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ABSTRACT

It has been proposed to surround the target
chamber of the Light Ion Fusion Target Develop-
ment Facility with a water shield. Such a
shield would effectively isolate the radioactive
chamber from the environment while providing a
medium in which to absorb energy imparted to the
target chamber walls following the impact of the
fireball. Radioactivity calculations will be
presented for five different wall materials.

If the water surrounding the chamber provides a
damping mechanism for the wall vibrations, it
also provides a medium through which a pressure
pulse can be transmitted to the outer wall of
the shield region. It is desirable to minimize
the pressure loading upon this structure.

An investigation of the effects of a bubble
screen upon the propagation of the water pres-—
sure wave is presented, along with some possible
criteria for the design of a screen.

INTRODUCTION

The Target Development Facility,1 Fig. 1,
is an experimental facility that operates in an
environment that includes a copious number of
high energy neutrons. These neutrons will, of
course, activate the structures surrounding the
exploding target and will pose a direct radio-
logical hazard to operating personnel if they
are not shielded. Furthermore, the operating
personnel must be shielded from the decay radi-
ation from the activated components. Because
this is an experimental facility easy access to
it will be of utmost importance. This last
constraint leads to a design that utilizes low
activation wmaterials and an easily removable
shield. In this paper we first look at the
problem of neutron activation and then give the
details about the design of a water shield.

NEUTRON ACTIVATION

An investigation of five candidate ma-

G.A. MOSES, A.M. WHITE, University of Wisconsin
Nuclear Engineering Department

1500 Johnson Street

Madison, Wisconsin 53706

(608) 263-3368

terials for the first wall and structure shows
that each 1s acceptable for the first wall
structure 1f only mechanical and thermal res
sponse to the target explosion are considered.
However, their neutron activation properties are
considerably different. Neutron transport cal-
culations using the one-dimensional ANISN code
were done using a neutron spectrum that was
assumed to be softened by interactions in the
compressed target. For this steady state cal-
culation it was assumed that the fusion power
was 23 kW (200 MJ yield at 10/day). With 70% of
the energy in neutrons, this gives a neutron
power of 16 kW and a neutron loading of 1.4 x
107 MW/m®. At this wall loading materials
damage will not be a serious consideration.

Neutron fluxes at the first wall were used
to compute the activity of the first wall and
the dose level experienced at the first wall.
The total activity as a function of time {is
shown 1in Fig. 2 for Al 6061. This activity
assumes a one year operating time at 23 kW of
fusion power. This activity represents less
than 100 curies at 10 years after shutdown.
However, the important consideration is the dose
received by personnel servicing the target
chamber. This is given in Table 1 for the five
candidate materials. The dose received at the
first wall surface and 8 m from the first wall,
on the operating floor, are both given. At
shutdown, the aluminum has the highest dose.
This quickly decays in a week to very low
levels, 1.65 mr/hr, at the first wall surface.
The Cu—-Be alloy has a similar characteristic but
does not decay as rapidly. The steels and Ti
alloy have substantial dose rates on the order
of 100 mr/hr at one week after shutdown. Only
the Al 6061 and Cu-Be will allow extended hands-
on servicing within the target chamber. The
steels and Ti will allow 1limited hands-on
maintenance or remote malntenance from the
operating floor.

SHIELD ACOUSTIC WAVE ANALYSIS

For the purposes of this study the target
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Fig. 1. Light Ion Fusion Target Development Facility.
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Fig. 2. Activation of first wall in TDF.

chamber will be modeled as a single component,
of uniform composition, comprised of a cylin-
drical barrel with hemispherical caps. This
vessel will opulsate harmonically. Transient
effects will be ignored; the wall begins damped
oscillations at time zero with maximum velocity
taken at this time. This has no effect upon
further analysis except to eliminate the tran-
sient wavefront emitted by the vessel during
this time.

The acoustic wave analysis begins with a
nonlinear treatment of the £lui dynamics,
allowing the possibility of shocks. The equa-
tions are then specialized to the linear acous—
tic case for the remainder of the analysis.

TABLE 1. Dose Calculations for LIB-TDF

One Year Operating Time at 23 kW

Dose at First Wall (mr/hr)

Time After Shutdown

Material 0 1 day 1 week
Al 6061 2,100 260 1.65
HT-9 489 114 101
304 ss 481 109 105
Ti-6A1-4V 515 177 66
Cu-Be 1,060 204 7

Dose at Operating Floor (mr/hr)

Time After Shutdown

Material 0 1l day 1 week
Al 6061 230 28 0.18
HT-9 55 13 11
304 ss 54 12 12
Ti-6A1-4V 59 20 7.5
Cu-Be 118 22 0.82

Neglecting the stresses due to viscosity
and assuming only radial dependence the Navier-
Stokes equation reduces to:
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With the introduction of a velocity potential
this equation reduces to a non-linear wave
equation:
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The solution of the linearized form of this wave
equation in spherical geometry is
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This function is depicted in Fig. 3. All
physical parameters and design parameters are
given in Table 2. Figure 3 depicts the wave
fronts for times 0.1 to 0.7 ms. The wave fronts
end abruptly since the motion of the wall is
assumed to begin at time zero at maximum veloci-
ty on the expansion cycle. The detailed struct-
ure of the wave front beyond the abrupt termi-
nation depends upon the initial movements of the
wall during the transient period. The pressure
amplitude at the outer wall as the waves reach
it is given in Fig. 4. Similar Efsults can be
obtained for the cylindrical case.

