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ABSTRACT

A code (ZOT) hes been written which will produce few-group neutron
cross sections from many-group sets based on a given flux spectrum or
one computed for an infinite mediume The cross-section format is that
of Sn transport theory including the possibility of upscattering in
energye. The code is written in the Floco II system for use on the

IBM TO4 or IBM T0SO.
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INTRODUCTION

While many-group cross sections are necessary for computing a large
variety of problems with a single set of cross section parameters, it is
often desirable to reduce the number of groups used for particular prob-
lemse Multidimensional Sn and diffusion codes are becoming available
but are time-consuming with many energy groups. Where many Sn one=-
dimensional problems must be run for parameter studies, for temperature
or perturbation effects, or when coupled to hydrodynemic codes, specially
tailored few-group cross sections would be advantageous.

George Bell has suggested (internal memo, July 3, 1958) recipes for
collapsing many-group parameters assuming a many-group flux spectrume.
This can be obtained from a single many-group calculation for the system
or approximated, for example by solving the infinite medium (space inde=~
pendent) equations.

A code (ZOT) has been written which will collapse groups according
to a given flux spectrum or using a self-generated infinite medium fluxe.

Code details and the results of several test cases are given.




CROSS SECTION INPUT

The code is designed for the standard Los Alamos Sn transport cross
section format. For each energy group (denoted by subscript or super-
seript g and running from g = 1 for the highest energy to G for the

lowest) the neutron cross sections are entered in the following order:

%acl

%ac2 L

. optional activity (ac) o's, eege, On,p

L

[ ]

[ ]

caCi J

vcf v(neutrons/fission) times the fission cross section
Oip the transport cross section (occasionally labeled cs)
. \

L]

; \ upscattering from groups of lower energy (higher
g2, g g indices) to the group g
o]

g+l) &g y
cgg scattering within the group
)

c

g-1,8
c>'g-2,g } downscattering from groups of higher energy to

. the group g

[ ]
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The activity o%s are not used in the solution of the transport
equation, but are aveilable for calculation of activities from the
results of criticality calculationse The most commonly appearing one
is oq (absorption) .* In the solution of the transport equation the
absorption is accounted for implicitly in the transport cross section
O y? which includes Oge Note that through error or intent, the absorp-
tion used by the transport code may be different from that which may
appear as one of the activity o'se We shall alweys deal with the O

derived from the transport and scattering o's:

g . .,8 _
% = %r Z cg',g (1)
all gt

where all g! includes g!' = g« The number of activity o's and up- and

downscattering for each group will be glven implicitly by noting the

position in the table of o, _, o, and the last o_, _« If these are
tr® “gg g8

called ht’ hs’ and hz respectively, then:

nunber of activity o's = b - 2

number of upscattering o's = h, -h - 1

number of downscattering o's = h, =h .

*
This one is required by the Los Alamos DTK transport codee



The ZOT code will teke the many-group cross sections for elements
or mixtures and reduce the number of groups to K(K S G) by combining
some of the groups according to equations given later. The new groups
must have energy limits which are a subset of the many-group limits. We
shall use k to denote the few-group energy index (and i for the o position,
analogous to h for the many-group set). Thus each group k will be com-
posed of one or more of the groups g of the input o’se. For example, the
first of the few-group set (k = 1) might be composed of g = 1, 2, and 3
of the input many-group sete. Our equations will use a simple summation

sign to indicate a summation over all g in a particular k groupe.

THE EQUATIONS FOR GROUP COLLAPSING

Fission spectrum (fraction of fission neutrons out in each energy

group)

Xy = z xgstg (2)

g in k
Activity and fission cross sections are weighted linearly by the

)
S 0, %,
k L ——————
ac
2. %

flux ¢

(3)

g
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Transport cross section

k Z CPS

Oty =k T
2 %%

% T 2 q)s cs/zq)s (5)

Both options (inverse and linear averaging) are availablee.

(k)

or

Transfer cross sections from group k' to group k

Ukl,k Z CPgt Ugt,g/ Z ngl (6)
g! in k! g! in k!
and
g in k

For the many-group set, absorption cross sections (ca's) axre found

from Eq. (1) and are collapsed with linear averaging
=20, 08/2
d, Py Tg %y (7)

These are sufficient to define the new sete The elastic scattering Ok

is determined from the other few-group constents by

O = Oy - < Z ok,k,> - o’; (8)

k'# k
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For conciseness in annotating the code, we define
P = Z s (9)

Different cross sections may be computed for each region (ie€e, core
and reflector) separately, but a single velocity spectrum is used for a
given problem, and this must be weighted by the total fluxes in each

regione The region volumes are used as a measure of the total fluxe.

(T v 3e)

(10)
RO WA
The infinite medium fluxes (cpo) can be generated by
(] (o]
et S .
(%6 = %ee)% = %g gt g gt (12)

g'fe

These are solved successively from the highest energy group until
groups with nonzero upscattering are reached, upon which the remaining

equations are solved simultaneously.
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' GENERAL DESCRIPTION OF THE CODE

The code is written for the Floco II assembly system% (1.aMS-233%9)
and is intended to be fully compatible with the Floco II assembled SNG
routines. The code accepts multigroup cross sections and input date on
atomic composition and computes collapsed group parameters for the mix-
tures described for each special region. An option ellows collapsing
the element microscopic cross sections separately. The code will accept
flux spectra as input, will compute infinite medium fluxes, or can use
the flux used in the previous spacial region (mixture) regardless of its
source. The volumes can be given directly or can be computed from the
coordinates for planes, infinite cylinders, or spherese. The code assumes
there has been sufficient size allotted to the up~ and downscattering in
the output groups and will stop with an on-line comment if this is not
truee The many-group set is divided into a few groups, each containing
one or more of the original groups according to the wishes of the user.
The input and output are printed off-line (on-line if sense switch #6
is down), and the output fission spectrum, velocities, and cross sections
are punched on-line, suitable for direct inclusion in the new Sn codese
(They may be used in the Floco I version of SNG by placing nine punches

in columns 3 and 2l.) The code will normally average (Otr)-l but will

¥
This will run on the IBM TO4 or IBM 7090 with the appropriate Floco II
assembly programe The standard deck is for the TOU; modifications for
TO90 operation are discussed in & later section.

