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XLIBIT : ANL Cross- section Library Code 

by 

S. D. Sparck 

I. INTRODUCTION 

With the acquisition by the Laboratory of a Control Data 3600 computer in 
the fall of 1963, a joint reprogramming project was undertaken by the Labora­
tory ' s Applied Mathematics Division and the Control Data Corporation to de­
velop one- and two- dimensional diffusion- theory and Sn transport-theory 
programs for the CDC-3600. The XLIBIT code described in this report was de­
ve loped as a part of this project. 

XLIBIT is a CDC- 3600 program designed to: 

1) Prepare a cross- section library tape. 

2) Modify an exist i ng cross-section library tape. 

3) Duplicate an existing cross - section library tape.* 

4) Print all or a portion of the cross - section data on the library tape. 

5) Punch cross- section decks for all or a portion of the data on the 
library tape . The decks produced are identical to those used in pre­
paring the tape.** 

The cross - section library tape is composed of one or more cross - sect i on 
sets . A cross - section set is defined as the collection of the relevant param­
eters for the materials assigned a particular energy- angle structure . One or 
more materials must be included in each set , and each may be considered an 
isotope or a mixture of isotopes or pure materials, as conven ient . 

*See Part V, Section D, paragraph 3 (p . 34) . 

**Following the last data card, a BCD card containing "RUN COMPLETED." in 
columns 5 through 18 is punched to mark termination of the punch output for 
a run . 

5 



6 

II. CROSS-SECTION NOMENCLATURE 

The following definitions have been employed in specifying the pa.:g••·~--·­
included in the cross-section set. To avoid confusion with the summation 
sign, a is used for cross sections throughout. This is not meant to imply any 
restriction on the type of cross section used. The user must, of course, 
designate these corresponding to his use of densities or volume fractions in 
the problem specifications. 

For each material and each energy (lethargy) group j, the following are 
included: 

X (j , k) 

diffusion coefficient. If required by code and not specified by 
user, this will be calculated as 1/3 otr,j • 

the capture cross section, which includes (n,a), (n,p), (n,y) 
losses. 

number of neutrons emitted per fission. 

fission cross section . 

transport cross section, defined as total cross section for 
transport codes. If required by code and not specified by user, 
this will be calculated as the total cross section. 

fission-spectrum fractions for group k caused by neutrons in 
group j. 

Three types of transfer may be included: elastic, inelastic, and (n,2n). 
Each of these transfer cross sections may have angular dependence expressed as 
a truncated Legendre series. 

If 

oel, j(~) =the total elastic-transfer cross section from group j, as a 
function of the cosine of the scattering angle ~ in the 
laboratory system 

2i + 1 0 (i) P ( ) 
4n el ,j i ~ 

the elastic-transfer vector for component i representing 
transfer from group j to group k, i.e., the jth row in e&ch 
of the N-plus-1 scattering matrices, each element in this 
row gives the fraction transferred to group k, and 

o(i) T(i)(. k) (i)(. k) 
el,j · el J ~ = 0 el J ~ , the elastic-transfer 

cross section for component i representing transfer from 
group j to group k. 



111" sam" ronn is used if the inelastic and (n,2n) transfer cross sections 
are given. 

T(~) (. 
in J 

the total inelastic-scattering cross section 

N' 
\ u + 1 ( ~ ) p ( ) 
L 4n °in ,j ~ IJ 

~=0 

k) = the inelastic-scattering vector for component ~ 
represen ting transfer from group to group k, 

and o(i) · T( ~) (" -+ k) = o~O ( · -+ 
in, j in J ~n J k) , the 

inelastic-transfer cross section. 

0 (n, 2n),j(IJ) the (n, 2n) cross section 

Tw c· k) (n, 2n) J -+ 

N" u + 1 co N" J 
U- +1 0 (~) l: l: l: 

~= 0 

__ 4_n_ 0 (n, 2n) ,jp~ (IJ) 
l'.=O k=l 

4n (n, 2n) 

(j -+ k)P~(IJ) . 

th e (n,2n)-reaction transfer vector representing 
transfer from group j to group k, and 

o(l'.) T(l'.) c· k) (~) c· k) 
(n , 2n) ,j · (n, 2n) J -+ = 0 (n , 2n) J -+ • 

the (n,2n) transfer cross section . 

A distinct pair of upper and lower bounds (i . e . , number of groups into 
which up- and downtransfer is to be considered) must be specified for each of 
the three types of trans fe r used. 

In addition, the following data are required (these data are material­
independent but as a convenience may be given with each material): 

vj =the mean velocity of group j, 

the minimum energy of group j, or maximum lethargy of group j . 
J plus 1 entries for j = 0, 1, 2, . . . , J are required. 

For applications to Sn-type transport-theory codes, the various 
scattering-type cross sections can be combined into two classes : one, scat­
tering that removes the neutron from the group j+k(j -+ k,IJ); and two, scat-

tering that leaves the neutron in the group o(j-+ j,IJ). In terms of the above 
nomenclature, 
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and 

and 

{ 

J l f u + 1 ( g, ) 

J
.gk(j .... k,).l) = L 2 L -4-- 0 ( 2 ) . 
.,. k= l g,=o TI n' n ,J 

k/j 

r<n < · k)P < > (n , 2n) J ..,. g, \.1 

N' 
+ L~ 0 ~ g, ) . T~ g, )(j -+ k)P g, (\.1) 

g,=o 4n ~n,J ~n 

N u + 1 ( g, ) rW(j • k)Pt('} + L 
g,=o lilT 0

e1,j e1 

N" 
1 , z g, + 1 

0
( g, ) ~ g, ) 

o (j ..,. j, ).l ) = 2 L -- ( ) • T n, 2n)(j ..,. j)P g_ (\.1) 
g,=o 4n n, 2n ,j 

N' \ u + 1 ( g, ) 
+ L ~ 0 in,j 

g,=o 

N 
+ \ U + 1 o ( g, ) · T (g, ) (J" -+ J")P , (\.I) . 

L 4n e1,j el x. 
g,=o 

For diffusion-theory codes, the above expressions become 

J {l (0) 
L 2 ° (n, 2n),j . 

k=l 

T( O) (j -+ k) + o ~ O ) .T~ O )(j-+ k ) 
(n, 2n) ~n,J ~n 

k/j 

+ o( O) .r< o) (j .... k~, 
e 1,J e1 J 

o(j ..,. j) = ~ ( 0 ) T( O) ( . ..,. j) + o~ O ) .T~ O ) (j _,. j) 
~ 0 (n, 2n) ,j ' (n, 2n) J ~n,J ~n 

+ O( o) r< o)( . .... . ) 
e1, j e1 J J • 

The total cross section, o t,j• is then 

J 

oc,j + of,j + L o (j -+ k). 
k=l 
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~r cne scaccering matrices specified are normalized such that 

J 
T(O)(j _,. k) L 1, el 

k=l 

J 
T~O) (' L _,. k) 1, 

k=l 
1n J 

and 

J 
\' T ( 0 ) (. k) 
L (n, 2n) J _,. 

k=l 
2; 

then 

Ot ,j 
( O) (0) (0) 

oc ,j + Of,j + O(n , 2n),j + Oin ,j + Oel ,j· 
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III. DESCRIPTION OF CROSS-SECTION INPUT DECKS 

The cross-section input deck, which is the basic unit of XLIBIT input, ~s 

the series of cards used to specify the relevant parameters for a single mate­
rial (see Fig. 1). 

The cross-section input decks for all materials included in a cross­
section set have an identical energy-group structure. 

Provision is made for ten card types in each input deck . * These types 
are designated as+, 0, 1, 2, ... , 8, to identify their respective contents. 

Type (+), an optional card, is provided to accommodate the user who 
wishes to personally identify a material. 

Type (0) defines the group structure of the cross-section set. 

Type (1) contains the group constants Dj, otr,j • oc,j• of ,j' and v j. 

Type (2) specifies the fission-spectrum fractions. 

Types (3) through (8) contain the transfer cross-section data. 

The values on the ANL cross-section data cards are either nlmeric quanti­
ties or Hollerith (BCD) quantities. The general rules given below should be 
followed in filling out the data cards : 

1. Hollerith quantities (i.e., set and material identification and 
options) may contain any valid Hollerith character except the 
period ( . ) and the comma(,) . 

2 . Numeric fields of 12 columns are considered to contain floating­
point quantities . If these quantities are written in the FORTRAN 
exponential format with the scientific notation of fraction and ex­
ponent (for example, 5.63E01), they must be right-justified. 

3. Numeric fields of one or three columns are considered to contain 
integer quantities . These quantities must be right-justified . 

4. Numeric fields left blank are treated as zero, unless specifically 
stated otherwise. 

Columns 1 through 20 of all types of cross-section data cards, except the 
+ card, have the same format. The following rules apply to the quantities 
appearing in columns 1 through 20: 

1. Set Name (columns 1-5) 

The set name must be given on all data cards. All cards for an 
individual set must be placed together . No two sets on the same 
library tape may have the same name. 

*A sample set of forms available for use in keypunching cross-section data 
is included as Appendix A. 



~ u 
""' 0 

~~ r:~ 
t>l ;:::> 

~0 · P.. 0 z 
iiz P..>< <>::0 I 

tJ);2; t/)f-< c:.:>Z uz "" 
5 6 11 12 13 14 16 17 19 20 21 • 25 26 • 

A 1 3 c u 2 3 4 $ + 0 4 8 ANL- 5800 
A 1 3 c u 2 3 4 s 0 0 1 
A 1 3 c u 2 3 4 $ 0 1 2 
A 1 3 c u 2 3 4 $ 0 2 3 
A 1 3 c u 2 3 4 $ 0 3 4 
A 1 3 c u 2 3 4 $ 1 1 5 
A 1 3 c u 2 3 4 s 1 2 6 
A 1 3 c u 2 3 4 $ 1 3 7 
A 1 3 c u 2 3 4 $ 2 1 8 
A 1 3 c u 2 3 4 $ 2 1 9 
A 1 3 c u 2 3 4 $ 2 2 1 0 . 
A 1 3 c u 2 3 4 $ 2 2 1 1 
A 1 3 c u 2 3 4 $ 2 3 1 2 
A 1 3 c u 2 3 4 $ 2 3 1 3 
A 1 3 c u 2 3 4 $ 3 1 1 4 0 
A 1 3 c u 2 3 4 $ 3 l 1 5 1 
A 1 3 c u 2 3 4 Is 3 1 1 6 2 D 
A 1 3 c u 2 3 4 $ 3 2 1 7 0 
A 1 3 c u 2 3 4 $ 3 2 l 8 1 A 
A 1 3 c u 2 3 4 $ 3 2 1 9 2 
A 1 3 c u 2 3 4 $ 3 3 2 0 0 T 
A l 3 c u 2 3 4 Is 3 3 2 1 1 
A 1 3 c u 2 3 4 $ 3 3 2 2 2 A 
A 1 3 c u 2 3 4 $ 4 1 2 3 0 
A l 3 c u 2 3 4 $ 4 1 2 4 1 
A 1 3 c u 2 3 4 $ 4 1 2 5 2 
A 1 3 c u 2 3 4 $ 4 2 2 6 0 
A 1 3 c u 2 3 4 $ 4 2 2 7 l 
A l 3 c u 2 3 4 $ 4 2 2 8 2 
A 1 3 c u 2 3 4 $ 4 3 2 9 0 
A 1 3 c u 2 3 4 $ 4 3 3 0 1 
A 1 3 c u 2 3 4 1$4 3 3 1 2 
A 1 3 c u 2 3 4 $ 7 1 3 2 0 
A 1 3 c u 2 3 4 $ 7 2 3 3 0 
A 1 3 c u 2 3 4 $ 7 3 3 4 0 
A 1 3 c u 2 3 4 $ 8 1 3 5 0 
A 1 3 c u 2 3 4 $ 8 2 3 6 0 
A 1 3 c u 2 3 4 $ 8 3 3 7 0 

NOTE : The card-numbering system shown above (col-
umns 17-19) is not the only one possible. Num­
bering may, for example, start with each card 
type, or with each group for the same card type, 
or wi th each group and ~-number combination for 
the same card type, etc. 

Fig . 1 . Cross-section Input Deck for a Material 
with Three Energy Groups 

11 



12 

2. Material Name (columns 6-11) 

The material name must be given on all data cards. All cards 
individual material within a set must be placed together. No two 
materials in the same set may have the same name . 

The code does not consider the special character (see paragraph 3 
below) to be part of the material name. 

3. Special Charact er (column 12) 

The special character is intended for use in special applications to 
convey additional information about a material (e.g., to denote 
hydrogenous or heavy materials). 

The program reads the special character from the type-0 card, and 
disregards column 12 on cards of all other types. This quantity may 
be a blank or any other Hollerith character except a period or a 
comma. 

4. Card Type (column 13) 

The card type must be given on all data cards used. The card type 
must be a plus (+) or one of the integers 0 through 8; the arrange­
ment of data cards for an individual material within a .1et is by 
increasing card-type number following the initial + cara . 

5. Group Number (columns 14-16) 

The group number must be given on all data cards used. It must be 
an integer, and must be right-justified in columns 14-16. 

A group number of zero appears on the type-0 card t o allow specifica­
tion of a maximum energy for the highest energy group. 

In addition, XLIBIT uses the convention of a zero group number on the 
type- 2 cards to indicate a vec t or (rather than a matrix) fission 
spectrum. 

The arrangement of data cards of a single card type for a material 
is by increasing group number . 

NOTE: Group 1 is the group of highest energy . 

6. Card Number (columns 17-19) 

The card number is an integer taking on the values n, n + 1, •.• , 
and must be right-justified in columns 17-19. It is used as a 
sequence number. 

The program ignores columns 17-19 on cards of types other than 2, 
4, 6, and 8. 



/ , ~-number (column 20) 

The i-number is used only on cards of types 3 through 8 to designate 
the order of the anisotropy. This is an integer and must be given on 
all cards of these types. On cards of types 0, 1, and 2, column 20 
is ignored. 

The i -number is one of the integers 0 through 9; the arrangement of 
cards of the same card type and of the same group number is by in­
creasing i -number. 

13 
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IV. SPECIFIC CARD TYPE DESCRIPTIONS 

A. Type-plus (+) Card 

Ol 

1,j 
z 

Ol 
Ol ..... .,. 
e "' ~ >-

"' .... u ... 
z ... ·r-1 •.-4 

Ol '0 e "' ... ... ... 0 <= 
Ol "' "' ... Ol Comments "' :>: u ....:o 

t23J +I 
5 6 11 12 13 14 25 26 80 

At most one type-plus card may be used fo r a material . This card is 
optional and need not be used; if it is used, however, it must be the first 
data card for a material (i.e., precede the first type- 0 card). 

Columns 14 through 25 have been set aside for the atomic density of the 
material. Columns 26-80 may contain free- field information using any char­
acter in the Hollerith character se t. 

B. Type-0 Cards 

... 
Ol ... 
u 

Ol "' ... e ... 
"' "' Ol 
z .0 .0 

u Ol e 
Ol ..... .,. :::> 
e "' ..... >- z 

"' .... "' f.< 
z ... . ... .,. 

Ol u '0 :::> ... ... Ol ... 0 
Ol "' .,. "' ... 
"' :>: "' u "' 

(a) I o I I lo~ ~IIW/23 
5 6 11 12 13 14 16 17 20 21 32 33 56 57 58 59 60 

... 
Ol ~ ... ·~ 
u ~ 

Ol "' ~ ~ 

e ... ... ·~ ·~ 

"' "' Ol ~ :::> _::, z .0 .0 ·~ 

u Ol e "' Ol ..... .,. :::> >- >-e "' ..... 
~ z 00 ... 

"' .... "' >- ... .... 
z ... .... 0. 00 "' u 

Ol u '0 :::> ... .0 0 ... ... Ol ... 0 Ol ... ..... 
Ol "' .,. "' ... <= Ol Ol 

"' :>: <flU "' "' ,.J :> 

(b) I I a I I I w~ ~ 
5 6 11 12 13 14 16 17 20 21 32 33 44 45 56 57 



1. There must be exactly J + 1 type-0 cards in the data deck for one 
material, where J is the number of energy groups, arranged in order 
of increasing group number. 

2. On the card having group number 0 [diagram (a) above], a nonzero, 
nonblank energy value and the E, D, and TR options must be given . 

3 . On the cards having group numbers 1, 2, .. . , J [diagram (b) above] 
XLIBIT requires that the velocity values either all be blank (or 
zero), or all be given nonzero values. If th e velocities are blank 
or zero, XLIBIT will assign for all velocities the value 1.0. 

4. If the E option is blank, the energy values must be given on the 
type-0 cards for groups 1, 2, . .. , J. XLIBIT will use these values 
to compute the corresponding lethargies. If a zero energy value is 
given, XLIBIT assigns 10 50 as the corresponding lethargy. If the E 
option is nonblank, the lethargy values must be given on the type-0 
cards for groups 1, 2, ... , J . XLIBIT will use these values to 
compute the corresponding energies. 

5. If the D option is blank, the diffusion coefficients must be given 
on the type-1 cards . 

If the D option is nonblank, the code will calculate the diffusion 
coefficients as l/(3otr) (where the Dtr used is the value given on 
each type-1 card). 

NOTE : If the D-option is nonblank and ot r is zero or blank, then 
a value of 10 5° will be assigned the corresponding diffusion 
coefficient. 

6 . If the TR option is blank, the transport cross sections must be 
given on each type-1 card. 

If the TR option is nonblank, XLIBIT will calculate the transport 
cross sections from the other given cross sections . 

7. If both the D and TR options are nonblank, XLIBIT will first cal­
culate o tr (as in 6 above) ; and will then calculate the diffusion 
coefficients (as in 5 above) by using the Dtr just calculated . 

15 
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C. Type-1 Cards 

~ . ..., ~ ~ . ..., . ..., 
.... ....· .., u 

~ ~ ,::, ,::, ,::, . ..., . ..., 
~ e C1l ~ ~ ~ 

13 .... 0 0 0 

"' C1l .., .... .... . ... 
z .g ~ 

.., .., .., 
~ 

C1l ~ C1l .., u u u .,.., 
C1l ..... p.. " 0 .... .... C1l C1l C1l :> 

~ "' >- z .... u 0tl) C1l "' ~"' ~~ .... f.< "' .... p.. .... 0 0 
z .... p.. """' "' "' " "' .... "' • ... '1:1 

C1l '1:1 " ........ ~ "' 
.., "' "' "' ., ..... .., .., .... 0 4-<Cll "' 0 p.. 0 "' 0 "' C1l 

C1l "' "' .... .... 0 .... .... "' .... .... .... . ....... 
"' :;:: u t!> AU f-<U uu ~u ~;>< 

~11 I I ~ 
5 6 II ll 13 14 16 17 lO ll 3l 33 44 45 56 57 68 69 80 

1. There must be exactly J type-1 cards in the data deck for one 
material; the cards are to be arranged in order of increasing group 
number. 

2. If the TR option is nonblank, any transport cross section given will 
be ignored by the program; the transport cross sections will be 
calculated as o t,j• the total cross section (see page 8). 

3. If the D option is nonblank, any diffusion coefficient given will be 
ignored by the program; the diffusion coefficients will be calculated 
as Dj = l/(3o tr,j). 

If the transport cross section is left zero or blank on the type-1 
cards, the diffusion coefficients will be given the value 10so. 

4. XLIBIT will assume that a material is fissionable if there is at 
least one nonzero, nonblank entry for a fission cross section 
(of,j) or fission yield (vj). 

Conversely, XLIBIT will assume a material to be nonfissionable if 
all entries for of ,j and vj are blank or zero. 



ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 

Argonne, Illinois 60439 

ADDENDA for ANL-7112 

XLIBIT: ANL Cross-section Library Code 

by 

S. D. Sparck 

The following are changes to the XLIBIT program as it is described in the 
report. The changes are listed in chronological order. All references to page 
and paragraph numbers refer to the report. 

1. Pages 86-87, paragraphs 9 and 10. 
Subroutine ADDAMAT. 

If a discrepancy leading to an ERFLAG value of 105 or 106 is encountered pro­
cessing continues as shown, but in addition the following messages are printed: 

ERFLAG = 105/106, ENERGY/LETHARGY/VELOCITY VALUES FOR SET (name) MATERIAL (name) 
DO NOT AGREE WITH PREVIOUS VALUES GIVEN 

WITH THESE VALUES HAVING BEEN NOTED, PROCESSING OF THE SET WILL CONTINUE. 

2. Pages 226-227, paragraph 1. 
Subroutine RDSTOR2. 

Between the call to GREAD and the three-way branch test on BFLAG the following 
test is inserted: If COLl = lH* or if TYPE = lH+ or lHO, then a return is made 
immediately from RDSTOR2; else the three-way test on BFLAG is made as shown on 
page 227. The new test was inserted to allow materials without cards of types 3 
through 8 (i.e., without scattering) to be included and inserted in any position 
among the materials of a set. 

Alvin Gla~fi'er 
Technical Publications Department 

February '21, 1967 
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among the materials of a set. 
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D. Type- 2 Cards 

(a) 

(b) 

1. The type-2 cards for a material give the fission-spectrum fraction 
matrix [x (j,k)]. An arbitrary element of the matrix , x (j,k), gives 
the probability that a neutron with incident energy in group j will 
yield a neutron whose energy lies in energy group k . 

~ .,.., 
~ 

Cll 
t= .. 
"' Cll .. 
z ..0 Cll 

Cll t= 1l Cll ..... 0.. :::> 
t= "' ?: z :::> 

"' ..... z z .. 0.. 
Cll "0 :::> "0 

w w .. 0 .. 
Cll "' "' .. "' Fission-spectrum "' ;:;:: u '-' u Fractions X (j -+ k) ra 2 1 I I I I I rd I I 

5 6 11 12 13 14 16 17 19 20 2 1 32 33 44 45 56 57 68 6 9 80 

. .., 
Cll 
t= .. 
"' Cll .. 
z ..0 Cll 

Cll s ..0 
Cll ..... 0.. :::> s s "' >, z :::> 

"' ..... f-< z z .. 0.. 
Cll "0 :::> "0 

w w .. 0 .. 
Cll "' "' .. "' "' ;:;:: u '-' u Fission-spectrum Fractions x (j) 

~2ll lo I I I ~ 
5 6 11 12 13 14 16 17 19 20 2 1 32 33 44 4 5 56 57 68 69 80 

2 . Type-2 cards are required for a fissionable material . 

If a material is nonfissionable, any type- 2 cards present are 
ignored by the program . 

The program distinguishes between a fissionable and a nonfissionable 
material by examining the values given to the fission cross section 
and the fission yield (v) on the type-1 cards. 

3. If type- 2 cards are used, they must be arranged in order of in­
creasing group number. If more than one card is required for a 
group number, the cards for the group numbe r must be arranged by 
increasing card number. (See also paragraphs 4 and 5 below.) 

4. Group- dependent fission [s ee diagram (a) above] . The x-matrix is 
arranged as follows: 

k = 1 k = 2 k = 3. . k = J 

1 XJ-+J X J-+2 XJ -+ 3 XJ-+J 
2 X2 ..,.1 X2..,.2 x2-+3 X2 -+J 
3 X3..,. 1 x3..,.2 X3-+ 3 x3-+J 

J XJ -+ 1 XJ -+2 XJ -+3 XJ-+J 
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A single type-2 card may contain up to five consecutive eleme 
one row, i.e., five consecutive values of k for one value of 
group number j. 

a. If J ~ 5, one row of the matrix (all k-values for a single 
j-value) will fit on one card. Thus, only one type-2 card for 
each group number is required, and in this case the card number 
is ignored. 

b . If J > 5, more than one type-2 card is necessary to contain one 
row of the x-matrix. In such a case, the card numbers must be 
used to order the type-2 cards. The initial card for each group 
is to contain the first five elements of the row (k = 1 through 
k = 5); the next card for each group is to contain the second 
five elements of the row (k = 6 through k = 10), and so on until 
the row has been exhausted. The cards must be arranged first in 
order of increasing group number; then cards of the same group 
number must be arranged in order of increasing card number. The 
group number must be repeated on all such cards. 

c. If type-2 cards for a group j are omitted, XLIBIT will supply 
zeros for all elements of the jth row of the matrix. 

In addition, if the elements for all groups greater than some 
group k in a row are zero, cards for these elements may be 
omitted. 

5. Group-independent fission [see diagram (b) above] . 

If the fission-spectrum fractions do not depend on the energy j of 
the incident neutron, instead of a matrix, a x-vector [x (k)] of J 
elements is given as shown below: 

k = 1 

(for all j) 

k = 2 .k = J 

XJ 

If this group-independent option is used, the type-2 cards have the 
following form: The group number must be set to zero on all type- 2 
cards for the material. The elements xk of the x-vector are con­
tained five/card in the same manner as are the elements in a single 
row of a x-matrix: i.e., k = 1 through k = 5 are contained on the 
first card with group 0; k = 6 through k = 10 are contained on the 
next card with group 0, etc. 

If the elements for all groups greater than some group k are zero, 
the cards for these elements may be omitted. 



~---------------/ 

c. •ype-~ ~aras ~c~astic Scattering) 

QJ 

= .... 

"' QJ 
z il 

QJ 
QJ ,...., 0. ;:l .... 

§ "' ;>, z QJ ..... E-< il z .... 0. 
QJ '0 ;:l ;:l 

(£) F(£) G(O .... .... .... 0 <Y 
QJ "' "' .... I ael,j "' ;:.: u "' "" el,j el,j 

~3 1 II ?0jJ I I II Ill ~ 
5 6 11 12 13 14 16 17 19 20 21 32 33 35 36 38 39 80 

1. The group number must be given on each type- 3 card. If any of the 
quantities £ , a , F, or G on a type-3 card is blank, it will be 
interpreted as zero. 

2a . If elastic scattering is not considered for a material, no type-3 
data cards are used for that material . 

2b. If elastic scattering is considered for a material, the program 
requires >hat a t ype-3 card having zero as its £-number be used for 
each group number j = 1, 2, ... , J, even if the a , F, and G on 
some of these cards are all zero . If, however , the values of a, 
F, and G are all zero fo r a type-3 card of any group with an 
£-number o ther than zero, then that type-3 card may be omitted 
(zeros will be assumed for the a , F, and Gin such a case). 

2c. The type-3 cards for a material must be arranged in order of in­
creasing group number. Type-3 cards having the same group number 
must be arranged in order of increasing £-number . 

3. a(£) 
el ,j the coefficient used in the £th t e r m of the Legendre 

polynomial expansion for the elastic- scattering cross 
section for group j. 

the maximum number of groups into which elastic-upscattering 
cross sections from group j are given. 

the maximum number of groups into whi ch elas ti c­
downscattering cross sections from group j a r e gi ven . 

The superscript £ used with F and G specifies the "order" of the 
scattering . An £- value of zero indicates isotropic scattering; an 
£-value great er than zero indicates anisotropic scattering compo­
nents. Values of £ through £ = 9 are possible. For each £- value , 
the following three transfer matrices may exist: 

[r~~~stic]' [
T( £) J 
inelastic ' [ 

(£) J and T(n , 2n) . 

