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THIS IS HOT!

BY ARTHUR €. PARLETT, IR.

The problem of old razor blades is familiar—Dbut the

problem of old radioactive isotopes is really a dilly.
Where do you throw old isotopes that stay deadly for

the next few thousand years? 1€'s a real problem today!

This concerns you.

Atomic power plants are not yet
here but they will be soon, The num-
ber of nuclear reactors is growing.
Because this'is so, radiation takes on
major importance in your physical
environment.

So far the methods developed to
keep radiation under control have
proven effective; not perfect, they
are adequate.

It’s a sobering thought to realize
that as recently as the middle twen-
ties people deliberately introduced
small quantities of radium into their
bodies because they wished to enjoy
“radiant” health. Many died, hor-
ribly, and paid large sums of money
for the privilege. In the ignorance of
those days—only a little more than
twenty years ago—workers in a clock
factory employed in painting lumi-
nous figures on the dials pointed
their brushes by touching them to
the lips thereby absorbing infinitesi-
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mal amounts of radium. Some died.
And some still live, the radivn con-
centrated in their skeletons still ac-
tive and inducing sickness, degen-
erative changes in bones, tumors
and cancer. This occurred in the
dark ages of our understanding of
radiation. Naturally, nothing like
that could happen today. Yet—

Tn 1948, four specially trained sci-
entists, assisting in the Lniwetok
peace demonstration, underestimated
the danger and exposed their hands
to beta racliation. Proper safeguards
were provided but the‘;c men were
in haste.

One recovered completely in fifty
days.

Seven months after exposure it
was necessary to employ plastic sur-
gery on the hands of the others be-
cause unaided nature could not pro-
vide a tough enough skin to cover
the wounds.

Let there be no Fa-
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miliarity with radiation breeds—re-
spect !
This article has a four-fold pur-

0se :

(1) To describe how radioactive
waste products arise,

(2) To discuss the naturc of ra-
diation and its implications to
you.

(3) Tooutline the steps now taken
to control radiation due to
waste products.

(4) To stimulate thought on bet-
ter methods of disposal of ra-
dioactive waste.

Older readers of Astounding SCI-
ENCE FICTION are urged to refer
to the article “Atomic Power
Plant” in the February, 1947 issue
for an excellent discussion of the
basic principles of nuclear reactors,
and one possible design of an atomic
pile suitable for power generation.
For those not already familiar with
the operation of a reactor, the fol-
Towing brief outline may be of value.

When an atom fissions, its nucleus
splits into two parts. Each part then
becomes the nucjeus of an atom of
another element. The sum of the
atomic weights of the 1

atoms and the process will be re-
peated. Uncontrolled, we have an
atomic homb wherein the energy re-
lease is so fast that temperatures of
millions of degrees are reached in
millionths of a second. But if the at-
mosphere of neutrons is controlled
by the use of some neutron absorb-
ing, nonfissionable material, the rate
of burning can be controlled and
atomic fire can be put to useful work
—the breeding of new fissionable ma-
terial, the production of radioactive
isotopes for industrial, biological
and medical purposes, and the gen-
eration of power in form suitable for
transmission.

It is not germane to the present
discussion to consider in detail the
two classes of reactors that are in
use at the present time, but mention
of the characteristics of each is nat
out of place. In the homogeneous,
or “water-boiler” type exemplified
by the Los Alamos reactor, the fis-
sionable material is dispersed uni-
formly throughout the reactor by
making a solution of some soluble
salt of enriched uranium. The de-

atoms equals — approximately — the
atomic weight of the mother atoms,
the difference appearing. as energy.
Fission is triggered by a ncutron en-
tering the nucleus of an uranium
atom. Rapidly the uranium atom
splits apart and spits out anywhere
from one to threc neutrons. This is
the hasis or the chain reaction.
Given proper conditions, these
neutrons will enter other uranium

THIS 1S TIoT!

sign is ively simple, cer-
tainly the construction is more facile
than the heterogeneous type dis-
cussed below. But as far as the
author knows there has been only
one such reactor made, and the rea-
son is not hard to find. A homo-
geneous mixture of natural uranium
and graphite, or natural uranium
and ordinary water, simply cannot
sustain a chain reaction capable of
being harnessed. The bombs ex-
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ploded over Japan and Bikini were
homogeneous reactors, but they em-
ployed no moderator and the fission-
able material was either U-235 or
Pu-239, not natural uranium, nor
was any attempt made to control the
energy released. If H,O is used as
the moderator, then enriched urani-
um must he used as the fuel; if natu-
ral uranium is the fuel, than D.O
must be the moderator.

