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.. ~ABSTRACT 

ETOM-1 f:s a digital computer program which processes basic nuclear 

data in the ENDF/B format and produces library data for the MUFT or 

PlMG.programs., ETOM-1 is written entirely in ASA standard, FORTRAN 

and is· designed to be computer independent. Along with printed results, . 

the output includes punched cards in the format. appropriate to the 

. desired library. 
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1.0 INTRODUCTION 

1.1 General Bac1tground 

Moat nuclear reactor programs require basic data in some form. 

The primary data needed for the peysics programs, e.g., diff'usion, 

depletion, transport, spectrum, shielding, etc., are neutron cross 

sections. · This data is normally required as a program dependent 

library, the construction of which req~res a basic evaluation of 

the cross sections. This evaluation should consider all experi

mentally measured data and the theories associated with it, the 

theories to fill the gaps where there is no experimental data and 

a careful examination of any existing libraries. Considering that 

a library may consist of 60 or more isotopes, this is an enormous 

task. Moreover it is a continuing task because there is an ever 

increasing volume of. new data, new theories, new program requirements, . 

and discovered deficiencies in older libraries. 

Since most in~tallations have only one or two persons respon~ 

sible for·library construction and maintenance, it is impossible 

for each installation to do a complete and correct evaluation. In 

the past the urgent need and shortage of time and manpower forced 

each laboratory to improvise as best it could. At times only a 

partial literature search was done, hence the best data may have 

bP.en missed. F'requently e:dat.ing libraries (or large sections 

thereof) were blindly used solely because they were available. 

Sometimes they were good; sometimes they were not. 

This also led to an internal installation inconsistency. The 

basic data in one program might be different from that in another. 

This made program comparisons meaningless. and provided a strong 

possibility of error if programs were used together in some inte

grated. scheme. 



.· .. 

· .. ·. ';:; . .. ' 

But even more frustrating was the fact that a large duplication of' 

•ffort existed •. Many installation.s were. doing evaluations but, becau§~: 

,_their result
1
s appE;!ared in various forms, it was difficult to. achiev~ 

effective communication and exchange of the results. 
i . ' . . . 

. Recognizing these problems, the Division of Reactor Development an~ 

T~cbnology (DRDT) of the Atomic Energy Commission (~EC) has enbarked on 

''a plan involving the cooperative effo!ts of fifteen participating·labora"" 

- .'~! :' 

· tories. · The purpose of tfiis effo.t•t is to prodt1ce a set of current evalua t~~ 

. (lata and to p~·ovide the neceaaA.ry coXP;pute:t progrt.Wle to ef;t'eotivel.y use ·an.& 
• I'' I 

process that data.· 

, ... ·~· 
: The mechanism of t,he cooperative effort is through a Cros_s Sec'Lion 

._ Ev.a1ua.tion Working Group ( CSEWG) composed of meml:!tars from the participati~ 

·l~boratories and coordinated by the National Neutron-Crose Section Center . 
·at the Brookhaven National Laboratory. This is a working· 6rou;~_initiall.¥ 

concerned with the first set of data and computer programs but ultimately 

. involved in ·a continuing effort to 'test, update, and refine the data and 

improve and extend the·programs. 

· This -data. is known as the Evaluated Nuclear Data File (ENDF) and exiet.l.!l; 

as two forms,· END.lt'/A (ref.:n·ence ~)'and Ji:i.ill)JI'/B (.1·~fe1~<mce 7). Tbe A form 
allow_s _duplication and fragmentation of evaluated data while the B form 

·· .~equires a complete and unique representation of each isotope. Since ~ t .. iS 

-~omplete ~nd self:=consis·~ent, the ENDF/B form is most useful for the. cona. 

struction o'! program H. brarie!il. Hence mo~t o.f the computer ;Programs proces.a 

.. data in tfit:r Elfm'/B form. 

This report is a description of Cllle of the' prOC€'$-A'lng programs, ETOM ... lt 

' which produces MUFT 4 (reference 2)' ."'M11FT 5 (reference 3 L o:r. PlMG ( ref~r ... 

ence. 4) library decks from the ENDF/B. (The name1 ETOM1 is the mnemonic 

·tor .:!,NDF /B TO !ilJFT) • . 

. ' ·:. / ... 



1.2 Prior Work I -

L3 

Before. the initiation of- the AEC ef~ort; several laboratories 

had already started their, own !=ffort to (!.onstr:uc,t- an. evaluated 

detailed cross section data fi:J_e from which·ltbraries r;:ould be 

constructed~ The Bet_tis _Atomic "?ower :La."!Joratory _was developing 

the ROC -1 (Repository of Cross Sections) .. syst~m ..(reference 8 ) .. · 

They also had developed ·some processi_ng programs t·o use with the 

system. One such program,. RAM-1 (reference 1), was used to process 

data from RQC-1 to produce decks· for the_ MILC library used by 

MUFT 5 and· P3MG (reference 5) .. Inasmuch as it deals with the same 

conceptual problem,.ETOM..:l is based on RAM-1. It is hoped that 

the experience gained by RAM-1 users will be reflected in ETOM-1 

such that it will be less_· restrictive yet retain the essentia],. 

-value of RAM-1. 

Preliminary Version 

A preliminary version of ETOM-1, designated ETOM, was distributed 

to the CSEWG participating laboratories in April, 1967" -It was in

t,ended that ETOM be used to gain familiarity with the program and 

also to uncover any problems associated with its use on different 

computers. ETOM was deficient iri that it had no low energy resonance 

freatment, it had an approximate 1/E weighting scheme and it performed 

only trapezoidal integ:rations. ETOM-1 is a logical extension of ETOM' 

and d.oes not h~ve these deficienciesj hence, it is more accurate and 

le~s restrictive. 

Man.y ~f the "general purpose retrieval subroutines" (reference 

10) for the ENDF/B system written b~ Hd c .. Honeck are incorporated' 

in ETOM-1, but were not in ETOM.. These subroutines enable two 

tabular functions to. be accurately combined and they also provide 

for exact (according to the specified interpolation schemes) 

integration of the functions. They also fac'ili tate in the internal 

- 3 



,generation of a w~ighting function and provide the mechanism ·by 

which the 1/E weighting can be made exact. The incorporation of 

these subroutines required substantial restructuring and some 

rewriting and modification of the program. .Hence no attempt was 

made to periodically :communicate the changes to the CSEWG. ·However 

when outright errors were discovered in ETOlv1, the corrections' ,.;.ere 

sent to BNL for distribution tro the CSEWG • 

... -.... 
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2 •. 0 PROORAM DESCRIPTION 

.2.1 General Information 

. In the remainder. of ·the re·port, a 1imi ted· knowledge of the MUFT 

codes and the ENDF/B structure is assumed. Some ENDF/B notation .w~u· 

be referred to without a detailed explanation. Likewise the meanings 

of the MUFT parameters will not be explained in d~tail but only the 

means of calculating them will be described. · 

The MUFT library quanti ties are a fixed req~rement of the MTJFT 

programJ hence this serves as a defining constraint for ETOM-1. ,Where 

it is apparent that different procedures could be used to calculate 

·the quanti ties, input options are provided to permit flexibility in 

the use of the ETaM-1· program. 

The following notation is used in subsequent sections.· .. A quantity 

without an argument (e.g.; ann) .will denote a group averaged value~ , 

A quantity with an argument (e.g., ann(E)) will represent a detailed 

energy description. 

Obvipusly r ·average values are frequently needed by tbe programJ 

they are us.ually calculated as 

a = f a(E) W(E) dE 

J W(E) dE 

Here the integral is taken over the appropriate energy range (usually 

the multigroup) and W(E) is the weighting funct;ion.which may.be 1/E, 

constant at a value of 1.0, input, or a combination of 1/E joined to 

a fission. spectrum. The present versiorl of the _program does the. .. 

integration by using.the specified interpolation schemes associated 

wi t:h. the cross sections· ·and the weighting function • 

... 5 ... 



2.2 Smooth Cross Sections 

The information required for.MUFT file 3 is 8 sets of data con

sisting of multigroup cross sections, slowing down parameters, and 

the average.number of neutrons per fission. The fission neutron 

yield is obtained from ENDF/B file 1 while most of the other needed 
. . . 

data is in .ENDF/B file 3. If ·the resonance representation .requires 

a eontributiOD to th~ Rlllooth cross sections 1 data from FJIDF./B file 2. 

wlll also be uood. 

2.~.i Sy~etric Scattering 

... The basic· symmetric scattering is calculated as 

a ""' .. nil 

where 

f ann(E) W(E) dE 

I W(E) dE 

If certain options are selected, a contribution may be' added 

to the smooth ~tric scattering to account for resonance scatter

ing. ( se& sections 2. 3 and ~. 4).. or ingr.oup inelastic scattering (see· 

section 2.5).· In· addition. ~o its .use in calculating ann, . . ann(E).is 

saved. on a scratch tape for possible later uae;.by the program (e.g., 

. to calculate ~a:~). 

2. 2. 2 Smooth Captu;r-e 

The bas.ic smooth capture is calculated as 

... 6 



Each of the averaged quantities, anx' is calculated as 

where 

a = nx 

J a (E) W(E) dE nx 

f W(E) dE 

a is obtained from ENJ?F/B file 3 tabulation.. nx 

For x = y, the tabulation is MT = 102, 

X = p, MT = 103 

x = d, MT = 104 

X = t, MT = 105 

x= He3 
' 

MT = 106 

X = ex, MT = 107 

X = 2et, MT = 108 

If certain resonance conditions exist, a resonance contribution 

wi~l be added to.the smooth capture (see sections 2.3 and 2.4). 

2.2.3 Inelastic Scattering 

. '-

_The basic inelastic scattering is calculated as 

where 

0nn'· 

f ann , (E) · W (E) : dE 

. J W(E) dE 

a ,(E) is obtained from ENDF/B file 3, MT=4. nn 

- 7 -



"' 
If' certain options are selected, this quantity may be modified to aceount 

f'or ingroup.inelastic scattering (see .sections 3.4~12) or the n,·2n treat-
' ment' (see section 2.2.9). In addition to its .use her:e, a,. ,(E) is saved ·.. . . . . . nn . . 

for further use in the construction of' the inelastic scattering prob_Eibili ty 

matrix. 

·. 2.2.4 Smooth Fissi'on 

The basic smooth fission is calcula:tt!cl as 

· f on~(-~) W(E) dE' 

f W(E)"dE 

where onf'(E) fs obtained from ENDF/B file ,3, Mrri:l8. 

., 

If certain resonance condition's exist, a resonance contribution will be 
' ' 

added to the smooth-fission (see ·sections -;2.3 and 2.4). If certain_ n,2n 

treatment options are ·selected, a contribution. may be added to the smooth 

fission (see section 2.2.9). 

2.-?.5. Anisotropic :$catterlug 

.· . The anisotropic scattering is .calculated as 

J(~(E) (J (E)) W(E) dE 
. nn . -· 

J W(E) dE 

where ~(E) is obt_ ained from ENDF/B file 3, MT=251 and o (E). is retrieved nn 
from the scratch tape. Note that the product ~(E). o (E) is formed before 

- nn 
the inte$r&-tion is done. 

8 



If there is no ll(E) data on the EJm)F/B tape then 
:· .' / . 2" . ·~· .. , 

. IJ.O "" 3A. a , . nn. ·: nn. 
. .i . . ~ . . ,. . 

where A is the atomic mass ratio, AWR, obtained from ENDF/B file L 

2.2.6 Neutrons Per Fission 

The average number of neutrons per fission is calculated as 

. where.· 

· · ( V(f } · nf v = . ·~ 

}( v(E) anf(E)) W(E) dE 
-

.f W(E) dE 

.. ·:: . 

i 

Note that the product is formed before the integration is done. If 

v(E) is expressed as a: polynomial, ·tb.e product is formed by calculatins; 

· . v at each E value in the anf(E·). mesh. :If ~ tab~lation of v(E). is given, 

the two tabulations (v(E) and anf(E))· ~re combined in the usual way. 

If .-certain n,2n treatment options are selected, an adjustment to 

v .will be made (see section 2.2.9). If resonance fission widths are 

present (resolved or unresolved), then for the groups which contain 

ENDF/B resonance information, v is calculated as 
··.7 . ~ .. 

J v.(E)· ~ 
·'II ::: 

. J dE 
. E. 

This is not a serious approximation since v :i.s very nearly constant over 

the resonance region and a detailed calculation of anf from resonance 

parameters ·is not :justifie4o·. 

,. 
·; 



... ·~·: ..• = ... 

2.2.7 Isotropic Greuling Goertzel Parameters 

. . 

. This is called· the "age number" by MUFT and may be calculated as 

"t = 
. I "t(E) W(E) dE 

I W(E). dE 

where "f(E) is obtained from ENDF/B file 3, MT=253. If ENDF/B data is 

not present for MT=253, or by selecting an input option, the "age 

numbc:r" il!l calculated as 

where ~ is the group lethargy width. 

2.2.8 Isotropic Slowing Down Power 

.The isotropic slowing down power is calculated as 

J( ~(E) ann (E)) W(E) dE 

I W(E) dE . 

where ~(E) is o·btained from ENDF/B file 3, MT=252, and a n(E) is retrieved 
· IL. 

!'rom t~e scratch tape. · Note that the product g(E) ann(E) is formed before 

the integration is done. If there is no ~(E) data on. the ENDF/B tape then 

. =· 
2 

A+ g 
3 

a nn 

where A is the atomic mass ratio, AWR, obtained from ~~F/B file 1. 

- 10 -
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2.2.9 Treatment of ~he n-2n Reaction 

. Since Mt]FT hal:! .no epcpliqit trea.tment .of the n:-2n react~_on, 

three input options are provided for the user. The reaction may 

be ··treated as· a11 fission, as all inelastic sca'tte'ririg, :or:·-~a 

half-''f'ission and haff inelasti~ sdatter:i:ng~;-··In: alr c:a·~.es,· appro-

' priate adju~tments are· made ·to ·the' smo'oi1'h cross sec'tfciris -~md. v 
values.· 'see· section 3~4~11 :for.furt-her'cietafl~· · · · · · · ·· 

2.3 Resoived Resonance· Treat~ent·' • !' •• • - :..· .. · •· 

(; ... '.. . .~;::'' . '· . . . .. . ;. :~· .. . . . ' . . . . . .. : . 
. . MUFT has •laJ_hl· explicit treatmen~ for r~solved reso~ances. Th;i.s 

• . . '· ;·. - :'' ·'; :..·! : :·. . ' ..... 

treatm.ent _requires factors involving the: reson_ance paramete:rs rather 
~·· . . . .... :. :::':'•' ... '. · .. ' '1 .. :..:: .. • ;' ·~·.:./.'~·;·: ..••. ' 

than the.param~ters tnemselves. For each resolved resonance the MUF~ 
,#, . 

library requires .. 
: 

-... {r 
... 

f:f) .a +' 
/ 

0 . 1 r = 

. ' . ,.,, 

r 

·' 
c{'_ (I" + rf) 

0 . 2' m = 
~. ·'·E 

0 

r .. f. .~.· 

a = . 
r + .. .rf 

2' 

. The r and m factors constitute MUFT ·file 4. If r f :/: o, the: a fa·ctor-s 

are also part. of f:f,.le 4 .of MUFT 4. · (For.MUFT 5, the a factors are 

called MUFT-file 5)~ ETOM~l. calculates these parameters and det~rmines 

the vroper group for each resolved resonance. 

There is a MUFT restriction of a maximum of 8 resonances in any 

one group. If. this restriction is exceeded,·· certain options are pro

vided to treat the "extra'; resonances. · In all opti,ons the "extra" 

11 -



resonances are those which contribute least to the ·infinite dilute· reson

ance integral. For details of the options see section -3·.4.8. ; 

The MUFT tre~tment implicii_;ly assumes that the ent~re:T~sonanc;~ 

effect is in the multigroup where .the resc:>naQce pe!3k;occurs. Thus, .. 

resona:qces below th~ multig:roup .energy structure (thermal and negative 
.· .. • . . : ' . . . . . 

energy resonances) are not handled as explicit resonances.by MUFT. Hence 
. '. . ' ~ 

ETOM-1 treats these resonances·separateiy. The cross sections due to 

these resonances are calculated at 100 equa~ .. lethargy spaced points in 

each resolved resonance group. These values. are then averaged with the 

weighting function to get the contribution which is. added to the sm.ooth 

cross sections. ·rn calculatin·g the cross section, the Breit ... Wigner single 

level formulation is used: 

a 
n = 

a r 
on 
r 

where R is designated as AP in ENDF/B 

where 

a 
0 

= 

= 

a r 
~ 

r 

aorf 
r 

_1_·· ~j" 
2\/f 

l.+x 

1
\J!if-+x 

(2.9o:n * 10
6

) rng: 
* 

•• 1 ; 

- 12 -
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ETCM-1 contains an optional treatment of the resonance scattering· ( s.ee 

section 3.4.14)~ If the scattering .cross section is to be taken as the 

potential scattering,. then a is not calculated in the low resonance 
n 

treatment. · 

If the 'resolved resonance scattering is to be added to the smooth 

scattering cross section, same care must be taken in. the calculation. 
. . 