(See the description of the data cards of type- 4, type-6 and type-8 
in paragraphs F, H, and J below.) 
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4. The value of F or G must be used relative to the value of 
associated with the F or G. 

th ll- -l-1 

Example: G(j= S) = 3 implies that downscattering is given for three 
energy groups lower in energy than energy group 
j = 5; namely, the downscattering from group 5 
to groups 6, 7, and 8. 



F. Type-4 Cards (Elastic Scattering) 

~ 

::::; 
Q) 

~ ... 
Q) ... z .0 Q) 

Q) " .0 
Q) ..... 0. ;:l s ... s ro {::; z ;:l Q) 
ro ·.-< z .0 Elastic-scattering Elements z ... 0. " Q) "0 ;:l "0 ;:l 

T( ~ ) ( . '-' '-' ... 0 ... <= .... k) Q) ro ro ... ro I el J CJ) :>: u (.!) u "" 
~41 I I I II I I 

5 6 11 12 13 14 16 17 19 20 21 32 33 44 45 56 57 68 69 80 

l. The type-4 cards for a material are arranged first in order of in­
creasing group number. Cards having the same group number are 
arranged in order of increasing ~-number. Cards having the same 
group number and ~-number are arranged in order of increasing card 
number. 

2. The program requires that the number of type-4 cards depend on the 
values of F and G on the various type- 3 cards, in the following ways: 

a. If no type-3 card is used for a given combination of group 
number (j) and ~-number( ~ ), then the type-4 card for this 
combination of j and ~ may be omitted. If inc luded, it will be 
ignored. 

b. If 

c<O 
el,j 

0 

for a type-3 card bearing group number (j) and ~-number( ~ ), 

then the type-4 card for this combination of j and ~ may be 
omitted . If included, it will be ignored . 

c . If either 

F( ~ ) or 
el,j 

is nonzero for a type-3 card having a given pair of j and ~ 

values, then at l east one type-4 card for this combination of 
j and ~ must be used . 

In this case, the type-4 cards for the given combination of 
and ~ values are to contain 

F( ~ ) + G( ~ ) + 1 
el,j el,j 

elements of the jth row of the matrix 

21 
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d. Each type-4 card may contain up to five of the string of 

F( ~ ) + G( ~ ) + 1 
el,j el,j 

elements, i.e., f i ve consecutive k-values for one j-value, where 
the k-value starts with the index of the first element to be 
considered (which is, in general, not k- 1). 

If 

F( ~ ) + G( ~ ) + 1 ~ 5, 
el,j el,j 

then the elements under consideration for row j of this matrix 
are contained on one type-4 card. In this case, the card 
numbers are ignored. 

If 

F( ~ ) + G( ~ ) + 1 > 5, 
el,j el,j 

then card numbers are used to order the cards. The first card 
will contain the first five elements, the next card the next 
five, and so on, until the string of elements of row j of this 
matrix is exhausted. The group number and ~-number must be re­
peated on all such cards. 

3. The type-4 cards for a material contain certain elements of the 
elastic- scattering matrix 

There may be as many as 10 such matrices, one each for ~ = 0(1)9. 
Each matrix may have as many as J*J elements, arranged as follows: 

j 1 

2 

j J 

k = 1 

Tf ... l 

T~ ... l 

~ 
TJ-> 1 

k = 2 k = 3 k = J 

Tf ... 2 Tf ... 3 Tf ... J 

T~ ... 2 T~->3 T~ ... J 

~ 
TJ->2 TJ ... 3 TJ ... J 

The diagonal elements in the matrix represent self-scattering terms. 
Elements to the left of the diagonal represent scattering to groups 
of lower group numbers; these are the upscattering terms. Similarly, 
elements to the right of the diagonal represent scattering to groups 
of higher group number; these are the downscattering terms. 



Corresponding to each of the rows of each elastic-scattering matrix 

are the two quantities 

and 

G(£) 
el,j' 

giving the maximum number of groups into wh i ch up- and downscatter­
ing, respectively, will be considered in this (jth) row of the T(£) 
matrix. el 

4. For example, suppose that the total number of groups, J, is 6. 
Suppose further that 

2. , 0; 1 GU) 
' el , 6 

0 . 

This implies that in the fourth row of the matrix F4 + G4 + 1 = 4; 
and thus four elements will be considered . The fifth row, since only 
self- scattering is being considered, is ignored . In this case 
columns 21- 32 of the type-3 card for group 5 and this £-number con­
tain the self- scattering cross section, o~f ) (5 + 5), and the cor­
responding type-4 card may be omitted. In the sixth row, 

and two elements are considered. 

The elements of these rows of the matrix given on type- 4 cards are 
as follows: 

j 4 

5 

6 

k = 1 k = 2 k = 3 k = 4 k = 5 k = 6 
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G. Type-S Cards (Inelastic Scattering) 

1. 

Q) 

e 
"' :z 
.j.) 

Q) 

"' 

( R. ) 
0 in,j 

5 6 

Q) 

~ '"' Q) 

:z il Q) 
rl p. ::> '"' "' » :z Q) ..... E-< .D 

'"' p. e 
Q) -o ::> ::> 
.j.) 

'"' 
0 " "' "' '"' I 

::;: u (.!) ... 
~sl I I ~ I 

111213141617192021 

( R. ) 
a . . 

1n,J 
F(R.) G(R.) 
in ,j in ,j 

IIIII I~ 
32 33 35 36 38 39 

the coefficient used in the R_ th term of the Legendre poly­
nomial expansion for the inelastic-scattering c ross section 
for group j. 

the maximum number of groups into which inelastic­
upscattering c ross sections from group j are given. 

the maximum number of groups into which inelastic­
downscattering c ros s sections from group j are given. 

2 . The function and description of the type-S cards are identical to 
those of the type-3 cards, except that the type-3 cards refer to 
elastic scattering; the type-S cards refer to inelastic scattering. 

The type-S cards bear the same relationship to the type-6 cards, for 
inelastic scattering , as do the type-3 cards to the t ype-4 cards for 
elastic scattering. 

H. Type- 6 Cards (Inelastic Scattering) 

~ 

:::; 
Q) 

e 
'"' "' Q) '"' z .D Q) 

Q) e .D ., rl p. ::> e '"' e "' » z ::> ., 
"' ..... E-< z .D Inelastic-scattering Terms z '"' p. e ., -o ::> -o ::> 

T (R.) (" .j.) .j.) '"' 0 '"' " k) ., "' "' .... "' I ... 
"' ::;: u (.!) u ... in J 

~61 I I I I I I I 
5 6 11 lZ 13 14 16 17 19 20 21 32 33 44 45 56 57 68 69 80 

1. The type-6 cards for a material are ar ran ged first in order of in­
creasing group number. Cards having the same group number are 
arranged in order of increasing R.-number. Cards having the same 
group number and R.-number are arranged in order of increasing card 
number. 

2 . The type-6 cards bear the same relationship to the type-S cards for 
inelastic scattering, as do the type-4 cards to the type-3 cards for 
elastic scattering. 



I . Type-7 Cards [(n,2n) Scattering) 

<!) 

s 
"' ;z 

<!) rl 
s "' "' ..... 
;z ... 

<!) 
w w 
<!) "' (/) :>: 

5 6 

l. 0 ( £) . 
(n, zn) ,J 

F(£) 
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G ( £) 
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~ .,.., 
~ 

... 
<!) 

.0 
<!) s 
p. " ... 
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""' " " 0 ( £) . ... 0 <= 

"' ... I 
u "' "" (n, Zn) ,J 

III I I! ~ 
11 12 13 14 16 17 19 20 21 32 33 35 36 38 39 

a component used in the £th term of the Legendre poly­
nomial expansion for the (n,2n) scattering cross section 
for group j. 

the maximum number of groups into which (n,2n) up­
scattering cross sections from group j are given. 

the maximum number of groups into which (n ,2n) down­
scattering cross sections from group j are given. 

2. The function and description of the type-7 cards are identical to 
those of the type-3 cards , except where the type-3 cards refer to 
the elastic scattering, the type-7 cards refer to (n,2n) scattering . 

The type-7 cards bear the same relationship to the type- 8 cards for 
(n,2n) scattering, as do the type-3 cards to the type- 4 cards for 
elastic scattering. 

J. Type-8 Cards [(n,2n) Scattering) 

~ .,.., 
~ 

<!) 

s ... 
"' <!) ... 
;z .0 <!) 

<!) s .0 
<!) rl p. ::> s ... 
s "' ;>, ;z ::> <!) 

"' 
..... H ;z .0 (n,2n)-scattering Terms ;z ... p. s 
<!) ""' ::> ""' ::> 

T(£) ( . ... w ... 0 ... <= .... k) <!) "' "' ... "' I 
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~8 1 I I 
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1. The type-8 cards for a material are arranged first in order of in­
creasing group number. Cards having the same group number are ar­
ranged in order of increasing £-number. Cards having the same group 
number and £-number are arranged in order of increasing card number . 

2. The type-8 cards bear the same relationship to the type-7 cards for 
(n,2n) scattering, as do the type-4 cards to the type-3 cards for 
elastic scattering. 
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V. PROGRAM OPERATION 

A. List of Control Cards 

The control cards used are listed below. The prefixed numbers (1) 
and (2) are explained following paragraph 3. 

1. Modification cards 

(1) *ADD SET,set name,number of energy groups,number of materials 
in set,author's name,date submitted. 

*DELETE SET,set name. 

*MOD SET,set name,submitter's name,date submitted. 

(1) *ADD MAT,number of materials to be added to set. 

(2) *DELETE MAT,number of materials to be deleted from set. 

*REORDER,set name,new position (e.g., 5 for fifth) of set in 
library. 

2. Extraction Cards 

*PRINT SET DIRECTORY . 

*PRINT SET,set name. 

*PRINT MAT DIRECTORY, set name. 

*PRINT MAT DIRECTORY,ALL SETS. 

(2) *PRINT MAT,set name. 

*PUNCH SET,set name. 

*RENAME SET,new set name. 

(2) *PUNCH MAT,set name. 

(2) *RENAME MAT . 

(2) *RENAME MAT,new set name. 

3. Separation Cards 

*FORM LIBRARY. 

*FORM NEW EDITION . 

*WRITE NEW EDITION,date of run. 

*FINISH. 

(1) Cross-section data cards for one or more materials must follow these 
cards . 

(2) A list card or cards (see 4 below) must follow these cards. 



4. List Cards 

*material name 1 ,material name2 , ... ,material namen• 

A maximum of 100 materials may be named in the list. If more 
than one list card is required to contain the list, then 
column 80 of one card is followed immediately by column 2 of 
the succeeding card. Column l of each list card must contain 
an asterisk. Only the last material in the entire list is 
followed by a period. 

B. General Rules and Restrictions 

The control cards and list cards are divided into fields; a field con­
sists of those columns bounded by an asterisk (*) and a comma, an asterisk 
and a period, two commas, or a comma and a period . The fields may contain 
quantities of three types : a command (e . g ., ADD SET,PRINT MAT), which is 
always in the first field, starting in column 2; a Hollerith quantity (set 
name,material name,author,date); or an integer (e.g., number of energy groups, 
new position of set). -------

l . Hollerith Quantities 

Suppose that a maximum of N characters are allowed for a Hollerith 
quantity (e . g ., five for a set name, eight for the author's name). In this 
case, the N leftmost characters in the appropriate field will be used for 
this quantity. If the field is less than N characters in length, Hollerith 
blanks will be appended to make a total of N characters; if the field is 
greater than N characters in length, only the leftmost N characters will be 
used . 

NOTE: The five- character set name and/or the six-character material name 
given on a control card must be identical, character by character, to 
the set name and material name used on the cross- section data cards 
for the material. 

2. Integers 

An integer need not be positioned within its field in any way. 
However, blanks are deleted (e. g. , the integer field 11 

••• ,blb2bb, .•. 11
• will be 

be read as 11 12 11
). 

3. Limitations 

The following is a list of limitations on the quantities appearing 
on the control cards and list cards: 

a. The characters period (.) and comma (,) may not be used in a 
Hollerith quantity. 

A set name may consist of from one through five Hollerith 
characters. 

A material name may consist of from one through six Hollerith 
characters. 
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The author's name or submitter's name may consist of fr 
through eight Hollerith characters. 

A date may consist of from one through eight Hollerith 
characters. 

b. The maximum allowable number of energy groups for a material 
is 101. 

c. A limit of 300 has been placed on the number of sets that may be 
contained on one library tape. 

Therefore the new position of a set in the library may be no 
greater than 300 . 

d. A limit of 500 has been placed on the number of materials in a 
set. 

A list card, or the series of list cards, containing a single 
material list, may contain no more than 100 material names. 

Therefore the number of materials to be deleted from a set may 
be no greater than 100. Also, the number of materials to be 
added to a set may be (a) no greater than 100, and (b) such 
that the total number of materials in the set is not greater 
ili=500. 

NOTE: The limitations of paragraph d apply only when using the 
*ADD MAT or *DELETE MAT cards. Use of the *DELETE SET 
card will delete an entire set, even if it contains more 
than 100 materials. Likewise, the *ADD SET card may be 
followed by the cross-section data cards for more th= 
100 (but not more than 500) materials. 

C. Description of Individual Control Cards 

This section describes the functions of each type of control card. 

1. *ADD SET,set name,number of energy groups,number of materials, 
author,date. 

This card must be followed by the cross-section data cards for one 
cross-section set. The set name on the data cards, the number of 
materials for which data cards are supplied, and the number of 
energy groups specified on the data cards must all conform to the 
information given on the ADD SET card. Any discrepancies will 
result in the run being aborted. 

Use of the ADD SET card will place the single cross-section set for 
which data cards are supplied on the cross-section library tape. 
The set will be placed behind those sets that are already on the 
library tape at the time the ADD SET card is encountered. The set 
name must differ from all set names already in use on the cross­
section tape at the time the ADD SET card is encountered; other­
wise the run is aborted. 



In both ADD SET and DELETE SET cards are used for the same set 
name, the ADD SET card must follow the DELETE SET card. 

2. *DELETE SET,set name. 

Use of the DELETE SET card will cause 
to be deleted from the library tape. 
library tape corresponding to the set 
SET card, the run is aborted; no new 

the set whose name is given 
If there is no set on the 
name given on the name DELETE 

tape is formed. 

If both DELETE SET and ADD SET cards are used for the same set 
name, the DELETE SET card must precede the ADD SET card. 

3. *MOD SET,set name,submitter,date. 

This card indicates that the set whose name is given is to be 
modified by the addition of new materials to the set, the deletion 
of existing materials in the.set, or both. Note that to change 
the values of individual quantities within a material in a set, it 
is necessary first to delete the material from the set and then to 
add the material to the set, with the addition to contain the 
altered values . 

If there is no set name on the library tape like the set name given 
on the MOD SET card, the run is aborted. 

The MOD SET card must be followed by one or both of the cards 
DELETE MAT and ADD MAT. If both DELETE MAT and ADD MAT are used, 
the DELETE MAT card must precede the ADD MAT card. 

The order of appearance of a set on the library tape is not altered 
if the set is modified via the MOD SET operation. 

4 . *ADD MAT,number of materials to be added. 

This card must be preceded by a MOD SET card and followed by the 
cross-section data cards for a number of materials equal to the 
number given on the ADD MAT card. The set name on all data cards 
must be the same as the set name given on the preceding MOD SET 
card . If both a DELETE MAT and an ADD MAT card are used with a 
MOD SET card, the ADD MAT card must follow the DELETE MAT card. 
If there are any discrepancies between the data cards and either 
the ADD MAT or MOD SET control cards, then the entire run is 
aborted; no new version of the cross-section library tape is formed. 

Use of the ADD MAT card results in the materials for which data 
cards are supplied being added to the set whose name is given on 
the MOD SET card. The names of the materials to be added must all 
be different, and none of them may duplicate the name of a material 
already present in the set. (Note that different sets may contain 
the same material name.) Any discrepancies will result in the run 
being aborted. No new tape is formed. 
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5. *DELETE MAT,number of materials to be deleted. 

This card must be preceded by a MOD SET card. 

The DELETE MAT card must be followed by one or more list cards on 
which are given the names of the materials to be deleted from the 
set . The number of material names in the list must equal the 
number given on the DELETE MAT card. The names in the list must 
all be different, and each must be present in the set to be modi­
fied . In case of any discrepancies, the run is aborted; no new 
library tape will be formed. 

Use of the DELETE MAT card causes the materials whose names are 
given on the following list cards to be deleted from the set whose 
name is given on the preceding MOD SET card. 

6. *REORDER,set name,new position on library tape . 

The set name used on this card must be present on the library tape 
at the time this card is encountered. (This includes the possibil­
ity of reordering a set that has just been added to the tape .) 

Use of this card will place a set in a specified position (e.g., 
fifth) among the cross-section sets on the tape. 

If the number given as the "new position" is greater than the 
number of sets on the library tapes, the set named on the REORDER 
card will be repositioned as the last set in the library. 

Note that subsequent REORDER cards repositioning other sets can 
partially undo the effect of earlier REORDER cards. 

Example: Suppose that after the command *REORDER,A , 3 . is carried 
out, set B is added to the library (automatically placing it last) 
and is then repositioned by *REORDER,B,2. This will have the 
effect of making B the second set on the tape. The "old" second 
set becomes the third, set A now becomes the fourth set on the tape, 
and so on. Note that the work of *REORDER,A,3. has been partially 
undone. 

Note also that two or more REORDER cards may specify the same 
position. In the example, the card *REORDER ,B,3. could have been 
used. 

It is allowable to use two or more REORDER cards specifying the same 
set name. This will result in two or more distinct repositionings 
of the set. 

7. *PRINT SET DIRECTORY. 

Use of this card causes a list of the set names of those sets on 
the library tape to be printed, in the order in which the sets 
appear on the cross-section library tape. 



8. *PRINT SET,set name. 

Use of this card causes the cross-section data for all materials 
in the specified set to be printed. 

9a. *PRINT MAT DIRECTORY,set name. 

Use 'of this card causes a list of the materials contained in the set 
whose name is given on the card to be printed, in the order in which 
the materials appear within the set. 

9b. *PRINT MAT DIRECTORY,ALL SETS. 

Use of this card will produce the same result as that of paragraph 
9a, but for all cross-section sets on the library tape, in the 
order of the occurrence of the sets on the tape. 

10. *PRINT MAT,set name. 

Use of this card will cause the cross-section data for a list of 
specified materials in the specified set to be printed. 

This card must be followed by one or more list cards on which are 
given the material names of the materials to be printed. 

11. *PUNCH SET,set name. 

Use of this card causes the cross-section data for all materials 
in this specified set to be punched on 80 - column cards. 

12. *RENAME SET,new set name. 

This card must be used immediately following a PUNCH SET card 
(but note that a PUNCH SET card may be used without being followed 
by a RENAME SET card). 

Use of this card causes the 80- column data cards produced by the 
PUNCH SET card to contain the new set name given on the RENAME 
card (and not the set name given on the PUNCH card). 

13. *PUNCH MAT,set name. 

Use of this card causes the cross - section data for a list of 
specified materials in the specified set to be punched on SO­
column cards. 

This card must be followed by one or more list cards on which are 
given the material names of the materials to be punched. The names 
in the list must all be different and must all be present among 
the material names of the specified set . 
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14a. *RENAME MAT. 

This card must be used immediately following a PUNCH MAT card and 
its accompanying list card(s) (note that a PUNCH MAT card may be 
used without being followed by a RENAME MAT card). 

This card must be followed by one or more list cards on which are 
given a number of new material names. The number of new names on 
the list card(s) must be the same as the number of names given on 
the list card(s) following the PUNCH MAT card. 

The new material names must all be different among themselves . They 
may be the same as, or may differ from, the names on the list 
card(s) following the PUNCH MAT card. 

Use of this card causes the 80-column data cards produced by the 
PUNCH MAT card to contain the new material names (and not the ma­
terial names given on the list card following the PUNCH MAT card). 

14b. *RENAME MAT,new set name. 

The description, use, and effect of this card are the same as the 
RENAME MAT card of paragraph 14a, with the following addition: the 
data cards produced will bear the new set name given on this card 
instead of the set name given on the PUNCH MAT card . 

lSa. *FORM LIBRARY. 

Either the FORM LIBRARY card or the FORM NEW EDITION card is used-­
never both . Whichever card is used may appear only once in a 
control- card deck. 

The use of the FORM LIBRARY card implies that there is no existing 
"old" library tape to be modified, and that a library tape is to be 
constructed only from the data cards that appear later in this input 
deck. (It follows that the DELETE SET, MOD SET, DELETE MAT , and 
ADD MAT modification cards, which make reference to an existing 
library, have no meaning when used in a control- card deck that in­
cludes the FORM LIBRARY card. If found, they cause the run to be 
aborted.) 

Only ADD SET and REORDER modifications cards should follow the 
FORM LIBRARY card. 

lSb. *FORM NEW EDITION . 

The use of this card implies the presence of an existing "old" 
library tape which is to be updated by the following modification 
cards (of all kinds) and cross-section data cards. Contrast this 
to the description of the FORM LIBRARY card. 



lb. "WKlT~ N~W ~DITION,date of run. 

This card, if used, may not appear· more than once in an input deck. 
The card is used to mark the end of that section of the control­
card deck containing the modification cards (and their attendant 
list cards and cross-section data cards). It must be used if 
either the FORM LIBRARY or FORM NEW EDITION card is used; if neither 
of these cards is used (and if this is the case, the input deck 
consists only of extraction cards), then the WRITE NEW EDITION card 
must not be used. 

17. *FINISH. 

This card marks the end of the input deck. It must appear as the 
last control card of the deck, and must be followed by two blank 
cards . 

D. Structure of the Input Deck 

The various commands to XLIBIT as defined by input control cards are 
processed individually. The execution of these commands is independent of the 
order in which the commands occur, subject only to the rules of formation of 
the input deck itself. 

The commands processed first are 
tion from) an existing library tape. 
new library tape. Last, any commands 
processed. 

those that edit (i.e., extract informa­
Next are processed commands that form a 
that edit the newly formed tape are 

The "edit" commands refer to some or all materials within a particular 
set on the tape. For each such command the tape being edited is positioned to 
the set in question; a record is kept of the current position of the tape to 
facilitate subsequent repositionings. The first file on the library tape is 
a directory of the sets on the tape. Within each cross-section set is a di­
rectory of the materials in the set . 

In the formation of a new tape, the following procedure is used: new 
sets, and sets existing on an "old" library tape that are to be modified, 
are written as one file each on two scratch tapes. One tape contains the 
first three records of such sets (the specifications, group structure, and 
material directory records); the other tape contains the material blocks of 
these •ets (i.e., all other records of the sets). Sets to be carried over 
unchanged from an "old" library are left on the old library tape. A table 
(named SETLOC) is used to keep track of the locations of tbe sets that are to 
form a new tape: if SETLOC(I) is zero, the Ith set is to be found on the old 
library tape (and the set directory of the old tape is used to ~ocate the 
set), if SETLOC(I) has a nonzero value N, then the Ith set exists as the Nth 
file on each of the two scratch tapes. (The index I refers to the sets as 
they are to appear on the new tape.) The sets are retrieved in order of in­
creasing I and written on a single tape; this is the new library tape. 
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1. An input deck is divided into sections according to one of 
lowing two configurations: 

(2) 

(3) 

(l) { ox'''':ion oaod 

extraction card 

*FORM LIBRARY . *FORM NEW EDITION. 
modification card modification card 

modification card 
*WRITE NEW EDITION,date. 

{ oxeoaodon card 

extract~on card 

*FINISH. 
(two blank cards) 

(2) 

(3) 

modification card 
*WRITE NEW EDITION,date. 

{ oxeoao~ion card 

extract~on card 

*FINISH. 
(two blank cards) 

All extraction cards must be placed either before the 
or after the WRITE ... card, i.e., in area (1) or (3). 
cards placed in area (2) will cause the entire run to 
new tape will be formed. 

FORM ..• card 
Any extraction 

be aborted. No 

Similarly, all modification cards must be placed in area (2) between 
the FORM ... and WRITE ... cards. Any modification card placed in 
section (1) will cause the entire run to be aborted. Any modifica­
tion card placed in section (3) will cause the run to stop at that 
point; subsequent extraction cards in section (3) will not be 
processed. 

2. The section (l) extraction cards refer to the "old," unmodified 
library tape; the printed output or the cards produced will contain 
data from the "old" library. An input deck may contain a section (l) 
only if the FORM NEW EDITION card is used. If the FORM LIBRARY card 
is used, it must be the first card in the · input deck; no section (1) 
extraction cards may precede it (see also Section C above, para­
graphs l5a and l5b). 

3. The section (2) modification cards contain either the data to form 
a new library tape or changes to be made to an existing library . In 
the latter case a "new," modified library tape will be formed from 
the "old" existing library, the new library incorporating the changes 
indicated by the modification cards. If a FORM NEW EDITION card 
(and not FORM LIBRARY) is the first card of section (2), then the 
modification cards. may be omitted. Section (2) in this case will 
consist merely of the two cards FORM NEW EDITION and WRITE NEW 
EDITION. The effect will be to prepare a duplicate copy of the 
existing library tape. 



Note that the formation of an updated version of (or a duplicate 
copy of) an existing library tape does not imply the destruction of 
the existing library. At the conclusion of such a procedure, two 
libraries exist on two separate tapes: the "old" library and the 
"new," modified library (or a copy of the "old" library). 

4. The section (3) extraction cards refer to the "new," modified library 
t ape; the printed output or the cards produced will contain data 
from this "new" tape. An input deck may have a section (3) only if 
it also contains a section (2) to generate a new version of the 
library tape. 

5. An input deck may consist of the following combinations of sections: 

a. (1) only 

b. (2) only 

c. (1) and (2) only 

d. (2) and (3) only 

e. (1), (2), and (3) 

(This deck prints and/or punches portions 
of the old library tape, only.) 

(This deck forms a new tape, or a copy of 
the old one, only.) 

(This deck extracts portions of the old 
library and forms a new library tape.) 

(This deck forms a new library tape and 
then extracts portions of it.) 

(This deck extracts portions of an old 
library, forms a new library tape or a 
copy of the old one , and extracts por­
tions of the new tape.) 

Note that section (2) includes not only modification cards but also 
the two separation cards *FORM . .. and *WRITE • .. , which must be the 
first and last cards of section (2). 

6. The following rules apply t o the modification control cards. 

a . For a given set name, only one of each kind of modification 
card except REORDER may be used. 

b. If a MOD SET card is used with a set name, neither an ADD SET 
nor a DELETE SET .card can be used for that set name. 

Conversely, if an ADD SET card or a DELETE SET card is used with 
a set name, the MOD SET card cannot be used for that set name. 

c. Both an ADD SET card and a DELETE SET card may be used with the 
same set name. If both are used, the DELETE SET card must 
precede the ADD SET card. 

d. If a MOD SET card is used, it must be followed by at least one 
of the cards DELETE MAT or ADD MAT. 
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Conversely, the DELETE MAT and ADD MAT cards can be us 
they are preceded by a MOD SET card. 

At most one DELETE MAT card and one ADD MAT card can be used with 
a MOD SET card. 