The other difficulty connected
with the homogeneous type of reactor
is the cost of recovery of the valu-
able products of reaction, which
varies directly with the total quan-
tity of material handled. In the
homogeneous type of reactor a very
large volume of slurry must be han-
dled in order to replace a small per-
centage of the fuel conswmed in the
reaction. Furthermore, not only the
active portion of the charge to the
reactor must be reprocessed, but the
diluent as well. Finally, the greater
the volume processed the mathe-
matically certain fact is that in abso-
lute terms a greater amount of the
sought for materials will be unrecov-
ered, and the waste disposal prob-
lems will be that much more im-
portant.

On the other hand, the “hetero-
geneous” type of reactor, typified by
Hanford, charges aluminum clad
uranium slugs to a lattice of graphite
blocks. The holes in the blocks are
located on a carefully calculated
center-to-center square pitch, and
lined with tubes. To make the opera-
tion continuous, the slugs of uranium
are slowly passed through the tubes,

96

a spent slug being removed for re-
processing as a fresh slug is charged.

Operation of the reactor produces
great quantities of heat which must
be removed if the pile is not to melt
into shapeless and dangerously radio-
active slag. Therefore, some cooling
medium is circulated through the
annular space hetween the slugs and
the tube wall. At the present time
the two media used for this purpose
are water and air, both in fantastic
quantities, although it is not true, as
some of the more naive believe, that
the entire volume of the Columbia
River is circulated through the Han-
ford pile. The cooling is done on a
once-through and ,out basis. In the
process the coolant is subjected to
irradiation by neutron bombardment
as it passes through the pile, Con-
taminated, its impurities made radio-
active, can it then he made safe to
discharge to the atmosphere or the
streams? That is one of the disposal
problems.

Here is another. Consider the
spent slug being removed Irom the
reactor. DBesides uranium, it now
contains plutonium, neptunium and
varjous radioactive fission products,
e.g., barium and krypton. The slig is
removed .{rom the tightly fitting
aluminum jacket by chemical means,
and the residue is subjected to all
the long processes the quantitative
analysis student knows so well; frac-
tional precipitation, filtration, wash-
ing, reprecipitation, rewashing, et
cetera ad nauseam. Once the urani-
um, plutonium and the fission prod-

ASTOUNDING SCIENCE-FICTION



ucts have heen removed, what are
we to do with the waste liquids
which necessarily contain some ra-
dioactive products?

Accidents must be hoth guarded
against and provided for; they do
occur. Suppose an uranium  slug
should rupture and the uranium and
fission products escape into the cool-
ing water and (hence into the river.
What provisions can he made for
such a contingency? Or the even
more probable case of spills occur-
ring in a “hot” lahoratory may he
considered. How is decontamination
to he attempted and what shall be
done with the waste?

Other than air used as a reactor
coolant, which procduces significant
amounts of argon-41—radioactive—
and maderate amounts of carhon-14,

probably the most important sources”

of gaseous waste arc chemical sepa-
rations of fission products [rom un-
used uranium and plutonium, and
the combustion products resulting
from the incineration of radioactive
wastes and by-products, It cannot be
emphasized loo much that radio-
activity is not affected by any chemi-
cal or physical process; incineration
reduces the bulk to be handled but
not the radiation to he guarded
against. Cases have been noted of
radioactive iodine being found in
vegetation many miles from the
source, carried there by air currents!

At the present time the disposal
of solid waste matter is just as
troublesome as the other slates in
which the waste may be. Solid radio-
active waste may be exemplified by

THIS 1S 1oT!

such items as contaminated labora-
tory equipment, valves, muotors,
piping, and even clothing.

*“. .. The apparent advantages of
the compact nuclear fuel . . . are to a
considerable degree offset by the
complications . . . of the disposal of
radioactive  wastes,” says Clark
Goodman,* adding in a footnote,
“This serious problem has not yet
received much attention.”

