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Abstract

A system of $ix codes is described which permits the solution of a
bread class of problems encountered in the study of neutron thermalization,
average cross sections, and spectral models. These programs are all com-
ravible with use on MONITOR for the IBM 7090. The following nomenclature
has been adopted for the members of the code group:

i. GTP — Gas Transfer Probability. This code calculates the
scattering transfer kernel according to the Wigner-Wilkins formulation
in which the scattering medium is assumed to have the properties of a

free gas. The transfer matrices generated by the GIP code are stored
in binary form on a XERNEL LIBRARY TAPE,

2. THR = Tape Handling Routine. This code is designed to make
the XKERNEL LIBRARY TAPE generated by the GTP program accessible to
nodification or inspection.

%, IMS — Infinite Medium Spectrum. This code obtains a numerical
solution to the space independent Boltzmann eguation by means of a
rnormalized extrapolated Gauss iteration scheme.

4, TKS — Transfer Kernel Sources. This code evaluates the source
terms appearing in the space independent Boltzmann eguation which arise
due to integration over a finite energy interval.

5., ACS — Average Cross Sections. This code performs the numerical
integrations encountered in the calculation of spectrum averaged cross
sections.

6. DCPM — Filux Decomposition. This code decomposes the spectrum
obtained from an IMS calculation into a Maxwellian component and a
residue component by least squares analysis.







NEUTRON THERMALIZATION PROGRAMS FOR THE IBM 7090

C. A, Preskitt, E. A, Nephew, and M, E., Tsagaris

Introduction

A group of programs for the IBM 7090 has been written to facilitate
the calculation of neutron spectra in infinite homogeneous media. These
programs are all compatible with use on MONITOR and are interlocking in
the sense that they may share commonr blocks of input data and that the
output of one program may be used as input to another. Figure 1 shows
the inter-relationship among the codes. The nomenclature of Fig. 1 is
the following:

l. GIP — Gas Transfer Probability. This code calculates the
gcattering transfer kernel according to the WignermWilkinsl:Q formulation
wnich treats the moderator as a monatomic gas with a Maxwellian distri-
bution of nuclear velocities. The transfer matrices generated by the
GTP code are stored in binary form on a KERNEL LIBRARY TAPE,

2. THR — Tape Handling Routine. This code is designed to make the
KERNEL LIBRARY TAPE accessible to modification or inspection.

3. IMS — Infinite Medium Spectrum. The IMS code obtains a numerical
solution to the space independent Boltzmann egquation by means of a nor-
malized extrapolated Gauss iteration scheme.

4, TKS — Transfer Kernel Sources. This code evaluates the residue
or source terms in the Boltzmann equation arising from limiting the
integration range to a finite energy interval.

5. ACS — Average Cross Sections. The ACS code performs the numerical
integrations encountered in the calculation of spectrum averaged cross
sections,

6. DCPM — Flux Decomposition. This code decomposes the IMS spectra
into a Maxwellian component and a residue component by the method of least
squares,

It is noted that the above programs are constructed so that they may
be used either separately or together in a chain-like sequence, As an
example of the sequential operations depicted in Fig. 1, we consider the
case where it is desired to obtain the neutron energy distribution for an
infinite homogeneous region with a specific moderator temperature and mass
number together with a given macroscopic absorption cross section Za(E)

for the region. First, the kernel code GIP, or one hased on an alternate



MODIFIED
KERVEL TKS GTP
KERNEL OTHER
THR —~—— LIRRARY TAPE MODELS
¢ |
PRINTED -
KERNEL M3
o( k)
LIBRARY L———  DXp
o ACS FLUX
LIBRARY COMPCNENTS

. 1. Diagram Showing the Useful Data Transfers Between ths
Programs.




model, is used to generate a complete energy transfer matrix which
together with its identification, energy mesh, and source data is
stored on the KERNEL LIBRARY TAPE. The spectrum code IMS then uses

the energy transfer matrix as input data together with decks from the
cress section library o(E) in obtaining a numerical solution to the
space independent Boltzmann equation. The output of the IMS code optionally
may include a deck of cards specifying the converged fiux values for
each point of the energy mesh specified in the transfer kernel. This
deck can then be used directly as input to either the ACS or DCﬂM codes.
The various options and provisions for stacking cases will be described
fully in the latter sections of the report describing the individual

codes.






I. Mathematical Formulation of the Neutron Thermalization Problem

In an infinite homogeneous medium the neutron flux obeys the space
independent Boltzmann equation which, in integral form, may be written

as

o0

£ (E) KE) + §(8) [ (z~E") aB” = ({ﬁé(E') 2{E"»E) 48" , (1)
Q

where Za(E) and P(E) are the absorption cross section and flux per unit
energy at the energy E, and Z(E—E’) is an energy transfer kernel., This
kerrel is defined in such a way that the product $(E) Z(E~E’) gives the
number of neutrons (per cmﬁ/sec) per unit energy interval at energy E
which are scattered into a unit energy interval at E° (per cmB/sec).

In order to reduce the problem to a finite energy interval, Eq. (1)
is written as

E B

2 2
2(B) §(8) + ¢(B) [ =(8-5") a8’ = [ (&) n(8'~>E) 4B + 8°(8) ,
By By
(2)
where
E
1 s
s'(B) = [ #(8") (&8> ) av’ + [ (&) =(&8> E) B’
0 1A
and
By
2(m) = £ (E) [ s(meE) ar o+ fZ(E-+E') 4B’
0 B,

Equation (2) can be solved numerically for $(E) if the two functions
S’(E) and =°(E) are provided. It is noted that only the function S’(E)
regquires an assumption to be made concerning the flux and that only out-
side the energy interval El g Eg EQ. At the slight penalty of having
to extend the energy over which an assumption must be made concerning
the flux, we may combine the functions S'(E) and 27(E) into a single
function S(E), thus reducing the required amount of input data. The

space independent Boltzmann egquation becomes



By By
5, (E) p(&) + ¢(B) | =(E-5") a&’ = [ §(8) =(8'~E) a8’ + S(E) ,
Ey By
(3)
where
s(E) = fmgé(E’) (B> E) 48" - p(E) fmz(EeE’) aE’
By Ey
Ey B
[ B(E) S(E>E) a8 - §(8) [ m(E-E) 4B . (L)
0 3

It is seen that the first two terms of Eq. (L) represent the net number
of neutrons (per cmﬁ/sec) entering the finite energy interval at E,

El £ Eg EE’ from above E2 and the second two terms represent the cor-
responding net number entering the interval from below El“ S(E) is,
furthermore, a Tunction of the flux within the energy interval. However
if E2 is chosen sufficiently large so as to be in the asymptotic flux
region, the source term S(E) is relatively insensitive %o the minor de-
parture of the flux shape from 1/E.

The neutron thermalization programs described in this report cobtain
solutions to the space independent Boltzmann equaticr as represented by
Egs. (%) and (L), Program GTP provides the matrix n(E-E’) appea;ing in
both Egs. (3) and (4), program TKS computes the source terms S(E) rep-
resented by Eq. (4), and program IMS obtains a numerical solution to

Eq. (3) by an extrapolated normalized Gauss iteration methed.



II. GTIP — An IBM 7090 Program for the Calculation of
Free-Gas Energy Transfer Kernels

Deseription of the Problem

Program (TP calculates the quantities L(E-E’) appearing in Eqs.
(3} and (4) for the case of scattering from free-gas atoms in thermal
equilibrium and having no internal degrees of freedom. The further
approximation is made that the free atom scattering cross section may

be written in the following form:

-7, B
1
GS(E) = iz O-i € 2

where the sum over 1 includes as many terms as necessary to adequately
represent the crcss section, up to a maximum of five terms.

When the above conditions are satisfied, then we may.write
g ’ = ’
(E~+5") ?; o, P,(E~E') , (52)

where the probablility Pi{E-*E') is defined below. Note that the thermal
motion of the scattering atoms results in & normalization of the cross

section such that
o0 v
[o(g~E") a8’ = o (8) £ ,
v
0 n

where §£ is the average relative velocity between the two particles and
Vi is the neutrcn velocity in the laboratory system. In the limits of
large mass for the scattering atom or large incident neutron energy this
ratio approaches unity.

The expression for Pi(E ~*E9) may be written® as

1



3 2
2 T YT
> = . 1 _iige , -
Pi(El Ee) 2E, 7, {e@[ 262 xl] [erf(ni}(i pi‘xg)

X piXQ)] + [erf(nixg - pixl) ¥ erf(nix2 + pin)]x

[exp(xi - xlxg}} , (5b)

where
X2 = .E—:J-"- Xe =z .E.ig. 6 — 1
1 kT 7 2 kT ’ T kT’
2

Tl=_‘§L: 7\1=l+M(l-T§)3
oy o
2MRT + 75 '
M+ 1

N = Qi = Ti\/M "Tni s

Yooer M ,

arnd M is the ratio of +the mass of the scatterer to the neutron mass.
The upper signs apply.in Eq. (5) when B,
El £ Eg.

t each point in a mesh of neutron energies, program GITP uses Egs.

> E2 and the lower signs when

{5a) and (5b) to calculate the transfer probability to all lower energies
and uses the condition of detailed balance to calculate the transfer
probability to all higher energies. It is easy to see that the kernel
must satisfy detailed balance by examining Ej. (1) for the case of zero
abgorpticn cross sectlon. TFor this case the neutrens will come into
thermal equilibrium with the moderator atoms and will assume a Maxwellian
distribution. Bguation (1) then becomes

o

u(E) [ S(E~E) a8’ = [M(E) £(E» E} 48’ ,
0 d

ot
AN
o

where

E E
M(E) = 1 exp(- ).



The condition on Z{E’— E) which is required in order that M(E) be
the solution to Eq. (6) is obviously

M(E) =(E~E") = M(E") =(E"~E) ,

which is the condition of detailed balance between energies E and E’,

Due to the fact that the error function approaches unity for large
values of its argument, difficulty is encountered in obtaining accurate
kernels for large initial or final energies. Even though the function
itself may be known to one part in 106, the availability of only eight
significant digits in a 7090 floating point number may result in complete
loss of significance when the subtractions in Eq. (5) are made. To
circumvent this difficulty the quantity 1 - erf(x) is calculated to high
3

accuracy by rational approximation,” and the relationship
erf(y) - erf(x) = 1 - erf(x) - [1L - erf(y)]

is used whenever a subtraction occurs.

Preparation of Input Data

The input data required to do a calculation consist of values for
the moderator temperature and mass ratio, expansion constants for the
free atom scattering cross section, and a specification of the energy
at each point in the energy mesh. 1In addition, values of the function
S(E) as defined by Eq. (L) are required for each point of the energy
mesh. These source values, which are obtained either from the TKS code
or approximated by hand calculation, are not used in calculating the
kernel but must be available for transmission to the kernel library tape
at execution time. It may be noted that a dummy set of sources can be
used at the time of the kernel calculation since the tape handling
routine, THR, provides a means of subsequently writing in the correct
sources, All data are supplied on the Ten Digit Data Form and must be
assembled in the following order.

1. Card 1, Column 1 must contain a l-punch, Columns 2-66 may
contain any alphabetic or numeric information which identifies the calc=-
wation. Columns 71-72 must contain the kernel number assigned to the

calculated kernel. If no decimal point is specified in the kernel number
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it is assumed to be to the lmmediate right of column 72. The contents
of this card will appear at the top of each page of printed output.
2. Card 2.
Field 1., Moderator temperature in degrees Kelvin.
Field 2. Ratio of the moderator mass to the neutron mass.

Field 3. Number of points in the energy mesh., This must be
an odd number less than or equal to 161 in order to be con-
sistent with the requirements of the IMS code described latear,

Field 4. Number of terms in the expansion of the free atcm
scattering cross section., This must be less than or equal to

5

3. Cards 3. These cards contain up to three pairs of numbers per
card giving values of o, and ?i for the expansion of the free atom scat-
tering cross section, The number of pairs is specified in field 4 of
card 2. If this control number is set equal to zero, then the free aton
cross section is assumed tc be independent of energy and equal to unitby.

4, Cardsl., These cards contain the energy, in electron volts, at
each point of the mesh, The values are given in order with the lowest
energy given first. The number zero may nct be specified as the lowest

erergy. Seven numbers per card are punched, or less if required og ths

*..J

ast card. The number of energies listed must equal the number punched
in field 3 of card 2.
5. Cards 5. These cards contain the values of the sources for
each point of the energy mesh., The values are given in exact correspond- .
ence to the energy values stipulated in cards % and are likewise written
seven numbers to the card, or less if regquired on the last card. *
6. Card 6. If a final data card containing a 00 in columms T1-72
is added for either a single kernel calculation or a series of calou-
lations, an end of file mark will be put on logical tapes 2 and 3 fol-
lowing the last recorded kernel. Although not strictly necessary, such
an end of file mark may be convenient in certain cases,
Considerable freedom is allowed in the format of the input numbers.
ALl numbers must contain a decimal pcint even if they are integers. The
most convenient form is that of a decimal fraction with 10 or less digits
including the decimal pecint (l.Sh, 21.9, etc.), but an exponential nota-

tion may be used. If this is done, the exponent nmust be separated from
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the characteristic by a plus or minus sign and must be written in the

appropriate exponent field beginning in colum 9, 19, etc. Both columns
of the exponent field must be filled, with zero for the first column if
necessary. The same liberty permitted in the format of the GIP progranm

input numbers is applicable to each of the other codes of the system.

Output

Bach transfer matrix calculated by the GIP code for a given moderator
temperature and mass number is stored on three different tapes. Leogical
tapes 2 and 3 are permanent and constitute the KERNEL LIBRARY TAPE, with
spare, Each kernel on the library tape consists of five records. The
first record contains the kernel title and number in BCD form. Infor-
mation on the remaining four records is stored in binary form. The
second and third records contaln, respectively, the size of the energy
mesh and the points comprising the energy mesh in electron volts. The
fourth record contains the source terms defined by Eq. (4), whereas the
fifth record contains the energy transfer matrix calculated by the GIP
code according to Eg. (5). It is emphasized that the XERNEL LIBRARY TAPE
constitutes a more or less permanent compilation of all the kernels which
have been calculated, each ldentifiable by a different kernel nmumber.
Newly calculated kernels are automatically added at the end of the tape.
An exception to this is in storing the first kernel, in which case
logical tapes 2 and 3 must first be initialized by option 1 of the THR
code. This option writes the number -100 on logical tapes 2 and 3 at a
position corresponding to the kernel number field of the title card and
enables the GIP program to begin writing kernels at the beginning of the
tapes.

In addition to the kernel library tapes (2 and 3) the results of a
particular kernel calculation are stored in BCD form on logical tape 9.
This tape may be listed to obtain a printed record of the calculated
kernel,

The Fortran listing of the GIP code, input data form,and a sample
problem data sheet are given in the following pages. Due to the large
size of the sample problem kernel, only a few pages of output are

included.



TEN DIGIT DATA FORM

PROBLEM REQUEST
GTP 3325
CODER DATE PAGE
MET 10-26-62 1 of 1
1 9 11 19 21 I 29 |31 39 {41 49 | 51 59 |61 69 N 73 80
1 — GTP.— CALUMN s—e-éé—mgzmam—%a—mmmﬂmmxﬂ.—KERNELJNfé.— —CALUMNE-—7]L - 72 KNJ 1
TEMP( °K) MASS N NB 2
%9 7 % 75 3
E E
El(ev) E2 EE Ebr s 5 L
E8 6t e 5 w|e . » R R I B N 2 * . E2E BE IR B A B BN ) LI E I NN B ... - EN- }‘#
8, S, S, 5), 5, S¢ 5
58 tha s eiss e R R L EIN IEEERE FREN RN EFERE RN ERRE SN 5
co| 6
UCN-3283
G 1ien GTP INPUT DATA FORM

A



TEN DIGIT DATA FORM

PROBLEM

REQUEST

GTP 3325

T MET ST 10-p6-62 s 1 o 1

1 9 11 19 21 29 131 39 (41 49 151 59 161 69 71 73 80

1 & FG-600K+A=1p-MSH( . 0001(161)|5.0)-S(APPRX. )+(GTP~3) > o2 1
600.0 12,0 161.0 , 0.0 1 - 2
1.0 -k 1.8 |-k 3.0 - 5.0 | 7.0 -k 1.0 -3 | 1.2 -3 3
2.1 -3 282 |-3| 3.7 -3 L7 -3 5.8 -3 7.03 -3 8.4 -% 3
9.84 -3 1.15 -2 1.31 -2 1.69 -2 2.11 L2 2,58 -2 3. -2 3
3.67 -2 4,28 -2 1 b, 9k -2 5.6k -2 6.4 !-2 7.20 -2 8.05 -2 %
8,94 -2 9.89 -2 1,09 -1 1.19 -1 1.3 }-l 1.41 =1 1.53 =3 N i SR N—
1.65 -1 1,78 -1 1,91 -1 2,05 -1 2.19 -1 2.3k -1 2.49 -1 %
2.6% -1 2.75 -1 2,81 -1 2.90 -1 2.97 -1 3.07 -1 3,1k (-1 3
3,25 -1 3,32 -1 3,40 -1 %49 -1 3.6 -1 .68 -1 3,87 10 3
4,06 -1 4,26 -1 L L6 -1 4.67 -1 4,88 -1 5.10 -1 5,32 -1 %
5.55 -1 5,78 -1 6.02 -1 6.26 -1 6.5 -1 6.75 -1 7.0 -1 %
7.27 -1 7053 -1 7,80 -1 8.08 -1 8.35  |-1 8,6k -1 | 8.9 -1 3
9.28 -1 9.52 -1 9.8 -1 1.01 .04 1,07 _ 1.11 3
1.14 1.17 1.21 1.24 1,28 1.31 1.5 3
1,38 1.h2 1.45 1.49 1.5% 1.57 1.61 3
1.65 1.69 1,73 1.77 1.81 1.85 1.89 3
1.9% 1,08 2.02 2,06 2.11 2.15 2,20 3
2.24 1 2.29 2.3 2.38 2.43 ] e.u8 2.5% 3
2.58 2.63 £.68 2.73 2,78 | 2.83 2.88 %
2.94% 3.0 3.0b A0 1 3,15 3,21 3,06 s 3
3,32 337 3.43 R B 3.5k 3,60 3.66 3
3,72 578 B4 %.90 %.90 h.02 1 4,08 3
15 bo21 427 L. 3 bk b h7 4.5% 3
4,60 4.66 h.75 _4.80 ' 1.8 | 4.93 5.0 13

o e SAMPLE PROBLEM INPUT

€T



TEN DIGIT DATA FORM

SEesTeY REGuEsT
GTP 3325
CRDER M’E}I‘ DATE 10—26-62 PAGE 2 Of
1 11 19 21 29 }31 39 141 49 I 5 59 61 49 YAl 73 80
0.0 0.0 0.0 0.0 0.0 0,0 0.0 4
N B 4
i
! ]
4
L
Y
— . L
o L
1 4
B 4
L
| | - I
4
L
i ] L
b
Y
§ b
B B 0.0 0.0 L
0.0 0.0 0 0,0 0.0 0.0 1 .oekop 097690 L
168110 2236299 3027354 366378 L28L61 1488601 547150 L
613215 668093 L721L30 781792 832002 .888878 936228 L L
989900 1.03460 1.08539 1.13466 117576 1.002485 1.0678% L
UCHN-3283 L B =
{8 11-81)

SAMPLE PROBLEM INPUT {contd.)