If both DELETE MAT and ADD MAT cards are used following a MOD SET 
card, the DELETE MAT card must precede the ADD MAT card. 

e. If the number of materials in a set is zero after the DELETE MAT 
and ADD MAT cards are processed for the set, an error is flagged 
and the run is aborted. 

f. If a FORM NEW EDITION card is used to initiate the modification 
section, all types of modification cards may be used following 
it, subject to the rules above . If a FORM LIBRARY card is used, 
the only kinds of modification cards that may follow it are ADD 
SET and REORDER . 

g. Any discrepancy in the placement or format of a modification 
card, or a list card or cross - section data card that accompanies 
a modification card, will result in the entire run being aborted. 
No new library tape will be formed. 

7. The following rules apply to the extraction control cards. 

a. No extraction card may be placed before the FORM LIBRARY card . 

b. Two or more extraction cards of the same kind having the same 
set name may be used . Extraction cards of different kinds 
having the same set name may be used. 

c. The RENAME SET card may be used only if it is preceded by the 
PUNCH SET card. However, a PUNCH SET card may be used either by 
itself or it may be followed by a RENAME SET card. 

d. The RENAME MAT card may be used only if it is preceded by the 
PUNCH MAT card and list card(s); however, a PUNCH MAT card and 
its accompanying list card(s) may be used either by themselves 
or may be followed by a RENAME MAT card [and its accompanying 
list card(s)]. 

e. Any discrepancies in an extraction card, or the list card 
accompanying an extraction card, that appear in section (1) will 
cause the entire run to be aborted. 

f. Any discrepancies in an extraction card or accompanying list 
card, that occur in section (3), will cause the run to be 
halted at that point. No subsequent control cards will be 
processed . 



~ . lnput-Output Units Used by XLIBIT 

Logical Unit Number 

01 
02* 
03* 
04 
06 
20 
21 
44 

PUNCH 

Use of Function 

Scratch tape; new library tape (if any) 
Scratch tape 
Scratch tape 
Scratch tape 
Scratch tape 
Contains input to XLIBIT 
Contains printed output from XLIBIT 
Old library tape (if any) 
Standard punch unit; contains punch 

output from XLIBIT 

*Note : Tapes 2 and 3 may be bypassed, at the cost of being unable 
to include materials of a very large "size" in the cross­
section library . No precise formula for the maximum "size" 
of a material that may be processed without tapes 2 and 3 
can be derived; however, if for a single material, 

J(l5 + (J + 3)(L + L' + L") + 3J + Jt + l tt ] < 20000§, 

then the material will not use tapes 2 and 3. Materials 
for which this relationship does not hold may still not use 
tapes 2 and 3; this is, however, contingent on a number of 
other factors. In subroutines TESTSTOR and PRI NTl, it is 
determined whether or not tapes 2 and 3 are required by a 
material. 

J is the total number of energy groups in the material. 
The quantities L, L', and L" are defined in Part VII, 
Section E (p . 55) of this report. 

tinclude only if the Fission flag is positive . 
tt include only if the Fission flag is negative. 

§This is the value given to the quantity~~ (common block 65), which is the 
size of the container array RCDS (common block 55) . The figure of 20000 
may be increased according to the amount of core, drum, or disc storage 
available; this may be done by setting ~ to the new value in subroutine 
XLIBIT and altering common block 55 in all subroutines in which it appears. 
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VI, LIST OF ERROR RETURNS 

An error message has the following form: 

ERFLAG = N 

followed by the image of the last input card processed. 

In the list that follows, the number given is the value N of ERFLAG cor­
responding to some error; and, in parentheses, the subroutine name or names 
in which the particular error occurred. 

1. (XLIBIT,DELMATS) 

The program is processing a card that should be a control card; 
however, this card does not have an asterisk (*) in column one. 

2. (MODSET) 

The card following a *MOD SET control card does not have an 
asterisk (*) in column one . 

3 . (PUNCHSET) 

The card following a *PUNCH SET control card does not have an 
asterisk (*) in column one. 

4 . (READ468) 

A card containing an asterisk (*) in column one was encountered 
where the program expected a type-4 or type-6 or type-S cross ­
section data card. 

5. (SCANl) 

A card without an asterisk (*) in column one has been encountered 
in the input deck, where the program expects to find a modification 
control card. 

6. (SCAN2) 

A card having the characters "PRINT SE" in columns 2 through 9 
does not have either the characters "T'" or "T," in columns 10 
and 11. 

7. (MODSET) 

The set name as given on a *MOD SET card does not correspond to any 
of the set names in the set directory of the new library tape being 
formed . This indicates either that the name on the *MOD SET card 
does not correspond to the name of any of the sets in the existing 
library, or that a *DELETE SET card for this set name has been pre­
viously encountered in the input deck . 



lU. (ADDSET) 

The new library tape being formed contains more than 300 sets. 

ll. (ADDSET) 

A set being added contains more than 500 materials. 

12. (ADDAMAT) 

All the set names as given on the type-0 cards for a material are 
not the same as the "master" set name as obtained either from the 
*ADD SET card for a set being added, or from the specifications 
record of an existing set. 

13. (ADDAMAT) 

All the material names as given on the type-0 cards for a material 
are not the same as the "master" material name as obtained from the 
first type-0 card of the material. 

14. (ADDAMAT) 

The special characters as given on the type- 0 cards for a material 
are not all the same as the special character on the first type-0 
card of the material. 

15. (ADDSET) 

A set being added contains materials with more than 100 energy 
groups. 

16. (ADDSET) 

The set name as given on an *ADD SET card duplicates the name of a 
set already in the existing library or the name of a set on another 
*ADD SET card encountered earlier in this input deck. 

17. (ADDSET) 

Same as error 12. 

18, (ADDSET) 

Same as error 13. 

19. (ADDSET) 

Same as error 14. 

20, (SCANl) 

A control card of a type other than *ADD SET or *REORDER was used 
following the *FORM LIBRARY card . 
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21. (SCANl) 

A nonmodification control card was encountered in the moa~n.<.:ac ... vu 

section [section (2)] of the input deck. 

22. (MODSET) 

The set name on a *MOD SET control card has been used on a pre­
viously encountered *MOD SET card in the input deck. 

23. (MODSET) 

The set name on a *MOD SET card does not correspond to the name of 
any set on the old library tape. 

24. (MODSET) 

The program has tried twice unsuccessfully to position the old 
library tape to the set name specified on a *MOD SET card. Suspect 
a tape-drive or data-channel failure. 

25 . (MODSET) 

The card following a *MOD SET control card i s neither an *ADD MAT 
card nor a *DELETE MAT card . 

26. (DELMATS) 

The number of material names on the list-card(s) following a 
*DELETE MAT card is not equal to the number of materials to be 
deleted, as given on the *DELETE MAT card. 

27. (DELMATS) 

There are one or more duplications of names among the material 
names as given on the list card(s) following a *DELETE MAT card. 

28. (DELMATS) 

One of the material names given on the list-card(s) following a 
*DELETE MAT card does not correspond to any of the names of the 
materials in the set specified on the *DELETE MAT card. 

29. (DELMATS) 

The card following the list card(s) that follow a *DELETE MAT 
card does not have an asterisk (*) in column one. (This card 
should be a control card of some kind.) 

30. (DELMATS) 

After a set has been modified [i.e., after a *MOD SET card and 
either or both of the *DELETE MAT and *ADD MAT cards and their 
accompanying list card(s) which follow the *MOD SET card have 
been processed], it is found that there are no materials left in 
the set; i.e., all have been dele· 



The group number on a type-0 card for a material is out of order. 

32. (READZERO) 

The program expected a type- 0 cross-section data card, but the card 
encountered did not have a 0 (zero) in column 13 . 

33 . (READZERO) 

The program expected a type- 0 cross-section data card, but the card 
encountered had an asterisk (*) in column one. 

34. (DELETSET) 

The set name given on a *DELETE SET card was also used on an *ADD 
SET or a *MOD SET card encountered earlier in the input deck. 

35. (DELETSET) 

The set name given on a *DELETE SET card does not correspond to any 
of the names of the sets on the old library tape . 

36. (DELETSET) 

The set name given on a *DELETE SET card does not correspond to the 
name of any of the sets on the new library being formed . This 
implies that the set name was used on another *DELETE SET card en­
countered earlier in the input deck. 

37. (DELETSET) 

After a *DELETE SET card has been processed, it is found that no 
cross-section sets are left on the new library tape being formed; 
i . e . , all have been deleted. (*ADD SET cards included in later 
portions of the input deck would eliminate this situation, but such 
usage is inefficient since the net effect of the input deck in which 
this situation occurs can be accomplished by discarding the old 
library tape and starting afresh. The user is penalized for in­
efficient usage of the program via this error stop . ) 

38. (REORDER) 

The set name given on a *REORDER card does not correspond to the 
name of any of the sets on the new library tape being formed. This 
implies either that the set is not on the old library tape, or that 
it has been deleted via a *DELETE SET card bearing this set name 
that was included earlier in the input deck. 

39. (SCANCARD) 

A control card in the input deck has faulty punctuation. A period 
or decimal point occurs in the first field on the card or is used 
in place of a comma to terminate the first field. 
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40. (SCANCARD) 

The last field on a control card is not terminated by a period, or a 
control card that is not a list card occupies more than one card. 

41. (SCANCARD) 

More than eight digits have been assigned to a numeric field on a 
control card . 

42. (SCANCARD) 

More than 100 fields have been used on a set of list cards , or the 
l ast field on the last list card is not terminated by a period . 

43. (DELMATS, MODSET) 

A set being modified contains more than 500 materials , as a result 
of addition of materials to the set. 

48. (WRITEMAT) 

The number of records written in copying a material block does not 
equal the value of MORERECS as given in the material-ident~fication 
record of the material block. Suspect a hardware or tape error. 

49. (WRITELIB) 

The name of the set located on tape unit 4 does not match the name 
of the set supposedly in that position, as obtained from the set 
directory. Suspect a hardware or tape error . 

50. (WRITELIB) 

The name of a set supposedly on the old library tape cannot be 
located in the set directory of the old library. Suspect a hard­
ware error. 

51. (WRITELIB) 

The name of a set on the old library tape does not match the name 
of the set supposedly in that position, as obtained from the set 
directory. Suspect a hardware or tape error. 

55. (TESTSTOR) 

This material cannot be placed on the library tape because there 
is insufficient room in core to store all the group - constants 
records. Either reduce the number of groups and/or the size of a 
single group - constants record, or increase the size of both the 
quantity MAX (in numbered common , block /65/) and the array RCDS 
(in numbered common, block /55/). 



74. (WRITSCRH) 

The switch WFLAG is zero. Suspect a hardware error. 

76. (PUTAWAY) 

The switch STORFLG(KK) is zero . Suspect a hardware error. 

90 . (XLIBIT) 

No end- of-file mark was found following the directory of sets on 
the old library tape. Suspect a hardware or tape error . 

91. (XLIBIT) 

No end- of-file mark was found following the directory of sets on 
the newly-formed library tape. Suspect a hardware or tape error. 

lOS. (ADDAMAT) 

The lethargy or energy value given on a type- 0 card differs 
from the "master" value obtained either from the corresponding 
type-0 card of the first material of a set being added , or 
from the group-structure record of a set already in the "old" 
library. NOTE: This is no longer an error halt; processing 
continues, using the "master" value. 

106 . (ADDAMAT) 

Same as error lOS, bu t for a velocity value given on a t ype- 0 card. 

10 7. (ADDAMAT) 

All the set names on the type-l cards are not the same as the 
master set name as obtained either from the *ADD SET card for a 
set being added, or from the specifications record of an existing 
set. 

108. (ADDAMAT) 

The material names as given on the type- l cards for a material are 
not all the same as the "master" material name as obtained from 
the first type-0 card for the material. 

109 . (ADDAMAT) 

The quantities UPSUM(KK) and DWNSUM(KK) are both negative, but 
LMAX(KK) is nonnegative. Suspect a hardware error . 

110. (ADDAHAT) 

Cards of type-3 through -8 are not arranged by increasing type; or 
type-4, -6, or -8 cards were supplied where none were needed; or a 
card should have begun a new material (type + or 0) or control 
function (* in col. l) and did not . 
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119. (RDSTORl) 

The program expected a type-1 cross-section data card, buc .Luocc<>u 

encountered a card containing an asterisk (*) in column one. 

120. (RDSTORl) 

The program expected a type-1 cross-section data card, but instead 
the card encountered did not have a 1 (one) in column 13 . 

121. (RDSTORl) 

The group number on a type- 1 card is out of order . 

124. (RDSTOR2) 

The first card following the type-1 cards of a fissionable isotope 
was not a type-2 card . 

125 . (RDSTOR2) 

The group number on a type- 2 cross-section data card is greater 
than G. 

126. (RDSTOR2) 

Too many (i.e., more than [(G + 4)/5)) type-2 cards have been used 
for a single group number . NOTE: The brackets [ ... ] indicate 
truncation to the next lowest integer . 

12 7 . (RDSTOR2) 

There is a discrepancy involving the card number on a type- 2 card 
of a material. 

For example, cards of the same group number are not arranged by 
increasing card number, or the card number is omitted where 
necessary. 

128 . (RDSTOR2) 

Either: a. The set names as given on the type-2 cards of a ma­
terial are not the same as the "master" set name as 
obtained either from the *ADD SET card for a set being 
added, or from the specification record of an existing 
set. 

Or: b. The material name as given on a type- 2 card of a ma­
terial is not the same as the "master" material name 
as obtained from the first type - 0 card of the material. 

129. (RDSTOR2) 

There is a discrepancy involving the group number of a type-2 card . 
Either the cards are not arranged by increasing group number, or 
there is a mixture of nonzero and zero (or hl~nk) arn11n nnmhP.,.-~ 



131. (READ357) 

If the material under consideration has scattering, the type- 3 , -5 , 
or -7 cards are not arranged by increasing group number . 

132 . ( READ35 7) 

The type-3, -5, or -7 cards are not arranged by increasing group 
number. 

133 . (READ35 7) 

Same as error 132 . 

134. (READ35 7) 

The type-3, -5, or - 7 cards for some group number are not arranged 
by increasing i -number . 

135. (READ35 7) 

All the set names on the type- 3, - 5, or -7 cards for a material are 
not the same as the "master" set name as obtained e i ther from the 
*ADDSET card for a set being added, or from the specifications 
record of an existing set. 

136. ( READ35 7) 

All the material names on the type- 3, - 5, or -7 cards for a material 
are not the same as the "master" material name as obtained from the 
firs t type- 0 card of the material . 

137 . (READ357) 

The type-3, -5, or - 7 card with an i - number of zero is missing from 
the input deck or is out of order. 

140. (READ468) 

The program expected a cross-section data card of type- 4, - 6, or - 8 
but encountered a card that did not have a 4, 6 , or 8 (respectively) 
in column 13 . This indicates that some or all of the type- 4, - 6 , 
or - 8 cards are missing from the input deck or are out of order . 

141. (READ468) 

The type-4, - 6, or - 8 cards are not arranged by increasing group 
number. 

142. ( READ46 8) 

The type-4, -6, or -8 cards for some group numb e r are not arranged 
by increasing i - number, or an i -number is missing from a type-4 , 
- 6, or - 8 card. 
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143. (READ468) 

The type-4, -6, or -8 cards for some group number and t -numoer are 
not arranged by increasing card number; or a necessary card number 
is missing from a type-4, -6, or -8 card . 

144. (READ46 8) 

All the set names on the type-4, -6, or -8 cards for a material are 
not the same as the "master" set name as obtained either from the 
*ADD SET card for a set being added, or from the specifications 
record for an existing set. 

145. (READ468) 

All the material names on the type-4, -6, and -8 cards for a ma­
terial are not the same as the "master" material name as obtained 
from the first type-0 card of the material . 

201. (PRMATDIR) 

The set name as given on a *PRINT MAT DIRECTORY, a *PRINT MAT, or 
a *PRINT SET card does not correspond to any of the names of the 
sets on the library tape that is to be edited. This can also occur 
if a *FORM LIBRARY card is used instead of a *FORM NEW EDITION card 
when an existing "old" library tape has been mounted. 

202. (PRMATDIR) 

The name of the set just located on the Jibrary tape does not cor­
respond to the name of the set supposedly at that position, as ob­
tained from the set directory. Suspect a hardware or tape error. 

203. (PRINTMAT) 

There is a duplication among the material names as given on the list 
card(s) following a *PRINT MAT card . 

204. (PRINTMAT) 

One or more of the material names given on the list card(s) follow­
ing a *PRINT MAT card cannot be found in the set specified on the 
*PRINT MAT card. 

237 . (PUNCHSET) 

The set name given on a *PUNCH SET card does not correspond to any 
of the names of the sets on the library tape to be edited . 

238. (PUNCHSET) 

The name of the set just located for punching does not agree with 
the name of the set supposedly at that position, as obtained from 
the set directory of the library tape . Suspect a hardware or tape 
error. 



.:!Ul.. \.I:'UNl-lil'IAl) 

Same as error 238. 

302. (PUNCHMAT) 

The set name as given on a *PUNCH MAT card does not correspond to 
any of the names of the sets on the library tape to be edited. 

303. (PUNCHMAT) 

The card following the list card(s) that follow a *PUNCHMAT card 
does not have an asterisk (*) in column one . The card should be a 
control card of some type. 

304 . (PUNCHMAT) 

The number of new material names given on the list card(s) following 
a *RENAME MAT card is not the same as the number of material names 
on the list card(s) following a *PUNCH MAT card. 

305 . (PUNCHMAT) 

There is a duplication among the material names given on the list 
card(s) following a *PUNCH MAT card. 

306. (PUNCHMAT) 

There is a duplication among the material names given on the list 
card(s) following a *RENAME MAT card. 

307. (PUNCHMAT) 

One of the names of materials to be punched (as given on the list 
card(s) following a *PUNCH MAT card) does not correspond to any 
of the names of materials on the library tape to be edited. 

600. (READZERO) 

The velocity value given on the second type-0 card (i.e., type- 0, 
group number 1) was nonzero, but the velocity value on a sub­
sequent type- 0 card of the material was blank or zero. 

601. (READZERO) 

The velocity value given on the second type-0 card (i.e., type- 0, 
group number 1) was nonzero, but the velocity value on a subsequent 
type- 0 card of the material was blank or zero. 

602. (READZERO) 

The switch Kl is negative. Suspect a hardware error. 
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603. (ADDMATS) 

The name of a material being added to a set duplicates the nam~ oL 

a material already in (or previously added to) the set . The du­
plicated material is the one before the material whose name is 
given on the card that accompanies the error message . 

800. Called from a number of subroutines. 

The switch BFLAG is zero . Suspect a hardware error. 

801, 802, 803, 804, 806, 820, 821, 844 . Called from a number of 
subroutines . 

Let t = (any of the above values) - 800. 

A parity error was sensed on the last buffered read operation on 
logical tape unit t (e.g., 806 refers to logical unit 6, etc.). 

901, 902 , 903, 904, 906, 920, 944. Called from a number of subroutines. 

Let t = (any of the above values ) - 900 . 

An end-of-file or end-of-tape was sensed on the last buffered read 
operation on logical unit t (e.g. , 944 refers to logical unit 44, 
etc.). 

814 and 914. (PRMATDIR) 

Same as 801 and 901, respectively, if the new library tape (unit 1) 
is being edited; or the same as 844 and 944, respectively, if the 
old library tape (unit 44) is being edited . 

954 . (MODSET) 

Same as for error 944 (i.e., refers to unit 44). 



W. STRUCTURE OF THE CROSS-SECTION LlBRf:.-RY TAPE PREPARED 
BY THE XLIBIT PRO~Rf\M 

0 FILE>' DIRecTORY Ot SETS 

0 em 2 ' »RST CROSS.StCTION StT 

0 nLE 3 o StCOND CROSS~SECTIO'I SET 

0 nLt 4 ""IRD CROSS~StcTION SET 

0 em" ' <N-•l" <Ross~sccnow so 

0 nLE S o L'ST CROSS~SECTION SE> 

0 FILE SH TERMIWniON nLE (o« =~o ~'"~os,"w '~""'" "T»«ND") 

0 El(TRII. E.ND-()f-flLt 1'1"'-RK. 
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B. DESCRIPTION OF THE DlRECTORY Of SETS FILE (FILE 1 ON T\1E LIR~- ....... . .. . 

RECORD 1 18 WORQ; I 
l 

WORD 1 

wogo 2 
I 

I 
\o.JOR.O 3 

I 

~ 
R£CORb 2. 

I 

. . 

J__l WORO' I 

E/'-C\, OF T HO' B 1,-I() G:C>S (aNT I\lN S TtiE Nv,..,\\\ER .C f SIO. S 

C·N T iiE L:GRI\R~ T~.PE 
1 

1\S 1\ BINI\RY INTE:;ER . 

D~TE C>V TH~ FC>RMP.Tl C>t{ OR \AS"T MC'DH"lCI\TlON OF 

THe Liso.I\RY T".PE 

NP.ME O f fiRST SET Of IV\1\TERlt<.LS (nu: '2. ON T\o\E TI\PE J 

NI>\1\E OF (N-t) ..1 SET OF t·\ lo.TERli\LS ( fiLE N ON T r\E TI\I'E) 

N"ME OF LAST SET OF IV\I>.TER1 1l.L5 (F.IlE S C>N TI\PE) 

THE NI>.ME: oc 1>. SET C..O N!:.I STS OF FRoM i THR\J 5 HOLL\':RlT\o\ CM~:<. i>.CTERS, 

THE Dt<.Tt' IN RE:Cc R. t> 2 M I\Y BE f',NY i - THRV 1!-CH ~R i'\C T i'- R. HOLL E~- - GlUI>-NTlT'Y ( E.(i . , 

21<\"'-;1.6(, ()< 19/'::>f./6'7
1 

ETC .) . 



~ 
'WORD 1 

I 
WORD 2. 

WORD 3 

I 'WORD 4-
CORD 1 

I 

WORD 5 

WORD 6 

I 
WORD 7 

WOR."D 1:! 
---,1 WO~D I 

~ 
REC~RD:O ~ 

I :G. WORDS 

L_H 
--:r--1 I 
I : M WORDS: 

RECORD3 H 
I : I~ WORDS : 

_:r__l I 

SET N"KE (1 THR\l 5 1\0LI..l"R.lTI-\ Cfl"RI\C.TERS) 

ii.UTH011.'S Ni>.I>-\E ( t THRU ~ HOL-L-ERIT\-1 CJ-\~RACTERS) 

DATE TtiiS SET !>.D:>IOD "TO L!"I.R!>.RY ( i TH!>.U 'i1 HO\j.ERI~ CH!>.R."CTfR.SJ 

J • !'lUMBER OF EI'IER.OiY GI?.OUPS lN SET (Sl'<"R.Y lW\EG,ER.) 

M • NUM!l.ER. OF Mo\TEIU~LS l N nus SET (&INM.Y 1NTE2>"-RJ 

N"ME OF SOB!All"TER. OF LiloTEST M<>Dll'lCI\TliO>N TO SET (t10 LLI;:RlTI;J 

01\TE CJi' LI\TEST MOt:>lnC"TlON ( HOLL!OR1Tt1J 

NUMBER C. MODlflC~TlONS OP SET SUKE .. Dt:>!Tl0\'1 ;a LlBR~RY (BlNI\RY) 

llPPE.R eNEI!.t;Y UMIT OF THIS SET> IN e.V (B:N~>oRY) 

LOWe:R. '<-NE.Rt;,Y LlMlT lN ev rolt EA.CH ENERC,Y C,ROUP, 

~RFti\Nt';ED !;Y DECRE.ASING. E.NO:Rt;Y (BlN .. RY} 

LOWER LETI\M<GY LlMlT Or SET, DII-\ENSlONLESS ( !UN"-R.Y) 

UPPER L-ET111'.R<;Y Ul-'\lT r oR EA.CH ENERGY <;ROUP, DUIENSIONL.ESS, 

ji,RR;o..N<;U> gy INCfi.E"-SlNC, LETHI'.RG;Y ( SINI'.RY) 

NA.MES OrT"E M"TERlA.LS IN TH:S SET t:~. T>\I'U f. HOu..E•t-<H "-'""~-), 
1>-RR.Ml<;ED BY THEIR DRDER. 01' "~PIOCI>.RI>.N<:E lN TI-lE SET 

T>IE N\JKBER 01' T>\E >lR.ST RECOI<D IN THIS FILE /I,SSOc.I"-<E:> WITH 

E/'.01 11\A.TERl"'L 11>1 THE SET (Bl.~M.Y) 

(I .E., WHERe: To l'lND T\110 DATA l'ol<. E._CH III"TERl .. L IN T>le SET} 

( CONTlNUED ON N.tXT PA.GE) 

NOTE: RE.CORO 1. lS \HE SPEC:]Vl.C,..,llONS REQ::)R.D OF' Tt\'E. SET. 

t<ECcR,O 2. IS TloiE §ROUP STR.\X:.TUR.'E. Rt.CC.~ OF 'THE. se:T. 

RECCRP 3 I~ T'rl'i DlRE.CTOR.Y C/F MP..IE.Rl~LS R'C:C..CRD C'F l"\1E SEl". 
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O:oss-SECTlOI\l SET FILE. (coNTlN\JEDJ 

D 
D 
D 
D 

D 
D 

L~£.1 RECOR~ D 
l_ __ 

EOF 

FIRST 
MI'\TE.R.l"L 
BL~CK 

S ECONt> 
wo..;e:R.l ..... l.. 
BLOC !C. 

li'~T tl<l-~) 
MI\.TE-{01..1"'-L 
BLOCK 

Ti1E REMMNt>"t;R OF TilE I<.EC.ORDS IN P.. SET P.II.E 

ORI;I'N12 ED IWTO SECTIONS CP.LLEt> BLOCKS 

OR 111'-JEIU~ BLClCKS. 

Ei>.<:11 Sl.lcl\ BLOCK C:ONTII.1NS TI\E DI>.TP. PERTI>.11'1IN<O 

TO " SI>I<;.LE """TERlP.L . THE II.E AAE M 11\ATE.Rl"L 

BLOCKS 11'1 T\1E SET. 

THE NUM!!.ER OF RECORDS IN " BLOCK VARIES fR.OM 

ONE BLClCI< \0 11\E NEXT. 

END - OF -F!LE 111'-R\< 



D. STRUCTURE OF A MI'-TERIP..L BLOCK, BY MATERI"-l.. lDENTlflCI'-TION, OU, 
~ROUP CONSTI'-NTS, "-ND SC."-TTERING, DATA RECOR.D'3 . 

I M"-TERl"'L. IDEl{ilFlCfo.l'lON 

I CHI 

I GROUP CONS'TANTS ) j ~ I 

I SCP..l'TER.IN~ Dfo.l'l\ ' 2.:0 

SCP..TTER.IN<', DATtl. , 2.: I 

SCfi.TTERlNG, DATI'-'~= }\-1 I 
(;\l<OUP CONSTANTS, j- 2. 

