
b 

U3R 

A CODE TO CALCULATE 

UNRESOLVED RESONANCE CROSS SECTION 

PROBABILITY TABLES 

AEC Research and Development Report 

w!!!!! Atomics International 
North American Rockwell 
P.O. Box 309 
Canaga Park, California 913M 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

This report was prepared as an amount of work sponsored by the 
Unitbd Stam Goweunment. N e l t h  the Unitad States nor the 
United State Atomic Energy Commioion, mw any of their 
emplayem, nor any of their contrectars, 5ubsontrrctors, or the& 
rrmployaer, makes my warrcfnty, exprem or implied, or assumes 
any Itgal liabtlity or respontlbillty for the eceurilcy. complsten~ 
or usefulness of m y  information, apparatus, praduct or pro- 
dhlosed, or represents that its use would not infringe privately 
owned rights. 

Printed In the United States .of Amerka 
Ausila&Le f r m  

National Technical Informtttion Sarvlce . pspartmt: of Cbmrnm 
!Sf& Part Royal Rsiad 

ald, Vhinia 221 61 
Copy @,.W); Microfi 



A CODE TO CALCULATE 

UNRESOLVED RESONANCE CROSS SECTION 

PROBABI LlTY TABLES 

J. M. OTTER 
R. C. LEWIS 
L. B. LEVITT 

Atomics International 
North American Rockwell 
P 0. Box 309 
Canoga Park, California 91304 

CONTRACT: AT(04-3)-824 ' - 

ISSUED: JULY 31,1972 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



CONTENTS 

Page 

Abs t r ac t .  . . . . . . . . . . . . . . . . . . . . . . . . . .  .;. . ' . . . . . . . . . . . . . . . . . . .  5 1 

7 . . . . . . . . . . . . .  . . . . . : . . . . .  I. Introduction arid Summary of Theory'. . . ; . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11, Descriptions and Formulas  11 

A. Subroutine S t ruc ture  and. Code Limi ts  . . . . . . . . . . . . .  ; . . . . . .  11 

B .U3R(Main )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

C.LADDER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D. UNEK. .,;. 17 

. . , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E. DOPCRS :. . 21 

24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . B P .  

J . P T  24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 

K.LWSD 25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L. Built-in P a r a m e t e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

111, Input F o r m a t s  and Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .28 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A. F o r m a t s .  ; . . . .  28 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B. Example.  29 
\ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IV. Output 3 1 

A.Opt ions . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ', 3.1 
J 

B. Example .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V, Computer Control. 50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  VI. T e s t  Resul ts  5 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R e f e r e n c e s . .  53 

-- - _ 
( .  -- - - - . - - - -  

. . N O T I C E  
. This:.+port was prepaied as an account of work 

s~ons?r.d the Uni ted States Government. ~ ~ i t h ~ ~  the United States nor the United States Atomic Enrrgy 

, , C o ~ m s s i ~ n 9  nor ally of their employees, nor any of 
, . theu c o n t r a ~ t ~ r ~ .  subcontractors, or thek employees, 

makes Warranty, express o r  implied, or assumes any  
lega1 liability .or  responsibility for the accuracy, 
~ ~ ~ ~ ~ ~ e s s  .or  usefulneu of any information; apparatus 
producf. 01 Process, disclosed, o r  repesFnts that its us; 

1 .  ..Would not infringe privately , owned rights. I 
I -  . . 

. . > . . 



TABLES 

Page 

i . . . . . . . . . . .  1. Sample Points z for X 2  Distributions of ~ e v e l  Widths 26 b 

2. AIRABL Effective Cross  Sections Computed with Probability 
. . Tables and Point Data f rom Ladders . . . . . . . . ' . . . : ' . . . . . . . . . . .  52: 

? 

FIGURES 

. . . . . . . . . .  1. Typical Point Data f rom Statistically Generated Ladder 8 

2. U3R Subroutine Structure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

AI-AEC- 13024 

. 4  



ABSTRACT 

The U3R code i s  described in detail. This code generates 

probability tables for the representation of unresolved neutron 

resonance c ross  sections in calculations using pointwis e data. 

Methods using the tables have greatly redkced computer storage 

and/or running time in Monte Carlo calculations. 

The theory, i s  summarized, input and output formats described, 

and a sample case included. Results of tests  in an integral t rans-  

port theory slowing down calculation a r e  shown. 
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I. INTRODUCTION AND SUMMARY OF THEORY 

The representation of neutron c ross  sections in the unresolved resonance 

energy range for continuous energy c.alculations i s  severely limited by the 'high- 

speed memory size and/or  speed of even the most advanced computers. A new 

approach, the Probability Table Method, has been developed. ( ) This method 

represents  the neutron c ross  section at a given energy by a tabulated distribu- 

tion function. The, tables have been used successfully in both Monte carlo '  and 

analytical(') calculations. 

U3R i s  a FDRTRAN code which generates the c ross  section probability 

tables. U3R numerically constru.cts a table of the cumulative probability dis- 

tribution functions of c ross  sections in a narrow energy range. The procedure 

i s  to: ( 1) generate a ladder of resolved resonances over the energy range using 

prescribed average values and'distribution functions of resonance parameters ,  

'(.2) calculate Doppler-broadened point cross  sections for the ladder, and (3)  dis- 

tribute the point c ross  sections with'their probabilities (fractional energy incre-  

ments) into a table. Additional ladders a r e  accumulated into the table until the 

desired accuracy of table entries i s  obtained. Thus, c ross  section data which 

a r e  properties of the individual isotopes only, rather  than group-averaged sets,  

a r e  obtained. Fo r  criticality calculations, a few tables, to be used in an energy 

range about the table energy, may be distributed throughout the unresolved en- 

ergy range. The theory of the method i s  described in Reference 3 and i s  sum- 

marized below. 

The Probability Table Method assumes that the resonance energies a r e  so 

close together that the neutron enters  a resonance randomly, i.e., i t s  precolli- 

sion energy plays no role in  determining what par t  of the resonance the neutron 

sees.  This i s  most nearly valid in heterogeneous assemblies where the neutron 

i s  likely to have made i t s  las t  collision with a different isotope. The severest  

t e s t  of the assumption occurs in large regions containing a single heavy isotope; 

but, even there, one would expect reasonable results.  Figure 1 shows some rep- 

resentative point dataabtained f rom a typical ladder of resonances. One can see  

that i f  the probable energy loss i s  large compared to the width of a resonance, ' 
, .  . + 

and at the same time i s  likely to span even a few resonances whose exact loca- 

tions a r e  not known, that the assumption of no correlation between the cross  sec-  

tions seen by a neutron on successive collisions i s  easily met. This condition i s  met  

238 u ~ ~ ~ ,  a n d ~ u ~ ~ ~ ,  for example. reasonablywell for unresolved resonances of U , 
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' ~ i ~ i i r e  1. Typical Point Data f rom Stat&tically Generated Ladder 



The entries to the table (VJ, PJ) may be defined as  follows: 

T_,et there  be a set  of o ' s ,  J = l ,  N, such that o > o J J J-1, ' 0 ~ 1 ~ ~ " ~  

ON "MAX* O M I N  
i s  the lowest value of o ( E )  between E and 'E and o 

0 M' MAX 
i s  the highest value of o ( E )  in this range. 

Let 

. . 

and l e t  each o (Ei); 1 h i 5 M- 1, be equal t o  one of the o J 1 s  Figure 1 shows 

typical point cross  section data for a ladder of statistically generated resonances. 

One can see  that I. would.simply to be a r ea  under the curve f rom E to Ei. In 
1 i- 1 

the example depicted, u(E ) = 04, (J=4) ,  while o (E i )  and a (Eitl) = 03. Then, i- 1 

oJ- o ( E )  5 uJ with probability 

where 

and 

1, i f o  J- 1 s o ( E ) r o J , f o r E . i  l s E s E i  , , .  
, 6iJ = 1 - 

0, otherwise . . . 

. . . .  . 
The probability that the c ross  section l ies  below oJ i s  then 

, . , .  

5' while 
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represents .  the mean value of the cross  section between aJ and o J. ( F o r  effi- 

ciency, the details of the procedure used in U3R a r e  somewhat different, a s  

described in Section 11-F.) 

One pr.ocess, which in U3R i s  the total c ross  .section, i s  chosen a s  the basis 

f o r  constructing the table. Values of i ts  magnitude serve  as  the band limits, the 

u Is. above. For  each interval in .the point data set, I. i s  ,entered in the sum in 
J . . 1 

the numerator of u J  for the appropriate J, and the energy interval i s  entered in 

the denominator sum. .At the same-t ime,  the corresponding values of other 

processes  a r e  entered in appropriate sums with the same band number. Thus, 

a l l  average reaction cross  sections in  each band a r e  the conditional averages 

corresponding to the average total c ross  section of that band. 

When, in a Monte Carlo calculation, the c ross  section of an isotope in i t s  

unresolved range i s  needed, i t  i s  obtaine'd by a random selection f rom the ap- 

propriate  probability table as  follows: 

Select a random number, 0 < r < 1, and se t  u ( E )  = TJ, where 

All reaction cross  sections a r e  selected from the same band, that i s ,  with the 

same random number, to make use  of the conditional correlations of the table. 

Coding i s  done in FORTRAN for the IBM 360. Double precision arithmetic 

i s  used. About 470K bytes of storage a r e  required. The coding i s  designed for  

ease  of use  with the resonance parameter  data of ENDFIB3. A single precision 

version of the code for the CDC 7600 was also produced. 



