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ABSTRACT 

The Fortran IV code PAPIN has been developed to calculate cross 

section probabil i ty tables, Bondarenko self -shielding factors and average 

sel f - indicat ion rat ios for non-f issi le isotopes, below the inelast ic 

threshold, on the basis of the ENDF/B prescriptions for the unresolved 

resonance region. Monte-Carlo methods are u t i l i zed to generate ladders 

of resonance parameters in the unresolved resonance region, from average 

resonance parameters and their appropriate distr ibut ion functions. 

The neutron cross-sections are calculated by the single level 

Breit-Wigner (SLBW) formalism, with s, p and d-wave contributions. The 

cross section probabil i ty tables are constructed by sampling the Doppler-

broadened cross sections. 

The various self-shielded factors are computed numerically as 

Lebesgue integrals over the cross section probabil i ty tables. 

The program PAPIN has been validated through extensive comparisons 

with several deterministic codes. 
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I . INTRODUCTION 

PAPIN has been developed as a f l ex ib le program to construct cross 

section probabil i ty tables for the calculation of Bondarenko and 

transmission self -shielding factors for f e r t i l e isotopes, in the unre-

solved resonance region. This report is intended to describe the main 

features of the program as well as to serve as a user's manual. 

features are i l lus t ra ted in the block diagram in Fig. 1. The main program 

reads the input data and generates resonance ladders, over specified 

neutron energy regions, by Monte-Carlo methods. This step provides the 

input for the calculation of the various neutron cross sections, by the 

subroutines, BREDO, SHIF and VIL. The output cross sections are then 

Doppler-broadened by the subroutines, SVS, W and QUICKW. On the basis 

of this information the main program constructs the probabil ity tables, 

which are u t i l i zed by the subroutines BREKO and SHELF to compute Bondarenko 

factors and transmission self-shielded factors respectively as Lebesgue 

integrals over the probability t a b l e s . 1 ' 2 ' 3 

Here we describe some of the main operations in PAPIN with de ta i l . 

The upper and lower l imits E^ and E.., respectively, of the energy 

region where the cross section sampling is to be performed, are selected 

by the expressions, 

I I . DESCRIPTION OF THE PROGRAM 

In this section we give a br ie f outline of the program, whose main 

I I I . PAPIN MAIN OPERATIONS 

A. Generation of Resonance Ladders 

(1) 

(2) 
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O R N L - D W G 8 1 - 8 9 4 3 

Fig. 1. Block diagram of subroutines in the PAPIN program. 
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NR2 

where TEMP = - 5, E r e f and NR2 are input parameters described in 

section V I I , and Dml.n is the smallest value among the quantit ies <D>A j 

corresponding to E r e f in the ENDF/B-V f i l e s . 

To allow for the contribution of resonances outside the sampling 

region a wider energy region is defined by means of the upper and lower 

energy l im i ts , (EU)^ j and (EL)^ j , respectively: 

<EU>*.J • Eref * T T ' < D >t .J 

< a > . . J • V e f - T T ' < » i . J <"> 

The resonance energies are generated from the Wigner Level Space Distr ibu-

tion Function,3 '4 by means of the expression: 

E * , j , i + i • E * , j , i ' < d > £ ,J ' U ° g R ) 1 / 2 (5) 

where R, is a random number between 0 and 1. The neutron level widths 

are obtained from Chi-squared distributions with 0 degrees of freedom 

(v = 1 or 2 ) , by well known rejection techniques.3 F ina l ly , the capture 

level widths are considered constants (equal to their ENDF/B-V prescribed 

average values). 

B. Neutron Cross Section Calculations 

For each ladder of resonances, the neutron capture cross section 

and the total cross section a t are computed by the S.L.B.W. formalism in 

the framework of the ENDF/B prescr ipt ions. 5 , 6 The Doppler-Broadened 

cross sections7 '8 are given by the expressions: 

7 3/2 NR, rJJ'J) • r (*» J ) 

i ? = V I ^ J n r
 r U t J r : A • U(xor) (6) 

J r=l r A 

a 
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0 u > = • (2t + 1) • sen^ t • I ^ ' 

cos(2<l>£) - V(x,y) sin ( 2 ^ ) ) (7) 

where, 

K = wave number = 2.196771 —AWRL_ • 10"3 " /EREF (8) 
AWRI + 1 

A = Doppler width = 10"2 (3.4468 • E f * T/AWRI)1 /2 (9) 

AWRI = Ratio of the mass of the target nucleus to the neutron mass 
7 J + 1 g, = spin s ta t is t ica l factor = —— — (10) 

J 2 • (21 +1) 

r U , J ) = (o)(ft .J) • v f E ) . ( z J / 2 , > 
nr n V£ u r e f J ^ r e f ' 

Where are the reduced neutron width and the factors V„(E .-) n re t ' 

are given by the expressions (for i = 0, 1 and 2) . 

VQ = 1 (12) 

^ (13) "1 ~ 1 + o* 

v = el (14) 
c 9 + 3p2 + pl( 

with 

AWRI/(AWRI + p ) • < E r e f ) 1 / 2 R ) p = 0.002196771 • yV"™1/(AWRI + P j • v t r e f ; (15) 
12 

where R is the channel radius in units of 10 cm. The hard sphere 

phase s h i f t are computed ( for i = 0 , 1 and 2) by: 

<P (pi) = Pi (16) 

• i(im) = Pi " t an - 1 ( P l ) (17) 

/ 3pl \ 
M p i ) = pi - tan 1 - 1 (18) 
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with, 

TT 

where aQ is the scattering length. The U and V functions are obtained 

pi = P . TT- ( I 9 ) 

from the expressions: 

-s^ 
U(x,y) = r y ' f ' • ̂  (20) 

-» yy • (x -s ) z 

v(x.y) - 1 /:„ • ds ui, 

where 

x » ^ f - 1 (22) 

r + r 
y - n

2
r
A

 Y (23) 

The expressions (20) and (21) are computed by the Doppler routine QUICKW. 

The capture and tota l cross sections are computed from equations (6) and 

(7) at one hundred equally spaced energy points. This calculation is then 

corrected for the contribution of the truncated levels by means of the 

expression7 '9 (s-waves only): 

- 4tt . c_ . <r> . ( EU-EL+ <D> 
° " 5 0 WEU-E-0.5 <D>)(E-EL+0.5 <D>) 

- K0 a0 1 n M L + 0 - 5 8 2 < D > ) ) (24) 
VEU-E+0.582 <D> / / 

where So is the s-wave strength function, K0 is the reduced wave number, 

<D>, the average level spacing for s-wave neutrons, a 0 , the scattering length, 

and EU and EL the upper and lower l imits respectively of the resonance 

ladder. Final ly when ENDF/B-V contains a smooth contribution (F i le 3) 

to the cross section, this contribution is added to (6) or ( 7 ) . 
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C. Construction of the Cross Section Probability Tables 

The cross-section band structure is made of 20 bands of width deter-

mined by a logarithmic scale, 

V. ~ °min 

where 

°r. = °mi n ' p" (25) 

p = exp 0 , 0 5 Jin ( ^ L ) ( 26 ) 
°min 

The lower and upper l imits of the band structure a . and a , can be 
mm max 

defined a r b i t r a r i l y or calculated by: 

a . = 0 . 2 a . (27 ) nun pot N ' 

a = a „ + J? (28 ) max pot Y7 <r*> > + < p > ^ 
n.o y 

where a l l the symbols have been defined previously. Two additional cross 

section bands are included to col lect cross sections values below a . mi n 
and above c* max 

The total cross section probabil i ty table is constructed by sampling 

the total cross section at the one hundred equidistant points over each 

ladder of resonances, and determining the fraction belonging to each band 

in the table. The average value of the total and capture cross sections 

in each band is also determined (see the work of L e v i t t , 1 for more deta i ls ) . 

IV. CALCULATION OF SHIELDED CROSS SECTIONS 

A. Bondarenko Group Cross Sections and Self-Shielding Factors 

The Bondarenko shielded group cross sections are defined as ensemble 

averages over the cross section probabil i ty tab les , 1 0 i . e . : 

a r . ( o 0 ) = - ~ r < > , (29) 
C , 1 v ' « * > . . Oj. + Oo 1 
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° t f , 1 ( a ° } " < a>. ° t + i 

> - a o ( 3 1 ) 

° tc i ~ <aZ>- " O4. + °o 
, v _ 1 < L _ 

" <az> • at + a 

With, 

= ! (32) 

°t1 + °° 

and where o c i ( o 0 ) , o"tf ^ ( a Q ) , a t c . (a 0 ) are the capture, f lux weighted 

and current weighted shielded group total cross sections, for the i1**1 

neutron energy group and d i lu t ion o 0 . 
A. 1_ 

Call ing <0 > . , <o.>. the i group d i lu te capture and tota l cross 
w 1 L 1 

section ( i . e . for oQ - * « ) , tho program PA-PIN calculates the sel f -shie ld ing 

factors: 

f c , i ( 0 o ) = ° c , i ^ ^ V i <33> 

f t f , i M = " t f . 1 ^ ^ V i { 3 4 ) 

f t c , i ( a o ) = "tc.i M'<aei <35) 

B. Calculation of Transmission and Sel f - Indicat ion Self -Shielding Factors 

The transmission se l f -shie ld ing fac tor 1 1 n T R , and the se l f - ind ica t ion 

se l f -shie ld ing f a c t o r , 1 1 n s j R , are computed as the following ensemble averages 

over the cross section probabi l i ty tables: 

nTR = <exp(-n1 {a t ~<a t >) )> (36) 

nSIR = < ay e x p ( " n i ^ ° t " < o t > 0 > t 3 7 ) 

where ni is the sample thickness in atoms per barn. With these factors, 

"the program computes the average transmission and the average s e l f -

indicat ion r a t i o . " 



8 

C. Sta t is t ica l Uncertainties 

For a given cross section, a , the s ta t is t ica l e r ror , Aa, inherent to 

the sampling process is given by:1 2 

" • £ <i X * • 
with 

= K j 1 "1J (39) 

1 N 

< 0 > = W I ai (40) N j = l J 
± L X L 

where a . , is the cross section at the i sampling energy in the j 

ladder; n=100 is the number of sampling points within each ladder; and 

N the total number of ladders. For ratios of the general type, 

<A> 
(41) 'AB <B> 

the error AY^g ic computed according to the expression: 

aVAB - M f c ) ' V M * ^ VBB + « j !J»><nB>> c A B ] 1 / 2 « 2 > 

where we defined the following matrix elements: 

J ' 

with a similar expression for VgB, and 

1 N 
CAB = F X ( A j " < A > ) ( B j " < B > ) ( 4 4 ) 

j 
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V. PROGRAM VALIDATION 

The program PAPIN has been validated through extensive and detailed 

comparisons with the deterministic codes, NJOY,13 UXS,ltf ETOX,15 and 

MC2-2,16 which are based on analytical averages of the various cross 

section functionals over the appropriate resonance width and level 

spacing distr ibutions. 

