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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, ACD0S1, 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 also been 
incorporated into the code to make it applicable to 
a variety o£ general activation problems due to 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 neutral-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, neutron 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
tral beam. The second step required writing and solving 
the pertinent ordinary differential equation 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 ene.:gy, 
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 ol! the five steps is a code called ACD0S1 
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 option 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. In 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 Group, 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. 
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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 evenly 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-d'jmp 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: 

2H + 2H m 3He + 1n + MeV 
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In addition, a similar reaction occurs as D + impinges upon 
deuterium 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.m 

The expression used is: 

INSNPS = 8.64 X 10 4 Jgggggg X A X 1.0 X 1 0 6 / t C O ^ g m b X 

F X CP 

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 

OF: yield correction factor for voltages dif
ferent from 150 keV 

The yield correction factor for voltages different than 
150 keV is taken'from the calculation'^' reproduced in 
Figure 2. To facilitate the calculation of INSNPS during 
execution of the program, a power fit of the form y=a x 

was applied to the points read from the curve to determine 
an analytical expression for CF. Three different fits were 
used to insure a high coefficient of determination. These 
expressions are 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 Ti, AVENPS. The short successive pul
ses are now represented by a single pulse (now referred to 
as a "test") with the same time length Tl 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 required 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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Figure 3 
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Derivation s 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 

^ t L - ^ A - B ( t ) ^ 

where the variables are defined as below: 

B(t): number of atoms of the product nuclide B 
Xg: decay constant for the product nuclide B 
(T^: group activation cross section for target 

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

<p : group neutron flux 

Tho solution is -̂"i 
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 
oi length T2 in the injector test schedule as shown in 
Figure 4. Tl 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 the total number 
of tests. It is desired 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 aach test prior to t=0. The total amount 
at t=0 will then 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) = # £ p " e-*BTl"j . 

[~| e - ( H E 1 + T 2]}>^ > * 
This expression, however, represents only 1 group of neu
trons. To generalize the relation for up to 71 neutron 
groups, the calculation for B(t) above must be done for 
each group, that is: 
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Figure 4 
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-A„-TI -A,t 
B(t) = > - y " !l-e B I e B 

£ a * B L 

For the general case of the reaction A(n,b)B, the 
activity of B in Bq, t seconds after shutdown will be: 

! ( t , > = Activity of 
»\*> /»B Product Nuclide 

£ ^ A f1 " *-*BT1] •" XBt 
K=l 

i=l •* 
(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) (6.023X1023 atoms/mol) 
atomic weight in g/mol 



Equation 1 is the activation equation which is used in 
ACD0S1 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=l. 
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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 0" , can then be evaluated from the 
expression: 

1 C""(E) j£ (E)dE / I ^(E)dE 

The problem was solved by assuming that the thermal region 
could 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 slo'tfing-down theory, and, in addition, from re
sults of 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'-" 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. 
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NOTE: The convention will be adopted that Group 1 
represents the highest energy group. 

GP Energy Interval(eV) 

1 2.385E+6 to 2.307E+6 
2 2.307E+6 to 1.827E+6 
3 1.827E+6 to 1.108E+6 
4 1.108E+6 to 5.502E+5 
5 5.502E+5 to 1.576E+5 
6 1.576E+5 to 1.111E+5 
7 1.111E+5 to 5.248E+4 
8 5.248E+4 to 2.479E+4 
9 2.479E+4 to 2.188E+4 

10 2.188E+4 to 1.033E+4 
11 1.033E+4 to 3.355E+3 
12 3.355E+3 to 1.234E+3 
13 1.234E+3 to 5.829E+2 
14 5.829E+2 to 1.013E+2 
15 1.013E+2 to 2.902E+1 
16 2.902E+1 to 1.068E+1 
17 1.068E+1 to 3.059E+0 
18 3.059E+0 to 1.125E+0 
19 1.125E+0 to 4.140E-1 
20 4.140E-1 to 1.000E-5 

Neutrons/ 
cm2-eV-
Source Neutron 
1.013E-10 
2.879E-13 
1.959E-13 
1.896E-13 
3.510E-13 
6.111E-13 
8.172E-13 
1.394E-12 
2.550E-12 
3.049E-12 
6.552E-12 
1.896E-11 
4.673E-11 
1.502E-10 
6.481E-10 
1.642E-9 
5.184E-9 
1.787E-8 
4.327E-8 
2.002E-6 

Neutrons/ 
cm2. 
Source Neutron 
7.901E-6 
1.382E-7 
8.833E-8 
1.058E-7 
1.378E-7 
2.842E-8 
4.790E-8 
3.860E-8 
7.420E-9 
3.522E-8 
4.570E-B 
4.021E-8 
3.04 3E-8 
7.234E-8 
4.684E-8 
3.011E-8 
3.951E-8 
3.456E-8 
3.076E-8 
8.288E-7 

Table 1 
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Figure 5 
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Figure 5 
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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 2X104eV) 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 out" 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 
quantities in column 4 of Table 1, which are normalized 

20 



total group fluxes. For example, for the thermal region, 
group 20: 

f 4.14X10"1 E 
C\) E'' e " ° - 0 2 5 dE = 8.288X10"7 

1.0X10"5 

therefore, 

C = 2.36 X 10" 

For an intermediate neutron group, group 17 

^*10.68 

) 
C/E aE = 3.951X10"8 

3.059 

therefore, 

C = 3.160 X 10"8 

The determination of the constants associated with fast 
neutron groups, however, is somewhat more involved. Since 
the assumed form for the fast exponential is 

E1-E2 
d> (E) = Ae 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 
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S E2 E1-E2 . 
Ae B dE 

while the other condition results from a continuity of 
flux requirement at the boundary of the two groups. Equa' 
tion 2 already represents one equation. A second equation 
resulting from the continuity requirement 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 equa
tions. If there is another fast group, the same method 
is applied. One equation results from the required inte
gral condition on that group, and a second equation results 
from a continuity of flux requirement at the boundary with 
the preceding group. The result of this method is that the 
first exponential group is always matched to the last 1/E 
group, and any additional fast groups are always matched 
to the preceding fast groups. In the case of only two 
groups, one thermal and one fast, a match is required at 
the boundary between the groups to allow evaluation of the 
two constants in the assumed exponential function following 
the Maxwellian. For 1/E groups, only one equation is re-

22 

total flux for 
that group 



El E2 E3 
Energy 
Figure 6 

A continuity of flux requirement is used at energy 
El to obtain another equation required to evaluate the 
two unknown constants in the assumed exponential function 
for group 2. This equation is: 

E1-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 constants 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 1/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 ACD0S1, subroutine WTFLUX will 
determine the values of the constants associated with these 
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Table 2 
Flux Densities for the Sample Problem 

Group Group Boundaries (eV) 
20 l.OxlO-5 to 0.414 

19 0.414 to 1.125 
18 1.125 to 3.059 
17 3.059 to 10. 68 
16 10.68 to 29. 02 
15 29.02 to 101 .3 
14 101.3 to 582 .9 
13 582.9 to 1.234xl03 

12 1.234xl03 to 3.355X103 

11 3.355xl03 to 1.033xl04 

10 1.033X104 to 2.188xl04 

9 2.188xl04 to 2.479X104 

3 2.479xl04 to 5.248xl04 

7 5.248xl04 to l.lllxlO5 

6 l.lllxlO5 to 1.576x10s 

5 1.576xl05 to 5.502xl05 

4 5.502xl05 to 1.108xl06 

3 1.108xl06 to 1.827xl06 

2 1.827X106 to 2.307X106 

Equation <p(E) 
2.36xl0-4 Eexp 

r> 

2.307xl06 to 2.385xl06 

1 0.025' 
3.077xlO"8E-l 
3.4 55xl0~ 8E _ 1 

3.160xlO~8E_1 

3.012xlO"8E-1 

3.74 7xl0 - 8E _ 1 

4.134xlO~8E_1 

4.057xlO"8E_:L 

4.020xl0~8E-1 

4.064xlO~8E-1 

4.693xlO"8E_1 

5.942xl0"8E_1 

5.147xlO"8E-1 

6.387xlO"8E_1 

8.129xlO"8E_1 

1.102xlO"7E"1 

1.511xlO"7E_1 

1.666xlO"7E_1 

6.62xl0"13exp 
(E-2.307xl06/ 
2.42x105) 
7.07xl0-10exp 
(E-2.385xl06/H,18'!} 
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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 < 
Heutron 

3f 
Groups 

Group Energy 
Designation 

Form(s) of Weight
ing Function(s) 

1 Thermal Maxwellian 
2 1 

1 
Thermal 
Fast 

Maxwellian 
Exponential 

3 1 
1 
1 

Thermal 
Intermedi
ate 
Fast 

Maxwellian 
1/E 
Exponential 

4 to 50 1 
1 

1 

Thermal 
or more 
Intermedi
ate 
or more 
Fast 

Maxwellian 

1/E 
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: 

= I <T(E) $> (E) dE 
J&E il ^(E) dE 

29 



where <2> (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 question is read from the ACTLMFE 
library, which is a subset (without fission cross sections) 
o.f the ACTL library. '*' The data consist of two numbers, 
an energy in MeV and an associated cross section for that 
energy in barns. To calculate G~ , 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.' ' 
The result is two arrays, one 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+1) 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, 0" t1' a n d <J"(.I+1) whose values lie 
within the group boundaries GP(J) and GP(J+1), an analy
tical expression is found for the line connecting them, 
using the common two point formula: 

y" Yi " S2=Si ( x - x i ' 
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Figure 8 

GP(J+1) 

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 (T(E) between E(I) and E(I+1). 0T(E) is used in the 
evaluation of 

A<r 
!

E(I+1) 

Ed) 
<T(E) ̂  (E) dE i (E) dE 

where A 0" is an arbitrary fraction of the total flux 
weighted group cross section, 0 s , for the group in question. 
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In this case y is ff"(E) and x is energy E in MeV. The 
equation takes the form: 

«n«)-<n.)- gfflfetff ( 1 )[«<'>] 
so that 0"(E) for ff"(I) — E — 0"(I+1) is 

See Figure 8. 
Now that an analytical expression exists for ̂ P(E) and 
«(E), the product of these two functions is numerically 
integrated between E(I) and E(I+1) 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 0 (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. GPtJ+1) = 0.414 eV, 

<f> (E) = 2.360X10"4 [J E ' exp(-(E/0.025) from Table 1, so 
that the expression for ff~(E) a> (E) is: 

I 2.360X104 \JT*e- °- 0 2 5 J 
It is this expression that is numerically integrated 
between each thermal E(IJ and E(I+1). When all numerical 
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integrations are completed for <» specific group, the run
ning sum is divided by the total flux for that group. 
The quotient, <f , is the desired quantity—the flux 
weighted 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.' ' 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 whose energy 
range is below the threshold energy. Calculations begin 
only when the energy at which a cross section value was 
measured equals 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 quantities 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 Figui<=> 

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, GF(J+3) and 
GP(J+4). The group cross section for group (J+3) results 
strictly from the evaluation of the pertinent quantities 
from the threshold value, Tv, to the first encountered 
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 interpolating 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 
1.15X10"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 required 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) INPUT: 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. 

2) ARAYIN: for entering all "array" data. Array 

data is printed out for user verifica
tion. 

3) SOURCE: 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. 

4) GPFLUX: uses the calculated values of the 

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

5) WTFLUX: determines the constants for 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 tht^-r 
appropriate energy intervals for user 
verification. 

6) AVRAGE: determines an analytical expression 

for O " (E) over a specific A £ and 
numerically integrates the product of 
^"(E) and <b (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, 

7F. 
7) SMOOTH: first determines if the energy associ

ated with the first energy-cross-sec

tion pair read from the ACTLMFE library 
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is below the greatest group boundary. 
If 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 consid<=i=d. 

8) POSITN: for positioning the file marker in 
the ACTLMFE library. 

9) POSIT2: same as POSITN. 

10) ACTVAT: takes the following parameters and 
calculates activities according to 
Equation 1. 

a) number of tests 

b) length of the tests 
c) 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 
out. This allows the user to determine what rsactir.n 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 reaction is bypassed and 
interrogation continues. Only one pass through the en
tire ACTLMFE library is required since the nuclide data 
is arranged in order of increasing ZA (1000Z+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 shutdown. This subprogram, 
DOSRTE, accomplishes the desired calculation by perform
ing essentially four major tasks: 

1) interrogation of the decay library, LEVDEC, 
which is a subset of E N S L ' ', 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 radioactive 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 allows 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 ACD0S1 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 nuclides 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 for efficient interro
gation 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 radioactive 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 the resulting dose rates calculated, a sec
ond pass is made to search the library £ r. th'e 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'3 and one of the 
form ae"x. 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 th'i 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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E (MeV) 

Dose Rate o f 2 . 5 m r a d / h 
c o r r e s p o n d s t o j j L 
QU&NT&/cni2-S 

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 2 84 

Table 3 
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Energy Range (MeV) Particle Flux Equation 

0.010 to 0.020 FLUXE=21495330.64*E** 
2.1759447 

0.020 to 0.040 FLUXE=11460233.22*E** 
2.0136022 

0.040 to 0.050 FLUXE=1036918.975*E** 
1.2698653 

0.050 to 0.060 FLUXE=96497.38032*E** 
0.4772399 

0.060 to 0.080 FLUXE=11225.12221*E** 
(-0.2874410) 

0.080 to 0.150 FLUXE=55482.78326*EXP 
(E*(-10.9132069)) 

0.150 to 0.400 FLUXE=1330.569205*E** 
(-1.1036085) 

0.400 to 0.600 FLUXE=1462.198966*E** 
(-1.0004513) 

0.600 to 1.000 FLUXE=1546.997798*E** 
(-0.8891058) 

1.000 to 1.500 FLUXE=1549.091320*E** 
(-0.7797676) 

1.500 to 3.000 FLUXE=1508.205757*E** 
(-0.7188784) 

3.000 to 6.000 FLUXE=1488.362190*E** 
(-0.7051622) 

6.000 to 10.000 FLUXE=1656.852874*E** 
(-0.7649757) 

Table 4 
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of E read from the decay 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 DOSRAT = — — r - • 4TTD2 

S 0 is the source strength divided by the flux-per-unit-
dose-rate as given by the formula 

„ _ MOLT x 2.5 x ACT 
o FLUXE 

where MULT is the multiplicity of the gamma ray, and 
FLUXE is the effective photon 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 subject 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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i (HT+D) I 1 DOSRAT = -,¥- { (HT+D) I ln( l+-
4 ' ' (HT+n) 2 

gffjj ARCTAN 3£«>| - D | l n ( l + S £ S|-]-D[l D 

g^ ARCTAN 

where S v is the ratio of S Q to the volume in cm 3, D is the 
distance in cm, 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*3 is: 

DOSRAT Jj J2Rd - <*2-R2) ln(g^)l 

where S v 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 constraint that the cylinder 

and sphere be non-absorbing, the following assumptions 

apply to all dose rate calculations: 

1) any potential radioactive daughters result only 

from B ~ decay, 

2) the daughter decays from the 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 pa.̂ -ants and radioactive daughters have been 

located and their contributions determined, the results 

are printed out starting with the lowest target ID number 

and progressing upward 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 ACD0S1 

object program terminates execution. 
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ACTLMFE Description 

The ACTLMFE library contains 20,177 lines, 
format of the file is: 

The 

Record Column Format 
1 1-6 ZA (1000Z+A) 16 

7-13 Ignore 7X 
14-24 Target Mass (amu) Ell.4 
25-35 Ignore 11X 
36-46 Level of Target (MeV) Ell.4 
47 Ignore IX 
48-58 Target Half-Li fe(s) Ell.4 

2 1-2 Reaction ID Number 12 
3-8 Ignore 6X 
9-20 Q Value (MeV) E12.4 
21-32 ZA of Product E12.4 
33-44 Level of Product (MeV) E12.4 
45-56 Product Half-Life(s) E12.4 

3 1-3 Number of Energy-Cross-

3 et seg 1-66 

After 72 
the last 
line of 
EN, CS 
pairs 

Section Pairs (NP) 13 
(EN(K), CS(K) , K=l, NP) 
where EN is energy in MeV 
and CS is cross section 
in barns 6E11.4 
Reaction Separator 
Sentinel 71X, II 
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The above pattern is repeated for each reaction. The 
last reaction in ACTLMFE is for U 2 4 0 , (N,V). 



LEVDEC Description 

The LEVDEC library contains 62,221 lines. The 
format for the first record of each set is: 

Parameter Format 
ZA(1000Z+A) 16 
Level (MeV) Ell. 4 
Parity F4.1 
Spin F5.1 
Half-Life (s) Ell.4 
Number of 
Decay Modes to 
Follow (NDKODE) 13 

2nd et seg. records to NDMODE 

Parameter Format 
Blank 38X 
Mode of Decay 12 
ZAof the 
Daughter 17 
Level of 
Daughter Ell. 4 
Probability 
of Decay to 
that Level E12.4 

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, | , § +, and •". 
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Decay Identifier Mode of Decay 
1 neutron 

2 proton 
3 deuteron 
4 triton 

5 He 3 

6 4. 
7 ¥ 
8 r 
9 r 

10 EC 
18 unresolved 

EC+» + 

99 no decay-
stable ground 
state 

Table 5 

During the interrogation of the LEVDEC library for a 

particular parent or radioactive daughter nuclide, sub

routine DOSRTE will check the decay identifier. If the 

identifier is a 7, 8, or 9, the reaction is considers I. 

If not, the reaction is skipped and interrogation continues. 

