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I. Introduction 

Although it is generally recognized that activation problems 
will result from several of the large fusion devices now planned 
or under construction, it appears that such problems may have to 
be faced even before such devices operate. This consequence fol
lows from the fact that neutral-beam design must necessarily pre
cede applications by several years. A forthcoming upgrade program 
at LBL will require prolonged periods of testing of a deuterium 
170-kev neutral beam, at 65A, with a 10% duty factor. Such a 
source can produce appreciable dose rates for personnel who must 
do maintenance work following a prolonged period of testing. To 
calculate the expected dose rate as a function of geometry, com
position, and time after shutdown a computer code, ACDOS2, was writ
ten, which utilizes up-to-date libraries of cross-sections and 
radio-isotope decay data. ACDOS2 is in ANSI FORTRAN IV, in order 
to make it readily adaptable elsewhere. 

The methodology for solving the overall problem is broken 
down into several steps. The first is that of determining the 
production of neutrons in the case of a neutral-beam injector. 
In practice, neutron production is not uniform but occurs during a 
succession of evenly spaced pulses of short time duration. During 
the pauses, no neutrons are produced. An effective steady 
neutron source term is generated by utilizing an appropriate 
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duty factor over the time duratir i of the test periods. The neutron 
production rate is then calculated on the basis of the energy 
and current of the accelerated beam. 

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

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

The code can handle from one to fifty neutron groups with 
up to thirty target nuclides. It has an optio:i which allows the 
user to substitute a neutron source term other than that from a 
neutral-beam injector, and a further option which allows for the 
evaluation of the approximate fluxes in the walls, and thereby 
the dose-rate from the walls. The end result is then a code 
that is tailored to solve injector acti-vation problems, but 
contains enough versatility to be useful in solving a wide 
variety of general activation problems produced by neutrons of 
energy less than 20 MeV. 

This report constitutes the user manual of ACDOS2, which is 
an improved version of ACDOS1.1 Basically, ACDOS2 uses the sane 
framework as ACDOS1 to calculate neutron induced activation and 
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corresponding dose rates as a function of geometry, composi
tion and time after shutdown. Improvements have been made in the 
physical models and the versatility has been increased by the 
introduction of new options. Specifically, the radioactive daughters 
are now accurately treated, a fourth possible geometry (cavity) 
is supplied, both absorption and build-up in volumetric sources 
are taken into account, the dose due to the walls can be computed, 
and an option to indirectly couple a slowing-down code is pro
vided. 

The main part of the report deals with the different models 
and equations used by ACD0S2. Some sections (j II, IV-a) are 
reproduced directly from the report on ACD0S1 ^ . A new user* 
will find enough information to run the code by just reading the 
Appendices which completely describe the input required for 
ACD0S2. 

*ACD0S2 is available on magnetic tape. Address inquiries to: 
Head, Neutral Beam Development Group, Bldg. 4, Lawrence Berkeley 
Laboratory, Berkeley CA 94 720. 
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II. Neutron Production Model 

The first major step in solving the overall activation problem 
is to supply the average neutron source strength. Alternatively, 
ACD0S2 makes provision for the user to directly enter the average 
neutron source strength or to determine from data supplied by 
the user, the production of neutrons in the specific case of 
neutral-beam injectors. 

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

The neutrons originate from two sources within the injector 
system: gaseous deuterium that leaks from the neutralize! and the 
ion-source, adsorbs on the surfaces of the neutral-beam calori
meter and the deflected-beam dump. A (d, n) reaction occurs as 
D° and D + impinge upon these surfaces. The reaction is: 

2 2 3 1 
H + H • • » He + n + 3.27 MeV 
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The calculation that determines the instantaneous number of 
neutrons produced per seconds is empirical in nature and based 
on data taken under accelerator test conditions.2 The expression 
used is: 

INSNPS • 8.64 x 104/neutron\x A x 106/ftcoulomb\x F x CF x DF 
nZcouTombj \ second / 

INSNPS: instantaneous number of neutrons produced per second. 
A: current in Amperes • 
DF: duty factor during the test periods 
F: fraction of the beam which is monoatomic 
CF: yield correction factor for voltages different from 150 kV. 
The yield correction factor for voltages different than 

150 kV, is taken from the thick-target yield curve3 reproduced in 
Figure II-2. To facilitate the calculation of 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 in
corporated into ACDOS2 to calculate INSNPS. 
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I I I . FLuxes 

The mono-energetic source of neutrons produces a continuous 

spectrum by slowing-down in the sh ie ld ing w a l l s . The group f luxes 

in the t e s t - c e l l are not ca lcu la ted in ACD0S2, but rather are sup

p l i e d from a previous c a l c u l a t i o n , wi th , for example, a Monte-

Carlo code l i k e MORSE or a transport code l i k e ANISN. The output 

of such a c a l c u l a t i o n i s coupled to ACOOS2 e i t h e r from a tape or 

from the input data deck. 

The coupling of ACD0S2 with a slowing-down code can then 

be done in two s t e p s . F i r s t , the unity-normalized average group 

f luxes are computed by using the slowing down code, based on a 

unity source placed in the center of the t e s t - c e l l . At the end 

of the slowing-down c a l c u l a t i o n , the space-independent f luxes 

i n s i d e the t e s t c e l l are stored on a tape , s t a r t i n g with the 

higher energy-group flux and according to the format of ACDOS2 

(E 1 0 . 3 , 2X). Then, ACD0S2 i s executed by reading the f luxes 

from the tape . 

ACDOS2 provides for the ca l cu la t ion of the dose due to the 

ac t i va t ion of an object placed ins ide the t e s t - c e l l or the dose 

due to the a c t i v a t i o n of the wa l l s of the t e s t - c e l l , which i s 

approximated to be a hollow sphere. In t h i s case , the f luxes 

in the w a l l s are assumed t o be the same as the f luxes in the t e s t -

c e l l , but corrected by a shape fac tor . This factor was ca lcu

la ted on the bas i s of one-group d i f fus ion theory. 



-10-

According to this model, the flux resultinq from a point 
source placed in the center of a hollow sphere is constant inside 
a hollow sphere. This is due to the fact that the net current is 
zero at the inner radius. In the walls, the flux satisfies: 

V 2* + K 24 = 0 

where: K 2 = 1/A2 = Z /D 

and also satisfies the boundary condition: 
*(R + H) = 0 

where R is the inner radius and H the thickness of the hollow 
sphere. The solution to this equation is: 

•(r) = A sinh[K(R + H - r}]/Kr 
where A is a constant. 

The average flux in the wall is then: 

r 
-»R 

p

R + H A s inhK(R+H-r ) 4 ] t r 2 d r 

4/3ir[(R+H) -R ] 

o r a f t e r i n t e g r a t i o n : 

<*> = ^t ~ [ s i n h ( K D ) + KR c o s h ( K D ) - (KR+KD)1 

[K(R+H)] - [ K R ] * 

Defining the shape factor FF by the ratio of the flux inside 
the hollow sphere to the average flux in the walls, we have: 

FF - <»> 
F F " *<r=R) 

or 
F f l _ 3KR f j _ KR+KH + KR CQsh(KH) 

(KR+KH) 3 - (KR) 3 I Sinh(KH) s inh(KH) 
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In ACD0S2, the dose due to the walls, can be computed ap
proximately by multiplying the fluxes inside the test-cell, avail
able from a previous calculation, by the shape factor FF. 



-12-

IV. Activation 

A. Weighting flux and flux weighted group cross-sections 

In order to averaqe cross-section data over the appropriate 

energy groups to acquire group cross-sections, a weighting flux is 
required. The flux-weighted group cross section can be evaluated 
from the expression: 

f a(E)<(.(E!dE 
- -'AE 
a = 

f *(E)dE 
-'AE 

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

The decision to use these energy dependences came in part 
from the predictions of slowing-down theory plus the results of 
a Monte-Carlo calculation involving a neutral beam injector 
surrounded by thick concrete walls. The group fluxes calculated^ 
for this case are given in Table IV-1. To verify the above 
assumptions, column 3 (neutrons/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 (figure IV-1). 

Inspection of the curve suggests a 1/E type of behavior for 
groups 4 through 19 since a quantity that varies as a constant 
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T A E L E IV-1 

Group Fluxes Inside the Test Cell 

GROUP ENERGY INTERVAL 
NEUTRONS 

- ' 
NEUTRONS 

GROUP 

(ev) 
2 

cm .eV SOURCE NEUTRON 
2 

cm .SOURCE NEUTRON 

1 2 .385E+6 2 .307E+6 1 . 0 1 3 E - 1 0 7 .901E-6 

2 2 .307E+6 1 .827E+6 2 . 8 7 9 E - 1 3 1 . 3 8 2 E - 7 

3 1 .827E+6 1.10BE+6 1 . 9 5 9 E - 1 3 8 .333E-8 

4 1 .108E+6 5 .502E+5 1 . 8 9 6 E - 1 3 1 . 0 5 8 E - 7 

5 5 .502E+5 1 .576E+5 3 . 5 1 0 E - 1 3 1 .378E-7 

6 1 .576E+5 L 1 1 1 E + 5 6 . 1 1 1 E - 1 3 2 . 8 4 2 E - 8 

7 1 .111E+5 5.248E+4 8 . 1 7 2 S - 1 3 4 . 7 9 0 E - 8 

8 5 . 2 4 8E+4 2 .479E+4 1 . 3 9 4 E - 1 2 3 . 8 6 0 E - 8 

9 2 .479E+4 2 .188E+4 2 . 5 5 0 E - 1 2 7 . 4 2 0 E - 9 

10 2 .188E+4 1 .033E+4 3 . 0 4 9 E - 1 2 3 . 5 2 2 E - 8 

11 1 .033E+4 3 .355E+3 6 . 5 5 2 E - 1 2 4 . 5 7 0 E - 8 

12 3 .355E+3 1 .234E+3 1 .896E-11 4 . 0 2 1 E - 8 

13 1 .234E+3 5 .829E+2 4 . 6 7 3 E - 1 1 3 .04 3E-8 

14 5 .829E+2 1.013E+2 1 .502E-11 7 . 2 3 4 E - 8 

15 l , 0 1 3 E + 2 2.902E+1 6 . 4 8 1 E - 1 0 4 . 6 8 4 E - 8 

16 2 .902E+1 1.068E+1 1 . 6 4 2 E - 0 9 3 . 0 1 1 E - 8 

17 1 .068E+1 3 .059E+0 5 . 1 8 4 E - 0 9 3 .951E-8 

18 3 .059E+0 1 .125E+0 1 . 7 8 7 E - 0 8 3 . 4 5 6 E - 8 

1 9 1 .125E+0 4 . 1 4 0 E - 1 4 . 3 2 7 E - 0 8 3 . 0 7 6 E - 8 

20 4 . 1 4 0 E - 1 1 . 0 0 0 E - 5 2 . 0 0 2 E - 0 6 8 . 2 8 8 E - 7 
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over E will plot as a straight line on log-log paper and will 
have a slope of -1. Calculation of the slope at various points 
along the line did reveal a slope close to -1. At higher energies, 
above 2 x 10^ eV, the curve departs somewhat more from 1/E be
havior and finally reaches a region just below fast energies 
where the curve is neither 1/E nor exponential. Even though 
this region just below the exponential part of the curve deviates 
from 1/E behavior, it is assumed, for ease of calculations, that 
it does behava as 1/E. 

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

At this point, the forms of the equations for describing 
the weighting flux are known except for arbitrary constants. 
To evaluate the constants, each analytic expression for the 
weighting flux is integrated over the appropriate energy group 
and set equal to the numerical value of the corresponding group 
quantities in column 4 of table IV-1, which are normalized total 
group fluxes. For example, for the thermal region, group 20: 
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-1 

- C/E e ° ' 0 2 5 dE = 8.288 x l O - 7 

1 0 - 3 

therefore: 
C = 2.36 x 1 0 - 4 

For an intermediate neutron group, group 17: 

/ , 
10.68 . 

C/E dE = 3.951 x 10" 8 

'3.059 
therefore: 

C = 3.16 x 1 0 - 8 

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

V E 2 
()>(E) = A e 

where E]_ and E2 are known and E2 is the highest energy of that 

group, two equations are required to evaluate the two constants. 
One equation results from the usual integral condition that 

E,-E„ 

/ 

E 2 1 2 
A e a dE = total flux for that group 

fcl 

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

C/E, = A e B 

where C is known constant from the integral condition placed on 
the last 1/E group. The analysis is then always performed, 
starting with the lowest energy group. With two equations and 
two unknowns, the constants can be determined by solving the 
resultant trancendental equations. If there is another fast 
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group, the same method is applied. One equation results from 
the required integral condition on that group, and a second 
equation results from a continuity of flux requirement at the 
boundary with the preceeding group. 

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

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

Table IV-2 shows the results of this approach to the weighting 
flux function determination. The integral of these functions 
over their proper energy range always results in the numerical 
value of the total flux for that group, as it should. A plot 
of the data in Table IV-2 (groups 1-19) is shown in Figure IV-2. 
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T A B L E IV-2 

mi .- -. - .- •= 1= .-.- • i —z— 

Weighting Fluxes 

GROUP ENERGY INTERVAL EQUATION 0(X) 
2 

(neutrons/em .source neutron) (ev) 

EQUATION 0(X) 
2 

(neutrons/em .source neutron) 
1 2.385E+6 2.307E+6 7.07E-10*EXP( (X-2.385E6 ) / l l l e4 ) 

2 2.307E+6 1.827E+6 6.62E-13*EXP((X-2.307E6)/2.42E6) 

3 1.827E+6 1.108E+6 1.666E-7*(1A) 

4 1.103E+6 5.502E+5 1.511E-7*(1A) 

5 5.502E+5 1.576E+5 1.102E-7*(1A> 

6 1.576E+5 1.111E+5 8.129E-8M1/X) 

7 1.111E+5 5.248E+4 6.387E-8*(1/X) 

8 5.248E+4 2.479E+4 5.147E-8*(1A) 

9 2.479E+4 2.188S+4 5.94 2E-8*(1A) 

10 2.188E+4 1.033E+4 4 .693E-8*(1A) 

11 1.033E+4 3.355E+3 4 .064E-8*(1A) 

12 3.355E+3 1.234E+3 4 .020E-8*(1A) 

13 1.234E+3 5.829E+2 4 .057E-8*(1A) 

14 5.829E+2 1.013E+2 4 .134E-8*(1A) 

15 1.013E+2 2.902E+1 3 .747E-8*(1A) 

16 2.902E+1 1.068E+1 3.012E-8*(1A) 

1 7 1.058E+1 3.059E+0 3.160E-8*{1A) 

18 3.059E+0 1.125E+0 3.455E-8*(1A) 

19 

20 

1.125E+0 4.140E-1 

4.140E-1 1.00E-5 

3.077E-B*(1A) 
1/2 

2.36E-4*(X) *EXP(-X/0.025) 
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F I G U R E IV-2 (Cont.) 
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r I C D K E IV-2 (Cont.) 
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As previously mentioned, slight flux discontinuities at boundaries 
between 1/E group exist. Note that the discontinuities are 
greater in the region just below the two fast groups. This is not 
surprising since that region deviates somewhat from 1/E but was 
assumed to be 1/E in weighting flux calculations. Comparison of 
Figure TV-1 with Figure IV-2 shows a close resemblance as is 
desired. 

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

/ o(E)*(E) dE 
yAE 

o = 
/ *(E) dE 

where <<>(E) is the previously determined weighting flux function. 
In the calculation of the activation, the cross-section informa
tion for the target nuclide is read from the ACTLMFE library which 
is a subset (without fission cross-sections) of the ACTL library.5 

The data consist of two numbers, an energy in Mev and an associated 
cross-section for that energy in barns. 

To calculate o, ACD0S2 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.6 The result is two arrays, one with energy 
values and the other with cross-section values. There is always 
a one to one correspondence. If GP(J) is an arbitrary qroup 
boundary which initially had no cross-section value associated 
with it. The value is obtained by a linear interpolation using 
the first value on each side of the group boundary assuming that 
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cross-sections are linearly interpolable in energy. For two 
arbitrary cross-sections, a(I) and o(I+l> whose values lie within 
the group boundaries GP(J) and GP(J+1), an analytical expression is 
found for the line connecting them, using the common two point 
formula: 

so that o(E) for E(I) < E < E(I+1) 

°<E> = °<r> * l[ltl]:i\\\ t E - E ( i » 

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

GP(J) = 10~ 5 eV and GP(J+1) = 0.414 eV 
from Table IV-2, we have: 

•(E) = 2.36 x 10 4 x /E x e ° - 0 2 5 

so that the expression for o(E) x 4(E) is: 

|.(I) * gjffijlgjjj tE-E(I)] x 2.36 x lO" 4 x /I x e ° - 0 2 5 

where E is in eV. 
It is this expression that is numerically integrated between 

each thermal E(I) and E(I+1). 
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When all numerical integrations are completed for a specific 
group, the running sum is divided by the total flux for that 
group. The quotient is the desired quantity, the flux weighted 
group cross section for that group. This entire process is re
peated until all energy groups have been addressed. Several test 
cases have been run to acquire results for comparison with another 
averaging program which originated at LLNL.6 The values obtained 
by this method are remarkably close to those obtained by the LLNL 
code for fast and intermediate neutron groups. For the thermal 
region, however, the above-mentioned procedure produced better 
results than the LLNL code. 

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. Typically, that first cross section value is 
located somewhere within the group boundaries at which the cal
culations begin. The contribution to that particular group cross 
section comes solely from evaluation of the pertinent quantities 
for energies greater than or equal to the first cross-section value 
and less than or equal to the first encountered group boundary. 
This is shown in figure IV-3. In this example, the reaction 
has a threshold located between the arbitrary group boundaries, 
GP(J+3) and GP(J+4). The group cross section for group (J+3) 
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results strictly from the evaluation of the pertinent quantities 
from the threshold value, Tv, to the first encountered group boun
dary, GP(J+4). Even if there is only one cross-section value loca
ted in group (J+3), the calculation proceeds since there is a cross 
section value associated with GP(J+4) as a result of the initial 
merging of group boundary energies into the energy-cross-section 
data. In any case, however, zeros are substituted for group cross-
sections in group J through J+2 in accordance with the above 
discussion. 

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

B. Activation 

The differential equations describing the activation of target 
nuclides T giving radioactive product nuclides P which decay into 
daughter nuclides D are:-1-0 

22$. = A pP(t) - X DD(t) 
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where: 

*T(t) is the number of atoms of the target nuclide 
*P(t) is the number of atoms of the product nuclide 
*D(t) is the number of atoms of the daughter nuclide 
*Xp is the decay constant of nuclide P 
*\D is the decay constant of nuclide D 
* 0 T is the group activation cross section for nuclide T 
*$ is the group neutron flux. 
The solutions are:-'-'' 

a +T / -A pt\ P(t) = - ? — (l - e J 

/ - A P f c - X D f c \ 
°T * T / X D e - X P e J 

D ( t ) " " V V - *o - >P / 
These are the basic solutions that are used in subsequent 

activation calculations. These basic forms, however, must be 
algebraically modified to take into account pauses of length T2 
in the injector test schedule as shown in Figure IV-4. 

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

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

aT*T / -A p T l\ -(N-i)(T1+T2)Xp 

P i = _ — . | x - e | • e 

—XT —AT 
<JTfr / X D e P X - X p e D L \ -(N-i)(T1+T2)Xp 

D i = T ' 1 S^ ' * e 

Then for some arbitrary time t after shutdown, the amount of 
nuclide _P will be given by: 

E(t, = ^ - ( l - e ' ^ . ^ e - ' ^ ' ^ ^ ' ^ e - ^ 

and the amount of nuclide D by: 

D , t l * \ • V - -—\^ 

N -(N-i)(T,+T2)X \ -X t 
I e j e 
i=l / 

These expressions, however, represent only one group of 
neutrons. To generalize the relations for up to energy groups, the 
above calculations of the amounts of nuclides must be done for each 
group, that is: 

£ ( t ) . h ww,.^/^.-^)^^)^.-v 



and 
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A P T 1 , " X D T 1 ' 
/ "? a T k * k T \ / X D e ~ *P e 

D(t) = i -Hp-I 1 _ ~ A - x 

\k=l D / \ A D A P 

>U - ( N - i ) ( T + T 2 ) X D \ - X D 

For the genera l case of the r e a c t i o n : 

n + T J^. P __*D -H 

the specific activities of the product nuclide and the daughter D 
in becquerels, t seconds after shutdown will be: 

/ n \ / -XpTA/N -(N-i)(T1+T2)i\ -At 

( i ) 

and: 

x ° D ( t ) " ( 1 ^ T ) f - V H T - X 
(2) 

/ N -(N-i)(T,+T2)AD\ -tXD 

U' r 
Equation is used in ACD0S2 for calculating the activity due to 

the product nuclides. Then, the activity of the daughters, if any, 
is computed from Equation 2. 
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V. Dose-rate calculation 

The final step is to calculate dose rates as a function of 
geometry and time after shutdown. 

A. Source 

Using the previously calculated total activities as part 
of the input information, ACDOS2 first reads a decay library, 
a shortened version of LEVDEC, which is a sublet of ENSL7 (See 
Appendix 1), for the energy and multiplicity associated with each 
gamma ray produced by a specific activated nuclide. A search 
for radioactive daughters is also made. During the interrogation 
of the library, ACD0S2 checks the mode of decay of the radio
active products and daughters. If the mode of decay is "<, 6 + 

or B" decay, the reaction is considered. If not, the reaction is 
skipped and interrogation continues. Secondly, when the decay 
is a 6 + desintegration, two annihilation Y of 0.511 MeV each 
are automatically included in the dose rate calculation, with the 
appropriate multiplicities. The case of the same product nuclide 
created from two different target nuclides is allowed for in the 
LEVDEC-read algorithm (see Appendix 1). Any daughter of a radio
active daughter is assumed to be stable. 