=13-



average o, if requested. In either case, a comment will be printed

t
describing which was donee

CODE DETAILS

Input
The input is divided into two parts: the parameters which precede

the code and the data which follow ite

The parameters determine the sizes of data storage blocks and are
used in determining exits and loop lengths in the codes They consist of
information on the size of the problem (e.ge., number of mixtures),
options such as the method of transport weighting, and the cross section
teble size. Parameters are put on Floco cards, following a "load parameters"
pseudo-instruction (*0000S00, see IAMS-2339 and example in Appendix I).
There are three sets labeled P00, GOO, and KOO, each requiring & load
parameters instruction. All are fixed point numbers. The code was de-
signed originally to form mixture mecroscopic cross sections in a manner
similar to the SNG codeo This requires two tables which wé shall label
NO and MOe The NO table contains e fixed point identificetion number
(ID#) for each region, followed by the ID numbers of the elements in that
perticular regione The elements ere numbered implicitly by the order in
which they are input. The MO block contains the atomic densities corre-

sponding to the elements in each region and zeros in the positions

1l




occupied by the mixture numbers in the NO table. This is illustrated in
the example (Appendix I)e The lengths of the NO and MO blocks are re-
quired for input parameter P05.

One could get o's for collapsed microscopic elements with this
arrangement by placing each element in a separate region with an atom
density of le0Os However, since this is a common use of the code, an
alternate way to obtain these o's with simpler input has been built into
the codes This is signaled by letting the mixture specification parameter
P05 (or N) be zeroe The number of regions R (PO2) is put equal to the
number of elements E, and PO3 is input as 2E. There is no need for certain
of the data blocks (NO, MO, FO), and only one set of weighting fluxes

need be entered for all elementse

l. Parameters

Position Symbol Description
POl PID Problem identification number.
PO2 R Number of regions (or number of elements for

element calculation).

PO3 M Number of mixtures + number of elements
(or twice number of elements for element
calculation).

POL W Volume specification, described laters

P05 N Number of mixture specifications, i.e., length

of NO and MO tables (N = O for element cal-
culations) .

P06 T Transport o averaging O for inverse, 1 for
linear average.




Parameters, continued

Position Symbol Description
GOl G Number of input groupse
Go2 h Position of o, _ in o table.
t tr
G035 h Position of o«
5 ge
GOk h, Position of last o in a group (number of o's
per group) e
GO5 U Number of groups with nonzero upscattering,
assumed to occur in the lowest energy groups.
KOl K
K02 it Output cross section parameters (similar to
K03 i input group parameters, but may have smaller
s velues except for ii). The equivalent of GOS.
Kok i, is not needed.
W, Volume Specificaetion
W Meaning
0 Volumes are supplied in WO data blocke.
1 Planar distances of regions are supplied in
WO deta block; code will compute volumes
V= (r, . -r) and place them in WO data blocke
i+l i
2 Cylindrical gadii gupplied in WO; code com-
putes V = (ri+l_ ri), etce
Sphericel radii supplied; V = (rz+l- rz), etce
L Volumes are not supplied; velocities are

computed separately for each regione.

=16~




2. Data

The data follow the code and are on Floco cards preceded by Floco
"load data" pseudo-instructions (*0000SO)s The order of the data blocks
is immateriale Binary cards (eegey flux dumps) mey be loaded behind a
Floco "load data" card if they contain the date in the correct number and

ordere. Binary card addresses will be ignored.

Number of
Block Description Type Entries
co Group separstion, a table giving the fixed K
largest value of g in each output group.
Fo¥ The flux source for each region fixed R
0 =« flux supplied
1 -- calculate ® medium flux
2 -- use flux from previous regione.
Fat The weighting fluxes for each region. floating GXR
NO* The mixture specifications, similar
to the SNG input. For each region
there is an identifying number, followed
by the labels of the elements in that
regione.
Mo* The atomic densities (xlo-au) of the floating N
elements in the order given in NO.
Zeros in the positions corresponding
to region numbers in NO serve to de-
limit the regionse
WO Volume or radius inpute. floating R
S0 Input fission neutron spectrume floating G
VO Input group velocitieso - floating G

¥
Can be omitted for microscopic element calculation.

~rOnl;y one set (G entries) needed for microscopic element calculation.

-17-



Number of

Block Description Type Entries
PO The input (and mixture) cross section floating Input = ht X

block. The elements are numbered G x E
implicitly by the order in which they
are placed in the input deck. The -
regions are labeled by consecutive Total hl X
numbers beginning with E + 1, as in G XM
the DSN code. See example (Appendix
I).

Output
The output includes off-line (on-line if sense switch #6 is down)

listing of all of the input blocks, descriptively labeled and 6f the
mixture cross sections (in the PO block) and the mixture absorption cross
sections. This is followed by & print of the output fission spectrum,
velocities, absorption cross sectlions, and mixture cross sections.

The fission spectrum, Velocities, and mixture cross sections for
each region are punched in that order on separate cards (or blocks of
cards), ready for direct insertion into the DSN code. Cards may also be
used in the Floco I SNG code by putting nine punches in colums 3 and 19.
Should trouble arise, one can obtain an input print by transferring manu-
ally to (1016)8 and pressing start twice. One can obtain an on-line out-
put print by setting sense switch #6 down and transferring manually to
(1017)8 and pushing start twice.

When the calculation is finished, an on-line statement to that
effeet will be printed. Pushing start will then result in an on-line

print of the storage map giving locations of all code and data blocks.

-18-




Operation

The present deck (10-30-62) has all necessary loading and transfer
cards in it. The three parameter cards fallow ZOT card number 00l, and
the data cards follow card number 076.* The ZOT deck should be preceded
by an on-line identification card to identify the user on the off-line
listing. ZOT card OOD calls Floco II from the Los Alamos utility tape 1,
and may be replaced by a Floco II card deck.

Running time -- = 1 minute per case + readin time, unless there are
more than 10 upscattering groups.

