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Abstract

The choice of material for the first wall of the Light Ion Beam Target
Development Facility is discussed. Materials considered are Al 6061, Al 5086,
304 stainless steel, HT-9 (ferritic steel), Ti-6A1-4V, Cu-Be C17200, and Cu-Be
C17600. The thermal response, mechanical response and induced radioactivity
in first walls made of each of these materials are calculated. Minimum thick-
nesses of these walls are determined and cost estimates are made for the ma-
terial requirements for each wall. Finally Al 6061 is suggested as the best

choice of first wall material.



I. Introduction

First wall design is a critical part of Inertial Confinement Fusion re-
actor design(1‘4) and is also important to any experimental device where
repetitive fusion target explosions are to be contained. An important first
wall design feature is the choice of material. Important issues in the choice
of first wall material include chemical compatibility with coolants and cavity
gases, tritium retention, induced radioactivity, mechanical response to shocks
and thermal response to heat fluxes. In this paper, these issues are faced
for the first wall design in the Light Ion Beam Target Development Facility
(10F)(5) shown in Fig. 1.

In the TDF, fusion targets yielding approximately 200 MJ of energy would
be tested roughly 104 times during the lifetime of the facility at the rate of
10 shots/day. The target chamber is a cylinder 3 meters in radius and is
filled with 5-50 torr of gas. The target explosion generates a blast wave in
the cavity gas that transmits a pulsed heat flux and a shock overpressure to
the first wall. These effects have been simulated by the computer code
FIRe(6) for various densities of argon with a 0.2% impurity of sodium and of
xenon with a 0.5% impurity of cesium. The results of these simulations are
shown in Table I where the density is expressed as the pressure the gas would
have at room temperature. The maximum overpressure, the arrival time of the
mechanical shock at the first wall, the maximum heat flux, its arrival time,
and the temperature that an HT-9 wall would attain are all shown in Table I.
Since there is some uncertainty about what cavity gas pressure would fill the
TDF target chamber, the wall should be designed at this time to withstand the

Targest possible overpressure and the largest feasible heat flux.



Figure 1

Light Ion Beam Target Development Facility
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Several materials are proposed for the first wall. They are listed in
Table II along with some qualitative properties of the materials. Mechanical
strength, level of thermal stresses, induced radioactivity and materials costs
will be discussed in various sections of the paper. The other properties
listed in Table Il are fabricability, compatibility with cavity gas, Ty re-
tention, and compatibility with borated water. Notice that as long as the
cavity gas is dry NH3 or Ny, the only material with any problems is Ti-6A1-4V
having a high T, retention. If the cavity gas is NH3, much of the tritium may
get bound up in NT3 and T, retention might no longer be a problem. If the
cavity gas contains Na or Cs then aluminum is not a good first wall choice.

In Section II, the mechanical and thermal properties of each of these ma-
terials is investigated. In Section III we describe mechanical and fatigue
response and determine the thickness of each material needed to support the
load of the overpressure. In Section IV, the thermal response is investigated
and the first wall panel thickness of each material is given. Cost estimates
for the first wall materials are made in Section V and the induced radio-
activity calculations are described in Section VI. Conclusions and a recom-
mended choice of material are made in Section VII.

II. Thermal and Mechanical Properties

Before any calculations of the first wall mechanical and thermal response
can be made, material properties must be identified. The choices of the first
wall materials for the TDF cavity are aluminum based alloys (Al 6061 and Al
5086), copper based alloys (Cu-Be C17200 and Cu-Be C17600), titanium alloys
(Ti-6A1-4V), and iron based alloys (stainless steel 304 and HT-9). It should

be noted that the most important criterion for choosing the candidate materials
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is the availability of a qualified metal industry. This criterion is met for
all of the candidates.