Simp~ taking a mesh of equal lethargy spacing would .very ·likelj miss an 

entire resonance or its principal contribution. Therefore, a fine mesh 

bas .to be constructed for each group. The spacing of the mesh .is variable 
. . 

and depends on the resonances contained i~ the group. This fine mesh is 

presently constructed by considering theN resonances~within the group 

plus the nearest one on each side of the group. Each interior resonance 

is then allotted 4oo/(N+l) J?Oints.. Half of the· allotte~ points go from 
· r · · r · 
(E

0 
- 2>· to (E

0 
+ 2) with equal energy s~acing. The other ba.lf (also 

with equal energy spacing) go from E
0 

:!: ·2 to the mid-point between 
• ' I ' '! '• ' " ' 

· resonancese. The two resonan~es on each side of the group, .are each 
. r 

allotted 200/(N+l) points, half of which go frem E
0

. to E
0 

± 2 and the 
. r . . . 

otb,er half from. E0 · ± · 2 to the midpoint. The c~lete mesh .is .thus taken· · 

from the peak of the first resonance ·.below the group to the ·peak of the 

first resonance above the group. Once this mesh is constructed, ·the 

resonance scattering. cross section is calculated at each point as the · 

.a$ over all resonances (not .just th~se . in the g~up) using : th~ above . 

formula for an. This fine mesh representation is then averaged with the 

weighting function to produce the resonance scattering c.ontribution which 

is.added to the smqoth scattering cross section. 

· 2.4 · Unresolved Resonance Tree.tment 

· . There. 1.r:t :n() ape~ial treatment of unresQived resonanee infomati~n 1ri. 

MUFT •. Since unresOlVed data- may be given in FJIDF/B, ETQ-1-1 .constructs 

. effective· emooth cross 1!eCtions over the .unresoived range •. The methOd . . . . . * 2 . 
employed is the same as that :used by the Argonne program MC (ref. 9) 

* . The authors are gra.te:tul to Dr. Bert Toppel of .A:NL for gracious~ 
providing them w1 th the Mc2 subroutine UNRES for reference during the 
programming of ET<M. 

.. 13 .. 



where effective resonance cross sections are evaluated at discrete 

energy points,. ~' in the unresolved region. 

2 · In MC , the effective unresolved resonant capture cross section 

·at energy E* is calculated as 

~ 

a r 00 00 00 
_!_· ·.L.l I Pn(r) I Pk(s) I dx ds dr 
t+~ 

d (.!!.'*) [ .D 0 0 u = ! c 
\JU 00 00 

1 'J Pn(r) I Pk(o) r I .. L 1--
t+l3 

.:Lx. tl1:1 dr 
.D 0 0 0 

where the sum is taken over all J states for.all J states. This equation 

is for fissile isotopes; for fe:r:'tile isotopes the Pk( s).integral does not 

. appear. A similar equation is used to calculate the fission cross section. 

Since ETOM-1 does not,permit a temperature dependence, a zero tem

perature is assi.mted. Thus,·. 

00 

I -L dx -. t+S 
0 

7r /2., ..•... 
,j~ (l+P) 

13 .is de~ined as ap/a
0 

where a
0 

is the resonance peak cross aection and 

ap is the macroscopic potential scattering cross section for the· mixture 

per absorber atom. · Since ETOM-1 is not. primari~ a ~~ture dependent 

program1 there is no, way for ETOM-1 tn m:~lt:-l.'llE.t.e C1 i'ntorna~. Uence, 
2 - . p . 

the 
2
quant1ty ( ap:-411'R ) :ts designated as arl input item. (ETOM-1 lidds 

4~ to the input value to obtain the· a used i~ the calculation). This 
- . • p 

provides the .user ;with the flexibility of selecting a· value of a. .which 
: . . .· . .P .•. 

is typical for his. appllcationsa Note that this ap on~ affects· the . 

unresolved resonance treatment. The temperatcire and actual heterogeneous 
. I 

effects . should be accounted for by the use of the L-f'actor in MUFT. 

... 14 
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.ETOM-1 calculates the capt.ure, fission and scattering cross 

sections at 100 equal lethargy spaced points for each multigroup 

in the unresolved region. These vaiues are then·averagedwith 

·the weighting .function to provide the unresolved resonance contri':" 

butions which are added to. the smooth··cross sections. 

· 2.5 .. Inelastic· Matrix Treatment 

MUFT requires an .inelastic scatte~~ng probability matrix as 

MUFT 4 file 5 (MUFT 5, file 6) • Since the requirement is for: a 

probability (rather·than a cross section) matrix, all of the 

. necessary information is contained in ENDF/B, file 5. There are 

10 ENDF/B defined representations of secondary energy distributions. 
. 0 

Although it. was suggested (ref,· 71 page :12-~Y that inelastic data be 

given as discrete levels (LF=3) plus a Maxwellian distribution 

(LF=8 or 9) 1 .ETOM.:..l will )landle .i.F = 3,6, 7 ,8,9, and 10. The other 

distributions (LF := 11 2,.4, and. 5) are simpq ignored by the current 

version of the program" 

During execution, MUFT :r6rms the· inelastic scattering cross 

section matrix as the· product. of the inelas.tic scattering cr~ss 

section and the inelastic scattering probability matrix. The 

elements, crin-j ,. of. this cross ~ection tp.atrix are used 'in .the _MUFT 

calculation. ,-·.These (averaged value) matrix- eleme,nts ·should be 

formed as 

i~j. , a . 
in 

. f cri;j (E) W(E). dE 
= 

. J W(E) dE 
. "-'· 

-
f W(E), dE 
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But_ . cri ~j is calculated iri MuFT as 
· in 

. i -j i . j 
0' = 0' * p1 .... :in in in 

i 
and crin is caleulate_d by ETOM-l as 

"" f . ~~.(~)···~(E) dE 

-. f W(E) dE 
J 
J• 
\ 

f P~ ._j(E) a. (E) W(E) dE 
i- ,. .1,n . 1n . P. I ~ ·--~~----~~--------
1n f cr

1
n(E) W(E) dE 

Thus the product is the desired result; namP-ly 

i *pi- j a. 1 1.n n 

= 

I cr in (E) vl (E) tlE * 
f W(E) dE 

J i ·- i pin '· (E) crin(.~!:) W(E) dE 

f W(E) dE 

- l6 -
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Slightly different procedures . .are needed for the different (LF) . 

. representation~ in the ENDF/B file 5 ·data. 

· For·LF=3, an average probability of.inelastic scattering from the 

source group is calculated, a linear. ~pping is made to take P(E) to 

P(E') ,. and then the fractional amount in each sink group is computed. 

P(E) 

Consider the following figure: 

Group 
J-1 

·.· 

Group 
J 

Group· 
J+l I 

I 
I 
I 

. I 

E. 
i 

Group 
1 

In the figure note that P(E') is obt~ined from P(E) by a linear mapping 

.using the relationship E' = E~e. The contribution to the probagili~ 

matrix element, Pin_..,. J., is then calculated as: 

Ei+l . EJ+l 
I [P(E) ain(E)]w(E.) dE f P(E') dE' 

pi-.1 Ei · ....... 
E 

= * in: 
Ei+l _Ei+l-e 

f . [ ain(E~· W(,E)] .dE J P(E') dE' 
Ei E •e I: 

i 

- 17 -

... · 

.,, 
I 
I 



For LF "' 6,8, or 10, an E' mesh is· constructed to cover the entire 

energy range, the appropriate (LF) function,· f(E), is calculated over 

. this range,. and the fractional amount in each sink group computed. The 
i-j contribution to the probability ~trix· element, Pin , is then calculated 

as 
Ej+l 
f f(E) dE 

* 
Ej 

f f(E) dE 
all 
.~oups 
.· ,,. 

For LF = 7 or 9, a value of e averaged over the .source group is used 
., 

in the functional calculation. The rest of the calculation is the same 

as for LF "" 6, 8, or 10. Thus 

'QE 1-E 

and the c·ontribution to the probability matrix element, P~:J, is then 

callculated as 
lr 

Ei+l . · Ej 1 

1 
+. 

J P(E) [ oin(E) W(E) dE J- f(E,e) dE 
Ei :;;'(f-;~.·. ;*;\ E 
__;:;. ____________ '·''·· --"~-------

Ei+l 
Ef { airi(E) W(E)] dE 

i 
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The P_receding d~scr~pti()?S are".~o~· each._LF .. ~'_lb~e,<?tion,_. of the 

secondary energy distri~uti9:q~ All subsections are combined to 
• r •• • , • , 1 •, •• ; r'! ' • ~... ·• • ~..., 

form the probability matrix ... Thus, each. element. <;>f. the m~:tt.rix is 
• ' • • • .. •• j ' .::; :, ~· ~:·' • .' ' •• •• ~· • • •• :..' .: •• ~-- • :) ::·· • • • •• • • • • • • • • ' • .... • 

the sum of contributions from one or more LF subsections. It is 
· · .-.' ... _:- ·:,;..~·-.;· .J·::..:: .. f • : .' •• .•'. • .... ::.·· .(· ~:::. •• :r:-· ··: 

a MUFT requirement that the final inelastic probability matrix be 

exactly normalized to unity. Hence after the matrix is completed, 

it is renormalized to satisfy this requirement. In principle, this 

renormalization is not necessary since the ENDF/B distributions are 

normalized to unity.. However due t'o calculational round-off errors, 

ingroup scattering (see section 3.4.12) and out of matrix scattering 

(see section 3 .. 4.13), the renormalization is essential. 

2 .. 6 Source Spectrum 

A source spectrum is required as part of a MUFT library and 

is present as MUFT 4 file 6 or as MUFT 5 file 7. The source is 

usually taken to be the secondary ene~gy distribution of fission 

neutrons.. Hence it is obtained f:rom ENDF/B file 5, MT=l8. The 

current version, ETOM-1, will only process an energy distribution 

represented simply by or as a combination of a simple fission 

spectrum (LF=6), a Maxwellian distribution (LF=8), qr a Watt spectrum 

(LF=lO). The other defined distributions, LF=l,2,3,4,5;7, and 9, are 

not accepted and an error me~>sage is printed by the program. 

Using the representation specified in the ENDF/B library, 

ETOM-1 calculates the source at each point of a mesh covering an 

energy range from 20 Mev to the lowest energy in the multigroup 

structure. The mesh spacing is 1/64 lethargy unit from the lowest 

lethargy to 10 .. 0 and 1/32 lethargy unit above 10.0~ Thus the curve 

is represented by nearly 1000 po:tnts. The integral of this curve 

over each group is then computed and the results normal;i,z.ed tn A 

uuit source. For the source calculation, the top energy of the 

first group is taken as 20 Mev, hence the "upper tail" of the 

- 19 -
•• l./.: •.• 

I. 



spectrUm. is included in group 1. FinallY the source in each group 

is divided by the lethargy width of the group since MUFT requires 

the sour.ce to be in neutrons per lethargy unit. (For group l the 

correct lethargy width is used, not the width to 20 Mev.) 

... 20 ... 
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3.0 ~ON INFORMATION AND PROCEDURES 

.. This section is written so as· to be reasonably sel:f.-contained in 

order to provide;. sufficient information to run problems with the pro~. 

The intent is tbat this section will provide the ·program user. with a . . . .. . 

code running prescription. The other sections of 'the report should be 

consul ted where further details are required. 

3.1 Summary Description 

ETCJ.1.:.i is a program ·.to process data :from the ENDF/B :file and 

produce ·library decks :for MUFT 4 or MUFT ?• The output :frora ETCN~l 
i 

consists of printed tabulations of the data and cards punched in the 

proper ·:rormat. 

J.2 Limitations 

Due to the :finite storage capacity·of the computer, certain 

-limitations are necessary •. ·.It is :felt that .these restrictions are 

not. presently confining. The program is constructed such that 

these limitations· can be eas,il.y relaxed to accamodate :future need.Q. 

3.2.1 Multigroup Restrictions 

.1) Maximum number of mu.ltigroups - 99 

2) Maximum number of resonances per group - 8 
(NOTE: . This is a MUFT restriction, not at ETOM limit) 

3) Maximum total number of resolved resonances - 250 

4) · Maximum inelastic group number - 99 

· 5) Minimum resonance group mllilber - · 1_. 

3 .• 2.2 FJ:IDF/B :tsta Rcat:rictiou.a 

3.2.2.1 File 1 - General Information 

1) V representation by a polynomial: 

maximum number of coefficients - 10. 

... 21 -



2) v representation by a tabulation: 

maximum number of tabulated points - 4000 

maximum number of interpolation ranges - 50 •. 

3o2.2.2 File 2 "" Resonance Parameters 

l) Maximum number .of' isotopes - 6 

2) Maximum number of -~ states - 3 

3) Maximum number of J states per ~ state ~ 3 

4) Max:Lmum number of points in the fission width tabulation -

(900)/(total number of states)~ 

3.2.2.3 File 3 - Smooth Cross Sections 

l) Maximum number of points in a:)..l file 3 tabulations - 4000 

2) Maximum number of interpolation ranges in all file 3 tabulations ~ 

50o 

3 .. 2 ... 2.4 File.5- Secondary Energy Distribution 

l) Maximum number of points in the P(E) tabulation - 1000 for LF=l,4, 

5; - 2000 for ~=7,9; - 3000 for LF=2,3,6,8,lOo-

2) Maximum number of' interpolation ranges 1'6r J:'(E) - lO tor LF=l:,4,,; 

- 20 for LF=7,9; -30 for LF=2,3,6,8,lO .. 

3) Maximum total number of points in all g(E'- E) tabulations per 

subsection - 2000. 

4) Maximum number of interpolation ranges for E per subsection .,. 10. 

5) Maximum number of interpolation ranges for g(E'-- E) per subsection 

6) Maximum number of points in the g(x) tabulation per subsection -

2000 for LF=4; - 1000 for LF=5· 

7) Maximum number of interpolation ranges for g(x) per subsection -

20 for LF=4; - 10 for LF=5• 

8) Maximum number Of points in the 8(E) tabulation,per f?Ubsection-

1000. 

9) Maximum number of interpolation ranges for B(E) per subsection - 10. 

- 22 .. 
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3.2.3 Input Qption Restrictions 
.,:· t: 

1) ·Maximum number of points in input weightin~ f~ctiqn tab~~ion -

4ooo 

. 2) Maximum number of interpolation ranges for the input' weighting 

function tabulation 50. ·· 

3.3 Input Description 

In the following input list,. the various items are described and 
. . 

the columns to be used for ·each item designated. Standard FORTRAN 

input is usedo For added convenienc·e ·the actual .program formate and 

symbols are al.ao listed. The various options are. more fully described 

in the next section. 

Card .. ijo.,.l ,(4!5,. 20X, 3ElO.O) 

1 1•5 INALL 

2 6-10 MATNO 

3 11-15 . MATID 

4 · 16-20 IREW. 

5 41-50 EPSMIN 

6 . '51-60 

7 61-70 SIGP 

Description 

0 = only card number 1 is read 
1 = all input cards are_ read. 

ENDF/B tape material number 

Multigroup material identification · 
number 

0 = ENDF /B tape is not rewound by ETOM-1 
1 = ENDF/B tape is rewoUnd by ETOM-1 

Minimum value of epsilon for- combini~ 
two TAB 1 functions 

Maximum value of epsilon for combining 
two TAB 1 functions· 

Non-resonance isotope potential scattering 
cross section per absorber atame i.e., 

.E 
SIGP := ( J?. - 47r R2) N . 

where Ep is the mixture macroscopic potential 
cross section,. N is the resonance isotope 

: number density and 4tr.R2 is the resonance . _ 
isotope potential seattering. 

- 23 -
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Card No. 2 (9I5, 20X, I5) 

Name 

1 1-5 IDTAP 

2 

3 

4 

5 

6 

7 

.8 

9 

10 

6-10 MODE 

11-15 . Me: QlJF. 

16-eo MAXG 

IEU 

-26-30 .rw 

~1-35 I SPEC 

36-40 .IRES 

66-70 'NDFB 

Description 

ENDF/B tape identification number. 

1 = ENDF/B tape is binary mode .(standard 
arrangement) 
3 =·ENDF/B tape is BCD mode (standard 
arrangement) • 

4 =· m\.lltigroup. oode io MUFT 4 
5 = multigroup code ~s MUFT 5 

Number of mult1groups 

jfb;.;,:; standard MUFT '4 group structur~ 
::6 = input energy group structure 
'il'~; '''7 = input lethargy group structure. <t;,. 

1 = weighting function is 1/E 
2 ~ weighting function is 1.0 
3 = weighting function is input 
4 = weighting function is 1/E' joined to 
a fission· spectrum. 

. 0 = no sp~ctrum r.al ~ulA.tton 
1 =· spectrum calculation 

·1 c:: ~dd extra resonances t.o Rmooth.cross 
section 
2 =use extra resonances .to form.a.pseudo
resonance 

· 0 = ·no punched outpu.t · 
1 ~ pw1ched output. 

