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- ; INTRoDucmioN

In the laboratory and production operations of the United States
atomic energy program, a variety 'of potentially harmful waste materials are
created which must be handled in_special ways\ Thise problem of wastes is not 3
unique to the atomic energy induatry. Manh large industries are faced with the
need for disposing of noxious ﬁaete materials created in the course of their
operations. In this respect,'the atomic energy industry difrers/from other in-
:dustries in that many of its wastes before treatment involve relatively large .
amounts of radioactivity, with which public health officers, sanitary engineersi
»and others concerned vwith waste disposal have had little experience in the past. .
. Since the improper handling of radioactive waste materials could en=~
danger the public health, ‘the U. S. Atomic Enersy Commiesion believes that the
‘facts which relate to this problem ehould be avallable to citizens senerally,
and particularly to those charged with responsibility er health and safety.l/::

This report desgcribes radioactive waste materials, their sources/in the
'atomic energy program, and the methods used in proceseing and storing or dis-
posing of them at atomic energy installations and at laboratories -and’ h0spitals
.usins radioisotopes. The Appendices give more precise technical information on
" the research and_development under way to bring ebout even greater safety, and;
'lower coets. . . -

In carrying on ite program for safe handling of radioactive vastee, the
Commigsion relies heavily upon the individual programs of its prime contractors.
In addition it drawe upon the talents and knowledge of other Federal agencies,_of~'-ﬂ
‘State and local health officials and sanitary engineers, and‘of specialized in-

dustrial consultants trained in engineering and health techniques. A number of

o o @_@E'ARCHWES
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agencies--notably the U. S. Public Health Service, the v. S Weather Bureau, the '

: Tenneesee Valley Authority and the u. S Geological Survey—-are already co-,

’ operating with the Commission ini the solution of specilfic problems.

1. THE MEAﬁm_c. oF RAISIOACTIVITY ll [ SR
| - : . ’

1

Radioactive materiale are those materials vhich release energy N either‘
in the form of small faet-moving nuclear particles, or as energy rays simllar to g

[
light. The energy and particles 5relensed by radioactilve materials is called

'
Dt

."radiation."‘ When 1t passee through other’ mate‘rials, such as air, metal or

"enimal tissue, radiation hag the property of electrifying the materials along, .

s_ite path. This procese is called "ionization," and th|e radiation itself is then

applied. in amounts larse enough to k111 meny cells can' do great harm to a plant, .

called "ionizing radiation.' In living tissues the ionizing etfect of radiation'

ia'related to the injury and death of cells. Ionizing' radiation, therefore, if

an enimal, or a human being. b 1
We are familiar with three common types of nuclear ionizing radiation.
1

o alpha pa.rticles s beta particles and 'gamma. rays. All three plr,oduce ionization

when paeeing “through other materials. . The fast-moring parti!cles each 'bears a .

i

positive- electric charge. The particles are the nuclei of ordinary helium atoms.

."Beta particles algo’ travel at high velocities but in: this case the particles—- :

--50120 -

which are. electrons--a.re very much 1ighter and have negative, rather than posi-

~tive, charge. Gamma radiation, unlike- alpha and beta rays, is pure radiant

energy similar to light or X-raye. There is no associated particle, and the

packets of energy , called photone, bear no electrical cha.rge' Even eunlight in

sufficient intensity will burn unprotected skin. The far molre energetic and -

-penetrating gamme raye can injure cells deep vithin the body, ﬁ@i@ KRCHI[VES'

-2«




o nuclei are disintegrating--that ig, they are undergoing a process of radioactive

. s ' ‘

'
\/ -

Relatively few of the substancee found 1in nature ere radioactive. In

the atomic energy program, however, large quantities of materials are made .
radioactive-through artificial means. These are the materials that create the
radiation hazards that are aseociated with the probleml of processing and h‘sndling

radicactive waste. Some idea of the size of this problem me.y be gained by rea-

lizing that in an operating nuclear reactor, radiation equivalent to several

hundred tons of the naturally radioaotive element, radium, is generated. In con-

f

trast, only three pounds of radium have been made available ‘in the whole world
4 ' : o i (
: . : |

during the past 50 years. B
; : -
Half-Life. A radioactive material 18 radiocactive becauee its atomic