The thermal (physical) and mechanical properties of the candidate metal
alloys are important to the viability of the proposed TDF cavity design.
Critical properties include density, heat capacity, thermal conductivity,
melting temperature, thermal expansion coefficient, Poisson's ratio, Young's
modulus, and tensile yield strength. There is a wide data base for the
selected metal alloys with respect to non-fusion environments. Areas such as
thermal properties of the candidate metal alloys at room temperature are well
known because of their role in aerospace and fission technologies and there is
a fair amount of data for moderately elevated temperatures.(7) Most of the
data have been obtained from a recently published Metals Handbook(s) and the
Structural Alloys Handbook.(g) A recent review of data for HT-9 is found in
the “STARFIRE" report.(lo) Table III summarizes the data base for the se-
lected metal alloys and contains a quantitative comparison of the seven alloys
considered in terms of the thermal and mechanical properties which are the
most important to TDF cavity wall design philosophy.

The overall qualitative nature of the thermal properties can be well
represented by examining the thermal diffusivity. Aluminum and copper alloys
have superior thermal diffusivity compared to that of Ti and Fe based alloys.
They allow a much lower temperature gradient at the first wall and will lead
eventually to much smaller thermal stresses in the wall. However, their po-
tential disadvantages are connected with their lower melting temperatures.
This disadvantage might be corrected by allowing a melting layer at the sur-
faces facing the incident radiating heat flux. Temperature diffusion calcu-

lations indicate that all the candidate metal alloys show much higher maximum
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temperature differences at the wall than their own melting temperatures. This
will be discussed in Section IV.

The mechanical properties of the selected metal alloys are also given in
Table III. In terms of mechanical properties, combinations of low thermal ex-
pansion coefficients, smaller Young's modulii and high yield (tensile) strengths
are desirable. For example, Ti-6A1-4V has a smaller thermal expansion coef-
ficient and larger yield strength than the others. However, it has a much
smaller thermal conductivity, which imposes a large thermal stress at the
cavity wall as mentioned before. To resolve the paradox of the strongest ma-’
terials having the worst thermal properties and to qualitatively represent the
overall nature of the combined thermal and mechanical properties, the so-
called thermal shock parameter is used. This parameter is a measure of the

resistance of the metals to thermal stress failure and is defined as

P::ch!yK(l-\))
of

where: oy = yield (tensile) strength
K = thermal conductivity
v = Poisson's ratio
a = thermal expansion coefficient
E = Young's modulus.

A larger value of P is preferred. It can be seen from Table III that Al and
Cu based metal alloys have larger thermal shock parameters compared to that of
the Fe and Ti based alloys.

It is well known that most of the metal alloys show wide variations in

the thermal and mechanical properties depending on heat treatment, processing



variables and temperatures. Table IV shows the variations of the properties

with respect to temper type and temperature. Aluminum based alloys have quite

poor values as the temperature increases, while titanium alloys have an in-
creasing value of the thermal shock parameter. Fe based alloys almost remain
constant at elevated temperatures. The data base for the copper metal alloys
suffers from the lack of related data at high temperatures.

A few important conclusions are drawn from this comparison:

1. The large value of thermal diffusivity for Al and Cu based alloys makes
them clearly superior to Fe and Ti based alloys, even though their melting
temperatures are relatively lower.

2. Al and Cu based alloys appear to be better choices again with respect to
minimizing the thermal stresses due to much higher values of the thermal
shock parameter.

III. Mechanical Response of the First Wall

One important constraint on the first wall material and design is that
the stresses due to the flexure of wall panels must not exceed either the
tensile yield stress or the stress that would lead to fatigue failure during
the first wall lifetime. The first wall should last 107 flexures if 10% tar-
get explosions are expected and 103 flexures are allowed for each shot. This
may be a conservative number but, as is shown in Section IV, it does not lead
to excessively thick panels. Since determination of the damping of the
flexures is very difficult and depends on the details of the design, it is
clearly better to be conservative and choose a large number of flexures per
shot. The tensile yield stresses are taken from the values tabulated in
Section II. The requirement that the stress remain below the yield stress

comes from a desire for the wall to retain its structural integrity. If the
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wall material is forced to yield repetitively, the lifetime of the panel will
be substantially reduced.

