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ABSTRACT . . . . 

, . . .  

. . 
The program which t h i s  document describes was .wr i t t en  , for  the,.. . 

Philco-2000 computer' t o  provide a nuclear  design computing t o o l  equiva- 

l e n t  t o  the  IEM-704 computer program MUFT-4, and t o  provide a s e t  of 

rou t ines  f o r  a fu tu r e  s p a t i a l  multigroup program,,PFG-1. I n  addi t ion 

t o  the f ea tu r e s  of i t s  704 predecessor, MWT-5' provides a more complete. 

i so top i c  edi t ,  an opt ional  blackness coe f f i c i en t  ed i t ,  and the use 'of a- ' 

complete P1-library, which is  described i n  the appendices of t h i s  repor t ,  

The r e su l t an t  program i s  found t o  be e a s i e r  t o  use because of the simo : .... . .. . 

p l i c i t y  of running severa l  problems, more valuable because of t h e  many 

add i t iond l  r e s u l t s  which are  edited,  and more economical because of the  

changes made in programming. 



MU? T-5 
A FAST NEUTRON SPECTRUM PROGRM FOR THE PHILCO-2000 

H, .Bohl, J r ,  
A,.. P o  Hemphill 

PART ONE 

IESCRIPTION OF PROHLEM SOLVED 

A, INTRODUC'EON 

This program solves  the Pl o r  B 1  multigroup equation f o r  the  f i r s t  two Legendre 

coe f f i c i en t s  of the  d i rec t iona l  neutron f l u x  ( these  components being re fe r red  t o  a s  

f l u x  'md cur ren t )  and the i so t rop i c  and ariisotropic components of t h e .  slowing down 

dens i t i e s  due t o  a cosine -shaped neutron source (Fief, 1 )  , Hydrogen may be t r ea t ed  

exact ly  o r  i n  a Selengut-Goertzel approximation (Ref, 2) ,  Fo r  energy degradation 

by heavy elements, both age and Grueling-Goertzel approximations a r e  ava i lab le  

( ~ e f ;  3 ) .  The program a l s o  takes i n t o  .account slowing down of neutrons by i n e l a s t i c  

s ca t t e r i ng  and removal of neutrons r e su l t i ng  from capture and f i s s i o n  resonances 

( ~ e f .  2 ) .  Only t he  non-thermal neutron energy range i s  considered, 

Few-group data  i s  ed i ted  by the program f o r  three  few-group schemes, The pro-, 

gram w i l l  p r i n t  f o r  a l l  schemes few-group d i f fus ion  constants;  a-bsorption removal, 

nu-f iss ion and f i s s i o n  macroscopic c ross  sect ions;  source, flux, and cur ren t  i n t e -  

gra ls ;  flux-weighted absorption, nu-fission and f i s s i o n  c ross  sec t ion  i n t eg ra l s ;  

and non-absorption p robab i l i t i e s  and group ages, I n  addit ion,  an  age-to-thermal 

quant i ty  is pr in ted  f o r  each scheme. Optional ed i t i ng  includes.  the f l u ,  .current  

and ne t  slowing down dens,ity spectra;  few-group smooth absorption, resonance absorp- 

t i o n  nu-fission;, : and f i s s i o n  macroscopic cross sec t ions  and flux-weighted i n t eg ra l s  



. f o r  every isotope in a case; and few-group blackness diffusion c'onstants and 

absorption cross sections for  an absorbing p la te  assumed adjacent to  a region * 

which has the flux spectrum of the MUFT-5 problem. - 

Input t o  the program cons is t s  of data specified on cards and da ta  i n  a m u l t i -  

group l i b r a r y  on a tape created by MILC-1 or MILC-2. The following data  i s  supplied . - 

on cards. 

1) The d inensions of the  problem, the f ew-group cutpoints, the . approxi- 
. . 

mation, and the e d i t ;  and i n  the case of a b l a c b e s s  edit,  the half 

thickness of the absorbing plate ,  the mesh s ize i n  the p la te ,  and' the 

degree of approximation t o  be used in the,blackness ed i t .  This data 

is f o r  a l l  the cases i n  the job ( a s  defined by BKS ( ~ e f .  k ) ) , ,  

2) A l ist  of isotope code numbers t o  be referred t o  i n  the job including 

the blaclmess ed i t .  T h i s  information i s  used to create from the 

. l i b r a r y  tape a special  l i b r a r y  f o r  the job, 

3 )  Buclrling fo r  one case, 

4 Isotope number dens i t ies  f o r  one case, 

5) Isotope resonance self-shielding fac tors  f o r  one case. 

6 )  Isotope number dens i t ies  f o r  the blackness e d i t  f o r  one case. 

For  each s e t  of cards f o r  one case an en t i r e  MUFT-5 problem w i l l  be run 

including all e d i t s  specified, A l l  of the necessary data cards must be specified 

f o r  the f i r s t  case of a job, For  subsequent cases only those cards which a r e  

needed t o  indicate  the changes from the previous case a re  required, 

B, BASIC MILTIGROUP EQUATIONS 

The following s e t  of equations a re  t o  be solved f o r  $ and F:, which a re  the 

average values of the f a s t  neutron f lux  and current f o r ' t h e  lethargy multigroup: m,, 



and f o r  q: and p;, which are  the isotropic  and anisotropic neutron slowing down 
. . 

dens i t ies  a t  the low energy end of le thargy m u l t i g r c &  m computed f o r  isotope i. 

"' 
The ttbarlt above a parameter indicates tha t  t h i s  i s  an average quantity f o r  t h e  

Here 

a re  defined i n  Appenclh B, 

Ni are the atom number dens i t ies  fo r  the isotopes i in the composition a s  

specified f o r  each case, (see Card Series  200000, Part. !Py6e ) 
-. 

.* xm i s the average source f o r  group m, It i s  also f o y d  on the l i b r a r y  f i l e  

Lape, (See Appendh B, ) The source spectrum f i l e  number i s  called for  by the 

requestoro' (see Card Series 000002, Pa r t  TWO,) 
i -  

=an * Since and F1 are multiplied by i n  laany of the equations in this - 

report, t h e i r  products rm andry ,  respectively, w i l l  be used. 
0 3 



(pa)m is the  absorption resonance escape probabili ty f o r  the  multigroup m. 

The quanti ty  i s  computed from the  following s e t  of equations. 

(B. lb) 

where the  summation in Eqs, (B.u) and (8.14) include only the isotopes specified 

as moderators, . (See Card Series  200000, Par t  TWO,) 

(r,);~~ and (ma);sk are  resonance parameters found on .the library. f i l e  tape. 

(See Append.5~ be) There a r e  a pa i r  of these parameters f o r  each resonarnee, k, of 

multigroup, m, of isotope, i, 

L~~~ is the resonance s e l f  -shielding fac tor  (Lofactor) (Ref. 2 )  for  resonance, 
1 

k, of rnultigroup,m, of -&&otope, i. (see Card Series  300000, Pa r t  Two.) The 

L-factors are specified f o r  the Lsotopes of  the compositions which have resonance 

data  i n  -.the . l ibrary, 



. 2 B i s  the value of buckling specified by the requestor, (see Card Series  

100000, Pa r t  TWO* ) 

€ i s  a special  parameter which when multiplied tines B~ w i l l  make 
~ . - j  . . 

E B 2  : 1B21, * .  

w i s  computed f r m  the following, 

aS9" is  defined by Ego (1) of Appendix Bo 

- am i s  the width of lethargy multigroup m. (see Appendix B o )  ' 

6 i n  Eqo (B.4) i s  a control parameter which i s  specified by the requestor 
:L 

when he checks the Selengut-Goe~tzel or non-Selengut-Goertzel approximation. 8 =  

in the former case and = 1 in the l a t t e r  case. (see Card Series 000001, Part  Two,) 
. , 

7 i n  Eq. (B.7) i s  s e t  equal t o  l '&  all multigroups i f  a PI approximation i s  

specified. (see Card Series  000001, Pa r t  Two. ) I f  a % approximation (Ref .  1) is  
. . .  

requested, 7 i s  specified in multigroup m i n  the following manner. 



. . .  

F o r  cm <_ 0.5, 

C, SOLU'ITON EQUATIONS 

Let 9 and of Eqs. ( ~ ~ 3 )  .and ( ~ . 4 ) 9  m s ~ e c t i v e l ~ 9  be defined as 
. . 

I 

m 
and C 1 m , +  

'i ( :  I 
e - 

2 . . 

. . -  . - .' " 
. . .  . . 

Substitution of Eq, (c.1) i n to  Eq. , ( ~ . 3 )  r esu l t s  . . a, . : . ... . 

. . 

m-1 m m-i  
(A I" csrn - qi . -:" (pi.*,qi. 1 + c o ) l  rm o .  , . : . .  0:i. ..1, . 2  

L 
where (To): = 

(A',)" * & 
2 

(c. 3 4  



m 
and 

m - (E O)i = N ~ ( ~ ~ ) ~ ( K ~ ) ~  

Similarly,  a subs t i t u t i on  of Eq, (c. 2 )  i n t o  Eq, (B.4) r e s u l t s  i n  

- m .1 
where ( K ~ ) ~  = 

( )"+ g 
.. , 

l i  2 

m 
and 

m .- 
( ) = * t- ) (K )m 

1. 1 . i ; l i  l i  

Replacing qm of Eq. (B.1) by i t s  equivalent  i n  Eq. ((2.3) r e s u l t s  i n  
1 



-m 
s = E m + ; " +  1 m-1 and 

i 

m 
Here ( K , ) ~  = 1 - ' ( p a )  

m 
S imi la r ly ,  replacing pi of Eq. ( ~ ~ 2 )  by i t s  equivalent  i n  Eq. (c.5) r e s u l t s  i n  

1 . I  : A 

( c , lla) 

. . 

m 
where p = 3 + 3 2 (C,12) )I 

i 

-an m m - l  
and t = 36 (%),pi 

-4 

Equations (C.7c) and (C,llc) form a p a i r  of l i n e a r  simultaneous equations ' 

m dn 
which can be solved i n  each multigroup f o r  t h e  unknowns F  and F1 so that, 

(cop,') 

(c. 16) 



m m 
Knowing and q9 the values of qi and pi can be obtained. from Eqs. (~ :3b)  and 

( ~ , 5 ) ,  respectively, with i n i t i a l  conditions tha t  

and 

D, FEW-GROUP EDIT 

Define 

Here, v i s  the few-group within the few-group scheme ug and mVsU 5s the last m u l t i -  

V u group included i n  few-group v. m 0 9 ~  = 0 and mUaU = M. The other values of m 9 

are those multigroup numbers which are specified a s  breakpoints, (see Card Series  

000001, Part  TWO.) u may be 1, 2, o r  3; v is  correspondingly then 1, 1 and 2, o r  

1 and 2 and 3, rfa are fission-to-absorption ra t ios  i n  the l ibrary.  (See 

Appendix B o  .) 

-S m m 
Also bV9" = V,U (2,) r,  + mf) m q m-l]  ,v-1 9u < m s m  



(or "a) 





E .  ISOTOPIC EDIT 

If E d i t  No. 3 i s  des i red (See Card S e r i e s  OOOOOl, P a r t  T W ~ .  ), f o r  a l l  the i so -  

topes  i n  a composition t h e  following few-group r e s u l t s  a r e  computed. w 



F,  BLACKNESS C E F F ' I C I E N T  EDIT (Ref, 7 )  

For  a specially designated s e t  of isotopes ib (see Card Series  400001, Par t  

Two. ) the following a r e  computed: 

. . 
Here t i s  the ha l f - th i chess  of the absorbing region. (See Card Series  000001, 

Par t  Two. ) 

Depending on the value of p, a pa i r  of parameters and A are computed. 

For S 0 , l  

and 

where 



F o r  O . l . I x " 5 1 . 0  

5 

1 - = 
5 

and 
rn f x I c 2 ) p  

1-1 k'=1 

F o r 1 , O  x 5.0 

Z m  ' 5 

5 
and - 

H r n  A = 1  

The coef f ic ien ts  a re  l i s t e d  i n  the following tab le .  i t .  

* The coeff icients  in this t ab le  were computed by  orm man-'R. dkde ld re  of 
Be t t i s  and transmitted by pr ivate  cammunication. 



m 
For  x 2 5.0 

,Wowing the multigroup values of zm and Hm, the following f em-group q i w -  

. . . . t i t i e s  a re  t o  be. computed. 

and 

where 8 i s  an input parameter, (see Card Series  000001, P a r t  Two. ) b 

I n  addition, f i c t i t i o u s  diffusion coeff ic ients  and absorption cross s e c t i o r ~  

are  t o  be computed in the following manner, 

whe re kvsu = -  - l cosh -1 (0 1)v3U 

2 t ( 02)v3U 

and 



The parameter h i s  an input quantTty which i s  th'e mesh ,size in  the absorbiw, 

.region, (see Card Series 000001, Par t  Two. .) 

and ( ~ , ) ~ 9 ~  = ~~9~ 
t 

and (C )vsU = 2 .zvsu 
a h 



PART TWO 

PREPARATION QF INPUT 

A, I N  TROWCTION 

A job, as  described by BKS (Ref, h), a s  run ~ ~ M U F T - 5  can resu l t  i n  the pro- 

cessing of one or more cases each of which i s  a complete MWT-5 pmblem. Regardless 

of the number of cases i n  a job there must always be present, in a deck of cards of 

the f i r s t  job, the following cards: 

1 )  Accounting card. 

2 )  BKS job control  card, 

3 ) Binary program cards (optional) 

.4) Fi le tape  cards. 
. . 

5) Data cards. 