The result of the validation step with 100 ladders, NR2=100 are 

shown in Table 1 and Table I I . 

Table I . Values of the Shielded Group Cross Section for the 
U 2 3 8 at 4000 eV and 300 K (ENDF/B-V) 

NJOY (a) UXS (a) ETOX (a) MC2-2 (a) PAPIN 

Dilution Capture X-Section (b) 

1 0.4769 0.4838 0.4830 0.4833 0.4804 ± 0.0066 
10 0.5602 * * * 0.5604 ± 0.0078 
100 0.7698 0.7698 0.7697 0.7698 0.7688 ± 0.0121 
1000 0.8986 * * * 0.9021 ± 0.0155 

Flux Weighted Total X-Section (b) 

1 11.94 12.382 12.380 12.382 12.19 ± 0.07 
10 12.998 * * * 13.19 ± 0.07 
100 15.50 15.502 15.502 15.502 15.62 ± 0.13 
1000 17.46 * * * 17.58 ± 0.21 
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Table I I . Values of the Shielded Group Cross Section for the 
U2 3 8 at 9250 eV and 300 K (ENDF/B-V) 

NJOY (a) UXS (a) ETOX (a) MC2-2 (a) PAPIN 

Dilution a0 (b) Capture X-Section(b) 

1 * 0.5365 0.5335 0.5365 0.5380 + 0.0050 
10 0.5794 * * * 0.5853 + 0.0052 
100 0.6649 0.6650 0.6649 0.6650 0.6701 + 0.0059 
1000 0.6995 * * * 0.7041 + 0.0063 

Flux Weighted Total X-Section (b) 

1 * 12.681 12.672 12.681 12.596 + 0.060 
10 13.130 * * * 13.337 + 0.061 
100 14.766 14.767 14.766 14.767 14.825 + 0.096 
1000 15.596 * * * 15.582 + 0.216 

VI . INPUT DATA 

A. Structure and Format of Input Cards 

1. Card: FORMAT (IX.13) N1 

2. Card: FORMAT (3F12.5) CSMIN, CSMAX, FIJO 

3. Card: FORMAT ( IX , F 12.4, F12.1) DICRO, DICRI 

4. Card: FORMAT ( IX, F5.0) FOTAS 

5. Data: FORMAT (6F12.4) EREF, AP, AWRI, R, 
T, CSDR 

6. DATA: FORMAT (13, 3F12.4) NR2, SPI, AN1, CSD3 

7. Number of J sequences for each L value FORMAT (313) 
NJS(l) , NJS(2), NJS(3) 

8. Average resonance parameters in each (1,0) series FORMAT (5E 12.4) 
AD( I ,J ) , AGN0(I,J), 
AMUN(I,J), AGG(I,J), 
AJ( I ,J ) 
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B. Function of Input Data 

N1 Number of ladders. 

CSMIN Lower l im i t of the probability table. 

CSMAX Upper l i m i t of the probability table 

FIJO A f l ag , i f FIJO is equal to 1, the above values of CSMIN and 
CSMAX are used. I f FIJO f 1, CSMIN and CSMAX are computed 
by means of Eq. (26) and (27). 

DICRO Calculates the values of the di lut ion cross section o 0 , 
according to the expression, DICRO x l 0 J J = 1, 2, 3, 4 

DICRI The i n f i n i t e d i lut ion parameter ( typ ica l ly aQ = 10 ) . 

FOTAS A f lag , i f the value of FOTAS is set equal to 1 the program 
does not u t i l i z e convergence factors for the cross section. 
I f FOTAS is d i f ferent from 1, PAPIN u t i l i zes a convergence 
factor at each ladder defined as: 

{ m ' I a t i j + ° 3 ) F j = ° re f 
i 

where a i s the reference total cross section, a t l - . is the i Doppler 

Broadened total cross section at energy E. and ladder j , o_ is the 1 
smooth cross section due to the difference between the real value of the 

scattering length and the ENDF/B-V value. F. is the convergence factor 
«J 

for the ladder. (This option was not employed in the results of 

section 5) . 

EREF The reference neutron energy in eV. 
12 AP The scattering length in units of 10 cm. 

AWRI The rat io of the mass of a particular isotope to that of 
the neutron. 

R The channel radius defined as: R = 0.123 AWRI1/3 + 0.08 (10~12 

cm) 
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T Effective absolute temperature in °K. 

CSDR Reference total cross section in barns. 

NR2 Parameter to set the energy l imi ts of the ladder, NR2 < 100. 
Usually 100 is a convenient value. 

SPI Nuclear spin of the target nucleus. 

AN1 I n i t i a l thickness of the shielding sample in atom/barn. The 
program computes the average transmission and the self -shielding 
factors at several thicknesses as: 

AN1 + 0 . 0 U 1 = 1 , 2 , . . .10 

CSD3 ENDF/B-V smooth cross sectio". 

NJS(I) Number of J values for each L value. 

AD(I ,J) Average level snacing in the ( I . J ) series. 

AGN0(I,J) Average reduced neutron width in the ( I , J ) series. 

AMUN(I.J) Number of degrees of freedom of the neutron width distr ibut ion 
in the ( I , J ) series. 

AGG(I,J) Average gamma width of the ( I , J ) series. 

AJ( I ,J ) The spin of the resonance state. 
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COMPILE* OPTIONS • NAME" PAIN.OM1 •Og»LINeCNT»aOlSI2E»OOOOK» 
source.ebcoxc . N O L l S T.nodeck.load.maptnoedxt.xd.noxref 

c this PROGRAM computes a ladder. first O f acl XT 
c computes the limits of the laooer. the* it generates 
1 the resonance energies »*»» each (l.j) series awq "the 
c width. taking account the decrees op freedom. 
c first he reao the averaoe resonance parameters for C EACH CNERQY. _ C EREF • REFERENCE ENfcHgt in t.V» N JS ( I ) T5 "THE "NUMBER OP 
c j states for a particular l state* 

oxmensxon sumce2(22),varce(22>,errgp(22>.errtp122}*errep(22) 
dimension c s o e k i o o ) .spce 1x00) .csdesc22) .csoea (100 .22) .sukce (22) — lCCSVt(22) 
dimension erpr(22)»wipr(22) 
dimension varcs(22) 
0 

IMENSION VARCS(22) 
INENSION CQBIU0Q.4) 
I MfNS. I ON 1UP02122) ,SPH (il 
XMENSION varpr(22).supri nnrT 

dimension sucs2(22) 
dimension varpr(22)»supr2<22> tsucss(22),varcs(22)«sumc0(22) 
"xmensi"' 
dimension aq(3.a)>amun(3.ft).e(iog)». 

1csotx(x00i .cspp136) , csuts (30) . "csoos (jo). count»30) » p b ( 1 0 0 , « ) . 
ispcs(ioo)tp(xoo).fi(xoo) 
dimension cfdol(loo).suproc22) „ 
dihenixgn_pr»ll0q»a*> tcsqta(100,22).csdtb(100.22)tcsoqa(x00.22) 
cowwfflvosed/atc&(100),splo(100) COMMON/DERR/VPT(100*4).VPTG(100,4) ,YPTT(100,*) .yPTC(100,4) 
COMMON/DSELF/CCSV(22), PRT ( 2 2 ) , CCSV0(22) 

i I S O ),gnq(3,6. I S O ),a06(3.4),»r(3,6). 