T



FG GOGK AS12 Mor{L001{16115+0) S{APPROX)

S1ZE, 161

1040000E~05
1+8000E~04
3.0000E~04
5¢0000E~04
7.00C0E~04
10+0060L-04
1.4200L-03
2+10060E-03
248200E-03
347000GE-03
447000E~03
5+8000E~03
740300E~03
§44000E-03
9 8400E~-03
1+15C0E-02
143100E~02
1¢6500c-02
2+1100c~02
2+58G0E~02
3+ 10G0E~0Q2
3.6700E-02
44 2800E=02
40 94C0E~02
506400E-02
6+ 4000E~Q2
Te2000E~02
840500E-02
B29400E~02
9eB900E~02
1:0900L=01
1e1900E=01
143000E~01

DUURLE

cNERGY

144100E-01
1.5300£~01
1+6500c~01
1+7800E~01
1+9100E-01
£40500c~01
241900c-01
23400E~01
2449008-01
2:6500&~01
2. 75008-01
2+8100£~01
2+9000E-01
249700£~01
3.0.705E-01
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1«9S27E 01 3+468c-01
1e3239E 01 3.87E-01
82505CE 00 4e06t=0l
5631%0E 00 “esbCm0l
541960E 00 4e46c~01
186926 00 4e67E-C1
1eU057¢E 00 Ge88u=01
Se2llc~01 5.10u=01
24G702E=01 5e32c0-0C1
1e3626E~01 beb5c=01
Te9GTLE=DZ 5e78u~01
305241E=02 64028-01

TRANGF ER
PROcADILITY

1.8286E-02
841755E-03
346554E~03
145282E~03
64 3BBAE=04
2e49T1E=04
947600E~05
3.5669E~05
143034E-05
404536E=06
242762E-06
1.52168~06
8.3161E-07
541981E~07
246564E-07
1.6603£-07
7+9333E-08
44 9584E~08
2.8978E~08
145835608
725653£-09
4e4209E-09
142341E~09
3.4443E~10
529695£-11
Ze34588-11
547227E~12

1e54728=14
Ge2uTBE=1D
£+5710E-16

(GTP=3}

FINAL
ENERGY

Ee26L~01
6450E~01
62752-01
Te01le-01
Te27E~01
75301
7«80E-C1
8+08r-01
8e35E=-0C1
8eb4E~01
8e93E=01
9e22E-01
9+52£-01
SeE2E~01
1.0l 0O
l.048 00
107 GO
ls1lc 00
lelé 0OC
1.17E 00
1218 00
l1e24c Q0
1+28E 0O
1.31t 00
135 00
1«38 GO
1e42E GO
le&ie 00
1«49 OO0
1+53E 00
14572 0O
ls61E GO
18655 00

TRANSFER
PRCOpARILITY

l1e3091E~-16
236077017
4+8561u-18
Be45370-19
lo&t714E-19
2+5607.-20
Te
O
(¢
VI3
Qe
Qe
Os
Qe
O
Oe
(s
Qe
Qe
Oe
Oe
Qs
O
o1
Ow
O
Oe
Ce
O
O
0.
Qe
O»

2

FINAL

ENERGY

1.69L
14 73E
177k
l.81E
1485E
1.89¢C
1+63E
1+98E
2.028
2406E
211K
2e15E
Z#208
2a24E
2e29E
2e34E
2+ 38E
2s43c
2 4BE
2453E
2+58E
2+63E
2+68E
2«73E
2.78E
2e83E
Z288E
2e94E
3.00kL
2.048
2.10L
34158
3421E

00
00
00
00
00
00
00
00
ot
00
00
00
00
00
00
00
cOo
[ele}
00
00
00
on
00
00
00
00
00
00
00
Q0
00
o0
00

TRANSFER
PROBABILITY

Go
Os
Os
[
Os
Qo
Os
Os
Qe
Qe
O
O
O
Qe
O
Oe
Ge
Oe
Os
Qe
e
Ooe
O
Qe
Ou
O
Qe
O
O»
Qe
O
O
O

FINAL

ENERGY

3e26E
3432
3e37E
2e43E
A4 49E
3454E
Ze60E
3e66E
3+472E
3«78E
384E
3¢50E
3496E
4402E
4408E
Lel5E
4e21E
462 7E
Ge34E
4o 4DE
4ot TE
4e53E
4e60E
4ebbE
4473E
4480E
4e86E
4e93E
5400
O

O

OO

Qs

00
o3}
00
00
e
[e30]
je30)
00
00
[e3¢]
G0
¢0
[$38]
[02¢]
o0
(4]
00
o0
00
[y
00
0g
[y
o0
00
00
00
00
G0

TRANSFER
PROBABILITY

Us
Oe
Os
Cs
Ce
Qs
Qe
(¢
Qs
O»
Qe
Os
Ce
Oe
O»
O
Oe
0.
Qe
Qs
O
O
O
Os
GCa
O
O»
Oe
Qe
5¢5101E~40
045740E-40
leggas5E-37
1.8845E£-37

6T



FG 600K A=12 M5H({.0001{161)50) S{APPROX,)

INITIAL ENERGYs

FINAL
ENERGY

10+00c~-05
le8CE=O4G
34 00E=~04
5« 00E=-04
T400E=04
10.006-04
ladt2b=03
2e10E=073
2+82E~03
34 70E-03
4e700=03
5eB80E~03
T+03E=03
8440E-03
QeB4L~03
lelSE=-02
le31E~02
le69E~02
2e11E-02
2a58E~02
Selle=02
3e67E+-02
4e28E=-02
LaS4E=02
SeadE~02
Ged0E=D2
Te20E~02
8e05E~02
8+ 94E=02
Qe8GE-DZ
1.09E=01
lel9e=01
1e30E~01

TRANSFER

PRUbAGILITY

G+9981E
Qel2O¥E
1le2240E
1eb924E
1e9050E
1e867vE
ledl64E
17360E
165478
1L.5605¢
1e4600E
la3560E
1s2501E
lsl&ilE
120367E
Gs2BELE
Be3439€
G b TBUE
4e8971E
Ge58VTE
Zeb3lsE
1#7322E
141537E
Ta43L4E
4.6605E
2+ 808BGE
1+ 647YE

Se3509E~
521662k~

01
ol
02
02
0z
02
02
02
02
oz
02
02
02
[£Y4
02
01
01l
01
01
01
0l
¢l
01
00
00
00
00
01
01

24 742E-01
143984E~01
T+1760E-02

3ebbtbOE~

02

7.00000E~04

FINmL
ENEKGY

letrle~01
1.53c=01
le65E~01
le780~01
1a91E-01
2405c~01
2e19L-01
2+34t-01
2e49t~01
Ze65E~01
2¢75c-01
Zefle=01l
2+90E~01
2+97e~01
3.07E~01
3el4t~-01
3e25E-01
3e32E-01
Fe4Qt~01l
3e49c-01
e 60E=01
3468E~01
3287c-01
4406t~01
4e26E=-01
Lo hbHE~OL
4e67E-01
4o 88L=-D1
5010t~01
5.32E-01
5¢55E=01
5.78e~01
6¢02c-01

{(GTP=-3])

TRANeFER FINAL

PROBABILITY EAERGY

146547E~02 6+26L=01
Ta4313E«03 6.50£~01
3¢3370E-03 6475E-01
1.4016E~03 7.01E~01
548863E=-04 7e27E-01
243122E-04 T7e53E~01
9+0814E~05 T«80E~-01
3¢3360E~05 8.08E-01
1e2253E-05 B8+35E-01
442092E~06 Ba64E-01
2+1584E~06 8.93E-01
lat45TE=06 9422E=01
T49249E~07 9«52E~01
44 964FE=0T7 9e82E-01
2e5455E~-07 1e01E 0O
145946E~07 1e04E 00
T+6462E=-08 1.07E Q0
447897E~08 1e11E 00
2+8062E~08 1e14E 00
15378E~0B 1e17E 00
723725E-09 1.21E 00
4¢3190E-09 1.24E 00
1+2128E~09 1428t 0O
344048E=-10 131k 00
849390E=~11 1e35E 00
243464E=11 1.38E 00
547595E=~12 14428 0O
leal34E~12 14458 QO
342436E~13 1498 00
Teat18E~14  1.53E Q0
1+45965E=14 1«57E 0O
344243E=15 1461E 00
6+86T7TE~16 1ea&5E 00

TRANGFER
PROBABILITY

1+3770c-16
207604017
5¢174lc~18
G+06TTE~19
1+58B87c~19
2+7830c-20
Qe
(v
O
O»
Coe
[¢2Y
Qe
Ce
Qe
O
Cs
Os
Qs
Q»
O«
O
e
Oe
Qe
Os
[oN)
Qe
O
Qs
Os
O
[+

Note: The remaining 156 pages of kernel output for this case are omitted.

FINAL

ENERCGY

1s69E
1+73E
1477k
1.81E
1.85€
le89c
1e93E
1+98E
2402E
2+06E
2«11E
2+ 15E
2+20E
2924E
2429E
2+ 34E
238k
2e43k
2+48E
2453k
2+58€
2.63E
2468C
2.73E
2+78E
2e83E
2488E
2«94E
3»00E
3.04E
3410E
3415E
3.21E

00
00
00
00
00
00
[o]¢]
[e1e]
00
00
00
a0
00
00
00
00
00
00
[¢]0]
00
00
00
00
00
00
Q0
00
00
00
00
00
00
00

TRANSFER
PROBABILITY

[s 1Y
Qe
Oe
Os
O
Qe
Qe
Qs
[el}
O
Qs
Qs
O
O
(oY
Qe
O
O
Os
Qs
Ce
O«
O
Qe
Qs
[ )
O
O«
Qs
Os
(o)
Qe
O

FINAL

ENERGY

3¢26E
34¢32E
3¢37E
3+43E
3e49E
Ze54E
3+60E
3e66E
3e¢72E
3e78E
3e g4k
3.90L
3+96E
4402E
4e08E
4elBE
4e21E
4e27E
4 34E
4e40E
4e47E
4e53E
460E
4o 66E
497 3E
44 80E
4486E
4293E
5+00E
Qe

O.

O

O

00
Q0
ao
00
00
00
00
Q0
[els)
00
00
00
00
00
00
00
00
jols}
00
00
00
00
oo
00
00
00
00
00
00

TRANSFER
PROBABILITY

O

Qe

Qs

Os

Qe

O

Qe

O

Os

Qe

O»

Qe

Q.

o

Oe

[

Os

Q.

O

O

O

Os

[+

O

Os

Oe

Oe

Qs

Qs
Te4Q42E~40
CelléuBE~40
-0s0047E 18
=0 0000E~27

oe
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GTP FORTRAN LISTING






30

98

75

26

27

304

90

23

GTP, FREE GAS KERNEL. UPSCATTER CALC. BY DETAILED BALANCE.
DIMENSION Z{4),ERFZIU),ELI61)}4SIGMALLIOE,161),5E(1611),

ITITLELI21,CASE{12),C(5)6AM(5)
B541.061405Y

Bu#-1.4531520

B3#1.L210137

B2%-. 2844947y

Bi#.254B2959

P#.32759110

SQRPIE#].TT24539

REWIND 2

REWIND 3

READ INPUT TAPE 10,206, (TITLE(I)4181,12)
IF(TITLEL12))300,300,5

READ INPUT TAPE I1C,207,TEMP,A,XJI,AN
JIHXJI1

DO 306 J#1,J1

DO 307 1#41,J1

SIGMA{J, 1) #0.0

CONTINUE

NBHAN

IFINB=1)302,301,.30!1

NEH|

Cl1YE1.0

GAM{11#0.0

GO TO 6

READ INPUT TAPE 10,303,(C{J),GAMIJ), J#1,NB)
READ INPUT TAPE 10,2001 ,(E(J),J#1,J1}
READ INPUT TAPE 10,201 +(SELJ) \Jé1,d1)
READ TAPE 2,CASE

READC TAPE 3

IF{CASEL12)) 95,96,96

BACKSPACE 2

BACKSPACE 3

GC TO H

DO 97 I#1,4

READ TAPE 2

READ TAPE 3

GO To 98

TEMPATENP/ 1. 160LTE+L
BETAK1.C/{2.05TEMP)

JNEL

BE#2.L#A«{BETA®=2)

TAUKBE/ (BR4+GAN{INY)

XLAME L O+h2 (1.0~ {TAUB=22))
ETAH#C.5%(a+1 01/ (SQRTF(A)=TAU)
RHEQ#TAU=SGRTF{A)-ETA

J#J1

1#J

CONT INUE

EFIGHAE(J)

O ELOWH#ELD)

X2HEHIGH/TEMP

XESQRIF(X2)

Y2HRELCW/ TEMP

YH#HSQRTF(Y2)
IF(X2-Y2%XLAM=-T75,0) 89,90,%0
EPWRHC.C

REV

18490101
14720106
14720107
14720108
14720109
tu720410
1720111
16500104
16500105
16500107
16500109

14720116

165C01 15
16500116
16500118
16500119
16500121
16500123
165001 24
16500204
1650042C
16500422
16500423
16500425
16500203

16500103
16500105
1ur20201
14720203
P4720205
14720207
4720208
14720210
14720211



2k

GO TO 12

89 EPWRHMEXPF({X2-Y22XLAM)

12 Z{1)YEETA#X~RHC =Y Vu720213
I{2)HETA#X+RHO#Y 14720214
213} HETA#Y—RHO=X 14720215
Z{U)HETA#Y+RHO#X 14720216

13 DC 37 M#l,4 14720218
IF{ZIR)) 1U,26, 1k 14720219

fu VHABSF{Z(M)) 14720221

15 IFIV-8.66)16,16424 14720223

16 IF{V=1.7)117,17,20 4720301

17 ETAN#1.0/(1.0+P»y) 14720303
GZH#{ I (BS#ETAN+BL J#ETAN+B3 )} #ETAN+B2) 14720305
I#ETAN+B 1 }+ETAN 14720306

I8 GEXPH#GZ/EXPF(Z(M)ns2) 14720308
GO TO 30 14720310

20 CFZALLO/IVHI.0/(2.08V42,0/(V+3,.D7(2.0%V+4.0/1(V+ 14720312
(5.0/12.02V+6.0/{V+7,0/(2.0#V+2.511)11)1) 14720313
GEXPRCFZ/(SQRPIE#EXPF(Z(MI»%21}) 14720315
GO TO 30 14720317

24 GEXP#0.0 iW720319
GO TO 30 14720320

26 GEXP#I1.D 14720322

30 GO TO (31,31,32,35),M 18490104

32 IFLZ{M)) 33,434,354 18490105

33 NN#D 184901Cs
GC TO 31 18u9 0107

34 NN#IL 18490108
ERFZ{M)#GEXP-1.0 18490109
GO TO 37 18ue0110

35 IF(NN) 31,31,3¢ 184701 1|

36 ERFZIM)H#1.0-GEXP 1ey90112
G0 TO 37 18420113

31 ERFZ(M}#~-GEXP 1847071 1y

37 CONTINUE 18490115

38 FSIGHLA((A+1.0)##2/(B.0%A) = (TAUR*Z/XLAM)# [ (—ERFZ{3)+ERFZ{U}}»
TEXPF{-GAMUUN}Y* (TAU##2}#X2/(2.0#(BETA#=2) } }+EPWR#(ERFZ(1}-ERFZ{2})})
4O SIGMA{J,IYHASIGMALJ,T}+C{IN)2FSIGHL/E(J}

IF{SIGMA(Y,1)-1.0E~-20) 501,501,443 18u90101
501 SIGMA(J, 11#0.0 184920103
43 TFUI-13100,57, 44 16500111
b4 IF{SIGMA{J,I)) 10,5548 16500205
Y8 I#HI-1 16500113

60 TO 10 14720425
55 T#I-1 16500115

SIGMALJ, 1} 400 16500117
56 TF(I-1199,57+55 16500119
57 IF(J-1)102,61,58 16500121
58 J#J-1 16500123
600 GO T0 7 14720511
99 NSTOP#56 14720521

GO T0 103 14720522
1CO NSTOP#u3 14720524

GO 10 103 14720525%
101 SIGMALJ, I1}Y4#0.0

GG T0 55
162 NSTOP#57 1472060y

103 WRITE QUTPUT TAPE 9.,2034NSTCP 16500207
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GO TO & 14720608
61 JNAIN+I
IFLJIN-NB} 304,304, 3C5
355 DO 7O J¥1,JI
DO7IT#I,JI 16500203
SIGMA LY, IVHSIGHMAL] »JY#EXPF{E(J)I-ELI)}/TEMPI#E(II/ELJ} 18490105
IF(SIGMA(J, 1)~ 1.0E-20) 50¢,50C,7! 184904107
507 SIGMALJ, IY#OLU 18490109
71 CONTINUE 184201 (1
70 CONTINUE 16500207
WRITE TAPE 2,TITLE 16500209
WRITE TAPE 3,TIFTLE 16520210
WRITE TAPE 2,41 16500212
WRITE TAPE 3,J1 16500213
WRITE TAPE 2, {E(J)d#1,J1) 16500215
WRITE TAPE 3, (E(J)+J#1,J1) 16500216
WRITE TAPE Z,(SE(J),Jd#iJ1) 16500218
WRITE TAPE 3,(SE(J)J#I,JI) 16500219
WRITE TAPE 2, {{(SIGMA{J, 1) 1#1,J1)»d#1,41) 16500323
WRITE TAPE 3, ((SIGMACJ, 1), I#E,J1)edf14d1) 165003224
WRITE CUTPUT TAPE 94206 (TITLE(L)I1#1,12) 18490101
WRITE CUTPUT TAPE 9,80,J1 18420103
8O FORMAT(6RUSIZE,I6//7/72H0 ) 18490104
WRITEQUTPUTTAPED+ 81 18490107
21 FCRMATI( HIHD ENERGY SOURCE ENERGY SOURCE ENE18uS 0109
IRGY SCURCE ENERGY SOURCE ENERGY SOURCE/Z2HO1 8490111
2 18490113
J2RJII/5¢1 18u90119
DC 82 1#1,J2 18U 0117
Kifl+J42 18420119
K2AK1+42 18490120
KIHK2+J2 18490121
Ky #K3+42 18490122
82 WRITE QUTPUT TAPE 9,B3,E{I1),SE(1},E(KI),SE(KIIE(K2), 18490201
1SE(KZ2),E(K3),SE(K3),E{Kh)},SE(KL) 18490203
83 FORMAT{IO(IPEIZ L)) 18490205
DO 75 J#1,JI 16500303
WRITE GUTPUT TAPE 94206, TITLE 16500305
WRITE QUTPUT TAPE 9,209,E(J) 16500306
WRITE GUTPUT TAPE 9,210 16507207
DC 76 1#1,J2 P65 09
Ki#I+J2 650 - i
K2EKI+J2 16507312
K3#KZ+J2 166513
KUK 3+J2 Pond 3u
76 WRITE QUTPUT TAPE 9,211 4E(11sSIGMALY T ,E(KI),SIGMALJI,KID, 165 714
TE(KZ) ySIGMA{J yK2) yEIK3)} 4 SIGMA{U,K3) ,E(KN) 4SIGMA(J,KY) t65LL320
75 CONTINUE 16500323
CASE(i2)#-100U.C 18490101
WRITE TAPE 2,(ASE 1eu9Q102
WRITE TAPE 3,CASE 18420103
BACKSPACE 2
BACKSPACE 3
GO TO 4 16500401
201 FORMATI7E10.5) 14720610
2003 FORMAT(I7THOERRQOR STATEMENT#I4) 14720612
206 FORMATIIHAG,F6.L.0) 16500113

C3 FORMAT(G6EID.L)
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207 FCRMATI4EIG.5)

209 FORMAT(IG6HOCINITIAL ENERGY,IPE12.5///2H0 )} 16500316
210 FORMAT(109HO FINAL TRANSFER FINAL TRANSFER FINAL 16500415
i TRANSFER FINAL TRANSFER FINAL TRANSFER/ 16500101
2111H  ENERGY PROBABILITY ENERGY PROBABILITY ENERGY PROBABI650041Y
3ILITY ENERGY PROBABILITY ENERGY PROBABILITY/2HO ) 16500418
21t FORMATUIPEID.2,1PEI2.4,4{1PEI0.2,1PE12.0)) 18490116

300 TITLE(I2)¥-100.0
WRITE TAPE 2,TITLE
WRITE TAPE 3,TITLE

END FILE 2

END FILE 3 16500409
REWIND 2

REWINC 3

CALL EXIT 16500418

END(1!.1,0,06,0,0,0,0,0,0,0,0,0,C,0)



27

ITI. IMS — An IBM 7090 Program for the Calculation of
Neutron Spectra in Infinite Homogeneous Media

Description of the Prcblem

Program IMS obtains a numerical solution to the space independent
Boltzmann equation by means of a normalized extrapolated Gauss iteration

scheme (NEG). Frem Egs. (3) and {4) we have,

E
) 2
f p(E") 2(E°-»E) 48" + S(E)
i
: p(m) = —= - : (7)
2
r_(&) + [ =E-w) aw
B

The (NEG) method requires that each iteration be normalized in the sense
that the total absorptions are equal to the total source. Let the super-
seript m be an iteratiorn index and Qm(E) be a set of fluxes normalized in
the above sense but nct yst converged. We dencte ag ¢C(E} the set of
fluxes obtained by substituting ¢n(E) into the right side of Eq. (7).
This new set is not normalized but may be made sc by multiplying by the

m+1 . . R .
number 1 defined according to the neutron conservation condition,

. Eg E2
P () s (8) e = [ s(E) az . (8)
) El El

The set nm+l ¢C(E) is normalized and would be the next approximation for
the fluxes in a simple normalized Gauss iteration scheme. However, in
the (NEG) method an extrapolation is made from the two sets ¢m(E) and
nm*l ¢C(E) to obtair. the next approximation. The (NEG) iteration method

can thus be stated,
F = fm al™ g - ], (9)

where ¢ 1s a linear extrapclation facter. Some experimentation is re-

quired to find the optimum value for &, a value ¢ ~1.2 has been found
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satisfactory for most IMS calculations. It is seen from Eg. (9) that

-

or & = 1, the method reduces to a simple normalized Gauss iteraticn

Hy

scheme,

The selection of the limits cf integration in Eq. (7) is arbitrary
{except that Eg > El). However, they should be chosen in such a way that
S(E) is easy to calculate. TFor example, in the calculation of thermal
nautron spectra, for which this program ig mest useful, E. should be

chosen low enough that Z(El—*E), (E < El), is negligible,land E, should
be chosen high enough that Z(E~E"), (E < E, < E’) is negligible and
¢(E) in the region about E,2 is reascnably well known. I these con-
ditions are satisfied, S(E) is elementary to calculate. Program TXS,
described in a latiter section of this report, calculates the source terms

S{E)} needed in Eg. (7).