Next, the code calculates an effective photon flux that 
yields an absorbed dose of 2.5 mrem/h in soft tissue for any 
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gamma ray or annihilation quantum read from the decay library. 
The latter calculation was accomplished by first fitting thirteen 
curves to the data° shown in Table V-l. Twelve of the curves 
are of the form ax and one of the "orm ae x. A large number 
of curves were chosen so as to accurately reproduce the data 
over a wide energy range. As a result, all coefficients of 
determination arising from the curve fitting process are in excess 

i 

of 0.99. Table V-2 shows the result of the curve fittings. The 
appropriate equation for calculating the effective particle flux, 
FLUXE, is chosen according to the value of E, the energy of a 
particular gamma ray, as read from the decay library. 

The source strength divided by the flux per unit dose rate 
can then be conputed in cm^ • mrem/h as follow 

MULT x 2.5 x ACT SO = 
FLUXE 

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

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

SOU ~ So * MULT X 2.5 X ACT 
VOLT) FLUXE X VOLU 
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EOteV) 
DOSE RATE OF 2 , 5 HREK/H 

2 
CORRESPONDS TO 9 QUANTA/ CM .SEC 

0 . 0 1 0 956 

0 . 0 1 5 2310 

0 . 0 2 0 4 3 2 0 

0 . 0 3 0 9980 

0 . 0 4 0 1 7 4 0 0 

0 . 0 5 0 23100 

0 , 0 6 0 25200 

0 . 0 6 0 23200 

0 . 1 0 0 1 8 6 0 0 

0 . 1 5 0 

0 . 3 0 0 

0 . 4 0 0 

10800 
T A B L E V-l 

0 . 1 5 0 

0 . 3 0 0 

0 . 4 0 0 3660 E f f e c t i v e Photon 

0 . 5 0 0 2920 F l u x e s 

0 . 6 0 0 2440 

0 . 8 0 0 leao 
1 . 0 0 0 1 5 5 0 

1 . 2 5 0 1 3 3 0 

1 . 5 0 0 1130 

2 . 0 0 0 912 

3 . 0 0 0 666 

4 . 0 0 0 5 5 9 

5 . 0 0 0 4 60 

6 . 0 0 0 4 2 0 

8 . 0 0 0 339 

1 0 . 0 0 0 284 
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T A B L E V-2 

Curve F i t t i n g s o f FLUXE 

ENERGY IKTERVAL 

(MeV) 

PARTICLE FLUX EQUATION 

FLUXE(X) 

0 . 0 1 0 0 . 0 2 0 

0 . 0 2 0 0 . 0 4 0 

0 . 0 4 0 0 . 0 5 0 

0 . 0 5 0 0 . 0 6 0 

0 . 0 6 0 0 . 0 8 0 

0 . 0 8 0 0 . 1 5 0 

0 . 1 5 0 0 . 4 0 0 

0 . 4 0 0 0 . 6 0 0 

0 . 6 0 0 1 .000 

1 . 0 0 0 1 . 5 0 0 

1 . 5 0 0 3 . 0 0 0 

3 . 0 0 0 6 . 0 0 0 

[ 6 . 0 0 0 1 0 . 0 0 0 

2 1 4 9 5 3 3 0 . 6 4 * ( X * * 2 , 1 7 5 9 4 4 7 0 ) 

1 1 4 6 0 2 3 3 . 2 2 * ( X * * 2 . 0 1 3 6 0 2 2 ) 

1 0 3 6 9 1 8 . 9 7 5 * ( X * * l . 2 6 9 8 6 5 3 ) 

9 6 4 9 7 . 3 8 0 3 2 * ( X * * 0 . 4 7 7 2 3 9 9 ) 

1 1 2 2 5 . 1 2 2 2 1 * ( X * * ( - 0 . 2 8 7 4 4 1 0 ) ) 

5 5 4 8 2 . 7 8 3 2 6 * E X P ( X * ( - 1 0 . 9 1 3 2 0 6 9 ) ) 

1 3 3 0 . 5 6 9 2 0 5 * ( X * * ( - 1 . 1 0 3 6 0 B 5 ) ) 

1 4 6 2 . 1 9 8 9 6 6 * ( X * * ( - 1 . 0 0 0 4 5 1 3 ) ) 

1 5 4 6 . 9 9 7 7 9 8 * ( X * * { - 0 . 8 8 9 1 0 5 8 ) ) 

1 5 4 9 . 0 9 1 3 2 0 * { X * * ( - 0 . 7 7 9 7 6 7 6 ) ) 

1 5 0 B . 2 0 5 7 5 7 * ( X * * ( - 0 . 7 1 8 8 7 8 4 ) ) 

1 4 8 8 . 3 6 2 1 9 0 * ( X * * ( - 0 . 7 0 5 1 6 2 2 ) ) 

1 6 5 6 . 8 5 2 8 7 4 * ( X * * ( - 0 . 7 6 4 9 7 5 7 ) ) 
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B. Geometry 

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

Non-absorbing Source 
Point source 

The point source approximation gives the following 
dose rate: 

nop , S , MULT x 2.5 x ACT 
D R n>2 PLufcfi x 4 3TP2-

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

Spherical source 
Outside a non-absorbing sphere the dose rate is given by e: 

SOU 2 2R+D 
DSR = (2R(R+D)-(D -2RD)ln( ) 

(R+D) D 
where R is the radius of the sphere, D is the distance from the 
surface of the sphere to the observer. 

Cylindrical source 
On the axis of a cylinder of radius R and height H, at 

a distance D from one end, the dose rate is: 8 

SOU R 2R H+D 
DSR = ——((D+H)(ln(l + *) +—arctan( )) 

4 (1+D)^ H+D R 
R 2 2R T> 

-D (In (1 +-y) •—arctan (—))) 
D D R 
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Hollow sphere 
At the center of a hollow sphere of inner radius R and 

thickness D the dose rate is: 
DSR - SOU x H 

• Self-absorbing source 
Analytical formulae independent of the nature of the nuclide 

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

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

AMU = 0.0488 E - 0 - 4 6 3 3 

Table V-3 shows that this formula is conservative, since it 
gives a somewhat smaller value than the experimenta1 values 
found for any nuclide. 

The attenuation factor MU in cm~l is then given by: 
MU « AMU X TMASS 

TOED 
where TMASS is the total mass of the target and VOLU its volume, 
assuming that these values are consistent with the density of the 
material. 

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

-a, pt -a,iit 
B = A e + (1-A) e 

which later will enable an integration of this factor over the 
geometry. 
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T A B L E V-3 
*"-~"""-™"~~~~' 2 

H»»» Attenmtlon Coeff ic ient (em / g ) 

Gemma r»y Energy (MeV) 

0.15 0 .3 0 .5 1.0 1.5 2.0 5.0 10 .0 

Analysis*; 

function 

H_ 

Be 
_c_ 

Al 

Cu 

Pb 

Concrete 

.1175 .0852 .0673 .0488 .0404 .0354 .0232 .0169 

.2650 .2120 .1730 .1260 .1030 .0876 .0510 .0321 

.1190 .0945 .0773 .0565 .0459 .0394 .0234 .0161 

.1340 .1060 .0870 .0636 .0516 .0444 .0270 .0194 

.1340 .1030 .0B40 .0614 .0500 .0432 .0282 .0229 

.2060 .1060 .0820 .0585 .0476 .0418 .0316 .0305 

1.840 .3560 .1450 .0684 .0512 .0457 .0426 .0489 

.1390 .1070 .0870 .0635 .0517 .0445 .0287 .0229 
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The c o e f f i c i e n t A i s est imated by us ing: 

A = 44 .1 - 10 .2 x E i f E < 3 MeV 

A = 1 6 . 2 • 0 , 9 x E i f 3 < E < 8 MeV 

» = 29 - 2 . 5 X E i f 8 < E<10 MeV 

A x 4 i f E > 1 0 MeV 

Table V-4 shows that t h i s formulation i s conservat ive s ince 

the c a l c u l a t e d A i s l arger than the experimental values for a l l 

the n u c l i d e s . 

The c o e f f i c i e n t a, i s computed according to the 

fo l lowing formula: 

ctj = 0 .063 x E - 0.182 i f E < 2 MeV 

oij = - 0 . 0 2 x E - 0.015 i f 2 < E « 8 MeV 

a = -0.00B5 x E - 0.107 i f E <8 MeV 

This express ion i s c o n s e r v a t i v e , s i n c e the ca lcu la ted values 

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

The c o e f f i c i e n t o i s ca l cu la ted by using: 
2 

a = -0 .032 x E + 0.048 i f E « l MeV 

a 2 -0.001 x E + 0.017 i f 1 < E « 2 MeV 

a, = 0.012 x E - 0 .009 i f 2 < E < 4 MeV 

a 2 = 0.00125 x E + 0.034 i f 4 < E< 8 MeV 

a = 0.012 X E - 0.052 i f E> 8 MeV 

Table V-6 shows that t h i s a n a l y t i c a l form can be applied 

c o n s e r v a t i v e l y to a great number of n u c l i d e s , s ince the ca lcu la ted 

values are bigger than the experimental va lues . 



Gamma Ray Enerqy (MeV) 

0 . 5 1 2 3 4 6 e 10 

Analytical 
function 

39.000 33.900 23.700 1 3 . 5 0 0 1 2 . 6 0 0 1 0 . 8 0 0 9 . 0 0 0 4 . 0 0 0 

Al 38.911 28.782 16.981 1 0 . 5 8 3 7 . 5 2 6 5 . 7 1 3 4 . 7 1 6 3 . 9 9 9 

Fe 31.379 24.957 17.622 1 3 . 2 1 8 9 . 6 2 4 5 . 8 6 7 3 . 2 4 3 1 . 7 4 7 

sn 11.440 11.425 0.783 5 . 4 0 0 3 . 4 9 6 2 . 0 0 5 1 . 1 0 0 0 . 7 0 B 

Pb 1 .677 2.9R4 5.421 5 . 5 8 0 3 . 8 9 7 0 . 9 2 6 0 . 3 6 8 0 . 3 1 1 

Concrpte 30.225 25.507 18.089 1 3 . 6 4 0 1 1 . 4 6 0 1 0 . 7 8 0 8 . 9 7 2 4 . 0 1 5 

P 3> 
s 3 
3 
M * 
S IB 

• 1 

o > Ml 
O 

3T 
n> t* 

ar 
J? 
M z a. z 

M 
c 0 

TO n 
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Parameter -o< of the Taylor expansion 
1 

o r t h e B u i l d -up f a c t o r 

Gamma Ray Enerqy (MeV) 

0 . 5 1 2 3 4 6 8 10 

A n a l y t i c a l 

F u n c t i o n 
0 . 1 5 0 5 0 . 1 1 9 0 0 . 0 5 6 0 0 . 0 7 5 0 . 0 9 5 0 . 1 3 5 0 0 . 1 7 5 0 0 . 1 9 2 0 

jkl 0 . 1 0 0 2 0 . 0 6 8 2 0 . 0 4 5 9 0 . 0 4 0 7 0 . 0 3 9 7 0 . 0 3 9 3 0 . 0 3 8 4 0 . 0 3 9 0 

Fe 0 . 0 6 8 4 0 . 0 6 0 9 0 . 0 4 6 3 0 . 0 4 4 3 0 . 0 4 7 0 0 . 0 6 1 5 0 . 0 7 5 0 0 . 0 9 9 0 

Sn 0 . 0 1 8 0 0 . 0 4 2 7 0 . 0 5 3 5 0 . 0 7 4 4 0 . 0 9 5 2 0 . 1 3 7 3 0 . 1 7 2 9 0 . 1 9 2 0 

Pb 0 . 0 3 0 8 0 . 0 3 5 0 0 . 0 3 4 8 0 . 0 5 4 2 0 , 0 8 4 7 0 . 1 7 8 6 0 . 2 3 7 0 0 . 2 4 0 Z 

C o n c r e t e 0 . 1 4 8 2 0 . 0 7 2 3 0 . 0 4 2 5 0 . 0 3 2 0 0 , 0 2 6 0 0 . 0 1 5 2 0 . 0 1 3 0 0 . 0 2 8 8 

ho 
I 



T A B L E V-6 

Parameter^ of the Taylor expansion 
2 

o f t h e Build •up Factor 

Gamma Ray Energy (MeV 

O.S 1 2 3 4 6 8 1 0 

Analyt ical 

function 
0.0320 0.0160 0.0150 0.0270 0.0390 0.0415 0.0440 0.0680 

A l -0.0631 -0 .0297 0.0027 0.0251 0.0386 0.0435 0.0443 0.0413 

Fe -0.0374 -0 ,0246 -0.0053 -0.0009 0.0018 -0 .0019 0.0212 0.0663 

Sn 0.0319 0.0160 0.0150 0.0208 0.0260 -0.0150 -0 .0179 0.0155 

Pb 0.3094 0.1349 0.0438 0.0061 -0 .0238 -0.0464 -0 .0586 -0 .0278 

Concrete -0 .1058 -0.0184 0.0085 0.0202 0.0245 0.0293 0.0298 0.0664 
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The next task concerns the geometry and the calculation of the 
self-absorption over the entire volume of the source, 

Spherica1 source 
The dose rate at a distance D outside a spherical volume 

source of radius R can be represented by the expression:8 

DSR = SOU x B X R .G (p , MU X R) 
ir 

where p = D + R and t h e func t i on G(p, MU x R) can be approximated 
R 

by the fo l lowing a n a l y t i c a l formula : 

G(p, MU x R) = exp - ( (0 .342 x MU x R + 2.07322) x In p 

+ Min ( 60 x MU x R - 0.144 , 46 .37 x MU x R - 0.035 , 

28 .78 x MU x R + 0.3168 , 14 .55 v MU x R - 0 . 1 4 4 , , 8.17 

X MU x R + 1.3966 , 4 . 7 2 x MU x R -t- 1.742 )) 

where D and R a r e i n c e n t i m e t e r s . 

Table V-7 shows t h e d i f f e r e n c e s between t h i s a n a l y t i c a l form 

and an exac t computer c a l c u l a t i o n of G. 

Using t h e "bu i l dup f a c t o r me thod" 8 , t he Taylor expansion of 

B: 
- a . u t - a . u t 

B = A e + (1-A) e 
can be combined with G to give: 

SOU x R 
DSR = ( A x G(p, (1+ a, )xMUxR) + 

(1 - A) x G(p,(l+ a2)xMUxR) 

Cylindrical source 
In the case of the calculation of the dose rate on the 

axis on the end of a cylinder, such a function as G for the 
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8 

Comparison of G tabulated and 

G a n a l y t i c a l 

MO X R 

0 . 4 0 . 8 2 4 8 1 0 15 

P»1.25 
A n a l y t i c a l 

T a b u l a t e d 

S . 7 1 9 E - 1 

6 . 0 1 1 E - 1 

4 . 4 9 7 E - 1 

4 . 7 3 2 E - 1 

2 . 5 7 6 E - 1 

2 . 7 1 8 E - 1 

1 . 4 4 6 E - 1 

1 . 5 2 8 E - 1 

8 . 0 5 5 E - 2 

8 . 5 2 6 E - 2 

6 . 8 2 8 E - 2 

7 . 2 4 4 E - 2 

5 . 3 7 1 E - 2 

5 . 7 2 5 E - 2 

Ek£ 
A n a l y t i c a l 

T a b u l a t e d 

3 . 9 1 8 E - 1 

3 . 9 2 3 E - 1 

3 . 0 8 0 E - 1 

3 . 0 8 2 e - l 

1 . 7 6 3 E - 1 

1 . 7 6 3 E - 1 

9 . 8 B 4 E - 2 

9 . 8 6 9 E - 2 

5 » 4 9 2 E - 2 

5 . 4 4 6 E - 2 

4 . 6 5 0 E - 2 

4 . 5 9 8 E - 2 

3 . 6 4 6 E - 2 

3 . 5 8 0 E - 2 

B&2 
A n a l y t i c a l 

T a b u l a t e d 

2 . 1 5 B E - 1 

2 . 0 9 4 E - 1 

1 . 6 9 5 E - 1 

1 . 6 4 2 E - 1 

9 . 6 8 9 E - 2 

S . 3 6 6 E - 2 

5 . 4 2 3 E - 2 

5 . 2 5 5 E - 2 

3 . 0 0 1 E - 2 

2 . 9 2 2 E - 2 

2 . 5 3 6 E - 2 

2 . 4 7 4 E - 2 

1 . 9 7 8 E - 2 

1 . 9 3 0 E - 2 
B&2 

A n a l y t i c a l 

T a b u l a t e d 

A n a l y t i c a l 

T a b u l a t e d 

9 . 3 0 6 E - 2 

9 . 0 0 0 E - 2 

7 . 3 0 4 E - 2 

7 . 0 4 5 E - 2 

4 . 1 6 9 E - 2 

4 . 0 0 0 E - 2 

2 . 3 2 7 E - 2 

2 . 2 3 3 E - 2 

1 . 2 8 0 E - 2 

1 . 2 3 0 E - 2 

1 . 0 7 9 E - 2 

1 . 0 3 6 E - 2 

8 . 3 5 8 E - 3 

7 . 9 9 2 E - 3 

B&2 

A n a l y t i c a l 

T a b u l a t e d 

A n a l y t i c a l 

T a b u l a t e d 

3 . 2 2 6 E - 2 

3 . 1 9 0 E - 2 

2 . 5 2 9 E - 2 

2 . 4 9 5 E - 2 

5 . 9 9 9 E - 3 

6 . 1 9 7 E - 3 

1 . 4 4 1 E - 2 

1 . 4 1 4 E - 2 

3 . 4 0 7 E - 3 

3 . 5 H E - 3 

8 . 0 1 1 E - 3 

7 . 8 5 7 E - 3 

1 . 8 8 6 E - 3 

1 . 9 4 7E-3 

4 . 3 7 7 B - 3 

4 . 3 0 6 E - 3 

3 . 6 7 9 E - 3 

3 . 6 2 5 - 3 

2 . 8 2 3 E - 3 

2 . B 1 3 E - 3 

B'10.0. 
A n a l y t i c a l 

" T a b u l a t e d 

7 . 6 6 1 E - 3 

7 . 9 2 4 E - 3 

2 . 5 2 9 E - 2 

2 . 4 9 5 E - 2 

5 . 9 9 9 E - 3 

6 . 1 9 7 E - 3 

1 . 4 4 1 E - 2 

1 . 4 1 4 E - 2 

3 . 4 0 7 E - 3 

3 . 5 H E - 3 

8 . 0 1 1 E - 3 

7 . 8 5 7 E - 3 

1 . 8 8 6 E - 3 

1 . 9 4 7E-3 

1 . 0 2 0 E - 3 

1 . 0 5 4 E - 3 

8 . 5 4 0 E - 4 

6 . 8 0 7 E - 4 

6 . 4 7 1 E-4 

6 . 6 9 5 E - 4 
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spherical case, exists. 8 But since this function depends on four 
parameters, no simple analytical form could be found. 

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

9 = e 1 = arctan f̂ l 

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

8 = 8 2 = arctan (^) 

(The large base of the cone is then the farest base of the 
cylinder) . 

The most conservative attitude would be to use the expression 
yielding the upper limit of the dose rate. But such an attitude 
results in a gross overestimate, especially when comparing the dose 
rate from a sphere and a cylinder geometrically similar. As a 
result of such considerations, it was decided that a truncated cone 
should be used, which has an angle at the apex equal to: 

e = arctan (^73) 

If the height of the cylinder satisfies the relation: 
H < 3/MU 

then the dose rate is: 9 
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D S R = B ? . X
X

S M U f 1 - c o s 0 _ E2(MU X H) 

where E2 is the exponential integral function of the second kind 
and can be approximated by:-1-0 

E 2(X) = exp(-X) x (l/(X+2) + l/(X+2) 3 

Using the Taylor expansion of B in the "build-up factor method"9 

gives: 

DSR = (SOV/2)xlh/(l + a1)xm)x(l-COSQ-E2{ ( l+o^ ) xMUxH) ) 

+ COSBxE ( (1+a )xMOxH/COS0) ) + (1-A) / (1-KJ )XMU) 

x (l-COSci-E2( (l + n2)xMUxH)+COS9xE2((l+a2)xMUxH/COSci )) 

When the height of the cylinder satisfies the relation: 
H > 3/MU 

the contribution of radiation only from a cardial cylinder of 
height: 

H' = 3/MU 
is taken into account, assuming that only the first three mean-free 
paths of cylinder material will contribute appreciably to the dose 
rate which then is: 9 

DSR = s ° " x
x

M ^ (l - cose) 

or using the "buildup factor method": 

DSR = SOU x (1 - COS 9) 

X (A/2xMUx(l+ai)) + (l-A)/(2xMUx(l+a2))) 
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Hollow sphere 
The dose rate at the center of an absorbing sphere of radius R 

is: ̂  

For an absorbing cavity of inner radius R and thickness H, the dose 
rate at the center is then: 

D S R = J L i j S o u / _ e _ M U x H \ 

U&ing t h e " b u i l d u p f a c t o r " method t h i s e x p r e s s i o n b e c o m e s : 

- J fDxd+d j lxH 
DSR = SOU X i A ( 1 ~ f\ r—— )-

1 (1+oc,)xHO 

-MUx(l+a- )xH 
+ j_l^A 1 x j ^ e _ i 

(1+a 2 )xMU 
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VI. Conclusion 

The first application of ACD0S2 was to the dose-rate pro
duced by the target calorimeter of a TFTR-upgraded neutral-beam 
injector (see Appendix 2) . About 55 mr«?m/h, one hour after shut
down, were found at 10 cm from the furface of a calorimeter made 
of copper, and around 2 mrem/h for a calorimeter made of molybdenum. 
From the point of view of dose-rates to personnel, molybdenum 
is thus preferable to copper. Ever, though ACDOS2 is designed 
to be specific to the case of injectors, it can also be used for 
the calculation of the entire test cell as described by Asmiller 
et al. 1 1 

Some improvements are possible in the models used in ACD0S2. 
In particular, the temperature of the calorimeter should be taken 
into account in the calculation of the neutron-source strength. 
Secondly, tabulated functions, that are approximated by analytical 
functions, could be more accurately defined Such changes, how
ever, would not drastically improve the code since the actual 
tabulated data have been computed by analytic approximations to 
within 5%. 

