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ABSTRACT .

A computer code has been written to calculate
neutron induced activation of neutral-~beam injector
components and the corresponding dose rates as a
function of geometry, component composition, and
time after shutdown. The code, ACDOS1l, was writ-
ten in Fortran IV to calculate both activity and
dose rates for up to 30 target nuclides and 50 neu-
tron groups. Sufficient versatility has alsc been
incorporated into the code to make it applicable to
a variety of general activation problems due t¢ neu-

trons of energy less than 20 MeV.
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Introduction

This project has originated from a need in the fusion
community to calculate dose rates from neutron-induced
activation of fusion components. In particular, the sub-
ject matter of this work revolves around the calculations
required to determine the dose rates from néutral—beam
injector components as a function of geometry, component
composition, and time after shutdown.

The methodology for solving the overall problem is
broken down into essentially five major steps. The first
is that of determining a mathematical model for the produc-
tion of neutrons by the neutral-beam injector. In prac-
tice, neufron production is not uniform but occurs during
a succession of evenly spaced pulses of short time dura-
tion. During the pauses, no neutrons are produced. An
effective steady neutron source term is generated by util-
izing an appropriate duty factor over the time duration
of the pulses. The neutron production rate is then cal-
culated on the basis of the energy and current of the neu-
tr&l beam. The second step reguired writing and solving
the pertinent ordinary differential eguation that describes
the system undergoing activation and then algebraically
modifying the standard solution to make it amenable to the
arbitrary injector test schedule and adapting the results
to multigroup calculations. With the unity-normalized
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average group fluxes assumed to be available from a pre-
vious calculation, the third step involves calculating
the flux weighted group cross sections by making use of

a library containing microscopic neutron cross sections.
Prerequisite to this calculation is the determination of
a weighting flux for use in averaging cross section data
over the appropriate energy groups. This was accom-
plished by assuming a room-temperature Maxwell-Boltzmann
distribution for the thermal region, a 1/E function for
intermediate energies, and an exponential function for the
fast neutron groups. The forms of the equations are all
known. Arbitrary constants in the weighting fluxes are
determined by integral and/or boundary conditions on the
known flux for the particular energy group in question.
With the weighting flux a determinable function of eneigy,
the required flux weighted group cross sections can be
evaluated. The fourth step involves a calculation of the
resultant activities given the neutron production rate,
the flux weighted group cross sections, target nuclide
mass and type, and the specific times after shutdown at
which induced activities are desired. The routine which
calculates activity interrogates the cross section li-
brary to find the atomic weight of the specific target
nuclide and in addition, the product nuclide and its half-
life. The fifth and final step is a calculation of the

dose rates as a function of time and geometry given the
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previously calculated activities. This last routine
interrogates a decay library and extracts the necessary
gamma ray energy and intensity information. The program
incorporates a gamma-flux-to-dose-rate function for several
simple geometries. The user specifies the type of geome-
try to be used in the actual calculations-point, spherical,
or cylindrical-on-axis, in addition to the distance from
the activated component at which the dose rate is desired.

The result of the five steps is a code called ACDOS1
which performs the activation and dose rate calculations
given the required input information. The code can handle
from one to fifty neutron groups with up to thirty target
nuclides and has an cption which allows the user to sub-
stitute a neutron source term other than that from a neu-
tral-beam injector, thereby increasing the versatility of
the code. 1In addition, the entire code is written in ANSI
FORTRAN IV which should minimize compiler compatability
problems at other user sites. Interested users should sub-
mit a written request for additional information. Address
requests to: Head, Neutral Beam Development Grour, Bldg.
5, Lawrence Berkeley Laboratory, Berkeley, California,
94720,

The end result of this project, then, is a code that
is tailored to solve injector activation problems, but
contains enough versatility to be useful in solving a
variety of general activation problems produced by neutrons

of energy less than 20 MeV.
3



Neutron Production Model

The first major step in solving the overall activa-
tion problem is to determine a mathematical model for the
production of neutrons by the injector assembly. As pre-
viously mentioned, neutron production is not uniform but
occurs during an arbitrary succession of eveénly spaced
injector pulses of short time duration. Neutron produc-
tion coincides with the injector pulses. Figure 1 depicts
schematically how this pulse-pause nature of neutron pro-
duction might be viewed. INSNPS is the instantaneous num-
ber of neutrons produced per second. Tl is the length of
time the short pulses and pauses are occurring and T2 is
the length of time in which no pulsing-pausing occurs. It
is assumed throughout the activation calculations that Tl
and T2 do not vary during the operation of the injector.

The neutrons originate from two sources within the
injector system. Gaseous deuterium that leaks from the
neutralizer and ion-source adsorbs on the surface of the
copper target located in the ion-dump and neutral-target
sections of the injector. A (d,n) reaction occurs at the
far end of the injector as D° impinges upon the deuterium.

The reaction is:

2y + 2Hem—pe3ge + 1n + Mev



In addition, a similar reaction occurs as p* impinges upon
deuteriun adsorbed on the copper target located in the ion-
dump section.

The calculation done to determine the instantaneous
number of neutrons produced per second is empirical in
nature and taken under accelerator test conditions. (1)

The expression used is:

- 4 neutrons 6 jcoulomb
INSNPS = 8.64 X IO/ZEBHJTGEE X A X 1.0 X 105/4SC80M g

F X CF

where the variables are defined as below:
INSNPS: the instantaneous number of neutrons pro-
duced per second
A: current in .amperes
F: fraction of the beam that is monatomic
CF: yield correction factor for voltages dif-
ferent from 150 keV
The yield correction factor for voltages different than
150 kevV is takén‘from the calculation (2! reproduced in
Figure 2. To facilitate the calculation of INSNPS during
execution of the program, a power fit of the form y=a¥
was applied to the points read from the curve to determine
an analytical expreésion for CF. Three different fits were
used to insure a high coefficient of determination. These

expressions are incorporated into subroutine SOURCE which
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is the subprogram which calculates INSNPS.

In modeling the beam pulses, INSNPS is multiplied by
the fraction of the time the beam is on (the duty factor
DF) to obtain the average number of neutrons produced per
second during time T), AVENPS. The short successive pul-
ses are now represented by a single pulse (now referred to
as a "test") with the same time lenéth T1 but reduced in
magnitude as shown in Figure 3. This type of pulse model-
ing is used throughout the project in connection with acti-
vation calculations. Typically, Tl is several hours. (T2,
which represents an outage period as reguired by mainte-
nance or overnight shutdowns, is also several hours in dur-
ation). The quantities, Tl and T2, and N, the total number
of tests, are variables and must be specified by the user

prior to execution of the program.
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Derivation & Modification of the Activation Equation

The balance equation for the activation of target
nuclides in the injector system is of the following form:

rate of change of _ rate of rate of

a product nuclide ~ production ~ decay .

In differential form, this equation becomes

dB(t) _ -
T =G0 - BN
where the variables are defined as below:

B(t): numbeir of atoms of the product nuclide B
AB‘ decay constant for the product nuclide B
@3: group activation cross section for target

nuclide A
A: number of atoms in the target nuclide A

¢ t group neutron flux

The solution is:

B(t) --'d:‘l)ﬂ 1-e Agt

B

This is the basic differential equation that is used in
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subsequent activation calculations. This form, however,
must be algebraically modified to take into account pauses
of length T2 in the injector test schedule as shown in
Figure 4. T1 is the length of the test, T2 is the length
of the pause, t=0 is the time at which shutdown occurs,

and tl and t2 are arbitrarily selected times after shut-~
down where an activity is required. N is thé total number
of tests. It is desiréd to calculate the amount of an acti-
vated 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 zach test prior to t=0. The total amébunt

at t=0 will thea be the sum of the contributions from each

test. For some time t after shutdown, the amount of nuclide

B will be given by:

B(t) = %&‘i 1- e")B‘TE, .
e AG- BN

i=]

This expression, however, represents only 1 group of neu-
trons. Tc generalize the relation for up to ?% neutron
groups, the calculation for B(t) above must be done for

each group, that is:
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g [ am] A
(t) KZ=1 —.ﬁa— 1 .
ZN e-{[N-:‘] ['r1+'r2]} As

i=1
For the general case of the reaction A(n,b)B, the

activity of B in Bg, t seconds after shutdown will be:

_ Activity of
B(t) Ap = Product Nuclide

B
i A0y P il - e'}‘B'Tl] e~ Mgt
K=1
i e—{ [N—i] [T1+T2] Ag (1)
i=1

Since the amount of a target nuclide (A in this case) is
entered into computer memory in terms of kilograms, the
number of target atoms "A" is computed by multiplying

the input mass by the quantity:

(1000g/kg) _ (6.023%1023 atoms/mol)
atomic weight in g/mol

i3



Equation 1 is the activation equation which is used in
ACDOS1 for calculating total activities. Note that the
equation is applicable to situations where the flux is
constant as opposed to a "pulsing" nature by the disap-

pearance of the second bracketed term when N=1.



Determination of the Weighting Flux

& Flux Weighted Group Cross Sections

In order to average cross section data over the appro-
priate energy groups to acquire flux weighted group cross
sections, a weighting flux is required. The flux weighted
group cross section TF: , can then be evaluated from the

expression:

=\ o® ¢ma 5‘¢(E)az
Az 4E

The problem was solved by assuming that the thermal region
couid be represented by a classical Maxwell-Boltzmann dis-
tribution with kT=0.025eV, intermediate energies by a 1/E
function and fast groups by an exponential function, with
all equations known except for arbitrary constants.

The decision to use this approach came in part from
results of slowing-down theory, and, in addition, from re-
sults 6f the Monte Carlo calculations which produced the
data for the sample problem. (The latter involves a neutral
beam injector which is surrounded by thick concrete walls.)
The group fluxes calculated(3) for this case are given in
Table 1. To verify the above assumptions, column 3 (neu-
tron/cm?.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. See Figure 5.

15



NOTE: The convention will be adwpted that Group 1

represents the highest energy group.

Neutrons/ Neutrons/

GP Energy Interval (eV) cmé.ev. cm2.

Source Neutron Source Neutron
1l 2.385E+6 to 2.307E+6 1.013E~10 7.901E-6
2 2.307E+6 to 1.827E+6 2.878E~-13 %.382E-7
3 1.827E+6 to 1,108BE+6 1.959E-13 8.833E-8
4 1.10BE+6 to 5.502E+5 1.896E~-13 1.058E-7
5 5.502E+5 to 1.576E+5 3.510E-13 1.378E-7
6 1.576E+5 to 1.111E+3 6.111E-13 2.842E-8
7 1.111E+5 to 5.248E+4 8.172E-13 4.790E-8
8 5.24BE+4 to 2.479E+4 1.394E~12 3.860E-8
9 2.479E+4 to 2.18BE+4 2.550E-12 7.420E~-9
10 2.18BE+4 to 1.033E+4 3.049E-12 3.522E-8
11 1.033E+4 to 3.355E+3 6.552E~12 4.570E-8
12 3.355E+3 to 1.234E+3 1.896E~11 4.021E~-8
13 1.234E+3 to 5.829E+2 4.673E-11 3.043E-8
14 5.829E+2 to 1.013E+2 1.502E-10 7.234E-8
15 1.013E+2 to 2.9062E+1 6.481E-10 4.6B4E-8
16 2.902E+1 to 1.06BE+1 1.642E-9 3.011E-8
17 1.068E+1 to 3.059E+0 5.184E~9 3.951E-8
18 3.059E+0 to 1.125E+0 1.787E-8 3.456E-8B
19 1.125E+0 to 4.140E~1 4.327E-8 3.076E-8
20 4.140E-1 to 1.000E~S 2.002E-6 8,288E-7
Table 1

16
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Inspection of the curve does suggest a 1/E type of behavior
for groups 4 through 19 since a quantity that varies as a
constant/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 2x10%ev) the curve departs
somewhat more from 1/E behavior and finally reaches a re-
gion 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 behav-
ior, it is assumed, for ease of calculations, that it does
behave 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" then a
"spread nut" distribution. The graph definitely illustrates
this behavior and for this reason the assumption of an ex-
ponential form for the fast groups appears justified. As
stated previously, the Maxwell-Boltzmann distribution 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

guantities in column 4 of Table 1, which are normalized
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total group fluxes. For example, for the thermal region,

group 20:
4.14x10-1 E
e B e 0025 45 - g,288x10~7
1.0x1073
therefore,

c =2.36 x 10-4

For an intermediate neutron group, group 17

{ 10.68
C/E GE = 3,951x1078
3.059

therefore,
€ = 3.16¢ X 1078

The determination of the constants associated with fast
neutron groups, however, is somewhat more involved. Since
the assumed form for the fast exponential is
El-E2
9b(E) =ae B where El and E2 are knowns and
E2 is the highest energy of that group, two equations are
required to evaluate the two constants. One equation re-

sults from the usual integral condition that

21



E2 El-E2 .
B - total flux for
(2) Ae dE that group
El

while the other condition results from & continuity of
flux requirement at the boundary of the two groups. Egua-~
tion 2 already represents one equation. A seéoud equation
resulting from the continuity reguirement is:

E1-E2

C/El = Ae B

where C is a known constant from the integral condition
placed on the last 1/E group. (Analysis is always done
starting with the lowest energy group). See Figure 6.

With two equations and two unknowns, the constants can

be determined by solving the resultant transcendental egua-
tions. If there is another fast group, the same method

is applied. One equation results from the reguired inte-
gral condition on that group, and a second eguation results
from a continuity of flux reguirement at the boundary with
the preceding group. The result of this method is that the
tirst exponential group is always matched to the last 1/E
group, and any additional fast groups are always matched

to the preceding fast groups. In the case of only fwo
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. PFor 1/E groups, only one equation is re-

22
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A continuity of flux requirement is used at energy
El to obtain another equation reguired to evaluate the
two unknown constants in the assumed exponential function

for group 2. This equation is:

El-E2
C/El = ae B

See appendix A for the forms and solutions to these trans-

cendental equations.
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quired as there is only one constant to be evaluated.
Since 1/E constznts are calculated solely from the inte-
gral condition placed on the equation for that group, dis-
continuities sometimes result in the flux at the group boun-
dary between two adjacent 1/E groups 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 that the integral of the
weighting flux function over the group be equal to the
total flux for that group so that the correct averaging of
the flux over that same interval is maintained. Table 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 numer-
ical value of the total flux for that group as it should.
A plot of the data in Table 2 (Groups 1-19) is shown in
Figure 7. As previously mentioned, slight flux discontin-
uities at boundaries between 1l/E groups exists. Note that
the discontinuities are greater in the region just below
the two fast groups. This is not surprising since that re-
gion deviates somewhat from 1/E but was assumed to be 1/E
in weighting flux calculations., Comparison of Figure 5
with Figure 7 shows a close resemblance as one would defin=-
itely want and expect.

During the execution of ACDOSl, subroutine WTFLUX will

determine the values of the constants associated with these

24



Group

Table 2

Flux Densities for the Sample Problem

Group Boundaries (eV)

Equation é {E)

20

19
18
17
16
15
14
13
12
11
10

1.0x10™3

0.414 to
1.125 to
3.059 to
10.68 to
29.02 to
101.3 to
582.9 to
1.234x103
3,355x103
1.033x104
2.188x104
2.479x104
5.248x10%
1.111x105
1.576x105
5.502x10°
1.108x106

1.827x106

2.307x106

to 0.414

1.125
3.059

10.68

29.02

101.3

582.9
1.234x103

to 3.355x103
to 1.033x104
to 2.188x10%
to 2.479x104
to 5.248x104
to 1.111x10°
to 1.576x105
to 5.502x10°
to 1.108x10%
to 1.827x10%

to 2.307x10°

to 2,385x).06

25

2.36x1074 Eexp
- 5837
3,077x10-8-1
3.455x1078g-1
3.160x10-8g-1
3.012x10"8g"1
3.747x10-8g"1
4.134x1078g"1
4.057x10"8g"1
4.020x10"8g"1
4.064x1078g-1
4.693x10"8p~1
5.942x108g"1
5.147x10~ 81
6.387x10"8g"1
8.129x1078g"1
1.102x10" g1
1.511x10” 7g~1
1.666x10" g1
6.62x10"13exp
{E-2.307x106/
2.42x10%)
7.07x10-10cxp

(E-2.385%106/11,184)
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assumed functions. The particular forms of the weighting

functions chosen depend upon the number of neutron groups

in any given activation problem as follows:

Number of Group Energy Form(s) of Weight-
Neutron Groups Designation ing Function(s)
1 Thermal Maxwellian
2 1 Thermal Maxwellian

1l Fast Exponential
3 1 Thermal Maxwellian
l Intermedi-
ate 1/E
1 Fast Exponential
4 to 50 1 Thermal Maxwellian
1 or more
Intermedi-
ate 1/E
1 or more
Fast Exponential

For four or more neutron groups, the user must specify the

number of fast groups, NF, so that the correct apportion-

ment of 1/E groups can be made.

With the weighting flux function known for each group,

the flux weighted group cross section can be calculated

from the expression:

- o"(E)¢(E) 4aE ¢® a&
AE

AE

29



where qb(E) is the previously determined weighting flux
function. During execution of the subroutine that calcu-
lates activation, ACTVAT, the cross section information for
the target nuclide in gquestion is read from the ACTLMFE
library, which is a subset (without fission cross sections)
of the ACTL 1ibrary.(4) The data consist of two nwnbers,
an energy in MeV and an associated cros; section for that
energy in barns. To calculate 2§=, a subroutine, SMOOTH,
first merges the group boundary values into the energy-
cross-section pair data and performs a linear interpolation
to calculate the cross section at the group boundaries.(s)
The result is two arrays,vone with energy values and the
other with cross section values. There is always a one to
one correspondence. See Figure 8 (less caption). GP(J)
and GP(J+l) are arbitrary group boundaries which initially
had no cross section value associated with them. The value
is obtained by a linear interpolation using the first value
on each side of a group boundary assuming that cross sec-
tions are linearly interpolable in energy. For two arbi-
trary cross sections, " (I) and 3" (I+1) whose values lie
within the group boundaries GP(J) and GP(J+l), an analy-

tical expression is found for the line connecting them,

using the common two point formula:

—y; = 222Xl oy
¥Y-Y; = XK1 (X-X1)



a(e)

|
l
|
I
|
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Energy (MeV)
Figure 8

.

Straight lines are connected between two cross sec-
tion points using the two point formula. The resulting
equation for the line is used as the analytical expression
for (F(E) between E(I) and E(I+l). @™(E) is used in the
evaluation of

E(I+1) E(I+1)
Ao - G7(E) ¢ (E) dE ¢ (&) a8
E(I) E(I)
where § E." is an arbitrary fraction of the total flux

weighted group cross section, ? , for the group in gquestion..
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In this case y is @ (E) and x is energy E in MeV. The

equation takes the form:

so that ¢ (E) for O (I) Zp< O (I+1) is

= o (I+1)- O (1) -
go(E) = —E@ID =B [E E(I)] + .G-(I) .

