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I. Introduction

Although it is generally recognized that activation problems
will result from several of the large fusion devices now planned
or under construction, it appears that such problems may have to
be faced even before such devices operate. This conseguence fol-
lows from the fact that neutral-beam design must necessarily pre-
cede applications by several years. A forthcoming upgrade program
at LBL will require prolonged periods of testing of a deuterium
170-kev neutral beam, at 65A, with a 102 duty factor. Such a
source can produce anpreciable dose rates for personnel who must
do maintenance work following a prolonged period of testing. To
calculate tne expected dose rate as a function of geometry, com-
position, and time after shutdown a computer code, ACDOS2, was writ-
ten, which utilizes up-to-date libraries of cross-sections and
radio-isotope decay data. ACDOS2 is in ANSI FORTRAN IV, in order
to make it readily adaptable elsewhere.

The methodology for solving the overall problem is broken
down into several steps. The first is that of determining the
production of neutrons in the case of a neutral-beam injector.

In practice, neutron production is not uniform but occurs during a
succession of evenly spaced pulses of short time duration. During
the pauses, no nectrons are produced. An effective steady

neutron source term is generated by utilizing an appropriate



-2-

duty factor over the time duratir of the test pericds. The neutron
production rate is then calculated on the basis of the energy
and current of the accelerated beam.

With the unity-normalized average group fluxes assumed to
be available from a previous calculation, the second step involves
calculating the activities due to the activation of a target or
of the walls, by the neutrons. First the flux weighted group
cross-sections have to be computed by making use of a library
containing microscopic cross-sections, Prereguisite to this cal-
culation is the determination of a weighting flux for use in
averaging cross~section data over the appropriate energy groups.
This is accomplished by assuming a room-termperature Maxwell-
Boltzmann distribution for the thermal region, a 1/E distribu-
tion for intermediate energies, and an exponential function for
the source-neutron groups. Arbitrary constants in the weighting
fluxes are determined by integral and/or boundary conditions on
the known flux for the particular energy group in gquestion.
With the weighting flux a determinable function of energy, the
required flux-weighted group cross-sections can be evaluated,
The microscopic cross-section library contains up to ten different
neutron reactions per target nuclide, at neutron energies up to
20 MeV. The calculation of the resultant activities given the
neutron production rate, the flux weighted group cross-sections,
che target nuclide mass and type, and the specific times after
shutdown at which induced activities are desired, can then be

performed. This is done by solving the pertinent ordinary
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differential multigroup equations that describes the system under-~
going activation and then algebraically modifying the standard
solution to make it amenable to the injector test schedule.

The final step is a calculation of the dose rates as a func-
tion of time and geometry, given the previously calculated activi-
ties. This routine interrogates a decay library and extracts
the necessary gamma ray energy and intensity information. The
program treats radiocactive daughters accurately. The user speci-
fies the type of geometry to be used in the actual calculations
(point, sphere, cylinder-on axis, cavity) and the strategy (non-
absorbing source, absorbing source), in addition to the distance
from the activated component, at which the dose rate is desired.

The code can handle from one to fifty neutron groups with
up to thirty target nuclides. It has an option which allows the
user to substitute a neutron source term other than that from a
neutral-beam injector, and a further option which allows for the
evaluation of the approximate fluxes in the walls, and thereby
the dose-rate from the walls. The end result is then a code
that is tailored to solve injector acti-vation problems, but
contains enough versatility to be useful in solving a wide
variety of general activation problems produced by neutrons of

energy less than 20 MeV.
This report constitutes the user manual of ACDOS2, which is
an improved version of ACDOS1.l Basically, ACDOS2 uses the same

framework as ACDOS1 tov calculate neutron induced activation and
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corresponding dose rates as a function of geometry, composi-

tion and time after shutdown. Improvements have been made in the
physical models and the versatility has been increased by the
introduction of new options. Specifically, the radioactive daughters
are now accurately treated, a fourth possible geometry (cavity)

is supplied, both absorption and build-up in volumetric sources

are taken into account, the dose due to the walls can be computed,
and an option to indirectly couple a slowing-down code is pro-

vided.

The main part of the report deals with the different models
and equations used by ACDOS2. Some sections (f I1, IV-a) are
reproduced directly from the report on ACDOS1 1 | A new user*
will find enough information to run the code by just reading the
Arpendices which completely describe the input required for

ACDOS2.

*ACDOS2 is available on magnetic tape. Address inquiries to:
Head, Neutral Beam Development Group, Bldg. 4, Lawrence Berkeley

Laboratory, Berkeley CA 94720.



11. Neutron Production Model

The first major step in solving the overall activation problem
is to supply the average neutron source strength. Alternatively,
ACDOS2 makes provision for the user to directly enter the average
neutron source strength or to determine from data supplied by
the user, the production of neutrons in the specific case of
neutral-beam injectors.

In neutral-beam testing, neutron production is not uniform
but occurs during an arbitrary succession of evenly spaced in-~
jector pulses of short time duration. The neutron production
coincides with the injector pulses. Figure II-1 represents the
duty factor (i.e. the fraction of time in which the injector is
actually on) during the test periods. INSNPS is the instantane-
ous number of neutrons produced per second. T1 is the length
of the test periods--typically a few hours. T2 is the length
of time between test periods. N is the number of test periods,
following the last of which, the activities are calculated. It
is assumed throughout the activation calculations that T1 and T2
do not vary during operation of the injector.

The neutrons originate from two sources within the injector
system: gaseous deuterium that leaks from the neutralizer and the
ion-socurce, adsorbs on the surfaces of the neutral-beam calori-
meter and the deflected-beam dump. A (d, n) reaction occurs as

D® and D* impinge upon these surfaces. The reaction is:

2 2 3 1
H+ Haemmp He 4 n + 3,27 MeVv
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The calculation that determines the instantaneous number of
neutrons produced per seconds is empirical in nature and based
on data taken under accelerator test conditions.? The expression

used is:

INSNPS = 8.64 x 104{neutron A x 106(gcoulomb)x F x CF x DF
‘ };coquig secon

INSNPS: instantaneous number of neutrons produced per second.
A: current in Amperes '
DF: duty factor during the test periods
F: fraction of the beam which is monoatomic
CF: vyield correction factor for voltages different from 150 kV.
The yield correction factor for voltages different than
150 kV, is taken from the thick-target yield curve3 reproduced in
Figure II-2, To facilitate the calculation of INENPS during
execution of the program, a power fit of the form y=aX was applied
to the points read from the curve to determine an analytical
expression for CF. Three different fits were used to insure a
high coefficient of determination. These expressions are in-

corporated into ACDOS2 to calculate INSNPS.
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I1I. FLuxes

The mono-energetic source of neutrons produces acontinuous
spectrum by slowing-down in the shielding walls. The group fluxes
in the test-cell are not calculated in ACDOS2, but rather are sup-
plied from a previous calculation, with, for example, a Monte-
Carlo code like MORSE or a transport code like ANISN. The output
of such a calculation is coupled to ACDOS2 either from a tape or
from the input data deck.

The coupling of ACDOS2 with a slowing~down code can then
be done in two steps. First, the unity-normalized average group
fluxes are computed by using the slowing down code, based on a
unity source placed in the center of the test-cell. At the end
of the slowing-down calculation, the space-independent fluxes
inside the test cell are stored on a tape, starting with the
higher energy-group flux and according to the fcrmat of ACDOS2
(E 10.3, 2X). Then, ACDOS2 is executed by reading the fluxes
from the tape.

ACDOS2 provides for the calculation of the dose due to the
activation of an object placed inside the test-cell or the dose
due to the activation of the walls of the test-cell, which is
approximated to be a hollow sphere. In this case, the fluxes
in the walls are assumed to be the same as the fluxes in the test-
cell, but corrected by a shape factor. This factor was calcu-

lated on the basis of one-group diffusion theory.
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According to this model, the flux resulting from a point
source placed in the center of a hollow sphere is constant inside
a hollow sphere. This is due to the fact that the net current is

zero at the inner radius. 1In the walls, the flux satisfies:

V2¢ + K2¢ = 0

where s kK2 = 1722 = I /D

and also satisfies the boundary condition:
(R + H) = 0
where R is the inner radius and H the thickness of the hollow
sphere. The solution to this equation is:
¢{r) = A sinh[K(R + H - r}]/Kr
where A is a constant.

The average flux in the wall is then:

R+H .
A sinhK(R+H-r) 2
j; R 4nr-dr

4737 [(R+H) >-R]]

<p> =

or after integration:

Wy = 22 > [sinh(KD) + KR cosh(KD) - (KR+KD)!
[K(R+H)] " -[KR]

Defining the shape factor FF by the ratio of the flux inside

the hollow sphere to the average flux in the walls, we have:

FF o= 82
$(r=R)
or
PF = 3KR 1 - __KReKH + KR cosh{KH)
sinh(KH) sinh(KH)

(KR+KH) >=(KR) >
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In ACDOS2, the dose due to the walls, can be computed ap-
proximately by multiplying the fluxes inside the test-cell, avail-

able from a previous calculation, by the shape factor FF.
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IV. Activation

A. Weighting flux and flux weighted group cross—sections

In order to average cross-section data over the appropriate
energy groups to acquire group cross~sections, a weighting flux is
required. The flux-weighted group cross section can be evaluated

from the expression:

j' o(E)¢(E;dE
AE

¢(E)dE
4e

al
n

The weighting fluxes were determined by assuming that the thermal
region could be represented by a Maxwell-Boltzmann distribution
with kT = 0.025 eV, the intermediate energies by a function
proportional to 1/E, and the fast groups by an exponential func-
tion. All energy dependences are thus determined, except for
arbitrary constants.

The decision to use these energy dependences came in part
from the predictions of slowing-down theory plus the results of
a Monte-Carlo calculation involving a neutral beam injector
surrounded by thick concrete walls. The group fluxes calculated?
for this case are given in Table IV-1., To verify the above
assumptions, column 3 (neutrons/cmz.ev.source neutron) was plotted
as a function of the arithmetic average of the group boundaries
found in column 2 for groups 1 through 19 (figure IV-1}.

Inspection of the curve suggests a 1/E type of behavior for

groups 4 through 19 since a gquantity that varies as a constant
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TAPLE IV-1

Group Fluxes Inzide the Test Cell

NEUTRONS NEUTRONS

GROUP | ENERGY INTERVAL

(ev) cmz.eV SOURCE NEUTRON cmz.SOURCE NEUTRON

1 2,385E+6 2,307E+6 1,013E-10 7.801E-6
2 2.307E+6 1,827E+6 2,879E~13 1,382E-7
3 1.827E+6 1,108E+6 1.,95%E-13 8.333E-8
4 1.108E+46 5,502E+5 1,896E~13 1.058E-7
5 5.502E45 1,576E+5 3.510E-13 1,378E-7
6 1.576E+5 1.111E+5 6.111E-13 2.B42E~-8
7 1.111E45 5,248E+4 8,172E-13 4,790E-8
8 5,248E+4 2,479E+4 1,394E-12 3.860E-8
9 2,479E+4 2,1B8E+4 2.550E-12 7.420E-9
10 2,188E+4 1,033E+4 3,049E-12 3.522E-8
11 1,033E+4 3,355E+3 6,552E~12 4,570E-8
12 3.,355E+3 1,234E+3 1,896E~11 4,021E-8
13 1.234E+3 5,829E+2 4,.,673E-11 3,043E-8
14 5,829E+2 1.013E+2 1.502E-11 7.234E-8
15 1.,013E+2 2,902E+] 6,481E-10 4,6B4E-8
16 2.902E+1 1,068E+1 1,642E-09 3.011E-8
17 1.068E+1 3,059E+0 5.184E5-09 3,951E-8
18 3.059E+0 1.125E+0 1,787E-08 3.456E-8
19 1,125E+0 4,140E~-1 4,327E-08 3,076E-8
20 4.14OE—i 1.000E-5 2.002E~06 8.28BE-7
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over E will plot as a straight line on log-log paper and will

have a slope of -1. Calculation of the slope at various points
along the line did reveal a slope close to -1. At higher energies,
above 2 x 104 eV, the curve departs somewhat more from 1/E be-
havior and finally reaches a region just below fast energies

where the curve is neither 1/E nor exponential. Even though

this region just below the exponential part of the curve deviates
from 1/E behavior, it is assumed, for ease of calculations, that
it does behavz as 1/E.

Since neutrons are "born" with a narrow group of discrete
energies in the injector, as contrasted with a fission spectrum
in a reactor, one would intuitively expect the fast region to
appear more as a "spike" than as a continuous distribution. The
graph definitely illustrates this behavior and for this reason
the assumption of an exponential form for the fast groups appears
justified. As stated previously, the Maxwell-Boltzmann distribu-
tion is used for describing the thermal region.

At this point, the forms of the equations for describing
the weighting flux are known except for arbitrary constants.

To evaluate the constants, each analytic expression for the
weighting flux is integrated over the appropriate energy group
and set equal to the numerical value of the corresponding group
quantities in column 4 of table IV-1, which are normalized total

group fluxes. For example, for the thermal region, group 20:
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4,14x1071 k
s ¢/Ee 9025 gr = g.288 x 1077
10
therefore:
c = 2.36 x 10-4

For an intermediate neutron group, group 17:

10.68 -8
J[ C/E dE = 3.951 x 10
3.059

therefore:
¢ = 3.16 x 1078

The determination cf the constants associated with fast groups,
however, is somewhat more involved. Since the assumed form for
the fast exponential is
El-EZ
$(E) = ae °
where Ey and E; are known and Ep is the highest energy of that
grcup, two equations are required to evaluate the two constants.
One equation results from the usual integral condition that
E,-E

Ey 1 72
_/; Ae B dE = total flux for that group
1

while the other condition results from a continuity of flux
reqguirement at the boundary of the two groups, namely:
)

- B
C/E1 = Ae

where C is known constant from the integral condition placed on
the last 1/E group. The analysis is then always performed,
starting with the lowest energy group. With two eguaticns and
two unknowns, the constants can be determined by solving the

resultant trancendental equations., If there is another fast
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group, the same method is applied. One eqgiation results from

the reguired integral condition on that group, and a second
equation results from a continuity of flux requirement at the
boundary with the preceeding group.

The result of this method is that the first exponential
group is always matched to the last 1/E group, and any additional
fast groups are always matched to the preceeding fast groups.
In the case of only two groups, one thermal and one fast, a match
is required at the boundary between the groups to allow evaluation
of the two constants in the assumed exponential function following
the Maxwellian.

Only one equation is reguired to evaluate 1/E groups as
there is only one constant to be evaluated. Since 1/E constants
are calculated solely from the integral condition placed on the
equation for that group, discontinuities sometimes result in the
flux at the group boundary between two adjacent 1/E or between
the thermal and the first 1/E group. This is not a serious problem
because the discontinuities are not significantly large. The
important consideration is thal the integral of the weighting-
flux function over the group be egual to the total flux for that
group so that =he correct averaging of the flux over that same
interval is maintained.

Table 1V-2 shows the results of this approach to the weighting
flux function determination. The integral of these functions
over their proper energy range always results in the numerical
value of the total flux for that group, as it =<hould. A plot

of the data in Table IV-2 (groups 1-19) is shown in Figure IV-2,
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TABLE

Iv=-2

Weighting Fluxes

GROUP ENERGY INTERVAL EQUATION g(X)

(ev) (neutrons/cmz.source neutron)

1 2.385E+6 2,307E+6 7.07E-10*EXP( (X-2.385E6)/11184)

2 2,307E+6 1.827E+6 6.62E-13*EXP((X~2.307E6)/2,42E6)
3 1,827E+6 1,108E+6 1,666E~7*(1/X)
4 1.108E+6 5,502E+5 1,511E=7*(1/X)
5 5.502E+5 1,576E+5 1.,102E-7*(1/X%)
6 1.576E+5 1,111E+5 8.129E-B*(1/X)
7 1.111E+5 5,24BE+4 6.387E-8*(1/X)
8 5.24BE+4 2,479E+4 5.147E-8*(1 /%)
9 2.479EM 2.188E+H4 S.942E=-8*(1/X)
10 2.188E+ 1,033E+4 4,693E-8#(1/X)
11 1.033E+4 3,355E+3 4,064E-8*(1/X)
12 3,355E+3 1,234E+3 4,020E-8*(1/X)
13 1.234E+3 5,829E+2 4,057E-8*(1,7X)
14 5.829E+2 1,013E+2 4,134E-8*(1/X)
15 1,013E+2 2.902E+1 3.747E-8*(1/X)
16 2,902E+1 1,068E+1 3,012E~-8*(1/X)
17 1.06BE+1 3,059E+0 3.,160E-B*(1/X)
18 3,059E40 1,125E+0 3,455E~-8+*(1/X)
19 1,125E+40 4.140E-1 3,077E-8*(1/X)

20 4,140E-1 1,00E-5 2.365—4'(x)l/ztaxp(-x/o.ozsy
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As previously mentioned, slight flux discontinuities at boundaries
between 1/E group exist. Note that the discontinuities are
greater in the region just below the two fast groups. This is not
surprising since that region deviates somewhat from 1/E but was
assumed to be 1/E in weighting flux calculations, Comparison of
Figure Tv-1 with Figure IV-2 shows a close resemblance as is
desired.

With the weighting flux function know for each group, the
flux weighted group cross-section can be calculated from the

expression:

/ o(E)$(E) AE
AE

/AE ¢(E) 4E

where ¢(E) is the previously determined weighting flux function,

In the calculation of the activation, the cross-section informa-
tion for the target nuclide is read from the ACTLMFE library which
is a subset (without fission cross-sections) of the ACTL library.>
The data consist of two numbers, an energy in MeV and an associated
cross—-section for that energy in barns.

To calculate o, ACDOS2 first merges the group houndary
values into the energy~cross-section pair data and performs
a linear interpolation to calculate the cross-section at the
group-boundaries.® The result is two arrays, one with energy
values and the other with cross-section values. There is always
a one to one correspondence. If GP(J) is an arbitrary group
boundary which initially had no cross-~section value associated
with it. The value is obtained by a linear interpolation using

the first value on each side of the group boundary assuming that
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cross—-sections are linearly interpolable in energy. For two
arbitrary cross-sections, o¢(I) and o{I+l) whose values lie within
the group boundaries GP(J) and GP{J+1), an analytical expression is
found for the line connecting them, using the common two point

formula:

g{I+1)-0(1)

EIFL~E(D) [E - E(I)]

of{E) -~ o{I) =

so that o{E) for E(I) < E ¢ E(I+1)

o(e) = o(n) + FEFEEL (6 - B0

Now that an analytical expression exists for o(E) and #(E), the
product of these two functions is numerically integrated between
E(I) and E(I+1l) and the value kept as a running sum, This process
is continued, point by point, until the upper boundary is reached.
The particular form of 4(E) used, depends upon the energy range in
which the specific group boundaries lie. For example, in the
Monte-Carlo calculation involving a neutral beam injector surrounded
by thick concrete walls, for the thermal region, where

GP(J) = 1075 ev and GP(J+l) = 0,414 eV

from Table IV~-2, we have:

E
0.025

x VE x e

o(E) = 2.36 x 1072

so that the expression for o(E) x ¢(E) is:

g(I+l)=~0a(l) 4

o(I) + FI+D)-E(D)

[E—E(I)]é x ;2.36 x 107

where E is in eV,
It is this expression that is numerically inteqgrated between

each thermal E(I) and E(I+l).
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When all numerical integrations are completed for a specific
group, the running sum is divided by the total flux for that
group. The quotient is the desired guantity, the flux weighted
group cross section for that group. This entire process is re-
peated until all energy groups have been addressed. Several test
cases have been run to acquire results for comparison with another
averaging program which originated at LLNL.® The values obtained
by this method are remarkably close to those obtained by the LLNL
code for fast and intermediate neutron groups. For the thermal
region, however, the above-mentioned procedure produced better
results than the LLNL code.