Secondly, when the identifier is 8, (which is » + decay) 

two annilihation J 's of 0.511 MeV each will automatically 

be included in the dose rate calculations with the appro

priate multiplicities. 
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Code Input Description for ACD0S1 Data Deck 

Card 
No. Variable Description Columns Format 
1 Any information to be 1-80 10(A8) 

printed out regarding 
problem 

2 A, V, F, DF, Tl, T2, N: 1-75 (6(E10.3, 
current (amperes) , volt- m2X) , 13) 
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: 

2 Tl, T2, N: length of test 1-27 (2(E10.3, 
(h) , length of pause (h) , 2X) , 13) 
number of tests. 

3 NOEGPS-number of energy 1-2 12 
groups 

4 NOPAS-number of points 1-2 12 
after shutdown 

5 R, D, HT, IGEO.M: radius 1-37 (3(E10.3, 
of sphere or cylinder 2X, II) 
(m), distance from point 
source or surface of 
sphere or cylinder (m), 
height of cylinder (m), 
geometry designation: 
1-point source, 2-spher-
ical, 3-cylindrical-on-
axis. 

6 NONUCL-number of nuclides, 1-2 12 
30 maximum 

7 NF-number of fast neutron 1-2 12 
groups; use 0 if there are 
none 
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10 
to as 
many 
as 
needed 

from 
above 
to as 
many 
as 
needed 

(BFLUX(I), 1=1, 1-72 
NOEGPS: unit normal
ized input fluxes 
(STAFS (I), 1=1, 1-72 
NOPAS): specific time 
after shutdown (h) 
ZNAME (I), IDNO (I), 1-25 
MASS (I): nuclide name, 
ID number-lOOOZ+A, mass 
of nuclide (kg). Maxi
mum of 30 target nuclides 
per run 
(GP (I), 1=1, NG): 1-72 
group boundaries in MeV 
in ascending order 

(6 (Ell.4, 
IX)) 

(6(E10.3, 
2X)) 

(A8, IX, 15, 
IX, E10.3) 

(6(E10.3, 
2X)) 
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Code Output Description for ACDOSl 

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 DUTY FACTOR 
Tl T2 N 
NUMBER OF ENERGY GROUPS-NOEGPS 
NUMBER OF TARGET N3CLIDES-N0NUCL 
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 SPHERE 
OR CYLINDER (M) 
NUMBER OF GROUP BOUNDARIES-NG 
NUMBER OF FAST NEUTRON GROUPS-NF 
SPECIFIC TIMES AFTER SHUTDOWN (H) 
UNIT NORMALIZED FLUXES 
GROUP BOUNDARIES (MEV) 
NAME ID-NUMBER MASS (KG) 

Quantities calculated by ACDOSl are printed out under the 
heading: "THE FOLLOWING HAS BEEN CALCULATED BY ACDOSl." 
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 AEE 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: "q?ARGET ACT 
(Tl) ACT(T2)...ACT(T12)." The third is: "SYSTEM ACT 
(Tl) ACT(T2)...ACT(T12)." 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: 

1) "TARGET PRODUCT DSR(Tl) DSR(T2)...DSR{T12)". 

2) "TARGET DSR(Tl) DSR(T2) DSR(T3)...DSR(T12)" 

3) "SYSTEM DSR(Tl) DSR(T2) DSR(T3) . . .DSR(T12) " 
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General Program Flow Chart* 

Load Variable Data 

Load Array Data 

Calculate Source 
Neutron Production 

Sate 

Calculate Group 
Fluxes 

TT 
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± 
Determine Weighting 
Function Constants 

Search The ACTLMFE 
Library For Target 
Nuclide ID Numbers 

Calculate 
Activities Due To 
Parents And 
Print Results 

I 
Calculate 
Group 

Cross-Sect ions 



^ t i r 
Search The LEVDEC 

Library For Parent 
Decay Information 

Calculate The 
Dose Due To Parent 

If Radioactive And 
Compile List Of 

Potential Daughters 

Search LEVDEC 
For Possible 

Radioactive Daughters 

Calc. Dose Rate 
Due To 

Daughter 
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* \ 

Sum Parent And 
Daughter 

Dose Rates 

" 

Pr in t Results 

' ' 

*Not in detail—only to show the general flow •*,! logic. 



POSITON 

ACDOSl 

SMOOTH 
Subroutine Level Chart 



Description of the ACDOSl Tape Structure 

Tape ACDOSl has 5 files: 

File # Name 
Physical 
Records 

Logical 
Records 

1 ACDOSl Source 
Listing (ANSI 
FORTRAN IV) . 

2 ACTLMFE 
Library 

449 20,177 

3 LEVDEC 1 551 24,772 
4 LEVDEC 2 544 24,476 
5 LEVDEC 3 289 12,973 

Logical records are 80 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 t.ie "Chart of the Nuclides", 9th Edition-, 1966 
Element lbs Isotope Wt% # of kg's 
Cu 820 Cu 6 3 69.1 257.55 

Cu 6 5 30.9 115.17 
4 T Volume of a sphere = - jTt R • Therefore , t he volume of 

copper i s : 3 . 7 2 7 X 1 0 ^ . , ^ ^ ^ 

?V3 I 3-VOL ' 
R N T I T 

4.160X10 4 cm 3 

— 4Tf 

9931.27 cm 3 1 

0.215m 
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The following sample problem parameters apply: 

A current (amperes) 65 
V voltage (kilovolts) 170 
F beam fraction 1.o 
DF duty factor 0.10 
Tl length of test (h) • 8 
T2 length of pause (h) 16 
N number of tests 7 
NOEGPS number of energy groups 20 
NOPAS number of points after shutdown 12 
R radius of sphe 0.215 
D distance from surface of sphere (m) 2 
IGEOM geometry designator (sphere) 2 
NONUCL number of nuclides 2 
NF number of fast neutron groups 2 
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GP(I), 1=1, 
NG (MeV) 

1X1O - 1 1 

4.14X10"7 

1.125X10"6 

3.059X10-6 

1.068X10-5 

2.902X10-5 

1.013X10-4 

5.829X10"4 

1.234X10"3 

3.355X10"3 

1. 033X10-2 

2.188X10"2 

2.479X10"2 

5.248X10"2 

1.111X10"1 

1.576X10"1 

5.502X10-1 
1.108 
1.827 
2.307 
2.385 

BPLUX (I), 1=1, NOEGPS 
(neutrons/cm2-sec/Source 
Neutron) 

8.268X10-7 

3.O76X10"8 

3.456X10"8 

3.951X10-8 

3.011X10-8 

4.684X10-8 

7.234X10"8 

3.043X10-8 

4.021X10-8 

4.570X10-8 

3.522X10-8 

7.420X10-9 

3.860X10-8 

4.790X10-8 

2.842X10-8 

1.373X10"7 

1.058X10-7 

8.333X10-8 

1.382X10-7 

7.901X10-6 
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Results of Sample Problem 

Inspection 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,y> 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 '?ose 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 differ 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 Nickel-63 decays to Copper-63 byB" 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 composition and 
amount, and time after shutdown. 

The work was successfully completed by performing 
five major tasks: 

1) determination of a suitable mathematical model 
for the production of neutrons by the injector, 

2) 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, 

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

4) 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, 

5) 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, ACD0S1, which per
forms the desired dose rate calculations given the neces
sary information. 

Although ACD0S1 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 
eliminr.te the need for the user to supply the input fluxes. 
With ACD0S1, the user must obtain the input fluxes from a 
separate calculation. This addition would make the 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
putationally 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. Inclusion 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 f ray attenuation 
coefficients since they vary strongly with composition and 
energy. An additional library containing such data would 
probably be the best solution. Another routine would also 

be necessary for interpolating J 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 ACD0S1, ACD0S2, 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 ACD0S1, and should 
yield more accurate dose rate calculations. 

A final comment involves a paper 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 test cell 
with and without a neutral beam injector present—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 
ACD0S1 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 ACD0S1 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 ACDOSl 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. 

Doesn't consider effects 
due to activation of the 
concrete. Considers only 
activation of injector 
components inside the in
jector shield. 
Choice of three different 
geometries. Dose rates 
are point values rather 
than spatial averages. 
Considers contributions 
from parents and daughters. 
Grand-daughters are assumed 
to be stable. 
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. 
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 ACDOSl, ACD0S2. 
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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 ms.de to ACD0S1, calculated dose rates 
will probably be more in line with those resulting from 
a transport treatment of the /photons. The ACD0S1 code 
was never intended to consider activation photons pro
duced in an igloo an<i which stream into the injector 
through the penetration. This result.1? 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 OENL calculation is probably 
more accurate due to the photon transport approach to 
dose rate calculation: . ACD0S1, however, appears to be 
more versatile. With upcoming improvements to ACD0S1 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. 
Acknowledgements 

I wish to acknowledge the assistance given to me by 
the consulting staff of the Lawrence Berkeley Laboratory 
Computer Center during the development of several programs 
required to solve the problems associated with this pro
ject. Their help and guidance was greatly appreciated. 

73 

http://ms.de


Also, I would like to thank Mr. Robert J. Howerton of LLNL 
who expended considerable time and effort in providing 
both data libraries, preliminary flux-weighted group cross 
sections, and advice and consultation throughout this en
deavor. This work was supported in part by the Office of 
Fusion Energy, U. S. Department of Energy, under Contract 
No. W-7405-ENG-48. 

74 



Appendix A 

75 



Solutions to Solving Transcendental Equations 

For problems involving two OJ 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: 

E-El 
B 

Ae 

where A and B are constants to be determined by apply
ing the appropriate boundary and integral constraints 
on the pertinent equations, and El is the highest 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. It is required to match the Max-
wellian to the fast group at the boundary between the two 
groups as shown in Figure 11. <p (E) is the fast weight
ing flux function and GP(J), J=l, 2, 3 are the group 
boundaries. In addition, it is required that the inte
gral of A (E) over group 2 be equal to the total flux as 
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Figure 11 
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discussed on page . Since the constant in the Maxwel-

lian (CVJE* exp(-(E/0.025)) has already been evaluated, the 

flux at the boundary (FLUXBD) is known. It is: 

FLUXBD=CONST(1)*SQRT(GP (2) )*EXP{-(GP (2) /0 .025)) 

where CONST(1) is the constant associated with the Max-

wellian and GP is in eV. The first equation is: 

GP(2)-GP(3) 
FLUXBD = A e E (1) 

in accordance that the flux match at the group boundary 

GP(2). The second equation is: S 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) 

ABe 
(E-GP(3)) 

B = BFLUX(NG) 
G-(2) 

GP(2)-GP(3) 
AB-i'-Be B = BFLUX !NG) 

GP(2)-GP(3) 
AB(l-e B ) = BFLUX (NG) (2) 
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_/GP(2)-GP(3)> 
Prom equation (1), A = FLUXBD e * B ' 

Equating this to equation (2), we get 

fGP(2)-GP(3) \ /GP(2)-GP(3)'\ 
/.B(l-e V' B ') FLUXBD e > B '-B(l-e " ° ' ) =BFLUX (NG) 

As a result, 

GP(3)-GP(2) -\ _ 1 

f GP(3)-GP(2) -\ 
= BFLUX(NG) . „ , . . 

FLUXBD * e X' ( J' 

This is the above mentioned transcendental equation. 
Once B is found, A can be determined by substituting 
B into equation (2). Subroutine WTFLUX, uhich evalu
ates the constants associated with the assumed weight
ing functions, used the Newton-Raphson Method to solve 
equation (3). The numerator in equation (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(NGj/FLUXBD is used as an 
initial gues.! to start the iterative routine which solves 
the equation. 

The second case involves matching a 1/E flux to a 

79 



fast flux as illustrated in Figure 12. The same type 
of method is used as before. There are two requirements: 
(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) 
F L U X B D = CONSTaCOUNT) . fte B ( 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: 

CONST (ICOONT) 
fGP(NG)-GP(NG+l)) 

A GP(NG) e ( b ) 

From the second requirement:: 

/*GP(NG+1) 
E-GP (MG4-1) 

dE = 
the fast group 

Ae B dE = total flux for = BFLUX(NG) 

GP (NG) 

GP(NG)-GP(NG+1) 
AB-ABe B = BFLUX(NG) 
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Energy GP(NG) GP(NG+1) 

Figure 12 
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GP (KG) -GP (NG+1) 
AB(l-e B ) = BFLUX(NG) 

r GP(NG)-GP(NG+1) f -1 
A _ BFLUX (HG) 1 1 e B I 

equating equations C5) and (6) 

- GP (NG+1) -GP (HG) 
„ _ GP(NG) BFLUX (NG) \ . B .v ,_, 

CONST (ICOUNT) / e ~ ± r w ' -} 
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 flux to a 
fast flux as shown in figure 13. Again, the same method 
applies. The requirements yield two equations. From 
the continuity of flux requirement at GP(ICOUNT+1): 

FLUXBD = CONST(ICCUNT) = Ae 
GP(ICP1)-GP(ICP2) 

B 
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e n t i a l 
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I ential 
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Figure 13 
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where for brevity, ICP1 = IC00NT+1 and ICP2 = ICOUNT+2. 
Note that the exponential associated with CONST(ICOUNT) 
equals 1 when evaluated at GP(ICPl). Therefore, 

fGP(ICPl)-GP(ICP2)} 

A = CONST (ICOUNT) e (8) 

The integral constraint requires that 

GP(ICPl) 
E-GP(ICP2) 

Ae B dE = to\-.al flux for the fast 
group = BFLUX(ICPl) 

GP(ICP2) 

E-GP(ICP2) 
ABe B 

GP(ICP2) 

= BFLUX(ICPl) 

GP(ICPl) 

GP(ICP1)-GP(ICP2) 
AB(l-e B ) = BFLUX(ICPl) 

GP(ICPl)-GP(ICP2n - 1 - GP(ICPl)-GP(ICP2n 
A = BFLUX(ICPl) ) 1 - e „ f ( 9 ) 

84 



Equating equation (8) and (9) , 
-1 

GP(ICP2)-GP(ICP1) 
_ BFLUX(ICPl) C B 

° CONST (ICOUNT) 1 e 

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 equations is the same. Since the numerators 
in the pertinent equations are all known quantities 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 stored 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 
execution 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: 

xi+l = xi _ f<xi>/f'(*i> 

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

the following form: 

GP (N+l) -GP (N) «,-1 

B = KNOWN QUANTITY 4 e 
vjjr \ r i T i ; — mr- \Ltj ^ 

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

GP(N+1)-GP(N) - _ 1 

f(B) = KNOWN QUANTITY ie B -If -B {• 
and, 

GP(N+1)-GP(N) 
.., / n. _ KNOWN QUANTITY (G P (N+l)-GP (N) ) e J3 

j. {Bj - —— • ' _ ~ * „?.rSP(N+l)-GP(N) 1 -2 ! 
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These two expressions are incorporated into subroutine 
WTFLUX for evaluating the constants associated with the 
exponential weighting functions. When the difference 
between B^+i and B is less than 0.1, the iteration term
inates . 
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• •PROGRAM ACOOS1 I lNPUTiOUTPUT,TAPE5-INPUT, TAPE7,TAPE6'0urPUT)» 

1 
c 

PRLGHAH ACOCSl" INFlTiOLTPUTiTAPE5»INPUT,TAPETiTAPE6»CUTPUTl 

' c 
; C 
i C 
i IACDC 

CS •/. 
CITY 
CnlOE 
CLESS 
CLSL 
C 
C 
C 

SI IS A STANDARC FCFTRAN 4 CCCE CEVELCPED FOR CALCULATING DOSE RATE -
CH iMEUTRCN ACTIVATION OF NEUTRAL-BEAK I NJECTCRS.SUFFIC IENT VERSATIL 
nAS ALSC BEEN JNC.CFFC.RATED INTO. THE CODE TC_MAKJ= IT APPLJ CABLE_TO A 

VARIETY CF GENERAL ACTIVATICN PROBLEMS CUE TC NEUTRCNS QF ENERGY 
THAN 2C MPV. FOR FLRTHER INFORKATICN CCNCERMKG THIS PROGRAM, SEE 

REPORT NC. 122«« 6Y GREGORY S KENEY 

' c 
; C 
i C 
i IACDC 

CS •/. 
CITY 
CnlOE 
CLESS 
CLSL 
C 
C 
C 
C 
C 
C 
C 
C 
C 

VARIAELES ANO ARRAYS ARE DEFINED AS SELCW C 
C 
C 
C 
C 
C 

A 
ACID 
ACT 

CURRENT IN AMPERES 
PARENT ACTIVITY 

.ACTIVITY 'DUE TCI ACTIVATION CF~ A PARTICULAR TARG 
FT NUCLIDE BY A SPECIFIC NEUTRON REACTION 

c 
C 
c 

. c 

AVEUPS 
BFLUXI I I 
Cf 

AVERAGE. NUMBER CF NEUTRONS PRODUCED PER SECOND 
UNIT NORMALIZED FLUX 
N6UTRCN YIELD CORRECTION FACTOR FOR VOLTAGES 
DIFFERENT FRCM 150 KV 

c 
c 

CONST I 11 
C S I I I 

CONSTANTS FOR UEIGHT1NG FUNCTIONS 
CRCSS S ECTION V ALU E 

c 
c 

C S U I 1 
c 

OP 
OlFF 

" D L F V L 
O L E V L I I I 
OCSDAU 

CRCSS SECTION VALUE 
DISTANCE FROM POINT SOURCE OR SURFACE CF 

c 
c 

C S U I 1 
c 

OP 
OlFF 

" D L F V L 
O L E V L I I I 
OCSDAU 

SPHERE C.R CYLINDER 
DLTY-FACTOR . 