The mechanical flexural stresses are calculated for the largest over-
pressure which could be expected in the TDF cavity gas. This overpressure,
which is shown in Fig. 2, was determined by a FIRE code(6) simulation of the
response of a 70 torr cavity gas of xenon with a 0.5% impurity of cesium. The
greatest reasonable overpressure is used because of the uncertainty in cavity
gas response to the target microexplosion. Note that at lower pressures, such
as 10 torr, the overpressure is a factor of 10 less. Hence, this is a very
conservative choice.

The method of determining the flexural stresses is the same as has been
previously reported.(ll) This method calculates the dynamic response of the
first wall panels by multiplying the static values by a dynamic load factor
which is a time-dependent function that includes the effects of material pro-
perties and the geometry of the panels. Figures 3 and 4 show the flexural
stresses at the inside edge of a panel made of Al 6061 which is 7 ¢cm and 1 cm
thick, respectively. In both cases, the dimensions of the panel are 2 meters
by 0.47 meters. The panels are assumed to be held fixed on the edges and are
solid plates. Notice that the thin panel has a much larger maximum stress and
a much Tower frequency of oscillation.

The maximum flexural stress has been calculated for several different ma-
terials and for plate thicknesses ranging from 1 cm to 7 cm. The dimensions
of the panels for all cases are 2 meters by 0.47 meters and they are always
solid plates that are held fixed on the edges. In Figs. 5 through 9 the maxi-
mum flexural stress has been plotted against plate thickness for Al 6061, 304

stainless steel, HT-9, Ti-6A1-4V, and Cu-Be C17200, respectively. There are

13
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Fig. 5.

Maximum flexural stresses in a plate of Al 6061 versus plate thickness
for the pressure pulse shown in Fig. 2.
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MAXIMUM FLEXURAL STRESS (MPa)

Fig. 6.

Maximum flexural stresses in a plate of 304 stainless steel versus plate
thickness for the pressure pulse shown in Fig. 2.
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Fig. 7.

Maximum flexural stresses in a plate of HT-9 versus plate thickness for
the pressure pulse shown in Fig. 2.
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MAXIMUM FLEXURAL STRESS(MPa)

Fig. 8.

Maximum flexural stresses in a plate of Ti-6A1-4V versus plate thickness
for the pressure pulse shown in Fig. 2.

500

400

300F

T | | I l ! T
Ti 6Al-4V
Fmax =1.71 MPa

(70 Torr Xe+0.5% Cs)

60 MJ FIREBALL
SOLID PLATE

3meter cavity
200 cm x 47 cm panels

—

YIELD STRESS =1068 MPa
|Q5Cycles to failure

200

100
O

o

1

|06

I | | | 1 L

I 2 3 4 5 6 7
PLATE THICKNESS (cm)

20



MAXIMUM FLEXURAL STRESS (MPa)

Maximum flexural stresses in a plate of Cu-Be C17200 versus plate thick-

ness for

Fig. 9.

the pressure pulse shown in Fig. 2.
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comparable plots for Al 5086 and Cu-Be C17600, but they are very similar to Al
6061 and Cu-Be C17200 and are not shown. Also shown in Figs. 5 through 9 are
the stresses corresponding to fatigue failure after a given number of
f]exures(s) and the tensile yield stresses.

With the results in these figures, the plate thickness required for each
material may be determined. The thickness is the maximum of the value corre-
sponding to 107 cycles to failure and the value corresponding to the yield
stress. Only Cu-Be C17200 and Cu-Be C17600 have their thickness determined by
the yield stress. The required thicknesses of all of the materials are given
in Table V.