29 format(• program PAPIN version february 1*611//) 
read 90|n1 

sti 1orhat (1a , 13) 
print 59»mx 

55 format(19h number of lac0frs«,i3) 
read ao.csmin,csmax.fjjc 
format (3f12. s) 
read sxfoxcaoj' 
print sj j 

51 pqrnal 
read s2.fotas 
print 52 .fotas 

52 format(xx.fs.o) 
read 100. ereft ap. awri. r• t, csor ~nro—fqhhat ( e n * . * ) 
print 101»erep,ap.awrx,r,t,csdr 

101 format<1am neutron energy-.fi2*2/ 

»I»JF1«.B) 
SXfOiCAO.OlCRX 

r S i .DICRO.DICRI 
IMAT(XX t FX2,A .F i2 .1 ) 

format(ism neutron ener 
h » h s c a t t e r i n q l e n o t h m , 
215* atomic wei6ht"jf 8 , 3 
31«h channelra0iusi.f8.*/ 

P « . * / 

413h temperature-.fb.2/ 
53xh t q t a l - r e p e r e — 
heap Ii0.NW2.fPI 

110 FORMAT( IS .aF l i jA 
tqtat-reference»»cross-section«.f10.») 

R2.SPI . I 

H I 

HEAP 110 ,NR2,SP l .AM.C i iUJ 
FORMAT(I3.3F1I.A) 
PRINT 111»NR2»SPX,AN1,csd3 ria.A> 

*?»spx, format(sm N W l i M l J / 
x1*h nuclear spxraffb 
231h initial thxckne5 • 47 in atom/barn".f8,4/ 
32gh compensation cross sect ion*ftxh»«) 
read 200, (njs(i), 2-1*3) MjllNJSlI* 11-1,3) IX* 200 format (313) 
print 219 

219 format(• unresolved resonance parameters •/ 
1* l j d aqno amun ago •) 
do 830 1-1.3 
njsi * njs(i) - " 
do 230 j-l. njsi 
read 220, ad(x.j)« a q n o ( I . J ) . amun(i.j), ag0(x.j>, aj(l.j) 

220 format(5e12.4) 
"230 "print 2ai«llaj(l£j|,adti.ai,*ono(i.j>,amun(i.j).ago(i.j) 
221 format(xx*x2.3e12,4(f6.1,e12.«> 

OICR2-DICRO 
;Smputes " the smaller of the ad(i.j) 
admin * ad(1.11 
do 250 1*1.3 
njsi - njsii) 
do 250 j-i, njsi 
if (ad(i.j) *le*apmin)" adpin • aoti.j) 

230 continue 
COMPUTES THE LIMITS EINIT AND ENF OF THE LADDER 
TEHPaPLOAT(NR«j/ l .»S. 
EINIT • EHCi'»TEHP»ADHIN 
efxn • erep*temp*admin 

c computes the lowest value of the energy el(i.j) in each 
c (x.j) series. 

is 
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TgHR»TEHP*B. 
DO <*0 X » l t J 
00 2*0 J»I»NWSI 
I I t i » j > • LREF«TE W A L M x« JT~ 
" UX.J ! 2*0 EU<XiJ>*EREF*TEMR*AOtX»J) 

C 8EKERATX0N 0F RE»ONA*CE PARAMETERS. 
C OENCRATXON OP RESONANCE ENERGIES ER(XtJ iK) N B > w l t B 

00 f £ 0 L P l t N l oo ito I-1.3 Njl lPNjStf) 
PO gyo j p i t w u s x 

1*1 D O . 1PNJS 
E R ( | i J * l ) » E t . ( X » J ) 
00 270 K-ZtNRJ 

ZTOERCl*J»K) -ER(X » J > * 1.126379»A0 f1»J)"SORTf*ALoO(RANF C 0 ) ) ) 00 « 3 i " l t J - -
NJSX»NJS(1> 
00 2*3 J - l .NJSX M«l 
tF tEW<11JtN*2>.OT.EIH I>J»T 80 TO ttT 
NR<XtJ)»NR2 
00 TO 263 

2*9 M«H»l 
IF (CR<I*U>NR3I,LT.CU<ItJ)» 00 TO 26* 
IF (ER(XtJ«NR3)»0T rEU(X•J>) 00 TO 2»S 
Nft ( I ,J) -NR2-W 

t0 T 263 00 TO 26* nr<i»j)-nr2.m«j 
363 continue 

c g e ^ e p m i o k . c* the »ict* 
dc 210 i * t 13 i» -
do 260 j»j.njsi 
if i a m l m t I j ) .gt. 1 . i gc tc 2 0 1 NR4SNP(IiJI 
©e- -

C CHJ-SOUABEC ONE DECREE OF FREEDO 268 Rl»-*U0G(O4K«(0)I 
60 lo a«a ---

263 r>nc( t • j,k tmaghci i • j )*p1 **2 
6c to 280 

c chi-soiiareh t*c decrees o* ptthjc" n b I > J I - — 
do 26s k*1(n04 

265 6k0(itj|k )<>*fiku(l«j)a*l06(r«nf(0) l 260 CONTINUE E- MAKES THE EN€P«y 6RI0 
d e l t « ( e f ! n . £ i m t >/99. 
e( 1 ) « t i m t 
dc 290 i«l»99 6< i l l )*ltMT**tO*T< 1 >«DfcLfe 

C COMPUTES The CROSS>SECT IOKS IN EACH PIO^T OF THE GRID. 
00 291 iai • ioc Et«E(I1 

- c*il ergpc4s4 .c»c6,c<0t,ctpic»pi > CS0E1(ItsCSDE CSCCI(t)»CSDG CSOTI(1 I »C SOT + CSCJ U l CQMIMjB SPCE(L )»0.0 »PCG(L)«0.0 IPCS t L)»0.0 — CO 292- I«»tM» 
SPCEil )»SPCE(L) + c s c e l ( i ) SPCGtL)»Se>Cii(L>*CSUGI ( I ) 292 SPCS(U»«SPCS«L)+CsDTt(I 1 

44. >/ i o o . 
F(Ll«CSDR/AfCS<L) 
F2IL >»F(L»*F<LJ . 
PO 293 1 ' l f l O C f . CSDGiI I ) «F (L >*CSDGl(I) 

293 CSCT I < I )«F(L>»CSOTt( I ) 
00 295 J * l ( 4 
YPTT(LtJ>«0.0 
YPTC{LtJ>»0,0 
YPT6H. .J )»0 ,0 
PC 296 l « l t l O < 
C0B| (L .J )«CS0T1( I>+DICP2*10 . * *J 
Y P T ( t . J ) « Y P T I L . J ) + ( l . / C 0 B I ( U * J > ) 
YPTTIL*J)»YPTTIL>J)• iCSDTl { I ) /COBX(LtO)> 
»PTr|l.>W>*YPTc(U»J » «eCB| <t»W> > » 

296 YPTQl L« J >»YPT6( L» J )+(CSOSl ( 1 ) /CoBI ( t • J I ) 
YPTC(L t j i «VPTC<LtJ ) /100 . 
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Y P T ( L » J ) - Y P T ( L i J > / 1 0 0 . 
YPTT(LTJJ-VPTT <U*J>/100« YPTOtLtJJ-YPTOJL'J)/1®^ 

2 9 5 C O N T I N U E 

)•((AWRX*1.)/AWR X)*mZ 
A O N R M Q R T (EREF > M O N O (I • 1) 
A Q Q R » A O O ( 1 » i ) 
C S H T N P O . J » C S P 
C S M A X - C S P * ! , 0 * S X O O R * A Q N R / ( A G N R * A G Q R > 

2 9 * C O N T I N U E 
T K - E X P < 0 , Q S * A L O Q < C S H A X / C S M I N ) ) cspp ti>»esHrN 
O O 3 0 0 K - 2 . 2 0 

3 0 0 C S P P < K > - C S » P ( 1 > « T K * « ( K - 1 > 
C S P P < 8 1 ) - C S H A X . 

: CONSTRUCT THE PROBABILITY U U L E or THE- LAOOEW 
00 306 K»1.22 
C S O E S ( K ) > 0 . 0 
C S D T S ( K ) - 0 , 0 
COUNT IKfO.O 

3 0 6 C S D 9 S ( R ) * 0 « Q 
D O 3 0 1 I - l t l O O 
l r - t C » D T l ( I ) . C E t O . O ) g o T O 
C T g A . L O O t C S P T l ( t ) / C 5 P P ( 1 ) > " 
C 9 9 A L 0 Q ( T K > 
C 3 - C 7 / C 9 
I f ( C 3 . I T . O . Q ) O p T O 3 0 7 lrlc3.9t . i o . ) g o to j o a 
C ® l » I N T ( C 3 ) 

COUNT1K1>"COUNT(K1)•1 . 
C S P T S l * l ) « C S 0 T 3 ( * l ) « C b P T l ( I ? 
C S O E S ( K l ) « C S O e » ( K l ) * C S O E l t I > 
CSOOS<Ki>-CSOOS<Kl>»CS0G1(I) 
0 0 T O 301 ~3tr7 COUNT < 1» "COUNT (1) • 1 i CSOES(1)PCSOCS <1)-CSOEIII' CS0TS(1)«CS0TS(1)*CS0T1(I) 
c s o a f i i U c s o a s ? i > « c s D o i (x) 

0 0 T O 3 0 1 308 COUNT(22)-COUNT(22)»1. CSOES(22)aCSDES(22>*CSDE1(I) CSOTS(22)-CSOTS(22)*CSDTl(I) CSOO»(22CCSOOS(22)»CbOGl (I> 301 CONTINUE C CSOTA(LfK)* SAMPLING C R O S S - S E C T I O N 
0 0 3 1 0 K - l t 2 2 

— P R H t m " C O U N T t * ) / 1 0 0 « 
P R 2 ( L t K ) « ( P R ( L » K > > » * 2 
I F ( C O U N T ( K ) « E Q * Q « 0 ) G O T O 3 1 1 
C S O T A ( L » K ) - C S D T S ( K ) / C O U N T ( K ) 

- C 3 0 T B ( H K ) P C » P T A < H K > « C 3 D T A | L * K ) 
C S D O A j L » K ) - C S D O S ( K ) / C O U N T < K ) 
C S O | A ( ^ ) « C S O E S ( K ) / C O U N T ( K ) 