c 
c 

I t 
c 
c 

C S U I 1 
c 

OP 
OlFF 

" D L F V L 
O L E V L I I I 
OCSDAU 

CIFFERENCE BETWEEN THE LATEST REFINED GUESS ANO 
THE PREVIOUS GUESS . . _ 
uevEL OP '"•ye prmeNT a* a/met/rex 
LEVEL OF THE PARENT OK OtVI-tjHTER 
CCSE RATE DUE TO A RADIOACTIVE DAUGHTER 

c 
c 

OCSPRCIII 
OOSRAT 
C'CSSUNdl 

CCSE RATE CUE TO A PARENT 
CALCULATED OGSERATE 

c 
c 

OCSPRCIII 
OOSRAT 
C'CSSUNdl CCSE RATE DUE TO A PARTICULAR TARGET NUCLIDE 

FCR UP TO 12 DIFFERENT TIMES 
c 
c 
r 
c 
c 
c 

DPVAR 

E 
E N U I 

VALUE OF OEPENDENT VARIABLE IN NUMERICAL 
INTEGRAT IONS 

c 
c 
r 
c 
c 
c 

DPVAR 

E 
E N U I 

ENERGY CF GAMMA RAY 
ENERGY VALUE ASSOCIATED KITH A I OSS SECTION 

c 
c 
r 
c 
c 
c 

E l m 
P 

ENERGY VALUE ASSOCIATED WITH A C. , SS SECTION 
BEAM FRACTION 

c 
c 
c" 
c 
c ' " 
c 

FCCNSTI 11 
FLUXBE 
FPRI ME 

FrsuBf 

EXPONENTIAL CONSTANTS FOR FAST NEUTRON GROUPS 
WEIGHTING FLUX AT A GXOUP BOUNDARY 

c 
c 
c" 
c 
c ' " 
c 

FCCNSTI 11 
FLUXBE 
FPRI ME 

FrsuBf 

EVALUATED VALUE OF ThE DERIVATIVE OF THE 
TRANSCENDENTAL EQUATION FOR B 
EVALUATED VALUE CF THE "TRANSCENDENTAL "EQUATION 
FCR 8 

c 
c 
c 

cC -
c 

GP 
GPFLLXII 1 

"G-PHSECIIl 
GUESS I 

HCI I 

GROUP BOUNDARIES 
FEU GROUP FLUXES-UP TC SO 
FEk GROUP"CROSS SECTICNS-UP TO 50 " 
INITIAL GUESS FOR SOLVING TRANSCENDENTAL 
ECUATICNS"" " ~ " —' 
FARENT HALF LIFE 

c hT HEIGHT OF CYLINDERIMI 

89 



••PROGRAM ACOGSI (INPUT.CUTPUI .TAPE5«INPUT,TAPE7 .TAPE6-OUTPUT » • • 

'c IC'SE "' HARKS THE BEGINNING OF THE PARENT NUCLIDE LIST 
_T LA1&JL& MARKS THE BEGINNING CF THE L IKE PARENTS NUCLIDE 
C LIST 
C ICCUNT NEUTRON GROUP COUNTER ' 
C ICP1 ICCLNTH 
C ICP2 ICOLNT»J 
C ICAIJGII) CAUGHT ER ID NUMBER 
C_, IDA UGH aA_tGH!E.R_ U)_&EAD_Fj!CI'_L.e\f DEC 
C ICEKMO DECAY MCDE IDENTIFIER 
C ICEKWI[ I CECAY MCDE IDENTIFIER 
C 1QKGII I 5 DIGIT ID NUMBER CF TARGET NUCLIDE 
C IDUMB.. . _ DUMMY VARIABLE F CR ADVANCING DISK FILE RECORDS _ 
C IENO MARKS THE END OF ThE LIKE PARENT NUCLIDES IN 

£ THE LIST . 
C 1EPTH COUNTER FDR INTERMEDIATE NEUTRON GROUPS 
C IGECM _CESIGNATES PR08L EM _GEOM ETR Y 
C IMODE DECAY MCOE CCUNTER 
C _ INSNPS INSTANTANEOUS NUMBER OF NEUTRONS PROOUCED_?ER _ 
C SECCND 
£ ICRDERI1I HCLPINS ARR.'Y FOR PgrDLCT NIJCI IEF ID NUMBERS 
C IPRCD PRCCUCT NUCLIDE COUNTER 
C _ _ I S T C P PARKS THE_END OF T H E J . I S X O F ARRANGED PARENT 
C NUCLIDES 
C 1TAPE REAC VARIABLE FOR DISK FILE DATA 
C ITER ITERATICN CCUNTER 
C MASS! I I NLMBER OF KILOGRAMS CF A PARTICULAR NUCLIDE 
C KULT MULTIPLICITY OF GAMMA RAY 
C N. NUMBER CF TESTS _ 
C Ne."TH NUMBER OF INTERMEDIATE NEUTRON GROUPS 
C _ NE1U1 _ NUMBER OF J l C 1 _ P A I R S _ _ _ 
C NF NUMBER OF FAST NEUTRCN GROUPS 

NLMBER OF GROUP BCLNDARIES-UP TO SI 
C NCEGFS NUMBER OF ENERGY GRCUPS-UP TC 50 
C NCNUCL NUMBER CF_ TARGET_MJCL1DES-UP TO 30 PE'< RUN 
C " NOPAS" NUMBER OF POINTS AFTER SHUTDC»N-UP TO 12 
C. NCTCRCIII FCLCING ARRAY FOP PRODUCT NUC[ IDE NUMBERS THAT 
C "" ~ ' ' HAI«=~Nflt tEENRE-ARRANGSO IN ASCFN'HNr. CROER 
_C_ INDIIT i u NUMBER OF OAUGHTFR 
C NP NUMBER CF ENERGY-CROSS-SECTION PAIRS 
C_ _ __NPI1 ) ID NUMBER CF PARENT _ _ 
C NTEMP1 TEMPORARY STORAGE FOR PARENT 10 NUMBERS 
C _ NTEMF2 TEMPCRARY STOR_AGE FO.R__TARG_E T NUCLIDE ID.NUHBERS 
C " " ~NT( I> l b NUHBER"0F'TARGET 

:C OPT ION VARIABLE THAT DETERMINES WETHER OR NOT AVENPS 
X M L L BE CALCULATED BY ACEOS OR REAO FROM A 
C OATA_CARD_AS PREDETERMINED INPUT 
C FA'PSUM PARTIAL SUM IN NUMERICAL INTEGRATI ONS 
C PRCBIII CECAYPROBABILITY 
C PRCDHLI I . j i PRODUCT NUCLIDE HALF-LIFE (S» 
IC PECONUII.J1 5 DIGIT 10 NUMBER OF PRODUCT NUCLIDE 
IC R R A C I U S CF HOMOGENEOUS N O N - A B S O R B I N G SPHERE OR 
X. _ CYLINDER (HI 
C" REALCUN REAL DUMMY VARIABLE FOR ADVANCING 015K FILE 
t _ . SECCROS 
(C "STAFSI I ! SPECIFIC Tt 'IE S" AFTER "SHUTOCkM (HI 
]c STCPhLdl FCLD1NG ARRAY FOR PRODUCT NUCLIDE ID NUMBERS 
fT STCTACMiJI hClCING ARRAY FCR PRCDUCT NUCLIDE ACTIVITIES 
|C SUMACTI1I SUM OF ACTIVITIES PRODUCED FRCP A PARTICULAR 
I 
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••PRCGFA* ACCCS1 < I)*PU1.OUTPUT,TAPE5-INPUT,TAP£7,TAP£6»0UTPUTI** 

C TARGET NUCLIDE FCR I J P I O 12 DIFFERENT TIME~S 
C 5l.£l EX_PCNENTlAL_EJ=FECI_O.F_TeSTS_ANp P_AUSES_ON_-TH£_ 
C SHLTDCkN TIME ACTIVITY CF A S>ECIFIC PRODUCT 
C NUCLIDE 
C SUPCEL SUNNING SUN OF AVERAGE CROSS SECTIONS 
C SUMINT . RESLLT OF NUMERICAL INTEGRATIONS 
C SVSACT(I) SYSTEM ACTIVITY FOR LP TO 12 DIFFERENT TINES 
C SYSDC.SE.UL S.". ;T6S_OCS.ER.AT.E_F.OR_.UP_K>._IZ_01FFER!£NT_IIMES 
C TARMAS ATCHIC taEIGHT OF TARGET NUCLIOE ( A W ) 
C TECPS TEMPORARY STORAGE FOR DO LOOP.SUMS 
C TIMACTd ,J,K> 1NCUCED ACTIVITY AS A FUNCTION OF TARGET 
C . . . . _ . MICLIOE..REACTIOH, ANO TIME . . . 
C T l LENGTH OF TEST ( H ) 
C K 1ENGTH CF PAUSE IB) 
C V VOLTAGE < KV> 
C _ k I C T H CELTA E USED IN_NUMERICAL INTEGRATIONS 
C XSB1PI , LATEST REFINED GUESS FCR B 
C _ X5UEI INDEPENDENT VARIABLE CF THE TRANSCENDENTAL 
C EQUATION FOR B 
C ZIMS L^ej{NT_tiiJaER£lJiEJU.N-Mi".E.RIC4L 
C INTEGRATIONS 
C Zr1A»E VARIABLE FOR NUCLIOE NAHES _ 
C ZNUMER MMERATCR IN THE TRANSCENDENTAL EOUAIION FOR B 
C _ ZTEMP3_ TEMPORARY_ STORAGE FCB^PARENT ACTIVITIES 
C ZTEMF4 TEMPORARY STORAGE FOR PARENT HALF LIFES 

_ DIMENSION TIMACT(3G,13,1Z>,SYSACTU2I ,SUHAC7<12I , SYSD0SU2 ) .PROCWL 
• <30,13) ,FRCCNU(30, I3) ,DCSSUM(12) , ZNAMEI 30 I , STAFSI 12 I ,8F IUX( 50) i ION 
*C< 30I.GPXSEC15C) .'PASSI30I .GPFLUX150),GP151 ).CCNST150 I .FCONSTI50) .D 
*0SNUC(13) 
__CC*«CN A. V ,F ,0F ,T 1 ,T2 . N. B, D. HT. CPT ION. IGEOH r_ 

PEAL INSNPS.KASS 
CJLLlNPUUNCKUCijNOEGPSfNOPAJjNGjNFI 
CALL ARAY1N(BFLUX,Z>AHE,[ONC, MASS. STAFS,GP.NOEGPS.NONUCL.NOPAS.NG) 
IF1CPTI0N.EC.1.CCCC500) GC TO 1 
AVENPS»CFTKN 
GC TC 2 _ 

1 CALL SCURCE(AVENPS) 
Z CALL GFFLUXIAVENPS.NOEGPS, GPFLUX.JFLUXl _ 

CALL tiTF LUX (EFLUX.GP. CCNST, FCCNSt.NOEGP'Si NF.NGI 
_ CALL ACTVATITIMACT.SYSAC T.SUMACT.GPF LUX.PRODNU.PRCDHL.GPXSEC. IDNO. 

• CASS.STAFS.GP,CCNST,FCONST, BFLUX.NONUCL.NOEGPS.NOPAS. NG, NF > 
CALL OCSPTEITIPACT.FRCDMI.NCNUCL.NGPAS.DCSSUH.STSOOS.IDNO,STAFS,PR 

*CDHL.U05NUC1 
_ STCP _ _ 

ENO 
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••SUERCUT IRE INPUTINCNUa.NOESFSiNOFlS.NO.NF > • • 

~ "5 lBR'dj"TiNt"rN»Vmc\uCL."NCESFS,NdM5Tl i t . *F l 
_£ 

c 
..CTMJ. PRCGRAH IS USES FOR ENTERING •VARIAI IE* OATA INTO HEMCRY 

C ARGUMENTS 1N-NONE 
_0___^«&^E!tfX_CU.T_-«NUClj.NCJ^S,.NO£iS..N_G,NF. 

C 
t 

CCMPCti A . V . F . C F , T 1 , T 2 . ^ R . D . HT.OPTICN. IGEOM 
REAOI5.ECI 21 , 2 2 . 2 3 , 2 4 , 2 3 , 2 6 . 2 7 , 2 4 , 2 9 . 210 

S3 F C R « » T ( i a i » » l l 
» » C » . H I CPTICN 

61 FCRNA7IE14.7I 
JF.(OPTION.NE.UCOOQtCCE*001_Gfl.JO_»I 
F . A C I 5 . 1 I A , V , F , O f , T l , T 2 , N 

1 FCRMAT(6 (E10s l ,2» l j l 31 , 
I F I A . L E . O . O I GC TO it 
l F I V . L T . 3 a . 0 . t t . V . C T . M I 1 . 0 l GO TO 3? 
I F I F . L E . C . 0 . C R . F . G T . 1 . 0 I GC TO 3« 

J F ( C F a . e . O t O . C l R . D F . C T . I . O ( C D J P . J S 
t * m i l .IF. . 0 . 0 1 GC TC ".0 

I F I T 2 . 1 T . C . C I GC_TC_41 
CO 42 K » l . 9 9 9 
LEU,6C.IC1 GC TC 43 

42 CCNTINUE 
_ GC TC 44 . 

43 R .ADI5 .2 I HCEGfS 
2 FCRHA_Tit2_l 

DC 45 K » l , 5 0 
IF[NCE6PS.EC.KI GC TC 46 

45 CONTINUE 
GC TC 9 

46 READIS.2) \CPiS 
00__K»1,12 
I F C M 3 I > ' A S . E C . K 1 GO TC 4» 

47 COTINUE 
CO TC La 

4G FEAC ( 5 . 5 1 * , Ct,HT__JJEEOM 
5 FORBilC 3 (E1C .3 .2«1 .11 1 

_ I F ( 1C_EOM.EO.IJLGO_TCL.TC 
. I F l i G t C H . E C . 2 l GO TC 70 

I F H G F X H . E 0 . 3 I GC 1C 70 
GG TO »T 

_ _ ? 0 _ l i I F tl-T.0_.0.CR.C.L|_.0 .0 1 GC TO 49 
i M H T . r f . e V e i G C TC 7"7 
REACI5.2)_N0NUCL , 
CC 50 F«l .30 
IFINCNUCL.EO.KI GC TC 51 

50 CCNTINUE 
GC XC 11 

51 READI5.21 NF 
CC TC 19 _ 

62 REi6 lS .63> T 1 . T 2 . X 
63 FORMAT! 2 I E 1 0 . 3 . 2 X 1 . 1 3 1 

CC TC 64 
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••SUBROUTINE IKPUTINCNLCLtNOEGPS.NOPAS.fcGtNMM 

9 * R l T E I 6 , 1 2 l ' " ~ 
. U FCRHATIIH . I ICHRCGRAH 'ACOCS- ABORTEO-NJHBER CF EHERBT GROUPS MUS 

•T CE INTEGER AND LESS THAN OR EGUAL TC 50-RECMECR THIS DATA) 
STCP _ 

IS U U l E < e < l 4 l 
14 FORMAT!1H , USfcPRCGRAH 'ACOOS' ABORTED-HURBER GF POINTS AFTER SHUT 

tr.Chh HIST BE IkTECER A M LESS THAN OR EQUAL TO U-RECHECK THIS OAT 
»AI 

STOP 
11 k « I T E ( » . l ? l 
1TFCRHAT11H ,96HFRCGRA> • ACOCS" ABCRTED-MJNBER CF NUCLIOES IN SYSTEM 

• MUST BE INTEGER ANO LESS THAN OR EOUAL TO. 30! 
STCP 

;<> h p n t i t . s a i 
52 FCRNATIlh .BOHFRCGFAM 'ACDOS' ABCRTED-CURRENT HUST BE GREATER THAN 
_ • 0 ANPE.RES-RECI.eCK_T_M5 DATA! 

STOP 
_37 W F I T E ( 6 , 5 J I _ _ _ 

53 FCRNATUH ,S9Hf«CGSi« 'ACOCS' A«C»i ED-VCLTiCE MUST BE BETkEEN 38 A 
WM 330 KV 1NCLLSI VE-RECHEO THIS DATA! 

STCP 
38 hRITE(E>54l 
St FORMAT!1H , IC7HPR0GRAM 'ACOOS' ASORTEB-GEAMFRACTiCN" MUST BE GREATE 

• P THAN 0_ANO LESS ThAN_OR EOUAL TO 1.0-RECHECIt TOIS_OATAI 
STCP 

•9 y u n e i t . S ' i 
55 FCRMATIlh .10TI-FRGGPAH • ACOOS' ABORTED-OUTYFACTOR KUST BE GREATER 
_ «THAN_0.0 _ANO_LESS_TI-.AH CR EgUAJ.JO_l.a-R£«HJ=CR_IHlS_OATAI _ _ 

STOP 
40 h f I T E ( 6 , 5 6 l 
56 FORMAT! IK .7BHPRCGRAM *ACOC~S' ABORTE0-PUL5E LENGTH MUST BE" GREATER 

• T U N O.O-RSCI-ecX T ^ S DATA I 
STCP 

« l kRIJEIJ.5_71 
57 FORMAT! l h ,90hPR0GRAH •ACOOS" "AB0"RTED-PAUSE LENGTH HUST BE GREATER 
_ tTHAN CF ECUAL TC O.O-RECHECK THIS 0AT_l _ 

STOP 
4 * h R l T F . l i . 5 8 l 
58 FCRMATIlh .1041-FRCGRAP >ACCOS< ABCRTEC-NUMBER OF PULSES MUST BE IN 

•TEGEB ANO LESS THAK CR ECUAL TO 999-RECHECK THIS OAT AI 
"STOP" 

«9 mnetb 1601 
6GFCRMA"triM . U«HVRCGRAP'"'"A"CDO$> ABORTED-R~HLST BE GREATER THAN OH 

• ECUAL TO 0 .0 »KC G GREATER THAN 0.C-RECH6CK THIS DATAI 
STCP 

77 k R l T E ( 6 . 7 B ! _ _ 
78 FCFPATliH , S lHFi)0GR«1 •ACCOS- ABORTEC-HT MUST BE GREATER THAN CR E 

• CLAL TC O.C-REChECK THIS DATA) 
""STOP " " " " "" ' ~ """• 

67 >FITElfct6«» 
48 FCKXATdH ,**HFRGGC<K 'ACOCS1 ABORTEO-IGECH MUST BE 1.2 .0R 3-RSCHE 

«CK_THIS DATA] 
Sf CF ~ " 

19 kRITEI6iElI J I W 2 , i 3 . 2 - * , 2 5 , i i , Z ? . « , Z 9 , Z 1 0 
"81 FCRMATI1H1, 1GIASI I " — " " — ' """ 

I 5 1 T E 1 6 . 2 0 I 
20 F O R M A T ! / / / . I N ,471-ThE FGLLCRUC DATA HAS BEEN ENTERED INTO MEMOPr. »///! 
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•«SU«PCUTI>E' jNH.iiKCk'ucL.N0S6PSi"w:pps",Ne'>(«Fi»* " 

kRHEIStJli " 
Jl.F.CF.!'AT,(t.h0j85.K«EeFJEi__Ka()=!U:LtS____BEA«EMCIJCIl D.UIIEA. 

