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ABSTRACT 

This program calculates infinite-medium thermal spectra for each 
composition in a reactor. The spectra are obtained iteratively from 
the neutron balance with the energy transfer probability kernel, the 
absorption cross sections, and the slowing-down sources. Group trans
fer cross sections are calculated from point values of the flux spectrum 
together with point values of the transfer probability kernel, and group 
cross sections are obtained by averaging over the computed spectra. 
Macroscopic group cross sections are calculated for each composition; 
microscopic cross sections are calculated for each nuclide in each com
position. 

NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It is subject 
to revision or correction and therefore does not represent a final report. The 
information is not to be abstracted, repri nted or other wi se gi ven publ ic di s
semination without the approval of the ORNL patent branch, Legal and Infor
mation Control Department. 



·-------------------------------LEGALNOTlce-----------------------------, 

This report was prepared as on account of Government sponsored work. Neither the United States, 

nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, 

completeness, or usefulness of the information contained in this report, or that the use of 

any information, apparatus, method, or process discl'osed in this report may not infringe 

privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of 

any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 

controctor of the Commission, or employee of such contractor, to the extent that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant to his employment or contract with the Commission, 

or his employment with such contractor. 
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, AGS, A 7090 COMPUTER PROGRAM FOR THE CALCULATION 
OF AVERAGE GROUP CROSS S:EX:!TIONS 

M. E. Tsagaris 

'. Introduction 

The AGS" program has been written to calculate grollP cross sections 

for use in multi group thermalization calculations. This program consists 

of 3 chain links and is designed to work in conjunction with a family of 

neutron thermalization programs. l The first chain is a revised version 

of IMS,l which in addition to obtaining transfer probabilities from the 

kernel library tape and generating the ~(E) spectrum, permits flux values 

to be read in. Chain two calculates group transfer cross sections, and 

chain three comput'es the remainder of the average group microscopic and 

macroscopic cross sections for up to a maximum of'twenty-five nuclides. 

Description of the Problem- Chain 1 

The first link obtains a numerical solution to the space independent 

Boltzmann equation by means of a normalized extrapolated Gauss iteration 

scheme. The equation which is solved is 

<P(E) = 

E2 

J L:(E'-+E) ~(E') dE' + SeE) 
El 

E2 

J L:(~E' ) , <1$:" + lJa(E). , 
El 

(1) 

wh~re L:(~E') is the transfer probability that a neutron will scatter at 

energy E into a unit energy interval at E' , SeE) is the outside source 

term, ~(E) is the 'flux per unit energy at the energy E, andL: (E)" is the 
a 

absorption cross section which includes the leakage term. 

lC. A~ Preskitt, E. A. Nephew, andM; E. Tsagaris, "Neutron Ther
malization Programs for the I.BM 70.90,". USAEC Report,ORNL-TM-46l, Oak 
Ridge National Laboratory .• ' 
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Since a detailed description of the problem and method of solution 

are fully given in Ref. 1, they will not be repeated here. 

Preparation of Input Data for Chain 1 

The first link consists of a revised IMB program and its associated 

subroutines. Although the input data are gener~lly the same as for the 

IMB code, they will be repeated along with the points of difference in 

order to incorporate all input for" AGS in one report. 

The input data required for the first chain calculation is divided 

into two distinct parts, card input information to logical tape 10, and 

data obtained from the kernel library tape, which is designated as 

logical tape 2. The card input include£;) the title of the calculation, 

cross section ""data, and the kernel number of the kernel to be selected 

from the KERN'ELLIBRARY TAPE. The selection of a kernel automatically 

specifies for the calculation an energy mesh, an integration interval,' 

a set of source values, S(E), and the model by wh~.ch the transfer prob

abilities are calc1ilated~ Th~' card input data must be assembled in the 

following order 

1. Card 1. Columns 1-72 'may contain any alphabetic or numeric 

information which identifies the calculation. The contents of this card 

and the kernel title which is read from logical tape 2 will be printed 

·at the top of each page of output .• 

~. Card 2. Seven numbers are 'putlched which give the following 

information. 

Fields land 2. These contain a neutron temperature (OK) and 

a value for A for a modified Campbell-Freemantle initial guess for the 

spectrum. If T = .0, then the initial guess for the flux is taken to be 

the converged flux from the previous casein the same run. 

Each element in the table of transfer probabilities 

is multiplied by this number. Consequently, this field should normally 

contain the macroscopic free atom scatter~ng cross section or the atomic 

nUmber density. An exception, however, is in the case where it is desired 

to run ·several calculations using the same· kernel without reading the 

1.61' 
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kernel from tape each time. Re-reading of the "k~rnelcan be avoided by 

placing a "0,.0 in field 1" of card 3. If this is done," however, field 3 

of card 2 must contain a 1.0 in order to retain the same normalization 

of the transfer probabilities as before. 

Field 4. Any non-zero number in this field is used as the 

value at 0"~0253 ~v of allv cross section (cm-
l

). If this field "is 

punched, th~n no cross section cards will be read and the problem will 

use thel/v cross section alone. Conversely, if this field is left blank, 

cross section data will be supplied. 

Field 5. This field is ignored unless field 4 contains zero or 

is blank. If field 4 contains a zero or is blank, then this field must 

contain a number "between 1.0 and 25.0 inclusive which indicates the number 

of sets of cross sections that are to be read in." This number includes 

leakage cross sections, if one wishes to use them. 

Field 6. The convergence criterion is supplied in this field." 