For some applications, hand calculations were performed to 
verify the accuracy of the results given by ACDOS2. For example, 
the dose at the center of the injector test cell due to the acti
vation of the concrete walls (Appendix 2) comes almost entirely 
from one product- 2BA1. The hand calculation gave, at the time 
of shutdown for 2 8Al, an activity of 1.02 x 10 1 3 3q to be compared 
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with 1.21 x 10*" Bq given by the code, and a dose-rate of 4.07 
mrem/h by hand to be compared with 4.05 mrem/h by the code. In the 
case of a thin disk of copper, which is a special case of a cylin
der, the dose-rate found by a hand computation also matched the one 
found by running the code. Additionally, the accuracy of ACDOS2 
should be evaluated by running some benchmark problems whose re
sults could be compared with other codes. In the future, dose-rate 
measurements obtained from the test facility at LBL will allow an 
experimental verification of ACD0S2 predictions. 
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Appendix 1 

Code description 
- Subroutine description 
- Subroutine level chart 
- Input data description 
- Output description 
- Tape description 

- General structure 
- ACTLMFE description 
- LEVDEC description 
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Subroutine description 

ACD0S2 is written in a structured form, using one executing 

program to call up a number of subroutines. Variably dimensioned 

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

and purpose of each subroutine is discussed below. 

1) INPUT: for entering all variable input data into computer 

memory. All data is printed out for user confirma
tion. Error tests are provided to check input data. 

2) ARRAYIN: for entering all array data. Array data is printed 

for user confirmation. 
3) SOURCE: given the current, voltage, beam fraction, and duty 

factor, calculates the instantaneous and average 
number of source neutrons produced per second during 
a test. This subroutine is bypassed if the user 
wishes to use his own source term. 

4) GRFLUX: uses the calculated values of the average number of 
source neutrons produced per second during a test, 
or the user supplied source term, and calculated 
the average flux for each group by taking the product 
of the unity normalized total group flux and source 
neutron term. 

5) WTFLUX: determines the constants for the assumed weighting 

flux functions by applying integral and/or group 
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boundary constraints to the pertinent equations. Also 
prints out the integrals of the weighting flux func
tions over their appropriate energy intervals for user 
verification. 

6) ACTVAT: takes the following parameters and calculates activi
ties according to the equation of section IV. 

- number of tests 
- time length of the tests 
- time length of the pauses 
- number of kilograms of a particular nuclide 
- specific times after shutdown 
- average group fluxes 
- flux weighted group cross sections 

The result of each activation calculation is printed 
so the user can determine what reaction is the most 

significant for a particular target nuclide. Moreover, 
two running sums are maintained in order to print 
out the total activity from the activation of a 
particular target nuclide and the total system ac
tivity . 

ACTVAT calls the following subroutines. 

*AVRAGE: determines an analytical expression for Oi'E) over a 
soecific A E and numerically integrates the product 
of o (E) and <j>(E) , the weighting function, over 
the group energy interval. It then takes the sum 
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of the integrated products over the unity normalized 
total flux for the same group to calculate the flux 
weighted group cross sections. 

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

•POSITN: positions the file marker in the ACTLMFE library. 
*P0SIT2: Same as POSITN 

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

Since the CDC compilers do not permit the BACKSPACE command 
with formated tapes, the interrogation of the decay library per
formed in DOSRTE is somewhat complicated. In order to cope 
with the case of the same product nuclide created from two or 
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more different target nuclides, and with the search for radio
active daughters, alternative solutions to the use of BACKSPACE 
had to be found. The first case is handled by putting the product 
nuclides in increasing order and by checking, during the inter
rogation of the library, to see if the same product appears twice 
or more. For the search for radioactive daughters, the tape 
containing the library is rewound and the interrogation starts 
again from the top. Possible radioactive daughters are detected 
by checking the previously stored information on the parents. 
No grand-daughter's search is done.DOSRTE calls the following 
subroutines: 

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

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

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

CALC can call the following subroutines: 
-GEOFSP: calculates the geometrical correction in the case 

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

case of an absorbing cylinder by calling the sub
routine E2 which estimates the exponential integral 
function of the second species using subroutine KOMB. 



ACD0S2 

[lNPUT| | ARAYINJ | SOURCE| |GREIJUX) | WTFLUX| 

| POSITION"! I AVRACE| \ POSIT 2 j [ ADVAW ) 

jSMOOTH| 

(ROMB| 
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Input data description 

card I Vjriablejjescriotion columns 

OPTION: 
-if 0.000 ACDOS2 will calculate the 

average number of neutrons 
-any other value will be used as the 

average number of neutrons 1 to 14 E14.7 
A current in amphere (only if 0PTI0N= 
5.000 
V voltage in kilovolts (only if 
OPTION«0.000) 
P fraction of the beam which is 
monoatomic (only if OPTION-0.000) 
OF duty factor (only if OPTION 
Sff.OOO) 
Tl time length of test in hours 

T2 time length of pauses in hours 

H number of tests 

(if 
(if 

(if 
(if 
(if 
(if 

1 to 10 

13 to 22 

25 to 34 

37 to 4 6 
49 to 5 8 
OPTIONED) 
1 to 10 

OPTIONS) 
61 to 70 
OPTION=0 
13 to 22 
OPTIOW0) 
72 to 75 
OPTION=0) 
25 to 27 
OPTION^Ol 

E10.3 

E10.3 

E10.3 

E10.3 

E10.3 

£10.3 

I 3 

NoEGPS number of energy groups 
(up to 50) 1 to 2 
WoPAS number of points after 
•hutdown (up to 12) 1 to 2 
R radius of the sphere or of the 
cylinder or inner radius of the 
cavity (in m) 
D distance from point source or 
surface of the sphere or the cylin
der. Zero for inside a cavity (in m) 

E10.3 

E10.3 
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H height of the cylinder or thick
ness of the cavity (in m) 

IGEOM 
25 to 34 

37 

36 

E10.3 

" 1 for point iource 
2 for outside a sphere 
3 for a cylinder on the axis 
4 for at the center of a cavity 

I SAB 
0 for non absorbing source 
1 for absorbing source 

25 to 34 

37 

36 

11 

11 
6 NONUCI. number of target nuclides (up to 30! 1 to 2 12 1 to 2 
7 NF number of fast neutron groups 1 to 2 12 
8 
t STAFS <1) (1 from 1 to NOEPAS) Times 

1 to 72 9 
if needed 

alter shutdowns in hours 16 per card). 1 to 72 NOEPAS x 
(E10.3, 2x) 

Above to 
as needed 
(NONUCL cards: 
one per 
target 
nuclide) 

Z!*AM 1(1) first part of the name of the 
Ith nuclide 

ZNAM2(I°, second part of the name of the 
Ith nuclide 

IDNO(I) ID number (1000Z+A) of the Ith 
nuclide 

MASS(I) number of kilograms of the Ith 

l to in 

11 to 20 

22 to 26 

27 to 36 

A10 

A10 

15 

nuclide 

l to in 

11 to 20 

22 to 26 

27 to 36 E10.3 

Above to 
as needed GP(I) (I from 1 to NOEGPS + 1) group 

1 to 72 
(NOEGPS+1) 

boundaries in HeV in ascending order 1 to 72 x(E10.3, 2x) 

One IFtuX: option on the fluxes 

1 to 2 

4 to 5 

6 to 15 

AEove 0 fluxes read from input data deck 
1 fluxes read from tape 6 

IHALL option on the place of the 
1 to 2 

4 to 5 

6 to 15 

12 

activation 
0 activation of an object inside the 

test cell. 
1 activation of the wall 

KWALL (only if I W A L W ) inverse of the 
relaxation length of the wall material 
In cm - 1. 

1 to 2 

4 to 5 

6 to 15 

12 

E10.3 
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Above to 
as needed 

BFLUX (I) (only if IFLUX-0) 
(I from 1 to NOEGfiS)i Unity normalized 
group fluxes in cm* s . 1 to 72 NOEGPS x 

(EJ0.3, 2X 
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Output description 

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

"THE FOLLOWING DATA HAVE BEEN ENTERED INTO MEMORY". 
The results are then printed out under the following heading: 
"THE FOLLOWING HAS BEEN CALCULATED BY ACDOS2". 

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

Calculated activities are printed out for each target nuclide 
under the two different headings: 

TIME (H) 
TARGET PRODUCT ACT (Tl) ... ACT(T12) 

and: 
TIME (H) 
TARGET ACT (Tl) ACT (T12) 

Calculated dose-rates are printed out in the same way including 
daughters. The first heading is: 
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TIME (H) 
TARGET PRODUCT DSR (Tl) DSR (T12) 

PRODUCT DAUGHTER DSR (Tl) DSR (T12) 

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

TIME (H) 
TARGET DSR (Tl) DSR (T12) 

The final heading announces the total doss: 
TIME (H) 
SYSTEM DSR(Tl) DSR (T12) 
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Tape description 

General structure 
ACD0S2 was put on a nine-track magnetic tape comprising two 

files: 
1. /NAME/ *CbOS2/ tIBS . XXXXX. containing the ACTLMFE and the 

condensed LEVDEC libraries. 
2. /NAME/ACD0S2/S0URCE, XXXXX. containing the source listing 

(see Appendix 3) 
- NAME is the name of the owner of the tape (optional when 
reading ) 

- XXXXX is the registration number of the taoe 

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

file is: 
Record Column Variable Format 

1 1-6 ZA (1000Z+A) 16 
7-13 IGNORE 7X 

1 4 - 2 4 TARGET MASS (arau) E l l . 4 

2 5-35 IGNORE 11X 

3 6 - 4 6 LEVEL OF TARGET (MeV) E l 1 . 4 

47 IGNORE IX 

4 8 - 5 8 TARGET HALF-LIFE (S) E l l . 4 

2 1 - 2 REACTION ID NU 1BER 12 

3-8 IGNORE 6X 
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9-20 Q VALUE (MeV) E12.4 
21-32 ZA OF PRODUCT 16 
33-44 LEVEL OF PRODUCT (MeV) E12.4 
45-56 PRODUCT HALF-LIFE (S) E12.4 

3 1-3 NUMBER OF ENERGY-
CROSS-SECTION PAIRS (NP) 13 

3 
et seq 

1-66 EN(K), CS(K) (K=1,NP) 6(E11.4 

After the 
last line of 
EN, CS pairs 

72 REACTION SEPARATOR 
SENTINEL 

71X, 11 

The above p a t t e r n i s repea ted for each r e a c t i o n . The l a s t r e a c t i o n 

i s for 2 4 0 V (n, * ) . 

LEVDEC Desc r ip t ion 

LEVDEC i s a decay-mode l i b r a r y based on the more d e t a i l e d 

l i b r a r y ENSL. The format for each s e t i s : 

record column variable format 
first of each 
set 

1-6 
7-17 

AZ (1000Z+A) 
LEVEL 

16 
Ell.4 

18-21 PARITY F4.1 
22-26 SPIN F .1 
27-37 
38-41 

HALF-LIFE (s) 
NUMBER of 
DECAY MODE TO FOLLOW 
(NMODE) 

Ell.4 

13 
2nd and 

seq. records 
to NMODE 1-38 IGNORE 38X 

39-40 MODE OF DECAY 12 
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41-47 ZA of DAUGHTER 17 

48-58 LEVEL of OAUGHTER Ell.4 

59-69 PROBABILITY 0? DECAY 
TO THAT LEVEL E12.4 

Twelve modes of decay are possible for each nuclide: 

Decay identifier Mode of decay 

1 neutron 

2 proton 

3 deuteron 

4 triton 

5 He 3 

6 a 

7 Y 
8 B + 

9 B -

10 EC 
18 unresolved I 

99 No decay-sta 

A shortened version of LEVDEC was obtained by deleting the 

stable nuclides (half-life bigger than 10^"s) and the nuclides 

with a very short half-life (smaller than 1 second) which are not 

taken into account in ACDOS2. For example, for hydrogen, LEVDEC 

gives: 

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

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

1003 0. 1.0 .5 .388E+09 1 
9 ; 20030 .lE+ol 
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when the new version gives only: 
1003 0. 1.0 .5 .388E+09 1 

9 2003 0. .1E+01 
Such a procedure allows for condensing LEVDEC from three files 

to one, which reduces the running time of ACD0S2. 
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Appendix 2 
Sample Problems 

1. Calorimeter of a TFTR-upgraded neutral beam injector: copper 
vs molybdinum. 
2. TFTR neutral beam injector shielding walls. 
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Calorimeter of a TFTR-upgraded neutral beam injector 

Copper 
Assuming a spherical geometry the calorimeter is made of 

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

Isotope Atomic % Weight* Mass (kg) 
Cug3 69.1 68.45 117.36 
Cu 6 5 30.9 31.55 254.64 

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

VOLU = 372000 = 4.15 x 10 5 cm3 

8.96 
and its radius 

R = ( 3xVOLU/4xTT) = 21.48 cm 
The observer is standing at a distance D= 10 cm from the sphere. 

The fluxes, read from a tape, were provided by a Monte-Carlo cal
culation (MORSE) involving a neutral beam injector surrounded by 
thick concrete walls (Table IV-1). 

The following parameters are used: 
A current (A) 65 
V voltage (kV) 170 
F beam fraction 0.5 
DF duty factor 0.1 
Tl length of test (h) 8 
T2 length of test (h) 16 
N number of test 7 
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NOEGPS number of energy groups 20 
NOPAS number of points after shutdown 12 
IGEOM geometry designator 2 
ISAB strategy designator 1 
NONUCL number of nuclides 2 
NF number of fast groups 2 
IFLUX option on fluxes 1 
IWALL option on walls 0 

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

Molybdenum 

Assuming the same conditions as for the copper case, the only 
parameters to be changed concern the sphere. Using 55 4 kg of molyb
denum from the "chart of nuclides" 9th edition, 1966, we have: 

Isotope Atomic % Weight % Mass (kg) 
M o " 14.8 14.24 78.91 
Mo94 9.1 8.93 49.45 
M o " 15.9 15.75 87.24 
Mo" 16.7 16.75 92.80 
Mo" 9.5 9.63 53.34 
Mo38 24.4 24.67 136.69 
MolOO 9.6 10.03 55.57 

Since the density of Molybdenum is 10.2 g/cm3, the volume of the 
sphere is: 



- 6 9 -

T A B L E A 

I n p u t D a t a Dec' t f o r C o p p e r 

0 . 0 0 0 0 0 0 01*00 
, 6 5 0 E » S 2 , 1 7 0 f « - 0 3 . 1 0 C E * C 1 . 0 1 C F . O 1 . 8 C 0 r » 0 1 . 1 6 CE «• 3 2 

20 
1 2 

. 2 l 5 t . * C 0 .1C0F*CE .3i,Cfc*UC 2 1 
2 
2 

0 . 3 0 C £ » 1 C . i a : f . * l 0 . 2 C C E * 1 C.3CCF+1 C . 4 0 0 F * 1 0 . 5 0 0 E » 1 
0 . 6 0 C E + 1 0 . 7 0 G E » 1 O . f O G E f l C»9C0E*1 1 . C 0 0 E + 1 2 . C 0 0 E » 1 

C C P F f P - 6 5 2 9 C f 5 1 . 1 7 3 5 M 0 2 
CC^FE^.-eS 29DE3 2 . 5 i . 6 E F t 0 2 

1 . 0 0 0 E - 1 1 - . l i . D E - 0 7 1 . 1 2 S f . - 0 £ 3 . 0 5 9 L - 0 6 1 . 0 t 8 E - 0 5 2 . 9 D 2 E - 0 E 
1 . 0 1 3 S - 3 * . E . 8 2 9 E - 0 * . 1 . 2 3 f c E - 0 3 3 . 3 E 5 f - 3 3 . L . 0 3 3 I - C 2 2 . 1 9 8 F - 0 2 
2 . 4 7 9 E - 0 2 E . 2 i . » E - C 2 1 . 1 1 1 E - D 1 1 . 5 7 6 E - J 1 5 . 5 L 2 E - 0 1 1 . 1 3 8 E + 0 C 
1 . 8 2 7 t * 0 G 2 . 3 £ 7 E * G C 2 . 3 8 5 E * 0 0 
1 J 
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•JU- tSR O f ENE»GY CBCUPVNCEGPS ?0 

U U I B C * Of T M G E t * U C l I C f ? - W N u C l ; 
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VOU »»E U S I N G »Ni » P S C M | K G SfUBCE 

T H I S SOU«CE I S * SPHERE 
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f:UKft = 0 OP GOOUf* K l J N E I P I E W J r . CM 

N'J**Bt» 01 F I S T N E l j i a t * C P O L P S - N * ? 

S P E C I F I C H - E 5 » M F « ! H I C O f c N I M | 

t | H [ 1 0 . 
n-F z , i c c r » c i 
T I N E 1 .;oo*?ci 
1 IME fc , ' O O F ' C l 
? i * t 5 , * r t f * e i 
M " E 6 , « O C F » C l 
n -E T . b c c r » o i 
T I « f P , U C r « C l 
t I f 5 S . M C * * C 1 
H * F ID . ^ C C f ^ C l 
>!••« 11 . 1 C C M C ? 
T i»*r i ; . z e e * *c? 

" P t l U ' . C ' l TH< m » [ V 1 ' H » ' 1 
" T f ; U * f S w i l l F 1 O f f T T F t " r a p f « 

".°i i jy ex i>-c ° I P I nr n >• PIT*- uMor t : i f vMi r * . , 
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J U I I • ; I T M U l T f f l ' J M S I***1[)F 

tPnuP 1 . T < C I F - O S 
-p ' ju f ; . I "17 ' - 0/ 
".nru'1* j . t ? * T - o r 

T A B L E B 

Output L i s t i nq f o r Copp«?r 

•»00c »01 . I60F»0? 1 

FPD"i THE W ^ A C E CF T H I S SPHERE 
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VOLU = 554000 / 10.2 * 5.43xl05 cm3 

and its radius 
R * (3xVOLa/4xrr> ' « 23.49 cm 
The only parameters changed compared with the previous cal

culation are i 
NONUCL number of nuclides 7 
R radius of the sphere 23.49 cm 

and of course the target nuclides ID and mass. 
Table C lists the input data decic and Table D shows the out

put listing. 

Discussion of results 
Thermal-neutron activation was found in both cases to pro

duce the dominant dose rates. In the of the conper beam dump, 
the activation of 63cu to 6 4Cu (12,7 h), which undergoes a B + 

decay producing two 0,511 MeV y rays, constitues the main dose. 
In the case of the molybdenum beam dump, after an hour to allow 
the Mo (14.6 mn) and its daughter Tc to decay, 9 9Mo (66,7 h) 

98 
aa product of Mo, becomes the principal dose-rate producer. How
ever, the dose rate from the Mo dump is only about 5% of that 
from the Cu dump for the first 10 hours, even though the former 
is 3054 larger volumetrically 
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T A B L E C 

Input Data Deck f o r Molibdenun 

0.000000u£»00 
•65OE*02 .170E*03 . i 0 0 C » 0 1 .010E»01 .StOF»61 .'1E5F*02 

20 
12 

•235E»00 .100E*0C .ODOE+OC 21 
7 
2 

0.Oa0E»l 0 .1Q0EU fl.200E»l 0.308E»1 0.«.C0E*1 0.50CE»1 
0 .600E»1 0.7fl0E»l 0 , 8 0 0 £ » 1 0 . 3 0 0 E H 1.C0GEU 2 . 0 0 0 E H 

H0UY90NUH-97 1.2097 53.3*BE*03 
HCLYB0NL'M-9f %2095 87 .240F*03 
IOlYBDNIJM-32 «.2092 78.90C£*Q0 
1OLYB0NUM-9U 1.2091. l»9.£.5£f*03 
10LYBDNUM-98 «t2098 1 3 . 6 6 9 E » 0 l 
MOUYBDNUH-96 1(2096 92.tOOE»03 
HOUYBDNUM-100 J.21G0 5 5 . S70E HSO 

1 . 0 3 0 E - 1 1 « . H . 0 E - n . 7 1 .12SE-06 3 .059E-06 1.0fc3F-05 2.90ZF»05 
1 .013E-0I . 5 . 6 2 9 E - 0 d i.25»»E-fl3 3 .J55E-03 1 .P33F-02 2 . i e 8 E - 0 2 
2 . I .79E-02 5.2»»SF-02 1 . 1 1 1 E - 0 1 1 . 5 7 6 E - 0 I 5 .5 fc2 t -01 I . 1 0 3 f * 0 0 
1.827E*00 2.307E*0G 2.36EE*00 
1 0 



T A B L E D 

*i«tr, t*i« M*V* Mf* *mtPfc !**r "f»fB Output l i s t i n q for Molibdenum 

. f b 3 £ * 0 2 . 1 » C » f l J . l o o t * 0 ; , l c n : » O n . « J O F » 0 1 . ] ^ O f * 0 2 ' 

nunr:f of CUBC* GUUPS* NDFCS ?Q 

NUHHEf Uf T i * l G f t NuCt, I O E S - " t " t t f C l I 

• j < j " f iE * Of P n i N i s < F T E P S H L T n n v N - ^ . r p £ « i 1? 

I S A D ' l 

I G E C K - 2 

V i U IBE U S I * * IK i C S C O e U G 5CUPCT 

E H I S S0UJCS I S * Sl>» iPt 

i ; S V E ( ' / f B IS S T i N C l N f *T a n i ' . t i f j c r 0 - . ! 0 O £ » O 0 M f l F P S F R O M T H F U > H . C f t F I M S SPHFUfj 

4U*«BE« Uf C e 3 U » \ 9CUNC4P1F S-«f". ?'. 

NU-PFH OF » • ? ) W F U i n f K [ P O U P S - N F : 

J1 r-c J . ' r c r * c i 
! 1"F 3 . ? c c f » c i 
1 1 " ! t. . * ! f C f *C3 
I i - F 5 . < . C C f ' 0 1 
1 : " T fc . " . C C F . C ! 
i l i t T . * CCF »01 
1 i « t « . T t C F «C1 
t | t « 9 . M C F * C ! 
t i ^ t ! 0 . I C C f * C t 
t I IF M . 1 TCF *L2 
T i - r W .?<",' *0? 