Problem size -- for the 8K machine aboubt (hOOO)lo words are available
for data. The largest block will be the input and mixture cross sections

(PO) which will be h, x G X (E + R) nunbers. Almost all problems can thus

L
be done on an 8K 7O4.

Stops -- the only programmed stops are for the cases in which
insufficient down- or upscattering has been allowed in the output groups.
The code will print an on-line comment and stop. One can then transfer
to (1016)8 to obtain an input print. There is an error stop (usually
insufficient space) in the matrix solver subroutine, and three possible
divide checks which are described in Appendix II.

Sense switches -- setting sense switch #6 down causes on-line
brinting of both input and output. An on-line print of the results can
be obtained by transferring manually to (1017) g and pushing start twice

(with sense switch #6 down).

*Mhis is a change from the earlier (9-09-59) deck.

-19-



Operation on IBM 7090

The ZOT deck (00l to 080) will work without modification on the
7090. However the appropriate Floco II assenbly system must be used,
and therefore the ZOT 000 card, which is an XX Floco 2 card for calling
the 704 version from tape, must be replaced by the equivalent for the
7090. This is & set of two cards (2-FL2 Ol and 2-FL2 02) for calling
Floco from tape, or a master set of cards containing Floco for use if
it is not already on the utility tape in the Los Alamos format. Note
that header or identification cards follow the Floco II cards, making
the deck arrangement

2-FL2 Ol'} Floco II, call in from Los Alamos 7090 utility tape.

2-FL2 02
Header Card * in colum 1, followed by name, phone, etc.

Z0T OOL Initialize
Input, etc., as in TO4 version.

RESULTS

A series of DSN transport calculations were made to investigate
the accuracy of the reduced cross section sets. Few-group results are
typically within 2% of the many-group results, but each new situation

should be checked, especially where the spectrum changes rapidly in

-20-




space. Some typical results obtained in 1959 with Su SNG transport
calculations are listed in Table I. Further calculations are presently
under way to study the extent of application and the effects of varying
the group spacing, the method of averaging the transport cross section,
etc. For example, a 3 group calculation of the C/U = 2400 base sphere
with different group aggregations (6, 11, 1) gave only O.4% error using
fluxes generated in an 18 group DTK transport code, compared to 2.5%
error with the spacing (6, 6, 6) as listed in Table I. However, the
(6, 11, 1) spacing with infinite medium fluxes appears to give a larger
error (7%) although this result is difficult to understand and may be

in error.



Table I

Bare U25 > Sphere

# Groups* Flux Source Radius Sign, % Error # Iterations
6 - 8.686 - 22
2 SNG 6 group 8.732 +0.53 15
2 oo medium 8.7h2 +0.65 15
1 SNG 6 group 8.776 +1.03 19
1 oo medium 8.753 +0.75 16
Bare Graphite Sphere C/U = 300
# Groups* Flux Source Kere Sign, % Error # Iterations
18 - 0.9700 - 119 1
6 18 group SNG 0.963h -0.7 127
6 oo medium 0.9778 +0.8 126
3 18 group SNG 0.9582 -1.15 136
3 oo medium 0.9883 +1.9 122
Bare Graphite Sphere C/U = 2400
#’Groups* Flux Source Kerr Sign, % Error # Tterations
18 - 0.967 - 51
6 18 group SNG 0.93k4 -3 77
6 oo medium 0.950 1.7 75
3 18 group SNG 0.943 ~2.5 111
3 oo medium 0.984 +1.7 112

*
Each of the collapsed groups contained equal numbers (3 or 6) of groups of
the 18 group set.
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Appendix I

Example
Consider an HQO reflected, HEO moderated sphere, for which it is
desired to reduce the Hansen-Mills 18 group cross sections to 3 groups.

There are thus two regions with the following composition:

Atom density x lO"24 Core Reflector
H 0.0663 ' 0.0668
0 0.0332 0.0334L

U235 L

1.288 x 10°

Assume one wishes to compute the infinite medium fluxes for the core
and reflector compositions to use in weighting the 18 group cross
sections and that the core and reflector radii will be supplied for
weighting the velocities. The three output groups are chosen to con-
tain 6, 9, and 3 input groups, respectively, starting from the high
energy end. Parameters and deta for the above problem follow on Floco

coding forms and are included in the ZOT decks.
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FLOCO 704 77(78|79|80| PROBLEM Example
PROGRAMMER loATe IPAGE
C | OPERATION ADDRESS REMARKS C| OPERATION ADDRESS REMARKS
P S s | P R x F; :
| 2 |3la|S 8 9 1 i 4|5 6 718|9
o|9]| ¥ P|0|0|1loed instruction| o (9| ¥ NiO
! 1{1D # 1 () 4|1st region (core)
2 2 |# regions 2 @j 1R
3 5 |# elements and |, 2(o
S 3 |volume spece 4 3[u232
5 7 |mixture spec. ) 5 %fgcf?gim (re-
6 63 0 0(0'.‘,.)-1 6 63 L
7 (69 |P o|o] ? 2 ]olnlolo
[j9* Gl0{0|loed instruction o |9 ¥ M|O
' 1|8[G ' (© 0 [mixture
2 (19) 2|pos. of g, 2 (@) 10| 6 [6/5| [Ny
3 @ %|pos. of <:rss 3 .10 3 |3]2 No
a |&%) 8|pos. of last + 5 - |0|0j0] 1 [2]8|8|Ny
Ut
s @9 o|#fupscattering | @ 0|mixture
6 55 6 .| 0 |616/8
7 (64 IGIOIOI 7 [63) .1 0 |3]|3 L iO‘MIOl
IT * x|o|o o l9] * F
' 3K ! (o) 1|ffixed pt. fiux-
2 2 |pos. of gy 2 (@) 1 lsource
3 3|pos. of oy 3
a @ 5{last opry 4
5 _ 0 5
6 [53) 6
i [x[o[o] . lo[7[o]
|09* clo| |"Loed aate" o o * w|o
v (o) 6| table of last © 1 {6].| | reats
2 1|5|g in each k 2 [ 3] » 12]7
3 fes) 18 3
a [57) a (do |dec peint allowed in
s 16 . 8% ¢ of & Tield)
6 E 6
40 lole[o] - HEN