Iteration will continue until the maximum fractional change in the flux 

at any point "in the mesh is less than this number or until the maximum 

number of iterations specified, :;in the next field has "been reached. A 

value of 10-3 to 10-4 should be satisfacto'ry for most cases. " 

Field 7. This field specifies the maximum number of flux iter

ations to be undertaken. If left blank the number of iterations is 

automatically set as 100. 

3. Card 3. Field 1 of card.3 contains the number of the kernel" 

which is to be selected " from the KERNEL LIBRARY TAPE and used in the 

calculation. A zero in this field will cause the same kernel used in the 

previous calculation to be re-used. In this case, field 3 of card 2 must 

contain a 1.0 to prevent a renormalization of the transfer probabilities, 

unless "a renormalization is desired. "Field 2 contains the extrapolation 

factor, "a,to be used in the normalized extrapolated Gauss iteration 

scheme employed in the flux iterations. An optimum choice of this factor 

can greatly reduce the running time of the program. For initial runs , .. a 

factor a ~ l~O to 1.2 is a reasonable choice to make. Field 3 contains 

one of three option numbers. Their significance is: 

0.0 - calculate ~{E)fs as described above. 



1.0 - read·in·$(E) values, seven numbers per card. 

,-1.0- ·by-.pass entire chain and use ~(E) f S calculated 
in previous case. 

4. Cards 4. If field 4 of card 2 contains a zero or is blank, then 

these cards must contain up to seven number densities each (controlled by 

field 5 of card 2) which are used to form a composite macroscopic cross 

section from the. sets of microscop.ic cross sections which follow. Units 
-1 are cm per barn. 

5. Cards 5. If the option of ,reading cross section cards has been 

selected in field 40f card 2 and .card 4 has been supplied, then cards 5 
must contain as many sets of microscopic absorption cross section decks 
. . 

as are specified in field ~ of card 2. If leakage is calculated, there 

must be one less set of cross sections than spec~fied in field 5 of card. 

2. A maximum of se~s may be supplied and must ,be consistent in order 

with the number supplie~ on card 4. Fields 1 through 6 contain three 

:gairs of numbers (l~ss if required on. the last card), giving values of 

the energy in ev·and the cross section at that energy. Each card of a 

cross section .deck must contain an.ide~tifyiIlg.~-punch in column 12, and 

the energy range specified mus~ exceed the energy range'over which an 

interpolation is to be made~ The card records on logical 10 are read 

one by one and a running count ~s .. k~pt o~ the numb.er ·of energy mesh point 

vall.les. This is continued until a blank or zero number in an energy field 

(1, 3,:or 5) is ,encountered. This·bl~nk signif:tes that the end of the 

cross section deck has .been reach~d. ~ence, to those cross section decks 

with a number of energy mesh points exactly. divisible by three, a final 

card must be .added with all. b~anks .. ex~~p~. ~or.a 4-punch in column 72. 

6. Cards 6 •. These cards contain the leakage cross sections and are 

c~!lsidered ~r the.~J:'o.g;:r&m to q~.a s~t o~ ~ross~ections. The format of 

these cards is exactly as· described· for cards 05, .except that an identify

ing 8-punch is required in column 72. This ~-punch selects an option 

which allows a straight linear interpolation of .the leakage rather than a 

linear inte~olation of the logarithm of tbe cross section versus the 

logarithm of tbe energy as it .doeswith cards 05 .. 

u. 

• 
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Output 

A complete listing of the output is· obtained from logical tape 9 . 

and consists 6f'the following lines. 

1. Title of the flux calcUlation. 

2. Title of the kernel used in the calculation. 

3.' Number of iterations, degree of convergence, extrapolation 
factor used. 

4. A list of the energy mesh points and the computed fluxes. 

Description of the Problem - Chain 2 

Chain 2 generates group transfer cross sections by the solution to 

Eq. (2). 

E(g.~.) 
~ J 

= 

J 4>(E,) dE, 
~ ~ 

f dE. f dE. L:(E-.:~E.) 4>(E.) 
~ J ~ J ~ 

gi . . . gj ., • 
(2) 

gi 

The flux spectrum values and the transfer probabilities are obtained 

from the first link. 

Preparation of Input Data for Chain 2 

These input data cards immediately follow the data cards described 

above. 

1. Cardl~ Columns 1-72 may contain any alphabetic or numeric 

information which identifies the calculation. 

2. Card 2. Field 1 contains the number of grou~ boundaries 

listed on cards 3. The value should equal the number of groups desired 

plus one. 

3. Card 3. Contain seven numbers per card (or less, if required 

on the last card) which list the group boundaries in ev. 
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Output 

The output consists of the following information. 

1. Title of the case as described in card 1. 

2. The computed group transfer cross sections from each group 
to all other groups, and a tabulation of their lower and 
upper boundaries in eVe 

}. A listing of the average group fluxes. 

Description of the Problem - Chain 3 

The last chairtwas written to perform the numerical integrations 

encountered in the calculation of spectrum averaged cross sections. 

The microscopic fission and absorption group cross sections for e~ch 

, n\lclide are given by Eqs. (3) and (4). 

f $(E) O"a(E) dE 
'O"a = g , , 
,g f~(E)dE 

g 

J $(E) O"f(E) dE 
g , 

f $(E) ~ 
g 

(4) 

In ~dditioni this program calculates the macroscopic cross sections 

and the diffusion coeff'fcients by Egs·. (5-10). 