•KTCP 71 T2 Nl 
IFIOPTIC».Ea. l .CCCC00CI WIITE[4,13> * , V.F iDF , T 1 , T 2 , N 

13 F C « M * T U H 0 . E 3 . 3 . » X . E 8 . 3 . 8 X , E 8 . 3 . 11X. C 8 . 3 . * X . E » . 3 . 3 X , E 8 . 3 , 3 X . 1 3 . / / / 

IMCPTI» .AE .1 .CCCCCGCI k R I T E I 4 . » 5 l T 1 . T 2 . N 
n Ffm»minei55h»«»»«««» »»«»«««» »«»»««»» ««««» 

« » • » . an . 21 E 8 . 3 . 3X1 . 1 3 . / / / I 
hRITEte .221 KCESP; 

22 F0M4TI1H ,3St-MH8ER.OF ENERGlLGPObPSrlCEGPS t U . / _ l _ _ _ 
k F I T E { 6 . 7 5 > NCMJCL 

75 FrFHiTMH .39HKUHRFB CF TAPCET mJCllCES-MCtUCl L K I 2 J 
fcP.lTEU.23l NOPAS 

{ 3 _ F C F P « T O h _ , 3 9 h m P I [ * _ 0 f POINTS_»H.E* SHUTD01lN-NOP»S.. , 1 2 , / I 
k R l T E I t . 2 5 > » 

25 F 0 R H A T I I H . . 3 5 M A D U S P._.OF_SPHE»B OP C»LIN0E«_(»1 ,110.1,f) 
k p I T E C 6 , 7 9 l hT 

-,<i f C T M I I l H .3WHEICHT HT CF CTUHDEP IPI . £ 1 0 . 3 , / J 
<.R1TE(6.2«> 0 

2t> FCFMTUH ,6«hClST«KCE D FRCH FOINT SOURCE OP._SURF»tE OF SPHERE OK 
» CYLINOER I Ml , E 1 0 . 3 , / l 

NCNC ECPS * I _ _ 
> P i 1 E t 6 . 7 2 > NO 

72 FCF-mTllH .39HM.E6EP CF GPCUPS 8CUHOAR1ES-NG . 1 2 . / I 
I .RITEI4 .76I KF 

76 FCFHAT11H .39HFUHEP CF FAST NEUTRON 6PCUPS-NF OJ'J-> 
IFICPTION.NE. l.CCCOOOIII k P I T E I 6 . 6 6 l OPTICH 

C6 FC;»«T( l l -_ L *4>- iVEF«06_NU«etR OF NEUTRONS PRODUCED PER SECCMJ.4X.E1 
• C . 4 , / 1 

RETURN 
ETiC 
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••SUBRCUT 1NE AFIVINICFLUX,ZNAME. IDNO.HASS.STAFS.GP .NCE&PS.NCNUCL.NCP" 

SUf ROUTINE ARA>IN(BFLIX,ZNA*E. 1 0 * 0 , MSS.STAFStGF.NOE^PS.NCNJCU NOP 
±4Sj_NG..> 

THIS FSCGFAf IS US"EC FCR ENTERING 'ARRAY1 DATA INTO HEHORY 

ji£ffl/M 6HIS_I.N-STA F_S_^£WS.^B.NU.Cl,.MariASjJSG. 
ARGLEHNTS COT-CFLUX .£t>A»E. I O N C I N A S S iGP 

. DIMENSION BtLUXSCEWJI ,ZNAHE<NCNUCU.,JCNC.l.NCNUCl..l»IIASS(NQNUCI.I,SJ_. 
*AFSINOPASI>GPINGI 
»en »55 
REAOI 5 . - i l l B F L U N t l . l - l . N O E G P S I 
F E < 0 ( S t * l ( S T A F S I I I > lil iNOPASJ 

4 F C H ' A T ( 6 ( E 1 0 . 3 1 2 X I I 
. K ! I-J.MONLCL „ _ 

FE£C(5»B> ZNAPEUI . ICNGI I I * MASSC I I 
* F C K H A T I A t . l X . l 5 . l X . S l C . 3 l 
7 CONTINUE 

RE; l ) !5 t * I JOP( IX» I -JU .M! l 
h R [ T E ( 6 , 2 * l 

_2<._FCFFAT( / , IH ,33FSPEC I F J C J IMES A FT ER_ S HUTDOWN ( H I , / I 
DC 34 l « I iNOPAS 
K R I T C I t . 3 5 1 1 .51AFSI1 I 

35 FCSHTI1H , « H T l N E t l X , 1 2 , 1 0 X i E 1 0 . 3 l 
3_4 CONTINUE , , : 

hRITE<6.271 
27 FORMAT!/ / / .1H .22HUMT _NCRFAIJZED_F!.UXES, / J 

DC 32 I»1,NGEGPS 
H » K C E G P S i l - I 
kP.nEtt.26l I,BFII)X(III 

_2J_F0RHAT(1H .5HGROUP . I X . 1 2 , I P X . E l l . » l 
32 CONTINUE 

>RITE(i,73l 
73 FORMAT! / / / ,1H ,22HGROUP BOUNDARIES 7~MEVI,/1 

l i F n F I 6 . 7 t H I . C P I N O l - l l . l - l . N G I 
14 FCRMATI1H .SHBCLNOAPY.IX , t 3 , 5 X . E l l . 41 

_ I . R I T E I 6 . 2 9 I 
H FCPCATUH , / / / , l H •2X,4HNAHE,'.X,9HI[HNUHBER.3"X.BHMASS(KG]./I 

1 TO 30 IM.NCNUCL . 
k.P[TE':,31l ZN/MEUI, lOiiblll.MASSI II 

31 FCRHATI IX .A6 .5X . IS .SX .Ea .31 
JO CONTINUE 

RETIRN 
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••SUBRCUTINE SCURCEMVEKPS ! • » 

SUBROUTINE SCUFCEUVENPSI 

ThlS FFCGFAP CALCULATES ThE SOURCE NEUTRON FROOXTICN DATE 

iiRGUCEKTS tf»-NCNE 
.MOMENTS CJJ-AyENfS. 

CCHMON A , V , F . C F , 7 1 , 1 J , N , B , i . H T , C P T I C N t I G E C » 
REAL.INSNP.S . 
lF tV .GE.3B.O.» t .C .V .LE.»O.OI GOTO 3 
L f J V t G T , 8 C . C ^ D , Y , L E . i a f l i O ) 6C TC « 
1F (V .GT .UO.O .AND.V .LE .300 .0 I GO TO 5 

_ 3_C,F^.<l3.2S.917iV!»2.»3*51.i£J».> 
GC TO 7 

4 r F " [ 1 . 5 1 7 2 5 « V » « 2 . * 6 3 0 t l / , 3 B . 5 _. 
GL TC 7 

t CF- I ?*1_«*U-V«»<1 1*1321 f}1,f 
7 INSNPS»(8 .64E*4>«<A>»U.0E*6 l«F*<CF*1 .0e -« l 

AVENPS'lKSNpiiTJE ; ~ 
MRITEI6.E1 

t_FCRe*TU/y,lH„,^3lirttiOJ.LOWIN^_H.AS_B.eEN_CALCJJUTED_BT_ACDOSl,il'_l 
t i R I T E f e . l l IHSKPS 

1 F0RHAT1// .1H .S2HINSTANTANE01S NUMBER CF KEUTRCKS FBCIUCFC PER SEC 
• CKC4X, E U . » I 

hPITEIt.21 .AyENPS. , 
2 FORNAT{/tlH ,*ehAVEPA5E~ NUMBER OF NEUTRONS PRCCUCEO PER SECCN0f4Xv ' 

__±EI_I_.«J I 
SE1LRN I 
t i e • 
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• •SURCUTINE GRFLLX(AV£liPS.NCEGPStGPFI.UX,SFl.uX ! • 

SlERCl/THE CBFllW(*VErP5,NCECFS,GPFLUX,EFLU>l 

ThIS PRCGRlP_CAt.CUI.iTES_UP_TQ.50 _GRCUP_ fl.UXES._ 

4RGWSNTS U-iVEMPS.KCEGPS.BFUJX 
ARGUMENTS CUT-GPFI IX 

C1HENSICN GPF_UX[NCEGPS)i8FLUX(N9EGPS> 
. - C C . l . t « UNCECfS 

OPFLLXm « 9FH.XI I)*AVENPS 
. CCNTINyE 

RETURN 
£ NO 
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• •SUBROUTINE Nlfl_lj>l6Fl.ljXiGP.CONST,FCCr,ST,NCEGPS,NF,NG>«» 

SLBRCLTIRE hTFH,>refLuiGP.COilSf.'FCCKST,NCEOPSiN'F,NCI 
£ 
C 
CTHIS PRCGRAH DETERMINES THE CCNSTAKTS ASSCCIATEO UTTH THE ASSUMED 
CEIChTlNC FUNCTIONS 

- A M u j f E t J S_I teftF mSi.CPjiO.ECEi.ieiEjil.5_ 
ASCLCEMS CUT-CCNST.FCCNST 

DIMENSION aFLOMNCEGFSI ,GP INGI ,CCNST<NCEGPS> ,FCONST<NGEGPS I 
CO 1C6 JC- 1, NC 
GF(JC) .GP[JC)« l .aoQFt 

K 6 CONTINUE 
CCUCUl.ATE_.TFS IH_RM1__CR0UP_C0NSIAN_T_ 

iccua-i 
SUMIN.T'O. C I . I C T h « I G H 2 ( - C F U l l / 2 C 0 . O 

__ lNtR»M0TW/2 . . 
0PVAR*GP<II*Z1NCR 

_..CC .1 . . ; - l u 2 0 0 _ 
FARSUH'SCFT(CPlARI»EXF(-.0PVAR/a.O2-.ll*t>I0TH 

_ . SUMINT»SUMINT»PARSI.M 
CFKR«CPVAR»UCTh 

LXCJO/JiUj 
COhSTII COUNT >*6F_UXI ICCUNTl/SUMINT 

_ .. IFINCEGPS.50.11. CC T L 1 0 0 0 
IFINOEGPS.E-l.JI GC TC 120 

Cr.SLCUl.AT5 ThE 1/E_ GROUP CONJTANTIS) 
ICC'J\T-ICCUNT*1 
IgPTH«C 

2 5UHNT-G .0 
H0TH-<GP! !CCU^»1 l -GPI ICCUNTi1/200.0 
Z INCR»k I0 tH /2 . C 

_ CFVAR»CP( ICCUNTUZINCR 
OC 3 I " I . 2 0 0 
PARSUH»I1.C/DPVARI»H0TH 
5UMINT»SUMINT*PARSUN 

_0P \AR »DP_VAR_+ti_ID TH_ 
CONTINUE "" 
CCNSTIICCLNTI.BF.UXUCCJNTI/SUMINT 
IEPTH»IEPTH*1 
NEPTI—NOFGPS- I-NF 
IFUEPTH.EC.NEFTHI GC TC 150 
ICC-UN_T»IC_CUNT±J 
CC t'C "2 

ICC ICCUNT-ICCUNT*! _ _ 
:TFE 1 CROUP FAST SPECTRCM MLL BE HATCHED TC THE MAXHELLIAN AT THE 
-GRCuP BCUNCARY 

F U X 6 D » C C N S m > » S C f T < G P r 2 l l « E X P I - I G P < 2 > / 0 . 0 i 5 l l 
ZNl*ER^l,.ESSIi_BFluXIL!«E_J_PS_l/FJ.UXei} 
ITJR«i 

_ i F » S u e i » 2 N . . H E R / I E x p i | 6 P I 3 l - g P ( 2 H / G U E S S H - l l - S U E 5 S I 
" XSUBI-GUESSI "" " • - -

fP f lPE» IMJHER* IC : P.3 l -GPUH»SXPHGPI3 l -GP.2> l /GUESSl l / lGUESSI»»2« I 
• EXP( IGP<3 I~GP<21 I /G I .ESSI I - I 1«2> -1 
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••SUERCUTtNE WTFLUX ISFLUX,GP,CONST,FCONST.NOEGPS.NF.NSI•• 

XSB1PI"XS-81-F>S_BI/FPRIKE 
-IFF.ABSIXSBIPH-GUESSII 
I F I O I F F . L T . O . l l GC TC 5 
ITEK-ITER*! 
IFMTEF.GT.LOOl SO TC T5 
GLESSI-XSBIP1 
CD TC 6 

_Z5_i lJ i . lXEi4i l tJ . 
74 FCF».ATC1H ,1 IM-MmFRCGRAP ABCRT£D****THE TRANSCENDENTAL EQUATION 

•USED TC HA1CH 1HE THERMAL SROUP TO FAST GRGUP I * NCT CONVERGING! 
h F l T E I 6 , 2 7 l 
STCP . . -__ .._ 

5 E ' X S e i P I 
A»8FLUXIHC E G P S I / I E X l - E X P U G P l - l - C P O I I / B M I 
CONST!IC0LN7I«A 

_FC0NST(IC01NT)"B 
GC TC 1000 

ISO IF(NF.GT.1_GC_TC_1_0 
CTFE 1 GRCUP FAST SPECTRW KILL BE HATCHED TD THE LAST 1/E GROUP 

1TFR.1 
NGPl-NCEGPS+l 
Z^MER>GUESSI*<eELiiXINOEGPS>*GP<NaEGPSI/CaNST{ICOUNTl J_ 

SI ~> XSUBI-ZM.MER/ IEXP1(GP(NGPl i-GPINOEGPS »1/GUESS 11-11-GUE5SI 
XS_B1>GLC-S5I _ _ . . 
FFSIPE«ZM;Pf.R*(-PCNGPtl-GP(NOEGPSII»EXPC(GPINGPll-GPtNCEGPSI>/GUES 

• - I I / 1G-E-S1««2»<FXF (.{GP1NGP1I-GPINGEGPSI 1 / - U . - - 1 I - 1 1 W I - 1 
XSBIPl-XSUBI-FX.UBl/FPRlHE 
CIFF»ABS(XS8I_1_GUESS I I 
l F i D l F F . L T . 0 . 1 1 GC TC 12 
ITER__ITERtl 
IF ( ITER.GT.1001 GC TC 25 

LSSJ-x jB lP l 
GC TC 9 1 

__2_B-XSB1F1 
A"iFLUX(NCEGPS!/(B»U-EXPI(GPCNOEGPS!-GPtHGP: 
CCNST1F.C|GPS l_ 
FC«STINCEGP5)*B 

I . EC TO. HOC 
160 i C P i - i c a m n 

'CTHE F!RSt_QF_2_0R.»CRE fASlS_RCyPS_.WII.L_eE _(A.T_CHEO_ ie_T_HE_LAST._l/E„ 
CCFCUP 

[ l_C PZ__CCU_T_! 
| ITER-1 

ZNUMER-G-E^I.IHFIIIXIlCPlKCPIICPll /CONiiTIICOUNTn 
2C FXSLBI<ZMIF<ER/(EXFIIGP(ICP2I-GPIICP1I) /GUESSII-1)-GUESSI 

XSLB l-GUE SSI . 
FPRIHE"ZMlPER»(CFtlCPZ>-GP( ICP 11I«EXP( I GPUCP2I-SPUCP111 /GUESSI »/ 

_(GL_SS1**2»1 EX F I (GP( ICP2I -GPI ICP1 I l/GUESS ! I -11* *2 ,1 -1 
XSBIPl-XSLBi-FXJLBI/FPRIKE 
C1FF»A.5 1XSBIP1-GUESSII 
I F I D I F F . L T . 0 . 1 1 GC TC 3 0 
ITER- ITER*! 
I F I I T E R . G T . 1 0 0 I GO TO 25 

: GLESSl-xseiPi 
GO TO '20 

_25___!I E 14.26! 
-6FCRMATUH ,U4H»*«»FF.CGRAH ABCRTED****THE TRASSCENOENTAL EQUATIONS 

< k » K h MATCH 1/E TO FAST OR FA_ST_TO F_ST_.«OLPS ARE NOT CCNVERGING) 
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••SLBPXUTINE b7Fiu»ieftUX^CP".CCNST,FCCWt,Ve"EdPS;i«F."N0ri» 

" ' k R i f E i t i z T i ~ " " ' 
27 FCRPATIlh .75HPCS7 I IKEIY PROBLEM IS UNREAL ISTIC C« UNUSAI FLUX 

•ANO GRCUP BOUNDARY DATA) 
STOP . \ . _ . _ . . . 

