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ETOX , A CODE TO CALCULATE GROUP CONSTANTS

FOR NUCLEAR REACTOR CALCULATIONS

R. E. Schenter , J. L. Baker , and R. B. Kidman

ABSTRACT

Computer code ETOX (ENDF / B TO 1DX) calculates group

constants for reactor calculations from currently available

nuclear data . The code is specifically designed to use the

Evaluated Nuclear Data File ( ENDF / B ) as input for microscopic

cross section values . Output from this code includes punched

cards in the Bondarenko format which can be used as input to

the fast reactor codes FCC - IV and 1DX . Running time on a

UNIVAC 1108 computer ranges from 13 to 600 sec per isotope .

The current version of ETOX is restricted to a maximum of

99 energy groups .
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ETOX , A CODE TO CALCULATE GROUP CONSTANTS

FOR NUCLEAR REACTOR CALCULATIONS

R. E. Schenter , J. L. Baker , and R. B. Kidman

I. INTRODUCTION

( 1 )
Fast reactor calculations have been successfully per

formed using the multigroup method of Bondarenko et al .
( 2 )

One of the principal advantages of this method is that calcu

lations can be made for reactors of various compositions using

the same set of multigroup constants . Consequently , there has

arisen a need to calculate these multigroup constants from

more recent and presumably more accurate basic nuclear data .

This report describes the computer code ETOX which calculates

these constants using as input the basic nuclear data con

tained in the Evaluated Nuclear Data File ( ENDF / B ) .
( 3 )

Output

from this code includes " infinitely dilute" group cross

sections , inelastic transfer matrices , and temperature

dependent self - shielding factors for arbitrary values of o

( total cross section per atom ) . The output is given on punched

cards in a format consistent for input to the fast reactor

codes FCC - IV ( 4 ) and 1DX . ( 5 )

II . GROUP CONSTANTS - DEFINITIONS

In the multigroup constant scheme , the microscopic group

average cross section values for the " Ith " group and " jth "

isotope are given by the following equation :

I

- SP, CEtwa/s'ocean/
( E , T ) ( E ) DE (E ) DE , ( 2.1 )

j

where ( E , T ) represents a particular energy and temperature

dependent cross section . The subscript x represents either

ox ;

1
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capture , elastic , inelastic , or fission . + Following

Bondarenko ,
( 2 )

the neutron flux , ° (E ) , is assumed to vary as

• (E ) =
=

0 (E ) / 24 (E) ,
. E ) ( 2.2 )

o

where E. ( E ) is the total macroscopic cross section of theEt

medium . 4. ( E ) is assumed to follow a Fermi spectrum except

for the high energy groups dominated by the fission spectrum .

That is ,

= Constant * E - l for os E s EF
( 2.3 )

Constant * VE e

$ ( E )
X

e (-E /CFF) for E > EF ,e

where the constants EF and CFF are determined by the fission

spectrum of the principal fissile isotope . This definition of

• (E ) allows for flux depression in the resonance region .

Equation ( 2.1 ) implies a very time consuming method of

calculating the group average cross section for every different

temperature or reactor composition . The introduction of a set

of basic cross sections to be multiplied by appropriate correc

tion factors has proven to be more convenient ;

f!
I

>

4G3

o
( 2.4 )

Х Х

X
j

an average withwhere the bracket of a function is defined as

respect to the standard spectrum Ⓡ . ( E )

I I

I

<g >

+ -J'at ecevut /sto
1

=

g ( E , T ) ¢ . (E)DEE T $ , ( E )DE . ( 2.5 )

+ Equation ( 2.1 ) does not represent the appropriate averaging

of the total cross section in the multigroup scheme due to

its inverse appearance in the neutron balance equations .

Appendix A and Bondarenko ? for a further discussion of this

point .

See

N
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I

-I

I I

I I

ܘܪ
ܘ

I

ܘܪ
ܘ

The quantity <0x ;'4, called the " infinitely dilute cross sec
tion , " is reactor and temperature independent . The correction

factor fx the " resonance self - shielding factor , " contains

composition and temperature information and is defined by

Equation ( 2.4 ) since Equation ( 2.1 ) and ( 2.5 ) define öx, and
j

< ox ; " " , respectively. The shielding factor ft;
. fx can be

expressed ( See Appendix A ) as a function of temperature and

( total cross section per atom ) . The variables oo and T

aré input parameters to the ETOX code . The parameter o

represents the total macroscopic cross section due to ali

atoms (except the jth atoms ) divided by the atomic density of

the jth atoms . In the Bondarenko scheme it is assumed to be

constant in energy over the group integrations . Its value is

calculated by iterative procedures in the codes which use the

output of ETOX .

The shielding factors fx; are expressed in terms of

" bracketed " functions as

I

; ( 2.6 )
T 1 )

ot .

I

0 *
1 1

=

#k , ( 1,063 )**X<ox ;
+ +

lot ;
ܘܪ

ܘ

where

ot ;
is the total energy and temperature dependent micro

scopic cross section of isotope j .

The shielding factors and infinitely dilute cross sections

constitute the bulk of group constants needed in a multigroup

reactor calculation . The remaining group constants are also

expressed in terms of "bracketed " functions . Consequently ,

the main function of computer code ETOX is to read in the

microscopic cross section data and then use this data to

+ Infinitely dilute cross sections are not strictly temperature

independent . However , calculations indicate that their

variation with temperature is extremely small .

3
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calculate integrals of the type given in Equation ( 2.5 ) . The

code does this for arbitrary sets of values of medium tempera
I

ture and o From the resulting sets of group constants , a

particular set appropriate to a given reactor may be constructed

using interpolation schemes such as those described in the

code FCC - IV .
( 4 )

obji

The following list gives the specific group constants

calculated by the code ETOX . Specific reference to a particu

lar group or isotope will be omitted . In that case ,

I

+ <ot for the Ith group and the jth isotope .
>

<cot ;

< Ot > =

> +>

eс

< o >

с

>

е

<din

< u >

< >

e

infinitely dilute total cross section

( < 0 % " = < 0c " + coc?< < +
< oin > ) ,

<Of infinitely dilute fission cross section ,

infinitely dilute capture cross section ,

< oe infinitely dilute elastic cross section ,

infinitely dilute total inelastic scattering

cross section ( includes ( n ,2n ) reaction ) ,

= average number of neutrons released per fission ,

= average cosine of the elastic scattering angle ,

< & > = average lethargy change by elastic scattering ,६ >

= elastic slowing - down cross section ,

ft (0,1) total cross section self - shielding factor ,

flof ( 0 , , T ) elastic cross section self - shielding factor ,

ff (0,1)T
fission cross section self - shielding factor ,

fc ( 0. , T ) capture cross section self - shielding factor ,

inelastic transfer cross section from group I to

group k [ includes (n , 2n ) reaction ) .

Definitions of the above quantities follow from Equations ( 2.5 )

and ( 2.6 ) except for the following :

= E O ou< 5 > < c > , su ( ou - lethargy interval of the group ) ,

o

ºdge

e 0

o

' in( I+ k )

o

oa , e
'(2.7)

4
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十 1 1 1

f (0,7)* [( 700/ਦ / ਵ ) ·* )-0 ]
ft )* ( 2.8 )

< O > o
2

(
+

o )

and

Oin ( I +k ) , which is described in Section V.