This .deck const i tutes  p a r t  of the input of a MWT-5 job, The res t .  of the input f o r  
. - 

s a job i s  supplied v i a  a f i l e  tape which contains a l i b r a r y  of data representing the - . 

nuclear properties of isotopes which may be used i n  the job, (see Appendix B, ) 

B. THE ACCOUNT~ING CARD 

.The description of t h i s  card i s found in the memorandum on the B E  Sequencing 

System (Ref, 4)': 

C, CmTROL CARD 

Column 9 I f  ' the binary program cards f o r  MUF T-5 f olbow thf  s card, a IICl l  s h o d d  

be punched, I f  the MUF T-5' program is t o  be taken f ram the BKS System program 

ll.brary, a tjTtl is punched, 

Columns 11-15 lWUFTSll i s  punched. 



columns 17-32 ~ ~ ~ ~ ~ x M c A A A Q ' ~  ~ e m d  x can be blank (A) o r  4 or  5, 

x = 4 in t he  columxl of the card which corresponds to  the number of the lLbrary 
I 

being used ( 0  through 9 ;  see Section F )  indicates  t h a t  this tape i s  a "libraryn 
. . 

tape a s  defined by BKS and the ident i f ica t ion  of this t a p  i s  found on this, con- 

t r o l  card a f t e r  the data-select charaeter=code. x = 5 in a column indicates t h a t  

t h a t  tape i s  a Itfilen tape a s  defined by BKS and the ident i f ica t ion  of it is  found 

on a f i le tape  card [see Section E ) , The remaining x-columns f o r  which there a re  

no 1ibral-y o r  f i l e  tapes a r e  blank, L e a ,  A, Library tapes and f i le tapes must be 

output f i l e  tapes of e i t h e r  M I L C l  or MILC2 (see Appendices B and C, respectively,), 

Columns 33-80 Infomation punched i n t o  these cohmns w-i 11 vaqy w i t h  the som- 
, a- 

puting ins ta l la t ion ,  t h a t  is, the  data-select-character code f o r  pr int ing and the 

l i b r a r y  tape identif%cations,  

T h i s  control card i s  not  present for subsequent MWT-5 jobs, 

D. BINBRY PROGRAM CARDS 
2 

This Is a deck of cards which the author assumes accompanied the distpibution 

of th5.a memorandum, This deck i s  included in the job only i f  there  i s  a ' @ C W  - - .  - 

punched i n  column Y of the control  card (see previous section). This deck is  

omitted i f  a "TI@ i s  punched iPa column 9 of the control card and i s  omitted from 

a l l  the jobs a f t e r  the f f r s t  j ob of a s e t  of consecutive MUFT-5 jobs on a BKS 

input  tape, 

E, E' UTm CARDS 

F i l e t ape  cards w i l l  vary wSth computer in s t a l l a t ion  since they contain the 

iden t i f i ca t ion  of the f i l e t a p e s  which may be specified on the control  card (.see 

section C), If there a re  no f i l e t apes  specified on the control card, there  are 



t o  be no cards specified here, I f  there are f i l e t apes  specified on the control 

card, the description and ordering of the f i l e t ape  cards which are  required f o r  

each job are  f u l l y  outlined i n  the BKS memorandum (Ref. h), 

F, DATA CARDS 

There is  a suggested MTIF T-5 Input F om (see Appendix A )  which should be f i l l e d  

out  with the required parameters f o r  each case i n  order t o  f a c i l i t a t e  punchhg. 

T h i s  section w i l l  be a description of the quant i t ies  entered on t h i s  input form, 

Exeept f o r  the t i t l e  card, the only characters which should be entered in to  the 
- .  

spaces on the form should be +, -, 0, 1, 2, 3, 4, 5 ,  6, 7, 8, or 9, The quant i t ies  

"half thicknesstq, "mesh s izet t ,  ttB~ckling", and gqLta a re  specified i n  

f loat ing point form such tha t  a number which i s  written in! sc ien t i f i c  format a s  

i s  entered on the form i n  excess-zero f loa t ing  point format as 

The space f o r  the sign of the f r ac t ion  has been omitted in a l l  places except f o r  the 

bueklbg, The remaining parameters are fixed point quant i t ies  and a r e  assumed 

posi t ive with the exception of the isotope code numbers, i, (See Appendix F . ) 
The case number, ccc, which i s  p a r t  of the ser ies  number of card se r i e s  100000 

through ~ o O O O O  must be the same within a case but may be any three d i g i t  number -- 
e,g., t h i s  might be the composition number of a spa t i a l  nuclear design computer 

program, This case number wi l l  appear nowhere on the output pages, therefore the 

author suggests t h a t  it be included as p a r t  of the t i t l e  card information, 



T i t l e  Card A l l  of the alphabetic and numeric infohnation which is' punched 
. . 

i n t o  t h i s  card w i l l  be pr inted a t  the top of every page -of' output' f or,:the case ' '  . . 

described on tha t  form and a l l  subsequent cases of t h a t  job u n t i l  another of these 

cards i s  encountered by the  program a t  the beginning of a case, a t  which time the 

new t i t l e  card information dl1 replace the  old t i t l e  card information, The author 

recommends specifying a unique t i t l e  card f o r  each case and using the  f i r s t  e ight  

columns a f t e r  the a s t e r i sk  f o r  a problem number, although the disregard of e i t h e r  

of these recommendations w i l l  not cause a discontinue of the job. 

DimehsionCard 000001 This card will be referred t o  a s  a dimension cardk T h i s  

card i s  specif ied only f o r  the f i r s t  case of a job, A l l  of the parameters of t h i 8  

card w i l l  be the same f o r  every case of the job. 

1 )  Total Number of Multigmups (M),  f ixed point quant i tyj  t h i s  must be the 

same as the t o t a l  number of multigroups in the MILC-I. l i b r a r y  (see 

kppendix B, ). 

. 2) Multigmup Breakpoints f o r  Few-Group Edit ing (rn1g3 and m2g3) , fixed 

1 3  ' 2 3  poin t  quant i t ies ;  1 < m 9 < m 9 < M a 1 ~ 3 9 ~ ;  m1s3 < U (see Appendix B.). 

3)  E d i t  Number Cheek the e d i t  desired (see Par t  Four, ), 

4) Use Library No. F h e d  poin t  integer 0, 1, 2, or 9 .  Corresponding t o  

i t h i s  number,' a l ibrarytape o r  f i l e t ape  must be properly requested on the 

contrpl card (See Section C,) and, i f  necessary, f i l e t ape  card (see 

Section.E, ), 

) Approximations One of each of the pa i r s  of approximat,j.ons must be cheeked 

fndicating tha t  t he  corresponding number i s  t o  be punched i n  the card, 

, . (see Pa r t  One, Section Be ), 

6 )  Blackness Coefficient Ed i t  A 1 1  three quant i t ies  are f loa t ing  point numbers2 

h a l f  thickness of p la te  ( t ) ,  mesh s ize  i n  plate  (h ) ,  and Sb. ( S e e p a r t  

One, Section F . ) 



Library Card 000002 This card w i l l  be r e f e r r ed  t o  a s  the l i b r a r y  withdrawal 

card, The isotopes  i den t i f i ed  by t h e i r  isotope code numbers, i, and the  source 

spectrum i d e n t i f i e d  by i t s  spectrum number, s, must have information corresponding 

t o  these  numbers on t he  tape ca l l ed  f o r  by t he  L ibra ry  No. of the, dimension card 

and the  BKS control  card and f i l e t a p e  cards, The f i xed  point  isotope code numbers 

must be entered i n  ascending order. The program w i l l  const ruct  i n  core storage a 

custom made l i b r a r y  f o r  the  job from the da ta  read off the  l i b r a r y  tape,  A 1 1  of 

the information f o r  the isotopes  requested by t h i s  card w i l l  be read off the  tape 

and included i n  t he  job l i b r a r y .  

A t  t h i s  po in t  it would be well t o  s t a t e  a program r e s t r i c t i o n  which must be 

met i n  order t o  insure  t h a t  a job m a y  be c o r r e c t l y  processed. 

There i s  a la rge  sec t ion  of core storage, 21,000 words, which i s  s e t  as ide  f o r  

u s e b y  each case  and by the job l i b r a r y ,  (CS), and (CS) respectively.  The amount l 
of storage occupied by these two s e t s  of data  must meet the  following r e s t r i c t i o n :  

The amount of storage occupied by the  l i b r a r y  (cS) i s  dependent upon the  f o l -  R 
low5ng parameters. 

1) M, t h e  t o t a l  number of multigroups. 

2) L,  the f i r s t  multigroup with resonance data ,  

3 )  U p  t he  l a s t  multigroup with i n e l a s t i c  s ca t t e r i ng  matrix data.  

4) If, the  t o t a l  number of i s o t o p e s i n  the job l i b r a ry .  

5) IfA,, the  t o t a l  number of isotopes i n  the job l i b r a r y  with absorption 

resonance data ,  

6) Ifi, the t o t a l  number of i sotopes  i n  the job l i b r a r y  with f i s s ion- to -  

absorption r a t i o s ,  



7 )  IU9 the  t o t a l  numbbr.,of i sotopes  i n  the job l i b r a r y  with ' i ne l a s t i c  
. . 

s c a t t e r i n g  matrix* da ta .  The amount of storage f o r  t h e  job l i b r a r y  

can be  computed from 

The amount of core storage 0 c c u p i e d . b ~  t h e  case  (cs), i.3 dbpc2ndent upon s&ne 

of t he  above parameters and I,, %'he t o t a l  number .o f  j.snt,bp.es fn ite.ch case, and can 

be computed from 

F o r  example, i n  t h e  multigroup l i b r a r y  which i s  in general use a t  BAPL, M = 54, 

L = 26, and U = 25; the  above e,quations would s impl i fy  t o  

A ty$ical  job might have these  values f o r  the  job l i b r a r y  dimensions: 

11 = 10, Itn = 7, IIF = 2; Iy = 6: Then, ( C S ) i  = 12643; and a case run in #is 
I 

job using a l l  of t h e  j ob-l ibrary isotopes  would r e s u l t  i n  ( c s ) ~  = 5474. The t o t a l  

s torage i s  we l l  within the  l i m i t  of 21,000 words, (Note: A l l  rirunbers i n  the above 

discuss ion a r e  decimal, ) 

The remainder of t h e  d a t a  entered on t he  input  form may vary  between cases.  

Each case a f t e r  t h e  f i r s t  w i l l  be considered t o  have the  same input  as specif ied 



fo r  the previous case modified by the input specified f o r  the current case, Only 

those changes from the previous case need be specified, with the exception tha t  

L-f actors  of an isotope f o r  groups L through M must always be specified when changing 

any L-factors f o r  tha t  isotope, A l l  of the  case numbers, ccc, contained within a 

se r i e s  number must be ident ical  fo r  a given case. Each case i s  followed by a blank 

card. The program in te rp re t s  the input fo r  the f i r s t  case of a job a s  modifications 

of a f i c t i t i o u s  previous case which had a s  i t s  input: 

1 )  The information on the dimension and l ib ra ry  withdrawal cards which are  

supplied f o r  the f i r s t  case, 

2) B2 = 0, 

3 )  Ni  = 0, f o r  all i in the job l ibrary ,  in both the MUFTG medium and the 

absorbing p la te  which i s  associated with the blackness e d i t ,  

4) ~ ; 9 ~  = 1, f o r  a l l  e ight  resonances of every multigroup within the 

resonance multigroup range f o r  each isotope that  has resonance data i n  

the job l ibrary ,  

lccOl Buckling (B2). A signed f loat ing point number within the ranges: - 
< B2 < p10-50; B2 = 01 10-sO < B2 < 10500 

2scoOs Isotope code numbers, i, and number densi t ies ,  Ni, whi ch are t o  be 

changed from the previous case, The e n t i i e s  must be made i n  ascending order 

according t o  code numbers, N i  = 0 eliminates isotope i from the case, Ni f 0 

includes or modifies the isotope i n  the case, In every case a t  l e a s t  one moderating 

isotope must be included i n  the l i s t  of isotopes, Moderators a re  indicated by 

making the sign of the iso,tope code number negative, The program has no other means 

of determining which isotopes -are moderators i n  the computation of resonance escape 
. . 

probabi l i t ies  (See E ~ S .  B . 1 3  and B.14. ), 'The number density of a moderator should 

n b t  be zero. The f i r s t  f ive  isotope en t r i e s  a re  made on card 2ccc01, the next f ive  
. .  . . . .  



on card 2ccc02, and the last f ive  on card 2ccc03, There can be no more than three 

2cccOs cards, Specify only a s  many a s  needed and use only a s  many spaces on each 

card as needed, leaving blank the  unused spaces. 

3 c c m  Resonance Self Shielding Factors (see Par t  One, Section B. ). These 

fac tors  can be specified only fo r  those isotopes which have absorption resonance 

da ta  in the job l ibrary .  The lethargy range under consideration a s  f a r  a s  resonance 

da ta  i s  concerned l i e s  within and including the multigroups L and M e  (see Appendix 

Be ) Every multigroup within this range i s  assumed t o  have eight resonance peaks 

fo r  each isotope. Different L-factors can be specified f o r  each resonance peak of 
- - 

an isotope or  one L-factor can be specified f o r  a l l  the resonance peaks of an  iso- 

tope, I n  the  f i r s t  method the v d u e s  of mm in the card se r i e s  number start a t  L and 

run through M f o r  an isotope i with the  L-factors fo r  all e ight  resonance peaks 

being entered i n  f loa t ing  point format. In the second method only one card i s  

specified f o r  the isotope i with only one L-factor and the value of mm a 00; the 

r e s t  of the  spaces a re  blank. If the isotope is a moderator, jus t  the :code number 

i, not  -i, is entered i n  the space fop the isotope code number. The fac tors  must 

be specif ied in order according t o  i. Due t o  space l imitat ions more than one form 

may be needed; indicate on the additional forms t h a t  they are  a continuation of 

t h a t  s e t  of data from the previous f om. Enter the B lachess  Coefficient Ed i t  input 

on the  l a s t  folm of a case. 

kcccO1 Blackness Coefficient Edi t ,  Ent r ies  on t h i s  card describe the compo- 

s i t i o n  of t h e  absorbing p la t e  and must follow, in general, the same ordering rules  

as the  2ccc0s ser ies ,  I f  the isotope ib i s  a moderator i n  the MUFT-5 medium, i ts 

code number must be posit ive,  All isotopes must have data  i n  the job l ibrary ,  

En t r i e s  here i n  no way a l t e r  the e n t r i e s  of card se r i e s  2cec0s. 