T™wo further comments are in order considering the method
of averaging cross-sections. First, for the case of nuclear
reactions which are threshold oriented, a zero is substituted
for each group cross-section whose energy range is below the
threshold energy. Calculations begin only when the energy at
which a cross-~section value was measured, eguals or exceeds the
threshold energy. Typically, that first cross section value is
located somevwhere within the group boundaries at which the cal-
culations begin. The contribution to that particular group cross
section comes solely from evaluation of the pertinent quantities
for energies greater than or egual to the first cross-section value
and less than or egual to the first encountered group boundary.
This is shown in figure IV-3. 1In this example, the reaction
has a threshold located between the arbitrary group bounderies,

GP (J+3) and GP(J+4). The group cross section for group (J+3)
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results strictly from the evaluation of the pertinent guantities
from the threshold value, Tv, to the first encountered group boun-
dary, GP(J+4). Even if there is only one cross-section value loca-
ted in group {(J+3), the calculation proceeds since there is a cross
section value associated with GP(J+4) as a result of the initial
merging of group boundary energies into the energy-cross-section
data. In any case, however, zeros are substituted for group cross-
sections in group J through J+2 in accordance with the above
discussion.,

The second comment concerns the calculation of the thermal
group cross section. Since no provision is made for interpolating
cross section values at the first group boundary, averaging calcu-
lations begin at the first encountered cross section value abhove
the energy of the first group boundary. As a result a very small
portion of the Maxwellian, generally below 0.0001 eV, is not
accounted for. However, the resultant ervror is insignificant,
since the contribution from this part of the Maxwellian is

exceedingly small.
B. Activation

The differential equations describing the activation of target
nuclides T giving radioactive product nuclides P which decay into

daughter nuclides D are:10

dr(t) _
=t = GT T ~ AP P(t)
an(t) _

ey = AP P(t) - AD D(t)
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where:
*7(t) 1is the number of atoms of the target nuclide
*P(t) 1is the number of atoms of the product nuclide
*D(t) 1is the number of atoms of the daughter nuclide
*Ap is the decay constant of nuclide P
*ip is the decay constant of nuclide D
* g is the group activation creoss section for nuclide T
*6 is the group neutron flux.
The solutions are:l0
on ¢T -t
P(t) = — (1—ep)
P
-t =it
on 6T ‘e T~ e P
- T D P
b(ey = — L= PYNEEED
D D P

These are the basic solutions that are used in subsegquent

activation calculations., These basic forms, however, must be
algebraically wmndified to take into account pauses of length T

in the injector test schedule as shown in Figure IV-4.

Acording to this figure, let T1 be the time length of

one test, T2 the time length of one pause, N the total number of
tests, t=0 the time at which shutdown occurs and t, an arbitrarily
selected time after shutdown where activities are required., It is
desired to calculate the amount of an activated nuclide at t=0 due
to an arbitrary neutron testing history. The method of approach is
to calculate the amount at t=0 due to each test prior t=0. The
total amount at t=0 will then be the sum of the contributions from

each test.
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The contribution at t = 0 of the i'th test will be:

0 6T -2 T “(N-1){(T,+T,)2
T .(l_ePl)_e 17720 %

i '
and
~ALT —ALT
0 $T e Tloa e PR —(N=1) (T,+T, )2
I LA PR P . e 17720 %p
i AD AD - AP

Then for some arbitrary time t after shutdown, the amount of

nuclide P will be given by:

O 6T -2, T N ~(N=i)(T,+T,) A =it
ety = 2 _(l_epl>.<2e 12p>e1>
P i=1
and the amount of nuclide D by:
-A T =2 T
0,,6T ae P, e D1
T D P
p{t) = —— {1~ Y
D D P
N -(N-i)(T,+T,)* At
2 e 1 2D e P
i=1

These expressions, however, represent only one group of
neutrons, To generalize the relations for up to energy groups, the

above calculations of the amounts of nuclides must be done for each

group, that is:

n [ ¢, T -7 N ~(N-i}(T,+T,)2 -t
p(t) = i TJ}(\ k 1-e P11 | e 17720} T
- =1 P i=1
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and
-3, T AT
n qu¢kT XDe PHL xPe b1
D(t) = o —— |} - T
k=1 D D P
N = (N-1}(T{+T5) Ay -A.D
} e e P
i=1

For the general case cof the reaction:

Ond A A
n+1 L, p S o B ..

the specific activities of the product nuclide and the daughter D

in becguerels, t seconds after shutdown will be:

n =-A,T N ~(N=1){(T,+T,) X -t
: P 1 17 277% P
A, P(t) = Y q T]i1 -e ) oe e
P k=1 % % i=1
. (1)
and:
~ApTy ~pTy
ri ADe = Ape
AD(t) = a.o.T) (1 - _
D N T
(2)
N -(N_i)(Tl+T2))‘D —t)\D
Y e e

[
]
e

Equation is used in ACDOS2 for calculating the activity due to

the product nuclides. Then, the activity of the daughters, if any,

is computed from Eguation 2.



=33~

V. Dose-rate calculation

The final step is to calculate dose rates as a function of

geometry and time after shutdown.

A, Source

Using the previously calculated total activities as part
of the input information, ACDOS2 first reads a decay library,
a shortened version of LEVDEC, which is a sublet of ENSL? (See
appendix 1), for the energy and multiplicity associated with each
gamma ray produced by a specific activated nuclide. A search
for radiozctive daughters is also made. During the interrogation
of the library, ACDOS2 checks the mode of decay of the radio-
active products and daughters. If the mode of decay is ¥, 8%
or B decay, the reaction is considered. If not, the reaction is
skipped and interrogation continues. Secondly, when the decay
is a 8% desintegration, two annihilation Y of 0.511 MeV each
are automatically included in the dose rate calculation, with the
appropriate multiplicities. The case of the same product nuclide
created from two different target nuclides is allowed for in the
LEVDEC-read algorithm (see Appendix l). Any daughter of a radio-
active daughter is assumed to be stable.

Next, the code calculates an effective photon flux that

yields an absorbed dose of 2.5 mrem/h in soft tissue for any
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gamma ray or annihilation guantum read from the decay library.
The latter calculation was accomplished by first fitting thirteen
curves to the data® shown in Table V-1. Twelve of the curves

are of the form ax® and one of the Jorm aePX. a large number

of curves were chosen so as to accurately reproduce the data

over a wide energy range. As a result, all coefficients of
determination arising from the curve fitting process are in excess
of 0.99. Table V-2 shows the result of the curve fitting;. The
appropriate equation for calculating the effective particle flux,
FLUXE, is chosen according to the value of E, the energy of a
particular gamma ray, as read from the decay library.

The source strength divided by the flux per unit dose rate

can then be computed in cm? - mrem/h as follow
MULT x 2.5 x ACT

S50 =
FLUXE

where MULT is the multiplicity of the gamma ray, FLUXE is the
effective particle flux corresponding to a dose rate of 2.5
mren/h in soft tissue, ACT is the previously calculated activity
in Bg .

For a volumetric source of volume VOLU, the volumetric gamma
ray source strength divided by the flux per unit dose rate is
then:

SOU = So = MULT x 2.5 x ACT
Vo1u FLUKE x VOLO
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DOSE RATE OF 2,5 MREM/H

E(MeV) 2

—— LORRESPONDS TO @ QUANTA/ CM .SEC

0,010 956

0.015 2310

0,020 4320

0.030 9980

0.040 17400

0.050 23100

0,060 25200

0.080 23200

0.100 18600

0.150 10800

TABLE V-1

0,300 5020 S p——
0.400 3660 Effective Photon
0.500 2920 Fluxes
0.600 2440

0.800 1880

1.000 1550

1.250 1330

1.500 1130

2,000 912

3,000 686

4,000 559

5,000 450

6,000 420

8.000 339
10,000 284
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TABLE V-2

Curve Fittings of FLUXE ,

ENERGY INTERVAL

{(MeV)

PARTICLE FLUX EQUATION
FLUXE(X)

0.010 0,020
0,020 0,040
0.040 0,050
0.050 0,060
0,060 0.080
0.080 0.150
0.150 0,400
0.400 0,600
0.600 1.000
1.000 1,500
1,500 3.000
3.000 6.000

6.000 10,000

21495330,64*(X**2,17594470)
11460233,22+%(X**2,0136022)
1036918.975%(X**1,2698653)
96497,38032*(X**0,4772399)
11225,12221 *(X**(~0,2874410))
55482,78326 *EXP(X*(~10,9132069))
1330,569205* (X**(-1,1036085))
1462,198966* (X**(-1,0004513))
1546.,997798%(X**(~0,8891058))
1549,091 320%(X**(~0,7797676) )
1508,205757*(X**(-0,7188784))
1488.362190%(X**(-0,7051622))
1656,.852874*(X**(~0,7649757))
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B. Geometry

The second consideration is that of geometry. ACDOS2
provides four possible geometries (point source, sphere, cylinder,
hollow sphere) and two possible strategies (non absorbing source,
absorbing source) using the following formulae.

Non-absorbing Source

Point source

The point source approximation gives the followin,

dose rate:

DSR S MULT x 2.5 x ACT
T ORE X 3

where the variables are the same as previously defined and D is
the radial distance to the point where the dose rate is desired.
Spherical source

Outside a non-absorbing sphere the dose rate is given bye.

SoU 2 2R+D
DSR = (ZR(R+D)=(D =2RD) 1n (s—=—)
{R+D) D

where R is the radius of the sphere, D is the distance from the
surface of the sphere to the observer.
Cylindrical source
On the axis of a cylinder of radius R and height H, at

a distance D from one end, the gose rate is:B

SOou 2R H+D
DSR = ((D+H)(1n(1+—-f)+— arctant ))
4 1+4D) H+D R
R? 2R

D
“D{1n(l+~p)+=—arctan(=)))
0’ D R
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Hollow sphere
At the center of & hollow sphere of inner radius R and
thickness D the dose rate is:
DSR = SOU x H

* Self-absorbing source

Analytical formulae independent of the nature of the nuclide
were developed for computing the constants needed in self-absorption
calculations. Therefore, self-ahsorption for every gamma ray
energy, read from the decay library, can be calculated without
having to know the emitter nuclide species ,

The mass attenuation factor AMU can be computed as a func-
tion of the gamma ray energy E in MeV, by using:

AMU = 0.0488 E-0-4633

Table V-3 shows that this formula is conservative, since it
gives a somewhat smaller value than the experimenta’ values

found for any nuclide.

The attenuation factor MU in cm~l is then given by:

MU = BAMU x TMASS
—voLo

where TMASS is the total mass of the target and VOLU its volume,

assuming that these values are consistent with the density of the

material.

The build-up factor B can be calculated by using a Taylor

expansion —oyut oyt
B = Ae + (1-A) e

wrich later will enable an inteogration of this factor over the

geometry.
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TABLE V-3
———————
2
Mass Attenuation Coefficient (em /g)

Gamma_ray Enerqy (Mev)
0.15 0,3 0.5 1.0 i.5 2.0 50 10,0
Analyeios! 1175 ,0852 ,0673 .,0488 ,0404 ,0354 .0232 ,01€8
tunction
H .2650 ,2120 .1730 .1260 ,1030 ,0876 ,0510 ,0321
Be «1150 ,09%45 ,0773 ,0565 .0453% ,0394 ,0234 ,0161
_C_ »1340 ,1060 ,0870 ,0636 ,0S18 .0444 ,0270 ,0194
Al «1340 ,1030 ,0840 L0614 ,0500 ,0432 ,0282 ,0229
Lu .,2060 ,1080 ,0820 ,0585 ,0476 ,0418 ,0216 .0305
;PE_ 1.840 ,3560 ,1450 ,0684 ,0512 ,0457 ,0426 ,0489
Concrete | .239%0 ,1070 ,0870 L0635 ,0517 ,0445 ,0287 .0229
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The coefficient A is estimated by using:

A =44,1 - 10,2 X E if E<3 MeVv

A =16,2 -0,9%x E if 3<E<8 Mev
A=29 -25x%xE if B<E<10 Mev
Ax4 if E>10 Mev

Table V-4 shows that this formulation is conservative since
the calculated A is larger than the experimental values for all

the nuclides.

The coefficient ay is computed according to the

following formula:

oy = 0,063 x E - 0,182 if E<2 MeVv
oy = -0,02 x E - 0.015 if 2<E<8 MeV
ay = -0,0085 x E - 0,107 if E <8 MeV

This expression is conservative,since the calculated values

of are larger than the experiment ones (Table V~5).

-y
The coefficient az is calculated by using:

a, = -0.032 x E + 0,048 if E<1 MeVv
ap = -0,001 x E + 0,017 if 1 <E< 2 MeV
a, = 0,012 x E - 0,009 if 2<E<4 Mev
ay = 0,00125 x E + 0,034 if 4 <E<B8 MeV
a, = 0,012 x E - 0.052 if £> 8 MeV

Table V-6 shows that this analytical form can be applied
conservatively to a great number of nuclides, since the calculated

values are bigger than the experimental values.
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Gamma Ray Energy (MeV)

0.5 1 2 3 4 6 8 10

Analytical
39,000 33,900 23,700 13,500 12.600 10,800 9,000 4,000

function
Al 38,911 28,782 16,981 10,583 7.526 5,713 4,716 3,999
_f_g_ 31.379 24,957 17,622 13,218 9,624 5,867 3,243 1.747
Sn | 11,440 11.426 9,783 5,400 3.496 2,005 1.100 0,708
_Pb 1.677 2,984 5.421 5,580 3.897 0,926 0,368 0,311
Concrete 3in, 225 25.507 18.089 13,640 11.460 10,780 8.972 4,015

dn-pITng 9u3 ;o uotsuedxy

I0TANL, Y3 O y JojPuedeg

I1TdVvl

t=A

_"[v—



TABLE

V=5

Parameter -of of the Taylor expansion
1

of the Build~up factor

Gamma Ray Energy {MeV)

0.5 1 2 3 4 6 8 10
Analytical
0,1505 0.,1190 0.0560 0.075 0.095 0.1350 0.,1750 0.1920
Function
Al 0.1002 0,0682 0.0459 0.0407 0,0397 0,0393 0.0384 0.0390
EE& 0,0684 0,0609 0.0463 0.0443 00,0470 0,0615 0,0750 0,0990
5n 0,0180 0,0427 0.0535 0.0744 0,0952 0.1373 0,1729 0,1920
Pb 0,0308 0,0350 0,0348 0,0542 0,0847 0.,1786 0,2370 0,2402
Concrete 0.1482 00,0723 0.0425 0.0320 0,0260 0,0152 0.0130 0,0288




TABLE V-6
St ——

Parameter o{ of the Taylor expansion
2

of the Build-up Pactor

Gamma Ray Energy (MeV)
0,5 1 2 3 4 6 8 10
Analytical
00,0320 0,0160 0.0150 0.0270 0.0390 0,0415 0,0440 0,0680
functien
-ﬂ' -0,0631 ~-0.0297 0,0027 0.0251 0.0386 0.0435 0,0443 0.,0413
_l-‘____ -0,0374 -0,0246 -0,0053 ~0,0009 0.0018 -0,0019 0.0212 0,0663
_S_P._ 0,0319 0,0160 0,0150 0,0208 00,0260 ~0.0150 -0,0179 0.0155
_P£ 0.3094 0.13a49 0,0438 0,0061 -0.0238 -0,04564 ~0.0586 -0,0278
Concrete -0,1058 -0,0184 0,0085 0.0202 00,0245 0,0293 0.0298 0.0684

—gv_
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The next task concerns the geometry and the calculation of the

self-absorption over the entire volume of the source,

Spherical source
The dose rate at a distance D outside a spherical volume
source of radius R can be represented by the expression:8
DSR = S0U xB xR .G (p , MU x R)
where p = 2_%_5 a:d the function G{p, MU x R) can be approximated

by the following analytical formula:

G(p, MU x R) = exp -~ ({0,342 x MU x R + 2,07322) x 1n p
+ Min ( 60 x MU x R - 0,144 , 46,37 x MU x R - 0,035 ,
28,78 x MU x R + 0,3168 , 14,55 » MU x R - 0,144,, 8,17

X MU X R + 1,396 , 4.72 x MUX R + 1,742 ))

where D and R are in centimeters.
Table V-7 shows the differences between this analytical form
and an exact computer calculation of G.

Using the "buildup factor method"s, the Taylor expansion of

-a,ut —a,ut
B = Ae 1 + {1-a) e 2

can be combined with G to give:

S0U x R

DSR = ( A x G(p, {1+ ap )IXMUXR) +

(1 - 2a) x G(p,{(1+ az)xMUxR)
Cylindrical source
In the case of the calculation of the dose rate on the

axis on the end of a c¢ylirder, such a function as G for the
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]
Comparison of G tabulated and

G analytical

MU x R
N.4 0.8 Z 4 8 10 15

Analytical 5.719E-1 4.497E-1 2.576E-1 1,446E-1 B.055E-2 6,828E-2 5,371 E-Z]
p=1.25

Tabulated 6,011E~1 4,732E~1 2,719E~1 1,528E-1 8,526B-2 7.244B-2 5,725g-2

Analytical 3,918E-1 2J.080E-1 1.763E-1 9,984E~2 5.492E-2 4,650E~2 3,.646E~2
pal.5
S=="" Tabulated 3,923e-1 3,082e-1 1,763E-1 9,869E~2 5.446E-2 4,5985E-2 3,580E-2

Analytical 2,158E-1 1.695E-1 9.689E-2 5,423E-2 3,001E-2 2,536E-2 1.978E-2
p=2.0

Tabulated 2,094E-1 1.642E-1 G,366E-2 5,255E-2 2,922E-2 2,474E-2 1.930E-2

Analytical 9,306E~2 7,304g-2 4.169E-2 2,327F~2 1,280E-2 1,079E-2 8.358E-3
p=3.0

Tabulated 9,000E-2 7,045E~2 4.000E-2 2,233E~-2 1,230E-2 1,036E-2 7,992E-3

Analytical 3.226E~-2 2,529E~2 1,441E-2 8,011E-3 4,.,377B-3 3,679E-3 2,823E-3
g:s .0

Tabulated 3.190E-2 2,495E-2 1,414E-2 7.857E-3 4,306E-3 3,625 -3 2.A13E-3

Analytical 7.661E~3 5,999g~3 3,407E-3 1.886E-3 1,020E-3 B,540E-4 6,471E-4
p=10.0

Tabulated 7.924E~3 6.197E-3 3,511E-3 1,947E~3 1,054E-3 8,807E-4 6,695E-4

-Gp-
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spherical case, exists.® But since this function depends on four
parameters, no simple analytical form could be found.