E (g) ::II L N.O" i 
a 

i 
1. a 

Ef(g) L; i = NiO"f 
i 

(6) 

E (g) = [ ~E(g .. g')J + E(g-+ g) 
S 

.;-j 

'V. 
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ER(g) = [F, L(g-+g') J+ La (g) (8) 

2:T(g) = 2:R( g) + Z( g -+ g) (9) 

neg) 1 
(10) = 

All integrations in this program are done by a generalized Simpson's 

rule subroutine which does not require equally spaced intervals or an 
. , ~~ :: . ':,' '; .;. : 

odd number of mesh points. The integration routine is explained in 

detail in Ref. 1. 

Preparation of I~put futa for',Chain,3' 

The following cards are inserted as the last data cards for any 

given case. 

1. Card 1. ColumiLs 1-72,.may contain any alphabetic or numeric

information which identifies the calculation. 

2. Cards 2. Contain the names of the elements and must be 

punched in the same order as their corresponding cross sections. Each 

element has a field width of 10 columns with the name punched in the 

first 6 columns of tbe, f.ield.c, As ':many as seven nuclides' may be punched 

on one card. 

3. Card 3. Field I of card 3 contains ~, the average cosine of 
1, '.' 

the scattering angle for neutrons in the center of ma's's system .. ; 

4~Cards 4. Contain'v, the'average number of neutrons produced 

per fission. If elements listed in cards 2 have ,no fission cross 

sections " 0.0 mus t 'be punched' in the corre sponding v fields .. 

5. Cards 5. Contain the absorption cross sections. Refer to 

cards 5 description in' chain 1 input section. 

6. Cards 6 .. ' If a value of v for an element ,has been punched in 

cards 4, the fiss'ion cr0SS section :deck follows, cards 5 in the same , .. . ~ , 

format as previously described for cross section decks. 
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Output 

The output consists of the following information. 

1. Title of the average group cross sections case. 

2. The value of iT. 

3· Computed macroscopic group cross sections for L::a' L::f , vI:f , 
I:

T
, L::R, and D, the diffu~ion coefficient. 

4. The niicroscopic group cross sections, aa' af , and vaf for 
each individual nuclide. 

Considerable freedom is allowed in the format of the input numbers. 

Unless otherw.ise described, all numbers must contain a decimal point 

even if they are integers. The most convenient form is that of a decimal 

fraction with 10 or less digits including the decimal point (5.12, 64.3, 
etc.), but an exponential notation may be used. If this is done, the 

exponent must be separated from the characteristic by a plus or minus 

sign and must be written in the appropriate exponent field beginning in 

column 9, 19, etc .. Both columns in the exponent field must be filled, 

with a zero or sign in the .,first col:umn if necessary. 

To operate the program, an input tape is prepared on a card-to

tape unit using the input data described above. This tape is selected 

as logical tape 10 and, together with the kernel library tape selected 

as logical tape 2, constitutes all of the input data. An auxout tape 6 

is selected from which the deck of .cards containing the energy mesh and 

computed fluxes are punched. 

The AGS chain program has been compiled and loaded on a saved tape 

and is "file protected" to guard the information and eliminate i.the loading 

time. Any number of cases may be stacked for the calculation of more than 

one problem. 

An input data form, list of data cards, and output from a sample 

problem are given on the following pages. 

Acknowledgment 

Th~ author wishes to thank R. S. Carlsmith and C. A. Preskitt for 

their helpful suggestions. 
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TEN DIGIT DATA FORM 
PROBLEM REQUEST 

AGS - CHAIN 1 3325 
CODER . 

~ DATE PAGE 

MET 2/18/63 1 of 3 .. 
: 

1 9 11 19 21 29 31 39 41 49 Sl S9 61 69 71 73 80 

~ AGS. COLUMNS 1-7 ~AF tE AVAILABLE F6R CASE J..U.I:!il'l!'J.: .. Lt .!A'l TON '!IIo 1 
T(oK) A .Es ;0 XN E' XNI 2 

XNK a XF 3.. 
N} N? etc. N(XN) 4 
El O"R(E1 ) .~ 0"3i (~) E~ O"s. (E"1)) 04 5J 

cross 
.. 5l ~ ___ ~~v 

etc. 04 deck 1 
n . 

EJ. L(El ) E:> ~) E"1) L(E~) 08 ~ 
~ ., 

6f 1eakag etc. 08 
e 

Note: CaJ ds J , 5, and 6 ~ re ( 'mi tted unlel s ~ o = 0.0. 

T( OK) = neu1 ron tempera 1 ure for initial. flu: guess. :ThE in. tial guess js <PIE) = M(E) + "F(J ) . 
.E~ = freE atom macrOf CO]2 c scatteriI!1 cr( ss section. 

.Eo, = 220( m/s value ( f t' emacroscop: c a1 sorotioncr( ss ection. 

XN = numl er of micros eo~ c cross sec1 ion decks which wil be providec ,,9· iI ciuding leal age dec~ • 

E' = degl ee of convel rgen( e desired. 
... 

XNI = maid mum number c f i erations alJ owec. If left 1 Ian] . J program af SUlIlE s 100 itera ~ionf • 

XNK = the kernel numbE r t<:: be seleeteJ: frc m the libra] 'Y. t~ .pe. 

a ext' apolation fe eto of the ite ati( n scheme~ I· -
XF = opt on for ca1Q'l p-at nK or readi] ~ i1 <p(E)ts. 

N, (etc.) = ate mic number c ens ty of the ce ,moOI entassocia1 ed , ith·cross SE ctic n deck 1 .. 