It is possibly superfluous to em-
phasize the very serious nature of
the problem to the readers of a maga-
zine which long ago was printing
such stories as Heinlein’s unforget-
able “Solution Unsatisfactory,” and
the grim tale of “Tomorrow’s Chil-
dren.” Yet it might not be taken
amiss if we dwell for a Jittle on the
nature of radiation.

Medical history records some
nasty passages describing terrible
burns and cancerous tissue resulting
from the ignorance of the early days
of radium and X ray, caused by ra-
diation forces which man did not
understand. We seldom hear of these
things any more, but it is good to
remember that they have happened
and that the danger is real, if not
imminent. Bear in mind that the
total radium supply of the United
States is only ahout thirty ounces,
but that in each of our nuclear re-
actors we have the equivalent of
hundreds of tons of radium. Pru-
dence and foresight must mark our
way.

""“The Scionce and Engineering of Nuclaar Power.
Vol. 1l Page 291, Addison. Wesley Prass, inc. 1949,
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In passing, it might be noticed that
one system of classifying radiation
subdivides it into two classes, “soft”
and “hard.” “Soft” radiation is
typified by heat and light waves.

rid of it. (5) Where in the body it
is concentrated.

Fundamentally, the problem con-
sists of this: Ionization of Lissue de~
stroys the elccm;al halance of its

Some of you pt may

even the

have taken pictures using an electric
iron as your source of energy. That
was “soft” radiation. It is of no
interest fo us in connection with this
article. What we are concerned with,
and what the terms shall always sig-
nify in the balance of this piece is
“hard” radiation. Equivalent terms
are radioactivity, high-energy radia-
tion, atomic energy. It comes from
the heart of the atom, originates in
the nucleus, and is of two basic and
different types, depending upon
whether the radioactive atom is a
particle emitter, alpha, beta or neu-
tron, or 2 source of gamma radiation,

As far as effect on living tissue is
concerned, it makes little difference
which type of radiation is involved.
Alpha, beta or neutron particles dif-
fer only quantitatively in their ioniz-
ing effects from each other and from
the X ray type of gamma radiation.
‘What does matter, and matter great-
ly, is the source of the radiation.
Radiation from external sources
fers greatly from internal radiation.
The former can be directed to spe-
cific areas. The cffects of the latter
depend upon a combination of many
factors: (1) The rate of decay of
the radioactive material. (2) The
amount of such material absorbed.
(3) Tts quality, ie., whether it is an
alpha, beta, gamma or neutron emit-
ter. (4) How fast the body can get

9%

component atonm themselves, have
their cquilibrium upset. They are
broken down intp charged particles,
positive and negative, calied jons. It
is (he nature of an ion to seek its
complement : the positive looks for 2
negative, cagerly searches for means
to restore the balance of its clectrical
forces; and the negative ion will
join with any positive ion it encoun-
ters. The union need not be a happy
one for the body as a whole. New
compotnds, harmiul and cven poi-
sonous can form, and the body
suffers.

Now, the ionizing effect is a fune-
tion of rate of radiation, and
tensity of the source, and time of
exposure. Physicists and hiologists
have defined two basic terms by
which to measure the first two fac-
tors, the curie and the roentgen. The
curie* is a completely arbitrary unit
that defines the number of radio-
active atoms that break down in a
stated time interval. It is st equal to
3.7 x 10 disintegrations per sec.
This term is a little large for con-
venient handling, so two smaller
units are commonly employed, the
millicurie, or 1/1000 curie, and the

microcurie or 3.7 X 104 disintegra-

NS rorsectara Grd) e
and Enginaering of Nucloar Powsr. Vel. |, page 22,
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tions per second. The specific advan-
tage of having this unit is that it de-
fines very precisely the total quantity
of radiating material present. As op-
posed to the curie, which measures
quantity, the Roentgen (r) is an
energy term used specifically to
measure X ray and gamma radiation,
It is defined as 83.8 ergs per
gram of dry air. Engineers may find
it easier to picture this unit as
3.61 X 10°® Btu per pound of dry
air. To measure the energy of parti-
cle radiation a new term is derived—
Roentgen Equivalent Physical (rep),
which equals 83.8 ergs per gram of
tissue. Since the energy loss for an r
of gamma radiation in tissue nor-
mally will be greater than 83.8 ergs
per gram, one r usually does not
equal one rep.