Integration Technigue Used in the IMS Program

An integration subroutine, SRl, has been written to evaluate the
integrals required in Eq. (7). The choice of methed is determined
largely by the nature of the scattering kernel L{E-E’) which exhibits
a sharp discontinuity at E = E°. Furthermore, for large E values *hz
kernel decreases very rapidly when E° > E and has a rather large sscond
derivative. Because of these properties of the kernel, simple trapezoidal
integration was rejected as being tco inaccurate, Instead, a generalized

Simpeoc's rule Integration was developed and ircorpcrated intc the SRL

s

=

rhegration subroutine. The SRl integration method does nct require
equally spaced energy imtervals, but dcoes require an ODD nuwber of mesh
points. Provisicon is made for aveiding the point of discontinuity of

the kernel from falling within a three point Simpson interval by defining

wwe sets of weighting functions. The first set, to be used when 1 of

ey
b
+

E’) is an ODD mesh point number, is cbtained by simply applying
Simpson's rule for unequal intervals. The second s=t, e be used whsn

i ig an even mesh point number, combines trapezcidal integraticn for +he
’two boundary intervals of the mesh with Simpson's rule integration for
interior mesh intervals., These two sets of weighting functions are
gensrated wher SRl is initially called and are stored in the core memory

for subsequent repeated use.
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The mathematical formulation of the weighting functions is
straightforward. We consider a parabola, y(x), which satisfies the

three points (xl,yl), (xg,ye), and (xi,y5) of a Simpson interval. If

we let
A = (x2 - xl) and A = (x3 - xl) ;» where X <%, < Xs s
then
X3 5 (
oAl 3-a) a’A aA(2a-3)
y(x) dx = y, + ¥y +—g(—-?-y (10)
}fcl 1" B(a-1) U2 -1 32
X2 (
A{3a-1 Al2-30) A
y(x) dx = ‘%—)-y +g(—%~‘ Yo + y (11)
il o 1 1-¢ 2 T 6a(1-a) Y3’
and
X
3 Alae1)? (- A -
f o(x) dx = A(g 1) vy + A(o2) (a-1) 7, + (2&%&(& 1) v, - (12)
X
2

Since the scattering kernel, ZS(Eiﬂﬁk), k = 1,N, contains only one point
of discontinuity, namely at k¥ = i, it is always possible to arrange the
repeated application of Eq. (10) so that the point of discontinuity falls
on the boundary of a three point Simpson interval. If i is ODD, repeated
applications of Eq. (10) will exactly cover the range of the variable EK
since we require N tc be ODD. 1If i is EVEN, however, there will be left
over a two point interval at both the upper and lower boundaries of the
mesh system. Integration over these Intervals can be carried out either
by means of Egs. (11) and (12) or by the simpler trapezoidal method

employed in the SRl routine.

Macroscopic Absorption Cross Sections

A subroutine (SIGMA) of the IMS program is used to compute the
required Za(E) term of Eq. (7) for each point of the energy mesh. Two
different options are available. A 2200 m/s macroscopic cross section
may be supplied and a l/Jﬁ'energy dependence assumed or, alternatively,

any arbitrary dependence of the absorption cross section may be used.
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In the latter case, input data specifying the microscopic cross sections
at an arbitrary set of energies is required. The energy mesh of the
cross section data need not correspond to the energy mesh of the flux
calculation since a linear interpolation of the logarithm of the cross

section against the logarithm of the energy is made by the SIGMA sub-

I

outine to obtain a cross section value for a particular energy. This

nterpolation is exact whenever the cross section can be expressed as

n

ome power cf the energy. The sole requirement which the cross section
erergy mesh must fulfill is that its range must span the entire integra-

tion interval B, < E E The SIGMA subroutine will compute the com-

o
csite macroscopic absorpticn cross section for each peint cf the inte-

jel

gration interval by using up to seven different sets of microscopic cross

0N

acticns and their corresponding number densities. This data must, of
course, be supplied as input. We will compile, over a period of time,
a library of microscopic absorption cross section decks to be used as
irput to either the IMS or ACS programs. (The ACS program is described

iz a latter section of this report.)

Preparaticn of Input Data

The input data required for an IMS calculation can be divided into
twe distinct parts, card input information, which is transferred to
logical tape 10, and data obtained from the KERNEL LIBRARY TAPE, which
is designated as lcgical tape 2. The card input data consists of the
+titie of the calculation, parameters for the initial flux guess, iteraticn
control numbers, cross section data, and the KERNEL NUMBER of the kernel
to be selected from the KERNEL LIBRARY TAPE, I{ is seen that the selsc-
tion of a kernel automatically specifies for the calculaticn an energy
mesh, an integration interval, a set of source values, S{E), and the
rodel by which the transfer probabilities are calculated. The card inputb
data must be assembled in the following order:

1. Card 1. Cclumn 1 must contain a l=-punch. Cclumns 2-72 nmay
contain any alphabetic or numeric information which identifies the calcu-
laticn. These columns,together with the KERNEL title which is read in
Trom logical tape 2, will be printed at the top of each page of output.
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Card 2. Seven numbers are punched which give the following

information.

3,

Fields 1 and 2. These contain a neutron temperature (°K) and
a value of 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 case
in the same run.

Field 3. Each element in the table of transfer probabilities
is multiplied by this number. Consequerntly this field should
normally contain the macroscopic free atom scattering 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 in the kernel anew each
time., This re-reading of the kernel can be avoided by placing
a zero in field 1 of card 3. If this is done, however, field
3 of card 1 must then contain a 1.0 in order to retain the
same normalization of the transfer prcbabilities as hefore.

Field 4. Any non-zero number in this field is used as the
value at 0.0253 ev of a l/v cross section (in cm‘l). If this
field is punched, then no cross section cards will be read and
the problem will use the prescribed l/v cross section alone.
Conversely, if this field is left blark, cross section data
must be supplied.

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

or is blank. If field 4 contains zero or is blank, then this
Tield must contain a number between 1.0 and 7.0 inclusive which
states the number of sets of cross sections that are to be read
in.

Field 6. The convergence criterion is supplied in this field.
Tteration 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. An acceptable coOnvergence number, €,
will depend on_the particular problem to some extent, but a
value from 1077 to 10~% should be satisfactory for most cases.

Field 7. This field specifies the maximum number of flux
iterations to be undertaken. If left blank the maximum number
of iterations is automatically taken as 100.

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

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

previous calculation to be re-used. In this case, however, field 3 of

card 1 must contain a 1.0 to prevent a renormalization of the transfer

probabilities. (‘nless, for some reason, & rencrmalization is desired.)



A2

Field 2 contains the extrapolation factor, «, to be used in the normal-
ized extrapolated Gauss iteration scheme employed in the flux iterations.
An optimum choice of this factor can greatly reduce the running time of
the program but is difficult to make withoul experience gained from
several calculations. For initial runs, a factor @ ® 1.0 to 1.2 is a
reasonable choice to make,

4, Card 4. If field 4 of card 2 contains a zero or is blank, then
this card must contain up to seven number densities (controlled by field
5 of card 2) which are used to form a composite macroscopic cross section
from the sets of micrcscoplc cross sections which follow. Units are cm‘lf
barn.

5. Cards 5. If the option of reading cross section cards has been
selected in field 4 of 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 5 of card 2, and for which the normalizing
factors have been supplied on card 4. A maximum of seven sets may be
supplied and must be consistent in order with the number supplied on
card 4., The format of these cards is as described for the cross section
library for the ACS code. TFields 1 through 6 contain three pairs of
numbers {less if required on the last card), giving values of the energy
in electron volts and the cross section at that energy. Fach card of a
crass section deck must contain an identifying L-punch in column 72,and
the energy range specified by the deck must exceed the energy range over
which ar interpolation is to be made. A further requirement on the cross
section decks is imposed by the method of reading in the data contained in
the deck. The card records on logical tape 10 are read one by one and a
running count is kept of the number of energy mesh point values. This is
continued until a blank or zerc number in an energy field (fields 1, 3 or
5) is encountered. This blank signifies that the end of the cross section
deck has been reached. Hence, to those cross section decks with a number
of energy mesh points exactly divisible by three, a final card must be

added with all blanks except for a 4-punch in column 72.
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Output

To operate the program, an input tape is prepared on the card-to-
tape converter 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 data input. Two ad-
ditional tapes are required for the output. A pocl tape is selected as
tape 6 from which the deck of cards containing the energy mesh and com-
puted fluxes are punched. A complete listing of the cutput is obtained
from logical tape 9. This output consists of 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.
If the calculation has failed to complete due to an error in the cross
section deck, a test number IM = 1 will be written on the output; for
example, the error may be due to a missing 4-punch in column 72. If the
failure is due to an insufficient energy range in the cross section deck,
the number IM = -1 appears in the output.

A Fortran listing of the IMS program and associated subroutines,

data forms, and the output for a sample case are given in the following

pages.



TEN DIGIT DATA FORM

PROBLEM REQUEST
IMS 3325
CODER DATE PAGE
MET 10-29-62 1 of 1
1 9 In i K3 29 |31 39 J41 49 |51 59 j61 89 171 [73 80
1 « IMS.—CALUM§S—2-T2—AVATLABLE-FYR-TDENTIHICATIAN. s |1
T( °K) A Eq 25° XN € XNI 2
XNK [0 i 3
Ny N, ete. Ny L
B olE,) 5, o(Ey) By olE5) O 15 ] ceetion
ete. Oy 15.J deck 1

Note: Cards 4 |and 5 are omittdd unless 5.9 = q.0.

T(°K) = Heutdon temperatyre for initial fluxiguess. The [inifial guess ig {H) = M(E) + A ¥B).
Zg = Hree latom macrosdopiq scattering crogs section.

Iy = 7200Im/s velue off thd mecroscopid abdorption crods sdetion.

N = Numbdr of microsdopiq cross sectilon decks which will |be provided,

€ = Degrde of convergencgd desired.

XNT = Maxinum number of itgqrations allqwed

XNK = The rdumber of thg kemnel to be sgqlecled from the |libjary tape.

« = Bxtrdpolation faqtor |of the iterdtioqd scheme,

Nq{etec.) = Atongic number densify of the compondnt associatdd with cross sedtior deck 1.

UOK-3263

(s 11.81) IMS INPUT DATA FORM

o oma o e e

He



TEN DIGIT DATA FORM

PROBLEM REQUEST
IMS 3325
CODER DATE PAGE
MET 10-29-62 1 of
1 9 11 19 21 29 |31 39 |41 49 | 51 59 61 69 IAl 73 80
1 ¢ IMS-SAMPLE-PRPBLEM, —SPECTRUM-FRYM-KERNEL——.4 B/CA—FR=1.0 >
800.0 0.4 . 39752 .0%31265 0.0 .0001 0.0
2.0 1.0
UCN-32863
{3 11-81)

SAMPLE PROBLEM INPUT

49



IMS SAMPLE PROOLEMs SPoCTRUM FROM KERNEL 2 #46/CA FR=140

1 FG 600K A=12 MSH{.0001{16115+0 S{APPROX.) (GTP~3) 2200000
NUMpER OF ITERATIONS= 48 MAXIMUM DIVERGENCE= 04990E-04 EXTRAPOLATION FACTOR=1.000
cNERGY FLUX ENERGY FLUX ENERGY FLUX ENERGY FLUX ENERGY FLuUx

10.0000E~05 742075E~01 144100E~01 17394E 02 6+2600E~01 26129E 01 146900E 00 9+4099E 0C 3.2600E 00 4+9180E 00
1.8000E~-04 1.2973E 00 1.5300E~01 1.6222E 02 6+5000E-01 245068E 01 1.7300E 00 9.1947E 00 343200E 00 4482018 00
3.,0000E=04 2.1020E 00 1.6500E~01 1.5085E 02 6.7500E-01 2.4057E 01 147700E 00 B8.9880E 00 3.3700E 00 4«7193E 00
540000004 3.6028E 00 1.7800E-01 143917E 02 7.0100E-01 2+3096E 01 148100FE 00 84+7929E 00 3.4300E 00 46046E 00
7+0000E~04 5.0426E 00 1.9100E~01 1.2827E 02 7.2700E~01 2.2212E Ol 1«8500FE 00 B846023E 00 344900E 00 4.4831E 00

10.0000E~04 7.2000E 00 2.0500E~01 1.1750E 02 7+5300E~01 <.1399E 01 1<8900E 00 8.4280E 00 3.5400E 00 4.3699E Q0
1e42006~03 1.0214E 01l 2.19008-01 107728 02 7.8000E~01 2.0616E 01 19300E 00 8+2461E 00 3+6000E OO0 4.2994E 00
2+1000E~03 1.5072E 01 2.3400E~01 9.8356E 01 840800E~01 1.9869E 01 1+9800E G0 8+0489E 00 3466008 00 4.3335E 00
2:B8200E~03 2.0179E 01 2,4900c=01 9.0029E 01 B8+3500E~01 1.91%5E 01 2.0200E 00 7.8885E 00 3.7200E 00 4+3504E 00
3+7000E=03 246358c 01 2:6500E~01 B.2223% 01 846400801 148528E 01 2.0600E 00 7+7326E 00 3.7800E 00 4.3497E 00
4+ 70006£=03 3e5£81lc 01 2.7500t~01 7.78475 01 849300c~01 147904E 01 2s1100E 00 745626E 00 348400E 00 4+3318& 00
5.8000£~03 4.0763c O] 24810001 7.5392c 01 9.2200E~01 1.7325E 01 2415008 Q0 744099E 00 349000E 00 4.43024E 00
7+0300E=03 4.8944E 01 2+9000E=01 7+1939c 01 9+5200E~01 146760E 01 2+2000E 00 7+256%9E 00 396005 00 4»2600& 00
Ga4000E=03 5.7017c 01 2.9700E-01 649424E 01 948200E~01 146242E 01 2¢2400E 00 741184E 00 440200E 00 4e2141E 00
9.8400E=03 ©s0b53c 01 3.0700E~01 646088t 01 1401008 00 1e45774E 01 2+2900E 00 6496BTE 00 4.0800E 00 4.1534E 00
141500E=~02 7.6097E Ol 341400E~01 643907E 01 1.0400E 00 145323E 01 2.3400E 00 6+48246E 00 4e41500E 00 4.0906E 00
1.3100E=02 B.61875 01 3.2500E~01 607376 01 1.0700E 00 1e4869E 01 2.3800E 00 6.7043E 00 4.2100E 00 4.0257E 00
146900L~02 1+0673E 02 3.3200E~01 5488578 01 141100 00 1la4340E 01 244300E 00 6+5734E 00 4.2700E 00 3.9617E 00
2s1L00E~02 142697E 02 3,4000E~01 546847L 01 1«1400E 00 143954E 01 2+4B00E 00 6+4393E 00 443400E 00 3.8943c Q0
2+5B00E~02 1406698 02 3.4900E~01 5447230 01 1.17008 00 143585E 01 245300E 00 6#3158E 00 4«4000E 00 3.8255E 00
3+1000E~02 1.6516E 02 3.6000E~01 5423615 01 121006 00 1.3149E O1 25800E 00 6+1943E 00 4.4700E 00 376268 00
36 8700C~UZ Llavi73n 0OZ 3.68008~01 5.,0719E 01 1424000 00 1.2807€ 01 2.6300E 00 6.0B12E 00 4.5300E 00 3.6966E 00
4e2800E~02 1+9565E 02 3.8700E~01 4a7265E Q1 1428008 00 142428E 01 2+.6800E 00 5.96%94E 00 4.6000F 00 3.624%9E 00
4+26400E-02 J2.0084c 0< 4.0600t~01 4442548 01 1431008 00 142119E 01 2+47300E 00 5+8665E 00 4+6600E 00 3.5765C 00
526400E=02 Ze1495E 02 44:600E=01 4«1500E 01 1435008 00 1.1782E 01 2.7800E 00 547639E 00 4.7300E 00 3.5165E 00
62 4000E=02 242009 02 4.4600E~01 3.9084E 01 13800E 00 141505E 01 248300E 00 5+6721E 00 44BO00E 00 3.4604FE 00
742000E=02 242212FE 02 4,6700E~01 3.6863E 01 1442008 00 1+1200E 01 2+8800E 00 5+5745E 00 4e8600E 00 3#4129E 00
8+0500E~02 242127 02 4.8800E=01 344898BE 01 1.4500E 00 140953E 01 249400E 00 5.4676E 00 4+9300E 00 3.3719E 00
849400E~02 2.1783E 02 5.1000E~01 343079E 01 1449008 00 1.0669E 01 3.0000E 00 543704E 00 5.0000E 00 344202E 00
9«B8900E~02 2.1201E 02 5.3200E~01 3414558 01 1453008 00 140387E 01 3¢0400E 00 542894E 00 52691E=~01 742075E-01
1,0900L~01 240415E 02 5.5500E~01 249940L 01 157008 00 140125E 01 341000E 00 542020 00 3.9273E-01 1.2973E 00
121900E=01 1+49524F 02 5.7800E~01 248575E 01 1.6100E 00 948740E 00 3¢1500E 00 5+1060E 00 3.0421E-01 2.1620E 00
143000c=01 1.8674t 02 6.,0200E~01 2.7292E 01 1465008 00 9.6368E 00 3+2100E 00 540152E 00 243564E-01 3.6028E 00

(A
[G2Y
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IMS FORTRAN LISTING
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IMos  INFINITE MbLIUM SPECTRUM CODE. 18490103
DIMENOION E{161)25501612161)s5A0161) +PHI(1611sCPHI{161),
1S5T{161)95(161)1ARGELI61ISDIF(L16LI+XNSI7)sTITLEC12)sWOl161)sWE(161)

100 READ INPUT TAPE 1044 16500210
HRITEOUTPUTTAPES 4 16500118
] 2

élFORMAT(7;H ) 162939139
READ INPUT TAPE 1091sTsXLAM»SSOs5BA0s AN EP s XNT 16500121

1 FORMAT(7E1046) 16500114
READINPUTTAPELD 43 s XNKsFR IMS 0001

43 FORMAT(2E1044) IMS 0002
IF (XNK} 90599990 16500108

90 REAL TAPE 2+TITLE 16500111
IF (ABSFITITLE{12)-ANK)~0.01} 93593591 16500103

91 DO 92 [=lss 16500115
92 READ TAPE 2 16500117
GO TU 90 16500119

93 READ TAFE 2N 16500123
READ TAPE 2s(E(J)sJ=1sN) 16500125
READ TAPE 25 (S{J)sJ=1sN) 16500201
READ TAPE 25 {{SS5(Jallsl=1sN)sJ=1sN) 16500203

DO 94 I=1sN 16500205
WO(I1=040 16500207

94 WE({1=040 16500208
99 NS=XN 16500209
WRITE QUTPUT TAPt 9595 {TITLE(I}s1=1512) 16500101

95 FORMAT (1HO11A65F1345) 16500214
IF{XNI)2+243 16500115

2 XNI=100.0 16500116
3 Y=040 16500117
50 DO9J=1,N 16500203
DO1OK=1N 16500205

10 SS{JsK}=55(JyK}#550 16500207
9 CONTINuE 16500209
51 1F(SA0)52553+52 16500211
52 C1=041590597#SA0 16500213
DO54J=1,N 16500215

54 SA(JY=CL/SQRTF(E(J)) 16500217
GOTOB 16500218

53 READ INPUT TAPE 10515 {XANS(J)sJ=157) 16500201
DO57J=1sN 16500220

57 SA{JI=040 16500221
DOS5K=1sNS 16500222
LL=K IMs 0l01
CALL SIGMA{EsNsLLsLMsXNSsSA) IMs 0101
IF(LM) 36555536 IMS 0005

55 CONTINUE IMS 0102
8 IF(T}I1l1912911 MAING223
11 ET=0+0253%T/29346 MAINOZ225
DO13J=1sN MAINO301
PHIGI ) =(E(J) /LET*ET) )*EXPF (=E(JI/ET) MAINO303
IF{E(J)=240%ET) 13513514 16500309

14 IF(E(J)=5.0%ET} 15515416 16500311
15 PHIEJI)=PHICJI+XLAMBIE{ ) =2, 0%ET) /(214 0%ETHET) 16500313
GOTO13 MAINO311

16 IF(E(J)=T.O®ET) 17517418 16500315
17 PHITJ)=PHI(J)+XLAM/ (T4 0%ET) 16500317

GOTO13 MAINO317



18
13
12

20

19

21

22

40

24

23

25

26

27

30

29

34
326

35

Lo

PHI(J ) =PHI{JI+XLAM/E(J)
CONTINYE

DO1gJ=1sN

NJ=J

DOZOK=14N

ARGIK)=SS1JsK!