, 

UCN-S2&S 

AGS INPUT D.~TA F¢RM 



PROBLEM 

CO-DER 

I 

) Crhl 

'EICT 

E1 

ES 

UCN-S2153 
(S 1 t.e 1) 

CHAm 2 

MET 

9 11 

IMI\I:-- 1-72 ARE All 

~ 
. . . .. . . ' ..... 

EICT = 

~ (~tc.) = 

.' 

19 21 

rATT; 
.I_ -. 

E3 
.... . . ' .. ' ... ', .... 

nUll ber of grauJ; 

'va] ues of the E 

" 

-

TENDIGtT DATA FO-RM 
REQUEST 

3325 
DATE 

2/18/63 
PAGE 

2 ofl 3 
29 31 39 41 49 51 59 61 69 71 73 80 

ID! ~~·.L:J.:.If.LCATI¢N .... 1 , 

2 

E4- '~ % Err 3 

E(EICT:} 3 

001 ~daries to 1: e I", sted in care s 3· 

raul boundary eI erg.J es in electl on c1t-s. 

'-, 

-

AGS INPUT DATA F¢RM 



TEN DIGIT DATA FORM" 
PROSL'EM REQUEST 

CHAlN 3 3325 
COOER DATE 

2/18/63 
P'AGE 

MET 3 of 3 
1 ~1 . 1~ . 

29 ·31- . 39 41 .49. 51 59 61 69 71 73 80 

S 1--72 ARE ~v. ~RCl ~E~ DENTIFICATIj iN, 1 

NAME(1) . NAME(2) NAME(3Y etc. NAME(NS) 2 

IJ. '5 
Vi v2 V3 etc. v(NS) 4 
E:t. Ua(El.) ~,' O"a(~) E~ O'a'(~) 04 cross 

5..1 3:!.t:lIl"±-i rI 

etc. et.c. 04 51 deck 1 
n 

'EJ.. O"f(J5l.) , ~ Uf(:E2) . E~ O"f(E7) 04 § "fissio n 
.,. 

61 cross etc. etc. 04 
~ --- -- n 

I'· 
;" deck 

-
I, 

NVJ.:l!I. vel rds 16 are requiI ed ( rn,:Ly 1fan eJ emeI t has fissr', n .Cl toss sectione. -

NAME(l},e tc. = name of tl: e e~ ement assocj atec with cross sec1 ion deck 1. 
iT = cosine of the :::tering rE . 
vl,etc. . =:,number of neui r fission.' .1 I· 

UCN-S2ea 

AGS INPUT DATA F¢RM 



PROBLEM 
AGS-

CODER 
ME'f 

1 

,SAMPLE-PR¢B~ 

1380.0 

2.0 

0·0505 
1.001 

1.001 

1.001 

0.,0001 

0.0066 

SAMPLE-PR¢~ 

13.0 

1.001 

0.153 

SAMPLE-PR¢BI 

CARBON 

0.056 

0.0 

Cross 

UC N-a2oa 
(a , '·00 

sec; 

9 

~ 

-5 

-5' 

-5 

ITlI'l.f 
-"': 

-4 

~ 

ion 

11 19 21 

HAIN-l.-C¢m SPl ~TRUM AT B5c 
0.4 0.2379 

1.0 0.0 

9:.14,' -5 0 • .67, 

0.201 . 10.0 

3.8 +2 ,10.0 

1.36 . +2 10.0 

IJ.640.0 0.0002 

-0.0140541 0.02205 /,' 
~ 

HAIN-2.-12- I ""'H1i!1 ~AT.-GR~ '""r1 

0.0131 0.031 ' 

0.265 0.406' 

HAIN-3. -12- -- "\T -GR¢tT.P-Cl II'M 

TH-232 U-:238 

0.0 0.0 

cards as lis ted in chain 1, 

" 

TEN DIGIT DATA FORM 
.., ", .. ,-

REQUEST 

" 
3325 

DATE' c-'_., PA.GE 

2/i8/63 1 of 1 
29 31 39 41 49 51 59 61 '69 71 73 80 

K. ~ .~ ~T.rGl ~¢UPf • J. -
0:0 . 5·0 0.0001 2 

3 
-5 9·7 -5 1.0 4' 

-'2.01 -4 ' 04 Gral)hite 

0:3.8 04 iThorium 

0.136 04 rtJ-2':58 
8231.0 etc~ etc. 04 U-235 

-0.0182331 et~c. etc. 08· lLea.k.a~ 

~S. I'ERS. 1 

-.2 

0.0264 0.072 0.0894 ~ .3. 

. 0.6.TI. 1.8Q '5.0 ';I) 

(iss. ,s~TI¢Ns. 1 

U-235 2 

..2 
2.43 4 

omi1 ting thele~ fkagE terms, are insE rted here. 

SAMPLE PR¢BLEM' mPUT 

'f 



SAMPLE PROBLEM CHAIN I. CORE :SPECTRUM AT 850K~ 12 THE~MAl:GROUPS. 