BUBBLE SCREENS

It is of interest to contemplate the use of
a screen of small bubbles as a barrler to and
absorber of the pressure waves launched by the
TDF target chamber. Although many of the models
employed are perhaps oversimplifications it is
hoped that the major issues involved are clearly
delineated. Further work could be carried out
to improve the details of the analysis. The
pronounced effect of gas bubbles in a fluid upon
the sound propagation within that fluid is well
known. A few widely dispersed bubbles, so small
as to be invisible, have an appreciable acoustic
effect. The propagation speed 1is greatly
diminished and substantial attenuation occurs.
Fluids containing a large number of bubbles will
be practically opaque to acoustic waves.

"Bubbles excited to volume pulsations have
a polytropic equation of state for the enclosed
gas which results in a phase difference between
the change in pressure per unit original
pressure and the change in volume per unit ori-
ginal volume. Therefore, the work done in com—
pressing the bubble is more than the work done



HEMISPHERICAL PRESSURE WAVE
100 r T T T T Y T T T T T

80

o 7//

20 b

Lod b

-60 T+04 .., 07w

PRESSURES IN ATMOSPHERES

s
Ey
(o]

Lol 4 il

-100 i 1 n . i A i s 1 A d n

30 40 50 6.0 70 80 20
RADIAL DISTANCE IN METERS

g

Fig. 3. Acoustic waves in water shield.
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by the bubble in expanding; this difference in
the work done repiiients a net flow of energy
into the 1liquid.” The damping associated
with this mechanism is called thermal damping.

A second damping mechanism is called radi-~
" ation damping. Pulsating bubbles act as sources
of outgoing spherical sound waves. A fraction
of the bubble energy 1s radiated in this
fashion. Since this energy 1is initially in the
incident or driving wave this represents a loss

TABLE 2. SPECIFIC PARAMETERS FOR ACOUSTIC WAVE

AND BUBBLE SCREEN CALCULATIONS

Target Chamber Parameters

R, = 3 m barrel and hemisphere radius

H, = 6 m barrel height

w = 4838 s~1 vibration angular frequency

vV, = 5.7 m/s maximum wall velocity

E = 60 MJ blast wave hydrodynamic energy
per shot

Y = 0.118 ms™! damping constant

Fluid Physical Data

Py = 103 kg/m3 vater demnsity
¢ = 1470 m/s sound speed
kg = 4.76%10710 n2/nt compressibility

- Bubble Physical Data

R, = 4 mm resonant bubble radius

Ry = 2 mm bubble radius

8, = 0.02 bubble resonant damping constant
0.07 J/m2 bubble surface tension

Q
[ ]

= 5%1076 n2/nt compressibility

mechanism for the incident wave mode. The com—
bined effect of many such oscillating bubbles is
a randomization of the wave energy initially
organized in the incident wave.

The third important damping effect 1is that
of viscosity. Although as a bulk the fluid is
considered to be inviscid, at the fluid-gas
interface viscous forces are included. As the
bubble rapidly expands and contracts this
viscous effect results in heating of the fluid.

The possibility of bubble breakup and the
associated energetics of the latent heat of
surface formation will not be considered. The
bubbles are small enough that breakup seems
unlikely.

A total damping constant 1is defined to be
the reciprocal of the Q-value of the bubble-
fluild system. The Q-value characterizes the
fraction of remaining energy lost per cycle. In
terms of the three mechanisms discussed, the
total damping is
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A general theory of scattering from random-
ly distributed scatterers 1is applied in Ref. (5)
to derive the attenuation in decibels of a wave
incident upon a bubble screen. For normal inci-
dence the result is

ns

n = bubble number density

R = bubble radius

R, = resonant bubble radius

8 = gcreen thickness

50 = resonant damping constant.

From this, an exponential damping coefficient
can be computed as
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where £ = R,/R.

To analyze the effect of a bubble screen in
the TDF shield pool we assume that acoustic
waves are normally incident upon a homogeneous
slab of bubbles dispersed within a fluid. The
acoustic properties within the slab are charac-
terized by a sound speed cy and attenuation
coefficient «a. Outside the screen the sound
speed is c; and there is no attenuation.

Reflected pressure amplitudes are depicted
in Fig. 5 for screen widths between 0.1 and 0.4
meters using a bubble radius of 2 mm, which is
half the resonant radius. This figure shows
that appreciable reflection occurs. This situa-
tion seems undesirable since the reflected waves
are focused back ‘upon the pulsating vessel.
However, an appropriate choice of screen thick-
ness and void fraction gives a screen with a
tolerable reflection ratio. This situation
represents a “tuned screen” which effectively
divides the waves into acceptable reflected and
transmitted components.

Figures 6-8 depict the absorption, trans—
mission, and reflection power ratios respec-—
tively for a screen of width 0.4 m with void
fraction x = 0.00075. These results show a
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favorable rate of energy absorption while the
reflection is tolerable.

CONCLUSIONS

A water shield for the LIF-TDF allows easy
access to the target chamber. This is very im-
portant for such an experimental facility. The
use of low activation materials, like Al 6061,
for the first wall and structure allows hands on
maintenance within the target chamber one week
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after shutdown. The careful design of a bubble
screen effectively attenuates acoustic waves
launched into the’ water shield by the pulsating
target chamber.
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