDOT NXE

Word T 8 ? 10

Column 23 32 36 61-72

Format No Decimal No Decimal No Decimal Decimal

Card 2 
(cont ?d)

0- No effect
1- Reshuffle 
without 
iteration

2- Reshuffle 
with iteration

Reflector cross 
section library 
for next case 
1-Same
0-Read new libr­

ary (if any)

' 0-No effect
1- Shutdown- 

Start-up
2- Xenon over­

ride
calculation

Position 
of mesh 

point zero

Symbol SESTET KSBB W5HDFL SAD

Word 1 2 3 4

Column 1-12 13-24 25-36 37-48

.Format Decimal Decimal Decimal Decimal

Card 3

Left albedo
Group 1

Left albedo 
Group 2

Left albedo 
Group 3 

if necessary

Left albedo 
Group 4 

if necessary

Symbol ALlC1) ALI(2) 1LI(3) ALI(4)



Word 1 £ 3 4

Column 1-12 13-24 25-36 37-43

Format Decimal Decimal Decimal Decimal

Card 4

Bight albedo 
Group 1

Bight .albedo 
Group 2

Bight albedo 
Group 3 

if necessary

Bight albedo 
Group 4 

if necessary

Symbol 11.2(1) AL2(2) 11.2(3) 112(4)

Word •t 2 3 4 5 6
Column 1C-12 13-24 25-36 37-43 io~6c 61-72

Format Bo Decimal Decimal Decimal Decimal Decimal Decimal

Card 5

Humber of ' 
intervals in 
this region

Begion
outer
radius

Transverse 
buckling 
Group 1

Transverse
buckling
Group 2

Transverse 
buckling 
Group 3 

if necessary

Transverse 
buckling 
Group ~ 

if necessary

Symbol rai,s(iR) RUB (IB) 'ERAKS(l, IB) TRA5S(2, IB) TBJUIS(3» IB) TBASS(4, IB)

Word 1 2 3 4 0 e

Column 3-4 7-8 11-12 15-16 1 b—20 2 3-24

Format Ho Decimal No Decimal Ho Decimal No Decimal No Decimal Ho Decimal

■ Card 6

Humber of
power-generat ing 

regions

Region Humber 
of 1st power­
generating 
region

Region Number 
of 2nd power- 
generating 

region

Region Number 
of 3rd power- 
generating 
region

Region Number 
of 4th power­
generating 

region

Begion Number 
of ptb power- 
generating

region

Symbol H71 K30Ht(2) K30BII(3) K3UB5(4) hbubb(5)

One card per case.

One card for each 
region*

One or two cards 
per case depending 
on number of regions-



fiEGIOH BATA; Supply Cards 7, 8, 9? 10, 11, 12, and 13 in Sets for Each Region

Word .1 2 3 4 c 6

Column 3-4 8 12 16 10-20 23-24

Format No Decimal No Decimal No Decimal No Decimal No Decimal No Decimal

Card 7

Total number of 
materials in 
this region

Number of 
special 

materials for 
this region

Number of 
lumped poisons 

for this 
region

Number of 
control poisons 

for this 
region

Number of 
cards 8 for 
this region

It should be 
normally = 0

Number of 
cards 9 for 
this region

Symbol MAT(IB) io(ie) z?liim(xb) nc(xb) HHEAD 1 HBBAD

Word 7 8 9 10 11 12

Column 27-28 31-32 35-36 39-40 43-44 47-43

Format No Decimal No Decimal No Decimal No Decimal No Decimal No Decimal

Card ? 
(conttd)

Number of a previous 
specified region 

having same atomic 
densities, self­

shielding and 
cross section blocks

Number of a 
previous

specified region 
having same 

special material 
data (Card 10)

Number of a 
previous 

specified region 
having same lump 

poison geom. 
data (Card 11)

Number of a 
previously 

specified region 
having same self­
shielding coef­

ficient (Card 12)

Number of a 
prior region 
having same 

control poison 
data

(Card 13)

Fission product 
aggregate yield 

data
identification

number

Symbol NCH1 HCH2 NCH3 NCHd NCH5 Ml

Word’ 13 14

Column 51-52 55-5S

Format No Decimal No Decimal

^Card 7
(conVd)

Xe-135 yield data
identification

number

Sm-149 yield 
data

identification
number

Symbol M2 M3

Word 1 2 3

Column 3-4 7-8 11-12

Format No Decimal No Decimal No Decimal

Card 8

Material Number

'Symbol L "HOCCd, IE; ::col(l, is)

One card for each 
region*

If number of cards 8 
and cards 9 - number 
of materials, specify 
/ 0 value for word 7. 
M1, M2, M3 omitted 
if correctly- 
specified in library 
data (that isi 
region invariant}•

This card is not 
necessary for MAFIA. 
If they are in the 
deck, they can be read 
and ignored by the 
programme.
This is in order to 
allow the use of old 
FEVER inputs.