_ _ _ ao TO 
3 1 1 C S P T A l H H ) " 0 . 0 

CSOTB<L.K> -0 .0 CSOOA (LiK)"0.0 
C S O E A ( L t K ) - 0 . 0 

3 1 0 C O N T I N U E 
C C O M P U T E T H E f A C T O R O F F J T l N O 
— 5 0 0 C O N T I N U E 

IF(FOTAS.EQ.U) 00 TO 6 5 1 
S U M P « 0 . 0 
suwr»ao ,o 
p 0 9 * 0 L " l » N l »UMF»SUMF*F(L) 540 SUMr2-SUHra*F2<L> 

C C O M P U T E S T H E V A R I A N C E O F F » V A R F 
W A H F » ( S U H F i / F L O A T ( N l J ) • I S U W f / F L O A T I N I T T * * ® 
A V F « $ U M F / F L O A T ( N l ) 
P R I N T S S O t V A R F 

5 5 0 F Q R H A T ( 1 5 H V A R I A N C E O F F - t F l 2 , 5 ) — 5 5 T — C O N T I N U E ~ ~ 
C C O M P U T E S T H E V A R I A N C E O F T H E P R O B A B L I T I E S V A R P R ( K ) 
C A N D T H E P R O B A B I L I T Y T A B L E 

D O aao K » 1 » 2 2 
S U P R O f K J f O . C 

5 6 0 S U P R 2 ( K ) » 0 , 0 

g j . g j g j i sM 
S o P n o ( K ; p s u P R O t K > * P H ( L * * > 

5 7 5 S U P R 2 ( K ) - S U P R 2 ( K > * P R 2 ( L « K ) 
P R T < K > - S U P R O ( K ) / F L O A T ( N l ) 
V A R P R ( K ) • ( S U P P 2 ( W ) / F L O A T ( M l ) ) - ( S U P R O ( K ) / F L O A T ( N l ) ) » « I HI P R T K > »SUR T > V A R P W (R) ) 1 ; 
E R P R ( K ) b W I P R ( K > / S Q R T ( F L 0 A T ( N 1 ) ) 

Q 
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970 CONTINUE C COMPUTES THE VARIANCE OF SAMPLJNO CORRECTED CROjWSECTIONf VARCS -C AND THE CORRECTED CROSS*SECTION VALUES CCSV DO 600 Kwl«22 SUHCE(K)-0.0 »uMcea^K>»o,o SPR(K)iO.O SUCS*(K)«0.0 
, . ;O(K>»O,O •wo—SUMO2<KHO«O— 

' K^li22 — . . . LvltN1 SUMCE(K)•5UMCE <K)*PR<L.K)"CSDEA(LtK) ' iHK|« — (K) «Si IK|*S -— SUMSZ (K> "SuwaStK > «PR (L»*> *CSOOA <L »K> 
»t l SRRIK>"SPR <K>*PRIC»K) ir<SPR(K).EQ.O.O) 00 TO 6l2 CCSVE(K)"SUMCE(K>/SPR(K) CCSV (K>"SUCSS(K)/3PR IK) CCSVQ(K)»SUMCO(K>/SPR<K> VARCE(K >•SUMCE2(K)/SRR(K)-(SUMCE(K)/SPR(K)>••2 VARCS(K)»(SUCS2<K)/SPR(K>>-(SUCSS(K)/SPR(K)»»«2 VARCO(K J"SUHOZ(K >/SPH{*)-(SUMCO (K >/SPR < K ) I -GO TO 610 ~6tz—ccsv iK> *o .o 

CCSVE(K>-0.0 CCSVO(K)"0,0 VARCS (K) "0» 0 varco CK> 610 CONTINUE 00 63S K-1,22 

SUHCE*1 Kl •SUWCEa IK > AMR (L t WCSOEM (L t *) •CSDtAtl.TK) SUCSS (K) vSUCSS (K) •PR (l»*K) *CSOTA (LtK) fUCfa(K >sSUCSi <K > «PR(L•K)«CSOTBa »K) 

ERROR(K>MS0Rt(ABS<VARC6(K>))/SORT(FLOAT(N1) > ERHTP (K > "SORT (ABS (VAHCS~(K I . . . . . _ !> ) > /SUHT (FLOAT ( M i l 635 ERREP(K)"SORT(ABS(VARCE(K>))/SORT(FLOAT(M)> PRINT 629 629 FORMAT(9Xt'PROBABILITY TABLE*/ 11X» »UPPER LIWIT<»IXt 'PROU AHILIT YT¥TX~» ' "ERROR «»lXt« TOTAL-X-S' 12X«« ERROR • 11X »'CAPTURE X-S'.1X,< ERROR •) CSRP(2Z)»10000, DO 631 K»I >22 "571 PRINT V30»CSPP(K> tPRT <KI .KHPR(K) t'CCSVOT) »-*RRTF(»0 • CCSVO (K) tERROP (K 1 ) 630 FORMAT < IX,F11.5, 1X.E11.4 • lX«EU (4«lXtEU,4i lX,ElX,4i lX(El l (A» IX (El 
A^OC2*0.0 " AFTC2»0.0 AFTCSbO.O . AFOCSwO » 0 AFTCSWOTO 
DO 653 K-1,22 AFTCS-AFTCS*PRT(K)»CCSV(K) AFECS»AFECS*PRT(K)*CCSVE(K ) AFOC»R«FOCS*PRT(K >"CCSVCIK I AFTC?«AFTC2»PRT(K)•CCSV(K)«»2 653 AFQC2a*F0C2*PRT(K)«CCsVC(K)*«2 
VFT*AFTC2-AFTCS**2 VFORAFOC2-AFOC5**̂  WFT«SORT(VFT) WFO-SQRT (VF6> XPCO-O.O xpcaiwo.o _ 

XPCT-0.0 XPCT2-0.0 P0-?00-W1»NI 
xpco"xpca*«pcq<u»/ ioo. XPC02>XPC02*(SPCO(L)/100.)»»2 XPCT"XPCT»SPCS(L)/I 00. 

7 0 0 t V ^ -
Ê TSSQRT <X^T2/FL&AT (Nl > - (XPCT/PLOAY (Nl) > ••2) /DlN EFO-SQRT(XPC02/FL0AT <Nl>-(XPCO/FLOAT(N)))••*>/D|N PRINT •SAtAFTCStEPT»AFOCS«EF0 ~eS* FORMAT (16H AVERA0E»T0T"C5-«F12.»l6H ERR0R»F12.<»JSW AVCWROe-OAWWA* !CS"»F12.At6H ERROR.F12.4I CALL BREKO(DICROtDICRI»N1«EFT«EFO> CALL SHELF(C5DR,AN1*M«EFG) STOP ' ' END 
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JBROUTXNE BREKO<DICBO.olc»I,nl,EFT,EFO) [MENS I ON AQDCS (4) »ATpCS (*> .BF6 ( 4 ) .BFT <4> .EBFO ( 4 ) »EBFT ( 4 ) »EOTCS ( 4 ) 
- ^ i c s i * ) * 1-

EN$XON VAYPTQ(4).VAYPTT(41«C0V0(4)iCOVT(A) 
ENSXON S V P T U ) t S Y P T Z ( 4 ) .SYPT0(4>.SYPT0214).SVPTT ( 4 )»SYPTT2(4) 

-- INSXON ASTPT< 4 ) .ASYPTq ( 4 ) .ASYPTT ( 4 ) . V A Y P T U ) 
DIMENSION OENOH Ji!2>,DEN0Miii> DIMENSION AF0CS{4)»BFF(4)tSYPTCI*).SYPTC2(4).ASyPTCU).C0VTC(4). 

VEOCCS14) .VAYPTC(4) .EBFF (<»> 
COMMON/DERR/YPT(100.4).YPTOQOQ.A).YPTT(1 COtA)tYRTC(\00.4) 
C0MM0N/U5ELF/CCSV(22'.PRT(22)«CCSV0(2Z1" 

COMPUTE THE OROUP CROOSS SECTIONS WITH DILUTE X.SECTXONtAOOCS«ATOCS 
OXCRi"OXCRO 
00 SO J«lt4 D!CHO*OICH1«10«AJ 
SAVXF-0.0 
SAVIl-0,0 
SAVXq-0.0 

SAVITAO.O 00 10 K-1.22 
OENOM(K)-CCSVIK)«OXCRO 
SAVXlwSAVXl»PRT<K>/DENOM(K) 
savloasavio + pht <H>»CCSVm*) / 'UENOHtKT 
savxf"savxf» P R T < K ) * C C S V ( K ) / D E N O M ( K ) 

l o sav|t-savit«prt<k)*(i./(oenom(kj*oenom(k)n 
ATDCS(J)G (SAVIX/SAVID-DICRQ 
AOOCS»J> ISAVLB/SAVL X AFOCS(J)"SAVXF/SAVXX C COMPUTE THE XNFXNXTE DILUTE CB0SS-S1ECTX0N XDCSOfXDCsT SAXQIWO.O 
SAXDU4U.U 
SAIDF-0.0 
SAIDT-0.0 
DO 20 K»1.22 

DENOI(*>"CCSV < M «UICRI 
SAID1pSAID1*PRT(K)/OENOI<Ki 
SAIOOPSAXDO^PRT(K)•CCSVG(«)/DENOX(K) 
SAXDFpSAIDF«FRT(K)»CCSV <K>/PENOX<K) (KJ 1 ) 
OICSONSAIDG/SAXDI 
OICST-SAIOX/SAXOT-DXCRX 
OXCSF«SAXPF/SAXOI 