IV. Thermal Response of the First Wall

The second important consideration in first wall design is the thermal
response of the wall panels. It is possible that a large fraction of the 60
MJ of non-neutronic target yield may be deposited on the first wall in a
fraction of a millisecond. Under such conditions the first wall material may
melt or experience large thermal stresses which can cause inelastic defor-
mations or creep. The philosophy used here is to assume the largest possible
surface heat flux and analyze the behavior of the innermost layer of the ma-
terial which undergoes these effects. As long as the effects of heating re-
main in this layer, e.g., there is no significant growth of cracks, the layer
may be treated separately from the remainder of the plate. The load of the
shock overpressure is carried by the part of the plate behind the thermally
stressed and melted layer and the thickness of the load bearing region is that
determined from yield stress and fatigue considerations in Section III.

The heat flux used in the analysis of the thermal response is that which

results from a fireball simu]ation(lz) of 60 MJ of non-neutronic target energy
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Table V. Thickness Required to Avoid Excessive Flexural Stresses

Material Thickness (cm)
Al 6061 3.0

Al 5086 3.0

304 SS 2.4

HT-9 2.0
Ti-6A1-4V 1.95
Cu-Be C17200 1.1

Cu-Be C17600 2.15

23



propagating through a 5 torr xenon gas with a 0.5% impurity of cesium. The
heat flux at the first wall of a 3 meter target chamber is shown in Fig. 10.
Notice that in this case roughly 90% of the fireball energy is radiated to the
first wall in less than a millisecond.

The temperature profile in the first wall is calculated using the heat
flux shown in Fig. 10 by using a simple temperature diffusion computer code
with constant heat transfer coefficients. An example of this type of calcu-
lation for Al 6061 is shown in Fig. 11. The temperature of the first wall is
plotted against the distance into the wall for different times. Also shown
are the melting temperature of the material, one half of the melting tempera-
ture and the temperature causing a 0.1% deformation in the material. A ma-
terial hotter than one half of the melting temperature may be assumed to creep
and any deformation greater than or equal to 0.1% may be taken as inelastic.
From plots 1ike Fig. 11, the duration and width of the layer of melted materi-
al may be deduced. The duration of the melt layer in Al 6061 is estimated to
be 4.7 x 10~% seconds.

This temperature diffusion code nelgects the heat of fusion and thus
overestimates the temperature in the melted layers. A*THERMAL, a more so-
phisticated temperature diffusion code(13) which includes the effects of heat
of fusion has been used to do the same calculation as shown in Fig. 11 and
gives the result shown in Fig. 12. Here the surface temperature is plotted
against time. Notice that the discontinuity in the heating of the wall
surface through the melting temperature is very small, which means that the
heat of fusion uses only a small fraction of energy radiated to-the wall.

Also notice that the film of molten material resolidifies in 4 X 10-4 seconds,

which agrees well with 4.7 x 1074 seconds predicted by the less sophisticated
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Fig. 10
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analysis. This agreement between the two calculations allows the neglect of
the heat of fusion in all of the following calculations.

In Figs. 13 through 18 temperature profiles for various times are plotted
for Al 5086, 304 stainless steel, HT-9, Ti-6A1-4V, Cu-Be C17200, and Cu-Be
C17600, respectively. The calculations leading to these plots have neglected
the effects of heat of fusion. The thermal properties of the materials were
taken from Table III. It may be noted that the materials with high thermal
conductivities, namely the Cu-Be and A1 alloys, have low and broad temperature
profiles, as one would expect. Conversely, those materials with low thermal
conductivities (304 stainless steel, HT-9, and Ti-6A1-4V) have high and narrow
temperature profiles. Also shown in these plots are the melting temperatures,
one half of that temperature, and the temperature needed for 0.1% deformation.

Using the temperature profiles and the melting temperétures and tempera-
tures for 0.1% deformation shown in Figs. 11 and 13 through 18, the duration
and thickness of the layers of melted material and the thicknesses of the
inelastically deformed regions can be determined. The purpose of this is to
find the thickness of that region which is not able to support the load of the
shock overpressure because of the combined effects of melting and thermal
stresses. The thicknesses of the layers dedicated to bearing the effects of
the thermal pulse are given for each material in Table VI. Also given in
Table VI are the thicknesses needed to support the mechanical load and the
total thickness for each material. The material which requires the thinnest
plate is Cu-Be C17200 because it has a high thermal conductivity, a moderate
melting temperature, a moderate Young's modulus and good fatigue resistance.
The material which requires the thickest plate is Al 6061 because, even though

it has a high thermal conductivity, the melting temperature is low so that it
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Fig. 13
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Fig. 15
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Fig. 18
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Table VI.