- H I . 'J 1 * H \ % * [ U i n V ! H L > . 
I » I 1 t l ' * l > - I t , FT 0 | t[ i t ' 

• f i 1 " , I '- 1 . r ..., r » r,t i t 1 i 
M e r '. f U ' f - t<»*t •s 
' • - * f v i l 1 ••* f r v . "> M ' t l "\ * 

C R n j n J , K C I f - f,"> 



COUP b 
r.pou0 ? 
;»UU" B 
ŴlJ' P *J 
0°UUC lo 
GROUP 11 
5PDUP 12 
ofiou™ :* 
GfOUP 1& 
GROUP '.6 
JPOU D 17 
5B0UP IB 
GROUP II 
5ROUP 20 

. t ! T O f - O T 

? c ? • 07 
. T 7 * * r - 0 * 

. : : i : f - c t 

. »CTtf F- 07 

. f ? r a e - 0 6 

OUOUP BQUNCiBTc^ ( K ^ I 

B0UNO5RY 1 « 2 2 t ; e * o i 
ROUNDLY ? . ? 3 d r M » » 
POU'IUARY ; . I P 3 7 F . : ; 
ftCUNDftRV 4 • l U * E » o i 
»OU':napr * ."^o;r*oo 
CDU^DftRT 6 . 1 * I € E * 0 0 
'•OU'OtflTf 7 . 1 I t l f * 0 C 
KUUfJ f̂tOY B , « ? t q c - 01 
P0T.3ft«w <) • ? M I E - C I 
"OU'OSPY 1 0 W ] P » F - O I 
flOUMQAPY M . i c ? ? r - o i 
"OUN^APY I ? . I 3 « » f - c ; 
prjuf*i»pv 13 . i J ' < .F -a? 
PLUNOAPY 1 * . 5 f l ?1 f -0? 
&CUN04«i* i s ,unr-o? 
pnUNtUBT 16 .*<iC"» :- C* 
PO'J'OAPV 17 . 1CSRF-0*. 
'JfDU'JABy If .»C!TF-05 
"yu'i- 'Aoy :*> . 11 ?r f- o« 
f:3US 15 PY 2 0 . « . * * 1F-0*. 
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H M F I t - * -

111 T10K'J1-S? 

- i n v.*. .•--<;7 
« ;L V 1L" j - - < o 
" . i v i : - - . j » - too ' i r • c -

«tOnS IS NOh (-FADV TC HJH, 
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TFTR neutral beam injector shielding walls 

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

A = inside surface 
= 2x 7.4 x 20.2 + 20.2 x 6.8 + 6.8 x 7.4 

2 = 674.32 m 
hence we have: 

R = ( A / (4X-TT))172 = 7.325 m 

The thickness used is the same as the one of the real cell: 
H = 0.30 m 

Assuming a concrete density of 2.6 g/cm the total mass is 
TMASS= 2.6 V. VOLU 

where VOLU = 4/3 .TT. ( (R +H) 3 - R 3 ) = 2.11 x 10 8 m 3 

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

This time, the space-independent group-fluxes inside the test 
cell are inputed from the input data deck. The average group-
fluxes in the walls are computed by setting: IWALL = 1 with KWALL= 
0.1111 since for concrete fti 9 cm. The input data deck is shown 
in Table F. Table G is tl» output listing. The dose is almost 
entirely dur to the 1.78 MeV gamma rays emitted by ^^hl, a product 
of 2 7Al. Since the half-life of this product is short (134 s), 
after one hour, the dose-rate due to the activation of the walls is 
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T A B L E E 

Concrete Composition 

ELEMENT X IN 

CONCRETE 

ISOTOPES ATOMIC 

% 

WEIGHT 

% 

MASS 

(Kg) 

ELEMENT X IN 

CONCRETE 

ATOMIC 

% 

WEIGHT 

% 

MASS 

(Kg) 

ELEMENT ATOMIC 

% 

WEIGHT 

% 

MASS 

(Kg) 

H 16.3 
1 

H 9 9 . 9 8 5 99.97 89257.22 

2 
H 0 . 0 1 5 0.03 26.78 

0 54.5 
16 

0 9 9 . 7 5 9 99.73 297723.64 

17 
0 0 . 0 3 7 0.04 116.44 

18 
0 0 . 2 0 4 0.23 684.92 

Al 2 .1 
27 

Al 1 0 0 . 100. 11503.00 

S i 23.9 
28 

S i 9 2 . 2 7 91,92 120344.50 

29 
S i 4 . 6 8 4 .82 6307.01 

30 
S i 3 . 0 5 3.26 4261.49 

Ca 3 . 2 
4 0 

Ca 9 7 . 1 3 96.89 16981.50 

42 
Ca 0 . 6 4 0.67 117.50 

4 3 
Ca 0 . 1 5 0.16 28.20 

44 
Ca 2 . 0 6 2.26 396.20 

4 8 
Ca 0 . 0 2 0.02 4 .20 
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T A B L E 

Input Data Deck for Concrete 

0.0C00000E+CC 
. 6 5 0 E + 0 2 .17UE+CJ . lQOE+Ol . 0 1 0 E + 0 1 

20 
. 8 0 0 E » 0 1 .16CE+02 

12 
7 . 3 2 5 E + 0 0 C.UtiJt*uJ 0 . 3 0 0 E + 0 0 41 

14 
2 

O.OOOE+l O . l O O t • 1 0 . 2 0 0 E + 1 0 . 3 0 0 E + 1 0 . 4 0 0E*1 0 . 5 C 0 E + 1 
0 . 6 0 0 E + 1 U .700E+1 0 . 8 0 0 E + 1 0 . 9 0 0 E + 1 1 .000E+1 2.0C0E + 1 

HYDROGEN-1 1C01 8 9 . 2 5 7 E + 03 
HYDROiiEN-2 1C02 2 6 . 7 8 0 E + 0 0 
GXYGEN- l t S016 2 9 . 7 7 2 E + 0 4 
OXYGEN-17 8017 1 1 . 6 4 4 E + 0 1 
OXYGEN-18 8018 6 8 . 4 9 2 E + 0 1 
ALUH1N10M-27 13027 1 1 . 5 0 3 E + 0 3 
S1LICCN-28 14028 12 .034E+04 
S1LICCN-29 14029 6 3 . 0 7 0 E * 0 2 
S IL ICON-3C 14030 4 2 . 6 1 5 E + 0 2 
C&LCIUK-40 2 0 0 4 0 1 6 . 9 8 2 E * 0 3 
C4LCIUM-42 2 0 0 4 2 1 1 . 7 5 0 E + 0 1 
C4LCIUM-43 20043 28 .200E+0G 
CALCIUM-44 20C44 3 9 . 6 2 0 E + 0 1 
C4LCIUM-48 2 0 0 4 8 4 . 2 0 0 E + 0 0 

l . O Q O E - l l 4 . 1 4 0 E - C7 1 . 1 2 5 E - 0 6 3 . 0 5 9 E - 0 6 1 . 0 6 8 E - 0 5 2 . 9 0 2 E - 0 ' ; 
1 . 0 1 3 E - 0 4 5 . 8 2 9 E - C4 1 . 2 3 4 E - 0 3 3 . 3 5 5 C - 0 3 1 . 0 3 3 E - 0 2 2 . 188E-02 
2 . 4 7 9 E - 0 2 5 . 2 4 6 E - 02 i . l l l E - 0 1 1 . 5 7 6 E - 0 1 5 . 5 0 2 E - 0 1 L I O E E + CO 
i . 8 2 7 E * 0 0 2.3C7E+CC 2 . 3 8 5 E * 0 0 
0 1 I . I U E - O l 

8 . 2 8 8 E - 7 3.C76E-- 8 3 . 4 5 6 E - 8 3 . 9 5 1 E - 8 3 . 0 1 1 E - 8 4 . 6 e 4 E - 8 
7 . 2 3 4 E - B 3.Q43E-- 8 4 . 0 2 1 E - 8 4 . 5 7 0 E - 8 3 . 5 2 2 E - 8 7 . 4 2 0 E - 9 
3 . 8 6 0 E - 8 4 . 7 9 0 E -- 8 2 . 8 4 2 E - 8 1 . 3 7 8 E - 7 1 .05 8E-7 8 . 3 3 3 E - 8 
1 . 3 8 2 E - 7 7 . 9 Q I E - 6 
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Output List ing for Concrete 
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GROUP \f> . M * n - c » 
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pnu*n»py i ? . : ; « • r- o? 
Q(iU*naRV i ? . w « r - a ? 
i u j * ; n * B r u , « i f | q f - 0 ? 
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OCUMflPT 1 7 .1C*FE- 0 * 
ricuv »a"Y I f . ? c t 7 C - o ( ; 
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insignificant. In fact a irore accurate calculation should take 
into account heavy elements which, even in small quantities in con
crete, could significantly increase the dose. 
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ACOOS2 

« NEUTRON-INDUCES OOSE HATE CALCULATION COO£ 

WRITTEN BY G 5 KENEV AND J-C LAG AC HE 

AT THE UNIVERSITY OF CALIFORNIA BERKELEY 
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ACDCS2 I S A STANOARt FORTRAN <• C03E DEVELOPED FOR CALCULATING OOSE 
«ATES FRO* NEUTRON ACTIVAT1CN OF NEUTRAL-BE* * I K J E C T O R S . S J FFICIEN'T 
VERSATILITY HAS A I S C BEEN 1NCCRPORATSO INTO THE CCDE TO MAKE IT 
APPLICABLE TO A NJDE VARIETY OF GENERAL ACTIVATION FROSLEHS DUE TO 
NEUTRONS OF ENEFGY I E S S THAN 2 0 I E V . FOR FURTHER INFORMATION 
CONCERNING THIS PROGR«e. SEE LBl REPORT N O . 1 2 7 1 1 e r J - C LAGACHE. 

VARIAELES ANC ARRAYS ARE DEFINED AS BELOW 

A CURRENT IN ANPERES 
ACT A C T I V I T Y DUE TO ACTIVATION OF A PARTICULAR TAPG 

ET NUCLIDE BT A S P E C I F I C NEUTRCN REACTION 
AMU MASS ATTENUATION COEFFICIENT 
AVENPS AVERA6E NUMBER OF NEUTRONS PROOUCEO PER SECCNO 
BFA COEFFICIENT A OF TI<E TAYLOR EXPAMUON t F THE 

B U I L t - U P FACTOR 
BALPH1 COEFFICIENT ALPHA 1 OF THE TAYLOR EXPANSION 

OF THE B U I L C - U F FACTOR 
BAtPNE COEFFICIENT ALPHA Z OF THE TAYLOR EXPANSION 

OF TNE BL'ILC-UF FACTOR 
B F L U X I I I UNIT N C R P 6 I . I 2 E D FLUX 
CF NEUTRON YIELD CORRECTION FACTOR FOR VOLTAGES 

DIFFERENT FROM 1 5 0 « v 
CONST I I ) CONSTANTS FOR L I G H T I N G FUNCTIONS 
CS(I) CROSS SECTION VALUE 
C S l t l ) CROSS SECTION VALUE 
C DISTANCE FR01 POINT SOURCE OF SURFACE OF 

SPHERE OR CYLINDER 
CF OITY-FACTOR 
B I F F OJFFERENCt BETtCEN THE LATEST REFINED GUESS AND 

THE PREVIOl'S GUESS 
COSRAT CALCULATED OOSERATE 
C O S C A U I t OOSE OLE TC A DAUGHTER AT SHLTOONN 
B O S C G T U * DOSE CLE TC THE DAUGHTERS 
O O S N U C I I ) CCSL CUE TO A GIVEN PRODUCT KITH I T S DAUGHTERS 
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c C-FS 
c 
c GP 
c GPFLUXIII 
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c CUE SSI 
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c »• e 1C0UNT 
c ICP1 
c ICP£ 
c JONCIl l 
c IDLKJ 
c lEPTh 
c I F l l * 
c IGEOX 
c IfcSMS 
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c IORDiR I I I 
c IPRCD 
c ISAB 
c ITAPE 
c ITER 
c 1NALL 
c KHAU 
c 
c PASSU! 
c HU 
c HULT 
c H 
c NEFTK 
c NEI ( 1 1 
c NF 
c KG 
c NOECPJ 
e NONUCL 
c NOPAS 
c NOTOf.UIl 
c 
c M> 
c CPTIOK 
c 
c 

DOSE DUE TO A PROOUCT At SHUTDOWN 
DOSE DUE TO A CTVtk PRODUCT ALONE 
OOSE RATE DUE TO A PARTICULAR TARGET NUCLIDE 
FOR UP TO 12 DIFFERENT TINES 
VALUE OF DEPENDENT VARIABLE IN NUMERICAL 
INTEGRATIONS 
E N E M Y Of SANNA RAT 
ENERGY VALUE ASSOCIATED VITH A CROSS SECTION 
ENERGY VALUE ASSOCIATED KITH A CROSS SECTION 
KAN FRACTION 
EXPONENTIAL CONSTANTS FOR FAST NEUTRON CROUPS 
SHAPE FACTOR FOR THE FLUKES IN THE MILL 
MEICkTUG FLUX AT A (ROUP EOiiNDARY 
EVALUATED VALUE OF THE DERIVATIVE OF THE 
TRANSCENDENTAL EQUATION FOR B 
EVALUATED VALUE OF THE TRANSCEtOENTAL EOUATION 
FOR ( 
ABSORBING CYLINDER 
GECHETRIC CORRECTICK IN THE CASE OF As 
CECHJTHC CORRECTK* IN THE CASE OF AN 
49S0R9ING SPHERE 
OROUF EOUkOARIES 
FEN CROUP FLUXES-UF TO SO 
FEN GROUP CROSS SECTIONS-UP TO it 
INITIAL 6UES3 FOR SOLVING TRANSCENDENTAL 
EOUATICNS 
HEIGHT OF CYLINDER (HI 
NEUTRCN GROU" COUNTER 
ICOUNTtl 
IC0UM«2 
5 DIGIT 10 NUPEER OF TARGET NUCLIDE 
DUHHV VARIABLE FOR ADVANCING DISK FILE RECORDS 
COUNTS I FCF INTERMEDIATE NEUTRCN GSOUPS 
CPTICf. ON THE H I tC INPUT T « FLUXES 
OESIGNATES PROBLEP GEOHITRY 
INSTAkTANLCUS NUHBER OF NEUTRONS PRODUCED PER 
SECDNC 
HOLDING ARRAY FOR PRODUCT NUCLIOE 13 NUHBERS 
PFOQUCT NUCLIDE COUNTEP 
OPTIPN 0*. THE ABSORPTION STRATEGY 
READ VARIABLE FOR DISK FILE DATA 
ITERATION COUNTER 
OPTICN OK THE PLACE OF THE ACTIVATION 
INVERSE OF THE RELAXATI01 LENGTH OF THE HALL 
HATtRIAL 
NUMBER OF KlLCGRAPS CF A PARTICULAR NUCLIOE 
ATTfNUtTICh COEFFICIENT 
PLLTIPLICITT OF GAPHA RAY 
NUHBER OF TESTS 
NUPJEF OF INTERMEDIATE NEUTRIN CROUPS 
NUHBER OF E l CI PAIRS 
NUHBER OF FAST NEUTRON CROUPS 
NUHSEF CF CROUP BOUNDARIES-UF TO SI 
NUHBER OF ENERGY CROUPS-UP Tt SO 
Nl'HSER OF TARGET NUCLIOES-UP TC S» "£R RUN 
NUH9ER OF POINTS AFTER SHUTDCHN-UP TO IB 
HGL0IN6 »F*AY FOR PRODUCT NUCLIDE NUMBERS THAT 
HAVE NCT BEEN RE-IRRANGEO IN ASCENDING ORDER 
NUHtfR OF ENERGY-CROSS-SECTICN PAIRS 
VARIABLE TPAT CCTERNINES NPETHEfc OR MOT AVEN»S 
NUL BE CALCULATED BT ACOCS CR F.EAO FRCM « 
DATA CARS AS PRE-OETERMNEO INPUT 
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PARTJAL S i r IN NUNERICAL INTLGKATIONS 
PRODUCT NUCLIDE HllF-LIPE IS) 
S B I S I 1 ID NOHKt OF MOBUCt NUCLIDE 
RADIUS OF HOMOGENEOUS NON-ABSORBING SPHERE CD 
CYLINDER (Nl 
HEAL OUPHY VARIABLE FOR ADVANCING DISK FILE 
•ECORCJ 
DOSE »»T£ SOURCE STRENGTH CIVIOEO BY THE 
UNIT OCSE RATE FLUX 
S P E C I F I C TIMES AFTER SMUTOOIW (HI 
HOLDING ARRAY FOR PRODUCT NUCLIDE ID NUHBERS 
HOLDING ARRAY FOR PRODUCT NUCLIDE ACTIVITIES 
SUM OF A C T I V I T I E S PRODUCED FFOf I PARTICULAR 
TARGET NUCLIDE FOR UF TO 12 CIFFERf KT TIPES 
EXPONENTIAL EFFECT OF TESTS AM PAUSES OK T « 
SHUTDOWN TICE ACTIVITY OF A iR'ECIFIC PRODUCT 
NL'CLIOl 
RUNNING SLT OF AVERAGE CROSS SECTIONS 
RESULT OF NLPERICAL INTESRATJONS 
SYSTEM ACTIVITY FOR UP TO 1 2 DIFFtPENT T I N E S 
SYST-N COSERATE FOR UP TO J2 DIFFERENT TIPES 
ATOHIt tlEIGKT OF TARGET NUCLIDE (ANUI 
TEMPORARY STORAGE FOR 0 0 LCOF SUNS 
INCUCEC ACTIVITY AS A F U N C T U S OF TARGET 
NUCLIDE,REACTION. A M TINE 
TCTAL NUNBER OF KILOGRAMS OF THE TARGET 
LENGTt- CF TEST ( H I 
LfNGTM OF PAUSE (Nl 
VOLTAGE (KVI 
VOLUNE OF T«£ SOURCE 
DELTA E USES IN NUPERICAL INTEGRATIONS 
LATEST REFINED GUESS FOR B 
INDEPENDENT VARIABLE OF THE TRANSCENDENTAL 
E8UST1CN FCR B 
INCREMEM IN ENERGY USED l^ NUPEP.ICA:. 
INTEGRATIONS 
VARIABLE FOR NUCLICE NA1-S 
NUMEFATOR IN THE TRANSCENDENTAL EOUATTCN FOR 9 

OIPENSION TIHACT(30.12,12I.SYSA5T(12),SUNACT(12),SYSD3SI12I,FPCOHL 
•<30,131,PRO0NU(30.13).DCSSUH(;21 . 2NAP 1 (30 I.STAFS (12) ,9F,.UX(50 I .ION 
• OlSOI.GFXSECCSeUI-ASSUOI.GPFLUX !5S>,GPtSl>.JNAf2!3s> 

DIMENSION CONST(EO».FCONST(50I 
DIMENSION DCSNUC(13t.DOSEGT(13t,30SPR0(i3l 
COMMON A, V,F.OF,Tl ,T2,N,R,0.t - .OPTION,IGE OH,1SAB 
REAL INSNRS.HASS 
CALL INPUTINSNUCL.NOEGPS.NOFAS.NG.NF) 
CALL A R A Y I N I B F L U X , I N A H 1 , I 0 N 0 , N « S S , S T A F S . G P . N 0 E ( ; F S , N C N U C L . N 0 F A S . N G . 

>TMASS.ZNAf2> 
iF tofT iCN.Eo.o .eccuccs i oc TC i 
AVENFS=CPTION 
MPITEI6.2D) 

2J FeRMAT(iHl,»8t-T*£ FCLLONING DATS WVE SEEN ENTERED It^O NENCRY,/, 
, 4 O H « • • * * « » • • • » « • • » • * » » » • • • » » » • • » • » » » * » • • * » » » » » • * • » » , f f i 

GO TC 2 
t CALL SCURCE(AVE APS) 
2 CAtL GRFi.UX«¥£NPS,M0i6PS.GPFl<JX,BFtuX» 

CALL NTFLUX(3FLUX,GP.CONST.FCCNST.NOIGFS.NF.NG) 
CALL ACT VAT (TINACT.SYSACT.SL PACT, GP FLUX, PF00NU.FRC2I-L. GP< SEC, ICNC. 

C PARSUP 
c FROOHKI. J> 
c FRODNLII. J) 
c R 
c 
c REALDUH 
c 
c SOU 
c 
c STAFSdl 
c JTOPNI I I I 
c 5T0TACU.JI 
e SUHACT(I) 
c 
c 5UH1 
c 
c 
c SUHDE I 
c SUMINT 
c svs«m> 
c SYSOJSE ( I I 
c TAR M S 
c TEN PS 
c TIHAC1II.J.K! 
c 
c TMASS 
c TJ 
c T2 
c V 
c VOLU 
c V.IDTH 
c XSBIPJ 
c xsuex 
c 
c KNCR 
c 
c 2NAKE 
c 2NUMEK 
c 
c 
c 
c 
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• laSStSmS.GP.eCKST.FCONSTiSFlW.NOKUCUNOEGPS.fOf iS.M.af t 
C * U DOSRTEtTIH»C?tPM>ONU,M>NUCUW>P*S,O0SSUH.SYSD0S,IONOtST4F5»PR 

•ODHl,0OSNUC,TN»SS,0OSDGI,DOSPROI 
STOP 
EtiD 

n t i n ; : i. i i m n i l . l i i u i i i i . i m i n i i . J i i m m . l i i i i m i . u i u i u i . i l m m 1 
m i i l l i l . i M i i « M . i i i i u m - H m i H T . * u i i l i n . i m i i i i i - i i i i n ' i t . i i i H ! H i 
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SU8R0UTINE INPUT <NCNJCL».aEGPS.NOPASit«,NF> 
c 
CTHIS PROGRAM I S USED FOR ENTERING 'VARIABLE' DATA INTO MEMORY 

i 
C ARGUMENTS IN-NONE 
C ARGUMENTS OUT-NONUCLKOESf i.NORAS.NG.NF 
c 

COMMON ».V.F,DF,T1,T2.N,R,D.H.OPTION,IGEON.ISAB 
KE<0(S,C1) OPTION 

i l f CRNAT ( E H . 7 I 
IFIOfTIBH.KE.O.tCOCCCOE.Ctl) GC TC 62 
«EAD(5,1> A . ¥ . F , 0 F , T 1 . T 2 , N 

1 FORHATI6IE10.3 .2X) ,I3t 
3 READ CS.ZI NOLGPS 
t FORMAT U2i 

READ 15.21 NOPAS 

REA3 15.21 NCNVCt 
REA0(5,2> NF 

62 S?t59s»ls» Tl.TJ.h 
63 F C R « A T t 2 t £ l C . 3 . 2 X ) . I 3 > 

ec re 3 
l » F C I M * T ( 1 M 1 , 4 8 N T « FOLtCHING DAT* HAVE IEE N EMIREO IfcTO MEMORY,/. 

