NORTH CAMPUS “CAVES”

On the ground floor of the new Phoe-
nix Memorial Laboratory, presently under
construction on the University’s North
Campus, are located two bulky steel and
concrete cubes with massive steel doors,
and several holes of various shapes and
sizes in their walls. These are the high
level radiation “caves”’, one of the most
important features of the new labora-
tory. When they are completed, these
“caves” will make possible many experi-
ments with strongly radioactive materials
which are either impossible or exceeding-
ly difficult to perform with the more
primitive facilities available in many ra-
diation laboratories today. Experiments in
the chemistry and mechanics of materials
containing 8,000 or 10,000 curies of ra-
dioactivity will be performed with rela-
tive ease and accuracy by men using
mechanical arms, hands and fingers to
manipulate the deadly matter while stand-
ing safely behind three feet of heavy
shielding.

Each of the finished caves will enclose
a floor area of about ten feet by five and
one half feet with three foot walls of
barytes concrete and steel. The ceiling
will be four feet thick. Each cave will be
equipped with manipulators, for remote
handling of materials and equipment,
three windows of lead glass, a door open-
ing covered by two 14 inch thick steel
slabs, and transfer holes and ducts to
facilitate the introduction and removal of
radioactive materials.

Steel Shell. The first step in the con-
struction of the caves was the installation
of a shell of 34 in. steel sheets forming
the inside and outside surfaces of the
walls, as well as the surfaces of the open-
ings that were to be left for windows,
the door, manipulators and material trans-
fer ducts. This steel shell was made by
Whitehead and Kales in Detroit, from
where it was shipped in sections to Ann
Arbor. These sections were then lowered
through a hole in the floor above the site
where the caves were to be constructed.
Once in place, the separate sections were
assembled and welded together to form a
mold for high density concrete—the main
constituent of the walls. A steel beam-
work was finally laid across the top.

Concrete. The mineral barytes, instead
of the conventional gravel and sand ag-
gregates, was used in the concrete. Since
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barytes concrete weighs about 216 pounds
per cubic foot as compared with the 120
to 140 pounds for conventional concrete,
the gross cost, because of higher initial
cost, added transportation costs, and add-
ed handling cost, was four to five times
the cost of ordinary concrete. However,
although a wall of identical shielding ca-
pacity made with ordinary concrete would
undoubtedly be less expensive, after con-
sidering the value of the space saved (the
shielding capacity of a material is a
function of its density) and other factors,
it was decided that the barytes concrete is
the best material in this instance.

Other than its greater density, the
physical properties of the concrete are
about the same as those of ordinary sand
and gravel concrete, and, consequently, it
was mixed and forced into its mold—the
steel shell—in the usual manner. Special
attention, however, had to be paid to the
shaking operation, since it is essential
that as little void as possible remain in the
concrete and that every part of the shell
be completely filled, if the wall is to be
an effective shield. The four feet thick
ceiling was cast with the same material.

Windows. As was stated earlier, each
cave will be equipped with three win-
dows—the same thickness as the walls.
The dimensions of the windows on the
inside of the cave will be 2 ft. 63 in. by
2 ft. 1154 in. and on the outside—1 ft.
934 in. by 2 ft. 414 in., each window
consisting of six plates of glass six inches
in thickness. The cracks between the in-
dividual plates will be filled with a min-
eral oil exhibiting similar optical proper-
ties as the glass. The film of oil will
eliminate all surface reflections.

The windows will consist of three lay-
ers of different dimensions containing
two plates of glass each. These layers will
be so arranged that the windows will be-
come larger by steps toward the inside
of the cave (see layout). Such an arrange-
ment has a double advantage in that a
wider possible range of vision will be ob-
tained, and also a radiation barrier will be
produced blocking any radiation that
might otherwise leak through the crack
between the glass and the window frame.

Cerium stabilized lead glass is used in
the windows. This type of glass consists
partly of lead oxide, and its greatest ad-
vantage over other shielding glasses lies

in its extremely high density. Sml
amounts of cerium oxide are incorporated
in the glass because of its ability to retard
darkening of the glass upon exposure to
high energy radiation. The thick slabs of
glass were cast in the Herrodsburg plant
of the Corning Glass Works, and the s
sembled windows will be installed ths
spring.