III . OUTLINE OF CODE LOGIC

The function of the ETOX code is to calculate the group

++

constants defined in Section II using the ENDF / B
data tape

as input . The steps below indicate the procedure followed by

the code :

1 ) Read input data and first three files of ENDF / B .

2 ) Calculate cross sections at fine - group intervals from

point data given in File 3 using the interpolation

methods specified by ENDF / B .

3 ) Calculate group constants in the non - resonance region

using the cross sections at the fine - group intervals .

4 ) Calculate group constants in the resonance region using

the resonance parameters given in File 2 .

5 ) Read File 5 and calculate inelastic scattering matrices .

6 ) Punch and write group constants in the 1Dx ( 4 )
(

formats .

or

FCC - IV ( 5 )

The steps specified above are illustrated in Figure i

with a schematic diagram of the code , where the names of the

major sub routines used are also shown . Appendix D gives a

brief description of all the subroutines in ETOX . The

fine - group intervals mentioned in Step 2 are calculated to be

of equal lethargy size within a group . Their number , NFG ( I )

for the Ith group , is determined by finding the largest of the

following :

+ See Appendix A.

++ In this report the term ENDF/B will represent both the

Evaluated Nuclear Data File and its associated " specifica

tion " document (Reference 3 ) .

5
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ETOX

START

INPUT

READ

INPUT DATA

ENDFB

SMOOTH CROSS

SECTION MESHED

IN FINE STRUCTURE

ON 432 - DRUM

READ ENDF / B

FILES 1,2,3.

MESH FILE - 3

SMOOTH CROSS - SECTION

AND STORE ON DRUM

ENDF / B

AVSEC

CALCULATE

INFINITELY

DILUTE CROSS

SECTIONS

RRES
RESON

Yes Yes

CALCULATE

RESOLVED

CROSS

SECTIONS

RESOLVED

REGION ?

RESONANT

PARAMETERS ?

TABLE

FOR COMPLEX

PROBABILITY

INTEGRAL

W

No

No

FFACNR

URES

Yes
CALCULATE

UNRESOLVED

CROSS

SECTIONS

UNRESOLVED

REGION ?

CALCULATED SELF

SHIELDING FACTORS

IF NO RESONANCE

PARAMETERS ARE

GIVEN .

No

INELAS

STORAGE FOR

DOWN SCATTER

CROSS SECTIONS

432 - DRUM +

READ FILE - 5

CALCULATE

INELASTIC

SCATTERING

MATRIX

ENDF / B

OUTPUT

1DX

1DX

PUNCH AND

WRITE

OUTPUT FCC - IV

FCC - IV

Yes

MORE

ISO TO BE

PROCESSED ?

No

CALL EXIT

FIGURE 1 . Schematic Diagram of ETOX
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+

A. The closest integer found from the division of the lethargy

size of the group by a given input lethargy interval

( DELMAX ) ..

B. The product of the number of total cross section points in

the group , as determined from File 3 , times a given input

parameter (NFMPD /4 ). +

The energy bounds of the various group structures ( group , fine

group , ultrafine group ) and regions (resolved , unresolved ,

self - shielding , etc. ) are diagramed in Appendix E for a

typical isotope .

IV . RESONANCE CALCULATIONS

Resonance calculations , both resolved and unresolved , are

based on the prescription given in ENDF / B , where partial cross

sections are given in terms of sums of Doppler broadened

single - level Breit - Wigner functions with additional " floor "

corrections + to allow for deviations of the cross section

from the Breit - Wigner formulas . The following expressions

give the formulas for these cross sections for a temperature T

and energy E in the laboratory system :

N

N

S

σε(Ε,1) -ΣΣ (Ε, 1) ,( , )
S

(
f

7 ) .
,T ) + Off (E ) , ( 4.1 )

ºff

srl r = 1

N

N

S

S

ºc ( E , T )( ,T) -ΣΣ OE ( E , T ) .
+

OCE (E ),
) ( 4.2 )

s = 1 r = 1

+ The quantities DELMAX and NFMPD are secondary type input

parameters . The distinction between the two types of input

parameters , primary and secondary , is discussed in

Appendix G.

+ + Cross sections obtained from ENDF/B file 3 .

7



BNWL - 1002

N

N.

z
u

I
I

ºc (ET) ΣΣΕ(Ε,T), * σ,(Ε)( E ) +
р

(E ) ,
der

(4.3 )

s = 1 r = 1

04 (E , T ) = 0f (E , T ) + 0c(E ,T) + 0e ( E , T ) ,
o ( 4.4 )

where s represents a particular sequence of resonances ,

( l , j ) , and r the resonances belonging to that sequence ,

+

= orbital and j = total angular momentum quantum numbers ,

S

l

oxf
( E ) = " floor" correction= (x f , c , e ) , ( 4.5 )

S

r

xrS S

) (E )X ( 4.6 )
X S r r

E
r

o (E , T ), - 68 , ( E ) v ( x ) (x = f , c ) ,
r . (E)

o CE , T ) , - 68,(E)(TCE) * (**»X$)+ 4 , CE ) * (**.x})]x ) (
S S S S

) ( ) ( )
+

Х
e r r

( 4.7 )

2

( ) - ΣΣΣ (21 + 1 )2 ( + ? Ye )On (E )
р

4 п

K2

( 24 + 1 ) sin ' Y , ( E ) , ( 4.8 )

S

5 T)(E ,T) = f (E)/ A (T) ,r
S

г

r
( 4.9 )

S S

XŞ(E) - (E - E ) / r (E).Ep
E ) (4.10 )

r r

RESOLVED RESONANCES

For the resolved resonance calculations the energy region

is divided into ultrafine groups where generally these group

boundaries are determined to be a half width on either side of

a resolved resonance energy ( see Figure 2 ) .

+ More detailed and complete de finitions of the terms in

Equations (4.1 ) through ( 4.10 ) are given in Appendix B.

8
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In this region cross section integrals are calculated for

each ultrafine group using the Romberg integration method .
( 7 )

The ultrafine structure takes advantage of the Romberg tech

nique giving a very good speed - accuracy factor since in

general the second derivatives of the cross section will be

constant in sign . This leads to a minimum number of integra

tion points needed to be evaluated to obtain convergence .

For each ultrafine group N within group I , the following

integrals are calculated :

+

++

EUF ( N + 1 )

0 , (ET)DE
x

Tot (E , T) +

Х, N

Х

a
l

(x

(x f , c , e ) , ( 4.11 )
o

JE

EUF (N )

EUF ( N + 1 )

WI , N
dE

[04 (E , T ) + 0.JE
( 4.12 )

EUF (N )

EUF (N + 1 )

WTIAN dE

(4.13 )

[ 04 (E , T ) + 0,12
+

EUF ( N )

EUF ( N + 1 )

Ox (E , T) DE

E

Х

Kord , N
I ,

< x >
(x = f , c , e ) . ( 4.14 )

EUF (N )

+ The code uses a Romberg integration order of 7 . If no

convergence is obtained after seven cycles an error message
is written .

++ The standard spectrum is assumed to vary as I/E for all

resonance calculations .

