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Abstract

Radioactivity calculations were performed on several 1light ion driven
targets with different tamper and pusher/ablator materials to determine the
magnitude of the neutron induced radioactivity. The materials examined were
CHp, LiPb and Be0 as pusher/ablator materials and W, Pb and Au as tamper ma-
terials. A 1 mg DT fuel Tload and a 30% fuel burnup were assumed for the
calculations., The initial activity levels for the targets are due to the
pusher/ablator materials which produce the isotope gHe (ty7o = 810 ms).
Activity levels for times greater than 1 minute were on the order of 0.3 to 2

curies depending on the tamper material.



1. Introduction

The light ion beam fusion target development facility (TDF) is an experi-
mental facility designed to verify the feasibility of using the 1ight ion beam
pulsed power technology to initiate thermonuclear burn in small specially de-
signed high gain ICF targets. Activation of the target and reactor chamber
structural materials occurs as the high energy neutrons released by the initi-
ation and subsequent burn of the DT fuel interact with the materials. Since
this is a development facility, easy access to the reactor chamber and to its
interior is of importance, hence one would like to keep the induced radio-
activity at a minimum.

Several first wall materials were surveyed as possible candidates for the
TDF design and the results were presented at the Fifth ANS Topical Meeting on
the Technology of Fusion Energy.(l) The first wall material examined and
shown to have the lowest dose rate after a 1 week shutdown period was A1-6061.
The activation of the target material, however, was not examined in Ref. 1.
This subject is treated in the present paper.

2. Calculational Model

2.1 Target Calculation

The target analyzed in this paper (Fig. 1) was originally published by
Bangerter and Meeker(z) and a modified version of it was presented by the
University of Wisconsin in the HIBALL Heavy Ion Beam Fusion Reactor Design
Study.(3) Further calculations performed by Long and Tahir(4) showed that the
tamper density decreased to 10% of its initial value due to heating by the
impinging ion beams. A tamper density of 10% natural density was chosen to be

representative of this ion beam heating.



Four different target material combinations were examined and are given
in Table 1. For all cases, the target DT load was assumed to be 1 mg and the
fuel was assumed to be compressed to a density times radius product (pR value)
of 2.0 g/cmz. A 30% fuel burnup fraction was assumed, giving approximately 100
MJ of released fusion energy (71 MJ of released neutron energy).

One neutron transport calculation was performed using the Case I material
composition (see Table 2) and the target configuration depicted in Fig. 2.
The scalar flux values computed were used as input for the 4 different target
activation analysis cases. The Jjustification for performing only one neutron
transport calculation is that previous target analysis ca]cu]ations(z’s) have
shown that the neutron leakage spectrum for targets of the type examined in
this paper is primarily determined by the neutron moderation within the DT
fuel region. Thus very 1little additional moderation takes place within the
outer surrounding regions. The amount of neutron moderation taking place
within the target is shown in Fig. 3. The peak around 14.1 MeV is due to
uncollided neutrons escaping the target. The two Tlower peaks are due to
neutron scattering off of deuterium and tritium and are related to the
"Placzek wiggles" which were obtained by Placzek in his classical neutron
slowing down work.(6’7) Also of some importance are the secondary neutrons
released by (n,2n) reactions contributing to the leakage spectrum from ap-
proximately 8 MeV on downward. Additional details on the characteristics of
the spectrum and corresponding target configuration can be found in Ref. 3.

There is one case presented (which will be noted) that uses a 14.1 MeV
monoenergetic neutron source applied to the inner surface of Region 2 (see
Fig. 2). This allowed a comparison of the activity resulting from a moderated

target spectrum and 14.1 MeV monoenergetic neutron source.



Fig. 1.

Fig. 2.

Tomper 0.23333cm
p=1.3g/cm3

(72.1mg)

Pusher 20000cm
p=1.26 g/cm3 0.
{16.8mgq) 0.19004 cm
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(1.00mg)

Ion beam fusion target as depicted by R.0. Bangerter in Ref. 2.