An approximate solution in the axial direction was obtained by
substituting for the cylindrical colume source a truncated cone of
the same height as the cylinder, H, and the apex of which is at the
point where the dose rate is calculated.? fThe equations for the
attenuation of radiation for a source in the form of a truncated
cone can then be used. The upper limit of the dose rate will be

found for a truncated cone of angle, at the apex

- = R
@ = 8 = arctan (D]

(The small base of the cone is then the closest base of the
cylinder) and the lower limit dose will be found for

B = 8, = arctan (%)
{The large base of the cone is then the farest base of the
cylinder).

The most conservative attitude would be to use the expression
yielding the upper limit of the dose rate. But such an attitude
results in a gross overestimate, especially when comparing the dose
rate from a sphere and a cylinder geometrically similar., BAs a
result of such considerations, it was decided that a truncated cone

should be used, which has an angle at the apex equal to:
® = arctan (51373)
If the height of the cylinder satisfies the relation:

H < 3/MU

then the dose rate is:?
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_ B x 500 _ _
DSR = T % MU <1 cosf EZ(MU X H)

- MU x H\
+ COS6 x E, ("66§€“*>

where Ep is the exponential integral function of the second kind

and can be approximated by:10
E,(X) = exp(-X) x (1/(X+2) + 1/(x+2)°

Using the Taylor expansion of B in the “build-up factor method"?

gives:

DSR = (SOU/Z)X(A/(l+al)xMU)x(l—COSG—EZ((l+al)XMUXH))

+ COSExEZ((l+a )xMUxH/COSO))+(l—A)/(l+42)xMU)

1

X (l—COS“—EZ((l+n2)xMUxH)+COSBXE2((l+u2)XMUxH/COSq 1)

When the height of the cylinder satisfies the relation:
H > 3/MU
the contribution of radiation only from a par:ial cylinder of
height:
H'* = 3/MU
is taken into account, assuming that only the first three mean-‘ree
paths of cylinder material will contribute appreciably to the dose

rate which then is:?

S0U x B
= 20 2 = - 8
DSR X M0 (1 Ccos#e)

or using the "buildup factor method”:
DSR = SOU x (1 - COS9)

X (A/ZxMUx(l+ul)) + (l—A)/(ZxMUx(l+u2)))
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Hollow sphere

The dose rate at the center of an absorbing sphere of radius R

For an absorbing cavity of inner radius R and thickness H, the dose

rate at the center is then:

_ B x S0U _ _~MUxH
DSR = ——MU——-<1 e >

Using the "buildup factor" method this expression becomes:

—MUx(l+a1)xH
A(l - e )
(l+a1)xMU

DSR = 50U x (

—MUx(l+a2)xH
+ (1-AVx(1l-e )
(1+a

2)XMU
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VI. Conclusion

The first application of ACDOS2 was to the dose-rate prec-
duced by the target calorimeter of a TFTR-upgraded neutral-beam
injector (see Appendix 2). About 55 mr=m/h, one hour after shut-
down, were found at 10 c¢m from the furface of a calorimeter made
of copper, and around 2 mrem/h for a caiorimeter made of molybdenum.
From the point of view of dose-rates to personnel, molybdenum
is thus preferable to copper. Even though ACDOS2 is designed
to be specific to the case of injectors, it can also be used for
the calculation of the entire test cell as described by Asmiller
et al.ll

Some improvements are possible in the models used in ACDOS2.
In particular, the temperature of the calorimeter should be taken
into account in the calculation of the neutron-source strength.
Secondly, tabulated functions, that are approximated by analytical
functions, could be more accurately defined. Such changes, how-
ever, would not drastically improve the code since the actual
tabulated data have been computed by analytic approximations to
within 5%.

For some applications, hand calculations were performed to
verify the accuracy of the results given by ACDOS2. For example,
the dose at the center of the injector test cell due to the acti-
vation of the concrete walls (Appendix 2) comes almost entirely
from one product- 2Bal. The hand calculation gave, at the time

of shutdown for 28A1, an activity of 1,02 x 1010 Bg to be compared
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with 1.21 x 1010 Bg given by the code, and a dose-rate of 4,07
mrem/h by hand to be compared with 4.05 mrem/h by the code. 1In the
case of a thin disk of copper, which is a special case of a cylin-
der, the dose-rate found by a hand computation also matched the one
found by running the code. Additionally, the accuracy of ACDOS2
should be evaluated by running sume benchmark problems whose re-
sults could be compared with other codes. 1In the future, dose-rate
measurements obtained from the test facility at LBL will allow an

experimental verification of ACDOS2 predictions.
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Subroutine description

ACDOS2 is written in a structured form, using one executing

program to call up a number of subroutines. Variably dimensioned

arrays are used, where possible, to conserve memory. The name

and purpose of each subroutine is discussed below.

1) INPUT:

2] ARRAYIN:

3) SOURCE:

4} GRFLUX:

5)

WTFLUX :

for entering all vartfable input data into computer
memory. All data is printed out for user confirma-
tion. Error tests are provided to check input data.
for entering all array data. Array data is printed
for user confirmation.

given the current, voltage, beam fraction, and duty
factor, calculates the instantaneous and average
number of source neutrons produced per second durina
a test. This subroutine is bypassed if the user
wishes to use his own source term.

uses the calculated values of the average number of
source neutrons produced per second during a test,
or the user supplied source term, and calculated

the average flux for each group by taking the product
of the unity normalized total group flux and source
neutron term.

determines the constants for the assumed weightinc

flux functions by applying integral and/or group



6) ACTVAT:

ACTVAT calls

*AVRAGE:
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boundary constraints to the pertinent equations. Also
prints out the integrals of the weighting flux func-
tions over their appropriate energy intervals for user
verification,
takes the following parameters and calculates activi-
ties according to the equation of section IV.

- number of tests

~ time length of the tests

- time length of the pauses

~ number of kilograms of a particular nuclide

- specific times after shutdown

- average group fluxes

- flux weighted group cross sections
The result of each activation calculation is printecd
so the user can determine what reaction is the most
significant for a particular tarcet nuclide. Moreover,
two running sums are maintained in order to print
out the total activity from the activation of a
particular target nuclide and the total system ac-
tivity.

the following subroutines.

determines an analytical expression for o.(E) over a
specific A E and numerically integrates the product
of ¢ (E} and $(E), the weighting function, over

the group enerqgy interval. It then takes the sum



*SMOOTH :

*POSITN:

*POSIT2:

7) DOSRTE:
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of the integrated products over the unity normalize?d
total flux for the same group to calculate the flux
weighted group cross sections.

first determines if the energy associated with

the first energy-~cross-section pair read from the
ACTLMFE library is below the greatest group boundary.
If not, the particular reaction is skipped and the
next one considered. If so, the rontine then merges
the group boundary energies into the energy cross-
section data read from the ACTLMFE library and
linearly interpolates to find the value of the cross
section at the group boundary.

positions the file marker in the ACTLMFE library.

Same as POSITN

using the previously calculated total activities,
computes dose rates as a function of geometry and
time after shutdown. The result of each dose-rate
calculation is printed and two running sums of dose
rate values are printed, one for a particular

target nuclide and one for the system as a whole.

Since the CDC compilers do not permit the BACKSPACE command

with formated tapes, the interrogation of the decay library per-

formed in DOSRTE is somewhat complicated. In order to cope

with the case of the same product nuclide created from two or
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more different target nuclides, and with the search for radio-
active daughters, alternative solutions to the use of BACKSPACE
had to be found. The first case is handled by putting the product
nuclides in increasing order and by checking, during the inter-
rogation of the library, to see if the same product appears twice
or more., For the search for radioactive daughters, the tape
containing the library is rewound and the interrogation starts
again from the top. Possible radioactive daughters are detected
by checking the previously stored information on the parents.

No grand-daughter's search is done.DOSRTE calls the following

subroutines:

*CURVE: given the energy E of the gamma ray, calculates the
effective particle flux that yields a unit absorbed
dose in soft tissue, FLUXE.

*ADVAN: for positioning the file marker in the LEVDEC
library

*CALC: calculated dose rates using one of the four geometries,
given: FLUXE, activity in Bg, multiplicity of the
gamma ray or annhiliation quantum, and proper di-
mensions.

CALC can call the following subroutines:

-GEOFSP: calculates the geometrical correction in the case
of an absorbing sphere.

-GEQFCY: calculates the geometrical correction in the
case of an absorbing cylinder by calling the sub-~
routine E2 which estimates the exponential integral

function of the second spRciesusing subroutine ROMB,



INPUT

ARAYIN SQURCE GRELUX WTFLUX

POSITION AVRAGE] [POSIT 2] [ADVAN]

[curvE]
E2

lROMBl

IIBYD [oAS] IUTIN0IQNS

—99“"
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Input data description

card 4| Variable description columns | format
R
1 OPTION:
-if 0.000 ACDCS2 will calculate the
sverage number of neutrons
~any other value will be used as the
average number of neutrons 1 to 14 JE14.7
2 A current in amphere {only if OPTION=
6.000 1 to 10 |E10.3
Vv voltage in kilovolts (only if
OPTION=0.000) 13 to 22 |E10.3
F fraction of the bearm vwhich is
monoatomic (only i1f OPTION=0.000) 25 to 34 |E10.3
DF duty factor (only if OFTION
£0.000) 37 to 46 |E10.3
Tl time length of test in hours 49 to 58
(if OPTION=0)
1 to 10 |E10.3
(if OPTION#0)
T2 time length of pauses in hours 61 to 70
(if OPTION=0}
13 to 22 |E1C.3
{if OPTIONY0)
N number of tests 72 to 75
- (if OPTION=0)| I 3
25 to 27
(if OPTIONAO}
3 NoEGPS number of energy groups
Tip to 50) l1to2 | 12
4 NoPAS number of points after
shutdown (up to 12) 1l to 2 12
5 R radius of the sphere or of the
eylinder or inner radius of the
cavity (in m) 1 to 10 (E10.3
D distance from point source or
surface of the sphere or the cylin-
dexr. Zero for inside a cavity (in m) 13 to 22 {E10.3
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H height of the cylinder or thick-

ness of the cavity (in m) 25 to 34 E10.3
IGEOM
T for point source
2 for outside a sphere
3 for a cylinder on the axis
4 for at thecenter of a cavity 37 Il
ISAB
0 for non absorbing source
1 for absorbing source 38 11
6 NONUCL number of target nuclides {up to 30) 1 to 2 I2
7 NF number of fast neutron groups 1 to 2 I2
8
& STAFS (I) (I from 1 to NOEPAS) Times
9 after shutdowns in hours (6 per card). 1 to 72| NOEPAS x
if needed (E10.3, 2x)
Above to ZNAM 1(I) first part of the name of the
as needed nucliide 1l to 10 AlO
(NONUCL cards:
one per ZNAM2 (1, second part of the name of the
target Tth nuclide 11 to 20 Al
nuclide)
IDNO(I} ID number (10002+A) of the Ith
fuclide 22 to 26 I5
MASS (I) number of kilograms of the Ith
nuclide 27 to 36 E10.3
Above to
as needed GP{1) (I from 1 to NOEGP5 + L) group (NOEGPS+1)
Boundaries in MeV in ascending order 1 to 72| x(E10.3, 2x}
One IFLUX: option on the fluxes
Above fluxes read from input data deck
- 1 fluxes read from tape 8 1l to 2 32
IWALL option on the place of the
activation
0 activation of an object inside the
test cell.
1l activation of the wall 4 to 5 12
KWALL (only if IWALL=l) inverse of the
Telaxation length of the wall material 6 to 15§/ E10.3

in en™l.
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Above to

as needed

BFLUX (1) (only if IFLUX=D)
rom I to NOEGE§L1Un1ty normalized
group fluxes incm 5 .

1 to 72

NOEGPS x
(E10.3, 2X
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Output description

Prior to the execution of activation calculations, all input in-
formations are printed out for user verification or recheck in case
of abortion of the code. The following heading is used:

"THE FOLLOWING DATA HAVE BEEN ENTERED INTO MEMORY".

The results are then printed out under the following heading:

“THE FOLLOWING HAS BEEN CALCULATED BY ACDOS2",

The instantaneous and average number of neutrons produced
per second are printed out. The integrals of the weighting flux
functions over their approoriate energy intervals are printed out
for user verification.

Calculated activities are printed out for each target nuclide

under the two different headings:

TIME (H) - -

TARGET PRODUCT ACT (T1) coe ACT(T12)
and:

TIME (H) - -

TARGET ACT (T1) ACT (T12)

Calculated dose-rates are printed out in the same way including

daughters. The first heading is:
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TIME (H) - =
TARGET PRODUCT DSR (T1) DSR (T12)
PRODUCT DAUGHTER DSR (T1) DSR (T12)

The second heading giving the dose due to each target nucl: ie
is:

TIME (H) - -

TARGET DSR (T1) DSR (T12)
The final heading announces the total dos=z:

TIME (H) - -

SYSTEM DSR(T1) DSR (T12)
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Tape description

General structure

ACDOS2 was put on a nine-track magnetic tape comprising two
files:

1. /NAME/ KCDDS2/ LIBS, XXXXX. containing the ACTLMFE and the
condensad LEVDEC libraries.

2. /NAME/ACDOS2/SOURCE, XXXXX. containing the source listing
(see Appendix 3)

~ NAME is the name of the owner of the tape (optional when
reading )

- XXXXX is the registration number of the taove

ACTLMFE description
The ACTMLFE library contains 20,177 lines. The format of the

file is:

Record Column Variable Format

1 1-¢6 2a (1000Z+a) I6

7-13 IGNORE 7X
14-24 TARGET MASS (amu) El1.4

25-35 IGNORE 11X
36~46 LEVEL OF TARGET (MeV) E1l1l.4

47 IGNORE 1x
48~58 TARGET HALF-LIFE (5) E1l1l.4

2 1 -2 REACTION ID NU IBER I2

3-8 IGNORE 6X
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9-20 Q VALUE (MeV) E12.4
21~32 ZA OF PRODUCT 16
33-~44 LEVEL OF PRODUCT (MeV) El2.4
45-56 PRODUCT HALF-LIFE (s) El2.4
3 1-3 NUMBER OF ENERGY-
CROSS~SECTION PAIRS (NP) 13
3 1-66 EN(K), CS(K) ({K=1,NP) 6{E1l.4
et seg
After the 72 REACTION SEPARATOUR 71X, 11
last line of SENTINEL

EN, CS pairs

The above pattern is repeated for each reaction. The last reaction
is for 240v (n, ¥ ).

LEVDEC Description

LEVDEC is a decay-mode library based on the more detailed

library ENSL. The format for each set is:

record _ column variable format
first of each 1-6 AZ (10002z+a) I6
set
7-17 LEVEL E1l.4
18-21 PARITY F4.1
22-26 SPIN F .1
27-37 HALF-LIFE (s) El1.4
NUMBER of
38-41 DECAY MODE TO FQLLOW
(NMODE) I3
2nd and
seq. records
to NMODE 1-38 IGNORE 38X

39-40 MODE OF DECAY I2
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41-47 ZA of DAUGHTER 17
48-58 LEVEL of DAUGHTER Ell.4
59-69 PROBABILITY OF DECAY

TO THAT LEVEL El12.4

Twelve modes of decay are possible for each nuclide:

Decay identifier Mode of decay
1 neutron
proton

3 deuteron

4 triton

5 He3

6 a

7 Y

8 gt

9 B~
10 EC

18 unresolved EC + g*t
99 No decay-stable ground state

A shortened version of LEVDEC was obtained by deleting the
stable nuclides (half-life bigger than 1050 5} and the nuclides
with a very short half-life (smaller than 1 second) which are not
taken into account in ACDOS2. For example, for hydrogen, LEVDEC
gives:

1001 o. 1.0 .5 1.000E+SI 1
. 99 0.0 0

1002 0. 1.0 .0 1.000E+51 1
99 00 0

1003 0. 1.0 .5 .38BE+09 1
9 200230 .1E+01l
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when the new version gives only:

1003 0. 1.0 - .388E409 1
9 2003 0, J1E+01

Such a procedure allows for condensing LEVDEC from three files

to one, which reduces the running time of ACDOSZ2.
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Aggendix 2

Sample Problems

1, Calorimeter of a TFTR~upgraded reutral beam injector: copper
vs molybdinum.

2. TFTR neutral beam injector shielding walls.



-67-

Calorimeter of a TFTR-upgraded neutral beam injector

Copper

Assuming a spherical geometry the calorimeter is made of

372 kg of copper. From the "chart of nuclides®, 9th edition, 1966:

Isotope Atomic & Weightt Mass (kg)
cub3 69.1 6€8.45 117.36
cubs 30.9 31.55 254.64

Since the density of copper is 8.96 g/cm3 the volume of the sphere
is:

VOLU = 372000 = 4.15 x 10° em3
~§.96

and its radius
1/3
R = ( 3xVOLU/4x T) = 21,48 cm
The observer is standing at a distance D= 10 cm from the sphere.
The fluxes, read from a tape, were provided by a Monte-Carlo cal-
culation (MORSE) involving a neutral beam injector surrounded by

thick concrete walls (Table IV-1).

The following parameters are used:

A current (A) 65
v voltage (kV) 17¢
F beam fraction 0.5
DF duty factor 0.1
Tl length of test (h) 8
T2 length of test (h) 16

N number of test 7
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NOEGPS number of energy groups 20

NOPAS number of points after shutdown 12

IGEOM geometry designator 2
ISAB strategy designator 1
NONUCL number of nuclides 2
NF number of fast groups 2
IFLUX option on fluxes 1
IWALL option on walls 0

Table A shows the input .data deck and table B the output

listing.