II. DESCRIPTIONS AND FORMULAS 

A. SUBROUTINE STRUCTURE AND CODE LIMITS 

Each of the four principal steps in the' calculation i s  'controlled by a sub- 

routine called by the main program (U3R). These subroutines in the o rder  

called are: 

LADDER Generates a ladder of resolved resonances 

UNEK Calculates point c ross  sections at 0" K 

DOPCRS Doppler -broadens point cross  sections 

PROTAB Forms  c ross  section probability tables. 

In addition, 5 other subroutines a r e  employed. 

RNRG Initializes the random number generator and establishes 

an energy range 

RAND Generates random numbers 

BP  Calculates nuclear angular momentum bar r i e r  pene- 

tration factors 

PT  Calculates an optimized energy grid by which to repre -  

sent a resonance 

LWSD Selects equally probably samples from level width 

statistical distributions. 

Detailed descriptions of the main program and each subroutine a r e  given in 

sections 11-B through 11-K below. The calling s t r u c k r e  i s  shown in Figure 2. 

The size limits of the code per  case are: 

Number of unresolved resonance (1, J) se r i es  = 20 

Number of temperatures = 4 

Number of ladders = 100 

Number of energies Unlimited 

Table 'length = 99. 



R N R G . ,  RAND . . 

RAND 

I I R A N D  . . 

Figure 2. U3R Subroutine Structure 

The main program ( U 3 R )  reads and prints the input data and calculates o r  

se t s  severa l  parameters .  It contains the loops on the number of energy ranges . . 

and the number of ladders. 

The input data quantities are: 

NCASE The number of cases 
r " :  . . , .  . 

ITAPUN Option to punch tables o r  also s tore  tables on an 

auxiliary storage device 

A title 

ATW The atomic weight 

SPIN The target  nucleus total angular momentum 

.quantum number 

PSM The 8=0 potential scattering c ross  section at 

E=O in barns 



SDC A convergence cri ter ion for the standard devi'ation 

of the average c ross  sections of the 'table ( s e e  below) - . 

STRN Random number initialization parameter  ' , 

NEB The number of energies at which tables a r e  to be . 

formed 

MSER The number of unresolved resonance ( P , J )  s e r i e s  

for which resonance parameter  data i s  input 

NTMP The number of temperatures at which tables a r e  to 

be formed 

NPRINT The output print option ( see Section V) 

Option to use an input number of ladders,  rather  

than the SDC cri ter ion 

I .  NPROB The table length ( see  Section 11-F) 

TMP (I), The temperatures a t  which tables a r e  to be formed 
I= 1, NTMP 

(LsER (I),  P = neutron orbital angular momentum quantum number 

QSER (I),  J = compound nucleus total angular momentum quantum 

number 

NU (K,I), 
2 v = number of degrees of freedom in  the' x distribution 

K= l', 4) of level widths. for each process (K), ( s e e  below) 

I= 1, MSER 

( E, The energy 

I DBAR (I),  , The average level spacing 

GBAR (K,I), The average level widths for each process (K). 

K= 1,4) 
, - 

I= 1, MSER 

Four resonance processes a r e  considered. In conformance with the 
' c-  , . 

ENDFIB3 format, the processes a r e  a competitive reaction ( 'other I ) ,  coherent 

s catterilig,' radiative capture, and fission. The competitive reaction is' assumed 



to be noncoherent scattering. It is  accounted for separately a t  O°K (UNEK) 

and i s  added to the coherent scattering before Doppler broadening (DOPCRS). 

MSER i s  the maximum number of (8, J) se r i es  which may be used a t  any 

energy. The order  of .entering .. the . (8, J )  se r i es  should be with increasing Pvalues. 

At each energy, the code uses  only the se r i es  with values of P for  which the sum 

of al l  se r i es  with a given P contributes at least  1% to the total scattering, cap- 

ture, o r  fission average cross  sections, based on an analytic calculation. The 

. number of se r i es  used i s  named NSER. With this arqrangement, the 1, J, and 

y. values a r e  entered only once per  case. The formulas used to determine the 
1. 

contributions of each state are: s 

N N N  
N n P ~  ylJ flJ oPJ 

- 7lc -- pi cc c Gxi(x) ( rSJ)%lJ  pi zdJ i (x ) ,  
'xt - 2E 

J i n  i(y) i ( f ) .  i(o) J 
X 

g p d J )  z ~ ~ i ( x )  

where 
> .  

where 

PSM P=O 

OpotY = 10 P# 0 

p = angular momentum bar r i e r  penetration factor ' 
(see  Subroutine BP, Section 11-1). 

. . 

N and z  a r e  the number of equally probable samples f rom the level width stat is-  

t ical  distributions and their values, respectively ( s e e  Subroutine .LWSD., Section 

11-K). These calculated averages a r e  accurate to within a few percent and the 

sum for each provides a normalization for the average of the final table. 
, ' 

The energy range of th~e ladder i s  se t  small  enough so that several  ladders' 

a r e  needed, but large enough to adequately represent  overlap and interference 
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effects. The energy spread for the range f rom which cross  sections a r e  taken 

to fo rm tables i s  se t  initially to the smaller  of the range limited by the number 

of points accommodated (4000), o r  the range which assures  enough ladders to 

obtain meaningful convergence statistics,  This range i s  then subjected succes- 

sively to a lower limit of 1.5 ::cMR'* (D) and an upper limit of 20% of the input 

\rX energy. Allowance i s  made so that i t  i s  highly improbable that the dimensions 

will be exceeded ( s ee  Section 11-D). The formula used i s  

~ l ( 1 0 0 ) ~  ( D ~ )  
2.0*min -- + 1 4 SDC min(LD,30) I 

where 

(D) = the average level spacing 

(0 ) = the average total resonance c ross  section 
t 

L1 = 2 nonfissile isotope 

= 3 fissile isotope. 

The parameters  which determine the number of points used to represent  a 

resonance a r e  initialized to PNTPR=27 and HLWL=10 i f  (D)  < 1 and HLWL=100, 

if (D ) 2 1. Two considerations enter these selections: the accuracy of integrated 

cross  sections given by the point values, and the accuracy of Doppler-broadening. 

The dimensioning for . the number of resonances i s  se t  so the number of points 

will be the limiting dimension. 

The nuclear radius.for use  in calculating the penetration of the angular 

momentum bar r i e r  of the nucleus i s  coded according to the formula adopted for 
. . 

ENDF/ B3, namely, ., . 

ATW )113 
= 1m23(i.008665,, + 0.8 fermis. P 
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The number of resonances summed in the calculation of pointyise c ross  sec- 

tions, MR, i s  set  to 

. . .  

10[1 + 1 , ] NSER 
0.75 t (SPIN - 0.5) 

( s e e  Section 11-D). The formula i s  designed to place roughly 10 resonances of 

the leas t  dense se r i es  in the summation.. <. 

SDC and NPROB a r e  made input quantities because different applications 

may require different accuracies.  Default values of 10% for SDC and 10 for 

NPROB a r e  set. The printing frequency for the accumulated tables i s  se t  to 5, 

and the maximum number of ladders i s  se t  to 100. 
. . 

C. LADDER 

LADDER constructs a ladder of resolved resonances f rom prescribed aver-  

age values and distribution functions .of resonance parameters .  All (1, J) se r i es  

called out a r e  accounted for in a single pass: 

LADDER f i rs t  generates the resonance energies using random sampling 

f rom the Wigner level spacing distribution. A 'lowest ener'gy resonance for 

each s e r i e s  i s  established below the lower limit of the extended energy range 

(Section 11-G) by an amount equal to b) R, where R i s  a random number be- 
1, J 

tween 0 and 1. In this way, enough resonances a r e  generated beyond the energy 

range used for the table to give'good accuracy a t  the energy limits. Successively 

higher resonance energies a r e  obtained. by adding. level spacings found f rom ran- 

dom samplings of the Wigner.distribution, including one energy in excess 0.f the 
. ,: 

upper limit of the extended range. The formula i s  

- t 1.128379 (D) (log R) 1 I 2  :. 
E1~,  i t 1  - E1~,  i l, J 

. . 

Level width distributions a r e  taken to be x 2  distributions with thenunibCer 
2 of degrees of freedom, V ,  input. LADDER randomly samples X .  distributions 

with V  =1, 2 ,  3 .  Also v=oo(r. = constant) i s  accommodated. For  V  = l  and 3 ,  
1 

random samples a r e  found using rejection techniques. The formulas a r e  

v =  1: r. 
- =  R; 
(r. ) 

1 
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where 

where ( 2 0 ~ l ) " ~  ~ X ~ ( - ~ O R ~  + 0.5j ,> R~ . 

D, UNEK 

The UNEK subroutine i s  based on the UNICORN code.(() It calculates point 

c ross  sections for  Breit-Wigner resonances including multilevel scattering inter-  

ference. Fo r  resonanceswith I>  0, the single level Breit-Wigner formula i s  used 

and potential scattering i s  assumed to be negligible. 

Analytical resonance and cross  section integrals a r e  calculated for the f i rs t  

ladder. By comparing the printed average c ross  sections derived f rom 1 /E 

weighted integration (resonance integrals) with those f rom an unweighted inte- 

gration ( c ro s s  section integrals) the effect of the finite energy range can be seen. 

This i s  normally very small. The capture and fission c ross  section integr,als 

provide a check on integrated point c ross  sections. Scattering c ross  sections 

may not be an accurate comparison because the analytic formulas do not account 

for scattering interference. 

The analytic integrals a r e  given by: 

where 

AI-AEC- 13024 
17 



, . 
. . .  . . 

I 

V A '  
E ,and E a r e  the lower and upper limits of the energy range from which the table 

i s  formed 

where 

AI-AEC- 13024 

no weighting 

0. . . I 

.. . . 