Word 1 2 3 4 5 6

Column 3-4 6-8 10-12 13-24 25-36 37-48

Format No Decimal No Decimal No Decimal Decimal Decimal Decimal

Card 9

Material number Cross section
block

associated with 
this material 

(only for 
reflector)

Atomic
density
I 10"24

Self-shielding 
factor for 
Group 1

Self-shielding 
factor for 
Group 2

Symbol L moT(i,, IB) hcol(l, ir) den(l, xr) SS(1, L, IR) 3S(2, L, IR)

Supply one card 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 as a preceding 
region*
Any self-shielding 
« 0,0 will be changed 
to 1,0,

Word 7 8

Column 49-60 61-72

Format Decimal Decimal

Card 9 
(cont'd)

Self—shieIding 
factor for

Group 3

Self-shielding 
factor for 
Group 4

Symbol SS(3, L, IE) SS(4, L, IR)

Word

Column

Format

Card

Symbol

Word

Column

Format

Card

Symbol



SPECIAL I/A7BHIAL DATA

'lord i 2 3 4 5 6

Column 3-4 7-? 11-12 1J-16 1--20 23-24

Fermat

Card id

Special data 
identification 
number for 1st 
special material

Special data
identification 
number for 2nd 
special material

Special data
identification 
number for 3rd 

special material

Special data 
ide .tificatiou 
number for 4th 
special material

Special data 
identification 
number for 5th 
special material

etc.

Symbol ib) ::i(2, ib) ::x(3, ie) ITX(4, IB; iiu. ib) etc.

FOISO'T DArA - Cards 11 and 12 to be Supplied in Sets for Tach Lumped Poison

Tford ■ 1 2 3 4 5 6

Column 1-12 13-24 25-36 37-38 43-60 61-72

Format Decimal Decimal Decimal Decimal Decimal Decimal

Card 11

Number of lumped 
poison rods in 

this region

Inner diameter 
of lumped 
poison rod

(om'

Outer diameter 
of lumped 
poison rod

(cm)

Height of lumped 
poison rod

(cm 5

Atomic weight of 
lumped poison

Density of lumped 
poison in the 

lump
(g /fern ^

Symbol 3033(3. IE) SILPfl, 13) 30Lr(lC, IH) 333(3, 13'> m{%, is) EHOfK, IS)

One card per region 
only if necessary. 
Supply one number 
for each special 
material. Omit 
card if same as a 
preceding region 
(i.e.j if card J, 
word 8 / C).

Supply one card for 
each lumped-poison 
material. Omit 
this data if the 
same as in a 
preceding region 
(i.e., if card ?» 
word 9 / 0).

Word 1 2 3 4 5 5

Column 1-12 13-24 25-36 37-48 do-60 61-72

Format Decimal Decimal Decimal Decimal Decimal Decimal

Card 12

L.P,
coefficient

Ao

L.P.
coefficient

b

L.P.
coefficient

A2

L.P.
coefficient

A3

L.P.
coefficient

Ad.

L.P.
coefficient

a5

Symbol A0(I2, 1C, 13) A1(I3, K, IE) A2(I3, K, IE) A3(I3, K, IB) A4(IE, E, IE) A5(rB, K, IE)

CCITTBOL POISON DATA

Word 1 2

Column 1-12 13-24

Format Decimal Decimal

Card 13
Minimum control 

poison atom 
density
x 10"24

Maximum control 
poison atom 
density
x 1C”24

Symbol ?CI3i:(", 13' ?CI3L(E, 13)

Supply one card for 
each group (hot 
poison), "f cold 
shutdown %ff is 
computed supply two 
extra carls for 
lowest 2 groups 
(cold poison). Omit 
data if the same as 
is a preceding 
region (i.e. if card 
7, word 10 4 0).

Supply one card for 
each control poison 
material. Omit 
this data if the 
same as in a 
preceding region 
(i.e. if card 7? 
word 11 / 0).



