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Summary 

In order to ant ic ipate problems from the 
radloact lvat lon of neutral beam sources as a resu l t 
of t es t i ng , a code has been developed which 
calculates both the rad ioac t i v i t i es produced and the 
dose rates resu l t ing therefrom. The code ACD0S2 
requires neutron source strength and spectral 
d i s t r i bu t i on as input , or a l te rna te ly , the source 
strength can be calculated In te rna l l y from an input 
of neutral beam source parameters. A var ie ty of 
simple geometries can be spec i f ied, and up to 12 
times of in terest fo l lowing the s-uitdown of the 
neutron source. Radiation attenuation and daughter 
rad ioac t i v i t i es are treated accurat£W. ACD0S2 is 
also of use for neutron-induced radioact ivat ion 
problems involv ing accelerators, fusion reactors, or 
f i ss ion reactors. 

Tntroduxtion 

Although i t is generally recognized that 
act ivat ion problems w i l l resu l t from several of the 
large fusion experiments now planned or under 
construct ion, 1t appears that such problems may have 
to be faced uven before such experiments operate. 
This consequence follows from the fact that 
neutral-beam design must necessari ly precede 
applications by several years. A forthcoming upgrade 
program at LBL w i l l require prolonged periods of 
test ing of a deuterium 170-keV neutral beam at 65 A 
with a 10% duty fac to r . On a cold sel f- loaded beam 
dump, such a beam would aenerate Z.8 MeV neutrons at 
an instantaneous r a t e " of about 7.8 x 10'2 
neutrons per second. Such a source can produce 
appreciable dose rates for personnel who must do a 
maintenance work fo l lowing a prolonged period of 
tes t ing . A survey of several U.S. laboratories 
determined that there was no code readi ly avai lable 
which could easi ly be adapted to CDC computers, and 
which would calculate the required dose ra tes. Thus, 
a decision was made to construct such a code, using 
the most modern l ib ra r ies of neutron-cross-sectlon 
and radioi cotope~decay data avai lab le. Our code 
ACD0S2 has been wr i tten in Fortran IV wi ch the 
intent ion of making i t readi ly adaptable at other 
i ns ta l l a t i ons , and useful for a var ie ty of 
neutron-act ivat ion problems. 

Neutron Intensity and Energy Distribution 

In neutral-beam development, periods of test ing 
usually average a few hours, separated by intervals 
of several hours required for maintenance or 
overnight shutdowns. ACD0S2 calculates the average 
neutron source strength during the test periods from 
data supplied by the user, consist ing of the deuteron 
instantaneous current and the energy, the duty factor 
during the test per iod, the length of the test 
periods, the length of the interval between tes ts , 
and the number of test periods. The calculat ion is 
based on measured neutron-production rates from se l f -
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loaded targets ' subject to the 2H(d,n)^He reac
t i o n , plus a correct ion for deuteron energies d i f f e r 
ing from 150 keV. A l te rna t ive ly , ACD0S2 makes pro
vision for the user to d i r ec t l y enter the average 
neutron source strength, for other than neut ra l -
beam-source appl icat ions. 

AC00S2 requires a set of group f luxes, together 
with a l i s t of the corresponding energy boundaries. 
Fluxes must be normalized to uni t neutron in tens i t y , 
and may be supplied along with other necessary input 
data, or read in from a tape which has been created 
by a previous neutron transport code, such as ANISN 
or HORSE. Fluxes must be normalized to uni t neutron 
production ra te . 

Calculation of Radiqacti'- es Produced 

To calculate the act ivat ion ates, AC00S2 re
quires the target nuclides to be specif ied as to 
atomic number, mass number, and ''al mass in kg. 
AC00S2 treats the targets as homoge -ous and neglects 
neutron attenuation in the t a r t e t s . ACD0S2 cal ls on 
the ACTL. l i b ra r y of experimental neutron cross 
sections^, with up to 12 d i f fe ren t reactions l i s ted 
for each target nucl ide. ACTL supplies informaion on 
product i den t i f i ca t i on and hal f l i f e for both 
excited-state and ground-state pr- ct nuc1id°s. 
ACD0S2 singles out for consideratio a l l product 
nuclides with hal f l ives greater than second. For 
each such product, ACD0S2 determine? 3 continuous 
range of cross sections by l inear -iterpolation 
between experimental points. 