1 

"Bm .' 

1 - .  . 

2"m 

. . . , '. 

. . . .  
a .. . l m  . . . . 

. .  . 

. . a2m ,. 
. :I . 

a 
3m 

1 
'. - E weighting 

2 
: -7 

m 
. . , 

2(B2 - am) m 
' 3 
4 a m S m  

2(PL - 301 m ) 
3 

4am 'm 



The average cross  sections a r e  

- A v 
u .  = I ~ / ( E  - E), no weighting 
1 

- A V 
u .  = I. / log(E/E),  1 / E  weighting. 
1 1  

The only energy dependencies which have been suppressed in the above formulas 

a r e  in r, 0 and when it occurs as  ri. The 1 / E  weighted formula is  taken 
P ' n 

with correction f rom Reference 7. 

An energy grid i s  formed by calculating energy points for each resonance 

based on a level-width relative grid (Section II-J),  and then sorting. The energy 

range limits a r e  included. If the number of energy points in the ladder exceeds 

4000 despite the precautions taken, a message i s  printed and that ladder i s  

ignored. At each energy point the cross  sections a r e  summed over up to MR/2 

resonances f rom lower energies, i f  available, plus up to MR resonances from 

higher energies, if available, but not over more  than MR total resonances. More 

resonances at higher energies a r e  allowed because scattering interference ef- 

fects remain significant further below resonances than above. 

The point c ross  section formulas a r e  

1 
i J m  , i = al l  processes except 

1 
Q = 0 coherent scattering 

m J  

2 
1.0 , s = ; ~ l n  g J f i 2 [ ( ~  ~ r n  t ( ~ r n  Y ~ r n  )' - 2 sin ( k ~ )  

J m m 

l (gy J-1 t ~ i n ( 2 k R ) ~ ( & ~ ~ _ Y ~ _ )  t sin 2 (kR) , 1 
where 

= statistical weight factor 
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= C r i J r n  = total level width 
J m  

i 

1 k =  - 
3 

= neutron wave number 

R = potential scattering radius, assumed to be 
independent of J. At E=O, 0 = 4n  It2. 

pot 

2 2.6038 x 10' (1 + 1.008665)2 
47rx = E (laboratory system 

ATW parameters)  

As usual, i s  given by r0 Y;, where p i s  the angulai momentum bar r i e r  n 
penetration factor (Section 11-1). The value of pl a t  the resonance energy i s  

used a t  al l  energies. 

Integrals for point c ross  sections a r e  found assuming that the log of the 

c ross  sections is  l inear in energy between neighboring points of the energy grid. 

The energy grid i s  generated based on the same energy dependence of the cross  

section (Section 11- J),  so this assumption i s  better than others for the integra- 

tion. The formulas in the fo rm which minimizes exponents in the computer are: 

where 

If E =E. and EL=Ei- l ,  u 1 

0. 

JEE 
i-1, dE= 1 - 9 - 1  

C:: log B 

The "other" c ross  section i s  added to the coherent scattering to fo rm a total 

scattering c ross  section before Doppler broadening. 
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E. DOPCRS 

Doppler-broadened point c r o s s  sec t ions .a re  calculated in DOPCRS by a 

numerical  solution of the one - dimensional, t ime-  dependent, heat equation, using 

the techniques of Dunford and ~ r a m b l e t t ! ~ )  Their  technique makes no approxi- 

mations nor assumptions a s  to the fo rm of the c r o s s  section line shape, and will 

broaden data a t  any tempera ture  to any higher temperature.  

. A fair ly  fine energy mesh  i s  needed. A minimum of about 17 points p e r  

resonance i s  used (Section.11-J). The technique leaves the c r o s s  sections at  

the boundaries of the energy range invariant; so, the energyrange  was extended 

(Section 11-G) for  this a s  well a s  other reasons (Section 11-C). A pa ramete r  

which specified the tempera ture  step s i ze  in the integration has been se t  to 

5:r:NT(".K) where NT i s  the tempera ture  o r d e r  number.  

DOPCRS i s  called inside a loop on temperature,  so  that the data a t  each 

tempera ture  a r e  obtained f r o m  the data a t  the preceding temperature.  Thus, 

the tempera tures  entered should be ordered  with increasing values. . . 

I?. PROTAB 

F o r  each tempera ture  a t  each input energy, PROTAB accumulates table 

en t r ies  over  sufficient ladders  to meet  the convergence cr i te r ion  for average 

c ros  s sections, or ,  optionally, for a,  fixed number of ladders .  

The f i r s t  t ime PROTAB i s  entered for every  energy, i t  establishes values 

of the total  cross.  section to be used a s  l imits  of table bands into which c r o s s  

sections a r e  assigned. Except for  the lowest magnitude band, these  a r e  a double 

geometr ic  ser ies .  The lowest magnitude band extends f r o m  0.0 to SIGPRB(1) = 

0.3 x L l  x Opot, where L1 i s  2 for  nonfissionable isotopes and 3 for  fissionable 

isotopes. 

where  
2 

NPROB = Table length 

SXXX = 0 . 2 : ~ ~ l : x ~  OZPJ + 0 
pot 



and O = Average c ross  section when rn = 2 (I? ) . 2 n 

This breakdown yields more  closely spaced probabilities for  the high. and low 

c ross  section magnitudes, which facilitates accurate calculations of self-shielded 

c ross  sections, c ross  section windows, and variances. 

The bands a r e  established for the f i r s t  (lowest) temperature. For  higher 

temperatures,  the average c ross  sections in each incremental energy range a r e  

placed in the same band a s  for the f i r s t  temperature. Thus, the probability in 

each band i s  forced to be the same for all  temperatures.  For  a given cumulative 

probability, this provides a convenient correlation between average cross  sec-  

tions at different temperatures.  Such correlations a r e  highly desirable when 

two o r  more  spatial regions having different temperatures contain the same 

isotope. 

The integrated c ross  sections between each two energy grid points a r e  cal- 

culated assuming the log of the c ross  section i s  l inear in energy a s  described in 

Section 11-E. The average total c ross  section i s  calculated, and the probability, 

i.e., the energy width, and the cross  section integrals for other processes 

placed in the same table band. Thus, the natural correlation of the total c ross  

section with other processes  i s  accounted for. Variance and covariance statis- 

t i c s  for  scattering, capture, and fission processes a r e  calculated f rom the point- 

wise c ross  sections and accumulated over the ladders. 

The average c ross  sections for the table formed f rom a single ladder a r e  

calculated and, optionally, the table i s  printed. The table entries f rom the 

individual ladders a r e  added to a table accumulated over entries of all  previous 

ladders and the average c ross  sections of the accumulated table calculated. The 

accumulated'table i s  printed after every 5 ladders. Starting with the tenth lad- 

der ,  the percentage standard deviations of the average c ross  sections of the 

individual ladders a r e  calculated assuming normally distributed means. Also, 

the variance and covariances of scattering, capture, and fission a r e  calculated 

for the ladder and printed along with values f rom the pointwise data. These a r e  

provided because they may be of interest  to persons wishing to investigate the 

limits of accuracy of the probability table representation. They may be d is re-  

garded by others. If LD<5, the accumulated table and final edits a r e  printed 

after LD ladders. 
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The convergence cr i te r ion  option operates  a s  follows: If the deviation of 

any average c r o s s  section exceeds the cr i ter ion input (SDC), another ladder i s  

called for. A maximum of 100 ladders  p e r  energy i s  set  in the code. The a s -  

sumption of normal  distributions represents  an approgmation,  of course,  p a r -  

t icular ly for sma l l  numbers  of ladders.  Since a finite probability exists for  a i  

unrepresentatively close bunching of the f i r s t  few ladder resu l t s ,  the number of 

ladders  and average c r o s s  sections should be checked to make s u r e  they a r e  

reasonable. If not, a different random number initialization can be . t r i ed  o r  the 

option to use  a fixed number of ladders  used. 

The final accumulated table i s  normalized to the analytic average c r o s s  

sections. Then it i s  optionally punched and/or  placed on an auxiliary s torage 

device. 

G. RNRG 

The input random number initialization parameter ,  STRN, i s  used to '  form 

the s tar t ing random number each t ime RNRG i s  entered. If STRN i s  zero,  a 

built-in number,  1123456789AB, i s  used for STRN. This reset t ing procedure 

cor re la tes  random numbers  for different energies.  The sequences for different 

tempera tures  a r e  implicitly correlated a s  the identical ladders  a r e  used. One 

hundred random numbers  a r e  generated initially but not used in o r d e r  to avoid 

any unusual effects that might be caused by the s tar t ing random number. . 

The ' l imits of the energy range f r o m  which the table will be forkned a r e  se t  

a s  the input energy plus o r  minus half the energy spread  ( s e e  Sections 11-B and 

11-D). Limits extended by the level spacing of the f i r s t  (1, J) se r i e s ,  normally 

the la rges t  of any se r i e s ,  a r e  also set. The expanded range i s  used in UNEK 

where it results.  in points being calculated outside the energy range used to f o r m  

the table so that end effects in the Doppler broadening numerical  integration will 

be unimportant ( s e e  Section 11-E). I t  i s  a lso used in  LADDER where i t  resu l t s  

in resonances being generated with energies  outside the range used to  f o r m  the 

table, in o rde r  to bet ter  calculate c r o s s  sections nea r  the l imits  'of the table 

energy range. 
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H. RAND 

The random number generator(6) i s  a symbolic machine language subroutine. 

It has a built-in starting number, the f i r s t  2 bytes of whicha're 'used a s  such. 