Tt is a curious phenomenon of liv-
ing beings that the whole is not even
the tenth part of the sum of the
parts in tolerance for radiation. For
example, the LD-50 — lethal dosage
for hifty percent of an average group
~—for whole body radiation in man is
slightly in excess of 400 r. Yet dos-
ages of 5,000 r are not infrequent
in the radiation treatment of skin
cancer. The point is that this dos-
age is concentrated on a small por-
tion of the skin, about one-quarter
of a square inch. Parenthetically,
something to consider in this connec-
tion is the development of a machine
capable of irradiating a sharply de-
fined area only 1/25000th of an inch
in diameter, soon to be used at the
University of Chicago. This is an

TRIS 1S HOT!

area approximately one-tenth the
size of the normal somatic cell!

Herein lies the great advantage of
a controlled source of external radia-
tion—the possibility of sharply fo-
cusing the beam. A less extreme case
is the use of X rays in studying cer-
tain parts of the body. A series of
X rays taken of the kidneys and
lower intestines may subject this
area to a total dosage of something
more than 40 r, yet ill effects from
such radiation are rare. This points
up another factor—namely that the
period of time over which a_ gwen
dosage is experienced has great in-
fluence on its effects on tissue.

As stated, whole body LD-50 for
man is somewhat greater than 400 r,
yet if this dosage were given in
small amounts extending over a
year, very little harm could be de-
tected. The body has great powers
of recovery.

Many elements enter into the ef-
fect of internal radiation upon the
system. Once a radioactive substance
has begn absorbed its effects con-
tinue, ctimulatively, as long as the
substance is active and the hody re-
tains it, subject only to the amount
—in curies—of the material, the na-
ture of its activity, and whether or
not it is concentrated in any particu-
lar portion of the body. Iodine, for
instance, as is well known, concen-
trates in the thyroid gland to the
extent of seven eighths of the total
taken into the body. If the radio-
active isotope were so concentrated,
the r would be correspondingly 10-
calized and intensified. Sodium, on

AST-58 99



the other hand, is not specific—as
much will be found in one portion
of the body as in another.

The effects of an isotope such as
nickel, with a half life of thirty-six
hours, will be greatly different from
those of carbon-14 whose half life is
approximately five thousand one
hundred years. There are, of course,
great differences in the rate of excre-
tion of the different elements: Sodi-
um is excreted almost as fast as it
enters, whereas radium will enter
and stay from then on, being de-
posited in the hone structure.

Plutonium, too, enters the hone
structure to remain indefinitely, and
interfere with the ability of the hody
to form new blood. Tt can be de-
tected conveniently only by the
methods of urinalysis, and since the
amount of plutonium in the urine

will rarely be more than 10 grams..

per day, regardless of the amount
absorbed, the analysis must be very
carelully performed.

It is claimed that plutonium is
even more dangerous to man. than
radium. As of today, the most nearly
effective treatment developed by the
Argonne staff consists in the admin-
istration of zirconium. The mechan-
ism is obscure but the result of this
treatment is to increase the amounts
excreted in the urine. The rate of
increase is striking. If zirconium is
taken within an hour of the plu-
tonium injection, practically all the
plutonium will have been excreted
within a matter of minutes. Even
should the treatment be delayed for
from three days to a week, the use

100

of zirconium results in a Alty-fold
increase in the normal rate of dis-
posal. Even so, it’s a long period of
recovery from plutonium poisoning,
in some cases longer than a lifetime,
and the possibilities of stream pol-
lution from this source simply must
be eliminated.

Txperimental Psychology gives
scientific confirmation of a gencrally
known fact: namely, that too much
of a good thing is no good, and that
intensifying a source of pleasure can
transform it into torture. This seems.
to be a general rule of nature: Noth-
ing too much! Nowhere does this
rule hold bhetter than in the use of
radioactive isotopes in medicine.

Radioactive iodine, for example, is
given in small amounts to patients
suffering from Graves disease —
exophthalmie goiter—angina pectoris
and congestive heart failure, Since
it concentrates mainly in the thyroid,
Graves disease is treated directly hy
depressing the activity of the gtand;
heart conditions are alleviated indi-
rectly hecause lessening of the thy-
roid’s activity cuts down on the de-
mands on the heart.