First Wall Thermal and Mechanical Response

Melt Deformed Fatigue* Total Plate
Material Layer (cm) Duration (s) Layer (cm) Width (cm) Thickness (cm)
Al 6061 0.010 4.7 x 1074 0.140 3.00 3.140
Al 5086 0.011 4.7 x 1074 0.11 3.00 3.11
304 SS 0.0055 2.7 x 1074 0.035 2.40 2.44
HT-9 0.0035 7 x 1074 0.040 2.0 2.04
Ti-6A1-4vV 0.005 2 x 1073 0.030 1.95 1.98
Cu-Be C17200 0.007 7 x 1074 0.075 1.10 1.16
Cu-Be C17600 0.004 3 x 1074 0.086 2.15 2.23

*107 cycles or yield stress
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has the thickest molten layer. It also has poor fatigue resistance which
means that the thickness needed for the mechanical load is large. A1l materi-
als need thicknesses between 1.16 cm and 3.14 cm, values that are reasonable
for construction purposes. In Section V, these plate thicknesses will allow
the costs of the materials needed in each case to be determined.

In the above analysis, there are a few assumptions which should be dis-
cussed. One such assumption is that cracks generated in the regions under-
going thermal creep will not propagate into the mechanical load bearing regions.
This is a reasonable premise because the thickness of the regions where the
temperature is between T .1+ and Tne1t/2 1s always small compared with the
thickness of the load bearing regions. The crack tips will quickly move into
an area where tensile stresses are always small. Another premise is that
molten material does not flow before it resolidifies. This is reasonable be-
cause the melted layers are always thin, so cohesion with the solid layer is
large, the duration of the molten layer is short and the only force parallel
to the plane of the plate is gravity. Thus flow of molten material (if any)
is not expected to be a problem.

A final point to be made is that the calculations of the temperature pro-
files predict that 304 stainless steel, HT-9 and Ti-6A1-4V are vaporized to a
small degree. The latent heat of vaporization and heat of fusion are ne-
glected so that it is not certain if any vaporization in fact would take
place. Also, the heat flux used in these calculations represents the worst
case. However, there does remain the possibility that a wall made of one of

these materials may be eroded by vaporization.
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V. Material Costs

The costs of the materials used in constructing a first wall can be ob-
tained from the wall thicknesses determined in Section IV. The costs of con-
struction are much more difficult to obtain and are not considered here. To a
first approximation, the construction costs should be independent of choice of
material and should be added to the cost of the materials to find the total
cost of the cavity. The costs of the materials themselves are variable, de-
pending on the forms of the materials, the purities needed from radioactivity
considerations, etc. The purpose here is not to provide absolute numbers for
the material costs but to provide relative costs that will show how the thick-
nesses of the materials are balanced by the different unit costs of the ma-
terials.

The material costs are given in Table VII. The unit costs ($/kg) were
obtained from a common source(14) with the exception of HT-9.(15) The masses
shown are the total of the 3 meter radius 6 meter high cylindrical cavity,
plus the mass of the hemispherical top and bottom. The supporting frame may
be assumed to weigh 1.5 times the weight of the wall and the top and bottom,
but it is not included in the masses in Table VII.

The cost analysis shows that even though the aluminum walls are the
thickest, the material used is the cheapest of all materials considered. Con-
versely, one of the thinnest walls is made of Ti-6A1-4V but it also has the
largest materials cost. In any event, none of these costs appear to be
prohibitively large.