The input random number initialization parameter ,  STRN (6 bytes), completes 

the starting random number. The las t  digit of STRN should be odd. The s tar t -  

ing random number i s  located in the f i r s t  8 bytes of named COMMON bloc'k 

/RNDOM/ . The next 8 bytes a r e  the double precision random number gener- 

ated. RAND also uses the next 4 bytes of /RNDOM/ and the f i r s t  16 bytes of 

blank COMMON, but they a r e  not called elsewhere in the code. 

BP  calculates the nuclear angular momentum bar r i e r  penetration factor, p, 

forP>O neutrons. p i s  defined by 

where 

for  E .in electron volts and R in fermis.  k and R a r e  defined in Section 11-B. 
P P 

Clearly,. below sufficiently low energies (depending on P), 1> 1 contributidns 

to c ross  sections become negligible. It i s  highly advisable to delete all  such 

(1, J) se r i es  where appropriate to lower computations times. This i s  done auto- 

matically in U3R using a 1% contribution criterion ( see  Section 11-B). 

A grid in  x=2(E-E ) / r  i s  determined in which the difference between the 
0 

exact integral for an isolated single- 1 eve1 Breit- Wigner resonance and the inte- 

g ra l  which assumes that the log of the cross  section i s  l inear in energy i s  the 

same  prescribed value fo r  every two neighboring points. The mathemetical 

formulation i s  given in the Appendix of Reference 4. 
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The prescribed difference between integrals i s  determined f rom the param- 

e ter  PNTPR in the code. The width of the representation in x i s  se t  by the 

parameter  HLWL ( see  Section 11- B). 

K. LWSD 

The calculation of the number of s tates  which contribute significantly to the 

c ross  sections (Section 11-B)'is an analytical formulation in which a. number of 

equally probable samples f rom the level width statistical distributions a r e  used. 

LWSD selects the number of samples and the values of zxyi = r .I ( T ) to be 
x, 1 X 

employed. 

The level width distributions a r e  assumed to be distributions with the 

number of degrees of freedom input. If ux>4, the mean value only i s  used ( z = l ) .  
i 

Otherwise, the distributions a r e  divided by boundaries B into N equally likely 

intervals, and the average value of z in each i s  used to represent  that interval. 

N=10, 5, 4, and 3 for  v=l ,  2, 3, and 4, respectively. Fewer points a r e  needed 

for a given accuracy for distributions with the larger  number of degrees of 
' 

freedom because they a r e  more  peaked around the mean value. 

where 

r ( u )  = the gamma function. 

The values used in the code a r e  listed in  Table 1. 

L, BUILT-IN PARAMETERS 

Because U3R may use fairly substantial amounts of computing time, the 

accuracy of .the calculation has been limited by built-in parameters  in  the in- 

t e res t s  of economy. The chosen accuracy i s  believed to be sufficient for antic- 

ipated uses of the results.  For  the use r  who wishes to vary the ~ a r a m e t e r s  

for newly developed uses  o r  for greater  economy, they a r e  explained below. 



TABLE 1 

SAMPLE POINTS ei FOR X2 DISTRIBUTIONS OF  LEVEL WIDTHS 

PNTPR (Sections 11-B and 11-J) i s  the number of points in the representa-  

tion of a resonance out to x = *10,000. HLWL i s  the x limit actually used. The 

combination of P N T ' P R = ~ ~ ,  HLWL= 10 ( (D)  <1) gives 17 points in  the grid; 

PNTPR=27, HLWL= 100 ( (D )2 1) gives 23 points. Further  information should 

be obtained f rom the authors before these values a r e  changed. Other point 

spacing schemes could be tried. 

L1 (Sections 11-B and 11-F) i s  a parameter  used to distinguish different 

approximations for fissile and nonfissile isotopes. A f issi le  index i s  obtained 

by a nonzero number of degrees of freedom for fission in the f i r s t  (8, J) state. 

L1 i s  used in  the determination of the probability table band limits, the energy 

spread (sometimes),  and a s  a Do loop index limit. 

MR (Sections 11-B and 11-D) sets  the number of resonances in the, c ross  sec-  

tion sum,, subject to the limitation of the number of res*onances in the ladder. 

MR can be varied by changing the constant of proportionality in the formula in 

the main program. 

The penetration factor, * PF, ('Sections' 11- B, 11- D, and 11-1) for resonances . 
with8>0 could be made energy dependent in UNEK as  a s0phisticate.d refinement. 

When not using data f rom the ENDFIB3 file, a different formula for the nuclear 

radius, contained in PFC (Section 11-B) may well be better. ~ 
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The temperature step DELTA for ~ o ~ ~ l e r  broadening, described in Sec- 

tion E, may be varied. The accuracy of Doppler broadening i s  also a function 

of the. number of points describing the line shape and their spacings, which a r e  

described above. 

The choice of band limits for ' the probability table, described in Section 11-F, 

could be varied. These a r e  the a r r a y  SIGPRB. The formulas which obtain the 

average cross  section to which the final table i s  normalized a r e  believed to be 

accurate to within about 3% (sections 11-B and 11-K). 

The analytic formulas for the average cross  sections fo r  the f i rs t  ladder 

a r e  believed to be essentially exact for capture and fission in these applications. 
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Ill. INPUT FORMATS AND EXAMPLES 
' .  . .  ' 

A. FORMATS . . . 

The input quantities a r e  descr ibed in fo rmer  sections, par t icular ly Sec- 

tion 11-B. All input data must  be repeated for  multiple cases .  . Size limitations 

p e r  c a s e  a r e  given i n  Section 11-A. , , 

. . 
, .  . 

Card  
Z Y l E  Columns Variables Fo rma t  . :  Description 

1-12 NCASE I1 2 Number of cases  

13-24 ITAPUN I12 = '0 not used; =1, punch tab1.e; 

- 2, punch and e tnre  nn auxili'ary 
. . devi'ce ' 

1-72 AN 18A4 Alphanumeric t i t le 

1-12 ATW 

13-24 SPIN 

25-36 PSM 

37-48 SDC 

49-60 STRN 

1-12 NEB 

13-24 MSER 

25-36 NTMP 

37-48 NPRINT 

49-60 LD 

61-72 NPROB 

Atomic weight 

I 

Potential  sca t ter ing  c r o s s  section 

Convergence cr i te r ion ,  default 
=10.0 (not used if LD>O) 

Random number initialization 
pa rame te r ,  default = 1123456789AB 

Number of energies,  no l imi t  

Number of (P,J) s e r i e s ,  520 . 

Number of tempera tures ,  54 

= 0, shor t  print;  =1, long pr in t  

= 0, use  SDC; =N, . u s e  N, ladders  

Table length, r99  

1-12 ' TEMP (1 )  E12.8 Temperatures  ("'K), NTM.P - 
13-24 .TEMP (2)  E12.8 increas ing values 

25-36 T E M P  (3 )  E12.8 

37-48 TEMP (4 )  E12.8 

The format  of the f i r s t  12 columns i s  repeated in success ive  12 column 
, 

.fields for MSER total  fields. Multiple ca rds  a r e  used if needed. Order  
with increas ing P values. 

1 LSER 

2-8 QSER 

9 NU (4)  

10 NU (1)  

11 NU (2)  

12 NU (3)  

P 

J 

v for  o ther  

v for  coherent sca t ter ing  

v fo r  radiative capture 

v for  f ission 

MSER cards ,  one for  each (P,J) ser ies .  The ENDFIB3 format  i s  used. 

1-11 E E11.4 

12-22 DBAR E11.4 

23-33 GBAR (4 )  E11.4 

34-44 CBAR ( 1) E l  1.4 

45-55 CBAR (2 )  E11.4 

56-66 CBAR ( 3 )  E l  1.4 

Repeat Ca rd  Type 7 fo r  success ive  energies.  
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B. EXAMPLE * .  , , 

FORTRAN FIXED 10 DlGlT DECIMAL DATA. 

FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O .  PROGRAMMER 

. - 

AI-AEC- 13'02'4. 

2 9 



FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O .  PROGRAMMER - D A T E  P A Q E ~ O I )  JOB NO. 
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IV. OUTPUT 
. . 

. . 

A. OPTIONS 

If NPRINT = 0, the following printing i s  done: 

Most input data and internally se t  parameters .  

The number of resonances, analytic resonance integrals, c ross  

section integrals, and the average cross  sections derived from 

each, for the f i r s t  ladder a t  each. energy. 

The number of energy points in each ladder. 

Integrated pointwise cross  sections a t  0" K for the f i r s t  ladder 

a t  each energy. 

The total c ross  section break points in the table at each energy.. 

The avera.ge c ross  sections for each ladder a t  each temperature. 

The cumulative table for each temperature after every fifth ladder. 

The variances and covariances of point c ross  sections and cumu- 

lative table for the f i r s t  temperature after every fifth ladder. 

The standard deviations of the mean ladder c ross  sections for the 

fir s t  temperature after each ladder i s  accumulated starting with 

the tenth ladder. 

The cumulative table and normalized table for each temperature, 

and standard deviations, variances and covariances for the f i r s t  

temperature after the las t  ladder. 

If NPRINT = 1, the following extra printing i s  done: 

The normalized grid used to represent  a resonance. 

Analytic resonance integrals and c ross  section integrals by 

resonance for the f i r s t  ladder at each energy. 

Cross  sections a t  each energy point at  0°K and specified tem- 

peratures for each ladder. 

Tables at each temperature for each individual ladder. 
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NPRINT = 1 yields a ve ry  l a rge  amount of printing, and consequently i s  

normally used only for  detailed checkout. 

If ITAPUN = 1, the final tables a r e  punched in  the following format .  The 

number of ca rds  is equal to the table 1ength;NPROB. . . 