Losical unit. on which the ENDF/B library 
tape is mounted (if= 0, .. NDFB is set = 11). 

-·24-
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Card No •. :3 (7I5) 

-~ , _Cola. . ~-

1 ·1-5 -·~ 

2 E)_~lO MAXI 

3 ll-15 . ISGG 

4 16-20 .IN2N 

5 21-25 INTO 

.6 . ~-30 IEXT 

7 . 31-35 IXSR 

. Description 

LOwest. grO"\lP number .. in resonance region . . . . . . . ... . . 

. . '. ... - '·~·. . 

Hi~est group number-in,~elas~ic region 

Greuling-Goertzel parameter 
1 = calculated from ENDF/B tape 
3 =taken equal to 0.5 ~-~ 

n-2n ~ro~e section 
1 = added to fission 
2 = half added to fission;· half to inelastic 
3 = added to inelastic. 

.Ingroup inelastic scattering· . 
1 =distributed over all inelastic-groups 
2 =lumped into adjacent (lowest) group_ 
3. = ~dded tc> 8mooth sea ttering . · 

Out of·defined matrix inelastic scattering 
1 =distributed over.all inelastic groups 
2 = lumped into adjacent (lowest) group 
3 = lumped into last (highest) group. 

-Resonance ~cattering . 
0 = calculated .from ENDF/B tape and added to 
smoot? .. 2 · . 
1 = taken as 477R over ENDF /B defined 
resonance region . 

· 2 :,;;, taken to be equal to the -value in the 
. first group above the resonance region. 

• • ~I 
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This is actually a card set and is necessary only if IW=3· ·The set 
consists of the desired weighting function as tabulated point? plus the 
interpolation tables defining the interpolation scheme to be used with 
the tabulated points. The weighting function must be given from low to 
high in energy.. The format of the card set is a standard ENDF/B TAB 1 
record. 

··car-d 4.1 ( 44X, 2Ill) 

Item ---
1. 

2 

Card 4.2 

Item 

l 

2 

3 

4 

etc" 
2*Nl-l 

2*Nl 

Card 4o3 

Item 

l 

2 

Cols. 

'15-55 

56..,f;6 

- .•• 0 ... 

Cols. 

1-ll 

12 ... 22 

23-33 

34-44 

- . ._ .. 
Cols. 

l"'"ll 

12-22 

Name 

N~ 

NP 

(6Ill) 

Name 

NBT(l) 

JNT(l) 

NBT(2) 

JNT(2) 

NBT(Nl) 

JNT(Nl) 

(6Ell.4) 

Name 

BLOK3(1) 

BLOK4(1) 

ete~ u::;:i.ug N2/3 ca1·ds 

2*N2-l BLOK3(N2) 

2*N2 BLOK4(N2) 

Description 

Numbt:>r of' :int.P.rpnlA.t;:i r.m ranges 

Nim1ln:::r: of we1~ht1ng function p,oirrt§ .. 

Description 

Last point number in 1st interpolation range. 

Interpolation scheme for 1st range 

Last point number in 2nd interpolation range 

Interpolation scP.eme for 2nd range~-

Last point number in Nl interpolation range •. 

Interpolation scheme for the Nl range. 

Description 

First energy point (S lowest energy in group 
structure)~ 

Weight at this energy. 

Last energy point ( ~.highest energy in 
group structure 

Weight at this energy. 
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Card No. 5 

This is actua.lly a card set and is necessary only if IEU=6 or 
7 o The set consists of the desired group 'structureo. .If I.EU=6,. the 
set is the energy breakpoints of the structure given from low to high 
in energy. If IEU=7, the set is the lethargy breakpoiritii o:f 't:he· . 
structure given from high to low in lethar-gy. . -. 

card 5. 1 ~ 6Ell. 4 l 
Item Cols. Name Descri;etion 

1 1-11 XX(l) Group breakpoint number 1 

2 12-22 XX(2) Group breakpoint number 2 

etc. using (MAXG+l)/6 cards 

. MAXG 
MAXGl. 

XX(MAXG) Group breakpoint number. MAXG 

XX(MAXG+l) Group breakpoint number MAXG+l 

NOTE: If IEU=6, XX is denoted as EGRP; if IEU=7, XX is denoted as 
UGRP. 

-27 -
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3.4 Available Options 

3.4.1 Read input option (INALL).. This option is designed to facilitate 
I 

stacked cases where. several materials are to. be processed in the 

same way. Complete input is necessary only with the{ first case 

(INALL=l) and subsequent cases need only the first card (INALL=O)o 

·3.4.2 Tape rewind option (IREW) ... This is.to provide running efficiency 

by a single pass over the END!i'/B tape during a stack of cases. 

The first case should request a tape rewind (IREW=l) but subsequent 
. . 
.cases should not ( IREW=O) • 

3.4a3 Tape mode option (MODE). The ENDF/B tape may be either in the 

binary·or BCD mode. Fo:r. compactne1:1s and running efficiency it is 

recommended that the binary mode be used where possible. 

3.4.4 Multigroup code option(MCODE). Since the actual processing i~:> 

the same for both.MUFT 4 and MUFT 5, this option merely controls 

the output card. formaL .• 

3.4.5 Multigroup structure option (IEU).. This option permits the standard 

54 group MUFT structure to be internally generated or allows the 

structure to be input in either energy or lethargy units. 

3 •. 4.6 Weighting function option ( IW). This option permits the weighting 

functions to be 1/E, 1.0, input or a combination of 1/E joined. to 

a'U-235 fission spectrum. Other built-in functions can be easily 

added in the future. 

3.4.7 Spectrum calculation option (ISPEC). ETOM-l will do either a 

general cross section deck calculation or a spectrum deck cal

culation. Both cannot be done simultaneously. Hence Lhl::; 
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option selects _which c.~lculati.on. ~s. ·.to be doneo · If·.both are 

· desired, :two cases must b~- -run (and:,the. tape· .rewound. before 

the s_econd: case) o ·' .,. · ·· 

3o4o8 Resolved ~~sonance treatment (.I:RESh. Since:JviUFT permits only 

8 resolved resonances per group, some provisi·on must be made 

for those groups which have more ~han 8 resolved .resonanceso 

-Two choices are provide~~ ., . _ 

For IRES=l: . All·m vaiues are calculated" The 8 largest m 

reson~nces are kept and included i.n the MUFT 

resonance fileo · The other resonances are treated 

as effe~tive smooth cross sections and added to 

the MUFT smooth cross section fi~e according to 

the relationships 

.6u * a nc 
7r r 

- 2 m <r !r )· 
. r f 

where .6u =group lethargy·width.and 

a . = ·effective·smooth·capture cross section nc 

a -· effective smooth fission cross section • . nf 

(The relationship _preserves the infinite dilute 

resonance integr~l values)o 
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For IRES=2: All m values are calculated~ The 7·largest m resonances 

are kept and included in the MUFT resonance file. A 

pseudo-resonance is constructed as the 8th and included 

in the MUFT resonance file. The m, r, and a factors for 

this pseudo-resonance are calculated as 

= l: m 

"(E;)) 
2 

= 

where the 'sums are over all non-kept resonances. 

3.4.9 Output punch option (IPUN). This option merely selects.whether or 

not the results should be punched out on cards. The output cards 

are in the correct format for direct use in constructing. a MUFT 4 

library or a MUFT 5 ( MILC) library. 

3.4.10 Greuling-Goertzel parameter option (ISGG). This opt[ori permits the 

Greuling-Goertzel parameter to be calculated directly from the 

ENDF/B tape or to be taken equal to·half the group lethargy width. 

3.4.11 n-2n cross sectio~ option (IN2N). Three choices are provided for 

the treatment of the n-2n re~ction. 

For IN2N=l: The n-2n cross section is treated as fission (with 

a v value of 2) and added to the smooth fission and 

V is adjusted accordingly,. 

= 

v 

0 f + (J 2 n, n 

V*af + 2.0 * a 2 .n n 

0 f + (J 2 n, n 
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.. ;; 

For ·IN2N=2: The n=2n .reaction is treated as half fission (with 

a v value of 1) and half inelas.tic scattering, 

at. - af_' +: Oo5 * .an ·2n· 
' 

. : [ 

... 

a. ·- a + 0 .. 5 * o· .. 
~n in n,jl2n 

. Vlfof + LO * Oo5 * C1 

v ~ 
"" 

a ,·-·f + 0 .. 5* a n 2 2n 

r.. 

·For- IN2N=3:. The n~2n reaction is treated as inelastic scattering 

and added to the sm:ooth inelastic' ·value 

~ . a + a . 
in . nJ2n. 

3.4.12 Ingr~up i;nelastiG scattering option (INTO) .. MUFT .does not·permit 

ingroup inelastic scattering2 hence three options are provided. 

For. II9'TO=l~ . 'I'he ingroup sc_atte:r is di.st:r:i·but.ed .dv.-~r ·all._defiried · 
•' \ . . . ·. . . 

.. sink groups in proportion to the ineiastic scatt'erilig .· 

probabilities,, 

.. 
Fo~ INT0=2: .. The ipgroup_ scatter is lumped into the ~dJabefit group 

(i.e., . the first off~diagonal element) o 

For INT0=3~ The irigr.?u:P Scatter i~' trea~ed as ~iastic ·acat-ter1ng. 

by a~ding the ingroup sca·tter to the s~ooth. ei~'s't:i.ci 

and reducing the :i.nelastic accordingly. 
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3.4.13 Out of defined matrix inelastic scattering (IEX'J:I). The limits of 

the inelas.tic matrix are defined .by MAXI. Since· there. may be some 

inelastic scatter to groups greater than.MAXI, thr_ee options. are 

provided for treating this scatter. 

For IEXT=l:· ·The excess scatter is distributed over all defined,. 

sink groups in proportion to the inelastic scattering· 

probabilitie~" 

For IEXT=2~ The-excess scatter is lumped. into the lowest group 

(i.e., the first off · diagona.l element)" . 

:. For IEXT=3: The excess scatter is lumped into the highe.s.t group 

(MAXI). 

3.4.14 Resonance scattering option. pP.ysically the scattering consists 
1• .•. 

of a smooth part and a resonance part. MUFT has no explicit treat-

ment. qf resonance scattering. .Scattering is only p~eserit in the 

· MUFT smo.oth cross section file. Although. no general _statement can 

be made about the correct way to represent resonance scattering in · 
*** the MUFT library, two limiting cases can be_ cited_. ·.for materials 

that are primarily resonance absorbers, the resonance scatterins· 

should. be ignore_d. For materials that are primarily .resonance 

scatterers, the resonance scattering should be included as part 

of the MUF.T "smooth11 scatterfng cross section file. Mathematically 

-in· the ENDF/B. format structure, there is a. smo~th part ~(ENoF/B 
fi.le 3) and a .. resonance ~art (ENDF/B fiie 2). However the mathe.

mat'ical. representation may not be the. physical oneo For:_'example;· 

the constraint of Breitc..Wigner ~epresentation of_:resonances may 

negative! 
• .l • ~ •, 

there is· a 

.require the mat~ematical smooth cross section to be . . . . .· . 
So if one wants'to ignore the resonance scattering, 

erroneous prqblem •. The use of only ENDF/B file 3 may produce 
t·~ 

Likewise:, if the total ENDF/B description is used, ;.(:Le., 
~;· 

.results. 

. ***.Private communication with Do R. Harris, MPL and Co· Lubitz,~ KAP:L· 
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smooth and resonance or smooth only depending on the ENDF/B control 

parameter (LIS), the resonance part may not be ignore.d: Hence three 

options are provided: 

For IXSR=O: The scattering cross section is used'. completely 

according to the· ENDF /B representation. · · 

For IXSR=l: OVer all groups containing the ENDF/B defined resonance 

region (both resolved and unresolved), 'the scattering 

cross section is taken as the potential scattering cross 

section ( 47TR2 ) ~ 

For IXSR=2: Over all groups containing the ENDF/B defined resonance 

region (both resolved and unresolved), the scattering 

c:t·oss section is taken to be equal to the value in the 

first group above the resonance region. 

3.5 Problem Stacking Procedure 

ETOM is designed to sequentially process any number of materials 

during one run. Normally the first material request (via. card no. 1) 

will be accompaJ?.ied by all input data (set INALL=l) and the ENDF/B 

tape will be rewound by the program (set IREW=l). Subsequent material 

requests will only require card no. 1 (set INALL=O) and the ENDF/B 

tape will not be rewound by the program (set IREW=O). Since the 

ENDF/B tape is not rewound, the material :requests should be in ascending 

order according to ENDF/B material number (MATNO on card no. 1), On 

subsequent material requests additional input is necessary only if it 

differs from the initial material request. Likewise the tape should 

only be rewound if the same material is to be processed twice. (For 

example if both a cross section deck and spectrum deck is required). 

For maximum efficiency, however, the tape should not be rewound. 

and two separate runs may be more efficient than a single run w·i th 

frequent rewinds. 
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3.6 Sample Problem Input 

The sample problem processes the data for ENDF/B material 

number 1051 (reference 12) and produces a MUFT-4 deck. The 1051 

data is that present on ENDF/B tape (identification number) 115 

with one exception. Card number 900 was corrected by changing the 

first entry from 1.0*10-4 to 8.0*103 and the fourth entry from 

0.0 to 1.0, thus making p1 (E) double values (0 .. 0 and leO) at the 

threshold energy 8.0*103 . This correction is necessary to assure 

the proper unit probability. Jhat is, using the notation on 
~ * page 9.1 of reference 7, the following should be true : 

. - 1.0 for all E where o(E) :/: 0.0 

= 0.0 for all E where o(E) = 0.0 

Material 1051 is J?u-239 and was chosen because its resonance 

representation slww::; ::.everal of thru :feAt.nres of ETOM-l. The 

sample input sheet is glveal Ol'l the next J1Ag?.~ 

* It is suggested that this condition should be included as part 
of the data checking code CHECKER (reference 13). 
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3.7 Sample Problem Output· 

The sample problem was run on a CDC':"66oo using the· SCOPE 2.0 

operating system •.. The. output is·.on the .following pages·. and _i~ 

self explanatory. 



MUFT ~ FlLE 21 HAS BEEN· CREATED FROM ~NOF/B MATERIAL 10~1 ON TAPE 

THE DECK HAS BEEN CRE:ATED USING THE ETOM OPTIONS LISTE.D BELOw. 