10
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In the above integrals the " floor " correction cross sections

are assumed to be constant with values given as

ON

1/2 {ox ?- xp{oxx[Eur ( N ) ] + oxy [EUF(n + 1 )] }
=

XE
+EUF + ) ( 4.15 )

Group infinitely dilute cross sections and self - shielding

factors are given in terms of sums of the integrals in Equa

tions ( 4.11 ) through ( 4.14 ) as

I

x >Ox
I N

-31-36 *
Roxylon / in [EG(1 + 1)/EG(1)].( I 1 ,< x>

( 4.16 )

N= 1

oI , N
x

I 1

I
I ( 4.17 )

Х

<ºx>
WI , N

W
i
w
i

z
w
i
L
W

WIN

I
t 1

( 4.18 )

< ºx >
WTI, N

v = 1

where Ni is the number of ultrafine groups in the Ith group .

An important factor in obtaining an optimum speed - accuracy

factor for the resolved resonance region is to include in the

calculation only those resonances which contribute signifi

cantly in a given ultrafine group . This is accomplished in

the code by testing a given resonance to see if it is within

11
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a certain fixed multiplet of its total width from the given

ultrafine group . The testing process works outward both to

lower and higher energies from the given ultrafine group .

When three resonances on each side of the ultrafine group do

not pass the test , the process is terminated .

UNRESOLVED RESONANCES

Unresolved calculations follow closely the methods and

approximations used in the Mc2 code ,MC
( 6 )

where infinitely dilute

and self - shielded cross sections are calculated at discrete

energy points E * in the unresolved energy region . Group cross

sections are obtained by averaging values calculated at equal

+ +

lethargy spaced points in the group .

The infinitely dilute and self - shielded cross sections

are given as

E

2

oxХ
( E , T )DE

E

E ,

1
1

Kex(Ox(E*))
( x = f , c , e ) , ( 4.19 )

2

dE

E

E

EL

† The fixed multiple (NTOL ) is a secondary input parameter

in the code where its initial value has been set

to be 5 .

++ The lethargy spacing , DELUMX, is a secondary input parameter .

12
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E

2

Х
0 , (ET) DE

To (E , T ) + 0.JE
t O

E

E1
o

ox (E * ) ( 4.20 )
E

2

de

[ [ , * ಆ JE[04 (E , T) +

E1

and

E

dE

10, E.IS GOJE[0+ (E , T ) +t

E

1

07 ( E * ) ( 4.21 )
t

pe

dE

[ 04 (E ,T) + 0,]?.
oo

t 'E

E

where E * is some energy point in the energy range (E1 , E2 )

which is assumed to contain many narrow resonances . Equa

tions (4.19 ) through ( 4.21 ) are simplified if one assumes that

the energy variation in the integrands in the above integrals

only occurs in the rapidly varying resonance parts of the

& function . The slowly varying terms are evaluated at the

energy E * . In this approximation the elastic cross section ,

for example , is written as

+

+ As in MC2 (Reference 6 ) the interference - scattering term in

the elastic cross section is ignored .

13
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N S

E
Or

ΣΣ
e

r S

0 , * , T )
* * ( * ( *)

(E,E*,5) -

6 Å , (E* ) F2, (E* )

(
v [ (E* ), 2 ( E - E )/ (E*)]

E
e S r r r

T » (E * )
s = 1 r= 1 r

+

+

On ( E * )
р

०
० ९

( E * ) ( 4.22 )

The above assumption should be a good approximation since in

the unresolved region the energy interval (E2 E ) may be

picked to be small with respect to variations in the slowly

varying components of the cross section . With this approxima

tion Equations ( 4.19 ) through ( 4.21 ) become *

E
2

1

(x (E * )) = E

S

o
=

ΣΣ
( E , E * ) dE +

E.
2

*
( E * ) +

E X
E

On ( E * ) 0PE* ) oxe '*
X

е

Sr

E1
( 4.23 )

2

S

o ( E , * )
X

S r
r

o

ΣΣ (Ε,Ε )de

(ΣΣ (Ε,Ε1) • 5

x (E * )
S

o
, * ) +

t
E

p.
r

Sr

E

2

ДЕ

+ Oxf ( E * ) +
ºp ( E * )
0 8

0x.
X

e

(ΣΣΕ(Ε,Ε1) • ,
( , E * ) +

E r

S ( 4.24 )

+ Temperature dependence will not be explicitly indicated in the

remaining Equations of this section . The symbol ox is o when

e and 1 when x = e .ac

14
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E

2

de

07 (E * )
t

(ΣΣ•
S

( E , E * ) +
t

E
p.

r

S rਅਜ/ਜ,

L ਦਾ

E

2

dE

( 4.25 )

2

ΣΣΕ,
( E , E * ) +

t

E
р

r

S r

where

o

p

On ( E * ) +
+

o

р

( E * ) +of
o ( E * ) + ( E * ) + ( 4.26 )

PerF CF

DS ,

With the assumption of many resonances in the interval

( E2 - E1 ) , the resonance contributions in the above integrals

are treated statistically . The interval ( E2 El ) is replaced

by the average spacing of the resonances of sequence s ,

times the number NS contained in the interval . The summation

over resonances in a given sequence is then replaced with a

double integration over a Porter - Thomas ( chi - squared ) distri

bution with n and m degrees of freedom . Symbolically
n

1 S S
+

Σ
+ P

s

n

((y)P 5(z)f$(y ,z)dydz = (fº) , ( 4.27 )
r S

NS p
m

where

{ 1,98 =* : <*>

9( )(17 )** (* )

n

21

Pn (y )
( 4.28 )

I
I

n

2 n.
exp

ny

2 . .n n

+

In the ETOX code the statistical brackets are evaluated by

the standard double summation techniques as described in

Reference 3 . ( See Appendix E for the exact details . )
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( 3 )
Following the specifications of ENDF/ B , the functions Pn (y )

and Pm ( 2 ) in Equation ( 4.27 ) represent the elastic and fission

widtht distributions , where

IS
( E * ) + T ( E * , y )T (E* ,y) = yrë (E* ),

.

( 4.29 )
Cr

S

FACE
r . )(E * ) + (E* ,z) = zr (E *).r . ?

S

f
r

T ( 4.30 )

With the above replacements and the narrow resonance approxi

mation such that

E

2

S.Śf (E ) DE + f (E ) DE , ( 4.31 )

E- 1

Equation (4.23 ) becomes

K: CE")- E B (TE(E+)6%CE"){ vce®,x)ax),σ,( ) * ( *) ( x
1 s S

X

S

S

+ o

5 *E

( E * ) +
ºp (E*)8x8

( 4.32 )
р

t
e

++

Sinc
et

+

8

п

sve
ES ,x ) dx

=

2 ,
( 4.33 )

independent of the value of as , the infinite dilute cross

section is finally given as

+ For isotopes which do not have appreciable fission widths in

the unresolved energy region the double integral in

Equation ( 4.27 ) reduces to a single integral .

++ See Appendix B.
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TT S

<4x CE * )) - Z Ş 568 CE * ) 7 (E*))< * ; * 0% CE ") * $,(+*)$%
69 ,

+

( ) r ( E
D

( * ) +
X ºp E*P

XF р
S

e

( 4.34 )

Due to the appearance of the resonance terms in the

denominator of the expressions in Equations ( 4.24 ) and ( 4.25 ) ,

the self - shielded cross sections require additional approxima

tions and analysis for their evaluation . Consistent with the

narrow resonance approximation , it is assumed that overlap

effects between different resonances of the same sequence and

overlap between more than one sequence may be ignored . The

numerator , for example , in Equation ( 4.24 ) then becomes
( 6,8 )

Eم
E

2

S

o

r

( E , E * )
X

NUM

ΣΣ/
E, *

( CE ,EM 0E *)

S

o ( E , E * ) +
r t

σ

р
T

E1

si

o

t
( E , E * )

r !