*I,%H • » » • • # » » « # • » « • « • • • » « • • » • » * * » • » * • « * • • • » * * » « • • • • * * , / / ) 
WRirE(6 ,2I ) 

21 PORlATdMC, 85HANOEW S K IIO-VOUS BFANFRACTION OUTYFA 
• CTOR Tl T2 Nl 

IF(OPTI0N.EO.O.000000BI NRITEC6.13) A .V.F .OF.Tl .TE.H, 
13 f O R N A T C l H ( i . E 8 . J , < . X , L 8 . 3 , « X » E e . 3 , l M . E ) . 3 . 4 < . E < l . 3 , 3 x , E a . 3 , 3 X . I 3 , / / / 

• 1 
I f (OPTION. NE. 0 . 0OO0CBOI *KITE(6,€5t T i ,T2 ,N 

65 F C R M A T ( 1 H C 5 5 H » " » " * ' • • • • » • • » . . . . . . . . , , . , , 
» ' " , 6 K , 2 ( E e . 3 . 5 X I , 1 3 , / / / ) 

MR I T E 1 6 . 2 2 ! MOEGPE 
22 FORMATtlH .39HNUMEER OF ENERGY SROUPS-NOEGPS . 1 2 . / I 

NRITE<£,7EI NONUCl 
T5 FORMAT (1M .39MNUM6Et. OF TARGET NUCLIOES-NONJCL , 1 2 , / » 

WRH£t6»23) NOPAS 
23 FORHATUH .33HNUNEER OF PCINTS AFTER SHUTDJilN-NCPAS , 1 2 , / I 

MRITE[6.8E)ISAB,IGE0M 
89 FORMAT U X , 5 H 1 S A 6 = , I I , / / , 7 H I G E O f s , I l , / | 

IF CISA8.E0.S) WRITE 16,831 
«3 FCRNATtiX.36HY0U ARE USING A NON-ABSORBING SOURCE./) 

t F t l S A e . E C . D N R I T E t e . S m 
•<• FORMAT UX.33HY0U ARE USING AN ABSORBING SGUtCE./l 

I f e iGEO*.E0.1INRITE(6.83IO 
85 FORMAT (IJt.ESHTME SOURCE I S A POINT-SOURCE, /,%2F THE OBSERVER IS ST 

• ANDING AT A 3lSTAf.CE 0 * , E 1 0 . 3 . 2 3 H METERS FROM ThE SOUFCE, >\ 
IF(IGEOM.E0.21URITE(6.86>R.O 

86 PCRNATUX.23HTHIS SOURCE IS A SPHERE,/,iTN ITS KADXUS IS R s . £ i 0 . 3 . 
•TM METERS./,*«H The OBSERVER IS STANDING AT A OISTASCE a * i E l O . 3 , 3 9 
• 9 . W K * * FROM.THE SURFACE OF T K S SPHERE./I lF{I6ECM.E0.5INRlTE(6 .8fJR.H.O 

»T F0RNATUK.25NTHIS SOURCE IS A CYLINDER,/.17H ITS RAEIUS I S R=.E10. 
• S.TM METERS. / . 1 T F ITS HEIGHT IS Ms.ElO.J.TH ME Tl RS, / . ISH THE OESES 
• »£R FACES THE AXIS AT A CISTAK-: C=,E1G.3.7H MEIERS. / I 

http://3lSTAf.CE


- 1 0 4 -

I F < I G E 0 H . E 0 . k > N t I T £ H . M I R , « 
08 FORMAT (IX.33HTHX5 SOURCE IS » SPHERICAL CAVITY,/,17H ITS RADIUS IS 

• R . . E 1 0 . 3 . T H METERS,/ . l th ITS MOTH IS H. .E1C.3.TH METERS./,*<.* TH 
» | O t S E J W J . I S « t THE CENTER OF THE CAVITTt'l 

5*1 
NRITEIk.TJI MC 

Tt FORNATUH .MNNllRECR OF CROUPS IOUN0ARIES-NC , 1 2 , / I 
t t R I I E I i . T t ) (IF 

n F0RHATI1M .MNHUHIER OF FAST NEUTRON GROUPS-NF . 1 2 , / I 
IF (OPTION.NE.O.IOieCCII NFITEt*. 661 OFTION 

* 6 FORMAT (1M . M H I V E K A G E TWKEER OF N E U T M N J PR.UOUCEO PER S E C O N D , K X . E L 

* ! ? ( [ O P T I O N . H E . O . I O « « « E « I C I G O TO 6 K 
X F I A . L E . O . O ) CO TO 3 6 
I F I V . L T . J I . O . Q R . V . C T . S O O . O GC TO J ? 

I. F ! 5 F ^ ! E ! 5 ^ : 6 ^ ? : ? U ? C O I D T ? 8

M 

tk Z F i r i . L E . B . I I ) CO TO kO 
I F U 2 . L T . 0 . C ) CO TO H 
DO k2 K=l ,»99 
IF IN .EQ.O CO TO kJO 

k2 CONTINUE 
CO TC kk 

k3D 00 kS K-:,fO 
IFOiCEGP5.E0.lt) SO TO kEO 

k5 CONTINUE 
so rc 9 

k60 DC VT r s l . U 
IFINCPAS.EO.O CO TO »»C 

kT COM ShUE 
GO TO IE 

kRO IFIICEOH.EC.DGO TO f t 
IFUGE0M.EQ.21G0 TO »f 
IFUGtOM.EO.SIGO TO »S 
IFilCEOK.EQ.klCC TO EO 
CO TO 67 

60 IFUSAB.EC.MGO TC 7C 
I F f I S t e . E S . l l C O TC 70 

!P»S8NBEC:I8.M co TO sic 
50 CONTINUE 

GO TC 11 
9 K K i r t i t , : ; ) 

12 FORH«T<^ .IIOHPRCGHN "Accps* « BOS TEC-NUMBER pf ENERGY GROUPS HUS 
•T BE INTEGER AN0 LESS TNAf fifi EQUAL TO SB-»ECkEC« THl$ 3ITAI 

STOP 
10 « R I T E t 6 , l k i 
Ik F0RNATI1H .IHMPRCGPAII •ACOOS* AB0RTE0-NUP3ER OF POINTS AFTER SHUT 

>DOMN MUST 21 INTEGER *HL LESS THAN OK EQUAL TO 12-RECHECC THIS OCT 
• A t 

STfcP 
i i N R i m e . i T i 
17 F0P1A1CM ,9E"PR0GRtN 'ICIOS* A30RTED-NUN2ER OF NLClDES IN SYSTEM 

»NUST Ei. I H I G H tU0 LESS THAN OR EQUAL TC SCI 
STCP 

36 MRITEI6.S2I 
52 FCNM*I(1N .E3HPRCGRAP *ACtCS* ASORTEO-CURFZNT PLST BE MEATEB THAN 

• S ANPtSSS-RlCNECF ThIS 0»T»» 
STOP 

http://IFOiCEGP5.E0.lt
http://IFfISte.ES.llCO
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J7 WRITE(fc,531 
53 FORHATUH ,«9HPHOCHi(l •XClOf MORTEO-YOLTAGE HIST BE BETKECK SB » 

• ND 100 KV INCCUSIVE-KECNECK T M « OATAI 
STOP 

i ! ^ U i ^ l H ^ t i 7 H M C C I t « N 'ACOOS' H M T E O - K t W I t l C l I M HIST K CWATE 
• R THAN S AND LESS THAN OR EQUAL TO l . l - * E C H ; C l THIS OATAI 

STOP 
3» H R I T E I B . f i l 
IS F 0 M A K 1 H .HTHPRCCRAII 'ACDOS* »»0(TED-DUtTHCTC* MUST IE SREATER 

• THAN 0,0 AND LESS THIN C« EQUAL TO 1.0-*ECHEC« THIS OATAI 

<•! S J S T E (b,56) 
St. F0MATI1H ,7IH»RrCR«H ••CEOS* ABORTE O-IUISE LENGTK MUST BE CHEATER 

• THAI. O.I-RECHECK THIS DATA) 
STOP 

*» NRITE(6,$7> 
" £ . c ? r * U l ? « . ' J P M f S 0 i ( K l H ^ r i c t o 5 " . « 3 0 , f I E D 7 ! , * U S E tENOTh HUST BE GREATER 

• THAN OF EQUAL TO O.O-Kl Ct-.EC* This 0«TA) 
STO° 

•><• URITEIfc.SBI 
50 FORHATUM .llkHPRCGRAH "ACOOS" ABORTED-NUNS- * OF PULSES HUST BE IN 

.TEGER AN3 LESS THAN OR tOtAl TO «99-5ECHEC< THIS OATAI 
STOP 

»» MKITE((,,fct> 
60 FGKHATI1H .13<*PRCGFtH 'ACDGS* ABORTED-R HJST 81 GREATER THAN CR 

• EQUAL TG 0.0 AND 0 CRtATtR THAN O.B-RtOEC* THIS OATAI 
STOP 

T7 «RIfE<fc,7«> 

" .SJf t t 'K i iHSRSJSMII i^SiH; " 0 R T E D - * » U S T 9 E G R E 4 T " '**« o c E 0 

STOP 
67 URirE<e.6C) 

6« FCRHAm«,&H°RCGI!»r *ACE0S* ABORTED-IK OH NUST BE 1.2.3,OR *-RECH 
• ECK THIS DAT!) 

Bl ili°t(i,tl> 
»2 FCRHATI1H .61HPROGRAM 'ACCOS' A50RTE0-ISAB NUST BE S,0R I-RE CHE O 

•THIS OATA] 

S10 ?E?URN 
£K0 
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SlB»OUl:i>c. »Ft»Ih{EFH'l l .ZN*Kl,:DNO.KlSS.ST«FS ,CP.N0EG»S, kOKL'CL.K 0 

• < £ . « . T « J S S . 7N*fZ) 

FPCGMM IS USED F(K INrEUNG % ( « » ' 0«TA IN 'C ftlflKI 

»*GUMEMS I«-ST«FS.NO£GrS.KCNU:i.NOI ,*SiNG 
•UGUtl-fTS OUT-BFLUx.ZWH , I9hO. PtSS .GP 

DINENSICf. EFLUX(hOr G=E ) . ZMP1 INCNJCLI . IDK31 NONLCL I , « S 5 < KONUCl) ,ST 
»«FS IKCF-SI .GPINGI.ZN'HZIKONLCLt 

FE4L MASS.KMJLL 
CCHfCK t , « . F . D F , T l . T ? , l , , i ; , C . f . O F T : O K , J G E O i , IS«t 
K t i D ( 5 , - l t S T 6 F S U > . I = l.KCPHS) 
FOFriT (t It 10.3,2X1) 
DC ? 1=1,NCNICI 
« E t : i 5 . j ) Z N i « i m . Z N t K 2 i i i , i c s o « i , « « s s n i 
F O R M A T ( 2 4 1 0 . ; X , I E . I X , E 1 C . 3 1 
CCNTIKLI ; 
F.f AC(5 , -WGP<I I , I=1 ,NG> 
CC »C I = : . N 3 X L C L - 1 
I P P I N = I ? K > ( I ) 
lrlf> = l 
DC SO JsI»l ,NBKl'Cl 
IF t I D « : n . l i . I 0 K C I J I I G 3 TO 9C 
ICMi^ IDfcOM) 
I! IN=J 
CCMINUL 
IF II .LO.ICINt GC *0 en 
I D T E M P = : C N C O 
IDhCI I U I D K 0 1 I H M 
I D K C d P I M ' I r T C K F 
TtfPK=«4SS ( I I 
Hf .EECI IsCtSSI I I ' IM 
t"£SS(I«:M =TEMP« 
21TEfP=?l.tm t l ) 
Z M f l t l l s Z I l d ( I f l N l 
ZM t-1 (;*<IM = Z1TEPP 
ZZTEHP = Z » . i « I I I 
Zk«l-ZU>sZK4?2 ( I f l N l 
! h l H I I " O l ) » 7 2 T t fP 

COMIM'S 
KKITf ( € , « . ) 
F O " i f t T ( / , l h . 3 3 ^ P L C I F I C TIMES AFTER SHUTD3NK ( H . / l 
DO 31. :=l .K3r n «S 
WRITt t t . 3 c > I . S r S F E I I I 
FCFfAT ( I f ,< ,HTI»E,1X. IZ ,1 ( ] * ,E13 .3 I 
CCMIfsLE 
F££C(5.1CI IFLUX. :«LL,KM»IL 
fOFftT (Z (12, 1X1 . t l i . 51 
W F I T E ( t . l l ) X F L L * 
FCRMT (/,E«H 0F71CN ON Tl-i. FLl'Xf S- IFLUX = , I J I 
I F I I F t l ' X . E O . CIKPITf (6 ,1 Z) 
F0Ff*7 l.'9« T"E FlUxtS U l tL SE * i » 0 FKCK THE IhF'JT) 
IFI IFLUX.EO. I I HMTt (6 .131 
F C f > n t ! € H I H ! f L l » f 3 HILL Br 3EA0 FRCI T4»E 81 
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; F | I I F L I J X . N E . D . A h C . l I F l t X . h E . 3 KCO TC 1.0 
H f n i ( 6 . I K I H A L t 

1» FC^MT ( / . L 9 * OPTION OK THE PART OF THE RCOH MHlRE *CTI»ATI0N, / ,»9H 
» TAXES * L « C E - I W A U * . : 2 I 

I F I INAU.EO.OMSITE (6 ,151 
15 F C R P A T ( - 7 M ACTIVATION OF Aft CSJECT PLACED INSICt THE ROOM) 

J F C M l U . t O . S I M F l T i I 6 . l t ) 
16 FORPATIJEh ACTIVATICN OF T « MALLS OF THE ROCHI 

I F I ( IMALl .Ni .OI .At , : ) . ( IHAlL. fcc.1 UGO TC 1.1 
GC 1 0 ( 1 7 , 1 M ( I F I I . X U » 

17 A.EAC(5.»Ht*FLUX<XI,I*l.lvC£(;PS> 
GO TO 19 

14 R U C H 8 . - l ( 6 n . U X U ! . I * l . N C E G 0 S > 
19 GO T O t Z l . J l l ( I H £ L L * 1 I 
21 RKtR'KWALL'lCO. 

OKsC^KhiLL'lCO. 
FF«3»«K» ( l - ( (FKtCKI /S IN ( - (DK))»i : .K/T»N>'(DiO»/( (Rlt«tHl , »3-e<« , 3) 
00 22 l=l.f-OEGPS 
6FIL'X(I>=FF»9FLC>(I> 

22 CCNTIMJi 
tmiTE(t,2?><WALL 

2J FCRC«T(/ / / .52M AVERAGE I M T NC't-ALIZEO FLUXES I t . THE M I L S IKMALL* 
• . E 1 0 . 3 . I f ) , / ) 

GC TC 2-. 
20 H F : T £ 1 6 . 2 7 ) 
27 FCFPtT ( / / / . 5 9 H L'MT NCSKALIZEO FLUXES USIDE TfE f.OO-./ l 
2 - 00 ?2 1=1,1101 GPS 

i i ^ o i c s , : - : 
KFITt l l . 2 J ) I , » F U ' X l i ; i 

2; rc^''t^lt^ G P . C U F . I X . I 2 . I : X , E I I . « I 
32 CCMIStf 

tiPITt 16.73) 
73 FOK»AT < / / / ( l t - .22HGR3UP ECUKCARIIS ( *£¥> . /> 

WFITE ( 6 . * l . ) ( I . G 0 ( N G U - I > .1x1.KG) 
7* FORMAT lit- , » M 3 0 L K D ' F » . l > . I 3 . S X . E U . < i ) 

MRITt (6 .29 ) 
29 FCRPCTlit- ,///,!¥ , 10X, fcHNAt-r.l OX^FJO-NUISER .".X.ShMASS ( «G ) , / l 

00 30 I=1.N3NUCL 
KCITt ( 6 . 3 1 ) ZhAM ( I t . 7 N A P 2 ( l ) , I 0 N 0 ( I ) , M A S S < I ! 

31 FOFKAT ( I X , 2 1 1 0 . S 4 . I 5 . 5 X . E g . 3 ) 
3d CCNTIK.LE 

THASS=C. 
OC 5C I=1,M!*JCL 
TMASS=THASS»KASS(I> 

50 CCNTINU1 

*R ITc lb .25> 
25 FCFKAT ( / / / ,5?X.25HAC30S IS KCK R£»DY TO SUM , / ,E5X,25H»»»»««»»»»»« • 

* * • • • • • « • " • • • > 
GC TC 26 

1.0 MRIT£(6.«2) 
1.2 FCPMT ( / / . 6 3 f PRCGKA1 "ACDOS* ABORTEO-IFLUI HtST Bi 9 OR 1-RECHECK 

« T M I S CiTA) 
STOF 

1.1 HKITE (6 ,1 .3 ) 
41 FCFKAT ( / / . 6 3 « PFCGnAK 'ACDCS* I B O R T E O - I H A L L ML'ST 9E J 0? 1 - R E C H E C < 

• ThIS DATA) 
STOP 

26 SETLFN 
tf-3 

http://I6.lt


- 1 0 8 -

SUBSOL'TINi SOURCE (AVE NFS I 
C 
c 
CTH2S FROGRir CALCULATES THt SClKOS NEU'RON BB0DJCT2CN FA'f 
C 
c 
C »R0UPtK7S IN-NONl 
c 
c 

REAL IN3N°S 
COUPON i . V . F . D F , T l . t 3 , N , F , : . H , 0 P T I 0 r . , I G E O « , I S » E 
I F t V.Gl .J f .D .AHn.V.LF .SO.D) GC TC 3 
IF<V ,GT .»3 .0 . tNC.V .L - . J S t . G ! GO TO * 
IF[ V.GT. 1 8 0 . O .JNC.V. i . t . 3 ( C O ) GOTO 5 

3 CF= ( 3 . 2 S S 1 7 « V " 2 . 8 3 1 9 < . W 3 8 . 5 
GO TO 7 

» CF= U . S l 7 2 5 ' V " 2 . . . « J D 6 > / 3 ! . 5 
GC TO 7 

5 CF= ( 6 . t - U l , V » » Z . l < . 1 3 2 ) / 3 J . f 
7 INS M»S = ( 1 . £«E « fcl • U I • 1 1 . OE » t )»F« IS F • ! . ! ! £ - * ] 

AVEfPS = Ih3N°S'0F 
HFI T E (£,<> 

J fOR*AT l i M i l x , - 3 H T M £ FCLLCWINJ HAS BEEN CALCUliTCO 9* «C00S2, .k lH , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < / / , 
HF ITc. t e . i l iKSfFS 

1 FG5KAT I / / . 1 H .S2(-:MTANTtNEGtS MJM3E6 OF NEUTRCdS FRCPJCED FER sr C 
• C N O . • . / . : n . i . ) 

H F . I T £ ( c t 2 > A | / :K = S 
2 F O R C A T t / . l H , 4 6 H A V L c * G r NLT6EF CF NEUTRONS FROCUCFO FE* SECCNC. I .X , 

t i l l .<•) 
R : r c f - N 
EN3 

http://te.il
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SUBKOt'TISf GFFH.'XtWthPEiSOlGPS.CPFLl.'X.BFuJK) 
C 
C 
CTHIS FKOGR*K CUIl 'LATtS, l/P TC 50 GROUP FLUXES 
C 
c 
C tRGUHCfTS IN-AVO.FS.N0- GfS.EFLUX 
C AKr-tPLMS WT-GPFLU* 
C 
c 

OIPENSlCt. GPFLU> (KO£GP:» ,6f U>1 I.OEGFS) 
DC I I = l.NOEGP; 
GPFLUXCI i E F U X I I ' a v E N F S 

1 CCNTINti 
FETLFN 
1M 



- 1 1 0 -

SUBSCI'TIKE WTFUX (EFLUX , GF, CCN5 T.FCO.ST , NOE GFS.NF .NG) 
C 
CTMIS FFOCSAM CCTEFHIMS T Ml CCNSTAN7S ASSOCIATED NI1N THE ASSUMED 
CkEIGHTING FUNCTIONS 
C 
C 
c 
C ARGIKENTS IN-BFUX.GP.NCEGPS.hF.W 
C ARGUMENTS OJT-COtST.FCONST 
C 
C 

ClMcNSlCN £tF LUX I NO; GPS) r GPING > . CCNST < *Cr G°S > ,FCC)ST (NO: GPS > 
00 106 JC=1»NG 
GP(JCI=GF(JC)»1.000r'i 

136 CCN'TINLl 
CCUCUlflTE TFi TKFMAL GhGU° CCNSUM 

lcou.T=: 
SUt"il .T='. . 0 
K I D T H M G F I 2 ) - G P I D I / Z O C . O 
z i h C R = h : r T H / s . o 
CPVJf = G 3 : l M Z I N C F 
DC 1 1=1 . 2 0 0 
P 4 R S b f = ; C R T I D P V t F ) * E X ° l - ( O F V t R / l l . ; 2 E > ) * H I D T H 
SU'- INT = SC'MINT»PAFS(.»' 
DPU«K = C" V4F» t ( ICTF 