THE STANDARD 54 GROUP MUFT STRUc!URE IS GENERATED INTERNALLY 

WEIGHTING FUNCTION IS 1/£ JOINED TO A FISSION SPECTRUM 

EXTR~ RESONANCES ARE ADDED !0 SMOOTH CROSS ~ECTION 

115 

THE GRUELING•GOERTZEL PARAM~TER IS TAKEN EQUAL TO HALF THE GROUP LETHARGY wiDTH . ~ 

THE N~2N CROSS SECTION IS ADDED HALF TO FISSlON,HALF TO INELASTIC 

THE INGROUP INELASTIC SCATTERING !S ADDED TO THE SMOOTH SCAl!EHING 

THE EXCESS SCATTEH IS l,UMI-lED JNTO THE HIGnEST GROUP 

THE RtSONANCE SCATTERING IS TAKEN = TO VALUE IN lST GROUP ABOVE RESONANCE REGION 



*~~ ETOM o!H~O 

ENOF/B -- .. .. i'1UL T I GROUF .. ... - ... - ~ROUP i NFORM.A TI ON - a .... .., ... 
TAPE NOo ~4A.TERIAL NO. CODE -MATERIAL NO. NU1>1AER HIGHEST INELASTIC LOWEST RESONANCE 

115 1051 MUFT.,.4 :?1 54 25 26 

MULT]GROUP STRUCTURE 
GROUP ENERGY RANGE L£THARGY RANGE G~OUP ENt:RGY RANGE LETHARGY RANGE 

1 7o788QE+06 .. I.ooooEI)07 0·000 .. ·250 ?.8 1·234lE•o3 .. 240347E+03 a.5oo "' 9eOOO 
2 6o0653E+06 - 7,78BOE+06 ·250 "' ·500 29 7o4852E•o2 .. lo2.341E•03 9oOOO - 9o500 
3 4o7237E•06 ... 6.o6S3E•06 ·500 . o750 30 4•5400£~02 .. 7o485?E•o2 9o500 ... to,ooo 
4 3ob788E•06 - 4.72'37E+06 ·750 ., i. 000 31 c•7536E•02 .. 4.S4ooE.•o2 10.000 .. Io;soo 
5 2.8650E.•06 "" 3.67881:.+06 ] • 0 0 (') "' lo250 32 lo6702t. .. 02 ... 2,7536E+02 to.:;oo - 11.000 
6 2.23131:+06 - 2oR6S0£•06 1·250 e· 1·500 33 l•3C07t.•02 ... lo670cE+02 11.000 - llo250 
7 lo7377E+06 2.2313E-to6 loSOO i. 750 34 l•Ol30E. .. o? lo3007E•02 11.250 llo500 
H lo3534E•06 ... lo7377E.•o6 lo750 .,. 2·000 )5 7•H893E. .. Ol ... loOl3oE+o2 llo500 .. 11.756 
9 l.Q54oE•06 .. lo3534t:•o6 2•0li0 - ~.250 36 6ol442E•ol .. 7.R8Q3E•ol 11.750 - l2oOOO 

10 ti~208SE•05 - I.o540E~o6 2o250 - ~.500 37 4o7851E"'Ol • 6el442E+Ol 12o000 .. 12.250 
11 6.3Q2HE•05 - 8o~085E+Q5 2o500 c .?o 750 38 3•7267E•Ol - 4o7851E+Ol l2o250 - 12.500 
12 4,'77d7E+05 .. 6.39?.8!::+05 2o7SO "" 3o000 39 2o9023E.•Ol .. 3o7267E+Ol 12.500 ... 12.750 

w *' 13 3.B774E+05 ... 4.9-!A7E+o5 J.ooo ~ 3.250 40 2.?.oo3E+ol .. 2o9023E+ol 12.750 - 13.ooo co 
)4 3o0197E+05 3 • 8774E+ OS 3o2c;o 3o500 41 1•7oo3E.'tOl 2e26o3E+ol 13oOOO 13~2so - .. - -
15 2.3518E+05 - 3oOl97E•o5 3o5oo .. 3o750 42 le37lot:.•ol ... lo.,603E•ol 13.250 .. l3o5(lO 
16 (~~ • 8 31 nE • 0 5 -2o3518i:.•05 3·7~0 ... iteOOO 43 lo0677E•ol - lo371oE+Ol 13.500 .. 13.750 
17 lo4264E+05 ... l.H316f..•os 4oOOO 0 4e250 44 8t315Jt•oo - lo0677E•Ol 13.750 ... l4e000 
18 l.ll09E•OS ... lo4264E•os 4·250 '"' 4o500 4'5 6o4760E•OO ... 8o3153E•OO l4o000 .. 14.?.50. 
19 8.65i7E+04 .. lollo9E+05 ·4·500 "' 4.750 46 5o0435E•oo - 6.476oE•oo 14.250 .. l4e500 ·· 
20 6. 737qE+04 ,.. Ba65}7£+04 4e7">0 .. 5·000 47 3e9279E•oo '"' 5o043SE•oo 14.500 .. 14~750 
21 4o086/1E+04 .. 6o7379E+04 s.ooo - SeSOO 48 3.Q590E•oo - 3o9279E+oo 14.750 .... 15~000 
22 2o47!:!8E+04 ... 4q0868E+04 5o500 - 6e000 49 2.3824E•oo - 3o059o£+oo 15.000 .... 15.250 
23 lo5Q34E.+04 .. 2o4788E+Q4 6eOOO ... 6e500 so lo8554E•oo - 2·3824E+oo l5o250 - 15.500 
24 9al18:HE+03 .. lo5034£+04 6o500 "' 7o000 51 l.o4395E+oo - le8S54E+OO ts.soo ... l5o754 
25 5o5308E+03 ... 9e1188E..•o3 7•000 . 1 ;s.oo 52 1~1254E•oo .. 1·439SE•oo l5o754 - u:;.ooo · 
26 3o3546E+03 .. S.5308E•03 7~500 .. s.ooo 53 8o3368E-ol - l·l254E•oo l6a000 .. 16.300 
27 2a0347E+03 3o3S46E+03 8~000 s·.soo 54 6o2481E-•Ol 8.336RE•Ol l6o300 l6~ssa· 



WEIGHTING FUNCliON 
[S GENERATED AS FOLLOWS 

ENERGY WE.IGHT E.NFRGY WEIGHT ENERG.Y wEl GHT ENERGY WEIGHT 
6le8564E"'02 63m83S3E .. o6 67 ~3-f95E•03 I9,341SE~o8 92•4610E+:J3 22o215lE•08 12.3Al3E+04 25.0816£-08 
23.3545E+o<+ 3l·6o2st. .. o8 3o-~2lc7E•o4 34.0S9ZE-o8 36o2137E•04 3Se5?15E•OR 42.2)46E•04 36.6374E·08 
48e2156E•04 37~352}[af18 S4.2165E~>04 3?,7R45E-n8 61e7171E+04 3Bo0069f-08 69.2189E•04 37e9471E-08 

· 78, 5954E+04 37.5644[•08 ~H.9719E+04 36,9}99[ .. 08 Sl"9o69?5E+04 3SoB455E-OR ll.4343E•OS 34.2158£ .. ()8 
]3o2657E+(l5 31·9159E-n8 l7.8440c<~-O!:l ?5.8342E·08 2Gol332E•o5 2Zo9249E-08 24,7!16E+05 l7.72SBE~oa 
28el454F•o5 1"-•4449[~1'3 3i.5791Etos ll.6::\33E•c8 35·~714F•n5 8HoRR02E•09 40•};,36E•o5 67.1?.97E-o9 
45.~2R9E•o5 46.8923£-(19 50.B9tvlEt.o5 32.5275E.,.o9 =·7a60Q7E•OS 20~4329E-09 6~+•3o!3E•os l2e7481E•09 
72-;6906E•os 70•1541E.•l0 6 1 • o 7 3 R E • ·os 38.34H9E•l0 ~1•'3528F+n5 l7oH915f.-lO. lO·l000£•06 89.4694E~_ll 

w[!GHTING Fu!'JCUUN 

INTEI-lPOLt:.T!ON YAHLF 
... 
w N8l JNT ~mr ,JNT NH1 JNT NtH ~ ~lNT 
\0 2 5 4 5 12 3 19 2 

21 3 32 4 



THf \T!IYEI DE.SCRIPT!ON OF MATFRlAL lOc;l IS -
PLUTONIUM ?3~, ENnF;B, OCTOB~R.lQ66. 

Pt.UTONitn:-23(} f:.f\10>'/!3 DF.SCRli"'TIO!IJ o~· [VALlJA-1101\J AND SOURCES 
FOUI\:0 IN GEA.P-~.z-,z, EV4LUATlON ANn CO•-\PILAT !ON OF Pll•?.39 
CROSS SECTION UoTA FOR [NOF/K FILES• riY P. GREE8LER• ~. ALINE. 
B. A. hUTCHINS, UECEMRER, ]9A~ 

MF=l GENERAL INFO~MA110N 

ATOMIC MASS = 237.00 RaSED UN NEUTRON MASS OF l.OORA6~ eMU• 
R~--~ • l 

MT=-45::?• NIJ :: ?of-17 • 0.135F (~1E_Vl - THFR!-iAL VI.\LL!~ !-'><'Oi-'1 RE;:: ?--
SLOPE HASED U~ PEF 3,4. 

M! =45:~, RADIOM:11 vE f)i::CA'l' Dul li Fl-lnM r-~E"' ·1 
~'-'·F=? RE~>OI\ti\!Cf P"RAMr_ Tt.P.S 

MT=tSI• kESOLVtn ~AHtM~TtR~ TO lnn EV ~oR HY LFVEL~ -~OniFIED 
~ROM rOMPlLAllU~ lN HE~ S U~ING DATA ~ROM ~E~ ~.7. 
UNRE.SOLVEU 5-wAVt: Rt:SOI.JANCf:. PliRt.d~qE-=IS W[T'i ::f'-'J~; OFPfiVi::~Nf 
F I S S l 0 r'~ 1v 1 D 1 H S i= R 0 M 3 !! 0 f V T{-:; l 0 n K E V • S Tf!. 1[ S T I C ill-. P t. h' o t'l E T E R S 
t3~SED Ot·i SCHMIDT, ~:EF ~. 

SPIN iNOEPENOENT SCATTFRING H80!US GIVES 10.3 H POT Sc4T, 
~ES()Nt.NCE PA!-<!'.f"l[Tti-15 i·lUST BE USED FO~ FlSSlON, C"APTURE, f01AL, 

'AND ELASllC SCATTERING FROM lEV 10 1~0 KlV 
MF=1 SMOOTH DATA 

THE~MQL NEUTRON DATA -- 0•001 TO l .n ~V 
MT=l'?'l~•27•10? - ENERGY O~PENO£NCE 64SEO ON tvALUATIO~ BY 
. ~f.vNAR(), RU 13- ?.200 M/SEC NORMALllA.TION 0~ V;LSTcOTl, 

.• ----BEF _4 .. ALL CpOSS SECliON CONTR18UTIONS INCLUDED 11\i SMOOT~, 
[\ tJ T A • 

MT=4d6d'.7,251 ,?.52•253 - VALUES BELO.V 1 £V SET AT l.E~Oe 
EPI-THERI-1AL AND FAS1 NE.UTRON OATA ... j oaO EV TO 15 MEV 

MT=l· TOTAL VALUES ~~U·L SUM OF PARTIAL CROSS SECTIONS 
MT=? ELaSTIC SCATTERING VALUES FROM AI, RFf ln - HFS0~4NCE 

·AND PQI[NTIAL SCATTERING NOT INCLUDED FROM 1 EV TO 100 KEV 
MT=4 SUt-1 o~· 1 ':l DISCRETE LEVEL CROSS SECTIONS UP TO 2 t-~EV 

.) CONTINUUM CROSS SECTIONS ABOVE 2 t>1EV - OA.TA HWM REF 
11 

I·R=lbl7 DATA. FROt-1 ~E.IH~L,STElN, REF 12 

·' 

. . ·: 

J· .... 



MT=lR FROM 200 TO 300 EV, SMOOT~ OATA SUPPLEMFNTS RESONANCE 
CROSS SECTIONS TO AGREE WlTH ~ETREL DATA, RfF 13 - FHUM 
306 EV TO 3 KEV SMOOT~ SUPPLEMENTS RES6NANCF CONTRlHUTION 
TO AGR~E WITH PETREL. REF 13• ANO JAMES, REF 14, FISSION 
DATA A~O UTTLEY VARIATIONS IN STRENGTH FUNCTION, REF 15 •· 
FROM 3 TO 10 0 KEV SMOOTH SUPPLEMENTS RESDNA.I\JCE DA T .6. To 
AGREE #lTH DAVEY RECOMMENDATION, REF )6, AND WHiff U~TA, 
REF 17 - FROM 100 KEV TO 3 MEV SMOOTH FOLLOwS HEF l~· 
17• AND 18 VALUES • ABOVE 3 MEV SMOOTH AGRE~S WITH CURVE 
INREF 19· 

MT=27 SUM OF ~ISSION AND (NtGAMMAl CROSS StCTlONS 
MT=l02 ObTAINED FROM FISSION CROSS SECTIONS AND ALPHA VALUfS 

IN THE FOLLOWING vJAYS- FRONt l fV TO 31! KtV IN•GAII.1t"1A) FROM 
SMOOTH FISSION AND STATISliCAL S-wAVE ALPHA VALlJf,SMOOTH 
S l) P P L EM E. NT 5 R E 50 NANCE C 0 N l R I E lJ T I 0 N - f-- R 0 r"i 3 q K E V T 0 1 0 0 K l V 
ALPHA DETEH~lNED FROM SM06Trl PLUS Rf~ON~NCE IN,G8MM61 OVEH 
St-100TH I-ILUS RFSONANCE" FISSION MM)E TO li(;Ht_E Wln1 Llf·:E THRLJ 
HOPKINS~DIVFN AND ORNL MEASURED VALUES• ~EF 20•21 - f40M 
100 KEV TO 2 MEV SMOOTH (N,GAMMA) Fqot··! Si"1001ti FISSiON AN[! 
ALPHA ~ALVES FkOM REF 20,21 • A~0VE 2MEV CROSS SECTIO~ 
IS ZfRO 

MT=25lt252t253 MU•RARIL-SYSlfM) tXT•GAMMA CALCULaTEn BY CHAD 
MF:4 ANGULAR DlSTRlSUfiONS 

MT=2 COEfFICIENTS IN C OF M AND TRANSFOHMATIO~ MATRIX 
GIVEN FOH 20 TH ORDER LEGlNORE POLYNOMIAL EXPANSION 
DATA F~OM Alt REF 10 

MF=s ENERGY DISTRIBUTIONS 
MT=4 F~ACTlONS OF TOtAL INELASTIC CONTRibUfED BY EACH OF 13 

LEVELS UP TO 2 MEV - D!STRIRUTION ABOVE 2 MEV GIVfN BY 
EVAPORATION MOOEL WITH ENERGY DEPENDENT TEMPEHATURE • 
DATA FROM REF 11 

MT=l6tl7 OISfRlRUTION GIVEN BY EVAPORATION MODEL WITH 
TEMPERATURES SLIGHTLY SMALLER THAN INELASTIC VALUES 

MT=lB DISTRIHUTION GIVEN BY MAXWELLIAN WITH T=l.41 MEV, 
ACCORDING TO REF 22 

REFE~ENCES 
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[tA.VEV, 1\',G,, t>JtiC. SCl. F. I\:~;;~ 2f., ?• 149 ( 1 ~6:-.l 
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**~ ETOt-1 *"H~ 

RE:SULVFD 
RESONANCE CALCULATTON RESULl S 

NO. F.•ZERO GAMtJ;A-N GAMMA.,G GAMMA ... F GROUP M R ALPHA 
O ... l2•0000E .. Ol 84.!:5000E-05 39.oooot:.-o3 20olOOOE-02 0 o. o. 0. 
0 29o6000E-02 23.00(l0E-05 3Ro6000E .. n3 S5.4000E•OJ 0 o. 0· o. 
1 78o3000E-Ol 87oOOOOF-OS 40.6000[ ... 03 4}.5000E•O] 45 27.6521--E+OO 2~,. 09S7E + 02 50.54AlE•02 
2 lo.q300E+OO lB.2onnE-04 3l.5ooot:.-o3 14.6700E·O?. 43 zq.6981F+OO l8o03}3E+02 82.3232E-02 
3 lle9000E+OO 10.7000E""04 4o.9ooot-o3 22.ooooE-o3 43 l4e6310E+OO 27·2173(+02 3.4. 9762E-o2 
4 14.~Hoof•oo ss.ooooE ... o5 3A.7QOOL-o3 S?.Soor.E-oJ 42 52.796~E-ol B2ol7?.7E+ol c;7.sr,ssE-o2 
5 l4•6800E+OO 22.000GE•04 3R,7000E-03 31 .·roooE-rd 42 l9·4947t•oo 39o4l9H:•o? 45e02A4E•02 
6 lS•"'OOOE•OO 23.lOOOE-04 38.7000£.-03 7f.t.OSOnE-02 4?. 64.5636E:-nl l2o4H47f.+Ol 95.1577E-o<? 
7 l7o6000E•OO 16~ 00nt;F•04 39.lOOOt.-o3 4t<>,3000E .. O.!· 42 99.84110E-Ol 20el993E+O? S4.215SE-02 
R 22•2000E+OO 2 2 • 31) r, C E • 0 4 31.3000t:..-03 1r;. noooE-o.3 41 87o2756E-Ol }7o85~4E.+02 70.5550E ... o2 
9 23,QOOOE•OO 87,0000F•05 3H.7000t.•03 37~lOOOE~o3 '}0 29.o536E•Ol 92o4379E•Ol 4R.9446E·02 

10 26·?000E•OO 17.8000E'-()4 38.7000L-03 3t:;.7000E·O~ 40 49 .. 87231:-01 l7o}5?.2E+02 47.9839E•02 
I 11 27·3oooE•oo l3o00(J0f-n5 38.7000~·03 2R.QOOOE•04 40 34o2429E•02 ?2•45S7E.+Ol 67,4699E .. 03 
+="' 12 32o3000E+OO 86.0000E·05 3R.7ooot.-o3 1P.9000E-02 311 53o9070E•02 76•1811E+OO F33.0040E•02 w 