Column 

1-12 

13-24 

25-36 

37-48 

49 -72 

73-76 

77-80 

Variable Description 

APCUMC . Cumulative probability 

ASCUM (1)  Average scat ter ing c r o s s  section Kth row 

ASCUM ( 2 )  .Average capture c r o s s  section Kth row 

ASCUM (3)  Average fission c r o s s  section Kth row 

Blank 

I JKM Energy o rde r  number 

K Table row number 

If ITAPUN=2, the final tables a r e  placed on Unit 8; an auxiliary s torage 

device called out by computer control ca rds  (Section V). The table data a r e  in 

the following order:  

E, NPRDB, (APCUMC (K), (ASCUM (I,K), I=1,3), K = l ,  NPRDB). 

Each table is a separa te  data record.  

The output shown below is that of the input example, which uses  the shor t  

print.  ' The case  requi red  about 30 seconds of cent ra l  processing unit' t ime  for  

the "execute" s tep 'on the IBM 3601165. The cost for  execution was about $15. 

The l a s t  th ree  columns of -the tables,  headed TPAT, SPRDB, and ALPHA, 

a r e  ctk/vt, Esk/Ttk, and Pk/vtk, respectively, 'where k i s  the table row index. 
. . 

B. EXAMPLE 



T 4 - 1 8 1 .  ENERGY DEPENDENT PARAMETERS FROM ENDF/B ANALYSIS  J .OTTER, 5-7.2 

I NPIJT DATA 

ATOMIC WE1 GHT = 180 .950  
S P I N  OF TARGET NUCLEUS = 3.5 
POTENTIAL SCATTERING XSEC = 3 .300  
CONVERGENCE C R I T E R I O N  = 13.0 
NO. DF ENERGY BANDS - - 1 
NO. OF ( L g J )  SERIES INPUT = 6 
NO. OF TEMPERATURES - - 2 
P R I N T  OPTION ( l=LONG) - - C 
TABLE PUNCH* TAPE OPTION = 3 
F I X E D  NO OF LADDERS OPTION = O 
XS PR3BABIL  I T Y  TABLE LENGTH= 10 

CHI-SQUARED DEGREES OF FREEDOM 

NO L J NU0 NUN NUC NUF 
1 0 4.0 2 1 0 0 
'2 C) 3.0 1 1 0 0 
3  1 5.0 1 1 0 0 
4 1 4 . 0  1 2 0 0 
5 1 3.0 2  2 C; 0 
6 1 2 . G  1 1 0 0 



TA-181. F N E R G Y  D E P E N D E N T  P A R A M E T E R S  FROM ENOF/ B A N A L Y S I S  J .OTTER*  5- 72 

E N E R G Y  SAND VO.  1 

MEAN E N E R G Y  - - 350 .OO 
N U M B E R  ClF L A D D E R S  (MAXIMUM) - - 106 
FREQUENCY OF P R I N T I N G  ACCUMLJL 4T ED T A 3 L E  - - 5 

I JWRESOLVED RESCNA-NCE P A R A M E T E R S  

NO L  J D O T H E R  RED.  S C A T  C A P T l J R E  F I . S S I O N  ST. WT. 
1 0  4.0 7.41'2 G.0 1.15160-23 6.51500-02 3.2 0.5625 
2 0 3.0 8.373 0.0 1.3C130-G3 h.515CD-02 G.0 0.4375 
3 1 5.0 - 7.124 0.0 5.13'340-24 h .5150D-02 .C.O 0.6875 
4 1 4.0 7.410 0.0 5.33309-24 6.515CO-C2 C.0 0.5625 
5 1 3.C 8.373 O.@ h.fi329.D-C4 6.515OD-02 0.0 0.4375 
6 1 2.0 10.640 0. G 7.66650-04 6.51500-02 0 - 3  3.3125 

A N A L Y T I C A L  A V E R A G E  C R O S S .  S E C T I O N S  

L ' S C A T  C A P  F i S  
O 2.370210 0 1  2.16354D 0 1  0.0 
1 1.885220-G5 . 4.418590-02 fi.0 

T O ?  2.37@210 0 1  2.167960 0 1  0.0 

T H E  E'NERGY R A N G E  FROM W H I C H  T A B L E S  A R E  FORMED I S  270.00 TO 330.00 E V  

NO. O F  ( L 1 J )  S E R I F S  USE11 FOR T H I S  ENERGY = 2 
M A X I M U M  V U Y R E R  O F  R E S O N A N C E S  I N  XSEC SUM = 2 2 
NO. OF  P O I N T S  I N  R E S O N 4 N C E  D E S C R I P T I O N  G R I D  = 2 3 



T4-191. ENERGY DEPENDE%T PARAMETERS FROM ENDF/B ANALYSIS J.OTTER95-72 

LAODER NO. 1 . 

ANALYTICAL INTEGRALS AND AVERAGE CROSS SECT InNS 

1 I E  WEIGHTING NO UEIGHTING 
NO SCAT CAPTURE F I  SSl OV OTHER SCAT CAPTIJR E F I S S I O \  OTHER 

I TOT 4.5795D C O  4.28830 CO 0.0 '2.0 1.3768D 0 3  1 .27570 03 '2.9 0 -0  
AV XS 3.16170 01 2.13700 0 1  0.0 C .G 3.12440 0 1  2.12620 0 1  0.0 0.0 

NO. OF POINTS = 4 4 4  
NO. OF RESDNANCES = 2 5  

POINTWISE AVERAGE CROSS SECTIONS 4 1  0 DEG. K 

. . 
SCATTER ING CAPTURE . . . FI.SSION 

3.1'272650 0 1  2.1368940 @1 0.0 

TOTAL CROSS SECTIOV BREAK POINTS FOR THE PROBABILITY TABLE 

TEMP = 30C.60 DEG K 
. . , , 

A V  X S  - SCAT = 31.2726, CAP = 21.308569 F I S  = 0.0 9 ABS = 21.36856, TOT = 52.5811 



TEMP = 70G.00 DEG K 

A V  XS - SCAT = 31.22'789 CAP = 21.300889 F I S  = 0.0 9. ABS =. 21.30C88, 

. . LADDER NO. 2 

NO. OF POINTS = 396  

TEHP = 300.00 DEG K 

AV XS - SCAT = 23.1137, CAP = 22.07481, F I S  = 0.0 . 9 ABS = 22.07481, 

. TEMP = 700.00 DEG K 

AV XS - SCAT = 23.18589 CAP ' =  220132639 F I S  = . 0.0 9 ABS = 22.13263,  

NO. OF . . POINTS = 425  

TEMP' = 300.00 DEG K 

AV XS - SCAT = ' 13.9498, CAP = 14.77827;  'F IS = . 0.0 r .ABS = 1 4 ; 7 7 8 2 7 ,  

TEYP = 70G.00 DEG K 

AV XS - SCAT = 13.9377,  CAP = 14.672379 F I S  = 0.0 9 ' ABS = 14.67237, 

' LADDER NO. 4 . 
. . 

NO. OF P0:INTS ' . = ' 4 4 4  

. . 
, . '  ,TEMP = -  300.00 DEG K 

.. . 
. . . - 

AV x s  - SCAT = 1 7 . ~ 1 3 7 ~  ' CAP  = 2 0 . 2 9 3 5 6 ~  F I S  = .  0.0 ., ABS = 20.28356,  

TEMP = 700.00 DEG K 

AV XS - SCAT. = 17.2002, CAP = 2G.124461 F I S  = 0.0 AB.S' = 20.12446 , 
. . . . . .. .,. .. ._, . LADDER NO.. 5 . . 

TOT = 52.5287 

TOT = -  45.188 . 4 
TOT = 45.3184 

TOT = 28.7281 

TOT = 28.6101 

 TO^' = 37.4973 

TOT = 37.3247 

NO. OF POINTS = 483 



T E Y P  = 303.00 DEG K 

AV X S  .- SCAT = 17.8903, C A P  = 21.150499 F I  S  = 0.12 9 ADS = 21.150499 TOT = 39.G408 

AVERAGE V 4 L U E S 9  

SCAT C A P  
/+.I51 0.7270 . 
4.857 3.5494 
6.182 0.5159 
8.1+7 0.9299 

10.283 2.8152 
13 165 9.7832 
18.996 28.7348 
39.322 73.1261 

115.132 157.3242 
349.164 266.2 1CC. 

5 LADDERS 

F I S  
0. r! 
0.0 
0. G 
0 .o 
0.0 . , 

0.0 
0.c 
0.0 
0 .o 
0.0 

AHS 
0.727 
3.649 
G.516 . 
0.930 
2.815 
9. 783 

28.735 
73.126 

157.324 
266.210 

TOT T OAT 
4.878 G. 12012 
5.507 0.13561 
6.698 3.16494 
9.077 0 ? 2 2 3 5 4  

12 -898  9 -31763 
22.948 C.56513 
47.731 1.17543 

112.448 2.76917 
272.456 6.70956 
515.374 15 -15433  

S P R O B  
0.85095 
0.88207 
0.92298 
0.89756 
0.78173 
0.57369 
0. 39798 
0.34969 
0.42257 
0 0.56 740  

A V  X S  - S C A T  = 22.58839 CAP = 19.91914, F I S  = 0.C A B S  = 19.919149 TOT = 40.6672 

V A R I A N C E S  AND C O V A R I A N C E S  . . 
SCAT CAP 

SCAT P O I N T  1.982451) 03 
SCAT T 4 B L E  1.674G6D 03 
CAP .. P O I N T  1.73588D 03 2.144510 0 3  . ' 

CAP T A B L E  1.70428D 0 3  2.00968D C3 ' 

. . 
. . 