ITI850K A.t2 MESH(~OOOIJI61 IS.Ol SDURCES{TKS GAM~I KERNEL J) 2.00000 

\lUM,BER OF -iTERATIONS# 42 MAXIt4UM DIVERGENCE# 0.930E-04 EXTRAPOLATION FACTORil.lOO 

1ENERGY ,FLUX ENER{;Y FLUX ENERGY F1..tJ;X ENERGY ·FLUX ENERGY. FLUX 

1.00 IOE.,,-04 2.,309'8E-D I t·.4 I OOE-O' 1 1.7754E 02 6.2600E-OI . 4 •. 2S'64E Ot 1.6900E 00 . 1.5969E O. 3.2600E 00 8.1976E 00 
1.8000-E-04 4.r647E-OI 1.5300E-Ot 1.7353E 02 6.5000E-OI 4.0825E or 1.7300E 00 I.S590E 01 3:.3200E 00 8.0928E 00 
3.0-o00E-04 . 6. 9'664E~0 I t .6 50D-E-0"1: 1.6837E 02 6.1500E-01 3.9 J65E OJ 1.710O'E 00 1.5226E 01 3.3700E 00 7.9494E 00 
5.0000E-04 I· .• J 613E 00· I. 7800E-0 r 1.620SE 02 7.0 I OOE-O I 3.7588E 01 1 .• 8 J ODE 00 1.4878E 01 3.4300E 00 7.78D9E 00 
7.0000E .... 04 '';6422E 00 1.91 OOE-O [ 1.5524E 02 7.2700E-O I 3.6137E or 1.8500E 00 1.4527E 01 :3. 49QOE 00 7.6115E 00 
1.00 I OE~03 2.3643:E 00 2.0500E-OI· . 1.4752E 02 . 7. 5300E-0 t . 3.4806E 01 J .8900E 00 1.4196E 01 3.5400E 00 7.4605E 00 
1 •. 4200E-03 3.3842E aD . 2. 1900E-01 . 1.3957E 02 7.8000E-OI 3.3530E 01 1.9300E 00 1.3868E' .oj 3.6000E 00 7.2836E 00 
2. 1000E-03 5.D7086 00 2. 3400E-0 1 1.3;II2E 02 . 8.0800E-01 3.2314E 01 t •. 9800E 00 1.3486E 01 3.6600E 00 7.2908E 00 
2.8200E ..... 03 ·6.'8936E 00 2 •. 4900t~O I 1.12290E 02 8. 3500E-O r 3~1224E 01 2.0200E 00 1.3235E 01. 3.7200E 00 7.2541E 00 
3.7000E-"03 9.1662E 00 2. 6500:E-O 1 1.1463E 02 8.6400E-OI -3.0139E 01 2.0600E 00 1.3024E 01 3.7800E 00 7.1871E 00 
4.7000E-03 t •. f8D3E 01 2. ?:500E-QI 1.0981E 02 8.9300E-Ot 2.9124E 01 2.1.100E 00 1.2759E OJ 3.8400E 00 7.I035E 00 
5.8000 E ...... 03 . 1~4758E. 01 2.8100E-0·. J .011 DE 02 9 •. 2200E-01 2.8178E 0.,' 2.: 1500E 00 1.2511E 01 - 3.9000E 00 7.0:113E 00 
7.0300e .... 03 1.8 t 14E 01 2.9000E~Ot I .0.359E 02 9.:5200E-01 2.7260E 01 . 2.2000E 00 1.2245E Ot 3.9600E 00 . 6.9124E 00 
8 •. 4000E-03 2.1909E 01 2.9700E-OI 1·.0096E 02 9.820DE-OJ 2. 639::2E 01' 2.24DOE 00 1 .. 2020E OJ 4',.0200E' 00 6.8136E 00 
9.8400E-03 2.5948E 01 3.0 700E-0 .: 9.7497'E 01 1.0 J ODE 00 2.5620E 0.1. 2.2900E 00 . t·.176IE o. 4.0800E 00 6.1054E 00 
1.1.500E..,..02 3.'.o6,46E 01 3.1400e;....Of 9.5203E 01 . 1.0400E 00 2.4822E OJ. 2 •. 3400E 00 1.1.510E OJ 4. fSODE 00 6.5918E 00 
I • ;31 OOE-02 3.:519.IE 01 3.2 500"E-0 I 9.1746E 01 1.0700E DO 2.4010E 01 2.3800E 00 1.1312E 01 . 4.2100E 00 6.4923E OQ 
I .6900E-02 4.6024·E 01 3.320.0E-01 8.9726E 01. , • I rODE 00 2.2973E o.J 2~4300E 00 l.f081E 01 4.2100E 00 6.3962E 00 
2.1100E .... 02 5.7897E 01 3.·4000E;...OI 8.7501E 01 1.1400E 00 2.2:416E or 2.4800E 00 I.0854E 01 4.3400E 00 6.2938E 00 
2.5800E-..02 7 .D69l~E at 3.·4900E-o'r 8.5081E 01 . 1.17DDE 00 2.22nE 01. 2.5300E 00 . 1.0640E 01 4.4000E 00 6.1995E 00 
3.1000E .... 02 8:.4204E 01 3. 6000E-0 t . 8.2182E 01 1 .. 2100E 00 2.1884E OJ 2.5800E 00 1.0431E 01 4.4100E 00 6.1058E 00 
3.6700E-02 9.8098E 01 3. 680O'E-0 f ·8.0J48E 01 . 1.2400E 00 2.153.oE aI.' 2.6300E 00 f .0228E 0 I 4.5300E 00 6.0167E 00 
4.2800E-02 1·.1177E 02 3.8700E-or 7.5665E 01 1.2800E 00 2.J009E OJ 2.6800E 00 1.0025E O. 4.6000E 00 5.9287E 00 
4~9400E-02 1.2497E 02 4.0600E-0[ 7.1541E 01 1.3 J DOE 00 2.05"78E 01 2.:730.oE 00 -9.8328E 00 4.6600E 00 5.8462E 00 
5.6400E-02 I .37286- 02 4.2600E-OI 6.7524E 01. 1.3500E 00 2,.0052E 01. 2. TaOGE 00 9.6436E 00 4.1300E 00 5. 160o.E 00 
6.4000E-02 I .. 4869E 02 4.46GOE-OI. 6.3819E 01 1.3800E 0.0 1.96t3E 01 2.8300E-00 9.4652E 00 4.8000E 00 5.6738E 00 
7~2000E-02 J.5845E 02 . 4.67GOE-Or 6.0278E Of 1.42DOE 00 1.9086E 01 2.8800E 00 9 •. 2866E 00 4.8600E 00 5.6022E 00 
8.0500E-02 1.0655E 02 4.8800E-01 5.7067E 01 _ ·1.4500E 00 '·.8686E 0' 2.i 9400E 00 9.08.17E 00 4.9300E DO 5.5122E 00 
8.9400E-02 1.7308E 02 5.1000E-Ol . 5.4031 E 01 ' 1.4900E 00 . 1.819JE 01 3.0000E 00 8.8891E 00 5.0000E 00 5.4483E 00 
9.890DE-02 1.776?E 02 5.320UE-0·. 5.!1290E OJ J~5300E 00 1.7699E OJ . 3.0400E 00 8.7509E 00. 2:.3098E-OJ 9.2409E-40 
1.0900E-01 1."8027E 02 5. 5500E";'0') 4.8794E 01 1.5700E 00 1.7235E 0 I . 3.1000E 00 8.5706E 00 4.1647E-01 -0. 
J • 1:900E-0 I 1.8096£ 02 5.7800£-01 4.6571E OJ 1.610DE 00 1.6790E Ot . 3.1-500E 00 8.4062E 00 6.9664E-01 0.2296E-40 
1.3000E-Ol I .7997E 02 ,6. 0200E-0" 4.4473E 01 1.6500E 00 1 •. 6310;E 01 3.2100E 00 8.2549E 00 1.1673E 00 5.0500E-02 
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SAMPLE PROBLEM CHAIN 2. 12 'THERMAt.:GROUP TRANSfERS. 