Molybdenum

Assuming the same conditions as for the copper case, the only
parameters to be changed concern the sphere. Using 554 kg of molyb-

denum from the "chart of nuclides”™ 9th edition, 1966, we have:

Isotope Atomic & Weight 3 Mass (kg)
Mo 22 14.8 14.24 78.91
Mo %4 9.1 8.93 49.45
Mo 95 15.9 15.75 87.24
Mo?5 16.7 16.75 92.80
Mo?7 9.5 9.63 53.34
Mo 98 24.4 24.67 136.69
Mo 100 9.6 10.03 55.57

Since the density of Molybdgnum is 10.2 g/cm3, the volume of the

sphere is:
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TABLE

Input Data Deck for Copper

0.0000000t+gC

«650E¢52
20
12
215t 400
2
2
0.308e+1
De60CEZ¢1

1.000£-11
1.013t-34
2eb79E~L 2
1.827¢£40C
1 2

«170£¢03 «10CE ¢01 o4CEDL

«1C0F+LC «JLlE+0C 21

Saldlb el Ge2l(E+] Coa3CCFe+2
Q47G5E ¢ 1 D.E00E+1 C+3C0Es2
CCPFEP=-€5 2SC€5 1.31735f+02
CCPFEF~E3 2CGET 2.E4EET 402
wel4DE-DT 1,12E8-0€ X.0590=0¢
£.82%E-0¢ 1.234E-023 3.358F~23
C.24BE-C2 1.111E-01 1.57€6E=J1
2 3LTE+GC 2.385€+00

«2LOrefs

Lot Q0F el
1.000E41

1,0e8E=05
10 0332=(2
5,502 =01

«1€CE #3532

0.S00E +2
2.000E¢1

2.902E-0F
2.188F-02
1.108E+4GC
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VOLU = 554000 / 10.2 = 5,43x10° cm3
and its radius

1/3 = 23,49 om

R = (3xVOLU/4x )
The only parameters changed compared with the previous cal-
culation aret
NONUCL number of nuclides 7
R radius of the sphere 23,49 cm
and of course the target nuclides ID and mass,

Table C lists the input data deck and Table D shows the out~-

put listing.

Discussion of results

Thermal=-neutron activation was found in both cases to pro-
duce the dominant dose rates, In the of the conper beam dump,
the activation of ®3cu to ®4cu (12,7 h), which undergoes a g+
decay producing two 0,511 MeV «y rays, constitues the main dose,
In the case of the molybdenum beam dump, after an hour to allow

0
e 1olMo (14.6 mn) and its daughter 1 th to decay, 29

th Mo (66.7 h}

aa product of geno. becomes the principal dose-rate producer. How-~
ever, the dose rate from the Mo dump is only about 5% of that
from the Cu dump for the first 10 hours, even though the former

is 30% larger volumetrically
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TABLE c

Input Data Deck for Molibdenum

0,00000CU0E+00
D.G;UE*OZ «170E+03 «10GL ¢01 «010E 01 «2LOF+0L JLESE¢02
12
«235E( 0 «100Fe¢QC ~U00E+DC 21
7
2
0.G00E+1 Ge100QE¢2 0.200E¢1 C. 30DE+ L Dt COE+2 JeS0LE+L
0.600E+1 0.700E¢1 G.800E+1 0.300E¢1 1.L00EeL 2.000E%1

MOLY3ONUM=97 42037 53,34CE+0)

MCLYBDNUM-9E 42095 87.240E402

MOLY BO~UM-32 42032 78.90C0E+00

MOLY BONUM=-SL L2096 49.45C0F+00

MOLYBINUM-93 42098 13.E69L+01

MOLYBONUM-3E %2096 92. EOOE+03

MOLYBONUM-100 42160 SS.S70E DT
1.000E-11 aolb0E~-NT 1.125€=~06 3.059E~06 1.0€3E=-05 2+972E=05
1.013E-04 5.8¢3E- 04 1.234E-03 3,355E-03 1.033F-02 2418BE~D2
2.679E-02 5.268F-02 1.111E-01 1.576E-01 5.50L2c~-01 1.108E+0D
1.827E+400 2.307E+00 2+38EE400
b S
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TFTR neutral beam injector shielding walls

Assuming the test cell a spherical cavity, the inner radius
can be determined by conserving the interior surface of the para-
llelipedic real cell (6.2 x 7.4 x 20.2 meters).

A = inside surface

2x 7.4 x 20.2 + 20.2 x 6.8 + 6.8 x 7.4

§74.32 m?

hence we have:

R=(a/ (axm)?=7.325m

The thickness used is the same as the one of the real cell:
H=0.30m
Assuming a concrete density of 2.6 g/cm3 the total mass is

TMASS= 2.6 » VOLU

g 3
a/3 . ((R+1)3 = R3 ) = 2,11 x 10" m

where VOLU =

then TMASS = 547 753 kg
distributed over the different elements as listed in Table E.

This time, the space-independent group-fluxes inside the test
cell are inputed from the input data deck. The average group-
fluxes in the walls are computed by setting: IWALL = 1 with KWALL=
0.1111 since for concrete Rw 9 cm. The input data deck is shown
in Table F. Table G is tl= output listing. The dose is almost
entirely dur to the 1.78 MeV gamma rays emitted by 2821, a product
of 27a1. Since the half-life of this product is short (134 s),

after one hour, the dose-rate due to the activation of the walls is
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TABLE E

Concrete Composition
ELEMENT % IN ISOTOPES ATOMIC WEIGHT MASS
CONCRETE % % (Kg)

1

H 16.3 H 99,985 99,97 89257.22
2

H 0.015 0,03 26,78
16

0 54.5 [o] 99,759 99,73 297723,64
17

0] 0,037 C.04 116.44
18

(8} 0.204 0.23 684,92
27

Al 2.1 Al 100, 100. 11503.00
28

Si 21,9 Si 92,27 91,92 120344,50
29

Si 4,68 4,82 6307,01
30

Si 3.05 3.26 4261 .49
40

Ca 3.2 Ca 97,13 96,89 16981,50
42

Ca 0,64 0.67 117.50
43

Ca 0,15 0.16 28,20
44

Ca 2.06 2,26 396,20
48

ca 0,02 0.02 4,20




0. 0C00QQ0E+(C

-86-

TABLE

F

Input Data Deck for Concrete

«650E402 « L7UE+C3 «100E+01 «010E+ 01}
20
12
7.325€400 CeQUUE LU 0.300€E+00 41
14
2
0.000E*] Y. 100k+1 0.200e+1 0.300E+1
0.600E+1 Ve TOOE+L 0.800€&+] 0.900E+1
HYDROGEN-L 1001 89.257E+03
HY DROGIN-2 1002 26.780E+00
OXYGEN-1€ 8016 29+T72E+04%
OXYGEN=11 BOLT 11.644E+401
OXYGEN-18 8018 68.492E+01
ALUMINI UM-L7 13027 11.503€+03
SILICON-28B 14028 12.034E+04
SILICON-2S 14029 63.070E+02
SILICON-3C 14030 42.615E+02
CALCIUN=-40 20040 16.982E+03
CALCIUM=42 20042 11.750E+01
CALCIUM~43 20043 28.200E+00
CALCIUM=-44 20C44 39.620E+01
CALCIUM-48 20048 &.200C+00
1.003E~-11 40 140E-C7 1. 125E~06 3.059L-06
1.013€E~04 5.829€E~C4 1.234E-03 3.3550-03
2.479E-02 5. 248E-02 1.111E-01 1.576C-01
1.827E+Q0 2.3C7E+CC 2.385E+00
0 1 1l.l111LE-01
8.288E-7 3.C76E-8 3.456E-8 3.951E-8
7.234E~-8 3.0436-8 4,021E-8 4,570E-8
3.860E-8 4.7190E-8 2.8%42E-8 1.378E-7
l.382E~7 71.90LE-6

»B0DE+D1

0.400E+1
1.000E+1

1.068E~05
1. 033E-02
5.502E-01

3.011E-8
3.522E-8
1.058E-7

«16CE+02

0.5C0E+1
2.0C0E+1

2.902E-05
2. 188E-02
L. 10€E+CO

4.6E4E-8
7.420E~9
8.323E-8

7
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insignificant. In fact a more accurate calculation should take
into account heavy elements which, even in small quantities in con-

crete, could significantly increase the dose.
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PROGRAM ACDCS2(IAPUT sOUTPUT»TAPES=INPUT, TAPES y TAPET o TAPEC 2OUTRLT)

S328382358 3SR s333 43000y SOBNBSICRINANIRNNNLS
SESUNN ARG I NN SN SSNSSSIIIIS ST BUSIRIINNTIBOINL RGN INNIR SIS INSES
L2} ..
. L)
(1] »8
s ACDOS? »
L) -
s & NEUTRON~INDUCEC DOSE RATE CALCULATION CODE bt
(1) [ 1]
s WRITTEN BY 6 5 KENEY AND J=L LAGACHE bad
. o
L4 AT THE UKIVERSITY OF CALIFOERNIA BERKELEY Lad
s as

a8
s [}
SLUBSINIBLININNINIINIININANIONIININIBYIIITINNIIIBINIANIINNIBINIINES
(Y YR YPY TR IR TYRY )

ACDCS? IS A STARDARL FORTRAN & CODE DEVELOPED FOR CALCULATING OOSE
RATES FRCH NEUTFON ACTIVATIC(h OF NEUTRAL-BEAM INJMCYORS.SUFFICIENT
VERSATILITY HAS ALSC BEEN JACCRFORATZOD INO THE CCDE TD MAKE IT
APPLICABLE ¥O A WIDi VARIETY OF GENERAL ACTIVATION FROBLEMS DUE TO
NEUTROMNS OF ENEFGY LESS THAM 20 ME V. FOR FUFTHEK INFORMATION
CONCEKNING THIS PROGREM, SEE LBt REPORT NO,12711 Y J=C LAGACKE.

VERIAELES ANC BRRAYS ARE OEFINED LS BELONW

4 CURRERT IN ANPERZS

act ACTIMVITY DUE TO ACTIVATION OF A PARTICULER TAPG
ET NUCLIOE BY A SPECIFIC NEUTRCN REACTION

ANL HASS ATTENUAT ION CUEFFICIENT

AVENPS AVERAGE NUMEER DF NEUTRONS PRODUCED PEK SECCND

eFa COEFFICIENT A OF THE TAYLOFR £ XPARXION CF T¥E
BULILI~UP FACTOR

BALPHL COEFFICIENT ALPHA 1 OF THE TAYLOR EXPANSION
OF YHE BUILC-UF FACTOK

BALPH2 COSFEICIENT ALPMA 2 OF THE TAYLOR EXPANSICN
OF THE BLILC~UF FACYOR

CFLUX (T4 UNIT NCRPALIZED FLUX

CF NEUTRON YIELD CORRECTION FACYOK FOR VOLTAGES
DIFFERENY FROM 150 &V

CONST (1} COKSTAMTS FOR MEIGHTING FUNCTICNS

cstn CROSS SECTICN WALUE

€s51t1) CRDSS SECTION VALUE

4 DISTANLE FROY POINT SOURCE OF SUPFaCE OF

’ SPHERE OR CYLINDER

CF DLTY-FACTOR

CIFF DIFFERENCE BLTHEED THE LBTESY REFINED GUESS AND
THE PREVIOUS GLESS

COSRAT CALCULATED DOSERATE

eosScav (3} O0SE AUE TC & CAUGHTER AT SHLTOGNWN

DOSCGT(IY DOSE CLE YC THE DAUGHTERS

posasCeld CCSL CUE TO A GIVEA PRCOUCT KITH ITS DAUGHTERS
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QosPRotLI
DOSFRLIII
Qossuntly

OPVAR

E
EN(TY
EID

F
FCOMSTITY
FF

FLUXBL
FPRINE

FXSUBY

6FC
CFS

€P
GPFLUX( I}
GPXEZ C(I)
GUESS!E

13
JCOUNT
IceP1
IcPZ
JONCL D)
IDLwWd
1EPTH
IFLLX
I6E0M
INEMPS

IORDZRI{D)
IPRGD
1548
ITAPC
ITER
WALl
KWALL

FASSLI)
[}

rULY

L

NEFTH
NELUD)

NF

KG
NDEGP &
NONLCL
MOPAS
NOTOREL DD

rp
CPTION

~100~

DOSE DUE TC A PRODUCT AT SHUTDOWN

DOSE DUE TO & GIVEMN PRODUCT ALONE

DOSE RATE DUE TO A PARTICULAR TARGEY NUCLIDE
FOR UP YO 12 DIFFERENY TIMES

VALUE OF DEPENDENT VARIABDLE IN NUMERICAL
INTEGHUATIONS

ENERGY OF GAMMNA RAY

ENERGY YALUE ASSOCIATEOD WITH A CROSS SECTION
ENERGY VALLE ASSOCIATED MITH A CROSS SECTION
BEAN FRACTION

EXPONENTIAL CONSTANTS FGR FASY MEUTRON GROUPS
SHAPE FACTOR FOR THE FLUXES IN THE MALL
METIGHTIRG FLUX AT A SROUP BOUNDARY
EVALUATED VALUE OF THE DE'!VAYXVE OF THE
TRANSCENDENTAL EQUATION FOR

EVALUATED VALUE OF THE TIANSCEIOENTAL EQUATION
FOR B

ABSDRGING CYLIMDEF

GEOMETRIC CORRECTICN IN THE CASE OF AN
GECHMETFIC CORRECTICM IN THE CASE OF AN
#9SOR2ING SPHERE

GROUF E£OUADAR JES

FENM GROUP FLUXES-UF 1O 50

FEW GROUF CROSS SECTIONS-UP TC 59

IRITIAL GUES3 FOR SOLVING TRENSCENDENTAL
EQUATICNS

HLIGNT OF CYLIMER (w)

HEUTECN GROUP COUNTER

ICOUNT#32

ICOUNT 2

S CIGIY IO NUFEER OF TERGET AUCL1OE

DUMMY VARIABLE FOR ADVANCING DISK FILE RECOKDS
COUNTE P FCF INTERPEDIATE NEUTRCN GROUPS
CPTICK ON THE WAY TC INPUT THE FLUXES
DESIGNATES PRDBLEP GEOMITRY

INSTARTANLCUS NUMBER OF NEUTRDNS PRODUCED PEK
SECOM

MOLDING ARRAY FOR PROOULY AUCLIDE I NUMBERS
PFODUCT NUCLIDE COUNTEP

QPTIPA OM THE ABSORPTION STRATEGY

READ VARIABLE FOR DISX FILE DATA

ITERATION COUMTER

OPTICK ON T PLACE OF THE ACTIVATION
INVERSE OF THE RELAXATION LEAGTH OF THE MALL
NATERIAL

NUMBER OF XILCGRAPS CF A PARTICULAF NUCLIDE
ATTENULTICN COEFF ICIEAT

PLLTIPLICITY OF GArma RAY

hUNIER OF TESTS

NUMBEF OF INTERMEDIATE MEUTRCK GROUPS
NUMBER OF E2 (2 PAIRS

NUMBER OF FASY NEUTKON GROUPS

NUSBEF CF GROUP BOUNDARIZS-UF TO 51

KUNBEF OF ENE RGY GROUPS=UP T( S0

NUMIZE OF TARGET NUCLIDES=UP TC 30 PER RUN
NUMBLR OF FOINTS AFTER SKUTOCWA-UP TD 12
HOLOING AFEAY FOR PRODUCT RUCLIDE NUMBERS THATY
HAVE NCT PEEN RE~-ARRANGED IN ASCENDING DRDER
NUMBER OF ENCRGY-CROSE«SECTICN PAIRS
VARIAELE TPAY DETEFWINES MFEYHER QF NOT AVERSS
MILL BE CALCULATED BY ACDCS (R FEAD FRCM A
DETA CARD AS FRE~DETZPMINCD JKRFUT
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PARSUY
FRODHL (T4 )
:lODNU (Ir ¥

REALOUM
Souv

STAFS (XY
STOPRLITY
STOTACIZe )
SumMaCc ()

SumMi1

SUMLEL
SUMINT
SYSLCTLD
SYSDOSE (I}
TARMLS

TEMFS
TIMACT(I4 Jo KXY

ZINCR

IRANE
ZRUMER
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PARTIAL SLP IN NUMERICAL INTLGRATICNS
PFODUCT NUCLIDE MALF~LIFE (S2

5 DIGIY XD MUMEER OF PRODUCY MUCLIDE

RADIUS OF MCROGENEOUS NON-ABSORBING SPHERE CR
CYLINDBER (M)

REAL DUPMY VARIAGLE FOR ADVAMCING DISK FILE
RECORCSE

DOSE RATE SCURCE STRENGTH CIVIDEC 8Y THE
UNIT DCSE RATE FLUX

SPECIFIC TIMES AFTER SHUTDOW (H)

HOLOIAG APRAY FOR PRCOUCTY NUCLIDE ID MUMBERS
HOLDING ARRAY FOR PRCOUCT NUCLIDE ACTIVITIES
SUN OF ACTIVITIES PRODUCED FFOF A PART ICULAR
TARGET NUCLIDE FOR UF TO 12 CIFFERENT TIMES
EXPONENTIAL EFFECT OF TESTS 4NL PAUSES ON THE
SKITDCWN TIPE ACYIVITY OF A SPECIFIC PROCUCT
NUCLIOE

RUNNING SUr OF AVERACE CROSS SECTICKS

FESULT OF NLPERICAL INTESRATIONS

SYSTEM ACTIVITY FOR P TO 12 DIFFEPENT TIMES
SYSTik COSERATE FOR UP TO 12 DIFFERENT TINMES
ATCHIC MEIGHFT OF TARGET NUCLIDE (AMU}
TEMPORARY STIRAGE FOR 00 LOOF SUMS

INCUCEL ACTIVITY AS A FUNCTICMN OF TARGET
WUCLIDE,REACTIONs AND TIME

TCTAL MUWBER OF KILOGRAYS OF THME TARGET
LENGTF CF TEST ()

LEAGTH OF PAUST (M)

YOLTAGE (xv}

VOLUNE OF THi SOURCE

DELTA E USED IM NUPERICAL INTEGRATIONS
LATEST REFIMEL GUESS FOR B

INJEPENDENT VARTABLE OF THE TRANSCEMIESTAL
EQUATICN FCR B

INCREMENT In ENERGY USEX In AUPERICAL
INTECRATIONS

VAKIAELE FOR AUCLICE NE4ZS

NUMEFATOR In THE TRANSCENDEANTAL EQUATTCN FOR B

DIFZASION TIMACT(30422,123,SYSACT(12),SUMACT(12),S5Y5DIS112) FPCOML
{30443} +PRODNUIID413) ¢DCSSUNIZI2Y ¢ ZNAP1(30)STAFS(12)4BF . UXIS0) 10N
4D (30 VeGFXSECIED D« PASS{IQH »GPFLUX (537 ,6PI53) INAP2E3DY

DIMENSION CONSTH50).FCONKST(SQ}

DIMENSICN DOSNUC(13)+DOSEGT{I3).D05PRD(13)

COFMCN Ag YeFeOF 4 TEoT2yNsRolat«CFTION, IGEOM, 1548

REAL INSNFSMASS

CALL INFUTINONUCL ¢NOEGPS o AOFASNEGWNF)
CALL ARAY INIBFLUXAINAML ¢TOHD ,PASS+STAFS:GPoNDEGFSNCNUCLy NCFAS KRG

¢TPASS20822)

1FtDFTICN.ED. 0, 0CCBLEOY GC TC 3

AVEAFS=CPTIDN
WRITE(6s20)

20 FORMAT{3H1440RTHE FCLLOWIMNG DBT4 HIVE BEEK ENTEREC INTO MEMCRY /4

VLGN FEBLEENIISNRISIRASIIIICR RIS NINTLINISNPENIBINID, /)

6e TC 2

1 CALL SCURCE TAVE MPS)
2 CALL GAFLUX (AVERFSHOZGPSoGPFLUXK 4 BFLUX)
CALL WIFLUX (BFLUX#GPoCONSTFELASTINOEGFSe N a NG )
CALL ACTVATITIMACTSYSACToSLPLCT OGP FLUXyPFOONU oFRCDFLAGPXSEC,ICNC,
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SMASS s STAFSeGPoCONSTe FCONST o BFLUX ¢NONUCL s NOEGPS oh OFAS (NG, NF §

CALL DOSRTE LT INACToPFODNUWAONUCL v NOPASSD0SSUMNsSYSDOS, TOND+STAFS, PR
+0DHL «DOSNUC,TMASS ,00S DG ¥4 DOS PROY

stoP

END

1131213224,322321338,3233352330232222221,3242324231,3234243223.2112314123.322111318
T 11119 14114999 400199 T e 1T AT T AT At 191410979, 909949394¢


http://iimm.liiiimi.uiuiui.il

OO Ao

-103-~

SUBROUTIME INPUT (NCNUCLyNJEGPS, HOPAS, NG o NF)

THIS PROGRAM IS USED FCR ENTERING CVARIABLE® DLTA INTO MEMORY

ARGUMENTS YNeNONE
ARGUMENTS DUT ~NONUCLoKOE G 5 s NOPAS¢NG o NF

COMMON BeVoFoeDF o T JeT2oNe Ry DoHeOPTION IGEOMISAB
READ (54611 OPTION

1 FCRMATLEL &L, T)
¢ lg(DFYION.NE.Q.IDDOUOBEDOU) GC TC B2

READ (591) AoV oF yOF T1eT2eN
FDRH"‘E(EID-JI?X)'ZJ’
READ {5+ 2% NOL G

FORMAT(IZY

READ (5421 NOPAS
BERRAT IS B % R OIS
READ (5221 NOHLCL

READ (5427 NF

YR ATH T R T
63 FCRYATIZIELD.342X)41I)
55 1c 3

TE{G2
MAT (1H1 +48HTHPEL FOLLCWING DATA HAVE EEEN EATLRED IKTQ *EWOAY /.