BUr^-v? DAvAt Su-;:.:'l5r Bards 14 and. 15 or.ij for Bur "-up Oases

O'ord 1 2 3 A p 6

Column 1-12 ' 13-24 25-36 37-43 A^-SC 61-72

Format Decimal Decimal Decimal Decimal Decimal Deciraal

Card 14

Large burn-up 
time step 

(days)

Thermal power 
of the reactor 

(waits}

Core height 
(cm)

Control point 
or shutdown

• Aff

Fissions per 
watt-sec

Xenon removal 
constant (l/sec)

Symbol DiLDAT R0W3R EC QBE ZKFIHD FIWA'TT BPXS

One card per case

One card per case

Word 1 2 |
Column 1-4 5-3

Format No Decimal No Decimal

Card 15

Termination 
time step 

number ^24

Number of small 
time steps per 

large time step

I
Symbol JN3T0? JiTUlI !



CONTROL SEARCH DATA* Supply Cards 16, 1? and 18 only for Control Search Cases

Use additional
cards if necessary.

'7: 1 2 3 4 5 6

7 :■! 1 -d 5-8 11—12 1 i~*6 11-20 21-2A

Tcrnat To Dscj^nai No Decimal Mo Decimal Mo Decimal Mo Decimal Mo Decimal

Jard 16

' C'-.'.trol
n o i so:' ad jus tme a t s 

for a single 
region during 
one search

ilaximum total 
control poison 

adjustments

Dumber of 
control regions 

adjusted 
simultaneously

Total number 
of control region 
adjustments in 
following list

Control region 
number (to be 
adjusted 1st)

Control region 
number (to be 
adjusted 2nd)

Syabol JSiiAX J3SM4X lsds KSS Kpois(xaa) NPOis(ias)

Word 7

Column 27-28

Format Mo Decimal

Card 16 
{cont? d)

Control region 
number (to be 
adjusted 3rd) Supply as many control region numbers as required to complete the list

Symbol s?ois(ihh)

Use additional
cards if necessary.

ford 1 2 3 4 5 6

Column 1-12 13-24 25-36 37-43 40-60 61-72

Format Decimal Decimal Decimal Decimal Decimal Decimal

Minimum ooison Minimum poison Minimum poison Minimum poison Minimum poison Minimum poison
insertion fraction insertion insertion insertion insertion insertion

Card 1? (corr. to 1st fraction fraction fraction fraction fraction
region in above (corr. to 2nd (corr. to 3rd (corr. to 4th (corr. to jth (corr. to 6th

list) region in above 
list)

region in above 
list)

region in above 
list)

region in above 
list)

region in above 
list)

Symbol pnMinfiER) PI}IMIB(IBE) PUKE! (IRE) pimm (tee) PINION (IBS) pewin(kss)

Use additional 
cards if necessary.

7/ord 1 2 3 4 5 6

Column 1-12 13-24 25-36 37-48 40-60 61-72

Format Decimal Decimal Decimal Decimal Decimal Decimal

Maximum -poison Maximum poison Maximum poison Maximum poison Maximum poison Maximum poison
insertion fraction insertion insertion insertion insertion insertion

lari 1? fraction fraction fraction fraction fraction
rerion in above (corr. to 2nd (corr, to 3rd (corr. to 4th (corr. to 5th (corr. to 6th

list region in above 
list;

region in above 
list)

region in above 
list)

region in above 
list)

region in above 
list)

. .’I PEHAa'IER) PIIWAX(IRR) peihax(ihe) P UMAX (IBB) PIMAX(IBB) pimax(ess)

Use additional 
cards if necessary.



SITJTISOTC-STAHT-UP Pais oard may de repeated as often as desired

i

Word 1 2 3 4 5

Column 1-12 13-24 25-36 . 39-40 44

Format Decimal Decimal Decimal Decimal Decimal

Card 1f

Shutdown time 
(hours)

Eew operating
power (watts)

Large bumup 
time step (days)

Maximum number of 
large time steps

0- Last card for 
this case

1- Another card 1$ 
for succeeding 
shutdown-start­
up follows

SyaTjol X BOOT POWER D3HSAT JKSTOP ISffiJPL

ZmOS 0T3H2XD3 CARD

Supply this card 
only for shutdown- 
start-up cases 
HSHUPL =s 1 (card 2f 
word 9)*