1 3 35o3000E•oo 3l.OOOOE•05 3#8. 7000E•03 4loOOOOE•04 39 4Ho-6394E•02 39o8277E+Ol 95.7944£-03 
14 4lo4000E+OO 60.7000F•04 59.2ooot-o3 l0.7000E-03 ]8 64,]702E-Ol 34o96Q7E+02 15.3076E•02 
15 44.c;oooE+oo 63,4000E-04 27,800DI::..-03 42.1)000E•04 38 52.6232E-Ol 6lo0781E+02 I3.1250E-02 
16 47•60oor:•oo 54,QOOOE•04 3B.7ooot.~o3 30olOOOE-02 38 l5o400CE•Ol 21•24J3E•ol 8Bo6076E"'02 
17 49o8500F•oo ~4.0000E•05 59.aooot.-o3 75oOOOOE-02 37 llo6l65E•02 71•47o5E-Ol 92o6155E•02 
18 so.22ooE•oo 30.4000E•04 4},3000~"'fl3 llo2000E-03 37 22o4380E-Ol 20•2RR7H02 ?.lo3333E ... 02 
19 52o60aOE•oo lo.osonF. .. o3 39.30QOt•03 77oOOOOE-04 37 58o9314f-Ql 54·334 7E•o2 l6o3830E-o2 
20 5So7900E•OO l4.3000E ... 04 26.0000I::..•03 2?.ooooE-o3 37 H7o8586F.•02 99ol631E+Ol 45o8333E.,..02 
21 57•6000E+oo l7o0000E"'03 38.7oooE-o3 54.6oooE-o2 37 32o6848f•Ol 31•2R88E.•Ol 93o3Rl2E ... 02 
22 :,s.ooooE•oo 12oOOOOE-03 3B.7ooot.-o3 so.soooE-02 3"( 23o0877E•01 l5o6490E•Ol g5,4131E-02 
?.3 59•.'3CJOOE+OO 55.9000£•04 4B.6oooE-o3 l3o3000E.-O?. 37 30o2781E-Ol 96·0637E•Ol 73.2379£•02' 
24 6lolOOOE+OO 22.4onoE-o3 3B.7ooot.-o3 zo.ooooE·Ol 37 38,9591£•01 llo5492E•Ol 98,1017E•02 
25 63e4000E+OO 19.4000£-04 38.7000~-03 l3o9000E-03 36 9lo6651ED02 l0o6556E+02 26o4259E-02 
26 65.9600E•oo 12,bOf'OE-03 22.4oool::..-o3 77oOOOOE-03 36 so.2592E-ol 29o6255E+02 77e4648E•02 
27 74o3lOOE•oo 32.70flvE-o4 36,6000~·03 2Q.5oooE-o3 36 ll•ll20E·Ol ll•9033E•o2 44o6293E-o2 
i?H 75,2100E•oo 22olOOOE.,03 44.9QQOL-o3 95.ooooE-o3 36 66.4437E-ol 30·B471E+02 67,9o56E•o2 
29 82oOOOOE+OO 62.0000E·04 38.7000E.-03 1~.ooooE-o1 35 60o2846E•02 3lo997REtOO 97.4849E•02 
30 85o3000E•OO H6.7000E•04 3B.7oooE.-o3 2n.ooooE-Ol 35 77o8874E•02· 32•45o4E+OO 98el017E•02 
31 85ooOOOE+OO 30.7000E•04 38.7000~-03 2t.67ooE-o2 35 8le5289E•02 27•0007E+Ol A4,8473F.-o2' 



32 90oQOOOE+OO 24o7000E•04 38.7000i:. ... Q3 11.4:,ooE•02 35 57.9346~·02 33o8079E•Ol 74.7554E ... Oe 
33 95o5000F.+OO 93,40POF·O~' 38.7ooot.-o3 23oOOOOE•02 35 20o0976f-02 7lolH23E•OO ~5.5973E-02 
34 96eQOOOE•OO 92.oooot:-o4 3B.?ooot-o3 14oOOOOE-01 35 65oll27E-02 43o1717E: .... OO 97.310lE-o2 
35 97o6000E•oo l8oOOOOE .. 04 3H.7000E.•03 3A.OOOOE"'02 35 1 2 • 3 4.8 3 E ... 0 2 30o09?.1E+OO 9Q.2935E•02 
36 99oOOOOE•OO 93.5000E ... 04 38.7000l-03 2o.coooE~o1 . 35 62.3366E-02 30ol3?7E•OO 98.1017E-02 
37 10ol200E•01 56.QOOOF.-O!:l 38.7000(-0) 3).1000E-O? 35 3S.B361E-03 l0o354lf.•OO 88 • 9331~E-02 
38 l0e3000E•Ol l7.4000E ... 04 3~o7000L-03 83.7000E-OJ 34 31, B460E"'O?. 26•42?9E+Ol 6B.3B24E•02 
39 lOo5400E•Ol 58.700[tf"'04 31>1.7000l•03 lo.zsooE-oz 34 99.902BE•02 71•5969E+Ol '72.592lf-02 
40 10·6~00E•Ol Bo.ooooE-04 3~+.9ooot.-o3 33elOOoE-o3 34 12 .3581[•0 1 17o3664H02 48.6765E-o2 
41 ll•0400E•Ol 93.3CJ"0f-()'; 3H.7ooo~-n3 3}.0000f .. 04· 14 l4o7457F-O? 38o09S4E+Ol 74.1627E-03 
42 ll•6lOOE•Ol 33.4000E-04 27.ooooc..-o3 lR.F'!JOOE-Oc 3'+ 48e0504C.-O? 25·5Sn3E+Ol s . .r. 4419E-o2 
43 ll·89ooE•ol l4.7or.n.r:-o3 52.3oool:-n3 6:::,?{)QO[-Oj 34 l8o2085F;.Ol l6.31SOF•02 ~·5.67ROF-Q2. 
44 l2dOOOf•01 28.Q000E-O'- 3R.7ooot-03 3S • 3ii)OOf-n ~- 34 3ho28R4F-02 57·17~2t+Ql 4 7 • 7 o ? 7 E ;"''0 :? 
45 12•3400E•Ol !:>3,Q'J00F-O~; 23.}000t-r.3 5[, O·OOOE"'03 34 68o055lE•\l3 1l•?528E+Ol flB.82SqE-o2 
46 l2o6300E•ol 18.7r>nM-O"' so.oooo~-n3 3?.2"oon~~n3 34 ??.5723E .. O? 33·91o8E•Ol -~9.I7?7f-o?. 
47 l?•7eOOE•Ol 53. OMH}"- -or, 3H.·rooot.-n3 ?io5<000C-n? 34 b3o97G3F..,.<H 3?..]072E+OO R4.745RE-02 
48 l3•1900E+Ol 3 4 , R 0 C•. G E .. 0 J 3~.70DQt.•03 37.4-00flf-Ol 33 Uo(ll06f-()l 45o0006t:•OO QR.q75RE-02 
49 l3o3tiOOE +01 ~:d,4[!t10["':(:'> ?.7.6000L•()3 ll.4-000E•03 33 5loA6M·E-02' IS.590RE•02 29.230BE•02 -I=' 50 l3•S400E•Ol 40.00tl0r•r_.c;,_ 38,70flGi:.•h3 9?,7ooof-n3 .... , 42.R364E-03 44o0064-E+OO 70.5479t:•02 -I=' ~· _j 

51 13•6"lOOE•Ol 3?..0\lOGf-G'"' JH.7ooo:.-n3 2r..soooE-o3 33 32o()9~1E•OZ 64ol962E•Ol 40. 6442E-o2 
S? l4•3200E•Ol {),](\()()f-(14 :~r. 700N:.-03 5<.4000E ... n3 -·' 65o?.03~E•CJ2' 93o9f166E•Ol S7.9R05E-02 •• ..J 

53 l4o6300E•Ol 7R.4onor·o4 54,2ooct.-o3 l'h2000E.-03 33 64. 7l.59E-02 l2o4l·86f.+02 20.7602E•02 
54 l4•HOOOE•Ol 13.3\>POE-0'• 31:5, 700C·~·03 9J,OOOOE•04 33 llo6337E-02. 35o0457E+Ol 19.o377E-o2 
S5 l4•Q400E+Ol l4.70nOE .. 0'~ Sl.3000t.•')3 3("-.~000E:-03 33 l?.o7560E-02 21•34R2E+Ol 41,511 AE-02 
S6 l5•7000E•Ol 34,RflilOfe03 :1R. ·roo c-t.-o3 7r:.4oooE•o2 33 88.5283[-02 l7oR7A4f.•Ol 94.7B93E•02 
S7 l6•0900E•01 60.0000E-04 3H,7000t.-03 5r..!lQOOEftfJ2 33 l5o0483E•02 43oROR1E+OO 92.9212E-o2 
~B 16•4400E~ol 25.4oncE~03 "-0.?00['1.:.-(13 li.~OOr.E-o3 33 l2o4338E•Q1. 26·4r.97E•02 22.6923E•o2 
59 l6o6QOQE+Ol ~7.0000f•04 38.7000t.•03 47o7'000E•03 3.3 37o8030E•Q2 68o5052[+0l 55. 2083E-o2. · 
60 l7eOSOOf•Ol 88.00f:OE•04 38.7ooot.-o3 1?..600CE•Ol 32 l9o7374E,.,02 2~• 7379F+OO 97.o?.olE-o2' 
ol l7•5800E•Ol ZloOOOOr-04 32.900(1~ .. 03 4 3 • c; 0 C 0 E • 0 :1 32 Do0249E•02 29o0214E•Ol 57ol615E•02 
o2 l7•7lDOE•Ol 39,0000E-0'f o2.200CE-n3 7n.oooot: .. 04 32 23,}807E•02 56ol60H.+Ol lO.ll56E-02 
1'>3 l7o8HOOE•Ol l3.0000F•04 38.7000L•03 lt..cOOOE-03 32 78ol723E•03 ?.5.5993[+01 ;?7.3921E•02 
f-.4 l8•5100E•Ol 14.QOOOF•03 3~.7ooot.-o3 17.5000E•Ol 32 2ro6l45E•02 27o3276E•oo 97,8364E•02 
65 l9o03(l(![+Ol l6.000Ct•04 3H.7000t:.-03 11.f!900E-O? 32 86ol32JE•03 l0o2'1!:iRE.+Ol 75.4442E•02 
66 l9•Sl00F:+Ol 49.60f10f-03 38. 700(•!;.•03 33.7oooE-oz 32 7~o56}1E•02 34o66i?BE+Ol ~9.6992E-o2 
o7 l9o6400E+Ol 50.7000E•04 ss.sooo£ .. o3 68. SOOOE-0 3 32 24o8936E•Oc 36•g072F..•Ol 54.0816E-o2 
oR l9.Q200E•Ol 89.5000E•04 21.6ooot.-o3 l?o!:OOOf..-02 3?. 4le8619E•Oc 53o6090E•Ol ~5.2660E•02 
6~ 20o360Ct•Ol 18.7oooE-o3 38.7ooot:.-o3 29.EOOOE•02 32 84ol632E-02 48o2lSOE+Ol R8.50blE.;.02 
70 20e7100E+Ol 67.0000E .. 04 38.700CtE.•03 1J.:!OOOE•03 3?. 27el27oE-02 99.o852E•Ol 22.6000E-02 



71 2lo6300E~Ol 64.0000F.-04 3Bs7000i:•03 2J.7000E-Q3 32 24o357BE-02 7R.A711E•Ol 35o9272E-02 
72 22o2800E•Ot 30.7000F•04 3B.7ooot..-o3 51.70QOE-03 32 llo77'12[•02 ~8.0774£•01 s7.19o3E-o2 
73 23ellOOE+Ol 10olOOOE•03 3R.70GOt-o3 1Zol000E•03 32 3lo0655foQf.' ll•788bE+02 ?.3.8189£-oz 
74 23•4000E+Oi 90.7000E•04 38.7000E.. ... f13 lg.7000E•03 32 28.2350£-02 97.9?.49E+Ol .13. nzqE-o2 
75 23o8700E•Ol 52.00110E-Ott 3A.7000i::.•(l3 6R.50ooE.-o3 32 l7,1410E-02 36 • 40 1 BE+ 0 1 63.8993E-02 
"76 24•2600E•Ol 57.0000[-04 3Bo70(',(lt:..,(t3 5?.70ooE-o3 32 17 • 9527E•02 44o8541E..+Q} S7.65A6E-02 
77 24•8500E+Ol 14.7000E•03 38.7000~-(13 34.3oooE~oJ 32 39o0210E·O?. ll•OSh7E+02 46o9863E•02 
78 25oOYOOE .. Ol 24.0000E-03 3B.70{}0t:.•G3 }<;.30!10F.-03 32 51.9780F-02 l6o7196E+O?. ?8.3333E-o2 
79 26•1800E•Ol H4.ROOOF-03 3R~7000t.-i13 63.2oooE-ol 32 80el479F.•02 32·5642E.•oo 99.~914E-o2 
80 26•9cOOE+Ol 17.20(10f.:-03 38.7000t..-fi3 33.3000F-02 32 14,8909E•O? l0o3f\76E.+Q} R9.5884E•Q2 
Fl 27o?300E•Ol 24.000GE-03 3!1. 70C•Qi:. .. (l3 lc;.JontJE-rd 32 44oli?YlE-02 l5e4nr;6E+02 ?8. 3D3E-fl2 
f;i? 27oS2rOE•ni 2B.oooot=-o3 3F..7oooc..-n3 2G.901JOE-02 32 67.2322E"-02 5Qo5942E•Ol ~R.540lE•02 
83 2'7•91 OOF•o: 78.60nOF-Ott 3B.7ooof.-n3 1 q • 50 o r, E • o :~ 31 l7o5C64E•02 73o9h37t:+Ql :n~so~2E-o2 
g4 2Rei?.500E•o 24.oonot."03 3H. 7ooor--o3 5~.ooooE-n4 31 38o3203E-02 lS.c)lqBE+02 l2.n455!:-o2 
H~ 29•l!:'OOE•O 14.00POfmG3 :3~. 70QOt.-r;3 3n.40onE-o? 31 ln,36115f-n2 84.R?Rlf:+OO R8.7o73f-o2 
H6 29oftGOOE+O 3o. ronnt· -04 3.-i. 7000t.-(l3 ~.:...7oooE .. o3 31 67.3S36f ... 03 l5.51H5E•Ol (-.9.l3RRE ... !12 
RT 29oHlOOE•O 1 o • fl r: 1: o E - 0 :~ 3-".70t':Oi:..•03 4A. 30nnE =o J 31 l9a82R.lf..,(l? 62o21R6f.c+01 C)4.47()6F.:•02 

+ \J1 



GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 . 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

THE FOLLOviiNG CROSS 
SURPLUS (MORE THAN a 

CAP!lJRE FISSION 
.0. 0· 
o. Oo 
o. o. 
o. n • 
o. n. 
0• Oo 
o. 0. 

o. r. 
o. (;. 

o, r;. 
0 •. 0 •. 
o. n. 
o. r:. 
0. (). 

0 •· (: . 
c. (io 

0. f:• 
Oo (1. 

o. 0• 
o. 0• 
o. (1. 

o. 0. 
a. o. 
o. n. 
o. 0• 
o. o. 
o. c. 

r<ESOLVEO 
HES.ONANCE C AlCUl. A. T J, ON RESULTS 

SECliONS ARE ADDED ro THE SMOOTH VA.LUES TO ACCOUNT FOR 
PER GROUP) RESONANCES AND/OR RESDLVED 1~ESONANCE SCATTERING 

SCATTEP. GROUP Ct•PTURE FISSION SCATTER 
0· 28 o. o. Oo 
Ot 29 o. o .• a. 
a·. 30 o. o. o~ 
a. 31 o. (1. 0 ~ 
o. 32 4 s ~ 9 1 t' 7£ - 0 1 ~7.1?080[-0l ·o. 
0• r . .:; 12.C631E•Ol B. :;.,4QHl E.-01 o • 
0. 34 l9,u614E-o2 ::;3.4926E.-O? o. 
0• ]5 24,4lf2E-n3 .?Oo0247l•O? 0• 
o. -~' _ _,CJ 0. o. 0· o. 37 0. 0. "· n. 3R o. o. 0· 
Oo 3'3 (! • o. o,. 
o. .:.o: n •. . 0, 0 · • 
0, aJ. n • () . u. 

. o. .4? o. o • 0· o. 43 
0 ·- o. 0. 

0• 44 n. 0 •. o.· 
Oo 45 o. 0 •. 0• 
o~ 46 . 0 •. Oo o. 
0. -47 o. 0· . 0. 
() . ' .. ~M 0. o. 0· 
0• 49 o. 0· o. 
o. so 0. 0. o. 
0 t 51 o. o. o. . .. 

o. 52 o. o. o. 
o. 53 o. o. o. . . ... . ·a. 54 o. o. o. ._ .... 