AVERAGE GROUP TRANSfER CROSS SECTIONS., 

FROM GROUP I.ODIOE-04 'EV TO 1~3100E-02 EV •. 

, It 1 .. 0'6271:-'0 I, 2, L. 1935E-O I ;3, 7. 1264E-024, 1.8286E-02 5, 1.0348E-'02 6, 5.4386E-03 
7, 3.61'46'E-03 8,. 6.7159E-04 9~ 5.8802E-0610" 1.3974E-08 11:, li.1780~IB 12, O. 

FROM, GROUP 2 1.3100E~02 Evro 3.IOOOE-02EV. 

I', 3,.0956E-02 2, 9.6116E-02 3, 8.5734E-02' 4, 2. 5352E-02 5, 1.5854E-02 6, 9.2611E-03 
7" 7. "417E-D3 8" 1.;:1203E-n3 9; 2.4562E-OS 10,_ 9.8026E-OB II", J. 8758E-12 12, O. 

FROM GRQUP 3 3. UJO.oE~02 EV TO 5.6400E-02 EV. 

I, 8.8050E-03 2, 3.9742E-02', 3, 9.6554E-02 '4, 4~ 1974E-02 5, 2.,8.737E--02 6, 1'.8515E-02 
, 7.,. 1 .640 I E-02 8,,. 5 • .{J71 6E-03, ,9:, L. 15 18E:-04 10,,7. 5'829E-07 I I." 3 .. 2293E-'tr 12., O. 

,FROM GROUP' '4 ,5.6400E-02 EV TO 7.,200QE-02 EV. 

I ; 3.3331 E-D3 2, I. 7306E-02 3, 6.0072E~02 4, 5.4915'E-02 '5, 4.42'S8E-02 6 t 3.0306E-02 
1.. 2.9344E-02 ~t',I.0659E-02 9", 3.2302E.-04 aD,.: ,2.B821E-06 I,L,. 1.96J8E-IO 12, o. 

FR0M GROUP 5 7.2000'Ei'-02 EV TO 8.9400E-02 EV. 

I, 1.6B09E-03 2, '9.6468E-,03 3, 3.6668E-02 4, 3. 9248E...,02 5, 5.4,303E-02 6. 4.3153E-02 
1, 4.4.528E-02,8. 1.:82'46E-02 9, 6.902IE-04'IO,., 7.'8757E-0611, ,7'.9790E-IO 12., o. 

FROM GROUP 6 8.9400E,;,..02 EV TO, 1.0900E .... OI EV. 

I, 8~ 1842E-04 2,,'S'.2282E-03 3, 2.1909E:"'02 4, 2.4958E~02·5, 3.98t8E-{12 '6, 5.4694E-02 
1., 6.:6844E-02 8. 3.0786E-02 q~ 1.4452E-0310. 2.I032E-05 II", 3.ll13E-0912, O. 

FROM GROUP 7 I.09C06~OI EV TO J •. 5300E-OI EV. 

I., '2. 76'57E-04 2, 2.0553E:"",033, ,9.9294E-03 4, 1.2409E-.i02 5, 2.1 J21E-02 6, 3.4,18.7E~02 
1", 9. 3348E-02 '8" 6 .';6923E-02 9'" 1f .3824E-03 10" 9.4155E-05 'I 1', 2.8141 E-oa 12, O. 

FROM GROUP 8 1.53QOE~OI EV TO 2.6500E~OI EV. 

r, 3.215IE-05 2,3.1176E-C4 3", 1.9SI'SE-034, 2. 8932E-03 5, 5.5872E-03 6, I.:0219E-02 
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1.," 4.2582E-02 8, 1.4472E-OI 9[, 3.2959E-02 10 •. 1.5t63E-03 ·1 r, 1.7.417E-06 12. 4.7562E-23 

FROM GROUP 9 2.6500E-01 EV TO 4.0600E-OJ EV. 