CALL SR1 (ARGHEsNyNJ»WOsWE »ANS)

SST{J)=ANS
DO21J=1sN

NJ=1
ARG(JI=PHI(JI*SAL)

CALL SR1 (ARGHIEsNINJIWOWESTA)
CALL SR1 {S5sEsNsNJsWOsWESTS)
R=T&/TA

DOz2J=1sN

PHI{JI=PHI (J}#¥R

D023J=1sN

NJ=J

DO24L=14N

ARGIL I =55(Ls J)%PHT{L}

CALL ©R1 (ARGsEsNsNJsWOsWEsBS)
CPHIGJ Y =(BS+S (U1 I/ ISALI)+55T U
DOz5J=1 4N

NJ=1

ARG{J ) =CPHI(J)Y*SALJ)

CALL SR1 (ARGHEsNsNJsWOSWESTA}
R=TS/TA

DO2eJ=19N
CPHINJ)Y={140~FRI®PHI{J)4FR¥*¥R¥CPHI(J)
DO27J=1N

DIF(J) =2 0% {CPHI(J)=PHI{J ) /{CPHI{JI+PHI(J))
PHI{JI=CPHI(J)

B1G=0«0

SBIG=0,0

D029J=14sN
IF(ABSFIDIF(J))1=-BIGI29529:30
BIG=ADSF{DIF(J))

SBIG=UIF(J)

CONT INyYE

YN=YN+140

IFIXNI=YN} 34,3435

FO=1+0

NYN=YN

CALLOUTM{PHI 9EsSBIGsNYNsFRsLMsN)
REWIND 2

GOTO100

IFiBlo~EP}36136+40
END({13190+0+050505050s040905050+0)

MAINO319
MAINO321
MAINO&4O1L
16500216
MAINO4O3
MAINQ4O5
16500218
18490103
MATINO&411
16500220
MAINO413
16500222
16500224
MAINQ419
MAINO421
MAING423
MAINO42S
16500301
MAINOSO1
MAINO503
16500303
MAINOS5QY
MAINO509
16500305
MAINO511
16500307
MATINOS15
MAINOS17
IMS 0008
MAINGS52Z1
MAINOS523
MAINO52S
MAINQ6E0OL
MAINOG0O3
MAINQ605
MAINO60O7
MAINQ609
MAINOE1L
MAINO613
16500205
16500207
MAINO623
IMS 0010
IMS 0011

MAINOT701
MAINO703
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jass

32
313

35
34

14

b

SR1.e SIMPSONS RULE INTEGRATION WITH UNEQUAL INTERVALS,
SUBROUTINE SR1{ARGsVARsSNsNJsWOsWESANS)
DIMENSION ARG{161)sVARIIE1)sWO(161)sWEL161]
P\NS=0.0

AJ=0e0

BJ=0s0

IFINJ=2%¥{NJ/21 119491

DOTJ=1,43

AJ=AJTWO(J])

IF{AJIZs293

NNN={N-1}/2

DO8M=1 g NNN

J1=2%M=]

Je=J41l+]

J3=J2+]

A=VAR{JZ2)I~-VAR(JL)
AL={VAR({J3I=VAR(J1} ] /A

WOLJL ) =WO(J1)+A%AL*¥(3.0=~AL) /60
WOLJZ) = (AL®®3) %A/ {6 0%{AL~101))
WOlJB3 )= (2e0%AL=3eQ ) HAL¥A/ (& 0¥ (AL~]10) 1}
CONTINpE

DO32Jd=1 9N

IF{ARG(J) 133532533

CONTINUYE

JEM=J

Do351=1N

J:N—I""l

[F{ARG{J} ) 34435534

CONTINUE

JLA=J

POlaJd=JSMrJLA

ANS=ANS+ARG{ J)}*WO(J)

GOTQZ5

DO15J=113

Bd=bJ+WE(J])

1F(BJI6BsSe6
WE(LI={VAR(2)=VAR{1)1/2.0
WE{2)=wE (1)
WEIN)=(VARINI=-VARIN=1)1}/2.0
WE(N-1)=WE{N}

NMNN={N=~3) /2

DO19M=1 9 NNN

J1=2%M

Je=Jl+l

J3=J2+]

A=VAR(U2)~VAR(JL)
AL={(VARIJRI-VAR(JLI ) /A

WE{JL ) =WELJL I HA*AL* (34 0~AL)Y /640
WE{JZ2)={AL¥*¥3) %A/ (6 0¥ {AL=1+01))
WE(J3)=WE(J3 )+ (2«CH%AL~3 01 #ALFA/ (6. 0%{AL=1:0))
CONTINUE

D042J=1sN

IFLARG(J)}) 63442443

2 CONTINyE

JEM=J

00451=14N

J=N=[47]
IFTARG(IJ) ) 4445544

18490106
18490103

18490106
18490107
18490108
18490109
18490111
18490113
18490115
18490117

18490302
18490304
18490306
18490308
18490310
18490312
18490316
18490317
18490318
18490319



45
44

24
25

CONT INUYE

JLA=J

DO24J=J5Ms JLA

ANS=ANS+ARG( J)*WE(J)

RETURN
END(1213s050503050303030+050505050])

L2

18490515
18490517
18490519



L3

51Gs MACROSCOPIC ABSORPTION CROSS SECTIONS FOR [Mbe
SUBROUTINE SIGMA(EsNsLLsLMsXNSsSA)
DIMENSION E(161)sSAT16119SE(161151161) sXNSI71,D(T)
NSED=0

READ INPUT TAPE10s3s(D(J)sJ=1sT1IC
FORMAT(TEL1Qe7912)

[C=1C+1

IF{1C=5)31s6431

IF{NSEDI9sT7s9

NSE=0

NSEQ=1

DO14d=19552

K=NSE+(J+11/2

SE(KI=D(J)

SIK)=L(J+1}

IF{SE(K} 114517914

CONTINUE

NSE=NSE+3

GO T0 2

NSE=K-1

DO 20 J=1sNSE

SELJI=LOGR{SE(UY)

S{J}=LOGF(S(J)})

JMl=2

DOZ27K=1N

EN=LOGF{E{K))

U026J=JMIT s NSE

JMl=d

IF(Scl{JI=ENIZ6+27s27

CONTINUE

LM==]

Lot e P BAR LR S E N

]

-

el ad
£ N e

M s b ok ot ok
00~ O AR

[AVINAGIE ]
SO0 N e

W RN RSP
> OV

27 gmg?ﬁbmmm‘\b{LL)-}H—.XPF( ((SE(J)=EN)#S{J=-1 )+ (EN~
1SE{J=1) ) %S (JY)/(SE(I)=SELJ-1)1))

29 LM=Q

30 GO TO 32

31 LM=1

32 RETURN
END{(191305030s090503505>030502C9090)

18450104
SIG 102
SIG 104
516 105
SIG 106
SIG 107
SI1G 108
S1G 109
$IG 110
$I1G6 111
SIG 112
SIG 113
SIG 114
516G 115
SIG 116
SIG 117
$IG 118
S1G 119
S16 120
516 121
SIG 122
S1G 123
SIG 124
S1G 125
SI1G 0108
SI1G 0109
sIG 0110
SIG 0111
SIG 0112
SIG 0001
S1G Q002
SIG 0113
SI16 0114
SIG 208
SI1G 209
S$IG 210
SIG 211
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QUTM» IMs QUTIPUT SusROUTINE 18490105
SUBROUTINE OQUTHMIPHISE»SBIGINYNsFRILMIN} OUTMO002
DIMENSION PHI(161)sE1161) CUTM00G03

1 IF{LM}2s592 OUTMQ 004
2 WRITE QUTPUT TAPE 9,35LM CUTMO005
3 FORMAT(18HOSIGMA FAILURE LM=13) QUTMO006
4 GO TO 24 QUTMO007
5 WRITE QUTPUT TAPE 6263 {E(J)sPHI{J)sJ=1sN) QUTM0008
& FORMAT(1P6EL1Qeby12H 5) 18490101
7 ENDFILES QUTMO010
§ WRITCOUTPUTTAPES 9 sNYNISEIGFR ouTHMOO11
9 FORMAT(22HONUMpER OF ITERATIONS=I4s24H MAXIMUM DIVERGENCE=zE11.,0UTMQ012
1013254 EXTRAPOLATION FACTOR=FB5e3/72H0 1} OUTM0013
11 WRITc QUTPUT TAPES 12 OUTMOO014
12 FORMAT(117HO ENEROY FLUX ENERGY FLUX ENEOUTMOO015
131RGY FLUA ENERGY FLUX ENEROY FLUX/Z2H00UTMO016
142 ) QUTMO017
15 NC=N/5+1 OUTMO0018
16 D0O21J=1sNC OUTMO019
17 Kl=J+NC ouUTMO020
18 K2=K1+NC QUTMO021
19 K3=K2+NC ouUTM0022
20 K4=K3+NC QUTM0O023
21 WRITEOQUTPUTTAPEDs232s{(J)sPHITJ}»E(KL) +PHIIKLI ) QUTMQ024
221E(K2) »PHI(K2)sE(K3)sPHI(K3)»E(K4 ]} 2PHI(KSG)) OUTMD025
23 FORMAT{10(1PE1244)) OUTMOO001
24 RETURN OUTM0002

ENU({1351s090s09050s020+000s0903Cs0)
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Iv. TKS - An IBM 7090 Program for the Calculation of
Source Terms for the IMS Progranm

Deseription of the Problem

In Section I it is shown that reducing the range of integration in
the space independent Boltzmann equation to a finite energy interval
necessitates the introduction of a source function S(E) defined by Eq.

(1) as

S(E) = fm;zS(E’) S(E‘-E) 48" - §(E) fwz(E—+E’) AE" +
T £
5 !

+ [ &) 2(5-E) a8 - #(8) | s(z-E7) @B .

0 0

Tt is noted in this expression for S(E) that the first two terms repre-
sent the net number of neutrons (per cm5/sec) entering the finite energy

interval El<g E g E2 from energies greater than Eg) whereas the second

two terms represent the corresponding net number entering the interval

1 We select El close to zero so that the
latter influx is negligible., The expression for the source function then

from energies less than E

becomes
s(8) = [@#(&) =(®»E) a&” - §(8) [ 2(E-E") aF . (13)
B, Ey

Program TKS evaluates Eq. (13) for each point of the energy mesh in the

interval El < EL E2

GTP program. The resulting sources are then normalized to one net

s using exact transfer kernels calculated by the

slowing down neutron (per cm?/sec}. In order to do the calculation an
energy transfer kernel must first be computed for an energy range spanning

Ee. ‘The lower limit of the kernel mesh must meet the requirement that

downscatter from E2 is negligible and the upper limit must meet the

requirement that downscatter to E2 is negligible, Three different options

are provided for defining the function @(E) of Eq. (13),
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1) P(E) may be read in directly as input data,
2) ¢(E) = l/E:
3) P(B) = P(B)/[¢2, + 7%, (F)] E.

Flux option 3 is based on the derivation of the resonance-escape prob-

il

ability for slowly varying capture given in Ref. L. The rescnance-

escape probability P(E), where

on z, () -
P(E) = exp|- . =78 (lll—)
E gzs + 7Za(E) B 4

as weil as § and 7 are calculated automatically by the code if optica 3
is selected. If flux option 3 is selected there are three different
options available for the Za(E) quantity appearing in Eq. (14)., These
absorption cross section opticns are:

1) Za(E) 0,

/E
- _ 2200 m/s [ 72200
2 ) L'a( E) Z‘a E b4

%) za(E) is read in directly.

1

i

As in the IMS code, integration is done by the SR1 subroutine which uses
Simpeon's rule with unequal intervals. This iwmposes the requirement that
the total number of energy mesh points in the scurce kernel be odd and
also that the value E2 is an odd numbered mesh poirt.

It is worth noting that if suitable simplifying assumptions are made,
Eqg. (15) may be solved analytically. Such an apprsach to the prcblem o
calculating source terms for the IMS code may bhe as useful for many
problems as the more complex procedure embodied in the TES program. 1f
E2 is in the energy region where the fiux has a l/E energy dependence
and is sufficiently high that upscatter is negliigible, then neutron col-
lisions are essentially with atoms at rest and obey the simprle mechanics
of elastic scattering. Under these conditions the energy transfer ksrnels
cf Eq. (1%) have the simple form:

1) P(E+E’) = 0 when E < E,

2) P(E'~E) = z-l-lmv when 0B’ < E € B,

3) P(E°~E) = 0 when E < OEg,



A-1.2
where Q = (E;T)

fractional energy loss in elastic collisicns. Equation {1%) then

is the familiar parameter describing the maximum

becomes
E/a
1 dE” 1 i o
\ = - v = To—— . — . (
S(E) J o ~1-a & " 1 (15)
B, >

We impose a normalization of one net slowing down reutron (per cmﬁ/sec)

t3 obtain

T.J

o ré; _a ~
IMS computed fluxes based on sources computed from Eq. (16) exhibit small
perturbations in the region from QE2 to EQ. However, if E2 is of the
order of several electron volts, this perturbstion is of minor sigrnifi-

cance.

Preparation of Input Data

To operate the TKS program an input tape 1is prepared on the card-
to-tape converter using the data cards descriped below. This tape is
gelected as tape 10 and together with the KERNEL LIBRARY TAPE selected
as logical tape 2 constitutes all of the data input. An additional tape
selected as tape 9 is reguirad for output. The card input data ars
gsupplied on the Ten Digit Data Form with the same freedom of format as
is described in the section dealing with the GTIP program. The set of
input cards which is 12 be transferred to tape 1C must be assembled in
*he following order:

L. Card 1. Cclumn i must contain a l-punch. Columns 2-72 mey
coatain any alphabetic or numeric information which iderntifies the calce-
vlation. This informaticn, together with the KERNEL title read in from
logical tape 2, is printed at the top of each page of output.

2. Card 2. DBeven numbers are punched which give the following
information:

Field 1. Erergy mesh number corresponding to EE' This must
be an DD number.
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Field 2. Macroscopic free atom scattering cross section of
the moderator.

Field 3. Macroscopic 2200 m/s absorption cross section.
Field 4. Atomic mass of the scatterer.

Field 5. Number of the kernel to be selected from the KERNEL
LIBRARY TAPE and used in the calculation.

Field 6. TFlux option number as described on page 46.

Field 7. Absorption cross section option as described on
page L6,

3. Card 3. 1If the absorption cross section option SAﬁPT = 3.0 is
selected, cards 3 must ¢ontain the values of the macroscopic cross
section for each energy point of the KERNEL mesh. BSeven fields per card
are required with as many cards as are necessary to read in all of the
cross section values,

If flux option ¢PT =1.0 is chosen, cards 3 must contain the fluxes tc
be read in. Again, seven fields per card are required with as many cards
allowed as are necessary to supply a flux value for each point of the
XERNEL energy mesh.

Output

The output is listed from tape 9 and containsg the title of the calc~
wlation, the title of the kernel used, and a list of the energies, fluxes,
and scurces for each mesh point. In addition, the normalizing factor
which was applied to the calculated or read in fluxes to make the source
rormalization egual to one net slowing down neutron (per cmB/sec) is
listed as ASYMPTOTIC FLUX.

The Portran listing of the TKS program and associated subroutines,
data forms, and output for a sample problem are illustrated in the fol-

lowing pages.