See Figure 8.

Now that an analytical expression exists for ¢T(E) and

¢ (E), the product of these two functions is numerically
integrated between E(I) and E(I+l) and the value kept in
a running sum. This process is continued, point by point,
until the upper boundary is reached. The particular form
of ¢(E) used depends upon the energy range in which the
specific group boundaries lie. For example, in the ther-
mal region where GP(J) = 1X10”5 eV and. GP(J+1) = 0.414 ev,
¢(E) = 2.360x1074 {JE ! exp(-(E/0.025) from Table 1, so

that the expression for ¢ (E) ¢ (E) is:

o) - ) [-E(I)] + O7(D)

E(I+1)-E(I)

: E
{2.360}(104 JETe 0.025

It is this expression that is numerically integrated

between each thermal E{(I}) and E(I+l). When all numerical
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integrations are completed for & spzcific group, the run-
ning sum is divided by the total flux for that group.

The quotient, @~ , is the desired quantity--the flux
we;ghted group cross section for that group. This entire
process is repeated until all energy groups have been ad-
dressed. Several test cases have been run to acquire
results for comparison purposes with another "averaging
program which originated at LLNL.(S) 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 pro-
cedure produced better results than the LLNL code.

Two 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 whnse energy
range 1s below the threshold energy. <Calculations begin
only when the energy at which a cross section value was
measured eqguals or exceeds the threshold energy. Typi-
cally, that first cross section value is located some-
where within the group boundaries at which the calcula-
tions begin. The contribution to that particular group
cross section comes solely from evaluation of the perti-
nent guantities for energies greater than or equal to the
first cross section value and less than or equal to the

first encountered group boundary. This is shown in Figuie

9.
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Figure 9
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In this example, the reaction has a threshold locat-
ed between the arbitrary group boundaries, GP(J+3) and
GP{J+4). The group cross section for group (J+3) results
strictly from the evaluation of the pertinent guantities
from the threshold value, Tv, to the first =ancountered
group boundary, GP(J+4). Even if there is only one cross
section value located 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 interpeclating cross section values at the first group
boundary, averaging calculations begin at the first en-
countered cross section value above the energy of the
first group boundary as shown in Figure 10. As a result,
a very small portion of the Maxwellian (generally below
1.15%10-10 ev) is not accounted for. However, this is
unimportant since the contribution from this part of the

Maxwellian is exceedingly small.
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Program to Calculate Activities

The fourth major step in the solution of the prob-

lem reqguired writing a standard FORTRAN program to calcu~-

late activities given the necessary information. The

code is written in a structured format form using one

executive program to call up a number of subroutines.

Variably dimensioned arrays are used where possible to

conserve on memory. The name and purpose of each sub-

routine is discussed below,

1)

2)

3)

4)

INPUT:

ARAYIN:

SOURCE:

GPFLUX:

for entering all "variable" input
data into computer memory. Error traps
are provided to check input data. All
data is printed out for user verifica-
tion. ‘

for entering all "array" data. Array
data is printed out for user verifica-
tion.

given the current, voltage, beam frac-
tion, and duty factor, calculates the
instantaneous and average number of
source neutrons produced per second
during a test. This subroutine is by~
passed if the user wishes to use his
own source term.

uses the calculated values of the
average number of source neutrons
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5)

6)

7)

WIFLUX:

AVRAGE:

SMOOTH:

produced per second during a test or
the user supplied source term and cal-
culates the average flux for each group
by takipg the product of the unity-
normalized total group flux and source
neutron term.

determines the constants £6r the as-
sumed weighting flux functions by ap-
plying integral and/or group boundary
constraints to the pertinent equations.
Also prints out the integrals of the
weighting flux functions over the.r
appropriate energy intervals for user
verification.

determines an analytical expression

for @~ (E) over a specific § E and
numerically integrates the product of
G~ (E) and ¢(E), the weighting func-
tion, over the group energy interval.
It then takes the sum of the integrated
products over the unity normalized total
flux for the same group to calculate
the flux weighted group cross section,
‘a:. :

first determines if the energy associ-
ated with the first energy-cross-sec-

tion pair read from the ACTLMFE library
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out.

8)

9)
10)

POSITN:

POSIT2:

ACTVAT:

is below the greatest group boundary.

1f so, the routine then merges the

group boundary energies into the en-

ergy-cross-section data read from the

ACTLMFE library and linearly interpo-

lates to‘find the values of the cross

sections at the group boundaries. If

not, the particular reaction is skip-

ped and the next one consideied.

for positioning the file marker in

the ACTLMFE library.

same as POSITN.

takes the following parameters and

calculates activities according to

Equation 1.

a) number of tests

b) length of the tests

¢) length of the pauses

d) number of kilograms of a particu-
lar nuclide

e) specific times after shutdown

f) average group fluxes

g) flux weighted group cross sec-

tions

The result of each activation calculation is printed

This allows the user to determine what reactirn is

the most significant for a particular target nuclide.
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Moreover, two running sums are maintained in order to
print out the total activity from the activation of a
particular target nuclide which is subject to many dif-
ferent reactions and, in addition, the total system
activity when all target nuclides have been addressed.
If, in the case of threshold reactions, the energy read
from the first energy~cross-section pair is greater than
the highest group boundary, the reactivn is bypassed and
interrogation continues. Only oneApass through the en-
tire ACTLMFE library is required since the nuclide data
is arranged in order of increasiang ZA (lbOOZ+A) as is
the user specified target nuclide information. The ac-
curacy of the calculations, of course, depend directly
on the reliability of the cross section data and the
flux calculations. At the termination of subroutine
ACTVAT, all activation results will have been stored

in memory for future dose rate calculations.
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Program To Calculate Dose Rates

The fifth major and final step required writing
a program to calculate dose rates as a function of ge-
ometry and time after shutdowri. This subprogram,
DOSRTE, accemplishes the desired calculation by perform-
ing essentially four major tasks: -

1) interrogation of the decay library, LEVDEC,
which is a subset of ENSL(G), for the energy
and multiplicity associated with each applica-
ble gamma ray produced by a specific nuclide,

2) determination of an effective particle flux
that yields a unit absorbed dose in soft tis-
sue,

3) calculation of the dose rate using the previ-
ously calculated activities, user specified
geometry, applicable multiplicities, and ap-
propriate effective particle fluxes, and

4) interrogation of the LEVDEC library, on a sec-
ond pass, for radiocactive daughters.

Provisions are made in the program for keeping two run-
ning sums of dose rate values, one for a particular
target nuclide and one for the system as a whole. The
first sllows che user to determine which of the partic-
ular target nuclides is contributing to the highest dose
rate values. The second, of course, gives the dose rate
for the entire system. After all parent and daughter
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nuclides have been addressed, the results are printed
out and the ACDO51 object program terminates execution.

Prior to performing the calculations, parent ID
numbers are rearranged in order of increasing ZA, 1000
Z+A, to match the format of nrclides listed in the li-
brary. The associated target ID numbers and parent ac-
tivities and half-lifes are also rearranged at the same
time to maintain the correct association of data. All
rearrangement occurs automatically during the execution
of DOSRTE and is a prerequisite fnr efficient interro-
gatinsn of the library.

Since the same nuclides (parents or daughters) may
result from two different target nuclides by different
reactions, a temporary holding array is utilized to store
the decay information when two or more successive par-
ents have the same ID numbers. This allows repeated
interrogation of the information stored in the holding
array when the routine finds parents with the same ID
number. The use of the array in conjunction with the
initial rearrangement of parent ID numbers makes it pos-
sible to address all parents on one pass through the
LEVDEC library. Dose rates due to each parent are cal-
culated and then subsequently stored in memory with the
correct target affiliation prior to addressing any po-
tential radicactive daughters.

After calculating dose rates for applicable par-

ents, radioactive daughters are considered. Since the
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identity of any daughters is not known in advance, a

list of such potential candidates (read from the LEVDEC
library) is compiled and stored in memory with the proper
parent ID number and parent activity affiliation. After
all parents have been addressed on the first pass through
LEVDEC, and thé resulting dose rates calcu'ated, a sec-
ond pass is made to search the library f r tHe previously
compiled daughters. Since the same interrogation meth-
odology is employed as with the parents, only one pass
through the library is required.

After finding a particular nuclide in the decay
library, parent or daughter, the first consideration prior
to calculating any dose rates is the determination of an
effective particle flux that yields a unit absorbed dose
in soft tissue. For each applicable gamma ray energy
read from the LEVDEC library, an effective particle flux
is calculated. This calculation was accomplished by
first fitting 13 curves to the data!7) shown in Table 3.
Twelve of the curves are of the form ax® and one of the
form aePX, a large number of curves were chosen so as
to accurately reproduce the data over such a wide energy
range. (As a result, all coefficients of determination
arising from the curve fitting process are in excess of
0.99.) Table 4 shows thr: results of the curve fittings.
The appropriate equation for calculating the effective
particle flux, FLUXE, is chosen according to the value
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Dose Rate of 2.5 mrad/h
corresponds to ¢°

E (MeV) QUANTA/cm2 -8
0.01 956
0.015 2,310
0.020 4,320
0.030 9,980
0.040 17,400
0.050 23,100 .
0.060 25,200
0.080 23,200
0.100 18,600
0.150 10,800
0.300 5,020
0.400 3,660
0.500 2,920
0.600 2,440
0.800 1,880
1.00 1,550
1.25 ' 1,330
1.50 1,130
2.0 912
3.0 686
4.0 559
5.0 480
6.0 420
8.0 339

10.0 284

Table 3
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Enexrgy Range (MeV)

0.010
0.020
0.040
v 0.050
0.060
0.080
0.150
0.400
0.600
1.000
1.500
3.000

6.000

to

to

o

to

to

to

to

to

to

to

to

to

to

0.020

0.040

0.050

0.060

0.080

0.150

0.400

0.600

1.000

1.500

3.000

6.000

10.000

Table 4
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Particle Flux Equation

FILUXE=21495330.64*E**
2.1759447

FLUXE=11460233.22*E**
2.0136022

FLUXE=1036918.975*E**
1.2698653

FLUXE=96497.3B032*E**
0.4772399

FLUXE=11225.12221*E**
(=0.2874410)

FLUXE=55482.78326*EXP
(E*(-10.9132069))

FLUXE=1330.569205*E**
(-1.1036085)

FLUXE=1462.198966*E**
(-1.0004513)

FLUXE=1546.997708*E**
(-0.8891058)

FLUXE=1549.091320%E**
(-0.7797676)

FLUXE=1508.205737*E**
(-0.7188784)

FLUXE=1488.362190*E**
(~0.7051622)

FLUXE=1656.852874*E**
(-0.7649757)



of E read from the decdy library for a particular gamma
ray.

The second consideration is that of geometry. Three
choices are possible. The first is a point source ap-
proximation given by the following equation for the dose

rate:

So
4TD2

DOSRAT =

So is the source strength divided by the flux-per-unit-

dose-rate as given by the formula

S = MULT x 2.5 x ACT
o FLUXE

where MULT is the multiplicity of the gamma ray, and
FLUXE is the effective phaton flux corresponding to a
dose rate of 2.5 mrem/h in soft tissue. D is the radial
distance in cm to the point where the dose rate is de-
sired. The second choice is that of cylindrical-on-axis
geometry subjecﬁ to the condition that the cylinder be
non-absorbing. The equation9 that is used to calculate

the dose rate as a function of the distance from one end

is:
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Sv Rr2
DOSRAT = ' (HT+D) ln(l+————) +
(HT+H)

_2R HT+D rRZ
HT+D ARCTAN ] -D [ln(l+ 52-

2R D
B ARCTAN ﬁ]]

where Sy is the ratio of S, to the volume in em3, D is the
distance in c¢m, and R and HT are the radius and height in
cm. The third and final choice, is that of spherical

geometry also subject to the condition that the sphere be

non-absorbing. The equation® is:

s
DOSRAT = % [ZRd - (d2-82) 1n(aR+—d)]

where 8y, is defined as above, R is the radius in cm, and

d=D+R is the distance from the center of the sphere in cm.
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In addition to the cons*xiirnt that the cylinder
and sphere be non-absoriing, the following assumptions
apply to all dose rate calculations:
1) any potential radioactive daughters result only
from ? - decay,
2) the da;ghter decays from thz grounu state,
3) the daughter radiations appear coincidently
wi~h those of the parents, i.e. have zero half
lives,
4) the daughter of the daughter is stable, and
5) dose rates due to parents and daughters with
half-lives less than one second can be neglected.
After all parants and radiocactive daughters have been
located and their éontributions determined, the results
are printed out starting with the lowest target 1D number
and progressing uéward in ascending order. For each tar-
get nuclide, the dose rate is printed out for each reaction
that occurs. and then, for the target as a whole. This is,
of course, just the sum of the dose rates due to all of
the reactions generated by that target nuclide. Finally,
after all target nuclides are addressed, the dose rates
for the entire system are printed out and the ACDOS1

object program terminates execution.
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ACTLMFE Description

The ACTIMFE library contains 20,177 lines. The

format of the file is:

Record

1

3 et seq

After
the last
line of
EN, CS
pairs

Column

1-6
7-13
14-24
25-35
36-46
47
48-58

1-66

72

zZA (1000Z+3)

Ignore

Target Mass {(amu)
Ignore

Level of Target (MeV)
Ignore

Target Half-Life(s)
Reaction ID Number
Ignore

0 value (MeV)

ZA of Product

Level of Product (MeV)

Product Half-Life(s)

Number of Energy-Cross-

Section Pairs (NP)

(EN(K), CS(K), K=1, NP)
where EN is energy in MeVv
and CS is cross section

in barns

Reaction Separator
Sentinel

Format
16

7%
Ell.4
11x
Ell.4
1X
Ell.4
I2

6X
El2.4
El2.4
El2.4

El2.4

6E1l.4

71x%, Il



The above pattern is repeated for each reaction. The

last reaction in ACTILMFE is for U240, (N,Y) .
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LEVDEC Description

The LEVDEC library contains 62,221 lines. The

format for the first record of each set is:

Parameter Format
ZA(1000Z+A) I6

Level (MeV) Fl11.4 )
Parity F4.1

Spin F5.1
Half-Life (s) Ell.4

Number of
Decay Modes to
Follow (NDMODE) I3

2nd et seq. records to NDMODE

Parameter Format
Blank 38X
Mode of Decay I2
ZA of the
Daughter 17
Level of
Daughter Ell.4
Probability
of Decay to
that Level El12.4

Two comments are in order concerning the LEVDEC
library. First, of the twelve possible modes of decay
shown on Table 5, only three are considered in dose rate
calculations, Y , P+, and ".
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Decay Identifier Mode of Decay

1 neutron

2 proton

3 deuteron

4 triton

5 He3

6 8 :

7 Y
8 ’+
9 "

10 EC
18 unresolved
EC+’+
99 no decay-
stable ground
state
Table 5

buring the interrogation of the LEVDEC library for a
particular parent or radicactive daughter nuclide, sub-
routine DOSRTE will check the decay identifier. If the
identifier is a 7, 8, or 9, the reaction is considerel.

If not, the reaction is skipped and interrogation continues.
Secondly, when the identifier is 8, (which is ’+ decay)

two annilihation Y's of 0.511 MeV each will automatically
be included in the dose rate calculations with the appro-

priate multiplicities.
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Card
No.

Variable Description Columns

Code Input Description for ACDOS1 Data Deck

Format

Any information to be ' 1-80
printed out regarding
problem

A, V, F, DF, 71, T2, N: 1-75
current (amperes), volt-
age (Kv), fraction of
beam that is monatomic,
duty factor, length of
test (h), length of

pause (h), number of
tests.

NOTE: If the user speci-
fies his own neutron
source term, A, V, F, and
DF will not be needed.

In this case:

T1, T2, N: length of test 1-27
(h), length of pause (h),
number of tests.

NOEGPS-number of energy 1-2
groups

NOPAS-number of points 1-2
after shutdown

R, D, HT, IGEOM: radius 1-37
of sphere or cylinder

(m), distance from point

source or surface of

sphere or cylinder (m),

height of cylinder (m),

geometry designation:

l-point source, 2-spher-

ical, 3=-cylindrical-on-

axis.

NONUCL-number of nuclides, 1-2
30 maximum

NF-number of fast neutron 1-2
groups; use 0.if there are
none
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10(a8)

(6 (E10.3,
22X}, I3)

(2(E10.3,
2X), I3)

I2

I2

(3(E10.3,
2%, I1)

I2

I2



10

to as
many
as
needed

from
above
to as
many
as
needed

(BFLUX(I), I=1,
NOEGPS: unit normal-
ized input fluxes

(STAFS (I), I=1,
NOPAS) : specific time
after shutrlown (h)

ZNAME (I), IDNO (I),
MASS (I): nuclide name,
ID number-1000Z+A, mass
of nuclide (kg). Maxi-
mum of 30 target nuclides
per run

(Gp (I), I=1, NG}:

group boundaries in MeV
in ascending order
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1-72

1-25

1-72

(6 (E11.4,
1x))

(6(E10.3,
2X))

(a8, 1X, IS5,
1x, E10.3)

(6 (E10.3,
2X}))



Code Output Description for ACDOS1

Prior to the execution of activation calculations,
all input information is printed out for user verifica-
tion under the following heading: “THE FOLLOWING DATA

HAS BEEN ENTERED INTO MEMORY." This information is:

AMPERES KILO-VOLTS BEAM FRACTION ﬁUTY FACTOR
Tl T2

NUMBER OF ENERGY GROUPS-NOEGPS
NUMBER OF TARGET NUCLIDES-NONUCL
NUMBER OF POINTS AFTER SHUTDOWN-NOPAS
RADIUS R OF SPHERE OR CYLINDER (M)
HEIGHT HTOF CYLINDER (M)

DISTANCE D FROM POINT SOURCE OR SURFACE OF SDPHERE
OR CYLINDER (M}

NUMBER OF GROUP BOUNDARIES-NG
NUMBER OF FAST NEUTRON GROUPS-NF
SPECIFIC TIMES AFTER SHEUTDOWN (H)
UNIT NORMALIZED FLUXES

GROUP BOUNDARIES (MEV)

NAME ID-NUMBER MASS (KG)
Quantities calculated by ACDOS1 are printed out under the
heading: "“THE FOLLOWING HAS BEEN CALCULATED BY ACDOS1."
The quantities are:

INSTANTANEOUS NUMBER OF NEUTRONS PRODUCED PER SEC-
OND

AVERAGE NUMBER OF NEUTRONS PRODUCED PER SECOND
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INTEGRALS OF THE FITTING FUNCTION OVER THE GROUP
INTERVALS

Calculated activities are printed out under the general
heading: "THE FOLLOWING OUTPUT DATA ARE CALCULATED ACTI-
VITIES IN BQ." Three sub-headings are used to display the
activation results. The first is: “TARGET PRODUCT ACT
(Tl) ACT(T2)...ACT(T12)." The second is: "TARGET ACT

(Tl) ACT(T2)...ACT(T12)." The third is: "SYSTEM ACT

(Tl) ACT(T2)...ACT(T1l2)." Above each of these three sub-
headings, the times after shutdown in hours, are printed
out to expedite review of the activation results. Calcu-
lated dose rates are printed out in exactly the same format
as activation results. They appear under the general head-
ing: "THE FOLLOWING OUTPUT DATA ARE CALCULATED DOSE RATES

IN MRAD/H." The corresponding three sub-headings are:
P

1) "TARGET PRODUCT DSR(Tl) DSR{T2)...DSR{T12)".
2) "TARGET DSR(T1l) DSR(T2)} DSR(T3)...DSR(TLl2)"

3} "SYSTEM DSR(T1l) DSR(T2) DSR(T3)...DSR(T1l2)"
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General Program Flow Chart*

Start

Load Variable Data

Load Array Dara

Calculate Source
Neutron Production
Rate

Calculate Group
Fluxes

'y



¥

Determine Weighting
Function Conatants

Any

More
Target

Nuclides?