: COMPUTE THE boudarenko FACTORS BFO."~BFT" 
BPG(J>B(X./OICSO>*AODCS(J> 
BFT<J)P<1,/DIC«T)»ATDCS(J> 

_ _ _ B F F ( J C < U / D X C 8 F > » A F 0 C S ( J ) 
-50 CONTINUE 

DO 60 J-1.4 
SYPT(J)"0.0 
SYPTC <J»"0«0. 
STPTC2(J)"0.0 • T r I \ w i - w . > 
SYPT2<J>*0.5 
SYPTT(J>»0,0 
SYFTT2(J)«8,0 SfPTOTJ>"0.0 SYPT02(J)«0.0 
uo to l"11nx — 
SYPT(j>"SYPT(d>»YPT(l.j) 
SYPT2(J)"SYPT2(J)»YPT(l.j>»ypt(l.j) 
SYPTO(J)"SYPTQ(J)»YPTG(l.j) nh 5YP»U2T J ) " S T P T M 2 U ) *TPT{» ( U . JT^TFTO FL . J1 
SYPTC (J)"SYPTC(J)• YPTC(L.J> 
SYPTC2(JJ"SYPTC2(J)«YPTC <L.J) *YPTC(L.J) 
SYPTT(JtfSVPTT(J)•VPTT<L.J> 

"TO" SYPTT2(J) •SYPTTg(J) •TPTI ( C T J V T P T T (L. J) 
ASYPTT(J)"SYPTT(J)/FLOAT 1*1) 
ASYPTC(J>"SYPTC(J)/FLOAT ( M ) 
*SYPT(J)"SYPT(J)/FLOAT<N1> 
C0V(J(J)"0,0 
COVT(J>"0.0 
CQVTC(J)*u. 0 
UO Tl L*X .N1 
COVG(J)•CQVG(J)*(I./FLOAT («!»>• (1./FLOAT(Nl) )•(yPT<L.JI-ASYPT<J))• 

1 (YPTO(L.J)-ASYPTO(J)) 
COVTC(J).»COVTC(J)*(l./FLOi>T(N:) >• ( l./FLOAT (N1) ) • (YPTC (L .J )-ASYPTC ( U))p<TPTtL»j>-«sYPTun - -

Tl COVT(J)»COVTIJ>«(l./FLOAT<N1)>•(l./FLOAT(Nl))•{yP T T(L.J)-ASYPTT(J) 
1)•<YPT(L.J)-ASYPT(J)J 
VAYPT(J>"(1./FL0*T(N1))>(SYPT2(J)/FLOAT(NI).ASYpT(J)••Z) 
VATPTO(J)"('«/rLo*TIMI)» < SYP TBZtJT/FLCATCNX)-AgYPTO(J)••2) 
VAYPTT(J>«(l./FLOAT(NL»)•(SYPTTZ(J)/FLCAT(Nl)-AsYPTT(J)••2) 
VAYPTC(J)»(1./FL0AT(N1>)*(SYPTC2(J)/FLCAT(N1)-ASYPTC(J)*«2) 
EDOCS(J>-SORT((I./ASYPT(J)»»2)•VAYPTO(J)•(ASYPTg(J)/ASYPTIJ)••2)•• 

W V A T P T (J)-2» I ,<ASTPT0(J)/ASTPT1J| »»J) »COVO VJJ J 
EOTCS <J)-SORT((1./ASYPT <J)**2)"VAYPTT( J) •(ASYPTT(J)/ASYPT(J)««2)•• 

12«VAYPT(J)-2.*(ASYPTTlJI/ASYPT(J)•O)«COVT(J) ) 
EOCCS(J)"SORT((1./ASYPTC(J)«*2> PVAYPT(J)•(ASYPT(J)/ASYPTC(J)««2)•• 
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12»vayptc (j)h,«m*3tpt (jr/astptc (j» "•3p»c0vtcf j» j caro<j>»sqrt<U,/<oicsG«oicsG>)*eoocs(j)**2*<Aaocs<j)/oicsa«*2>**2 
ebpf <J) »sqrt HI,/ (DICSlr«QICSr) ) *EOTCS t J) ••2« (afqcs (J) /0ICSF«*2( **2 

•0 E B P T U > » S Q R T I < I , / ( D I C S T - D I C S T ) ) » E D C C S ( j ) ( A T Q C S ( J ) / D I C S T * » 2 ) « * 2 

~ST FORMAT I » BONOARfcNKO 0 » 0 U P CROSS SECTIONS »//) 
P R I N T 5 S 

SB FORMAT I• AWFT AVERAGE WEIGHTED FLUX TCTAL X-SEcTION.AWCT AVERAGE 
I WEIGHTED CURRENT TOTAL X-SECTION ___•_/> 

9f ^ S R M A T T J D I L U T I O N _ CAPTURE X-SECTION ERROR AKFT X-SECT 
IION ERROR AMCT-M-SECTION ERROR*) 
P O » » J«It» 
DICROROICR I»10 »»"J 

6 2 PRINT 6 3 * 0 JCRO*AGOC S ( J ) » E O G C S ( J ) . A F D C S ( J ) . E O T C S ( J ) * A T D C S ( J ) t E D C C S C 
6 3 jfo?HAT(6X.FT.I,ftX >FI2.»,5X.F7 . 4,SX.Fl2.».3X,F7.»»3X . F l 2 . A,3X.FT.») PniNt is 
SB FORMAT(• BONDARENKO SELF-SHIELOlNO FACTORS »//) 

PRINT 69 
69 FORMAT(' BFT BONDARENKO WEIOHTEO FLUX SELF SHIELDING FACTOR'/ 

P H F C BONDARENRU WtlBHTbU CURRENT S f C T SHlELD?NO T*CTORT/T 
PRINT 68 

~5B FORMAT (• DILUTION CAPTURE FACTOR "ERROR BFC FACTOR 
L ERROR BFF FACTOR ERROR•J 
DO 66 J"X»* 
OlCROwQICR1*10 » J 
PRINT 6t.DICROiBFOJJ),EBFG(J)»BFT{JJ tEVTTTJ)tVTfiJ) .EBFF(J) 

6T F0RMAT(6X«FT.l«6X|FB.S»SXtFa.5t6XtFa,S*6X*Fa,S*3XtFa,5*SXtra.S> 
RETURN 

END 

S U B P O L T I N t : B & E DO 11 • E R C F • A P • A » P 1 | B | T , S P J tCSDG.CSDT , C S P t C S O E > 
€ S a u O O L t f h C C O * » R t ; T € 3 & 0 » » f c e F R W t l A e E N E P T O T A L t l C S S 3 C C T I 0 H C ant GAMV* conss StC T I Cfc • CSCT AND CSCG. 

D I f E N S I C K C S P H 3 > . G ( 3 | t > ) » G M 3 « 6 . l 5 0 ) * c S D 6 3 ( 3 « 6 » l S C > i C S C G I ( 3 « 6 ) • 
l C S 0 G 2 ( 3 ) i C S C T J ( 3 » 6 ) * C S C 1 a ( 3 t 6 t l 5 0 ) i C S t : T 9 ( 3 l 
- common/«e»ee/eb« 3 iso ) t6nb« 3t»ffr»0>-raoo( 3»t> > » » 
»RI(3«6).EC(3.6).njs(3)taj(3.6LTagfcot 3 >6) COMMOh/USIF/PI(3 » 
C0MM0N/DVIL/V<3) 
0 AT A -INOICC^E/ 
S K 3 S Q R T ( E ) 
I P I I N D I C E . E G . I ) G n T C t u 
I K U I C E » 1 

S / i « : « S , l 9 6 7 7 l » ( A » B l / ( A l » B l + l , ) ) » S E F / l 0 0 0 . 
S I G O « ( 6 * 5 1 * I 0 . « * 3 / E R E F ) » < ( A » R I « l * > / A » R I ) « * 2 
R U 3 « S A F » B 
R C ) » 3 A F » A P DfcL T AlSCPt (3.4«6*»EPEF*T/A»P!)/100. 

C. A L L V I L ( P 0 3 » 
C A L L S * l F < B C > 

#O CS.pi (i )*•.»< A.» <float ( i ) - i . u u ) » s i g c * i s i m m ( i ) ) ) » « 2 
CTP"CSPL( I U C S P | < 2 > + CSP1<3» 
01 50 1b1«3 

_ fril I f.' t i M i t | t | . _ . . . . 
^ U B 1 1 U B I • T 01 SO JBItNJSl 

S o G ( I « J ) * ( 2 . » A J ( I f J ) + l . ) / ( « . * S P I - » 2 . ) 10 cc^tinue £ [ M I N U E 

fe>«(eu< lit )-el« ii> >+8o. )/< (el< »•l'retip, )«(e-el( j ,1 )• 10. n 
* " C « 2 . i a t 3 » a p » A L U G ( i E-EL( i •»)• i».«»)/(eti(i • i .64 n / looo , 

c CoSouTg OOPPLEB flUOACBNSP CBDSt-SBCT I O N S . C 1 P 6 . 
C C C P U I S P C P P L U P B P C A O E ^ E D T C T A L C P O S S - S E C T I O N . 