Tamper

{0% Natura
Density

~—R,4 =0.297805 cm

R, =0.
Abloted part of 3 =0.22360cm
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The compressed target configuration used with the Case I material
composition for the neutronic and radioactivity calculations.
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TABLE 1. TARGET MATERIALS USED IN ACTIVATION CALCULATIONS

Case 1 Case II Case III Case IV
Region | Comp. Mass Comp. Mass Comp. Mass Comp. Mass
DT 1 mg DT 1 mg DT 1 mg DT 1 mg

SN =

LiPb  2.36 mg CH, 2.36 mg CH, 2.36 mg Bel 2.36 mg
LiPb  14.42 mg | CH, 14.42 mg CHo 14.42 mg Be0 14,42 mg
Pb 72,13 mg | W 122.55 mg | Au 123.32 mg | W 122.55 mg

2.2 Activation Calculations

The scalar fluxes obtained from the target neutronic calculations were
used to compute neutron transmutations and these in turn served as source
terms within the radioactivity decay equations

dN.

j
_— =S5, =A.N. - T ¢ where S, = £ ¢ . (1)
dt i i iy i X+

The production of each isotope, its subsequent decay and possible decay chain-

(8) Table 2 contains the atomic densities of

ing is computed by the DKR code.
the original isotopes for each case. The decay chains examined by the DKR
code for the different isotopes considered are given in Table 3. Here the
nuclear reaction is denoted by the usual notation. The decay mode and half-

1ife are also given.

2.3 Codes and Data Libraries

(9)

The one-dimensional discrete ordinates code ANISN was used to obtain
the neutron scalar flux distribution throughout the different regions of the

target. The main options used in the calculation are given below.
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isotope

isotope

isotope

isotope

isotope

197 198 - 198
79 Au~+ (n,y) 79Au decays by B, t1/2 = 2.67 days » 80Hg
197 194 - _ 194
79A u+ (n,a) 77Ir decays by 87, t172 = 19.15 hrs + 78Pt
197 196 196
79A u+ (n,2n) 79Au decays by EC, ty/2 = 6.17 days » 78Pt
197 196 _ 196
7gAu * (n,2n) 7qAu decays by v, ty;, = 9.7 hrs » 7gAU >
_ 196
..decays by EC, t1/2 = 6.17 days » 78Pt
204 204 - _ 204
goPb > {(n,p) g1 decays by B™, ty/p = 3.77 yrs » g2Pb
204 203 _ 203
82Pb + (n,2n) decays by EC, t172 = 2.17 days » 81T]
206 203 - _ 203
goPb * (ng) g0 decays by 8™, ty;, = 46.64 days > g11]
206 204 - _ 204
82Pb-* (n, t) 81T] decays by B , tyy2 = 3.77 yrs » 82Pb
206 205 a 7 205
82Pb-+ (n,2n) decays by EC, ty/2 = 1.42 x 10" yrs » 81
207 203 - _ 203
82Pb-* (n,nk decays by 8, tj,p = 46.64 days + 81T]
207 206 204 - _ 204
82Pb-+ (n,2n) Pb-* (n,t) 81 decays by B, tj,p = 3.77 yrs » 82Pb
ZgZPb-* (n,2n) 206Pb‘+ (n, 2n)205 decays by EC, t1/2 = 1.42 x 107 yrs + 22?
05 - . 205
zgg Pb+ (na) 2 decays by 8, t;;p = 5.49 min > 81T]
208 209 - _ 209
82Pb-+ (n,y) 82 decays by B, ty/2 = 3.28 hrs » 8203
208 207 203 - -
goPb (n,2n) oPb > (n,n)a golg decays by 87, tj,, = 46.64 days + g1

T1

T1



* Spherical geometry

* S, order: Sy

* Quadrature set: see Table 4

* Anisotropic scattering option: Ps3

* Source distribution: wuniformly distributed 14.1 MeV monoenergetic source
within the fuel region

* Store scalar fluxes: needed for DKR code

* Number of energy groups: 46 groups; 25 neutron and 21 gamma groups

* Number of coarse mesh cells: 4

* Number of fine mesh cells: 39 (11 in Region 1, 11 in Region 2, 6 in Region
3, 11 in Region 4)

* Reflective condition at R =0

+ Vacuum condition at target edge.