Search The ACTLMFE
Library For Target
Nuclide ID Numbers

Calculate
Activities Due To

Parents And
Print Results

Target
Calculate
Y —— Group

Cross=-Sections

N

Was
It The
Last Target
ID?

Y

59



——— b | §

Search The LEVDEC
Library For Parent
Decay Information

Parent
ID #
Found?

Calculate The
Dose Due To Parent
If Radioactive And
Compile List Of
Potential Daughters

Search LEVDEC
For Possible
Radioactive Daughters

Any
More
Parents? v

N

Any
More
Daughters?

Was
It The
Last Daughter
ID #?

Daughter
Found? Y

Calc. Dose Rate
Due To
Daughter
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Sum Parent And
Daughter
Dose Rates

Print Results

*Not in detail--only to show the gune:al flow oI logic.
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Description of the ACDOS1 Tape Structure

Tape ACDOS1 has 5 files:

Physical Logical

File # Name Records Records
1 ACDOS1 Source
Listing (&ANSI
FORTRAN IV) °
2 ACTLMFE 449 20,177
Library
3 LEVDEC 1 551 24,772
4 LEVDEC 2 544 24,47¢
5 LEVDEC 3 .. 289 12,973

Logical records are B0 column card images.

Tape Characteristics
Type: 9 track, 1600 bpi
Blocking Factor: 45

Format: EBSCDIC
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Sample Problem

Determine the dose rates resulting from activation
of the copper target in the target section of the injector.
Composition-8201bs Cu
Chosen Geometry-Spherical

From tae "Chart of the Nuclides", 9th Edition, 1966

Element lbs Isotope Wte # of kg's
Cu 820 cub3 69.1 257.55
cubs 30.9 115.17

Volume of a sphere = %11R3. Therefore, the volume of

copper is: 3.727%X105gm - 3 3
—-—8_%?“‘7&%3 4.160x104% cm

.
3:4.160x10% em?
-

=\3
R='§ 9931.27 cm3 ¥

R = 0.215m
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The following sample problem parameters apply:

DF

Tl

T2

N
NOEGPS
NOPAS
R

D
IGEOM
NONUCL

NF

current (amperes)

voltage (kilovolts)

beam fraction

duty factor

length of test (h)

length
number
number
number

radius

distance from surtace of sphere (m)

geometry designator (sphere)

of
of
of
of

of

pause (h)

tests

energy groups

points after shutdown

sphe-

number of nuclides

number of fast neutron groups
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1.0
0.10

16

20

12

0.215



GP(I), I=1, BFLUX (I), I=1, NOEGPS

NG (MeV) {neutrons/cmé-sec/Source
Neutron)

1x10-11 8.288x10"7
4.14x10"7 3.076x10°8
1.125x10°6 3.456%1078
3.059x10-6 3.951x10°8
1.068%10™5 3.011x10"8 °
2.902x1073 4.684x10°8
1.013x1074 7.234x1078
5.829%10"4 3.043x10-8
1.234x10°3 4,021x10-8
3.355x10°3 4,570x10"8
1.033x10"2 3.522x10"8
2.188x1072 7.420x10°9
2.479x1072 3.860x1078
5,248%1072 4.790x10-8
1.111x10°1 2.842x10-8
1.576x1071 1.373%10"7
5.502x10"1 1.058%1077
1.108 8.333x10°8
1.827 1.382x1077
2.307 7.901x10"6

2.385
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Results of Sample Problem

Inspecéion of the printout shows a dose rate of
2.67 mrad/h at time t=0 after shutdown. The distance
from the surface of the sphere is 2m. Of this system
dose ‘rate, the majority of the contribution is coming
from Copper-64 which was produced by the (n,¥) reaction
on Copper-63. Due to the 12.9 hour half-life of Copper-
64, one would need to exercise some caution for a period
of several hours after shutdown if maintenance were to be
performed near the beam dumps. (At 10 cm from the spheri-
cally modeled source, the corresponding Qose rate is about
129 mrad/h due to Copper-64 alone.) It is interesting to
note that the total activities of Copper-64 and Copper-66
only differ by a Factor 3, while the corresponding dose
rates diffe. by a Factor of 7. This difference, of course,
is due to the energy and decay probability considerations
specific to the two different nuclides.

Although an activity was calculated for Nickel-63,
there was no contribution to the dose rate. The long-
lived state of Nicke1-63 decays to Copper-63 byg"emis—
sion. Since Copper-63 is formed in the ground state, no

dose rate results.
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Project Conclusions

The objective of this project was to determine the

dose rates associated with neutron activation of neutral

beam injector components. This objective has been accom~

plished by creating a Fortran IV program to calculate dose

rates as a function of geometry, component cdmposition and

amount, and time after shutdown.

The work was successfully completed by performing

five major tasks:

1)

2)

3)

4)

5)

determinaﬁion of a suitable mathematical model

for the production of neutrons by the injector,
modification of the differential equation that
describes the system undergoing activation (to
reflect the pulse-pause nature of neutron produc-
tion) and adapting the results to multigroup cal-
culations,

development of a program to average microscopic
cross-section data over the appropriate energy
range (to calculate flux weighted group cross
sections),

creation of a program to calculate activation given
the injector testing history, pertinent beam para-
meters, component composition and amount, and de-
sired times after shutdown, and finally,
development of a program to calculate dose rates
given the previously calculated activities, user
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specified geometry,.and distance from the acti-
vated component.

The five tasks manifest themselves through 14 sub-
routine subprograms and one executive calling program.
Together, they constitute the program, ACDOS1, which per-~
forms the desired dose rate calculations given the neces-
sary information. )

Although ACDOS1 is a complete program for calculating
dose rates due to neutron activation, there are some areas
where additional work could improve the code from the stand-
point of completeness and accuracy. Coupling of a neutron
transport code to the "front end" of the program would
eliminste the need for the user to supply the input fluxes.
With ACDOS1l, the user must obtain the input fluxes from a
separate calculation. This addition would make thé program
more self-contained computationally and could also reduce
the input data required to run the program. Also, other
geometry options could be added to increase the flexibility
in modeling unusual source distributions that might arise
in non-injector applications. Addition of these options
could be made by incorporating the appropriate equation
into subroutine CALC which is the subprogram that calcu-
lates the dose rates. (Any additional arguments would
have to be passed in the calling statement.)

To produce more accurate dose rate calculations, three

immediate improvements could be made to the program:
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1) a more realistic treatment of radioactive daughters,
2) inclusion of self absorption in the geometrically
modeled sources,and 3) a within-cavity geometry option.
Currently, radioactive daughters are assumed to have a half
life short compared to that of the parent. Although com-
putziionally expedient, this is not always realistic. The
improvement would involve incorporating a more complex acti=-
vation equation into the program; and in addition, some
major changes in software logic. 1Inclusion of self absorp-
tion in the dose rate calculations would remove a major con-
servatism inherent in the present treatment of the calcula-
tions. Although modification of the dose rate equation would
be a relatively simple matter, there would have to be some
provision made for generating or acquiring )(ray attenuation
coefficients since they vary stronglv with composition and
energy. An additional library containing such data would
probably be the best solution. Another routine would also
be necessary for interpolating 8’ attenuation coefficients
between data points. Finally, a within-cavity geometry
option could be utilized to include dose rates from activa-
tion of the concrete walls and/or floor surrounding the
injector. Presently, there is no way to include any contri-
bution to the dose rate from the walls of the injector
housing.

At this time a second version of ACDOS1, ACDOS2, is

being written and will incorporate many of the above men-
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tioned improvements. These modifications will remove
many of the approximations used in ACDOS1, and should
yield more accurate dose rate calculations.

A final comment involves a paper10 that was written
at ORNL concerning the calculation of dose rates in the
Tokomak Fusion Test Reactor Test Cell. Basically, it is
a comparison of resultant dose rates in the tfest cell
with and without a neutral beam injector présent——the
objective being to determine the contribution to the test
cell dose rates due to the presence of the injector and
its penetration. Although no code details are presented
in the article, a comparison of the similarities, dif-
ferences, and general methodologies used would offer a
perspective from which to evaluate or "bench mark" the
ACDOS1 code work since both projects have similar ob-
jectives but different origins.

A tabular comparison of the two projects is shown

in Table 6.
Table 6
ORNL Project ACDOS1 Project
Photon transport calcula- No photon transport cal-
tions are carried out using culations are done.
Mcnte Carlo methods. Photon flux at a dose

point is determined from

standard geometric equa-

tions. no self attenua-

tion or buildup is taken

into account in geometri-
cally modeled sources.
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ORNL Project

Concrete walls and ceiling
of the test cell were con-
sidered.

Uses cylindrical geometry
to calculate spatially
averaged dose rates.

Considers contributions
from parents, daughters,
and grand-daughters.

Allows for identification
of those nuclides that
are contributing to signi-
ficant dose rates.

Arbitrary pulse sequences
are allowed.

Calculates dose rates for
a variety of times after
shutdown. '

Neglects burnout of acti=-
vated nuclei.

Activation photons pro-
duced inside the igloo
which stream into the in-
jector through the pene-
tration were considered.

Appears to be specific to
neutral beam activation
and dose rate calculations,

ACDOS1 Project

Doesn't consider effects
due to activation of the
concrete. Considers only
activation of injector
components inside the in-
dector shield.

Choice of three different
ge2ometries. Dose rates
are point values rather
than spatial averages.

Considers contributions
from parents and daughters.
Grand-daughters are assumed
to be stable.

Allows for identificatiorn
of those nuclides that

are contributing to signi-
ficant dose rates.

Arbitrary pulse seguences
are allowed.

Calculates dose rates for
a variety of times after
shutdown. .

Neglects burnout of acti-
vated nuclei.

No provisions for including
this contribution to dose
rates.

Can be used for non-injector
activation and dose rate
calculations.

'Review of Table 6 illuminates the similarities and

differences.

Some of these differences will most likely

be eliminated with the second version of ACDOS1, ACDOS2Z2.
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Inclusion of self attenuation and buildup in dose rate
calculations along with dose contributions from concrete
injector walls will probably be addressed. When these
modifications are mede to ACDOS1l, calculated dose rates
will probably be more in line with those resulting from
a transport treatment of the ”photons. The ACDOS1l code
was never intended to consider activation photons pro-
duced in an igloo and which stream into the injector
through the penetration. This results from the nature
of the design work being done at LBL and the forthcoming
upgrade program which will require prolonged testing
periods at higher beam currents and duty factors.

In general terms, the ORNL calculation is probably
more accurate due to the photon transport approach to
dose rate calculation:.. ACDOSl, however, appears to be
more versatile. With upcoming improvements to ACDOS1 as
mentioned above, improved accuracy coupled with the code's
versatility should make it a useful tool for injector

design studies and non-injector applications.
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Solutions to Solving Transcendental Equations

For problems involving two or more neutron groups,
transcendental equations will result due to the assumed
form of the fast group exponential used for represent-
ing the weighting flux function at higher energies.

The exponential is:

Re
where A and B are constants to be determined by apply-
ing the appropriate boundary and integral constraints
on the pertinent eguations, and El is the highes. energy
in the particular fast group being evaluated--the upper
boundary for that group. There are three cases where
transcendental equations will result:

1) Matching the thermal flux to a fast flux

2) Matching a 1/E flux to a fast flux, and

3) Matching a fast flux to a fast flux
The match is always required at the boundary between
the two groups.

Consider Case 1. 1t is reguired to match the Max=-
wellian to the fast group at the koundary between the two
groups as shown in Figure 11. 96(3) is the fast weight-
ing flux function andé GP(J), J=1, 2, 3 are the group
boundaries. In addition, it is required that the inte~

gral of 96 (E) over group 2 be egual to the total flux as
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discussed on page . Since thg constant in the Maxwel-
lian (C\SE?exf(-(E/G.OZS)) has already been evaluated, the
flux at the boundary (FLUXBD) is known. It is:

FLUXBD=CONST (1) *SQRT (GP (2) ) *BXP (- (GP(2) /0.02F))
where CONST(1l) is the constant associdted with the Max-
wellian and GP is in eV. The first‘equation is:

GP(2) =GP (3) -

FLUXBD = A e B (1)

in accordance that the flux match at the group boundary

GP(2). The second equation is:

GP (3) .
E-GP (3)
ae B dE=total flux for that group=BFLUX (NG)
GP (2)

where NG=2 is the total number of groups and BFLUX is an

array holding the total flux values. Evaluating this

integral:
GP (3)
(E-GP(3))
ABe B = BFLUX (NG)
cT(2)
GP (2) =GP (3)
AB-iBe B = BFLUX {NG)

GP(2) -GP(3)
AB(1-e O ) = BFLUX (NG) (2)
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_(GP(Z)-GP(3)J
From equation (1), A = FLUXBD e B

Eguating this to equation (2), we get

_(GP(Z;-GP(3)) (GP(Z;-quél;) .

FLUXBD e “B(l-e =BFLUX (NG)
As a result,
GP (3) -GP (2) -1
_ BFLUX(NG) B _
B = FTo¥eD {e 1 3)

This is the above mentioned transcendental equation.
Once ﬁ is found, A can be determined by substituting

B into eguation (2). Subroutine WTFLUX, vhich evalu-
ates the constants associated with the assumed weight-
ing functions, used the Newton-Raphson Method to sulve
equation (3)., The numerator in egquation (3), BFLUX(NG)/
FLUXBD, is always a known quantity and is of the same
order of magnitude as the numerator in the exponential,
GP(3)-GP(2). Therefore, BFLUX(NG)/FLUZBD is used as an
initial guess to start the iterative routine which solves
the equation.

The second case involves matching a 1/E flux to a
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fast flux as illustrated in Figure 12. The same type

of method is used as before. There are two reguirements:
(1) continuity of flux at the boundary, GP(NG), and (2)
an integral constraint on the fast group. From the first

requirement,

GP (NG) -GP (NG+1)
_ CONST (ICOUNT) _ B
FLUXBD = EB(NG) = Ae (4)

where CONST(ICOUNT) is the known constant associated with
+the previous 1/E group. ICOUNT is a neutron group counter.

From equation (4), A can be solved in terms of B:

_(GP (NG) ~GP (NG+1))
. . B

(5)

A

— CONST (ICOUNT)
—erwe)

From the second requirenenc:

7™ GP (NG+1)
E-GP (NG+1)
Ae B dE = total flux for = BFLUX (NG)
the fast group
GP (NG)
GP (NG) =GP (NG+1)
AB-ABe B = BFLUX (NG)
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P (NG) ~GP (NG+1)
AB(l-e B ) = BFLUX(NG)

_ BFLUX(NG)
B

B

(6)

GP (NG) -GP (NG+1) 4 ~1
A {1-e }

equating eguations (5) and (6)

_ GP (NG) BFLUX (NG)

B-mm—{e (7’

GP (NG+1) ~GP (NG) -1

T
As before, the numerator in this equation is always known
and is of the same order of magnitude as the exponential.
Therefore, GP(NG)*BFLUX(NG)/CONST(ICOUNT) is used as an
initial guess to start the Newton-Raphson iterative rou-
tine.

The third case involves matching a fast £lux to a
fast flux as shown in Figure 13. BAgain, the same wmethod
applies. The requirements yield two equations. From

the continuity of flux regquirement at GP{ICOUNT+1):

GP (ICP1) -GP (ICP2)
FLUXBD = CONST(ICCUNT) = Ze B
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where for brevity, ICPl = ICOUNT+l1l and ICP2 = ICOUNT+2.
Note that the exponential associated with CONST (ICOUNT)

equals 1 when evaluated at GP(ICPl). There.cre,

_(GP(ICPl)—GP(ICPZ))
B

A = CONST(ICOUNT) e (8)

The integral constraint requires that

GP (ICP1)
E-GP(ICP2)
Ae B dE = total flux for the fast
group = BFLUX(ICPl)

GP (ICP2)

GP (ICP2)
E-GP (ICP2)
ABe B = BFLUX(ICP1)

GP (ICPl)

GP (ICP1l) =GP (ICP2)
AB(l-e B ) = BFLUX(ICPl)

_ BFLUX(ICP1)

A B

GP (ICP1)-GP (ICP2)3 ~1 .
z l-e B (9)
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Equating equation (8) and (9).,
-1

GP (ICP2)~GP (ICPl)
B

_ BFLUX(ICPl)

B = TowsT(rcounm { ©

-1

As before, the numerator (BFLUX(ICPl)/CONST(ICOUNT) is
used as an initial guess. A is then found from equation
(8).

In all three cases, the methodology employed to
solve the eguations is the same. Since the numerators
in the pertin=at eguations are all known guantities when
they are required, the user does not have to enter an
initial guess. Subroutine WTFLUX performs all of the
calculations required to determine the constants associ-
ated with the assumed weighting functions. Furthermore,
all of the calculated constants are storzd.in memory for
future use in subroutine AVRAGE which calculates the flux
weighted group cross sections. The A's are stored in
array CONST(I) and the B's in array FCONST(I).