TEN DIGIT DATA FORM

BROBLEM

REQUEST

TKS 53325
ESBER GATE FAGE
MET 10-29-62 1 o 1
1 [9 |11 [19 121 29 |31 39 |41 49 |51 59 161 69 |71 173 80
1 « CPLUMNS—2{72-AVATLABLE-F#-TDENTIFICATI AN-$F—IHE-CALOUTATIAN >| 1
A S8 SA AM XNK PPT SAGPT 2
[ sa(2) sa(2) ete. 5
< or)
PHT(1) PHI(2) ete. | 3|
A = erdy mesh numbdr (¢DD) of the kerngl correspondinglto E,.
88 = ! crgscopic scatterigg cross section|of the mediym.
SA = Macrgscopic absorptign cross sectionjat 2200 m/s of the medium.
AM = Atomic mass of the mgderator.
XNK = Numbgr of the KERNEL|to be used in the calculatign.
§PT = Flux|option = 1.0 - |Read $(E) ajrectly | 7 |
= 2.0 » |$(E) = 1.0/5 i
= 3.0 > (&) = P(E)/[exf + 75 (E)] &
SAPPT = 3. (E] option = 1.0 =|Set T (E) = 0.0
= 240 »|z,(8) = 2P Wz /E
= 3,0 »+|Read ZI,(E) dire¢tly
L |
PR — o B

TKS INPUT DATA FORM

6



TEN DIGIT DATA FORM

09

PROBLEM REQUEST

TKS 3325
CODER DATE FAGE

MET 10-29-62 1 o
1 IEN R 19 | 21 29 {3 39 (4 49 {51 59 {61 89
1 & TKS5.-8 Lé—PRgéB .~ ~SPURCES—FRAM—KERNELAS , ~FLUX=1/E

89.0 0.3974 100.9 ~12.0 1 3.0 2.0 1.0
1

,,,,,,,,,,,,, {F““

UcN-9263 = =

(8 11-81) SAMPLE PROBLEM INPUT




TKS SAMPLE PROBLEMs

1 (FG 600 K A=12 MSH(1.49{161)13EV)

ENERGY

1e4900E
1+53008
1+45700E
1+6100E
1s 6500E
14 6900E
1:7300€
1e7700E
1+8100E
1+2500E
1e8%0CE
1. 930CE
1+49800E
240200E
2+ 0600E
2¢1100E
2¢1500E
2«2000E
20 2400E
2 2900E
2¢3400E
2¢3800E
2 4300E
2+ 4800E
2¢5300E
24 5800E
2+6300E
2486800E
24 73C0E
2+ 7800€
248300E
248800E
2+ 9400E
3+0000E
340400E
34 1000E
3«1500E
342100E
3+ 2600E
Ge3200F

o0
0C
oo
00
00
00
00
00
o0
00
00
00
00

o0
oo
00
00
oles
00
co
00
00
00
00
00
[o19]
je]¢]
00
00
00
ag
00
00
a0
00
00
00
oC
0o

SOURCES FROM KERNEL 3o FLUX=1/Ee

FLUX

1.1172E
1s088CE
1406C3E
1.0339E
1.0089E
9. 849FE
Fe6222E
9e4047E
9a1969E
B8+93980E
8.8076E
8 «6250E
844072E
842408E
8.,0807E
7.8893€E
TeT425E
745665E
Te4314E
742691E
71138E
649943E
648503
6e7122E
645796E
6.4521E
&8 3294F
6+2113E
6. 0976E
549879E
548821E
5« 7800E
5e6620E
545488E
5a4758E
543698E
5e2845F
5a1858E
5e10062E
5s0140F

01
01
01
01
01
00
0o
00
]
o
00
g0
Co
00
00
]
00
ae
00
00
00
00
00
00
a0
00
oo
00
o0
3]
0¢
G0
Q0
o¢
oo
jele]
00
Q0
00

a0

TKS SOURCE KERMNEL 3

SOURCE

1e2B26E=04
8.6940E-04
2e4573E-03
344108E-03
5« 7076E~03
1.0086E~02
1,6210€E~-02
242B31E=02
3 4448E-02

3400000

ENERGY

4e7T700E
448000
448300E
428600E
4«9000E
4+9300E
449700E
540000E
540500E
541000E
541500E
5.2000F
5¢2500E
S5«3000E
543500E
544000E
544500F
5450008
545500E
546000E
5+56500E
5.7000E
547500E
5.8000E
5485C0E
54 9000E
549500E
6«00C0E
54.0500E
6+1000E
641500E
622000E
602500E
6+ 3000
643500E
6w 4000E
be4500E
6450008
&5e2500F
6e6C00E

e}
[e19]
00
00
co
co
ole)
00
co
oo
00
[538)

o
o

00
00
[ols]
00
(51}
00
)]
GO
[ol¢]
20
G0
00
a0
oo
2]
00
00
00
jolo]
00
o
G0
Co
o
00

014

FLUX

34 4898E
34 4680E
3 4464E
3e4252E
343972€
343765E
3e3494E
343293E
34 2963E
342640F
342323E
342012E
3.1707E
34 1408E
3¢1115%
340827E
320544E
3¢0266E
2+9993E
2e9726E
249463E
2+9204E
2489508
248701E
24 8455E
24 BZ14E
2+7977E
20 7T4H4E
2¢7515E
2e7289E
24 7067E
246849E
2s6634E
20 6423E
246215E
2s6010E
245808E
245610E
2o 5414E
245222E

00
0¢
[#18]
[o1¢}
oG
cQ
iy
00
00
o0
[0)¢}
1]
[el¢]
0o
o0
o0
(628
oc
a0
00
00
00
18]
00
00
co

00
00
oo
co
co
[ele)
00
00
00
00
00
00
00

SCURCE

1+0849E
1e1027E
141195E
1e1525E
1e1726E
1e1842E
142006E
lel9s2E
Qe
e
Os
Ca
Oa
Qs
O«
Qe
O.
T
Os
O
G
Oe
Qe
e
Os
Os
Oa
Oe
Ca
s
Os
Ce
Oa
Ce
Ce
Qe
O
Ca
Ua
Oe

G0
ca
co
(Y]
Cco
G0
oy}
[}}9]

TS



TKS SAMPLE PROBLEM,

1 (FG 600 K A=12 MSH(1+49(1613113EV)

ENERGY

343700E
3+4300E
3.4900E
3254 00E
346000E
346300E
J46600E
346900E
347200E
3. 7500E
34 7800E
348100EF
348400E
348700E
349000E
349300E
34 96 00E
349900E
4s40200E
440500E
44 Q800E
4s1100E
441500E
4418B00E
421 00E
44 2400E
442700E
443000E
4e3400E
4#3700E
444000E
4443 00E
4e4T0O0E
445000E
44 5300E
4e5600E
44 6000E
44 6300E
4y 6600E
446900E
44 7300E

ASYMPTQRTIC FLUX=

00
00
00
00
00
00
00
00
00
00
00
00
00
a0
60
00
00
00
00
00
00
00
00
00
00
Qo
00
00
0¢
00
00
00
0o
00
00
00
00
00
00
00
00

S0URCES FROM KERNEL 3.

FLUX

449396E
448532E
4.7697E
4«7024E
446240F
445858E
445482E
4e5112ZE
4ot 748E
4 44390E
444038E
443691E
443350E
443014E
442683E
442357E
4e2036E
441720E
44 1409E
441102E
4e0800E
440502E
420112E
349824E
349540E
349260E
348984E
348712E
3+8356E
34809¢E
347833E
387576E
3.7240E
346992E
346747E
3+6505E
386188E
345953E
345722E
345493E
345193E

l.6646E 01/€

00
00
[s1¢]
a0
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
o0
00
00
00
00
00
00
00
00
00
00
00

TKS SOURCE KERNEL 3

SOURCE

426527E-02
643786E~02
845918E=~02
1.0726E-01
143868E~01
le5474E~01
1.7383E-01
1.9305E~01
241223E-01
243454E-01
2+5670E=-01
2+7851E~01
340348E-01
342796E-01
345173E-01
347867E~01
44Q334E-01
442975E-01
445794E-01
448337E-01
541045E=01
5e3925E~01
5.7327E~01
640041E~01
642933E-01
645440E-01
648117E-01
Te0976E~-01
Te4425E~01
T«6810E-G1
Te9612E~01
841933E~01
845199E-01
847928E~01
940380E~01
242539E-01
9+45895£-01
F48242E-01
1.0027E 00
1.0284E Q0
1.0596E 00

FLUX=1/E

3400000

ENERGY

646500E
6+ 7000E
647500E
&£+8000E
5+8500E
6+9000E
63500
7+0000E
Te1280E
T+2500E
7«3750E
T7+5000E
7 +6250E
7«7500E
7+8750E
840000E
841250F
8¢2500E
843750E
845000E
B846250E
B8+7500E
8+875CE
9+ 000CE
9+1250E
9«2500E
943750E
9.5000E
F+6250E
F+7500F
948750E
1.0000E
140400E
1+0800E
141200E
141600E
1.2000E
142400E
142800E
1.3000E
O.

00
00
[¢]¢]
00
00
1]
00
00
00
00
00
0o
00
a0
00
00
00
00
00
00
00
00
00
00
00
00
00
[e30]
00
0o
00
01
01
01
01
01
01
01
01
01

FLUX

2+5032E
20 6845F
2e4661E
24 4480E
2e4301E
244125E
28 3952E
22 3780E
2e33563E
242960E
262571E
2s2195¢L
241831E
22 14T9E
2+1138E
2,0808E
2+0488E
240177E
149876E
1,9584E
149300E
1.9024E
148756E
1a8436E
1,8243E
1,7996E
1e7756E
1,7522E
1le7295E
1+7073E
146857E
le6646E
146006E
145413E
1la4863E
14435%0E
143872E
le3424E
143005E
142805E

164082

0¢
00
00
00
00
00
00
00
00
00
00
jele}
00
00
Go
GO
00
00
00
00
00
00
00¢
00
00
00
00
00
00
a0
00
00
00
00
00
[S1¢]
o¢
[o14]
00
00
01

SOURCE

Os
O
Qe
Ce
Ca
O«
Oe
O
Oe
¢
Os
Oe
O
Os
O
Js
Os
Oe
Os
Do
O
Os
Oa
Oe
Cs
O
Oe
Os
Ov
O
Co
Oe
Oe
Oe
O
Oa
Os
Qu
Os
Os
1e1172E D1

28
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TKS FORTRAN LISTING



o d




22

TKSs TRANSFER KeRNEL SOURCES COUE. 18450111
UIMENSION E{161)+511161)551G({1615161)sF(161)5ARG(1611))
IWO{161)sWE(161)»TITLEIL12)SAEL161) s VARIL161)aHEAL(L2)

100 READINPUTTAPEL1Qs3sHZ AL TKS10002
2 FORMATITELIC.2) 18490105
3 FORMAT(12A6) TKS10003

READINPUTTAPELD »4sA955sS5AsAMIXNKsOP T SAOPT TKS10110

4 FORMAT(TE1Qe4) TKS10112
90 READTAPL2sTITLE TKS10114
IFLADSFUTITLE(12)-XNKI=0401193593+91 TKS510116

31 DOg2l=14+4 7KS10118
92 READTAPE2 TKS10120
GOTQ90 TKS10122

93 READTAPEZ N TKS10124
READTAPEZy (EL{J) s J=1N) TKS10201
READTAPEZ2» (S1{J)sJ=1sN) TK510203
READTAPEZ2 s ({SIG(JaK)»K=1sN}sJ=1sN) TKS510205

35 DOY4l=19N TKS10207
WO(I)=0e0 TKS10209

94 WE(LI)=0e0 TKS10211
NSA=SAQPT 2A01
IFINSA=2)T1996495 2A02

71 DOT72J=1N 2A03
72 SAE(J}=0.0 2A04
GOTOYB 2A05

96 DOSTI=1sN TKS10223
Cl=0e1590597%54A TKS10224

G7 SAE(I)=Cl/5QRTF{E(IL}) TKS10225
GOToYs TK$10302

95 RoADINPUTTAPL10,2s (SAE{1)sl=1sN) TK510304
38 NA=A TKS10306
NI=N=NA+1 TKS10308
CALLFLUR{E s 55 92A0 s AMSN2OPTswOswlsF ) TKS10004

14 DO10J=14+NA TKS10312
DO9K=14NI TKS10314
L=NA+K~1 TKS10316
VARIKI=E (L) TKS10317

9 ARG{KI=3SIG{JsL} TKS10318
CALLORITARGIVARINI sNAsWOsWE s ANS ) TKS10320

10 S1{J}==ANS®F (J) %55 TKS10322
DO12J=1sNA TKS10324
UOL11K=1sNI TKS10402
L=NA+K=1 TKS10404
VARIKI=E (L} TK$10405

11 ARG{KI=SIG(LsJ)#F (L} TK$10406
CALLORI(ARGIVARSNL siNASWOIWESANS) TKS5104C8

12 S1(U}=S1{JI+ANSHSS TKS10410
DO200J=1sNA TKE10412
200 WO(J}1=040 TKS10414
CALLOR1(S1IsEsNAsNAsWU>WEsANS) TK510416
ANS=1e0/ANS TKS Qo011
DO13J=1sNA TKS ©002
FlJ)=F (J)#ANS TKS 0003

13 S1(J)=511J)%ANS TKS 0004
KK=NA+] TKS 0005
DO300J=KKsN TKS 0006
51{J)=040 TKS 0007

300 F{J)=F(J)*ANS TKS 0008
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CALLOUT (E9S1sANSsNsFsHEAD, TITLE) TKS10005
REWINU 2
GOT0100 TKS10424

END{1919080503505050503090s00030+0}
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C FLUXe FLUXES FOR TRANSFER KERNEL SOURCES. 18490113
SUBROUT INEFLUX{Esoo s DAL s AMsNIOPTsWOsWESF ) FLUXQ001
DIMENSION E{161)+S5Ac(161)sWO(1611sWEL161)sF {161y

TARGUIZ1sEDI3}sDENOMIL61)sRI{161)sP{161) sARG{161)

NOPT=0PT FLUX0109
IF{NOPT~211s293 FLUXO111

1 READ INPUT TAPE 103520s(F(JlsJ=1sN} 18490101
20 FORMMT{TELO 4} 184901032
GOTO100 FLUX0115

2 DO4U=1,4N FLUX0117
4 FLUy=140/E(J) . FLUXO119
GOTC100 FLUX0121

3 Z1={{AM+1e0) /1AM=140) 1252 FLUX0123
Z2=1e0/(21=140} FLUXQ125
23=L06F (21} FLUX0202
X1=1e0-72%23 FLUX0204
74=72%753%73 FLUX0206
GAM=1e0=247(240%X1) FLUX 208
DOBJ=14N FLUX0210
DENOM(J) =X I*#S55+GAM*SAELJ) FLUX0212

5 ARG({JI=SAE{J)/ (ECJI*DENCMLIIY) FLUX0214
NTR=0 FLUX0O216
RIIN}=040 FLUX0218
PINI=1,0 FLUX0220
LL=(N=11}/2 FLUX0222

10 DO9K=1,LL FLUX0301
I=N-2X FLUX0303
DoBL=143 FLUX0305
KK=1+L-1 FLUX0307
ARGUIL ) =ARG{KK) FLUX0309

8 EDILI=E{KK) FLUX0311
NT=3 FLUX0313
CALLSRI{ARGUIEDSNT sNT s WO WE s ANS } FLUX0315
DO11J=14+3 FLUX0317

11 WOlJ}=0.0 FLUX0O319
M=1+2 FLUX0321
RILII=RI(M)+ANS FLUX0323

o P{IY=EXPF{~RI(1)] FLUX0325
IFINTRI12913412 FLUX0402

13 Li=LL-1 , FLUXQ4OG
N=p=1 FLUX0406
RIINI={(ARGIN)+ARGIN+1) )/ 2+ 0) 2 (EIN+1)-E(N}) FLUXQ101
PINI=CXPF{~RI{N)) FLUX0102
NTR=1 FLUX0103
GOTQ10 FLUXO104

12 N=h+1 FLUX0105
DOl4J=1 N FLUX0106

14 FUU)=SP{JI/LELJY#DENONMIU)) FLUXO0418
100 RETURN FLUX0420

ENCL{TI37190000s090s030:020s05048030)
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CUT. TKS QUTPUT SUBROUTINE,. 18490112
SUSROVTINEQUT (Esos ANSsNeFsHEADSTITLE) ouT 0001
DIMENSION E(161)1s5(16112F (1611 sHEAR(LIZ) oTITLE(1Z)
NN=1 QUT 0003
32 WRITeOUTPUTTAPEGs30 s {HEALITI)sl=1312) QUT 0004
30 FORMAT(1246) OUT 0005
WRITEQUTPUTTAPES 31 s (TITLE(I)s1=1412) QUT 0008
31 FORMAT(1IHO11A6,F1345) OUT 0007
WRITEOUTPUTTAPESs 14 OoUT 0108
14 FORMAT{2HO //108H ENERGY FLUX SOURCE QUT 0110
1 ENERGY FLUX SOURCE /7 2H0D QUT 0112
2) OUT 0114
IF{NN=1)33533534 QUT 0008
33 J2=N/2+1 QUT 0009
DOlsd=14J2 CUT 0118
NL=J+1 ouUT 0120
K=J2+J oUT 0122
WRITE QUTPUT TAPL 9916 (8{J)sF{J)}sSIJIsE(K)IsFIRISS(KY) 18490107
iFINL=40115915518 oUT 0201
15 CONTINUE OUT 0203
16 FORMAT(1H 1PE19aby1PE1De4y1PE154491PE20491PE15e4 18490101
11PE1544) OUT 0011
18 NN=2 QUT 0012
IFIN=-8B0)21521+32 ouT 00132
34 DO20J=NLsJ2 OUT 0014
K=J2+J 18490102
20 WRITECGUTPUTTAPEG16s (E(LJ)sF (U1 »STU)sEIK I SFIK)ISIK)) COUT 0015
21 WRITE QUTRUT TAPE9s17sANS 18490104
17 FORMAT(2HO //1T7HOASYMPTOTIC FLUX=1PEL12e4,2H/E) QUT 0217
RETURN oUT 0016

ENDEL1s190s0s0s0sCs02050:05050»0s01)
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V. ACS — An IBM 7090 Program for the Calculation of
Flux Weighted Cross Sections

Description of the Problem

This section describes a program which has been written to perform
the numerical integrations enccuntered in the calculation of spectrum
averaged crcss sections. In general, the two integrals which are done

are.:

REACTION

i

[ o(E) g(E) am ,
[ #(x) aE .

These integrals are done by fifth order Gaussian quadrature with either

FLUX

i

the Campbell~Freemantie analytic form for the neutron flux or with an
arbitrary form for the flux which may be specified in the input by giving
a table of flux versus energy. In all cases the cross section is speci-
fied by giving a table of cross section versus energy.

The analytic form for the flux as given by Campbell and Freemantle is

#(E) = M(E) + » F(E) ,

where
E B
M(E) = ) GXP(- i{_rf)
(xT)
and.
1
F(E) = 7 E 2 pkT
= HIJ;T BKT S E < kT
__(_E___:__Cl_'k%_ kD s E < BKT
n(p-a) (kT)

= 0 E < kT
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The spectrum is characterized by the five parameters T, @, B, u,
and A which are all input numbers.

By providing the appropriate input numbers, as described later, the
energy range is broken into 1 to 50 major intervals within which the

following integrals are calculated:

TRR = [ M(E) o(E) aE ,
= [ M(E)aE,
ERR = | F(E) o(E) dE ,
EF = [ F(E) aF .

The numerical mesh for the integration is determined by specifying ir the
input data the number of subintervals into which the 1 to 50 major inter-
vals are to be divided. In each of these subintervals a fifth order
Gaussian quadrature is done to obtain the required integrals. The cross
section is computed at the necessary points by interpolating in the table
of cross section versus energy which is supplied as input. A linear
interpolation of the logarithm of the cross section against the logarithm
of the energy 1s done so that the interpolation gives the exact valus if
the cross section is expressible as a power of the energy (as, for
example, with a l/v cross section). If the analytic form of the flux is
not used, the same interpolation is done with the flux table. Care must

be taken that no flux or cross section values are negative or zero.

Preparation of Input Data

The input data for a calculation consist of cne or more cards as
described below. Except for the title card, each data card must contain
a number between 00 and 05 in columns T1-72. This serves as data identi-
fication to the reading routine.

1. Title Card. Column 1 must contain a l-punch, Columns 2-72 may
contain any alphabetic or numeric information which identifies the calcu-
lation.

2. Card 0L. T, O, B, and p are punched in the first four filelds

N
and characterize the spectral shape. The %max and A\ which follow specify
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the range of values of A for which the average cross section over the
entire spectrum is calculated. The seventh field contains an upper
bound to the energy range of the integrations, The integration is done
up to this energy or to the maximum energy of the flux or cross section
table, whichever is lowest., If zero is inserted for the neutron ftemper-
ature, then Emax is the conly other data required on this card. 1In this
case the analytic flux calculation is bypassed and a table of fluxes must
be supplied in the input.

3. Cards Q2. Seven numbers per card (less if required) are punched
giving successive values of the energy which divide the range into the
major intervals of the integration. Up to 50 values may be given, con-
tinuing on successive cards if necessary.

4. Cards 03. BSeven numbers per card are. punched giving the number
of equal sized subintervals in each of the major intervals described by
cards02. In each of these subintervals a fifth order Gaussian quadrature
is done.

5. Cards Ok, Three pairs of numbers on each card specify the table
of cross sections. A maximum of 500 pairs is allowed.

6. Cards 05. Three pairs of numbers on each card specify the table

of fluxes 1f the analytic form is not used ( = 0). A maximum of 500

Bl
pairs is allowed.

7. The last card of each case must have 00 in columns 71-72 or else
rust be blank. No data are punched on this card.

Any number of cases may be run successively by stacking the input
data. The last card in each case must be blank or punched with 00 in
columns 71-72 as described above. If the cases are stacked in this
manmer it is permissible to omit blocks of cards when the data are the
same as for the previous case. JFor example, the cross sections for a
series of calculations on the same element may be read in with the first

case and omitted from the cases which follow. If a change is made in a

later case then the entire card or block of data cards must be read in.
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Output

The' ocutput generated by this program is listed from tape 9, and
consists of the following information:

1. Title of the ACS calculation.

2. Neutron temperature.

%, Values of o, B, and u.