1

O CE,E

ΣΣ
( E.CE,E*) +Öp)

dE , ( 4.35 )

o

S

t
( +

s'is r '

Rewriting Equation ( 4.35 ) in terms of the line - shape functions

VCE , Xş ) gives(

S

r r

E

2

IS ( E * ) S

Х

r rr r

NUM =

ΣΣ S

vesex

Cucem ,xş) + )

E1

S S

T ( E * ) X

r

S

В

rSr r r

(

|
r r

1 ΣΣ
vcelex

( ... )

DE , ( 4.36 )
S s

s ' sr
છ ( ૬ + Bts

1

r r

17
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where

s

Being -
=

0

p /6 5 (E * ) .op
(4.37 )

r O

r

The sequences s ' are uncorrelated with respect to s in

Equation ( 4.36 ) . Consequently , it is necessary to integrate.

the primed summations over the probability of finding resonance

r ' of s ' at a separations from resonance r of s , where o

ranges from - ( Er El ) to (E2 E ) and E is the location of

the resonance r in the interval E
2 - Ej :

With this and the

statistical analysis following Equation ( 4.25 ) , Equation (4.36 )

( 6 )
is given as

r r

х

s S S

r

* (
B

$x P

NUM (E, - E7 ) < (EM)JCE®,8°)E Σ D

S

S

S

< rs '(E*)J (ES' p
s

Σ
B

1 -

P

( 4.38 )
D

s

s'is

where the usual J integral is defined as

J ( ES , BS )В =

VES, x ) dx

(u(&$ ,X ) +V 85)
( 4.39 )

S

B

o

The denominator in Equation ( 4.24 ) and the terms in Equa

tion ( 4.25 ) are evaluated in a similar manner as that given

above for the numerator in Equation ( 4.24 ) . The final

expressions for the self - shielded cross sections are

+ This sentence is almost a direct quote from that given in

Reference 6 .
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σ ( E * )

σ

Σ- ( Σ / Σ ( Σ )
S

a 1 bs 1 bs 1 και s
X X

s fs S s ' #s

+

6 και

+ σ ο
px ( 4.40 )

σ . ( Ε *) = σ.

στη ... Σ ( Σ .» /
1 bs 1

Σ
o
s

t p

S s's

1

Σ
ς 1

Σ
C
S

:

( 4.41 )

S s ' #s

where
t

S S

a - /Kryp /D
D

( 4.42 )
X

bs
=

KASJ / D,
SS

ΓJ
( 4.43 )

S

cS
S=

Krko/ ,, ( 4.44 )
s

...Γερμανια με
S S S

S

KS = Κοξ , es)
S

= ( ξ , x ) [ Ψ , x ) + 265

[ ) + es

dΧ . ( 4.45 )
S S ,

+ β

+ See Appendix G for the evaluations of the J and K integrals .
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V. INELASTIC SCATTERING

In general , the ( n , n ' ) and (n , 2n ) reactions of an isotope

occur at energies above the isotope's resonance regions . Hence ,

when the ( n , n ' ) or (n , 2n ) group average cross sections are cal

culated , any departures from the standard spectrum , Equa

tion ( 2.3 ) , caused by the presence of resonances are neglected .

An additional reason for doing this is that the fast reactor

codes FCC - IV ( 4 ) and 10x ( 5 ) are not programmed to accept self

shielding factors for inelastic scattering cross sections .

When the definition of Equation ( 2.5 ) is used , the group

average total and transfer cross sections are therefore calcu

lated according to

11

T
o
t Sex ( E)) i ( 5.1 )

oy ( i + j ) = (x (E) W_ (E+ ;))i,
=

o ( 5.2 )
х х X

X
where x refers to either the (n , n ' ) or (n , 2n ) reaction ; or ( E )

is the x reaction cross section obtainable from ENDF / B , File 3 ;

and W, ( E+ j ) is the fraction of neutrons that scatter from an

x reaction at energy E into group j . Since ETOX assumes

upscatter cannot occur , j can only refer to group i or to

groups lower in energy than group i .

x

x
Prior to evaluation of W , (E + j ) , it is necessary to intro

duce the tabulated functions which ENDF / B provides for the

description of the energy of inelastically scattered neutrons .

If P , ( E + E ' ) is the probability of inelastic scatter from

E to E ' , then ENDF / B defines it as a sum over NK partial

distributions ,

x

NK

Px (E-E ' ) - GK ( E ) FX ( E=E " ) ,Gķ E '- ' ( 5.3 )
X Х

k = 1

20
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k

X
where G (E ) is the fraction of scattered neutrons whose energy

is governed by the F ( E + E ') energy distribution . The G. ( E )GCE

and F* (E + E ' ) are tabùlated functions to be found in ENDF / B ,

File 5. Additional conditions are

Х

X

SFCE*E*)
FK (E +E ' )dE' = 1 ( 5.4 )
X

NK

(E) = 1 .
( 5.5 )

k = 1

Now , it frequently occurs that for a collision at

energy E

E

Fķ(E+E') dE'<1 ( 5.6 )
X

which causes

E

S
P , ( E + E ' )DE ' < l . ( 5.7 ).

Х

This is contrary to the assumption that only downscatter can

occur . Thus , the W, ( E+ j ) cannot be found by a simple integra

tion of P , ( E + E ' ) over the energies of group j . Rather ,

W , ( E + j ) must be evaluated in the following manner ,

x

Х

х

NK

k

F ( E + E ' ) DE '
x

W ( + j )

( E-j ) -Σ
SPEECH

G (E)

SF(- ')

E ) ( 5.8 )
x

X PE

k = 1 F ( E + E ' ) DE '
х

where si ... dE ' indicates an integration over the energies of

group j . Equation ( 5.8 ) has to be modified for the case when

j = i ( ingroup scattering ) ,
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NK

WX (E+i )

F ( E + E ' )DE ')

)

Σ

= SECCONFCE

FK '

GK (E) JEG(i)E ( 5.9)
Х x

k= 1 F^ ( E E ' ) dE '
х

where EG ( i ) is the lower energy of group i .

Equation ( 5.8 ) and ( 5.9 ) now assure that

NG

Σ W_ ( E+ j ) = 1,j , ( 5.10 )
X

jzi

where NG is the number of groups .

Since FCC- IV (4 ) and 10x (5) do not handle the (n , 2n )

reaction explicitly , ETOX incorporates the (n ,2n ) reaction

into its final inelastic total , and transfer cross sec

tions , Cin (i + j), in the following way ,

o
in '

cin - o ,ni + 1,2n
-i
o o

'
( 5.11 )

n ' n ,

'in( i + j ) ( 5.12 )
' n,n (i+j) + 20n ,2n (i+j) .

+

ETOXEtox prints and punches only the oin and (in (i+ j) .+

x

Now ,

The sum in Equations ( 5.8 ) or ( 5.9 ) is over those secon
k

dary energy distributions , F* (E+E ' ) , that ENDF / B finds neces) /

sary to adequately describe the collision at energy E.

k

ENDF / B allows for ten different types of F ( E + E ' ) , but the

sum does not have to include all ten types , and a single type

may be included several times . Below is a brief description of

k

how the various types of E ( E E ' ) are integrated to obtain the

integrals in Equations ( 5.8 ) and ( 5.9 ) :

X

x
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Arbitrary Tabulated Function (LF = 1) . The present

version of ETOX does not handle this type .