One word of caution is appropriate. It is entirely
possible that converging problems may occur during the
executiun of the routine that solves the transcendental

equations.
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The Newton-Raphson Method

This method is used to solve the transcendental
equations that result when two or more neutron groups

are used. The interative expression is:
Riel = Xy = £(x3)/27 (x3)

where x; is the initial guess.
The parameter B (see Appendix A) is always given by

the following form:

GP (N+1)-GP(N) &%
T

B = KNOWN QUANTITY {e

where GP(N+l) is a group boundary higher in energy than

GP(N). Therefore,

GP (N+1)=GP(N) "1
£{B) = KNOWN QUANTITY'{; B -i} -B

and,
GP (N+1) =GP (N)
o+ (my - ENOWN QuantITy (GP(N+1)-GR(M)) e B 1
s2[ ey -ce () 72
e B -1
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These two expressions are incorporated into subroutine
WTIFLUX for evaluating the constants associated with the
exponential weighting functions. When the difference
between Bj4; and B is less than 0.1, the iteration term-

inates.,
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TTe#PROGRAM ACDOSL 1 INPUT,OUTPUT,TAPE 5 INPUT, TAPET, TAPEG=OUTPUTIOS
PRLGRAM ACNCST (INFLT,QLTPUT (TAPESS TNPUT (TAPET s TAPES = CUT PUT )

1UACOGSL IS A STAMDARL FCFTRAN 4 CCLCE CEVELCPED FOR CALCULAT ING DOSE RATE *_
€S RCM NEUTRCN ACTIVATION OF NEUTRAL=BEAM INJECTCRS.SUFFICIENT VERSAT IL
CITY_nas_ALSC_BEEA INCCEECRATED INTD THE_COOE TG MAKE_ IT_APPLICABLE TO A_
"CnIDE VARTETY CF GENERAL ACTIVATICN PROBLEMS CUE TC NEUTRCNS OF ENERGY
CLESS ThAN 2C MEVe FCR FLRIHER INFORWATICA COMCERKWING THIS PROGRAM, SEE

CLSL REFCRT NC. 12244 BY GREGORY S5 KENEY

LalulaKal

€t e e e e e e
c

c

c VARTAELES AND ARRAYS ARE OEFINEC AS BELCW

[4

[ s CURRENT IN AMPERES

c. ACCIy_ - PARENT ACTIVITY.

c ACT TACTIVITY DUE TU ACTIVATICN GF & PARTICULAR TARG

c ET_NUCLIDE BY A SPECIFIC NEUTRON REACTION

3 AVENPS AVERAGE. NUMBER LF NEUTRCNS FROCUCED PER S ECOND

C _ _ __BELUX{I)____ UNIT NORMALIZED_FLUX —

¢ CF REUTRCN YTELL CORRECT ICN FACTOR FOR VOLTAGES'
L. oo .DIFFERENT FRCM 150 KV e
. CONST (1) CONSTANTS FOR WEIGHTING FUNC TIONS
‘e CSitY CRESS SECT ION VALUE
T cSin CRCSS SECTICN VALUE

C . . _._&...._ __._ _DISTANCE FROM POINT _SOURCE OR_SURFACE CF _ _
C SPHERE CR CYLINDER

< _OF . DLIY-FACTQR

4 CLFF TTCLEFERENCE BETWEEN THE LATE ST REFINED GUESS ARD

< X THE PREV mus GUESS

t___ DLEVL __ LEVE, OF THE Pmes:vr SR DAUGHTER

C OLEVLIT CEVEL OF THE PARENT OR ODRUGHTER ~

c 0CS DAY CCSE RATE DUE TO A RADIOACTIVE UAUGHTER

(4 OCSPRCTID TLSE RATE CUE TO A PARENT = —
c DOSRAT CALCULATED DOSERATE R

(4 CCSSUNTIT COSE RATE DUE 1O A PARTICULAR TARGET NUCLIDE

i€ £CR UP TQ 12 DIFFERENT_T IMES

T DPVAR VALLE OF DEPENOENT VARIABLE IN NUNERICAL

c INTEGRAT IONS_

v ENERGY GF GANNA RAY

c ENH! ENERGY VALLE A:SOCIATED WITH A ! 0SS SECTION

c :un ENERGY VALUE ASSOCYATED WITH A .. 5§ SECTION

[ BEAM FRACTION

C FCCNST( 3] EXPONENTIAL CONSTANTS FOR FAST Nsumen GROUPS -

< WEIGHT ING FLUX AT A GROUP BOUNDAR o
4 EVALUATED VALUE CF THE DERIVAT IVE DF THE -
c.. ___TRANSCENOENTAL EQUATION FOR 8

c Ev:u;nsu VALUE CF THE TRANSCENDENTAU EQUATE

(4 FC

C 53 GROUP SOUNDARIES

[4 GPFLLX(IY _ _ FEW_GROUP FLUXES=-UP TC 50 _ . ) L

4 T GPXSECIL) FEh GROUP CRCSS SECTICNS-uP 7O S0 T oo
¢ GUESST _ _ INUTIAL GUESS_FOR SOLVING_TRANSCENDENTAL _

i T TTECUATICNS ™~ e
i< HUIY FARENT HALF L1FE

e Gid HEIGHT OF CYL INDER(M]
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wPRCGRAM ACDGSI (INPUTICUTPUT TAPES=INPUT,TAPET s TAPES=OUT AUT )

[ [ess g MARKS THE BEGINNING OF THE PARENT NUCLIDE LIST
£ LBEGIA #ARKS ThE BEGINNING F THE | (KE PARENTS NUCL [DE_
[ L1ST

3 ICCUAT . . KEUTRON GROUP SOUNTER [

c 1cel TCCULNT+1

¢ 1cp2 . ICOLNTs2 . . e

3 [CAIGIT) CAUGHTER 1D MUMBER

4 [DAUGH OALGHTER_ |D_READ FRCH_LEVDEC

¢ ICEKMO DECAY MCOE IDENTIFIER

c ICEKM (L) CECAY MCDE IDENTIFIER

¢ 1DMGI D) S DIGIT 1D NUMBER CF T ARGET MJCLIDE

¢ IOuMB —.... DUMMY VARIABLE FCR ADVANCING DISK FILE RECORDS _
C TEND PARKS THE END OF THE LIKE PARENT NUCLEBES IN

C THE LIST

4 1EPTF COUNTER FOR INTERMEDIATE NEGTRON GROUPS

c. ___IGECM__ _ ___ _ CESIGNATES PROBLEM GECMETRY

¢ 1MCDE DECAY MCDE CCUNTER

€ INSNPS __ _ INSTANTANEQUS NUMBER OF NEUTRONS PRODUCED PER. _

t SECCAD

£ ICRDER{ 1) HCLDING ARGSY _FQR PRCOLCT NUCLICE ID MIMBERS

3 1PRCO PROCUCT NUCL {DE CGLNTER

[ _Iswee #ARKS THE_END OF THE _LIST _OF ARRANGED PARENT_ __
c NGUCLIDES

3 . ATAPE  _ _ . REBL VARIABLE FOR DISK FILE DATA e
C 11ER ITERATICN CCUNTER

< BASSULY NLHBER DF K[LOGRAME CF_A PARTIGULAR NUGLIDE

[ vULT MULTIPLICITY OF GAMMA RAY

[ N, _ . ____.__MUMBER CF TESTS. e
¢ NEPTH NUMBER OF INTERMEDIATE NEUTAGN GROUPS

€ ... __NELLI) ________NUMBER OF El Cl_PAIRS L

« NE MUMBER GF FAST NEUTRCN GRGUPS

¢ NG NUMBER DF GRCUP_BCLNDARIES=uP TO S1

4 NCEGFS NUREER OF ENERGY GRCUPS-UP TC 50

c.__ __ MMBER CF TARGET NUCLIDES=UP TC 30 PEX RUN

c NUMBER OF PDINTS AFTER SHUTOGRN~UP Td 12

£ o _.._._NCTCRCII} __ FCLCING ARRAY_FOR_PRCOUCT NUCL LOE wungenénmn
C T EEN RE~ARRANGED. IN ASCENJTNG CROER
c NDCET . o ST ‘GF DAUGHTER

3 [ MUMBER LF ENERGY-CROSS~SECTION SAIRS

C 1D NUMBER GF_PARENT P
¢ TEMPORARY STORAGE FOR PARENT 1D NUMBERS

€ __TEMPCRARY_STORAGE FOR TARGET NUCL [DE_ID NUMBERS.
4 10 KUMBER OF TARGEY

ic VARUABLE THAT DETERMINES WHETHER DR NOT AVENPS
K WILL BE CALCULATED BY ACLOS OR READ FRCM A

C o _DATA_CARD AS PRE=DETERMINED INPUT _

.C FARSUM TPARTIAL SUM [N NUMER ICAL [NTEGRATICNS’

K : PRCECE)  _CECAY_PROBABILITY e
< PREOHLIIJi  ~PRODLCT NUCLIDE mALF<LIFE {S)

(4 PECOMI Ty 5 CIGIT 10 NUMBER OF PRODUCT NUCLIDE

i R RACIUS CF HCMCGENEQUS NON-ABSORB ING SPHERE OR
e o CYLINOER {M) __
4 REALEUN REAL OUMMY VAR [ABLE FOR ADVANCENG DISK FILE

c ey e BECCROS I

"7 T sTARS(D SPECIFIL TINES AFTER 'SHUTOCWN (H) T
lc__. STCPALIIY FCLDING ARRAY_FOR PRODUCT NUCLIDE [D NUMBERS
3 T TSTCTAC(Esdl FCLCING ARRAY FCR PRCDUCT NUGCL IDE ACT IVITIES

3 SUMACT( 1) SLM OF ACTIVITIES PRCOUCED FRCM A PARTICULAR




e FRCGRAM ACGCSL (IAPUTICUTPUT +TAFESE [NPUT TAPET, TAPEGRQUTRUT v
TARGET NUCLIJE FCR LP TO 12 DIFFERENT TIMES

c
C. .. 5Lkl __ _ ___ EXPCNENT 1AL EFFECT 'OF TESTS_3ND PAUSES_QN_THE

¢ SHLTOCWN TIME ACTIVITY CF A SPECIFIC PROOUCT

4 _NUCLIDE

c SUMCEL FUNKING SUM OF AVERAGE CRDSS SECTIONS

c SUMINT . RESLLT GF NUMERICAL INTEGRATIONS N

C SYSACT( ) SYSTEM ACTIVITY FOR LP 70 12 DIFFERENT TIMES
C_.___ . SYSOCSELL1____S*3TEM_DCSERATE_FOR_UP_I0._L2 _OIFFERENT_TIMES

c TARMAS ATCMIC WEIGHT OF TARGET NUCLIDE (AMJ)

3 TEMPS TEMPORARY STORAGE FOR DO LCOP .SUMS R
c TIMACT(1,J,K} INCUCED ACTIVITY AS A RUNCT ION OF TARGET

c . . e BUCLIDE,REACTION, AND TINE  _. . . . ___._
3 T1 LENGTH OF TEST (H)

c 12 _ LENGTH CF PAUSE (M)

14 v VOLTAGE (KVI

€. ___ _WICTH _ ____ TELTA € USED IN_ NUHER!CAL INTEGRATIONS ____
c xsaiet TLATEST HEFINED GUESS FCR

C _ . XSUEI __.__.___ INDEPENDENT VARIABLE GF -rue_mnnscsnusuuu.__

c : EQUATION FOR B

< Z{ACR [NCREMENT IN ENERGY USED IN _MNUMERICAL
3 INTEGRATIONS

C _.._ . INAME. . _VARIABLE FOR NUCLIDE NAMES

C ZNUMER AUMERATCR [N THE TRANSCENDENT AL EQUATION FOR B
[ 2TEMP3 _ _ __ _TEMPORARY STORAGE FCR_PARENT ACTIVITIES _ ___
¢ ITENF4 TEMPCRARY STORAGE FOR PARENT HALF LIFES

[

3

< e - — e

c

. CIMENSION TIMACT{3Gy12,12),SYSACTC12} ,SUMACT(12) ,SYSDOSI12},PRODNL

+(30,032, PRCCAUC3D 1131, DOSSUM{127, ZNAME(304, STAFS(121,BFLUX( 500 IDN
+C120),GPXSEC(5C) yMASSI30} »GPELUXISQ1 4GP {S] )y CONST(SD) ,FCONSTI50),0
+0SNUC{13)
CCMMCN AoV3F oDF o T1,T2Ae R Do HTs CPT ION, (GEOM _ ¢ e
PEAL INSNPS,NASS

CALL _INPUT{NCMUCL s NGEGPS,NOP ASoNGyNEL |

CALL ARAYTN(BFLUXZNAME, [ONGy MASS+ STAFS ¢ GP+NDEGPS s NONUCLs NOPA S/ NG 1
" IF{CPTION,EC. 1. CGCCO00) GE TO 1
EVENFSACET ICN
6cIC2 - e ———
L CALL SCURCECAVERPE}
__ 2 CALL GFFLUX(AY ENPS)NOEGPS: GPFLUXsBFLUXY___ . _ e
CALL WTFLUX(BELUX2GE 4 CCRST yFCONST JNOEGPS s NFy NG Y
CALL ACTVAT{TIMACT, SYSACT, SUMACTGPF LUX PRODNU PRCOML » GPXSECs TOND,
'uss.STAFs.GP.CCNST.FCDNST.BFLux.NUNUCL'NDEaPs.NUPAS.M;.n=»
CALL DCSRTELTL , NGP A M» $YSDOS. 1DONOy STAFS PR
+COHL +DGSNLE)
STCP .
ERND
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T weSUBRCUT INE TAPUT INCNUGL sNOEGP S HOPA 528G oNF |

T SCRRCUTENE INFLTORCALCL (NCEGPS , NOPAS NG AFT

C
LCThIS PRCGRAM IS USED FOR ENTERING S VARIABLE' DATA INTO MEMCRY
c

C -
SRGUMENTS IN-NONE
C____"QU’E'\TLCUT:JENU(L;.“QEE_’_S'NULES oNGoNE_
¢ . .
CCMNCA Ao FyCFyTLiT2+Ne Ky Dy HTLOPT [ONy IGEOM
BEAD(Ss8C) 21,22423,29125026+427428929,210 _
€2 FCRMAT(LO(ANY}
EE2CITe6l 1 CETICN
£1 FCRMATUEL4s 11
e JFOPTION NE.1.000RCCCE0Q) GO . TA 62 —
FEMCISoI N AvVoF DF,TL.THN
L FCRMAT{6(ELQ:3.2K1,131 B
lFlA.LE.D.Ol 6C TO 3¢
1 GO TD 37

2{F oV 67,300,010 ¢
mr- LE-Co0cCR.FoGlals0) GC TO 38
o _ . IE(CFUAE.00.0RDF.GT.1.0}) GO YO 35
€6 TFIT1.LE.D.D) GE TL 40
IF(T2ebToCuC) GE T &b . .
L0 42 Kw1,99%
LECR.ES. K1 _GE 1¢ &3
42 CCNTINGE
o GC TC && _ _
43 RZAD{S42) RCEGES
2 FGRMATIL2) - U
CC 45 K«1,30
]

JC %4

F N
45 CONTINUE
P 1 = . ]
46 PEAD{S,2] ACFAS
Kal,12

IFUNCPAS cEC.KD GO TC 48

2 AT
€a G ia
45 EEAC (5+5) R [y Ijﬂ" —
S FORMAT(3(ELC.3 42001010

_1FLIGECH LEQ ,U_G_D m 06

+EC.2) GO TC 70
2 EQe3) GL IC 70

30 _IFiR.1T.0.0.CR, :.Le.a .an GC_TQ 49 ~
TF(HT.LT.C. €} GG 1€ 7

REACES,2 !.“J.'!UCL_____. ..

CC 50 Kk=1,30

IFINCNLE L.EQ. K} G§ TC_5)

50 CCNTINUE

6L IC KL
€1 READ( 5021 W
e £C.TC 19 _
62 READ(S463) Ti,T2,h
€3 FORMAT(2(E1Q0 342X 130
CC TC 64
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UBRCUTINE TAPUT(NCNLEL 'NOEGPSvNOPAS'hGﬂF

"9 WRITEL6,12)

_12 FCRMAT{LH oL1CRPRCGRAN *ACDCSY AGQRTEQ=MIMBER_CE ENEAGY GR
0T1:5 INTEGER AND LESS THAN DR EQUAL TC SO=RECHECK THIS DATA)
S . - —

15 WRITEC G L4

14 FORMAT(LH 4 118kPRCGRAM *ACDOS' ABORTED~NUMBER OF PCINTS AFTER SHUT
+LCwA MLST BE INTEGER ANC LESS THAN OR EQUAL TO L2-RECHECK THIS OAT
*h)
STOP N

11 WRITELS 417D . . .

17 FCRMATILH +SOHPRCGRAM " ACJCS' ABCRTED~MUMBER CF NUCLIDES IN SYSTEN
sMuUST BE INTEGER AND LE3S THAN OR EQUAL TO 20}
£IcP

16 WP ITELE,52)

52 FCAMAT{Llb 4 BOFFRCGRAM 'ACDDS' ABCRTED=CURRENT MUST BE GREATER THAN

#_ 0 AMPERES=RECHECK ThIS DATA)

sice

_37 wEITE(6,52)

$3 FCRMAT(LH (S9HFRCGRAN *ACDCS® ABCA{ED-VCLTAGE MUST BE BETREEN 38 A

——2h0_29Q KV INCL\ ST VE-RECHECK THIS DATAD

STCP

38 WRITECEWS&)____

€4 FGRMATUIM ' 1CTHPROGRA YACDOS® ASORTED~BEAMERACTICN MUST BE GREATE

. *F THAN O_AND LESS ThaN_DR EQUAL TO_L.O~RECHECK THLS DATAI _
sTCP

29 WR1TE (£,5%)

55 FCAMAT(Lh .mn-;kunnn TACUDS * ABORTEO~DUTYFAC TOR KUST BE GREATER

A_CR EGL CK_THIS DATA) _

%0 WRITE(44540 . e e
756 FGRMATI1R o+78RPACGRAN 'u:ucs' ABORT ED-MILEE LENGTH MUST BE GREAT EX
—3TH2N Q.G-RECFELX Tr1$ DATAL
€TCP
_41 WRITELEST e
57 FORMAT{LE +GOFPROGRAM VACDGLS® ABORTED-PAUSE LENGTH NUST BE GREATER
\_CF _ECUAL _TC 0.0-RECHECK THES DATA)

5
46 WRITELS,58)
TE FCRPATILE +1ONFFRCGRAR VACCOSY ABGRT EC~NUMBER OF PULSES WUST BE IN
+JEGER AND LESS_THAM CR ECUAL TO 999-RECHECK THES DATA}

ST0
49 NAITE(6,60)

“6G FCRMAT(IA +ICAHPRCGRAN VACDOSY ABCRTED-R NLST BE GREATER THAN OR
~:cu_5 IO 0.0 ANC C GREATER THAN O.O-RECHECK THIS DATA)