4, Maximum energy in electron volts.

>

. Thermal and epithermal reaction and flux values for the
specified energy ranges.

6. Average cross section values over the entire spectrum for
the specified A's.

The Fortran listing of the ACS program and assoclated subroutines,
data form, listing of the data cards, and the output for the sample case
are given in the following pages. The integrals encountered in this
case are all analytic and the exact values of the integrals are shown in

parentheses,



TEN DIGIT DATA FORM
PROBLEM REQUEST
ACS 3525
COBER DATE PAGE
MET 10-30-62 1 of 1
H 9 T 11 1% 21 2% 131 3% 14} 4% [ 51 59 61 &% 71 73 80
1 & ACS.—C LUMI}M-TQ—AVAII RLH~FPR~IDENTIFICATION. >
T{ DEG.X) o | B 1 Muax LA Enax oL
El(ev) E2 E5 El} E E E, 0p
Ny N, N ), Ne g N, 0%
EA(ev) G(EA) E, U‘(EE) E, U(EC) { BLANK ) Ol
E (ev) p(z,) By 3(x,) E, | PE) (BLATK) 05
| 00
] ()
(V]
FARS I ACS INPUT DATA FORM



TEN DIGIT DATA FORM

PROBLEM

REQUEST

ACS 3325
oA - I saeE T
1 l ¢ l n 19 21 29 |31 39 141 4% | 51 59 |61 &9 71 73 80
1 & ACS.-SAMPLE-PRPBLEM.— —£=1[SQRTF(E) .~CAMPBRLI~FREEMANTIE-FHUX. >
293,6 1.0 3.5 5,0 0.2 0.05 2.0 o1
0.0001 0.001 0.0L 0.1 1.0 10.0 o2
10.0 10.0 10.0 10.0 10.0 03
0.0001 100.0 1.0 1.0 4.0 0.5 ol
00

UTN-9263
8 11-81}

SAMPLE PROBLEM INPUT

9



ACS SAMPLE

PROBLEM,.
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NEUTRON TEMPERATURE= 249360E 02

ALPHA= 1.0000E 00

BETA= 3450008 00

MAXIMUM ENERGY= 2.0000E 00 EV.

EMERGY
LOWER

10.0000E-05
10«0000E~04
10«0000E~03
10.0000E-02
1.000CE QO

LIMITS
UPPER

1040000E~04
10e0000E-03
106CO00E~02
140000E 00
2+0000E Q0

SPECTRUM AVERAGES

LAMBDA

De
50000E-02
10+0000E=02
125000E~01
240000E-01

THERMAL
REACTION

3s41126E~02
T49391E-01
Lot TB1F 00
2467532E-01
247324E~16

AVERAGE
SICMA

5«5707E 00
5.04L7E 00
Le6443E QO
443349E Q0
440870E 00

MU=

THERMAL
FLUX

7e5306E~04
5.9523E~02
844460E-01
9¢5117E~02
2e7670E=~16

5.,0000E GO

E=1/SORTF{E)s CAMPBELL FREEMANTLE FLUXs

EPITHERMAL
REACTION

Qe
O
12793E 00
4e2455E Q0
5485726~01

EPITHERMAL
FLUX

Oe
O
344053£~01
2¢2765E 00
649315601
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ACS FORTRAN LISTING






C
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ACS.  AVERAGE CROSS SECTION CODE.
COMMON N3sEsSLsSsFEsF s TyALPIBET y XMUSEMAX
IKMIFsKMIse ToLALPsEBcTsEMUS TUSNE sNNsNSESNFESIE
DIMENSJONE(50)sSE(500) sS{B00)»FE(500)sF (5001}
IN(50) s ANS(2) +TRRIB50)»TF (50} sERR{B50)sEF(501)sD{(7)
503 READ INPUT TAPE 10+100
1E=0
100 FORMAT (72H
1 )
WRITEOQUTPUTTAPES100
NEQ=0
NNO=0
NSEO=0
NFEQO=0
LS=0
LF=Q
102 READ INPUT TAPE 10s101s(D(Jd)sd=197),IC
101 FORMAT(TE1047s12)
120 1<C=1C+1
GO TO (20042015202+203232043205)+1C
201 T=D{1)
ALP=D{2)
BET=UL(3)
XMU=U{¢4)
ULAM=L (5}
DLAM=D{6)
EMAX=L(T]
GOT0102
202 IF(NEO)36113604+361
360 NE=O
NEO=1
3261 DO300U=147
K=J+NE
E{K)=b{J)}
IFLE(R)}30093025300
300 CONTINUE
NE=NE+7
GOTO102
302 NE=K-1
GOTO102
204 IF(NSEQI362+363,362
363 NSE=0
NsEQ=1
362 U03040=19592
Ls=]
K=NSe+({J+11/2
SE{K)Y=DLU}
S{K)=b{J+1)
IFLSELK I} 30493039304
304 CONTINUE
NSE=NSE+3
GOT0102
303 NSE=K-1
GOTO102
205 IF(NFEQ)264y365,4364
365 NFE=0
NFEQ=1
364 DO305J=14952

18490107
MAINO10O3
16500101

MAINDO107
16500203
16500103
16500105
MAINO113
MAINOLl14
MAINOLLS
16500309
16500311
16500313
16500315
16500105
16500107
16500107
MAINO207
16500207
16500109
MAINO213
MAIND215
MAINOZ17
MAINOZ1®
MAINO221
MAINGO223
MAINO224
MAINO225
16500201
16500203
16500205
16500207
MAING303
MAING305
MAINO3Q7
MAINO309
MAINO311
MAINO313
MAINO315
MAINO317
16500209
16500211
16500213
16500215
16500109
MAINO321
MAING323
MAINOZ225
MAINO&4QL
MAINO4O3
MAINO4OS
MAINO4OQT
MAINO4OS
MAINO4LL
16500217
16500219
16500221
16500223



306

203
367

366

310

311

200

350
103
352
105
351
106
104
108

107
506

505
507
508

510

110

70

LF=1

K=NFE+{J+1}/2
FEIR)=D{J}
FIK)=w(d+l)

IF{FE{K) 130523061305
CONTINUE

NFE=NFE+3

6070102

NFE=K=1

GOTO102

IFINNO} 36693672366
NN=0

NNO=1

D0310J=1s7

K=J+NN
NIKI=INTF(D(U})
IFINIK})I310s311,310
CONT INYE

NN=NN+7

GOTO102

NN=K=1

GOTO102
ET=7/1.16047E+4
ERET=ocETHET
EALP=A|P®ET
EMU=XMUET

NEM1=NE-1
IF(LS)3505352+350
DO103J=1sN5E
SE(J)=LOGFISELU))
S{J)y=LOGF{s{J))
IF{TI10451055104
IF{LF 35151044351
p0lo6Jd=1seNFE
FE{JI=LOGF({FELJ)}
FIJ)=LOGF(F{J}}
NNN=2

DOS500K=1sNEM1
IF{E(K+1}=~EMAX 110721075108
NNN=1

E{(K+1)=EMAX
IF(E(K+1)1~EXPF{SE(NSE) I )}50545052506
NNN=1
E{K+11=EXPF{SEINSE})
IF(T}510+5075510
IF(E(K+L}=~EXPF(FE(NFE)}}510+510+508
NNN=1
E(K+1)=EXPF{FE(NFE))
KMIF=1

KMI=1
CALLULOS2IEIKI»E(K+1)sANS20aN(K )
NK =K

TRR{K)=ANS({1)
TFIKI=ANSL2)

KMIF=1

KMI=1
IF(T73110+5015110
CALLUSS2(E(K)2sE(K+1T sANDs1TaN{K )}

16500111
MAINO4L15
MAINO417
MAINGO419
MAINQO421
MAING423
MAING425
MAINOS501
MAINO503
MAINOS5Q5
16500301
16500303
16500305
16500307
MAINO518
MAINOS2Z20
MAINOS522
MAINQS24
MAINOEOL
16500209
16500211
16500213
MAINQO6O5
MAINO60O6
MAINO60O7
MAINOG608
MAINO&09
16500113
16500115
MAINOG6 14
MAINOS16
16500117
16500119
16500121
MAINO622
MAINO&E24
16500215
MAINOT701
MAINGT702
le500217
MAINOT 04
16500111
16500113
16500114
16500116
16500118
16500120
16500121
16500123
MAINO706
MAINOT707
MAINO708
MAINOT709
MAINO710
MAINO711
MAINOT12
MAINOTL3
MAINO714
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1IF{IE)503356015503
601 ERR(K)=ANS{1)
EF(K)}=ANS(2)
501 GOTO(502+500) sNNN
500 CONTINyE
502 CALLOVUTP{TRRsTFsLRRsEF sULAMDLAMST sEMAX
1ESALPsBET s AMUsNK }
GOT0503
END{19150205150+0s05050203035050+0}

16500124
16500125
MAINO716
MAINOT17
MAINOT718
MAINQ719
MAINOT721
MAINOT23
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GFX2e« INTEGRAND FOR GSS2.
SUBROUTINEGFX2{EIs ANSHID)

COMMOUNNsEsSEsSsFEsF s ToALP s BET » XMUSEMAXs KM F s
IKMI ST S EALP S EBET sEMUs TU S NESsNNINSEZNFESIE

DIMENSIONE(50)sSE(500)s5(5001sFE{S00)sF{B00)sN{501,

1ANS(2)
NSE1=NSE+]
NFEL1=NFE+]
IF(T)1,251
IFUID)2+553
ANS(2) = (E1/7(ET#%2) ) *%EXPF(=EL1/ET)
EIL=LOGF(EL)
DO4J=KMI sNSE1
KMI=J
IF(SE(J)=EIL 14636
4 CONTINUE
6 Fl=EXPF{{[SE(J)=EIL}*S{J=1)+{EIL~SELU=1))
1#5(J) ) /{SE(J)=SE{I=11))
IFIKMI~NSEL}) 75848
8 WRITE OUTPUT TAPE 959
1E=1
GO TO 100
o FORMAT{28HOENTIRE SIGMA TABLE SEARCHED/
12HL )
7 ANS(1)=ANS{2)#F1
GOTO100
3 IF{EI-EMU) 10,1112
11 ANS{2)=1.0/E1
G0T020
10 IF{EI-EBET112s12913
13 ANS{2)=1.0/EMU
GOTO20
12 IF(EI-EALP)14»14s15
15 ANS(2i=(EI-EALP )/ (EMU* [EBET-EALP)}
GOT020
14 ANS{2)=040
GOT020
2 EIL=LOGF{EL)
DO22J=KMIFsNFE]
KMIF=J
IF{FE{U)=EIL) 22423923
22 CONTIRUE
23 ANS{ZI=bXPF{((FE(J)EILI¥F(J=1)1+{EIL-FE{J~1}}
1%F (J)) /(FE{JI=FE(J=111)
IF [KMIF~-NFE1)24+25525
25 WRITE OUTPUT TAPE 9227
27 FURMAT{Z2THOENTIRE FLUX TApLE SEARCHEL/
12H1 )
1E=1
GO TO 100
24 GOTOZ0
100 RETURN
END(121s0s09190505030s503050909050

C AW b

18490109
GFX201Q2
GFX20103
16500201
GFX20106
GFXx20108
16500221
16500223
GFX20110
GFXxz20112
GFX20114
GFX20115
16500225
GFX20201
GFX20118
GFX20120
GFx20122
GFXx20124
16500301
16500206
16500203
16500204
16500305
16500306
GFX20209
GFX20211
GFX20213
GFX20215
GFX20217
GFX20219
GFXx20221
GFX20223
GFX20301
16500308
GFX20305
GFX20307
GFX20309
GFX20311
16500310
GFX20323
GFX20315
GFX20317
GFX20319
GFX20321
16500312
16500211
16500403
16500315
16500208
16500209
GFX20405
GFX20407
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300

200
201
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HOoS2 e INTEGRATION oY FIFTH ORDER GAUSHIAN QUADRATURE.
SUBRODUTINE GSS2(EMsEMIsBNS,ID,NO) )
DIMENSTION YOU(S ) sFUN{D)«BNSI2)sFUNG{S) s ANSI(2)s0UMI2066)
COMMON DUMs I E

YOUL1l)=~a45308992

YOU(Z2)==e26923466

YOU(32)=040

YOU{4) 2426923466

YOU(S 12445308992

HNG=NO

DELA={EMI-EM)/ENQ

NS (1)1=0.0

BNS(Z2)=0.0

EX2=ai

DO 200 KEM=14NO

EX1=EX2

EX2=EX1+DELA

DO 300 KKL=145
X={(EXZ=EXLI#YOULKKL)I+0 5% {EX1+EX2Z)

CALL GFXZIXsANS,LD)

IF{IE) 20143015201

FUN(KKLI=ANS{1)

FUNGIKKLI=ANS{2)

ADU={LX2=EXL)¥{ (FUN{1)+FUN(5) 1 %411846344+
T{FUNCZ2Y+HFUNI4) ) #2393 1433+FUN(31%.2844444)
BNS{1)=ADU+BNS (1)

ADL={oX2=c X1 ({FUNO{1)+FUNG(5 ) 1¥411846344+
ITLFUNGI2 ) +FUNG{4 ) )%« 2393 1433+FUNG(3) %, 2844444)
BNS{2)=ADD+BNS {2}

CONTINUE

RETURN

END{19150+s0s190s0s030+s050+0s0s050)

18490110
16500102
165060102
16500104
16500108
16500109
16500110
16500111
16500112
16500114
16500115
16500117
16500118
16500120
16500122
16500124
16500201
16500203
16500203
16500207
16500209
16500210
16500212
16500214
16500215
16500217
16500219
165007220
16500222
16500223
16500224
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QUTP. ACS QUTPUT SUBROUTINE.
SUBROUTINEOQUTP {TRRsTF+ERRsEF sULAMZDLAM)
1T 5EMAX B9 ALP $BET s XMU s NK )
DIMENSIONTRR(50)sTF(B0)+ERRI{B0)sEF(501sE(50]
IF{T1243s2
2 WRITEQUTPUTTAPEGs1 T sALPBET s XMU
1 FORMAT{21HONEUTRON TEMPERATURE=z1PEL1le4u/
17HOALPHA=IPELl 44 99H BETA=1PEll.4s7H MU=1PE1ls4)
3 WRITEOUTPUTTAPEG s4 sEMAX
4 FORMAT { 16HOMAXIMUM ENERCY=1PEllsé9aH EVel
IF{T1I5,6,5
5 WRITEQUTPUTTAPESG,7

7 FORMAT{2HO //T79HC ENERGY LIMITS THERMAL
L EPITHERMAL tPITHERMAL/
276H LOWER UPPER REACTION FLux
30N FLUX/72H )
GOTO30
6 WRITEOQUTPUTTAPES»S8
8 FORMAT(2HO //50H0 ENERGY LIMITS TOTAL
1/50H LOWER UPPER REACTION FLUX/72H )

30 IF{TI10+11410
10 D0l2 J=1sNK

WRITEOUTPUTTAPEGs13sE(JsE{J+1) s TRRIJ)sTF{J)

1ERR{JISEF LU
13 FORMAT (1H 1PE1144s1PE1344s1PE1544,1P3E1344])
12 CONTINUE

GOTO31
11 DOla J=1sNK

WRITZUUTPUTTAPEG 915 sb{JiaE(J+1 s TRRIJ)ISTF{J)
15 FORMAT(1H 1PE114491PE13+43s1PE154491PEL34)
14 CONTINYE
31 1F{T)I16s17916
16 WRITEQUTPUTTAPES9s18
18 FORMAT(2HO ///18HOSPECTRUM AVERAGES//

132H0 AVERAGE/

231H LAMBDA SIGMA/2H b

CLAM=0,0

TTRR=0,40

TTF:0.0

TERR=0.0

TEF=0.0

BDO40J =1 sNK

TTRR=TTRR+TRR{J}

TTF=TTF+TF{J}

TERR=TERR+ERR{ J}
40 TEF=TEF+EF (J)
22 AVE=z (TTRR+CLAM#TERR)} /{TTF+CLAMXTEF)

WRITEQUTPUTTAPE9s21 »CLAMSAVE
21 FORMAT({1H 1PE114491PE2244)

CLAM=CLAM+DL AM

ITF{CLAM~ULAM 22923923
23 GOTD100
17 SUMR=0,0

SUMF=0,0

DLO25K=1sNK

SUMR=SUMR+TRR{K)
25 SUMF=SUMF+TF {K}

AVE=SUMR / SUMF

18490108
OuUTPO103
CUTPO104
QUTPO106
OUTPO109
CUTPO111
QUTPO113
OUTPO115
CUTPO117
CQUTPO119
QuUTPO121
ouTPQ123

THERMAOUTPO2Z201

QUTP0Z203

REACTIOUTPO205

QUTPOZ207
16500101
QUTPGZ209

TOTALOUTPOZ211

16500103
16500105
QUTPOZ217
QUTPOZ219
ouTPO221
16500107
oUTPOZ25
16500109
ouUTPO301
CUTP0303
16500111
OUTPO307
16500113
oUTPO311
OUTP0O313
16500115
QUTPO317
CUTPO319
16500407
16500409
16500411
16500413
16500415
16500417
16500419
16500421
16500423
16500101
QUTPO323
16500103
QUTPO40L
16500213
QuUTPO4OS
QUTPO4OT
CUTPO40S
OUTPO411
QUTPO413
QUTPO&415
CUTPO417
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WRITEOQUTPUTTAPEGs24sAVE OUTPO419
24 FORMAT (2HO ///3410 2PECTRUM AVERAGED CROSS SECTION=1PE1144) OUTPQ421
100 RETURN OUTPO424

END{19214090515050s03050,040502050)
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VI. THR — A Tape Handling Routine for the IBM 7090
Thermal Thermalization Codes

Purpose

The tape handling routine was written as an auxiliary to the KERNEL
{GTP) program. This routine makes the library of kernels accessible to

either inspection or modification.

Available Options

1. Option 1., This option is used to initialize logical tapes 2
and 3 by writing a negative number on the first record. This record
enables the GTP program to write a kernel at the beginning of the kernel
tape, and need not be used for the calculation of subsequent kernels.

2. Opticn 2. The selection of this option allows inspection of
the kernel tapes, and the program writes a complete listing of all the
kernel titles currently existing on the KERNEL library tape.

3. Option 3. If option 3 is selected, the program lists as printed
output all five records of a particular kernel. Any number of desired
kernels may be listed.

k., Option 4. The selection of option 4 enables the programmer to
reproduce a particular kernel with the title and sources altered. The
new kernel will be written on logical tapes 2 and 3 immediately following
the existing kernels, and, in addition, the kernel will be written on

logical tape 9 for subsegquent off-line listing.

Preparation of Input Data

Any number cf cases may be run successively by stacking the input
data cards. A Ten Digit Data Form which illustrates the proper format
for the selection of any of the above options is included at the end of
this section.

1. Option 1 Input Data

a, Card 1, This card must contain a l-punch in column 1.
Columns 2-72 may contain any alphanumeric information which identifies

the case,
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b, Card 2. Field 1 must contain the number 1.0, and is the
only input number required to initialize the kernel tapes. There will
be no printed output from this option.

2., Option 2 Input Data

a. Card 1. Column 1 must contain a l-punch, and columns 2-72
may contain any information which identifies the case. This card will
be printed at the top of each page of ocutput.

b. Card 2. Field 1 must contain the number 2.0, and is the
only input number necessary. A complete list of kernel titles will be
listed as output.

%, Option 3 Input Data

a, Card 1. Colum 1 must contain a l-punch, and columns 2-72
may contain any title which identifies the case.

b. Card 2. Field 1 must contain the number 3.0, and field 2
mist contain the kernel number the programmer desires to be listed as
cutput,

4. Option 4 Input Data

a. Card 1. Column 1 must contain a l-punch, and columns 2-T72

may contaln any alphabetic or numeric information which identifies the
case.

b. Card 2. Field 1 must contair the integer 4.0 which desig-
nates the selection of option 4. The kernel number the programmer desires
to alter must be punched in field 2, and field 3 must contain the kernel
size, that is, the number of points in the energy mesh.

c. Card 3. This card contains the new title of the original )
kernel punched in field 2 of card 2. Column 1 must contain a l-punch,
colums 2-66 may contain any numeric or alphabetic information which
identifies the kernel, and columns 71-72 must contain the new kernel
nuriber. The decimal point is assumed to follow column 72.

d. Cards 4. Seven numbers per card (less if required on the
last card) are punched giving the values of the new sources for each point
in the energy mesh. The values are listed in exact correspondence to the
energy values, and the number of sources listed must equal the number
punched in field 3 of card 2.