T E q P  = .~OC.GO'  DEG K 

A V  X S  - SCAT = 17.91989 CAP = 21.112669 F I S  = 0.0 9 A B S  = 21.112669 TOT = 39.0324 

AVERAGE VALUES, 

S  CAT C A P  
4.165 C.7973. 
4.997 0.9057 
he251 .0.7662 
8.391: 1.6569 

10.988 .5.0.752 
16.288 14. i.1'38 

5 LADDERS 

F I S  ... A B S  
0.0 0 - 7 9 7  
0.0 , 0 . 9 0 6 .  
0.6 0.766 
0.0 1.657 
0 .0 5.075. 
0.0- 14.114 

TOT TOA T  SPSOB A L P H A  
4.962 0.12234 0.93933 0.9 
5.963 C1.14552 0.84657 0.0 
7.017 Q.173CC O.R90R2 0.0 

10.C48 0.24772 0.83510 0.0 
16.063 0.39600 0.68404 0.0 
30.402 0.74950 0.53576 0.0 



7 0..087372 0.87518 25.786 38.6154 0.0 38.615 64.402 1.58770 0.40040 0.0 
8 0.063385 '0.93856 .46.448 -73.6035 9.0 73.603 120.051 2 i 9 5 9 6 4  0.38690 0.0 
9 ' 0.051403 0.98996 99.14C 12,7.9001 0 .O 127.930 227.040 5.59723 . 0.43666 0.0 

1 0  0.010036 1.D030G 266.337 200.3377 . 00.0 200.338 466.674 1 l C 5 0 , 4 9 7  0..57071 0.0 
. . .. . , 

2 .  

A V ' X S  - SCAT = 20.6942, C A P  = 19.86860,., F I S  = .  0.0 9 , A B S  = 19.86860, , TOT = 40.562.8 , 

, a 

LADDER NO. 6 .  

. . . . NO. O F  P O I N T S  = 46.4 

TEMP = 300.d0 DEG K 

AV . X S  - SCAT . =  1 9  m5963 . CAP ..= . ,1.6 i53085, F I S : =  Q-rO 9 . ' .  A B S  T .1.:6.*53085, T0.T ;.=. . .36,.;12.68 
. . 

TEMP = 700.00 '  DEG K 

AV X S  - SCAT = 1 9 . 6 4 9 7 ~  C A P . =  16.55339, F I S  = 0.0 r A B S  = 16.55339,  TOT = 36.20.31 

. . . LADDER NO. 7 

NO. OF P O I N T S  = 467 

T EMP .= 300..00 DEG K 

& V  X S  - SCAT = 9.3.177. CAP = 5.93115, - F I S  = 0.0 , ABS = '5 .93115, TOT = 15.2488 

TEMP = 700.0b DEG K . . 

AV X S  - . S C A T  = 9.3193, C A P =  5.89819, F I S  = 0.0 ., ABS  = 5.89819, T O T " =  1502175  

NO. OF P O I N T S  = 5 0 7 .  - . .  

TEMP = 300.00 DEG K . . 

AV XS  - SCAT = 41.8597, CAP =. 32.06584. F I S  = 0.0 . 9. A B S  = 32.06584. ' T O T  = 73.9256 

TEMP = 700.00 DEG K . 

AV X S  - S C A T '  = 41..7598. . CAP = 32.17341 r F I  S.. = 0.0 9 ABS = 32.1.7341 1' , T O T  = 730933'3 . . 
. - 



LADDER' NO. 9 

NO. OF P O I N T S  = 457  

TEMP = 300.00 DEG K 

4 V  X S  - SCAT = 49.65069 C A P  = 25.271009 F I S  = 0.0 9 ABS = 25.271001 TOT = 

TEMP = 700.00 DEG K 

A V  XS - SCAT = 49.5536, CAP = 25.17538,  F I S  = 0.0 9 ABS = 25.17538, TOT = 

LADDER NO. 1 0  

NO. OF P O I N T S  = 419  

TEMP = 303 . G O  DEG K 

AV XS  - SCAT = 20.3869, CAP = 21.562941 F I S  = .  0.6 . ,  ABS = 21.562941 TOT = 

PERCENTAGE STANDARD DEVIATIONS OF MEAN CROSS SECTIONS 
SCATTER I NG CAPTURE F I S S I O N  

. 16.497 10.755 0 .O 

A V - X S  - SCAT = 

AVERAGE VALUES, 1 0  LADDERS 

SCAT 
4.151 
4.736 
60 075 
8.084 

10.217 
13.774 
19.805 
38.912 

125.858 
442 799 

CAP 
0.7270 
0.7796 
0.6394 
0 .8569  
2.8115 
9.4196 

27.6447 
70.4511 

148.5674 
257.502-1 

24.4245, CAP = 20.C9574, F I S  
. . . . 

. V A R I A N C E S  AND COVA.RIANCES 

ABS 
0.727 
0.780 
0.639 
0.857 
2.812 
9.420 

27.645 
70.45 1 

148.567 
257.592 

r A B S  

TOT 
4.878 
5.515 
6.714 
8.941 

13.028 
23.194 
47.450 

109.363 
274.425 
700  -30 1 

TOA T 
0.10957 
0 .  '12388 
0.15082 
0.20C83 
0.29264 
0 -52097 
1.06581 
2.45647 
6.16406 

15.72996 

= 20.09574. TOT = 

' SPROB 
0.85095 
0.85 8 6 4  
0..90477 
0.90416 
0.78420 
0 -59387  
0.41 7 4 0  
0.35580 
0.45862 
0.63230 

ALPHA 
0 00 
0.0. 
0.0 

-0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 



SCAT . CAP . 
SCAT POINT 4.249010 0 3  
SCAT TABLE -3.51173D 03  . 
CAP POINT 2..43159D 03 2.210030 03 
CAP TABLE 2.456420 03 2.075450 03 

, . .  
TEMP = 700.00 DEG K 

. . 

A V  XS - SCAT = 20.35279 CAP t '21.514519 FIS = 0..0 9 A85 = 21.514519 TOT = 

AV XS - SCAT = 

PC UM 
0.00398 
0.. 01287 
0.09647 
0.45003 
0..67420 
0.78211 
0.87006 
0.93959 
0.98368 
1. ooooo 

SCAT CAP F IS  A BS ..TOT . TO AT 
4.165 0.7973 O..O ' 0.797 .4.962 O i l 1 1 5 7  
4.829 0.9610.  0.0 0.961. 5.790 0.13018 
6.148 0.8990 0.0 0.899 . 7.047 0.15845 
8.307 1.5182 0.0 1.518 9.825 0.22091 

11.026 4.9746 0.0 4.975 16.000 0 -35975. 
16.980 13.7798 . 0.0 . 13.780 30.760 0.69159 
26.838 36.1935 . 0.0 . . 36.193 ' 63.031 1.41718 
46 -506 69'.0068 C. 0 69.007 115.513 2.59717 

119.366 126.9864 ., 0 .O 126.986 246.353 5.53895 
351 -669 199.7412 0 .O 199.741 551.410 .12. 39782 
. . 
CAP = 20.@65789 F I S  = 0.0 ' 9 ABS = 20.365789 TOT = ' ,  

LADDER NO. 11 

NO. OF POINTS = ,436 

TEMP = 300.00 DEG K 

AV XS - SCAT = 19.71029 CAP = 15.127941 FIS =, 0.0 . 9 ABS = 15.127949 TOT = 

PERCENTAGE STANDARD DEVIATIONS O F  MEAN CROSS SECTIONS 
SCATTER ING CAPTURE FISSION 

15 -294 10.214 0.0 

TEMP = 700.00 DEG K 

AV XS - SCAT = 19.7226, CAP = 15.09014, F I S  = 0.0' t 'ABS = 15.090141 TOT = 
.\ . . . 

. . 

SPROB 
0.83933 
0.83403 
0 -87243 
0.84548 
0 .689 1 0 .  
0.55202 
0 -42578 
0.40260 
0.48453 
0.63776 

ALPHA 
0 00 
0.0 
0.0 
0.0 
0.0 
0.0 
'0.0 
0 . 0 
0.0 . 
0.0 



LADDER NO. 12 
. . 

. . 
NO. O F  P.OINTS = 4 1 4  

1 TEMP = 300.00 DEG K . . 
. . 

A V  X S  - SCAT = 11 . ' 0594 ,  C A P  = R.CO949t . F I S ' =  0 .0  9 ABS = 8.009489.  TOT = 19 .0688  

PERCENTAGE ST ANOARD DEV I A T  I O N S  3 F  MEAN CROSS S E C T I O N S  
S C A T T E R I N G  CAPTURE F I S S I O N  

15 .356  11 .097  0 .0  

I TEMP = 700 .00  DEG K 

AV XS - SCAT = .  1 1 . 0 5 8 7 ,  CPP = 7 . 9 8 3 9 1 ,  F I S . =  0 . 0  . 9 'ABS = 7 . 9 8 3 9 1 , .  TOT = 1 9 . 0 4 2 6  

LADDER NO. 1 3  

NO. O F  P O I N T S  = 40 1  

t.1 . G 

TEMP = 300.00 DEG K 5 fl I 
I 

I c-' A V  X S  - S C A T  = 19.95329 CAP = 19.94635.  F I S  = 0 .0  , A B S  = 1 9 . 9 4 6 3 5 ,  TOT = 39 .8995  
W 
0 
N PERCENTAGE STPNDARD DEVIAT.IONS OF MEAN C R O S S  SECTIONS 

. . . .  

SCATTER I N G  CAPTURE F I S S I O N  
14 .303  . 10 .168  0  90 

. . 
. . TEMP = 700.00' DEG K . . . . 