1

"decay. The length of time that a material will remain radioactive is measured '"
‘ ) in terms of "half-life," which.is the periodrequi_red i‘or one-half of ite atomic .
nuclei to disintegrate. Re,dioactive materials with. very short- half;lives "are
eald to be very unstable, while thoee with long half -lives are sald to be rela- ‘

tively stable. A completely stable material is , of couree, non-radioactive. The

atomic nuclei of unstable materials continue to "deca.y until all nuclei have -
) reached a point of nuclear stability. When this point is reached the material is
no longer rad.ioactive. 'l‘he half-,li,ves of radioactive materials that can be

measured range from less then a millicnth of a second for onle type of radioactive

. polonium to more than a million million yee,rs for a radioactive form of the rare -

l
metal rhenium. In the case of any radioactive material, after six half-lives ha.ve

elapsed only 1.6 per cent of the original radioactivity remains. ‘

\ .
' Since radioactivity involves the nucleue of atoms ,‘ the rate of decay

cannot. be modified by any ordinary means. Even temperal.ture,1 at least in the
ranges with vhich ve are most familiar, has no perceptible effect on thn half-

L. A ‘D@E ARCHIWES’
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1life. Our inability.to change the decay rate eharply limita the methods at our
diepoeal for controlling and handling radioactive materiala.‘ ’ .

} !

Measuring Radiation. ° Scientieta use two commfn units. in meaauring radi—

. ation; One 1s the curie,' which indicatea the number of radioactive atoms that -

-"decay in a given pericd of time. The curle is a convenient unit for monitoring

purpoeee, eince it telle how much'radioactive material is present. One curie is’
arbitrarily taken as 37 billion nuclear dieintegrationa per gecond. Thie'ie

approximately the number of dieintegratione that take place each second in one

)

gram of radium. A millicurie is one-thoueandth of thie amount, or 37 million

diaintegrationa per eecond, and a micro-curie ie one millionth of this amount,

‘

|
‘or 37 thousand dieintegratione per second.. o ‘

To glve some indication of radiation's ionizing effect on other
materiale,pecientiste uee'another unit ‘of meaeurement.| Thie»unit ie called the
"roentgen." The roentgen measures the amount of energy abeorbed by material

\

being radiated It is a unit baeed on the amount. of X-raya or gamma raye re-

. quired to produce ione equivalent to one e1ectrostatic unit of charge in’ one

cuble centimeter of air under etandard conditions. Similar unite have been ‘de-
veloped to measure the amount of energy loet by any type of radiation in ionizing,

any other material. These are termed roentgen equivalente Convereion from one

) to anouher 15 rather complicated.

Effecta of Radiation.- Preeent knowledge of |radiation effecte is -f

haeed largely on the obeervatione\of ecientiets of ‘the changee that take place in
the cella of plante and animals exposed to X—raya and’ the gamma radiation from

: 1
radium. However, the demage done to living cells of plante or animals by all

types of radiation--alpha, beta, gamma or X—ray--is identical. In an examination

\

of tiseue damaged by radiation, it s ueually impoesible to te11 Just what type

5 ?
of radiation caused the damage DOE ARCHIVES ’
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In discussing the amounts of radietion tha.t the huma.n body can sta.nd,
it should be remembered tha.t everyone living on the earth is being bombarded con-
: 'tinually by ionizing ra.dia.tions in the i’orm of cosmic re.ys. ) Persons living near .

sea. level will probe.bly receive about two roentgens of | cosmic radiation during

. , i

. the course oi’ their life-times. Persons living in the mounta.inous eree.s, on the
I

other he.nd, may receive from ten to tventy times as much. At high e.ltitudes the