The THR Fortran listing and coption 2 output are given on the

following pages.



TEN DIGIT DATA FORM

PFROBLEM

|REQUEST
|

i

33225

CODER

DATE

10-30-62

PAGE

of

1 9

1

21

29 }31

39 |41

49

51

59

61

69

71

73

80

ot

— PPTIfN-A 1

NI TIALIZE-TA

PES .

1.0

(=

— PPTIPN-2 . —WRITE—)UT-KERNEL~TITLES.

2.0

|t

1
— PPTIPN-% . ~JIST-AS~PRINTED—UTPUT5—REC ARDS-H) F-ANY—KERNEL,

3.0

KBRNEL N§.

[}

}«J
|
2
+
s
T
=
N

L TER—KERNELA

TITH &—AND-SﬁURC}%S .

KERNEL Ng.

KERNEL SIZE(N)

TITTE-~IN-CHL

UMy g

066 . —KERNHL-N.

Sy

5

|

Sg

59

ete.

=i o o |

UCN-3263
{3 11.81)

THR INPUT DATA FORM

6L



TEN DIGIT DATA FORM

PROBLEM REQUEST

THR 3325
CODER DATE PAGE

MET 10-30-62 of 1
1 9 11 19 ] 21 29 |31 39 J41 49 151 59 &1 &9 n 73 80
1  — THR-GAMPLE, PTIQSN—Q.—(WRIMU‘I‘—-KERNELJI'TW ES.)

2.0 .
- [
1

_ - -

FARR SAMPLE PROBLEM INPUT

08



THR SAMPLE CUTPUT OF OPTION 2.

(GTP-Y4)

(WRITE CUT KERNEL TITLES)

FG 600K A#12 MSH (.0001(161)5.0) S{APPROX.)

FG 6COK A#12 MSH{.0001{161)5.0)S{APPROX.) (6TP-3)

{FG 60C K A#12 MSH(1.492(161)13EV) TKS SCURCE KERNEL 3

{FG

12C0K A#12 MSH{1.49{161)13EV) TKS SOURCE KERNEL 4

(FG 300K A#12 MSH{1.49(161)13.0EV) TKS SOURCE KERNEL 5

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

600K A#12 MSH(.00D¥I{16115.0)

SOURCES(TKS 1/E KERNEL3)

1200K A#12 MSH(.O00D1(161)5.0) SOURCESITKS 1/E KERNELL)

3C0K
4COK
500K
7CCK
800K

900K

A#12
A#12
A#12
A#12
A#i2

AR12

MSH(.00O1(161)5.0)
MSHt.0001(161)5.0)
MSH(.0001(161)5.0)
MSH({.0001(t61)5.0)
MSH(.0B0t{161)5.0)

MSH(.0001(161)5.0)

SOURCES(TKS I1/E KERNEL 3)
SOURCES(TKS 1/E KERNEL 3)
SOURCES(TKS 1/E KERNEL 3)
SOURCE(TKS [/E KERNEL 3}
SOURCE(TKS 1/E KERNEL 3)

SOURCEI[TKS I/E KERNEL W)

{CO0K A#12 MSH(.O000t(161)5.0) SOURCE(TKS 1/E KERNEL §)

t100K A#12 MSH{.0001(161)5.0) SOURCE(TKS 1/E KERNEL u4)

569K A#12 MSH(.OOO1(161)5.0)

SOURCES (TKS 1/E KERNEL 3}

Th,
5.

I6.

13
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THR FORTRAN LISTING
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THRe TAPE HANDLING ROUTINE. 18490102
DIMENSION TITLE(12)4E(161)s5(161)sHEAD(12]) 18490210
1CASENL2) »S16(1612161) s BASE(121FIRST(12) 18490211
100 REWIND 2 18490105
READ INPUT TAPE 1090 18490101

90 FORMAT{72H 18490103
1 ) 18490104
READ INPUT TAPE 10s2sXOPT»XNKsYN 18490107

7 FURMAT{3E10+5) 18490109
IF(XOPT=340) 353555 18490105

3 IF{XOPT=240) 4399:6 18496214
4 DG 1 J=1s12 18490115
CASE(12)=~10040 18490117
WRITE TAPE 2s(CASE(J)sJu=1412) 18490119

1 WRITE TAPE B3 4{CASE(J)sd=1s12} 18490120
GO TO 50 184906122

99 WRITE QUTPUT TAPE 990 18490216
5 RiAD TAPE 2,TITLE 18490201
IF(TITLE(LIZ)) 10051008 18490108

8 WRITEOUTPUTTAPES»80s (TITLE(I)sI=1512)
80 FORMAT(1HO11A65F640)

9 FORMAT(11A63F6.0) 18490207
DO 11 J=1s4 18490209

11 READ TAPE 2 18490211
GOTO5 18490213

6 READ TAPE 2sTITLE 18490215
IF(ABSF{TITLE(1Z2)=XNK}=e01}) 12512413 18490217

13 DO 14 J=ls4 18490219
14 READ TAPE 2 18490221
GO TO 6 18490223

12 READ TAPE 24N 18490301
READ TAPE 2s(E{J)sJ=1sN} 18490303
READ TAPE 2s(S(J)sJ=1sN) 18490305
READ TAPE 25 ({ST1G{JsK)sK=1sN}sdulsN) 18490307

70 WRITE QUTPRPUT TAPE 939 (TITLE{(L}»1=1912) 18490309
NP=1 18450310
WRITE QUTPUT TAPE 9341 sNP 18490311

41 FORMAT{116H0 18490105
1 PAGEs I4) 18490106
WRITE QUTPUT TAPE 9s169N 18490316

16 FORMAT (6HOSIZEs16///2HO } 18490318
WRITE QUTPUT TAPE 929 18490320

29 FORMAT{117HO ENEROGY SOURCE ENERGY SOURCE ENE18490101
1RGY SOURCE ENERGY SOURCE ENERGY SOURCE/2H018490113
2 18490115
N2=N/5+1 18490101

DC 17 I=1sN2 18490403
Ki=I+N2 18490405
K2=Kl+N2 18450406
K3=K2+N2 18490407
Ka=K3+N2 18490408

17 WRITE QUTPUT TAPE 9330sE(I1}sS{I1+E(KL)sSIK1)sE(KZ)s 18490410
2S(KZYSE(K3) »SIK2)sEIKL) 2S5 (KG) 18490411
30 FORMAT{10{(1PE12.4)) 18490412
DO 40 J=1sN 18490413
WRITE QUTPUT TAPE 9s9sTITLE 18490415

NP =NP+1 18490417

WRITE QUTPUT TAPE 9»41sNP 18490419
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WRITE QUTPUT TAPE 95310+E(J)
310 FORMAT(16HOINITIAL ENERGYs1PE1245//2H0 )
WRITE QUTPUT TAPE 9s42

42 FORMAT({109HO FINAL TRANSFER FINAL TRANSFER
1  TRANSFER FINAL TRANSFER FINAL TRANSFER/
2111H  ENERGY PRODABILITY ENEROGY PROBABILITY ENERGY

3ILITY ENERGY PROABILITY ENERGY PROBABILITY/2HO
DO 60 1=19N2
K1l=1+N2
Kz=K1+N2
K3=K2*tN2
K&=K3+N2
60 WRITE OUTPUT TAPE 93s21sE(1)sSIG(JsIIsE(KLISIGIIsKIY s
2E(K2I9SIGIUsK2)I»E(K3)»SIGIJIK3 I sE(KLI»SIGIJsKG )
21 FORMAT{S({1PE1Q0.291PE 1244}
40 CONTINUE
GO TO 100
55 N=YN
READ INPUT TAPE 10,9 (HEAD(I}sI=1s12)
READ INPUT TAPE 1093015(S{J)sJd=]sN)}
301 FORMAT(7E1045)
24 READ TAPE 25 {TITLE(I)sI=1s12)
TF(ABSFUTITLEL12)~XNK)=e01) 9149122
91 READ TAPE 39 (FIRST(I)sl=1212}
IF{ABSF(FIRST(12)=XNK}=401) 25525,94
22 DO 23 J=ls4
23 READ TAPE 2
GO TO 24
94 DO 95 J=1ls4
95 READ TAPE 3
GO TO 91
25 READ TAPE 24N
READ TAPE 34N
READ TAPE 29 (E(J)lsJd=1sN}
READ TAPE 3s(E{J)sJ=1sN)}
READ TAPE 2
READ TAPE 3
READTAPE2s ({SIG{JsK)sK=1sN1sJ=1sN)
READTAPE3» ({SIGIJsKIsK=1sN) sJ=1 N}
28 READ TAPE 2, (CASE(I)s1=1s12)
IF{CASE(12)) 3003300+26
26 DO 27 J=lrt
27 READ TAPE 2
GO TO 28
300 BACKSPACE 2
304 READ TAPE 3s{BASELI)»I=1,12)
IF(BASE(12)) 305+305+302
302 DO 303 JU=lst
303 READ TAPE 3
GO TO 304
305 BACKSPACE 3
WRITE TAPE 25 (HEAD(I1)sI=1412}
WRITE TAPE 3s(HEAD{I)s1=1+12)
WRITE TAPE 24N
WRITE TAPE 3N
WRITE TAPE 29(E{J}sJ=1sN)
WRITE TAPE 3s(E(J)sJ=1sN]
WKITE TAPE 2+9(5(J)sJ=19N)

}

18490103
18490105
18490421
FINAL 18490422
18490423
PRObAB18490424
18490425
18490501
18490503
18490504
18490505
18490506
18490508
18490509
18490511
18490513
18490515
18490517
18490519
18490101
18490103
18490101
18490102
18490104
18490105
18490108
18490109
18490110
18490112
18490113
18490114
18490612
18490613
18490615
18490616
18490618
18490619
18490104
18490105
18490116
18490117
18490119
18490120
18490121
18490122
18490123
18490124
18490201
18490202
18490203
18490205
18490711
18490712
18490714
18490715
18490717
184350718
18490720
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WRITE TAPE 39(S({J1sJ=1sN)}

WRITE TAPE 241 (SIGIJaKIsK=1lsN}sJd=1aN)
WRITE TAPE 39{{SIG{JsK)JaK=1sN}sJ=1sN}
TITLE(12)==100+0

WRITE TAPE 2.TITLE

WRITE TAPE 3,TITLE

END FILE 2

ERD FILE 3

REWIND 2

REWIND 3

DO 71 I=1s12

TITLE(I I=HEAD(I)

GO 10 70

REWIND 2

REWIND 3

CALL EXIT
END({19190s03030502090505035020x050)

18490111
18490723
18490724
18490801
184908032
18450804
18490806
18490807
18490207
18490208
18490814
18490816
18490818
18490820
18490107
18490822
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VII. DCYM — An IBM 7090 Program for Decomposing the IMS Flux into
a Maxwellian Component and an Epithermal Component

Furpose and Method of Decomposition

It has been noted that for a wide range of moderator temperatures
and abscrption cross sections, the total energy dependent flux can be
represented by the sum of twe compornents, a Maxwellian distribution and
an epithermal residue that aprroaches l/E in the asymptotic region. If,
in particular, the 2200 m/s absorption cross section of the infinite
medium under consideration is not too great and is a fairly smooth
function with respect to energy, then a Maxwellian spectrum is a very
gocd fit to the total spectrum over the thermal energy range.

If these conditions are satisfied, program DCHM can be used to
separate the total flux distribution intc a thermal and an epithermal
compcnent. These components can then be used by the ACS program to com-
pute average thermal and epithermal cross sections., Letting ¢(E) repre-
sent the undecomposed flux, we write

-E/kT

#E) = C _.E__§ e "4+ R(E) , (17)
(kT )

where C 1s the amplitude of the Maxwellian component and Tn is the
effective neutron temperature. Once these parameters are determined
by the DCﬁM program, the residue component is obtained by subtracting
the Maxwellian distribution from the total flux.

The parameters C and Tn are determined by examining the energy range
over which a Maxwellian distribution is assumed to be a good fit to the

eak’ E2 ~ 15 Epeak’
is the energy corresponding to the maximum value of the Flux

total flux spectrum. In this region, (El ~ 0.5 E%

where Epeak

distribution), we can write:

-F/kT
¢(E)wc—lﬁ——2e/n. (18)
(an)

Dividing both sides of Eg. (18) by E and taking the logarithm, we obtain



S0

BE) = mBE - 4y _C L1y (1
iz (an)e KT ¢ 9)

where B(E) is seen to be a linear function of E whese Y-intercept and
slope uniquely determine the parameters C and Tn.

Program DC¢M forms the function B(E) for the entire energy range of
§(E) and fits a straight line to it over a pre=-selected energy range by
the method of least squares. Since the values obtained for C and Tn
clearly depend upcn the range of the attempted fit, scme care must bs
used in selecting this range. As noted earlier, an energy range 0.5 E

peak
to 1.5 E_De is generally appropriate for well thermalized spectra. If

ak
B{E) is linear over only a small erergy range or nct at all, the method

of decomposition is no longer applicable.

Preparation of Input Data

The input data to EC¢M consists of a title card, a card specifyin
the energy range of the fit, and a flux deck produced by the IMS program.
The data must be assembled in the following order:

1. Card 1. Columr 1 must contain a l-punch. Columns 2-72 may
contain any alphabetic or numeric information which identifies the calcu-
lation,

2, Card 2. The first two fields contain respectively the numbsrs
PL and PH (0.5 and 1.5, for example) selecting the energy range of the
fit.

3. Cards 3. These cards are the flux deck as produced by the IMS
output. As for the ACS code, the method employed by DCQM in rsading these
cards requires a blank card or a zero ensrgy to signify the end of the
flux deck.

Output

To operate the program, an input tape 1s prepared cn the card-to-
tape ccnverter using the input described abcove., This taps is selected
as logical tape 10. A complete listing of the ocutput is obtained from

logical tape 9. This output comsists of the following lines:



a1

Title of the flux calculation.

2. Effective neutron temperature multiplied by Boltzmann
constant, an.

%, Amplitude of fitted Maxwellian distribution, C.
L, Tabular columns of results for E, E/kT, FLUX, MAXWELL, RESIDUE,
and MAXWELL/FLUX. '
A Fortran listing of the DC¢M program and associated subroutines,
data forms, and the input and ocutput for a sample case are given on the

following pages.



TEN DIGIT DATA FORM

REQUEST

26

PROBLEM
DCPM 3325
CODER DATE PAGE
MET » 10=30-62
1 9 1h 19 21 2% 131 39 |41 49 |51 59 &1
1 ¢ COLUMNG—2-T2—-ARE-AVAILABLESFYR-TITLE, >
L e | |
FLUX DECK |GPE$ HERE
WCN-3288
s 1i-em) DCfM INPUT DATA FORM
) .



TEN DIGIT DATA FORM

PROBLEM REQUEST
DCpM 3325
COLER DATE PAGE
MET 10-30-62 of
1 9 n f'l9 21 29 |3 39 141 49 | 51 59 | 41 69 71 73 80
1 — DECAMPPSITHYN fF FLUX Np. 1D PL = 0.5 PH = P.O
0.50 2,00

FLUX DECK [¢Ed HERE

UCN-3263
(3 11.81t)

SAMPLE PROBLEM INPUT

£6



DECOMPOSITION OF FLUX NO.

KT 4 3.38078E-02

C # 6.31189E O

1.001€0~-08
1.80CCOE-OY
3.000C0E~-O4
5.00CCOE-Ok
7.00CC0E~-Ou
1.001COE~D3
1.42000€E-03
2.10CC0E~03
2.820C0E-03
3.70CC0E-03
4.700C0€E~-C3
5.80CC0E~D3
7.030C0€E~03
8.40CC0E-03
9.840C0OE-C3
1. 15C00e~-02
1.31000E-02
1.69CCOE-C2
2.110C0E-02
2.58000€8~02
3.10000€E-D2
3.67CC0E-02
4.28CC0E~D2
4.940C0E-02
5.64000E-02
6.40CCOE-0O2
7.2C0C0E-D2
8.050C0E-D2
B.94CC0E-0O2
9.890C0E-02
1 .09CCOE~DO1
1. 190C0E-DI
1.30CC0E~-Ot
| .4 ICCOE~-DY
t.53C00E-01
1.4650C0€E~-D)
1. 78CCOE~-O
1.91C00CE~-C1
2.050C0e-01
2.19CCOE-O1

E/KT

2.96086E-C3
5.32422E-03
8.87370E-G3
1.47895E-02
2.07053E-02
2.96086E-02
4.20022e-C2
6.21159E~-02
8.34128E-02
1.09442E-01
1.39021E-01
1+71558E-01
2.07940E-C
2.48464E-01
2.91057e-01
3.40158E-0C1t
3.87485€E-D1
4,99885E-01
6.24 11 TE-OUI
7.6313BE~01
F.169u9E~-CO1I
1 «08555E
1 .26598E
1.46120E
1.66826E
| .89306E
2.12969E
2.38111E
2.6L4436E
2.92536E
342241 (E
3.51990E
3.84527E
L,17064E
L.52559E
4.88053E
5.26506E
5.64959E
6.06369E
6.47780E

10

PLH.