1 C C N T l N b i 
COKS; i i :cot;T) = 9FLt> C C O L N T J / J U H N T 
I F ( K C E G = : . L O . I ) C-C TO IOCO 
IFtNGiGPS.t3 .Z I GO TO 100 

CCALCIAATE T H 1 / £ GROLP C C N S T A N T ( S ) 
I C O L K T = : C O W T » I 
I E P T h r O 

2 su« : , ' .T= : .o 
MDTh=ISFtJceuN7»ll -GP( I COUNT)1/200.0 
ZINCR = W I t T I - / 2 . 0 
DPvt?.= G= (IC3UNT) » ZINCS. 
GC 3 1 = 1 . 2 0 0 
P A R S U H s l l . C/OPVAR l « H I C ^ 
SUMINT = : ( , M I N T * P A F S U " 
CP|/«S=C°»AF»»i2CTK 

3 C E N T I M E 
C G N J T t I C C U I T U B F L U X t I C C U N T ) / S U > I N T 
IEPTV- = I£ F T W 1 
N E F T H = N O E G P S - l - N f 
I F ( I E P T H . e O . N E P T n ) GO TO 15C 
IC0LNT=;CCU'NT«1 
GO TO 2 

103 ICOL'NTsICOL'NTt l 
CTME 1 GRCUP FAST JFECTRUM W I L t BE H4TCHEC TO THE KAXKELLIAN AT THE 
C G R O L , " 8CLNCA!-> 

F H J » B 3 = C C t . S T l : ) » S 0 F . T ( 3 P ( 2 ) ) » C X » ( - I G F ( 2 ) / C . C 2 E ) ) 
ZNUt£k = C-tf ESI=BFtL'X tNOt G F S ) / F L I J * E 3 
I T E S = i 

b F X S l B I = Z M I M E F / t f X F ( ( G P ( 3 > - G e < 2 ) ) / G g E S S H - l ) - G U I S S I 
xsL'e:=GjEss: 
FPF. I«E = ZNUrEF»CCP<3 I-GP (2) l»EX» UGP(H-GP12 > I /CUE 5 S I ! /tCUE S S I ' " 2 ' ( 

*EXP((GP(3I - 3 P | 2 ) ) / G U 1 S S I ) - 1 ) " 2 ) - l 
X S E : P I = ' S U E I - F X S L B : / F P R J ! ' E 

http://IFtNGiGPS.t3.ZI
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BJFFrSBi [ X S 3 : P 1 - G L ' L S » : I 
I F I C I F F . L T . C D GC TO 5 
iTCR=:it;9«i 
IFIITtK.GT. lOO) GO TO 75 
GUI. ssi'rsBXP: 
GC TC. 6 

75 MRITE(6.?6) 
75 FOFf iTdV , H k H " * » » l i O G M f ! «30tTCO«'»THE TR.ANSCrNOEf.TAL ECUATION 

• LScC TO m i C h THL THERHAL GF-CL'F TO FAST GROW IS NCT CONVERGING! 
kPITE 16,271 
STOP 

5 B*XS9IP1 
AsBFlU>(N0EGPS)/ (SM;-EXFI(GP(2) -6PC3l>/B)) 1 
COt(STtlCCUIIT) = A 
FCOkSTdCOLN'MsB 
GH TO 1CCC 

150 I K K F . C T . : I GO TC 163 
CTME 1 G^CLP FAST SPECTF.jP KILL 91' HATCHED TO TH-. LAST 1/E GROUP 

I T i R = l 
KGPl=NCt GPS»i 
ZNUrEK=GL'lSSI= <9FLl>MNCEC°S>*GP<N0EGFSI/CONST (ICOL'NTI) 

91 F»ELBI=2MJ« *-/IE»PllGPUGPl)-GP(hOEGFS>>/GJESSl>-l>-GUESSI 
XSU£1 = GUESSI 
FORIML=7MI«P»(GPINGP1I-GP(NCEGPSU«E)'P((GP(KGF1I-GPJNOEGPS))/GUES 

• SI >/IGUF S S I " 2 » « l X'(IGF(NGPi)-GP(NOCGPS >>/GUESSI)-11**2) - 1 
XS?:P l«SUBI -FXStBI /FPKI fE 
OIFFsASS (XSSIPl-C-UESSI) 
I f ( C I F F . L T . 0 . 1 1 GO TO 92 
ITER=IT.-(i«l 
IF <ITER.GT.100) GO TO 25 
GUtSSI^SBI": 
GO TO 51 

92 B=XSS:PI 
A=BFLUX(NOiGPS)/IB»(l-LXP<tGF(NOEGPS)-GPlN5Pl))/B))) 
CONS'<t.CEGPSI = A 
FCCKST (NCEG»S)=3 
GC TO ltOO 

163 ICP1=IC0LNT»1 
CTn£ FIRST OF 2 OP HCRL FAST GfOUPS HILL BE HATCHED TC TH£ LAST 1 / - : 
CGROUP 

ICP2=ICCLNT»2 
ITER=1 
INUftf=GtESS:=IEFLLXtICFl)«GFIICFl) /CCKST (ICCUNT)) 

20 F<SLBX=7NUH=6/ tEXPt{GP(ICP2)-G° CICP1>>/GUESSI>-l)-GUESSI 
XSl'SIsGUsSSI 
FPRIHE=ZNU>I£F» (GPCCP2)-GP IICF1 I >*E X° <IGOt:cP2> -GPIICP11 ) /GUESSI) / 

• ( G U E S S I * » 2 * ( r X P I ( G F I I C P 2 ) - G P l I C P l ) ) / G U E S S I I - l ) » » 2 > - l 
XS3IPl=>SUBI-FXSLBI/FPHfE 
DIFF=AES IXSBIPl-GL'ESSI) 
I F C O I F F . L T . S . l ) GO JO 3D 
IT£R=IT£P»1 
I F d T f F . G T . l G O ) GC TO 25 
GUESSI^SSIPl 
GO TC 20 

25 WR:Tt<E-,26> 
2o FOFxATtll- .116H»»*»»F0tl;A>! AF0';TE9»"*T''E TP.ANICENOff.TAL EOLATIONS 

•KHICH WTCH i /E TO FAST <P. FAST TO FAST GROUPS AFE NO* CCM/FRGINO) 
NR:T£ ( 6 . 2 7 ) 

27 F C F M T I l f ,75M«CST LIKELT PRC9LEK IS UNFCALISTIC OP LNUSAL FLtX 
»AKC GRCLF BOINDARY DATA) 

STOP 

http://TR.ANSCrNOEf.TAL
http://TP.ANICENOff.TAL
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A = 3 F l U X t : C F l l / i e * t l - f . x r i f G P i ; c P l > - G M T C B 2 > t / e > ) I 
I C 3 V N T - I C 0 C N T » 1 
I C P l = I C O l N T » J 
I C P 2 = I C C L N T * 2 
C 0 K E 7 I I C C U N T ) = t 
F C O N S T C C O U V I s B 
I F ( I C O L K ' . I . Q . S O I GPS) GC TO 1CC3 
Z S U f C R s E F L W I I C F D / C C H S T I1CCUKT ) 
1TEK=1 
GO TO Z" 

1000 H f c I U U . U l 
1 1 FGRKAT < / / , l H , 6 3 C IkTEGf .A lS CF THE F I T T I N G FLNCTICN OVER THE G 

• FOUF I N T E R V A L S ! 
WRITE ( t . 1 2 1 

12 F C f M T I l t t?-HGFOUP LOkLR eOli-JOAPY L'P»fR BOIJNCAF* RE0 /J I5E0 I M E G R 
»AL CALCULATED I N T E G F J L . / I 

CCALCULATE T W THiPNAL I N T i G F A L 
I C O U N T s l 
S U « I K T = C . C 
H I D T H = ( G P I 2 ) - G P I D I / J O O . O 
7 I N C R = W U T h / 2 . 0 
OPVAF=G D ( 1 M Z I N C f 
CO 21 : = l t 2 D 0 
P t f . S U K = C C N S T ( l > " S C c T ( O P V A R > » r X : > ( - < O P V A ' * / ' 0 . 0 2SI>»WIDTW 
S U r l N l ^ S L ' M I K I ' P f F S C 1 ! ' 
OPVAtpOPwAF. 'WCTf 

21 C C K T I N l f 
I F < I C C L N T . E 3 . N O E G P S I GC TO 1C9 
\f ( I C O t N T . E O . D GO TO 1-6 
J J = K G - I C C U K * 
W R I T M 6 , 22 I J J . C P I I C O L N T ) ,GP U C C C N T n 1 . 9 F LUX < I L C L h T ) , S U « I K T 

22 FORMAT <; f , 2 > , I 2 , 5 > . Z 1 C . J , l . X . E l C . 3 . 5 X . i l C . 3 , 9 X , E 1 0 . 3 > 
I C O L S T = I C n U N - » l 

CCALCUIATE t > r l / £ I K T E G P A L C S ) 
1.5 SUMINT = 0 . 0 

w : O T k = ( G f < I C O U K T » 1 I - G P C C O U M ) ) / 2 0 0 . D 
z i N C i v = h : : T h / 2 o 
C V A R s G 0 I I C O U N T ) t Z I N C R 
DC 2 3 1 = 1 . 2 0 : 
P A \ S L M = < C O N S T < I C C L N T ) / O c V A F , > « H C T H 
SU* I *T=SL>1 INT»PAFSL ' r 
D 0 V A F = O P V A K H « I E ^ 

23 CGNTINL'f 
JJ=KG- ICCUNT 
K R I T t < f , 2 2 > J J . G P t I C O U N T ) , G P ( I C O U N T » l t » B F L U X < I t O l . K T ) . S U ! i I N T 
ICOLNT = :COL'NT*1 
I F [ I C C U N T . l . E . N E F T h » l > GO TO <•* 
GO TO 16 

hb J J = 2 
W R I T l < 6 . 2 S ) J J , G C < I c a i ' « T l , G P ( l C O U K T » l ) . B F L J X ( I C O l H T ) . S U H r K T 
I F I N G . E O . 2 ) I C 0 t N T = I C 0 U I > T » l 

15 S U « I N T * C . O 
CCALCJIATE TI-: F*iST I k T C G R A U ( S ) 

WIDTH* I G F U C C U ( . T » 1 ) - G P ( I C C U U * M / 2 0 0 . 0 
7 X N C R = * > : C T H / 2 . 0 
OPVAR=GP ( i C O l ^ T ) »ZINCr. 
DC 2"" I = 1 « 2 C C 
PARStK=COSST ( I C C l NT ) * E X P X 10PVA= -GP < I C O U N T H 11 / f C C N S T ( I C O U N T ) > * * I C T 

• H 
SL ' r IKT = £C"'INT»P<RSI.'K 
O P V A F . = 0 ' V A F » * : C T f 

http://HfcIUU.Ul
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JJ=MG-ICCUKT 
KMTf (6 .J2 ) JJ.GF(:C9UNTI,GPIIC0UKT«l»,9FLUX<IC0lNT).SUtIKT 
ICDUt.T=ICOL'MTH 
1F( ICCL'KT.lL.NCCCPi) GO TO 16 
CO TO IS 

109 J J ' l 
KRITE <€• 22 » JJ >GF(ICOl,'MTI,GP(ICOUKT«l),BFLUXUCOtjM).SJ>»IKT 

15 CO 105 JCsl.NG 
GPi JC>*GF(JC>/l .GOIfS 

105 CONTINUE 
RETUfN 
END 



- 1 1 4 -

SUBKOUTINE 4 C T l « , T f T I « A C T . S Y S « C T , S U N 4 i ; T , G P F l . U X , F l i C D N U . P R 0 C K l . G f X S E C 
» » I D N C , I M S S . S T A F S . G P . C O N . S T . F C C N S T . B F U i X . N O M I C L . k O E G P S . M P A S . H G . N F ) 

C 

: 
C T M I S PROGRAM C 4 L C U 4 U S A C T I V I T I E S OL'E TO NEUTRON IMH.CEO REACTIONS 
C 
C 
C A F G U i N T S I M - G P F t t ' X . ' J P X S t C . I L ' N O . M S S . S T A F S . G P . C O N S T . F C O N S T . e F L U X 
C ARGLKtNTS 1N-NOM.CL .NOEGFS.NOPAS.NG.NF 
C ARGI.CEfTS O U T - T I f A C T , S Y S A C T , P K O D N U . P R C G H l 
C 
C 

C J •ENS 10 N IDNOtNCNUCl . l . f 'ASSINOMJCt . l .STAFS <NCPS£ > 
CIMENSION T I K A C T < N C M U C l . , 1 3 . N C P . ; S I . S r S « C T ( N 0 P A S J , S l . ' P A C T I N C P A S > , G P F L 

»L'X I N C l G = S > , > > R O P N l . l N 0 , . l i C l . . l 3 > , F R O O H I . f N C N U C I . . 1 3 l . G F < N : G I , G ' > X S E C < k O € G P 
» S I .CONST (NCiGPS) .FCONST (NOEGPSI .BFLC'X (NPEGPSt 

W O N A , v , F , O F , T l , T 2 . N . F . C , H , 0 F T I C N ' . IGEOM, ISAE 
R£AL rASS 
N P I T L ( 6 , 1 0 ? ) 

ID? F C c f 4 T ( / / / . ! > • .E7hTME F C U C H X N 3 CCTPCT DATA Aftt CALCULATEC ACTJVIT 
• I t S I N 3CI 

1=1 
J=0 

C I M T I A L I Z i FLAGS AND AK=SYS 
CO <.C r«= l ,N:NUCL 
EC 1,0 i « = : , 1 3 
F F 3 : H L ( f . K f l = C . C C C C 6 C ; i « G 0 
F F C C M . ' < f , " M = „ . C O 0 C 0 f » a ! ! 

i.o CCNTINU 
CC "'. « = 1 , N 3 M , C L 
c o iij r » = i . i 3 
GO <•: f v f i l . N O P A E 
T W C T C P . f » < » M ! i l = . G s ; L » C l 

1.1 CONTINUE 
CO 22 JN=1.NOP/ IS 
S » S 4 C T ( J M - S C f * C T < J M = C.C 

12 C C N T I M f 
K F L t G = L F l £ G = C 

CPRINT H - M i . C : 
WRITE i e . 3 7 > ! S T 4 F S C O . K = l . N C P 4 S I 

J? F O F f t T l / . l f . < . X . 7 e T : i l t H > , t . X . U < E J . 3 . 1 X > , 2 i < , 2 < l « . 3 , 2 r l l 
H R I T f ( £ , 1 1 

1 f S f U K l h ,1J5HTARGET PRCCl'CT 4 C T ( T 1 ) A C T t T 2 > « C T ( T 3 » A C T I T A ) 
• A C T ( T S ) 4 C T ( T e ) A C T I T 7 ) A C T < T ! I ACT<T9> N C T t T i : ) A C T ( T U ) 
• A C T ( T 1 2 > > 

2 - . R E 1 0 I 7 . Z 5 I ITAPE.TARKAS 
25 FORN.T Kt.TXntll.lt> 

I F ( JTAP: .EC. ICR.CI I I ) GC TO 7 
I F U T I P : . G T , : O N C < : > > GO TO <.<. 
CALL PCS:TCM 
GO TO 2 -

CTfcE 4ECVE STATEMENTS SLAFCF U E TAPE FOR A MATCHING TAFGET 1 0 NUMBER 
l . . H F I T K 6 . . 5 ) I D N O C I 
1.5 FORMAT ( / / / . J 2 H ATTt NTICN-TARCET UJCtlX MJHBE P . I t . "9H DOES NOT E X I 

• ET I N OiTA L l S R J R T - T - f t R E F O R l - N O C O N T R I 3 U T I 0 H FFOC T H I S NUCLIDE I N 
• DCSE C A l S , / / / > 

IFC I T A F C . E C . I D W < J » 1 » > GC TC * 6 

http://Kt.TXntll.lt
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C i l l PCSI'CN 
CRRINT KACINGS 

WRITE I t . 37)ISTAFS(K>.<=1,K0P4SI 
WRITi ( 6 .1 ) 
GO TO 2 k 

CFRINT t-EADIUGS 
WRITE l6 .3TXETAFSI< l , l ( t l ,NCFAS) 
W F I T E U . l l 

7 J r j t l 
F t A [ ( 7 , « I PRCDW ( I , J> ,» f CCHLd.Jl 
FE«C(7 5 95) NP 
I F ( ;TAF. , tn . :CNC I K W C L I I LFLAS^I 

99 FCFUT 113) 
IFI f f iCCHL(1,JI .GT.0.1D00E»5D) GC TO 50 

9 FORMAT I Z C X t E l c . J t t l Z X t i l c . t l 
C « l l AVRAGEfOPXSEC. CSIiST .FCC&ST ,eFLUX.GP,»iOEC-PS,tvG,NF ,NP > 
1F(5PXS-::(»».GT.0.50BF1*5) GC TO 103 
Sl'HlA=SUf2A=C.C 
CO 11 JL=1.X 
TEHPS=EXF<-< (0 .693»( (M-JL»»C(T l '36aC.0>»<T2«3t i ,C .0»n J/PGCCCUI,.!) 

O ) 
SUKl« = SUHAtT5H* :J. 

11 CCSTIME 
DC 12 L = 1 , M : I " G P E 
TE«FS = S f H « * < l .0f-2fcl'GPrSEC(!.l*GPFLUX(L» 
SUM2£rSUh2AtTEf'PS 

12 CCNTINU-
ACT=IHASS<I)*lBCG.;;/TARFAS)»e.a23Et23«St.'f2AMl-EXP<-0.E>9'!»3e0C.O , ,T 

tl/PROCK- ( I , J ( I ) 
DO 13 C r l . f . : = J S 
T 1 M 4 C T ( I . J . < ) = A C T » I . > P ( - ( £ T * F $ « l»C. 693»3E3C.0/FRCDHL(I. J 1 H 
Jl'M*CT<cc >=SUFACTCKI V T I K J C T C . J . H I 

13 CCNTIM't 
10 3 WRITE 16. S O I D N C d l . I F I X IPRCCKJ Ci, J ) I , (TJ.MCT < I . J . O .K=l .NCPAS) 

23 F C P f S T < : X . l * . I 5 , 2 X . I 5 . J X , 1 6 ( E e . 3 , l X ) , 2 X , 2 1 E S . 3 . 2 X I I 
R t t C < 7 , 2 5 ) ITAFE .TAFIAS 
I F « E O F C ) . t , - , 0 ) « F t » 5 = l 
I F I K F U G . j C . 1) GC TO 27 
J,F<LFl.AG.EC.l.ANC.IT«P: . k E . I C O INOM'CL) I GO TC 27 
IFIITAPE .EO. IGNC(KCNUCL) I i F L i i = l 
IFIITAP; , N l . IDNC t i l ) GO TO 27 
GC TO 7 

CPP.INT HEADINGS 
27 WRITE (£.37METAFS(ic).K=l,NCPfS! 