A V  X S  - SCAT = 1 9 . 9 4 6 4 ,  CAP = 19 .88958 ,  F I S  = 0.0  9 A B S  = 19.889589 TOT = 3 9 . 8 3 6 0  

LADDER .NO. 1 4  

NO. OF  P O I N T S  = 483 

TEMP = 300.00 DEG K 

A V  x s  - SCAT =' 13 .7973 ,  C 4 P  = 14 .551171  F I  S = 0 . 0  9 A B S  = 14 . .55117 ,  TOT = 2 8 . 3 4 8 5  

PERCENTAGE .STANDARD D E V I A T  I O N S  DF MEAN CROSS SECT I O N S  
SCATTERING . CAPTURE F I S S I O N  

13 e.924 . 9 . 7 0 6  0.0 



TEMP = 700.00 DEG K 

Av XS - .SCAT = 1'3.8333, CAP = 14.4i482, F'IS = ' 0.0 ,' ABS = 14.47482, TOT = 28.2751 

LADDER NO. 15 

NO. OF POINTS =. 410 

TEMP = 300.00 DEG K . . 
7 

A V  X S  - SCAT = 25.3563, CAP = 23.35739, FI'S = 0.0 ABS = 23.35739, T'OT = 48.7137 

PERCENTAGE STANDARD DEVIATIONS OF MEAN CROSS SECTIONS 
SCATTERING CAPTURE FISSION 

12.873 ' 9.047 0.0 

PCUM 
0.00266 
0.01126 
0.38624 
0.473 1 1 
0.693 19  
0.79516 
0.87927 
0.94471 
0.98623 
1.33330 

. . 
AVERAGE VALUES , 

. .  * 

SCAT CAP 
4.151' ' 0.7'270 
4. 700 0.7968 
6.071 0.675\8. 
8.077. 0.8320 

10 e l68  2.7474 . '  
13.516 9.7005 , 

19.166 28.2253 ' 

38.419 71,1824 
123.178 150.8736 
423 -359 256,0045 

F I S  
0 .o. 
0.0 
0 00 
0.0 
0.0 
o*os  
0.0'. 
0.0 
0.0 
0.0 

ALP HA 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0. . 
0 00 
0.0 

A V  XS - SCAT = 22.27489 CAP = 18.79665. F I S  . =  0.0 r ABS = .l8.'79665, TOT ' =  41.0714 

VARIANCES AND CDVARIANCES' 
SC AT CAP 

'SCAT POINT 3.344700 03  ' 
SCAT TABLE 2.763910'03 
CAP POINT 2.054850 03 2.01722D 03 
CAP TABLE 2.08163D 03 . 1 e90441D 03 

TEMP = 700.00 DEG K 



4 V  X S  - SCAT = 25.3254, C A P  = 23.29371, F T S  = G.C ABS = 23.29271, TOT = 489.6161 

AVERAGE VALUES, 1 5  LADDERS 

PCUM 
0.00266 
3.31126 
0.08624 
C.47311 
0.69319 
0.79516 
G .87927 
0.94471 
0.98623 
1 .CiGOOO 

SCAT C A P  
4.165 9.7973 
4 .810 G.9747 
he 1 4 4  0 .9679 
8.303 1.4931 

13 -87?  4.7277 
16.644 14.3039 
25.766 36.115@ 
45 -388 69.4682 

114.416 127.7850 
331.187 L96.7969 

' TOT 
4.962 
50 785 
7.112 
9.797 

15.6C'l 
30.948 
61.891 

114. 857 
242.201 
527.984 

TGA T 
G -12597 
0.14101 
0.17337 
0.23881 
3.38030 
3.75440 
1.50843 
2.79990 
5 96402 

12.87039 

SPROB 
0.83933 
0.83149 
0 .86391 
0.84759 
0.69696 
0 .53781 
0.41638 
0.3951 8 
0.47240 
0 e62727 

A L P H A  
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .O 

4 V  X S  - SCAT = 22.2640, C A P  = 18.75914,  F I S  = 3.0 A B S  = 18.75914, TOT = 41.0231 

L A D D E R  NO. 16  

NO. OF P O I N T S  =. 421 

TEMP = 30C.00 DEG K 

AV X S  - SCAT = 12oG267r CAP = 16.13184, F I S  = 0.0 , A R S  = 16.13154,  TOT = 28.5585 

PERCENTAGE STANDARD D E V I A T I O N S  OF 'MEAN CROSS S E C T I O N S  . . S C A T T E R I N G  CAPTURE . , F I S S I O N  
12.705 8.585 . .C .? . . 

TEMP = 700.00 ~ E G  K .  . . . . 

AV X S  - SCAT = 12.4372,  . CAP = 16.14079, F I S  = 0.0 . , A B S  = 16.14079,  TOT. = 28.5779 , 

LADDER NO. 17 

NO. O F  P O I N T S  = 377 

I . . . . 
T E M P ' =  306.00 DEG K 

4 V  X S  - S C A T  = 24.0644. C A P  = 23.184201 F I S  = 0.0 r ABS = 23.18420r TOT = 47.2486 



PERCENTAG'E STANDARD DEVIATIONS OF MEAN CROSS SECTIONS 
SCATTER I N G  CAPTURE F I S S I O N  
11.875' 8 90 75 d.0 

AV XS - SCAT = '26.3918'9 CAP = 23.068359 F I S  '0.0 9 ABS = 23.065359 TOT = 47.1601 

LADDER NO. 18. 

'NO. 'OF P O I N T S  = 396 

TEMP = '300:OO D'EG K 

AV XS  - SCAT = 32.43899 C A P  = 20.517129 F I S  = 0.0 r ABS = 20.51712, 

PERCENTAGE STANDARD DEV'IA'TIONS OF MEAN C R O S S .  SECTIONS 
S C A T T E R I N G  CAPTURE F I S S I O N  
11.215 7.592 0.0 

TEMP = 700.00 DEG K 

A V  X S  -. SCAT = 32.41759 C A P  = 20.444359 F I S  = 0.0 9 ABS =.-20.444359 

LADDER ~0.'19 

NO. O F  POINTS = 39i 

T.EMP = 300.00 DEG' K 

.' A V  X S  - SCAT = 16.5561 r CAP = 14.541419 F I S  = 0.0 9 ABS = 14.541419 
. . . . 

PERCENTAGE STANDARD DEVIATIONS OF MEAN CROSS SECT1  ONS 
S C A T T E R I N G  CAPTURE F I S S I O N  
10.846 ' 7.. 377 0 00 

T'EMP = 700.00 D.EG K 

' A V  X S  1. SCAT = '16..57697 CAP = 14.53'726r F I S  = 0.0 r ABS = 14.537269 

TOT = 52.9561 

. . 

TOT = 52.8618 

T O T  = 31.0975 , 

. . 

LADDER NO. 20 ' . -  

. , . . , . . . 
NO. OF P O I N T S  = 371 * . . - .  



TEMP = 300.00 D E G  K 

A V  X S  - SCAT = 17.78329 C4'P = 16.943789 F I S  = 0.0 t ABS 

P E R C E N T A G E  STANDARD D E V I P T ' I O N S  O F  MEAN C R O S S  SECTIONS 
S C 4 T T E R I N G  CAPTURE . F I S S  I O N  

10.437 , 7.049 p.5 . 

' AVERAGE V A L U E S *  20 L A D D E R S  

SCAT 
' 4.101 

4.708 
6.C39 
8.C75 

lo .  19a 
13.619 
19.253 
39 a025 

121.857 
421.113. 

C A P  
0.7899 
G.7830 
6.6815 

. 6.7923 
2.7082 
9 -5464 

28.4109 
71.9160 

152.4694 
254.4905 

. . 
AV X S  - S C A T  = 21.8695, C 4 p  = 18.66341, ' F I  S = 0.0 9 ARS 

TOT T O A T  
4.891 0.12067 
5'.491 0.13546 
6. 721 0.16582 
8.868 0.21878 

12.936 0 -31841 
23.166 0.57153 
47 -664 1.17592 

109.941 2.71239 
274.327 6.76800 
675.601 16.66795 

= 18.663419 TOT = 

[u 
P VARI ANCES AND COVARI ANC ES 

S C A T  C A P  
SCAT P O I N T .  3.234500 03  
SCAT T A B L E  2.623320 03 
C A P  P O I N T  1.969200 03 2 .00209~  0 3 '  

. . 
C A P  T A B L E  1.995820 03 -1.874280 G3 ' 

TEMP =. 700.00 DEG K 

AV XS- - S C A T  = 17.78299 C A P  = 16.9~798,  F I S  = 0.C 9 A 8 S  = -16.90798~ TOT = 

AVERAGE VALUES,  20 LADDERS 

K P PCUM S C A T  C A P  F 1 S  ABS TOT TOAT 
1 3.333161 3000316 4.112 C.9797 0.0 0.980 5.092 0.12577 
2 0.007630 OaC1079 4.802 0.9426 0.0 '1.343 5.745 0.14188 

SPROB 
o. a3e49 
0.85738 
0 -89860 
0. 91965 
0.790 16. 
0.58791 
C.40393- 
0.34587 
0.44421 
Go62331 

A L P H A  
0.0. 
0 .o 
O.G 
0.0 
0 .C 
0.0 

'0.0 
3.0 
0.0 
0.0 

SPROB ALPHA 
0.8G760 0.0 
0.83592 3.0 



AV XS - SCAT = 

0.08895 6.113 0.9895 
0.'47770 8.285 1.3883 
0 .69659 10.937 4.7700 
0. 7949.0 16.651 14.2495 
0.87999 25.865 36.5350 
0.94539 , 44.471 ':,. '6.9.971.1 ' 

0 -9871 1 112.144 128.1936 
1.00300 333 232 195 -4087 
. . 