ol




FLOCO 704 77({78|79|80| PROBLEM
PROGRAMMER lom: IPAGE
OPERATION ADDRESS | REMARKS c| operation | aooress | remasxs
S | x R ¢ P R s | x R s
[} 2 |3]e|8 [ ] 7|(8|9 [} e 3|43 [ 7i8]|9
9] * s|o o
N C
Thig dard|félioyed by 18 group |2 [91
fisgidn spe¢t! s é
) ]
Sl sl
63 6 53
& lolslol ’ HEE
9| * V0o [
1 [0
© e [@
8 THig dard|f¢llowed by 18 group |3
N [velgeity get a
O s (&8
53 6
64 IOIVIOI 7 I [ I I
91 * PO [
miﬁam £dlloved by 18 group |2 [B)
6 cxogs |sectigng in the order, H, 2
1 25

37, ’ 4
a8 s
D 6
& L] . LT

[+]
1 [io)
2 (@)
29) 3
37) 4

8

6

LI . LT
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Appendix II

207 Code Listings and Flow Diagrams

The coding is relatively simple and straightforward except perheps

where the transfer cross sections Ogtg are involved. Flow diasgrams are

given for those cases and for the master or flow code. Annotated listings

are given for all code blocks, as well as summaries of the date and code

blocks.

Data

A0 (A1)
A2 (A3)
Cco
FO
F2 (F3)
F4 (F5)

GO

MO
ML (M2)

NO

Sumnery of Data and Code Blocks

Input absorption cross sections by region.
Output ebsorption cross sections by region.
Separation of output groups.

Flux source table.

Many-group flux by region.

Few-group flux by region.

Table of the output group corresponding to each
input group.

Atomic density table.
Matrix for flux with upscattering.

Mixture composition table.
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Data (contd.)

PO (PL, P2)
Q0 (Q1, Q2)
VO

V1

ve (V3)

WO

Code

801
803
80L
805

806
807

810
811
812

813
814

815
816
817

Meny-group cross sections by element and mixture.
OQutput cross sectiomns by mixture.

Many-group veloclties.

Few-group velocities average over volune.
Few-group velocities for each region.

Volume or radius table.

Flow code (master code).
Data assignment. -
Form mixture o's.

Calculate many-group fluxes, @g.

Set region addresses.

Calculate many-group absorption oi.
Celculate transfer cross sections oy
Collapse cross sections Ogpo? VOps Opps Tge
Calculate few-group self-scattering Oy

Generate code constants.

Calculate fission spectrum.Xk.

Calculate velocities.
Input print.

Output print and punch.
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Code (contd.)

&22
823
843 - 867 and 871
870

TOL-TO7
T10
T11
T12
13
T1h
T15
T16
T17
T20
T2l
T22
T23
T2k

T25

Place element o's in region blocks.

Set flux for element calculation.

Print remarks and headings.

Matrix solver subroutine LA-S885.

Use of Temporary Storage Block TOO

Temporary use only.

g

t region base

c
¢ . region base
region bhase
region base
region base
region base
region base
Not used.,

h

)]
# elements

-h
8

hs - ht -1

hS - ht

ht + 1
1t + 1

address and region index in decrement.
address.
address.
address.
address.
address.

address.
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Location
Octal Region  Symbolice
5314 805 X7
5427 805 Y62
5461 805 Z1h
5617 81.0 XL6
5674 810 X53
6304 815 X50
XX Floco 2

or
ZOT 000
70T 001

Input

Z0T 002

003

00k to 025

Error Stops

Type

divide check

halt

divide check

halt

halt

divide check

20T Deck

Cause

cg - Ggg = 0. Not allowed
in calculating flux.

Matrix error. Stop, check
size.

Py = Zcpg = 0. Check flux
input.

Too few upscattering cross
sections allowed in output
(on-line print).

Too few downscattering cross
sections allowed in output
(on-1line print).

r
Z Vr Vi = 0. Check volume
and velocity inputs.

Floco II tape calling card.

Initialize, allow space for parameters.

Parameters POO, GOO, KOO cards.

Assigns temporary storage TOO, 308 spaces.

Assigns formula space 1004 for 801, 15004 for 80k,
508 for 803, and 1+208 for 870.

Remarks for printing headings.
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Z0T Deck, continued

026 Load date assign code (803).
027, 028 Data assign code (symbolic binary).
029 Execute data assign code.
030 Load matrix solver (870).
031 - O4l1 Matrix solver (binary).
oh2 Load formulas 804 to 823.
o43 - 073 Formulas in symbolic binary.
o4 Load flow code 80l.
75, 16 Flow code.

Input Data.
17 Transfer to flow code.
78, 19 Blank.
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801 FLOW CODE

l Print input 816 I

Genera

constants 813

te code

Element calc.? )

NO

Place element o's
in region blocks 823

Form mixture o's
80k

\

/

Print input and
mixture o's

Set region index
Save index

Set region
constants 806

Element calc.?

NO

Set fluxes Celc, fluxes
822 805

$

Calc. oi, vok
811

<I}:
£ “tr

Cale. o, 810
| |

k'o k

Calc. Ok

[Advance region i.ndex—l

a2 |

l NO

(A.Ll reglons done?j——b—

| PRINT CONCLUSION PRINT STORAGE MAP |
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805 CALCULATE FLUXES ¢

g
e Mi 3 matrix to solve for
q)r-l -»cpr fluxes cp: with uypscattering
g "%
Exit to flow
code
Set addresses 4
Exchange rows
and columms
u
A Solve for q)g
cp: - (pg set
Normelize q)s,
return to flow
—]
‘Pgl “glg - erl-l,;] J
Restore
J
4

D = # groups with
downscattering only (G - U)

Normalize <pg,
retum to flow code




&0 o

g',e

COLLAFSE

1 - g (index 2)

Set addresses

Set addresses

Restore g

‘Etum to flow cod._el

[re k- x +1, (tnex 1) |

i>1 ON-LINE PRINT @
NO

YES

HeE D

—
k g is the output group corresponding to an input group 8.
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X00
X01
xn2
X013
X04
X05
X06
X071