VI. Radioactivity

The radioactivity induced in the first wall and supporting structure by

14 MeV fusion neutrons can cause troublesome maintenance and operating
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Table VII. First Wall Panel Materials Costs (Unfabricated)

Material Unit Cost ($/kg) Mass (kg) Cost ($)
Al 6061 1.8 1.92 x 104 3.5 x 104
Al 5086 1.8 1.89 x 104 3.4 x 10%
304 SS 1.26 4.42 x 104 5.56 x 10%
HT-9 18. 3.58 x 104 6.44 x 10°
Ti-6A1-4V 27.8 1.98 x 10 5.5 x 10°
Cu-Be C17200 8.35 2.16 x 10% 1.8 x 10°
Cu-Be C17600 8.35 4.72 x 10t 4.0 x 10°
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problems for the Target Development Facility. We anticipate that the radio-
active inventory will not pose a disposal problem so we have concentrated on
the resultant dose from this radioactive structure. We assume that there are
ten full yield 200 MJ shots per day. This represents an average fusion power
level of 23 kW. We assume that 70% of the energy is in neutrons. Hence, the
neutron power is 16 kW. At such Tow power levels, in comparison to our fusion
reactor designs for instance, we would expect that there may be non-saturation
effects in the decay chains. For this reason we have computed the dose for
one week and for one year of operating time at 16 kW. These calculations have
thus far been done for three of our candidate wall materials: Al 6061, HT-9,
and 304 stainless steel. The isotopic compositions of these materials are
given in Table VIII. The radiation doses experienced at the surface of the
first wall and from the operating floor, 8 meters away, are given in Tables IX
and X. In Table IX we show the dose at these two locations as a function of
time after shutdown after operating for one year. We see that for Al 6061, we
could enter the target chamber at one week after shutdown without experiencing
excessive doses. For the ferritic and stainless steels we would see a sub-
stantial dose at the first wall even after one week. It is interesting to
note that the Al 6061 is much hotter at shutdown than the steels, but it
decays much more quickly. If remote handling were acceptable then the steels
would allow manipulation from the operating floor while remaining within
tolerable radiation levels. This scenario of course assumes that access to
the target chamber will be very infrequent.

In Table X we give the results of calculations assuming only one week of
operation before shutdown. Again, the Al 6061 is very hot at first and then

quickly decays. The steels reach nearly the same dose levels at shutdown, but
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Table VIII. Isotopic Composition of 304 SS, HT-9, and Al 6061 (cm'3)
304 SS
$i-28 7.3 x 1020 $i-29 3.72 x 1019 $i-30 2.38 x 1919
Cr-50 6.94 x 1020 Cr-52 1.35 x 1022 Cr-53 1.54 x 1021
Cr-54 3.83 x 1020 Mn-55 1.01 x 1021 Fe-54 3.48 x 1021
Fe-56 5.48 x 1022 Fe-57 1.31 x 1921 Fe-58 1.97 x 1020
Ni-58 5.09 x 1021 Ni-60 1.97 x 1021 Ni-61 8.92 x 1019
Ni-62 2.74 x 1020 Ni-64 8.10 x 1019 Cu-63 1.03 x 1020
Cu-64 4.60 x 1019 Mo-92 2.58 x 1019 Mo-94 1.47 x 1019
Mo-95 2.56 x 1019 Mo-96 2.69 x 1019 Mo-97 1.54 x 1019
Mo-98 3.88 x 1019 Mo-100  1.57 x 1019
HT-9
Si-28 3.9 x 1020 $7-30 1.2 x 1019 V-50 2.75 x 1020
Cr-50 4.47 x 1020 Cr-52 8.7 x 1021 Cr-53 9.91 x 1020
Cr-54 2.47 x 1020 Mn-55 4.27 x 1020 Fe-54 4.17 x 1021
Fe-56 6.56 x 1022 Fe-57 1.57 x 1021 Fe-58 2.36 x 1020
Ni-58 2.71 x 1020 Ni-60 1.04 x 1020 Ni-62 1.46 x 1019
Ni-64 4.3 x 1017 Mo-92 7.75 x 1019 Mo-95 7.7 x 1019
Mo-96 8.1 x 1019 Mo-97 4.6 x 1019 Mo-98 1.16 x 1020
Mo-100 4.7 x 1019 W-174 2.0 x 107 W-182 3.4 x 1019
W-183 1.8 x 1019 W-184 3.9 x 1019 W-186 3.6 x 1019
Al 6061
Mg-24 4.74 x 1020 Mg-25 6.11 x 1019 Mg-26 6.73 x 1019
A1-27 5.82 x 1022 Si-28 3.20 x 1020 $i-29 1.63 x 1019
Si-30 1.07 x 1019 Cr-50 4.04 x 1018 Cr-52 7.86 x 1019
Cr-53 8.96 x 1018 Cr-54 2.23 x 1018 Mn-55 4.44 x 1019
Fe-54 1.19 x 1019 Fe-56 1.87 x 1020 Fe-57 4.46 x 1018
Fe-58 6.73 x 1017 Cu-63 5.30 x 1019 Cu-65 2.37 x 1019
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Table IX. Dose Calculations for LIB-TDF