X
thin blanket of air a.'bsorbe only a emall amount of radia.tion from outer spa.ce.
. . i l :
A person can take a much larger dose oi’ radia.tion in a single part of

his body than he ca.n in hie body as a whole. Ae an example of the amount of
radiation that can be epplied safely to a. small . area of the body, it might be
. pointed out that a doee of 5000 r‘oentgens (usualdntgeferred to ag -
simply 5000 r) is not ini‘requently ueed to treat a sma.ll skin cancer, - There~will .
_ be a sca.r after. this type of treatment, but- probably no eerious or la.sting harm
is done. A tenth of thet tota.l ’ Af given to the whole| bodyuin a short time, .
. would be enough to cause dea.th in most humens
' ‘ If less than a fa.ta.l dose of total body ra.dia.tion is given to an in-
) dividua.l, it will not ha.ve the same effect if 1t 18 epreed over severa.l applica-
' tions that a single dose of -the same amount would he.ve. The| rest period between

doses a.llows for an e.pprecia.‘ble recovery. It is possible tha.t no: dee.ths would

" occur if a group of persons were exposed to 100 r ee.ch day on three succeseive
-

¢ - days: 'I‘he same doee in a single e.pplication of 300 r would proba.bly kill some
out of a ls.rge group of people 80 irra.dia.ted. It 1s believed tha.t a- dose of a.bout

|
- 400 r would kill ,half the people exposed to it.“ 'I‘his is ca.lled a 50 per cent

lethal dose (LD -50) or & doge sufficient to kill 50 per centI of the popula.tion

receiving it. o T o j.' 1

There are a.lso enormous differences in species. The little animal-

culee ca.lled ps.ra.mecie. tha.t gwim’ a.round in a green fresh wa.ter pond have an. ID-50°

Cs5- R ’iDQEARcmVEs
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v e : ' ' X . " l"m} _:-- 1
of 300,000 r. " In 'other words, 1if vwe were to r‘a.diate‘ ai population of paramecia,~ “
"1t would take about 300,000 r to kill half of them. In a‘p'opulation oi’ the - pupal

atége of some insects the LD-50 is about 150,600 r. In the rat, it runs some-

4 , ' ! : : v
. “hé,re'betve'en 825 and 900 r, ‘and An the guinea plg, onEe of tlhe'moat_eeneitive
‘ - ) . . \ -

"animals to radiation, oply about 250 r, and so on. Plants, in general, are far

7

more resistant than enimals to redlation. ' ‘ : 5 f

'

Pereone eubmitting to + ordinary chest x-ray wi11 receive from 0, h r
" %0 1.0r during the short course of their exposure to the x-ray machine, vhile
persons - eubmitting to a complete eastro-intestinal eeriee of; x-ray picturee nay

~ receive ag much as 40 to 75 r. Rembering these facts helps keep perepective in

'discuesing radiation probleme. . | ) ' ’ i

N

Permieaible Dose. Ma.ny yeare ago medical scientieta agreed that a

normal human could sustain a continuous day-in-a.nd-day-l-out ybole-body external '
} exposure oi‘ Oillr per day uitnout' any detectable 'effecte'. Accordingly, this
flgure has come to’ be kmown-.ag the "permiseible dose."- More recently, experte in
the field of biology and medicine have found that thie accepted pemieeible level
' did not have as large a ea.t‘ety factor as once thought.‘ For thia reagon, the
National Committee on Radiation Protection, an advieory committee to the National

- Bureau of Standarde, the body which sets radiation etandarde in the United Statee R

[

Towill proba.bly recommend in the near future that the present "permiaaible 1limit"

- for continuoua expospure be reduced to about 0 3r per week. !