I, 3.8349E~06 2, .f~0386E-05 3, 1.0404E-04 4, 2.0180E-04 5.,-5.0293E-04· 6~, I'. I 466E-03 
1., 6.6.913E-03 a,. 6.97968-02 9, ·1.3601E-01 10,. 2.609SE-0211.,. I.0606E-0412". 6.JI04E-19 . 

fROM GRGU P 10' 4.0600&01 'ev TO 6.7500E-01 EV • 

. 1, 1.4·663E-oa 2" 1.1137E-07 3,' 1.8527E-06 4,. 5.06S7E-06 5,I.S:f57E-05 6, 4.6100E-OS 
7. 4.·0303E-04 8 .. 9.T486E-03 Clr, 6. I 432E-02 '10, 1.5772E-OI II, 1.[740E:-:-02 12, 5.17a4E-14 

FROM GROUP II 6 ~ 7500E~O I. EV lOI. a900E 00 EV. . 

1:, 2~1198E~06,2, f.4892E-lt .. 3~ 5,.5163E-10. 4, 2. 4249E-09 5, 1.:1228E-08 6, 4.8.867E-08 
7 t, 8 •. 35268-01' 8,. . 1 •. 1800E-05~ . 9', I • 6685E-031 0" 3. 3484E-D2.1 I.,. 2.0338E~O'I· 12, ",J .1943E-03 

FROM GROUP. 12 l.8900E DO.EV TO 5.0000E 00 EV. 

I, 9.1445E~07 .2, D. 3,' ·3.O:S·13E-25 4, 1.2422E-23· 5, 2 .. h342.E~·22 6, 3.39531:-21 
7 .. 6.'D28E-19 8,. 6 •. 6307E-....:IS q~ 'I.S88IE-IIIO, 1.5625E-07 11.,.3.1352E-02·12, 2.018IE-01 

AVERAGE GROUP FLUXES. 

I,. 2.2340E-OI 
2.,. 1.0780E 00 
3,< 2.8;6 I 8E 00 . 
4 ., 2. 3 I 8 fE 00 
5,., 2.8954E 00 
6, 3.4715E 00 
1', 7.86946 00 
8'~ I .6227E· 0 I-
9, J .2698E 0 I . 

. I a , I • 3 <2.9 9E 0 I 
I I , 2 .< 12 I 2 E 0 I 
12, 2.-{6198E. 0 I 



SAM,PLE ,PROBLEM CHAIN 3. 12THERMA'1L : GROUP CROSS 'SECtIONS~ , 

HUt 5.bDOOE~02 

MACROSCOPIC CROSS SECTIONS~ 

GROUP UPPER E SIGMA F NU'SIGMA F SIGMA S SIGMA R DIFF. COEFF. 

, I 1.31000E-,02 J .29,063E-O[ t.08306E-Ol 2.6:31 83E-01 3.; 352:41 E-O I 4~64310E-Ol 3. 58040E .... 0 1 ,7.48162E-0. 
2 3'. IOnOOE-02 1.1-8895E-02 6:.04133E-02 ' 1.46804E-01 2~12167E""OJ ' 3.,440~1t~d • 2.,47941 E-O I ' I .0 I ~3'14 E, 00 
3 '5.640001:-02 ' 4.8643IE-02 4=. I 0760E-02, 9.98146 E--02 2.56916E-01 '3.04559E-O'l, ' 2.08005E-01 1.14852E 00 
,4 7.20a-OOE-02' 3.84344-E-02 3.~3808E-02 7.86854E-02' 2.505 18E-0 I ' 2 .:S8952E-Q ,: 2.34038E-0' 1.21Z46E 00 
5 '8.94000E~02 3. 350 98E';';'02 '2.80049E-02 6.S0519E-02 2.4,8 L72E-0 I 2.8'1 6'82E"';0 I "2.27379E""0 I 1.244786 DO 
6 [~O'9000E-OI 2.93280E-0'2 '2;,.50954E-02, 6~098"9E-02 2.465226-01 2 .. 75850'E~O I, ' 2.21 1 57E--0 I 1.27205E 00 
7 1';53000£-OJ ,2.5 t.661 E-02 2:. 10075 E-02 5.10482E-02 ' 2.,44732E .... 0 I 2.69898E.;....01 .- 1.1655IE-;01 1.301iOE 00 
8 2. 65000E':"'01 2"',11'65£-02 ' J.75542E..;.02 4~,2656aE""02, ' 2. 42775E':"'01 2 .6,44 9.2E~01 1.1911IE...,OI" 1.32857E 00 
9 4,. 06000 E .... O 1 ,I .9.3486E.~02 L.58171E-02 3.84369E~'o2 2.40678E-01 . . 2.60027E-O I . I .240 12E-O I· 1.35200E 00 

10 6.1S000E-Ot . 9.1:5617E-O,3 7.74944E-03 I ~88311 E-02 2.40S'OSE;....OI 2.4966SE-OI 9 .• 19485E'-02 . I .4.1 126E 00 ro, 
1 L I .89000E 00 5.S3464'E-03', :4.37088E-·03 J .06212E-02, 2.391Cl8E-OI '2.,45332.E-01 4.a'9563E-02 1~43738E 00 0 ,-., 

12 5.00000E 00 2.S'6968E-03 F. 6700'6E-03 . 4~05825E-'03, 2:. 391..65E~O I ',2.,4 1135E-O I 3.99227E-02- ,1.45980E.OO 
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GROUP '. I t.ODIOE~04.~V ·TO 1.310DE-02 EV. 