50 INTRODUCTION 

'Shce MUFT-5 was programmed such t h a t  it would be run under supervisory con- 

t r o l  of the  BKS system, a l l  operating instruct ions concerned with arrangement of 

input decks and computer operations w i l l  not be discussed in this memorandum, 

because they are  thoroughly outlined b Reference 4, 

B, PUNCHING THE INPUT IECK 

Punching of the BKS cards mentioned in Par t  Two, Section A, i s  described fn 

Reference 4, 

The data cards a re  punched from the input form and must be retained in the . 
. - - . .. . . . . 

order in wNch they a re  Ablank ca rd fo l l iws  the l a s t  card of each case, 

The MUFT-5 control cards -- dimension card and l i b r a r y  withdrawal card -- are 

punched i n  normal reading o r d e ~ ,  Each se r i e s  number indicates  the start o f  a card, 

Only the spaces which have been f i l l e d  in should be punched. Ent i re  rows which 

are blank are ignored, The description of the format of the data  cards, the eon- 

s t i t u t i o n  of the various f i e l d s  of a data card, and the procedure f o r  punching the 

cards i s  outlined i n  d e t a i l  i n  Appendix F ,  



PART FOUR 

I E S C R I P ' E ~  CF OUTPUT 

A* INTRODUCTION 

The only form of output avai lable  a t  the  t h e  of t h e  wr i t ing  of this memorandum 
- .  

is  the pr inted page, After the  basic  MUF'T-5' pr6blem has been solved (see  P a t  One, 
- - - -  

sec t ions  B and C. ) ,  t he  input f o r  t h a t  case i s  edi ted;  The l is t  of, i sotopes  which 

have nonzero number dens i t i e s  a r e  assumed t o  have been spec i f ied  as i n p u t  f o r  t h a t  

case. F o r  t h e  isotopes b t h i s  s u b l i s t  the L-f a c to r s  of those isotopes  which have 

absorption resonance da t a  i n  t he  job l i b r a r y  a r e  printed,  

The program then proceeds t o  obtain t he  few-group r e s u l t s  spec i f i ed  in Section D 

of P a r t  One based on t he  multigroup breakpoints spec i f i ed  i n  the ' input .  The few- 

group quan t i t i e s  a r e  computed f o r  three  schemes. 

S-cheme 1 One few-group, which includes a l l  of the multigroups from multfgroup 

1 through multigmup M. 

Scheme 2 Two few-groups, which include i n  t h e  f i r s t  few-group the multigroups 

from multigroup 1 through t h e  multigroup indicated by breakpoint 2 and in t he  

second few-group the  multigroups no t  included in the first few-group, 

Scheme 3 Three few-groups, which include in the f i r s t  few-group the  m u l t i -  

groups from multigroup 1 through t h e  mul t ig~oup  indicated by breakpoint 1, i n  t h e  

second few-group t he  multigroup next a f t e r  breakpoint 1 t h o u g h  the  multfgroup 

indfcated by breakpoint 2, and the  M k d  few group which i s  the same as the  second 

f ew-group of s cheme 2. 

Af te r  t h i  s .  computation i s  completed, a l l  of the  few-group r e s u l t s  are ed i ted  

f o r  p r in t ing  off  -line. 

~t ' t h i s  point  i f  t h e  e d i t  spec i f i ed  f o r  the j ob i s  E d i t  No, 1 (See Card S e r i e s  

000001, Section F,  P a r t  Two.), the  ed i t i ng  f o r  the MUFT-5 por t ion of the  program 



is  completed and the program w i l l  move on t o  determine i f  the blackness coeff ic i6nt  

e d i t  is requested f o r  this job. I f  Ed i t  No, 1 is  not specified, the program will 

process, f o r  printing, the  multigroup values of the flux, current, and ne t  slowfng 

down densi t ies .  A t  t h i s  point  if the e d i t  specified f o r  the j ob i s  Ed i t  No, 2, 

the e d i t i n g  f o r  the MuFT-5 port ion of the program is complete and the program w i l l  

move on t o  determine i f  the blackness coeff ic ient  e d i t  is  requested f o r  this job. 

If E d i t  No, 2 has not been specified, the program w i l l  compute and process fo r  

pr in t ing  isotope dependent f ew-group and multigroup quant i t ies  for  every isotope 

which i s  l i s t e d  a t  the beginning of the e d i t  a s  input, f o r  all three few-group 

schemes, After  Edi t  N o, 3 has been completed, the program w i l l  determine i f  the 

blackness coeff ic ient  e d i t  i s  requested. 

I f  E d i t  No, h is  requested, the  same infomation which i s  norma3ly edited when 

E d i t  No. 3 i s  requested w i l l  be edi ted except t h a t  all of the multigroup re su l t s  

normally edi ted by Ed i t s  No, 2 and 3 w i l l  be omitted, 

I f  t h e  blackness coeff ic ient  . e d i t  . i s  requested, the input f o r  the  blackness 

coeff ic ient  e d i t  i s  processed f o r  pr int ing off -l ine at  which time the program . w i l l  

scan another s e t  of number dens i t ies  for a l l  the isotopes i n  the job l i b r a r y  t o  

determine which isotopes make up the absorbing plate.  The computation out l ine in 

Section F of P a r t  1 i s  performed, The resu l tan t  multigroup spectra and few-group 

quant i t ies ,  f d r  all three few-group schemes, are processed f o r  off -line printing. 

The program proceeds t o  the next case, i f  there i s  one. 

The following sections w i l l  l i s t  the t i t l e s  which appear on the output pages 
8 .  

f o r  each of the ed i t s ,  After  each t i t l e  w i l l  be a reference t o  the defini t ion 

o r  equation in this report  which describes the quant i t ies  printed under that  

t i t l e  on the output pages, 



B o  E D I T  NO0 1 

IfDIFFUSION CONSTAN TIt 9 E q o  ( D . 1 1 )  

"MBCROSCOPIC CROSS SECTIONS 

"ABSORPTION" , Eq. ( ~ ~ 1 2 )  
3 

lqBEMOVAL " Eq. ( ~ ~ 1 5 )  through ( ~ ~ 1 . 7 ~ )  

'"SPECTRUM INTEGRALS" 

llSOURCE Is Eq, ( ~ ~ 1 0 )  

'"FLUX " 9 Eq, ( D o 6 1  

i t  C- TI? 9 Eqo (DO 7 )  

'FLUX-bEIGHTED CROSS SECTION INTEGRALS" 

"ABSORPTION" 

"NU* IS 'SION" 

9 Eq. ( D o 8 1  

9 Eq. ( D J )  

, ISS ION lo 9 Equ C ~ o k )  

"NON -ABSOIZPTION PROBABILITY" Eq, ( D 0 1 8 )  

C. E D I T  NO, 2 

ItNET SLOWING lBbI4 D?INSITIES19 

Sum over all t h e  isotopes,  i, of t he  
quant i ty  defined by Eq, ( c , ~ c ) .  

Sum over all t h e  isotopes,  i, of the  
quant i ty  defined by Eq,  (c,S), 



D. E D I T  NO. 3 . 

VIULTIGROUP SPE CTFtA1I 

1 9 m ~ ~ ~ ~   ABSORPTION^ 

"RE SONAN CE ABSORPTIONI1 

'tNU-F I S S I O N  It 

'SF ISSION l9 

"SLOWING mw D E N S I T I E S "  

"ISOTROPIC1t  

"ANISOTROPIC 

IISPECTRUM INTEGRALStt  

'@SMOOTH ABSORPTION 

"RE SONAN CE.. -ABSORPTIONtt ' 

1tNU4? ISSI ON" 

'T IS SION" 

'PMA.CROSCOPIC C R O S S  SECTIONS19 

"SMOOTH ABSORPTIONIt 

"RE SONAN CE ABSORPTIONt1 

t9NU=FISSIONf1 

!i? FISSIONn 

1 W I C R C 6 C O P I C  CROSS SECTIONSt t  

" m 0 0 ' E H  A E O R P T L Q N l 1  

"HE SONAN CE ABSORPTION '1 

!qfi$TsSpo~ II 

'SF I S S I O N  

Eq. (E.3)  . -  

9 E q +  ( ~ 0 4 )  

9 Eq. (E.1) 

9 Eqs ( ~ 4 2 )  

EqO ( c . 3 ~ )  
. ,  

9 Eq. ( c o S >  

N u m e r a t o r  i n  Eq. (E, 7a)  

N u m e r a t o r  in Eqo (E, 8a) 

N u m e r a t o r  i n  Eq. (E .Sa) 

N u m e r a t o r  i n  Eq. (E ,6a) 

E q e  (E.7a) 

E q .  ( ~ . 8 a )  

9 Ese (EeSa) 

Eq. (E.6a) 

,, Eq, (E.7b) 

Eq, (Es8b) 

E q e  (EQSb) 

Eq, ( ~ . 6 b )  



E . BLACKNESS COEFFICEN T EDIT 

lTICTITIOUSU ., . 

ItDIFFUSION CONSTANTI1 , E'q. ( ~ ~ 1 3 )  , Eq. ( F  .17), o r  Eq. (F .19) 

IIABSORPTION CROSS S C T I O N "  Eq. (Fo16), Eq. ( F e 1 8 ) , . o r  Eqo ( ~ ~ ~ 0 )  

I1AVERAGE BLACKNESS COEFFICIENT1l 

l tETAf l  , Eq, ( ~ ~ 1 1 )  

I s  TAft , Eq. (F012) 

"FLUX-WEIGHTED BLACKNESS COEFFICIENT INTEGRALS'" 

l'ETA1t 

"NUMERATOR '1 

"ENOMINATOR" 

"MUL TIGROUP RE SUL TS 'I 

"OPTICAL THICKNESS" 

ttBLACKNESS COEFFICIENT" 

INPUT FORM EDIT 

, Numerator i n  Eq. (F .11) 

, Denominator in Eq. ( F e l l )  

, Numerator i n  Eq. (F,12) 

, Denominator i n  Eqo (F .12) 

9 Eq. (F.1) . 

, ~ q .  (F.2), Eq. (Fob), Eq. ( ~ ~ 8 1 ,  o r  
Eq.  (F.10) 

A t  the  end of every job t he r e  w i l l  appear inpu t  forms which have been p a r t i a l l y  

f i l l e d  i n  with data  from selected cases  of the  job. The inpu t  forms a r e  exac t l y  

those IWACROSCOPIC DATA FORM1l inpu t  shee t s  which are p a r t  of t h e  spec i f ica t ion  of 

a WANDA, PDQ, CANDLE, TURBO, e t c ,  problem, ( ~ e f ,  6)  The e d i t  w i l l  have f i l l e d - i n  



. the se r i e s  number and the f ew-group D, Za, h, and vZf from t h e  ca5e.s which did 

not have zero f o r  a case number (see Par t  Two, Section F. ), The sequence number 

entered i n  the f o m  w i l l  be the same a s  the ease number,  he'-: sub'serkes number . 

entered i n  t h e  form dl1 be the few-group number, The cases w i l l  appear i n  the 

order i n  which they were pmcessed, The columns headed "KAPPA F ISSIONtt and ttCOMP. '1 

w i l l  be blank, &. row w i l l  be skipped for.  the inser t ion  of thermal constants. 

Three forms w i l l  be edited, one form f o r  each scheme, A s  many forms a s  necessary 

w i l l  be pr in ted  f o r  each s'cheme, A s  many a s  122 case's can be t rea ted  i n  th i s  e d i t ,  

If a l l  t he  case numbers a re  zero i n  a ,job, this e d i t  is  skipped, 



APPENDIX A 

MUF T-5 SAMPLE PROBLEM 

The sample problem i n  t h i s  appendix is  designed to display the types  of i npu t  

which can be specif ied and the  format of the output, The problem does no t  repre- - - 

sen t  any p a r t  of a reac tor  o r  e ~ p e r i m e n t ~ e i t h e r  in e e s t e n c e  o r  proposed. 

The 54-group l i b r a r y  which was used t o  run the problem i s  exact ly  the l i b r a r y  

described - .  - -  i n  t h e  Be t t i s  Laboratory Report, UPD-Dl-224, "S4-Group Library f o r  P-1 

Programstt by A, F. Henry, April  1960. 

The one-page pr intout  which follows the input form i s  an IBM-407 l i s t i n g  of 

the cards which should be punched from the  information supplied on t he  input form, 
- 

The f i r s t  card  of the  deck i s  the BKS accounting card (see Section B, P a r t  TWO.,). 