Cobalt-60 has many advantages
over the use of radium in treatment
of cancer, not the least of which is
its availability in several more or less
pliable forms with varying degrees
of activity, and also is heing widely
used in studies involving nucleic
acid metabolism; radiophosphorous
finds application in the field of blood
disorders, especially leukemia and
polycythemia.

ASTOUNDING SCIENCE-FICTION



But radiation can cause cancer as
well as treat it, can cause glandu-
lar disturbances as well as relieve
them, can bring about blood disor-
ders as well as cure them. Atmos-
pheric and stream pollution became a
most important hurdle on the road
to the application of the principles of
nuclear power.

One danger that was in the fore-

first step might, and even the sec-
ond, but [rom there on the localiza-
tion of certain chemicals in certain
parts of the organism takes over,
and the greatest concentrations ap-
pear to be within the bone structure,
the nonedible portions of the fish.

It should now be clear that the
real problem was not the total elimi-
nation of radioactivity from all waste

ground of the inv was the
possibility engendered by the tend-
ency of life forms to concentrate
scattered elements—the tendency that
has caused life to he described as
negative entropy. “In the case of
stream and river pollution, did a
possibility exist that one life form,
say algae, would absorh some radio-
active material and concentrate it,
be absorbed by another life form
which would further concentrate the
radioactivity, then by another and so

on until it would wind up in man?

The concept was not farfetched. Re-
membher that iodine in the sea is
Ppresent in concentrations too low to
make direct ‘recovery profitable.
Certain types of sea weed, however,
perform  the extraction readily
enough, and concentrate it sufficient-
1y to support a very profitable busi-
ness. Zirconium is present in sea

water in concentrations in the order’

of 10, yet some sea creatures find
it indispensable and have no diffi-
culty in obtaining enough for their
needs. No, the danger was a definite
possibility.

ven now the evidence is not all
in. But the indications are that such
concentration does not occur, The

THIS 1S HOT!

Ithough that remains the desid-
eratum—but rather the holding of
radxatmn to safe limits beyond the

P d

tion. The Health Physnclsts went to
work on this problem, and the first
item they tackled was, of course, the
determination of what “safe limits”
meant when expressed as curies and
Teps.

There are anywhere from six hun-
dred to eight hundred radioisotopes
of the elements of the periodic table,
each of which has a different level
of activity. Some are particle emit-
ters, some are gamma ray radiators,
all must be investigated. It’s a terrific
job these men have done and con-
tinue to do against heavy odds and
in the face of overwhelming time
pressure. The men of the Health
Physicist group deserve far more
credit than is generally given them.

Working {requently with sparse
data, often dealing with mixtures of
many different radioactive isotopes,
they had the terrible responsibility
of setting the Iimits to radiation lev-
els that could be permitted in the
streams, in the atmosphere without
danger to you.

For the most part they worked by
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extrapolation of known effects pro-
duced by X ray and gamma radia-
tion in the biological and medical
laboratories. Lahoratory animals,
white mice and rats, hamsters,
guinea pigs, bats—which are mam-
mals, yet their wings are thinner
than fine tissue paper and hence
permit direct observation of the ef*
fect of radiation on blood circulation
—were and are being subject to vary-
ing amounts and kinds of irradiation.
Always, in applying their findings
to the human race, the thought was
ever uppermost that whatever they
found could only be an approxima-
tion. Species differ so widely in their
tolerance for various forms of radio-
activity that extreme care must be
exercised in the interpretation ol re-
sults. Consider, for example, the case
of radium poisoning.

The animals tested would appear
to the nonspecialist to be far more
resistant to the effects of radium in-
halation than man. Without the
knowledge gained through the pain-
ful burns and skin lesions and can-
cers of the technicians of the carly
days of radiation study, it would ap-
pear that the permissible level for
radium could be set far higher than
is actually safe. Behind the apparent
discrepancy is the curious fact that
long periods of time are required for
the full effects of radium poisoning
to make themeslves [elt, sometimes
decades, and rats and guinea pigs do
not have a life span of sufficient
length.