Discrete Final Energy (LF 2 ) . If 0 is the final energy

to which neutrons are scattered , the integrals are simply

replaced by 1 or 0 depending on whether o lies within the

integral's limits .

Discrete Energy Loss (LF 3 ) . If o is the energy which

neutrons lose when scattered , the integrals are 1 or 0 depend

ing on whether ( E - 0 ) lies within the integral's limits .

General Evaporation Spectrum (LF 4,5 ) . For this type ,

F ( E - E ' )+ ' F ( E ' / o ) and one is interested in integrals like the

following

X

B

F (E ! / 0 ) dE ' .

A

However , ENDF / B tabulates F as a function of y , where Y = E'lo .

With this change of variables , the integral becomes

S

B B / 0

F (E ' / 0 ) dE '= 0 F (Y ) dy .

A A/ 0

"
o

The integral on the right is numerically carried out by apply

ing the trapezoidal rule with unequal subintervals as deter

mined by the ENDF / B data points that lie between the integral's

limits . The nuclear temperature o is a constant for type

LF 4 , but for LF 5 , 0 is a function of energy ·

Simple Fission Spectrum (LF = 6,7) . The integrals over

the fission spectrum are replaced by the following

B

4E '

exp ( - E ' / O )de '

22

T VA[ oxp(-4)exp(-))]πΘ

A

B

+ ERF

- ERFA

23
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where o is the nuclear temperature [ 0 = constant for LF = 6 ,

and o 0 ( E ) for LF = 7 ] .

Maxwellian Distribution (LF = 8,9 ) .8,9 ) . The integrals over

the Maxwellian distribution are replaced by the following ,

B

E '

sa 1.4 exp ( -E ' / ) de ' = { [ [A + 6)exp ( -4/6 ) - (8 + ) exp(-3/6)),'/ dE (A ) -A B o -B ) ] ,

A

constant for LF = 8 ,where o is the nuclear temperature [ o

and o O ( E ) for LF = 9 ] .

WATT Spectrum (LF = 10) . The integrals over the Watt

Spectrum are replaced by the following ,

B 1/2
4

exp (-4°) exp (-) sinh SET ME ' =a

паЪ

A

[ tab] -1/2

{exp[W![lvą) *] + exp[( A ))) HA - ]van

exp[{VI -2 )] - ox[WA•297)*]}* }{ 29
1 ERF( V )

ex 29 -2 )}RE(JA 5 ) + ERF变 + ERF(V5) - ERF(JA .

+

2 vaa

ab

2

where a and b are constants provided by ENDF / B .
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VI . TYPICAL RESULTS AND DISCUSSION

Tables 1 and 2 give typical results for the calculations
239

of group constants for the isotope of Pu (MAT= 1051 ) and

natural occurring Fe (MAT = 1020 ) . The energy group structure ,

temperature , and o values are the same as those used by

Bondarenko .
( 2 )

o

We believe the approximations in this code are consistent

with the uncertainties of present cross section data , the

limitations of the ENDF / B format , and the approximations in

the codes using group constants as input . Preliminary calcu

lations have been made for 26 and 50 group sets coupling the

( 5 ) ( 1 )ETOX and 1DX codes for several fast reactor cores . The

results from these calculations show close agreement with

those generated using the " many group " (~1000 ) Mc ? code . ( 6 )~

Table 3 gives typical results of fundamental mode calculations

for the fast reactor assembly ZEBRA 6A .
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TABLE 3 . Fundamental Mode Calculations for Zebra Assembly 6A

MC2 1DX (ETOX )

[ 26 Groups ]

keff
0.9828 0.9838

ökeff for ofU238 ( 1100+300 ° K ) 0.0084 0.0075

+0.001 0.0069 0.0069okeff for onNa

U23510€
Pu239

1.0875
o

1.0796
ºf f

20238108
Pu239

0.0399 0.0397

f

U238 Pu239

ºc
10

f
0.1585 0.1562

с

Pu239 Pu239
o
c 0.2128 0.2118

' f

oPu240/- Pu239 0.2672 0.2673

' f

Pu240

° c
o

Pu239
10 0.2382 0.2357

с

B10 , Pu239
o
c 10 €if

1.4359 1.4186
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APPENDIX A

RESONANCE SELF - SHIELDING FACTORS

( 1,7 )T )

I

self - shielding factors ft . Cob ;,T) will be given in this

A partial derivation of the expression for the resonance
I

(oo . ,

appendix . For a more detảileà derivation and discussion see

Bondarenko .
( 2 )

The equations and definitions from Section II

will be assumed in this appendix .

In the multigroup scheme the neutron balance equations

( 5 )
are given as

1

I

X
2 I

Bºº

ε ε ε. Σ νερού - ερ
II

Σφ
+

(ن)وذ.(+)وأ Σا
с

3Σ

tr3
Eti eff

I - 1I NG

I

+ Σ
E ( + 1 ) øj

2 (1–3 = ,Σ E ( I+ j)07 = 0 , I = 1,2 , ...,NG ,
=

(A.1 )

j = 1 j = i + 1

where

I

I

0

-5
• ( E ) DE (A.2 )

and

=B
a

NG = number of energy groups ,

2

В buckling ,

keff effective multiplication constant ,

I

fission source fraction in group I ,

I

= macroscopic group average cross sections for

transport , fission and capture ( x = tr , f , and c ) ,

E ( I + j ) macroscopic downscattering cross section from

group I to j .

I
I

X

Σ

X

.

A - 1
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The macroscopic group average cross sections for fission ,

capture , and elastic scattering appear linearly in Equa

tion (A.1 ) and are given in terms of the following integral

expression

I

3-5 CEDEZCE,TUESE
I

Σ

X

I

• (E ) E , (E , T ) DE / (x = f , c , e ) .
=

(A.3 )
x

The appropriate total macroscopic group average cross section

is defined in a reciprocal sense due to its direct relation to

the transport cross section ( 2 ) and is given as

I

1

I• (E ) DE

Σ . ( Ε , T )
(A.4 )

Ez (ET) / 01t

I

The microscopic group average cross sections

defined by the following expression
ot

are then

NI
I

I

Σ

х

1
1
1

Σ

N
.

ox
(x = f , c , e , t ) , (A.5 )

j = 1

where N. is the atom density of the jth isotope and NI is the
Nj

number of isotopes in the medium . Since the macroscopic cross

section is given as

NI

Ix (E , T ) = N ; (E, T)jºx
(x = f , d , e , t ) , (A.6 )

j = 1

A - 2
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Equation ( 2.1 ) of Section II follows from the above equations

I I

o4,5" > 4.1•wa/s
( E , T ) 0 ( E )DE • ( E ) DE (x

4
f , c , e ) . ( 2.1 )

From Equation ( 2.2 ) , Equation ( 2.1 ) becomes

I I

했

fo /
%. (E ) ox ; (E , T )DE)

Σ . ( Ε , T )

o

$ . ( E ) DE

( , T )Σ . ( Ε , T )
(x = f , c , e ) .