SCI\TTER.lNG, DI\TP.. , ~- 0 

SCI>.TTER.ING, DI\TA, ~~I 

SCfo.TTERING DP..TI\' i~ A-ll 

I G,R.OU P CONSTANTS ' j = J 

SCfo.TTERlNG, DII-TI'-, i- 0 

SC"Tl'ER.lN~ DI'.TI'\, ~=I 

SCI'ITTERlN I<, D/1-TI\' Q- A- I I 

).,. RECORDS , I'.R.RAN(\~0 j = 1 
BY UICR.EI\SHIG, ~ > 

'.IH~RE )\-I+MI'.X(L.,L',L') 

j =2 
)\ REC.O~DS 

A RECORDS 

J = TOTfo.L NU MB!OR. Of ENI::RG,Y G;RO\JPS 

j = ENERG,Y GROUP INDEX 

O NE M/1-TEI>lA.L BLOCK 

9.. = s cnTER l NG D-!DEX 1 C,lVlNG; THE ORDER a' Tf\\0 ArUSDTR.DPlC SC/1-TT\::RlNG 

\THE VALUE ~-0 INDIC.I'.TES l SDTR.DPIC SC/1-TTER'l.NG DNL'I) 

THE q u.O.NTlTlES L, t..', "ND l 1 
1>.11£ G,I VE \'1 IN nlE MP.TER.li\L lDE.NTII"'lC.I\>ION ~CORD 01'" THE 

BLocK. Sto:s SECTia "l E , BELOW . 

NOTE ' THE Q\1 R.ECOR.O> MI\Y OR ~\ I'.Y NOT P..!"PEI'-~ , DEPENDIN«, ON THE VALUE <:If THE FISS'l.DN 

FLI\<; l t< T\1\:: !'11\T. l DEc. Nl'. RECORD . ::':>EE. S'=Cl'lDNS E 1\Ni:> F, BELOW . 
] '. __ · ~" " ;~·.-·-,;:;:.,:'.:; Di\,.i'>. ~CO'<'X: ~0.:::- Neil' BE P KES[;:NT (su s ;;cT:cN D ) . 
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STR\JC.TURE: OF 1>. MI>..TERll>.l BLOCK (coNTINUED) 

l<' NO SC: /1.\TERl!'IG, lWI'" Of(.MI\TlDN (>f /\NY KT!olt> II.ND f'CR. !'.NY Q-cRDEFt.. l S 5\JPF'L"lED I'"DR 

1\ t'\I>.TER-11\L, T~EN A IS DEFINED T C> BE MlN\lS ONE, MID TilE ).II>.,TER1.1>.L BL.nC:\<. CONTI>.lNS 

NC> SC I>.T TEJ:I.lN~- D/'\\11. I<ECORPS, <;,IVIN(O lT it\~ STRUCT\Jl1.E 51-\0WN BIOLOW : 

I C~l 
I G.RC>UP COI'ISTI'.N\S ' j ~I 

I (4R.O UP C.ONSTI'.NiS' j ~ 2. 

J : TOT~L Nlll'llaER. Of" ENE!;tG,Y G,R.CUPS 

j : EN<:R.<;;Y G,!<.D\.\P lN'DEl<. 

A s BEfORE , 1"1-\E CHI RECORD "\II.Y OR. Nlii.Y NCi ,.._P!'EP..R., ETC. 



E. DESCii!.li'TION OF THE MAIERI/I.L IDENTifiCATION R.ECO RD OF A "BLOCK. 

I WORD 1 I 
; 9 WORDS . 

WORt:> 11 

WORD 12 

WORD 13 

WORD 14-

WORD 15 

WORD 1E:. 

\NORD 17 

Nl\f'\!0 OF 1'\l>.TERII\l.. ( 1 ,.HRU tO HOLLERITH C.~II.R.I'.CTERSJ 

THE 1>.\0I-IlC. reNsiTY ( 1 THRU 12 \lOLL . CHP\\2 .) 1\ND 1\ t:€SCRlPTl<:>N 

OF TI\E \-11\Tt:Rli'.L (1 ,.t\RU (.0 >H>LL . CKII.R.J 

SPEC.li>.L C.I\"RI\C"'R ( 1 HOLLERITH CHI'II."CT'E.R, lEF> -I>.DJ"U5TEt> J 

T FL"G. (Bl.NI'.R Y) ' SEE BELOW 

FtSSlON FL"G. (l!.INII.RY) ' SEE BELOW 

L = 11\IIJ<H'\\W\ 9.-0RDER. FOR WfUC\1 ELI\STlC·SCII.TTEIUNG DI>.TII. IS SUPPLIED 

l.1 ~ MI\J<li'\V\-1 ~-ORDER FOR. W>IIC\1 lNELI\S\IC·SCI\TTEit.lNG. DI>.Tio. l S Slli'PLlCED 

L" = MI'\XIMUM .9..- 0l<PER FOR WHICH (m ,2.m)-sc i'.TTEIUNC, DII.TI\ lS SUPPLlC!:.D 

NUMli'E.R 01' P.PDlTICN"L I<EC<:>I<DS lN T\115 1-1\1\TfR.li\L BLOC!<. (SINMtYJ 

(o.) IF ,.He T I'L""- IS zeR.o, THE VI'.W~ S CF <l"t .. I'.RE Tl'.l<EN t:>lRECTLY FRO>\ eeLs . 33-~~ OF 

THe TYPE-1 PI'.TI'. C~Rt>5 FOR THE MI'.\EI>l.M.. 

lr THE T >IJI.G l.S NOI'\ - i!ER<:>, O.NY 'lfo.LV<.S <OI'IEN FQR <St., WERE l<?,NOR<t:>; cr-tr. WI>.S COt1P<lTED 

1'1'>.0\>1\ C,.t\ER. CRQSS SECTIONS . 

rt.) IF FrsSl.O>I Fl.l>.l~ 15 ' NES,I'.Tl.,E , "l't<E 1-1"-TI:Rl"L I S FlSSloNI'.Bu:" /\lit> I"TS FISSION SP£C>li.U>\ PDES 

NO,. DEPEND ON THE" ENERGY OF "TI<E 1NC1.Dl':NT Nal"tR.ON . 

ZE.I'.C> > \HE M"TEIUI\1.. IS NO!-I - F15Sl<:l"'i'.llu:" . 

P<:>Sl>l~, THE. t.'\~TER.l"L 15 FlSSICNI>\JSLE. II.Nt> :LTS HSSlo~ S PECTR.\lM 

D£l'ENbo ON "fi\E £!\ER.<;Y 01' \HE" INCIDENT NEUTRot; . 

(C) l. J L' 
1 

I'. NO l
11 

I'.RE "LL l!.>N"RY GlU"N\1. TIES . 

11' No EL"S,.lC Sci'.T\ERlNG D~TII, f"CII. f'o.N)I ~-OI:.DE:R Wll.s SUPPLIED, THE>! lIS 1-\l.NUS ON\:; 

llKEWlSE FDR lt.i'<L"5'1C PP.TI\ liND L', i'.ND (1'(\,2.!"<') ""''" 1'\Nt> L" . 
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F. DESCRIP'TION OF THE CHI RECORD OF t-. MA'TERII'\L BLOC\<. 

n : J WO RDS : 

u 
Ir 11\E l"rssloN FLAG, rs "''•"'-TlVE, TH~ n ss roN SP!::CIRUI"\ FR~>.Ci~ONS M tE GRQIJP • l~DEPENOENT 

"Nt' HI\"E' "1'>\e cORM OF "VE(.TQ,, !N THIS CI\SE 1I,fji_<;:HI RECORD O<:J:URS >.No THE(?, WORDS 

'X~oo (j.,.k) .ltl EI>.Ct\ '-ROUP C.ONS"T"'N"TS RECORD (SE'C. SEC.TlONG, BELOWJ DO HOT OCCUlt. 

IF "'"' Fx s s J.vtl H.!'.§ IS Z<:Ro ,'THE M"'"TERIJ>.L, BEIN <:; NON I':LSSioNI\IllL, ""s NO FJ.SSlON 

SPECTRUI'\. NEIT~ER THE C\\l RECORD NOR. T!iE "X, I< (j~ \<) WORDS lN T!iE (,RoUP CONST"'N\S 

RECORDS OC.C:\JR. 

lF Tl<£ FrSSlON FL..._G, IS I'OSITlVE, THE FlSSlC>N·SPEC.TRUM FR.O.C.TIONS 1\\tl: C:,RCUP- DEPENDENT 

N~O FORM 1'. M"-TR.l.X . lw -nus C.I>.SE T>1E C\11 ReCORD DOES NOT OCCUR BUT THE G, WORDS 

'X- 1, (j _., k) lN Ei'.CI\ <:,I>. CUP rot'\STMITS R'C.CC>RD DO OCCUR (T\\ESE GROUPS O F 'NOR OS "1>-E THE 

I<.OWS OF THE M"TR.ll(). 



G. DESCRIPTION OF "' "ROlJP-CONST"'\-ITS RECORD OF " BLOCK. 

1 WCR.C> 

1 WORD 

1 WORD 

1 W0!2.D 

1 W<>R.P 

1 W<>R.D 

R 
' L;-1 WOil.DS : 

I,.,~J 
H 
: L -t1 WOil.OS : 

H 
R 
R 
R 
h 
R 
: [; +1 'NOR!>S ; 

i 

;l.k(j~k) 

l 
~.l)j (Q- 0) 

F.~,j (Q: L) 

co~.j (~ = 0) 

co!,J (~ • L) 

6._\j (~. 0) 

~~.j CI.=L) 

l 
F;-;.j (.9.~o) 

i 
~".j (Qc L) 

• 
G. ~"·j (9.= 0) 

c;' . 
~.l 

( ~. L') 
1 

Gi!',j (2·0) 

c;;!,j C ~ = L) 

!'C' . 
'":,...\J 

(2 = 0) 

~=;: .... \. (i. L'') 

~~.,}~·0) 

"<~'·\/2- ~·) 
cY,..~.\ j (2- 0) 

"'·~'•\i (~ = L''l 

} Tf\ESE WORDS ~PE!I.R ONLY IF THE FlSS lDN FL!I.<. 15 WOW - i!E!<O . 

} Th<& •- _._, ""' " - F,$_ "-"' " ~mm. 

T~esE woRos 1\PPEI'.It CNLY 1F L 15 woN- NEC.I\TIV'E.. 

THESE WORDS "PP'EAil. ONLY 11' L' I S N<>N-NEC,!I.TlVE . 
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GROUP-CONSTANTS REC.ORD (coN"r:r"'ut:o) 

!F ~0 SCI'.TTERIN<;, D.O.T-" IS SUPPU:Et> (SEE I'ILSO SECT!~ D 1 "'1101/1: ) 11'\IE <;,R.OUP- <:.ONSTII.N'TS 

RECORDS 0~ II. MI'.TEIU"-L BLC>C.I<. H,\VE Tt\E. f OLL0¥<1N" STR.llCT\lRE : 

1 WO<tD j -VI'.LIJE (ENERG,Y C:.R.O\lP INDEX) 

1 WOR.P crt"Jj 

t WORD crc)j 

1 WOR.D Dj 
1 WORD 

1 WOR.D 

OS,j } -vj 
ONLY 1~ FlSSl O N 'FLM;, IS 1\0N-i!ER.I:> • 

J WORDS :X:.k(j+k) } OI'ILY II' FtSSION FL"'G, 1S PI:>SlTlVE. 

0 



H. DE:SCRIPTION OF 1\ SC/\TTERIN§-D/\TJ>. RECORD. 

1 WORD 

. ~ 
Fe~ ; + <:;.1 i + 1 . 

["~ .... , I 

I ~~- G • • ~" I 
I \,JOR.DS 

} 

Tt~ESE WORl>S 1\PPE,._~ 11' IWD ONlY IF L;, 0 
AND 9._,;; L 1\ND /o.T LE"'-ST ON£: OP THE 

QU,._NTITlES F._l:j /o.ND G.~I,J IS NON-.i!.ERO. 

} T~"SE WOI<.DS APPE,._R IF 1\ND ONLY IF C;;, 0 
1\t<D 2. ,:;_ L' P<ND 1\T LE"ST ONE 01' 'THE QU/'\N Tl.TIES - ,- -.-F: • .; I>.ND G,,,J IS NON-C.E~O. 

T HESE WO~l>S M'PE"R If I>.ND ONLY II' ~1 l!: 0 
J'lt!Q_ ~,.:; l.." /o.ND I>.T ~ST ONE OF 111e: C?JM~TITIES 

• • r;..,, ..... ),j 1\ND GI(.., ,2~),J J.S NON- 2.ER.O. 

NOTE : T HE j-VAUJE "'ssocrATED WIT~< "' so.TTER:<NG DA'" R.Eco~to :LS TH"T or -n<E 

PRECEDlN<; "ROI.lf> C.ONSTMITS RECCRD (SEE SECTION D, A&C::NE). 

lr ALL lT\REE CiRO\lPS 01' DATI>. (I.E., T~l ,T;0 , I>.ND T("',l"')) DO NOT AI>P£"R. fOR SOME 

PA.l~ 0 1' j 1'\ND ~ '11\LI.lES, THEN THE SCI\TTER'IN(O DI\"T'A ltt:CORD FOR. 1111\T COMB:INAT'ICN 

C1i' j !'.NO Q. Hl\'5 THE STR\lc."r\l~£ Sf\OWN BELOW ' 

il.-VAL.UE 

0 

0 

0 

0 SEVEN WORDS, EACH COI'(TA.INlN(O 1\ BlNI\RY ZERO. 

0 

0 

0 
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APPENDIX A 

Sample XLIBIT Input Forms 



• 



SET 
2 3 

1+1 
ATOMIC DENSITY 

13 

GROUP CARD N 
l_ 

14 15 16 17 18!1g 20 ~I 

0 

DATE 

MATERIAL 
5 

COMMENTS 

2 5 26 

ENERGY (EJ) 

UNITS 

10 II 

LBTIIARGY (uJ) 

32 33 
UNITS 

. 

NAME 

SPECIAL D 
CHARACTER 

12 

MEAN VELOCITY 
CM ./SEC . 

.... .. 5 56 

ANL CROSS SECTION LIBRARY 

E 
OPT . 
(a) 
57 

(a) 

(b) 

(c) 

D TR 
OPT. OPT . 
(b) (c) 
58 5g 

Leave E optio 
structure is 
Put "x" in bo 
structure is 
lethargy unit 

Leave D optio 
the diffusion 
as given are 
for diffusion 
grams • Put " 
the diffusion 

80 

n blank , if group 
in energy units . 
x if group 
specified in 
s . 

n blank , if 
coefficients 

to be used 
t heo r y pro­

x" in box if 

are to be cal 
coefficients 

culated 
transport =l /3ot r• If 

cross section 
given and all 
sections are 
be calculated 

Leave TR opti 
transport ere 
as given are 
transport the 

s are not 
other c r oss 

given Ot r 1.1ill 
and used. 

Put 11 x" in bo 

on blank , if 
ss sections 
to be used in 
ory pr ograms . 
x if the 

transport ere ss sections 
mputed from all are to be co 

other iven c g ross sections. 

PAGE ___ OF ----

"' w 



SET MATERIAL LI ____l_J....___L_____l_J...._...J 

10 11 

GROUP# CARD# DIFFUSION TRANSPORT 
j COEFFICIENT CROSS SECTION 

14 1 5 16 17 18 19 20 21 Dj 32 3 3 
0 tr ,j 44 45 

COHI<!ENTS. 

SPECIAL 
CHARACTER 

TYPE QJ 
13 

CAPTURE 

D 
12 

CROSS SECTION 
0 

c ,j SE 

ANL CROSS SECTION LIBRARY 

FISSION NU 
CROSS SECTION "j 

of , j 57 68 69 eo 

DATE NAHE 

PAGE ___ OF __ 



SET I '-__,____._.....___...~,_~ 

GROUP N CARD N 
J 

14 15 16 17 18 19 20 21 

COMMENTS: 

MATERI AL I '--:-.....___,__.__,__..J...__J 
I 0 II 

SPECIAL D 
CHARACTER 

1 2 

TYPE q;J 

ANL CROSS SECTION LIBRARY 

x(j -+ k), FISSION SPECTRUM FRACTIONS , k .. 

3 33 44 45 5& 5 7 68 69 80 

-

DATE NAME 

PAGE OF 



SE~L----'--------'---,--1-'- MATERIAL ! L. _l.____L_..J...._.JL-.......L.__..J 

I 0 11 

pROUP # CARD # t CROSS rECTION UP DOWN 
Ft Gt 

j (b) 0 ; In 
14 IS 16 17 I 8 19 20 2 1 32 33 3< 35 ]; 37 38 

COMMENTS : 

SPECIAL D 
CHARACTER 

1 2 

TYPE Q{a) 

(a) TYPE: 
=3 ELASTIC 
=5 INELASTIC 
=7 (n , 2n) 

(b) t=O,l , ••• indicating the order of the 
Legendre expansion . 

(c) F1= the maximum number of groups into 
which upscattering cross sections are 
given. 

(d) G1= the maximum number of groups into 
which downscattering cross sections 
are given. 

F1=G 1=o implies no T 1 (j~k) matrix and 
ot(j~j) is gi ven in eels. 21- 32. 

DATE NAME 

PAGE ___ OF ___ _ 



GROUP N CARD N i 
J 

14 15 16 1 lB 19 20 2 1 

CO~lMENTS : 

MATERIAL ._I e--'---.--'--n---'---;;--'--;-;;-'-.....-'1 
10 1 i 

SPECIAL n 
CHARACTER Tzl ANL CROSS SECTION LIBRARY 

TYPE ~ *TY PE (4=ELASTI C, 6=I NELASTIC , 8=(n , 2n)) 

Ti(J + k) . SCATTERING MATRIX , k + 

32 33 44 45 56 57 68 69 80 

DATE NAME 

PAGE OF 
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APPENDIX B 

List of XLIBIT Subroutines and Common Block Assignments 
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~. L1st ot ~ ub rou tines 

Subr out i ne Name 

XLI BIT 

ADDAMAT 

ADDMATS 

ADDSET 

AHALT 

BCD2BIN(BCD,BIN) 

BITS(Nl ,LHB , N2) 

CALCDTRX 

CONPARES 

DELETSET 

DELMATS 

ERRORZ 

FIXADD 

FIX2ADD 

GETSIZE 

GET1012 

GREAD 

MODSET 

NEWPAGE 

PCHTP468 

PNCHMATS 

PNCH l MAT 

PRESET 

PRINTMAT 

PRINTSET 

PRI NTl 

PRMATDI R 

PRNTSCRH 

PRSETDI R 

PUNCHMAT 

PUNCHSET 

PUNCH357 

PUNCH468 

Values of ERFLAG (Erro r St ops ) i n Subroutine 

1 ,90 , 91,820 , 844 , 920 , 944 

12 , 13 ,14 , 105 , 106 , 107 , 108 ,109 ,110 , 801, 802 , 803 , 90 1, 
902 , 903 

603 , 804 , 806 , 904 , 906 

16 , 17,18 ,19,804,904 

34 , 35,36 , 37 

1, 26,27 , 28 , 29 , 30 , 804 , 844 , 904 , 944 

800 

800 ' 820 ' 920 

2 ,7, 22 , 23 , 24 , 25 , 804, 806 , 844, 904, 906 , 944, 954 

821 

802 , 803 , 804 , 902 , 903 , 904 

801, 844 , 901, 944 

802 , 803 , 804 , 844 , 902 , 903 , 904 , 944 

203 , 204 , 801, 844 

802 , 804 , 82 1, 902 , 904 

201, 202 , 814 , 82 1, 914 

82 1 

301 , 302 , 303 , 304 , 305 , 306 , 307 , 801, 844 , 901 , 944 

3 , 237,238,801 , 844 ,901 ,944 

71 



1. List of Subroutines (Contd . ) 

Subrou tine Name Values of ERFLAG (Error Stops ) i n Subroutine 

76 , 801,802,803,901 , 902 , 903 PUT AWAY 

RCLDTH (L) 

READ ZERO 

RDSTORl 

RDSTOR2 

READ35 7 

READ468 

REORDER 

RO\~LTH 

SCAN CARD 

SCAN l 

SCAN2 

31,32,33,600 , 601,602,800 

119,120,121,800 

124 , 125,126 ,1 27 , 128 ,129 , 800 

131,132,133,134,135,136,137,800 

4 ,140 ,1 41 ,142,143 , 144 ,145 , 800 

38 

39,40 , 41,42 

5 , 20 , 21 

SKIP FILE 

SKPFILES(IARGl , IARG2) 

SPACEBY(TAPE) 

6 

801 , 844 , 901 , 944 

804 , 806 , 844 

844 , 944 

STORGRP 

STORSCAT 

TESTSTOR 

WRITELIB 

WRITENAT 

WRITSCRH 

55 

49,50 , 51 , 801 , 804,806 , 844,901 ,904 , 906 , 944 

48,801,806 , 844,901 , 906,944 

74 , 801,802 , 803 , 806 , 901,902,903 , 906 

2. Common Blocks Used by XLIBIT 

Block No . 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Variable Names in Block 

NATNANE , NDESCRIP (9) , SPCHAR , TFLAG , FFLAG , LNAX(3) ,HORERECS 

SETNANE ,AUTHOR , DATE , G, N, NODAUTHR , NODDATE , NUHOFNOD 

ES(l02) ,LS(l02) ,VS(l02) 

NATIDS(500) ,NATLOC(501) 

NUHSETSl , NUHSETS2 , SETID(lOl) , NATID(lOl) , SPCH(l01) ,TAPES 

SETDIR1(301) , SETDIR2(30 1) 

CHI(lO l ) 

K 

L 

EOPT,DOPT,TROPT 
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L , Common Hlocks Used by XL1B1T (Contd.) 

Block No. Variab l e Names in Block 

55 RCDS (20000) 

60 BFLAG , COLl,COL2THR9 , TYPE,CARDl(lO),CARD2(10) 

65 MAX 

70 HN ,1X(l01) 

75 PHAT1D(200) ,PH 

80 NUMATS , NUMOFHAT 

85 FSUM,NUSUM 

90 L1STCARD,F1ELD(lOO),FLD 

95 FLGONE,FLGTWO , STORFLG(3) , LNTH(3) 

100 GFLAG 

105 ERFLAG 

llO D\.JN(lO) , UP( l O) ,DWNSUM(3) , UPSUM(3) ,DWNSM(3 ,10) , UPSM(3,10) , SXSEC(lO) 

115 LTH , LENGT , NNl 

120 KK,KKl,K4 

125 K3(10 1) 

130 JJ, CNO 

135 FORMCARD 

140 SETLOC(30l) , S6F1LES 

145 COLS10ll , COL12 

150 L1B , PAGENO,D1R,PUNCHED , LASTLOC 

155 HATABLE(200) 

160 NEWNAME(200) 

165 UPEL1M , LWLL1M, KK1(3),LENTH(3),RLTH ,LAHDA 

170 BUFAREA(500) 

175 BUFAREA2(304) 

180 KK2 , KK3 

185 TYP 

190 Ll , NF(3) , NG(3) , 14(10) , I7(3) , 18(3) 

195 J 

200 11,12 

205 1PARAH1(101) ,1PARAM2 

210 NSCAN(6) 

215 TSUM(l01,3) 
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APPENDIX C 

Flow Charts and Descriptions 

(See also introductory paragraphs of Part V, Section D) 





UTILITY R<tl\.lTINt:S (No"< s><oo<" ""-n~xs ""'"'"""')' 

"'H"LT 
BCDZBlN (SC.t>,BlN) 
Bl\5 (NI,LHl!.,N?.) 
c¢>1o\?M!.'E5 
!;.RR¢Re 
G,ITI0\2. 

G,R'EA.t> 
NEWPA.(,~ 

SCMIC"RD 
Sl<l.PI'lLE 
SI<PflLES (1"11.<'.1, l"RG,2.) 
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2. Description of XLIBIT Subroutines 

XLIBIT controls the flow of the program, testing for the presence of 
cards of sections (1), (2), and (3) of the input deck (seep. 34). 

Cards in section (1) of an input deck specify portions of the existing 
"old" library tape that are to be printed and/or punched . 

Cards in section (2) of an input deck specify additions, deletions, or 
modifications that are to be made to the cross-section data on the old 
library tape . A new library tape which incorporates these changes is to be 
formed. 

Cards in section (3) specify portions of the newly- formed library tape 
that are to be printed and/or punched. 

An input deck may consist of only the following combinations of 
sections: (l) only; (2) only; (1) and (2); (2) and (3); (l), (2), and (3) • 

79 
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2. Description of XLIBIT Subroutines (Contd.) 

1. A nonzero value of ERFLAG indicates an error in the input deck . 

FORMCARD indicates the presence (FORI-ICARD = 0) or absence (FORMCARD 1) of an old 
library tape. 

PUNCHED is set to one if portions of the library are punched ; it is zero otherwise. 

BFLAG regulates the reading and decoding of data cards. 

LASTLOC indicates the current position of an existing library tape. If LASTLOC equals 
N, then the library tape is positioned after the EOF terminating the Nth file on the 
tape . 

2. Zero out the master storage array RCDS. 

J. Read the first card of the data deck. 

4. In GREAD the next input card is read into core; the card previously read is decoded . 

5. The first input card must contain an asterisk in colurrm one . 

ERRORZ terminates the program if an error is detected in the input deck. 

6 . If the first input card is *FORM LIBRARY, or *FORM NEW TAPE, then there is no section 
(1) in the input deck. In this case, SCAN2 is not called at this time. 

If the first input card is *FORN LIBRARY , then there is no existing "old" library tape. 
In this case, set FORMCARD 1, insert Hollerith blanks in the set directories , set the 
numbers of sets to zero, and proceed to process the section (2) input cards. 

If the first input card is *FORN NEW TAPE, then there !.§ an existing library tape. 
This library tape is on logical tape unit 44. This tape is rewound, and the directory 
of sets file is read ; this file consists of two records and an end- of- file (EOF) mark. 

Leave FORMCARD equal to zero . 

7. If the first input card is neither *FORM LIBRARY nor *FORM NEW TAPE, then there is a 
section (1) in the input deck. The section (1) input cards are processed by SCAN2. 
The presence of an o l d library tape is implied. 

LIB is set to the logical unit number of the tape whose contents are to be printed and/ 
or punched . 

If the input deck contains only a section (1) , the program terminates normally in the 
subroutine AHALT, which is called by SCAN2. 

8. If the input deck contains a section (2) , control returns from SCAN2. The new set 
directory and the number of se t s in the new library are made initially the same as 
those of the old library. 

9. SETLOC (I) = 0 indicates that the rth cross-section set in the library is to be found 
on the old library tape. 

If SETLOC (I) = N, then the rth cross-section set in the library is to be found as the 
Nth file on each of t wo scratch tapes , logical tape units 4 and 6 . 

This information is used by the routine WRITELIB to form the new edition of the library 
tapes. 



' [ 
2. { 

3 . { 

+ { 

5 { 

~ -

C .. NllMSS:'TSI+Nl)MSETSl 

t-,.f',ZIRI"'CI'.RO 
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2. Description of XLIBIT Subroutines (Contd.) 

10. The section (2) input cards are processed by SCAN!. Upon return from 
SCAN!, a new library tape has been formed on logical unit 1. 

11. If no errors are found in processing the section (2) cards, control 
returns from SCAN! . If the input deck contains no section (3) , then 
the next input card should be *FINISH. If so , the program is 
terminated normally by the routine AHALT . 