But with all that, there is still a
great difference in the resistivity of

102

the various species: The L.D-50 for
man has already Dheen stated to he
slightly greater than 400 r; for the
rat the LD-50 lies hetween 825 and
900 r: whereas for the guinea pig,
the LD-50 is only 250 r. So the
Iealth Physicist had “"to consider
variation in tolerance from species
to species in setting up his tolerable
limits.

Notice also that life is a chain,
and that no one can say with confi-
dence that therc is any species that
does not have some influence upon
every other species. The tolerance
levels must he so set that not only
would man and his domestic animals
be unharmed by possible concentra-
tions, but nothing must be done that
would upset the halance of Nature,

A realistic approach to the prob-
lem also had to concern itself with
natural radiation background. All of
us are subject to radiation no mat-
ter where. we live. Our planet is
constantly heing hombarded with
cosmic rays, and certain amounts of
gamma and particle radiation are ex-
perienced in every locality. The ac-
tivity level may be low, hut it is sig-
nificant. For instance, in the neigh-
horhoad of sea level a person-nor-
mally receives about 2 to 3 r of radia-
tion in the course of his life; in the
neighborhood of Denver the dosage
runs somewhat better than 20 r. The
criterion to Dhe followed, therefore,
was that the amount of radiation
contributed to the surroundings he
not significantly greater than the
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amount of total background radia-
tion.

Limits for discharge to potable
water were set at 10 microcuries per
cc.; 10 microcuries per cc. is the
standard permissible limit for air.
These limits contain a large safety
factor, ranging from 10 to 100,

The normal person can easily
withstand a daily amount of irradia-
tion amounting to about 1 r without
scrious effects. Applying a safety
factor of 10, the maximum amount

tolerated per employee at any of the -

alomic centers was set at 0.1 r per
day, and this has recently been low-
ered 10 0.3 r per week because some
shth enlargement of the ovaries of
mice occurred at a daily dosage of
0.5 r per day.

Fundmncnlally, there are only two
possible ways of controlling the
amount of radicactivity discharged
to nature in the waste products of
our nuclear plants. Tt is a discon-
certing fact that radioactivity can
only be discharged by time. Man can
do nothing to hurry the process. He
can do only one of two things: (1)
e can dilute and disperse, or, (2)
he can confine and control.

Tt hasn't often been stressed, hut
the best place to hide a needle is not
in a haystack but in a needle factory
Similarly with the dilution of radio-
active isotopes; the best diluent is
their stable form. A numerical ex-
ample will make this clear.

Let us assume that the permissible
Ievel of radiation for a glven isotope
is twenty-four microcuries in the or-
gan ol maximum concentration, and

TUIS s HOT!

that this organ contains four hun-
dred grams of the chemical element.
If the two forms of the element are
uniformly distributed, then the dilu-
tion ratio of 400/24, or 16.7 grams
of stable isotope per microcurie of
radioisotope would make it impos-
sible for greater than the permissible
radiation to take place. If radioac-
tive carbon dioxide is being dis-
charged up a stack, dilution with the
stable, ordinary form of this gas is
far and away the best method for
preventing dangerous concentrations.

When gaseous wastes are vented
to the atmosphere without such dilu-
tion, the off-gases are very carefully
monitored, and meteorological con-
ditions must be such as to insure
maximum dilution. The author re-
cently visited Brookhaven to observe
their methods of control of atmos-
pheric pollution, since his own in-
dustry has somewhat similar prob-
lems. He was amazed at the thor-
oughness of the meteorological
group’s approach to this problem,
and the advances which they have
made even over Sutton’s* mathe-
matical approach to the problem.
Based on their continuing study of
atmospheric conditions they have
found that it would take a backlog
of six or seven days of very adverse
weather to force a change in the re-

*“The Theoretical Dis n OF Airborne Pol.
lution neys” Quarlerly Journal
of the Royol Meteorlogical Sociaty, V. 73, pp.

e Prcbiom OF Diffusion In The Lower Almas-
Quoridly sournal of the Royel Meteoro:

Society, V. 73, pp. 257-281, 1947.

A Theory "'of Eddy_ Biffusion n The Atmos
Royal Society of london Procesdings,

x A Vol. 135 1992, pp. 143-65.

loq:cul
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actor operation schedule. Naturally,
the coolant air js filtered hoth be-
fore passing through the pile and
after, so that the major radioactive
material present in any case is the
shortlived radio-argon.