3C E-XS6IP1 
A-BFLLXI I C P 1 ! / < » • { 1-EXFKGPIICPl l -GPI ICP2 i l / B I I I 
ICCUNT-lCCUkT*! 
ir.e L?J t-Cuiiu 
KP2-[CCOia>2 
CCNSTIICCUNTI-A _ . 
FCCNSTUCCUNT1-B 
IMICOUN.T.EO.NOEGPSI.GO TO 1.CC0 
ZNUfES-BFLUXIICP1I/CCNSTUCOUNTI 
I T E R - 1 
CD 70 20 

lO0O_hRJT E l i . I l l 
11 FCPM*1</ / .LH , t 3 « INTEGRALS OF THE FITTING FUNCTION OVER THE G 

I • ROUP |N Tja VAtiSJ 
• M T E I 6 . 1 2 I 

12 FORMAT! 1H .74HGRCLP LCt.gR BOUNDARY UPPER aCUMURV REQUIRED INTEGR 
• AL CALCULATED INTEGRAL./I 

1 CCALCLl.ATE_ThE THERPAL-IUEGRAl 
ICCLNTM 
5ur I l iT"0 .G 
H C T H . I G P I 2 I - G F U 11/2 00 .0 
M N C R . . I 0 T H / 2 . C 
CPVAR-GPU>»ZII.CR 
OC 21 L-1.2CC 
PA>SUM-CONSTWl'SORT!DPVARI•EXP(MDPV«ft/0.02511'il lDfH 
SU>tNT-„SUI<INT*fARSUM 
bFYAR-DP'vAP+talCfH 

21 CONTINUE 
IFIICCLNT.EC.NCEGFS1 GC TC 109 
I F U C C I N T . E 0 . 2 I GC TC 46 
JJ-NG-ICOUNT 
.RITE 16 .22 I • IJ.OPHCCUMT),GPHCCUNT«ll ,BFLU»HCOiflTI.SUHINT 

22 FCRHATI1H , 2 » , I 2 , S X , E i 0 . 3 . * X . E i d . 3 , 5 X , f 3 0 . 3 , 9 X , E i 6 . 3 l 
ICOUNT*ICCUKT»1 

CCAICULATE THE 1/E UTEGFALISI 
« _ S U M 1 N _ 0 . Q 

hTCTH»IGPIICCUNT*ll-GP IICOIWTI 1 /200 .0 
ZtJVCR"«l_D:TH/2_C , 
OPVAR-GPlICOLNTUZfNCR 
CC 23 1-1.200 
PARSUP><CCNSTUCCL*TI/DPVARI»kIOTH 
SUM INT-SUMINT«PAR S I * 

'C>VAR»'CPV«Ri'ii[CTh 
23 CCNTINUE 

JJ-NG^iCOUNT 
V . t n E l t . 2 2 1 JJ.GPIICCUNT1.GPHC0UNT*I I .8FLU»I ICOUNTI. SUMINT 
ICCUNT-ICCUN7*! 
IFI ICOUNT.LE.HEPTH*!! GO TO «5 

"GC TC 14 
<6_JJ-2 

hilfEl6.Z2rjJ.GPIICCUNTi.GPI ICaUNT»li .BFLUXl lC0UN7i .SUMINT — 

IF ING.EC.21 ICCUNT-ICCUNTn 
16 SUMINT-C.C 

CCALCULATE THE FAST INTEGRAL I SI 
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••SL8RCL71NE h1FU><BFl.LX,GP.CCMST.FCCIlST,NGEGPSiNF,NG>*» 

KICTH-(GP( ICi :uiTVVl-CP( icOUNfi 1 /200 .0 
7 1 M : » . H C T H / 2 . C 
DPVAR»GPUCCl.N1>*ZINCR 
CC. 2 * 1-1 .200 .. . _ 
P*RSUH*CCNSTl!CCtW1>»EXPI<DPVAP.-GPUCCUNr«lll /FC0NST(IC0l«Tll»iaDT 

. +h . 
SLMKT«SCH[NT*F*RSUP 
OPVAR»DPVAR«-blDTH 

2 * Cf.NTlKUE 
_ JJ'NG-ICCUliT 

W U 7 E I 6 . 2 2 ! J J . t P I K C l i N T l .GP(ICGUNT*1> .EFLUXIICGUNTI.5UHINT 
I C C U M « I C t U N T » l _ , 
lFt lCClltT.LE.NCEGFS) GC TC 16 
GC TC 15 

109 JJ*1 
hJlIJE U'22L_JJj_GPi_lCCl,NTl, GP11CCUHT • ! 1 .8FLUXI 1CP1HT I . SU.H IJSI 

15 DO 105 JC ' l .NG 
qPJJCJ^GPUCJiljOOOit^ 

1C5 CCNTINUE 
PETURN 
EflO 
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••SUBROUTINE AClVATUINACTiS7SACT.5LMACT,GPFLUXtPRCDNU,PRCCHL.6PXSEC»« 

SUBROUTINE ACTHTCTlPACT.SYSACT.SUMACTrGPFLUX, PRCDNUî PROOHL. GPXSEC 
*• I run.MASS. STAFS..;p.irnNST.Fr.nN5T.aFLux.KnMirL.>;PFr.P^.NnPAS.iir..Ni;i 

C 
c 
CTHS PROGRAM CALCULATES ACTIVITIES OL€ 7CL NEUTRON INDUCED REACTIONS 
C ._ _. * • 
C 
r AEE1HFNT<; IN-fPFI UX.r.PXSEC. I3N0.HASS. STAFS.r.P.CCNST.FrnKS1 

ARGUMENTS I '.-KCSOCI .KCEGPS i NGPAS < NGi NF 
C ARGUMENTS CUT-TIHACT.SVSACTtPRCONUiPRCDHL 
C 
C._ 

DIMENSION TIMACl<NGNUCL>13iNDPAS> . SirSACTIMjPAS) .SUMACTINOPAS )< GPFL 
*UXINCFCPS>.PRCC»U(NGNUCL.13).PRP0HLINONUCL.I3I.GP(M:j .GPXSECINOEGP 
>SI.CCHST(r\CEGFSI,FCt>ST(NCEGPS)tBFLUX(l\CEGPSI.IDNCINONUCLI.MASSINO 

_tNUCLJj.STAFSINO.PAS I. 
CCfPCH A . V t F . C F t T l . T Z i N . R , D. HT.OPTION, IGEOM 
R.EAL JAS.S 
kR!TE(e ,1C2) 

J , C2 FCFMATI / / / . 1H .571-TF-f. FOLLOWING OUTPUT DATA ARE CALCULATED ACTIVIT 
• IES IN BUI 

l * l _ 

C1N1TIALIZE. FLAGS_AHD_ARFATS_ 
CC 40 P'1<NCMJCL 
DC t o I'M.1,13 
PRCDNUM,HMI«0. Q 
F_RCCr-L(P» tMI„3 . .0_ 

40 CCNTHVLE 
_ OC 41 C- l .NCMCL 

CC 41 ffm'i,\3 

si.&T.&:%,&.o 
_41_CCr.TIMJE 

DC 21 JN- l .NCPAS 
SVSACTIJNI-SLMACTI J N I - 0 . 0 

22 CCNTULE 
KFLAG«LFLAG*C 

CPSINT FEAC1NGS 
liRITEI6 t37l_ISXAFSIICiiJX_l.NCPA_l_ 

27 FGRMATI/. IH ,4».7HT1 ME <HI~.4X,10(E8.3 . 1 "»1 ,2X ,2 IE3.3t2X I >* 
~ flETTEI6.il 

I FCRPATIIH .125FTARGET PRODUCT A C T t T l l ACTIT2I ACTIT3I ACTCT4I 
_*_ACTCTS) ACTIT6I ACTIT7I ACT ITS I ACT (T_J ACTIT10I ACTIT11I 

• A C T 1 T 1 2 1 ) 
24 FEACI7.25 I JTAFE.TARHAS 
~2S FCRMAT( r6 ,7X ,E l l . 4J 

I F d T A P E . E Q . I D i M O m i GO TO 7 
I F U T A P E . O T . I C H C U I I GO TO 44 
CALL_PCSI T ^ 
GC TO 24 

CTFE APCVE STATEMENTS SEARCH THE TAPE FOR_A HATCHING TARGET ID NUMBER 
44 k H T E ( t . 4 5 l I D I - C l l i 
45 F O R M A T ! / / / / / . It- , 31HATTENT1CN-TAR6ET NUCLIDE NUHBER.I6.BBHDCES NOT 

•EXIST I N CATA LlBRARr~THEREFORE-NO CONTRIBUTION FROM THIS NUCLIDE 
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• • S U E R O U T T N E »CTV*yiTrM*CT7sy5ST,SUM*C7,GPFUUX,pVa)NU.PXCDHI.rOPXiEC»»" 

• I t . DCSE C A L C S ^ V / V / I 
I F I | 7 A P E . E g^(PACiy*J_L_ .Q_ j , B__ 
1-1*1 
CiLL PCSI7CN _ _ 

CPR INT hEiOIM5S 
fcf JTE( t . . 37 l (ST»rS iK! rK" l .N0PAS) 
k D I T E t t t l l 
55 70 2 A : . 

".6 l » I * l 
CPRIN7 HEAOINGS _ 

.R ITE<6 ,37> I S7AFS(KJ.H-1>NGPASI 
• _ k M 7 E ( 6 , l I ._ . . . . . . . . . . 

7 J«JfJ 
REAL 17.81 PRnPNUH-.J I .PRimHLI I .J I 
PEACI7.99I HP 

_ S 9 _ C P . * i « 7 t l 3 1 
IFCrTAPE.EO.IDACINONUCLII LFLAG'l 
IFIPRCDHL<I_,jl,G7.«.9.100.0E»5O__Gi; 7_0_50 

8 FORMAT C 2 0 X , E l i . 4 . U X . E 1 2 . 4 1 
CCALL AVCAG F T C CAI.CUI 1TF GROUP fJIHSS SFCT JBI4S 

CALL AVRAGE(GP>SECjC^5T,FCCNS7.eFLUX.GP,NCEGPS. NG.NF.NPI 
IF<GPXSEC(l>.G7.C..:CCEt>9l G.0_7D..1J3 

C i M T I A L I Z E SUM1A AXE SUM2A 
SLPIA"SU"2A'C.C .' : . . 

CfiECIN ACTIVATION CAL'-ULATtONS 
, 0 J _ U - _ l J A i M 

7EMPS«EXPI - [ (C6 . X ( N - J L ) » ( ( 7 1 « 3 6 0 0 . ( ! l » ( 7 2 » 3 6 0 0 . 0 ) ; i l / P B O O H L I I , J I 
' * l ) 

SUUA-SttM.A'TEPFS 
ll_.CON7I.NLE_ : 

CC 12 L'l.NOEGPS 
| 7 e » P S - S l « l » ( 1 . 0 £ - Z H « C P » S E C I H » C . P F H » I L > 
! SUH2A-SUf2A»7E»FS 

12 CCIkTJMJE 
CCAlCkUiE »CTi* !TT A7 T -0 

A C 7 - m A S S I I l « l C C 0 . C/7A«MAS1»6. 023E«23»SUM2A» ( l -EXPI -0 .6?3*3_«00 . 0 * 7 
• l/FRCDHLI t . J I M 

CCAICULATE ACTIVITY AS A FLKC7I0N OF 7IWE 
CC 13 K-l .NOPAi 
71PAC7( I ,J tK .L»*C7_EXPJr lJ l * f5_ ! J _Cl . t93 i36!10«0 /PRODhL(JtJ I> l 

CSU- ACTIVITIES 
SUNACTIK IJLSUKACTU i f r I H A C T M . J .KI 

1.1 CCVHnllE 
CPR1K7 AC7IVI7IES , 

103 WR17 E l * . 20 I I0NO( 1 >. I F I X I PRdDNUU .Jt 1 ,< TIHACT< I . J i K I t K«l , « » A S I 
2C F C B P A T ( 1 X . 1 X . [ 5 , 2 X . I 5 . 2 X . 1 0 I E 8 . 3 . 1 X I . 2 X . 2 ( E 8 . 3 . 2 X H . _ _ 

CSEGIN i'CTEBRCGATICN CF 7HE AC7L>FE ilBPARY 
FEAD( 7. Zbl ITAPE.TARHAS 
I F I E C F r T I . N E . O I KFLAG>1 
IF IKFLAG.EC. i l GC 7C 2 7 _ 
IFILFLAG.EO.LAND.HATE.NE.IDNOINOMjCLM GO 7C 27 
IFdTAPE.EO. ICr>C<NpNUCLM_<-FJ.AC_. 
I F U T A P E . N E . I D F C U 1 I GC TC 27 
GO TO 7 ' 

CPBIHT FEACIKGS 
27 HR17EI6.371ISTAFSIKI.K"1,NCPASI 
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* * S U U ' C U T T M E <CTV _ATITWAC>,SVSACT,'iti«ACT,WFlipX.MCDNU,>)IOi)Hl,SPXSEC»» 

k R I T E f i / l M ~ ~ " ~ " ~" 
I t fOBHATIlH .1251- TARGET A C T I T D ACTIT2) ACTIT3I ACTITt l 

• ACTITM ACTIT6I ACT IT71 ACTITB1 ACTIT9I ACTITIOI ACTIT11I 
• A C l l l l i l l 

CPMNT SUf OF ACTIVITIES DUE TO A PARTICULAR TtRGET "NUCLIDE " ' " '" " 
k R l T E I t . H I I D K C I I I , I S U H i a (KI .K. l .NCPAS 1 

15 FCRHATI 1 X , 5 X . I ; I 5 » I 1 C I E 8 . 3 . 1 S 1 ,2X ,2 IEB.3 .2X I i 
DC IC K' l .XCPA! . . . . . 
SYSACTIKP-SYSACTIKHSU.MACTIKI 

13 CCMIMIE _ _. . 
IFUTJPE.Ef l . lDNOl 1*11 I GO TO 32 
IF ILFIAG.EC.1 I 60 TO 16 

32 DO 23 JN»1,MCPAS 
SUNACT(JN!?£,0 

23 C t M l M - E 
lF(JTAPE.Eg.I.D»CU*JJ_>_GC_T0._31 
IF I ITAPE.ET. IDI iOl 1*111 GO TO 47 
1-1*1 
CALL PCSI7CN 

CPU INT FEACRGS 
fcPlTE(6,371ISTAFSIKI.Ksl.NCPASI 
hR ITEI 6 ,_1J 

is TC 24 
«7 h « I I E ( 6 , 4 5 1 ID / tG( l * l> 

CALL _£CS ITCJJ 
1 -1*2 
I F ! IT Af_E ._t L L I D N O ( I ) l_ hRlTE 16.451 IDHCt l l 
i f i i T i P E . C T . i c S c i i i i i - i * ' i 

CPR1NT HEADINGS 
hRlTEI6 ,37>ISTAFSIKI ,K-L,N0PASI 
kR ITEI6 i l l 
J-C 
JB_TC 24 

C P R I M HEADINGS 
31 U I T E I 6 . 3 7 H S T A F S I K I .K»1.NCPASI 

« R t T E 1 6 , l l 
I_l /*1 
J-G 
GC TC_7 

CPRINT HEADINGS 
16 BR IT E11 • 3711 STAF SI K I ,K-1.NOPA SI 

h P I T E ( 6 , 2 1 l 
21 fCanATUH ,1Z5H SYSTEM ACTIT1I ACT IT2 I ACT IT31 _ ACTJT4) 

* ACTITM ACTI16I ACTIT7I ACTIT81 ACT IT9 I ACTITIO") ACTIT11 I 
• A C m i 2 ! > 

CPRIN7 SYSTEM ACTIVITY 
h r i T E I t . 5 1 ) I S Y S A C T I K l , K - l , N 0 P A S I 

51 F C B H A T I I > . 1 5 X , 1 0 I E B . 3 . 1 X I , 2 X , 2 I E 8 . 3 , 2 X M 
IF I KF LAG. EC. CI GC TC 42 

"RETURN 
42 CAIL PCS ITCH 
43 REA0C7.25I 11<FE,1<»MAS 

1 F I E 0 F I 7 I . N E . C I RETLRN 
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• * SLBBCliT t NE »CTV*T IT 1H1CT,SYS tCT, SUHtCT, GPFLUX.PKOONU.PRCOrt.. GPXSEC" 

CALL PC5ITON '" 
kC_tC_43 

SO C4U. PCSIT2INP) 
CO TO 1C3 _ 
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• •SUBROUTINE AVRAGE(GPXSEC,CaNST,F_ONST,-F-UX,C.f-,t.C-_«,NG, HF,NP>«» 

sCERCLTiVE'AVf*GErGFXJK>Ci;AlST,FCONSf̂ eFUxVGPVNOeGPS»NG.NF,MFi 

c 
CIHIS PRCGRAH CALCULATES FLUX HEIGHTED GROUP. CRCSS-SECTIONS BY AVERAGING 
CMCROSCGPIC CROSS SECTION OATA 

c " — — 

c AR sun .E^.T-5_^te£c^^s^lFcn^^sT^8Fl•^UL^iiP-^RQECPs•^Gt^Fl^l^ 
C AKGLKE^S CJT-GPXSEC 

c " 
0IPEf*3ICN GPXSECIKEGFSl.CCMSTlNaECPSltFC-NSTINOESPSl.BFLUXtNOE&PS . 