MUFT - 5 Requestor 
K.P - V. - 

T i t l e  Ca rd  
Ilr2,0,0,3 ,~,O,bI, , ,S !A p ,P ,L C , ,P,E,O,B,L,E,M, ,F,O,R, W , A  P , D , -  T.,M -,2,1,8, I I . I I I I I I I I . I ~ ~  

. . 
k Remarks 

( S p e c i f y  000001 and 000002 for flrst case only ; omit both 'for subsequent cases.) . .  Dinension Card 

I-]. Tota l  NO. bi Multiproupr Multigroup Breakpoints for Edit  N o . ( c ~ r n o ~ r ) ~ - -  
Few -group Edi t ing 2. - 

lckneSS Coeflicient Edit 
3. L 

Approxlmatlons ! Cheek one of each pair 1 4. - 
Half , nickness Mesh Size+ . . L ibrary  PI I .  Not Scltngut -Goertzel IL t - 

B z- S~lengut  -Goertzel 2- 11, ; I , I + I ~  15, , , ' I  I+IO~ 8; ma 
- Li.brary Card ( L i s t  1 for Isotopes to be mused in any of the cases,  in ascendin@ order a f  1.1 

[ O , O ~ O , O , ~ , ~ ~ ~ , O J ~ O , O . ~ ~ O , O , ~ ~ ~ , O ~ ~ ~ , ~ , ~ ~ , ~ , O ~ ~ , ~ , ~ ~  , , 1 ; , 1 , , 1 , , 1 , , 1, , , 1 , , 1 , , 1 Source Spectrum m Used for every case - * - - - 
Buckling ( B2 1 (+,1, , , , , , , , , , - ,3,  ..I 

Case m . , , I .  L 2 L ?  
/3,0, 2,2, O,O11,1,8 19,6,7, 61+101 , I , I I 

j= lso tope  Code Numbers N =  Number Density ( Enter in ascending order of I ) 
Case. I i N t ? i  N ? * I  N ? I  Y 2 t i  N t 

~ ~ ~ ~ ~ ~ I I ~ I I ~ I I I I ~ ~ ~ I I  
Blackness. Coedfic:ent Edit ( Enter In oscendlnq 

11111,1111-13~ 
, , , , 1 I 

1 1 1 1 1 1 ,  
Resonance Self Shielding Factors If m, the group no.=O, first L same for all resonances of I; enter in ascending order of i. 

3,3,L1 1 - 1 1  

, , , I I 

1 1 1 1 1 1  

2,0,2,2,0,1 
2,0,2,2,0,2 
2 1  I I 1013  

+,1,1,8 
, , , 
1 1 1  

+,0,0,7 
, , , 
1 1 1  

- 10,0,1 
+,1,2,0 
I I I 

7,8,9,0,11-12 
, , , , I I 
1 1 1 1 1 l  

+,1,0,2 
, , , 
1 1 1  

6 6,8, , ,?11 
2 2,2,2,21-lb 

I I I I I  

+,o,o,612,3,&,5,61-12 
, , , i , , , , I I 
1 1 1  1 1 1 1 1 1  





* 1 2 0 0 3 0 0 6 r  SAMPLE PROBLEM FOR Y b . ' D - t 9 ~ 2 1 8  

-SOURCE S F E C T R U M  NUMBER 1 

ISOTOPE 901 d l 8  

L  a 9 6 7 6 4 C 0  F 9 R  I L L  RESONbbeES 

TSbTDPF N O *  1 2 0  

L m '  100O+C1 FDR PLL Rl?SoNbblCES 



' *1200,3OObr SAMPLE P R O B L E J  FOR U I > D - T Y = ~ ~ ~  . '  . ? 2 0 6 3 0 0 6 $  YuFTS FOULY F E B e ,  7,  1 9 6 1  

F E U  GROUP R E S U L T S  . , 

FEU C X F ~ U S I O N  MACROSCOPIC  CPOSS S I ? ~ T I ~ Y S .  
GROUD SCuEKE C!!NSTANT A B S O R P T I O N  REMOVAL N U - F I S S I O N  F I S S I O N  

1 7 5 P 1 2 * D 1 .  1 5 1 8 7 1 - 0 2  1 1 8 0 4 9 c 0 0  3 7 4 9 4 1 . 0 3  1 3 4 8 7 5 . 0 3  1 nr 3 

. F E Y  S P C C T R U M  INTEGRA~ s 
GROUF S C H E Y E  SOURCE  LUX CURRENT 

1 OF 5 7 5 1 6 5 0 * 0 0  6 2 7 3 9 9 * n 1  1 1 0 3 0 5 * 0 0  
2  C F  3 2 4 @ 1 7 5 * ~ @  6 5 A 1 3 3 * a 1  5 8 4 7 4 0 - 0 1  
3  OF  3  0 0 0 0 0 0 * G 3 .  6 3 ? 8 9 n * n l '  2 9 0 7 1 2 . 0 1  

F L U X - U i I G H T E D  CROSS S E c l I O h  I N T E G R A L S  
A R s O R P T I O *  N U - F I S S I C N  F I S S I O Q  

1 nF 3  9 5 2 8 3 7 . 0 2  2 5 5 2 3 8 - 0 2  8 4 6 1 9 9 . 0 3  
2  OF 3 1 6 5 4 5 6 - 0 2  2 9 7 3 4 1 - ( 1 2  1 . 1 9 9 2 2 . 0 2  
3  n F  3 4 8 6 8 4 1 . 0 1  4 3 4 6 3 4 - a l  ' 1 7 6 8 2 4 . 0 1  ' 



FLUY 
2 4 1 6 4 3 * 0 0  
6 1 3 5 3 ? * 3 0  
I ~ I P Z S * O ~  
2 ! 2 9 5 6 r n l  
3@2547..,1 

' 4 2 3 7 4 5 r 0 1  
3 1 9 5 8 4 . ~ 1  

' 3 9 0 4 9 3 * 6 1  
3 1 7 3 5 2 * 3 1  
3 0 1 5 3 1 r 3 1  
3 4 3 9 8 3 * ? 1  
225144.'11 
l @ u 4 d 3 * ? :  
2 C b 4 6 2 a Q 1  
1 5 2 3 8 8 - 0 1  
1 7 5 h O d * D 1  
1 2 2 7 8 2 r 0 1  
i J 4 3 9 7 4 r l i  
l 1 1 1 7 ~ 9 * Q l  
1 0 6 6 0 6 . 0 1  
PCLII~J+~O 
8 J 8 4 6 i * o 0  
7C4006.00 
7 1 ~ ~ a 2 . 0 ~  
7 2 8 1 7 2 b o O  
7 1 9 0 b n * r i O  
7 2 1 5 2 3 6 0 0  
7 0 7 3 6 5 * 0 0  
7 1 3 6 5 0 * G O  
7 0 1 4 2 5 1 . 3 0  
7 1 1 0 7 . 9 * 0 0  
7 0 U 3 5 1 * ' ? 0  
7 1 1 3 b R * 0 0  
696977.00  
7 0 6 0 8 7 * 9 3  
b 9 7 3 7 R r 0 0  
7 9 3 2 1 9 6 0 0  
695395.00  
6 5 4 9 6 q . n ~  
6 9 2 7 7 2 0 n i ~  
6 5 3 4 3 3 * 0 0  
b P 9 7 1 9 * 0 3  
6 P U h 2 5 + 0 0  
b R B 9 6 1 - 0 0  
6 e z 9 5 2 * 6 0  
681*bA.CO 
6 C 3 0 9 2 r ~ O  
679bOT*OS 
681079.03 
6 7 8 1 4 1 * 0 0  
b 7 3 7 0 1 r 0 0  
bC4963.00 
6 ~ 8 0 5 0 * P O  
644r,82.00 



X S O T O F E  kc .  -1 ' C ~ L T I G R O U P  SPECTRA 

P I S S l n N  
9 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
000000.00 
0 0 0 0 0 0 * 0 0  
ooon.oo*oo . 
0 0 0 0 0 ' 0 * 0 0  
o o o o o n ~ o o  
0 0 0 0 0 0 * 0 0  
n o o o o o r o l ~  , 

o o o o o o i o o  
O 0 @ 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 O r 0 0  
0 0 0 0 0 n * 0 0  
0 0 0 0 0 0 * 0 0 .  
OOOOOO*O0 
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
~ O O G O O * O ~  
0000,00*00'  
o o o o o o * o o  
0 0 0 0 0 @ * 0 ~  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 3  
000000.00 
0 0 0 0 0 0 * 0 ' )  . 
0 0 0 0 0 0 * 0 0 ,  
0 0 0 0 0 0 * 0 ' 3  
n 0 0 0 0 0 * O U  
r)OOOOl)~OO 
0 0 0 0 0 0 * 0 0  
fl001300*00 
O O O O O O * ' O O  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  

~ 0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 ~ 0 0  
0 0 0 0 0 0 * 0 0 .  
OOO@JO*OO 
000000.00 
0 6 0 ~ 0 0 * 0 0  
r ) 0 0 0 0 0 * 0 0 ~  
0 0 0 0 0 0 * 0 0  
0 0 0 0 0 0 ~ 0 U  
000000.00 
r ) ~ 0 0 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  
0 0 0 3 0 0 * 0 0  
0 0 0 0 0 0 * 0 0  



* i 2 d @ 3 0 c b ,  S A ~ P L F  PROBLE*  P O ?  U A P D = T ~ = ~ ~ ~  

ISOTOPE NO. -1 
' c u L : I G a o u P  

1 

. . 2  
3 
4  
5 
6  
7  
6 
9 

? 0  
11 
1 2  
? 3 
1 4  
15 
! 6  
; 7  
!a 
19  
20 
? I .  
22 . 
? 3 
? 4  
2  5 
?b 
27 
1 8  
2 9  
30 
31 
3 2  
33 
34 
2 5 
I b  
a 7  
3 8  
39 

0  
. 4 1  

62 
. 43 

44 
4 5 
A b 
47 
48 
4 9  
qo 
E l  
5  2  
5 3  
=4 

U N  D E N S I T I E S  
A N I s O T R ~ P I C  ' 

?24161.04 
7 7 3 1 2 7 i ? 3  
b89095 iOS 
1 2 3 2 6 9 ~ 0 2  
1 9 6 4 4 5 ~ 0 2  
3 3 3 1 8 1 3 0 2 '  
38Rbb3.02 

.45?280;@2 
469127m02 
406599?02  
5 1 S 0 3 5 i 0 2  , , 

50b011.02 
449555;OZ 
471107302  
4 5 4 0 8 2 r 0 2  
45!094;@2 . 
4 3 P B 0 3 i 0 2  
410822m02 
4 n ~ i 9 3 i o 2  
381322.02 
349115.02 
3 1 3 0 5 l i 0 2  
27?745;02 
2 4 0 3 9 4 i 0 2  
238089m02 
221 0 4 5 ~ 0 2  
2 L 5 4 1 7 i 0 2  
211.675i02 
20R924602 
204i?21602 
201975602  
1 9 8 8 5 9 i 0 2  
198078602  
19h777m02 
1 9 c o 9 1 i o 2  
1Q5056602  

' 1 9 ~ 4 0 5 i O 2  
195377.02 . . 
! 9 2 8 1 0 i 0 2  
192181;02 
191568.02 
1 9 ~ 9 8 3 . 0 2  ' 

1 9 ~ 4 5 7 i 0 2  
189641.02 
1 R 9 0 1 A i 0 2  
186408602  
r t ? e O l 9 ~ 0 2  
1 8 7 4 9 6 i 0 2  
18 .7065 i02  
18656Zmn2 
l P 5 9 4 9 6 0 2  
1R5075.02 
1 8 3 6 1 6 ~ 0 2  
182005602  



ISOTOPE NO. 

SMOOTU RESONbNCE 
A~Sf lRPTIOY ABSORPTION N U - F I S S I C N  

1 5 6 1 2 8 . 0 4  OOOOOO*JO OnOnOO*ho 
8 3 0 9 1 9 - 0 4  0 O C 3 0 0 r 0 0  0 n 0 n 0 0 * 0 0  
5 9 0 5 9 6 - 0 2  GD0000*bO OnOnOO*Pn 

X S O - C P E  NO. -1  H ~ C ~ O S C O P I C  C R O S S  s ~ c r r a ~ s  

SYOOT" RESONINGE 
AnSOQPTtON ABSORPTION N U - F I S S I C N  F I S S r n N  

:72528-34 D O O O O O I E O  ~ n o n o o * n o  O O O O O O ~ O O  
! 8 9 0 0 3 - 0 3  0 0 0 0 0 0 * 0 0  OpOnOO*FO 0 0 0 0 0 0 ~ 0 0  
1 3 0 9 1 6 - 0 1  0 0 0 0 0 0 ~ ~ 0  O n n 0 0 0 * P 0  0 0 0 0 0 0 ~ 0 0  

. . 





I S O T O P E  NO. b 
*UL T I t ~ 0 1 1 P  

1 
2 
3 
4  
5 
6  
7 
8 
9 

. ' 0  
11 
12 
13 
1 4  
15 
1 6  

' 1 7  
18 
19 
1 0  
2 1 
22 
I t  
? 4  
'5 
2  6  
27  . 
28 
29 
3 0 
3 1 
3 2 
3 3 
3  4  
3 5  
1 6  
3 7  . 
78 
39 
4 0 
4 1 
4 2 
a 3 
4 4  

6s 

a b 
a 7 
c 8 
6 9 
5 0 
q 1 
5 2 
53 
90  



FFW 5 M 0 0 1 u  RESCNANCE 
Q'f7lJP SCHEME A a S n R o T T O V  A B S O R P T I O Y  N U - F I S S I F N  

9 OF 3 5 9 9 5 4 5 . 0 4  O O O O O O ~ O O  O P O F O O + ~ O  
7 or 3 O U 0 0 0 0 * 0 0  OOOOOO*FO 0 ~ 0 0 0 0 + 1 0  
3 GF 3 1 6 2 1 9 2 - 3 2  6 0 0 0 @ 0 * 0 0  O;.(i,71!0*1.@ 

I S O T O P E  NO. , 6 M I C R O S C ~ P J C  C R O S S  S E C T J O N S  . . 

P F W  S ~ O O T U  R E S O N A N C E  
C 2 3 l l P  SCHEME A O S D R P T I O N  A R S ~ R F T J O N  & U - F I S S I C N  P I S S ~ ~ N  

O F  3 035233.99 @ 0 0 0 . @ 0 * 0 0  Or.O~OO*! .O 0 0 0 0 0 0 * 0 0  
7 ,  3 0 0 4 ' 0 0 0 ~ 3 0  0 0 0 0 0 0 ~ 0 0  O n o n O O * f O  OOOtOO*OO 
;r n c  3 2 5 6 6 7 7 - 0 5  0 0 0 0 0 0 * 0 0  O n O n 0 0 * 1 . 0  0 0 0 0 0 ( J * O 0  



ISOTOFE NO. 