12. If the input deck contains a section (3), then the set directory 
file of the new library tape is read in. 

Section (3) input cards are processed by SCAN2 . When the card 
*FINISH is encountered SCAN2 calls AHALT, which terminates the 
program. 
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ADDAMAT 

ADDAMAT accomplishes the addition of one material to a cross - section set . 
The cross - section data cards for the material are processed; the data from the 
cards are organized into a "material block" (see Section D of Part VII , Struc­
ture of the Cross-section Library Tape) , which is writ t en onto logical tape 6. 

l. PRESET initializes a number of quantities used by ADDAMAT and the 
other subroutines called by ADDAMAT. 

2. K is set to the expected number of t ype- 0 cards. 

3. ADDAMAT is called from ADDMATS, which in turn may be called from 
either ADDSET or HODSET. 

GFLAG is -1 when the call to ADDMATS is from ADDSETS, and indicates 
that the type- 0 cards for the first material have already been read. 

For a negative value of GFLAG , those following sections that read 
and check the values on a set of type-0 cards are bypassed. 

4 . READZERO reads and processes the type-0 cross - section data cards of 
a material. 

GFLAG is set to minus one in READZERO; however, GFLAG is reset to 
zero in ADDMATS before the test in paragraph 3 above is encountered 
again. Thus READZERO is entered for the processing of the second 
and any subsequent materials i n the set. 

5. This section checks that the set identifications on all type- 0 cards 
are identical to the name of the set in which the material is to be 
placed. 

COMPARES matches each of the quantities IPARAMl(I) against IPARAM2. 
If a discrepancy is found, a nonzero value is given to ERFLAG. 

6. This section checks that the material identifications on all type - 0 
cards are identical. 

7 . This section checks that the special characters on all type- 0 cards 
are identical. 



s. 

6. 

7. 

M""TID(I) ...... l~R~MI{l) 

(1• 1, .. , K.) 

M,JqN,..ME ~ IPft..ll.l\\o\Z. 

S~tH (I) -+ IP~R.~" I (1) 

(I•Ir . . ,K) 

SPt.!i.l\~ ~ lf',._R~Ma 
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ADDAHAT (Contd . ) 

8. If EOPT is blank, energies are given on the type-0 cards . 

If EOPT is nonblank, lethargies are given . 

9. The energy-group structure (which may be given in terms of either 
energies or lethargies) of all materials in a set must be similar. 
This section checks that the energy or lethargy structure of the 
material arrays E or L being added does not vary by more than 0.1% 
from the already-established structure (arrays ES or LS) . 

If such a discrepancy is encountered, it is noted and processing 
continues . 

10. A check similar to that described in paragraph 9 above is made on 
the mean neutron velocities corresponding to each group. 

The first type-0 card does not contain a velocity, so for this ca r d 
the check is not made . 

11. FIXADD allocates storage within the array RCDS for the group- constant 
records of the material block . 

12. RDSTORl reads and processes the type- 1 cross - section data cards of a 
mate rial. 

13. K is set to the expected number of type-1 cards. 

14. Similar to paragraph 5 above, but for type-1 cards . 



10. 

II { 

12. { 

I; { 

14. 
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ADDAMAT (Contd.) 

15. Similar to paragraph 6 above, but for type- 1 cards. 

16. FSU}! is zero only if all fission cross sections are zero; NUSM is 
zero only if all nu's are zero. If FSUM = NUSM = 0, the material 
is assumed to be nonfissionable; there are no type- 2 cards for the 
material in this case. 

FFLAG = 0 indicates a nonfissionable material; FFLAG = 1 or - 1 
indicates a fissionable material. FFLAG is set unconditionally to 
1 here; a minus-one value is assigned in subroutine RDSTOR2, if it 
is applicable. 

17. RDSTOR2 reads and processes the type - 2 cross-section data cards for 
a material. 

17.5. If COLl = *• or if TYPE=+ or 0, then the current material has 
no scattering and is complete at this point. 

18 . KKl, as used in paragraphs 18 through 23, contains (in Hollerith 
code) the number of the current card type . 

The number, a single Hollerith character, is left-justified and 
is followed by seven Hollerith blanks. 

KDELT consists of the left - justified Hollerith numeral 1 followed 
by binary zeros. Adding KDE LT to KKl increases the left- justified 
Hollerith numeral but leaves the trailing Hollerith blanks 
unchanged. 

19. READ357 reads and processes the type-3, - 5, or - 7 cross - section data 
cards of a material. 

When HI = 1, KKl = 8H3 .. . ; when MI 
KKl = 87 .. . 

2, KKl 8H5 ... ; when MI 3, 

20 . If LMAX(KK) is less t han zero , no type-3 (or - 5, or -7, according 
to the value of MI) cards were found. The refore there need be no 
type- 4 (or -6, or - 8 , respectively) input cards for this material . 
Any such cards included will be ignored . 

21. UPSUM(KK)+D\lliSUM(KK) must be zero or positive. If zero, then no 
up- and no downscattering was indicated on the type-3 (or -5, 
or - 7) cards. In this case , there need be no type- 4 (or - 6, 
or -8, respectively) cards in the deck for this material. Any 
such cards included will be ignored . 

22. READ468 reads and processes the type-4, -6, or - 8 cross-section 
data cards of a material. 



15. 

"l 
I~ { 

1~ . { 

\9. { 

20. { 

ZL { 

zz { 
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ADDAMAT (Contd.) 

23. LMAX(l), and (2), and (3) all negative indicate that no cards of 
types-3 through - 8 were found in the cross- section data- card deck 
for a material. This indicates that there is no scattering of any 
kind. The next input card must be either a control card (with 
a * in column 1) or a type-plus or type-D data card . 

24. KKl is set equal to the number of scattering data that will follow 
each group-constants record in the material block being formed . 

25. WRITSCRH writes one material b l ock onto logical tape unit 6. 



91 
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ADDMATS 

ADDMATS controls the addition of a number of new materials to an existing set of ma­
terials. This includes the case of the addition of a new set to the library, since a set 
consists merely of one or more materials having the same energy-group and velocity struc­
tures. At the conclusion of ADDMATS, the new set or the modified set is complete; it exists 
as one file each on logical tape units 4 and 6. The file on tape unit 4 consists of the 
specifications, group-structure and material-identification records; the file on tape 
unit 6 consists of the material blocks of each material comprising the set . 

1. M is the total number of materials comprising the set after additions. 

NUMOFMAT is the number of materials to be added to the set. 

Therefore LA represents the number of materials in the set before the addition of 
the NUMQF}~T new materials. LA= 0 if, and only if, the entire set is being added. 

2. ADDMATS may be called from either ADDSET or MODSET. If the call is from ADDSET, 
GFLAG equals minus one; if the call is from HODSET, GFLAG equals one . Note that 
if GFLAG = 1 upon entrance to ADDMATS, it remains one, but if GFLAG = - 1 upon 
entrance, it is reset to zero before this test on it is made a second or a 
later time. 

3 . This branch is taken if the call to this routine is from HODSET, and implies that 
there definitely are a number of materials already in the set (i.e., LA is 
initially greater than zero). 

In this case, HORERECS (the number of records in a material block) is already 
known; the material to which it corresponds is the last of the materials already 
in the set. Its value is saved in N before ADDAMAT is called. 

ADDAMAT adds one material to the set . The number of records in the material 
block of this material is stored in MORERECS by the subroutine WRITSCRH, which is 
called by ADDAMAT . 

4 . This branch is taken if ADDMATS is called from ADDSET. 

In this case there are no materials already in the set; initially LA is zero, and 
as yet no value of HORERECS is available. Therefore the initial storage of 
HORERECS in N is redundant; note that for this case N is not used . 

If GFLAG is not one, it is either zero or minus one . In this branch it is 
necessary that GFLAG = 0 the second and subsequent times ADDAMAT is called. This 
is done to insure that the type-0 cards for the next material are read properly; 
a test on GFLAG for this is made at the start of READZERO. 

If LA= 0, the material being added is the first in the set; ~~TLOC (l) is always 
four. Note that the incrementing of LA insures that LA is zero only once. (See 
also paragraph 5 below.) 

5. The number of the first record of the material block corresponding to the Ith 
material in the set is placed in MATLOC(I). The array ~~TLOC comprises the 
latter half of the directory of materials record. Note that each time this 
branch is traversed, there are LA materials already in the set, so that the ma­
terial currently being added is the (LA+ l)st. 

6. A check is made to insure that the name of the material just added does not 
duplicate the name of any material already in the set. 

7. The name of the Ith material in the set is placed in MATIDS(I). The array MATIDS 
comprises the first half of the director-of-materials record. 
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ADDMATS (Contd.) 

8. The completed directory-of-materials record is transferred to a 
buffer area in IRCDS for output. 

9 . The directory-of- materials record is written onto tape unit 4. 
EOF ' s are written on tape units 4 and 6 to complete the scratch­
tape form of the new or modified set file. 
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RETURN 
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ADDSET 

ADDSET is called from SCANl when a *ADD SET card is encountered during 
processing of the section (2) cards of an input deck. ADDSET is the con­
trolling routine for those sections of the program that add a new cross ­
section set to the library. 

1. SCANCARD separates the various parameters found on a control- type 
input card such as *MOD SET or *ADD SET. These parameters, still in 
Hollerith code, are stored individually, in the order of their ap­
pearance on the data card, in the quantities FIELD(l) , FIELD(2) , etc. 

2. BCD2BIN(I,J) converts an integer quantity I that is in Hollerith 
code to a binary integer J. 

3 . The specifications record of the set to be added is written onto 
logical tape unit 4. 

4. The number of sets on the new library tape (NUMSETS2) is increased 
by one. The name of the set to be added is appended to the list of 
sets (array SETDIR2) in the new library. 

The set will first be written as one file each onto tape units 4 
and 6. S6FILES gives the ordinal of the file on each tape cor­
responding to this set. 

5 . SETNAME is the name of the set to be added, and elements 2 through 
NUMSETS2 of the array SETDIR2 contain the list of names of sets 
already on the new library tape . 

SETNA}ffi must not duplicate any of SETDIR2(2), . •. , SETDIR2(NUMSETS2) . 

6. K is set to the expected number of type-0 cards. A nonzero value 
of GFLAG indicates to READZERO that the first type- 0 card has not 
yet been read. 

7. READZERO reads, and processes the data on , the type- 0 data cards for 
one material. 
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ADDSET (Contd.) 

8 . If EOPT is blank , the type-0 cards contained energy values E(I). 
Corresponding lethargy values L(I) must be calculated . 

If EOPT is nonblank, the type-0 cards contained lethargy values; 
corresponding energy values must be calculated . 

9 . The set identifications, material identifications, and special 
characters on all type- 0 cards must be the same . 

COMPARES checks the elements IPARAMI(l) , ... ,IPARAMI(K) against 
IPARAM2. A nonzero value is given to ERFLAG if a discrepancy is 
found. 
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ADDSET (Con td.) 

10. The energy, lethargy, and velocity values from the type- 0 cards are 
transferred to the "standard" energy , lethargy, and velocity arrays 
ES, LS, and VS. The values appearing on the type- 0 cards of all 
other materials in the set must be the same as , and will be compared 
to, the values in these "standard" arrays. 

11. The group-structure record of the set being added is written onto 
tape unit 4. 

12. Under the control of ADD~~TS , the material - directory record of the 
set and an end- of- file (EOF) are written on tape unit 4; in addit1on , 
the material blocks of each material in the set and an EOF are 
written on tape unit 6. 

13. S6FILES marks the position on tape units 4 and 6 of the file on each 
tape that corresponds to the set just added . S6FILES is initial1zed 
to one upon entrance t o the routine SCANl, and is incremented each 
time a set is added to the l ibrary. 
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AHALT 

AHALT is the routine through which the program terminates normally, when 
no errors have occurred. 

The routine is called when the control card *FINISH is encountered. 
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BCD2BIN (BCD,BIN) 

Upon en t rance, the quantity BCD contains an integer in Hollerith code , 
left-justified and followed by Hollerith blanks. MASK is a binary quantity, 
the rightmost six bits of which are ones, the remainder of the bits be~ng 
zeros. 

Kl contains the logical product of BCD and MASK. Its contents are as 
follows : the rightmost Hollerith character of BCD appears in the right­
most six bits of Kl; the 42 leftmost bits of Kl are zeros. 

This s~ngle character from BCD, now in Kl, will either be (1) a 
Holler~th blank, (2) a Hollerith zero , or (3) one of the integers 1 through 
9, ~n Hollerith code If the character is a blank, the Hollerith integer 
contained in BCD has not yet been encountered. 

The binary integer representation of the Hollerith integer contained in 
BCD ~s built up in BIN; the method used is based on the fact that the six­
bit Hollerith code for the integers 1 through 9 is equivalent to their binary 
representat~on. (For example, six in Hollerith is ~n octal form 06. In 
binary form, this 06 is 000110, which conforms to the machine format for 
binary integers ) 

Dividing BCD by 64 has the effect of shifting BCD six bits t o the right , 
so that Kl contains each of the eight characters comprising BCD, one at a 
time, start~ng from the right . 
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BITS (Nl,LHB,N2) 

This subroutine replaces the six-bit string (the index of the leftmost 
bit of which is LHB) of bits in the quantity N2, with the leftmost six bits 
of the quantity Nl. Both Nl and N2 are one-word quantities. 

NOTE: The leftmost bit in a machine word is bit 47; the rightmost bit 
is bit zero . 
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CALCDTRX 

This routine calculates either or both of the diffusion coefficients DJ 
and the transport cross section o tr J for all groups J = 1 , . . . , G. If the 
D option on the first group-zero card is nonblank, the DJ will be calculated; 
if the TR option on the same card is nonblank, the Otr J will be calculated. 
If both options are nonblank, the Otr J will be calcul~ted first and then 
used to calculate DJ. ' 

1 RCDS(IX(l)+l) contains the value of Otr,I as given on the input card. 

2. If NNl is 1, calculate the a tr J only. If NNl is ten, calculate the 
DJ only. If NN l is 11, calculate both the o tr,J and the DJ· 

3. RCDS(IX(I)+2) contains the value of the capture cross section oc , I· 

4 . Ll is set so that RCDS(Ll) points to the start of the groups of 
~ + l words containing the scattering information (see Sec t ion F of 
Part VII , Structure of the Cross - section Library Tape) . 

RCDS(IX(I)+4) contains the value of the fission cross section Of ,I • 

NOTE: The quantity of I exists only if the material is fissionable 
(in which case FFLAG is nonzero) . 

5. If L~~(J) is negative , the J-type scattering is not considered for 
this material . If L~(J) is nonnegative~ RCDS(Ll) contains t he 
value of t he scattering cross section a}~t· TSUM(I,J) contains the 
sum 

For J = l, 2, and 3 , the scattering type is elastic, inelastic, and 
(n , 2n), respectively. 
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CALCDTRX (Contd.) 

6. RCOS(IX(I)+l) contains the newly-computed va lue of Otr ,I; it is 
computed as 

0 c,I + 0 f ,I + 
0 ( 0 ) l: T( O) (I -+ K) + o Co) I T( O)(I ~ K) 
el ,I el in,I 1n 

K K 

+ l ( 0 ) \ ~ ( 0) (I ~ K) 
2 °(n, :> n) ,I L 1 (n, 2n) · 

K 

7. RCDS(IX(I)+3) will contain D1 . n1 is calculated as l/(3otr r) 
unless lotr,rl is zero , in wh1ch case Dr is set to equal to'10 50 



111 

7. cs\---~ 
'----;_.~ 

~~------+---------------~A 

RETURN 
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COHPARES 

This subrout~ne is called from various routines that read the cross ­
section data cards, when it is desired to see if the quantities (e.g., ma­
terial name, special character , etc.) on each set of cards of the same TYPE 
are identical. 

The quantity IPARAM2 is compared against each of IPARAMl(l) , ... , 
IPARAHl(K). 

ERFLAG is set nonzero if an inequality is detected. 
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COMPP.RES 

RETURN-+---__; 
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DELETSET 

This routine is called from SCAN2 when a control card of the type *DELETE 
SET is encountered. The set whose name is found on the card is deleted from 
the new library. 

1. SCANCARD reads the set name on the *DELETE SET card and places it in 
FIELD(2). 

2. The elements 2 through NUMSETS of the array SETDIRl contain the list 
of names of sets appearing on the old library. 

The name of the set to be deleted must correspond t o some set in the 
old library . 

3. If SETLOC(I) is nonzero, then the set to be deleted has already been 
transferred to the new library; i .e., a *MOD SET card for this set 
has been previously encountered. This is illegal usage of the 
control cards. 

4. The elements 2 through NUNSETS of the array SETDIR2 contain the list 
of names of sets that are to appear on the new library. The name 
of the set to be deleted must appear somewhere in t his list. Its 
absence from the new library and its presence in the old library 
(see paragraph 2 above) indicate that the se t has already been 
deleted from the new library; i. e., a *DELETE SET card for this set 
has been previously encountered. This is illegal usage of the 
control cards. 
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DELETSET (Contd.) 

5. The name and location of the set to be deleted are removed from the 
list of names (SETDIR) and the corresponding list of locations 
(SETLOC) of sets on the new library. This is done by relocating all 
subsequent names and locations upward one place in the respec tive 
lists. If the set to be deleted is the last one in the list, this 
step is omitted . 

6. The number of sets in the new library (NUMSETS2) is reduced by one; 
NUMSETS2 is also the length of each of the two lists mentioned in 
paragraph 5 above . 

A check is made to insure that all sets have not been deleted from 
the new library . 
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DELMATS 

This routine is entered from MODSET when the card encountered following a 
*MOD SET card is *DELETE MAT. 

l . SCANCARD picks the number of materials to be deleted, in Hollerith 
code, from the *DELETE MAT card and places it in FIELD(2) . 

BCD2BIN converts the Hollerith-coded integer FIELD(2) into the 
binary-integer quantity NUMATS. 

2. The number of materials in the set being modified , M, is reduced 
by the number of materials to be deleted , NUMATS. 

NOTE : The previous, undiminished value of M was placed in PM in 
the routine MODSET; this quantity PM will be used later in 
this routine. 

3. The card following the *DELETE MAT card is examined. It should be 
a list card containing the names of the materials that are to be 
deleted from the set. 

LISTCARD is a flag used by the routine SCANCARD. 

The number of names on the list-card(s) is placed in the quantity 
FLD. The names themselves are obtained by SCANCARD , placed in 
FIELD(l), ... ,FIELD(FLD), and then transferred t o DMATID(l), ... , 
DMATID(FLD). 

The number of names on the card (FLD) must be the same as the 
number of materials to be deleted (NUMATS), as specified on the 
*DELETE MAT card. 

4. The quantities DMATID(I) are compared with each other to insure 
that there are no duplications. 
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DELMATS (Contd.) 

5. The names of 
MATIDS(PM). 
materials to 

the materials in the set are contained in MATIDS(l) , . • . , 
Each quantity is compared to all of the names of the 
be deleted. DMATID(J) must equal some MATIDS(I), or 

an error is flagged . 

6. When an equality is found in the test of paragraph 5 above, the 
name and the number of records in the material block of the material 
to be deleted are removed from the directory of materials of the set. 
This is done by relocating the names of subsequent materials in the 
set, and the number of records in the material blocks of these sub ­
sequent materials, upward one place in the respective lists. (If 
the material being deleted is the last in the set, this step is 
omitted.) The length of each list is reduced by one. 
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DELMATS (Contd.) 

7. The input card following the *DELETE MAT card and its list card 
may or may not be a *ADD MAT card; the flag L is set accordingly 
(L will be used by the routine MODSET), If the next card LS 
*ADD ~~T, the number of materials to be added is obtained from the 
card by SCANCARD and placed in Nill10FMAT by BCD2BIN; M, the net 
number of materials in the modified set, is increased by NUMOFMAT . 

8 . M mus t be positive; i . e., the modified set, after deletions and/or 
addi t ions, must contain one or more materials. 

9, TAPES is a flag used by the routing WRITEMAT . (See also para­
graph 10 below.) 

10 . The materials in the set being modified are read into core one- by­
one from the old library (the material-Ldentification record is the 
first record in a material block) The names of the nonde l eted 
materials are contained in MATIDS(l) , .. ,MATIDS(PM) , in the order 
of their occurence in the old library . If MATNAME , the name of the 
material whose identification record has just been read, is one of 
the nondeleted materials that is to be placed on the new library, 
the routine \oiRITEMAT LS called . Otherwise, SPACEBY is called . 

WRITEMAT reads a material block, record by record, 
tape unit and writes it on a different tape unit. 
to 2, the material block is read from tape unit 44 
and written on tape unit 6. 

from one logica l 
For TAPES equal 
(the old library) 

SPACEBY spaces by one material block; upon return from SPACEBY, tape 
unit 44 is positioned just before the material - identLfication 
record that starts the nex t material block. 

When all the materials MATIDS ( 1) , ••• , MATIDS (PM) have been writ ten 
onto tape unit 6, an exit is made from this routine. 
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EAAO~ 

This routine is entered when an error in the input deck has been de­
tected or when a tape failure has occurred. A numerical error code and the 
last card read by the program are printed on the standard output medium. 
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FIXADD 

FIXADD is entered from ADDAMAT. In this routine a set of indices 
IX(l), ... ,IX(G) is set up such that RCDS(IX(I)) is the first cell occup ied 
by the Ith group - constants record of a material. IX(G + 1) is the index 
of the first unused cell in the array RCDS , following the last (cth ) group ­
constants record. 

The number of cells reserved for each group- constants record, MN , 
represents the maximum size that such a record may attain. If the records 
do not need all this space, and additional cells are required for the storage 
of the scattering- data records of the material , the group- constants records 
are packed upwards in RCDS, and the indices IX(I) are reset by the routine 
TESTSTOR . 
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FIX2ADD 

FIX2ADD is called by PNCHlMAT. The routine allocates storage in the 
array RCDS for the group-constants records of a material, the cross-section 
data cards of which are to be punched. It also sets up pointers that are 
used in allocating storage for the scattering- data records of the material. 

1. MN contains the number of words in a group- constant record of the 
material. The first four (FFLAG ; 0) or six (FFLAG ; 1 or - 1) 
words of the group- constants records will not be stored; the 
type- 1 data cards, which contain these initial words, are punched 
as the records are read in . The remaining LT words of each group­
constants records are to be stored in RCDS. 

The calculations involving the quantities TAB and INC result in the 
following set of values for TAB: 

TAB Elastic Scattering? Inelastic Scattering? (n , 2n) Scattering? 

1 No No Yes 
2 No Yes No 
3 No Yes Yes 
4 Yes No No 
5 Yes No Yes 
6 Yes Yes No 
7 Yes Yes Yes 

2. RCDS(IX(I)~ is the f i rst cell used for storage of (the last LT words 
of) the It group- constants record. There are G group- constants 
recor ds. 
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FIX2ADD (Contd.) 

3 . In this section the pointers KKl, KK2, and KK3 are given values. 
The LTl cells in the array RCDS, which follow the cells that are to 
contain the group- constants records , are to be used to store the 
da ta in the scattering-data records. Each scattering-data record 
contains information pertaining to elastic, inelastic , and (n , 2n) 
scattering. These three types of data are to be separated; the 
elastic- scattering data from all scattering- data records are to be 
placed together in one area, etc. RCDS(KKI) is the first cell that 
contains elastic-scattering data , RCDS(KK2) is the first cell con­
taining inelastic-scattering data , and RCDS(KK3) is the first cell 
containing (n,2n)-scattering data. 

Depending on the previously-calculated value of TAB (see para­
graph 2 above) the following values are given to KKl, KK2, and KK3 : 

TAB KKl KK2 KK3 

1 IX(G) + LT KKl + 1 KK2 + 1 
2 IX(G) + LT KKl + 1 KK2 + LTl 
3 IX(G) + LT KKl + 1 KK2 + LTl/2 
4 IX(G) + LT KKl + LTl KK2 + 1 
5 IX(G) + LT KKl + LTl/2 KK2 + 1 
6 IX(G) + LT KKl + LTl/2 KK2 + LTl/2 
7 IX(G) + LT KKl + LTl/3 KK2 + LTl/3 

Note that the available cells in RCDS are distributed in an optimum 
manner among the three types of scattering data. If scattering of a 
certain type is not considered for a material , only a single cell is 
allotted to scattering data of that type. 

The flag K4 is used in PNCHlMAT to determine if all the scattering­
da t a records can be contained in core. 

4. KKl , KK2 , and KK3 are fixed pointers whose values, once set for a 
material , are not changed. However, the values of the KKI(I) are 
advanced as in formation is stored into the three regions of RCDS 
from the scattering-data records; RCDS(KKI(I)) is the first unused 
cell available for storage of scattering data of the Ith scattering 
type (i.e. , elastic, inelastic, etc.). 
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GET1012 

This is a utility routine that extracts the Hollerith characte rs that 
were in columns 10, 11, and 12 of the latest input card read by the program . 
The two characters in columns 10 and 11 are placed left-justified in the 
quantity COLSlOll; the character in column 12 is placed left-justified in the 
quantity COL12. 
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GETSIZE 

This routine is called by PRINT! in print i ng the cross-section data of 
a material . Upon entrance, the value of J specifies the group number and the 
value Ll - 1 specified the ~-number. The index K as used in this routine 
specifies the scattering type: K; 1 corresponds to elastic scattering, 
K ; 2 to inelastic scattering, and K; 3 to (n , 2n) scattering. The arrays 
NF(K) and NG(K) give the locations within the Jth group-constants record for 
the material of 

and 

G(O) 
K,J' 

respectively (these are the first F and G values for K- type scattering in the 
Jth group- constants record) . 

GETSIZE computes values for I4(Ll) and for the arrays I7(K) and I8(K), 
K 1, 2, 3 . 

The value of I7(K) is 

F(L1 - 1) 
K,J ' 

and the value of I8(K) is 

G
(L1 - 1) 
K,J . 

I4(Ll) ; 3 + 'R;1[I7(K) + I8(k)) if at least one l7(K) and I8(K) is 
nonzero; 

; 8 if all I7(K) and I8(K) are zero . 

In any case, I4(Ll) represents the number of words in the Ll- st scattering­
data record that follows the Jth group- constants records of the material . 

NOTE: If LMAX(K) < 0, neither of the quantities I7(K) and I8(K) are set 
to any value in GETSIZE, and so exit with the same values they 
posessed on entrance. 

In certain subroutines, I7(K) and I8(K) are set to - 1 before a call to 
GETSIZE is made. Upon return from GETSIZE, one or the other of I7(K) or IB(K) 
is tested; if it is still -1, this is used to signify that LMAX(K) < 0, 
i.e. , there is no scattering information of any kind for scattering-type K. 
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GREAD 

This is the routine that reads all cards in the input deck except the 
first one. The card to be processed at the time GREAD is called is already 
in one of the two buffer areas CARDl (if BFLAG = 1 upon entrance to GREAD) 
or CARD2 (if BFLAG = - 1) . The next input card is read into the other of 
the two buffer areas, and certain columns of the card now to be processed 
are decoded for inspection. The characters in these columns will determine 
the nature of the input card. 

Note that BFLAG is a binary switch whose value is "flipped" between one 
and minus one. The first input card is read into CARDl , and BFLAG is set to 
one in the main program, XLIBIT. Thereafter , under control of GREAD , the 
subsequent input cards are read into CARD2, CARDl , CARD2 , CARDl , . .. , etc. 
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MODSET 

Routine MODSET accomplishes the modification of a cross-section set that 
is already on the existing library tape. The modification(s) made are the 
addition and/or deletion of materials to or from the set . The modified set 
is written as the S6FILE-th file on each of logical tape units 4 and 6. 