— X10
X111
X12
X13
Xi4
Xi5
— X16
X117

> X20
X2
X22
X23
X24
X2
X2
X217

X30
X31
X32
X33
X34
X35
X36
X37

X40
X4l
X&2
X43
X464
X45
X46
X471

XS50

& sul
TSX4816
TSX4813
TSX481l4
CLA PC6
TZE X11
fSX4G74

40C00845

TRA X13
TSX4G 74 &
40C00844
CLA PCS
TNZ X117
1’SX‘0822.—-1
TRA x20

TSX48C4 &

TSX4974
00000861
40000PC

LXA24C1

SX02T11C
TSX48C6
CLA PCS

TNZ X32

TSX4823
TRA X35
CLA2FC

TZE X35
TSX48CS l
TSX48C7

TSX4811
TSX4810

rSx481t2
LXD2T10
10012X43
1P022X24
1SX4815
TSX4817
HPR
TSX4976

L] 4801

FLOW CODE

2

Linear Ogp

NO

Element calc.?
Trapsfer on "no".

Print input and
mixture sigmes,

1l - region index.
Save,

Element calc.?

NO

Fluxes supplied?
Transfer on "yes".
Cele. flux,

%
Ua, Vc'lfs’ g'k
Ikt 5 k

r 4+ 1 - region.

All regions done?

Normal program stop.
Print storage map.

Transfer to flow code,
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X00 8 AC4 FORM HIXTURE ¢'s

X0l LxAl4C1 l-1i

XC2 CLAINC Ny

X03 STA 1C1 Save Nj.

X04 CLALNMC Mj atom density,
X05 TNZ X14 /)

X06 LXA2701 Ny -4

A07 CLA vC»
Set address

X10 suBzP2 £ egion si s

X1l STA X26 or region Slgmas.

X12 STA X27
— X13 TRA X31
X1l4 STC TC2 €

X15 LXA4TCI1 Ni — index,
X16 CLA PQs .
X17 suBa4P2 Set address.

X20 STA X24

GBS e
bt in index.

X23 PAX2 K L

X24 LCC26CO

X25 FMP T02 <5?:)

X26 FAD25CC Forn M, X o

X217 ST020CC

X30 20012X24

> X31 10011x32 Advance i.
X32 7P0S1X02

X33 LXD4457

X34 TRA4Q01
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X00 8 8CS CALCULATE FLUXES

X01 SuB 4Cl Use flux from previous region?
X02 TNZ 221 YES
. X03 CLA T11 i No’ celee fluXe ... .. ..

X04 STA x42
X05 STA XSO
X06 CLA GC1
X07 SuB GC5

X10. ALS 022 | _ .
X11 STD XS52 # of groups with only downscattering = G-
X12 LXA1401 g=1

X13 CLA T10 o, base,
X14 SuBlPL .
X15 STA Xx37 o (&) base.

X16 SUB GC2

X17 STA X23 cg

X20 ACD GC2
X21 susB GC3

X22 STA X24 Oga
Xx23 CLA 0CC
X24 FSB 0CC
X25 STO T1C3 6, - @
X26 CLALSO x& &
x27 STC T02 €
X30 SXD1TCl
X31 LXD27C1 g — index 2.
X32 20012X24 gt =g -1

— X33 TRA X46 g' =0
X34 LXA&GC3 by o b
X35 10014X36 h+1-h

| X36 3G044X46 h > hy? ,
X37 CLA40CC NO, ogt ¢

- X40 TZE X4é Gt = o7
X41 LRS 043 g8 2& o
X42 FNP2CCO P 1 Ot
X43 FAD T02 g €.
X44 STO 1C2 Pgr Ogig
X45 20012X35 g'=1logt, gt = 0

LS x46 CLA TC2 —
X47 FDH TC3 PR %e'e/% "~ %
X50 STQ1000 Qg e )
X51 10011Xx52 S+ log
X52 70C01X13 g < G4? NO
X53 CLA GOS
XS54 TZE 101 Upscattering present?
X55 CLA T1l YES
X56 STA Y35 __ __Set up matrix solutiom. . __ _..._._ .
X571 STA Y77
X60 STZ T04 j=0
X6l LXD1TOQ4 Save J.
X62 10011X63 I+ 1o j<\® from Yik E

. X63 CLA Ml Set _addresses on J.

X64 SUBLN2
X65 STA Y10
X66 STA Y23
X617 STA Y24

from Y32
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X70

X72
X173
X714
X75
X716
X717

Y00
YO0l
Y02
Y03
Y04
Y05
Y06
Yo?

Y10
Y1l
Y12
=>» Y13

Su8 GCS
SuB 4Cl1
STA Y12
STA Y36
STA Y37
SXDLT04
LXD2TC4
10002YCO

SXD2T105
36012232
CLA TIC
SUBCZPL
STA Y07
STA Y15
LXA4GC2
CLA4CCO

STO1C00
CLA2SC

STO ccCo
1CCl4aY1l4
3G044X61
CLA4QCO
STO 1C1
SXD4Y21

1G6C31v21
6C001Y27
TRA 234
FAD10OCO
sTg1o0CC
LXD1T04
TRA Y13
LXD2TCS

SXD4Y32
1GC32yv32
6CCo2xel

LXD1TC4

LTQ 7G1

FMP2CCO

FAD 000

STO CCO

TRA Y13
ARS CO!
STD Y57
ARS C21
CHS

ADD Ml
STA Y64
LXA1401

LXD2M2«

CLAIM]
_LrQamy . %

STO2M1

STQIML
20012Y56

.10011Y57 .

J — index 2.
g=J*Gy
Save ge

& > G? Exit of matrix sete.
NO

E = her

cg -*MJJ

Xg = Mnp+1, J
h+1-h

h > hy? YES
NO

Ogt > g

Index i = j + hg
i=j+h; -h
Patche

Oglg * Myj 2 Msg
Restore Jeo

g — index 2.

g * hg

g +hg -h=gt<o0?
NO, restore J.