. , 



~~~ ETOM ~-** 

RESOLvED 
RESONANCE CALCULA 1 I Ori RESULlS 

THE FOLLO\dNG CROSS SECTIONS ARE ADDEO TO T ·r::· SMOOTH VALUES TO ACCOUNI FOR !1,_ 
RESOLVED (I Ht RMAL AND NEG4TIVE ENERGY! RE.SUiiJANCES 8ELOi>i GROUP STRUC llJHE 

GROJP CAPTURE FlSSlON SC4TTER GROUP CAPTURE FISSION SCATTER 
1 o. n. 0• ?8 n. o. o. 
:2 o. f'l. 0. 29 o. - ·0. 0. 
3 o. (':o 0. 30 0. _...- -· / o. Oe 
4 . 0. 0. 0· 31 ll3oA578f .. ~57 H5o441St:·07 o. 
5 o. (io 0• -~.., 26. ?3H2E -o6 l?.o?!90E. ... o:; · o. ~r 

6 o. (l. o. 33 66.08J.H-06 · 30.2290tft()c; ·o. 
l o. n • ' 0. 3"-. 12.?99ot-o5 5::': 11??961:.-05 o. 
8 o. I) I G • 3~ ?2.Rf?C13E .. 05 10o4467t-04 0 • 
9 o. r • 0. 36 4?.46')6[:•(15 l9o3782E·n.4 Oo 

H• o. (\ . 0• 37 7H.7214F•05 3S.P.749t-04 0· 
ll Oo (\• 0. 3.S .14,r;622l:·o4 661?.485C:•04 0• l - o. 0. o. 39 2h.8660E•04 ]2ol95Q£ .. 1),1 ( 0. _£: 

+ . ~ o. !: • 0. 4(! 49,4002t-04 22.3590E·03 o. ~ 1-

14 o. (le D• 4} 90.4606E•04 40o789Qt-03 0·· 
15 0. fil (). 4? lA.4Rl Of:-.•03 73o9483E-03 n. -, 16 0· 0• 0• 43 2<1.R4?9E-o3 l3·3038E"'Oc 0. 
i 7 o. r.. {)! 44 531n450E-o3 ?.3. nzoE.-o? o~ 
lR n. ('. 0. 4r:; 9'i.fl243E•03 4l~7A92E-O?. 0 •. 
19 o. r.. o. 46 lf..F1855E-02 72•6795£ ... 0;? 0~ 
20 0 I 0., 0. 47 29,524Hf.•(J2 1Za4502L-Ol o. 
2i 0. (\o 0. 4A Sl.}4P,OI:•02 20o9743t•Ol o. 
22 0. () . 0· 49 B7.99S7E·o2 34.7253£-1)} 0. 
.... ~ o. n. 0• ")O 15.ll4RF-Ol 5615609t-O} o. t:.-

24 01 (',. ()o 51 26.299or.-nl· 9lo3719£-0} 0· 
25 o. \lo 0· 52 4t-o72)7E.-Ol }416779E+oo o. 
26 o. 0• 0. 53 ?.9.459SE-ol P.4.6825E•Ol- o. 
27 o. I) • 0· 54 o. o. 0 ., 



~· 

T!iE FOLLOwiNG CROSS 
t• 

GROUP CAPTURE FISSION 
1 o. (!I 

2 o. n • 
3 o. I' • 

4 o. (\" 

.5 Go n. 
6 0. r: ... 
7 o. ' • 
e 0. n' 
9 o·. r. 

1 0 o. !"\e 

11 (). ;.·. 
12 0 I n •-

+:"" 13 a. (I 0 co 
14 o. n, 

15 a. r.. 
16 o. (;I 

1 7 o. -n. 
18 o. o. 
19 S8.3476E-03 38ol5l3E•t1? 
20 l3o2674E-C2 7AoR476t:-O? 
21 l9.4442E-02 R9oJ941E-O? 
"2?. 3lo9666E•02 l0.8462E-rn 
23 50.5784E•02 13. 4·s .36t: -o 1 
24 76.9970E-o2 ·ltol649E.-Oi 
25 ll.3811E•Ol 2?.. 3358£-o 't 

'\.. 
26 16. 45Mf.-o 1 29e3689E ... Ol 
27 23o4036E•Ol 38e7437E•Ol 

' 

lJNRESOLVE-.0 
R~SO~ANCE CALCUL~liON RFSUL15 

S!:CTlC:!\:S t:Rr t<DD!:..f) TO THE. Sr-100H1 VA.LU::S TO ~CCOUNf 
UNi-:t SUL VEJ: P£SON!lr.!Cf- COt~ TR I RUT l ONS 

~~aT~EQ GH0UP CAPTUkE 
a. ?.r 32.707lf-ol 
G• ?g 4S,17?4f•Ol 
(1 • 30 f:>l .751?.E .. o1 
() . 3] 69.3R83E.•P! 
C• 3?. n. 
r. • F f\ 

II o 

' .. 34 I) • 

0 f: ") c: 
.~~ ... , o. 

f) e H: 0. 
(· . .F (). 

(;~ 3!-: \! • 
(i • ·,q n. 
[' . 4r; 0. 
n • 4] 0. 
(~ . 4? 0 e 

fi. u..~ n. 
u. 't4 o. 
n. 45 0. 
(: . 4f. Q. 
[i 0 47 o. 
(J. "-R o. 
o. 49 o. 
Oe :)() o. 
(i. Sl o. 
(ie 52 o. 
o. 53 0. 
Oo \)4 o. 

FISSiON 
Sl o30l2L ... Oi 
~7.7~"Y<tE-01 

~'-~ol693E•Ol 
97.313 ?t-01 

0. 
.n. 
r. 
n • 
0. 
() 0 

0. 
(:. 

o. 
. f.·. 
. [! • 

(i • 

o. 
o. 
o. 
o. 
.0 e 

o. 
0. 
o. 
0. 
0· 
o. 

SCuTTER 
0. 
0. 
Ci • 
() . 
(1 • 

c. 
cr. 
0. 
0. 
o. 
o. 
r.. 
0. 
.0 .• 
o. 
(). 
0. 
o. 
o. 
G• 
0· 
0. 
o. 
Ow 
o. 
o. 
Oo 

. . ·. ·,· 



NtGO.r-IMA REACTION 

GRP CROSS SEC GRP CROSS SEC ·c,Rp c~oss SEC GR~ CROSS Sf.C GRP CROSS SE.C GRP CROSS SEC 
1 leOOOOE~lO 2 l.OOOOE-10 3 1.ooooE.-1o 4 l•OOOOt-10 5 1 • 00 0 OE-1 0 fl 1 • 0:0 0 0 E -I 0 
7 6e5449E•o.g f; 9.3919E•f'l3 q 3.3QQ6[wQ2 1 0 c,.654SE-G?. J 1 7.7:;l29E-02 1? l•OOlBf. .. Ol 

1'3 le2190E.•01 14 ].4762E-rn l.S lo7l69E .. Ol 16 1•8M2Bt ... Ol 17 z.o~95E-ol lP. 2.}409E-Ol 
19 1•6197£-ol 2r 8. 84(11 E. -n? 21 9,86JQE-n? 22 l•8497t•Ol ?3 2. 2773E-o 1 ?4 2o0451[;.(ll 
25 9.4l75E-o2 2t:- -7.4252!: .. 02 27 ~ 2. f• f>R 1 E ~ 0 l ?R -J.4n22i:...,Ol ?.9 -~.SI'lOSE-01 30 3.6171E-Ol 
31 -J.2370E+OO 3c 2.8~52E .. 01 ~3 0. 34 n. 3~ o. 3n o. 
37 o. 3F o. ~iq 0. 40 n e 41 o. 42 o. 
.4_3· o. 44 4.6S5E-02 4!') le':J'-,T7E-0.1 .46 _·. · 3 ~ 2742t-:-o 1 47 4.5?10E•Ol 4H 4.41:l43E•Ol 

I 49 1·1-rHsE•oo so 2.7R9Sr.•no ~l 4~'1571E•OO 52 5·0374E•oo 53 l.l870E+Ol 54 2.8257E•Ol 
+ 
\0 

) 

\ 



NO DATA IN FILE 3 FOR MATERIAL ioSI, REACTION TYPE _ln3 
TAPE HAS HEEN SEARCHED TO MATERIAL 1051• FflE j, ~~ACTION TY~E 251 
CONSEUUENTLY, THERt JS NO NtP REACIION 

~ 

NO DA!A IN FILE 3 FOR MArEklAL 1051, REACTION TYPE 104 
TAPE HAS BEEN SEARCHED TO MATERIAL ln5!• FILE 3, ~EACTION TYPE 251 
CONSE~UENTL~• THERE IS NO N,D REACTION 

NO DAJA IN· FILE 3 FOR MATER..~AL _1051, RpcTJOr,j TYP:: 1n5 
TAPE MAS BEEN StAHCH~D TC MATE~IAL !ns,, FIL~ 3• ~~ACfiUN TYPt 251 
CONSEQUENTL~• THERt IS NO N,T HE~CllON. 

NO DA!A IN FILE 3 FOR MAT~HlAL lPSl• ~fACTlO~ TY~~ 106 
TAPE HAS BEEN SEARCHFD JO MAT~kl4L 1~~1 • ~rlf 0 3• ~~ACliUN TYPE 251 
CONSEWUENTLY• THEHE.lS NO NtHt~3 RLACT!Ok . . ... 

~ NO DAlA !N FILE 3 FOH MATERIAL .lOSJ, ~fACTIO~ TYP~ 107 
TAPE HAS BEEN S~ARCHED TO MATERI~l l~5lt FLlf 3, ~EACTION TYF~ 2Sl 

. CONSEUUf~NTL Y t THEKt:: 1 S NO N ~ ALPH4 ~UTT 1 ry,: 

NO OAT~ IN FILE 3 FOR_ ~AlEHl~L 1051, REACTION TYP~ lOA 
TAPE HAS BEEN SEARCHED TO MATERIAL l051t FILE 3• ~EACTIUN TYP~ 251 
CONSEWUENTLY• THERE IS NO N,2*A.LPHA REliCTION. 

- .. ~ 



~.~~ E TOI'-1 <!;~" 

.~v 

MUL TI• SYMMETRIC 5~>10QT H INELASTic SMOOTH ~NISOTROPlC NE.tJTRONS ISOTROPIC ISOTROPIC 
GROUP SCATTERING CnPTUHE. SCAflEfHNG F ISS lO~'J SCATTEF-ilf~G f> t.l~ FISSION G-G· SLOvJ-OOWN 

1 32o3603E•Ol lo.ooooE-11 92o47~2£.;.n2 24 • 72R4F ... fl 1 26 • 6 7?3E-n.l 39•4966E-ol l?•5000E"-O?. 52·671-4E.-04 
2 40o6484E·Ol lO.OO{)QE. .. ll 13e38SSE•r)1 ?·O. 8239E-o 1 3?.}489~·01 37o46]0f..•Ol l?•SOOOE•Oi? 73o924?E•04 
3 44o6528E•Ol lO.OOOOE.•ll 15el632E-ol 1Ro729:,E.-Ol 34.77f'8E•Ol 35oH5lOE•Ol 1?•5000E•O? 85e5117E·04 
4 4S.o573E•Ql lOoOOOOE.-1! l3•7l42E'-ol l9o20R3E-nl 34.4n70E-ol 34-3071!:.-0l l?•SOOOE-0? 92o0l60E-04 : 45o7012E•Ol lo.ooooE-Jl 12 o308BE-ol l9oA214E-r1l 32o4455F-(}l 33o(l9l4f .. Ol 1?•5oooE-o? llo33SOE•03 
6 44o9482E•Ol 10. OOOOE.;., !1 1lo6b24F ... nl 20o1407E-fil 29. 31149r. -nl 3~ol237f::•Ol l?o5000f:•OC' 13.2863E-03 
7 43o070BE•Ol 65.4494!;.-09 l0o8b0R[ .. (I} 19.8397E-Ol 23a6'17H-Ol 3lo3R2?E•Ol l?•!:>OOOF-0? lf..4302E.-03 
8 42o2985[•('t} 93.91A7l•04 99 ·1 o061: •o?. P'hf>719F-Ol l9o3h72f.-Ol 30o7963E-Ol 1?•5000F-O? l9o3A83E.,.03 9 43o6421E•Ol 33.o06lE~o3 Rqo72l;?[ .. f)2 !7.q3R4f..-ol 18. 6t.,q3r ... r, 1 30·35G2f-ol l?•500CE-O? i?l•0993E-o3 

10 46.4583E .. Ol 56. S448t. ~o ~ u, . -n c.; t, 1. ~ n ?. l7o?077E.-.ol 2n.r."?4f-nl ?9.9f>7~E-Ol l?•5000F-O? ?2 .3023E•03 
11 5lo5520E•Ol n.3294t•u3 '?6.l606E-n2 lf:tt;49nE-rl 2Do7?~9fwnl 29 • f.874E-Ol l?•SOOOE-02 ?f-·025IE.•03 12 57•-s2ooE-o 1 1 o • n l 7 7 r - 0'2 r3.£-JnboE.-,.,i.: 1 5 .l)4 ':14 t:- fl} 2o.7t:;3H•I;l ?'1o4 701-i!:•('Jl l?e~OOOF-0? 3loQ36It.•03 .:·13 65•3271E .. Ol l?ol896f 8 ()(> A 7 • 1 tl n 7 ~-- (', 2 !Sol354L-C:1 2lc114l4f-.ifll 2Yo.10l1E•Ol 1 ~:;)·50001:.-0.? 37o3780E-03 14 7'~3 • 0 8,5 7 E- 0 1 14,76;?lt.. ... 02 56.8booE-n2 l4oR963E:.•Dl 2loFq4QF-nl 29o}69:JI:_•(l} l::>oSOOOE'-0? 43o25;?6t.-o3 

Vl 15 79.4889£-01 17.lnR5f..·02 '•8. 1307f·o2 14oROOlf•rll 22d~fl7f-Ol 29•0645E-Ol 1?•5000E·O? 4Ao200St•03 
1-' 16 b6a3827E•Ol l8of<2R4f:-Q? 43.!87RI--n2 l4oRlR5f .... nl 1 1. 1 1 1 ?f- o' 1 28.Q84St•Ol 1?•5000F-O?. 5Ro4620E•03 

1 7 9lo5?95E•Ol zo.l94n--o?. .7.7.q4'(lf_-l);? iSo0798f-nl 13.3712F~~;} z~r. '1220E. -o 1 1?•5000f•02 65o95fl]t.-o3 
18 95o0418f·Ol 21.4090t~o2 33.912?t.-n2 1S,?4l2F .... Ol lOo?4116f-fll 28•f<746E:•Ol 12•5000E-O?. 71• 5604E-03 
19 9S.o41BE-ol 'z?.n319t:-o2 Jn.29loE-n? lc;o.l?30f-ol 74.R1?9E•02 2 8 • R 3 3 4 F .. - n 1 l'?•5000F.-02 73. 89o?t. -o3 
20 9S•0418E·Ol 2?,J07Sl•02 21.1 1'+3E -n2 l4.7A5lt-nl :,6,•·nl4E-n2 28oR039t•Cl l?o5000E-02 75. 3979f.-03 
21 9So04l8E•Gl 29.3060f-02 24o5536E•'l2 l4of.089f-rl 3He'\]07f•(}2 2 a • 1 1 3 1 E.. .. o,l 25•0000F•O? 76.952oE-o3 
22 95•0418E .. Ol Sci.4632E.·o2 ?2• 7lofH:.•n2 }6,o636E•rl 23.9~62~·[12 ?.t:!o7443f::-()l ?.5•0000E-O;? 78·179oE-o3 
?3 9So0418E•Ol 73.35}4£•02 20.3481E·o2 18~1~71F.-Pl 1C:.·5qc,JSF•o2 2R•72o9t.•!'ll 2S•OOOOE-02 ?8.8849£•03 24 9S,Q4}8E·Ol 97.4538E-02 13.2565!:.-02 20.7fl.96F-Ol lo.t;I34t.-o2 28.71631:::-01 2t;.QQOOE-02 79.314RE•03 
25 9So{I418E•ol 12.3?.29t.-Ol 84.91BOE-n4 ?4.l063E-ol 74.2922F-03 ?8.7099E•Ol 25oQOOOF-02 79.5762E-o3 
26 9s.o418E-ol 15.7139t•Ol 0• ?~. o9?.'1t. -o 1 55·'1799F•n3 28•706oE-ol ?'i•OOOOE-02 7q,7311E:.-o3 
27 '~:;;•0418E-ol 21 .335SE. .. o 1 0· 1~>•?949f-ol 44o2305f:•n3 28•7036E•Ol 25•0000E•02 79.A2BHE .. o3 
28 95o0418E•Ol 29o3049E-ol 0· 4 5. '7512 ~ - (!} 37.34f.Bf_..;o3 28· 7o2z-E--;;;-b t 25oOOOOf·02 79.8B8o£ .. o3 
29 9So041BE-Ol 39.6719£.•01 o. 59o5646f_•(l} 33ol71·8f•03 2A•7013E•Ol 25•0000E-O? 79o9239E•03 
30 9S.0418E·Ol 65.3682E•Ol o. 91i".2569t•Ol 30.6 392t .... 03 28o7008F-ol'?s.ooooE-o2 7Q.94S7E:..•03 
31 95o0418E•Ol 57.n183E•Ol o. B6.43!0f:. .. Ol ?.9ol034E~nJ 28•7005E•Ol 25•QilOOE•02 79.95A9E•03 
32 9Se0418E•Ol 48,R042E·Ol o. 7lo7556F..-ol '2P.d?l7F-o3 28•7003E•Ol 25· OOQ/i.lE-02 79.9670£,.03 
33 9S.o418f·ol 12.n637E•Ol o. 15.4lllE~nl .27•?n73E·o3 28•7002E·Ol l?•SOOOE-02 79.97IlE·03 
.34 9S.n418E-ol I9.4737t.·o2 0· 63e5489E.•02 27o4'l21F•(}3 28•7G02E-Gl l?•SOOOE-02 79.9729£-03 
35 q; • 04lBE-O 1 25.1469£•03 o. 20ol292E.-02 27e3?.4S~··(Ij ·2R•700lE-Ol 1?•5000E•02 79.9743E-03 



~{;t;.r F. r (j fvl *~~ 

MULTI • SYMMEiRIC sr-wo1 H 1 NE L l\ S TI C: Sf"lOOTt-i t\NlSOHWPIC Nt;UTRONS ISO.TROPIC !SOTROrliC 
GROUP SCATTERING C~PTUR£ SCA.TlE.RliiJC; FISSiON SCATTERING Pb: FISSION . G-G· SLQw ... [!UWN 

36 9Soo418E .. Ol 42.46S6E:-o5 0• JC?.~782f--o"- 27. 1939E .. o3· 28•700lE~Ol l?•5000E·O?. 7q.97S4f.-o3 
37 '1S,o41BE .. ol 78.7214£ .. 0~ Oo 35.R749F,.04 27*o9?3E-o3 28o70G1E•Oi 1?•500:JE-02 79.9763t-o3 
38 95oQ418E-Ol 14. 5622E-04· Oo 66 •?.4e5E,.,n.r~ 27·0145[-()3 2B·-00lE,.,01 1 '2 • SOO.OF.:-0? 79.9770't:~03 
39 9;.o418E-ol 26.8660[ .. 04 o. lf.l~19SOE-03 2o. CJc;26E..-o3 zs.;oooE-ot l?oSOOOF-02 79. 97.75E-o3 
40 'J5oQ41HE"'Ol 49o4002E-04 Oo ?? '3590f.-03 2r-,. ~044·[~()3 28o.,.OCOE.-O·l l?•5000E-O? 79.9779E.-03 
41 95o041BE-Ol 90 o4606t'=04 0. 4() .• 7R90F.-rn 26oR668f-03 26o ... OOOE•Ol 1?•5000F;.02 ·79. 9782E-o3 
42 '15,o41BE-ol 16 • 4 81 ,o,E • 0.3 0· 73,9483F_-(!3 26,8.'376E-o3 ?H•"'OOOE•Ol l?:•5000E-O?. 79o9784f....,03 
43 95.04 H~E"'O l 29. R429f-('l3 o. l3o3!'138E. .. (I2 26,8148E•03 28•"'000E~Ol 1?•5000F•O?. 79o97.86E-03 
44 95.0418E-Ol 1 0 'e 0 2 0 2 1:. "" 0 2 o. 95.)1)00F-02 2n. 7971E-;J3 ;,:g, "?OOOt ... Ol 1?•5000E-O? '79.978r<E-03 
45 9S.o418E-ol 29.2396£.~02 (!. :~4.":iSQ5F-Ol 2 t) • -n:n 3 t. - :J3 2Ho 'OOOE ... Ol l?•~sooor-o? 79.'J7B9E.-03 
46 95.o418E-ol 49o6270t.-02 () ' ';4 ~ "H~5'Jf -O 1 ?1'>.?72SFnOJ 2H~ ~ooor.-cl. l?•5000E-O?. 79.979nf:-03 
47 9s.n41BE .. o! 74.7343t."'02 0 ~ 6f,1 ~f., 701 F.~(; l ?n~76ttlE-n3 .~ B • 7 0 0 0 E:- 0 1 1?•~>000F.-O? H.9791E .. o3 
48 9So041RE-.Ol 95s99('}6Eor.Q2 (I • ~ 6 • A 4 H I} t. - 0 l 2h·7S76E-n::l 2He?OOOE-Cl 1?•5000!::.-02 79.979JE.-o3 
49 9S.o418E-ol :?0. '"·bSOE .. O 1 (j • 11-11 Rt-~E•or.. 2A·795f -o3 ?H•700(}£.-0l l? • 50 OOE-0?. 79. 9"19?E•o 3 

\Jl 
so 9S.o418E .. Ol 43. o 098t.-o 1. 0. 14e4523f..¢CQ '2!). n~n6t- -1;3 21:1. 'i'()(jQf: ... (j l l?•5000E•02 74.979?E-03 .·. 

1\) 51 9s.o418t"'Ol 66.87lOf.-01 o. lt.~.ri086E+00 2~.7455[-03 28oi'OOOE-Ol l?e69QOf-02 79.9792t•03 . 
52 9S•o418E ... ol 97.n96lE."'Ol Q. 25..,43711-'•oo ?ho74.31EMn3 ?.Bo?OOOE-01 l?dlOOE-o?. 79. 9-t9?E-o3 
53 9Sco4i8F-ol l4,8!63E-'OO (). 3A .. ?61 o~:·oo ;h. 741 u:~o3 2Ho7000t""0l li)•OOOOE-02 79.9793E-o3 