KRITE ti.ik) 
1< FORKATde ,12FH TARGET ACT(Tl) SCTtTE) ACT(Tl) ACTCTd) 

* ACTU5) ACT(Tf) ACTIT7) ACTITS) ACTCT9> ACTtTlCI ACT(T l l ) 
• A C T i r i Z ) I 

WRITE ( 6 , 1 5 ) In-.'CCII.(SI^ACT(IO,IC=1,NOFAS) 
15 FOFf *TUX.5« . I !> .5X ,10< ia .3,1X1 ,2X ,2 IE * , 3 . 2 * » , / / / I 

CO 10 K=:,N3PAS 
STS*CT« ^STSACTIKI tSUPACTm 

10 CCN T INU 
I F d T A P i . E C . ICMiJCItlll GO TC 32 
I F I L F U G . t O . D GC TC 16 

32 CO 23 JN=1,NCP«S 
SUiACT(JM=0.0 

23 CCNTINU 
2F( ITAP; ,EO. ;CNC«I»H) GC Tl 31 
IFUTAP; ,GT. I !3t .CI I» l l ) CC TC (.7 
1 = 1 t l 



- 1 1 6 -

t t L L P C S : T C N 
CPRIraT a-EJClNGS 

MtrTf i f c , 3 7 l ( S T 4 F S ( * ) . K = l . N 0 P 4 S > 
HHTi ( 6 . 1 ) 
J = 0 
GC TJ ?4 

1.7 WFITf (6 ,1 .5) IDNO ( I ' l l 
CALL 'CS1TOK 

I F O T f L . G T . IOI.CU1 t MKITEItilaS) I D S C t l l 
IFdTAFi .GT. ICNO(I) I I = I » 1 

CPRINT «AD:I*GJ 
H R I l t ( 6 . 3 7 I ( S T 4 F S ( < ! . < = 1 iNOPASI 
WRITE ( e . i i 

GO TO 24 
CFSINT t - £ « : k G = 

31 HRITL ( t . J7MST4F5U ).K=1 .NOPASI 
K n m e . i t 
J = 0 

, 6C TO 7 
CFKJN7 HACUGS 

16 HaUTf ( f , 5U41 
51a. FORMAT ( / / I 

HR:TE ( 6 , 37) ( fT«FS(a: I ,»r=l .NCPASI 
H = IT£ ( 6 . 2 1 1 

21 FCRa-.T(;a. . IZE^ S»ST£t ACTlTll t C T C 2 ) ACTIT3) ACT(T4) 
• A;TIT5> « - < T » H ACTIT7I »C-{T*1 atCT(T9l 4CTU13I ICTITHI 
• ACT (1121 5 

w R : T f ( e . 5 ; ) ( S Y S : C 7 ( ' : ) . | t = l . N O c « 5 ) 
51 Ftf »tT l ' . ) i ,15 v . 10 t>-(. 3,1X1 , 2 » . 2 ( 1 t . 3 .2X)I 

IF(ar^LiG. :0 . J GO TO 4? 
KETLf N 

42 C«IL PCSITON 
43 READ(7,2E) ITA P£ ,T4F »AS 

I F I t C [ ' I . N t . O I FtTL = N 
C«Ll i--C5ITON 
GO TO 43 

53 CALL PCSI T 2(NPI 
GO TO i ; j 
END 

http://Knme.it
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S U E S C I I T I M AWAG£ ( C P X S i C . C O t S T . F C O N S T . 9 F L U X . G P . N C E G P S . N G . N F , N P ) 
C 
C 
C T H I i FROGFA^ C A L C l H T t S FLUX h E I G F U C GROUP CROSS S ICT IONS 1Y AVERAGING 
C I C f i O S C O F I C CROSS SECTION DATA 
c 
c 
C AP.GLMEKTS IN-CONST.FCONST.EFUJK . G P . N O E G P S . N G , N F , N ° 
C ARGLHcMS G ' " * J . C 
C 
C 

CIPENSIOC GP>SiC(».OiGFS> .CONSTI hOEGFS ) . FCONST O.OEGPSI , 9 F LUX (NCEGPS 
• l , C F ( N G I 

ClHLHSKf- CS ( 1 5 0 ) . : N ( 1 5 0 I . C 3 1 ( 2 0 1 1 . E l 12011 
C I M T I A L l Z L « c S t » GPXSEC 

DO -.1 J « = 1 . N C I G F J 
G P X S i C ( J < l = 0 . 0 

l>: CCNTINLE 
CLOAC I N E r G Y USD CFOSS S i C T I C N DATA FRO* Tt-f ACTLHFE H B C l o f 

R E S C I 7 , 3 ) ( i N I I ) , C S ( I ) . I = l . N P I 
3 FCK.PAT I ' . l t U M I 

C D E T i R f - I N E I F THt INEFGY OF THE F I F S T EKERGY-CFOSS E t C T I O K P U R READ 
CFfiOl T h i ACTLPFE L lE fAKY I S FELCk THE GREATEST GROUP EOUMARY 

I F t ; N ( l ) - G P ( N G > > U f . l C 2 . l C 2 
1C5 C4LL S » C C T M t P , r . G . L N . C S . N P . E l . C S l . N F l ) 

1 = 1 
j = : 
surznT;i.: 

C O E T i R C l N t I F ' h i LNtFOY JT H^ICH Th i CFOSS SECTION hAS KEASlHED I S 
CBEL OH T u t M < T G3 0L1 F EOJN3ASY 

5J I F I E 1 i : » . L T . G P f J U l I GG TC E l 
GFXSEC(J 1 = 0 . 0 
J = J * 1 
GC TC 5G 

52 I F ( E K I ) . L T . G P U « 1 > > GO TO 5 1 
CCALCULATE I H GROUP CFOSE S i C T I O N 

GPXSiC U I ^ S U C I N T / B f L L ' X C J ! 
I F I J . E 5 . N D E G P S ) GO TO 1 0 « 
J = J » 1 
EU*;NT=G.O 
GC TC 52 

5 1 I F I J . E C . l ) GC TC 1BC3 
I F t N C E C - F S „ G E . 3 . « K C . J . 0 r . l . A N C . J . L E . ( N C E G F S - N F ) J GO TO 2 0 0 0 
GO TO 30CC 

10SJ S U H C I L = J . 0 
: . A V £ K A G E CICFOSCCPXC CFCSS SECTION OATA OVER TKERHAL EKEFGIES 

K I C T H = ( E 1 ( I « 1 > - E 1 C > I / 2 0 0 . 0 
z:nct=v.::TH/i!.o 
C P V A k = t l < I » » Z I U C F 
00 1 0 0 1 K K = I . 2 0 0 
F A r s U r = ( ^ S * ( J t « S Q F T I S P V a R » 1 . 5 E e > » E X P < - n P V A « ' 1 . 0 t f c ' , 0 . 0 2 5 > > * U C S 1 

» I I » 1 > - C S 1 ( I ) I M C F V i F - E i ( I I ) / ( E l ( I U I - E K I I I t C S K I I I t * M I O T H * l » 0 E * 
S U ^ - . U s S l H D I L t F A F S L ' H 
DPXAR=D=«AR»HICTK 

1001 C C N T I N L i 
SLr ' INT=:LMIrJT»SL'KOiL 
i = ; * i 
GC TO 52 

http://Uf.lC2.lC2
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zoo: si ' iciL«5.c 
ClVERiGl ClCfDECOPSC CFOSS I=C7I0fc C4TA OVCR IhTtRrECJSTE E N O C H S 

k J C T h - < = H I « l i - £ l t I l l / i l E , ( 
JINCC=M2tTH/J.D 
D"V*K=t;<II»2INCF 
CD 2C-01 « » i . J O O 
r > » F S l . C « l C O K S T I J I / l 9 l » » * i ; * J . i l ( t l l ' N I 0 T M » l . ( ! £ 6 ' « C t S l ( I » : i - ; S l I I M ' C O " 

t | J t - i l t : 11/IE 1 CI < l l - i l ( J ) )»CS1I I ) ) 
SUnCLi.«SLMOCL*P«FSUK 
C<"VtF.=0>'VlK»V.ICII-

Z0S2 CCSTINU: 
su«I^^=s^.H;NT»sl., fD;i 
I»I»I 
GO TO 53 

3003 SUHDU=>O.0 
CAVESJCC WICF-CECOPIC CFCSS S-CUO*. D«TA OWEK r»sr ENIRCIES 

NICTH= l £ l ( I « l I -£ 1 C > 1 / 2 1 0 . 0 
z ; h C R = k i c T H / r . o 
O P W « = l l U H 7 I N C f 
DO 3G01 K<=1.?CC 
P*f Sl-"=CCN£T<J)*t>;<M!D' ,\(*F-GfMJ»;il'J.C?f./FCCN:T U l t * « O T f » l . C £ e ' I 

• I C S i l l ' l » - C S l ( I > » * 0 3 t f t « - e i < I > I S f £ l l I « l > - £ l < I t l « C 3 1 < ! It 

DPViK = D t , HP» NlCTf 
333: CChlZHV. 

SUf5NT=SLHINT.SUHE t 

CC TC 5J 
102 CWSECC 1=1. 0£«£C 
106 R f i P ! 7 . S I tOl't-3 

5 fCRct r d r . : : > 

I'.3 
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SUBRCUT:KS S«C0?HXl ,N) l l ,X2 ,T2 ,NX2,X3 .V3 , tM}> 
C 
c 
CTHIS fPOOSif C*lCLL«TfS C*OSS SECTIONS AT 6S0L" BCI'KBIBIES 9Y LINEAR 
G I N T L K H O L A T I O ' . 
c 
C A»GUK£HTS l>,-GF>tNC>cNaCSiNP 
C ARGU«t(-TS CUT-ll .CSl.Nf. 1 
C 
c 

CIMiNSIDf XI C1I .X2I1I .YZI1> , X 3 ( l l . Y 3 f 1) 
K=l 

U IF I»Z(K»- .» ; (1II 20 . 1 1 . 1 3 
25 r = « » l 

GC TO 1? 
11 X3I1I>>?IK| 

» 3 ( l l s » J ( « ) 
K S K H 
L=? 
11=2 
60 TO 1* 

i s : i = 2 
I F O J I K I . L T . > 1 t i l l ! GO TC 11 

Z- I l = I l » l 
I M X 2 U I . l T , n ( I l > > GD TO 25 
GO T 0 2 -

23 *3(1I=X2 <<l 
r 3 1 1 l = »; t<I 
* = * » : 
1=2 

i« DC i I = : I . M < : 
5 IF ; » t ( K I - C i t : i » 2 , 3 . 1 . 
2 X3(LJ«X2 (*> 

Y 3 U ) = Y2 IKI 
l = L»l 
K = <«1 
IFI1C-.NX2 ) 5, F.10 

3 X3<l lsX2(K) 
Y3ll.>*Y2 IK) 
i = i . t : 
*f=lf • ! 
IFIK-NX2 ) 1 , 1 . 1 0 

i. X3(L!«X1 III 
Y3t l»=Y! ( l - l l » I I Y 2 I K I - Y 3 U - 1 1 I / t X 2 U I - » 3 H . - l > ) )»IX3 U >-X3 IL-1 (I 
L=l« l 

1 CONTINUE 
1C ( .X3=l-1 

F.E t tF N 
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SU»S0UTINE 40VAK1NONQDEI 
C 
c 
CTMIS MOGMN IS USIO «JR fOSITIOHINO THE F i l l >t»(iKlH IN THE t t v o E C 
CLISR«P» 
C 
C 
C »*6UHEMS IN-NOKOK 
C ARGUHiNTS OJT-NDNE 

DO 306 JB.1.N01CDE 
RE«D(7 ,? t2> IOUME 

202 FORM! ( 5 8 * . 1 2 1 
IBS CONTINUE 

RETURN 
END 
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SUBROUTINE POSITON 
C 
C 
CTHIS PROGRSK IS USCO FOR POSITIONING THE FILE HIRKEK IN THE »CTtEKFE 
CLIB»»Rr 
C 
C 
C ARGUMENTS IN-NONE 
C ARGUMENTS OUT-NONE 
C 
C 

RE»D<7.30) IP 
30 FORMTI / , 131 

NPl=IKT(FL0«7(NP)/5. •00»C.eOtll 
DO 52 ICOUNTil.NPl 
RE»0(7,53) tElLOUN 

S3 FORH»TC£ll.Ci> 
52 CONTINUE 

» E « C t r , 5 ) IDUNB 
S FORMtTI'IK.I l l 

RETURN 
ENO 
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c 
c 
U H S FRCC-HC IS USED FCC FOSITICUM THE FILE M4R(E( IN THE ACUEPFE 
C t . I « 5 F ¥ 
C 
C 
C JRGl.Ki.fTS IN-NP 
C SKGt'ft>"S CU'-fiCM. 
C 
c 

hFl=IKTlfLC»T(hP! /3 .C3C«0.«0CI 
CC 52 ICCUM=1.M=1 
K E t : ( ? . E 3 ) « r « L C l f 

53 FCSftT li l l . H 
52 CCMINU 

K S S C I ? . - ) IDt-B 
5 FOFKT i r i X . I l ) 

FETL'F.r. 

http://JRGl.Ki.fTS
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SUBF.OUTINE DOSRTE<TINACT.MODNU.NONUCLiNOP«S.DOSSUN.Sr53 0S.IDN0iST 
• AFS»PRO3HL.OOSU!C,THASS.0OSCGT. DOS PRO > 

c 
c 
CTHli PROGRAM CALCULATES DOS- RATES AS A FUNCTION OF COMPONENT COMPOSIT-
CION.GEGNETRV.AND TIME AFTER ShUTOONN 
C 
C 
C 
C 

D2HENSIOK TIMCT(ti0N'JCL.13.N0PA5).PRDDNUIN0NUCl.i3),D0SSUH<M0PASI, 
»STSO0StNOPASI.IDNO(N3NJCL).STAFS<NOPAS>iDOSDGTtN0PASt.3DSPRO(NOPAS 
• ) 

CIMENSI3K PRODHllNONUCL.13>.D0SNUC<NOPAS>.0OSDAU(390i,ONA(S90l 
DIMENSION NT 1390 > .N<M 390 > .AC (39 0 ) . HA (390 > i«D 1390) . OOSP*0(390) 
OINENSICK m K H l S O l ,IOAUC<30),DLEVL t30) ,PRJB 131 I 
COMMON A .V .F ,0F .T l .T2 .N .R .C«H ,OFT I0N , IGEOM.ISAB 
REAL MULT 

100 FBRMJT ( > / / / / , 1 H ,61HTH= FOLLOWING OUTPUT DATA ARE CALCJLATEC! DOSE 
• RATES IN NFEM/Hi / / I 

00 1 Hsl.NGPAS 
DOSPSO !M ) = D. C 
OOSCGUHUO.O 
S»SOOS(HI=0.C 
OOSMJC <N1 = Q. C 
DO3SUM(MI = 0.C 

1 COKTINUL 
03 101 :=1,3%0 
M 1 I I = ] 
N P I I U I 
N3U)=C 
A C ( I I = 0 . 0 
DOS?RO C 1=0. C 
HA( I )=0 .0 
OHA ( I )=D.O 
OOSDAUU )=D.C 

131 CONTINUE 
DO 2 Isl.NONLCL 
00 2 J = l . l 3 
K = I I - 1 I * 1 3 » J 
NP(K)sIFIK|PRODNU(I .J I ) 
HA(<l = PRCOM^(I.JI 
ACIK I=T I fACTt I , J , l> 
N T I K I r l O N O d I 

2 CONTINUE 
N0=H0NUCL*13-1 
DO 3 J=l.NO 
t.T£HPl»NP(J»:t 
M£KP2=NT(J»1) 
ZTE*P3=AC(J«1> 
ZTEKP«.=«A(JH) 
00 4 K=1.J 
I=J»1-K 
IFCNTEHP1.GE . N P I D I GO TO 5 
NP( I»1>=NP(I ) 
N T ( I * 1 U N T < U 
AC( I«1)=AC( I ) 
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H* ( 1 * 1 1 * HA (I I 
» CONTINUE 

1*0 
5 *P!I«1I*NTEHP1 

NTtl»i»«NTENP2 

»cu»it=zn«P3 
hA(l» l l*ITEIIP' . 

3 CONTINUE 
L . l 

7 IFlNPILI.NE.OI GO TO 2DS 
L«L«1 
GO TO T 

205 IBASE'L 
C8EGIN INTERROGATION OF THE LEVDEC LIBRARY 

20,1 REA0<7,1E) ITAPE.MALFLF.NDHOOE 
Ji> FORKATII6.20X,E11.» .I3> 

I F ( E O F t 7 I . N E . 0 l GO TO 200 
283 IF<ITAP=.f .Q.NP<l) l SO TO 17 

IFtJTAPE.GT.NPUM GO TO 2» 
CALL AOVAN1NDHOOEI 
GO TO 20 0 

26 I F I A C U ) .EO.6.O0)GO TO 38 
NRITEI6.29I W t l l 

29 FORMAT ( / .33H ATTlNTION-PROOliCT NUCLIDE NUNSER.I6.90H OJSS NOT EXI5 
• T I», DECAY LIBRARY-THEREFORE NO C0NTRI3UTI0N FACM THIS NUCLIDE IN 
• DOSE CALCSI 

N R I T £ ! 6 , 3 7 ) NTClf 
37 FORMAT <IH .20HTHE TARGET ATO* MAS , 1 5 . / / / I 
38 L*L»1 

1 F I K P U I . E 0 . C I GO TO e l 3 
GO TO 2S0 

CCHECK TO SEE IF NP(L) EOLALS NP(L»1> 
U I f (NP(L> .EO.NP(LU>> GO TO 8D0 

CGOKPARE HALfLIYES 
313 IFlbA(L>/HALFLF. lT.B.» .0R.HA(L>/HALFLF.GT.1 .2 l GO TO 19 

IFJMALFLF.E0. .1 .0tE»50.OR.ACILI.EQ.0.01 GO TO 15 
IHOQExO 

3 ( 2 IHOM,*M00£»i 
CBEGIN INTERROGATION OF THE LEVDEC LIBRARY 

REACI7.3 0DI IDEKKO. IDAJGI-.DLEVEL.HULT 
1 9 ] FORMAT ( 3 8 X . I 2 . I 7 . E l l . « t . E 1 2 . * l 

I F d O E K H C . e a . i l MKLt*X0AU6H 
IFUDEKH0.EQ.7.OR.IDEKWC.E0.91 GO TO 301 
2FIIDEKXO.EQ.SI GO TO 310 

30 3 IFUKOOC.ea.NOMODEI GO TO 3 0 i 
GO TO 303 

3C1 IFIDLfcViL.ED.O.O) GO TO 303 
CALL CURVE 13LEVEL.FLUXSI 
CALL CALC<OLEm.AC(L),DOSPRO<L>.MULT,FLUX£,TIIASSI 
60 TO 33 3 

310 IF(OLEVEL.EO.O.O) GO TO 311 
CALL CURVE I3LEVEL.FLUXEI 
CALL CALC<OLt»El.*;iH.OC5PRDfLI,MUlT.FLUXi,THtSS» 

CIN ANY CASE ACO IN TNC 0 . 9 1 1 MEV ANNlLlHATION SAMKAS 
311 DO 312 I8ETA=1,2 

CALL C06VE ( 0 . 5 1 1 .FLIXEI 
CALL CALC( 0 . 5 1 1 , JCILI.3CSPP.D I D (MULT.FLUrE.TNASSI 

312 CONTINUE 
GO TO 30 3 

19 CALL AOVAN<NDHOOEI 
CREAD THE NEXT IE*EEC MJCLIOE 

3 0 - READI7.16) ITAPE ,HALFLF.f.O"OOE 
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XF1£OF(7I .N£.0> 60 10 504 
I F t I T A P £ . E Q . M » ( U I 60 TO 3 i 3 
I F U T A P t . E O . N P U « l > > G5 TO «1 
XF(NP«L*tt .£O.OI GO TO 8 1 3 
L r l U 
GO TO 26 0 

21 l « L « l 
GO TO 17 

803 DO 801 IU1«NDM0DE 
RE*DI7,3C0 > IOE«H(ILI.I0AUG(ILI.OLsVL(IL>,F«0B(ILI Mi mm 

«02 L«L»1 
I F I N P U I . E O . N P C H i n 63 TO 802 
XENO=L 

813 00 80 5 IPsXBEGIN.IEM 
IF(H»(IP»/HALFLF.GT.O.».AND.MA<IP)/MALFLF»LT.l.Z.AHD.HlLFLF.NE.i . 0 

»E»50.AND.AC(:P».NE.C.0>GO TO 8 3 * 
GO TO 83 5 

SO. CO 82 0 Xixl.NDnODE 
I F ! JDtKMlILI .EQ.9» N3 ( I F ) = I0«UG (IL I 
IFU0EICN(IL>.EQ.7.3R.IEEKII(ILI .EQ.9I GO TO $01 
2 F U O £ K « t I U . E Q . e > GO TO 510 
GO TO 820 

531 IFIOLEVL ( IL) .EO.C.O) G3 TO 820 
CALL CORVEOlEVL «IL) .F.U>E> 
CALL eALCIDLtVL«HI,AC<IPI ,DOSPRD(IPl ,PP03(H>,FLUXE,T'USSl 
GO TO 830 

510 IFIBUVL I I L I . E Q . 0 . 0 1 GO TO 511 
CALL CUP.VEI3LEVL <IL).FLU>E> 
CALL CALC(0LEVLIIl».AC<XP|,00S s > R0(IPI«P|(03(ILt.FL.UXE.T4lSS> 

511 DO 821 :B£TA=1,3 
CALL CURVE ( 0 . 5 1 1 , F L JXE I 
CALL CALCIC.511.AC<JO|,0CSPR0<:PI,PROSCILI,FLUXEiTNASSt 

821 CONTXNl'E 
820 CONTINUt 
805 CONTINUE 
806 READ<?,16) ITAP£,H6LFLF,t,DH0DE 

IFtEOF«T).NE.e> GO TO 806 
I F I I T A P - . E O . N P ( I B E G : N I I GO TO BOO 
GO TO 80 7 

8»a 00 809 ILiltNOHCDE 
READ(7,3O0) XDE«K(IL),IDAUGUL> , 0 1 - VL (IL) ,PROB I IL» 

809 CONTINU-
GO TO 810 

80? XF(ITAP£.EO.,NPU£NDU>l GO TO 8 1 1 
L*XENO«l 
1F(ITAP£ . G T . H P I I E W H ) ) GO TO 28 
GO TO 2S0 

si*. L i X M o n 
GO TO 17 

812 WRITE 16, 29 I N P U I 
NRITEI6.371 N T ( t l 

IFIXTAP- ,GT.NP(LII GO tC 812 
GO TC 20 0 

813 REMIND T 
CHOVt THE FIL£ HARKER TKROJGH THE ACTLHF; LIBRARY ANL POSITION AT THE 
CBEGINHING OF LEVOEC 

1.9 RtA0(7,->7) ITAPt 
kT FORKAI 126) 

IFIEOf (7 I.NE.O) GO T3 703 
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CALL PCS IT ON 
SC TO *9 

700 ISTOPsL 
l*J§AS£ 

CBEGIN INTERROGATION OF THE LEVOEC LIBRART FOB POSSItLt RACX3ACTIVE 
E B A J G H T E R S - R E A C UNTIL THE 10 MJH8IR I S HATCHED 

Ti: I F C N O U I . N t . C I CO TO 702 
I H H 
I F U . E O . I S T O P H * GO TO 913 
co TO rai 

702 R E « 0 ( 7 , 1 6 ) ITAPE ,HA LFLF, kOKOOE 
I F C I 0 f < 7 I . N E . S I 60 TO 782 
I F U T A P i . E Q . N O U > ) GO TO 703 
IF(ITAP; .GT.NO(LII GO 10 926 
CALL ADVANCNDH00E1 
GO TO 70 2 

Kb L * l « 
IFIL.EO. IST3P» i l GO TO 9 1 ! 
IFlITAPE.Efl.NDCLII GO TO /S3 
CALL AOVANIMDHODE) 
GO TO 701 

CChtCK THE HALF LIFE OF TI-£ OAUGf.TER 
703 OHACLI*HALFLF 

lFIHALFLF.GT.1.0E»i8IG0 TO 704 
GO TO 73 5 

7 0 - CALL ADVANINOHOOEI 
9 0 , l i L H 

IFIL.EO.ISTOPHI GO ID 913 
GO TO 701 

705 IHO0E=0 
902 IHODE = I«OD£tl 

CBEGIN INTERROGATION OF THE LEVOEC LIBRARr FOR DAUGHTER OECAf INFO 
REA0(7,7C7» IDEKHB. Out VEL.HULT 

707 FORHAT (38X , I 2 , 7 X , E l l . f c , E12.UI 
SUHA1=0.0 
SUHA2=0.0 
DO 60 1 = 1 , N 
S U H A l i S U H « l » E X P « - W - t I » « T l « T J » » < « . 6 9 3 » 3 * 0 a . / H A I L H ) 
SUHA2=SUCA2»lXP<-IN-; i» (T»»T2>M0.693»36C0. /ONA(Ln> 

60 CDNTINJE 
A C O ? A C < L l » S U M A 2 J l l - p . t 9 3 / 0 H A j L » S X ? l - 0 . 6 9 J * 3 6 0 P . t T l / H » ( L ) l - 0 , 6 9 3 / 

• B S T L > n x P « - ! i . 6 9 3 » 3 t 5 i . * f l / O H A i L i n / < 0 . 6 9 3 / ' O H A T L » - « . l 9 3 ' H A I L ) H / S U H 
» A l / U . - E X P I - 0 . e93»36J0.">U/hA<L 111 

I F ( I D t K H C . E 3 . 7 . O F . I 3 t l C 1 C . £ 0 . 9 ) GOTO 931 
IFIIOEKHC.Ea.al GO TC 910 

903 IFCIHOOE.EQ.NOHOBEI GO TO 90*. 
GO TO 9 : 2 

901 IF(DLEV£L.EQ.0.O) GO TO 9 0 3 
CAuL CUR.VEOLEMEL.FLOXE) 
CALL CALC(DLl.VEL.ACO«OCSCA(j(LI.HULTtFLUXEtrNASS) 
GO TO 90 3 

910 IFtOLEVEL.EO.O.OI GO T3 911 
CALL CUME«3LEVEL,FLUXU 
CALL CALCCDLtVEL,ACO.OCSDAU(Ll,HULT,FLllXE,TMASS) 

CIN ANT CASE A CO IN TNC 0 . 5 1 1 HEV ANNIHILATION GAHHAS 
9 1 ; DO 912 IBETArl.Z 

CALL CURVE ( O . S l i . f LUXE) 
CALL CALC( 0.5110 .ACD.D3SCAUUI.MULT .FLUXE.THASS) 

912 CCNTINLi. 
GO TO 90 3 

913 RIKINC 7 
NO=NCNUCL»13 

http://IFUTAPi.EQ.NOU
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00 B15 IsltNONUCt 
HRI TE I6t «l (STAFS (K> ,X-=1 tNOPAS) 

i FORMAT (/»1H , < . X , 7 H T 1 1 t ( H ) , < . X , 1 0 < E 9 . 3 , U I , 2 < , 2 ( H . 3 , 2 * l ) 
MRXTElt.liCIit 

. 0 0 FORMATC1I- .125HTARGET RRCDUCT OSRCTll OSRIT21 BSRITJ> DSPIT*) 
• 0SRIT5) OSRIT6) OSRIT7I OSR<TS» OSR<T9» OSFIT10I OSRIT11I 
• 0SMT12I! 