H.GPCNG) ,CS< l i - 1 , E M 1501 i C S K - O l l ,E1 (2011 
• C i N I T l H I . E A_BJ"Y GPXSEC , 

DC 41 JK'l.KCEGFS 
GPJtSE.C( J*JL»5J.C 

41 CCNTIMJE 
ClCAD_EHEPGY_ANO CRCSS SECJICN DATA..FRCP. THE_ACTLMFE LJ8RARY 

REAC<T,3HENl 1I .CS( 1 1 , 1 ' l . N P ) 
i 3 F C E y A T i a m i . 4 1 1 
; COETERHINE IF THE ENERG* CF THE FIRST ENERGY-CRCSS SECTION PAIR REAO 

CFRCM TFE ACTLMFE L WRAR_y_|S_.BELOH.J'He J5REA.TESr_5RO.UP.. BCU.NOARY 
1 F I E M 1 l - C P U G I I 1 0 5 , 1 0 2 , 1 0 2 

1C.5 CALL_SKOCTH<GPfAG,E».,CSt«PiEliCSl.._£JJ 
1«1 
i_l 
SLHINT-0. 0 

CGETERPINE IF Tt-5 ENEFGY__AT_KHICH THE CROSS SECTION HAS MEASURED IS 
CBELCh THE KEXT GRCUf BCUACARY 

_ 53_ I F 1 E H I 1 . 1 T . G P I J » 1 H CO TO 5.1 
G P X S E C C J I - 0 . 6 
J » J * I ; 
GO TO SO 

i . 1F1E1 l l l . l . T . G P I J « l l l GOT'.. 51 
tCALCL-LAt. THE GROUP CRCSS SECTION 

CPXSECIJ) -SUHlNl / - rLv^; 
IFIJ.EC.NCEGPSI GC TC 106 

SUN1NT«0.0 
GQ T0J2_ 

51 I F W . E S . L ) GC TC 1CC0 
1F1NOEGPS.GE.3.AND.J.CT.1.AN..J.L6.INOEGPS-NF l» GO TO 2000 

GC TC 3000' 
1C00 SUHDEL-O.0 

CAVERACE CICRCSCCP1C CRGSS SECTION DATA 01ER THERMAL ENERGIES 
H 1 0 T H - t E H I « l l - E l l I l l / _ 0 0 . 0 
2!NCR«W10tH'/2.C 
C F V A R - E l ( I I » . y C P 
DC :OCl KK-1.2CC 
PARSUWI CONST! J )»S0RTI0PVAR»1. CE6I«EXP(-(DPVAR«1. 0E6 /0 .025 ) I « I I C S 1 

• c i m - c s i i i u » r c p v A R - E i < i i i / < E i r m j - e i ( M i « c s n m i * - i o T K » i . o e . 
SLHDEL-S-HOEL+PARS.LI; , 
_PYAR«_PVAR l l i IOTH 

1CC1 CCMIM.E 
" SUMINT-'SUMI NT<--LMDEL 

• i l l 

106 

http://J5REA.TESr_5RO.UP


•-SUBROUTINE AVRACEtGPXSECrCONST.FCONST.eFLUXiSP.NCEGPSiNGiltftNPIM 

2CCC SLNJEl^oVc' "~ """ ' " " 
C » X E . M f i U « j : £ a 5 i Q £ l t . C E ^ J L J K l U ! S J M X « ^ V E i J j a i ! l l > E a i A I ! E _ f h E B ( ; l E S 

h l C T H - I E M I » 1 I - E 1 U M / 2 0 0 . C 
Z U C S - k l D T H / J . C . . . . _ _ _ _ . . _ . 
D P V A R " t l I I I * i I N C R 
CC 2001 KK>1 ,200 
P » R S U M - I C C N S 7 1 « l / ( D P V j B » t . 0 E 6 l l » h I 0 T H » l . 0 E « » ( I C S ' l i : - H I - C S i m ) » ( 0 P »y.j RTE Lua.i/j.6 l u u t s u.i jj.ttaLU.1 
"IPCEl-Sl.I 'DEHfARSUP 
DPVAR'OPVARrklDTH _ _ _ . _ 

2C01 CONTINUE 
S M I I l T S U I i . t T + S J I H I l l .. _ 
. S . I 3 

.EC TC 32 
3CCC SLPDEL-0.0 

C*VE8*.i;E.HIC.BOSCaPIC_CRO.Si..S6C..llJ5N_PAH_JlVER_EAST_E.NeRSJB 
h I C T M - ( E L ( I * l l - E l ( U I / Z O O . C 

_ _ JINCP»kI0TH/2.C ._• 
D P V A R - E I I 1 W I N C R 
rr. 1001 KK-1.200 
PARSLM-CONSTI JI»EXPU OPVAR-GP IJ*1 > K1.0E6/FCCNST (J 11»KIOTH»1.0E6»C 

»jcsi( i*.ikcsin)i_!»i.o.pvA_R=6_i<.uii<e_iu*i>rEn.ims.smn 
SLPCEL-SUPOEI.**ARSUP 

_ JJPVAR-0PVAR+J.1QJH 
"iocT CONTTNUE 

?1,HINT»SU»[NT*SUPCE1 
1-IH 
M JC.52 

1C2 GPKSECI1] i l .0E*5O 
106 REAOITiSL I0UP6 

5 FCFPAK71X. I D 
PETLPN : 
END 
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"" tisUBRCUT INE ~S«aOTMX],Nxip"x2 1 *2iNX2, X3, »3.NX3I«"5 

" SUBROUTINE" S»Cl:THm ( NXl,X2TY2',NX2Tx3i 'V3TtiX3r " 
c 
c 
CTHIS PROGRAM CALCULATES CROSS SECTIONS AT SRCUP BCUNDAMES BY LINEAR 
CUTEF.FCLATICN 
C . . . . . . . 
C 

_C A.R.!H..!LfiTS_lK-CE.iNaiE!l.iJSii.P 
C ARGLHENTS OUT-E1tCSL.^EL 
C _ . 
c 

D I M E N S I O N - H l l > j M . ( U i . Y 2 . U . » ! X 3 U . U r 3 U J 
K - l 

I? I H a i l M l l l l l 20 .11 .13 
20 K«K*l 

CCJ.C. 12 
U X3CII -X2IICI 

. « i . l i » X 2 1 K l _ .. 
K»K*1 
1 1 - 2 

_ _ -GC TC 1* 
13 ! 1 " 2 

. I F I X 2 I K I . L T . > 1 < I J I ) J6CLTCL. 11 
24 I 1 > ( 1 » 1 

l f l » l « I . I T . > l l l l l ) EC TO 25 
GO TO 24 

25...X3[1.."X2<);I 
Y3(11»Y2CKI 
K * K_* 1 
L-2 

14 PC 1 | . t l , N » l 
5 If ( X 2 U 1 - X 1 U ) ) 2 . 3 . 4 
2 X3I LI «X2J_KJ 

Y 3 i L I " Y 2 I K ) 
L jLtJ 
K - k * l 
1FIK-NX2) 5 . 5 . 1 0 

3 > 3 C L > - « ! M 
Y3tLl iY2(J! . l 
L"L«1 
K».K+1_ 
IFIK-NX2I l t l . l C 

» «3IU-»UH 
Y 3 1 L I - Y 3 I L - 1 H - H Y 2 I R I - Y 3 R - 1 1 1 / ( X 2 I K 1 - X 3 ( L - 1 ) I l» (X3(L I - X 3 I L - 1 1 ) 
L i L t l . _ 

I CCkTl'Mj'E 
_io ^x^»L-_l 

RETURN 
££I 
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• •SURCUTINE 1DVANINDH00E)-.-

SLRRCUIhE aCViMMTJ-CDEI 

C 
CTHIS PRCGB5P IS USEE FCB POSITIONING THE FILE H4RKEB IN THE LEV DEC 
CLIfRlFV 
c 
c " 

_C __W_EaS_I„_l_SOM 
C IfiGLfEfcTS CUT-UCNE 
c 
c 

OC 305_ JB-l it>C»tDE_ 
READ! 7,2021 IQLHB 

202 FCBHT13BH. I ; ) 
305 CCM'INUE 

JETUBN 

• •SueRCUTINE PCSITCH" 

"s'taRCL~mT"pcTiTCN 

c 
CTHIS PROG_*_J..S_USEJ2J.C_.Pj;5rtI„. I.N(_XH_JEU__"»RKEB IN _TH__ACTLBIFF. 
CL I£RM_ 
.C 
C 

iEGUHFNTS IN-NPNF 
C ABGW6NT5 CUT-r.CNE 

_ 
JEAWTj30J._N.e_ 

20 FDRHOTI/,131 
>Pl« lKT(Fl .C*T( l>PI /» 
OC 52 ICCUHT-l . f iPl 

_ f fAAUi .53 .L_gAI .S l_ . . 
S3 F C J P 1 T I E U . * ! 

_t2Jkt_I INUE 
REJCI7.5) I01.HB 

5 FCPI»»T[71X.fl I 
RETURN 
END 
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•«SUERCUTtl* P C S n a t M M " 

S U R C i m E >C51T2(I»P> " 
c 
c 
CTHIS FRCGR,lf I S USE! J=CF PCSIT.ICNINCJHE FIUE_M«rcEB_IN THE 4CTIEMFE 
CLIBRAFY 
C 
C 
C <HCUHEHT5 IN-NP 
C JRGUPEKTS CUT-NCNE 
C _ 
c 

_ > P l " U T { F l C i T ( A £ > / 3 . O G 0 _ * O . B 0 0 . l _ ._ 
00 52 lCCL'«T»l,lvPl 
BEJCI7.531 REtLOUM 

53 FCRWIiEU.41 
. _ !i..CCN-TINl.E_ . 

f £ « C n , 5 1 IOUHE 
m m P A T t l l J U U i : 

RETURN , 
EM! 

no 



••SLERCUTINE CCSRTEITIMACT.PRCONU.NONUCL.NOPAS.DOSSUM.SYSDOS.IDNO.ST" 

SUBROUTINE DOSRTEtTIMACT.PRCONU,NONUCL..NOPAS.DOSSUM,SYSDCS.IDHC,ST 
_tAtii£BJLP.HijJlISAUii 

THIS PRCGRAF CALCULATES DCSE HATES AS A FUNCTION OF COMPONENT COMPOSIT
ION .GECMETRY.AAO T l f E AFTER ..SHUTDOWN _ 

ARGUMENTS IN-TIMACT.PROaNU.KaMJCL.NGPAS.DCSSUH.SYSDCS. 10NC.ST AFS 
AFGUMEhTS I4.-PFCOH..COSNUC , 
ARGWEA7S CL1- t .C« 

c __ 0I»EI»S1CI\ TIHACTUCfqC L. 13.NCPAS I . PRCOHU (hONUCL.13 I .POSSUM 1NOPAS I . 
tSYSCOSIUOPAS). I 0 N G < N 0 N U C L ) . S T A F S ( N 0 P A S I .PRG0HL(N0NUCL.13l,OGSMJCCN 
*CP»SI,CCSCAUt390ljJiI3SOa,..»iPJ3aQl tA.C«390I.JlJL39.8.L.J)ini.350l.,oaSPBOi.3S_ 
tC I . ICEKMI 3 0 1 . 10ALGI 30 I .DLE VLI 30) . PRC813CI 
CCC.PCk._A, V,.F_,Cf iTJ.1T2iHiRj_D..HII.CR.T_ION._IGE.0M. : 
REAL MILT 
hRITEtfe. ICJ) 

ICO F C F P A T < / / / , l h .61HTFE FCLLCWNG OUTPUT DATA ARE CALCULATED DOSE RA 
_ *TES IN MRAO/_H,/!_ 

C IN IT IALIZE ARRAYS 
_ OC 1 » - l .NCPAS 

S Y S D C S I M I . : . . 
CCSMJ C I M I - 0 . 0 
BCSSLMIH)»C.C 

1 CCNTINUE. . 
C I M T I A L W E ARRAYS 

OC 1 0 1 . J E J . 3 5 C _ 
M I I I - N P 1 U . N O t l U C 
A C I I I » C C i M C ( l l « M m . B C S H A U I l l - f l . O 

101 CONTINUE 
C I M T I J H Z E ARRAYS 

CC 2 I ' l . ltCKUCL 
_0C _2_J_»lt.l3 

K- t I - I ) * 1 3 + j 
K P I K 1 » I F I « I P R C C ^ I I . J I I 
hlK I 'PROOHLI I tJ ) 

_ ACIKI_TII>»CTJI_ LJ. JJ_ 
ATCKl ' IONCI I I 

2 CONTJNUE . 
CARFAdGE TARGET ID NUMBERS.PARENT ACTIVITIES.ANO PARENT HALF-LIFES IN 
-C80ER CF INCREASING PARENT IC NUH_£R PR1CR TC SEARCHING IEVOEC FOR 
CPARENT CECAY INFORMATION 

_TiCi»LCNUCL»13il 
OC 3 J - I . N O 
NTEMP>NP<J+1I_ 
KTEMP2-NT(J*W 
ZTEMP3*ACIJ»1) 
I T I M P ^ H 1 J » 1 ) 

l i T d t l L N T I l ) 
A C I I ' l l ' A C I I l 
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• •SUBROUTINE DOSRTEITIHACT.PRODNU.NONUCL.NOPAS.OOSSUH.SrSDCS, IDNOiST** 

H I H i«H("ll" 
<, CENTIME 

>c 
5 »F(l»ll>NTEPn _ 

NT( I»ll-NTEPP2 
Atl l«l l»lTEW3 _ _ _ _ 
MI»ll«2TE"P<r 

3_£.«IUHJE 
CSE<RC1- TFE NP ARRAY FC* THE FIRST NON-ZERO PARENT 10 NUHBER 

L - l . . . _ _ . . . . . • . . . 
7 1F INPIL I .NE.CI GO TO 205 

L»L*1 . .. . _ 
OC TC 7 

CMAPK ThF BEGINNING OF THE PARENT NUCLIDE I.IST-TH1S I 1ST IS IN ASCFNOIN 
CG CROEP 
__iC5_IEASE_».L 
CBEGIS INTERROGATION OF THE LEVDEC LIBRARY FGR A PARTICULAR PARENT 10 
C£U>BER 

iCO P£ iO i : - , 16 l 17APE,HAIFLF,N0HCDE 
16 FBRHAT1I6.;0«.EI1.<.HI \ 

1 F I E C F I T I . N E . 0 I GC TC 200 
LF.inAPE.Ea.lvP(LU„G_C_TC_U 
1F[ ITAPE.GT.NPILI I GO TO 290 
CALL .ACVJMNCPCOEl 
GC TC 2C0 

283 C i t L ACVAMNCMCCFt 
Z° kR ITEUtZS I k P U l 

_ 2 5 F0R«AT(/^/Xilri_L?iH>TTENTJON^PRODieT_NU(;LIDe NUMBER, 16,90HD0ES NO 
»f EXIST IN CECAY L iERARY-THEREFORE-NO CONTRIBUTION FROH THIS NUCL 
»IDE IN POSE CAl tS) 

• R I T E < t , 3 7 l N71LI 
37 FCR0ATI1I- .19HTHE TARGET ATCM HAS. IS . / / / / / I 

L*L + 1 
CCISCCNTINUE IF ThE LAST PARENT NUCLIDE HAS BEEN A0DR6SSE0 : 

I F I N P I L I . E G . O I GC TC 813 
_ I F I 1TAPE.GT.KPHI I GC TC 28 

ec tc 2bo 
CCHECK TC SEE IF N P H I ECUAtS NP(L*11-THIS OCCURS WHEN THE SANE PARENTS 
CAPE PRCOUCEC fROH DIFFERENT TARGET NUCL10ES. It, THIS CASE, THE CECAY 
CINFCRPATICN IS S7CREC IK VAR1CUS HCLDING ARRAYS ANP IS INTERROGATED A S _ 
CHANY TIKES AS THERE ARE ADDITIONAL LIKE PARENTS. THIS NEGATES HAVING 
CTC RE-REAC LEVCEC FCR EACH LIKE PARENT. 

17 l F l N P U I . E C . N F I l t i l l GC TC BOO 
CCCHPARE HALF LIFES 

313 1F(HL>/HALFLF.LT .0 .8 .0R.H<LI /HALFLF>GT.1 .2 I GO TO 19 
1F(HALFLF.EC.1.00E*50.CR.AC1LI .EQ.O.OI GO TO 19 
IMOOE.C " 

302 ICCC£«IHCCe«l 
C'BEGIli" rhTERRCGA11CN"CF"fHE LEVDEC LTTRARY 

R t AC< T. 3CCI 1PEKM0 , IDA UGH ,DlE VEI•VULT 
3CC " C R f A 7 < 3 8 X , I 2 , l 7 , E 1 1 . 4 , E I 2 . « I 

C1F OECAY IS BY_BE1A_PI '>k s ' l T J : " E DAUGHTER 10 NJK6ER 
VF'lICEKHO.Ea'Vl NOUl' IDAUGH"' 
1FI1CEKWC.EC.7.CP.ICEKIIC.EC.9I GO TO 301 
iFfIOEKHo;E'a."8l"GC'1C 310 " "~ "" 

303 lFIIPCPE.EC.NCt'CCEl GO TO 3C4 
GC TC 302 

_201 1FIDLEVEL.EO.C.CI_GO_JO 303 
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• • " S U B R C U T I N E ccs«fT<Tin*cr,PR:Di«,NONucL>NOP*V.6bssuMisrsbbsi~ioNb.sf* '* 

CALL CURVeiDLEtELiFiLXEl " " ~ 
CALL CALCIACILt.OCSPRC(LI.HULT.FLU»E) 
GC TC 303 

310 IFICLEVEL.EO.O.CI GQ_TO 311 
CALL CLSVEIOLEVEL.FLUKEI 
CALL CALCIACIlltOCSPROUItPULTtFLUXEl _ 

ICIN ANY CASE ADD IN TWO C.511 HEV ANNILIHATION GAMMAS 
L _ a u CC 3l2_l.gJT.A-l.,2 
i CALL CLRYEIC.51I.FLLXE) 

O I L CALCIAClLl.OOSPROlLl.MULltFLUAE) _ 
= 12 CCNTIM.E 

GC 1C 3C3 _ 
19 C*IL ACVAMNCMCDE] 