=

(A.7 )

t t

In order to simplify Equation (A.7 ) use is made of the

variable o which is defined by the following equationo

ble ºo ;

Σ

t

?? ( E , T ) = N ; t; (E97 )
E (ET) .(ET) + N

j

(A.8 )

jºo,

With this definition , Equation (A.7 ) becomes

I I

° (E ) 0 xjX ( E ) DE
o

I
I

T
o

. (ET) DE

10. (E , T ) + (ET )

ºj

To ( E , T ) +
t

(ET) )
t ܐܠܘܪ

( x = f , c , e ) . (A.9 )

The reactor composition dependence in it ;

ooj

Equation (A ? 9 ) is replaced by its " flux-weighted " value
averaged over the ith group [ oojoup [ 00; (5,1 ) - voj

-I

thus arises from the

( 2 )
In the Bondarenko scheme , ( EFT ) invariable o (ET) .

?

ܘܘܪ

E T + ( T ) ] .

° xj

-I
In the ETOX code , cross sections are calculated for a

I -I

given fixed set of cross section for a

doj

given reactor composition can then be obtained by interpolating

on this set .

values . The otky

A - 3
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When the above approximation is used , the expression for

the total microscopic group average cross section follows from

the relation

I
Σ

t

{ = * * * *
N +

Njom
(A.10 )

That is ,

dE

I

[ ot; (E , T ) +[ , 8,5) =0.31( E ]

I

I
I

한 .ܘܽܪ;
(A.11 )

I dЕ

I

]

[ ot ; (E , T ) + 00;}0t

The self - shielding factor equations are now obtained

using Equations (1.9 ) , (A.11 ) , ( 2.4 ) , and ( 2.5 ) ;

I

oxj

ot ; 0OI I

(T , o

1

E5 ; 1,06;(

1
1) (x = f , c , e ) , ( 2.6 )

( ox ;)>
1

+

I

1

ot ; ܘܘܪ
I I 1 I

sity
(T , )

=

(A.12 )

1

(@t; > I 2

\rot ; Oj

A - 4
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APPENDIX B

RESONANCE REGION FORMULAS

The following expressions give the formulas for the cross

sections (barns ) calculated in the resonance region for a

temperature T ( ° K ) and energy E ( ev ) in the laboratory system :

N
N
s

Of(E,T) - (E, T), + Off (E ) ,ΣΣ ( ,Τ ,
S

) ( B.1 )

s = 1 r = 1

N

N

S

c ( E , I) = 2 ( E, T ), (E) ,
+ .OCE

( B.2 )

s = 1 r = 1

N

S

ce ( E , T) - 2 E ( E , T ) , + Op (E )( ,T -Σ
À * * ).

Σ
S

o

е

on (E ) + oef+

( E ) , ( B.3 )
е

s = 1 r = 1

04 (ET)
= +

ot of ( E , T ) + 0 , ( E , T ) + (E , T ) ,0 0 ( B.4 )
с e

e
=

where

s = ll , j ) ,

orbital angular momentum quantum number ,

j = total angular momentum quantum number ,

N == the number of s values ,

NS the number of resonances for a given pair of values

of l and j ,

( E ) = " floor" correction cross sections ( x = f , c , e ) , ( B.5 )

ZU
.

oxf

SIXI
S

o (E,T), = 65. (E)
=

up,x ) (x = f , c ) , ( B.6 )
X

O
r S r r

T ( E )
r

B - 1
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Tēm (E )
Ter

S S

o

OS ( E , T ) , = 68 , ( E )8,0,1 M
( B.7 )

vemix ) + P2(E)x (ep ,x ) ,e rS

T ( E )
r E

4 п 2

* () - Σ
ºp (E )

( ( 2e + 1 ) sin ? Ye(E ), ( B.8 )

K

&

)rer (E )

68 (E) - 78; RECE
4 TT

(E
S

K ( )
r

S

T (E) I
l г + +

r fr
crrer + rep + rê (E),

phase shift ( = Ka , 4 , = Ka - tan - Ika ) ,
-1

Ye ( E )

=

K = 2.19685 x 10-3 (AWR/ 1 + AWR ) VĒ ,

a = channel radius ,

AWR
weight ratio of target to that of the neutron ,

g

( 2j + 1 ) / 2 (21 + 1 ) ,

I
spin quantum number of the target nucleus ,

Doppler - broadened line - shape function
+

y ( 5 , X )

ξνπ

REW (EX, [),

x ( 5 , X ) Doppler - broadened line - shape function

= EVT LW( 4,1) ,-
m

W = a complex probability integral (calculated using

sub routine QUICKW ),

+ Exact de finitions and integral properties of the U / 5 , X ) and

x ( 5 , X ) functions are given in Reference 10 .

B - 2
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S S

r5(E) = r. (E)/A(E ,T),

1

... 2

A (ET) ( 4EKT / AWR ) ( K = 8.6167 x 10-5 ) ,

2

Х

S

x (E ) = 2 ( E - E_ ) / r ( E),
=

r r

Resolved

S

Г

H
u
n

= constant =

=

г

rf, (E_),Epfr

S

constant

S

г
=

c
r

c
r(EP )?

S

г

r
=

( E )
T &
г ( En ) ,

.er
rS

E

r

I

Unresolved

( E * )

c (
constant г

cs
C

S

s
t
o

f

( E * ) tabulated function ( interpolation used to find

value at E * ) ,
S

Tea(E * ) = 10 VE * V
( VE * v , (E * ) Hs

;e

S

T

o

= reduced neutron width ,
e

S

V. ( E * )

=

penetration factor :
ll (Kļa) ?/ 11 + ( kma ) 21 ,Vo = 1 , V 1

*

K*

S CSVE * ( cs given with other unresolved parameters in

file 2 ENDF / B ) ,

M

"S
number of degrees of freedom in the neutron width

distribution .

B - 3
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APPENDIX C

PROGRAM DETAILS FOR THE UNRESOLVED CALCULATIONS

The calculations of the J and K integrals and the statis

2

tical brackets <

p
in MCuse the methods given in the Mc code . ( 6 )

The J and K integrals are evaluated by breaking the

infinite interval into two finite intervals plus a remainder

term . In particular , the code assumes

20 / Ę 200 / Ę

J ( 8,5 )
=

$3
( ૬ , X )

( E , X ) + B

dx =

v
dx +

2
1
+

dx + REMJ ,
+ В V

B

20/६

( C.1 )

where since

1

Ų ( E , X )
EX >> 1 1 + x2 ,

( C.2 )

dx

-
1 TT

REMJ dx =
-1 200

tan

II

( 200 ),B+ B 2

( a

2

Ba | 2

x2)+ X

200/5 200 / Ę

(C.3 )

a

B

✓

= 1 +

В

D+

( C.4 )

C - 1



BNWL - 1002

K ( 8,5 )
y ( y + 2B )

Cu + B )(

2B ) ax
dx J ( 8,5 ) + BY

dx

B) 4
( y + B )

B ) ?1. ਜਦ

----

20 / Ę 200 / Ę

= J ( 8,5 ) +
ByBU

dx +
2

( y + B )

dx + REMK ,

( y + B )

20/5

(C.5 )

where

1

REMK -

I
a ?;2 ) REMJ - a? )(200 /a5)( 1 +

1 ( 1 - a

Ba

[ (200 / a ) 2 + 1 ]1

( C.6 )

2 a

The integrals in the above equations are calculated using

16 - point Gaussian gradrature .
( 9 )