00 81B IsIBASE.NO 
I F I M 1 U .E0.1DNOII>> GO 10 BIT 
6 0 TO J l S 

61? 00 U 9 K i l . N O P l S 
0 C 5 « 0 « » i O 0 S P R O a i » t X » ( - ( S t * f S t«d»0.*»S»5SB(l , I i /MAlHl ) 
JFICHA(l.).EQ.O.O>DOS3GTU>*0.0 
IF<OHA(l) .Ni.0.«>OOS3GTIKI«OOSDAUUIHXI>l- ISTAFSIK>»3.69 3<'3600.0/D 

• H A I L ) ) ) 
DOS NUC t<IsOOSPROIK)•DOSCGTI KI 
DOS SUM (10=00 SSUNIKl »00SN,UCI«O 
SrSC0S«l*SYS00SCKIO0Sf.UCCKI 

« « CONTINUE 
MRITE(6t20> I 0 N 0 ( I ) , N P I L I . I0C5PR0IK),K:1,N0PAS) 

20 FORMAT U X , 1 < , I 5 . 2 X , I 5 , £ X , 1 I H E B . 3 , 1 X ) , 2 X , J < E » . 3 . 2 X ) ) 
8 1 * CONTINUE 

M R I U ( 6 i l l ) 
11 FORMAT II26HPR0OUCT DAUGHTER CSRIT1) OSRIT2J 6SFIT3) DSRITfc) DS 

•RIT5I DSRIT6I OSS <T7» DSRIT3) DSRIT9) OSRITIO) 0 3 % ( T l l l OSR 
• U12S> 

00 616 LsXetSE.tiG 
I F I N T l U . N E . I O N C I I I I S O TO £19 
IFINOIU .Nt.C.OIGO TO 6 1 9 
IFH..NE.N0»SC TO 6 1 ! 
GO TO 610 

619 WRITe<6,20)NP<ll .NDIl . ) .IOOSDGTIM,Ksl ,NOPA5> 
613 CONTINUE 

M M T E U t d <ST«FS(M,<s l tNOPASl 
MRITEI6.10) 

10 FORMAT 111- .12SH TARGET OSRIT1) DS*IT2) OSRIT3I OSRITH 
• 0S5CT51 0SRIT6I 0SRIT7I DSRIT8I 0SRIT9» CSFITiO) O S R t T l l l 
• D S * t T 1 2 l ) 

HRITE <6t 231 IONOIII.IDOSSUMIK),MliHOPS S) 
23 FORMAT I 1 X . S X , I S ! 5X. 10 IES.3 .1X11 2Xi 2 (E8 .3 .2X > • / / / ! 

00 622 Ml.NOPAS 
DOS SUN IK>*0.0 

«22 CONTINUE 
015 CONTINUE 

HRJT- C6,*Hi> 
» 1 H FORMAT\f«\ 

MRITEI6a 8) (STAFSOCI ,K=1.N0PAS> 
WRITE 1 6 , 2 6 ) 

24 FORHATClfc t !25H STSTEt OSR (Tl > OSRIT2) OSRITJI OSRCTii) 
• DSRITSI DSFIT6) DSRIT7) DSRITSI 0SRIT9> CSFIT10) OSP.IT11) 
• OSRIT121I 

HRITEI6,51)!S»SD0Sei ;» ,<»l tN0PAS> 
51 FORMAT C X . 1 5 * . 1 S ( E « . 3 , I X ) , 2 X . 2 ( F 8 . 3 , J X t ! 

REfCRN 
E N : 



- 1 2 8 -

SU3ROUTINE CAL C l t i l CT.DSFRD.MULT.FLUXE.TMASSI 
C 
c 
CTHIS PROGRAM CALCULATES DOSERATE FOR » OIFFERENr GEOMETRIES 
C 
c 
c 
c 

RIAL MULT 
REAL HU 
COMHON A.V ,F ,0F ,T l»T2 .N , f tO .H .OFTION, lGE0N. ISAE 
GO T O d l . 1 2 1 ( ISABU) 

i l GO T0t31>32i33,3<i):G£0>< 
31 DOSRATsCACT'MJLT*?. S^(M.0» J. l * i6»FLU»E*«D*10 0. t ) * » 2 ) l 

DSPRD*DSFRDtD0SR«7 
RETURN 

CTHE ABOVE DOSERATf CALCULATION IS FOP A POIN T SOUKCl 
3? V O L U = ' t « J . l l . i e » l ( R n 0 i l . ) « » 3 ) / 3 

S0J = <ACT'NULT«Z.6l/<¥aiU«FLUXE*<..> 
D0SRAT=SCU*(2»R*(RO 1*10000. -0*<Z»R»D1* 1C00 0 . *<ALOG(12* '»0> /0>)> / I 

• IR»D>*100.) 
OSPRD*DSFR0»O0SPAT 
RETURN 

CTHE ABOVE DOSERATE CALCULATION IS FOR A HOMOGENEOUS NCN-A»S0R3ING 
CSPHERE 

3J V0LU=3.1t l6» l (R*100 . l * *2>*H*100 . 
S0U = lACT*MU..T*2.5>/(VOLV*FLUXE*<i.> 
DOSRAT=SCU*[(H«D>*10J.*(ALOGUMR**21»'l(MO»»*2>>»2 , ' .*ATANMH»0>/R 

• ) /<H«0) l -0 *1GO.* (ALOG(1»(R**2 I / IO* *2 I )«2*R*A ' , AMC/F l /OI) 
OSPRDsOSFRO*DOSRAT 
RETURN 

CTHE ABOVE CALCULATION IS FOR A HOMOGENOUS NON-A BSOfBING CYLINDER WHERE 
CTHE OBSERVER FACES THE AXIS 

3i» V0LU=li.*3. H > 1 6 * < ( M » « H ) * 1 0 0 . l * * 3 > - { R * l C 0 . t , * 3 l / 5 . 
SOU=(ACT*MULT»2.5>/<VOLU*FLUXE> 
DOSRATsSOU*H*lOO. 
OSPROsDSFRD»DOSRAT 
RETURN 

C ABOVE CALCULATION IS FOR A HOMOGENEOUS SPHERICAL CAVITY 
C HITHDUT ABSORTION WHERE THE OBSERVfR IS AT T-tE CI NTER 

IE GO TOIt t ,l.E.".E,l.2)IGEOH 
111 WRITE ( 6 . 50) 
50 F0RMATUBX.J6HN0 SE LF-ABSORTION FOR A POINT SOLRCE) 

GO TO 31 
C THE ABOVE STATEMENTS RETURh TO NON-ABSORBING POItvT SOURCE 

1.2 AHJ=0.0<t(8*CE**l-0.»6331> 
C CALCULATION OF THE ATTENUATION FACTOR 

IF<E.LE.3.>9FAs<.c, . l - (10.2«E> 
IF I ( E . G T . I 3 . 01 > . » N O , ( E . L E . I 8 . 0 M I 3 F A = - 0 . 9 - r H 6 . 2 
I M E . G T . ( 9 . Q I I B F ( U « H 4 X I U . 0 , < - 2 . « E » 2 < ! . >> 

C CALCULATION OF THE BUILO-UF FACTOR COEFFICIENT A 
IF(E.LE.2.)BALPH1«0.0 63»E-O.H2 
If < <E.GT.I2.mi.«fO.<E.LE.(».01ll3»LPHl=-0.02*t-C015 
I F I E . G T . H.O t) BALPHl i -0 .0085«E-0.10r 

C CALCULATE THE BUJLO-UP FACTOR COEFFICIENT AL»H«1 
IFCE.LE. ll.gl>BALPH2s-0.032>E«0.Ol>« 
IF ( (£ .GT. ( 1 . O l . A I O . l E . L E . (2 .01 I >BALPH2=- 0. 0 0 1»E»0. 0 1 ' 
IF I (E.GT . ( 2 . 0> » .AK) . t E . L E . I * . O H )BALPH2=0.012*1-0.009 



- 1 2 9 -

I F I IE.GT . I<.. 011 .AND. (E .LE . (8 .01 1>9«ll>H2»0.88i2S»t • O.OSl. 
IF ( E.GT. f t .8 I I B»IPH2=II. 0 12»E-0. 052 

C CALCULATE TKC 8UK0-UP FACTOR COEFFICIENT ALPH42 
GO TOtM,S l«5? ,5S I ISE0H 

51 V O k U " i * ) « l < i t t * I I F * 1 0 0 . t * « 3 l / 3 
HUslOOO.'AW'TMASS/VOLU 
S0i*<ACT«KUi.T»2,5l/tV0lti«'FlLX£l 
CAll . S£OFSPtRtO«ltU«BAL»Hl,SFSI 
OOSRAT«SOU»**mO.»GFS»8FA/3.1*16 
CALL GEOFSPIP.D.HU, 8*L»H3,CFS> 
OOSRAT»OOSRAT»SOL*il ,100.»'(l,-BFAI»GFS/3.1<.16 
OSPR0=OSFR0»O0SR.«T 
RETURN 

C CALCULATE THE DOSE RATE AT * PCINT OUT OF CN ABSLR8INS SPHERE 
52 yOi . t '=3 . l< i l6»<CR*100 , l« , 2 l»H»ia» . 

KU*1000.»*l«JI*THASS/V3l.U 
SOU«tACT»MULT»2,5»/<\IOI.U*FlUXE» 
TETA*AT«N(RMO " 1 / 3 . 1 1 
I F C » H « « 0 . I . G T . I 3 . / M U H S 0 TO 60 
M i l GEOFCV(E»LPH.MU,tET»,H,GFC> 
O0SK«Tr3OU*Cl.-COStTETA>«GFCI #3FAM2.»«U«(l.»9ALPHll1 
CALL GEOFCYie»LPHJ,HL/,rET»,K,GFCI 
OOSR«T=SCU*<i.-COS«TET*l«SFCl»<l.-BFA>/«2."*U»U.*BALPH2t»»POSP»T 
OSPRD=OSFRD»DOSR»T 
RETURN 

50 O0SR»T=S0U»(l . -C0S(TETII I»l8F«/CCl.»9Al.Pt11l«l1U)«( l . -?F4) / t l l . « B « L P 
•H2»»KUJI /2 . 

OSPRO=OSFRD»OOSRAT 
RETURN 

C CALCULATE THE DOSE R«*E FOF A WOUCGENEOJS A3SOF9ING CYLINDER 
C KHERE THE OtSEKKER FACES T « *XIS 

53 V O l U = k . » 3 . » ! . l S * I M < » * H I » 1 0 0 . l » * 3 | . | R » 1 0 0 . l " 3 l / 3 . 
HUsl00O.»AHU»TH*SS/tTOLJ 
S0J«l«CT«MULT»2.S)/«V0Lt!«FLUX£» 
OOSR»T=fSOU , BF»» l i . .EXP( -KU» l l . «M i .PH l l »H»10 t . l ) /HU / l l . *S«LP« i ) ) » 

• C S 3 U * < l . - B F A ) M l . - E X P t - H U M I . » B A l P H 2 l » H ' l l > l . i : / t H U M l . t B U P H 2 m 
OSPRD=OS»R0»DOSR»T 
RETLRN 

C CALCULATE THE DCSE RATE »T THE CENTER OF * SPHERICAL 
C ABSORBING CAVITY 

END 



- 1 3 0 -

SUSROUTINE G E O F S F ( X . V . Z t T . G F S ) 
C 
C 
C GIVEN THE RADIUS IN X , THE DISTANCE FROM THE SURFACE IN Y, THE 
C ATTENLATI3N FACTOR IN Z ANC THE 3 U I L 0 - C P FACTOS COEFFICKNTS IN T 
C CALCULATES THE GEOMrTRIC FUNCTION FOR A3SCR3ING SPHEPc USING AN 
C ANALYTICAL APPROXIMATION OF THE G FUNCTION 
C 
C 

G F S « 0 . 
PSP*(X«Yl/X 
GFS*EXPC-(<0.3i»2»X»Z«<l.»T>»2.07322 )»ALOG(PSP J+AKIN1116D .»X»Z* (1. • 
»T»-0.1i»'»lt«i.6.37*X»Z»(l.«TJ-0.0 35),«2 8.78»X»Z»Ji.»T)»O.J16ei.(li».5 
• 5»X«Z»« .*T» +0 .84611 t(e.l7«X«ZMl.»T>+1.3966) . |ii.72*X*Z*ll.*T}»1.7 
•42)»)) 
RETURN 
EN3 



- 1 3 1 -

SU3RCUTINE GEOFCY(X , 1 ,T ,Z .GFC) 
C 
c 
C GIVEN THE aUIUO-OP FACTOR COEFFICIENTS IN > T H E ATTENUATION FACTC* 
C I N Y. THE HEIGHT I N 2, THE ANGLE I N T . C41 k ATES THE GEOMETRIC 
C FUNCTION FCR ABSORBING CYLINuEF USING AN <P*OXIhATION OF THE E2 
C FJNCTIPN 
C 
c 

REAL V A C . , V A * I 
VA«=0. 
V A R I = 0 . 
GFC=0. 
V4R= (1 •>. ) » Y » Z » 1 0 C . 
VARI=VAR/COS(T> 
C A L L EECVARI .RtS) 
GFC=COSUI»*£S 
CALL E2JVAR,FtS> 
GFC=GFC-KES 
RL-TURN 
EN3 



- 1 3 2 -

SU3R0UTINE E?<X,FES> 
C 
C 
CESTINATE £2 (X > THL SECOND ipEClti EXPONENT IAL INTEGRAL FUNCTION 
C 

Rc3=0 . 
I F C X . G E . » . ) S O TO 33 
TOL=0.0Q01 
TOTALsO.0 
A=X 
E=5.»X 
DO 10 " 1 = 1 . 1 0 
CALL R C I B U . B . T O L , R E S U L T * 
TOTAL=TOTAL»S£SL'LT 
A=3 
E=B»S. 

1J CONTINUE 
RtS=X*TOTAL 
RtTURN 

33 R £ S = E X P ( - X ) » ( 1 / ( 2 . * X » * 2 . / ( ( 2 . » X ) » * 3 > ) 
RETURN 
tN3 



- 1 3 3 -

SUSROOTINt R O M E U t B t T O l t C E S l l T ) 
C 
C 
CINTiGKATL U S I * G THE ROMBERG MtTHOD 
C 
c 

DIMENSION T * A P U l , i l » 
H = c e - t ) / i 0 . 
SUH=CEXP l-A » > / ( * • * £ » » ! £ X P ( - B ) » / < B » » 2 ) 
X=A 
00 10 1 = 2 . I D 
X = X*H 
SU1=SU*» ( I E X P ( - X 1 I / < X » » 2 I > » 2 . 

ID CONTINUE 
T R A P I l . i ) = H / 2 . * S I M 
0 0 ZC 1 = 1 , 1 C 
H=H/2 
X = A »M 
K = 1 0 ^ 2 " I 
DO 30 J = 2 . K , Z 
soi=sur» I ( » P I - > n /tx»»2) )»2 
X = K *h*H 

3J CONTINUE 
T f t f t P ( l . : + l ) = H / 2 . » S J M 

T R A S U + 1 . 1 * 1 > = TP £P { U 1*1 ) » 1 . / <» . * * L - 1 . > • ( T? A P < L , I * 1 ) - T * £ 0 < ( . , ! ) > 
*0 C G M I N U . 

I F ( A B S ( " R A P ( I * l , I » : l - 7 z A P « : , I * i l ) - r O L I 5 0 . 5 0 , 2 0 
23 CONTINUC 
53 R t S C L T = T R A P ( I , I I 

RETURN 
END 



- 1 3 4 -

SL'SRCL'TIKF Cl'FVE <E, FLUXE I 
C 
C 
CGIVIN ThE ENERGY OF THE GAKMA RAY,THIS PROGRAM CALCLLATFS THE PARTICLE 
CFLUXCCU6NT»/Cr , , *2»SEC> THAT CCRR.ESPONCS TO A DOSE RATt OF 2 . F PR/HP — 
CFLUXE 
C 
C 
C ARGLMEfTS IN-DLE VU 
C ARG I T E M S OUT-FLLXt 
C 
C 

I F I E . G f . t . C l C . A N C . E . L E . 0 . 0 2 0 ) GO TO 1 
I F t t . G T . O . 0 2 0 . A K C . E . L C . 0 . 0 4 0 ) GC TO 2 
I F ( E . G 7 . 0 . C * C . A K C . t . L E . 0 . C 5 J ) GOTO 3 
I F I E . G T . O . 0 5 0 . A N C . I . L F . 0 . 0 6 0 ) GO TO 4 
I F ( E . G T . 0 . 0 5 0 . A N D . t . L E . O . 0 8 0 ) G C T C 5 
I F ( E . G T . O . C S C . i N C . E . L t . C . 1 5 0 ) GC TO 6 
I F ( E . G T . C . l 5 0 . A N C . £ ' . L E . 0 . 4 C G ) GO TO 7 
I F I E . G T . O . V O C . A t . C . f . L E . C . 6 0 3 ) GCTO 8 
I F U . G T . C . e S O C . A N C . f c . L t . l . C C C ) GO TO 9 
I F < E . G T . l . t i O O . A K C . £ . L F . 1 . 5 0 0 ) GC TO 10 
I F ( E . C . 1 . 5 0 0 . AND. £ . L E . ? . 000) GO TO 1 1 
I F ( E . G T . 3 . C 0 C . A N C . t . L E . e . O C C ) GOTO 12 
I F U . G T . 6 . 0 0 0 . A\C.E . L E . l t . 000 ) GCTO 13 
F L U X t = l . D E * 9 9 
FETISN 

1 FLUXE = 2 1 « 9 E 3 3 0 . t 4 » l » * 2 . 1 7 = 9 4 4 7 
KtTLf.N 

2 FLUXt = l l - . e C 2 3 3 . 2 2 r * » 2 . C 1 3 E C 2 2 
RETLFN 

3 F L U X E = 1 0 3 6 9 1 P . 9 7 5 » i • " 1 . 2 6 9 8 6 5 3 
FETLFN 

4 F L O X E = 9 e 4 9 7 . 3 8 0 3 2 » E * * 0 . 4 7 7 2 3 9 S 
RETLR.N 

5 FLU XI = 1122 5. 12 22 l » i * • < - C . 267441 0 ) 
FETLFN 

6 FLUXt=E5 4B2. 7«32E»f X ' I E • ( - 1 0 . 9 1 320 6 9) ) 
RETLtN 

7 FLUXE = 1 3 3 0 . 5 6 9 2 0 « • £ • • ! - 1 . 1 0 360e 5) 
RfcTL'FN 

i FLUXt = : 4 t 2 . i 5 B S 6 e » ; • M - 1 . 0 6 U E 1 3 ) 
RtTCF.N 

9 F L U X t = 1 5 t 6 . 9 « 7 7 5 5 * : * - ( - D . e 8 9 1 0 S e ) 
FLTLRN 

10 FLL'XE = 15 4 9 . 0 91 3 2 0 * : • • ( - 0 . 7 7 9 7 6 7 6 ) 
RETIRN 

11 F L U X t = 1 5 u 8 . 2 C 5 7 5 7 » i » » l - C . 7 1 S f 7 1 4 ) 
FE T L'F N 

12 F L L ' X i = 1 4 8 8 . 3 t 2 l 9 C * : » » ( - 0 . 7 C 5 l 6 2 2> 
RETLFK 

13 F L t X E = 1 6 5 6 . * 5 2 8 7 4 * : • • 1 - 0 . 7 6 4 9 7 3 7 ) 
RcTLFN 
£N3 
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