The cross section library used for the calculation is a combined RSIC
DLC-41B/VITAMIN-C (10} and pLC-60/MACKLIB-1V, (11) coupled 25 neutron-21 gamma
group library. It contains 48 isotopes with response functions and a P
Legendre expansion of the scattering cross section for each isotope. The
1ibrary is based on ENDF/B-1V.

The radioactivity calculations were performed using the DKR(B) code
developed at the University of Wisconsin. The code computes initial activity
levels using the scalar flux distribution computed by ANISN. The main decay
chains are determined and the activity is computed for selected time periods.
The decay data library used by DKR is called DCDLIB(12) (Decay Chain Data
Library) which contains radioactivity data from ENDF/B-IV and the Table of
Isotopes.(13) The Chart of the Nuclides was relied upon when materials were

not covered in ENDF/B-IV and if discrepancies were found in the Table of

10



TABLE 4. Sy QUADRATURE SET SATISFYING EVEN MOMENT CONDITIONS (Ref. 17)

Direction Cosine (u,,) Weights (w)
-0.8688903 0.1666667
-0.3500212 0.3333333

0.3500212 0.3333333
0.8688903 0.1666667

Isotopes. The transmutation cross sections and the decay half-lives within
the DCDLIB were recently updated using the ACTL Library,(14) the Table of
Isotopes, seventh edition(ls) and the Chart of the Nuclides, twelfth
edition. (16)
3. Results

A11 results given are for 100 MJ of released fusion energy per shot. The

activation results for the Case I materials are given in Fig. 4. The very

high initial activity of 3.42 x 10° curies is due to the gLi(n,p)gHe reaction.

6
2

short time period. The gLi isotope is produced by the (n,y) reaction on ;Li.

The _He decays by B~ with a half-1ife of 810 ms thereby decaying in a very

It also is a short-lived isotope and decays in a very short time period. The
remaining isotopes shown are produced by various reactions on the Pb isotopes
(see Table 3). Two radioactive isotopes are not shown in the figure. They
are 23§T1 and Zgng with half-lives of ty/p = 3.77 yrs and ty72 = 1.4 x 107
yrs respectively. Their initial activities are approximately 2.93 x 1077
curies and 2.20 x 1079 curies. The 23?T1 activity will have reached a level
of approximately 3 x 10715 curies after 100 yrs, whereas the activity level
205Pb remains at 2.20 x 1079 curies even after 1000 yrs. Thus the 1long

82
term low level activity for this target is due to zgng. Not included in the

of

total activity is the activity of the unburned tritium shown for comparison.

11



As is seen, its activity is larger than that of the remaining target materials
for times Tess than 400 years. The resulting stable isotopes are given in
Table 3.

The results of the Case II target are given in Fig. 5. Noticeable is the
high initial activity of 1.13 x 103 curies due to the radioisotope gHe. gHe
and gLi both have very short half-lives (810 ms and 178 ms, respectively) and
in less than 1 minute their contribution to the total activity is negligible.
The major contributors to the total activity are the radioactive isotopes
1§gTa, 1§Zw, liiw, 1§2Hf and 1§iw, all decaying by B~. For the nuclear re-
actions which produce these radioactive isotopes and for the resulting stable
isotopes see Table 3. Not shown on the figure is the low level long term
lgc (2.07 x 10714 cyries) produced by (n,y) reactions on 12C and

Be (1.11 x 10713 curies) produced by (n,a) reactions on 1§C and then (n,v)

activity of

10
4

reactions on ZBe. Noticeable again is the higher activity of the unburned
tritium as compared to the total activity of the tamper material.

Figure 6 displays the results of the CH, pusher/ablator and Au tamper
constituents. Once again the high initial activity of 1,13 x 103 curies is

due to gHe. The short-lived isotope gLi is also produced with an initial

activity of 18.7 curies. After approximately 3 minutes both isotopes will

have decayed away. The remaining radioactive isotopes shown are from neutron

interactions on lggAu with the major contributors to the activity after ap-

proximately 2 minutes being lggAu and 1?gmAu (isomeric state of lgg

197 196 _
79Au. 79Au decays by electron cap

ture and has a 6.17 day half-life. Its isomeric state, lggmAu, has a 9.7 hr

194Ir
172

orders of magnitude lower. It decays by B~ and has a 19.15 hr half-l1ife. Not

Au). Both

are produced by a (n,2n) reaction with

half-1ife. The other radioactive isotope examined, has an activity 3

12
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shown on the activity plot is the low level long term activity due to the

1gBe and lgc isotopes which have initial activities of 1.11 x 10713 and 2.07 x

10714 curies, respectively. Again the unburned tritium activity is shown for
comparison.