.CR6AD THE NEXT LEVCEC \LCLIOS 
204 RE/.OC 7,161 I TAPE.HALFLF iNDHOOE 

1_FIECF<7I.NE.0I_G0 XCLJ04 
I F U T A P E . E C . S P I L I I GC TC 3 1 3 
IF.(ITAP6.EQ.NP(L_»l . l l_50.JO. 21 1 _ 

jCHSCXKMMIE IF THE LAST N U a IDE HAS BEEN ADDRESSED 
! I F I N P I H - D . E C . C I GC TC 813 

CALL ACVANCNCNOOEl 
L»L*1 
GC TO 2CC 

. _ ! 1 l " L « l 
GC TC 17 

CLOAD OECAY INFCRMAT1CN I r.TC THE HCLDING ARRAYS 
800 CC 801 U « U fiOPCDE 

R E A D ( 7 , 3 0 C 1 _ I 0 E I < P _ L ! J , ! J J D A U G ( I L > . 0 L £ V L ( I U T P R < ! B J I L J 
8G1 CONTINUE 

CPARK TfE BEGINMNG CF LIKE PARENT NUCLIDES IN THE LIST 
ISEGIN'L 

ECZ 1 - 1 * 1 : 
1 F [ N P U ) . E C . N P { L * 1 U GO TO 802 

CHARK_THE_END OF LIKE PAREM NUCLIDES IN THE LIST 
IENC.L 

_610_0C 805 IP-IBEGU.1EM] 
CDETERMINE IF A PAREKT NLCLIDE WILL BE CONSIDERED FC* DOSE RATE CALCS 

I F ( H IP I /hALFLF.GT.C.« .ANC. HI IP I/HALFLF.LT .1.2.ANQ.HALF I F . SE. 1.0F+ 
» 5 0 . A N D . A C t I P I . K E . 0 . 0 l GC TO 804 

GC TC EOS 
804 CC 820 IL - l^CPCOE 

CBEGIK IMERRCGATICN CF THE HCLDING ARRAYS 
IFdCEKHC I D . E G . S I NDI IPI-1DAUGII LI 
1F< ICEKHI IL I .EC .7 .CR. I1 :EKH( IL I .E0 .9 I GO TO 501 
I F d D E K H U L I . E t . B l GC TC 510 

_ G G TO E20 
5C1 i F I 0 L E v l 7 l L l . E C . 0 . 0 l GO TC 823 

CALL CCRVEIOLEVLIID.FLUXEI 
CALL CALCIAC1 IPI.DCSPROI tP l .PROSdLI ,FLUXEi 
GC TC 823 

510 I F I D L E V L ( I L ) . E C . a . C ) GC TC 511 
_ CALL CURVEJDLEVLIILbFLUXE) 

CALL O L C I A C I I F I . C C S P R C U P I . PROeULl. FLUXE1 
i l l DO 621 IBETA-J.,2 

CALL CURvEib.SlT.FLUXE'l 
CALL CA1CIAC!!P1.CCSPRCHPI.P8C8<H.I«FLUXEI 

821 CONTINUE 
820 CCKTINJE 
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• •SUBROUTINE DOSRTEITIHACT.PHODNU .NONOCL.NOPA S,D0SSUM,S»SOCS. 10f>O.ST«« 

EC5 CCkTINLE 
XPil^HJN6_ti_THE_NEJ.l_LJiaE.C_NIJC.L.I.B.! 

306 FEACI7.16J ITAFE.MLFLF.NOHOOE 
I F I 6 C F I 7 I . N E . C 1 GC TC 806 
IFI ITAPE.EQ.NPl IBEG1NI | CO TO SOB 
CC TC 807 

ECS 00 IC9 IL-LikDfCDE 
J.£AC(lJi l .CO„I0EK3LILJ.U0A.US(iJLU0LXVI.UIJU£RaB.LLU 

i THE PREVIOUS ONE 

SC9 CCIvTULE 
GC TC 810 

CCETERMNE IF TFE NEXT LEVCEC NUCLIDE IS EQUAL TO THE NEXT PARENT ID 
CMC5EP FCLLCHItvG THE.LIST CF LIKE PARENT NUCLIOES. 

£C7 IFUTAPE.EC.NPI IEND*1) I SOTO 811 
CAII ACVAMNCMCEFI 
- " I END*I 
IF I ITAPE.CT.NPI lENOJll L.GO_TO_ 812 
GC TC 200 

_ 811 L - IEND* ! 
CC TO 17 

Ui_ iBl IE .L6 j2S!_»Lf .LU 
k R I T E I 6 , 3 7 l M I L ! 

. L « l * l 
IFUTAPE.GT.1-S(L1> GC TC 812 
GO TO 2C0 _ 

813 F Eh INC 7 
CECVE THE F1LF EARKFF ThRCUG 
C 6 EC- INNING OF L EVOEC 

_4S FEAC!7i47J ITAFE 
• 7 FORMAT!I 61 

IF I 60 F( 7_i .NEiQJ _GQ. TO 700 
CALL PCSITCN 
GO TO AS 

C.o.RK TFE ENC OF THE LIST OF ARRANGED PARENT NUCLIOES 
_JTCC. I STCP-L 

L-IBASE 
C6EGI> JUTEFRCGAT ICN OF Tl-E L EVCEC. L IBRARV. FGR_P0SS1B-E. RADIOACTI VE 
COAuGHTERS-REAO UNTIL THE IC NJHBER IS HATCHEC 

TCI IF INI11LI .NE.0] GO TO 702 
l - L + l 
I F I L . E C . I S T C F + l l GC TC 913 
GO TC 7 0 i 

7C2 JEACI7il6j_[TAFE,hJL.R._FjNOHCDE 
IFCECF1 71 .NE.C1 GC TC 702 
IF I 1TAPE.E0.N01LII GO TO 703 
l F I I T A P E . G T . N - U I I GC TC 926 
CALL_ADVAMNDCCOEI 
EC TO 702 

526 L-L* l 
I F I L . E Q . I S T O P * I I GC TC S13 
IF I ITAPE.EC.NOIL ! I GO TO 7C3 

CALL ACVAMNCFCDEI 
,GG TO 7C1_. 

CCFECK THE FALF LIFE OF THE CA-GHTE8 
_ 7C3_ lF IHALFLF .GT . l jCE* *8 l GC TC 704 

CC TO 735 
7C* CALL ACVAMNCHCCEI 
9C4 L - L * l 

I F I L . E 6 . I S T 0 P - M I GO 10_ .913 
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• •SliBUCLTINE CCSRTEITIMCT.PRCDNUiNCHUC'.i NCPAS.DGSSUH, SYSDOS, tW*0,ST»» 

~ ~ GO TO 7 0 1 
7C5 IPCDE»Q 
9C2 IfCOE»I«0OE<-l 

CEEGIN IN7EFFCGATICN CF Tt>E LEVCEC LIBRARY FOR DAUGHTER DECAY INFO 
REACH,7C7I IDEKKCtCLEVELiPULT 

7C7 F C R M A T ( 3 8 > , I 2 , 7 X , E l l . « . E 1 2 . ' r l _ . - . 
1FI ICEKfC.E0.7 .CB. ICEK^O.EQ.91 GO TO 901 
IMXDEKMC.. EC.^L_G£_1C_11.3 

S33~IF< IKOCS.Eb.NDPODE) GO 70 904 
GC TC 902 . _ . . . _ . 

9C1 I f l D L S V E L . E 3 . C C I GC 7C 933 
CALL CURVE(DLEVEL,FLUX6I _. . 
CALL CALC<AC(Ll,DCSCAUlL),flULT, FLUXEI 
GC TC 903 

910 IFICLEVEL.EC.O.Ol GC TO 911 
CALL_CLRVEIOLEVfL>FLOXE! 
CALL CALCIACILI »DOSOAL<L> >MUL7,FLUXE> 

C I * ANV_CASE ACQ IN_TW3__C.5U_MEV_»NNILJHAT_I0H GAKHAS 
911 OC 912 i e E 7 A - 1 . 2 

CALL CuRVE(0 .5 l l .FLLXEI 
CALL CALCIACai.OCSCAUlLI.KULT.FLUXEl 

912 CCNHNUE 
CC TO 9C3 

i Sl3_REk[NC 7 
NC*NCNLCL»13 

! CO 315 Ial.NONUCL 
; CPRINT r-EAOlNGS 

h U n E l t t E H S T A F S I K I .K»lj.NGPASl 
S FCRKATI/,1H , 4X,7hTIME(H) r*X. fOI E 8 . 3 t 1 X 1 , 2 X > 2 ( E 9 . 3p2XI I 

hRlTE(6,ACOI "_ 
« C FCRCATUH ,12Sr-7AFCE7 PROCUCT CSRIT l l 0SRIT2I 0SRIT3I 0SRIT4I 

» CSRIT5I 0SRI761 PSRIT71 3SRI78I n S R I I q i DSRITIO) D S B n i l l _ 
• CSR I T U I I 
DC ale L»IEASE.NC 
IF INTI l l .EO. IDNCK I I I GOTO BIT 
GC 70 816 

C5L* THE 0C.«; RATES OLE 7C PARENTS AKO DAUGHTERS 
817 CC 8 IS M l , NCPAS 

OCJNLC IKf-DCSfB"OILl»EXP(-(ST«FS IK C O . 6 9 3 * 3 6 0 0 .O/HIL 1 n^DO'SDAUU l»E~ 
»XP I - ISTAFS(K I»C .693»3 tC0 .QyHIL I I I 

CCSSUP(Ki»0"CSSU""(K ItCOSNUCU i 
SYSDCSIKI-SYSOCS(KI«OCS«UCIKI 

"EIS CCNTINUE 
CFUNT CCS 6 BAT SS 

'i>P~ITEI6i2'C< IDNCUl tNPIL I t lDGSNUCIK I tK ' l iACPAS] 
23 F C R H A T ( l X , l X , i ; . 2 X . I ! . 2 X , 1 0 I E 8 . 3 . I X I , 2 X i 2 I E S . _ 3 , 2 X I I 

8IE CCNTINUE ' 
CPRINT HEADINGS 

hR17EI6 ieF<STAF!(Kl iK ' l ,NCPASI 
I .RITEI6. m 

i r>CPMT"( i 'H" i i " i5 ) r TARGET" O S F T I T L I D S R I T 2 " I D S R I T 3 > 0SR<T4> 
* DSRIT5I 0SRI76I 0SR(77I 0SRIT8I 0SP-(T91 OSRIT10I DSRIT11) 
<CSRIT12I) 

«FITE< 6,231 [CNC<II,IOCS3UIMKI,K>lpf>CPASI 
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••SUERCUT INE tCSRT E IT IMACT, PRCDHU.NONUCL.NDPAStOOSSUN. SYSDOS, I DUO, ST' 

23 F C R M » T U X , 5 X , I 5 . 5 7 i l 0 ( E e Y 3 , i x ~ i , 2 X , 2 ( E « . ~ 3 , 2 X l l 
DC S22 K'l.NOPAS 
CCSSUMIKl»0.0 

622 CCMIM.E . „ . ._ . _ . . _. . _ 
615 CONTINUE 

H I T E I 6 . 8 H S T A F S I K I.K» l.»ffl»ASI 
CPRINT SYSTEM HEADINGS 

I .R1TEU,2EJ _ . . . 
26 FCRPATUH ,125k SYSTEM DSR<T1) OSRIT2I DSR<T3I OSR(T«J 

» OSRITSI OSSIT6I 0SR(T7I OSRtTSI CSRIT91. J S R n . l O l .. DSR I T U ) 
• D S P I i I 2 l l 

CFRIM SYSTEP CCSf 
hR ITE[6 ,51 ) ISy£0CSIKJ ,K a l , hCPASI 

. 51JCf iBATUX, l5XjJOl6 ; .J ,3 . IXJ . ,2« , .2 (E6 .3 ,2X11 
RETURN' ~ 
" • r . 
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OSUSRCUTINE C«LCi".4CT,0SPRD.Hlit.T,FLWtEt»» 

SieRCLTIKE C A U ( « 1 I £ S P R 0 . H L | L T I F I . ' U X " E 1 

THIS PPOGRAK CALCULATES OCSERATE FGR. .3 CIFFERENT GECMETRIES 

• RBIH6MS I N - A r . T , l - U l i F l U X E 
ARGUMENTS OUT-USPRD 

CCrtCt, « , V , F , CF.T1.T2 ,N.R.O.HT,OPTION, IGEON 
-.REAL HULL.. 

GO TOI 3 1 , 3 2 , 2 3 ) IGEGH 
31 CCSRAT-UCT« | .ULT«Z .S / l> .0»3 .1» lS»FH/XE»tP* l ( ]0 .<H»«;n 

DSFRD»CSPRO*OCSRAT 
_RFTURN . 

CTI-E AECVE OCSEPATE CALCULATION IS FOR A POINT SOURCE 
. _3 i_VCL»*«3 .1* l«» .< <.R»KC.OiJW3l/3_ 

S-1 *Cr»HULT*2 ,5 l / l VDI.»FLUXE»4. 0) 
CCJR.4 T»5»(20R»<R<-CI»inotlO.O-n»l?»R*PI»100CO.O»IALOGU;>«R»D>/pl>l / l 

•MR+OI*lGO.ai 
CSPRC* CSP_R.P_*BOS8AT 
RFTLRN 

CThE A6CVE OOSERATE CALCLLATI CN IS FCR A HCPGGENEOUS NCN-ABS0RBIH6 
CSFFERE 

™ ' • n « 3 . 1 ' , l * » M R » l C C . O ) « « ? l » H T « 1 0 0 . H 
S«(ACT»HULT*2. 5 > / I VOL»FLUXE*4. 3) 
CCSRAT»S»( (HTjK l»l,GC .0.*('4.0G(_l.*<R*»2 >/U.M>0.>»»El »»2«R«AMNI ( HT»B»_ 

* / R I / { H T t D l l - G » l 0 0 . C » ( A L C G ( l « ( R » * 2 > / l D * » 2 l l * 2 « P . « A T A N I 0 / R J / 0 l l 
CSPRD»CSPRD*OOSRAT : 
RETURIi 

CTI-E teO>E CALCULATION I S FCR A HCHOGENECUS HCH-ABSORBING CVLINCER UHET.E 
C U E OBSERVER FACES Tl-E AXIS 

EM) 
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• •SUSRCbTlNE CLRVEIEiFLUXE>«> 

U ' B R C V T I N E C U R V E ( T . F L U V E ) 

C 
CGIVEtv WE ENERGY CF THE GAKHA RAYiTHIS PROGRAM CALCULATES THE PARTICLE 
CFLUX(CUANTA/C«»"2»SEC) THAT CORRESPONDS TC A OCSE RATE CF 2 .5 NR/HR — 
CFLliXE . _ _ . . . . . . . 
C 
c ; . 
C ARCUHEHTS IN-ClEVEl 
C ARGLHEMS OL1-FLUXE ... 
C 

TFtE. 'GE. 'crcrc .Vh6^LE.0."02 '0)" - GC TC I 
I F ) E . C T . 0 . 0 2 0 . A N O . E . L E . 0 . 0 4 0 1 CO 111 2 
1F<E.GT.0.040.ANO.E.LE.O.05O) GO TO 3 
IF iE.GT.C.0 .5C.AND.E.LE.0 .060)_ GO TC 4 
IF (E .GT .0 .060 .ANO.E .LE .C .0801 GO TO 5 
[F IE .GT.C.C8C. .AND.E. IE .0 .1501 CO TC. * 
1F IE .GT.C .15C.AND.E .LE.0 .403 ) GO TO 7 
1F IE .GT .0 .400 .AND.E.I C .0 .600 ) SO TO 8 
1F<E.GT.0.6CCC.ANE.E.LE. I.OOOI GO TC 9 

_ _IF 1 E. GT. 1 . OCJ! .ANO .E .LE , 1 . 500) S Q . I O . 10 
[ F I E . G T . 1 . 5 0 0 . A d O . E . L E . 3 . 6 0 0 1 GOTO 11 
IFIE.ST,3.CCC.A.SO.E.LE.6.(1031 S 0 T C . 1 2 
I F I E . G T . 6 . 0 0 0 . A N D . E . L E . 1 0 . 0 0 0 ) GO TO 13 
FLLXE»1 .OE+99 
RETURN 

1_ FlUXE«21495330 I.t4»EJ'_»2_. 175?447_ 
RBTLRN 

_2 FLUXE-11460233_.22»E»»2.C13Ji022 
FETURN 

3 FLL»6-103tS l£ .S75»E»»1.269e653 
RETURN 

4_ FLUXE-96497.38032»E»»0.4772399 
RETURN 

5_ FLL.XE-U225.12221»E»«t -0 .2874410 l 
RETLRii 

6 FLLXE'554E2.78326»EXP{E»1-10. 9132 0691 I 
RETURN 

7 F ILXE-1330.569Z05»E«» 1-1 .1036085 I 
RETURN 

8_ F LUX E-146 2 . !S6 ' i t6«E»» 1-1 .00045131 
RETLPN 

9 FLUXE-154t .9^7798»E«»(-C.8691058) 
RETURN 

10 FLLXE«154S.C9132C*E»»1-0.7797676I 
RETURN 

11 FLLXE-1308.2057S7»E»»1-0.7188784) 
RETURN 

12 FLUXE-1468.362190*E«»<-0.70516221 
RETLRN 

13 FLLXE«I656. e52E74*E»»(-0.7_«4.9757> 
RETURN 
END 

118 



DETERMINATION OF THE OCSE RUE FRCH NEUTKIV « T IVAT ICN OF THE COPPER BEAM DUMP 

ThE IGUUUlfiG DATA HAS BEEN ENURED INTO HEHORV 

AMPERES KI10-VCL1S. . . . . OEAMFRACTICIl ..". _ _CUT1T.FACT.0B. TJ I__ N_ 

. 6 5 0 t « 0 2 .1TOEI03 . ICCE« 01 . 100E»00 . 800EHJI .160EK>2 T 

NLPDf.R CF EM:FGY GRCLPS-KCF.GFS . . . 20. 

MJHPER CF TARGET NJCl ICES-WONUCL 1 

NUMDLR OF POINTS AFTER SHU1II0SN-NGPAS 12 

RADIOS F CF SPHERE OR CYLINDER IMI .Z.lSEfOO 

HEIGhT f-T CF CVLlhCER (HI 0 . 