1. SCANCARD places the name of the set to be modified in FIELD(2), the 
name of the submitter of the modification in FIELD(3), and the date 
submitted in FIELD(4). The card following the *MODSET card will be 
either *ADD MAT or *DELETE MAT. In either case the second field on 
the card will be a numeral, so NSCAN(2) is set to "N." 

2 . The name of the set to be modified, FIELD(2), must match one of the 
names in the new set directory. If not, the set is either not in 
the old library or has been previously deleted . In addition, the set 
must be presently residing on the old library tape [this is implied 
by a zero value for SETLOC(I)]. If SETLOC(I) is not zero, the set 
has been previously modified in the current run. 

3. The name of the set to be modified must match one of the names in the 
old set directory. If not, the set is not on the old library tape. 

The set to be modified is the Ith file on the old library tape, 
where I is the index of the element of the array SETDIRl that 
matched FIELD(2). 
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4a , b . The old library tape is rewound and positioned to the start of the 
cross - section set to be modified. The first record of this set is 
read in, and the SETN~ffi in th e record is compared to FIELD(2). 
There should be agreement; if not, then if REW is zero, t he old 
library tape is again rewound and positioned, and t he initial 
record is read. No te that RE\V is now one , so that if FIELD(2) and 
SETN~ still do not agree, an error is flagged . Agreemen t of 
FIELD(2) and SETN~ indicates tha t t he se t t o be modified has 
been correctly located on the old library t ape. 

5. The energy, l ethargy , and velocity values in the second (group­
structure) record of the set are placed in t he " standard " arrays 
ES , LS , and VS , to which the corresponding values of all materials 
added to the set wi ll be compared. 

The material names, and the number of the f irst record of each 
ma t e ria l block , in the third (directory- of- materials) record of t he 
set are s t ored in the first N cells of each of the arrays MATIDS 
and MATLOC , r espect i vely . 

6. The specifications record of the set is updated from the in forma­
tion on the MOD SET card. 

7 . M is the number of materials in the set, before modification. M 
will be changed as materials are added and/or deleted , and its 
original va lue , which wil l be required later , is saved in PN . 
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MODSET (Contd . ) 

8. The next data card is read; it may be either *DELETE MAT or *ADD MAT 
(Note: If both of these cards are used following a *MOD SET card , 
the *DELETE MAT card must precede the *ADD MAT card.) 

9. If the next card is *ADD MAT, then the number of materials to be 
added is obtained from the card by SCANCARD, converted into a binary 
integer by BCD2BIN, and placed in NUMOFMAT . The number of materials 
in the modified set, N, is increased by NUMOFMAT . 

10 . The specifications and group- structure records of the modified set 
are written onto tape unit 4. 

11. If this section of the subroutine is reached , there was no *DELETE 
HAT card; therefore all the materials already in the set on the old 
library tape are to be present in the modified set . 

The material- identification record of a material block is read into 
core. WRITEMAT writes the material block onto tape unit 6. This is 
performed for all of the PM materials in the unmodified set. The 
flag TAPES , with a value of 2 , tells WRITE~~T to read records from 
t ape unit 44 and write them on tape unit 6. 
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12. DELMATS deletes all mention of a specified number of materials from 
the material directory of the modified set, and writes the material 
blocks of the nondeleted materials on tape unit 6. 

13. L is zero if an *ADD MAT card was found following the DELETE MAT 
card. 

L is one if no *ADD MAT card was found. 

14. If no *ADD MAT card was encountered, then the modification is com­
pleted at this point . The modified material directory is written 
on tape unit 4, and end- of- file marks are written on tape units 4 
and 6. The modified set is now complete in its intermediate 
scratch- tape form. 

15. ADDMATS controls the addition of new materials to the set. Upon 
return from ADDMATS , the material blocks corresponding to the new 
materials have been written on tape unit 6 , and the material 
directory (including the new materials) has been written on tape 
unit 4 . End - of-file marks have been written on tape units 4 and 6, 
as was done in the coding corresponding to paragraph 14 above. 

If GFLAG equals 1, ADDNATS "knows" that a value for NORERECS is 
available upon entrance. 

S6FILES indicates the position on tape units 4 and 6 of the modified 
set. Before it was incremented, its value was placed in that entry 
of the array SETLOC that corresponds to the name of the modified 
set. (Note: This remark concerning S6FILES is valid for the case 
of a newly- added set; see also the description of ADDSET , pp. 96 - 97.) 
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NEWPAGE 

NEWPAGE handles the task of page ejecting and page numbering for all 
functions of XLIBIT that print data from a cross- section library tape. 

In general, NE\.JPAGE is called whenever the number of lines printed on 
one page has exceeded 55 to 60 (the exact number varies for various types 
of data), or when it is desired to separate different categories of data by 
placing them on different pages. 

The page number (PAGENO) is set to one each time a *PRINT . .. - type con­
trol card is encountered in an input deck. 
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PCHTP468 

This routine is called by the routine PUNCH468 if it was not possible to 
contain in core all the scattering- data information of a material. The rou­
tine retrieves this information from tape units 2 , 3, and 4 (where it was 
placed in the subroutine PNCHl~~T) and punches one of the card types-4, - 6 , 
or - 8 (depending on the value of KK upon entrance). 

l. 

2. 

3 . 

PCHTP468 is called by PUNCH468, which itself is called from within 
a loop in PNCHl~T. The loop in PNCHl}~T is traversed three times, 
with KK equal to l, 2, and 3, respectively. When KK; l, the 
relevant information (for elastic scattering) is contained on tape 
unit 2; when KK; 2, the (inelastic scattering) information is on 
tape unit 3; and when KK ; 3 , the (n,2n scattering) information is 
on tap e unit 4 . Thus Il specifies the tape unit from which the 
scattering- data records are to be obtained . 

The arrays NF(I) and NG( I), (I ; 1, . . . , 3) , specify the location 
(within the group- constants record for group J) of Ff 0 ~ , and G(O) 
respectively, where I ; l corresponds to elastic scattering, II~Jz 
to inelastic scattering, and I ; 3 to (n , 2n) scattering . 

GETSIZE, when supplied with the group number J, the i - number Ll , 
and the arrays NF(I) and NG(I) , (I; 1, . .. , 3) returns values for 
I7(KK) and I8(KK). These quantities give the values of 

and 

(Ll ­
FKK ,J 

G(Ll - ) 
KK,J , 

respectively; i . e., the number of groups into which upscattering and 
downscattering occur, for group J, an i - value of Ll- l, and the 
KK-th scattering t ype . 

If I7 (KK) is -1 upon return from GETSIZE, then scattering of type KK 
and for an i - number of Ll - l was not considered for any group for 
this material , and no corresponding scattering-data information 
exists. Similarly, if I7(KK) ; I8(KK) ; 0 (i.e ., if I2 ; l), then 
there was no up- or downscattering for this group , i -number, and 
scattering type, and again no corresponding scattering information 
exists . 

If I2 is greater than l, then it represents the length of the record 
to be read from tape unit Il. 



149 

PCHTP4-68 

1. { 

2 . 

3. 



150 

PCHTP468 (Contd.) 

4. Cards of the correct type are punched for a single group -number J 
and ~ -number L. A maximum of five scattering elements are punched 
on each card; the card number (CNO) is incremented by one if more 
than one card is required for the same J and L. The total number 
of scattering elements to be punched for the same J and L is given 
by I2 on entering this paragraph. 

5 . The loop B is traversed for the range of values L = 1, .. . ,LAMDA . 
In this loop, type-4 or - 6 , or - 8 cards are punched for all 
~ -numbers ~ = 0, ... , LAMDA - 1, for a single group - number J . 

The loop A is traversed for the range of values J = 1 , ... , G. In 
this loop, cards for all group-numbers J = l , ... , G are punched. 
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PNCHMATS is the routine that controls the punching of cross - section data 
cards for one or more materials . It is called from PUNCHMAT and PUNCHSET . 

Upon entrance to PNCHMATS, the following information is available: 

a . The number of materials to be punched is given by the common value 
of the quantities NUMOFMAT and FLD. 

b . The total number of materials in the set from which the FLD ma­
terials are to be punched is given by M. 

c. The names of these materials are in the quantities MATABLE(l) , . .. , 
MATABLE(FLD) . 

d. The material names which will be punched on the data cards are in 
the quantities NEWNAME(l), ... ,NEWNAME(FLD) . Note : If the name 
of the Ith material is to be changed on the cards to be punched , 
by inclusion of a *RENAME MAT control card, then NEWN~lli(I) is not 
the same as MATABLE(I) . If , however, the name of the Ith material 
is not to be changed , then NEWNAME(I) and MATABLE(I) are identical . 

1. The material block of the next material in the set is read in, and 
the MATNAME of the block is compared to the names of all materials 
to be punched . When a correspondence is found , the new (or per­
haps unchanged) name NEWNAME(I) is given to the material. This 
name is the one which will appear on the data cards punched. 

2 . PNCHl~~T and the routines it calls accomplish the punching of the 
cross - section data cards for one material. 

3a , b . Upon entrance to PNCHlMAT, both FLD and NUMOFMAT have the same 
value : namely , the number of materials to be punched. Each time 
one material is punched , FLD is decreased by one. When FLD is zero, 
all materials to be punched have been ; SKIPFILE is called, and an 
exit f r om the routine is made . SKIPFILE positions the library tape 
past t he end- of- file mark of the current set. If FLD is greater 
than zero , punching is yet to be done; the identification record of 
t he nex t ma t erial in the set is read in, and processing continues. 

4. If the current MATNAME does not correspond to the names of any of 
the ma t erials to be punched , then the library tape is spaced past 
the remainder of the current material block; the identification 
record of the next material in the set is read in, and processing 
continues. 

5. If the name of some material to be punched does not correspond to 
the name of any material in the set, then an error is flagged. 
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PNCHlMAT 

This routine accomplishes the punching of the cross-section data cards 
for a single material. It is called by the subroutine PNCHMATS . 

1 . 

2. 

3. 

4 . 

The type-0 cards for a material are punched. TROPT is column 59 on 
the group - zero card of this type . The program leaves EOPT (col­
umn 57) and DOPT (column 58) blank on the group-zero card . Both 
energy and lethargy values are punched on the type- 0 cards. (On 
subsequent use of these cards, the lethargy values will be dis ­
regarded by XLIBIT, since EOPT is blank). 

FIX2ADD sets up the array IX(J), J = 1, ... , G, where RCDS(IX(J)) ~s 

the location of the first element of the chi - spectrum (or of F~~~J 
for a nonfissionable or group - independent fissionable material) in 
t he Jth group- constants record. The quantities KKl, KK2 , and KK3 
are also set . These mark the starting locations in the array RCDS 
for storage of each of the three types of scattering data. 

DIFF is an upper bound on the number of words necessary to contain 
all the scattering- data records for a material . K4 is the number 
of words available for storage of the scattering information; it is 
set in FIX2ADD . If there is room in core for all scattering in­
format i on, STORFLG is set to - 1; if not, STORFLG is set to 1. 

If the chi record exists (i . e. , if the material has group ­
independent f i ssion), it is read into core. 
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5. The type-1, group J card for the material is punched. 

6. STORGRP transfers the chi words (if they exist) and the F's and G' s 
of the Jth group - constants record from the buffer area BUFAREA 
into a block of words in the array RCDS , starting wi t h RCDS(IX(J)). 

7. RCDLTH with a parameter of Ll calculates RLTH , the number of words in 
the Llst scattering- data record following the Jth group- constants 
record , and also the quantities LENTH(I) , I= 1 , 2, 3, the number of 
words in each of the three portions (for elastic, inelastic , and 
(n , 2n) scattering , respectively) of this record . 

8. If STORFLG is less than zero, there is enough room in core to store 
all the scattering information. STORSCAT transfers the scattering­
data record jus t read from the buffer area into a block of words in 
RCDS. 

9. If STORFLG is greater than zero , there is insufficient room in 
memory to contai n all the scattering information. Those portions of 
the scat t ering- data record just read (I = 1 corresponds to the 
e l astic data , I = 2 the inelastic data , and I = 3 the (n , 2n) data) 
are written as separate records on tape units 2, 3 , and 4, re­
spectively. If LENTH(I) is zero, there is no I - type scattering in­
formation in the scat tering- data record currently in the buffer area. 
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10 . If the tape units were used to contain the scattering information , 
they are rewound. 

11. If FFLAG is: 0, the material is nonfissionable (no type- 2 cards); 
1, the material has group-independent fission; 

- 1, the material has group - dependent fission. 



159 

9. 

!--'--=--------~ D 

l-"""--------~c 

"{ 
u{ r->_0..:...._ ______ --;o( 1 



160 

PNCHlMAT ( Contd.) 

12. The type-2 cards for a material having group-dependent fission 
are punched in this section. A maximum of five elements of the 
scattering vector are punched on each card. 

13 . The type-2, group J cards for a material having group-independent 
fission are punched in this section. A maximum of five elements 
of the jth row of the scattering matrix are punched on each card. 
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14. PUNCH357 performs the punching of the type- 3 (when I 
(I~ 2), and type-7 (I~ 3) cards for a material . 

PUNCH468 performs the punching of the type-4 (when I 
(I ~ 2) and type-8 (I ~ 3) cards for this material. 

1) , type- S 

1) , type- 6 
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PRESET 

This routine is called by ADDAMAT. In it are initialized a number of 
quantities used by ADDAMAT and the subroutines it calls. These must be 
initialized for each material added to a set . 
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This routine is called from SCAN2 when a *PRINT MAT control card is 
encountered. It is the controlling subroutine for the print edit for one 
or more materials of a cross - section set. 

1. PRMATDIR prints the information in the specifications and group­
structure records of the set containing the materials to be printed, 
and prints the information in the material identification record 
of each material to be edited. 

2 . LISTCARD is set to one to tell SCANCARD that a list card is ex­
pected. SCANCARD places the list of material names on the list 
card (there are FLD such names) in FIELD(l), ... ,FIELD(FLD) . This 
l ist, representing the names of the materials to be edited, is trans­
ferred to MATABLE(l), ... , MATABLE(FLD). 

3 . The entry PRNTMATS is used by the subroutine PRINTSET. The quantity 
M gives the total number of materials in the set. Setting FLD to M 
implies that all materials in the set (i.e., the entire set) are to 
be printed . 

4 . The quantities MATIDS(l) , .. . , MATIDS(M) contain the names of all 
materials in the set. A check is performed here to insure that each 
ma t erial MATABLE(I) to be printed is one of the MATIDS(J) materials 
in the set. 
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5. A check is made to insure that all of the names from the list card 
are distinct. 

6. This indicates that the library tape is positioned just before the 
fourth record in the set (i . e., just before the start of the in­
formation pertaining to the first material in the set). 

Sections 7, 8, and 9 below are repeated M times, once for each mater~al 
in the set. If a material is to be printed, the tape is positioned to a 
point just before the block of information for that material, and PRINTl ~s 
called. If a material is not to be printed, it is disregarded . 

7. If MATABLE(J) equals some (does not equal any) ~~TIDS(I) , then the 
material MATABLE(J) is (is not) to be printed. 

If MATLOC(I) = N, then the block of information corresponding to the 
rth material begins with the Nth record in the cross - section set . 

8. Subroutine PRINTl prints all the data on the library pertaining to 
one material. 

9 . Upon return from PRINTl , the tape is positioned just before the data 
that pertain to the (I + l)st material in the set. 

Setting LASTREC equal to MATLOC(I + 1) specifies that the library 
tape is so positioned . 

10. SKIPFILE positions the library tape to a point after the end-of­
file (EOF) of the set containing the materials just edited. 
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PRINTSET 

PRINTSET is called whenever a control card of the type *PRINT SET is 
detected. 

Subroutine PRMATDIR prints information from the specificat~ons, group­
structure , and material-directory records of the set. 

The names of theM materials in the set are contained in MATIDS(l), ... , 
MATIDS(M) . The en tire li s t of material names is placed in MATABLE(l), .. • , 
MATABLE(M) , which is the list of mate rials to be printed. 

PRNTMATS is an entry point in the subroutine PRINTMAT, which controls 
the printing of the cross- section data pertaining to one or more materials 
on the library tape. 
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This subroutine is called from PRINTMAT. It accomplishes the printing 
of a ll cross-section data pertaining to a single material. 

1. The quantities Il, 12, 13, IW, IX(I), NF(I), NG(I) , MAX, and LEFT 
are pointers indicating various positions in the array RCDS where 
the group-constants records are stored . These are indicated in 
the diagram below. 

LAMDA gives the number of scattering- data records following each 
group-cons tants record. IWl gives the maximum number of words that 
LAMDA scattering-data records may occupy. IW2 gives th e maximum 
number of words that all scattering- data records in the material 
bl ock may occupy . 

A typical group- constants 
RCDS 
r==- _rx(l) IX(J 

d f re cor or group-number J . 
) - J 

First group­
constants 

record,(IW words) 
r--- - IX(2) 

Second group-
constants 
recordj 

1----rx(G) 

Gth, or last 
group- constan ts 

-~ 
- I3 I 

LEFT 

Ll~ 

-11 
NF(l) 

, __ 
NG(l) ---
NF(2) -
NG(2) ---
NF(3) ---
NG(3) --

0 tr,J 

oc,J 

OJ 

of ,J 

VJ 

XJ->K 

F(~) 
- =._l..!..J ____ 
G(~) 
el,J 

~(i) ____ 

el,J 

F(~) 
in,J 

r--- - ----
G(~) 
in,J 

1- Tf!-----
0
in,J 

F( ~) 
(n, 2n),J 

'-------
G(t) 

(n, 2n) ,J -·ui ____ 
0

(n, 2n),J 

Present only 
if FFLAG f. 0 

Present only 
if FFLAG > 0 

Present only 
if LMAX(l) ~0 

IW; 12 IW - l 

Present only 
if LMAX(2) ~ 0 

Present only 
if LMAX(3) ~ 0 



1. 

PRINH 

0-+ Nf"(l) ...J.!> ~G. (~) 

(1•1, ... ,3) 

I...,. IX( I) 

lX(l-l)+lW 4- IX(l ) 

(1•2, ... ,~) 

IW - 1-+ IZ 

1X.(Q)+1.W -'JI'l 3 

L"'MDI\..-(3.-G-t-1) _. IWI 

IW\ ., _.1W2 

"""":~-1"3+1 .,....LEtT 

A 

173 



174 

PRINTl (Contd.) 

2. If IW2 is greater than LEFT, there may not be room for all the 
scattering-data records in core. They will be placed on tape 
unit 2. 

3. I28 is the index of the first cell in the array RCDS that is 
available for storage of the scattering-data records . It will be 
incremented as the records are read and stored. 

LCON contains the number of lines that have been printed since the 
last page was ejected. 

The coding of loop B is traversed G times. Each time the loop is 
traversed, the Jth group - constants record and the LAMDA scattering- data 
records that follow it are read from the library tape. The first several 
words in each group- constants records are printed after each record is read. 
The scattering- data records are either stored in core or written on tape 
unit 2 . 

4. I5(J) will contain the total number of words in all the scattering­
data records that follow the Jth group- constants record {this value 
will vary from group to group) . 

5 . If too many lines have been printed on a page, or if it is decided 
to separate sections of the printing for clarity, NEWPAGE is called. 
NEI~AGE prints a page - eject line and a line giving the current page 
number. 

6. I20 through I25 locate various quantities (e.g., o tr J• DJ, etc.) 
to be printed from a group- constants record, within that record. 
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7. Subroutine GETSIZE returns a value for I4(Ll); this value gives the 
number of words in the scattering-data record for group J and 
£- number Ll - 1. 

Note that GETSIZE is called for all £- numbers each time this section 
of coding is executed . 

See paragraph 4 above regarding IS(J). 

8. If STORFLG is positive (negat i ve) , the scattering- data records will 
be stored on tape unit 2 (in core) . 

9. In this section a single scattering- data record (for group J and 
£- number L - 1) is read from the library tape and stored in core . 

10 . In this section a single scattering- da t a record is read and then 
written onto tape unit 2. 
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11 . If FFLAG is positive, the material has a group - dependent fission 
spectrum. 

12 . 

13. 

If FFLAG is zero, the material is nonfiss ionable and has no fission 
spectrum . 

If FFLAG is negative, the material has a group-independent fission 
spectrum . 

The group-independent f ission spectrum has the form of a single 
vector of G values . They are printed in the follow ing format: 

K 1 X K 27 X K 35 X K 79 
K 2 X K 28 X K 54 X K 80 

K G 
K 26 X K 52 X K 78 X 

The group- dependent fission spectrum is printed in the following 

X 
X 

X 

format: (The first five columns of the matrix are printed, then the 
next five, etc . Each set of five columns may extend over more than 
one page . ) 

K = 1 K = 2 K = 3 K = 4 K = 5 

J 1 X X X X X 
J 2 X X X X X 

J G X X X X X 

K 6 K 7 K ; 8 K ; 9 K ; 10 

J l X X X X X 
J 2 X X X X X 

J G X X X X X 

K 11 K ; 12 K = G 

J 1 X X X 
J 2 X X X 

J G X X X 
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The coding in loop F is traversed LAMDA times. Each time F is traversed, 
the scattering cross-section coefficients for all groups, but for the single 
~-number Ll - 1, are printed. 

The coding beginning at paragraph 14 and ending at point G is a loop that 
is traversed G times each time loop F is traversed once . Each time this 
"inner" loop is traversed the scattering coefficients for group J and ~-number 

Ll - 1 are printed. 

14. 

15. 

Il5 contains the value of the cyrrent ~-number. It is used to l ocate 
the scattering coefficients o~~pe ,group within t he group- constants 
records. 

IX(J) marks the first word of t he group- constants record for group J. 

NG(Kl) marks the location of the first G (i.e . , G( O)) for scattering­Kl , J 
type Kl within the group-constants records. 

The sum IX(J) + NG(Kl) + LMAX(Kl) + 115 marks the location within t he 
group- constants record for group J of o (IlS) which is transferred 
to a buffer area for printing. 

' Kl ,J ' 

(See also the diagram accompanying paragraph 1 above.) 

Regarding GETS I ZE, see paragraph 3 of the notes to subroutine 
PCHTP468, p . 148 . 

As a result of the coding of this section, N is gi ven one of the 
following values: 

Elasti c Scatterin g Inelas t ic Scatte ring (n, 2n ) Sca tterin g 
fo r Th is Group an d f o r Th is Gro up an d fo r Th i s Group and 
i - n umb e r ? i -n umbe r ? i.-number? 

Ye s No No 
No Yes No 
Yes Yes Ye s 
No No Yes 
Yes No Yes 
Yes Yes No 
Yes Yes Yes 

16. The scattering coefficients are printed in the format shown below . 

If for some ~ -number and group the coefficients for some scattering­
type or -types do not exist, then neither the value (X) nor its 
accompanying index (J = n) is printed for that type. 

Elas t ic Inelas tic ( n, 2n ) 
L = J = l X J = X 

L = X X 
L = l X X 

L = J = X J = X G 

L = LA!' IDA J = J = X J -
L = LA!' IDA J = X X 
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17. This serves to separate the scattering cross-section coefficients 
of different i -numbers. 

18 . This serves to separate the scattering cross-section coefficients 
from the scattering transfer components. 

19 . If STORFLG is positive, tape 2 will be used for intermediate storage 
of portions of the scattering-da ta records. 

The coding of loop H is traversed LAMDA times, over the range of values 
L = 1 , ... , LAMDA. Each time it is traversed, the scattering transfer com­
ponents for elastic, inelastic, and (n , 2n) scattering are printed for all 
groups and for the single i -number I2 (I2 is defined as L- 1). 

The coding of loop I is traversed three times (over the range of values 
Kl = 1, 2 , 3) for each time that loop H is executed. Each time loop I is 
traversed, the scattering transfer components for scattering-type Kl are 
printed, for all groups, and for an i - number of I2. (Kl = 1 corresponds to 
elastic scattering , Kl = 2 to inelastic scattering , and Kl = 3 to (n , 2n) 
scattering.) 

20. If LMAX(Kl) is negative or if the current i -n umber I2 is greater than 
LMAX(Kl) , there is no scattering information for this scattering­
type and this i - number, for all groups. 
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PR1NTl (Contd.) 

21. In this branch of the code, the scattering-data records are stored on tape unit 2 . 

Subroutine PRNTSCRH retrieves the scattering transfer components for t -number L 
(note that L is set to Ll - 1), scattering-type Kl, and group J from tape unit 2 
and places them in a buffer area for printing. 

115 is set to the number of such components and is determined in PRNTSCRH . 

22. In this section of code , th e scatte ring-da t a records are stored in the array RCDS , 
star ting at RCDS(I28), in the following order: group = 1, I.-number= 0 

1 1 

1 LAMDA 

group 2. 1-number 0 
2 1 

LAMDA 

gr oup G, 1-number 0 
G 1 

G LAMDA 

The index of the first element in RCDS that contains the desired transfer com­
ponents is computed and s t ored in 126. First, 126 is given the value 

J-1 

128 + 1 + I 11s<1l, 
1= 1 

to position it to the start of t he records pertaining to group J. Second, it is 
incremented by 

12- 1 
I 14(11). 

11 =1 

to advance it to the start of the record pertaining to group J and i -number 12. 
Finally, it is incremented by 

K1-1 
I (17(1) + 18(r) + ll 

1=1 

to posi tion it to the start of the Klst portion of the record. 

If there is only self-scattering for this 1-number , group, and scattering-type 
(i.e., if 17(Kl) = 18(Kl) = 0), a zero is placed in the first word of the buffer 
area; this is the only value printed on that line for such a case. 

23. Whether the scattering transfer components were retrieved from core or from 
t ape unit 2, the quantity 115 is se t t o the number of components retrieved; 
they a r e now located in [BUFAREA(l ), ... ,BU FAREA(llS) J. 

~24- This serves t o sepa r ate blocks of transfer components. 
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PRINTl (Con td. ) 

The scatterin g transfer coefficients are printed in the following format : 

El astic , ~ ; 

J 1 

J G .. 
Inelastic, £ ; 

J 1 .. 

J G 

(n, 2n) , £ ; 0 

J 1 

J G 

Elastic, £ ; 

J 1 

J G 

Inelastic, £ ; 

J 1 

J G 

(n , 2n) , £ ; l 

J 1 

J G .. 

0 

J 1 

J G 

0 

J l 

J G 

J 1 

J G 

l 

l 

Elastic , ~ ; LAMDA 

.. 

Inelastic , ~ ; LAMDA 

.. 
(n,2n ) , £ ; LAMDA 

.. 

(Continued in right­
hand column of t his 
page) 
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PRMATDIR 

This subroutine is called in three instances: 

(1) From SCAN2 (when a *PRINT MAT DIRECTORY card is encountered). 

(2) From PRINTMAT (where the last control card encountered was *PRINT 

MAT). 
(3) From PRINTSET (where the last control card encountered was *PRINT 

SET). 

In each case, the information contained in the specifications and group­
structure records of the set are printed. If the call is from SCAN2 or 
PRINTSET, the list of names of the materials in the set is also printed . 