The activity results for the BeO pusher/ablator and W tamper target are
shown in Fig. 7. The formation of gHe (t;/, = 0.810 s) and SN (t;, = 7.10
s) in the target lead to the very high initial activity of 6.10 x 10° curies

which decays to the level of 0.3 curies after approximately 2 minutes. The

9
4

Be. It has a short

radioactive isotopes are produced by the following reactions: ;Be(n,a) gHe and

1go(n,p) 1? gLi is produced by a (n,p) reaction on 2

half-1ife of 178 ms and decays away in less than 1 minute. The major contri-

butors to the total activity for times greater than 1 minute are 1§gTa, 187w

747
1§2w, lngf and lgiw. Not shown on the figure are the low level Tlong term
14

10
4Be and 6

curies and 1.29 x 10715 curies, respectively. 1gBe has a half-1life of 1.62 x

N.

activities of C which have initial activities of 4.86 x 10711

20 a half-life of 5734 yrs. Both decay by B . For details on

the production of the radioactive isotopes and resulting stable isotopes see

100 yrs and L

Table 3. Here, once again, the activity of the unburned tritium is included
for comparison.

Figure 8 shows a comparison of the target activity results normalized to
1 mg of tamper material. By assuming that the activity is roughly linearly
proportional to the tamper mass, one can use Fig. 8 to estimate the activity
of targets with differing tamper masses. The Au tamper has a higher specific
activity than the other two tamper materials. The W tamper decays somewhat

slower than either the Au or Pb tampers. As seen, if only the specific

14
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activity 1is compared, the activity of the unburned tritium is 2-3 orders of
magnitude higher than the activity of the tamper materials.

Several calculations were performed to determine the sensitivity of the
activity results to a change in the tamper density and a change in the neutron
spectrum. The tamper density was changed to its natural density value keeping
the mass constant and the neutron spectrum was changed to a 14.1 MeV monoener-
getic source spectrum impinging upon the pusher/ablator region's inner bound-
ary. As can be seen from Fig. 9, the total activity of the tamper is not
overly sensitive to these changes. This may be due to the fact that the
moderated spectrum shown in Fig. 3 is still a very hard spectrum containing
~ 72% uncollided 14.1 MeV neutrons. A different result may be obtained if a
softer source spectrum is used (containing less than 50% uncollided neutrons).

The Au tamper case was used for this comparison. These calculations do not

196m

79 Au isomeric state.

include the activity of the

4, Conclusions

The results have shown that all of the tamper materials have an activity
within 0.3 to 2 curies on a per shot basis. If specific activity is compared,
the activity of the Au tamper is somewhat higher than the other two and the W
tamper takes somewhat longer to decay away. All of the pusher/ablator materi-
als considered, CH,, LiPb and BeO, have very high initial activity levels due
to the production of the radioactive isotope 2He. Because of its short half-
life of 810 ms, it poses no long term radioactivity problems. The long term

radioactivity levels were very low on a per shot basis and are given by the

following 1isotopes: zgng activity of 2.20 x 1079 curies, lgc activity of
1.83 x 10714 curies, and lgBe activity of 4.86 x 10"11 curies, all after 1000

yrs. In all cases, though, the activity of the unburned tritium exceeded that

16
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Fig. 8. A comparison of the target activity results normalized to 1 mg of
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of the target materials. This may not be as bad as it seems as the tritium
will be in gaseous form and thus can be continually pumped out of the reaction
chamber. The solid target materials, however, will condense and accumulate on
the reaction chamber walls. It now remains to compute whether or not this ac-
cumulated activity is negligible when compared to the activity of the reactor

chamber structural material. These calculations are in progress.
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