.,SIG.MA. A SIGMA F 

·.CAR'BON 7.33752E-C3 
TH...;.232· 1.387:t 9E .0 f .' 

o. 
D. 
o. U-238 4~q646ge QO 

U-265 1.3133fe 03 I .1 1656E D~ 

,GROUP' 2' 1.3100e-02 EV .J;O 

ElEMENJ· ·'5IGHAA StGHA F 

t~R:aON 4.2500IE-.03 O~. 

TH-232.· 8.-Q3484E 00 o. 
U"';238 2 •. '875.63E 00 . d. 
U-2,:35 71.3.·1147E02 6.!228rSE 02 

GROUP 3 3. ItlOOE-02 :'EV ,ro 

E I.; E",'ENT S:IGMA A SIGMA F 

: CARBON 3J0384,3E-03 ,0. 
TH·232 . 5.744·22E 00 d. 
U7"2r38 ·2.·05585E 00 o. 
U~235 4. 9.~4339£ 112 . 4 .• 2346ItE 02 

GROUP 4 5.6400E-02'EV ~J() 

ELEMENt: S~GMA A SIGMA 'F 

CARBQN 2..;5100'61:..,03 O. 
TH-232 4. 74.S3'8E 00 o. 
U-238 1.:6983SE 00 o. 
U:-2;35 3.9.0335E 02 '3.33823:e 02 

GROUP 5 7.2000E"02EVfO 

NU SIGMA F 

o. 
O. 

}il. 
2.71323E 03 

3.'IOOOE-D2 EV. 

NU SIGMA F: 

O • . ' 
o~ 
O. 
1.5' 34SE 03 

5.640DE-02 EV. 

NU SIGMA F· 

O. 
o. 

. o. 
' I .029.02E 03 

7.2000E-02 EV. 

NU SIGMA F 

O. 
O. 
D. 
8.11190E 02 

8.94DOE:-02 EV. 
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, ELEMENT SIGMA A SIGMA F NU SIGMA F 

CARBON 2. 239,36E .... 03 o. o. 
TH-232 4.233'62E DO 0-. O. 
U-2B8 1.51519E 00 O. O. 
U-235 3.40202E 02 2.88710E 02 7.01566E 92 

GROUP 6 8.9400E-02 XEV ;fO 1.0900E-01 EV. 

El-EMENT, SIGM,A A SIGMA F NU SIGMA F 

CARIBON 2~02022E-+03 O. f O. 
TH-232 '3..81932E 00 o. o. 
U-238 1,.;36692E CO ' O~ o. 
U-2;35 2.9,760'61: 02 2.5871'oE 02 6.28679E 02 ' 

GROUP 7 I • 0900E .... 0 I EV -f{) 1.5300E-0. EV. 

ELEMENT -SIGMA A- SIGM~ F NU SlGMA- F 

,t'-

CARBON I .. 76364'E.;..03 o. O. 
TH-'232 3.33425E 00 o. ' O. 
U-23-B, 1.193'3IE no O. o. ..,' 
U-235 2.i55302E 02 2.16572E '02 5.26270E 02 

GROUP 8 1.53006 ... 0. EV ,.TO 2.6500E~01 EV. 

ELEMENT SIGMA A SIGMA F NU SIGMA F 
", 

CAR'BON • .,;4 I 67i6E-03 o. o. 
TH-232 2.61845E 00 o. o. 
U-238 9.58602E-0. O. O. 
U..;.235 2.20553E 02 •• 8097rE 02 4.39760E 02 

GROUP '9 2.6600E~0 I ,EV TO ".0600:E-O.l EV. 

ELEMENT. SIGMA A SIGMA F NU SIGMA F 

CARBON I • 11281 E .... O 3 O. o. 
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. TH-232 
U-2'38 
U-235 

GROUP 

ELEMENT 

CARBON 
TH~232 
U-238 
U-235 

GROUP 

ELEMENT' 

CARBON 
TH-:232 
U-238 
U-235' 

GROUP 

ELEMENT' 

CARBON 
TH-232 
U-238 
U";'235 

2.I·0382E 00 
7.'S2945E-O I 
1.9.68S'1E 02 

10 

SIGMA A 

8.82816E~04 
·1 • '6690 I.E 00 
5.97328E~OI 
9.23200E Of 

I I 

S IGMAA . 

6.fJ3584E-04 
I • 1.41 IDE 00 
4.08395·E-O, 
5.;S640SEOI 

12 

S'IGMA A 

3.6581:ClE-.04 
6.~1712E-Ol 
2. 4'7560E-O r 
2.56322EOl 

23 

o • .0. 
o. o. 
1 •. 63D69E 02 3.96257E 02 

4.0600E-+01 ;EV TO 6.·7500E-0 I EV. 

SIGMA F NU SIGMA F 

O. O. 
O. O. 
o. o. 

, 7 .989J rE 01: .1.94135E 02 

6.7500E"'OI 'EV TO 1.8900E 00 EV. 

SIGMA F NU SIGMA f 

O. o. 
O. o. 
O. o. 
4.50606E D. t. D9.497E 02 

'.8QQOE 00 'EV TO S.DODOE 00 EV. 

SlGMA' F NU SIGMA F 

o. O • 
o. . O. 
o. o. 
1.7217tE 01. 4.18377E 01 
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