1. Whichever of the three control cards mentioned above was encountered, 
the second (and only) field on the card is either a set name or the 
message ALLSETS . SCANCARD places the quantity in FIELD(2). 

NilllSETS is the total number of files on the library tape being 
edited. 

2. ALLSETS is initialized to zero in the coding of paragraph 1 above. 
If FIELD(2) contains the message ALLSETS, then the last control 
card was of the type *PRINT MAT DIRECTORY, ALLSETS. In this case, 
it is necessary to read in each cross - section set on the tape (files 
2 through NUMSETS) in the order that they appear. This is done by 
loop A, which is traversed NilllSETS - 1 times, each time printing 
the data for one set. 

Tape LIB is the library tape (either new or old) that is being 
edited. It is rewound and spaced forward to the first of the cross ­
section sets (file 2). 

3 . If FIELD(2) does not contain the message ALLSETS, it contains a 
single set name ; information concerning this set alone is to be 
printed. The set names in the directory of sets are compared to the 
set name from the control card; an equality must be found or the 
control card is in error. The set name is a five-character Hol­
lerith quantity; therefore NSCAN(2) is set to 5 . 

The tape is to be positioned so as to be at the start of file number 
TEMP!, the file corresponding to the set name on the control card. 

4. LASTLOC designates the present position of the tape; the tape is 
currently positioned at the start of file number LASTLOC + 1. 

TEMP2 represents the necessary change in tape placement necessary to 
position it to the start of file number TEHPl. If TEHP2 is zero, 
the tape is already correctly positioned; if TEMP2 is +N (-N), it 
must be spaced forward (backward) N files. To accomplish a back­
space, the tape is rewound and then spaced fonvard TEtWl - 1 files. 

The new position TEMPl will be the quantity LASTLOC for the next re­
positioning of the tape . 

5 . The specifications record of the set just located is read. The set 
name in this record must conform to the set name given on the con­
trol card, or there has been a tape or hardware failure. 
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PRMATDIR (Contd.) 
--
6. 

7. 

If DIR; 0, this subroutine was called from PRINTMAT. 

If DIR; 1, this subroutine was called from SCAN2. 

If DIR ; 2, this subroutine was called from PRINTSET . 

Different headings are printed according to the various functions 
that PRMATDIR will accomplish. No te that ALLSETS is incremented in 
the coding accompanying paragraph 11 below, so that it is one only 
once for all passes through loop A. 

The energies , lethargies, and velocities are printed in the following 
format: 

Group Number Energy Lethargy Ve locity 

1 X X X 
2 X X X 
3 X X X 

G X X X 

8 . The first half of the directory- of- materials record , containing the 
ma t erial names, is transferred to the array MATIDS; the second half, 
containi ng the indices of the first records of the material blocks , 
is transferred t o the array MATLOC. 
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PRMATDIR (Contd.) 

9. The material names are printed in the following format: 

10. 

No . Material Name No . Material Name No . Material Name 

1 
2 

40 

mat . 1 
mat. 2 

41 
42 

80 

No . Naterial Name 

121 
122 

mat. 121 
mat.1 22 

160 mat. 160 

where N s 200 . 

mat . 8o 

81 
82 

120 

No . Ma terial Name 

161 mat. 161 

N mat. N 

mat. 81 
mat. 82 

mat.12 0 

In the case where N > 200 and X = (M/5) + R, where R = 0, the 
material names are printed in the format above with M/5 materials 
per column. In the case where N > 200 and X = (N/5) + R, where 
R 1 0 , the material names are printed in the format above wi th 
(M + 5)/5 materials in the first four columns and M - [4(M + 5)/5) 
materials in the last column . 

If DIR is two, PRMATDIR was called from 
the function of PRMATDIR is completed. 
tion from a single set . ) The next data 
decoded; therefore it is unnecessary to 

PRINTSET, and in this case 
(This was to print informa­
card has already been 
call GREAD. 

If ALLSETS is zero, then the function of PR}~TDIR has likewise been 
completed (again, data from a single set were to have been printed) . 
If ALLSET is nonzero , then the material directories of all sets are 
to be printed. 

11. ALLSETS is incremented and tested against NUNSETS to see if all sets 
in the library have been processed. If not, loop A is repeated. 
(Note that the first thing done at the start of loop A is to position 
the library tape to the start of the next set.) 

When all sets have been read, the position of the tape (which in this 
case is after the last set on the tape) is stored in a similar manner 
as was done in paragraph 4 above . 

12 . When the call to PRMATDIR was from SCAN2 or PRINTSET, it is necessary 
to decode the next data card. 
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PRNTSCRH 

This routine is called by PRINTl when the scattering- data records have 
been stored on tape 2 . PRNTSCRH retrieves the scattering transfer components 
for group J, i - number Ll - 1, and scattering-type Kl. 

The scattering-data records are arranged on tape 2 in the following 
manner: 

I croup 1, i 0 

I Group 1, i 1 

!croup 1, i LAMDAI 

A typical scattering- data record, 
for an i - number of L. 

} 
Elastic-scattering transfer 
components (Kl = 1) 

! croup 2, i 0 lr4(L+l) 
L-------------~ 

}

Inelastic-scattering transfer 
components (Kl = 2) I croup 2, i 1 

I Group 2, i LAMDA I 

I croup G, i 0 

I Group G, i 1 

I Group G, i LAMDA I 

I7 (3)+18(3)+1 

~------~~---L--~ 

}

(n , 2n)-scattering transfer 
components (Kl = 3) 
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PRNTSCRH (Contd.) 

1. M2 and M3 are used in the coding of paragraph 5 below. Regarding Kl , 
see the notes to paragraph 21 of PRINTl p. 184, where PRNTSCRH is 
called. 

2. The scattering components are retrieved under control of subrout ine 
PRINTl in the following order : Group £-number Scattering-type 

Tape 2 re<Vound (in PRINTl) 1 

G 

Tape 2 rewound 1 

G 

Tape 2 rewound 1 

G 

Tape 2 rewound 1 

G 

0 

0 

1 

etc . 

1 

1 

2 

2 

3 

3 

1 

1 

Therefore it is ne cessary t o space past a number of records in order 
to position tape unit 2 to the start of the record for group J and 
£-number Ll - 1. (J = 1 is a special case since the tape will have 
just been r ewo und.) MORERECS con t ains the number of records to be 
spaced by on tape 2. 

3. GETSIZE returns the length of the desired record, I4(Ll), and the 
lengths of the three portions of this record , I7(I) and !8(1) , 
I = l , 2 , 3. (See the diagram on the preceding page . ) 

4 . If KKI is one , then I7(Kl) = I8(Kl) = 0; i.e., there are no transfer 
componen ts of type Kl in this record. Tape unit 2 is spaced to the 
end of this record and a return is made . 

5. If KKI is not one , there are transfer components of type Kl in the 
record currently being considered. The record is read into core. 

At the end of t his section , M3 is set so as to be an index t o the 
word just before the first transfer component of type Kl wi t hin the 
scattering- data record just read. 
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PRNTSCRH (Contd.) 

6. M3 and M5 are set to be the indices of the first and last of the 
desired scattering transfer components , respectively . These com­
ponents are transferred from the cells BUFAREA(M3) , ... , BUFAREA(MS) 
to the cells BUFAREA(l), ... ,BUFAREA(KKI). 
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PRSETDIR 

Subroutine PRSETDIR is called from SCAN2 when a control card of the type 
*PRINT SET DIRECTORY is encountered. 

The list of set names is printed in the following forma t, using a maximum 
of seven columns: 

No . Set Name No . Set Name No . Set Name No . Set Name 

1 set 1 44 set44 216 set216 259 set259 
2 set 2 45 set 45 217 se t 21 7 260 set260 

42 set4z 85 set 85 25 7 set257 300 set 300 
43 set 43 86 se t 86 258 set259 
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PUNCHMAT 

This routine is called from SCAN2 when a *PUNCH MAT control card is 
encountered. PUNCHMAT performs the punching of the cross - section data cards 
for one or more materials (whose names are given on a list card following the 
*PUNCH MAT card) from a set whose name is given on the >~PUNCH MAT ca rd. 

1. SCANCARD places the set name on the *PUNCH MAT card in FIELD(2) . 

NUNSETSl is the number of cross-section sets on the library tape 
(tape LIB). NUMSETS is the number of files on the library tape . 

2 . The set name in FIELD(2) is compared to the set names in the direc­
tory of sets of the library tape . An equivalence must be found , 
or an error is flagged. 

The quantities THISLOC , LASTLOC , and ITEP are used to position 
tape LIB to the start of the set from which materials are to be 
punched . 

Note : Upon entering PUNCHMAT , the tape is positioned after the 
end- of- file following the LASTLOC- th file on the tape. 

3 . If ITEP is zero , the tape is already correctly positioned . 

If ITEP is negative, tape LIB is to be backspaced [ITEP [ + 1 files . 
This is accomplished by rewinding the tape and spacing forward 
past THISLOC files. 

If ITEP is positive, the tape is spaced forward past ITEP files. 

4. A check is made to see if the set just located is the set specified 
on the *PUNCH MAT card. 

5. LISTCARD is set to one to "tell" subroutine SCANCARD that one or 
more list - cards (containing the names of the materials to be punched) 
is expected . GREAD decodes the first list card, and SCANCARD places 
the FLD material names on the card(s) in FIELD(l) , ... ,FIELD(FLD) . 
These names are transferred to the first FLD elements of the array 
MAT ABLE. 



' l 

2.. 

3. 

s. 

PUNCH MAT 

I""'* LISTC~RO 

C..U<;<>.E"b. 
C,..U. St.~NC.Po..RO . 

FU> _.,. NUM~FMI\T 

203 



204 

PUNCH~~T (Contd . ) 

6. A *REN~ffi ~~T card may follow the list card containing the material 
names. The presence or absence of this is checked for . 

7 . If a *REN~lli ~~T card is present, it has one of the two forms 
(a) *REN~ffi ~~Tor (b) *REN~lE ~~T,new set name. If a new set name 
is present, column 12 of the control card contains a comma; in this 
case the new set name is placed in SETN~lli . All data cards punched 
in the current execution of this subroutine will bear this new set 
name. 

8. A *REN~lli ~T card must be followed by one or more list cards con­
talnlng a list of new material names, which are to replace the 
present names of the materials on the data cards to be punched. 

LI STCARD is set to one to "tell" SCAN CARD that the next card is a 
list card . GREAD decodes the first list card; SCANCARD determines 
the number of names on the card(s) and places them in FIELD(!), ... , 
FIELD(FLD). The number of names on the list card(s) following the 
*REN~ffi ~~T card must agree with the number of names on the list 
card(s) following the *PUNCH ~T card. NUMOFHAT was set in 
paragraph 5 above. 

9. The material names that are to appear on the data cards to be 
punched are placed in NEWN~(l) , . . . ,NEWN~(NUMOFMAT) . If there 
was no *REN~lli ~~T card, these names are taken from the list card(s) 
following the *PUNCH ~~T card (see also the notes to paragraph 5 
above). If a *REN~ ~T card was present, the names are taken from 
the list card(s) following the *REN~ ~T card. 
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PUNCH~IAT (Contd.) 

10 . The arrays to contain the energies (ES) , lethargies (LS) , and ve­
locities (VS) of the G groups , as well as the upper energy limit 
(UPELIN) and the lower lethargy limit (LWLLIM) for the set, are 
filled with values obtained from the group - structur e record. LWLLIM 
is defined as zero. 

11 . The material names from the lis t cards are checked against each other 
to ins ure that t here are no duplications. 
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PUNCH}~T (Contd . ) 

12 . This section checks that each material for which cards are t o be 
punched is to be found in the set specified on the *PUNCH ~T card . 

13. Subroutine PNCH~~TS controls the punching of the cross- sec t ion data 
cards for one or more materials . 
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PUNCHSET 

Subroutine PUNCHSET is called from SCAN2 when a *PUNCH SET card is en­
countered. It controls the punching of the cross-section data cards for a 
complete cross-section set, i.e., all materials in the set . The set is 
specified on the *PUNCH SET control card. 

1. SCANCARD places the set name on the *PUNCH SET card in FIELD(2). 

2. 

Nill1SETS1 is the number of cross-section sets on the library tape 
(tape LIB). NUMSETS is the number of files on the library tape. 

The set name in FIELD(2) is compared to 
directory of sets of the library tape. 
found, or an error is flagged. 

the set names in the 
An equivalence must be 

The quantities THISLOC, LASTLOC, and ITEP are used to position tape 
LIB to the start of the set from which materials are to be punched. 

Note : Upon entering PUNCHSET, the tape is positioned at the end of 
the LASTLoctn file on the tape . 

3. If ITEP is zero, the tape is already correctly positioned. 

If ITEP is negative, tape LIB is to be backspaced past LASTLOC 
files. Th is is accomplished by rewinding the tape and spacing 
forward past THISLOC files. 

If I TEP is positive, the tape is to be spaced forward past ITEP 
files. 

4 . A check is made to see if the set just located is the set specified 
on the *PUNCH SET card. 

5. Decode the next control card . 
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PUNCHSET (Contd.) 

6. The next control card may be of the type *RENAME SET , new set name . 
If so , ob ta in the new set name and place i t i n SETNAME . This is the 
set name that will appear on the data cards punched. 

7. The arrays to contain the energies (ES), lethargies (LS) , and 
velocities (VS) of the G groups, as well as the upper energy limit 
(UPPELIM) and the lower lethargy limit (LWLLIM) for the set , are 
filled with val ues obtained from the group-structure record. 
LHLLIM is defined to be zero. 

8 . The names of the M materials in the set are placed in the arrays 
MATABLE and NEHNAME. These arrays are used by subroutine PNCHlMAT. 

9. Subroutine PNCHMATS controls the punching of the cross - section data 
cards for one or more materials . 
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PUNCH357 

This routine punches the type-3 (if KK = l) or type-S (if KK = 2) or 
type-7 (if KK = 3) cross - section data cards for a material. It is called 
from PNCHlMAT. 

l. If LMAX(KK) is negative, there are no data for scattering-type KK 
for t he material, and hence no cards of the current t ype (3 or 
5 or 7). 

TYP is a binary integer quantity whose value i s the number of t he 
card type to be punched. 

2 . ITEMPl is set t o be the index pointing to t he first F of scattering­
type KK (i.e., F~) J) within the group - const an ts record currently 
in core , in the arfays RCDS . (It is analogous to NF(KK) as used in 
the diagram of paragraph l in the notes to subroutine PRINTl on 
page 172.) 

3. Cards of type TYP for group J and for all ~ -numbers (i.e. , ~ l , 
... , Ll) are pun ched each time the loop on J is traversed. 

4 . Cards of type TYP for group J and ~-number 12 are punched each time 
t he l oop on L is traversed. 

5 . 

6. 

RCDS(Il) contains a~2 ~. , 
IRCDS(I2) cont ains F(L2) 

KK, J · 

IRCDS(I3) contains ~2 ) , J • 

(Note: The arrays RCDS and IRCDS are identical; the name RCDS is 
used t o refer to floating- point quantities, and the name 
IRCDS is used to refer to integer quantities.) 

If all three quantities RCDS(Il) 1 IfCDS(I2), and IRCDS(I3) are 
zero (i.e., if Ffk2 ~ = ~2~ = a~2J = 0), then there is no t ype­
TYP card punched for group ' J and ~~number L2 unless the ~-number L2 
is zero. 
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PUNCH468 

This routine punches the type-4 (if KK = 1) or type-6 (if KK = 2) or 
type-8 (if KK = 3) cross- section data cards for a material . It is called 
from subroutine PNCHlMAT. 

1. If 1~~(KK) is negative, there are no data for scattering-type KK 
for the material and hence no cards of the current type (4 or 6 
or 8). 

2. If STORF1G is ne gative, the scattering data that are to be in­
cluded on the cards to be punched are on tape units 2, 3 , and 4. 
Subroutine PCHTP468 retrieves the information from these tapes 
and punches the type-4, type-6, or type - 8 cards for a material. 

3. RCDS(KKl) contains the first word of scattering data for elastic 
scattering (KK = 1). 

RCDS(KK2) contains the first word of scattering data for inelastic 
scattering (KK = 2). 

RCDS(KK3) contains the first word of scattering data for (n , 2n) 
scattering (KK = 3). 

KKl, KK2, and KK3 do not change in value; however, the KM(I) are 
incremented as the scattering information is processed, so that 
RCDS(KM(KK)) is always the first unprocessed word of scattering 
data of type KK. 

4. NN l is the £-number of the data cards to be punched next. 

The scattering data are stored in the array RCDS as shown in the 
diagram on p. 218. IRCDS(~I(KK)) = 12 gives the number of words 
of data for scattering-type KK , group J, and £-number NN l . If 12 
is zero, there are no such data, and no cards are punched. (See 
the note under the right- hand diagram on p. 218 . ) 

5a,b. Il, Jl, and J2 are indices used to retrieve the desired data from 
the array RCDS for punching . 

CNO is the card number as punched on the data cards . 
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PUNCH468 (Contd . ) 

4. (Contd .) 

RCDS. 

KKl 

KK2 

2) 

KK3 

u 

Structure of one block 
of data. 

1 
0 

J 1 
! 1 

J 
! LAMDA 

J G 
! 0 

J G 

/ 
/ 

~ 

/ 

! 1 ~ 

Struc ture of one section 
of scattering da t a, for a 
particular J and 1 . 

/ 
/ 

NJ , ! 

/ 

7e 

NJ £ 
of's 
data 

word 

words 
cattering 

~ l 
G 
LAMDA 

~ 
' 

No te : If N1 1 is zero, then 
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PUTAWAY 

This subroutine is called by READ468 each time the scattering transfer 
components of scattering-type KK for a particular group and t -number have been 
obtained from the type-4 (KK = 1) or type-6 (KK = 2) or type- 8 (KK = 3) cross­
section data cards. 

This scattering information, consisting of LTH words, is to be stored 
either on tape unit KK [if STORFLG(KK) is negative] or in core in the array 
RCDS [if STORFLG(KK) is positive]. 

The quantity K4 is initialized in subroutine TESTSTOR for each of the 
three values of KK . (For each value of KK, TESTSTOR is cal led before the 
firs t call to PUTAWAY.) K4 is the index within the array RCDS of the first 
unused word of storage for the scattering transfer components of scattering­
type KK. K4 is decremen t ed by one to facilitate its use as an index, and 
later is incremented by LTH + 1, where LTH is the number of words in scat ­
tering information just stored. 

The quantity LNTH(KK) is the total number of words of scattering in ­
formation of scattering-type KK that have been stored. It will be used in 
subroutine WRITSCRH to retrieve this information when the material block for 
the material currently being processed is placed on tape unit 6. 
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RCDLTH(L) 

This routine is called from PNCHlMAT. Each time it is called , it cal­
culates the length of each of the three portions [LENTH(I), I= 1, 2 , 3] 
and the total length (RLTH), of the scattering- data record fort- number L, 
that follows the group-constants record currently in BUFAREA . 

LENTH(I) is zero if there are no data in the rth portion of the 
scattering- data record. This can occur if: 

(1) I - type scattering is not considered for this material [i . e . , LMAX(I) 
negative]. 

(2) There is no I-type scattering for this t - number [i . e ., L - 1 > 

LMAX(I)], though there may be I-type scattering data for lower 
£-numbers for this material. 

(3) There is only self-scattering for this t - number and group [i.e., 
F(L) = BUFAREA(Kl) = 0 and ctL) = BUFAREA(K2) = 0]. 
I,J I,J 

No te: The arrays BUFAREA and IBUFAREA are identical. BUFAREA is 
used to refer to floating- point quantities; IBUFAREA is used 
to refer to integer quantities . 

Note: See the diagram in paragraph 1 of the notes to PRINTl (p. 172 ) 
for the internal structure of a group- constants record . 
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RDSTORl 

This routine reads and processes the G type- 1 cards of a material. 

1. The group number JJ on each card must equal the loop index I; 
otherwise the type-1 cards are out of order or are mispunched. 

2 . The first six loca tions in the JJth group-constants record are 
filled from the type-1 card just read . 

3. The index of the first unfilled location in the JJth group­
constants record (within the array RCDS) is stored in K3(JJ) . 
This quantity will be used in RDSTOR2 and READ357 when the re­
mainder of the cells in the group- constants records are filled. 
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RDSTOR2 

RDSTOR2 reads and processes the type-2 cards for a material, which con­
tain the fission-spectrum fractions (chi). These cards are ordered by group­
numbers , and up to five elements of the chi- spectrum for a given group can 
be placed on one card. If more than one card is required for the chi frac­
tions for one group, the cards for a single group are ordered by card 
number (CNO). 

1. The next data card is read, and the identification fields applicable 
to a type - 2 card are decoded. 

2. If the material is nonfissionable (FFLAG = 0), any type - 2 cards 
present are spaced by, and a return is made. 

If the material is fissionable, type-2 cards must be present for the 
current material and set. 

3. If the group number on the first card is zero (nonzero), the current 
materi al is assumed to have a group - independent (group - dependent) 
fission spectrum, i.e., a chi-vector (chi- matrix). 

If the set has only one energy group, then a chi- vector and a chi­
matrix are identical. In this case a chi-matrix is unconditionally 
formed, since the vector would form a one- word record (the chi 
record), which is not allowable on certain tape drives. 

4 . The cells within the group-constants records that are to be occupied 
by the rows of the chi- matrix are initialized to zero. 

5. This paragraph is entered each time the first type-2 card with a new 
group number (JJ) is encountered . The card number ( CNO) on this 
first card is taken as the "base" sequence number to be used for all 
subsequent type-2 cards for the current group . The data on this 
first card are stored in the first K4 cells within the JJth group ­
constants record, of those which are to contain the JJth row of the 
chi- matrix. 

If the (up to) five values on this first card for the row will fill 
the row completely, KS is set to nonzero to indicate that no sub ­
sequent type- 2 card may have the same group number. Otherwise KS 
is se t to zero. 
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RDSTOR2 (Contd.) 

6 . The next data card is read. If it is not a type-2 card, all supplied 
chi-values have been processed. In this case the elements of array 
K3, which point to the first unoccupied cell of the group- constants 
records, are advanced by G cells, since G cells in each record are 
now filled with a row of the chi-matrix. 

7. If the next card is a type-2 card, its identification fields are 
decoded. 

Jl is the group number of the previous card; JJ is the group number 
of the current card. If JJ equals Jl, the card number is checked for 
consistency and processing continues in the current (Jlth) row of the 
chi-matrix. If JJ is greater than Jl, a new row of the matrix is to 
be started , and control passes to paragraph 5 above . As the cards 
must be ordered by increasing group number, JJ must not be less 
than Jl. 

8. See paragr aphs 5 and 9 regarding the quantity K5. 



229 

6. 

RETURN 

7. 

9 { 

, i 



230 

RDSTOR2 (Contd.) 

9. The values on the current card are stored in the first K4 + 1 un­
occupied cells within the JJth group-constants record. 

If the (up to) five values on this card will completely fill this 
row of the matrix, KS is set nonzero to indicate that no subsequent 
type-2 cards may have the current group number. Otherwise KS is 
set to zero. 

10. For the case of group-independent fission, the chi vector is stored 
in the G cells of the array G; these cells are initialized to zero. 

11. The first card bearing the chi-vector values is decoded, and the 
values on it are placed in the first K4 cells of the chi vector. 

If the (five or fewer) values on a single type- 2 card suffice to fill 
the chi vector completely, KS is set nonzero to indicate that no more 
type-2 cards may be included in the data for this isotope. Other­
wise KS is made zero. 

12. The next data card and any subsequent type-2 cards are read in this 
section. \-!hen a nontype-2 card is encountered, all the vector 
elements have been processed, and control returns to subroutine 
ADDAMAT. 
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RDSTOR2 (Contd.) 

13. The identification fields of the type- 2 card just read are decoded, 
and several checks are made: the set and material names must match 
those of all the other data cards of this material; the card numbers 
(if necessary) must occur in a sequence N, N + 1 , N + 2, . .. ; KS 
must be zero (see paragraphs 11 and 14) . 

14 . If the (five or fewer) values on the current card constitute more 
than G elements for the vector , KS is set to nonzero to indicate e 
that no further type-2 cards may be included for the material . 
Otherwise, KS is set to zero. 

The values on the card are decoded into the first K4 + 1 unoccupied 
words in the array CHI. 
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READ ZERO 

The plus card (if any) and the type-0 cards for a material are read by 
this routine. The number of type-0 cards expected , K, has been set in either 
of ADDSET or ADD~~T, the two subroutines that call READZERO. 

1 . If GFLAG is zero, the first data card for the material has already 
been decoded (this is the case if the path to READZERO was via 
subroutine MODSET) . 

2. Check for the presence of a plus - card. If one is present, decode it 
and store the contents in MDESCRIP. If none is present , insert 
BCD blanks into the elements of MDESCRIP. 
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READZERO (Contd.) 

3. The group number JJ on the type-0 card just read should always be 
one less than the loop index I. 

4. Either all velocities on the type-0 cards must have nonzero values , 
or all must be zero (or blank); otherwise an error is flagged. If 
all velocities are zero or blank, the code gives the value 1.0 to 
all the velocities. 

5. The material name and the special character for the current material 
are taken from the quantities on the first type- 0 card. 
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READ357 

READ357 reads and processes the type-3, type-S, and type-7 cards for a 
material. It is called three times from ADDAMAT. The type number of the 
cards being processed is contained in KKl and KK (see ADDAMAT, pp. 88- 91) . 

l. UPSH(KK,I) and DHNSH(KK,I) will contain the number of nonzero up ­
scattering and downscattering transfer components, respectively, 
for scattering-type KK and group I. 

UPSUH(KK) and DHNSUM(KK) will contain the number of nonzero up­
scattering and dmmscattering transfer components, respectively, 
for scattering- type KK , for all groups. 

K will be set for each group to be the number of cards read for 
that particular group. 

Il is set to the group number of the group for which cards are 
currently being, or have just been, processed. 

LL will be set for each group to the largest ~-number found on 
cards for that group. 

LHAX(KK) will be set to the largest ~-number found on the cards 
for all groups. 

2 . If the type card just read is not KKl (see ADD~~T, p. 88, for a 
description of KKl) then either there are no type-KKl cards, or 
else the last such card has already been processed by this routine. 

If L~~(KK) is negative, there were no type- KKl cards in the input 
deck. If L~~(KK) is nonnegative, then there were type-KKl cards 
in the deck, the last of which has already been processed . In this 
case , the group index Il must have been set to t he highest group 
number, G, or the input deck is in error. 

3. If t he type of the card just read is KKl, that card is decoded . The 
group number (JJ) on the card must either be equal to the group 
index or be one greater than the group index Il (indicating in the 
latter case that the card just read is the first card for the next 
group). Otherwise the input deck is in error. 

4 . Hhen this paragraph is reached, all cards for a group number have 
been decoded. LL , the maximum ~-number found on cards for that 
group, must be nonnegative. 

If K is nonzero (as it will be unless the first card of the next 
type is encountered), the set and material names on the cards for 
t he group just processed are checked against the "standard" set and 
material names, respectively. 
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READ357 (Contd . ) 

5. This section is reached if the card just decoded had a group number 
equal to the group index. The £-number L on such a card must be 
greater than the previous maximum £-number for the group being 
processed; otherwise the input deck is in error . 