.th BRIV RIRSAIIAIIGIININEINESINNNLNIRLIBIRIRY, 7))

WRITE(6 ¢21)
21 FORMAT (1nGo BSHAMPERE 5 KILO-VOLTS BEAMFRACTION QuTYFa
Ta

+CT0R rz
+E0s 083 WRITEC e.1s» AyV,Fy0F g TLsTE N
R A B R e M B B R I M W I S U S NP A
+
1€ (OPTION NEy 0s DOOOCTAT WRITE {6y €58 T1,T2,N
65 FCRHAT(IH,E5HY vannnss ssssysan LXFTYTTYY
983 6N 4 2(EB o3 o3X) 4134 7/7)
WRITEL6:22) WOEGPS

LY

o
o

s

22 FORMAT(IN +39HNUMEER DF EMERGY GROUPS=NOEGPS o124/}
WRITEC(E47E) NONUCL
75 FCRMAT (1H ¢ IFHNUMEER OF TARGET NUCLIDES=~NONJCL WI24 78

WRITE16+23) NOPAS
23 FORMAT (14 o 3FFNUNEER OF PCINTS AFTER SHITDIANNCPAS 412, /)
(3
I R L L (PR T NI PR
L (ISABLE 0y 03 WRITE (6831
83 FORMAT(1X,3EAY0Y ARE USING A WOW-ABSORBING SOURCE,/)
IFAISABYE Cod) WRITE(E S
B4 FCRMAT (1K ,33HYOU ARE usruc AN ABSORBIMG SGURCE /)
F (IGEOM. EQ o1 INRTVE (6, 85)
85 FORMAT (3K B ANTHE LOUBLE 1S A PDINT-SOURCEs/o 42 THE OBSERVER IS ST
¢AKDING AT & JISTAMCE D= ,E 30s3423H METERS FRO® THE SOUFCEs #)
IF{IGEOM EQ.2 INRITE(686) ReD
35 FORMAT{1x.23HTHIE SCURCE IS A SPHERE ¢/437H 175 RADIUS I5 K=oE10.3,
#TH METERS o/ 442H THZ O25:RVER IS STANDING AT A DISTANCE 0= ¢E10.3,39
- bd
RN R I T A THR Sl
87 FORHAT{1X,25HTHIS SCURCE IS5 A CYLINDER,/y21TH 17S RALIUS IS R=,E10.
4% yTH MEYERS o/ e27F ITS HEIGHT IS kssE10,3y TH METLRS, /5454 THE ODESER
SVER FLCES THZ AXIS AT & LISTAMCE Do oE4G43¢74 SETERS,/Y
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IF{IGECH. EQ O INRITELL.883RH
08 FORMAT LAX<ISHTHIS SCURCE IS A SPHERICAL CAVITY./,27H ITS RADIUS It
+ ReeE10430TH METERS: /916h ITS WIOTH IS MeoE20,34TH METERS o/, kM TH

*cORSEAYER, IS AT THE CEMNTER OF THE CAVITY./)
WRITE(S, 72} NG

72 Fﬂll‘f(lﬂ « JINNUNEER OF GROUPS BOUNDARIES-NG 12471
WRITEIG TE) NF
76 FORMAT (1M o+ SPRNUMEBER OF FAST MEUTRON GRQUPS-NF w12y 2y

IFLDPTIONSNE. D DUNOGON) WRITE (G 66) OPTION
66 FORMAT(IN +MOMAVERAGE WUMEER OF NEUTRCNS PRUDUCED PER SECONDL4X.E3

.!Fh",

(OPTIONME. D, DORQOE+OLICO TO 64
IF(ACLELD0) GO YC 3E&
IF(YalTeI0e0.0R,¥.GTo300.0F GC TO 37
iF(F.LE.I.O.DR.F.GT.:.B) GC_J0_38

ClAFLLE, G 02 0R,DFGT.4,0Y GC 7O 39

6% IFITA,LE.DeD) GO TO &0

TF(T2.47.0.0) GO TO #1I

NG 42 X=1,993

IFINSED.K)} GD TO &30

gurznul
&30 DO 45 «=I,50
IFINCEGPS.EQ. %) 60 TO &€0
45 CONT INUE
60 ¢ 5

~n

L)

vsd pe W7 Kz1,18
FINCPAS.EQeX) GO TO wBC
7 CONT IMUE

GD 10 1C

#80 IF{IGEOM.EC11G0 TO €0
IFLIGEDF.EQ.21G0 TO B
IF(IGLOM.EQ.33GD JO 82
TF(IGEOM.EQ.6IGC TO 80D
60 TC 67

80 IF(ISAB,EC.0IGO TG 7C
TF(ISARLEQ.11G60 TC 70
GC TC 81

70 JE{RALTA04050E.DCLT, 0.0 GC VO 49
PP (RBuGEE 8. vy w0 To S20
50 COM INUE
G0 TG 11
9 NRITE{E+1 &)

12,FORIME Ll BMERCERE ATCRR G0N0 TV BRI R LSRR S AR s

STQP
10 WRITE (6414}
16 FORMAY (1M s 318HPRCGPAN *ACDCS* ABORTED=NUMSER OF POINTS AFTER SHUT

:Eﬂ?lﬂl MUST 2% INTEGEF ANL LESS VHAN OR EQUAL To 32~RECHMECK THIS 027

STLP

31 WRITE(E,17)

17 FOFHRT (2u (9EHPROGRE® “AC[0S* AIORTED=MUIM2IR OF NLCLIDES IN SYSTEY
oMUST EL IRTEGER AND CESS THAN OR EQUAL TC 5C§
STCP

36 MRITE(H.52) .

52 FCh™AY (1M SBINPRCGRAY *ACICS* ABOKYEO-CURFZNTY PLST BE GIEATER THAN
¢ 0 AMPERIS=RECHECK ThIS OATA)
sToP


http://IFOiCEGP5.E0.lt
http://IFfISte.ES.llCO

=105~

37 MRITE(L.53)

$3 FORMAT (1M ¢89HPROGRAM “ACLDS® ASORTED-VOLTAGE MLSY BE &ETNECK 38 4
oND 300 KV INCLUSIVE-RECHMECK THIS DATA)
svTor

[
1 Se
i: '5‘15*?!” :uvnnccnn CACOOS® ASORTEQ~QEAMFRACYICN MUSYT BE CREATE
SR THAN O AND LESS THMAN OR FQUAL TO 1.0-RECHICK THIS DETA)
sTOP

3% WRITE(L,55)
5 FORMAT (1M +10THPRCGRAN *ACDOS* ADDRTED-DUTYFACTCR MUST BE GREATER

*THAN D,0 AND LESS THAN CR EQUAL TO 1.0-RECHICK THIS DATA)

»
w Hfetss0
5¢ FDRMAT t3H (TONPRULRAM "ACLOS® ABQORYED=MILSE LEMCTr MUST BE GREATER

eTHAN 0, 0~RECHECK THIS DATA)

sToP

AL NRITE(B,ST)

- - -

7 FETA Aol R PR AELEE (AR TRGRAUSE LeneTh WSt ne cReeTex
sTQP

sl WRITE(G.508?

58 FORMAT (IX o lDWKPRCGRAM *ACD05" ABORTED-NUNBIR O
¢TEGER AND LESS THAN OR EOLAL TO SP-RECMELK THI
stToP

«9 WRITE(bVeTY

60 FORMAT (1M 41D HPRCGRZ® *A(DOS® ABORTED=-R MUST Bt CGREATER THAN CR
YEQUAL TG 040 AND O GREATEF THAN (.0=RECFECK THIS GATAY

£ O ot o

sieP
77 NRISE(E,TH)

7!.525*46(b?n:agE:gSGReEIglgsvi; A3ORTED~M MUST 8E GREATER THAN OF EC

svor

67 WRITE(E.6L)
68 FCRMAT (18 ,BE4PRCGRAT *ALCDS® ARDRTED~IGEOW MUST BE 3,243,0R &-KECH

+ECK THIS CATM)Y
4
B2 anriuvaz:
82  FORMAY (1M 4 6) HPROGRA™ "ACLOS® A3ORTZO-JISAB 9UST BE 0.0R 1-RECHECK
¢THIS DATA)

510 ig‘FupRN
(1%
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SUBRGUTIne AFAYIMEFLUK ZNAPL sTONGyMASS (STAFS 4P NOEGPSs RONUCLWNCP
CAS hGoTHRSS, 2NAFZ)

c
CTnIS ERCGRAM 1S USEC FO- ENTEHING ®4FRAY" DATA INTC PEMORY

ARGUMEATS IN-STAFS,NOZGT SNCNUCL oNOPASING
ARGUEPITS QUT=BFLUKZNLFL , IOND. PASS oGP

00O 00

DIMENSICH BFLUXCND GIS )e ZNAPLINCNICL) s TONIUNGNLCLD o+ MESS CADNUCLYWST
¢AFSINCFL5) GPINGDPZNRANH2 INDALCLY
FEAL MASS,RWiILL
CCMMCA b oV oFaDFeT1eT2eheFoloFesOFTION, IGEDY, ISAE
RelBlE e {STLFSTITYI=1,NCPASY
w FOFPLT (2 LE1D.3422D)
DC 7 1=2,NCNLCL
RELTI548) INEZMILT)IZNAM2UT)LICNO (XD 4MASS (]}
FORMAT (282002XoIC02X0E206.2)
CENTINGE
FEAC(S 4= PEGP (1) 4T=1 NG
CC 80 I=2sNINLCL-1
ICFIN=1000(I)
IvIn=l
DC 90 J=Iei,NCALTL
IF (IDMIA,LILIGHRC(UIIGD 10 o0
ICHMIN=IINO L)
I IN=y
97 CCATIALD
IF (ILER.IFINY GC TO 2f
IDTEHP=ICNC( D)
IDNCUI = IDNO LT PIND
JONCUIPINI 2ICTENF
TeMPP=KASS (I
MESSUIN=PASSLIPINY
MLSSCIMINY STEMPY
ZLTEFRP=IHAML (1)
INGPILI=ZI2PLLIMIN)
ZNAFL{ZMINISZATE PP
22TEMP=ZAE MR (1D
ZNAPZEIV=2NE M2 LIMIN)
INL P2 A ININI=22TE ¢P
8] CORTINE
KRITE (€4 0&)
8+ FORPLT(/41h J33FSPLCIFIC TIMES AFTER SHUTDIWM k), /)
DO 3J& Iz1¢NIPAS
WRITe (€.3S) IL,STARFSID)
35 FURPAT (1F o HTIMEQ1¥elCe1024E2043)
3e CCANTINLE
FEEC(S542C) IFLUXIMELL s XMALL
10 FORPAT 2 IIZo1Y)ecdie3?
WEITE (L. 212)IFLLY
11 FCRMAT (/7.28H OFTICN ON THL FLUKES=IFLUX=412)
JFIIFLUX JEC, LYMFITI (5,12
22 FOFPAT (13w THE FruxeS WILL 8F 2AD FRCM THE INFUT)
IFCIFLUX LEQ. I WEITE (6ol D)
13 FOF~LT (3€r TYE FLWES WILL BT READ FRCY TASE 8)

~ =
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IFCIIFLUACNE 1) AND S LIFLUXWNELD))GO0 TC &€
WEITZ(Eo 2L DIWALL
1 FCRMAT (/4694 CPTICN ON THE PART OF THE RCO® WHLRE ACTIVATION./,39w
» TANES PLACE~IWZLLz+22)
IFUINALL JEQe DI NRITE (64250
15 FORMET (7w ALTIVATION OF Ah CRJECT PLACED INSICE THE ROOH)
JFLINALLOEQ.LIWFITE {6418)
16 FORFPLT(1Eh ACTIVATION OF TPE ML LLS OF THE ROCHM)
TFCOIWALLONE o D) aAND o (TWALLeNESLDIGO TC &1
GC TC(17428) CIFLUXLY
17 REAC(S % J(RFLUXUIY o123 4ACEGPS)
GO TO 19
14 READ(A+«)(BFLUX{I) s Iz14NCEGPS)
13 GO TO(25421) (INLLLeD)
21 RReR®KWALL®1L0.
DK=C®KhALL®*1(0.
FFzI%RK® (1= ( (FReLKI/SINF IDKI DK /TANMLOKY )/ ( (RK4EK )O3R ®0 3}
00 22 I=14NDEGPS
BFLUX(I)=FFe8FLL (I}
22 CCANTINUE
MRITE (€427 IXKMALL
25 FCRPAT(/7/7452H AVESBGE UMIT NCOPALTZED FLUXES IN THE WALLS txWaLL=
+4£1003410)0/)
GC TC 2«
20 WFITE (6,27}
27 FCRPET (/7774394 UNIT NCRMALIZED FLUXES INSIDE THE ED0%./)
2~ DD 2 I=1.MGLGPS
JTNDEGPSelal
WEITE (€0 2801 ,2FLLX(1D)
29 FCFMIT(EF GRCUFoIXsT2e1UXeE1iau)
32 CONTINLE
WEITE(E.?3)
73 FORMET (777 41F $2ZHCROUP ECUNCARIES (®EV) /)
WRITE(Es "L} I,6P (NG4+1=T),Iz24K5)
T FORMAT(Lr (BHIOLMDLAFYaX,I3,5X, 5214 4)
WRITE (Es 29}
23 FORPAT (LE o777 ¢1F o 10X  AHNEFE o1 DYy FHI0-NUMAER yu X, 8 FHASS(KG)Y 4 /7)
DO 30 I=1.KONUCL
WRITE (€ 31) ZNLFI(IDSINAPZITILIDNO (T)4MASSC]Y
31 FOFFAT (1X,2810+54415.5K4EB83)
30 CCATIANLE
THASS=C.
OC 5C 1=1,NINUCL
THL ES=TMASSe PASS (D)
59 CONTIN
%RI1TE (6.25)
23 FCFPAT (/77 ¢55X ¢25HLECINS IS NCH RIADY TO FUN /455y, 2548030200000 s
XL RIS LI Y TN
GC TC 2¢
40 WRITE(E.2)
42 FCPFPAT (/7.€3% PRCGRAM *ACDOS*® ABORTED-IFLUC SUST 8f 3 DR 1-RECMECK
¢ TWIS CaTR)
STCF
o1 WRITE (€443)
43 FCEFAT(/7,€34 PFCGRAM *ACDCS® ABORTED=IWALL MUST 3E ) OR 3-RECHECK
+ ThlSs Datd)
STOP
26 RETLFN
tr
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SUBRDLTIA: SOURCE (4 VENFS)

CTHIS FROGAAM CALLULATES THe SCURYE NEUYRON PROJJCTICN RAYE

c

<

[ ARGUME NS IN-NONL

c ARGUMC TS QUT=AVLNRS
c
<

REAL INSA®S
CCMPON LoVoF eOF e T29F2eNo FoLoHsOPTIONs IGEOMs 1SAE
IFIVeGl a3 0.ANNLV.LE 480.0) GC TC 3
IF(VLGT 834048 NC.V.LFL18L.0) GD TO &
IF(VeGTa180: D ANC VoL EL3 (0.0} GO TO 5
3 CF=(3.,25617%V*%2.83134) /38,5
Ge 10 7
i CF=11.81725%Ve"2 ,4%206) /30,5
g€C 70 7
CF=(6,E-€E61%V**2,10122)/38,5
INSAPS={0eEWE¢aI® (LI (S, DECLISFPICFP1,0E~4
BVERLPS = INSADPSeDF
WEIYE (E48)
3 FORMAT (il 42¥ ya3HTHI FOLLCWING HWAS BEEN CLLCULATED 3Y ACDOS2,sbkM
4 Brannssinen Naanaay llll.l'lllllll.lllll..//,
WEZTE (Ev3) INRSHRS
1 FLRMAT (7/42H «S2FINETANTANLGLS MUN3ER OF NEUTRCNS FRCCUCEC FER SFC
$CND gkl J24k)
WEITi(Ee2) BVEINFS
2 FORMAT(/ 1M +~EHAVLFAGE NUMBER CF NEUTAONS PROCUCED FER SECCNCokX,
e0331.0)
RETLEN
END

~ "
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SUSAQUTIAY GFFLUX(AVEMNPS yhOLGPS (GPFLUXLBFLUX)