%! 9g' »g * Mnr1, 5 7 Mael, g

From 733

Store matrix to agree
with subroutine input
requirements.
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Y57 70€01v51 (j?

Y60 LXD1457

__ Y61l TISX487Q_... .. . Matrix solvers
Y62 OHPR Error stope
Y63 0GOS 001
Y64 4000 CCC
Y65 9GC52Y63
Y66 SXDt14S57

__Y6T _CLA Y64 . . .

Y70 CHS
Y71 ADD GOS
Y72 STA Y76
Y73 LXALGOS
__ Y74 LXD2XS2 _ ..
Y75 10012Y76
Y76 CLAL1000 Store upscattering @

Y77 ST02CCQ
in regular ¢ blocke

200 2C011Y75
--201 __CLA T11 ___ Normalize .
Z02 STA ZIC7
203 STA 713
204 STA 15
205 CLM

206  LXA1GOL G - ingex 1.
201 _FAD1GCC +
03 %{y%az%
10 20011207 g
Z11 sTo TCl -
212 LXA1GO1 2; 9 =22
213 CLA1CCO *
——Ll4 FDH TOLl\ __ -
15 sTqicca ) %/
216 20011213
> 217 LXD4457

220 TRA4CCl Return to flow code
4 221 CLA Y1l from XO2.
22 STA 127 Use flux from previous regione

223 ADD GO1

124 STA 226

225 LXA2GC1 .

226 CLA20CO P, R ad)
4;;7___51020093 o BT
230 20C1l2226

“—2Z31 TRA 217

132 CLA M2« From matrix sete.
233 TRA Y4l
__ 234 3G051Y25 12> # upscattering groups?
Z35 CLS 7101 NO, gt
236 TRA Y23 Return to codes
237 80002x11! Patch.

240 STD X177

261 _TRA K12
142 H000/’X60 Pat.che

143 CLA M2

L44 STA Xb64

245 TRA X61
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X00 8 8Cé6 SET REGION ADDRESSES

X0l LXD2710 r — index 2.

X02 CLA F2# *Pg base address.
X03 SUB2F3 ~

X04 STA T11 q’gr base address.
X0% PXD2

X06 PCX4

X07 1T214X1C r + E > index k&,
X10 CLA pPO# ___ o, base address,
X1l SuB4P2 Org base address.
X12 STA T10

X13 CLA F4q» Py

X1l4 SUB2FS

X15 STA T13 Py

X16 CLA QO+ O

X17 SuB2Q2

X20 STA 112 Oyep

X21 CLA v2s Vi

X22 SuBzv3

X23 STA Tl4 _ ___'_vﬁ

X24 CLA AQ+ oa(g)

X25 SUB2A1
X26 STA TIS tar(e)
X27 CLA A2»

Ga(k)
X30  Sup2A3 _ __
X3l STA Tl6 oap(k)
X32 LXD4457
X33 TRA4001
X34 80002X04
X35 CLA 121
X36 ALS 022 Patch to
X37 STD Xx07 get E in
decrement.

X40 TRA XCS
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x00 8 807 CALCULATE ¢5
_X01 CLA T15 . of address $ase.
X02 STA X16
. %X03 STA_XLT .. -
X04 STA X33
X05 STA X34 . ...
X06 LXA24C1 1Log
X07 SXD2T0l1 . .. _Save g. %
L xlo _ctAa 110 NS
X11 SuB2Pl O‘( ) address.
_Xl2 STA Xx31 &
X13 SUB GO2
X14 STA X1S ;
X1$ CLA 000 og
. X1l6 .. FAoz_ocow-_._J_ag_—wa_g _________
X17 ST02000
X20 LXA1T24 hy +1 —»h
X21 SXD1x23 i -.dec.
X22 16€32x23 g+ by %
—_X23 60002X37 o 4 hp— how g! ..
X24 PXD2
. _X29. ARS 022 . .
X26 SUB GOl g! - G
X27 TZE X31 gt = G?
—X30__TPL X35 _ __ NO, g' >G? -
X31 CLS1000 NO ogtg
X32 TZE X35 = 07
X33 FAD20CO NO 0y - Ogtg = 0a
X34 ST020C0
X35 10011X36 h+1l-oh
—..X36 16041X43 _ ____h <hy.
X37 LxD2TC1 Restore g.
X4l 7G012%X07 g <02

X42 TRA4QC1
—_X43 LXD2T0}.
X44 TRA X21

Return to flow code.

R .Restore4g.®; I
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X00 8 810 CALCULATE oy +

X0l LXAZ401 l1og -k
X02 TNO X04 Test accum, overflow.
X03 TRA XC4 3

X04 CLA T11 q;é‘ address.

X05 STA Xé63
X06 STZ 701
X07 STZ TG2

X10 CLA T13 ok eddress.
X11 STA X64

X12 SXD2TC1l Save g.

X13 CLA T10 o'% a.ddres%
X14 SLB2P1

X15 STA X662
X16 CLA2GC
X17 STO 162

X20 LXA4102

X21 CLA T12

X22 SUB4Ql

X23 STA X71 of. address.
X24 STA X713

X25 STA T30

X26 LXA1T24 hy+1-h

X27 SXDLX31 <$\c)
X30 1G032X31 g+ hg

X31 60002X77 g'=g+hg-h
X32 3GC12X74 g' > G?

X33 CLA2GO

X34 STO TC3 k' - k

X35 SuB T1C2
X36 TIE X74

X37 CHS

X40 ADD KC3 1=k - k' + ig
X41 STO T1C4

X42 LXA4TC4 i —» index L.
X43 3K024X47 - 1> 442

X44 TSX4975 Print.

X4% 4C000847 Too few upscat.
X46 HTR Y02

X47 3K044XS1 i < i,

X50 TRA XS54 .

X51 TSX4975 Print.

X52 40000846 Too few downscat. ..

X53 HTR YC2 -
X54 CLA T04

X55 NCP
_X56 NOP . e
X57 NOP

X60 STO TC4
X61 LXA4T03 k' — index k.