: . ' . , . .  
21086339 CAP = 18.624299 F I S  0 9 ABS = 

LADDER NO. 21 

NO. OF P O I N T S  = 376 

, . .TEMP = 300.00 DEG K 

18 a.62429 9 TOT = 

AV XS  - SCAT.  = .'12.7108* . C A P . =  16.1G41h9 F I S  = 0.0 9 A B S . =  16.104169 TOT = 

PERCENTAGE STANDARD D E V I A T I O N S  OF MEAN CROSS SECT1  ONS 
S C A T T E R I N G  CAPTURE F I S S I O N  

10.332 6.781 0 .D 

TEHP. = 700.00 DEG K ' 

AV X S  - SCAT = 12.72089 CAP = 16.077081 F I S  = 0.0 A B S  = 1-6.C7708'* TOT ..= 

LADDER NO; 22' 

NO. OF P O I N T S  = .533 

TEMP =. 300.00 DEG K 

.AV XS  - SCAT.  = 27.16269 CAP = 24.10389, F I S  = 0.0 ' 9 A B S  = 24.103~9~ TOT = 

PERCENTAGE STANDARD D E V I A T I O N S  O F  MEAN CROSS SECT IONS 
SCATTER I N G  CAPTURE F I S S I O N  

9 -306 6.519 . 0.0 

. ,. 

AVERAGE VALUES, 22 LADDERS 

K P PCUM SCAT CAP 'F I S AB S TOT TOAT SPROB 

0.0 
13 . 0 
0 .o 
0.0 
0.0 
I). 0 
0 .o 
0.0 

ALPHA 



AV X S  - SCAT = 2 1 . 6 9 3 8 ,  C A P  = 1 8 . 7 9 4 3 7 ,  F I S  

V A R I A N C E S  AND C O V A R I A N C E S  
SCAT CAP 

SCAT P O I N T  3.253920 0 3  
S C A T  T A B L E  2 . 5 2 5 9 4 0  0 3  
CAP P O I N T  1 .976470  03 2 .008490  0 3  
CAP T A B L E  1.991480 0 3  1 .872470 0 3  

= 18 .79437 ,  TOT = 



TA-181. ENERGY DEPENDENT PARAMETERS FROM ENDF/B ANALYSIS J.OTTER, 5-72.  

TPBLE NORMALIZED TO ANALYTIC AVERAGE CROSS 

PCUM 
0.002 87 
0..00996. 
0.00579 
0.471 77 
0.69312 
0.6'91 1 7  
0.87876 
0.94721 
0.98715 
1.00000 

IS C A T  CAP 
LI. 481 0.9112 
5.123 .O. 9273 
6.538 0.8222 
5.834 0.9026 

11.119 3.1813 
14.855 11.2145 
20.746 33.0576 
40 e.291 83.4378 

132.538 1.75.805.4 
463 757 297 -7950 - 

SECTIONS 

TOT TOAT 
5..482 0.12080 
6.157 0.13567 
7.506 0.16539 
9.940 0 a21903 

14.498 0.31948 
26.136 0.57592 
53 a405 1 a17680 

122.41 1 2.69735 
306.798 6.76038 
765.130 16.85986 

SPROB 
0.82733 
0 -8321 1 
0.87101 
0.88875 
0.76693 
0.56835 
0 e38847 
0.3291 5 
0 e43200 
0.60612 

TEMP = 70'0.00 DEG K 

AV XS - SCAT = 27.3685, CAP = 23.99044, F I S  = 0.0 9 ABS = 23.99044, TOT = 51.0589 

ALPHA 
0.0 
0 00 
0.0 
0.0 
0 00 
0.0 
0.0 
0.0 
0 .o 
0.0 

AVERAGE VALUES 1' 22 LADDERS 

AV XS - SCAT = 

SCAT 
4.112 
4.784 
6.062 
8.290 

10.920 
16.592 
25 .'I 62 
42.563 

112.189 
337.416 

CAP 
0.9797 
0 -9758 
1.0302 
1.3712 
6.9497 

14.4830 
36.3697 
69.2541 

128.4137 
199.5578 

FIS 
0.0 
q.0 
0.0 
0.0 
0.0 
0.. 0 
0 .o 
0.0 
0.0 
0.0 

CAP =. 18 -75242 1 FIS = 0.0 
. *. 

r ABS = 18.752421 TOT = 

SPROB 
0 .a0760 . 
0. 83058 
0.85474 
0.85807 
0.68811 
0.53394 
0.40892 
0.38065 
0.46628 
0.62837 

ALPHA 
0 .o 
0.0 
0.0 
.o. 0 
0.0 
0,o 
0.0' 
0 .o 
0.0 
a .o 



TA-181. ENERGY D E P E N D E V T  PARAMETERS FROM E N D F / B  A ~ ~ A L Y S I  s J.  OTTER,^-72 

T A B L E  NORMAL I Z E O  TO A N A L Y T I C  AVER4GE CROSS SECTIONS 

PCUM 
0.00287 
0.00996 
0.08579 

-0 .47177 
0.69312 
0.79117 
0.87876 
0.9472 1 
0.98715 
1.00000 

SCAT 
4.495 
5 229 
6.626 
9.061 

11 -936 
18.136 
27.503 
46.524 

122.628 
368.814 

CAP 
1.1327 
1.1282 
1.1910 
1.5852 
5 -7223 

16. '74.38 
42 - 3 4 6 9  
R0.0644 

148.4587 
230.7082 

ABS 
1.133 
1.128 
1.191 
1 .585 
5.722 

16.744 
42.C47 
8 0  a364 

148.459 
230.708 

TOT TOA T 
5.715 3.12593 
6.464 0 .14244 
7.950 0 ;  17539 

1'0.843 0.23892 , 

17.810 0 .39246 
3 4 i 8 7 6  0 -76849 
69.056 1.52167, 

i z 5 . 4 9 i  2.76524 
270.026 5.95009 
602.640 13.27934 

SPROB 
0 a78656 
0 .80394 
0.83248 
0 -83572 
0 .67018 
0 .52003 
0.39827 
0. 3707'3 
0 .45414 
G..61200 

ALPHA 
0.0- 
0.0 .' 

0.0 
0 .o 
0.0 
0.0 
0.1) 
0.0 
0.0 - 

3 e0 



V. COMPUTER CONTROL 

The computer control ca rds  needed for  u s e  with the IBM 3601165 at  the NR 

Space Division a r e  shown below in  the deck setup s t ructure.  

1. A /*SETUP ca rd  i s  needed for the auxiliary s torage d';?vice if 

ITAPUN=2. Check with the computing .department to obtain the 

cu r ren t  format. 

2. / /URRR EXEC AFSLINK 

/ / L .  SYSIN DD 

3. Compiled (object)  Deck 

5. Control ca rds  for  each file placed on the auxiliary device, if 

ITAPUN=2. .Check with the computing department to obtain the 

cu r ren t  format.  

6. / /G.  SYSIN DD 

7. Input data deck 

U3R requi res  about 452.bytes of main storage, plus whatever i s  needed for  

an auxiliary s torage device buffer, if used. sek Section.IV for  an example of 

running t ime and cost. 

AI-AEC- 13024 
50 



VI. TEST RESULTS 

To establish the validity 0.f the method, a t e s t  program was se t  up using the 
/'' 
; Y AIRABL code. AIRABLis a modified version of  RABBLE'^) which can obtain 

I 

I effective c ross  sections using probability tables a s  well a s  point data. Since a 

1; 2 given probability table i s  based on severa l  ladders generated in the prescribed 

energy range, the accuracy of the method can be tested by comparing the mean 
) effective c ross  sections obtained for a given problem using point data se ts  f rom 

I 
each of several  ladders with those obtained f rom severa l  t r ia ls  using a proba- 

bility 'table based on these same point data sets.  

Three physical configurations were investigated: 

1) A 4.51-cm.-diam tantalum rod in carbon at 300 ev to evaluate 

mean effective tantalum c ross  sections. 

2) A homogeneous FBR core composition at 5500 ev to evaluate 

mean effective u 238 c ross  sections. 

3) A homogeneous FBR core composition at 825 ev to evaluate 

mean effective ~u~~~ c ross  sections. 

In each case, the U3R code was used to generate probability tables based on 

30 ladders of resonances in narrow energy ranges surrounding the tes t  energy. 

Results were obtained for each of the point data sets  corresponding to 'individual 

ladders. The mean of these resul ts  were then corripared with the mean of r e -  

sults using the probability table based on these same point data sets.  The means 

of the resul ts  based on the probability table'method were obtained f rom thirty 

t r ia ls  each .so a s  to. furnish a fair statistical comparison with the ladder results.  

NUMERICAL RESULTS 

Effective capture and scattering c ross  sections for  three isotopes in prob- 

lems emphasizing different portions of their unresolved energy ranges a r e  shown 
J in Table 2. . The means based on the probability table method were in statistical 

agreement with their corresponding means f rom the point data se t  calculations. 

The e r r o r s  shown in Table 2 represent  one standard deviation. While most of 

the calculations were performed using a table size of 45, no appreciable loss in 

quality was observed using a table s ize of 10. 



TABLE 2 

AIRABL EFFECTIVE CROSS SECTIONS COMPUTED WITH PROBABILITY TABLES 
AND POINT DATA FROM LADDERS 

Pointwis e Probabili ty P r o c e s s  Isotope 1 Table Difference Size I Tempera ture  
( "  K) 

Energy 
( ev) 

300 
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