DISTANCE 0 FROM POINT SOURCE OR SURFACE CF SPHERE CR OLINOER IHI 

NUHRER CF GROIPS BfINDARIES-.rvG _ 2 J 

NllPBFR CF F«S1 tvEUTRCH GRCUPS^F 2 

http://_CUT1T.FACT.0B


SPECIF [ C TIKES J1FTES SHJTCCWN 11-1 

T1CE 1 0 . 
TIME 2 .1CCE*C1 
TIME 3 .2CCE*C1 
TIPE 4 _ _ . 3 0 0 E » 0 1 
TIHE 5 .4CCE+01 
TIME t .5C0E«C1 
TIHE 7 .600E*C1 
TIME e .7CCE*C1 
TIME 5" .8C0E*01 
TIPE 10 _ .900E-KI1 
TIHE 11 - U C E 4 C 2 
TIME 12 .200E-f02 

L M 1 HCRC4LIZEC FLLXES 

o..-

GRCUF 1 •IMIE-CS 
GRCLP 2 .1382E-C6 
GROUP 3 -—.8K"-GROUP 4 -—.8K"-GROLP ! 

• GROUP 1 — •*$£& -- • -

GROUP 7 .4790E-07 
GROUP 6 .3860E-C7 
GROUP % -7420E-CE 
GRCLF 1C .3522E-07 
GRO LP 11 • _ .457CE-C7. . 
GRCUP 12 .4C21E-C7 
GRCLP 12 .304JF-C7 
GROUP 14 .7234E-C7 
GRCUP 15 .44E4E-C7 
GRCLP 16 . 3CUE-C7 
GRCUP 17 
GRCUF 18' ~^ss&-GRCLP IS _ ...3C76E-C7 . 
GROUP 2C .e;eeE-ce 
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GRCL.P CCljNCARlES (CEVI 

eCUNCARY 
BCUhpARV 

1 
2 .7307 F*(U 

BOUNDARY 
ECUf.CARY 
8COIA0AF.> 
BOUNDARY 
BCUNCARY 
QDUNDARr 

I 
5 
6 
7 
E 

.i«sre*cl 
. . 1 K 8 E » 0 1 

• 5 5C2E*00 
.1516E*CC 
. U l l E t O C 
. • 2 4 8 E - C 1 

BCUNOARV 
BCUHCAM 
BOUNDARY 
BCUNCARY 
BCUNCAM 
BCLNCARY 

9 
10 
11 
12 
U 
14 

. 2 1 7 9 8 ^ 1 

.21SBE-01 
.1C33E-CI 
• 3355E-C2 
.123»£ -02 
. 5 E 2 9 E - C ' 

BCUNCARY 
BCOSDARY 
BOUNDARY 
BCUNCARY 
BCLF.OARY 
BOUNDARY 

15 
16 
17 
IS 
19 
2C 

. IC13E-03 

VlC68E'-C4 

.A lAOE-Ci 
SCUKCARY 21 .1C00E-1C 

NAK ~ " "U-SiPBEF i'""""MASS'lKCI 

CCPFER63 
CCPFER65 

29C63 
2SCS5 . *U5E.03 

ThE FOLLOWING FAS BEEN CALCULATED BY ACDDSI 

INSTANTANEOUS KUMBER CF NELTRCNS PRCCOCEC PER SECCND 

AVERAGE HLPBER CF KEUTRCNS FROOJCEC PER SECCNC T 

IMEGRALS CF THE_FITTIKG _FjJfLOTJ.CN CVER ThE GRCUP INTERVALS 
GROUP "LOWER "BOUNDARY LP>"£R BOUNDARY RECLIRED INTEGRAL CALCULATED INTEGRAL 

2C .1CCE-C4 . * 1 4 6 « 0 • 829E-0 6 .829E-06 
19 .«1«E+C0 .112E-KU .3CEE-07 .3C3E-07 
18 . m - f f S l .3G6E40-T . 3 « E - 0 7 .346E-07 
17 -^i%&—•$%&— . 3 9 5 6 - 0 7 .S95E-Q7 
16 -^i%&—•$%&— . 3 C I E - 0 7 .301E-07 
15 •290E*02 - 1 0 1 E « 3 .46 8E-07 .4686-07 
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l< .1C1E*C3 .5S3E+CS 
13 .-<583E«03 . . _.123E«-C<i 
12 . I 23E+04 .336E»04 
11 .326S«-C4 . .1C3E»C5 
10 . 1 3 3 t » 0 5 .21SE*05 

i *2JH£*a3 .248E*C? 
E .24SE*C5 . :25E*CS 
7 ..525E-MJ5 . .U1E<C6 
6 . 1 U E » C 6 ,15SE*06 
5 .15SE+C6 . ,S5C6»C6 
4 .550Ef06 . 1 U E « 5 7 

_ _ 3 «JJJ£±.U .1 ,« I5*07 
2 .133Et07 . 2 i l E * 0 7 
1 ,231.E*0.7_ ,23.9E»Q-7_. 

•72SS-07 .723E-07 
. .304E-C7 . 3 0 4 E - 0 7 . 
.402E-07 .402E-07 
.457E-C7 .457E-07 
.352E-C7 . 252E-C7 
•74 2E-08 i l M f c O 8 _ 
.3S1E-C7 .3S6E-07 
. 4 1 9 E - C 7 . . 479E-07 
.284E-07 .284E-07 
. 138E-06 .138E-38 
.1C6E-C6 .1C6E-06 
•833E-07 »«13.fca2_ 
.126E-C6 . U 8 E - 0 6 

..7A0 E-0 5 ,.7_9iE=J!S_ 
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11" 
TARGET 

29063 
29C63 
2906 J 

E IH I 
PBOCUCT 

29362 
2EC62 

. 2?C59„ 
28061 
27C60 
2TC60 
29064 

. 0 
A C T I T I I 

.0 
. 0 

. o -
. 0 
.43 IE?10 . 

, | 0 0 E i 0 1 
A C I I T 2 I 

•0 
,0 

jS .. -
.1766104 
. 0 
. 0 
.409E*10 

.200EJ01 
ACTIT3I 

.0 
.6 
. 0 

.300E»01 
AC7IT4I 

.0 
. 0 
, 9 

.400E«Ol 
ACTIT5I 

. 0 
. 0 
,.0 
.176E>04 
.0 
. 0 
. 3 4 7 E r l O 

,500E*01 
ACTIT6I 

. 0 
. 0 
t » 
•176E404 
.0 
. 0 
. 3 2 9 E M 0 

•600E«C1 
ACT ITT 1 

. 0 
. 0 
.0 _ 
.176E»04 
. 0 
. 0 
.312E>10 

'1!
 

29C63 
29063 
29063 
29063 

E IH I 
PBOCUCT 

29362 
2EC62 

. 2?C59„ 
28061 
27C60 
2TC60 
29064 

. 0 
A C T I T I I 

.0 
. 0 

. o -
. 0 
.43 IE?10 . 

, | 0 0 E i 0 1 
A C I I T 2 I 

•0 
,0 

jS .. -
.1766104 
. 0 
. 0 
.409E*10 

. I76E<04 
. 0 
• a 
. 387E« I0 

.176E*04 
•0 
.C 
•367E*10 

.400E«Ol 
ACTIT5I 

. 0 
. 0 
,.0 
.176E>04 
.0 
. 0 
. 3 4 7 E r l O 

,500E*01 
ACTIT6I 

. 0 
. 0 
t » 
•176E404 
.0 
. 0 
. 3 2 9 E M 0 

•600E«C1 
ACT ITT 1 

. 0 
. 0 
.0 _ 
.176E»04 
. 0 
. 0 
.312E>10 

.176E»04 
. 0 
.0 
. 2 9 M H 0 

. - . 7 | H E ( h l 
TARGET 

29C63 

.0 
ACTIT I I 

. 4 3 1 0 10 

. . logs »M. 
ACT IT 21 

.4G9EMC 

>2CQitCI . 
ACT IT 3 1 

.3B7EMC 

i 3 t O E f S l 
ACTIT4I 

.367E>10 
ACTIT5I 

• 34 7EHO 

. .590Ef(H 
ACTIT6I 

.329EUO 

.600E«P| 
ACTIT7I 

• 312EM0 

,700 E'01 
ACTITBI 

- 2 9 5 E H 0 

.•OOE»OI ,9ooEtci 
ACTIT9I ACT IT 101 

.17AE»04 .176E»04 

. 0 , 0 
. 0 . 0 
. 2 8 0 E H 0 . 2 6 5 E M 0 

jSOQE.Ol ..?QQ6»«l._ 
ACTIT9I ACTITIOt 

! .280E<10 .269E*10 

.lOOEtOZ ,200E»02 
A C T I t l l l ACTIT12I 
. 0 . 0 
. 0 . 0 
,0 .0_ 

-176E«04 
. 0 

.176E»04 
. 0 
. 0 
. 2 5 I E M 0 . I 4 6 E * U 

_ > I 0 P E » 9 2 . _ . 2 0 0 E » M . 
A C T I T I I I ACT IT 121 
.251E«10 . H( ,E»10 



TARGET PP.C0UCT ACTI T i l ACTIT2I A( 
29065 29064 ,0 . . .0 . . . .. . .S. 

" 29C65 29063 . 0 . 0 .0 
29065 20C64 . 0 • 0 .C 
29C65 27C61 .0 .0 . 0 
29065 26C65 . 0 . 0 . 0 
29065 27062 .0 . 0 . 0 
29C6S 27062 . 0 =o_..._..._ . 0 

, I 0 0 E * 0 1 .200E*01 .300EI01 . 4 0 0 E I 0 1 -5Q06*01 .6C0E*C1 .70OE»01 
ACTIT3I ACTIT4I ACTIT5I 

.0 
. 0 

"J" 
'.8 
.C .0 
. 0 . 0 

ACT IT 61 
0 

.0 

.0 

. 0 
-•9_ 

ACTIT7I A C T U M 
• C .0 
.0 .0 
.0 .0 
. 0 . 0 
.0 .0 
. 0 .9 

s S . _ _ . 
29C65 29066 .1406*10 .426E*C6 . 1 2 3 6 * 0 3 .3536 -01 . 1 0 2 6 - 0 4 .2936-09 . 6 4 2 6 - 1 2 . 2 4 2 6 - 1 1 

T I H E I h l 
TARGET 

29065 

" T I H E I H I 
SYSTEM 

.0 . 1 0 0 6 * 0 1 .2006*01 .3C0E*01 .400E»Ol .5006*01 -600E*01 . 700E*01 
ACTIT1I ACTIT2I ACTIT3I ACTIT4I ACTIT5I ACTIT6) AC1IT7I ACTITOI 

.1486*10 .426E*06 .123E<03 .353E-01 . 1 0 2 6 - 0 4 . 2 9 3 6 - 0 0 . 8426 -12 .242E-15 

. 0 
ACT IT 11 

. 5 7 9 6 * 1 0 

.icce*ci 
ACT IT 21 
4C5EH0 

,2C0E»C1 .3C06»01 . 4 0 0 E * 0 I .5006*01 . 6 0 0 E M 1 ,700E*01 
ACTIT3I ACTIT4) ACTIT5I ACTI T6) ACTIT7I ACTITOI 

.387E<10 .367EHO . 3 4 7 E H 0 .3296*10 .312E*10 . 2956*10 

. 0 0 0 6 * 0 1 . 9 0 0 6 * 0 1 
ACTIT9I ACTIT10I 

:$ sfi 
. 0 . 0 

. 0 
. 0 

' .69.6- -19 

. 0 

.Q__ 

.201E-22 

.80CE*0l .9006*01 
A C I I T 9 I ACTIT10I 

. 6 9 6 6 - 1 9 . 2 0 I E - 2 2 

.eOOH'Ol .9D0E«01 
ACTIT9I ACTIT10I 

. 2 8 0 6 * 1 0 . 2 6 5 6 * 1 0 

.100EV02 .2006*02 
ACTIT11I ACTIT12I 
j « t S , 
• 0 . 
. 0 
. 0 
. 0 
. 0 

. 5 7 6 6 - 2 6 

. 0 
. 0 
. 0 
. 0 

2 22J6MTi~ 

.100E*02 -200E*02 
ACT ITU I ACTIT12I 
.576E-26 . 2 2 6 E - 6 1 

~ . 1 0 0 E * 0 2 . 2006*02 
ACT IT 111 A C T I T U I 
. 2 5 1 6 * 1 0 .146E*10 



THE f C L L O m G OUTPUT DiTA ARE CM CW.A7EO l)0<f RATES I N MUO/H 

T IMEIHI 
TARGET PRGOIXT 

29063 _21C55_ 
29063 27060 
290*3 27C60 
29063 2E062 
29C63 28063 
29063 2SC62 

.0 
DSKIT I I 

. 0 

. 0 
. 0 
. 0 
.0 
. 0 

. 100E*01 
DSBIT2I 

. 0 _ 

.0 
. 0 
.c 
»0 

.200E4C1 . K O E f O l .«00E»01 . 5 0 0 6 * 0 1 
DSRIT3I CSRIT4I DSR<T5i DSR1T6I 

-I" 
.0 
. 0 
. 0 

_.o 
.6 
. 0 
. 0 
. 0 
. 0 

. 0 

. 0 

. 0 
29063 2SC64 .23<E»01 . 2 2 1 f t 0 1 .21OE401 .199E*01 . l«8E»01 .176E»0l . I 6 9 E . 0 1 

.TOOEtOl 
D S « I T « I 

•o 
. 0 
.0 
.3 
. 0 
. 0 
.160 EM) I 

TIHEIHI 
1ARGET 

29C63 

. 0 .ICOE»01 ,2CCE*C1 ,3C0Ef01 .400E»01 .SOOEtOl .600E»0I .700E»0I 
OSRCTlt 0SRIT2I 0StM13t DSRI14I nSKI 151 0SRIT61 DSRII7 I OSRITit 

.23<E»C1 .221E«0t . 2 I 0E«01 , | 9 9 E > 0 t .189E<01 . 176E»0 l .169E»C1 -160E.01 

.aOOE'Ol . 900E«0 l .100E»02 .200E»02 
0SR1I9I DSRIT10I DSMT11I 0 S R I T I 2 I 

. 0 . 0 . 0 . 0 

. 0 . 0 . 0 . 0 

. 0 . 0 . 0 . 0 
.6 .o . 0 . 0 
. 0 .0 . 0 .0 

1.0 . 0 . 0 . 0 
1 . I 51E<01 .163E»01 . 136E«0 l • 791E»00 

•800E»0l . 900EMI I . I0OE»O2 . 2 0 0 £ t 0 2 
D5BIT9I DSRITIOI 0SRIT11I DSRIT12I 

, 1S1£*01 .1«3E«01 . U 6 E » 0 1 .79IE«l )0 



m t f H ! .,0 .IWEiOl ,2QQEfO|.,3SOE*0.| >4QOE»01_ 
TARGET l>l!EDUCI OSMTll OSMT2I CSHIIJI C5BIT4I DSRIT5I 
29065 27061 .0 ,0 

.0 
, 0 
. 0 

_.f i_ 

. 0 

. 0 
Z9C65 27062 .0 
29065 27C62 . 0 
29065 2806* .0 

. 2S?65_?S«SS— tfl 
29065 25C63 .0 .0 .0 .0 
29065 29064 ,3 .0 .0 .C 
29065 29C66 .332E*C0 .SWE-O* .275E-07 .7926-11 

.C 

. 0 
. 0 .C 
j f i ,C . 

. 0 

. 0 

.2286-14 

SSKfOl 
0SRIT6I 

.0 
.0 
.0 
. 0 

..iB_ 
.0 
. 0 
.6566-18 

.600E»C| 
0 S M T 7 I 

, 0 
. 0 
. 0 
. 0 
.0- ._.. 
.0 
.0 
,l«9E-2l 

fT00E*gi. osmiai .a 
. 0 
. 0 
.0 
• o_ 
.0 
.0 
.5*46-2* 

T1PEIHI .0 .lOOtlOl .200E<Cl .KCE401 .4006*81 ,5CCF>01 .6G0E»C1 .7006*01 
..TARGET BSBLIl!„.PSB.IKL_.fl5airSL.. P5«II.il_DSBir5L_JKrHT4l. QSBtr7l. q s m i l l . 

290*5 .332E«C0 .9566-04 .215E-C7 .792E-11 .228E-14 .6561-18 .1096-21 .5446-25 

TIHEIHI . 0 .100EV01 .20OE*0t ,300Et01 ,400E*Ot .500001 .6006*01 .TOOE*OI 
Start* 0SPII1I 0SRIT2I 0SRU3) PMIHI 0SRIT5I DS«(T6I 0SRII1I OS*! Til 

,267E*01 .221E«01 .210E<01 .199E101 .188EK>1 .178E*01 . 169E*0l .1606*01 

j S M S l S L j S M S t i U - _.i«estsa_,joQE*iu_ 
DSRIT9I OSRITIOI O S R I T U l DSR!T12> 

,0 . 0 .0 , 0 
. 0 . 0 . 0 . 0 
, 0 . 0 . 0 . 0 
. 0 . 0 . 0 . 0 
tO.... _.0-.. _ , 0 _•<!.... 
. 0 . 0 . 0 . 0 
.0 .0 .0 . 0 
. 1 5 7 6 - 2 8 . 4 5 1 E - 3 2 . 130E-35 .500E-71 

.8006*01 .900E*01 .1006*02 .2006*02 
..«aUSt—B»1U«_QS«IT1I.L-DSR1IU1.. 
.1576-28 .4516-32 .1306-35 .506E-71 

.8006*01 .9006*01 .1006*02 .200E»02 
PS0IT9I OSRITIOI DSMTUI OSRITUl 

.1516*01 .143E»0I .1366*01 .7916*00 
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