* 1 2 0 0 3 0 0 6 ,  S A M P L r  PROBLE"  F O Q  ' J b P D * ~ ~ s 2 1 8  

I S O T ~ P E  NO.  7 SPECTRUM I N T E G R ~ L S  

I S O T O P E  NO.  

F E Y  
6 z n U P  S C H E M E  

1 Or J 
7 n r .  3 
3 nr 5 

SYOOTu RESONANCE 
A?SOR?TXOU b e S O R P 7 1 0 N  N U - F I S S I P N  P I S S T O N  

O U n 0 0 0 * 0 0  0 0 0 0 0 0 ~ 0 0  O n n n O o * t O  o O O O O o ~ O 0  
0uOOC0.00 0 0 0 n 0 0 ~ 0 0  Onc ioOo* lO  0 0 0 0 0 0 ~ 0 0  
E J B 4 3 6 * 0 0  0 0 0 0 0 0 * 0 0  O ~ P O O O * E O  0 0 0 0 0 0 ~ 0 0  
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*
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*
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*

*
*
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*
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*
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*
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I S O T O P E  NO. 1 0 2  . 
"ULTTGROUP 

1 
2 
3 
4  
5 
6  
7 
8  
9 

r 0  
1 1  
1 2  
13 
1 4  
15 
i 6 
1 7  
18 
1 9  
20 
2 1 
2 2  
2 3  
7 4  
2 5 
7 6  
? 7 
7 8 
2 9 
3 0  
.3 1 
3 2  
J 3 
3 4  
35  
3  6  
3 7  
3 8  
3 9 
4  0  
4 1  
4 2  
4 3  
4  4 
4 5  
4 6  
4  7  
4 8  
4 9  
5 0  
5 1  
5 2  
c 3 
5 4  



T S O ~ O P E  YO. 

FEU' 
G g 9 U P  SCHEWE 

1 OF 3 
? or 3 
3 OF 3 

1 0: 2 
1 nr- 2 

1 0 2  S F E C T a U M  I N T E R R A L S  

SMOOTU R E S O N I N C E  
A C S O R D T l O Y  P E S O R P T I O N  N U - F I S S I P N  

e 5 ~ a 7 s - 0 2 .  o o o o o o ~ t l o  O ~ O F O O + P O  
O J n 0 0 0 * 0 D .  0 0 0 0 0 0 * 0 0  OnCOOO*EO 
0 3 0 0 5 0 * 0 0  0 0 0 0 0 0 * 0 0  OPOOOO*PO 

I S O T J P E  NO. 1 0 2  H ~ C R O S C O P I C  C ~ O S S  S E C T ~ O N S  

PF W SWOOTu RESONANCE 
G ~ O U P  , ~ C H E W L  A B S O R ? T I O Y  A B S O R P T I O N -  NU-FISSIPN F r s s r n N  

1 0: 3 ' :3hO87-02 0 0 0 0 0 0 ~ 0 0  O~OnOO*FO 0 0 0 0 0 0 + 0 0  
7 0: 3 001l00~1~00 OOOOOO*OO O n @ n 0 0 * 1 0  0 0 0 0 0 G ~ 0 0  
3 o r  3 0 0 0 0 0 9 * 0 0  0 0 0 0 0 0 * 9 0  O n 4 0 0 0 * f O  0 0 0 0 0 0 * 0 0  

1 0 2  M I E R O S C O P T C  CROSS S E C T I O N S  

S r O O T u  RESOWANCE 
A P S n R P i X O Y  P B S O R P T Y O N  N U - F I S S I P N  P I S S r n N  

4 3 7 4 7 7 - 0 1  0 o o o o o ~ ~ o  O n o n 0 0 * 6 0  0 0 0 0 0 0 + 0 0  
0 0 f l 0 b 0 * 0 0  0 0 0 0 0 0 * 0 0  OnonOO*tO . 0 0 0 0 0 0 * 0 0  
O O G O J O - 0 6  O O G O C O . ~ O O  o o n ~ ( i o i P o  n o o o o o + o o  



~ $ n r o P E  NO.  118 ~ U L T I G R ~ U P  SPECTRA 





* 1 2 0 3 3 9 O h ,  S A ~ F L ;  P R O S L E M  P O R  L ' b D o - ~ W = 2 1 8  

I S O T O P E  h e .  

1 1 8  M A C R O S C O P I C  C R O S S  sECT!ONS 





1 2 0 ? 3 0 0 6 %  n11rT5 ROULU FEB,  71 1 9 6 1  2 0  

. . 



FEW S ~ O O T ~  RESONANCE 
GqqUP SCHEME APSORPTYON A B S O R P T I O N  N U - F ~ S S I ~ N  F I S S ~ O N .  

r (re 3 C 4 3 0 7 3 - 0 4  0 0 0 0 0 0 * 0 0  1 5 1 8 2 2 - t 3  . 562872;Od 
7 O F . 3  3 9 5 4 9 6 - 0 1  0 0 0 0 0 0 * 0 0  1 4 1 8 8 3 - 1 6  5 9 1 1 8 1 - 0 7  
3 OF 3 5 5 3 4 4 6 - G (  3 6 6 0 7 4 - n 2  OnOnOO*PO 0 0 0 0 0 0 ~ 0 0  

I S O l O P E  N O .  

FEW 
G q n V P  SCHEME 

1 O r  3 
2 OF 3 
3 OF 3  

S u O n T Y  RESONANCE 
A e S d R P T l O N  A B S O R P T I O N  NU-FISSIFN r r S S l n N  

1 0 $ 4 9 8 - 3 4  0 0 0 0 0 0 ~ 0 0  2 4 1 9 8 7 - C 4  8 9 7 1 9 2 . 0 5  
C D O 9 3 7 - 0 5  0 0 0 0 0 0 * ~ 0  2 1 5 5 8 5 - P 7  8 9 8 2 7 3 - 0 8  
e 7 5 8 5 8 - 0 9  5 7 9 3 3 1 - 0 3  OnOnOO*FO 0 0 0 0 0 O r 0 0  

I S O Y O P E  NO. 1 2 0  n l C R O S C d P I C  CROSS S E C T I O N S .  

FEU S M O O T U  RESONANCE 
G W u P  .SCHEME A 9 S O R P T I O N  A B S O R P T I O N  NU-FISSITN i r s S r n ~  

3 OF 3 4 6 1 2 4 7 r G O  0 0 0 0 0 0 * 0 0  l f l R d S * P l  4 0 3 7 2 2 r 0 0  
2 OF 3 2 7 0 4 2 4 . 0 0  0 0 0 0 n 0 * 0 0  9 7 0 1 4 2 - ' 3  4 0 4 2 2 6 - 0 3  
3 .OF 3  2 9 4 1 4 0 . 0 0  2 6 0 7 n 2 r 0 2 .  0 c o n 0 0 * 6 0  0 0 0 0 0 0 ~ 0 0  



1 2 0 0 3 0 0 6 %  n l1FT5 "OWLU F E B ,  7 ,  1 9 6 1  

DIMENSIONS O F  A R S O R P I N G  R E G I f N  
H ~ L F  T I J ~ C ~ N E S S  I . O C O O O * O I  e n .  M E S H  SIZE a r o o o o o * o o  CN. 

.' PEW ' G R O U P  RESULTS 

F I C T I T I O U S  ' A V E R A G E  
FE!J ! ~ I F F I J S ~ O ! J  A Q S O R P T I O N  @ L A C k t d E S S  ~ ? o E F F T C I E N T  
G R ~ I J P  S C W E Y E  . C O I I ' S T A N T  f3ROSS SEC?ION Z E T A  E T I  

1. CF 3 4 7 6 3 2 2 r o X  6 9 6 6 2 9 - 0 s  6 9 6 6 2 5 - @ 3  47h32?*03  
? OF 3 480744,@? 6 6 6 9 5 3 - ~ 2  hb69?c -O?  4Pn769-02 
3 CF 2 1 2 9 8 5 3 6 0 1  2 0 8 6 1 5 * 0 0  1.9699P600 1 3 7 5 5 2 * 0 1  

1 O F . .  2 A 6 0 3 3 9 + 0 2  3 7 3 9 0 1 - 0 2  37390:-02 8 0 0 3 5 3 * 0 2  
2 OF 2 1 2 9 8 5 3 * 0 1  206615.600 19699F*OO 1 3 7 5 5 2 * 0 1  

Fl-UX-'JEIGHTED A L A C K N F S S  C O E F F J C I E N T  INTEGRALS . 
FEW Z E T A  E T A  

GRo!lP S c L I E * E  WU*EQATC)R D E N O H I N A T O R  NUMERbTOR D E N o H I % A T O R  
1 ' O F  3  436538 ' -03  6 2 6 6 4 3 * 0 1  . 3 6 1 7 9 f * 0 1  7 5 9 5 4 9 - 0 2  
s CF 3 433913-01  6 5 @ 6 1 7 * 0 1  3 7 5 4 6 a * o l  7 8 n 9 6 7 - 0 1  
3  bF ' 3  9 2 i ? 1 f l ~ * o o  4 7 1 1 3 8 6 0 1  2 5 6 9 6 F * O i ,  16681 '3*01 

. O F  2 477567.01 1 2 7 7 2 6 * @ 2  7 3 7 2 5 5 * 0 1  . 8 5 6 9 2 1 - 0 1  
Z EF 2 9 2 d l n 5 r 0 0  4 7 1 1 3 8 * 0 1  2 5 6 9 6 6 * 0 1  1 8 h 8 1 3 * 0 1  
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AFI'ENDIX B 

MILC-E - A P14ULTIGROUP ISOTOPE LIBRARY WRITm.Q 

PROGRAM FOR THE PHILCO-2000 

P ~ T  1 

TIE SCFJPTION OF PROLEM. 

The programs MUF'T-5 and P ~ M G - ~ *  w i l l  r equ i re  a l i b r a r y  of mulligroup parameters, 

these  being t h e  same as the P1MG-2 parameters, A l i b r a r y  tape must be avai lable  t o  

run all WUFT-5 and P3MG-l problems. The c r ea t i on  of t h i s  multigroup i ~ o t o p e ~ l i b r a r y  

i s  performed by t h i s  program using data specif ie,d on s e t s  of cards,  The da t a  i n  

general  w i l l  consi'st of : 

I) A t a b l e  of contents  that i nd i ca t e s  the  dimensions of the  l i b r a r y ,  l i s ts  

of i so topes  f o r  each of the types of nuclear  phenomena t r e a t ed  i n  the 

MUFT-5 and P3MG-1 programs, and a l i s t  of source spec t ra  numbers f o r  the  

l i b r a r y ;  

2) The le tha rgy  increments f o r  the multigroup s t r uc tu r e  of the l i b r a r y ;  

3 )  The microscopic q u a n t i t i e s  which must be present f o r  a l l  the  i sotopes  

contained i n  t he  l i b r a r y ,  i . e . ,  c ross  s ec t i ons  of the  nuclear reac t ions  

( symmetric s ca t t e r i ng ,  smooth capture, smooth f i s s i o n ,  and i n e l a s t i c  

s ca t t e r i ng ) ,  the number of neutrons produced by f l ss ionlng,  the average 

cosine of the s ca t t e r i ng  angle, and four  coe f f i c i en t s  which describe 

i s o t r o p i c  and an i so t rop ic  slowing down; 

4) The parameters which descr ibe  absorption resonances f o r  c e r t a i n  i sotopes;  

5 )  The f ission-to-absorption r a t i o s  which describe f i s s i o n  resonances f o r  

c e r t a i n  i sotopes;  

4+ A proposed Philco-2000 t o  be equivalent  t o  PIMG-2 (Ref, 5). 



6) The i n e l a s t i c  sca t te r ing  matrix f o r  ce r t a in  isotopes;  and 

, 7)  The source d i s t r i bu t i on  spectra,  
. -  - 

Isotopes w i l l  be i den t i f i ed  in the  l i b r a r y  by a three-digi t  code number without 

any program r e s t r i c t i o n  concerning which isotope i s  which c d e  number, e.g,,  

hydrogen i s  not  assumed t o  be code number 001. 

The program will produce one l i b r a r y  tape per  job ( a s  defined by BKS, see 

Ref, 4) where each subset  of data  i n  the seven s e t s  of information described above 
, . .  . 

i s  considered a case within t h e  job. 



FREPARATION OF INPUT 
. c 

A. I N  TRODUCTION 

A job, a s  run by MILC-1, w i l l  always r e su l t  in the  processing of many tlcasesfg, 

the sum to ta l  of which is considered a complete MILC-1 problem. Regardless of the 

number of cases in the job, the following cards must always be present: 

1 )  Accounting card 

2) RKS control card 

3 )  Binary program cards (optional) 

4) Data cards 

There i s  no other  input f o r  a MILC-1 run. 

B. THE ACCOUNTING CARD 

The description of t h i s  ca rd  i s  found i n  Reference be 

C, BKS C(3N TROL CARD ' 

Column 9 - I'f the 'binary program cards f o r  MLLC-1 follow the card, a '1Cll 

should be punched. I f  the MILC-1 program i s  t o  be taken from the BKS System 

program l ibrary ,  a !ITu is punched. 

Columns 11-15 - lWMILCIQa is punched, 

Columns 17-19 - "236" i s  punched, 

A . 1 1  o ther  columns are blank. 

D, BINARY PROGRAM CARDS 

- - 
This i s  the deck of cards which the author assumes accompanied the dis t r ibu-  

t i o n  of this memorandum, This deck is  included i n  the job only i f  there is  a 



ItCu punched i n  column 9 of t h e  BKS control  card (see previous sec t ion , ) .  This 

deck is  omitted i f  a ItT1Qs punched i n  column 9 of t he  BKS control  card,  

DATA CARDS 

There a r e  suggested M l L C  Input F o m s  (See Appendix E , ) which should be f i l l e d  

out  with t h e  required parameters f o r  each case i n  order t o  f a c i l i t a t e  punching. 