O C 1 0 0 I s t i 3 
N J S I » h J S l I > nn I nn I g I • fcl I ̂  1 V H I W . " l l F i . j r 
NR I «NP « 11 J > 
00 100 K * 1 * N R I gn(iij.k)«gnc(i *j.k)•v ci ) * S E F 
R P B G N ( I | J « K j * A G G ( I * J ) / ( ( G N ( I • J » K ) + A G 6 ( I t J ) ) • D E L T A 1 
B O i a G M I • J i K > / C E L T A 
X * ( F R ( I . J . K ) - E ) / P E L T A 
V » < t t N « l t J » K > * A < 6 ( t » J t - » / ( a . * P « L T 4 l 
CALL sv|(XiVtL«vl) 
C S 0 6 3 ( l $ j t * ) « A D 3 » B 0 » C 
C S O T 1 I A 0 3 * B 0 l * C 0 1 ( 2 . » F I ( I ) ) » U 
c > Q T a « A p a « a p i * a i > ' i a , «fi ( n ) » v > 
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100 C S D T « U i J,K )»CSDTI-CS0T2 
DO 300 1*1F3 
*JJI«KJS(I I 
PC 368 W I . N J H 
CtOfit(I•J >*0»0 
NR(SNR(I,J ) 
00 300 K«1»NRI 

CS"TS(I )*G *0 
csooaj»>»o.o 
DO 301 JAl.NJSl 
c s u o a u >*csDG2<n+cso6 i< i« j ) 

301 CSPT5(I)«CSDTS(I)4C80T3(I,J( e6H6"c6o<a+* >-+c6oc»«**»csp<ia(3> -
c i n T 5 c i D T + F v s 4 C S C T S ( a > + C S D T S l 3 , * C S P 

C$OE«C$OT«C$nc • - - fiPTi ni N C I U r n EM. 

SUBROUTINE SHELF (CSOR*AN 1 ,N1,EFG) 
CQMMON/DSED/ATCS <100 > .SPCgt lOO) 

C COMPUTES! AVERAGE TRANSMISSION* AVERAGE SELF"INDICATION RATIO. 
C TRANSMISSION SELF-SHIELDING FACTOR. SELF INDICATION RATIO. 
C SELF-SHIELDING FACTOR. 
— x B f rggtifa tf gsyvsHsn iTssvygAigg&iTssv*<T * ̂ 0 0 1 « < » 0 

DIMENSION EFLUC(221. EFLU0(22) 
COMMON/DSELF/CCSV(22) .PRT(221.CCSVO(22) 

C COMPUTES THE TRANSMISSION SELF-SHIELOING FACTOR, TSSF 
- DIN2*FL0AT (NTT " ' 

DIN«SO*T(FLOAT(NL)) 
PRINT B 

5 FORMAT(» AVERAGE TRASMLSSION ATR.TRASMISSION SELF SHIELDINO FAC 
" 1T0R TSSF'/ -

V. „ , I N D I C A T I O N RATIO SIR AND SELF INDICATION SELF SH 
3IELDING FACTOR SIRSS'/V) 
PRINT_6 
FORMAT I • ATQK/BAWN AT "ERROR T5SF ERROR SJR ER 
1R0R SIRSS ERROR"/) 
DO AO J-L,10 
TSSF"0,0 
TSSF2A0.D ANL-ANL»0.01 
DO 10 K-1,22 
EFLUC(K)-EXP(-AN1»(CCSV(«)-CSDR)) 

TSSF2"TSSF2*PHT(R)»(EFLUC(K))»»L 
10 TSSP*TSSF*PRT(K)«EFLUC(K) 

TRANSMISSION, ATR COMPUTES THE AVERAGE 
ATRgTS3f»gXg(-ANl«CSPR) 
COMPUTES THE SELF-lN 
SIRSS-O.O 
00 20 K-1.22 

NDICA1 L0N»RAT10*S»ELP'-SHIEL0LNO-FACT0R. SIRSS 

EF^Up(K)-ecsyq(K)*EFLUC(K> 
20 S1RSS"SIRSS»PRT<R)»EPLU0(W)— 

COMPUTES THE AVERAOE SELF-INDICATION RATIO. ASIR 
SUMQ2«0,0 
DO 30 K M 122 _ 
SUM02RSUMQ2APRT(K) ~3t> SUM02»SUMQ2»PHI (K)-CCSVb 
ASXRaSIRSS'EXP(-AN1-CSDR) /SUMG2 
DO 41 L-1«N1 
EXfLUH(L)mZXP(-ANj*(ATCS(L)-CSDR)) 
1«> LU2 (L» m u r LUH (LI At At LUH ( L I — 
EXPLUT(L)"EXP(-AN1-ATCS(L>) 
f C H ? . ^ ' *«*FLUT CL) PEXFLUT < D 
EAtlRE C) REXSIR |L> " E X U R (Ll~ — -
EXASlI(L>•(SPCG(L)/100.)-EXFLUT(L) 4 1 CXASli.(L)»EXASlI(L)*EXASIl(L> SEFLUMwO.O SEFLUgBO.O 

SEASIL-0,0 
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3EA5X«!*0,U 
00 SO L-L.NL 3EFLUM®SEFLU**EXFLUM »L » 
SEFLU2B3EFLU2»EXFLU2(L> lirpjTssErCuT+ExrCuTcc > 
iEtIR«SESXR*EXSZR(Ul SE*IR«R3E31R»*EXS|R2(L> SEXSXISSEASX1*ESASII (L I 50 SE*SX2BSEASX2«EX*SI2(L) ERTSF-SQRT(SEFLU2/DIN2-(SEFLUM/DIN2)««2J/DIN ERAT»SQRT(SEFLT2/DIN2-(SEFLUT/D1N2)—2)/DIN 
ER1IRPRSQRT(IESIR2/DIN2. (SE.5IR/U1N2)»»2)TDTN ERSIR1-S0RT(SEAS 12/0IN2-(SEAS 11/DIN2)••>)/DIN ESIR-SORT((I./SUM02*»2)•E»SIRL**2«(SIRSS«EXR(>AN1«CSDR)/SUM02*«2>• 1«»«EF0—2) 
MRINT OUTANLTATR>TRAT.TS5F,THRSF «<SLH*TSRR,5YRSS»ERSIRR 60 FORMAT!1X,FB.4«2X,F7.5•2X.FT.4,2X,F8,4,2X.F?.*,2X,FT.4.2X,FT.4.2X, 1FT.A.2X.FT.4) 

40 CONTINUE R G T U H N — — 
END 

SUBROUTINE SHIF(RO) 
COWMON/DSIF/FI(3 > 
FX(I)»RO 
FX<2)»RO-ATANCRO) „ 
FX(3>"RO-ATAN(3,»R0/(3.-R0*R0)) RETURN "END 

SUBROUTINE VIL(ROI) CQMMON/DVIL/V(3) 
V { I) • 1. 
V(2)*R01»R0I/(L,»R0L*R011 V(3)"RR - " RETURN V(3)"R0I««4/(9.*3.»ROL»P01*R01*«4) "ET 
END 

SUBROUTINE SVS(A»B,C»D> 
CQMMON/TRTI/TR(62»62> »T1 (62,62) ,AIMM,AX•K11REW • VL —DATA K/0/ 
IF(K,E0,1) 00 TO 3 
K.I 
K I M 
Xmm, 1 " 
DO « 1-1.62 V—.1 DO I J"1>62 

^-CETC^WRXTTTTFRRR, OR M T T ROR J 
2 X-X*|1 
3 CONTINUE 

—nrxw* 
Yl -8 
CALL QUICKH CAREW DMAXMW - -
RETURN OK 0 090 
END OK 0100 
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SUBR0UTINEW(REZ.AIM1,REW.AIMW) 
REHwO. 
AYmwrO. AIM2PA4S (AX*1J IF(REZ)27.2001.27 2001 IF(AIM1)27.2002.2T 

2U02 HEWS!. 1 

RETURN 27 R2«REZ«REZ A U B A I MZ* AIMZ ABREZAABS (REZ) 
IF(ABREZ«L.AS«AJMZ-3.0)X02.102.100 
IF (ABREZ* - -. (ABREZ*i,l*AlMZ-6,6)1IT.117.116 IP(ABREZ»l.A3333«AIMZ-».3)119.119,116 IF (ABHEZ* 1 »B63636*AIMZ-t ,1) H 1 . H 1 . 1 0 4 IF(AIMZ-1.5)110,120.120 IP(AXMZ-1.4)113,115.101 IP (ABREZ«I.Q73l7<»AIMZ-At A) 119.119.116 IP IABRE*-2.M12T.128.12i 

109 IPtRl«l.lB«AXl-5.76)103.1B7.I0T 
110 IF(R2*1.722T"AI2-A.A1)U5.126.1^6 "" 
111 IF(R2*1.71*AI2-2.B9)113.109,109 IF(R2*1»69»AI2"1.69)123.12A.12A 

IF(R2»2.0408"AI2-1.0)11A.112.112 112 
113 _ _ 
11A IF (HJ»1.S6*9»AI2+.Z5) 121.12f.12ii 
115 IF (ACfREZ* 1.A3333*AIMZ-4,3) 120.120.105 
116 NHAXal 

00 TO 15 
117 NHAX"2 

GO TO 15 
118 NHAX«3 

00 TO 15 
119 NHAX«4 

00 TO 15 
120 NHAX«6 

00 TO 15 121 NHAXW2 ' ' 00 TO 20 122 NMAX-3 00 TO 20 123 NRAX«» 
00 TO 20 124 NMAX"B 
00 TO 20 125 NMAX"6 
60 TO 20 126 NMAX-7 00 TO 20 127 NHAJCB 
00 TO 20 128 NMAX"9 
00 TO 20 —129 NHAX"10 
00 TO 20 

130 NWAX-11 
20 KH-2 

AXMZaAIHl 
00 TO 200 1 B 
IFiAIMl)2000.130.150 

2000 KW«2 
*IHl-AIMl 
00 TO gOU 

: MA IS OBTAINEO FROM ASVMTOTIC SERIES 
ISO RW2.«(R2-AI2) 