Manipulators. Probably the most com
plicated feature of the caves are the man-
ipulators. Each cave will be equipped
with a pulley type device for heavy lift
ing and two "master-slave” manipulators
for the more intricate and delicate opers-
tions required in most scientific work
While the pulley type manipulator is
essentially a movable lifting crane, the
manual master-slave manipulators are
delicate and sensitive instruments, and are
the result of years of study and research
The manipulators that will be installed
in the Phoenix Laboratory's caves are of
the model 8 type manufactured by the
Central Research Laboratories in Red
Wing, Minnesota, from a design ongr
nated at the Argonne National Labor-
tory. Essentially each manipulator is 2
rather intricate system of aluminum tob
ing, stainless steel cables, gears, leven.
etc., designed so that when a motion
carried out with a handle at one end of
the mechanism, a tong at the other end
goes through a nearly identical motioa
With the friction and the weight of pars
kept at a minimum, every force exerted
upon the handle produces an equal for
upon the tong, and, conversely, every op
posing force exerted upon the tong &
reflected back to the master handle, the!
giving the operator the ability to “feel’ -
by remote control. This is extremely ir-|
portant when handling fragile objects o|
sensitive equipment. These features pls
the fact that several types of tongs ad
respective master handles can be easlf
substituted will enable an operator to pt-
form almost every operation ordinaniy
done directly by hand, without givisz
special thought to every motion made.

Special holes through which the o
necting shafts of the master-slave manipe |
lators and also the lifting crane eats
the cave were left in the wall above te
double window. Intricate lead follo¥ l
blocks have been designed to allow t¢|
manipulators to move the width of
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ve. The manipulators will be installed
is spring.

Ventilation. In handling highly radio-
tive materials ventilation becomes an
wortant problem. In the “caves” there
ill be two intake ducts on the bottom
id one at the top in the front of the
we. Two exhaust ducts at the bottom
1d one at the top are in the back of the
we. This particular arrangement cuts
e top to bottom wind currents to a
inimum keeping disturbance of any
ork being done in front of the window
+ 2 minimum. Each cave is kept below
mospheric pressure so that all leakage
ill be into the cave. The air going
wough the exhaust ducts is first filtered
wough a rough filter and then a fine fil-
r which will remove more than 99%
[ the radioactive particulate material.
he exhaust air then goes to a stack the
ip of which is ten feet higher than any
iilding in the vicinity and let out.
Lighting and Finishing. There will be
ne fluorescent light fixture at the top

of the cave and six sodium vapour lamps
around each window. The reason for
using sodium lights around the win-
dows is that it has a single wavelength
and thus on going through the thick win-
dow a simple diffraction takes place,
whereas, if ordinary lights with multiple
wave emission lengths is used a complex
diffraction pattern occurs which would
make the reading of things like scales in-
side the cave very difficult.

Amercoat 33, a special paint which
resists dilute acid solutions will be used
to finish the inside, thus allowing it to be
thoroughly hosed down. The “hot” water
and acid drains to a tank below the build-
ing where it will eventually be decon-
taminated.

The outsides of the caves have been
made as streamlined as possible by re-
cessing many fixtures.

Special Applications. Aside from being
a general purpose radiation cave where
experiments will be conducted with mate-
rials brought in from the outside for that
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purpose, each cave will also be adapted
to fulfill certain more specialized duties.
The southernmost of the two caves will
be connected by a “hot” passageway di-
rectly to a well in the so called “high
gamma” area which lies adjacent to this
cave. The high gamma area is a heavily
shielded room with a deep well in its
center filled with water. A high level
gamima source, probably 5000 curies' of
cobalt-60, will be stored at the bottom of
this well when it is not in actual use.
Other radioactive materials will also
probably be temporarily stored here. A
small open shaft from the cave to the well
will make possible safe and efficient
transfer of materials from the cave to
the well and vice versa, without requiring
the use of a lead container.

The second cave will be operated in
close accord with the new nuclear reactor
which the University is planning to con-
struct this year. Since this cave lies adja-
cent to the north wall of the building,

(Continued on page 34)
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