FROGRAY CALCULATLS LP TC E0 GROUP FLUXES

LRGUME dTS IN-AVE NFSINCIGESHBFLUX
ARGLPERNTS OUT-GPFLUX

OIVENSICH GPFLUX (AOIGPE)Y ,EBFLUM NDEGFS)Y
DC £ I = 1,NGEGPS

GPFLUK(I) = EFLLX(TISAVENFS

CCNTINLE

FETLFN

END
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SUBFCUTINE MTIFLLXUEFLUXyCFoCONSToFCCONST ¢ NOZGFS4NF (NG

c
CTHIS FFOCRA¥ CLTEFMIAMES TAk CCASTANTS ASSOCTATED WIIW THE ASSUMED

CREIGHTING FUNCT IONS

ARGLMEATS IN=BFLULX)GP NCEGPSINFoNG
ARGUMENTS OJT=COMSTL FCONST

OO0 0000

CIFERSICK BFLUXINCIGPS) yGPLNCG)»CCASTUNCE GPS) ,FCOPSTINOEGOSY
D0 10E JC=1.0G
GPIJCI=GFIJIC)®1, 00088
12& CONTIALL .
CCALCULATE TH: THIFMAL GFOUP CONSTENT
ICOLAT=2

WIDTH=(CFI2) «GPL 1)) /720040
ZINCR=WIFTH/Z24D
DPVLE=G2 :1)¢ ZINCE
262
CRY{OPVLR)®EXP (= (OFVAR/D.C28))*WIDTH
UPINT#PLESL M
DPVAR=COVAFeWILTH
CCNTINL:
CCONSTCICCUNTI=SBFLLY LICOUMTI/ZSURIRT
IF(NCECPE,E3.4) GC TO 20C0
IFINCIGPS.EJ42) GC TO 100
CCALCULATE TH 31/Z GROLP CONSTEAT{S)
ICOLAT=IC0OLNT+2
IEPTH=0
2 SumIiT=I.0
WIDTP=tGF(ICOUNT ¢1) »GPCICOUNT) ) 720040
ITACR=WILTr/ZW D
OPVEF=G2 {ICOUNT) ¢ZINCK
oC 3 I=1+202
PARSUM=[1.C/DPVARY*WICTH
SUMIRT=ZLMINT4PAFSUM
CPVAF=COVAFInILTH
3 CDNTINLE
CUNSTUICCURT )=BFLUK LICCUATI Z/SURINT
JEPTHR=IE FThe 2
NEFTH=AOEGPS =1 ~NF
IFUIEPTH.E Q. NEPTHY GO TC 1SC
JCOULNT=ICCUNTs
GO T0 2
103 ICOUNT=]ICOUNTe¢J
CTHZ 1 GRCUP FAST SFECTRUM WILL BE MATCHEC YO THE MAMWILLIAK AT YME
CGROLP BOLNCAF Y
FLUNBD=CCHST (2 YPSQRT (5P (219 XP (=(GF(2}/C.02EY)
INUPER=CGLESST=BFLUX INOLGFS)I/ZFLU XED
ITER=L
€ FXSUBI=ZMUMEF/ZLEXFILGP(3Y=-GP{2)I/GUESSI)~1) ~GUE SST
XSUei=GYESSY
FPRIME=INUPEFSLCP () =GP (21 1%EX? [{GP (3V~GP 2} /(UISSTYZIGUESSTI® 2~ (
CEXPLIGPLI)~GPI2))/GUESST)=10%%2 )1
XSEIP1=/ SUEI-FXSLEI/FPRINE

"
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75
14

wn

158
CTHE

91

92

162
CTHE
CGROU

20

25
2a

27

L]
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DIFF-AB3 {ASIIPL=GLISSL)
JFICIFF.LTLa2) CC TC 5
ITCR=ITLRes
SFLITER.CT100% GO 10 75
GU! SSI=xSBIPL
GC TC E
WRITE(E476)
FORPATIIF o11LH®***DROGRAM A20RTCO****THE TRANSCINDENTAL ECUATION
+USI0D TO #ATCH THE THZIRMAL GRCUF TO FAST GRCUP IS5 NCT CONVERGING)
WRITE (6427)
STUF
BxXSAIPL
AzBFLUXINOLGOS )/ (8% {i=EXF({CF(2)-GP(3))/B1))
CORST LI LuNTI=A
FCORST (ICOLNT) =B
Gt TO 1CCC
IF{M.CT2) 6O TC 160
1 GRCLP FAST SPECTFuM WILL 9F MATCHZC TO THi LAST 4/E GROUP
1T k=1
KGP1=NCi CPSel
INUPER=GLESS T= (BFLUY INCEEPS) #GP (NOEGFS) /CONST (ICOUNTY )
FXSLBI=ZMIMEF/ LEXPULGP (RGPS} »6P (NOLGFSI I /GUESSI ) =1) ~GUESS?
XSUEI=CGUESSI
FORIML=ZKNUMEF® (GFINGP1) «GP{NCEGPS) ) PEXP (LGP UINGF LI =GP {NOE CPS))I/GUES
*S1)/ICUF SSI= 228t X2 (IGFINGPL)~GPINDEGPSY) /GUESSI)=1124%2) -1
¥SAIP1=XSUBI-FXSLBIZFPRIME
DIFF=AS3 (XSBIPI=CULSED)
TF(CIFF.LTL0.1) GO TQ 92
ITER=ITI sl
IF{ITLR.CT.200) GO TO 25
GUES51=7SBIP:
GC TO &1
B=XE8IPL
A=BFLUZ{NDEGPS ) 7 (B*{2=-LXPL(GF(NOEGPS) ~GPINSPLIY)/E)))
CONST{ACEGPS)I=A
FCCASTINCEG?S) =8
GC TD 33D
JCPL=ICOLNT»1
FIRST OF 2 CP MCRL FAST GFOUPS WILL BE MATCHED TC THE LAST 3/t
P
JCP2=JCCLNTe2
ITER=4
INGPER=GLESSI= (BFLUXCICFLY®GE(ICFL) Z/COAST (ICCUNT))
FXSLBI=ZNUME R/ LENPLLGPUICP2)Y =G (ICPL1)I/GUESSI V=11 =GUESST
ASUBI=GUESSY
FPRIME=ZAUMEF® (GPIICPZ2Y=GFIICFLIIPEXOL(CPLICPR) =GPIICPL) I /GUESST) Y/
¢ (GUESSTI®"2% (I XPU(CFLICF2)=CGP{ICPLII/GUESELal)tnz)ay
XS3IPL=) SUBI-FXSLBI/FPFIFE
DIFF=AES IX58TPL=06LESST)
IFLOIFF.LT edet) GO 70 3D
TER=ITEFeL
IF(ITER.GT.1G60) GC TO 2%
GUESSI=sSSIP2
60 TC 2¢
WRITe (E.28)
FOFPAT {1t J116H**S+REQ(RAN APORTED®®**THE TRANICENOFNTAL EQUATICONS
¢WHICH P2TCH 576 TO FASY (P FAST TO FAST GROUPS AFE NOT CCAVERGING)
WEITI (E0 27}
FOFPATILF o7SHHCET LIKELY PRCSLEM IS UNFEALISTIC DP UNUSAL FLLY
s ANE GRCLF 801 NDAFY DaT&)
STOF
BzLE3IP:
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1000
11

12

ccaLe

21

22

CCALC
5

23

8B

15
CCALC

A=SFLUXLICFL I/ (E(L-EXFUIGPIICPII-GFITICO2)MZ/R )}

ICIUNT=ICOUNT 1

ICP3=TICOUNT}

ICF2=1CCLAT+2

COAST{ICCUNT Y= A

FLOAST(ICOUN™) =P

IFCICOLATLLQ.NOE GPSY GC TD 3(8D

ZhUPER=EFLUX (TICF 1)/ CCNST {ICCUAT)

1TER=1

6D T0 2&¢

WkITE{€+11)

FORPAT(7741H +63F INTEGHALS CF THE FITTING FLNCTICN CVER THE G
¢FOUF INTERVALS)

HRITE(Es22)

FOFMAT (L ¢7LHGRCUP LOWER BOUNDAFY U'PPFR BOUNCAFY REQUIGED INTEGR
¢AL CALEULATED INTEGFAL,/) .
ULATE TH: THIFMAL INTZIGERAL

ICOUNT=2

SUMIKNY=( of

HIDTH=(GP(2) =GP (1)) /200D

ZINCR=WILTR/Z2. 0

DPVAF=G2 L1 }4 2INCF

CO 21 Z=1,200

PAESUM=CENST (1I¥SCETIOPVAR)SEX? (=(DPVAR/0.2251)*NIDTH

SUMINT=SLMIKTePLESUM

OPyAR=DP VAF ¢ WICTH

CCNTINLY

IF{ICCUNTLETLNOECGPST GC TQ 108

IF{ ICOUNT.EQ.Z} GD 70 L6

JJI= NG~ TCCUNRT

WRITE(E, 221 JJWCPUICOULNT 1,GPCICOUNTALYB8F LUXTILCUNTY ,SUMTIAT

FORRAT (2F o2Y 9 I12952 0Z10¢ 29N eEICe3o5X 21003 49X4E10430

ICOLAT=ICOUNT#1
ULATE TFD 172 INTEGFALI(S)

SUMINT=0,0

WIO0Th=(GFCICOURY ¢1) =GP LICOUNT )N /200D

ZINCR=WIITH/ 2 0

CPVAR=GP {ICOUNT)} 4ZINCR

pC 23 I=21.203

PAISLM=(CONSTLICCLNTI/DE VAR ) *8ICTH

SUBINT=SLMINTePAFSUY

DPVAR=DPVARS WICTH

CONTINLY

JJ= NG~ ICCUNT

WRITE (Fe22) JJsGPIICOUNT ) oGP{ICOUNT#11+8F LUX(TCOLNTY SUNINT

ICOLAT=ZCOUNT+1

IFLICCUNTWLE LNEFTHe1) GO TD 4F

GO T0 1%

JJ=2

NRITLUESZE) JI oGP ICOUNTI»OP (ICOURT 22D o BFLOXNIICOUNTY «SUMINT

IFING.ED.2) ICOUNT=ICOUNT+1

SUMINT =i .0
JULATE TH:E FAST IATEGRAL (S}

WIDTH=(GF{ICCUNT +2) =GP (ICCUNT))/200.0

ZINCR=WICTHAZ.0

OPVAR=CP (JCOLNT) ¢ZINCR

0C 28 I=1420CC

PARSUM=CONSY (ICCUNTY*EXF LIDPVA =GP {ICOUNT 41} ) /FCINSTLICOUNT)I)®HICT

‘w
SLFIRT=SUNINTSPLRSLN
DPYAF=O2VAF+ WILTH

24 CCNTIMLE
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JJ=NG=ICCUNT

WRITE (E422) JJoGFIICOUNT ) sGPIICOUNT#3) SFLUX{ICOLNT) 4SUHINT
ICOUNT=ICOLNTe

JFCICCUNTLELNCEGPS) GO TO 3€

GO TO 15

JJz3

WRITE (€422) JJSCF(ICOUNT) «GP(ICOUNT#1) 4BFLUXCICOUNT) ¢SUMINT
CO 105 JC=1,NG

GP{JCI=GF(JCI/ 1460585

CONTINUE

RETUFN

END
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SUBRLUTINE QCTWATITIMACT o+ SYSACT ySUMACT, GPFLUX oF RCONUWPROCHL 4GFXSEC
¢ o JONC  PiSSASTAFS 4GPy CONST yFCONSTOOFLUNINDNUCL sADEGPS NIPAS o NG o NF)

o0

4
CTHIS FRCOGRAM CALCULATES ACTIVITIES DLUE TO NESUTRON INDLCED REACTICNS

AFGUFERTS IH-GPFLUX o SPYSECoJONO o PASS STAFS,GPoLONSTVFLONST 4BFLUX
BRGLMEATS IN-NONLCLoHDEGFSoNDPASING o NF
ARGLMEPTS DUT=TIPLLTHSYSACT,FRODN . PRECHL

OO0

CIFPENSICH JONCENCKUCL) ¢ MASS (AONUCL) (STAFSINCPAS)

CIMENEIZN TIMACT (NCHNUCL 239 ACPAS) s SYSACTINOPAS] +SUMACTINCPAS) ,GPFL
SUY TRTE GO S yPRODNL EAO%UCL v 13) o FRODHL (NCAUCLy 1 3D 4 GF (NG) 4GP XSET (NDEGH
€5y CORET INCIGPS) JFCONET (ADEGPS) 4BFLUX (NDEGPS Y

COFMMON A4V aFsOF s T1,T29NeFoLyHyOFTICNy JGF O, ISAE

REEL PASS

WEITE(€,102)

102 FCEPAT (/77 41k «S7HTHZ FCLLCWING CLTPLT ODATA AR: CALCULATEC ACTIVIT

¢ItS Ie 3C)

i=1

J=0
CIAITIALZZL FLAGS AND ARFRYS
£0 &C M=1,HINUCL
CC 40 M%=1,413
FFOCHL (MemMM)=CoCICLGLQI 0G0
FECOANUA oy #F) =  COGLGZ 40N
&0 CONTINLE
CC Ll M=I,MINLCL

TIVECT(MoaFy¥mMI =, D20

L1 CONTINLE
CC 22 JNz21yNCPAS
SYSACTIINI=SUMACT(INI=(WT

22 CCNTIANLY
XFLAG=LFLEG=C

CPANT ke iia.as

HRITE (€, 37)1STAFSUL) oK=L ¢ NCPASYH

37 FOFMAT (/ad¥ X o THTIMEIH) odXs 2 (EB030dX) 2K, 2 (E%43,2Y 1)
MRITE (€411

1 FOFPLT (1P 4125HTERGET PRCCUCY ACTITI) ACTI(T2) ACTI(TI) ACTI(T4)
¢ ACTUTE) ACTUTE) ACT(T7) ACT(TE) ACT(T9)} ACTITIT) 2CT(T1Y)
«ACTUTLI2Y)

2+ READI7,25) ITAPE,TAFMAS

25 FORPATUZEsTXKaEL114t)

JFCITAF: JED. IDNCII)) &C YO 7
TFCITAP. 6T 2ENCEIY)Y GO TO w6
CaLL PCsITes
GD TC 2.
CTRE AECVE STATEMENTS SEAFCH THE TAPT FDR A MATCAING TAFGET IO NUPMIES

e WFITL(E,=5) IDNCID)

63 FOFMLT /77 e32F ATTe NTICA-TRRCET MICLIOE AUMBER,TE,29M DOCS MOT EXI
*SY IN DATE LISREFY-THEREFORE=ND CONTRIIUTION FEQM THIS NUCLIDE IN
+DCSE CALS /7)Y

IFCITAPL LEC, IDHC (T21)) GC TC 46

i=l+1
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Call FCSITCN
CFRINY FEACIANGE
WRITE (€e A7) (STAFSIK) oX=1 4NOPASY
WRITe (Eel)
GO TO 2«
45 Is]et
CFRINY FEADIANGS
WEITE (6« ITI(STAFSIK D) 4X=1 JNCFAS)
WFITE (€t}
7 JzJel
FEAL(74%) PRCONU (T4 J) PR CLHLIT 4 )
FEAL(T7,95) NP
IF{ITAF: of Ra IONC (ACHUCL)Y ) LFLAS=?
93 FGF PAT (23}
IFLFRCCHL (10 J) 9 ETeD100DE+SD) GC TO 50
8 FORMAT [20xef1Z2.4+22X923824%)
CALL AVRAGE{CGPXSECe CINST oFCOAST ¢BFLUN WGPy NOEG RS 3NG4 NF NP )
IF(OPXSIZ(2).6T40.500E¢4%) GC TO 203
SUM1k=SUr24=C(.(
L0 11 Ji=14N
TEFPS=EXFP{~((0e693*((N=ULP*((T2*360C01#(T2%3EL 0,0 Y/PRETCHLIT)
)
SUM1A=SUPLA4+TIMFS
11 CCNTINLE
DG 12 L=2.HCPGPE
TEMFS=SUPLL® (1. 0E=26)2GPYSECIL)*GPFLUX (L)
SUM2L=SUr2A+ TEMPS
12 CCNTINLE
ACT=(MASS(II*I0C 0ol /TARPASI®E LJZT- 23 9SUNM2A® (1=EXF (=069 Y%3E0CL0°T
1/PROCH. 14001)
DL 13 ¥=1.hl a8
TIHACT (I ¢ JoXIZACT 2 ¥ (= (STEFSIKI®C,693%3E5, D/AFRCDFLIT,JI D)
SUMACT(C )=SUPACT (KD «TTHALT (I oJe X}
13 CONTIAMLE
103 WRITE(6,20) IDNC (1)« IFIX SPRCONS (laJ V3o (TIMACT AT Sox) oK1 4NCPAS)
2) FOPPET (i XedZ ol 5elNel5 e ZX ¢ 10 (EB Tyl X 42X 42138,3,2X))
RELC(7¢25) ITAFE «TAREMLS
IFLEQF (T )ahial) KFLB5=]
IF(KFLEG.fL.1) GC 70 27
IFCLFLAGEE Qo1 ANCoTTAPE (AELITNI INONLCLYY GD TC 27
IFCITAPE oEQe IGNC (NCNUCLY ) LFLAS=Z]
IFUITAP: «NL. IDNC(I?Y GO TO 27
6C TC 7
CPRINT HEADBINGE
27 WRITE(E.3THISTAFS(K) XK=2 NCPES
RRITE (€.14)
ta FOFMAT(Lr +32FH TARCET ACT(TL) ACT(TZ)Y ACTITY) ACTITY)
¢ ACT(YS) ACTITE) ACTITT) LCTUVT8) ACT(TI) ACTITID) ACT(T1i}
+LCT(TLI2))
WRIYEC(Es35) INNC(I) o (SUPACTIN),,K=1,NOFAS)
15 FOFPAT ALY ¢5XalbeSXe 10028 «SatN)o2Ns24E843u20),/27)
€O 30 K=2,NIPAS
SYSECTK }=SYSACT (K} +SLMACT LK)
10 CCNTINLE
IFUITAP: (EC. ILHC(Ie2)) GO TC 32
IF(LFLE G.1) 6C TC 186
32 CD 23 JN=pNCPAS
SUMACT(JN) =00
23 CONTINL:
IFLITA [ Ue sLNC(TI¢1%) GCL Ty 31
IFIITaP: GV IONCETe1)) CC TC &7
I=1+1
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34

CFRIN

CFRIN
31
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CaLL PCSITCN
T FEACINGS
WEITE(ELI7I(STAFS (Y ) K=1 WNOPAS)
WRITL (Es1)

J=0

GC ¢ 24

WEITE (B, 45) IDONO(Ie1)

CALL 2CS1TON

I=142

IFCITAPL (GY. IDACIIYY WRITELE«L5) IONCHI)
TFCITAPL AGT.ICND(IY) I=1¢2
T PEADINGS
WRITE(E«ITI(STAFS (K] oK=1 NOPAS)
WRITE (E,1)

J=0

G0 TO 2¢
T *EAJINGS
MRITE(E,ITHISTAFSIL 1 ¢K=1 4 NDPASY
KEITE(EN1)

I=741

J=0

&C Tn 7

CFRINT PEAZINGS

16
Sk

21

31

2
&3

WRI T (€, Suh)

FORMETY {7 /)

KRITE (Ee37)(STAFSIN ) oX=1 +NGPAS)