ACD0S2 uses the group energy boundaries and the 
group fluxes in order to construct a continuous 
approximation for the f lux ( i . e . , f l ux densi ty) . The 
assumption is made that the lowest energy group is a 
thermal group with a Maxwellian energy d i s t r i b u t i o n , 
and that the intermediate energy groups al 1 have a 
1/E energy d i s t r i b u t i o n . The highest energy group or 
groups 1s specif ied LO iiave an energy dependence for 
the form Aexp(E/B) since the la t te r has been found to 
be a good approximation to the transport-code 
predict ion in the case of a mono-energetic neutron 
source. Arb i t ra ry constants are assigned 'jy 
requir ing t l .at each f lux density produces the prober 
aver age, an d th at f lux dens i t i es j o 1 n con t i nuoi;s 1 y 
from group to group. With the continuous flux 
densities and the continuous cross sections, AC00S2 
then conputes an average (f lux-weighted) cross 
section for each energy group and each react ion. 

In order to calculate a c t i v i t i e s , ACD0S2 requires 
a set of up to 12 time points measured from the end 
of the last test period. For each product nucl ide, 
ACD0S2 computes the group-produced " . c t i v i t y , and then 
the to ta l for a l l groups, at *-ne end of the f i na l 
test period. The la t te r is tnen used to determine 
the ac t i v i t i e s at the user-sr-ecified t i rres, and the 
results are pr inted out for each product nucl ide. 

Geometry and Radiation Attenuation 

ACD0S2 requires the jser to approximate the 
geometry of the target as either a point source, a 
sol id sphere, or a cyl inder with the observer 
stationed at a point on the axis, In each case, the 
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distance from the observer to the surface must be 
specified. ACD0S2 also allows the dose rate to be 
computed as a resu l t of the act ivat ion of the 
shielding wal ls . In the la t te r case, the enclosure 
1s approximated as a hollow sphere, and a correct ion 
Is made for the fact that the f lux 1n the walls is 
depressed as compared to the f lux In the i n t e r i o r . 

To determine the annih i lat ion and gamma radiat ion 
character is t ic of the product-nuclide decays, ACD0S2 
searches through the LEVDEC l i b ra r y to determine the 
Iden t i f i ca t ion of the daughter nucleus and the energy 
level In the daughter, for each mode of decay of the 
product nucleus. LEVDEC Is a subset of the ENSL 
nuclear data l i b r a r y . 3 ACD0S2 assumes that the 
gamma rays produced by the daughter have the same 
energies as the daughter levels which are accessed by 
beta decays. I . e . , the p o s s i b i l i t y of cascade 
gamma-ray t rans i t ions 1s neglected. In the case of 
each positron t r ans i t i on , ACD0S2 augments the 
gamma-ray 11st by 2 a n n i h i l a t i o n quanta. A second 
search of the LEVOEC l i b ra ry Is necessary to 
determine whether any of the daughter nuclides are 
radioact ive. I f radioact ive daughters are found, 
the i r ac t i v i t i e s are computed by taking Into accoaunt 
the i r buildup from the decay of the i r respective 
parents. Radiations from the radioact ive daughters 
are then considered in the same way as from the i r 
parents. 

The attenuation wi th in the targets is accoaunted 
f o r . under the assumption that rad ioac t i v i t y 
production is uniform wi th in the ta rget , and that 
analyt ic formulae using buildup factors can be 
appl ied. In the case of the cy l inder , the addi t ion 
of attenuation complicates the analyt ic formulae to 
the extent that a truncated-cone approximation was 
used instead. An option exists which allows the user 
to neglect the ef fect of a t tenuat ion, i f he so 
chooses. The f i na l resu l t is a ca lcu lat ion of dose 
ra te , at the speci f ied times, summed for each target 
nucl ide, but also broken down as to the contr ibut ion 
of each radioact ive product nuclide and each 
radioact ive daughter thereof. 

Appl icat ions. A v a i l a b i l i t y , and Future Plans 

Thus f a r , ACOOS 2 has been applied to problems of 
beaiTiOump design, and pred ic ts , for example, that a 
molybdenum structure would be superior to a copper 
st ucture, insofar as act ivat ion is concerned. 

Another resu l t 1s that a vanadium surface layer has 
no ef fect on the overal l act ivat ion in tens i t i es . 
AC00S2 has also been applied to the estimation of 
a c t i v i t i e s and dose rates from samples i r radiated in 
a f i ss ion reactor, where i t great ly f a c i l i t a t e s the 
calculat ions required for the approval of new 
experiments. 

Plans for the future Involve another version of 
the code which w i l l allow the calcualat ion of 
speci f ic energy absorption in the ta rget , and which 
w i l l update the ACTLMFE l i b ra r y to add some nuclides 
now lacking. A comparisun with other exist ing codes 
w i l l also be attempted. 

AC00S2 is available on the MFE National Computer 
Center, and Is also available on tape. A rather 
extensive user's manual also ex i s t s * . Inquir ies 
should be addressed to the f i r s t authoi- above. 
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