27 MRITE(8, 700 o .

T8 FCRMAT{LH yB8IFFAOGRIA TACLOS' ABORTED-AT WUST BE GREATER THAR CRE
+CLAL TC 0, C-RECRECK THIS DATA)
STCP

57 WELTE(6:68)

€8 ECRNATCIH yEXRFRGGREN *ACOCS® APONT ED-ICECA WUST BE 15 ZsUR 3-RECHE

___%CK_THIS DATAY
t

19 WRITEC(G4ELY Z1422483+24425926927020,295210

ELUFCRMAT(LEL, LOCAED)
VEITEL6,2010

70 FCRMATI//711h y&JFTRE EGLLCHIAG DACA HAS BEEN ENTERED INTO MEWCPY ¢
RIZIAN
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**SUBRCLTINE nn.‘muucuuoscns.ncr.usn.c.n;|-a T
TwhITEL8,21 ” T T Tt T
al rcnumro.esruzun__nuwu.s__.nmsmum _DUTYEA_

lFlDPT v -Ei l CCCCDOC) HllTEchl!) AsVyFDF, T1,T24N

13 FCRMATIIHOE8,3 4K oEB .3, 8K,E8. 3, 11X E8, KeEBo3e INE

+) - . -
LFICPTICALAEL1,CCCCCEE) WALTELS 051 TIoT20N .

tS_FCRMAT{1HC 55Hessnsane sessdens 200 susen

_tewe axy 2iEB 3, IV W1 302770 —— . _
WRITE[£422) ACEGPE

22 FORMATUIH (3SHNLMBER OF ENERGY_GROUPSTACEGPS __ . «I12./)_ —
wFITE{S.75) NCAUCL

15 FCRMATIIH ISHAUNBER CF TARGET MUCLIGES-NCHICL 23222}

WAITE{L+23) NOPAS
23 FCRMAT [1h_p29RAUMBER OF POINTS AFTER SHUTDOWN~NDPAS. 02440 _ _ . _ -
WRITE(E,25) R
25 FORMAT(IM _o3SHFRADILS R_OF SPHERE DR CYLINDER_(M)__ __ ,ElC.3¢/)
WRITE(S 792 MT
35 ECRMAT(IH o3SHHEIGHT HT CF CYLINDER 4m1 2 €103 78
wRITEl626) D
26 FCFMATILH ABRCISTANCE D FACM POINT SOURCE OR_SURFAZE OF SPHERE OR._ ___ .
+ CYLINOER (M) +E20. 390
NGeNG ECPS +1
wREITEL6 T2 NG
_J2 FCRMATUIH ,3SHALMBER CF GRCUPS BCUNDAR]ES-NG 212220
wHITEiS+76) AF
76 _FCRMAT(IH .Hrnur!:n_:e_gA_s_
[F(CPTICNJNE, L. GCCOQO0) WAl
66 FC AT(I.I- sALraVE

FETURN
ENC
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TeSUBRCUT INE AFAYINUBELUX, ZNANE, IDND +MA S5 5 STAE S 6P AOEG S ACNUCL, NGPes
SUFRCUTINE ARAYIN(BELLX,ZNAYE » IDNO+MA £54 STAES «GP o NGESPS ) NCNICLy NGP
2455 0G)

C
C
CTHIS FRCGFAk IS USTL FLR ENTERING "ARRAY' DATA INTC MEMORY

C.__&GW‘ ATS_IN-STAES, NLEGPS:NONUCL, NOPAS, NG,
ARGUEMATS GUT=EFLUXsZNANE) IDNC+MASS2GP

OIMENSICN BELUX{NCEGPS) s ZNANE {NCNUCLLs I1CNCUNCNUCL 19 MASS INONUCL )»SY____

+AFSINOPAS ), GPI{NG)
___REAL MASS
READUS, 4) (BFLUX([ ) ,1a1,NOEGPS)
o FERD(S:4 ) (STAFS (1)) Im1,NOPAS ) _ o
4 FCRMATIA(ELGe342X3)
_CC .7 lelyNONLCL e e
FEACIS,B) INAMELT), TENG T TY, MASSCTI
8 FCHMATIAE,IX,1%5:1%,ELCe 3)
7 CCNT INUE
—_ RE2Di5 40 ( GP.(. Eilylaleh6) J—
WRITE(&424
_ 26 Fcnnu.lu .33rsphc1F_|c_r IMES AFTER SHUTOOWN (H) /) .
DC 34 1=l ,NO
SRITELE,I%) !-'HF*IU
35 FCRFAT (18 »4HT INE,1XKe 12, 10X, ELD3?

[a¥alal
i

WRITE(6, 271
C2T_FLRMATLZ /7 o1H $22HUNIT_ACRPALIZED_FLUXES, /)
uc 32 1=1,MCEGFS
1[=ACEGPS ¢]=1]
WRITE (&428) [, 8FLUX(IT]
__ZB FORMATU(IH o SMGROUP 4 1X,12,10X.E11.4)
32 COAT TNUE
SRITEC 852730 .
T3 FGRMAT(///+1R y22HGAOUP BOUNDARLES (MEV) /3
WRITE(6 3746584, GPINGel=),In], NG)
T4 FCRMATI1H oBHBCLNOARY 1X,1345XoELL 181
_WRITE16,29) e
25 FCRMAT(LH /77 s1H v2X 1% HNANE, 4X+9 H10-NUMBER, 3, BAMASS (KG 14 /)
[F

21} ZNAME(TY, IONGTTT,MASSTTY
21 FCRMATIIXGAB,55¢15SX2E823)
_,_3_::__r.cnlnusu
TLRN
. ENC
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"we SUFRCUTINE SCURCEIAVERPS
SUBRCUT INE SCUFCECAVENPS)

CTHIS PRCGRAF CALCULATES THE SQURCE NEUTRON PRDOWTICN.RATE

ARGUFEATS IN=NCNE
ARGUMENTS (L T=AVENPS

" CCMMGN A4VyFEFyT1 172 yNeR 90 oHT 1 CPT 10Ny IGECN
___REAL _INSNPS_ e
mv.u.ze.o.nc.v.u.ao.m “¢o 70 3
£ IC &
TF(V.GT, PR IR TR & GO 10 5
3 _CFni3.2591TaYN82.83)54)738.5 —
0 1

4 CFell.517250v92,6E2081/38.5 . ___ . ... L __ . . e
GL L 7
£ CFe(B,8066)myong, 1461221738, 5

7 INSNPSmIBO4E+4 )8 (A) V(1. 0E+6)PFe{CFo ] 0E~4)
_AVENPS=IASNPSLE e N
WRITEL &4 8)

__ B FCRMAT(///9 1N .&ah'r_o-g_F(;LoulNG_.As BEEN_CALCULATED BY_ACDCSL, /273
WRITElEs1) IAS

FORMATE(/ /4 H |“2H NS TANTANI F _AEUTRCM CED PER SEC

4CACe4X5sElleé )
WRITEI¢+21 AVEAPS _ __’

‘T FORMAT(/+LH s %6WAVERAGE NUMBER OF NEUTRGNS PRGCUCED PER SECOND4X,
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#8 SLERCUTINE GRFLLXIAVEARS JNOEGPS ¢ GPFLUX, BFLUX 19
SLERCUTINE GRFLUX (2VEMPS s NCEGFSs GPFLUX, BFLUX}

<
[4
CThIS PRCGRAM CALCULATES_UP TG 50 GRACUP_ FLUXES __ _
[
e e e
¢ ARGUMENTS TN=~AVENPS \ACEGPS« BFLUX
< ARGUMENTS CUT=GPELLX
[4
€ e i e e
CIMENSICN GPFLUXINCEGPS), BFLUXINDEGP S?
. ..BC1_t = L.NcEGES —
SPELUX(T) = BFLLX(T)®AVENPS
1 CCNTINYE
RETLRN
_ ~.—.END_
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TWeSURRGUTINE WIFLUI{EFLUX.GP,CONSTFCONST (NCEGPS,NF4NG) 4w
SLBRCLTINE WTFLLAGEFLLX 4GP +CONSTyFCCAST o NCEGRS s RFo NGD

4
CTHIS PRCGRAM DSTERMINES THE CCNSTANTS ASSCCIATED WITH THE ASSUMED
CNEIGhT ING FLNCTIONS

EAGLFENTS CUT-CCN‘T'FCCAS

DIMENSICN BFLUX{ACEGFS) 5567 (NG) yCCNSTANCEGPS) s FCONST (NGEGPS ) .
€O 166 JCe14AC
£ J2GRLJCIel 00066
1C6 CONTINGE
cmcuu-ra THE THERMAL CROUP_CONSIANT
1CCLRT=]
_ SUMINT=Q.C —_—
wICThe (GFL2I=CF(11172C0.0
LINCRaW{OTH/Z G
DPVARSGP { 112 INCR
_..EC 1 _i=1,200
FARSUM=SGRT(CAVARISEXPI-(DPYAR/O 0251 1%w1DTH
. SUMINT=SUMINTePARSLN
LFVARSCPVAR®MICTH
1 CONTINGE
CONST | 1COUNT 1=BFLUXT [CCUNT ) 7SUMINT
... IFINCEGPS.EQ.1) GC TC oGO, _ .
1F(NOEGPS«EQ.2) GC 1C 130
CCALCULATE THE 1/E_GROUP_CONSTANTLS)
ICCUATAICCUNT+]
JEPTHuE -
2 SUFIAT=G.0
__BIDTM=(GP{ICCUATL )=GPICCUNT )/ 200 .0
TH/EaC

AN AAA

o€ 3 1Al vZCC
PARSUM>{1,C/DP VAR ) SR IDTH
SUP[NT!SUI‘lNTOFARsun
_ ___DPVAR:
3CONT
_CCASTUICLLNTI=PFLUX ( ICCINT I/ SUMINT
1EP THRIER THel
NEPTaNQEGPS~ [=NE
IFCIEPTHL.EQ.MEFTH] GC TC 159
e JCCUNTSIC CUNTS )
GC TC 2
1€3 TECLNT=ICCUNT+]
STRE 1 GRGUP FAST SPECTRLM IILL UL BE MATCHED TC THE MAXWELLIAN AT THE
LGECUP_BCURCARY
FLLXBD2CCAST(LI®SCETIGPIZ I IREXP{={GP(2)/0.0c51)
o INUMERZGLESS IsBFLUXINDESRSI /FLUXBD e
ITERs1
& FXSUBISZNUMER/IEXPL(GPI3)=GP12))/GUESS 1)=1i=CUESST _
XSUB = GUESST
FPRIFEZMUMERS (CP(D I=GPL21)SEXPIIGP(II=CPt2) B/ GUESSTII/IGUESSTwn28t
*EXAP{(GPUII~GP(2]1} /GLESST=] }an2)=]
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T %*SUERCUT TNE WTFLUX (BFLUX ¢ GP , CONST, FCONSTNOEGP S, NF NG #%

T xSB1P1aXSLBI=F 5 $LBI /F PRIME
LFE2BS (XSAIP |=GUESST)
TE(DIFF.LT.0s1) GC TC §
_ITER=ITER+1
IFUITEF.GT.1001 G2 TC 7§
GUESSISXSBIPL . ... .. ... .
6c 10 &
15 WRITELSTED

75 FCFMAT(1H o11Greass FRCGRAM ABCATEDS###THE TRANSCENDENTAL EQUATION

+USED TC MATCH THE THERMAL GROUP TC FAST GRCUP 15 NCT CONVERGING) .

REITEL6+27)
£ICP B - . - -
5 ExxSEIPL
— A=BFLUX(NCEGPS )/ (B8 (1=EXPL{GPI21=GP{321/8)))

CCNST{ ICCLNT) =A
—_FCONSTLICOINT) =B
GC 1C 1000
150 IEINF.GT. 1) GC_TG_ 160
CTHE 1 GRCUP FAST SPECTRUM WILL BE MATCHED 1O THE LAST 1/€ GROUP
17ER=L
NGP LeNCEGRSH |
o _ZNUMER®GUESS Iw (BELUX {NOEGPS )®GP(NOEGP SV/CONSTLICOUNTID __ _
SLF XSUBI=ZALMER/ (EXP( (GP (NGPL )=GP {NCEGSS ) 1/ GUESS 11=1)~GUESST
. _ ASUBIaGUE SSI U
FFAXPE-ZhuPéFO(EF(NGFlI-GP(NOEGPSll'ExF((GP(NGPll-GP(NCEGPSHIGlES
o *SII/IGUESSI*#28 (EXFL(GP(NGPL) =GPINCEGRSII/GUESSTimttnng)=y
XSBIP 1= XSUB I~ FXSUB I /FPR 1 ME
CIFF=ABS(XSBIP1=GUESS [}
LF(DIFF.LT.0.1) GC 1€ 92

sg_axxsaln
ABFLUX(NCEGP 51 7(Ba(1=EXPI (GPINOEGPSI~GPINGPL 1178117
CCNST INCEGPS J= -

H‘.ChS?lNEEGFS)l!

_G0 1O 1
163 lcPl-lCUn ol

CGFCUP

K_C.FZ.L‘C.C-UET 2
L TER

NUM Rs = Pl1eGRLILP1) /CONST
23 FXSLEI‘ZNUFE)‘/(EXF((GNICPZD GPUICPLI}/GUESSIV=1)-GUESSI
ASLB I =G UE 55T

FOR IME=ZAURER®(GE (ICP 2)-GR{ LCP 1V ISE NP (GPICP2I-GPIICF 111 JGUESST 0/
L +{GUESSI*#22% (EXFI(GP(ICP21=GP{ICPL 1)/ GUESS imL)m®2ied
XS8 1P La xELAL ~F XSLBI JF PRIME
C1FE=ARS (XSBIP1=GUESSLY
[FIDIFF.LT.041) GL TC 30
. ITER=ITER+1_
1FL1T ERLGT,1000 GO T2 25
GLESSI=axsgipy
6o 10 20

25 WEITELS,26¢

26 FCRMAT(1H +116n=%%% FRCGRAN ABCRTEDWS»eTHE TAANSCENDENTAL EQUAT IGNS

#nhICh MATCH 1/E G FAST OR FAST_TO FAST GROUPS ARE NOT CCNVERGING).
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S SLARCUTINE WIFLUN{BELUX,GP¢CONST + FCBRST , NCEGPS, NFy NI
kn:‘rs(?.zv_:l
|27 ECEVAT(1] »76heCST LEKELY PROBLEM IS UNREALISTIC GR UNUSAI FIUX
+AND GRCUP BCUNDARY DATA) £

sToP
3c EsxSBlPl

ASBELLX(ICPLI /4B ( I~EXF({GPLICPLI-GPLICPZ1)/BN Y} .

ICCUNT= 1CTUAT +1
| JCRl=lCCLATe]
1CPZ=ICCUNT#2 .
CONSTRICCUNT )= L
FCOAST{ICCUNTI =8
IF(ICOUNT.EQ.NOEGPE) 6O TO 1602 - .. . ... L e
ZNUPERZBFLUX{ ICPL 3/CCNSTIICOUNT)
11ERa)

G0 10 20

1000 _RRITE(S,12) ..

L1 FCRMATI// \IH +€3R INTEGRALS OF THE FITT ING FUNCTION OVER THE G
- #RCUP _INTERVALS) e
WEITELS 41213
12 FCRMATUIH o 74HGROUP  LCWwER BQUNDARY UPPER BCUNDARY REGUIRED INYEGR
+2L CALCULATED INTEGRAL¢/)
' CCALCLLATE ThE THERFAL INTEGRAL - o
ICCINT=1
__SUMINT=0.C__ e
WICTHS(GPIZI<GF{111/200.0
2INCAZRIDTH /2. C
CPVARMGPILI¥ZINCR
[ =142C€ ———
CONSTI 11 9SQRI(DP VARYSE XP(=(DPVAR/O, 0251 )1 NIDTH
e SUNINTESUMINT+FARSUNM .
DFVAR=CPVAR+WICTH
21 CCNTINUE
TFEICCUNT EC.ACEGFS) GL TC 109
IF{ICELNT.EQs2) GC_JC 4& e
Jd=NG-{COUNT
WRITE(6022) JJeGPLICCUNT ), GP
22 FORMATILH 42Xe12»5XeE10.3
ICOUNT = LCCUNT #1
CCALCLLATE THE L7E INTEGRALIS)

45 SUMINI®0.0 o —
“WICTH=(GP(TICTUNT 1 1=GP(ICAUNT1 3720040
ZINCRaWIDTH/2.C
DPVAR=GP { TCOLNTY +Z TNCR
CC 23 I=1,20
PARSLN=(CCAST(ICCLATI/DPVART*NIOTH
_SUMINTa SUMINT+PAR SLN
CPVARSCPYARYMILTH
3 CONTINLE N . B

JJ=N G- 1COUNT Tt T

WRITE(6422) JJsGPEICCUNT ), GP[ ECOUNT +1), BFLUXI ICOUNTYe SIMINT
TCCUNTSICCUNT# ]
o AFLICOUNT _

46 _JJ=2
T TWEITETS 22V 93y GPUICCUNT Iy GP T TCOUNT# LT BFLUX(ICOUNTI ySURINT
IF{NG.EU.2) JCCUNT=ICCUNT 4L
16 SUMINTaC.C
CCALCULATE ThE FAST INTEERAL(S) _— N
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S9SLBACLTINE RTFLUYIBFLUX+GFyCONST,FCCAST,NCEGPSsNF NG ws

WICTHs {GP{ ICCURT ¢1 1=GP { ICOWNT 1172000
ZINCRan[CTH/Z. 6

DPVARaGP{ICOLNTI+ZINCR

..._CC 24 [=1,200. e e
P AR SUM=CCNST{ ICCUNTI®EXPI{DPVAR=GP{ICCUNT 1 ) )/ FCONST( ICOUNT 1 ) s DT
*r

T SLFTRT=SLNINT ¢F 2RSDF

DPYAR mDP VAR iD TH

24 LONTINUE

&

SIENG=TCCUAT ___ [

WRITE(6+22) JJWPCIC CUNT ), SUMINT

ICCUNT=ICTUNT ¢1__ | e S

IFTICCLNTLLEL.NCEGFS! GC TC 16
¢ 15

109 auxl |
WRETE(£922) JJsGRUICCLNTYyGPCICCUNT #1) o BFLUXC JCOUNT I, SUMINT
15 DG 105 JC=1,NG

— __GPLJCI=GFIJICI/]1D00EG
1¢5 CCNTINGE

RETURN
EAD .
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ACTVATITIMACT SYSAC Tv SUMACTGPFLUX » PRCDNG » PRCCHL, GPSECH