54 l3·2362E•oo 28.?S72E•oo () . n7 .• 5Q?lE~Ofi 37e23QlE.'"i13 2B·?nuot:.-ol. l"-•420oE ... o2 ll•I384E-o2 



~H;a. ETOM *~~ 

EXIT INELASTIC SC:A lTFR I NG PH08A8lliTY MA 1 ~IX 
GROUP HEFnRE RE f\IOR"'lt• L l Z A TI 01\ 

2 56·6664E•OS 
3 36o5l45E•04 l'io(i749£-Q4 
4 l4o2074E•03 74. A623t.-ot. 35 • 6376f:"'•':4 
5 37o08~lE•03 ?."'i. 7004E-03 l3o'f62!1F·n·i 7R.4JPE·O'+ 
6 70o6278E•03 52oS62At-03 36 o t;-,436F-n ~ 24,4Y7flE-o3 lC,.':--?.Ql!:_ ... (')3 
7 10o4927E•O?. HR.o3o:if. .. 03 70e0R7~F-n3 ~H.752hE-03 :-!Q. 4 5t; 1 i-. .; (} 3 3(),)748t::.,..·r.3 
8- l2•8234E .. 02 llo~225E ... O? l0$4477'f•n? 89.277"-t-03 73.S5POE-03 6lok69BE-r)3 4:-,.9B4'3f •!13 
9 l3o4460E-02 l3o3472£-l);?. l2ob(l?4r:•r)? I1.9flQ~E-o? 1 'l. 71+ !~4 E • r, 2 C:/7o4\4Af:.:•'l3 84dl~Rr-O:~ R3o0214E•03 

"1 0 l2o5045E•02 13ol5;.H-O=' l3o'-"il'l1:.-();:: n,3tt-3E-o2 l?.r.J6l~~ .. o2 }?,46l3E-n? 24ol4RSE-O? 5H,()21i9t•03 
24 o34 71 E"'O?. 

11 lf!o5869E•02 llof.5i16l•O? 12~:,3n:<r;-r.::> 11.1?7.<1:-r.? l j • 1.. c, 1 f) t- (! 2 l 1 • ;.., 4 2 3 !:-.- r, ? 19.(JCJC:,?E-02 2 o o R586E-. -o 2 
bBe4406E ... 03 3?e2lbt>E•02 

12 I.Ho2917[v(i3 94o96f'!!E.•03 }(lob2?::Hc-('l·? 
60·A675E•04 1 f. • R35B~_ ... \1? ~~ 0 • l R h 7 ;- - ;-:.' 

1 1 , 5 '·41 ~~ E - rt ? J:::>,4oCIL-o? l?o9?l9t•n? 5~:>.6~?.nE-o3 3lo4834E•r12 

Vl 13 6l.RB01E•03 7?. 52 39f -o :>. t<3.o':-:34;:--n• 94,24':'>3[•03 1•1.4"-CGt.-n:?. ll.20kM-o?. lOo0647C-n? l6o0945E-n2 w l1·6307E•02 24.~272E-04 ! 6 o7h(!(1C-C/ 4f:. ~96~~E>·n? 
14 43.'1619[•03 5?.6451it.-03 ~.~. l97n'=-o ~ 71. 8:39.i;; -n3 til,7372!:-(J3 b<J,7(}54t'"'03 d7.32A4E-03 ll·':i782t:.•o2 

tiQo7044E•03 (\ I lOod'JC)U~•()? 2?.6654E-o3 ;;c;. :.R?M -o?. 
15 3o d 614E-03 .3n. ·r315E-£'1 44.2I3t"lf•o1 5?.o7<llE-r.3 on.4BPl::"-o3 o7.S416E-o.3 62oH951!':-(l3 (l • 

15·72B8E•02 o. ()o lle69?1t.,.r"? 74 .?R?Y[:•r.4 3?.4?5oE-o:? 
,:. l.~ 2ool377E .. o3 ?4oA478E-03 3Qo34P6;--n1 3A.?.t;6YF-(13 4?,f.<4!LlE•o3 41-h48?1E-n) 34.3n76E .. n3 ]Oo4734E•n3 

.• "t .:"' i~~ .. H6o7410E-03 l7o0030f•O} o. 8n.66R':'iF:-n3 34.'173E•n3 lho221M.•n3 35.762Sf.-n2 p l3ol631E•Qj i6o4087t•03 20oi'70?F•fJ} ?4.5?4:;E-n3 ?~."3257~·03 33.~377£ -()3 30eY862E-03 }4o5?.39E"'03 
3t-~.7352E .. 03 2A,?6t.'6t-03 o. l4.086RE-03 5l.~ll4t•03 4<1.9013E•04 :,?,7691F .. 03 3l.ollRE. ... o2 

18 84a6304E•04 lo.6J4lt.-O) 13ocS35;:-n3 16.183C.,E-n3 14,5440!-.-03 22.5344E•03 2o.3734E-o3 89.()633E-o4 
23o4427E•OJ l7o4649E.-03 0• o. 39.1'-H70!::.-t13 ~o.6214E•n5 33.453AE-o4 12o4278E ... 02 
23·2055E•02 

19 53e7156E .. 04 h.7.9154F .. 04 85.~307!7:•04 1 o • 4 8 2 .~ E - o 3 l?..756RE-03 l4.R027E-03 13.Q013F•03 54o4905E•o4 
l4o39SOE•03 lflo7524E-0] o. 24.5343E-o5 l·t,9212E-n3 l5o5943f-03 ?.6.949?E-04 54. 7458E.-I'l4 
l5o6274E-02 20.7?69E•O? 

20 33o7532E•04 42. 8827f:-04 :,4olflfi0F"'04 66o9l6dt.-04 Bl,9i?76E•04 9So5396f-04 82ol274E ... n4 33o2772E•fl4 
Ho.l675E•04 65o9965E-04 n. no 72.5410E-04 l7ol653E-o3 1~.2975E•04 4 6 o 4 1 52 E ... n 5 
31·0215£ .. 03 10 oll40l-02 28 ·d:l4 7:~F- n?. 

21 34o0852E-04 43o5lf>7E-n4 ss.2o5or-.o4 68.6644E .. 04 B4.51302E•04 ~9.130.1[-04 83o458.3E.,..04 32e6530E•04 
136· 7768t:•04 E>5.o998E-04 0· 0. 4 7. 7027l"'04 23ol670E-03 o. 29o4722E-n4 
93a7862E•OS 9qoRO~~E-03 70o35i?AF-n~ 39.93?.kE-o2 



\J1 
+ 

.EXIT 
GROUP 

22 

23 

24 

25 

.(> 

l2o9853E•04 
32o2435E:•04 

0• 
4Re7943E-05 
}lo9347E•04 
27o3332E-05 
l8ol830E-05 
44o0696E:-OS 
28·0958E .. OS 
67e4156E•06 
l6o2492E-Ot; 
lOo4F..2lE-05 

36o992lE•Q6 
14ol8olE·02 
57o9023E-02 

0• 

lNELASflC ~ChlT~RING ~R0HABILITY MATRIX 
BlFnRE WENORMALIZnTJON 

Uu6577t:--o4 
24~;?4J5E..,04 
hle5198[-04 
6?.77~7£ ... 05 

2Jo2446~wn4 z~.S702E-04 32~9234[•04 38o7766E-04 32.0l6QE~04 l2o095HE•04 
0• n. K.4.~799E•05 lno5987f-O~ o. l4ol4b6E•04 

~9.35~5F-r3 20.1731!-03 30.l852E•02 
R0.3202F•05 1n.079JE-04 1?.5344~-o~ l4.80h7f-o4 12.086QE•n4 44o686hE•05 

A9.e6J9E-os o.. o. 31.6131Eeo5 37,6158E•04-29.7317E-05 34·64C.7E~os 
0• 7R.~6h7F-D4 ~O~S601E~03 0. 4~.7506E•Q2 

23a4342t-05 30oD4?4f-n5 37.7765f-OS 47.0B09E•oS 5~~7LABE-n5 45.1757E-oS l6o4Bl6E•n5. 
33·2113~-os 0• n. ll.7448E•n5 4Go5444E·05 l4.6644F-04 0• 
n. 24.31n?r-n~ ]0.430~~-03 13~819bE·n~ P. 6Q.6524E-o? 

~,f.9783r."'r:-'~ ll•l£<~7f-cS ~t..r5~lt_ .. ot) l7.54PlE.-o5 2c.7>\02E.-nS lf>."i80SE:-oS 6f1~72h4E .. ·06 
l2o?520t·O~ o. n. 43.46~4F•06 l~.02?2E-n5 54o39ZRE-u~ o. 

G • Oo :5.4020E-06 3n.OHb7~·04 r. -~1~3716E-02 2~·4l6RE-n2 

i'iA1N OIAbOi\lf.;L EL.FMt.f'HS ( INGROIJ;:l SCATTER) 
l3ol027E-D5 3Q.Y635F-~~ l1·1595F-n4 ?7.3162l·C~ 
4lo64R3E•n? ~2.16F3F-n? 3~.o4?6f•n2 S7.Q6SOE-n2 
5S.S635E•02 57.1511~·~? S3.702JE•02 6Q.i~46~·0? 

SCATTER OUT OF MAfAlX RANGE 

bS•8?AOE-04 63.9843E-04 l0e9370E•o3 
~8~3nARE•n2 57.94daE-o2 ~5.4971E-o2. 
So.2494f•o? 17.974~E·02 o. 

39.4743E~06 50a9715E•06 65~4831f•J6. R2a522~f-06 l0.10Qlf·~S 1?·2240E•05 lO.Q99BE·fr5 35e6496E•06 
4So3510E,..06 l3o6023b•05 Oe 0• 2S.4l92E-n6 8~·1094E-06 3!'.9029E-05 0• 
6l·718lE•06 0• 0• 91.77?7E•n5 IB.0571E-04 n. 0• 74e5832E~o2 

C0LUf-1N SU"!S 
BEFORE ~ENORMALlZATIUN 

lO·ODOOE•Ol IOoOOOOE-01 99.9997E·~~ ~9.999hE~02 lO.OOOOE•Ol l~·OOOOE-Ol l0.060JE-Ol 99o9997E•n2 
99o9974E•02 99a99~5E•02 lOoOOOlE~l 99o9981E~~2 99.997GE•02 9~·99~6£-02 99.999QE•02 lO·OOOlE•Ol~ 
lo.o003E•Ol lO·OODOE-01 9Q.99R3E~2 99.9972E-n2 99.9994E•02 lO·OOOOE-Gl 99.9989£•02 lOoOOOOE•ol: 



*~* ETOM 4<fool) 

EXIT lNELASTlC SCc.TTERING PkOBAB! Ll Ty MAHII.X. 
GROUP AFTER RENORMAUZATIOI\J 

2 56o6685E•OS 
3 36t5159E-04 l5o0769E-04 
4 l4o2079E•03 74o8721E•04 35·65?0£•04 
5 37o0864E•03 23o7035E•03 l3oi.J677F•ri3 78.5191E-o-. 
6 70o6304E•03 52oS697t,.03 36.o51:\4E ... n1 24.SC'44f. .. 03 15.5'716!-~-03 
7 lOo4931E•02 88o()501E-03 70oll':ii'F.:-n1 53.R1?HE•03 39. 56::;2E.~o3 30o3746E•03 
8 l2o8239E .. 02 llo8241E-02 lOo4519F•f!? 89.3775~.-1)3 73.7595E-o3· 62.27QSE-03 46e2RO?E .. o:i 
9 l3o4465E•O? 13o3490F: ... 02 l2.807S::·n;=~ ll.~Z:nE-0? 10. 77SC!E.-C2 9~·059Sf...,n3 84~861oE-n1 R3o9196E-n3 
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4.0 PROGRAMMER'S. INFORMATION 

. This section contains many of the internal details of the program. 

The intent iB ·that this section will provide the programmer with informa

tion 'that will prove helpfUl for making additions or modifications and 

also assist in making the program operational at other installations. 

4.1 General Program Design Philosophy 

This program was written with the assumption that it would 

likely be used at many installations with a variety' of computing 

machinery. Al~o it is not primarily a production p;ro~ but one 

that will simply be used from time to time to generate new libraries 

or update old ones. Hence a basic aim was to produce straight

_forward1 .clear programming that wou.l.d be readily understood. The 

program is entirely in ASA standard FORTRAN (FORTRAN. IV) and uses 

no programming tricks and takes. no advantage of any particular 

hardware or software. Also in the spil:"it of simplicity, variable 

dimensioning was not used. 

The program was written with the expectation that there will 

be future additions and modifications. Some of these are ·antici

pated with statement allocations and comments. Others are alreadJr 

wholly or partially included. In any case, adequate storage remains 

to handle any foreseeable contingency. 

The main program is simply a series of teeta and calls. It 

is quite straightforward and serves as a gross flow diagram. The· 

fldw is in a straight line with few deviations hence segmenting is 

readily. accomplished. The program as distributed is segmented 

according to the o.verlay structure given in Section 4.3. 

· Many of tlle subroutines used by the program may be useful in 

other (present and ~ture) codes connected with the ENDF/B system •. 

Hence an attempt bas been made to write these routines with general 
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use in mind and they are self-contained (o:: nearly so). Some 

ETOM-1 subroutines may be replaced by similar routines from other 

ENDF/B codes when they become available .. ' 
., 

Most of.the data.handling,is·done with large common storage 

blocks. All t-ap~ data is first read into these blocks before 

processing. When data is manipulated, it is done··in the blocks., 

The blocks also serve.as temporary space for some·processed results 

before they are output. These blocks are the device which permits 

the general purpose subroutines to.be self-contained~ At present 

there are 4 floating point blocks, two of length 4000 and 2 of 

length 1000.. Acsociated with each of the four is a fixed point 

block of length 50. 

The logical flow of the program is designed so that the 

ENDF/B lib:r·a.ry tape will be scanned only once; hence, the library 

tape is never backspaced and is only read forward. Thus the data 

is processed in the order it appears on the ENDF/B tape not in the 

orde1~ it is required by MUFT • 

. Because of this some data must be saved from the time it is 

first encountered on the library tape until such time as it is 
\ 

needed by the program.. One such example is the scattering cross 

section which is saved on scratch tape ITPS and used at various 

times in the program. Certain other data is stored in /DENS/. 

For example, due to the frequency of the need, the weighting 

function (if other than constant) is stored as the first record 

in /DENS/. 

The program will optionally produce MUFT library cards as part 

of the output. Hence when MUFT library data is produced, it is 

stored and then recalled in the last part of the program when the 

cards are constructed and punched. 
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4.2 Labeled COMMON Variables 

Insofar as practical, the ENDF/B notation has been retained 
.. 

for variable names. Hence more detailed explanations of the 

variables may be found in references 7 and 10. Connected with the 

ENDF/B data are control parameters to further define and desci·ibe 

the various sections of the ENDF/B information. Hence; note that 

in addition.to th~ large storage areas /RECS/ and /DENS/, there 

are common blocks which contain control variables for each ENDF/B 

file, /CONTF1/-/CONTF5/. The blocks /FILE3/-/FILE6/ and /MUFT45/ 

· are used to store the MUFT variables generated by the 1Jl'ugram. 

Other blocks a.re self-explanatory. In the following the labeled 

COMMON block name is given first and its general category described. 

The variables in the block are then descriqed in the same order as 

they appear in the block. 

/TAPES/ 

MODE 

I05 

I06 

IOT 

NDFB 

ITP1-ITP4 

/TAPUSE/ 

ITPR 

ITPS 

ITPE 

literal tape names and data mode 

mode of the ENDF/B library tape 

input tape 

output print tape 

output punch tape 

ENDF /B li hrary tape 

scratch tapes 

tape use literal 

resonance scattering data (not used at present) 

smooth scattering data 

elastic (resonance plus smooth) scattering data (not 

used at present) 
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'·, 
'· ·,, 

/RECS/ 

.MAT 

MF 

MT 

ci, C2 

.Ll,. L2 

Nl 

. N2 

. NBT, J.NT 

X'/Y,B, 

Nl.X 

N2X 

NS 

/DENS/ 

JMT 

JAT 

. JTT 

JLT 

A 

JNS . ' MNS 
;;rx. 

MX 

* single record storage 

material number 

:t'ile number 

reactio~ type-number 

floating point constants 

i'nteger constants (usualiy test numbers) 

count of items in e.·: l:i:st' ·to follow 