The maxima LL and LMAX(KK) are built up in this section (see also 
the notes to paragraph 1 above). 

6. The quantities on the card just decoded are stored in the temporary 
arrays UP and OWN, and the maxima UPSM, DWNSM, UPSUM , and DWNSUM 
are built up (see also the notes to paragraph 1 above). 

7. Same as no t es to paragr aph 5 of subroutine ADDAMAT (p . 84) . 

8. Same as notes to paragraph 6 of subroutine ADDAMAT (p . 84). 
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READ357 (Contd.) 

9. If FFLAG is zero, then there are no values for the fission cross 
section and nu ( v) in each group. However , two cells were reserved 
for these quantities in each group-constants record by the sub ­
routine FIXADD. For a zero FFLAG, the index of the first unused 
cell in the group- constants record for group Il, K3(Il) , is reduced 
by two, thus regaining the two cells. The remainder of the coding 
insures that this procedure is carried out only once per material; 
this is necessary since READ357 is entered three times from ADDAMAT. 

10. The quantities obtained from all type-3, type-S, or type- 7 cards 
for the group Il, and which were temporarily stored in the arrays 
UP , DWN, and SXSEC, are transferred to the group - constants record 
for group Il. K3(Il) is appropriately incremented. 

L3(Il) represents the largest t -number encountered on the cards for 
groups 1, 2, . .. , Il. It is used in the coding of paragraph 12 
below . 

Note: The arrays RCDS and IRCDS are identical. RCDS is referred 
to when floating- point quantities are to be dealt with; 
IRCDS, when integer quantities are to be manipulated. 

11 . If Il equals G, then cards for all groups have been processed. If 
not, then the group index is incremented by one, and the data from 
the last card decoded (which was the first card for the next group) 
are processed, starting at point C (paragraph 5 above). 
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READ357 (Contd .) 

12. The G group- constants records (one for each group) are all to have 
the same length. This length depends on the quantities LMAX(l) , 
L~~(2), and LMAX(3), the maximum i -numbers found for all groups 
on the type- 3 , type-S, and type-7 cards , respectively. If for 
group J the maximum i -number found on, say, the 5-cards is 1 , then 
LMAX( 2) = 1 for group J. If, however, for group J + 1 the maximum 
i - number found on the 5-cards is 4, then for group J + 1 and all 
subsequent groups, LMAX(2) = 4 (assuming that no higher i - number 
is found on any other 5- cards). The result of this is that the 
group- constants records for groups 1, 2, ... , J are shorter than 
those for groups J + 1, .. . , G. The coding of this section lengthens 
those portions of the group - constants records that contain the data 
from the 5- cards, for groups 1, 2, ... , J. Zeros are inserted in the 
extra words, and the index quantities K3( I) are incremented 
appropriately . 

Note that the routine FIXADD allows for th e largest allowable 
group- constants r ecord (FFLAG positive and LMAX(l) = LMAX(2) = 
LMAX(3) = 10] so that there is no danger of overwriting the group ­
constants data for an adjacent group. No te also that there is no 
danger of overwriting other data within the same group - constants 
record , since the relocation is "downwards" only, and any data to 
follow will come from a card type not yet encountered , and so have 
not yet been stored. 

Diagrams indicating the operation of this block of coding, for the 
example used above, are given on page 246. 
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READ357 (Contd.) 

12. (Contd.) 

Let L3(I) = 1. 
Let LMAX(2) = 4. 
Note that since the 7-cards have not been encountered, the (n,2n) 

data have not yet been stored. 

::: ~ r-----1 

--------

0e 1~{ ~~ 
L70 index of first Gin 

L71 index of first oin 
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unused cell 

IX(I + 1) 

The structure of the rth group­
constants record before entering 
the coding of paragraph 12. 

new index of 
first Gin 

new index of 
first oin 

new index of 
first unused 
cell 

IX(I + 1) 

The structure "of the rth group­
constants record after leaving 
the coding of paragraph 12. 



L'll 



248 

READ468 

READ468 reads and processes the type-4, type-6, and type- 8 cards for a 
material. It is called three times from ADDAMAT , once for each card type ; 
the type currently being processed is given by KKl and KK (see ADDAMAT 
pp. 88-91) : 

1. Loop A is traversed G times over the range of values I= 1 , . .. , G. 
Each time the loop is traversed the type- 4 (if KK = 1) or type - 6 
(~f KK = 2) or type-8 (if KK = 3) cards for a single group are read 
and processed. 

2. If UPSH(KK, Il) and DWNSH(KK, Il) are both zero, then for scattering­
type* KK there is only self- scattering for group Il, for all 
~-numbers . This means that any type- 4 or type - 6 or type- 8 cards 
for group Il w~ll be spaced past and ignored, and that 

TSUH(Il,KK) = L T~)(ll ~ K) = 1.0. 
K 

3 . Loop B ~s traversed LMAX(KK) + l times each time that loop A is 
traversed once. l.fuen loop B is traversed a single time, the type - 4 
or type - 6 or type-8 cards for a single group and a single £- number 
are read and processed . 

4. ROIVLTH calculates LTH, the number of words of scattering information 
expected for group ll and £-number NNl - 1. If LTH is zero , there is 
only self-scattering for this combination of group and £- number , and 
hence any type- 4 or type - 6 or type- 8 card will be spaced past and 
ignored. Again, as in paragraph 2 above, TSUM(Il , KK) = 1.0. 

*KK 1 corresponds to elastic scattering. 
KK 2 corresponds to i nelastic scattering. 
KK 3 corresponds to (n , 2n) scattering. 
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READ468 (Contd . ) 

5. The coding of this section calculates K2 , the number of cards (with 
at most five pieces of data per card) that are expected for group Il 
and ~ -number NNl - 1. 

The coding of loop C processes these K2 cards . 

6 . The card just read must be of type KKl (see also the notes to sub ­
routine ADDAMAT, pp. 88- 91) and must not be a control card (i . e . , it 
must not have an as t erisk in column one). 
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READ468 (Contd.) 

7. Thi s coding is reached onl y if LTH is nonzero (see paragraph 4 above) 
for a particular group (Il) and ~-number (NNl - 1) . LTH nonzero 
implies that the next K2 cards in the input deck must bear t his 

8 . 

9. 

10. 

group and ~-number; otherwise the input deck is in error . In addi­
tion, the card number CNO must either be blank (i.e., zero) or must 
agree with N, the card -number index of loop C. The two allowable 
configurations of data cards are shown below . 

JJ CNO JJ CNO 

l l l 
G 2 2 

l K2 G 

G l 
G 2 

G K2 

The quantity TSUM(Il ,KK), as defined in paragraph 2 above, is cal-
culated when NNl = l (i.e .' when ~ = 0) . 

Same as the notes t o paragraph 5 of subroutine ADDAMAT, P· 84 . 

Same as the notes to paragraph 6 of subroutine ADDAMAT , P· 84 . 
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READ468 (Contd . ) 

11. The quantities STORFLG(I) , I~ 1 , 2 , 3 , are initialized to zero for 
each material by the subroutine PRESET , and STORFLG(KK) is set t o 
nonzero in subroutine TESTSTOR . Therefore TESTSTOR is entered only 
for each value of KK , namely, the f irst time that loop B is 
traversed. 

TESTSTOR determines whether the scattering information of type KK 
wil l fit in core. 

Subrou tine PUTAWAY e ither stores the scattering information (ob tained 
from the cards just processed in loop B) Ln the array RCDS , if t he 
data will fit in core, or otherwise writes it onto tape number KK . 
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REORDER 

This subroutine is called from SCAN2; it reorders cross - section sets on 
the library tape according to the command *REORDER SET, set name, new posi­
tion. This is done by manipulating the set directory of the new library tape. 

· 1. SCANCARD obtains the set name and the new position from the control 
card and places them in FIELD(2) and FIELD(3), respectively . 
BCD2BIN transforms the Hollerith integer in FIELD(3) to the binary 
~nteger quantity POS2. 

If POS2 (the new position of the set) is zero or negative, the 
REORDER command is ignored. 

2. POS2 and NUMSETS2 (the number of sets in the new library) are in ­
cremented by one to take into account the presence of the directory­
of-sets file, which is the first file on the library tape. The 
NUMSETS2 cross - section sets in the library are files 2, 3, ... , 
NUMSETS on the tape; if a set is set number POS2 in the library, it 
is actually file number POS2 + 1 on the tape. 

3. The set name [in FIELD(2)] must be the same as one of the names in 
the set directory of the new library, or the input card is in error. 

POSl represents the current position of the set in the library. 

4. If POSl = POS2, the set is already positioned as requested on the 
*REORDER card. 

If POS2 is greater than the number of sets in the new library , the 
set to be reordered is placed last on the library tape. 

5. The name and location of the set currently in position POS2 are 
saved in TEMPOS and TEMPLOC, respectively . The name and location 
of the set to be repositioned are put in the new, requested location . 
[Note: The quantity SETLOC(I) refers to the intermediate location 

of a set while the new library is being constructed, and 
bears no relation to the set's eventual position on the new 
library tape .] 

6. The names and locations of the sets bet1;een the new position (POS2) 
and present position (POSl) of the set being reordered are shifted 
by one away from the position POS2. This creates a gap adjacent to 
position POS2, in the direction of position POSl . The name and 
location of the set that formerly occupied position POS2 (stored 
temporarily in the coding of paragraph 5 above) are placed in the 
gap so created. 

The next input card is decoded. This is necessary in general, so 
that upon re-entrance to SCAN2 the next card is ready for processing. 
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ROWLTH 

This subroutine is ca lled from READ468. It computes LTH, the number of 
words of sca ttering information for group Il, £-number NNl , and scattering­
type KK. In general, 

LTH F(NN!) + G(NN!) + l 
KK ,Il KK,Il 

unless F G = 0 , in which case LTH = 0 . The F and G are ob tained from the 
group- constants record for gro up Il. 
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SCAN CARD 

This routine separates the various fields on a control card, and stores 
them individually in the elements of the array FIELD. For example, the con­
tents of the rth field on a control card are stored in FIELD(!) . A field is 
defined as those characters between an asterisk and a comma, an asterisk and 
a period, two commas, or a comma and a period. 

1. Column one of a control card always contains an asterisk (*) and is 
bypassed; processing starts with column 2. As a housekeeping 
measure, the first two elements of FIELD are filled with blanks. 
FLD gives the number of the element of FIELD to be processed . See 
paragraph 4 (p. 262) for details concerning FBIT. 

2. If LISTCARD equals zero (equals one) , the card to be processed is 
not (is) a list card containing a list of material names. 

The first field of a list card is significant. The first field on 
a nonlist control card (i.e., a modification, extraction , or separa­
tion control card) is not significant. 

3 . If the control card is not a list card, the first field , which 
starts in column 2 and is terminated by a comma , is bypassed . If 
a period is encountered , the control card has been incorrectly 
prepared , and an error is flagged. Likewise, if no termi nating 
comma is found anywhere on the control card, an error is flagged . 
When the comma is found , the field and column counters (FLD and 
CLM) are incremented , and processing proceeds. 
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SCANCARD (Contd.) 

Notes to paragraphs 4 and 6: 

A comma signifies that the end of a field has been reached, and that 
there are more fields to be processed. 

A period signifies that the end of the last field on the card has been 
reached. The quantity LISTCARD is normally set to zero . If a list card is 
expected, then LISTCARD is set specially to one before this subroutine is 
called. 

4. If NSCAN(FLD) contains the letter N, field number FLD contains an 
integer. Blanks in this field are ignored; nonblank characters are 
stored successively from left to right, character by character, in 
the FLoth element of array FIELD. This storage is performed by the 
subroutine BITS . If the field is terminated by a comma or a period, 
the storage is halted . 

The character being stored occupies the leftmost six bits in word 
COLUMN(CUI). It is stored in a string of six consecutive bits (the 
index of the leftmost of which is given by FBIT) in the word 
FIELD(FLD) . For each field, FBIT is initially 47 , and is decreased 
by six each time a character is stored. 

5. If the quantity NSCAN(FLD) does not contain the letter N (for 
numeral) then NSCAN(FLD) contains an integer, say, I. This indicates 
that the FLnth field on the control card being processed contains 
a Hollerith quantity, which may be at most I characters in length. 

If the card is a list card (see paragraph 2 above) , each field 
contains a material name, which may be a t most six characters long. 

6 . The leftmost NSCAN(FLD) characters of the FLDth field on the card 
are stored successively from left to right, character by character, 
into the word FIELD(FLD). This s t orage is performed by subroutine 
BITS (see paragraph 4 above). If the field i s t erminated by a 
period or a comma , the storage is halted . 

7 . If the card is a list card , it may be continued on s ubsequent cards , 
so that when the end of one card is reached, the next one is read in. 
A nonlist control card is never so continued, so that if processing 
is still being performed when column 80 is reached, an error is 
flagged. 
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SCANCARD (Contd.) 

8. Control arrives here when a comma is encountered on the card being 
processed, indicating that a new field is to be started. FBIT is 
reinitialized; the index counter FLD for the array FIELD is advanced 
by one; the column counter CLM for the card is advanced by one; and 
the element of FIELD to be filled is initially filled with BCD 
blanks. 
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SCANl 

Subroutine SCANl is called from the main program XLIBIT when either of 
the control cards *FORM LIBRARY or *FORM NEW EDITION is encountered . SCANl 
controls the processing for the section (2) modification control cards . 

For each of the fields 
NSCAN(I) is given a value: 
(lR)N; if the Ith field is 
of K characters (e.g ., K = 

I, I= 2 , ... , 6 on a control card, the quantity 
if the Ith field contains a numeral, NSCAN(I) = 

to contain a Hollerith quantity having a maximum 
5 for a set name), then NSCAN(I) = K. 

If the card *FORM LIBRARY was encountered, there is no exis ting "old" 
library tape and only the cards *ADD SET and *REORDER may be used. For this 
case, the quantity FORMCARD was set to nonzero in XLIBIT. Otherwise , if there 
is an old library tape, any of the cards *ADD SET , *REORDER , *DELETE SET , or 
''MOD SET may be used. 

The card *WRITE NEW EDITION terminates section (2) of an input deck . 

Subroutine WRITELIB retrieves the various portions of the new library 
from tape units 4, 6, and 44 , and writes them onto tape unit 1. 
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SCAN2 

This routine is called from the main program, XLIBIT, and processes the 
section (1) and section (3) extraction control cards of an input deck. Any 
of the following control cards may be encountered: *PRINT SET DIRECTORY, 
*PRINT MAT DIRECTORY, *PRINT SET, *PRINT MAT, *PUNCH SET, and *PUNCH MAT. 

Regarding the elements of the array NSCAN, see the notes to subroutine 
SCANl, p. 266. 

Subroutine GET1012 decodes columns 10, 11, and 12 of the card being 
examined; columns 10 and 11 are stored in COLSlOll, and column 12 is stored 
in COL12. 

PUNCHED is a flag used by the subroutine AHALT, it is set to nonzero if 
cards are punched. 

FORM CARD 
library tape. 
(this section 

was set to nonzero in XLIBIT if there is no existing "old" 
In this case there can be no section (1) of an input deck 

edits the old library tape), and so the card *FORM NEW EDITION 
may not occur in the deck. 
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SKIP FILE 

This is a utility routine used by various subroutines to manipulate the 
library tape (either old or new). 
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SKPFILES(IARGl,IARG2) 

This is a utility routine used to reposition tapes used by the program . 
The tape unit designated by IARGl will be one of tape units 4, 6, or 44. 
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SPACEBY(TAPE) 

This is a utility routine used to reposition a tape forward a certain 
number of records within a single file on that tape. 
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STORGRP 

This routine is called by subroutine PNCHlMAT. 
unpunched information in the group- constants record 
area into the appropriate cells of the array RCDS. 

It transfers the as- yet­
for group JJ from a buffer 

The quantities MN and IX(JJ) are set in subroutine FIX2ADD. 
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STORSCAT 

This routine is called from PNCHlMAT when STORFLG(KK) is negative 
(signifying that the type-KK scattering information can be contained in core). 
STORSCAT transfers the contents of the scattering-data record just read from 
a buffer area to the array RCDS. 

The quantities LENTH(I) are calculated in the routine RCDLTH, which is 
called from PNCHlMAT just before the call to STORSCAT. LENTH(I) gives the 
number of words of information for !-type scattering in the scattering- data 
record currently in the buffer area. (I ~ 1 corresponds to elastic scatter­
ing, I ~ 2 to inelastic scattering, and I ~ 3 to (n,2n) scattering.) 

Only if J ~ LENTH(I) is nonzero are there any data to be stored. If J 
is zero but LMAX(I) is nonnegative (implying that there is !-type scattering 
information in some scattering-data records), then a single cell in RCDS is 
left for this record; this cell contains LENTH(I) (see also paragraph 7 of 
subroutine PNCHlHAT, p . 156). 

The indices for the storage of scattering information in RCDS, KKI(I), 
are initialized in paragraph 3 of FIX2ADD, p. 130 and augmented here, as 
scattering information is read and stored. 

The structure within RCDS of the information from the scattering-data 
records is shown on the diagram accompanying the notes to subroutine 
PUNCH468, p. 218. 
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TESTS TOR 

This routine is called from READ468. It determines whether there is 
sufficient room in the array RCDS to store the information for scattering 
type KK from the type-4 (if KK : 1) or type-6 (if KK : 2) or type-8 (if 
KK : 3) cards. 

1. L7 is the space taken for storage for data from the 4-cards and 
6-cards (note that if these cards have not yet been read, L7 is 
zero). 

LS is the total number of words remaining unused in the array RCDS. 

L4 is the maximum number of words required for storage of the 
type-KK scattering information. 

2. If LS is equal to or greater than L4, there is enough room in RCDS 
for storage. 

3 . If there is, at the first estimate, insufficient room in RCDS for 
storage, it may be possible to provide additional words in RCDS to 
make storage possible. In subroutine FIXADD , space was allowed for 
the largest possible group - constants record (LAMDA equal to 9 and 
FELAG positive), and if all these cells were not used, the group ­
constants records can be moved upward to make room available in 
RCDS. This is done by the coding of this paragraph. 

FLGONE and FLG~<O are set to zero for each material in PRESET. 
Note that they are reset here so that the sections of coding for 
KK : 1 and KK : 2 are entered only once. 

L6 represents the number of words "reclaimed" in one group­
constants record. 

L9 represents the total number of words so reclaimed for other 
use from all G group - constants records. 

4 . MN is the size of a group - constants record; it is decreased ap­
propriately. LS, the number of words available for storage in 
RCDS, is increased by the total number of words reclaimed . 
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TESTSTOR (Contd.) 

5. The group-constants records are relocated upwards. 

6. Any previously-stored scattering information is relocated upwards . 

7. The test as to whether enough storage is available to store the 
KK-type scattering information is made again , with L5 augmented 
from paragraph 4 above. 

8. If this branch is taken, the information can be stored in core; 
STORFLG(KK) is set positive to indicate this fact . 

K4 is the index of the first cell in RCDS available for storage of 
scattering information. 

9. If this branch is taken , the information cannot be stored in core; 
STORFLG(KK) is set negative. The test made here is to see if it is 
possible to fit all the G group- constants records into RCDS. If 
not, the material cannot be processed and an error is flagged . 
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WRITELIB 

This routine is called by SCANl when the card *WRITE NEW EDITION is 
encountered. WRITELIB is the controlling subroutine for the process of 
writing the new library onto tape unit 1 . 

1. The quantities LAST6 and LAST44 indicate the current positions of 
tape units 6 and 44, respectively. 

2. The card examined by SCANCARD is *WRITE NEW EDITION , date of run. 
Upon exiting from SCANCARD, FIELD(2) contains the "date of run" 
from the control card. 

3 . The directory- of- sets file is written onto tape unit 1. 

4. FORNCARD is zero (nonzero) if there is (is no) existing "old" 
library tape. 

Loop A is traversed NUHSETS2 times, over the range of values I = 2 , 
. . . , NUNSETS. Each time loop A is traversed, one cross - section set 
is placed on tape unit 1. 

5. If SETLOC(I) is zero , the Ith cross - section set is currently to be 
found on the old library tape. 

If SETLOC( I ) is nonzero, the Ith set exists as one file each on 
tape units 4 and 6; the location of these files on the respective 
tapes is given by the value of SETLOC(l). 

6. TEM2 represents the number of files that tape units 4 and 6 must be 
shifted in order to position tape units 4 and 6 to a point just 
before the files corresponding to the Ith set . If TE~~ is zero , 
the tapes are already correctly positioned; if TEH2 is positive 
(negative) , then the tape must be spaced forward (backspaced) TE~Q 
fi les. The backspacing is accomplished by rewinding the tapes 
and spacing forward TEMPI files . 
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WRITELIB (Contd . ) 

7. The name of the set located on tape units 4 and 6 is compared to 
the rth entry in the set directory of the new library. If there 
is not agreement, suspect a hardware or tape error . 
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8. The name of the Ith set to go on the new library must be located 
in the set directory of the old library. If it cannot be found , 
suspect a hardware or tape error . 

9 . The old library tape is positioned to the start of the desired set , 
in a manner similar to that used for tape units 4 and 6 in 
paragraph 6 above. 

10. The name of t he set just located on the old library is compared to 
the name of t he Ith set of the new library . If there is no agree­
ment , suspec t a hardware or tape error . 

-r 
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11. Subroutine WRITEMAT reads a material block, record by record , from 
tape unit 6 (if TAPES = 0) or from tape unit 44 (if TAPES = 1) , 
and writes the material block onto tape unit 1. 
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1-/RITEMAT 

WRITE~~! is called from subroutines WRITELIB and DELETSET. It copies a 
material block from a tape unit into core, record by record, and writes the 
material block onto another tape unit. The tape units selected depend on the 
value of the quantity TAPES, as shown below . 

TAPES Tape Unit Read from Tape Unit Written onto Subroutine Called from 

0 
1 
2 

6 l WRITE LIB 
44 l WRITELIB 
44 6 DELETSET 

l. When the call to WRITEHAT is from DELETSET the material-
identification record of the material block has already been read in. 

2. The value of L~IDA gives the number of scattering- data records that 
follow each group- constants record for the material being processed. 

3. RCRDS <Jill hold the number of records in the material block being 
processed. 

4. WORDS will give the length of a group- constants record . 

5 . NF(I) and NG(I) are the indices of the locations of the first F and 
G, respectively, for scattering- type I within a group - constants 
record, (see also the diagram in paragraph l of the notes to sub ­
routine PRINTl , p . 172). 

•• 
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WRITEMAT (Contd.) 

The coding of loop B is traversed G times (over the range of values 
J = 1, ... , G). Each time loop B is traversed, the Jth group- constants 
record and the LAMDA scattering-data records following it are processed. 

The coding of loop C is traversed LAMDA times (over the range of values 
L = 1, .. . , LAMDA) each time that loop B is traversed once . Each time 
loop C is traversed , the Lth scattering- data record fo llowing the J th group­
cons t ants record is processed. 

6 . In this sec tion, the length of the Lth scattering- data record for 
group J is calculated. 
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WRITSCRH 

Subroutine \.JRITSCRH is called by ADDAMAT . It places the materi al block 
for a newly-added or a modified material onto tape unit 6 (from where it will 
be retrieved when the new library tape is formed) . 

l . L~U\X(I) nonnegative (negative) implies that the data of scattering­
type I exist (do not exist) for this material. STORFLG(I) non­
negative (negative) implies that the data for scattering- type I 
are contained in core (on tape unit Il) . 

I = 1 corresponds to elastic scattering, I 
tering, and I = 3 to (n , 2n) scattering. 

2 to inelastic scat -

2 . NNl is an indicator used by subroutine CALCDTRX. See paragraph 4 
below. 

WFLAG is used in the coding of paragraph 10 (p . 300) to read a 
scattering- data record into the top or bottom half of a buffer area. 

3. KKl was given the value 1 +max [L~U\X(l) , L~(2) , L~(3)) in sub ­
routine ADDAMAT. The quantity RC therefore represents the number 
of scattering- data records following all group-constants records of 
the material block. 

4. CALCDTRX calculates either or both of the diffusion coefficients 
Dj and the transport cross section Otr-

If NNl 1, calculate otr" 

If NNl 10, calculate Dj. 

If NNl 11, cal culate 0 tr and Dj. 
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WRITSCRH (Contd .) 

5. MORERECS is to be the total number of records in the material blocK 
being processed. The "G" being added is the number of group­
constants records; the "1" is the chi record. 

6. Only a material having a group-independent chi- spectrum (and there­
fore with FFLAG negative) has a chi record. 

7. RCDS(KADD(I)) contains the first word of scattering information 
of scattering- type I. 

The coding from point B to the end of the subroutine is traversed G 
times. During each pass, one group-constants record and its accom­
panying scattering- data records are written on tape unit 6. 

The coding from point C to the point where a jump to point C occurs 
is a loop which is traversed KKl times each time the loop B is 
traversed once . During each pass through C, one scattering- data 
record is assembled in a buffer area and written on tape unit 6. 

8. JKl , JK2, and WFLAG regulate the area in which the scat t ering-data 
record will be assembled. The i - number corresponding to this record 
is J - 1; this value is placed in the first word of the record. 

NNl contains the t -number plus l, and is used by subroutine ROWLTH. 

LENGT will contain the number of words in the scattering-data record 
being processed . 
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WRITSCRH (Contd.) 

The coding from point D to point E is a loop which is traversed rnree 
times for each time that loop C is traversed. Loop D assembles a complete 
scattering- data record corresponding to group I and ~ -number J - 1, from 
its three sections [one for each of the three types of scattering : elastic, 
inelastic, and (n , 2n)]. 

9. LNTH(I), I= 1, 2, 3, are built up in subroutine PUTAWAY. LNTH(JK) 
represents the total number of words of information pertaining to 
scattering type JK, for all groups and ~-n umbers. If LNTH(JK) is 
zero, there is no contribution to the length of any scattering­
data record, from scattering type JK. 

10. UPSM(JK , I) and DWNSM(JK , I) are the number of words of upscattering 
and downscattering information, respectively , pertaining t o scat ­
tering type JK for all ~-numbers but for the single group I. If 
UPSM(JK,I) + DWNSM(JK , I) is zero, there is no contribution to the 
lengths of scattering- data records from scattering type JK for 
group I . 

11. LMAX(JK) + l represents the largest ~-number for which scattering of 
type JK is considered , for any group. If L is greater than 
L~ffiX(JK) + 1, then there can be no contribution to the scattering­
data record length for this ~-number. 

12. Subroutine ROWLTH finds the length of the portion for JK-type 
scattering, of the scattering- data record for group Il and ~-number 

NNl. This length is given by LTH . 

13. LENGT will contain the total number of words in the scattering­
data record being assembled . 

14. The JKth portion of the scattering- data record being assembled is 
obtained from core in the array RCDS [if STORFLG(JK) is nonnegative] 
or from tape JK [if STORFLG(JK) is negative] and placed in a buffer 
area. 
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WRITSCRH (Contd . ) 

15 . If the length of the assembled scattering- data record is zero , a 
dummy record is made up consisting of the £- number and seven words 
containing zero. 
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