Word 1 2 ■ ' 3 4

ColBian 1-12 15-16 1 "-20 23-24

Format Decimal Ho Decimal Ho Decimal No Decimal

Card 20

Time interval of 
override 

calculation 
(hours)

Humber of times 
for keff 

calculation 
during override 
time interval

First time step 
for Xe override 

calculation

Frequency of 
override 

calculation 
(number of large 
burn—up time 

steps)

Symbol X BOOT jure HD GW HXXX

Supply this card 
only for xenon over­
ride cases 
S'SHUFL m 2 (card 2S 
word 9)*



Uord 1 2 3 4 5 6

Colur.in 4 7-4 11-12 15-16 19-20 23-24
Format ICo Decimal He Decimal Ho Decimal uo Decimal Ho Decimal Ho Decimal

Card 21

■'umber of zones 
in which the 

core is divided 
for spectrum 
calculations

Region number 
of first core 

region

Region number of 
last region of 
the first core

zone

Region number of 
last region of 
the second core 

zone
(if any)

Region number of 
last region of 
the third core 

zone 
(if any}

Region number of 
last region of 
the fourth core

zone 
(if any)

Symbol KSOITS IBZ(1) IE3(2) IHZ(3) IBS(4) IBZ(5)

One card per case

Use additional card
if necessary.

Use additional card
if necessary.

Printing options 
one per case*
See Appendix 1,

Word 1 2 3 4 5 6

Column 3-4 7-8 11-12 15-16 1 °—20 23-24

Format Ho Decimal Do Decimal Do Decimal lio Decimal

Card 22

ITuPO library 
Dumber of first 
FEV3R material 
in the core

MUPG li’oary 
Humber of second 
FB7KR material 
in the core

!RJ?G library 
Dumber of third 
FD7IS material 
in the core

ULTPO library 
Number of fourth 
FBVRR material 
in the core

MUPC library 
Number of fifth 
FETES material 
in the core

MUPO library 
Number of sixth 
FETES material 
in the core

Symbol ua.T(i) EIAT(2) I3A'~{3) B!AT(4) IMAT(5) IMAT(6)

T/ord 7 3 a 10 11 12

Column 27-2- 31-32

Format No Decimal No Decimal

Card 22 
(Cont'd)

2TJP0 library
Number of seventh 
FEVER material 

in the core
etc.

Symbcl IEAT(7) mT(3)

W ord 1 2 3

Column 4- 3 12 16

No Decimal No Decimal No Decimal No Decimal

Card 23

Printout from spec­
trum calculation 

- 0 only kgff 
« 1 as 0 + concen­
tration and fluxes . 
= 2 as 1 + cross 
sections

Printout from 
diffusion ealeu- 

lation
= 0 only Icgjf 
= 1 as 0 + flux 

+ power
= 2 as 1 + cross 

sections

Printout of 
average fluxes and 
partial balance

* 0 no printout
* 1 average 
region fluxes

= 2 as 1 + partial 
balance

Normally ■ 0 
if = - 1 run as FETES, 
if = -2 run as FETES 
and do not iterate 

on bucklings

Symbol IPBIH(1 ) I?BET(2) ipbxi(3) IPHr-!(4)



*?or-d 1 ■ 2 3 4 5 6

Column 1~3 4~6 7-9 • 10-12 13-15 16-18

Format iio Deoinal Jo Decimal Ho Decimal Ho Decimal Ho Decimal No Decimal

Card 24

Total number of 
energy groups

Highest fine - 
group number 
of first broad 

group -

Highest fine 
group number 
of second broad 

group

Highest fine 
group number 
of third broad 

group

Highest fin® 
group number 

of fourth broad 
group

Library tape 
number

Symbol KP1B IPAH(3) IPAB(4) !PAS(5) K

Group partition and 
MUPO library 
designation.

Word 1 2 3 4 5

Column 1-5 5-15 16-25 26-30 31-35

Format Ho Decimal Decimal Decimal No Decimal No Decimal

Card 25

Fuel temperature
(°IC)

a -value of 
.p Th-232

o’ -value of
p D-233

Moderator
temperature

(°E)
Total number 
of sets of 

disadvantage 
factors

Symbol JTSSPd) SA(1, L) SA(2, L) IHBS LS(X.)

As many cards 25 
as core zones 
(KZOHE).