count of items in a se6ond list to.follaw 

general integer storage space . 

general floating point storage space 

maxl.mum length of the NBT 'and JNT arrays 

maximum length of the X and Y arrays . ,.. . . 
card sequence number 

dense .(multi~record) storage* 

record identifier 

re·cord starting locatiO!l· 

rec·ord· type 

record length 

record "bulk s"torage array . 

~ointers for next record 

maxim1.1m length.of the A o.rro.y 

. t, 

,· · .. · ·.··.' 

maximum length. o'f the JMT, JA_~~ JTT, and JLT arrays 

(DIMENSION, EQUIVALENCE, AND /BLOKS/) ~ general storage' space 

BLOKl.,..BLOK4 general use floating point storage 

IBLKl"-IBLK4 .'-.. . 
LBKl(; 

LBK34 

. LIBK12., 
LIBK34 

general use fixed point storage 

control variable (usually the ·number of.:. data pairs 

. listed in BLOKl and BLOK2) 

same as LBK12 but usually associated with BLOK3 and BLOK4 •. 

same as above but ass.ociated ·with IBLKl~IBLK4 •. 

* . This common block is part of the package of Retrieval Subroutines for 
the ENDF/B System written by H .. c. Honeck (Rein 10). In·.ETOM=l_, $Ome 
of the array dimensions have been changed. 



/CON~rl/ 
t..'P 

ZA 

AWR 

LRP 

·LFI 

LDD. 

L,FP 
·NWD 

· LNU 

·NC 

c. 
NRl 

NPl 

/CONTF2/ 

NIS 

ZAI 

ABN 
LFW 

NER 

LISR, LISRX 

EL 

·.EH 

LRU 

LRF 

LISU,, .trsux 
· SPIR 

AP, AM, 'AA 

NLSR 

CR 

LR 

NRS 

SPIU .·. 

control information associated with file 1 

material (Z,A) designation 

atomic weight ratio 

resonance indicator 

fissi.le: indicator 

radioactive decay·indicator 

fission,product indicator 

number of (computer) words in material description 

1m ·representation ·indit:~i;.r;~r 

number of nu polynomial terms 

nu" polynom~al c·oeffi~ients 

interpolation:'.table .. lerigth 

data list length 

control information - file 2 

no. of isotopes 

. isotope· (Z,A) designation 

abundance 

fission width indicator 

number of energy ra.nges 

resolved scattering calculation indicator 

range lower energy limit 

range higher energy .limit 

data type .:lndicator 

resonance rormula indicator 

· unre·solved, scattering calculation indicator 

nucl~~r spin -· ?'e.solved 

scattering length 

:. number of ..e states resolved 

. penetration factor constant - resolved 

£;..·resolved 

· n'umber of· .resonances · 

nuclear spin -·unresolved 
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NLSU 

cu 
NEX 

LU 

NJS 

MUF 

ELOR 

EHIR 

ELOU 

EHIU 

XPOTR 

X POTU 

LLRR 

LLRU 

LFWX 

/CONTF3/ 

LFS 

NR3 
NP3 

/CONTF5/ 

NK 

THETA 

LF 

NE 

NR5 
NP5 
EINIT 

A WATT 

BWATT 

LTHET 

LITHET 

number of £ states - rmresolved 

penetration factor constant - rmresolved 

number of points in fission width tabulation 

£ - rmresolved 

number of J states 

number of degrees of freedom in fission width tabulation 

lowest energy - resolved region 

highest energy - resolved region 

lowest energy - unresolved region 

highest energy - rmresolved region 

potential scattering - resolved 

potential scattering - rmresolved 

resolved data :i.ndicato:r· 

rmresolved data indicator 

fission width data indicator 

control information - file 3 

final state number 

interpolation table length 

data list length 

control information - file 5 
number of representations (subsections) 

e 
frmction representation indicator 

number of E values in g tabulation 

interpolation table length 

data list length 

E values in g ta·bulation 

constant "a" ~n Watt spectrum 

constant ".b"· in Watt spectrum 

length of theta array 

.length of theta interpolation tables 

- 71 -



.LPP length of P J,.ist 

LIPP length of P interp~lation tables 

WG length ot· g ·list 

LIGG 

/~N/-

/OPTION/ 
,· 

.. ::::MAx.q~ 
·MAXG2 

M!NRl. 

. rhim2 .. 
. MAXIl. 

. MJ\Xi:2 

/FLAGS/ 
KEY 

NOXS 

.NOXIN 

NON2N 
........ 

/CONSTS/ 

EZ~O 

PI 

.HAFPI 

/GROOPS./ 
EGRP 

UGRP. 

·length of g interpolation ··tables 

basic.in:put (see .inpu~de,scription) 

inpu~ optio:r;1s (see inJ>ut deserl.ption) . 

MAXG+l 

.MAXT+2 
·M::ti'ffi+l 

MINl\+2 

MAXI+l 
. MAXI+2 

. program control indicators 

. ~ata presence indicator 

· elastj:c· .. scatt;erlng ·c;:ross section indicator 

. inelastic scatte":rtrig cross section. indicator 

. n~2n cros·s section ·indicator. 

data: con~tants 

LO * 107 

group structure 
. . 

.energy structure 

lethargy structure 
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.. 

/FILE3/ output for MUFT file 3 

symmetric scattering 

smooth capture, 

inelastic scattering 

fission 

XS 

XC 

XIN 

XF 

AGN 

XSMU 

GNU 

XSXI 

ETA 

ZETA 

isotropic Greuling-Goertzel parameter (age nUm.l;ler) 

anisotropic scattering 

v 
isotropic slowing down power 

anisotropic slmv·ing down power* 

anisotropic Greuling-Goertzel parameter* 

(also used to store the group integral of the weight) 

/FILE4/ 

JRS 

R 

output for MUFT file 4 

no. of resonances in group 

MUFT r factor 

* 

EM 

ALFA 

MUFT m factor 

MU:B''l' a factor 

NOTE: Various notation is used for the isotropic and anisotropic 

Greuling-Goertzel and slowing_down parameters. ·The following table 

may be helpful. 

QlJANTITY · MUFT 4 
Ref'. 2 

Isotropic 
Slowing Down fa 

Q 

Anisotropic 
Slowing Down 

Isotropic 
Greuling-Goertzel A 

Anisotropic 
Greuling~Goertzel 

MUFT 5 PJMG 
Ref. 3 Ref. 

go gcr 

gl TJcr 

A ·'Y 0 

A 1 ~ 
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4 Ref. 

s 
gcr 

s 

s TJcr s 

Ao 

\l,s 

5" 
11 

ENDF/B MT 
.Ref. 7 

252(g) 

253( ) 



.:: /FILE5/ 
PMX 

·niAG. 

· XTRA 

./FILE£>/ 
TRUM 

./MUFT45/ ·. 

.NFIL 

-~COD 

. NGR 

.NSEQ 

.. LAST 

· .. SIGN 

IXP 

FRAC 

· .. :··,' .. : 

output for MUFT. file 5 

probability matrix 

. ingroup sea tter 

out of matrix scatter 

output torMUFT.file 6. 

source spectrum' 

output card .. construc.t:i.on -variable . .. ., ... ,· ' 

file :nxunb~~ . 

. MUF'I' material . numb.er . 

. grov,p numl;ler 

seq~ence number 

matrix column indicator 

. constructed sign 

constructed exponent 

constructed fraction 

' •. l 
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4.3 :overlay st:ructlu-e and Routine List. 

Following is a list of the programs,_ subroutines, and functions 

used by ETOM~L· A brief summary of the purpose of each is included. 

1'he order of the li~t is the iame ::a_~·· that of .the ·-p~s:i.c~l d·e.ck. It 

_1,s arranged by program SE;!gment·, :·hende 'this list ·also serves as the 
.· .. · 

overlay structure description. : 
·· .. -



Overlay (o,o) 

FLOW 

ERR 

ERROR 
STORE 
FETCH 
DELETE 

.ECSI 
GRATE 

CCMBP 
COMB 
'ADD 
SUB 
MULT 
DIV 

TERP 
TERPl 
TERP2 
LRIDS 

'FPDS 
. IPDS 

GENTl 
FI88 

.. HOLL 
CONT .. 
LIST. 
TABl. 
TA.B2 

TPOS 
. XTND 

SAVE 
TERPO 

GPAV 
AVRG. 
OOT~ 

control flow of main program 

print error message 

print error message* 
store record in dense storage* 
fetch record from dense storage* 
delete record from dense storage* 
compute integral of y(x)* 
integrate TABl function* 

., 

c6mbine one panel ·of two TABl :runctions* 
combine two TABl fUnctions* 
combining f\Ulction t'or. addition* 
combining f\Ulction for subtraction* 

. combining function for multiplication* 
combining function for division* 

interpolate between two points* 
interpolate one point* · 
form new table by interpolation* 

. locate· record in dense storage* 
fetch point from dense storage* 
interpolate point in dense storage* 

generate TA.Bl function* 
· generating function for fission spect.rtlJTI* 

read.hollerith material description 
read control (CONT) record 
read LIST record 
rettd TABl record 
read TAB2 record 

position ENDF/B tape to file (MF) and reaction (MT) 
extend data array 
write or read a scratch tape 
interpolate a. data array 

average over selected groups 
ayerage over a. selected range 

· print output (:file 3 data) 

·* This subroutine (or function) is part of the package of Retrieval 
Subroutines :for the ENDF/B System written by H. c. Honeck (Ref. 10). 
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, . 

Overlay (1,0) 

ETOMlO 

ININ 
.ZERO 
.Eu 
TRID 
TMAT 
TMF'l 
OUTl 

. ETOM20 

''00'2 
RESS 

·RESR 
RESU 

. control flow of program in overlay (1,0) 

. read input 
initialize 
.construct group structure, weight, and weight averages 
read ENDF/B tape LD. · 
position ENDF/B tape to material (MAT) 
read. ENDF/B ~ile 1 
print out~ut .(input) . 

control flow of program in overlay (2,0) 

read ENDF/B file 2 
c.alculate resolveQ. resonance scattering 

:calculate resolved resonance parameters and low resonance effect 
calculate unresolved resonance contribution 

. ; : 

Overlay .( 3,0) 

ETOM30 

. TMF3 
c~os 

control flow of program in. overlay (3:,0) 

read.ENDF/B file 3 
calculate smoo,th crqss sections · · · 

Overlay (5.,0) 

.ETOM50 

TMF5 
IMAT 
cw~ 
PUTw 
OUT5 
RENO 

SP~b 
POUT 

·.XSP4 

. control flow of' program in. overlay (5,0) 

read ENDF/B file 5 
calculate contribution to ine,l..asti.~ .. matrix 
combine weight and cross section 

. restore weight to proper place 
print output(fil~ 5 data). · 
renormalize inelastic matrix 

calculate source (fission). spectrum 
· punch output 
·construct output card · 



4.4 Error Stops 

If certain errors are detected, an error message will be printed. 

Some messages are printed directly from the routine where they are 

detected-. Others are printed by one of the 'error printing subroutines. 

Subroutine ERR will print an error number, the .subroutine and the 

statement number where the error occurred and the control words, MAT/ 

MF, MT, Cl, C2, Ll, L2, Nl and N2. Subroutine ERROR prints only the 

error number and the c~ntrol words, MAT, MF, and MT... Following is a 
. . 

list of the error numbers, the sub:r.outirte wn.ich d.etects the e:rTur .<:iwl 

an explanation of the error.,. 

;Er.ror 
Number 

110 

130 
131 
132 

133 
134 

135 
300 

301 

302 

303 
308 

309 
310 

311 

314 

315 

Detecting 
. Subroutine 

ECSI 

TERP2 

TERP2 

TERP2 

TERPl 

TERPl 

TERFl 

STORE 

STORE 

STORE 

FETCH 

COMB 

COMB 

COMB 

COMB 

IPDS 

GRATE 

_Explanation 

Interpolation code out of range 

X(N) not in increasing order 

XP(N) not in increasing order 

Interpolationtable incorrect 

Interpolation code not in range 1-5 

X ::;_ 0 cannot be interpolated by logs 

Xl""'X£, di~eontinuity 

JT not in range 1-6 
MA=O not allowed 

Overflow_, record will not fit 

MA=O, record not in /DENS/ 

Overflow, answer will not fit in /RECS/ 

MA or MB not in /DENS/ 

XL> XH 

MA· or MB is zero 

Improper interpolation table 

Interpolati.on table incorrect. 

- 78 8 



j 

! 
! l 
! 

i. 
I 
! 

---
5.0 . ENVIRONMENT INFORMATION 

ETOM-1 as distributed requires approximately 43,00010 locations 

and uses orie ·scratch tape in addition to the mounted-library tapee 

It also requires standard system input, output, and pun~h-unit~. 

Since the program is entirely in FORTRAN 4, it should compile and 

execute properly on any configuration meeting ·these(~·e:qufrem~nts. 
.·.·. 

Most ·of the development of the program was done on a. ·CDG 6600 

using the SCOPE 2.0 operating system. However it has also run 

successfully on the IBM 360/7-5 .. ·(using ASP)'_; the UNIVAC ll08, and the 

CDC 6600 (using sqOPE J.l). 
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