“eSUBRGUTIA
SUBRCLTINE ACTVAT(TINACT,SYSACT »SUNACT  GPFLUX, PRCONU, PRODHL ¢ GPXSEC
%2 LENOMASS, STAES P CONST FLONST. € LUX( NONUCL NCEGPS: NGPASs NGaNEY

T

3
C
CTr1S PRCGRAM CALCLLATES .\CTIV[TI‘S DUE TC‘ NEUTRCN lNDKED RE‘CTICNS
13 - - R _
<
G AECULENTS Iz (PELUL, GBXSEC. IONGHAS S STAE 5,62 o ONSTECONSTBRLIX
€ ARGUSERTS 1~-ACRUCL,NCEGPS NGPASs NGy N
C ___ ... ARGUMENTS CUT—T[MACJ’.SVS&CT,PR@NU:PRCDHL v e v ——— e e+ e
¢
c_
DINENSIEN Tl 'IAE'l(NDNl;CL d!uNDPAS) -S'S‘CT(NEPAS) 'SUHICT(ND !5 }e GPFL
FUX (N B PR Ly
+5) yCCASTINCEGFS] .Fcusnncscpsn'arLuxmcecPs )+ 10NG (NONUCL )¢ HASS NG
L #NUCL), STAESINOPAS)

CLMNCK AyVy FoLFTLiTZoNeRy Dy HT,0PT LON, TGEOM

WRITE(Ey162)
.__lCZ_:éJs“'l‘T (LLLxL__:ﬂ_LE_EQLLQLL_G_D!LQLQAlLL_E_CALﬂJLLIEQ.MuIJ___
-

l' \ o e st e e s

cmnuuza FLAGS AND_AREAYS
€C 40 #= 1o NCAUCL
40 mMe},13
PRECDNG(M,MM1 20,0
e . FRECEL(PspmIng.0_ -
) CCNTIALE

Tcc al FRsl,13

0C &) wMmx] (NCFAQ

TIMACT{M MM MMM }>Q.0
NIE

JN=1,NCPAE
SYSACT(JN )= SLMAC T IN}=0.0 o
P72z CCATIALE
KELAGELF|LAG=C
CPA INT FEACINGS
_ -nnete.31us'm=srn.x-1._gc_u__g_
FORMAT(/ o 1M & X o THTIME (M) 44X, 10TE
RIIE167TY
U FCRMAT (LW +125FTARGET PROCUCT ACT(TI) ACTI72} ACT(73F ACT(T4)
_ 4 BCTUTIS) ACTITE) _ACTUTI) ACT(T8) __ACT(T9) _ACTIT10) ACT(T1i) _
TacTiTian
26 FEAC(Ty25) ITAEETARMSS
25 FCAMAT(1647XsE1Led)
1F{ITAPE.EQ.IONOL L)) GD TO T
TF(ITAPE.GT.ICACTIs) GO TO 4%
L CALL PCSETCA ——— -
6L TO 24
CTHE SBCVE STATEMENTS SEARCH THE TAPE FOR_A MATCHING TARGET (D NUMBER
44 WRITE(&445) IDAC(D)
o5 FORMAT(///¢/y 1+ 4 21bATTENTION=TARGET NLCLIDE NUMBER,I6,88HDCES NCT
“EXIST IN CATA LIBRARY~THEREFORE-NO CONTREIBUTION FROM THIS NUCLIDE

2 LEB3.2X 1Y
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“¥5UBROUT INE ACTVAT (T IMACT , SYSAC T4 SUNAC T4 GPF LUX » PRCDNU PRCDHL ,GPXSECHS

eIt DESE CALES /27 74Y
m(nps.jq.,m_nqg 1)1 G019 &6

. I.I. PCS(TCN JO UG U ORI
CPRINT HEADIMGS
WRITEAL)3TI{STAFS K I K=y NOPAS) | | o e et e . e —
WRITECEs1E

MRULYW T
CPRINT HEADINGS . . e
WRITE(6,3TH STAFSIK) jh=1,NGPAS)

LI CRIRIN R _— e e e e e c——

7 Jag+l
PRODNU( T, 33, PRODHL L L J)
PEAC(7,951 NP
69 _FCRHATITA)_
IF(ITAPELEQ, IOACINONUCL )1 LFLAG®]
. IF{PREDHL(LyJ) +GT.00.1000E+501 GG TQ 50 _
B FORMAT (20X¢E1Ze4y12X0EL12.4)
CCa)) AVRAGE TC CALLY L ECT IO
CALL nuas(anssc=ccnsnsccust.anux.sv. NCEGPS, NG, NF,NP 1
_IF{GPXSEC {11,674 Ce, SCCE2 45} GO_T0, 103 R .
CINETIALI2E SUMIA ANE SUM24
SLPLASSUSZASCC _
"CRECIN ACTIVATION CAL\ "ULATIONS
0C 33 JL=ks
K TEHPS'EXP(-( 1Co6- )8 {{N=JLI®{(TLR3600.7)¢(1293600.0 } 53 3/ PROOALI [, J1
M. 3 ¥ N
SUPLASEGHIASTENFS
. JLCONTINLE _
CC 12 L=1,NDEGPS
TEMPSTSUMLA% () .OF=26 1 SGRNSEC L] IRGRELUX (L)
SUMZA=SUP 28+ TENFS
12 CCNTINUE
ccucu.ne ACTIVITY AT 10
MASSI1131CC0. C/TARMAS] 960 023E4238 SUMZA® (1=EXP(=0.59323400 08T
ol/FiEDHL(I.J)H
2 ATE ALTY s MACTION CF
cC 13 K:l.NOPAE
_____ TINACTUE JoeKIZACTREXP(=(SVAFS (K12Q.693%3600,0/PRODMLE TN
CSUF TACTIVITIES
_SUMACT (K )=SUMACTIK )T IMACTA L, Jp K}
T3 TCONTIMGE
ICPRINT ACTEVITIES.
105 WRITE(6,20) IONDU 1)+ IFTXIPRODNUTT ¢J) 1 +{ TIMAC TCT s J 9K ¢ K81 y NCPAS)
L2C FCRMATILX 1X 152X, 15,200 1OCEB 3o Xbe 2Xe 20 EBo3e 2K} . . __ .
CEEGIN IKNTERRCGATICN CF THE ACTURFE LIBPERY
READ( 7. 25) ITAPE ,TARMAS
TFECF(T1«NE<O) KFLAGa\
Ge11 GC TC_27__
TF{LFLAG.EQ. L ANG T TAPELNE , [ONDINDRLC LV | 6O TC 27
__IF(ITAPE,EQ. ICAGINONUCLY] LFLAGsL -
IFCITAPE, NE. TORC{T1) GG TC 27
6o 79 7
EPRINT FEACINGS
27 WRUTE(€43701 STAFSUK] ¢ Ku1 sNGPAS)
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#OSUBRLUT INE ATTVAT [T IMACT, SYSACT, SUNACT, GPFLUX,PRCONU,PRODHL sGPXSECH®

T WA ITECs1 4T
_._l‘__l' MAT(1h ,128F _ TARGET _ ACTCT)) _ACTL72) ACTLTI __ACT(Ts)

CT(TS1  ACT (TS ACT(T7I ACT(T8) ACT(T9) ACTITIO) ACLTITIL)
oAC'H'HZH
CPRINT SU¥ OF ACTIVITIES DUE Ta A PARTICULAR TARGET NUCULDE
WRITE46+13) IDAC{I)y (SUMACT (K)pKul,NCPAS)
15 FCRMATY l‘vSX.l!'Sl'lClEB.Bvl!l 12X¢2 (EB.3,2X0)

DC 1C Kal,NCPAS
SYSICT(KIISYSAC'HKHSUMACT(K)
12 CCATINUE - RO
IF(1TAPELEQ. IDNOL 1+1)) GO TO 32
IF(LFLAG.EC.L] GO TQ 16
22 DC 22 JUN=l,NCPAS
o SUMACT(JINI=D,0
723 CLATIALE
e AF{)TAPE.EQ.IDMCLL#J)) GG TR 3L S _
IFCITAPE.ET L IDNOLE+10) GD TO 47
1=1¢}
CALL PCSITCN
LPRINT _FEACIAGS —
WRITE (6 4370 (STAFS (K1sKelyNCPAS)
WRITE( 641}
J=0
GC TC 26
47 WRITE(&+45) IDNGUI+1)
e CALL ECSTTCN
1=1+2
L IEUITAPELCT.IDNOCI))_WRITE{6,45) COKCEY)
TFUITAPELCTLICNCLTIY} 1=+l
CPRINT HEADIN
WRITE{6+3TIISTAFS{K)sK=1,NOPAS)
WRETE(6 410
J=C
. G0 TC 2%
CPRINT FEADINGS
21 WRITE(ELITICSTAFSIK) K3l NCPAS)
wWRITEL6. 1)
i=i+l
=G
6L TC 7
CPRINT HEnDH\G
16 WRITE(E,ATIC STAFSIR ) «K=]l4NOPAS)
RFITE(6,211}
__Z1 FCRMAT(IH ,125H SYSTEM ACTUTL) _ ACT(T2)
+ ACT(TS) ACTI16) ACTITII ACT(T81 ACTIT4) ALY
LoosACTTIZDY
CPRINT SYSTEM ACTIVITY
WEITEL6.51){SYSACT(K) ,K=1,NOPAS)
51 FCRMATIIX 115X ¢10(EB.3¢1X1y 2Ky 2(E8.3y2X )}
IF (XFLAGEQ, ) EC TC %2
T RETURN
42 CALL PCSITCN
43 KEAG(7+25) 1TAFE,TARNAS
1F (EGF17) .NE. G} RETLRN

ACT (T3] ACT(T4)

Tioy "acTmiy
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w*SUBRCUTENE ACTVAT (T TMACT, 5Y$ACT o SUNACTy GBFLUX, PRODNU, PRODHL » G XSECS®
AL posStION T T T ' T T Tt
GE_YC &3

al

CALL PCSITZINFY
tc ¢ 163 e mm a0
EAL :
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"WeSLERDUTINE AVRAGELGP XSEC +LONSToFCONST1BFLUK 1G5 cRTEGPS o NGy NFy KPIOS
T SUBRCLTINE AVRACETCEXSECYCONST (FCONST s BFLUX, GFy NGEGPS s NG KF NP

[
CIHIS PRIGRAM CALCULATES FLLX WE IGHTED .GRCUP. CRCSS_SECTICNS BY AVERAGING .
CMICROSCGPIC CROSS SECTION 0ATA

c f e e RS —_— —
4

O ARGUMEATS IN=CONST2FCONSTBF LUXsGRIRGEGPSA NG AF NP

c ARGLFENTS CUT-GPXSEC .

[4 e i et e o e e e+ . e
C

DIMERSICN GPXSECINCEGFS 15 CCNST (NOECPS 15 FCONST{NOEGPS 14 BFLUX{NDEGPS _.
#15GPING)»CSLL5C) 4ENI15D) ,C51(2000 4EL (2910
ARRAY GPXSEC
DC &1 JK=1,NCEGFS
e GPXSECCJKImOs C
41 CCATIMIE
CLCAD_ENERGY._ANO_ CRCSS, SECTICN DATA FRCM THE_ACTLMFE LIBRARY.____
i REAC(T, 3ICENCIN,CEC 1Y T o1 NR)
L 3 FCRMATIG(ELL 4 ))
} COEJERHINE IF THE ENERGY CF THE FIRST ENERGY-CRCSS SECTION PAIR READ
_GFRCM THE ACTLMEE L IBRARY_(5 BELOW _THE GREATESL GROUP.BCUNDARY . __
LF{ENCLI=-CPING) ! 105,102,102
RIS r.au. SMORTH(GE NG oENpCSeNPoEL«CSIoNELY e e

-x
su.nm'l-u.o

COETERY INE _IF THE ENERGY AT WHICH ThE CROSS SECTICN kAS WEASURED IS .

CBELCW THE AEXT GRCUF BCUNCARY

50 IFCELCE1.1T.6PAJ¢1Y) GO TO 51 .
GPXSECT 1=040

RENTY)

SUNINT=0 .0

GC_1G 52
TEITIFUS.EQ. 1Y GE 1€ 1€CO

300
1609 SUMDEL=0.0
CAVERACE MICRCSCCPIC CRGSS SECTION DATA OYER THERMAL ENERGLES
WIDTH®(EL{T+11~EL (L)1} /200.0 o
2 INCR*WIDTH/2.C
L CPVARSEI(IIeZINCR _
DC 10CL KK®l427C
PARSUM{ CONSTi J1%SORI(DPVAR®L, OEG) *EXP(—(DPYAR® 1, OE6/0.025 ) I*({CS1
«(7¢11~CSL ([ I8 [CPVAR~EX (1137 (ELCR4LI~EL(TI I+CET( [} 1 )1%ul0THO 1. 0E &
. __ S\MDEL=SUMDEL¥PARILFK ——
CPVAR=CP VAR +W IGTH
16C1_CCATIALE.
SUMINT-S0M i+ STRDET
TR LY
GC 1C 52
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;‘#’.ﬁpii’

T WSUBROUT INE AVRAGE¢GPXSEC \CONSTFCONST8F LUK 4GP » NCEG PS¢}

20CC SUNDEL™D. €
CAVERAGE MICROSCOPIC CRLCSS & ‘EEILQN.D_TA_QVELLNJEIEQLALLEP:ERGLES.____
WICTH=[ELI1+1)=E21101/200.C
ZIACR=WIOTH/RC | . e e e e =
DPYARSEL(LI+ZINCR
LC 2001 KK=1,200
PARSUN=tCONST o) 7{DPVRRaL, OEbHIHDTH'I..UEGO((CS‘!.(HU*CSH“)'(DP
e AYARTELLI AL ELC ) J0=F L DI DC SICINY
SLNMCEL=SLMDEL+EARSUN
OPWAR=OPVARCWIDTH . . . . . - —
2€01 LCONTINUE
L OSUATIIESULEATHSUR IR e m——
«5.13
GC TC 52
3CCC SLWDEL=0.0
CAVERAGE MICROSCQPIC_CROSS. SECTIQN DATA _QVER FAST _ENERGIES
NICTHSLELAL+1I~EL(L13/200,C
—_ IJINCRaRIDTHZ2.C e e e e
“DPVARSEL({ 11#ZINCR
£C 3001 _KK=) (200
PAR SLM=CONST [ JY*EXF{{DPVAR=GP {J#1) } 81 .DE6/ FCONST (J 1 19 I DTH*1.0E6(
#4CSLOT4LI=CSIII)IR(OPVAR=ELCIN) JEERCI+ LI=ERCRDPLSICINY
SLPDEL*SUNDEL +FARSUN
0P VAR =DPVAR RIDTH
3001 CONTIMUE
SLMINTRSUNIAT#SYNCEL
1=1+1
&L .TC.52_
162 GRKSECIL) al .DE+50
_ 106 READIT+5) 10UNB
S FCRMAT (71X, lll
RETLAN
END
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TW9SUBRCUT INE SHODTH (X1,NK1 X2, ¥2.RXZ, X3, Y3, NX318%

WY Axa1

" SUBRDUTINE SNECTHTX1,NX1,X2,¥2 R%2y

[
CTHIS PRCGRAM CALCULATES CROSS SECTIONS AT GRCUR BCUNDARIES BY LINEAR
CIRTERFCLAT ICA

L ARGUMEATS IN=GEsNGeEN LS, AP

4 ARGLMENTS QUT=ELCSLoNEL

c PN U U
[+

R DI"ENSIDN ALLLLa22010 Y2 L) X3 Q002 (1),

i, __LZ_L[(_XZ(KI-!)HH 20:31:313
20 K=Kel
e £CTC_ 12

11 X3¢l =x2(x}
Y3 1)=Y2 K} e
KxK+]

AECX2C(K) 24T 230122} GC TD 25
GO TO 24
25 XILI=x2 (K1 P
YI(1)=Y2I K} .
(3313
L=2
14 DG 1 I=[1.NX]
5 1F(X2IKI=X1{1)} 24204
[ 2 23(L)ex21k) N
YIALIsY2(K)
Lzi+l
KaKe 1
JE{R-NX%2) 5,5,10
3 X3 (LI=x2{k}
Y3tLiavalxy ——
L=L +l
Kzgel e
TF{K=-NX2) 1¢1¢1C
4. x3(L)=x1 (1)
YILI Y3 L=D) v HIY2IRI=YI[L=L 11/ (X2 (K I=X3(L=1) )} #{X3{L b= X3(L=1}}
Lat+l — e
L CCATIMNE
LG RX2al=l -
RETURN .
3,14
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TTWMSLBRTUTINE ADMANINDMODE &S T
SURRCLTINE ACVAIACMCDED

[

[

CIMIS PREGRAF 1S USEC FEF PCSITICNING THE FILE MARKER IN THE LEVDEC
CLIERAFY .

¢ - R - it ee e -
c

L 2RGUMENTS IN~NLNODE

[ ARGLMENTS CUT-AENE

< - -

c

—...DC 305 JBal 4 NACNPEDE —
READIT,202) 1DLMB
202 ECRMAT (38X, 12)
305 CCAYINUE
. — RETURN
ENT

*#SLERCUTINE PCSITCA®S

SUBRCLTINE PCSITCA

CTHIS PROGRAM_[.S LSED FCR PCSITICNING_THE EILE_MARKER IN THE ACTLEMFE.
CL IERARY

AEGUM ENT N=N
ARGUMENTS CUT=ACNE

FatFalal a¥altal

__PEACL7.430)_NeE -
30 FORMATI/413)

AD}x IAT (FLCAT(NGI¢2,0G0+0,800)

OC 52 ICCUAT=1,AR]

— %2 CONTINGE
REAL{7:5) IDLMB
5 FCRMATI?IX. (1)

RETULRN
— . END -

109


http://JEAWTj30J._N.e_
http://_ffAAUi.53.L_gAI.Sl_

weSLERCUTIMG PCSITECRPime
SLERCLTINE PCSIT2(AM) - 7777 7 T T

THIS FRECGRAM IS5 USEL £CF PCSITICNING THE FILE MARKER IN THE ACTLEMFE .
L IBRAFY .

BRGUHENTS IN=NP
BRGUFMENTS CUT=ACNE

AMalamannaa

e MPLIINT(FLCAT (A F)/3..000 40 «800.0
00 52 1CCUNTs) ML
——REL17,53) REALQUM
53 FEAMATIELL +4)
. _RZ.CONTINUE_
FEACIT,51 IOUME
S _ECRPATIZIX, L1
RETURN "
EAC




‘e SLERCUTINE CCSATE(T IMACT, PRCOMU s NONUCL s NGPAS D0 $SUM ¢ SYSDO S, IDNO s ST##

SUENDUT INE DOSRTE 14 IHACT'PRCDNU'NDNEL yNOPAS,DOSSUMsSYSDCS¢IDNG,ST
+AE S ERCDHL 2 DCSAUC)

THES BRCGRA® CALCULATES DCSE RATES AS A FUNCTION OF CCMPONENT cnmrosn-
ION,GECMETRY,AND TLME AFTER SHUTOOWN . . .. __ ... ...