AKB4.«REZ»AfMZ 
"CC*WK " 
B»0, A»0. TEMpHAO, — 
TEMEL 
G f l . Cb»1.12B3792«AIMZ D»1,I263792»BEZ— AMsRV-1. AAKal. K-0 . _ _ 11 »JTEMP»2."AAH TEMPA«(1.-AJTEMP)•AJTEMP AJP«RV-(4,*AAKM.) 
OO TO 4 0 
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41 A A K R A A K M , 
K«K*1 
PRlRlW 
PIpAIHM 

12 A M 0 W T E M P W 2 * T E H E L , ' » 2 REW« <TEMPC*TEMPM«TEMP0«TEMEL>/AMAON 
ATMW»(TEMPM»7EMP0-TEMEL*TEMPCJ/AMA8N 
rf(ABS (REW>PR).1.E«*)66S,11,11 

M S I M A S S (AIMWPt |»1 , E » 6 > 6 9 » 1 U H 
•9 RETURN 

C MT IS OBTAINED PRO* TAYLOR SERIES 
200 TCWP>aR2»AI2_ 

TEHP»R2.«'TeHPlWTEWPl 
AJ»-»R2-AI2)/TEMP2 AK-2.»REZ»AIHZ/TEMP2 
C«0. • •0 . 
AjSlOaO. 0«0, J»IO«Q 
HaO. 
EL"0. 
A-l A w l . # •1 ,9 S K f - i . a 
EXPON-EXP (TEMP2*AJ> 
EXPC»EXPQN«C0S (TEMP2«AK) 
E>PS*»EXPONliIN c TEHPZ*i _ _»AK>" SI92P»2.*SI0P 
Aj4SM>AJ4SI0-l, 
TEMP3»1,/(AJASMI*IAJASIG *3•) : TEMP3«1./(AJ*SH1*IAJASIG*3.)» 
TT*»S1G2P* C2»*AJ5XG"1.) 
AJP«AJ*TEMP3 
00 TO AO 42 AjSIOwAJSlO*1» J5I0SJSI0*1 TEMPTb(AH*AM*EL«EL> «1.TT24539 
REP"IA1M2*(C«AM«0*EL)-REZ*(AM-D-C-EL))/ 

1TEMPT/TEMP1 
A|HF«|AIM{»<AH»D-C»eL) *HEZ»(C«AH »0»EL1T/TEPP7^TEMIH 
PRSRCH 
PI-AIMW 
REWwEXPC-REF 
AIHW«EXP5-AXPr IP(ABj (REW.PR).1,E-«)464,T,T 

6«4 IPIABs (AIMW-PI)-1.E-6)64,T,T 
64 RETURN 
1 SIS2PB2.4AJSI0 

00 TO A 
40 TEMPC«AJP«C*TEMP4*A-AK<»0 TEHPOwAJP40>TgNP4»B«AK«C 

TEHEL"1>JP*EL4TEH>'4PH»AR«AW 
TEMPNaAJP*AM*TEMP4«0-AK«EL 
BfO —. (ppt̂  
HgEL 
ClTEHPC 
O"TEMPO AHgTEHPN 
tL"TEMEL 
IPtABS (TEHPH)»ABS (TEHEL)-1.0E15)49,43,43 

43 C»l»pE"19*C 
DA1,0E»1B»D 

' »TEPPP TEHPDRI.OE-IS»I 
TEMPH*1.0E-1S*TEMPM 

4* IG>*8S 8CTEHPP)»ABS ITEMEL>*1»0E»19)44,»4|S0 
niinws 
A M 6 U 0 E I S 4 A M 
EL"1>0E1S*EL 
TEMPO.1,0E19*TEMPC 
TEMPO«I.OEIS*TEMPO 
TEMPMal.0E19«T|HPM 

- ,0 uNtk7i!»!;nnv.Kw 
12349 RETURN 

END 
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1 0 

SOURCE »EBCO XC «NOL XST•NOOECK(LOAD.MAP.NOEOXT•XO.NOXREF 
SUBROUTINE QUICKW * QUXC0010 
CQMMON/TBTX/TR(68>62),TX(62,62)« AXMW•AX .K X tREM•y OUXC0020 
« g u m w u . t « m auTcocjtj 
XaABS(AX) QUXCOOAO 
TE«TaX«X*Y»Y OUICOOSO 
X r ( T f f T . L T « 3 6 t ) 0 0 _ TO 10 QUXC0060 IP(TEST.LT.1**.)B0 TO 2 QUTCOtJTO 
If(TEST.LT,10000,>00 TO 3 QUXCOOBO 
Al"l./(l.TT2*S39*TEST> 
REWAV'Al IF(Kl.aT.OTg 
RETURN 
X X « X M O 

0. 
j«jj*2 
n*j-1 PalO.*X QA IO.»T«jj 

XI 
15 P2aP«p 02BQ*Q 

pq»p»q 
npa.S»p 
Hfl»,5»0 
HQ2«.S«Q2 
HP2a.S»P2 AiwHua-nu 
A2«MP2-HP 
A3«l,*PQ«P2-02 
a»«mp?-pg»HP 
AS"HQ2«PQ*HU 
R £ W - A 1 » T R ( I ) . 

l*P0*TR(I*ltJ«l) 
XF(KX.LE.O) 00 TO 

~ A l M w i f i T X ( U N 
1 ) • P O R T I ( 1 » J « 1) 
AXMW«AIMH«AKX 00T06 

2 A1WX"X -T"T 
A2»2.*X»Y 
A3*A2»A2 
A»>A1-.2TS2SS1 

I | , T W T » » — ASIA1-2, TH7* Ola.§11*2*2/1 0|",OSIT6S36> 

QUXC0100 
OUTCOltO 
QUIC0120 
QUXC0X30 
QUXC01A0 
OUTCOISO" 
OUXCO160 
QUXCOITO 
OUXCOXBO 
outcot»o 
QUIC0200 
QUIC0210 
CIUJC0220 
QUIC0230 
QUIC02*0 
QUXC0250 
QUXC0260 
QUTC02TO 
QUXC0260 
OUXC0290 
OUICOSOO 
OUIC0310 

A2*TR X-l . J) • A3*TR ( I »J ) •AA*TR ( J*1 .J) *AS*TR (I.J* 1) QUXC0320 
QUXC0330 

_ OUXC03*0 
)»*2"TI(I"1.3r^rJ»THX»J)«AA»TI(X>l»J) *A5«TI (X i<J* 1QUTC039D 

OUXC0360 
QUXC03T0 
QUXC0360 
QUTC0390 
bUXCOAOO 
QUXCOAIO 
QUXC0A20 

" 0UIC0*3TJ 
QUXC0**0 
QUICOASO 
QUIC0A60 ourco«ro 
QUXC0A60 
QUIC0*90 
ouicosoo 

(A*«A*.A3) 
^ . J l T 6 S 3 6 / ( AS*AS*A3) 

RgWaPl* <A««X-A*»Y)•02*(A2«X-A5»V> 
IF(KI.LE.O) 00 TO B 

T AjMWPOl*(A*»X «A2»Y)»02*(A5*X»A2«Y) 
AXMV<aAIMH«AKl 
OOTOB 

3 Ali|X"X «T»T )»li A2t*,*X*Y 
AAaAl-1. 
P l ' l . l H l iewSD!" 791/(A*»A*»A2«A2) 

(A2«X>A*«T) 
XF(KX.LE.O) 00 TO 6 

9 A:MW4DXP<A*M*A2*Y> 
AIMW»aimw«AKI 

6 RETURN 
END 

QUXC0S20 
QUXC0530 
OUXCQ5AO 
(1UXC05S0 ' 
QUXC0S60 OOTCOSTTT" 
QUXC0S60 
QUXC0590 
QUXC0600 
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Appendix I I . Sample Program 
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A. List ing of Input 

PRCS"** PAPIN VERSION FEBRUARY 19B1 
NUMBER OP L»ODERS»IOO Otl000 100000*0 1. 
N£UTHC> ENERGY- * 0 0 0 . 0 0 
S C A T T E R I N G LENOTHB <1.8900 
ATOMIC « E I O H T ' _ 2 3 6 . 0 0 6 
CHANNEL R A D I U S - o.e*oo 
TEMPERATURE' 2 0 0 0 . 0 0 
T O V A L - R E ^ E R E N C E - C R O S S - S E C T I O N " NRJ-100 
NUCLEAU SP|Na 0 , 0 
I N I T I A L T H I C K N E S I N A T O K / O A R H " 
C O M R E h S A T i o s CROSS S E C T I O N -

IT.«B00 
0 . 0 1 0 0 1.2090 

1 2 2 
UKRESOLVEO RESONANCE PARAMETERS 

L J 0 AONO AMUN 
I 0 . 5 0 0 Q E 0 0 0 . 2 0 0 0 E 02 Q,2l0oe-02 1.0 
2 0 . 5 0 0 0 E 0 0 0 . 2 0 0 0 E 0 2 0 . 1 5 4 9 E . 0 2 1 . 0 
2 O . I S O O F 0 1 0 . 1OOOE 02 0 . 7 7 4 5 E - 0 3 1 . 0 
3 0 . 1 5 0 0 E 0 1 0 .1OOCE 02 0 . 2 5 0 0 6 - 0 2 1 .0 
3 0 . 2 5 0 0 E 0 1 0 , 6 6 6 7 E 0 1 0 , 1 6 6 7 E — 0 2 1 . 0 