X62 LPQLUGO -
X63 vazooo},, Pt %' €
X64 FDH4000 Dyt

X6% STQ T07
X66 CLA TC7
. X67 NOP
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X70 LXA4TCA4 estore i.
X71 FAD4GCO Pg! Ogt - g/ Pk

XT72 NCP . .

X73 ST040CO ok! -» k

X74 LXD2TC1 Restore g.

X795 10011X76 h+l-h

X76 76C41X27 h <h, d\

X77 LXD2701 Restore g.

Y00 10012YC1 g+log

Y01 756C12Xx12 g > G? NO

Y02 LXD4457 Return to flow code.

Y03 TRA4CO1.



X00
X01
X02
X03
X04&
X05
X06
XQ7

X10
X1l
X12
X113
X1l4
X15
Xlé6
X17

X20
X21
X22
X23
X24
X25
X26
X217

X30
X31
X32
X33
X34
X35
X36
X37

X40
X41
X42
X43
X&4
X45
X46
X471

X50
X51
X52
X53
XS54
X55
X56
Xxs57
X60
X61
X62

X63

X64
X65
X66

KOT . f

8

811

LXA24C1
LXAl1401
CLALCO

ALS
STD
cLA
STA

STA
STA
STA
STA
STA
CLA
STA
STA

CLA
STA
CLA
STA
STA
STA
STA
CLA

STA
CLA

022
YC7
T13
X42

X43
Y24
Y31
Y33
Y40
T14
X50
X51

115
X52
T1l6
X54
X5S
Y23
Y25
T1l1

X40
T12

SLB101

STA
STA
sus
STA
STA

Y02
Y03
K02
X715
X76

CLA20CO

STO

TC1

FAD1GCO

ST01000 ..

CLA

101

FOP2VC

STQ
CLA

FAD10CO .

107
107

STO1000
L£Q2000

FMP

T01

FAD10CO
ST016CO

CLA T10 |

sugzel

STA
sus
STA
STA
cLA
TZE

YCO
GC2
X677
x12
PCé
X7l

CALCULATE cﬁc, va¥, “Er’ v%, c§
l-g
1ok

Set addresses.
K
Qr

hS

8
Yar

0%
k &
T Y

Qg/vg

-V =Zq>g /vg
o€, .

Z % %r

g
oL base,

c%r base,

Linear ogp?

Ay



X70 TRA X175
X7l CLA 1Ct Inverse Oppe
X72 F£FP CCO o
X73  STQ 107 9/ %
X714 LA T07
X75 FAD 00O z orz o
X76 5TO CCC 9g Fr 9/ %
X77  LXAa44C1 1 - index k, 1 for gge(i).
“¥00 LDQ40GO
Yol FMP TC1
Y02 FAD40OCO Z oaBaT(1) o8
Y03 STO4000
Y04 17014YG5 i+1o1
Y05 76€24YCO i>hy -1
Y06 12012Y07 g+ 1log :f
Y07 70002X40 g > largest g in k?
Y10 10011Y11 k+1l-k
Y11 7K011X03 x> K2 @{_
Y12  LXA1401 1ok
Y13 CLA T12 ‘Eb
Yl4 SUB1Ql qf,‘ base.
Y15 STA Y37 ¢
Yl6 STA Yal
Y17 SUB X02 75T pase,
tr
Y20 STA Y30
Y21 STA Y34
Y22 STA Y35 .
Y23 CLALlCCC o
Y24 FCP1GOO o5 = &5__;‘
Y25 STQLOOC a Py
Y26 CLA P06 Linear Utr?
Y27 TZE Y123
Y30 GLA 0CO YES z o8
Y31 FDP1000 & = ¢g ir
Y32 TRA Y35 tr -
Y33 CLALCCC vers
Y34 FCP 0CO faverse Ggr = /z q33/0tr
Y35 STG 00C
Y36 LXA44Cl 1 - index 4 (i).
Y37 CLA4CCO Z ’ )
o o (1
Y40 FDPL00O (1)— 3 ac
Y4l STQ40CC
Y42 10014Y43 i+1loi
Y43 TK024Y37 i>h, -1 @ﬂ
Y44 10011Y45 k+ 1ok
Y45 TKOLLYL3. . kK >k?.. C)aﬂ
Y46 LXD4451
Y47 TRA4001 Return to flow code.
Y50 90016YCS Dec. - 1 — dec. of YOS5.
Y51 90016Y43 Dec., - 1 — dec. of Y43,
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X00
X011
X02

X03 |

X04
X0S
x06
X07

X10
X1l
xXi2
X13
Xl4a
X15
X1l6
X117

x20
X21
x22

X23.

X24
X25
X26
xX27

. X30
X31
X32
X33
X34
X35

X37

x40
X41
X462
X43
X44
X45
X46
X47

X50
X51
X52
x53
X54
X5%

8
STZ
CLA
STA

812
TC1
Tié
X20

LXA24C1
SxD2T1C1

CLA

12

SuB2Ql

STA
sus
STA
ACD
stB
STA
STA
CLA

X42
K02
X117
X02
KC3
x21
X22
000

FS820C0

TAD
STO

0co
000

LXALT2S

LXD2701
SXD1X27
1K032x27
6C002X51

_3K012X47 .

CLM

PX02

sus
TZE
CLA

TC1
X471
T12

suB2Q1.

sus

STA
STA

KO3

X44
X45

cLs1cco

NCP
FAD
STO
NOP

000
CCC

10011xX50

TKQ41X24
LXxD27C1
10012x53
TKO12x05
LXD4457
TRA4GCL

L
+ oxx
- 0.

¥y

;gstore"k; ‘K?:>
k+ 15

K+ ig-i=k'

_Is k' >K?
NO

Is k' = k?
No,

= Ok

e

= Igx

i+1l-1

1>1,2 N0 (i;
YES, restore k.
k+1l-k

k > K? Mo

YES, return to flow cale.
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X00 8 813 GENERATE CODE CURSTANTS
X0l LXA24C1

X02 LXA1401

XQ3 CLA 4QY.

X04 STO 701

X055 CLAICC ? .

X06 ALS Q22

X07 STOD x13

X10._ CLA TCY} ___ Form a table

X11 <T02G0 )
X12 10012X13 of k corresponding
X13 70002X11 t0 each g.