The handling of liquid wastes pre-
sents some problems that are unique,
and one potentially very important
means of removing dangerous con-
tamination from streams.

The chiel sources of liquid waste
have already been indicated to be

cooling water, chemical processing *

for recovery of fission products and
laboratory spills. The aim here is to
achiéve the proper conditions of di-
lution so that dispersion hecomes
permissible. Dilution of the radio-
active material is accomplished when
possible by simply decay of the iso-
tope in storage. When sufficient half
lives have passed, and check with
instruments provides assurance that
the material has cooled sufficiently,
it is simply discharged. When this is
not possible, other techniques must
be used, one of the most-important
heing the same hasic type as is he-
coming more and more important in
the production of industrial water—
the use of ion exchange which per-
mits concentration to a volume more
suitable for storage. When other
types of treatment fail to reduce the
activity of the waste to a satisfac-
tory degree, the only remaining so-
lution is to store the material indefi-
nitely. It is readily seen that this is
expensive, and better means of dis-
posal are constantly sought.

The cooling water irradiated dur-
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ing the operation of the Manford
pile is held in a retention basin un-
der carefully monitored conditions,
and not until the level of activity is
reduced to permissible limits is the
water returned to the Columbia
River.

Tt may he of interest io note that
the actual degree of contamination
of streams is usually much below the
level of activation of the monitoring
instruments, In this case, the tech-
nique is to obtain a sample of given
volume and evaporate this down to a
concentration that permits a reading
to be taken. When this has heen ac-
complished, the actual activity level
in the stream is computed by sim-
ple ratio.

Incidentally, although the princi-
ple of the Geiger counter and similar
instruments is too well known to
justify discussion here, s worth
observing that its use is not as sim-
ple as one might expect. At Oak
Ridge, for instance, they claim that
it takes at least a month to learn
how to use one properly and 1o in-
terpret what it savs correctly. Moni-
toring is not a ]oh for the amateur.

Biological treatment of contami-
nated waters is of increasing inter-
est. This is a treatment borrowed
from the sanitary engineer’s tech-
niques of treating sewage. It involves
the use of activated sludge, ie.,
sludge containing aerobic micro-
organisms which digest the raw
sewage. In atomic plant waste dis-
posal, the sludge is made up of a
gelatinous mass in which great colo-
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nies of bacteria are imbedded. The
membranes of the bacteria are great-
Iy swollen by the absorption of
water, hence they offer a very large
surface area suitable for the capture
of radioactive isotopes. As an exam-
ple of what may De accomplished
Dy this means, research indicates that
a two-stage process of this nature
will extract ninety-nine percent of
pliitonium from liquid wastes. The
potentialities  of this method of
treatment are obviously enormous,
but as yet they have not been thor-
oughly explored.

The problems associated with the
disposal of the various types of
waste are very closely interrefated.
In some cases, laboratory equipment
may be decontaminated by washing
with citric *acid, peroxide and/or
permanganate. This is obviously not
a solution; it is merely a transfer
of the problem from one phase to
another, where it may he handled by
any of the methods outlined ahove.

The techniques of confinement
and control are most generally ap-
plicable to solid waste material. If
the solid is not itself radioactive hut
merely contaminated with radio-
aclive materials, the possibility of
decontamination ex: Where thi
is not possible, all (hat remains is
(1) to segregate the waste and let it
decay under carefully monitored
conditions, or (2),-get rid of the
material in the safest manner pos-
sible.

This last might be achieved by
dilution in concrete and burying in
the sea, or concentration by evapora-
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tion, ion exchange, precipitation, in-
cineration under proper conditions
and encasing the residue in some
suitable medium and planting deep
in the ground under carefully super-
vised controls.

In a world which will soon see
the achieverhent of the hydrogen
bomb, the great concern that exists
over a few curies of activity that may
arise from operation of the nuclear
reactors is somewhat amusing.
However, the quickest way to de-
velop neuroses is to start worrying
over what may happen. Let it be
sufficient to know that the present
problem does not present any in-
superable difficulties, and that more
thought is now being given to the
ptoblem than to any similar health
contingency.
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