One Year Operating Time @ 16 kW

Time After Dose At
Shutdown First Wall (mr/hr)
Al 6061
0 2.1 x 103
1d 2.6 x 102
1w 1.65
HT-9
0 489
1d 114
1w 101
SS 304
0 481
1d 109
1w 105
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Dose At Operating
Floor (mr/hr)

230
28

55
13
11

54
12
12



Table X. Dose Calculations for LIB-TDF

One Week Operating Time @ 16 kW

Time After Dose At
Shutdown First Wall (mr/hr)
Al 6061
0 2.1 x 103
1d 264.
1w 0.4
HT-9
0 369.
1d 13.9
lw 2.58
$S 304
0 373.
1d 5.8
1w 3.6

42

Dose At Operating

Floor (mr/hr)

2.3 x 102
28.
4 x 1072

42.8
1.56
0.23

43.3
0.66
0.42



their longer-lived radionuclides have not saturated, hence the dose at one
week after shutdown is tolerable. However, this dose will build up over time
so that in one year it will be nearly the same as in the previous scenario.

We see that the radiation fields associated with an aluminum wall and
structure are initially more intense than for steel. But they decay much more
quickly so that one week after shutdown, the dose is low enough to allow
hands-on access to the target chamber. This is not the case for the steels.
However, remote access from the operating floor is possible after one week for
the steel structure.

An important element of this analysis that has not been addressed is the
problem of radioactive target debris and tritium. The target ablator and
pusher will experience very intense neutron fields which will lead to some
radioactive inventory. The mass transport of the material within the gas
filled target chamber is a complex problem that has not been addressed in this
study. Although tritium is a benign radioactive isotope, it will be present
in copious amounts. Hence any adsorption or absorption of tritium in the
target chamber will lead to radioactive hazards that have not been addressed.

From the analysis that has been done thus far, the best choice from a
radioactivity standpoint is aluminum. It should be mentioned that high purity
aluminum is available if dose levels from impurities pose a serious problem.
However, from our current results we conclude that this additional expense is
not necessary.

VII. Conclusions

The choice of first wall material has been investigated for the TDF. Me-
chanical and thermal properties have been accumulated for the materials con-

sidered. Mechanical responses have been predicted for the largest credible
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shock overpressure and thermal responses have been determined for the largest
heat flux on the first wall. Induced radioactivity has been calculated for
walls made of some of the materials. Required thicknesses and material costs
are finally found for the materials.

It has been found that Al 6061 is a good choice of material for the TDF
first wall. Calculations show that one week after shutdown, the radioactivity
is low enough for hands-on maintenance. Cost estimates also show that the
aluminum alloys are the cheapest of those materials considered. The thick-
nesses needed for these alloys are reasonable for construction. The major
problem with aluminum is its incompatibility with Na and Cs. Recall that
these impurities in the cavity gas are present to enhance channel breakdown by
laser beams. This leads us to suggest that other cavity gas candidates be
investigated for the TDF. With this qualification Al 6061 is suggested for

serious consideration as the first wall material.
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