ARGUMENTS IN=TIMACTPROINUJNONUCL +NCGRAS,DCSSUM,SYSDCS ¢ 1IDONC ST AFS
ARGUMENTS [-PRCOKFL, COSNUC o — e -
AAGUMENTS LLY=ACNE

____D.ui NSICh TIMACTCACALEL 13 NCPASYy PROOMICAGNUCL 12}, DOSSUMKNGPAS Y,
+SYSCOS (NOPAS }, [ONG{NONUCL ¢ STAFS{NOPA S) yPRODHL(NONLCL 513} (DGSAUC (N
. *CPA5),CCSTAVIIS0 ) AT 1350, hPl:pmuc(:sonmsqhnm 3901,,005PRN{ 39
+C by ICEKM{ 3014 IDALGL 20} DLE VL 30) , PREB (3
e CCMPCA_Ay Wy FyCFpTlaT2 N1 Rs Dy HIs C?LIDNL!GEDH
REAL MLLT
WRITE{€2182)
1C0 FCFMATU//2,4lb 61 hTHE FCLLOWING CUTPUT DATA ARE CALCULATED DOSE RA
+TES N MRAD(Hy /)
CINIT TALIZE ARRAYS
_ DC 1 #=1,ACPAS__ — [,
SYSDOSIMI =Ca €
COSMIC(MIm0,Q
pLSSLUMim =C. T
. -4 CCNTINUE _
CINITIALIZE ARRAYS
. DC_1D1_[*1,3SC
thll-NP( n-un( =g
1%R(ImDCS DAY [ [1=0 .0

AN AAOAA

101 CDNTINUE
CINITIJLIZE ARRAYS
TC 2 Iwl . ACNUCT
_ DC._2_Jmi,13
K= (I=11%134)
MEUK)@IFIX{PRCCAUL],JI)
h{K)*PRODHL (1 4]
ACIRIATIFACT L1e Js 1)
AT(KI =IDNCI D)
_.._.2 CONTINUE
CARFANGE TARGET 1D NUMBERSs PARENT Acnvn 1ES+AND PARENT HALF-LIFES IN
ZCROER CF JACREASING PAREAT [C NUMBEA PRICR TC SEARCHMING )
CPARENT CECAY INFORMATION
ACENCAUGL 131
OC 3 J=I4ND
NTEMFZANT (el
; ZTEMP3=AC | Jv 1)
ITERPARRLJ4T)
- 0C 4 k=144
18+ 1=K
__ IFUNTEMPL.GE.NF(I)) 6O TO S -
TABIA 1 IRFLDY
HIG+ V=T D)
AC(I+1imaCCLd
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BOSRTECTIMAC T, PRODNU NONUCL s NOPA

SUBRLUTI
FUIsasH{L)

4 CONTINVE
1=C

S ABCHelaeNTERRY e e o
NTUIe 11 sNTEMPZ
AC{S*LInZTEMPD e -
FU{1¢1 1=2TEMPS

-2 _CCNYINLGE
CSEtiC)— TPE NP ARRAY FOR THE FIRST NON-ZERG PARENT 10 NUHBER

7 lF(NP(Ll NE.C) GO 10 205
L=Lel . . - - e [
GC TC 7

;-unxn'rhe REGINNING OF THE PARENT NUCLIDE LIST-THIS LIST IS TN ASCENDIN ..

_..4C5 _1EASERL
CBEGIN INTERROGATIGN DF THE LEVOEC LIBRARY FGR A4 PARTICULAR PARENT D
CRURBER _—

2CC PEAD( 341&1 1 TAPE 4HALFLF RDMGDE )

RMAT X

1FLECF{T ) .NELO) GL TC 200
L _IF{ITAPELEQ.AR(L))_GEL TC 17
IF(ITAPE.GT NPIL)) GO TO 280
_ ... CALL ACVAMIACMGDE?
282 CALI_ACYANINCMCLE)

26 WRITELE,25) AF(L)
.25 FORWAT{// 41/ ,23HATIENTION=PRODLCT _NUCLIDE NUMBER, 16, SOHDOES NO_._ ___
+T EXIST IN CECAY L 1ERARY~THEREFORE-NO CONTRIBUTION FROH THIS NCL
+IDE_IN OCSE (ALCS)
Wi
37 FCRMATIIR ,JOHTHE TARGET ATCM WAS, 18, /77773
Lat+l
CCISCONTINUE IF THE LAST mn_u NUCLIDE WAS BEEN ADDRESSED _ . .
TIFINPIL) o EG.O) GC TC 813
o IFLITAPE,.GT.AP(L)) GC_IC 28

24 TI: 200
CCHECK TC SEE [F NPEL) ECUMLS NP{L+1}=THIS QOCCUR ﬂﬁﬂ THE_SAME_PARENTS
CAGE PRODUCEC FROM OIFFERENT TARGET NUCLIDES. IN THIS CASE, THE CECAY
CINFGRMATICN IS STCREL IN VARICUS HCLDING ARRAYS_AND IS INTERRQGATED AS

CMANY TIMES AS THERE ARE ADDITICNAL LIKE PARENTS. THIS HEGATES HAVING
CTC_RE-REAL LEVCEC FCR _EACH LIKE PARENT.
T 17 TFINPILILEC.AFIL¥1Y) GC TC 80O
CLCMPARE hALF LIFES
313 IF(F(LI/FALFLF.LT +028<OReH(L 17HALFLF.GT. 1,27 GO 1C 19
«1,00E+50.CR2AC(LY.EQ.0.0) GO TG 19

362 [MCCEs INCCE+L o e
CBEGIN INTERRGGATICN CF THE LEVDEC LTERARY
REACCT43CC) IDEKMO , IDAUGH DLEVEL, PULT
JCC CRPAT(38%, 12717, F11.4, E12.41
C1F DECAY 15 BY BETA FINLS,STCRE DAUGHTER [0 MJKBER
1FTTCERMO +EQ 97 NDI L J= IDAUGH
AF{ICEXMCLEC.7 .CR. JCEKMC,EC.9) 6O TO 301 e
T 1 10EKNG.EQ.8Y GC 1€ 310 :
303 IF{I*CDE.ECAEPCCE) GO TO 304
GC TC 202 .
_201 IFIDLEVEL,EQ.C.G)_GC_TO 303 e
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CONG, NONUCL, NOP AS

BRELTINE CCSATEGT iMA
TALL CURVE(DLEVEL FLLXEY ~
A A PRE(L 1o M UXE}

GC TC 303
- 210 1FICLEVEL LEQ.0.LC) GO YO 31t . . . . L.
CALL CLRVE{OLEVEL 4FLUKE) -
CALL CALCUACIL) sDCSPRO(LY yPULT»FLUXE)
CIN ANY CASE ABD IN TWC C.S511 MEV ANNILIHATION GAMMAS ~
L 30LBC 312 18ETA=1,2
i CALL CLRVE{Ca5114FLLXE)

¢ T CALCCACI(L 3, DOSPROCL y¢MULT,FLUNXEY, . _. * . —
212 CCATIME
6L TC 363 o e e e v e+ e L e

CALL ACVANCNEMCDET
CREA Q THE_NEXY LEVCEC ALCLIDE
204 RELD( 74160 ITAPENALFLF NDNODE
IF(ECE{T}.NE.O) GO TR _30%
TFUITAPE.EC.APILYI GC TC 313
o _TFUITAPELEQ.NP(LE1D)_GD_TO 21
;cus:unr\ue IF THE LAST wu.wi HAS BEEN ADDRE SSED
EiNP{L+1),EC.C) GC_1C 8
CALL ACVANCNCMOOE)
e L=l
6C 0 2¢C
21 LaLsl P

& C17
_CLOAD DECAY INFCRMATICAN IANTC THE HCLOING ARRAYS
800 LC 801 IL=1.ANONCDE
READ(7,30C) IOEKM{ILIy [DAUGEIL)sOLEVL (2L 1 PROBLILD
"TB61 CCNTINUE
FE BEG

- __—"T

(4. ENT NUCL EDES IN THE LIST

IKE

£C2 Lmt v}
TFINPILI.EC.NP{L*11) GO 70 BOZ
CMARK_IHE END OF LIKE PAREAT NUCLIDES IN THE LIST
TENCsL
. 810 DC BOS_[PelBEGIA,LEND
COETERMINE IF 4 PAREAT MLCLIDE WILL OE COMSIDERED FCR OOSE RATE CALCS
IFCHE TP/ FALFLF oG sCaBo ANDy MO TP I /HALFLE LT, Lo 2o ANDLHALELE s NE, 1y ¢
50, AND. AC(1P1 . hE.0.01 GL TG 804
__GC_TC_E0S
" §0a CC 820 1L=1, NCPCOE
CBEGIA_IMJERRCGATICA CF THE HCLDING ARRAYS
TFCIOEKMI TL ) (EQ.5) NDTIP)aiDAUGLIL

)
LECIGEKMIIL) JECo7 JGRLIDEKM{IL 1,EQ.9 GO TQ 501
TF(IDERM{ 1LY +EC.B) GL TC 510

.. §6_TD_g20
SC1 TFIBLEVLITLILEC.0.0) GO TC 820
_CALL CURVE(OLEWLCIL) FLUXE) . _ e
CALL CALCUACLIP 1, DCSPRO( P ¥ PRGBITL 4FLUKET
_GC_TC 823

€1C [FIDLEWL(IL) -EC..C) GC TC 511
. CALL CURVE{DLEVLIL )y FLUXE) _ R
T CALL CALCUAC U1F Ty DCSPREUIPY, PROE(TLTe FLUXE]

511 DG_£21 IBETA=1,z . .
CALL CURVETD €11, FLUXET
CCALL CALCCACIIF),CCSPRECIPI,PROBCIL ), FLUXED

821 CCNTINUE

820 CCATINSE
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*#5UBRDUT INE DOSRTE!TIMAL T, PRODNU .NUNDCLvNDPAS'DDSSUM'S'SDﬂS'thOuST“

€¢5 CCATIALE
CREIFRMINE IF THE NEXT LEVOEG NUCL IDE_J,S_LE_S_LE___S_,B.E_E EVICUS_ONE
806 FEAMC(T.161) ITAFE'I-‘LFLF'NNU
. IFLECFU7) oAE4C} GC_TC
IF{1TAPE. EQ.NP( lBEGlN)) GO TO BéA
GC 7C 807
E¢8 0O §CS 1Lel,NDFEDE
REACET:300). IDEKHCIL L+ SRALGI L] OLEVL{IL) PROBILIL)
209 CCAYIALE -
GC TC £13 |
CCETERMINE LF THE NEXT LEVCEC NUCL IDE 1$ EQML TO THE NEXT PARENT 1D
CALMBER FCLLEWIAG THE LIST CF LIKE PARENT NUCLIOES . e em e —
ECT IF(ITAPE.EQ.NPIIEND+L1)} GO TO 811
AN({NCMCGEY
L=]1END+}
_IF{ITAPE.GT NP IEND*L)) GO TQ 812
GC TC 200
— . €11 L2[END+1
GG 0 17
EJ2_SRITEI6 290 MPLL
WRITELE,37F ATLL)
Let+t_
IFL{LTARE.
GG 70 200
813 RERING 7
CMCYE_THE FiLE MARKER ThRCUGH THE ACTLMFE L [BRARY AND POSITION AT THE
CBEGINNINCG OF L EVDEC
..._%5 FEAC(7+47) ITAFE
47 FORMATIIG)
. TE{EDF{7)..NE.0) GO 10 700 o
CAtL PCSITEN
GO_IG &S
CMZRK THRE ENC OF THE LIST OF ARRANGED PARENT NUCLIOGES
7LC 1STCP=L, -

f« Oy ecveeiz T T T T T o

L=1BASE
EFRCGATICN OF Tt L EVOEC LIBRARY FCR @

__1C] IF(NDCLI.NE,S) GO TO 702
L=C+1
LIF{L.EC.ISTCFe1] GC TC 913
G0 TG 761
__7€2 FEACIZ416)_[TAFE hALFLF,NDMCOE
TFCECF(TY.NE,C) GL 1C 702
ECITAPE.EQ.NO(L) 0 7
TF(ITAPE.GT ACILID GC TC 926
_CALL ADVAN(NDFCRE)
6 10 702
526 Lsle) _ e .
IF(LLEQ.T15TOP¢ 11 GC TC 613
IFLITAPE.EC.ADIL)) GO TO 763
CALL ACVAN(NCNCOE)
cc T0 7C1_
k The FALF LIFE OF THE CAUGRTER
7C2_IFIHALFLF,GT,1,CE+48)_GC TC 704 ___
6 TO 738
9C4_CALL ACVANINEMCEE)
€C4 Lalel
TEIL.EG.1STOP+11 60 10 513

14



»#SUBRELTINE CC SRTEITIHACT:PRCDNUvNENJC'.. NGPAS, DOS SUM. SYSD0 5, TOND 15Te»

T66 TO 701
3¢S I#CDE0
502 IMCOE=[MODE+ L
CEEGIN INTERFCGATICN CF THE LEVCEC L IBRARY FOR DAUGHTER DECAY INFQ
REACC7:7C7) IDEXME CLEVEL ,NULT
20T FGRMAT(38X,12,7X4E1La41E12.40 L L
1F{ICENML EQu7 «CR, ILEKMOLEQW9) GO TO 901
il

633 1F(INOCS.€3 .NDMGDE ) GO TO S04
GC TC ©02 e e e
SCL IF(DLEVEL.EJLC.C) GL T€ 933
_ CALL CURVE(DLEVEL,FLUXE )
CALL CALC(AC(L),DCSCAUCL) s MILTSFLUXED
6C_TC_s03
G10 IFICLEVEL.EQ.D.0? GG TO 9L
CALL_CLRVE(OLEVEL,)FLUXE)
CALL CALC{AC(L),DOSDALIL) yMULT,FLUXEY
CIN ANY CASE ACO IN_TH) G.5LL MEV ANNILIMATIOH GAMHAS
511 o€ 612 lEETn-l.z
CALL CURVE(D. ELLX
CALL cu.cucc..t.ucsnw(u.uuu.ﬂuxea
.51z CCNTINGE .
6 TD 5C3
CS13_RERING 7 _ e
: RCaNCNLCT T3
! CO 315 3=),NONUCL
1

TPRINT FEADINGS
L _WRITE(&s81{STAFSLK) yK8 1 NGPAS]
_EFCRMETU/ | IH g GXy THTIMETH ) 4%, 10783, 13, 2K, 2(€ 8. 3,201
WRITE(6,4000
4CC FCRMAT{IH »L2SFTARGET PACCUCT C5R(TL) OSRITZI DSR(T3) DSR{T4)
+ CSR(TS) _OSR{Ta4) OSRCTTY JSR(TBI OSR(TY _DSRETLO) _DSRITIL)
TESR(T12 17
OC 818 L=1BASESAC,
TFINT (L 1.EQ. (DNG( 13T GO 10 BL7
GC_7C 818
CSUA THE DL S nnes Bi.E 1C PARENTS AND DAUGHTERS
_ce

TS EXP(=(STAFS (K190 69393600 ~07H(L 11 1+DOSOAUIL 13E
h__,_o_th-_t‘_'s.,uﬁi(_»gg_c_..geasaeco.om(u) )
CCSSUP (K I=0CSSUN (K Y4 COSNUCTK )
SYSDCS(K) #SYSOCS(K ) +OCSNUC {K)
“E15 C(CATINUE
CEEINT CCSE RATES _
WRITE(E, 261 TORCTTTsNA(L)+(DGSNUC(KV s K# 1y ACPAS )
22 FERMATULX/1X, 202X, 150230 LOIE L. 3112 12X 2168.3,2X0 )

B1€ CCATINUE Tt
CPRINT_HEADINGS
TRATIELS 42V STAF S{KY JK=1,NCPASY
____WRITElée10) _ _ . e e
TTIC FERMATILR 9125k TAREET BSRITLY DSRIT2T DSK(T3) "DSRIT4»
+ DSR{TS) DSR{T6) OSR(T?N  OSRLTS! OSR(YS) OSREYIO)  DSRIT1L)
FCSR(T1217
WFITE(6+23) [CACCTI,IDCSSUMIK) +K=) ) ACPAS)
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7777 SeSUBRCOT INE CCSRTELTIMACT, PRODNUSNGNUCL,NOPAS,DOSSUM,SYSDDS, 1DND,STes

23 FCRMATULX,5X, D505 %, OTER3 JIXT 12X 020 €83 2x 11 _

OC 822 K=l NOPAS . e e —_— Cee .-
COSSUMIK 1»0 .0
€22 CCATIMLE et e e b e - -~
€15 CCNTINLE .
__hEITE(6, 8 STAESIK 1eKa LeNOPAS)

CPRINT SYSTEM HEADINCS
WRITE (&, 26}

26 FCRPATU{LH + 125k SYSTEM DSR{T1) DSRIT2) DOSR(TIH OSR(T4
.+ DSR(TEl DSR(Te). DSR(TTY. OSRITS) CSRATS}__DSRLTIO) | DSRITILY . ... . _.
. $QSPi{ V121
CPRINT SYSTEM CLSE

WRITEC(E 5L} ISYSDCS{K) yKal 4hCPAS)
FCRMATIIX (15X« R1OCEE 94 AR 42Xy 2CEB 3203

RETURN
h
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T W aSUARCUTINE CALT (4CT,05PRD,MULTFLUXE Ioe
SLERCLTINE CALC(ACTyLSPRO4MULT + FLUXED

.C
- C
CTIHIS PROGRAM CALCULATES DCSERATE FGR 3 CIFFERENT GECMETRIES R
[
< L. . - - —
< ARGLMERTS IN-ALT,FLLYFLUXE
L ARGUMENTS OuT=USPRD
.C
O —_
' CCPPMCN AeVyFyCFpT1eT2oNsRy Do HT,OP TION o IGEQM -
v eem —.REAL MULT —
GG TD{21+32423) IGEGM
: 31 COSRAT=(ACT=NULT®2,5/{6,093,10)60FLUXESID®IQ0, 01882} 1
OSFRD=CSPRD+DCSRAT
PETURN

CTHE APCVE DCSERATE CALCULATIDN IS FOR A POUINT SOURCE
32 MCL34#3,14163( (Re1CC, 01me3}/3

S'(AC,T'HULT‘ZJ)I‘VDL'F XE®4. 0)
20171300 ele10000,0208 220D 1 100C0A AALAGL ZER DAL U ——

+(R+0 121004

— . CSPRCaLSPRO$QOSRAT.