Word i 2 3 4 5 6

Column. 1 —6 7-12 13-18 19-24 25-30 31-36

Format Decimal Decimal Decimal Decimal Decimal Decimal

Card 26

Disadvantage 
factor for group 1

Disadvantage 
factor for 
group 2

etc*

Symbol SA(1, L) (SA(2, L)

43 fine group 
disadvantage factors 
thermal groups first 
(four cards 26)*

Word 7 8 9 10 11 12

Column 37-42 43-43 49-54 55-60 61-66 67-72

Fermat Decimal Decimal Decimal Decimal Decimal Decimal

Card 26 
(Cont’d)

Symbol



be repeated as given
in card 25 word 5 for

' Word 1 2 3 4

Golutim .1-4 ; 5-8 0-12 13-16

Format / 'do Decimal Wo Decimal " Ho Decimal - Ho Decimal

Card 2?

Total number of 
. materials with 

these factors

EUPO number of
first-material

iiCTPO number of
second material ets.

. . Symbol IH 133(1} I3Z(2) .

Word

Column

Format

Oard.

Symbol
!\3**3

Word

Column

Format

Card

Symbol

Word

Column

Format

Card

. Symbol



HBSHUPPLBTG OH RBCMEGIUO DATA

-Yord I

Column 1-3

Fermat 'Jo Becinal

Card 21

''umber' of 
res.h-.zffiing areas

S'naol sassHZ

Only if card 2 
word 7 is 1 or 2*

ori . 1 2 3 4 5 6

' Column 1-3 J.-6 10-12

Format :To Decimal Jo Decimal Ho Decimal 2o Decimal

■Card .22 ■

Fursher of 
burn-ut regions 
in this area

Hegion number 
of first 

burn—up region

Region number of 
second bum-up 

region

Region number of 
third burn—up 

region
etc.

: | HOX LE3ilfIE, 1) LR3:;(is, 2) ISZIfflB, 3)'

One for each 
reshuffling area.

’lord 1

Column i

Format Jo Decimal

O-ard 1H3
:

Fonber cf the 
urea whose atom 
lorsities will be 

attributed to . 
area 1

- Syabol bSX

Cards S3 will appear 
for each reshuffle.
A blank card 33 means 
that the case is 
completed and no 
reshuffle- follows.

Word t

Ccluzxta 1*3

Format Wo Dacimal

Card 2E3

Yfuiriber of the 
area whose atom 

densities will be 
attributed to 

area 2
•

Symbol WHa



Tcrd 1

Oolurr. 1-3

format Eo Decimal

Card 333

Dumber of the area 
whose atom 

densities will 
be attributed to 

area 3

Symbol mx

Uord 1

Column 1-3

Format Ho Decimal

Cara H3 As many cards 3 l as reshuffling aj'©as.

Symbol ilRX

If in any card R3 
HEX <0, the area is 
recharged. The new 
concentrations will 
be read in the 
card B4 which must 
immediately follow.

Word 1 2 3 4 5 6

Column 1-2 3-12 13-14 15-24 25-26 27-36

Format Ho Decimal Decimal Ho Decimal Decimal Ho Decimal Decimal

Card H4

Material 
(fE’/SB material 

number)

Concentration Material Concentration Material Concentration

Symbol NPX( 1 ) C?X(1) HPX(2) CPX(2) UPX(3) CPX(3)

If in any card S3 
NHX < 0 a card H4 
follows, with as 
many concentrations 
as jEEXf.
The other
concentrations are 
supposed to be 0.0.

Word 7 3

Column 37-33 39-43

Foimiat Ho Decimal Decimal

Card 3d 
(Oont'd;

Material Concentration etc •

Symbol SPX(4) CPX(4)

Use additional 
cards if necessary.



'.lord 1 2 3 4 C 6

C'lursn 1-3 .1-6 10-12 13-15
?orniat :‘o Decimal llo Decimal fo Decimal Ho Decimal Ho Decimal

Card a3

DDTTH material
mmber of the 

material used for 
iteration

Eunber of 
areas in which 

to iterate

Area rnmber of 
first iteration 

' area

Area number of 
second iteration

area
Area number of 
third iteration

area
etc.

Symbol XATIT JAEID HC0L(2, 1) 1IC0L(2, 2) NC0L(2, 3)

Only if card 2 
word. 7 is - 2.
It will be repeated
at each reshuffle.

Word

Column
Format

Card

Symbol

’3
'lord ‘

Column

Format

Card

■
Symbol I

'Cord

Column

Dcrrat-

Card
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