FLUX

5.12350E
9.20500E
1.53200¢&
2.54690E
2.55580E
5.06220E
7.13200E
t.04180E
1.37890E
1.77510¢
2.20320¢
2.64700E
3.10950€E
3.58400E
k.03790E
4.50740E
4.90780E
5.67520€E
6.26300E
6.65870E
6.84630E
6.83040E
6.63520E
6.29270E
5.84600E
5.32150E
4.76890E
4.21310€E
3.6B450E
3.18890E
2.74030E
2.36830E
2.03280E
1. 76070E
1.52380E
1.33510€E
1.17380E
1.0u570E
9.36490E

B.u8480E

5

ol

PH#2.0

MAXWELL

5.51156E
9.88750E
I.64208E
2.72065E
3.7T8645E
5.36663E
7.51923E
1.08986E
1.43268E
1.83146E
2.25865E
2.69804E
3.15337€
3.61826E
4.06178BE
4.51955E
4.91038E
5.66130E
6.24250E
6.64232E
6.84325E
6«BUY5HE
6.664LIE
6.32792E
5.87T343E
5.32308E
4.72658EF
4.10979E
3.50778E
2.92991E
2.39519E
1.94536F
1.53494E
1.20243E
9. 14915E
6.91865E
5.08112E
3.7T1172E
2.63300E
1.85908€

oo
0o
at
Ot
Oi
g1
g1
g2
0z
02
g2
gz
02
02
g2
02
02
02
g2
02
02
02
02
g2
02
b2
02
02
02
G2
g2
g2
02
o2
01
01
01
01
a1
ai

RESIDUE

-3.88062E-01
~6.82506E-01
-1.10079E 0O
-1.73755E 0O
~2.30651E 0O
-3.04431E OO
~3.87233E €O
-4.80562E OO
-5.37825€c 00
-5.63626F
~5.54462E
-5.10357E
-4,38667E
~3.42569E
~2.38854E
~1.21523€ 00
-2.58134e-01
1.39040€ CO
2.05003E 00
1.63832E 0O
3.05084E-01
~ 1.4 1450E OO
~2.92108E 0O
-3.52254€ 00
-2.T4264E 00
-1.577BUE-OI
L4.23154E CO
1.03308E OI
1.76722E 01
2.58992€E 01
3.45112E O
4,22939€E O
4.,97863E
5.58268E
6.08885E
6.43235E
6.65688E
6.T4528E
6.73190E
6.62572E

MAXWELL/FLUX

107571
LeOTH145
1.071853
1.068222
1.064866
t.060138
1.054295
1.046128
1.039C04
t.031752
1.025166
1.019280
f.014107
£.009558
£.005915
1.002696
1.000526
C.997550
£.996726
0.997539
0.999554
1.002071
t.004402
1.005598
t.004691
t.000296
0.991127
0.975479
0.952C38
g.918783
0.874060
D.821416
0.755085
C.682928
D.600417
0.518212
G.u32878
C.354951
C.281157
c.219107
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DECOMPOSITICN OF FLUX NQO. D PLE.LE PH#2.0
KT # 2.38078:-02

C # 6.21189C

E E/KT FLUX MAXWELL RESIDUE MAXWELL/FLUX
2.35CC0E~01 6.92148€E GO 1. 72840E Ot 1.27462E O 6.45378E C1 0.164926
2.49CC0E-CI 7.36517€ GO 7.10120€ C! 8.70309E 0O 6.23089€ O 0.122558
2.65CCCE-C1 7.83843E OC 6.556808 CJ 5.7701 1€ 00 5.97979E 0O} ¢.088c0C2
2.75CCCe~Ct B.13422€ OC 6.,256L0E [ L.u54628 GO 5.81094€ O g.071201
2.81CCCE-C1 8.31170€E €O 6.09520€ 01 3.81161E OO 5.71404€ 0O} C.062535
2.9LLCCE-CI B.57791E (O 5.863508 [ 3.01430E QOO 5.56207€ 01 o.os5i4C8
2.97CC0OE~-CY 8.78496E OO 5.70180e 01 2.50970€ GO 5.45083€ Ot 0.0u4016
3.0cccoe-Ct 8.87370E CC 5.63070E C1 2.31979¢€ 00 5.39872E 0.041199
3.14CC0e-C! 9.28780c GO 5.33940E O 1.60477E OO 5.17892E 01 £.030055
3.25CC0e-C1 9.61317E GO 5.13120E €1 1.19967E 00 5.01123e D1 0.023380
3.32CC0E-C1 9.82023€ OG 5.00740€E G 9.96310€E-01 L.90777E 01 0.0319897
3.4CCLCE-CI 1.00569E Ci L.B7550F (1 8.05318E-01 L.79497E QI 0.016518
3.49CL0E~0N 1.03231E O} 4.73190e M 6.33432E-01 L.66856E D1 0.013386
3.600LCE~C I O6UBRE O 4.575208 Ci L.71923E~-01 4.52801E C1 C.010315
3.68CCOE-C1 1.0B851E OI 4.45980E 01 3.80757€-01 L.u21728 O1 C£.008538
3.870CCE-C1 1.14471E Ot 4,22260E CI 2.28264E-01 L.19977TE O 0.005u406
4.06000E-0I 1.20091E 01 4.00530€E 01 1.36515€E~-01 3.99165E 01 0.003u08
4.26CCCE-C 1.26007E Ot 3.80430E Ci 7.92762E~-02 3.79637E 01 0.002084
L.46CCRE-DI 1.31922E G| 3.62020E 1 L4.59354E-02 3.61561E 01 0.001269
4.67CLOE-CI 1.38134E Ot 3.44850E C1i 2.58443E-02 3.44592€ O 0.000749
4.848CC0OE-04 l.hb3u5E 01 3.2?2030E Oy fouSI1H1E-02 3.28885E 0Ot 0.000441
5.10CCCE-Ct {.50853E Ot 3. 14230E T 7.91115E~-G3 3.14151E O C.000252
5.32CC0E-[1 1.57360E C1 3.0C500E Ci 4.30496E-03 3.00457E CI 0.000143
5.55CC0E-DO1 1.64163E O 2.87620E C1 2.27454E-03 2.87597E U1 0.400079
5.78CC0E~DU 1.TOR6TE O1 2.75630€ DI l.19969E-03 2.75618E Ci C.00004Y4
6.02CC0E-C1 1.78066E Ci 2.64310€ Ct 6. 1U376E-04 2.64304E 04 €.000023
6.26CCCE~-CH 1.85165E G 2.53850E C} 3.14129E~04 2.53847E 01 0.00C012
6.50CC0E-01 1.22263€ G 2.44180 Ot 1.60378E~0O4 2.44178E 01 0.000007
6. 75CCOE-Ot 1.99658E (O} 2.34900E 01 7.95031E~-05 2.34899E O1 0.000803
7.01CCCE-CI 2.07349E C1 2.25970€ Ct 3.82651E-05 2.25970E Ot C.000002
7.27CCCE-C1 2.1503%9E 01 2.17730€ €1 {.83918E~05 2.17T730E 01 c.o00o0o1
7.53CLCE-0) 2.22730E 01 2.1C030€E 01 8.82852E-06 2.10030E Q1 0.000000
7.85CLOC~01 2.30716E D1 2.02610€ 01 L.1ILTTE-D6 2.02610€ 0Ot £.00coeo
8.08CCDE~TI 2.38998E 01 1.95570E Ci 1.86198E-06 1.955708 01 0.00ccoo
8.35CC0E~-C1 2.46985E C1 1.B9020t C1 8.46578B1E-07 1.89020E Ot 0.00c6eco
8.64CC0E-CI 2.55563€E 01 1.82670E [1 3.79928E-07 1.82670E 01 0.000000
8.93CCOE~-TH 2.6u140E O 1. 76660 O 1.66535e-07 1.76660E Ui 0.000000
9.22CC0E-C1 2.72T18E COI 1.7T1010E Q1 1.29207€E~U8 t.T1010E Tt 0.00c000
92.52CCL0E~C1 2.81592E 01 1.65540E C} 3.10011€E~-08 t.65540E 01 0.Cooooo

9.82CC00e~-01 2.90466E L1 1.60600E O1 1.31665E-08 1.60600E Q01 0.0000co



DECOMPOSITICON OF FLUX NC.

KT # 3.38078E~02

C # 6.31189E 01

1.01CCCE
1.04C00E
1.07CCLCE
1.110COE
i.14C00E
1. 17CC0E
1.21CCCE
1.24CCCE
1.28CCCE
1.31C0C0E
1.35CCCE
1.38CC0E
1.42CC0E
t45CC0E
l.49CCOE
t.53CC0E
1.57000€
1.610C0E
1.65CC0E
1.69CCOE
1« 73CC0E
1. 77CCOE
1.81CC0E
1.85CC0E
| .89CC0E
{1.930C0E
1.98CCOE
2.020C0E
2.06CCCE
2.11CCOE
2.15CC0E
2.20CC0E
2.24C00E
2.29CCOE
2.3u4CCCE
2.36LC0E
2.43CCCE
2.48C00E
2.53CC0E
2.58CCCE

E/KT

2.98748E
3.07622¢€
2.16495E
3.28327E
3.372014€
3.46074E
3.57906E
3.66780E
3.78%11E
3.87u85¢t
3.99316E
4.08190E
4.20022E
4,28895¢E
L.40727E
4 .52559¢E
L4.64390E
4.76222E
4.88053E
4.99885E
S«1ITITE
5.235u8E
5.35380¢
5.47211E
5.590u3E
5.70875E
5.85664E
5.97496E
6.09327E
6. 2ULITE
6.359u8BE
6.50738¢E
6.62569E
6.T7359E
6.92148E
7.03980E
7.18770E
7.3355%¢E
T.48349E
7.63138E

10

PLE.

FLUX

1.55860E
1.51880¢
1.467C0E
142300
{.38050¢E
1.34320C
1.30570E
1.26480E
1.23u40E
1.19710E
t. 1 7T04OE
1.13660E
1.11260E
1.08310E
1.05780€
t.02900¢t
1.00290E
9.78110C
9.54530¢E
92.31980¢
9.10650E
8.90050¢E
8.70700¢
8.51670E
B.35440E
8.14480E
7.98310¢€
7.8Cu30E
7.63780E
7.50250€
7.30850E
7T.19760E
7.02540€
6.89130¢
6.76220E
6.61670E
6.50700E
6.366L0E
6.246%0E
6.12190C

5

96

PH#2.0
MAXWELL
5.91553e-09
2.50799E~09
1.06242E-09
3.37595E-10
1.42757e-10
6.03253€E~11
1.21099E-11
8.06335E~-12
2.54955E~12
1.O7U35E-12
3.39132E-13
1.42736E-13
L.49887E-1L
189 149E~ 1Y
5.95363E-15
1.8T261E~15
5.88594E~16
1 .84885E-16
5.80390E-17
1.8208%9E-17
5.70956E~18
1.78933e~18
5.60UT7THE-19
1.75473E-19
S.49110E-20
1.71757E-20
4.01535E-21
1.25479E~21

3.91964E~22
9.1487TUE-23
2.85547E-23
6.65828E~-24
2.07658E~-24
4.83766E-25
1ol 26L46E-25
3.50944E~26
8.16521E-27
1.89895e~-27
L.41451E-28
1.02585E~-28

RESIDUE

1.55860¢
1 «51880E
1 46T00E
1423008
1.38050E
1.34320E
1.30570¢
1.26L480C
l.23440E
1.19710E
1.17040E
1.13660E
1.11260E
l«08310E
1.05780E
1.02900E
t«00290E
F.78110E
9.54530E
9.31980E
?.10650E
8.90050€
8.70700E
8.51670E
8.35440¢E
8.14480E
T.98310€
7.80430F
7.63780E
7.50250¢€
7.30850E
T.19760E
7.02540E
6.89130E
6.76220E
6.61670E
6.50700E
b.36640E
6.24690E
6.12190E

MAXWELL /FLUX

t.00cecea
0.C0oBoco
€.000ceo
C.CDGCGLD
C.Qogcoo
C.CO0cco
C.ooCceceo
G.COCCeo
0.000CCo
.000000
0.00ccoo
€.000CLo
0.0000C0
G.00t0ao0
C.0ooceo
c.000oco
0.000C00
.000000
§.000CCOD
0.000800
0.000000
C.0000Co
G.00oeco
0.000nco
0.000800
0.000000
C.00CCCo
0.00D0C0
0.0000c0
0.0000C0
C.ooccco
C.000CcCo
g.0oorco
C.000GCo
C.COCCCo
c.oooeoo
C.00GECo
t.0osceo
c.Ccocceo
C.00occyg



DECOMPOSITION OF FLUX NO.

KT # 3.38078e-02

c

# 6.21189E O}

2.650C00C
2.64CCCE
2.T3CCOE
2.78CCCE
2.83CC0E
2.83LC0E
2.940C0E
3.00CCCE
3.04CCODE
3. 10CC0E
3.15CCCE
3.21CCCE
3.26CCOE
3.32CC0€
3.37CCOE
3.43CC0E
3.49CCOE
3.54CC0E
3.6UCLCCE
3.66CCCE
3.720C0€E
3,78CC0E
3.84CCCE
3.9uUCCCE
3.96LC0E
4.02CCCE
4.08CCCE
L.isC00E
L.21CC0E
4.2/CC0E
4.34CC0E
h.yCLoE
LourCCnc
4.53CCCE
L, 6UCCCE
L.66CCCE
L.73CC0E
4.8CCCCE
L.86CCOE
4.93000E

E/KT

7.77928E
T.92717E
B.O7507E
B8.22296E
8.37086E
B.51875E
8.69622E
8.87370E
8.99201E
9.169U9E
9.31738E
F.ULBSLE
9.6L275E
9.82023E
9.96812E
1.01456E
1.03231E
tO4710E
1.06U8LE
1.08259€
1. 10034k
1.HI809E
113583
1« 15358
{1 T133E
1. 18908E
1.20682E
1.22753E
1.24528E
1.263112E
{.28373E
t.30148E
1.32218E
I .33993E
1.36063E
1 .37838E
1.39909E
1 4i979E
1 43754E
1.45824¢E

g ]
Ci
o1
43
G
01
0i
C1

10

PL#.

FLUX

6.01170E
5.89u40€
5.79230E
5.68130€
5.59400€
5.47430E
5.37230E
5.28880€
5. 17000
5.11990E
4.98310€
4.95280E
L.84940E
4.80400E
4.74150E
L.64630E
4.57720¢
L4,49250E
L.u2620E
4.34270E
4.25460C
L,17840E
4.09510C
4.01900¢
3.94320¢€
3.88860¢t
3.80550E
3.75890¢
3.69790¢
3.64150€E
3.60530E
3.54350€
3.5C390€
3.45220C
3.42050DE
3.36060E
3.330u40¢
3.18330E
3.11290€
3.04710C

5

g7

PH#2.0

MAXWELL

2.38297E~29
5.53347E-30
1.28847E~30
2.98063E~31
6.91433E-32
1.60345E-32
2.7TT493E~-33
4.80027E-34
1 UB99TE-34
2.5757T7€E-35
5.96426E~36
1.03036E~-36
2.38454E-37
L,11684E-38
a.
0.
0.
00
a.
0.
O.
0.
0.
0.
0.
0.
0.
O
0.
0.
0.
0.

RESIDUE

6.01170E
5.89440E
5.79230€
5.68130E
5.59400E
5.47430E
5.37230€
5.28880E
5.17000E
5.11990E
4.98310€
4L.95280€
L.B4u0E
4.80400€
4.71150E
L.64630E
4,57720E
L.49250E
L.42620E
L.34270E
L4.25460¢
L. 17840E
4.09510E
4.01900E
3.94320€
3.88860E
3.80550¢
3.75890E
2.69790E
3.64150E
3.60530¢
3.54350E
3.50390E
3.45220€
3.42050E
3.36060E
3.33040€E
3.18330E
3.11290¢€
3.01710E

MAXWELL/FLUX

£.800C00
0.ooocoo
G.000C00
C.0osotco
¢.0oo00a
0.000000
0.000000
C.0o0cao
0.0000040
0.000000
t.0ogooo
0.800000
0.800oco
0.000800
a.
O.
O.
0.
0.
D‘
U.
0
C.
B‘
0.
0.
C.
0.
0.
0.
0.
O
0.
0.
G.
O.
0.
0.
U‘
()
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DECOMPOSITION OF FLUX NO. 10 PL#.S PH#Z .0
KT # 3.38078BE-02
C # 6.2118B9E M

E E/KT FLUX MAXWELL RESIDUE MAXWELL/FLUX

5.00CC0E GO 1. 47895E 02 3.12140 CO 0. 3.12140E ©QO 0.
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DCPM FORTRAN LISTING






100

[an 1 oss]

R ¥y

101

DCOM.  FLUX DECOMPOSITION PROGRAM.

DIMENSION E(165) XKT{165),PHI{165),PHIM{165}RL165),
IBUIBSI,TITLELI2)DL7),X{165),Y{165)

CCMMON E¢XKT,PHI,PHIM R, TITLE,NSE,TK,CD

REAC INPUT TAPEID,I101,TITLE

FORMAT{12A6}

FCRMAT(7E1D.7,12)

FORMAT{2EID.T)

READINPUTTAPEID,ID03,PL,PH

NSED#U

REAC INPUT TAPEID,102,(014),J#1,7),1C
ICHIC+!

IF{IC-6)100,5,100
IFINSED1B,6,48

NSE#(0

NSCD# 4

COI3J#145,42

KENSE+{J+11)/2

EIRY&C{J)

PEILK)ADUS+1}
IFTE(K) I 13,106,413

CONTINUE

NSEH#NSLC+3

GCT02

NSE #K~1

BIGHPHI(L)

DC221#2,NSE
IF{BIC-PHI{I))2C,22,22
IT#I

BIGHPHI(II)

CONTINUE

CO28J#1 yNSE
B{J)HLOGFIPHI(JI/E(J))
DO27J#1,11
IF{PL=E(II)-E(J1)28,2E,27
CONTINUE

JSMHE g1

DO31J#1II4NSE
IF{PHsE{III-E(J)}32,32,+31
CONTINUE

JLAKRI+

DOS6KH#ISM, JLA

LAK-JSM+]

X{L}#E(K)

Y{L)KHR(K)

NEJLA-JSM+ |
CALLLSGUX,YyN,AA,BB)
TKE—-1.0/78A
CUREXPF({BR)/(AB=AA)
DOLL JHI 4 NSE
XKT{IY#-E{J) = (AN}
PEIM{JIHE( S = {EXPF{AA=E(J)+BB))
RUJIH(TLU~EXPF(AA=E(JI+BB-B{J)))«PHI{J)
CALLOUTDCO

GCTOILL
Eg\é’}(";YD'G'D'EJD’UjQ'D'U'B’UQQ’D’

pooM oot
pcomMgco2
ccoMpooy
DCOMO 14
DCOMD1 E5
pcoMone
pcoMonIt
ccomMotol
pcoMp202
pcoMpoz2es3
ccoMO20u
pcomMnz20s
pcoMO206
pcomp2o7
pcompens
ccoMnz0o9
ccomn21c
DCOMO21
ccompz212
DCoMO213
DComMO21 4
DCoMO215
ccoMnzié
pcoMgz17
DCOMD218
ccomMpo219
ccompzz20
ccomn221y
pcomiz2z
pcoMnz23
ccoMib22y
gcomo22s
pcoxa3nl
pcomO3o2
ccom0303
ccomo3ng
peoma3ns
pcomo3is
DCOMD307
ccom0sos
ccoMn3ng
pcomn3to
ccoMo3d
pCoMid312
ccoMisi3
CCOMO31h
ccoMi3is
DCoOMU316
CCOMB3t7
ccoMOo3ag
ccoMnzie
pCoMO320
pcomi3zd
cecomg322



10z

CLSC LEASTSQUARESFIT LSC 0101
SUBROUTINELSQUX+Y,N,AA,BB) LSQ 8103
DIMENSION XU165),Y(165) LsQ 0001
XN¥N LSQ 01C6

P X1#0.L0 Lsq@ 0107
2 X2#0.C LsqQ 0iGs8
3 vYi40.0 LSQ 0109
4 XY#0O.C LsQ Oti0
5 DC9J#1,4N LSQ 011}
6 XT#X1+X{J) LSQ Oi12
T X28X2+X(3)=2X()) LSQ D13
8 YidYIi+Y1J) LSC Oty
9 XY#XY+X{JI=Y(J) Lse 015
10 DEXN=X2-X1=XI LSQ D116
11 AAR{XN=XY-YI=2X1}/D LSQ 017
12 BBA{YI#X2-X12XY}/D LSQ D1i8
I3 RETURN LSQ 0119

END(1,1,0,0,0,8,0,0,0.0,0,C,2,0,0}
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QUTDCO. OQUTPUT SUBROUTINE FOR DCOQ.

SUBROUTINE QUTDCO

DIMENSION E[165),XKT(165)PHI[165),PHIM(165),R(165]),
ITITLE{12),2(165})

COMMON E 4 XKT,PHIPHIM,R, TITLE,NSE,TK,CO

DO6J#1 4NSE

Z{JY#PHIM{J)/PHI(J)
WRITEQUTPUTTAPED, 1, (TITLE(]I),IH#1,12)

FORMAT{12A6)

FORMAT{IPEI3.5,1PUEIL.5,0PF12.6)

FCRMAT(S5HOKTY #,I1PEI2.5/4H0C #,1PE12.57/777

184H E E/KT FLUX MAXWELL
21CUE MAXWELL/FLUX//2HO )

WRITEQUTPUTTAPES,2,TK,CO

NL#D

DC3J#1,NSE
WRITEQUTPUTTAPED, U EL{J) o XKT{J)}yPHI(J) »PHIMIJI REID 21}
NL#NL+1

IFINL-40)3,5,5

CCONTINUE

RETURN

WRITEQUTPUTTAPEQ 1, (TITLE(I},I#1,12)
WRITECUTPUTTAPED,2,TK,CO

NL#0

GCTO3

END(1,1,0,0,0,0,0,8,0,0,0,0,8,0,0)

ouUTDCO003
ouTDCoOt
18490001
ouTDCOON
ourbCcoOl
ouTbCoO2
cuTDCO1
outbCo12

ouTDCOCKH
RESOUTDCOOS
QuTbCcals
QuUTDCO 4
OuUTDL020
CUTDCO2t
cuTBnCOotn
oQUTDCO24
ournplo2s
ouTpCOD2
ouTnCcols
QuThCOoDS
cuTDCODS
ouTDCOLY
ouToCo10
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