WETTZ (Ea21}

FORPaT i+ 412CSH SYSTE ¢+ ACT{T1Y ACTI™2) ACTITIY ACT(Tw
¢ ASTITE)Y  ASTUTEY ACT(TTY ACT{T3) ACTI(TI) ALCT(T13) ACT(TiD)
2T (T12Y)s

WRITE (ES2I(SYSILTIKY X=2,A0PAS)

FLRMET ISRy 15Y2 201833910 ) ¢ 2242CL 80 342X) )

IF(KELLG,20,) GO TO &2

RETLAN

CALL PLSITON

RELDU(T,25) ITAPL  TaFwas

IFLECT (P 1omZ W 0) RETLSEN

CaLLl FC3ITON

GO T3 W3

CALL PLSIT2(HP)

G0 TI 1213

END
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SUBRCUTIM AVRAGE (GPXSZCeCOtSTe FCONSToOFLUX s GPoNCTGPSI NGy NF 4 NP)

c
CTHI3 FROGFAM CALCULATLS FLUX BEIGHTL D GRCUF CROSS SLCTIONS 9Y AVERAGING
CMICROSCOFIC CROSS SECTION DATA

APGLME FTS IN=CONET, FCONST4BFLUX 4GP NOEGPS, NG, NF NP
ARGLHENTS GéaraC

[z Xz NeReRe Nyl

CIMENSIOM GPXSEC(NIEGFS) oCONSTINOEGFS) s FCONST (AOEGPS) «3F LUX (NCEGPS
+14GFING)
CIMENSICH CS{150343N(1500,C514201) £210201)
CINITIALI2L AFRLY GPXSEC
00 wi J¥=] NCEGFS
GPXEIC{IKI=0.0
&l CCNTINLZ
CLOAC LNERGY AND CFOSS SECTICN DATA FROM THE ACTLMFE LIBRADY
REACK(T ¢INLENLIIZCSEID (I=1 o NP)
3 FCREPAT (2 (E11leb))
CDeT=RMINE IF THEL ENEFCY OF THE FIFST ENERCY-CFDSS SLCTION PAIR READ
CFRDY Tk LCTLPFE LIEFZRY IS FELCh THL GREATESY GRCUF EDLNIARY
IFIINCLY-GP(NGYY 13%42C2va02
1C5 CALL S™CCTHIGPINE I NeCSeMPeE1.CS1aNELD
J=2
SUMINT=5.0
COETZA*INE IF Thi ENCFCY 2T WPICH Tho CFOSS SSCTION KAS MTASURED IS
CBELOW Tht NEXT™ GRIUF EQUNDARY
53 IFIEL(Z).LT4GP (3411} GG TC &1
GFXSEC(S)=0.0
J=J+l
GC TC S5¢
52 IF(E1(11.LT.GP(J44%} GO TO 51
CCALCULATE TH: GROULP CFOSE SLCTION
GPXSLClJY=SUFINT/BELUX(J)Y
IFIJ.EC.NDEGPS) GO TO 10¢€

NENESY
SUMINT =G .0
6C TC &2

51 IFtJ.EC.1) GC TC 1GC3
IFtNCECPSa6E e308M e JalladsANC ol LE« (NCZGFS-NFI) GO TG 2600
Go TO 30L¢C
1055 SUMCEL=S 0
CAVEKAGE MICFDSCCPIC CFCSS SICrION DATA OVER THERMAL EREFGIES
HWICTH=(Z21(T43)=E202)3/200,0
LINCF=RWIlTH/ 240
CPVAR=E£1 (I} ZINCF
0C 1001 xx=1.200
FAESUM=(CORSY(JD®SOFTICP VARSI DEEVPEXP(=LIPVARP L O{ £/ 0. 0251 )% (1C52
S4191)=CSI{I)I®(CAVLF-EL (L)) /7 CEL (T42)»EL1(T}) ¢CSIITIII"RHIOTH® L W0EC
SUMTZL=SLKDILSFARSL®
DPVAR=DPyAR+*WILTH
1003 CCNTINLL
SUPINT=ILHINTeSUPOL
I=3+1
GC Y0 &2
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2003 SUMCEUL=d#C
CAvERSGe MICFOSZOPIC CFOSS CECTION CATA OVER INTERPELIBTE ENSRCIES
WICTh= G A€o 13~E2 (11 /7E0C,¢
ZINC iLTHIEWD
DPVAR=EL (1) ZINCF
LO 2601 XKX=1,200
PARSLFZICORST (U1 7(OP VAR T OF €I ONIDTHOL , DEBTCILSILI el =282 (TE%(DP
CYLE = LD AR LT Add 22T NP CS2LID)
SUNCLLESLMDE L+ PARSUY
CPVAF=0P vAReWILTH
2001 CENTINUY
SUMINT=SLNINTeSUPMD: L
I=Je2
Go T0 S2
3005 SUHMDEL=D.D
CAVERACE MICFCSCOPIC CRCSS SICTYIOM DATA OVER FAST ENLRCGIFS
WICTH= (2 lTatt =320V 7200,0
ZINCR=RICTH/CaD
DPVAR=EL (IV47INCE
00 3001 K<=1,2CC
PLESUMZCCNSTIJIPEXP (LDPVAFGP (421 ) %3 ,GXEZFCONSTIJI I RIDTHO1, 066 (
s CSATT AL P~CSIMIIIO{OIVAR-EI(T NI ZHE 11T 012 =EQ (0 «CSULTYY
SUMCEL=SLPDILe FERSLM
DPVAR=DP vAPe WICTH
303: CCNTINL:
SUMINT=SLMINTSSLPGIL
Izl
GC T1C 5<
102 GFrSEC(:)=1.0845C
106 RE&D{7,51 Idum2
5 FCRPAT (1Y 422}
KETLFN
PNl
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SUBRCUTIRE SUCOTR (XS o NXL 4X24Y24HX2 4 X3o¥ 3, HL )

c
CYHIS FFOGRAF CRLELLATES CROSS SECTIINS AT GROL® BCUNDIZRIES AY LINEAR
CINT.hkvOLATION

(2]

ARGUMERTS Ir=GPohGoTNICSeNP
ARGUMERTS CUT=E14C534NE2

DO

CIMENSION XD (39452030¥202),X3(02),73(1)
K=1
12 IFIR2ER)=NZ{1}) 2061141)
25 K=K #3
GC 1O 12
12 X3ti)=021x)
YI{1p=y2 (0}
K=K 43
L=2
I1=2
GO T0 1
13 11=2
IFIX2IK)LLT, 22022} 6O TC 231
2+ 11=1141
IFEX2(K) LT, Y2 4I2)% GD TO 2%
GO "0 @~
23 ¥3(1)=x2(x)
Y3y =12 1K)
K=K 42
L=2
14 DC 1 I=l24mx2
S IFLIRciXKI=YItl3Y T34k
2 x3(L)=x2(x)
Y3(L)=Y2 (K)
L=l +1
K=K+3
IFIX=NX2 ) 55,10
3 x3I(LI=X2 K}
YILI=Y2 ()
L=y 2
[T &3
IF(K=NX2 ) 143¢20
& X3tLi=Xi Al
YICL = YBAL =20 e LEY2{KE=YI(L-2Y1/ (X2 IKYI=XB L= TN IIL)=XI{L~1))
L=y +1
1 CONTINULZ
10 AXx3=L~1
RETUEN
END
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SUBROUTINE ADVANINOMODE)

c
CTHIS PROGRAM 15 USED FOR POSITIONING TME FILE MARXER IN THE LEVDEC
CLISRARY

ARGUMENTS IN-NDMGD:
ARGUMEATS OJT-NDNE

Pooonn

DD 305 JB=1,NOMCODE
READUIT2(2) IOUME
202 FORMAT (38X,12)
305 CONTINUZ
RETURN
ENQ



=121~

SUBROUTINE POSITON
c

c
CTNIS PROGRAM IS USLO FOR POSITIONING THE FILE MARKER IN TME ACTLEMFE

CLIBRARY

ARGUMENTS IN~NONE
ARGUMENTS OUT=hDME

o000 0

READ{7.30) NP

30 FORMAT(/,413)
NPL=INTUFLOAT(NP)/3,000¢0.800)
D0 52 ICDUNT=l. NP1
READ(7+53) WALOUNM

53 FORMAT (Z13.4)

52 CONTINULE
REAL(7+S) IDUMB

5 FORMAT(71X,11)
RET URN
END
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SLBRLUTIA: PLSITZ (NP
(o

c
CT-IS FRCGRA® 35 UED FLR FDSITICKING THE FILE MARKEFR TN THE ACTLEMFE
CLI3RAFY

ARGLMLITS TN=NP
ARGUPMLATS CUT=ACAE

00000

AFL=INTLFLCATUANP /3, L2GC+0.000!
EC E2 ICCUNT=1.hE)
RELC(?,53) REBLCLYV
53 FORMAY (z 21.8)
52 CCNTINLS
KEATI?,3) IDL*E
5 FOFFETI71X,I1)
FETURN
END
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CTHI> FROGRAM CALCULATES DOS:Z
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SUBRQUTINE DOSRTEITIMACT «+PRODNJ ¢NONUCLoNCPAS s DOSSUMISYSI 0SyIDNDST

¢AF5+PROJHL +0OSAUCTHASS 2 BOSEGT, DOSPRO)

RATES AS A FUNCTION OF CCMPONENT COMPOSIV«

CIONGEGNETRYs AND TIME AFTER SPUTOONN

c
c
c
c

100

I

121

DINENSION TIPACT (NGNUCL ¢134NOPAS) ¢ PRODNU (NONUCL ¢13) oDOSSUM (KOPAS),

¢SYSDOS(NOPAS )¢ IDHO(NINJCL) +STAFSLNOPAS)  DOSDG T INDPAS) oI DSPRO(NOPAS
¢)

CIMENSIIN PRODHL (NONUCL¢13)DO5SNUC(NOPAS)Y,DOSDAU(I390i0HAL3S0}
OIMENSION NT {390 )4N®1IBD)eACTIAIDIoHALIID),HD{390),D0SPRD (390)
DIMEASICN IDEXM30)+I0AUEL30)DLEVL(3D) PRIBIIL)
COMMON A oVeF 4DFsT24T24NeReCoHyQFTIONY IGEOM, ISAB

REAL MULT

z{6 )
VBRIRIG2329) san LeamTee
¢RATES IN MFEM/He//)

DO 1 M=z14NCPAS
DO5PROtMI=Da L
DASCGTINI=0:0
SYSDOS{Mmi=0al
DOSAUC (MI=0. L
DOSSUN(MIa0. O
CONTINLD

00 101 1=1,3%0
NT(I)=0

HPL D=0

Nt =D
AC(I1=0.0
DOSPRO (I NI=0.C
HA(I)=0.0
DHA(IV=040
DOSDLULL I=T. L
CONTINUZ

D0 2 I=1.KONLCL
DO 2 J=1,13
K={1=1)%13¢J

NP IKY=TF IX (PRODNU{I»J))
HAUKI=PRCOKL (I vd)
ACIRI=TIPACT (I vJdy1)

NT(K}=IONO(I)
CONTINUE
NO=HONUCL®*13=1
D0 3 J=14NO
KTZHPL=NP(J¢2)
NTZRPZ=NT (Jed)
ITEMPI=AL(Je2)
2TEWPL=HA( v L)
D0 &4 K=1.J
1=J¢1=K

FCLLCWING DUTPUT DATA 4ARE CALCILATEL DOSE

IF(NTEMN1.6E.NP(1)} GO TC 5

HPEI¢1I=NPHT)
NT(LeL3=NT(TY
ACCIedd=2C (D)
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MATIe1h=HA (T}
CONTINUE
I=0
5 NP{I41)=NTENP1
NT1341)=NTENP2
AC{T¢2)=2TLNF3
hA (141 )2 ZTENP.
CONTINUE
Ll
IFUNPL) JNE.O) GO TO 205
Lel 1
60 70 7
205 IPASE=L
CBEGIN INTERROGATION OF Yhi LEVDEC LIBRARY
200 READ(243€) ITAPELHALFLF(NOMOOE
16 FORMAT (216+20XoEd104s13)
IFCEOF (7 heNE<B) GO TO 200
280 IF(ITAPZ.EQ.NP(LII &0 10 17
IFUITAPS JGTJNPUC)) GO PO 28
CALL ADVAN(KOMOOE)
G0 ro 206
28 IFCACILY4ZQa5.00260 TO 38
WRITE (64291 NPILD
23 FORMAT (/4334 ATTLNTION-PRODUCT MUCLIDE NUMBER,I16490H DIZS 80T EXIS
+T I OECAY LIPRARY-THEREFDRE NO CONTRIZUTION F&OR THIS NUCLIDE IN
+DOSE CALCS)
WRITE (6,370 NT(L}
37 FORMAT (Lh ,20MTHE TARGET ATOF WAS (I5e7/7)
38 Lztel
IFEAPILYLEQ.C) GO TO 813
60 TO 284
CCMECK TO SEE IF NPIL) EQUALS AP(L+3)
17T IF(KPIL) JEQuNP L1 GO TO 800
CCOMPARE MALFLIVES
333 IF(hACL) HALFLF,LT.D.8. 0R KAL) ZHALFLF.GT+1.2) GO TO 13
TFCHALFLFER 14D 1E+500ReACILILEQL040) GO TO 15
IMOOE=0
302 IMODE=IMQDE+3
CBEGIN INTEKROGATIGN OF THE LEVDEC LIBRARY
REAC(7,+300) IDEKMO» IDAUGFeDLEVEL JHULT
300 EORMAT 30X 4I2,I7 B2 1 0eE 12,00
IFCIDEKNCEa<81 NDILI=15AUER
IF(JOEKN0.EQ+7 40K+ IDEKMCoEQe9? GO TO 301
IFCLIDERMO0.EQ-81 GO 1O 31¢
303 IFCIMODS « QuNDMOGE! GO TO 304
50 Yo 302
303 IFIDLEVEL.ED.D.U) GO TO 303
CALL CURVE DLE VEL+F LUXEY
CALL CALCUDLEVEL +AC (L), DOSPRD (L ) ¢MULT oFLUXE o THASS}
6o 1O 33
310 IFCOLEVEL.EQ.0,0) GO TO 311
CALL CURVE (JLEVELFLUXZ)
CALL CALCUDLEVEL vAS 1105 DCSPRD IL ) oMULT FLUKE (THASS)
CIN ANY CASE ACD IN TWC GoS11 MEV ANNILIHATION GAMKAS
311 0D 312 18ETA=1,2
CALL CUR VE (0511 4FLUXE)
CALL CALCE0.5124£CILYoIOSPRO (LY sMULT, FLUXZ, TNASS)
312 CONTINUE
60 10 33
13 CALL ADVANCNDMODE)
CREAD THE NEXT LEVLEC AUCLIDE
30- READI7+16) ITAPE +Hk LFLF,MDHODE

¥

~ W
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IFLEOF (7 I.NELD) GO TO 304
IFCITAPI JEQ. AP (LY GO TO 313
1F(ITAP: LEQ.NP{L ¢1)) GI TO 21
IFINPLLeL ) 20201 GO TO 813
L=t 1
60 TO 283
21 (=L st
G0 TO a7
800 DO 801 IL=1,NDMDDE
READU793GD) IDEKM(IL)¢IDAUGUILY oDLEVLLIL) ,FRGBUIILY

0L gRMEINGE
802 L=L#1
IFUNP (L) JEQ.NPIL ¢1}) G) TO 802
IENG=L
810 DO 805 IP=IBEGINWIZND
IFCHACIP )/ HALFLF oGT oOuB o ANDeHA( IPF FHALFLF WL T oZ0Zs AND HALFLFANEL S, 3
¢E¢500ANILAC({IP)NE. L. 0IGO TO 8u&
G0 10 B)S
80« GO 820 IL=3.NDMODE
TFUIDEKMIIL) SEQW9) NI(IFI=ICAUGIILY
IFCT0EKM (ILT JEQua7aIRILEKN(ICILEQ.S) GO TQ 501
IF (IDEXM (IL).EQ.8) GO TO S10
60 TO 820
501 JF(DLEVLIILILEQ.T.d) 6D TO 820
CALL CURVE(ILEVL (IL) oF.UIE)
CALL CALC{OLEVLCILI2ACCIPISDOSPRDIIFIPPOIIILIFLUXE,THASSE
GO TO 820
510 IFIDLEVL (IL)«EQ.D.0) 60 TO 531
CALL CURVE QILEVL (IL)-FLUME)
CALL CALCIDLEVLIEILY 4 ACHIF]00SPROTIPY PROILILYHFLUXE,THLSS)
511 D2 B21 IBETA=g,2
CALL CURVE (0,511 oFLJXE)
CALL CALC(0.511+8C{IP)4DCSPROCIPIZPROBIILI(FLURETHASS)
821 CONTINLE
820 CONTINU:
805 CONTINUD
9G6 READ(7¢16) ITAPL HALFLFoehDMODE
IFLEOF (T I.NE.D) GO YO 308
IFLITAP: (EQo NPLIEEGIN}} GO TO BDO
60 TO 807
803 po 809 IL=1,NDMQOE
READU7,300) IDEXMCIL) +IDAUGC(ILY +ODLEVLEIL),PROBCILY
803 CONTINULZ
60 TO 810
807 IF(ITAPE (EQ.NP(IEND+1Y) GO IO 811
C=JEND 42
IFCITAPE 6T NP LIEND#LY) GD Y0 23
GO TO 290
81 L=IENDS]
GO TO 17
812 WRITE(6,29) NPIL)
MRITE(6:37) NT (L)
Lzt ¢l
JFUITAPI (GT. NP (LYY GO TC 852
GO TG 200
813 REWING 7
CHMOVE TH: FILI MARKER THROJGH THE ACTLMFZ LIBRARY ZNL FOSITION AY THE
COSGINMING OF LEVDEC
©3 RLAD{7:47) 1TAPL
o7 FORPAT (I6)
IF(EOF {7 JeNZ+0) GO TD 702
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CALL PCSITON
GC TO 483
700 ISTOP=L
L=IRASL
EGIN_JINTERROGATION OF THE LE VOE BRARY fOR PO Lt RACIDACY
E luaﬂTERS-REAE UNTIL Th ED M)HBEE"IS H.}TCHED POSSIELE ex Tve
TJ. IF(NDI(LD)JNE.G) GO TO 762
Ll ¢l

IFLLLED ISTIP¢2) GO TO 913
G0 TO 72t

702 REAO(7416) ITAPE,HLLFLF,AONOOE
IFLEDF {7 ). NE.D) GO TD 702
IFCITAPL LEQ.NDIL)) GC TO 703
IFCITAPZ 4GToND(L)) GO FO 926
CALL ADVAN(NDMOOE}
G0 TO 702