AOS 
0 . 2 3 5 0 E - 0 1 
0 . 2 3 S 0 E - 0 1 
0 . 2 3 9 0 E - 0 1 
0 . 2 3 S 0 E - 0 1 
0 . 2 3 5 0 E - 0 1 

B. List ing of Output 

P R O B A B I L I T Y TABLE UPPER LIMIT PROBABILITY 
~ 0.0 2,00000 
2 , 4 8 1 8 9 3,07990 
3 . 8 2 1 9 9 
4 . 7 * 2 8 8 5,88566 
7 . 3 0 3 7 9 
9 . 0 6 3 6 2 

1 1 . 2 * 7 4 6 
1 3 . 9 8 7 5 0 
1 7 , 3 2 0 5 1 
2 1 , 4 9 3 8 2 
2 6 , 6 7 2 6 8 
3 3 , 0 9 9 3 7 

tt:Kti! 
6 3 , 2 9 2 6 9 
7 8 , 4 9 3 1 9 

«:hkj 

0 . 3 0 0 0 E - 0 3 
0 . 1 0 B C E - 0 3 
0 . 3 0 0 0 E - 0 3 
0.1500E-02 
0 . 1 9 0 0 E - 0 2 
U . 1 0 F 0 E - 0 1 
0 , 4 0 6 0 E - 0 1 
0 . 2 3 0 2 E 00 
0 . 3 2 6 4 E 00 
0 . 1 3 1 7 E CO 
0.71Toe-ol 
0 . 4 9 1 0 E - 0 1 
0 . 3 9 4 0 E - 0 1 

8:§5S§f:81 
0 . 1 * 9 0 E - 0 1 
o.iiroE-oi Q.980tt§,a| 

l i b l t y K l o . * 3 O O E 
1 5 0 , 0 0 0 0 0 0 . 1 * 0 0 E - 0 2 10000,00000 0.. 100OE-O2 »vePft5ETT0T=£S- 18.0719 

BCNDARENKO QftOUP CROSS 

ERROR 0 
2 2 1 6 E - 0 3 
9 V 3 0 E . - 0 6 
1 7 0 6 E - 0 3 
J 8 4 1 E - 0 3 
» 1 7 0 E - 0 3 

2lloi-oi 
6 9 0 9 E - 0 2 
7 1 3 1 E - 0 2 
3 4 9 3 E - 0 2 
2 * * 6 E - 0 2 
2 U 2 E - 0 2 
1 9 4 8 E - 0 2 

m5f:§i 
1 2 * 7 6 - 0 2 1068E-02 972*E-fl3 StSoÊ oS 
J * 7 o E - 0 3 
JOOOE-OS 

ERROR 
S E C T I O N S 

ERROR 
0.0 
0 . 7 4 

x.s CAPTURE 0.0 
3 6 E - 0 2 0 . 2 2 2 1 E 
~ " 0 . 1 0 3 9 E 0 . 2 1 S 4 E - Q 3 

0 . 9 6 0 0 E - 0 2 
0 . 2 4 T 0 E - 0 1 
0 . 2 8 1 8 E . 0 1 

ol5o?oi-oi 
0 . 1 1 6 1 E - 0 1 
0 . 1 * 5 6 E - 0 1 

8:!Htf:H 
0 . 6 2 4 8 E - 0 1 
0 . 9 7 4 2 E - 0 1 

0.2S54E o. 0. o, 
0 . 8 1 8 6 E 00 
0 . 2 6 3 2 E 01 

9.2S94E CO J.3107C 00 
\:mi 8* 

0 , 4 1 2 3 E 
0 . 2 7 6 2 E 
0 . 1 7 7 4 E 

MHK 
0 . 2 9 4 7 C 
0 . 4 3 7 1 E 
0 . S U 1 E 
0 . 1 9 7 4 E 
0 . 2 0 6 6 E 
0 . 2 3 3 7 E 

3 0 4 0 E 
3 J 5 9 E s .nm 

0 . 3 1 3 7 E 
0 . . 3 1 1 8 E 

SO. 00 00 
° 2 00 
° 2 
0° « 

Oi 

ERROR 

8 : ¥ 4 9 8 E - 0 2 S . LaSZC.rO* 
0 . 2 0 2 1 E - 0 1 
0 . 2 4 2 0 E - 0 1 
0 . 1 1 3 4 E - 0 1 

8 : l l f ! e» 
0 . 9 7 9 S E . 0 2 

0 , 4 1 1 3 E - 0 1 
0 . 5 4 3 1 E - 0 1 

Cl l f lNM 
0 . 6 3 2 1 E - 0 1 
O.Ttlic-Ol 

0 . 5 6 6 2 E - 0 1 
0 . 5 8 6 9 E - 0 1 

0 . 9 J 1 2 EfiLIQ." CL.5103 

A*FT AVERAOE WElJJMTED FLU* TOTAL '-SECTION IAhCT AYERABg HE1BHTE0 CURnENT TOTAL XnlCCTION 
CAPTURE X . S E C T I O N ERROR AWFT D I L U T I O N 

1.0 
foo.o 

1000.0 
BONDARENKO 

X - S E C T I O N ERROR 0.6399 0 . 0 0 6 7 0-7095 _ . p.POTT 
0 . 9 2 2 3 0 . 0 1 0 1 

S E L F - S H I E L 0 1 N O FACTORS 

X-SECTXON 
1 3 . 7 3 0 * 

atmt 17.8*77 

BFT Rm>nftRFhiKO .FinMTFn ri im RFI F cHtn nTKS FKcmo 
BFC PONJAMENKO HEIGhTLO CURRENT SLLF SHIELCING F»CTO" 

C1LUTI3N CAPTLOE TACToo CPROR RFC FACTOH 1.0 0.6RS77 0.010*5 0.66619 ld.O 0.760*0 0.01152 n.721X6 100.0 0.91007 0.01*07 0.86878 100C.0 0,<JOe»6 0.015*1 0.9T978 

ERROR 
0 . 0 6 9 1 

O.llli 
0 . 1 T 9 9 

AWCT-X-SECTXON 
1 1 . 9 9 1 9 

— m -
1 7 . 6 3 * 0 

ERROR 0,0810 
• W f f l 

0 . 4 * 1 9 

ERROR 
0 . 0 0 8 3 1 
0 . 0 0 8 2 3 
C . 0 1 1 0 * 
0 . 0 2 7 6 7 

BFF FACTOR 
0 . 7 5 9 8 6 
0 . 8 0 6 2 9 
0 . 9 2 1 5 6 

7 1 0 . 9 8 7 7 1 
AVERAGE T R A S « I S S I O N A T R . T R A S ^ I S S I O N SELF S H I E L O I N O FACTOR TSSF 
AVERAGE SELF I N D I C A T I O N P A T I O S I R AND SELF I N O I C A T I O N SELF S H I E L O I N O FACTOR S I R S S 

ERROR 
0 . 0 0 8 8 1 
0 . 0 0 9 S T 
0 . 0 1 2 2 3 
0 , 0 1 * 3 2 

A TOM/BARN AT E » ' . TSSF ERROR S I R 

0 , 0 2 0 0 
0 , 0 3 0 0 
0 . 0 4 0 1 
0 , 0 5 0 0 
0 . 0 6 0 0 
0 . 0 7 0 0 
o.oeoa 
0 . O 5 0 0 
0 . 1 3 0 0 
0 . 1 1 0 0 

0 . 7 2 1 0 * 
0 . 6 2 2 3 0 
0 . 5 * 0 * 5 
0 . * 7 1 S 3 
0 . * 1 2 0 6 
0 . 3 6 2 5 2 
0 . 3 1 9 0 6 
0 . 2 8 1 3 7 
0 . 2 4 9 5 6 
0 . 2 1 9 9 1 

C . , 
0 . 0 0 3 3 
0 . 0 0 3 6 
0 . 0 0 3 8 
0 . 0 0 3 8 
0 . 0 0 3 7 
0 , 0 0 3 5 
0 . 0 0 3 3 
0 . 0 0 3 1 
0 . 0 0 2 9 

1 • 0 3 2 S 
1 . 0 6 6 3 
1 . 1 0 8 1 
1 . 1 5 6 9 
1 . 2 1 3 1 
1 , 2 7 3 6 
1 . 3 * 1 3 
1 . 4 I S * 
L . » 9 6 2 
1 . 9 8 * 0 

0.0039 
O.OOS6 
0 . 0 0 7 5 
0 . 0 0 9 3 
0 . 0 1 1 2 
0 . 0 1 3 0 
0 . 0 1 * 9 
0 . 0 1 6 8 
0 . 0 1 B 6 
0 . 0 2 0 5 

O . S « ? 7 
0 , 4 7 6 0 
0 . 3 8 8 8 
0 . 3 2 1 6 

8:11!? 
0 . 1 9 1 5 
0 . 1 6 3 1 
0 . 1 9 9 6 
0 . H 9 9 

ERROR 

0 . 0 0 0 9 
0 . 0 0 7 0 
0 . 0 0 5 7 
0 . 0 0 4 8 
0 .00*1 
0 . 0 0 3 6 
0 . 0 0 3 3 
0 . 0 0 2 9 
0 . 0 0 2 7 
0 . 0 0 2 4 

S I R S S ERROR 

0 . 7 g > 0 
0 . 7 * 1 0 
0 . 7 * 3 8 
0 . 7 J 6 2 0.7399 
0 . 7 * 1 3 
0 . 7 5 1 4 
0 . 7 6 S 8 0.7840 
0 , B Q 9 7 

o.ooai 0.0079 
O.OOT2 
0 . 0 0 7 3 
0 . 0 0 7 8 0.0086 
0 . 0 0 9 7 
0 . 0 1 0 9 
0 . 0 1 2 9 
0 . 0 1 ) 7 

IMCOOZI STOP 