This sec t ion  w i l l  be a descr ipt ion of the quan t i t i e s  entered on these input f  o G s .  

~ x c e ~ t  f o r  the 'remarks card, t he  only characters  which should be entered into t h e  

spaces on the form should be +, -, 0, 1, 2, 3 ,  4, 5 ,  6, 7,  8, or  9.. The only 

f l o a t i n g  point  quan t i t i e s  ( see  P a r t  Two, Section F . )  which should be entered i n t o  

the spaces a re  those t o  be entered i n  the columns headed by "ftq ( f o r  f r ac t i on )  and 

Iten ( f o r  exponent). The r e s t  of the f i e l d s  a re  e i t h e r  card s e r i e s  numbers o r  f i xed  

point  in tegers ,  The f r a c t i o n  p a r t  of t h e  f l o a t i n g  po in t  f i e l d  must be no more than 

f i v e  columns wide; the exponent, only  one column, A11 of the s e r i e s  numbers on 

Form 1 are entered and should not be changed, A l l  of t h e  s e r i e s  numbers on Form 2 

must be specified.  Although the  spec i f ica t ion  of a comments card i s  optional ,  the  

author recommends t h a t  one be spec i f ied  i n  order t o  a i d  in f ind ing  e r r o r s  which 

may occur in input decks, 

Jnpnt, F n m  1 - T&Le of Contents 

100001 - This dimension card contains the s i ze s  of a l l  the l i s t s  which 

a r e  specif ied on the r e s t  of the form. Also, from these parameters the  quant i ty  

of information i n  each of the cases' is  checked, 

Multigroups, t o t a l  number of multigroupa, M 5 80, 

Total  No. of Psotopes, IL, 0 < IL 5 341. 

Total  No, of Absorption Resonance Isotopes,  1~11, 5 34le 

Total  No, of F i s s ion  Resonance Isotopes, IFA 314. 



Total. No, of Scat ter ing Matrix Isotopes, ILU 5 341. 

Total No. of Source Spectra, S; 0 < S < 100, 

Last  Matrix Mul t igrou~,  U; 1 < U < 30. 

The following re s t r i c t ions  must be adhered to: 

(M - L + 1 )  <, 50 

IL + ILA + Ip  + ILU + S S 1000 

The r e s t  of the form consis ts  of l i s ts  of the isotope code numbers i n  ascending 

order i n  each category. The l i s t  on card se r i e s  100003 must be a sub l i s t  of the 

l i s t  on card se r i e s  100002, The l i s t  on card se r i e s  100005 must be a s u b l i s t  of 

the l i s t  on card se r i e s  100002, The l i s t  on card se r i e s  10000~.must be a sub l i s t  

of the l i s t  on card s e r i e s  100003. The signs of a l l  the numbers a re  posit ive f o r  

t h i s  program, The source spectrum numbers must be i n  ascending, consecutive order. 

Use a l l  the spaces i n  one row (card) before going to  the next row. Use only a s  

many spaces and rows a s  necessary. A l l  unused spaces must remain blank, Empty 

l is ts  a r e  blank. L i s t s  100002 and 100006 must never be empty. I f  more rows are  

needed than. available f o r  a l ist ,  use a second form, ignoring the r e s t  of the f i r s t  

form f o r  t h a t  l i s t  and t h e  beginning of the second and successive forms f o r  t h a t  

l i s t ,  

The cards punched from Form 1 const i tute  the f i r s t  llcasell of the MILC-1 job, 

Input Form 2 - LibrarS)i Data 

Every card which is  input to MILC-1 must have as  i t s  f i r s t  f i e l d  a s e r i e s  

number -- a six d i g i t  number. The f i r s t  d i g i t  of t h i s  number indicates the f i l e  

of the l i b r a r y  in to  which the da ta  punched in to  the r e s t  of the card is  to be placed, 

The f i l e  numbers and the da ta  which the  f i l e s  contain are: 
- 



F i l e  - Data - 
1 Table of contents 

2 Lethargy increments 

3 Microscopic cross  sec t ions  

4 Absorption resonance parameters 

5 Fission-to-absorption r a t i o s  
- .  

6 ,  Ine l a s t i c  s ca t t e r i ng  matrices 
. . 

7 Source spectra  

This f i l e  number must be entered i n t o  the f o m  as the f i r s t  d i g i t  of every row. 

The d i g i t s  2, 3 ,  and 4 of the s e r i e s  number must be the isotope number f o r  

f i l e s  3,  4, 5 ,  and 6 and t he  spectrum number f o r  f i l e  7. 

The d i g i t s  5 and 6 of the s e r i e s  number must be the group number i n t o  which 

a l l  t h e  information in tha t  row i s  to be placed fo r  f i l e s  3 ,  4, 5, and the proba- 

b i l i t y  matrix of 6, For  f i l e s  2, 7, and t h e  i n e l a s t i c  s ca t t e r i ng  c ross  sec t ions  

of f i l e  6 t he  digits must be the  group number which corresponds t o  the f i r s t  e n t r y  

of the row. 

The second f i e l d  of every row i n  f i l e s  2 through 7 must be a card sequence 

number, indicated by a c on the  form. This number w i l l  be used t o  d i s t ingu ish  - - 
between cards which have the  sane s e r i e s  n11rnhe.r. 

The remaining f i e l d s  of each row must contain f l oa t i ng  po in t  format data  

(see P a r t  Two, Section F . )  a s  required f o r  t h a t  p a r t i c u l a r  f i l e .  Only a s  many 

f i e l d s  as required must be used, A l l  unused f i e l d s  and rows a r e  l e f t  blank, Use 

as many forms as necessary f o r  each case, s t a r t i n g  each new case on a new form. 



F i l e  2 - Lethwgp; Increments 
- 5  

Only one '1casen f o r  this f i l e  may be, present in a job. The increments of 

lethargy, CJ", f o r  &ich all the da ta  in the l i b r a r y  has been compiled, a re  entered 

eight-to.-a-row f o r  ml = 1 ,  2,. 0 ,; The .card sequence. nqnber is; ze:m, 

F i l e  3 - Microscopic Cross Sections 

For  every entry i n  the l i s t  of card s e r i e s  100002 there must, be a corresponding 

case of data  f o r  f i l e  3, 

The data i n  t h i s  f i l e  i s  no t  exclusively cross section daka but includes slowing 

down parameters and fission-product parameters. Two rows on the input form are used 

f o r  each multigroup; . . The card sequence numders a r e .  1 and 2. The f ive  floktbing 

point f i e l d s  of the f i r s t  row of multigroup m f o r  i s o t o p e . i  must contain, i n  the 

following order : 

(;ao);, symmetric sca t te r ing  cross section 

-S m ( 'ac),  smooth capture cross section 

(in): , i ne l a s t i c  sca t te r ing  cross section 

) smooth f i s s ion  ' crbss sect ion 

( ) anisotropic sca t te r ing  cross section 

. . 
The llbarll indicates  t h a t  the i s  an average value f o r  the energy range. 

. . 

of the mil l - t .5  group. 

The f ive  f i e l d s  of' the second card must contain, i n  the  following order: 

.d 

v .  9 number of '  neutrons per f i s s i o n  
1 

(kO)yj isotropic  Grueling-Goertnel parameter 



(&,):, i so t rop ic  slowing down power 

( ~ ~ ) 2 9  anisotropic  Grueling-Goertzel paxameter 

)" 
-1 i" anisotropic  slowing down power 

The data must be specif ied f o r  the multigroups 1 through M. 

F i l e  4 - Absorption Resonance Parameters (See page 73 of Reference 2,) 

F o r  every en t ry  in the  l i s t  of card  s e r i e s  100003 there  must be a corresponding 

case of da ta  f o r  f i l e  4. Two rows of the  inpu t  form a r e  used f o r  each multigroup, 

Both rows must have all e i g h t  f l o a t i n g  po in t  f i e l d s  specified.    he card sequence 

numbers a r e  1 and 2, The f l o a t i n g  po in t  f i e l d s  of t h e  f i r s t  row of multigroup m 

f o r  isotope i contain the  values  of ( r , ) ~ , ~  f o r  t h e  resonances k = 1, 2, 8. 

The resonances within a multigroup a r e  numbered s t a r t i n g  at  the  h igh  energy end or" 

the group. The second row contains the  corresponding values of (ma);9k. 

The da t a  must be specif ied f o r  the multigroups L through M. 

F i l e  5 - Fission-to-Absorption Ratios 

Fo r  every en t ry  i n  the l i s t  of card s e r i e s  100004 there  must be a corresponding 

case of da t a  f o r  fKLe 5 ,  One card f o r  each multigroup i s  specif ied;  the  card 

sequence number i s  zero. Every row must have e igh t  f l oa t i ng  po in t  f i e l d s  specif ied,  

These f i e l d s  are the  values of ( r f a ) ~ 3 l (  f o r  the  resonances, k = 1, 2, 8, i n  

multigroup m of isotope i. The resonances f o r  a mul t ig roupare  numbered the sane 

as described under F i l e  4, above, 

The data  must be specif ied f o r  the multigroups L through M, 



F i l e  6 - Ine la s t i c  Scattering Matrices 

For  every en t ry  i n  the l i s t  of card se r i e s  100005 there must be a corresponding 
. - . . .  . . 

5-  

case of da ta  f o r  f i l e  6, The data i n  each case i s  made up of two par ts :  the , 

i n e l a s t i c  s c a t t e ~ i n g  cross  sections and the probabi l i ty  matrix, 

The i n e l a s t i c  sca t te r ing  cross sections, ( )  a re  the same a s  specified in 

f i l e  3 and must be specif ied here. The card sequence number i s  zero, Cross sections 

f o r  e igh t  multigroups a r e  specif ied f o r  each row, using a s  many rows a s  necessary 

and as many spaces i n  the l a s t  row a s  necessary. 

The data must be specif ied f o r  the multigroup 1 through M. 

Only the lower t r iangular  p a r t  of the scat ter ing probabi l i ty  matrix i s  speci- 

f ied,  i .e . ,  the matrix accounts f o r  only the scat ter ing which occurs out of a 

group. Therefore, the elements of the matrix a re  prfm, where the scat ter ing due . 
1 

t o  isotope i i s  out of multigroup r and into.multigroup m. For  each row of the 
- .  

matrix (each multigroup m)' there  must be m - 1 elements specified.. Eight elements 

are  specif ied i n  a row of. the  input form using a s  many rows a s  necessary. The card 

sequence numbers within a multigroup a r e  1, 2, 3, . The unused f i e l d s  of the.  

l a s t  row of t h e  form used f o r  each multigroup are  l e f t  blank. 

The da ta  must be specified f o r  the multigroups 2 through U. 

The i n e l a s t i c  sca t te r ing  cross section cards and the sca t te r ing  probabi l i ty  

matrix cards a re  one case, The program performs the computation 

p¶m and en te r s  the quant i t ies  ai i n t o  the l ibrary.  

F i l e  7 - Source Spectra 

F o r  every .entry , in  the l i s t  of card se r i e s  100006 there must be a corresponding 

case of data f o r  f i l e  7. The values of the source spectrum, p, are specified i n  



the same way as the l e thargy  increments of f i l e  2,  The isotope number, i, i n  the 

'card s e r i e s  number must be the spectrum number s. The card sequence number i s  

zero, 

F . ARWGEMEN T CIF C A S  S FOR A JOB 
... . . . 

A s e t  of cards i n  any f i l e  f o r  an isotope i s  one case of the  M I L C - 1  job. Each 

source spectra  i s  a case of t he  job. The cases a r e  growed together by f i l e s  and 

a r e  i n  order according t o  the l is ts  i n  t he  t ab le  of contents which is  the f i r s t  

case,  There a re  theref  ore  IL + ILA + ILF + ILU + S + 2 cases in a job. 

QFERA.TING INSTRUCTIONS . .  . 

(See P a r t  Three, ) 

PART 4 - 

DESCRIPTION OF OUTPUT 

The only output from MILC-1 i s  a f i l e  tape which w i l l  have the accounting card 

informati.on a s  i t s  BKS l a b e l ,  This t ape  can be used a s  an input l ib ra ry tape  o r  

a f i l e t ape  i n  a MUFT-5 job, ( see  P a r t  Two, Sections C and E . ) 



APPENDIX C 

MILC-2 - A PROGRAM FOR THE PHILCO-2000 
TO MODIFY A TAPE WFiITEN BY MILC-1 

PART 1 

DESCRIPTION OF PROBLEM 

During the  per iod  of time while using the programs MUFT-5 and P3MG-1 there  w i l l  
. .  - 

be changes required i n  t h e  M I L C  l i b r a ry ,  MILC-2  will take care  of making t he  f o l -  
. . .  . 

lowing changes i n  a MILC l i b r a ~ y :  I .  . .  . > 

1 )  Add any s e t  of da t a  t o  any f i l e  with t h e  appropriate modification 

of the  table  of contents. 

2)  Replace any s e t  of da t a  on any f i l e  with another s e t  of data ,  

3 )  Delete any s e t  of d a t a  from any f i l e  wi th  the  appropriate modifica- 

t i o n ,  of the t ab l e  of contents. 
\ 

Additions, replacements, and dele t ions  may be performed' i n  one -job. Each of 

the  add i t ions  and replacements must 'have the  co r r ec t  deck of cards, .exactly the 

same format as the M I L C - 1  cards, as  a case within the  job. The changes which 

modify the  t ab l e  of contents a r e  r e s t r i c t e d  such t ha t  the  r e su l t an t  l i b r a r y  is  an 

acceptable MILC l i b r a ry ,  i , e . ,  i t  could have been wr i t t en  o r i g i n a l l y  with MILC-1. 
. . 