The statistical brackets < > p which are integrations over

the Porter - Thomas ( chi - squared ) distributions use 10 - point

integration in the neutron -width distribution and 5 - point

integration in the fission width distributions , both for one

or two degrees of freedom . To do this ,
( 6 )

for a given value

of N ( N is 5 for fission - width and 10 for neutron -width ) , the

area under the distribution curve is divided into N equal

parts such as to determine boundary points X

( I = 0 , N ; X
=

Xo 0 ; Xo 00 ) . In other words
n

xn
" I +1

Pn (y) dy = $ .N ( C.7 )

C - 2
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Within each interval x1 , x1 + 1 , then , average values for y are
determined , defined as

n

I

n

I + 1

X 1 + 1

n

I +1
= N

yPn ( y ) dy .
( C.8 )

X

I

z

With the above procedure to determine y ; ' s for the neutron

width distribution and zi's for the fission -width distribution ,

the code calculates the statistical brackets by the following

double summation :

5 10

n

< p > •SSso
£ 1

2

fly , z ) Pn (y )Pm (2 )dydz 50 E f (y , z1 ) .Σ Σ f ,
( C.9 )

I = 1 j = 1

n

Tables C -1 and C - 2 list the values of yị and z
C - used in

the code . ( 6 )

C - 3
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n

TABLE C- 1 . Values of y'ſ Used for Integration of Neutron - Width

Distributions with one or Two Degrees of Freedom .

Degrees of Freedom , n

Index , I

1 0.05175500.0052543

0.03717402 0.163089

3 0.103133 0.288398

4 0.207850 0.431720

0.5991445 0.359875

6 0.574320 0.800477

7 0.879486 1.05263

8 1.33502 1.39297

9 2.10558 1.91582

10 4.39230 3.30400

n

TABLE C- 2 . Values of 21 Used for Integration of Fission - Width

Distributions with one or two Degrees of Freedom .

Degrees
Degrees of Freedom , n

2Index , I

1 0.0212093 0.107400

2 0.155477 0.360070

3 0.467072 0.699863

4 1.10710 1.22312

5 3.24914 2.60955

C - 4
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APPENDIX D

SUBROUTINE DESCRIPTIONS

A brief description of all the subroutines as they appear

in the listing will be given in this Appendix .

ETOX Main program of the code . Calls ZERO , INPUT , PROCES ,

OUTPUT , OUTPDX .

ZERO Zeros out arrays in Common .

ERROR Prints error messages when calculation is beyond

limitations of the code .

INPUT Reads input data .

PROCES Control link for reading ENDF / B and calculating

group constants . Calls ENDFB , AVSEC , RESON ,

FFACNR , ZERO , INELAS .

ENDFB Control link for reading ENDF / B . Calls HEADR ,

LOCISO , FILE1 , FILE2 , FILE3 .

HEADR

LOCISO

FILE1

RUSSIN

FFEL

FILE2

FILE3

Reads ENDF / B ID record .

Locates isotopes on ENDF / B .

Reads File 1 which contains v ( E ) information and

other general information .

Generates input data which is same as " Russian "

book (Reference 2 ) . Calls FFEL .

Generates " Russian " EMAXFF and EMINFF .

Reads File 2 which contains resonance parameters .

Reads File 3 which contains " smooth cross sections " .

Calls REMT , SETUP1 .

Locates a particular cross section type , prints if

missing or not . Calls CAPSUM , MISS .

Forms the total capture cross section by summing

all capture components . This is done at fine

group points .

Interpolates a series of points according to ENDF / B

specifications .

Interpolates a single point according to ENDF / B

specifications .

Prints out missing cross section types in File 3 .

Writes capture cross sections to drum .

REMT

CAPSUM

TERP2

TERP1

MISS

WCP
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SETUP1

FFLUX

NA23

AVSEC

RETREV

AVER

RESON

AVSECR

RELIB

Sets up the fine group energy mesh . Calculates

fission spectrum at fine group points for E ? EG

(MGBL 2 + 1 ) . Calls FFLUX .

Generates a fission spectrum shape of flux at a

group energy E.

Calculates resonance cross sections from resonance

parameters at fine group points . Used for the

isotope Na - 23 .

Controls calculations of < u > , < E > , < u > from fine

group data . Also co' f ' , < 0c " , < e > if no File 2 infor

mation . Calls AVER .

Recalls from drum locations the fine group cross

sections .

Calculates infinite dilute cross sections from the

fine group cross sections ( < ox > ) .

Control link for resonance region calculations using

resonance parameters . Calls AVSECR , RELIB , RRES ,

URES .

Controls calculation of cof> , < Oc > , < Oe > in the non

resonant region . Calls AVER .

Reads tape used in QUICKW calculations .

Performs and controls resolved calculations .

Calls SETUFG , ROMB .

Sets up energy mesh for the ultrafine groups in the

resolved region . Determines which resonances

tribute to a given ultrafine group . Determines the
average " floor " cross sections for each ultrafine

group .

Calculates resolved resonance integrals over each

ultrafine group using the Romberg method . ( 7 ) Calls sr .SR

Generates integrands used in the ROMB calculations .

Calls QK .

Calls QUICKW .

Generates ♡ and x line shape functions .

Performs and controls unresolved calculations .

Calls SETUPU , AJK .

Sets up energy mesh for the unresolved groups .

Interpolates to find fission widths at the

boundaries of these groups .

Calculates J and K integrals (Appendix C ) .

RRES

SETUFG

con

ROMB

SR

QK

QUICKW

URES

SETUPU

AJK
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FFACNR

INELAS

RETRE1

FILE 5

Calculates self - shielding factors for resonance

regions not described by resonance parameters ,

from the fine group data .

Performs and controls inelastic scattering calcula

tions . Calls RETRE1 , FILES , INTERP , INTORP , ERRF .

Reads File 3 for the inelastic or ( n , 2n ) smooth

cross sections .

Reads File 5 for the inelastic or ( n , 2n ) partial

energy distributions .

Interpolation scheme used for (n , n ' ) or (n , 2n )

cross sections .

Interpolation scheme used for (n , n ' ) or (n , 2n )

inelastic probabilities .

Calculates the error function .

Prints and punches data in the 1DX format .

Prints and punches data in the FCC - IV format .

INTERP

INTORP

ERRF

OUTPDX

OUTPUT
-
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APPENDIX E

ENERGY BOUNDARIES OF VARIOUS GROUP STRUCTURES AND REGIONS

+

0.50 ,

u

o

=

Figure ( E - 1 ) diagrams the energy boundaries of the various

group structures and regions for the calculation of a typical

isotope , where :

EG ( 1 ) lower energy bound for the Ith group ( au

u = lnE /E)

EF ( I ) lower energy bound for the Ith fine group

( au = 0.01 )

EUF ( 1 ) = lower energy bound for the Ith ultrafine group

(unresolved region , su = 0.01 )

EURES ( 1 ) = lower energy bound for the Ith unresolved group

( E * 1 )I

EL ( 1 ) = lower energy bound resolved region

EL ( 2 ) = lower energy bound unresolved region

EMINFF = lower energy bound self - shielded region

EMN1EF lower energy bound fission flux region

EH ( 1 ) = upper energy bound resolved region

EH ( 2 ) = upper energy bound unresolved region

EMAXFF upper energy bound self - shielded region

NG = number of groups

NFGT = number of fine groups

NUF = number of ultrafine groups

NURG = number of unresolved groups

MFFL = lowest group number for self - shielding calculations

MFFU highest group number for self - shielding calculations

MGBL 2 + 1 = lowest group number using fission spectrum for flux

MRL
= lowest group number for resonance calculations

MRU highest group number for resonance calculations .