FETLRN
CTHE ABCYE DQSERATE CALCLLATICN 1S FCR A HCMUGENEQOUS NCN=ABSORBING __ —
CSFHERE

23,1610 22D )*HT*100,0
S=(ACTMMULT®2,5) /( VOL®F LUXE*4, )
e CCSEAT#S® (L {HT 4CH210C QXS ALOGI SRR EN23/C{HTADIER2) I 2OROATANI(HTEDD_
+/RY ZIHTHD) ) =Ll UO.C'(ALCE(].‘(R' 217 (0#%2) ) +2%R*ATANID/R)I /DM

o . LSPRD=CSPRO+OOSRAT
FETUFA
Tr ¥E CALCULATICN TS ECR A HCMOGEN NCN-ABSORS Y R WHES

CTHE UESERVER FACES THE AXIS
AD.
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WSLBRCLUTINE CURVE(E+FLUXE) om0
SUBRCLTUNE CURVELE,FLUXE) ~

CGUVEN THE ENERGY CF THE GAWMA AAY,THIS PRUGRMM CALCULATES THE PARTICLE
CFLUX(QUANTA/CM»e2eSEC) THAT CORRESPONDS TG A OCSE RATE CF 2.5 NR/HR ==

CFLUXE . SR . R - e e

BRGUNERTS IN-CLEVEL
ARGLMELTS OLT=FLUXE . e e . =

faFaXalaYaYal

TFUE GE.CoClC.aRDLEL LEL 0,020 GC TC 1
1E{E.GT 40.020 JAND EoLE.0,0400 G0 T0 2
EaGToC LE.0.050} GO TO 3
LE.0.060). GO TC 4
[F(E.GT «0.060.AND.E,LE.C.080F GO T0 §
_ IF(E«GTsCe{BL.ANDLELLE.0.150] GO TC. &
lFlE m.c.xsc.mn.s LE. 0.409) GG 10 7
1AND e E L E.0,600) G0 TO 8
F(E c'r.a.accc MNC.E.LE.L,0001 GO TC 9
o oo JF{EGTo1.0CCAND ELLE,1.5000. 6O IO 10 . ... . .. .
TFIEGT 1 450044A0.E0l 00176870 i1
 IFIE.GTy34CCCaAADMEL LE. 6,001 6O, TC, 12
1F{E .GT 464000 JAND .EoLE . 10.000) GO 70 13
rule__} 20E+59
RETWR
1n.uxE-zmtaaoLe_e_g,z_.__nsgl.n
FET

2 FLuxE-1146o233.<2asqu_._c;3_g_ozz : e
ETURN
:r,, g 103651 E. §75%Ewe] 2698653
s E,L,ux_s_-_qg_ao'r.za_o;z;z_a-o 4772399 .
RETWRN
5 FLUXE=11225,122210E9%(~0,2874410}
RETLRA
6 FLLXECE54ED, 703262EXP{Ee (~10, 51320653)
RETURRK

_FLLXE =133ﬂ .569205%Es* [~} ,1036085)
A

s_uugt_:-u.ez 1585E6%ERe 1-1,00045131
RETLRN
9 FLUXE=154€ ,SS1TSE%E#(~C, 8091 058)
RETURN
_1C FLLXES]1545, CS132C¥E* (~0,7797676)
RETURN
1 FLLXE-UUB.205757'E"!-a.71.8878ﬂ el o

12 FLUXE‘ 1468.365150%E#*(~0,7051622)

RETLRN
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DETEKHINATION OF THE DCSE RATE FROCM NEUTRCA ACT IVAT ICN OF THE COPPER BEAM DUMVY

ThE FCLLOWIAG CATA HAS BEEN ENTERED Th

D RERORY

EMPERES KILD-VELYS. _.. BEAMERACTION .. . _ _CUTYFACTOR Tl . .32

«650E¢02 «170E403 +1CCE+ 0L « L00OE+00 +B800E+0L  .160E+02

NUPBER CF EMNFFGY GRCLPS-ACEGFS

R S

MUMFER TF TARGEY AUCL ICES-NNNUCL 2

NUMBER DF POINTS AFTER SHUTUDKN-NGPAS 12

RADIUS F €F SFHERE OR CYULINGER M) _____ .215E#00 -

HELGHT +T CE CYLIACER (M) c.

DISTANCE D FRNOM POINT SDURCE OR SURFACE CF SPHERE CR CYLINDER (M) +«200E+01
NUMBER CF GROLPS BCUNDAREES-NG 21 ... —

NUMRER CF FAST NEUTRCA GRCUPS~AF 2


http://_CUT1T.FACT.0B

SPECIFEC TIMES AFTER SFUTCCWA

L3}

TIFE 1 3. R
Jike 2| «lCCE#CE
TIME "3 . ECCE+CY
o TIeE 4 _ _+330E+01
TIME 'S 4CCE+0L
YIME ¢ «SCOE+C1
TINE 7 “600E+0 L
... JIME 8 _«7CLE#CL
TIME S «BCIE+OL
__TIME 1O . ___sSCOE+OL
TIME 11 <LCCE+C2
TIME 12 <2008 +02

. LAIYT NCRPALIZEC FLULXES

.__GRCUE 1 L1S3LE=CE
TTERCLFZ 1362E=06
—~..GROUP 2 = .823F-C7
GRCUP 4 53E-06.
__GROwP_ 2 .l378E=C6
TGROUP & VZ842E-C7
.__GROLE_ 7 L479G £-07
. GROLP € +3860E=C7
Tl_GRouP & l7420E-ce
S TTUBRELE 1T 035226267
___GROLP L1 __. . «4STCE=CT . .
GRGUP 12 «4021E-C7
__GRCLP 12__ _+3063E=C7
GROUP 14 V72346~C7
GRCUP 15 S4LE4E-CT
GRGLP 16 L3CILE-CY
GRCUP 17 SSLE=CT
GRCUF 18 56 £-07
— _GROLP_ 15 —.#3C76E=C7 |
GROUP 20 LBZBBECCE
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TTGREUR BCUNIARIES DvEV)T T

eCUNCaRy ™
AQARY. _e2
BOUNDARY 2 < 18E7E+C]
__.BCURCARY & _ _ _ .11C8Esdl
8CUNDARY 5 «55C2E+00
... BCUNDARY & . «1576E+CC
BCUNCARY ~ 7 J1111E+02
__BOUNDARY __E «£2686-Cl
BCUNDARY & “2475E~C1
. BCURCARY 10 . +2288E=01 .
BOUNDARY 11 «1C33E-C1
BCUNCARY 12 «33%56- 02
BCUNCARY 13 ©1234£-02
___BOLNECARY__14 «5EZ9E-G2
“TTBCUNCARY 15 1613602
___BLUNDARY 16 ___ .
BCUNDARY 17

. BCUNCARY 18 _
BCUNDARY 19
BCUNDARY  2¢

BCUNCARY 21 «1C00E-1C

TTTTTRARE T U YE-RUMBER T T MASSRGY

CCRFER63 29663 “258E+03
__CCPPERLE __ 29C65 . _ .115€+93

THE EOLLOWING +aS SEEN CALCULATED BY ACDDS1

msnnuueﬁus  NUMBER CF NEULTACNS PRCCUCEC PER SELCND LTE4SE+(3
AVERAGE FLPHER CF REUTRCNS FRCOSCEL PER SECCND BN

INIEGRALS CF THE FITTING FUACTICN CVER THE GRCUP [NTERVALS
GROUF ~LCWER BDUNDARY UPPER BOUNDARY RECUTRED INTEGRAL CALCULATEC “INTEGKAL —

2¢C SICCE=C% HI14EFCO B2 E=05 820 E-06
19 <414E+C0 «112E+C1 « 3CEE=Q7 3C3E~DT
Y BYEYETI 3G6ES0T T e 34EE-07 T 346E-UT
17 + 30EESCL «LO7E+02 +395€-07 .;95&n7 : o
e 18T ED2 CISOEHTE VACIE=DT BOLESdT T T
s «290E+02 . =101E+«C3 w4 EE=07 «%68E-07
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14 «1C1E+C3 +E03E+C3 «T23E=07 «T23E=07
13 | __«583€#03 . __J123E*C4 _ _ _,3C4E-C7 «304E=07.
12 +123E+04 «336E+04 «402E~07 +492E=Q7
|83 e J2LE+C4 o 1C2E+CS | . «437E=C7 «45TE~Q7
10 «1J3E40S «Z1GE*TS «I52E=-C7 e 352627
s 22196405 2248 F+CE 2142 E=08 o T43E=08 _
e «248E+CS «S25E+CS =« AEEE-CT «3BSE=07
7 L eS525E+405 . =111E4G6 W4 TSE~CT, « 4 TSE=07
] +111E#Cé «l58E«06 «284E~07 *284E~07
5 «158E+CE «S5CE*CH « 138E-06 «138E~36
4 JSSJE+D6 JI11E4CT «1CEE=C6 + 1C&E= 08
— e« 11IE . +Q7 Lo A—— ) |
2 «183E+07 «211E+37 « 12EE~C6 «128€E=-06
1 2231 E+07 s239E2QT A790E=05 ____ ____ _ _»790E=Q5

|
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£et

TIMEHY

. THE.FOLLGHING. QUTPUT_DATA AR CALCULATED ACTIYITIES IN. DQ

.0 «JO0E+0 +200E+0] .300E+0L

TARGET PROCUCT AC‘I’(TII ACTLT2) ACT(TIN ACTLT4)

29063 29062
29€&3  ZECE2

29063 28063
29063  2TLe0
29063 27C40
29063 29064

TIMELh) .
TARGEY
29¢63

-0 «0 -0 «0
-0 0 «0 <0

. 29063 _ 27059 .0

«400E+0L 5QOE+01l .600E+C] .J00E+01
ACT(T5) ACT{Te) ACTITI) ACT(TA)

.0 «0 0 =0

-0 -0 -0 «0

Y ) 20
ol 165004 S1T6E404 LTHE+Q4 1TGESO4
-0 »Q «0
.0 -0 -0 «C
H3JENLI0 . LH09E+10 IBTE+L0 (36TE+IO

Y

v 10QE Q1 sZSQE'Cl.;JWE
Acrqub ACT(T2)  ACT ACT(T4)
«431E¢ 10 o 40SE+AC .Ju1Eolc «367€+10

«B00E+0) 90DE+O) L 100E+02

ACT(T9F ACTUTIO0) ACT(TLL)
+Q -0 +0
«0 -0 0

] PY N O | B
o LTEE104 (LFGE¥O4 »1T6E+04 < 176E+04
o +0 » -

«Q «0 0 «0
«347E¢10 ,329E410 312610 ,2956¢10

01 +4006201_.500E20]. «600E+D) _,700E0) .

ACTEYSY ACTITo6t ACTITTE ACTATE)
34 TEVYLO .329E+10 .312E410 .295E+10

+200E+02 ,
ACTET12)

-0

-0

[ F— 1 N "0 _
« LT6E*0% 1 T6E+O4 «1T6E¢04
*0 -0 .

0 -0 0
«2BOEFLO J265E¢10  LZ51E¢l0

_.!QOE!QI 22006401 __-J0DF202.
9)  ACTITLOS ACT(TI1}
2305010 «265E¥10 < 251E10

29
«1T6E¢04

‘o
“L46Ee20
_r 2006602

ACT(T12) ¢
«LAGE*ID



vl

T1 ME (H}
TARGET PRODUCT
129065 29064

29C65 290¢&3
25065 28C64
29085 271i61
29065 28065
29065 27062
. 29€65 27062
29C65 25086
TIMELH)
TARGET
29065
TINE{H)Y
SYSTEH

STCCEVET

ACTITL) ACTIT2) ACTI(T3)

SFCOER (T 2 CTEOT

0 «100F+01 .200E%01 J300E+01
ACTITI) ACTUTZY ACTUT3I) ACTITS)
S G QRN --.I._.«--_.._,-!L_—.-__'lg.«— —
.0 «0 -0
.0 .0 .
«0 «0 -0
.0 .0 .0
«0 +G

0 Q. [

e 426E+TE 4123E403 L353E-01

«0 «100E+01 .200E«01 .3COE¢OL

ACT(TLI) ACTLTZ) ACTITI ACULT4)

= 148E410 .426E+406 .123E+03 .353E-01

ACTIT4)

+400E101 -SQOE+O1
ACTITS) ACT(T6)

0 L0
»0 .

.0 Y

.0 +0

20 +0

D «0

20, 0 __ .
+102ED4 +293E-08

«500E#01 500640}
ACTATSY ACTiTS)
= 1026~04 «253E-00

ACTITS) ACT(Te)

«STSE+L0 4CSEVIO IBTESLO 36TE#L0 ~34TE+10 .329E+10
+800E+ 01 .900E+D]) «L00Es+32 .200E+02
ACTIT9) ACTITION ACTITIL) ACTIT12)
0 0 <0 .0 ,
0 «Q .0, 0
-0 «0 «0 -0
«0 0 <0 0
-0 -0 .0 -0
«0 <0 «0 «0
o0 k0 . W0 a0 _ .
«690E-19 .201E~22 «5768E-26 «226E-51
« BOCE4OL .9QDE4GL +100EsD2 .200E402
ACTAT9) ACTITION ACT(TILE ACTITIZ)
+69BE-19 .201E-22 +5TBE~26 226E-61
'+B00£+01 .900£401 +10DE*02 .200E402
ACT(T9) ACT(TLI0} ACT(ULIY ACT(T12)
+2B80E+10 . 265E¢ 10 «251E+10 L14BE+L0

«6C0E+ C1
ACT(TTY

0
+842E-12

= &00E +01

ACTITZ)
-B42€-12
+600EsDL
ACTLTTY
s312E410

+ TODE »0L
ACT (TR

V2426503
7006+ 03
ACT(T8)
+242E-15
J00EsDT
ACT(TEN
A295E+10



§el

THE FOLLOWING QUTPUT DITA ARE CATCULATED DOXE RATES TW WARDAT

TIME(H)

TARGET FRGOLCY
_..29063 _21¢5%

29063
290£3
© 29043
29063
290¢3
29063

27060
21¢60
20062
28063
25€62
24cen

TIHELD
TARGEY
29C63

K .100E401 .200E+(1
DSAITIY OSAIT2H DSALTN)

«JCOE+D1L

«400E+01 . 500E¢0L .600E+QL

[SR{T4) DSR{TS) "OSRITE) OSR(TT
o . aC Y | 0 R SO,
«D ] -0 o0 .0 ) .0
.0 .0 N .0 0 «0 -0
.0 o€ .0 .0 «0 «0 .0
.0 0 «0 «C .0 .0 .0
.0 .C .0 0 .0 «0 -0
«234E 001 L221E¢01 .210E¥ 01 . 199E+01 L186E401 QT7BE#0L J169E+O0L
0 + ICOE*0) ,2CCE4C) ,3COE+OL .400E+O) ,500E+0l ,60DESQ]
OSA{TL) OSR(T2) DOSH(TI) DSRET4F DSRITS) OSRIT6) DSRLYTH
+234E+G1 4221E+01 J210E+0! L199E+*01 ,1B8E40) o176E+01 .16SEvCL
«800E+0L HOOE#0L  ,100E+02 .200€+02
OSRIT9} DSRITI0) OSAITILE OSRITI2Y
<0 =0 <0 ]
.0 -0 -0 -0
.0 .0 «0 .0
«0 D -0 «0
o0 <0 «0 .0
(] .0 -0 «0
} «151E4DL J143E40L  .136E#0L1 LT91E$0D0
. f
+B00E*D| .900E*Ol . 1O0E40Z .200E402
DSR(T?) DSR(T10) OSRETLL) ODSR(TLZ)
«ISIE+0F o 143E4 01 .136E+OL  L791E+00

«TODE+0L
DSR{TH)

-0
«160E+01

+T00E+D)
OSR{T18)
«160E¢01



9zl

§. 12006901, ,360F €01 » 5006200 o SUCELC) - 600ESLY +TOOESOL.

Tiw !Hl s +1Q0ES0 0
PACN f124 "Csu(r3s 'CSRirer "DSRITSIOSR(T6 DSR(TTS DSK(T8S

TARGET Wi OSHITIY usn
29065 zwal 0 0 «0 o - .0 . «0
29065 27062 .0 0 .0 -C .0 -0 o0 o0
29065 27062 .0 '0 »0 -0 <0 +0 K] K
29065 28064 .0 »0 -0 -G .0 -0 «0 «0
29665 _ 20063 .0 20 ] o€ Q. [ DURRCY : KRR - R
29065 25C€3 .0 .0 . -0 «0 o 0

29065 29064 40 «0 -0 oL .0 «0 «0 .0
29065 29Ced (II2E+L0 .550E-04 2TS5E-0T .T92E~11 22BE~14 656E-18 ,1BIE-2L .S544E-25

TIFEL{H) »100E401 .200E4CL .2CGE4CQ1 .40QE*OLl ,500E¢01 .600E+C1 .TOOE+OM

DSBLIL!_" DSRITZL _ DSRITAL. PSRN DSRITIL_OSRETE) . DSRITT). QSRLTEL
332E4C0 4S5E~04 4 215€~CT o 1S2E. 226E-16 <656E~18 .189E-21 544E-2%

TIME(W 0 L 100E+01 ,200E+01 .300E+01 .SO0E:0] .SODE+01 .400E+01 .TOOE+01
SYSVEM DSR(TLY OSR{T2) DOSRE{TI} DPSRET4E DSRITSE 0Sk(Te) OSRITT} OSK{TE)
+26TE4+OL ,221E4D1 LZ210€401 .199E+0] .1B8BE*01 .178E¢0L 1656401 o L6OE+O)

_:!ME'Q\_.&WE!Q_\_._IIQEE’M..;ZHDE'M
DSA(T9) OSRITIO)N OSR(TIL) OSRETI2)

o0 » »0 .
«0 «0 0 <0
+0 «0 .0 «0
-0 «0 <0 .0
POy J— 20 a0
. «0 0 .0
0

+0 «0 » 0 ’
«15TE=28 .451E-32 L130E~35 .508E~T1

«BOOE®0L .900E+01  .100E402 .200E402

IISB(HI_DSM]ML__DS!IIIII_ ~D3RITMZL.
TLASTE=28 (45163 «130E~35 . 508E-T1

»A00E+Q0L «S00E+01 ,100E+02 .200E%02
DSRIT9) DSRITIOF DSAITIL) ODSRITI2Y
+1S1E+0L L143E+00 «hIGELOL  TOLESDD
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