The o r ig ina l  l i b r a r y  tape w i l l  a l so  be the  f i n a l  l i b r a r y  tape,  thus there  w i l l  

only  be one f i l e  tape associa ted with any job. 



PART 2 

PFlEP.4RATION CF INPUT 

A. INTRODUCTION 

-. . 
The arrangement of a job i s  t he  same a s  described i n  P a r t  2, Appendix By with 

. 

t he  exception t h a t  a f i l e  tape card must precede the da t a  cards. The descr ip t ion  . - . - 

of the accounting card, BKS control  card, and binary deck i s  s imi la r  t o  t h a t  found 

i n  P a r t  2, Appendix B. 

Be DdTA CARDS . 

The MILC input Form 1 and Input Forms 2 (See Appendix E.  ) a r e  t o  be used, 

(See Pa r t  2, Appendix B.) A comrnent'card i s  recommended as the f i r s t  card of each 

case i n  a MILC-2 job, The deck of cards punched from Input  Form 1 i s  considered 

a s  the  f irst  case, 

Input Form 1 - Table of Contents 

The no ta t ion  used here i s  explained i n  Appendix Be The descr ipt ion of t h e  

information which i s  entered on card 100001 i s  found in P a r t  2,E, Appendix B. The - - 

r e s t  of t h e  form cons i s t s  of the  l i s t s  of the isotope code numbers, in ascending 

order i n  each ca tegov;  of t he  da t a  which i s  t o  be added, replaced, o r  de le ted  by 

t h i s  MILC-2 job, "re s ign of t he  e n t r y  w i l l  i nd ica te  whether the information i s  t o  

be added ( *) , replaced.  (+) , o r  de le ted  ( -) . 

Input Form 2 - Library Data 

For t h e ,  e n t r i e s  i n  the  l i s ts  on Form 1 which have pos i t i ve  signs,  the re  should 

be Forms 2 f i l l e d  i n  according t o  the descr ipt ion in P a r t  2, Appendix B. The data 

s e t s  must be i n  the order i n  which they a r e  found on Form 1, 

Nothing is  required f o r  a delet ion.  



PAnT 3 
, ...-. . -. - . . 

0PERA:T I N  G QISTRUC TIONS 

(see P a ~ t  Three. ) 

NOTE :. . The input f i l e t a p e  must be .write-enabled. 

PART 4 

C[E SCRIPTION OUTPUT 

The only output from MILC-2 i s  the same f i l e  tape a s  was necessary a s  input. 
- .  



APPENDIX D 

MILC-3 - A PROGRAM FOR THE PHILCO-2000 TO EDIT A TAPE 
WRITTEN BY MILC-1 OR MODIFIED BY MILC-2 

, , PART 1 

. . lXSCRIPTION CF PROBLEM 

.. . 
Any l i b r a r y  tape,  wri t ten  by MILC-1 o r  modified by MILc-2 t o  run MUFT-5 prob- 

lems, may be ed i ted  by MILC-3. 

The l i b r a r y  tape t o  be ed i ted  w i l l  cons i s t  of the following: 1 

1) A tab le  of contents t h a t  ind ica tes  the  dimensions of t he  l i b r a r y ,  l ists 

of isotopes f o r  each type of nuclear phenomena t o  be t rea ted  and a l i s t  

of source spec t ra  numbers f o r  t h e  l i b r a ry .  

2) The le thargy  increments f o r  the  multigroup s t ruc tu r e  of t he  libraky., . ,. 

3 )  Th& microscopic c ross  sec t ions  and parameters which must be present  f o r  

a l l  i sotopes  i n  the  l i b r a ry .  
. . .  

4) The absorption resonance parameters f o r  c e r t a in  isotopes,  
. . '  

5)  The fission-to-absorption parameters f o r  c e r t a in  isotopes.  
. . . . 

6 )  The i n e l a s t i c  sca t te r ing  matrix f o r  c e r t a i n  isotopes.  

7)  The source d i s t r i bu t i on  spectra .  

See Appendix B, P a r t  2, Sect ion E, f o r  f u r t h e r  descr ipt ion of these 
parameters* - 



PART .2 

PrnPrnTION OF INPUT 

The user  may request an e d i t  of any combination of the isotopes and source 
. . 

spectra  t h a t  e x i s t  on the l ib ra ry  tape. The t ab le  of contents2 and the lethargy 
. .- . . . 

increments w i l l .  always be edited regardless of the information requested by the 

user  i n  an ed i t .  

I n  order t o  run a MILC-3 e d i t ,  the following cards must always be present : 

1 )  Accounting Card 

2) BKS Control Card 

3)  Binary Program Cards (optional) 

) F i le tape  kard 

Accounting Card 
. .. 

The descr ipt ion of this card .  i s  found i n  the B E  System Report -,Reference 4, . - 

BKS Control Card  

This control card spec i f ies  the tape assignments f o r  the input',' 'output, and 

l i b r a r y  tapes. It is card 0001 which has been included i n  the MILC-3 binary pro- 

gram deck t h a t  accompanies this report ,  ' 

. . .. . 

Hhal:y. h.ograrn Cards 

The binary program cards must be included in the input deck unless the  MILC-3 

program has been placed on a systan program l i b r a r y  tape. I f  the program has been . . 

placed on a system tape, the  binary cards 'are omitted and column. 9 of the  B E  

control card should be changed from a C-punch to  a T-punch, 

2 
Appendix B, P a r t  2 ,  Input Form 1. 



F i l e  Tape Card 

Preceding the t i t l e  card i n  the  data cards (see Section F. ) there must be one 

f i le tape  card which specif ies  the  l i b r a r y  tape t o  be edited, The f i l e  tape card 
- - - 

must be punched a s  .follows: 

Columns 9-19 'TILETAPE 13 , I t  

Columns 20-34 Library tape ident i f icat ion.  Further de scrip- 

t ion  of the f i l e t ape  card is in  Reference 4. 

Data Cards 

The MlLC Input Form 1 (See Appendix A , )  should be used t o  specify the necessary 

information f o r  a MILC-3 edi t .  A 1 1  numbers on th i s  input  form must be fixed point  

quantit ies.  

1. T i t l e  Card 

Column 9 lt3t11 which indicates  this i s  a t i t l e  card, 

Columns 10-80 Any information desired by the user. This infor-  

mation is printed a t  the top of each page of 

output, 

2. Card '100001. - Dimension Card 

This card spec i f ies  the number of multigroups, the number of isotopes to 

be edited under.each section, the f i r s t  resonance multigroup, and the l a s t  matrix 
. .  . .  . 

m u l  t i  group. 

a. Total  Number. of M u l t  igroups (M ) 

This number must be the same a s  the t o t a l  number of multigroups on 

the l i b r a r y  tape. 



. . .  , . 
b e  Total  Number of Isotopes  ( I L )  . . . .  * .  _ .  . . . ,  . 

I spec i f i e s  the  t o t a l  number of i sotopes  for 'which the inicr8scopic 

c ro s s  sec t ions  and parameters a r e  t o  be 'edited. IL <= the t o t a l  number of i sotopes  

on t h e  l i b r a r y  tape.  I f  IL = 0 the  microscopic c ross  sect ion and paremeter e d i t  

is omitted. 

c,  Total  Number of Absorptioil . Resonance Isotopes (ILA) - 

"ILP;:' spec i f i e s  t h e  number 'bf absorption resonance isotopes  t o  be 

e d i t e d  where ILA 5 - the  t o t a l  number of absorption resonance isotopes  on t h e  l i b r a r y  

tape,  If ILA = 0 the  absorption resonallce e d i t  i s  omitted, 

d, Total  Number of Fission-to-AbsoFptidil l sotopes  (IF*) . . 

"IFA," ' spec i f i e s  t he  t o t a l  number of f i s  sion-to-absorption isotopes  - : 

t o  be ed i ted  where $A 5 t h e  t o t a l  number of f ission-to-absorption isotopes  on 

t he  l i b r a r y  tape. I f  IFA = 0 t h e  fission-to-absorption e d i t  i s  omitted, . 

e,  Total  Number of I n e l a s t i c  Sca t te r ing  Matrix Isotopes ( I ~ J J )  

"ILU1) spec i f i e s  t h e  t o t a l  number of i n e l a s t i c  scattering matrh fsu- 

topes t o  be ed i ted  where ILIJ 5 the  t o t a l  number of i n e l a s t i c  s ca t t e r i ng  matrix 

i so topes  on the l i b r a r y  tape, If ILU = 0, the i n e l a s t i c  s ca t t e r i ng  matrix e d i t  

i s  omitted. 

f .  Total Number of Source Spectra. ( 3 )  . , . . # ,  

spec i f i e s  the  t o t a l  number of source spec t r a  t o  be ed i ted  where 

S = the  t o t a l  number of source spec t ra  on the l i b r a r y  tape. If S = 0, the source 

g. F i r s t  ~eson&c.i! Mult ig~oup (&) 

ItLw must be equal t o  the firs% resonance multigroup on the  l i b r a r y  

tape. 



h. Las t  Matrix Multigroup ( u )  

"Uv must be equal t o  the last  matrix multigroup on the  l i b r a r y  tape. 

I f  IL , ILA, IFA, ILU, and S a l l  equal zero on the  dimension card, MILC-3 

w i l l  e d i t  the t ab le  of contents of the  l i b r a r y  tapes, the le thargy increments, and 

the isotopes  t ha t  e x i s t  on the  tape under each type of nuclear phenomena. I n  t h i s  

case, the remainder of t he  data  cards a re  omitted. 

3 .  Card Se r i e s  100002 

A l i s t  of a l l  isotopes,  in ascending order, f o r  which the  .microscopic 

cross sect ions  and parameters a re  t o  be ed i ted ,  The t o t a l  number of i sotopes  

specif ied i n '  t h i s .  s e r i e s  must correspond t o  IL on the dimension card. I f  IL = 0 

on the dimension card, t h i s  s e r i e s  i s  omitted from the  data cards, 

be Card Se r i e s  100003 

A l i s t  of a l l  isotopes,  i n  ascending order, f o r  which the  absorption 

resonance parameters a r e  t o  be ed i ted ,  The t o t a l  number of i sotopes  in t h i s  

s e r i e s  must correspond t o  ILA on the  dimension card. I f  1~~ = 0 on the  dimension 

card, t h i s  s e r i e s  i s  omitted from the da t a  cards, 

Card Se r i e s  100004 

IY l i s t  of a l l  isotopes,  i n  ascending order, f o r  which the f iss ion- to-  

absorption parameters a r e  t o  be edited. The t o t a l  number of i sotopes  i n  this 

s e r i e s  must correspond t o  IFA on the  dimension card. I f  IFA = 0 on the dimension 

card, t h i s  s e r i e s  i s  omitted from the da ta  cards, 

6 Card Series 100005 

A l i s t  of a l l  isotopes,  i n  ascending order, f o r  which the i n e l a s t i c  

sca t te r ing  matrix parameters are t o  be edited.  The t o t a l  number of i sotopes  in 



t h i s  s e r i e s  must correspond t o  ILU on the dimension card. I f  ILU = 0 on the 

dimension card, t h i s  s e r i e s  i s  omitted from the data cards6 . ' 

7 ,  Card Series 100006 

A l ist  of a l l  source spectra,  i n  ascending order, t o  be edited. The t o t a l  

number of source spectra  i n  t h i s  se r i e s  must correspond t o  "S" on the dimension 

card. I f  S = 0 on the dimension card, this se r i e s  i s  omitted from the data  cards. 

One blank card must follow the l a s t  data card. The* is only one case in 

a MILC-3 job, i , e , ,  i n  the BKS sense, 

PART 3 

OUTPUT 

The f i r s t  page of output contaAns the values of M, IL, ILA, IF&, ILUs L , and 

U a s  they e x i s t  on the l ib ra ry  tape, Following these numbers are the lethargy 

increments f o r  each multigroup and a l i s t  of a l l  isotopes and source spectra 

requested i n  the  ed i t .  (see Kppendix E, Sample MILC-3 problem. ) 

The e d i t s  appear f o r  a l l  isotopes tha t  have been requested, in the following 

orders 

1 )  Microscopic Cross Sections and Parameters 

2 )  Resonance Absorption Parameters 

3 ) Fission-to-Absorption Ratios 

4) Ine la s t i c  Scattering M,at rix Parameters 

5 )  Source Spectra 

The t i t l e s  f o r  each section of output and the parameters under each section 

follow in t h e  order in which they are  edited, After each t i t l e  i s  a reference t o  



the  equat ion(s)  i n  the MUFT-5 repor t  which descr ibes  the  parameters l i s t e d  i n  

the  output. 
1 

- b MICROSCOPIC C R B S  SECTIONS AND PARAMETERS FOR ISOTOPE XXX 

"SIMMETRIC SCATPERING" 

- s m  lfSNOOTH CAPTURE ( ac ) 

Eq .  B-7;  ~ , 1 4  

Eq. B.5; F * 1  

t l ~ ~ ~ ~ ~ ~ ~ ~ '  SCATIERING" (k): Eq.  B.6 and Eq. 1, App. B 

ItSMOOTH F ISSIONIt (zfs)y  E q ,  B.5; F . l  

ltANISOTROPIC SCAT?ERINGIt (zsi): Eq.  B.7 

~tNEUTRONSPERFISSIONV Gim Eq .  D . l ,  E . l  

"ISOTROPIC GRUELING-GOERTZELN (Ao)? Eq. B.3 

"ISOTROPIC SLOWING DOWN POW3RIt (7 )m 
.c. 0 i Eq. B.3; B.13 

"ANISOTROPIC GRUEL ING-GOERTZELn (kl ): E q O  B,L 

"ANISOTROPIC SLOWING DOWN POWER" )" 
.1 i E q e  ~ . 4  

ABSORPTION RE SONAN CE PARAMETERS FOR ISOTOPE XXX 

R - ( r a k  where k = 1, 2, * * - ,  8 E q ,  B.10 

M - (ma):' where k = 1, 2, * * 9 8 Eq.  B.10 

F I S  ICN -TO-ABSORPTION RATIOS FOR ISOTOPE XXX 

( r  lrnjk 
f a  i where k = 1, 2, d * *  3 8 E q .  D.3 

INELASTIC SCATTERING MATRIX FOR ISOTOPE XXX 

a r , m  
i 

Eq. ~ , l S a ;  D.17a 

SnIRm ;SPECTRUM XX 

Ern) Eq .  B.1; D.10 



PART 4 

ERRORS 

If MILC-3 d e t e c t s  input e r r o r s  o r  tape e r ro r s ,  appropriate e r r o r  comments a r e  

p r i n t ed  off  - l i ne  and the  probiem is  re jec ted ,  



APPENDIX E 

MILC-1, MILC-2, AND M I L C - 3  SAMPLE PROBLEMS 

Each of the  sample problems i n  t h i s  appendix is  designed t o  display the  types 

of input which can be specif ied and t he  format of the output, The spectrum da t a  

i n  the  MILC-2 sample problem i s  pure ly  f i c t i t i o u s  and should not resemble any 

ac tua l  source spectrum; i n  f a c t ,  the spectrum i s  not properly normalized, 

The MILC-1 sample problem contains only the  t ab le  of contents specif icat ions .  