=

+ Due to space limitations the number of fine groups per group

is shown to be on the order of ten rather than the typical

fifty or more .
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APPENDIX F

CODE DETAILS AND LIMITATIONS

ETOX reads three tapes ( see Figure 2-1 ) , the PCF (program )

tape , a table containing the complex probability integral W ,

and the standard ENDF / B binary data tape . The code requires

65K available fast memory plus 100K words random access drum

storage ( see Figure 2-1 ) . The code also requires the ability

to overlay core storage and presently uses 3 overlays . The

program language used is "standard " FORTRAN - IV on a UNIVAC 1108

computer .

Listed below in addition to those specified in ENDF / B are

limitations in the present ETOX code :

99

2700

Maximum number of groups

Maximum number of fine groups

Maximum number of o
oo

values

Maximum number of temperature values

1 6

5

F - 1
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APPENDIX G

INPUT INSTRUCTIONS

+

o

Card read input data will be discussed in this appendix .

This data consists of two types called " primary " and " secondary "

parameters . The primary input parameters are those that must

be read in . They include isotope number and name , ENDF / B ID

tape number , group energy structure , sets of temperature and

values , and self - shielding factor energy boundaries . The

code includes an option to internally read in the standard

"Russian " ( 2 ) input which includes all of the primary data

except the isotope number , name and ENDF / B ID tape number .

The secondary data consists of accuracy parameters which are

read internally in the code but can be overridden as an option

with the input cards . Their values have been adjusted to give

roughly four - place accuracy or better in the group constants

with a minimum running time for the code . The following table

gives the specific card input instructions :

TABLE G - 1 . Card Input Instructions .

Variable Columns Description

Card 1 : Format ( 215 , 1X , A6 , 815 ) ( To run a series of isotopes ,

repeat from this card . )

MAT 1-5

IDTAP 6-10

I NAME 12-17

LNSRI 18-22

ENDF / B isotope number ( see Table G - 2 ) .

ENDF / B tape ID number .

Isotope name to be punched on output

card .

If LNSRI = 0 , then standard " Russian "

input will be used . ( See Appendix D ,

subroutine Russian . If this variable

is zero , cards 2-6 will be deleted . )

If LNSRI # 0 , then cards 2-6 are

required .

+ Tape input is discussed in Appendix F.

G - 1
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TABLE G- 1 . ( contd ).

Variable Columns Description

LNSTI 23-27

LP1 28-32

If LNSTI = 0 , then secondary input

parameters are internally read in by

the code .

If LNSTIF0 , then secondary input

parameters are read on cards 7 and 8 .

If LP1 = 0 , then FCC - IV Format will be

written and punched .

If LP1 = 1 , 1DX Format will be written

and punched .

If LP1 = 2 , both 1DX , FCC - IV Format will

be written and punched .

Number of downscattering groups + 1
LN5 33-37

If LNSRI70 , then cards 2-6 are required .

Card 2 : Format ( 1615 )

NTEMP 1-5 Number of temperatures at which the

self - shielding factors are to be

calculated .

Number of o
oo

values .

Number of groups .

NSIGO 6-10

NG 11-15

Card 3 : Format ( 6E12.5 )

1-12TT ( 1 )

TT ( 2 )

Temperature ( ° K ) values at which

F - Factors are to be calculated .
13-24

TT (NTEMP )

Card 4 : Format (6E12.5 )

1-12 (barns ) values .SIGO ( 1 )

SIGO ( 2 ) 13-24

SIGO (NSIGO )
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TABLE G - 1 . ( contd ).

Variable
Columns Description

Card 5 : Format (6E12.5 )

EG ( 1 ) 1-12 Group boundaries beginning with lowest

energy EG ( 1 ) ( eV ) .

EG ( 2 ) 13-24

EG ( NG + 1 )

Card 6 : Format ( 6E12.5 )

EMAXFF 1-12 Maximum energy for F- Factor

calculations .

Minimum energy for F - Factor

calculations .

EMINFF 13-24

If LNSTI = 0 , then cards 7-8 are not required .

Card 7 : Format ( F12.5 , 1015 )

ANFMPD 1-5 Number of fine - group points per

ENDF / B o data points .

Parameter used in resolved

calculations .

t

NTOL 6-10

Card 8 : Format (6E12.5 )

DELMAX 1-12

EMNIEF 13-24

CFF 25-36

Maximum lethargy size for fine groups .

Minimum energy for non - 1 / E standard

spectrum .

Fission spectrum constant .

Accuracy parameter Romberg integration .

Maximum lethargy size for unresolved

groups .

EPS 37 - 48
-

DELUMX 49-60
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TABLE G- 2 .
ENDF/B Data as Specified by MAT Number .

Material MAT Laboratory Material MAT Laboratory Material MAT Laboratory

H - 1 1001 BN Zr - 92 1079 Au - 197 1037 BN

H20*
1002 GA Zr - 94 1080 BAPL - KAPL Th - 232 1038 BN

D - 2 1003 BN Zr - 96 1081 Pa - 233 1040 BAPL

D20*
1004 GA ZrH * 1023 GA U - 233 1041 GA - ORNL

Li - 6 1005 LASL Nb 1024 GA U - 233 F.P. 1042

Li - 7 1006 LASL Mo 1025 ANL U - 233 F.P. 1066 BW

Be 1007 GA Xe 135 1026 BN U - 233 F.P. 1067 .

Be - metal * 1064 GA Sm - 149 1027 BN U - 234 1043 GA

Beo* 1008 GA Eu - 151 1028 BN U - 235 1044 KAPL

B - 10 1009 ORNL Eu - 153 1029 BN U - 235 F.P. 1045

C 1010 KAPL Gd 1030 ANL U - 235 F.P. 1068 BW

1065 GA Dy - 164 1031 BN U - 235 F.P. 1069)Graphite *

CHZ *
1011 GA Lu - 175 1032 BN U - 236 1046 GA

N - 14 1012 ORNL Lu - 176 1033 BN U - 238 1047 BW

0-16 1013 KAPL Hf - 174 1082 Np -237 1048 ID

Na 1059 APDA Hf - 176 1072 Pu - 238 1050 AI

Mg 1014 ANL Hf - 177 1073 Pu - 239 1051 GE

BAPL- KAPL

Al - 27 1015 ORNL Hf - 178 1074 Pu - 239 F.P. 1052

Ti 1016 ANL Hf - 179 1075 Pu - 239 F.P. 1070 BW

V 1017 ANL Hf - 180 1076 Pu - 239 F.P. 1071 ,

Cr 1018 WAPD Ta - 181 1035 GE Pu - 240 1053 APDA

Mn - 55 1019 BNL W - 182 1060 Pu - 241 1054 GA

Fe 1020 WAPD W - 183 1061 Pu - 242 1055 AI

GE

Ni 1021 WAPD W - 184 1062 Am - 241 1056 ID

Zr - 90 1077 W - 186 1063 Am - 243 1057 ID

BAPL - KAPL

Zr - 91 1078 Cm - 24.4 1058 AI

* Thermal data only .
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