926 L=xLat
IF(L.EQ. ISTIPe1Y GG TQ 913
IFCITAPE LEQ.NDIL}) GO YO /03
CALL ADVAN(NDMODE )

60 TO 704
CCHECK THE HALF L(IFE OF THZ OAUGHTER
T0d DOHA (L)=NALFLF
IFUMALFLF.GTo1.0E¢58000 TO 704
Go 10 N5
70 CALL ADVAN(NOMOQDE b
90+ Lzl ¢t
IF(L.EQ.ISTOP+1) GO TD 913
6D 10 701
705 IMODE=0
902 IMDDé=INmODE+1
CBEGIN INTERFOGATION OF THI LEVDEC LIBRARY FOR DAUGHTER DECAY INFQ
REAQCTT(7) IDEXMOCsDLEVEL HULT
707 FORMAT (38K 12e¢7XeELlabeE12.4)
SUMA1=0.0
SumAZ=0.10
00 60 I=14N
SUMALZSUMALCEXP{=(N~TI® (T 24T29%40,693%3600. FHAILY) )
SUMAZ=SUPAZ+LXPL«IN=ZISLITL4T2)2 (0. 69353£L0. Z/DHA LYY
60 CONTINJE
= . 2i1=(De - . I3 -
NI NIIE K TR RV I B TR EL i R S R T
¢AL/{1a~ZXP (=D, €3323600,°T2/7HEL)))
IF(IOEKMC,EQ.7,0F.IJEXMC.ER.9} GD TO 901
IF(IDEKMC.EQ.8) GO TO 910
903 TF( INDDZ ,EQ: NDMODE)Y GO TO 904
GO 70 9.2
901 IF(DLEV:IL,EQ.0.D) GO TD 903
CALL CURVE (ALEVELFLUXE)
CALL CALC(DLEVEL JACDSDCSTAUCL) 4 MULT oFLUXE,THASS)
GO TC 933
913 IF(OLEVEL.EQ«D.G) GO T 911
CALL CURVE (OLEVE LWFLUXE)
CALL CALC(DLEVEL sACDDCSLAUTLY s MULT yFLUXE TMASE)
CIN ANY CASE ALO IN THC 0.511 MEV ANNIHILATION GAMMNAS
915 DO 912 2DETA=1,2
CALL CURVE (0.511% FLUXEY
CALL CALC(Ds5110,AC0«DISCAUILYSHMULT oFLUXE,TMASS)
912 CONTINUL
GO 70 903
313 RLWINC 7
NO= NCNUCL®13
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DD 815 I=14NONUCL
HRITE (64 9D ISTAFS (K) ,K=1 »NOPAS)

3 FORMET (/o1H ¢uXeTHTINEL{H) ¢6X920(EB. JriX)a2042(L 83 20 1)
WRITE(E, 400)

«0Q FORMAT {1+ o325HTARGEY PRCDUCT DOSR(TL) OSR(T2) OSRITIY DBSP{T4)
¢ DSRIT5) DSAITE) DSRITY) ODSR(¥A) DSR(TF3) DSFITL)) DSRITIY)
+0SRITL24)

D0 828 L=IBASENO
FFIAT(LY LEQ. IDNO(TYY GO TO 817
GO Y0 18

817 DO Bi9 K=z1.NOPAS
DC3 FRO (K )=DOSPRD (LI®E XP (= (STAFS (K) *0.593393500,L/HALL)Y))
TF(CHACL 1oEQeD «0)DGSIGT (K)m0,0
IF(OHATL JaNZ oD eD3DCSOGT INI=DDSDAUIL IPEXPI-(STAFSIX}*J.693%3600,8/0
CHALLIDY
DOSRUT IK)=DOSPRO {K) $+DOSLET(K)

DOS SUM KK )=DI SSUM (K] ¢JOSNUC LK)
SYSLDS (X )= SYSDOS (K) ¢205NUC (K}

813 CONTINUE
WRITE(6e20) IDNOCI}oNPLL )y {DCSPROIK) «K=12«NOPAS)

20 FORMAT (AXg 2K oI5e2XsY592X 010 (EBo4iX)52K,2(28,4342X})

815 CONTINUE
WRITE (6412)

11 FORMAT (1 26HPROOULT DAUGHTER TSR {T1) OSRIT2Y LSF(TI) DSR(T&) DS
+RUT5) DSR(TE) DSS(T?) DSRITI) DSR(T9} OSRIT10) D3UTLL) DOSR
e{ri2n
DO 618 L=IBASEWNG

IFCNT (L) «NE« JONC(I))50 TO €114
IF(NDILY «NEWCL00GO TO 619
IFLLoNE.NOISC TC €22

GO VG 618

619 WRITVECEs20INPIL) +ND L)+ (DOSDET(K}eK=1,N0PAS)

613 CONTINLE
HRITELEy Q) (STAFS (K1 yK=1 o NDPAS)

WRITE (6410}

16 FORMAT {1+ o125H TARGET DSR(TL) DSRUTZ) DSRIT3S DSRITW)
¢ OSKL{T5) DOSR(TE} OSK(T7) DSR(TA} OSRITYY LSF(Ti0) DOSRITIYY
+DSR(T12)3)

HEITE(B423) IOND(I},(DOSSUMIKY,K=1,N0PAS)
23 FORMAT (2Xo 5K o25aSXe 10028 e302X)e2Xs2(EB.342X)0/s/)
D0 822 X=34NOPAS
DOSSUM(K)=0.0
#22 CONTINUE
815 CONTINUE
WRITE (64 41 &}

ble FORMAT (77}
HRITE (64 8) ISTAFS (K) yX=24,NOPAS)
WRITE L6.26)

25 FORMAT ISR ¢125H SYSIE® DSR{TLY OSRILT2) DSRTI) DSR(T&}
¢ DSR(TS) DSFU(TE) QSRITY) OSR(T8) DSFIT3) (LSFITiL) OSRITL1)
¢0SRLT129)

MRITE(€+51)({SYSDOSIK) oX=1,NOPAS}

52 FORPAT (2Xe25Xy 10 (EN,3y1X)e2Xv21F 8 3,2X))

RETURN
END
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SUSROUTINE CALC(EACTDSFRO«MULToFLUXE.THASS)

c
c
CTHIS PROGRAM CALCULATES DOSERATE FOR & DIFFERENT GECMETRIZS
c
c
T
c
RLAL MULT
REAL MU

COMMON 4 oVoF s0FsT1eT24NeEoDsHOFTION, IGE 0N, ISAE
GO TO(11.12) (ISABL)
11 GO TD(31+32y33,34)I6504
31 DOSRAT=(ACTOHMJILYT®2.57 (L 0?3141 6¥FLUXES(D*100.0)%%2)
DSPRO=05 FRD¢DOSRAT
RETURN
CTHE ABOVE DOSZRATE CALCULATICN IS FOR & POINT SOURCL
32 VOLU=4%3 o1 bl E*LLF®100.,0%23)/3
SOU=(ACT MULT®*Z245)/(VOLUSFLUXE" &)
DOSRAT=SCU®(2*R* (Rk+D1%10000.~D® (2¥R+DI* 16080 %LAL0G((2*5¢0) 7D/ T
+iR+0)*1004)
05PRD=DS FRDIOOSPAT
RETUKN
CTHE ABOVE DOSERATE CALCULATION IS FOR & HCMOGENZIDUS NCN=ARSOR3ING
CSPHERE
33 VOLU=3.1416°((R*100,)%%2)%H%100,
SOU=C(ACT *MUL.T%2,5) /7 (VDLUPFLUXE®4a)
DOSRAT=SCU®I(M ¢D)*1 D)o P (ALDG LI (R®®21 7/ {MDI232)) e2OR ATANTLH¢L)/R
41 7{HA0) =D*1 GO0 {ALOG (14 (R*®2) /7 (D®92) 1 #2%R*ATAN(C/F }/DY)
DSPRO=DSFRD*DOSRAY
RET URN
CTHZ ABOVE CALCULATION IS FOR A HOMOGEM OUS NON-BBSOFSING CYLINDER WHERE
CTHE OBSERVER FACES THE AXIS
3 VOLUzG.® 3. 361650 (((Pen)*100.1%*3)=-{R*1L0.1#°3)/3.
SOU=TACTSMULT*2,5) 7(VOLU®FLUXE)
DOSRAT=SOU®*H*100.
BSPRD=DS FRO+DOSRAT
RETURN
[ ASOVE CALCULATION IS FOR A HOMGGENEOUS SPHERICSL CAVITY
c WITHOUT ABSORTION WHERE THE OBSERVER IS AT T4E CL NTER
12 GO TOULL k242, 42)1I6E08
4l WRITE (€, 50)
50 FORMAT (10X +36HNO SELF-ABSORTION FOR A POINT SOLRCE)
G0 10 3t
¢ THE ABOVE STATEMENTS RETURN TO NON-ABSORBING POIAT SOURCE
W2 ANI=D,0480%(E£%% (0, 4633))
¢ CALCJLATION OF THE ATTZINUATION FACTOR
TF(EaLEe 3 )0FARULGL1-(10,2%E)
TFLAECGT (3,00 ) oAND o (EoLEL (8,01} )1BFAz=D,I%2416.2
IF(EaGTa (800 BFAZAMAXL (LaOy (=2, 5% E242%4))
c CALCULATION OF THE BUILD~UF FACTOR COEFFICIENT A
IF{ELLE .2, )BALPHIT0,0E3%E=0,182
IFC(EaGT o020 001 aAND 4 (EQLE (8,01 1)3ALPNI=~D, 2% =015
IFLE«GTe (3.0)) BALPHIZ~0,0085%~04107
c CALCULATE THE BUJILD=UP FACTOR COC FFICIENT ALPHAL
IFCEeLEe (140))DALPHZ =200 032%Ee0.0ub
IFCLEaGT o200l eAMDfELEC(2.0) 1)BALPH2==0.0C1%E¢0. 017
IFCCEoGT 020003 oANO o 1EQLE o (o DY }IBALPH2=04012% -0, 008
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JFOLEoGY o Cln D)) JAND W (ESLE « (0.0Y 319ALPHZ# 0. 001257 40030
JFLE.GT. (8 D)) BALPY2=0, 0 12°E~0. 052

CALCULATE THEC BUILD=UP FACTOF COEFFICIENT ALPHA2

GO TDUkl 531¢52+521I6S0M
VDLU*E'!.[B!G'l(F'lDﬂu)“!ll!

MU:1000, *AMUSTMASS/Y
SDJ¢(ACT‘HU-T'Z.EDI(VOLU'FLLKED

CALL GEOFSPIFR,De MU BALPHL4GFS)
DOSRAT=SOUSR %100 ,%GFS*BFA/ 1,161 €

CALL GEOFSPIR¢Dy MU BALPHZ,(GFS)
DOSRAT=DOSRATHSOLYR*2004%{14=BFAI®GFS/ 2. 1416
DSPRD=0S FRO»DOSRAT

RETURN

CALCULATE THE DOSE RATE AT A PCINT QUT OF AN ABRSCRBING SPHERE

VOLU=3,1416% [(Ro100,V4%2)%4%300,

YUz 1000 SAMOSTHASS/VILY

SOU=(ACT *HULT®2,5) 7(VOLU*FLUXE}

TETAzATANIR/ (D4H/3.0)

IFCAR* AL 0, 1 6T 13./7MUTIGO TO 6C

CALL GEDFCY(RALPFLIMULTETALH,GFC)
DOSRAT=3DUP(10~COSITETA 4GFCI®IFAS (2. SMU (1, ¢QALPHINL
CALL GEOFCY(BALPR2, MU TETA4H,GF C)

DOSRAT=3 CUP(14«COSITETA) ¢GFCIBLYL «BFAY/(2,54US 11 4BALPH2 }DeDOSFAT
DSPRD=DSFRD+DOSRAT

RETURN

50 DOSRAT=S0USI1,~COS{TETAI)®(BFA/ ({1 .40ALPHLI "M Yo (1,«DOFA) /111, 9BALP

eHZ) PNUID 72,
DSPRO=0S FRO¢ DOSR AT
RETURN
CALCULATE THE DOSE RATE FOF A WOMCGENECUS A3SOF3ING CYLINJER
wHERE THE OSSERVER FACES TRE AXIS
VOLU=8e®3,1%26%( (({24H)%100,)%43)=1R* 200, 1%%31/3,
MU= 1000, *A MUSTHASS/VOLY
SDJ=z (ACT9MULT*2, 51/ (VOLUYFLUXE )
DOSRAT=(SOUPBFA® (1, =EXP {MUS (L, ¢RALPHIN®HOL 00 1) /HUZTL. ¢ ZALP LYY
S (SIUSCL, =BFA I (1 ,=EXP{~MUS(S ,+BALPH2I *H 200415/ (NUP(L . ¢BALPH2Z 1))
DSPRD=DS FRO+DOSF AT
RETURN
CALCULATL THE DCSE RATE AT THE CENTER OF A SPHERICAL
ABSORBING CAVITY
END
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SUBROUTINE GEOFSF{XeYsZ2eT+GFS)

GIVEN THE RADIUS IN ¥4 THE DISTANCE FROM THZ SURFACE IN Y, THE
ATTENUATION FACTCR IN ¥ ANC THE 3UILD=UP FACTOR COEFFICIINTS INT
CALCULATES THE GEOMITRIC FUNCTION FOR A3SORIING SPHEFZ USING AN
ANALYTICAL APPROXIMATION OF THE G FUNCTION

GFS=0.

PSPT(XeY I/X

GFSZEXP (= ({0 +342°XP72(1,4T)42,07322)%AL0G(PSP)+AMINLIIIOD «*X*Z7 (2. ¢
$T P01l ) o (Ee ITOXSZ2( 1, 4T =0,035),128,78%N*Z%(1,¢T)¢0.31E60) (14,5
EONZ8 (1 oT) 0 oQB61 o (le1THXK¥Z% (1, ¢T) ¢1,3966) o (L o72%X%Z%(1,4T)¢1,7
«L42) 1)

RETURN

END
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SUBRCUTINE GEOFCY(XsYoToZeGFC)

GIVEN TrE BUILN=UP FACTOF COEFFICIENTS IN ).
IN vo THe FEIGKT IN 2o THE ANGLE IN T4 Ca!

TnE ATTENUATION FACTCKR
wATES THE GEOMETRIC

FUNCTION FCR ABSORBING CYLINGEF USING AN  ‘PROXIFATION OF TYME E2

FUNCTION

REAL VAR, VARI

VA‘.Q =D .

VARI=0,

GFC=0.
V4aR=(14))%Y*7Z% 10C.
VAKI=VAR/COS(T)
CALL E2(VARI+RES)
GFC=COS(TI®*RLS
CALL E2{VAR.FLS}
GFC=GFC-kRELS
Rt T URN

ENJ
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SUBROUTINE E2(XsFE3)

C
CESTINATE E2(X) THL SECOND QPECIES EXPONSNTIAL INTEGRAL FUNCTION
c
¢ RES=0e
IF{X.6E.8,)50 70 33
TOL=0,0002
TOTAL=0.0
A=X

E=5 o *X
0 10 I=1.10
CALL RCYB(AyBeTOLWRESULT)
TOTAL=TOVYALeRESULT
£=3
E=BeS,
15 CONTINLZ
RES=X*TUTAL

RETURN
33 RES=ZXP(=X)®(1/(C,4Xb o247 ((2,¢X)%23))

RET URN
END



OO0 00

10

33

SUSROUTINE ROME(A+S+TOL#RESLLT?

INTZGRATE USIANG THE ROMBLRG METHOD

DIMENSION TRAP(11,11)
H=(B=£)/10,

SUM=(EXP (=A) )/ (A**2 ) e (ZXP (=B) )/ (B**2)
Xz&

DO 10 I=2410

X=X M

SUM=SUME (LEXP(~X))/((**2) )82,
CONT INUE

TRAP(1+2)=H/2.%5LM

00 2C I=iel

H=4/2

X=A oM

K=10%2%*]

D0 30 J=24Ky2

SuM=SUNR {TEXP(=X))/IX**2) )82
X=K ¢he¢H

CONTINUZ

TRAP(L4741)=H/2.%SUM

QBABQL%ifizl)=TPAP(L»IOI)01./(-."L‘l.)'(T?AP(L'IOI’-TRLD(L-I))
CONTINLE

IF (RS ("RAP(TI*LaT ez )=TRAP{IaI¢i11-TOLI50055,20

CONTINUL

RESULT=TRAP{I. 1)

RET URN

END
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SUBRCUTINE CUFVE {E. FLUXE }
c
c
CGIVIN THE ENFEGY OF THE GAMMA RAY,THIS PROGRAM CALCLLATES THE PARTICLC
CFLUK(QUANTA/CPF®*2%SEC) THAT CCRRESPONCS TO A DOSE RATE COF 2.5 MR/HP ==
CFLUKXE
c

c

[ ARGLME PTS IN-DLE \LL
c ARGUME NS OUT=-FLLXE
c
c

IF(E4Gf e CaC10oANCoE aLELD4020) GO TO
IF(EeGTea0eB20sANCeZorEel0040) GC TO
IFtELGTedeloleANCoer «LELD0.GE2Y GO TO
IFUEeCTe0eG50e ANCoZolE40.060) G0 TO
IF(EeGTe0Do0B0eANGoz oLELD4080) GC TC
IF(ELGTeCBoCBCeaNCof sl oCuais0) GC TO
IF(ECTalo250eANT e oLE Do 4CC) GO TO
IF(EeGTolat0CoANLeEsLECCAEGS) GC TO
IF(EoGToCa€l0CeBMatoeli vlallC) GO TO 9
IF(EeGTodalU00eANCZalLE0l1e500) 6C TO 10
IF(E«GTe1.500.ANCoE oL EoT4000) GO TO 11
IF(EeGTe3elICaANeE4LELELOCC) GO TO 12
IFtE«CT €oD000aANT S oLEL1(.000) GC TO 13
FLUXt=1,.,0E439
FETLEN .
1 FLUXE=ZL 953304 €a% *42,1780447
RETUFN
2 FLUXE=114€0233,22%7*%2.013€022
RETLEN
3 FLUXE=1D02€918,0975%:%%1,2€98€53
FETLFN
b FLUXE=9€ELO7.,38(3Z% **0.,477236¢
RETL&RN
5 FLUXE=112Z 8a12221% **(~-(.2674L20)
FETLEN
6 FLUXE=ESWLB2,7RI2E*EX2(E£°(=~10,9132069))
RETLEA
7 FLLUXE=1330,56920¢5% **1-1,103€0€°%)
RETUFN
3 FLUXE=20€245CBCEE®: **(=1.0004503)
RETUAN
3 FLUXE=15L€E,9C77C3*2%%(=-D.LLI10CE)
FETLRN
10 FLUXE=1549,091220% *%(=0.77G7E7€)
RETL&N
11 FLURE=1508.205757%:-**(~0.710¢€75¢)
FETLFA
12 FLUXE=1688,3€2:9C*:**(~0,7(51622)
RETLFA
13 FLUXET1EBCE,2E2874LI %% {=D 7€42757)
RETLRN
ENG

D NDUE N
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