This t a b l e  of contents i s  exact ly  t ha t  one which was spec i f ied  f o r  t h e  MILC-1 

problems which created the  l i b r a r y  described i n  the B e t t i s  Labo ra to~y  Report, 

TJAPD-TM-224, ltSb-Group Library f o r  P-1 ProgramsIf , by A. F. Henry, Apr i l  1960, 

The MILC sample problem is the e n t i r e  input spec i f i ca t ion  f o r  t he  problem which 

would e d i t  t h e  l i b r a r y  described i n  WAPIS-Dl-224. The input  forms f o r  the  data  

which created the  cards f o r  the remainder of the  MILC-1 input deck have been orriitted 

from t h i s  repor t ,  The source spectrum which i s  spec i f ied  as p a r t  of t h e  MILC-2 

t sample problem input w i l l  give an indicat ion of how the  Input Form 2 i s  f i l l e d  i n ,  

There i s  no of f - l ine  information ed i t ed  f o r  e i t h e r  MILC-1 o r  MILC-2 i f  the  job 

runs successfully;  therefore ,  no p r in tou t s  a r e  included f o r  these problems i n  

t h i s  appendix. 

The one-page pr in tou t  which follows each inpu t  f o m  i s  an I B M - ~ O ~  l i s t i n g  of 

the cards  which should be punched from infonnaiion supplied on the input  f o m ,  

The f i r s t  card of the  deck i s  the BKS accounting card (See Section B i n  P a r t  2 of 

Appendices B, C, and D . ) .  



D A T E  MlLC INPUT FORM I 
TABLE OF CONTENTS 

R E Q U E S T O R  BOHLH 

,,: 12003037, MIL'21 SAI.iPLE PXClELEM FOR . M P D - D - ~ ~ ~  I I 
O.-+ REMARKS - BO 

1 O O O O 1  M u l t i g r o v p s  &!I ; T o t a l  N o .  Of  l s o t o p e s  & ; T o t o l  N o .  O f  A b s o r p t i o n  R e s o n o n c e  l s o t o p e s  & ; 
T o t o l  N o .  O f  F i s s i o n  ? e s o n a n c e  l s o t o p e s  I-& ; T o t o l  N o .  Of  S z o t t e r i n g  M o t r i x  l s o t o p e s  & ; 
Total No. 01 S o u r c e  S p e c t r a  & ; F i r s t  R e s o n a n c e  M u l t i g r o u p  &!I; L o s t  M a t r i x  M u l t i g r o u p  t?& 

llLL ISOTOPES I N  ASCENDING ORDER 

ALL ABSORPTION RESONANCE ISOTOPES IN ASCEH)ING ORDER 

ALL iSISSIOF. RESONANCE ISOTOPES I Y  ASCENDIN,; ORDER 

A L L  S C A T T I R I N G  MATRIX ISOTOPES N ASCENDlbG ORDER 

A L L  SOURCE: SPECTRA IN  CONSECUTl iE ORDER 





O A T  E MlLC INPUT FORM I 
TABLE OF CONTENTS 

. R E O U E S T O R  BOHLH 

K .  P. - V.. 

pl 12C03G08, MILC2 S&!PE. .?ROBLSPI ~(2% kiAPD-M-218 I I 
9 Z REMARKS, - '- 80 

DIMENSION CARD 

l C O O O l  M u l t i g r o u p s  ; T o t a l  N o .  O f  I s o t o p e s  I-& ; T o t a l  N o .  O f  A b s o r z t i o n  R P s o n o c c e  I s o t o p e s  d ; 
T o t o l  N o .  O f  F i s s i o n  R e c o n o n c e  I s o t o p e s  d ; T o t a l  N o 0 1  S c a l t e r i n g  M ~ t r i x  I s o t o p e s  L& ; 

' 

T o t o l  N o .  O f  S o u r c e  S p e c t r a  &I ; F i r s t  R e s o n a n c e  M u l t i g r o u p  I% ; Last M o t r i x  M u l t i g r o u p  t& 

A L L  ISOTOPES I N  ASCENDING ORDER 

ALL ABSORPTI3N RESONANCE ISOTOPES IN ASCENDING ORDER - 
1 0 0 ' 0 0  3 

1 0 0 . 0  0 3 

I O 0 0 0 . 3  , 

A L L  FISSION RESONANCE ISOTOPES IN  ASCENDING ORDER 

A L L  SOURCE EPE'CTRA I N  CONSECUTIVE ORDER 
s S S s S S S S S s S s ~ s S S S s S s S S S s S  

[ 1 0 0 0 0 6  ~ - ~ ~ + ~ ~ l ~ l ~ l ~ l ~ , ~ l ~ l ~ l ~ l ~ l ~ l ~ , ~ ' l ~ ~ l ~ , ~ , ~ l ~ l ~ l ~ l ~ l ~ l ~  

A L L  SCATTERING MATRIX ISOTOPES I N  ASCENDING ORDER 

I l l  

I 0 0 0 0 5  

1 0 0 0 0 5  

1 0 0 0 0 5  1 1 1  

- b o  

1 1 1  1 1 1  1 1 1  1 1 1  1 1 1  1 1 1  I l l  1 1 1  1 1 1  1 1 1  



MlLC INPUT FORM 2 
LIBRARY DATA 

REOUESTOR 

K.P.  - V.- 

12003008, M a c 2  SAI~PLE PROELEN SPECTRUM 6 
1 1  

9 4  REMARKS ----t 0 0  



+ ' 120030.08 9 N i  L C 2  SAMPLE PROSLEM SPECTRUf4 6 



MlLC INPUT FORM I 
TABLE OF CON.TENTS 

REOUESTOR HExPH 

K.  P. - V.- 

.120G3009, M I L C 3  SAMPLE PRODIEM FOR !i'APU-'IF!-218 . ' 1 I 
9 t  REMARKS - 3 8 0  

DIMENSION' CARD 

1OOOO1 Multigroups '& ; Totol No. O i  lsotopes &!!,I ; Tota l  No. Of Absorption Resononce lsotopes & ; 
Total No. O f  Fission Resonance lsotopes ; Total  No. Of Scatter ing Mot r ix  Isotopes & ; 
Tota l  No. Of Source Spectra & ; ~i;st  Resonance Mirlt igroup I?& ; Las t  Mo t r i x  Mult igroup I?& 

A L L  ABSORPTlON RESONANCE ISOTOPES IN ASCENDING ORDER 

ALL FISSION RESONANCE ISOTOPES IN ASCENDING ORDER 

I O O O O ~  1 2 11 2 31 11 81 I 1 1 I 1 I I 1 

ALL SOURCE SPECTRA IN CONSECUTIVE ORDER 
~ ~ S ~ S S S S S S ~ ~ S S S S ' ~ S S ~ S S ~ ~  

ALL SCATTERING M A T R I X  ISOTOPES IN ASCENDING ORDER 

L O  

, , ,  

h 8  

, , I  

2 2  

1 1 8  

, , ,  

- 2 1  

1 O h  

, ,  , 

2 3  

1 2 0  

, , i  

9  

9 6  

I 

1 0 0 0 0 5  

1 0 0 0 0 5  

1 0 0 0 0 5  

7  

9 L  

, , ,  

6  

5 4  
1 1  

9 7  

, , ,  

8 

9 5  

I , ,  

1 4  

1 0 2  

, 

. 2 O  

1 0 3  

I l l  



* 1 2 0 C 3 C G 9  r PI1 LC?: S;+MPLE PR38LEII  FOR YAPD-TM-218 

100001,54,2&,1.5,2 , . ? 2 M 6 , 2 5  



APPENDIX F 

Function This subroutine converts six b i t  binary coded decimal data t o  
binary f ixed or  f loa t ing  representation required by the Philco- 
2000. This binary coded decimal information i s  prepared from 
cards by the Bettis-Knolls Sequencing System (BKS) and i s  
stored on magnetic tape. Each data card contains an iden t i f i -  
cation number i n  addition t o  data. The converted data a re  
stored in a l i s t  beginning a t  location L, A table  beginnhg 
a t  locat ion T i s  also formed, one word per  card, i n  which the 
card number and other descriptive information appears, These 
are  described i n  d e t a i l  below. A blank card is  used t o  termi- 
nate the input. 

Parameters: A JMPL INPUT enters  t h i s  routine, The A and Q r eg i s t e r s  must 
contain command constants of the following fomz 

( A )  = P / T , T ~ ~ ;  P / L , T ~ ~  
and (Q)  = P / I T ~ T ~ ~ ;  P / o T , T ~ ~ ;  ~ / d s 9 ~ 4 7 0  

The symbol T represents the f i r s t  locat ion t o  be used f o r  
s tor ing the card information table, L the f i r s t  locat ion f o r  
the converted data l is t ,  i T  and oT specify locations f r m  which 
the physical input and output tape numbers may be obtained, and 
ds i s  the data  se l ec t  number t o  be used i f  off-line pr int ing 
is  required, 

Results: The..construction of the table and l i s t  i s  terminated when a 
blank card, c o l m s  9-80, i s  detected. Control i s  returned t o  
aslH with the follow5ng command constants in the A and Q, 
reg is te rs% 

The parameters T and L a re  the same a s  required on entry with 
nc being the  number of cards read and n, being the number of 
numbers converted.- The value 8 equals zero except when Y ,  the 
case number, i s  the l a s t  case, The last  case i s  indicated by 
6 -1, 



Accuracy: Fixed point numbers are  integers and a re  converted exactly. 
The e r r o r  i n  the f r ac t iona l  p a r t  of a f loat ing binary number 
inay be 2-35. The number ranges are  -239s N g 239-1 fo r  fixed 
point and -22047 < N < 22047 f o r  f loa t ing  point. 

Extent  2 &O words and 30 pool constants, 

Error  Stops: None, 

Description:' I. Cards w i l l  be punched in the following formats 

A. Comment Cards -- These a re  ident i f ied  by an as t e r i sk  i n  
column 9, The f i r s t  comment card is  retained i n  the 
BKS System a s  a page t i t l e  f o r  a l l  output. A l l  subse- 
quent comment cards are  processed f o r  off-line pr int ing 
a s  they a re  encountered, I f  no comment card i s  present, 
the page t i t l e  f o r  the previous case i s  used. 

B, Data Cards -- A l l  cards which do not have an asterislc 
i n  column 9 a re  assumed to  be ,da ta  cards, 

1. Card columns 1-8 are ignored, 

2, Beginning in column 9 is  a decimal card number of 
no m0l.e than 6 d ig i t s  and separated from subsequent 
data by a comma, 

3.  The remainder of the card contains numbers of the 
f oms  below, separated by commas. 

a. (Z)XX. a fixed point  binary integer  
anchored a t  3 9. 

b, . (f)xxooex,xo~ox a floating point  binary nl-unber, 

c, ( + ) x x ~ ~ ~ x , x ~ ~ ~ x + y y y  - - a f loa t ing  point binary number, 
I f  , the decimal point  is  absent, 
xxe 0 ex is assunied to be a 
fract ion,  i s  the power 
of 10. 

The sign (+) implies the plus sign i s  optional and may 
be mitted: B l a n k  columns may precede or  follow the 
~ i g n i f i c a n t  digits,  Blank columns between signifisant 
d i g i t s  cause a format error ,  The l a s t  number on the 
card need not be followed by a comma. 



Example s 

11, The card description words stored i n  the table beginning 
a t  T have the following f om2 

B i t s  - I n f o n a t i o n  A 

0-23 Card number i n  4 b i t  binary coded decimal., 

24 Zero, 

25-39 Address of the f i r s t  data number on the casd. 

40-46   he' number of data numbers on the  card, 

.47 0 f f  the card format is  correct; 1 i f  the  card 
contains a range or  format e r ro r ,  

The location immediately following the l a s t  e n t r y  in this . 
table  contains the sent inel  48/1~47. 

Cols. 9 10 11 1 2  13 1.4' 15 16 1 7  18 19 20 2 1  22 23 24 25 , . . 

loc  word . . 

Table T 10000 
40001 l. 40002 

50001 
50002 
50003 
50004 
50005 

= , 2000 0000 2400 0000 at entry 
=: doe5 not a f f e c t  table and list 

a t  e x i t  ( A )  = 2000 1000 2400 3000 
(Q) = not affected by table and l i s t  

Restric'l;ion: This subroutine i n  i t s  present f om may be used only with the 
BKS System, 
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