X14 AQD 4C1
X15 10011X16
X16_ _TKO11X04
X17  CLA GO4

X206 SUB GO3

X21 STO T20 h, - b,

X22 CLA P03

X231 suB PC2__ __ -
X24 STO T21 E=M¥-R

X25 CLA GO3
K26 SUB GO2
X27 STO T23 h -b

0 X30 . SuB 40 o
X31 STO 722 h -h, -1
X32 CLA GC2 8

X33 ADD 401

X34 STQ V124 h, + 1

X35 CLA K02

.X36 __ATD 4CY . _ . o
X37 STO 7125 i+ 1 812, x23

X40 TRA4001
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X00 8 814 CALC. X, (fission spectrum)

X0l LXA24Q1 . . 1 o index 2.
X02 LXA14Cl 1 - index 1,
X03  _CLAACO “N_. _Group limits. .. .-. — -

X04 ALS 022
X05 STD X12 .
X06 CLA2SC xk= Z Xg
X0?7 FADLS
1s1 xS

X10_ STQ1S1 — .-
X1l 10012x12

X12 76€002X06 .
X13 10011X14
X14 7KO11XC3,
X15 TRA4001
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x00 d 815 CALC. V.

X0l CLA »C4 Volunme §pecification We
XQ2 SUB 4C4

X03 TZE X54. W= b, calc. v for each regiom.
X04 CLA PCé

x05 TIE Xx24 W = 0 volumes supplied,

XUE " LXAZAT Generate volures, 1 — index 2.

X07 STZ 102

x10 LXAIPO4. . n o indexl= i (rvegion index).

X1l Lre 421 1.0

X12 FMP2WO, =%

X13 LRS 043

X14 20011X12 . :})

X15 STO 7101

X16 FS8 T02__ __ z%.mqﬁ..
X17 STO2WO -1

X20 CLA TOl
Xx21 STO T02.

N P Y
X22 10912x23 A
X23 7P022X10 _ ...
XZ%  TXATROT K o k {index 1),
X25 LXA2P02 R -» index 2.
x26 STZ TCl %
X27 STZ 102
X3Q . CLA F4s _ @ base address.
X31 SUB2F5
X32 STA X33
X33 LDQ1OCO X
X34 FMP2WO z
X35 FAD 101 Dok
X36 STO 101 . ‘
X37 CLA v2+ v base,

X40 SUB2V3

X4l STA X42 s
X42 LCQLl000 r
X43  FMP2KG. .
X44 FAD 102

X45 STO TC2 v vi

X46 20012X30 £~ ark

X47 CLA 101 Regions dane.

XS0 FOH TC2 . vF

X51 STQ1vl

X52 20011X25 kE-1ok

X53 TRA4001 Calc. done, return to flow code.
X54 LDQ KC1 v, for each region.

X55 MPY PQ2

X57  LXA17101 R x K in index 1.

X60 CLALF4 0} Q_/v

X61 FDPLV2 k/z Ve

X62 STQLV2

X63 20011X60Q0 7 L e
X64 TRA4CO1 Return to flow code.

X65 80002X15 Patch, LRS not reliable.
X66 . STQ TOL _ .
X67 CLA 701

X70 TRA Xlé
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X00 8 816 INPUT PRINT
X0l TSX4G74
X02 00000850
%03.¢0000851 _

X04 00000852
X05 00061PCQO Parameters.
X06 00000853
X07 00051G00

X10_00000854 . _
X11 00051K00
X12 €0000855

X13 00000S0 Fission spectrum.

X14 00000VC | . Velocities. . . .
X15 00000Ca Few-group spacing.
X16._00000NQ __ ___ __Elements.for mixtures...
X17 00000NMQ Atom densities.

X20 00000856

X21 QO0COOFO .. Flux source.

X22 00000WO0 Volumes or radii.
_X23_00000857

X24 40000F2 Flux input.

X2 LXD4457 . .

x26 TRA4001 Return.
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XG0
. X01
X02

--—X03.

X04
X05
X06
X07

—X10
X1l
X112
X13
X1l4
X15

. X16
X17

X20
X21
xX22
x23
X24
X25
X26
X21

—. X30.

x31
X32
X33
X34
X35
.- X236

_TRA400).

8 817 OUTPUT PRINT
TSX4974. e .

00000862

€0CQ0863 e

c0000S1 Fission spectrum.

coooovl Velocity spectrum.

€0000871

CO000QF2 . Fluxes used.

Q0000864 — [
00000F4 Output fluxes, Fh
0000860

U0000AD Input absorptions.
00000865

0N000A2 Output absorption.
CNOp0866_ . e
40000Q0 Output sigmas.

CLA PQ4 Print velocities

SUB 404 for each region?

TNZ X26
. TSX49%4 YRS
c000C867
40000vV2 R

TSX4973 Punch on line.
c00Qos1

ogoqovly
40000C0
TSX4975
c0000843
400020C0
LXB44S7
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X00 8
X01
X02 1

X03._.¢

X04
X05
X06
X07

X10._ .
X1l
X12

822
LXA2P02
0C12X03
CLA_PQe

PLACE ELEMENTS IN REGION BLOCKS
E — index 2.

E+ 1

STA X11
susae2

STA x12

CLA2P2

PAXl__

CLALCOO
$T01000

X13 20011X1t

Xl4

TRA4QCY.

PO block address.
PO - hy x G X E
_hp X G X E in index 1 = i.

o element.
o region. Y
i-1-141

Return, |
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X00 8 823
X0l LXD2T10
X02 70012x13
XQ3._CLA TI11
X34 STA xI1
X05 AND GC1
X06 STA X10
X07 LXA1GOl
X10_CLAlQ0C
X1l STO10CO
.X12 20011x10
X13 TRA4001
Xi4 = 801

SET FLUX FOR ELEMENT CALC.
r=22 _

If yes, flux supplied, exit,
NOs

Set qa% address.
q)%._l address.
G-g

- _Pla.ce..cp%_l — q)f_.

g-1l-g
g = 0, return,
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