) Eight Subcommitteee of Ithe National Committee have| been formed to etudy
’particular problema of radiation protection. These groups are tryina to formulate

- ayetematic codes of protection recommendatione in each of thle elght i’ielde. The

: Subcomitte’ee -are: ﬁ@E ARCHIVES } ’
. o 6. . .
o

!
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. 1. External Permissible Dose

é. ‘Internal 'Permiseible Dose ‘

3. X-reys up to Two, Million Volts - - |
b, Heavy Pa.rticlee (Neutrone, Protona and Heavier)
5. Electrons, Gamma, Raye and. X-rays above Two Million Volts
6. Safe Handling of Radioactive Tsotopes

7

. Monitoring Methods end Instrumente
\

l i
8. ,Deconta.mine.tion e.ml Waete Digposal . ]‘ ;

Subcommitteee 2,6,7 and 8 are concemed in pa.rt vith phasés of ‘the problem of

'tree.ting and handling re.dioa.ctive wastes. (The memberehip of the National COm-'

' mittee end the Subcommitteee -are given in: Appendix A, p 30 )
" AEC Practice. The ra.dia.tion exposure of emploveee in the a.temic energy
. progren‘ie genere.lly held much lover than the etandurd permieeible levels. . In’
'this connection, the Atomic Energy COmmiesion ] Safehy a.nd. Ind.uetria.] Health ‘

~ Advisory Board reported 1n 1948: "History affords no pa.ra.llel to the thorough

e -

etudy of and protection e.sa.inst radiation hazards to workers , from inception of

|
*the pro,]ect to. the present " B - E ’
N |

There were only two deaths a.nd 13 inJuriee due’ po e.ccidents 1nvolv1ng

. externe.l radiation in the Manha.tte.n Project ’ the orge.niza.tion which produced "the
ejtomic'wea.pone of World War i1, 1Tn spite of the fact that the quantitiee of -

ratlia.tiop vere ,fbhoueene.s of times gi-ea.ter' than any hex]epofor:e encountered, end - - |

“t\haﬁ tens of thousands of workers; vere employed in this opera.tion. In contrast,

more then 70 'deaths of people working in the Ma.nhatte.n Pro,]ect were caueed. by

‘ .

i couetruction e.ccid.enta and other common induat.rie.l he.za.rd.e. . Even here the re.te

' vas fa.r below the national average for simila.r work. D@EI ARCH][V ES
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II. TYPES AND SOURGES OF RADIOACTIVE 'vmsms
, S AND SO |
' 1

There are two main sourices. of’ radioactive wa.stes uhich must be given

.special handling to assure sai‘ety (1) the production\ plants and the reactors
operating at the inetallations .of, the national atomic energy‘\ program—-Oak Ridge, .
'Hanford, Argonne National Laboratory, eto., (2) tke laboratories end hospitals ' ‘ |
where .radioactive materia_ls are used:as regearch tools or for medical treatment.

‘ The radioactive wastes cl::f the operations in the nati‘onal" atomic energy
program may be gases, liquids'-, or 'solids; 'the substanc'es in '-the cooling air or -
vater that carries away the heat generated in ‘reactors become radioactive as they
pass through. Varying amounts of ! ‘redioactive materials remain An the liquids
left from the chemioal processes used to separate the plutonium from the urenium'
and the fission products. Metal containers ’ pipes, vents » and other equipment in
contaot with radiation in the plants over long periods of time may’ pick up

radioactive materials and ‘become. contaminated. - ’

- - The radioactive wastesn causing disposa.l problems at: hospitals and
. laboratories using radioisotopes in the main are liquids containing realdues. of
the radi_oactive material‘ vhi‘ch has served its purpose in e;periments or treatment
oi‘ 'pati'ents. “Scientists'and. physiclans éenerally use only min'ute amounts of* 'these
materials. With ‘s few exceptions , ‘notably radiocarbon (carbon 14), the materials
used for these purposes have short half-lives.. The problems of handling vastes
from _these sources are “not nearly so large as those of handling wastes from the _

atOmic energy production installatil:ns and. reactors. & i '

Radioactive Waste Problem S o

[ .
From the beginning of the atomic energy program, it has been an

operating principle that, workere and the public should be protected at all times
from extemal radiation--that 1s to eay, from radiaticn that strikes only the

5. ' DOE BRCHIVES
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outer surface of the body. In handling radioactive waatea, however, the princi-

‘pa‘.'i problem to 'guard eeainat is interna.l radiations Radioa.ctive ma.teria.le dila-

charged as waste muat not be permitted to find their way into the body e.nd sub-

CJect 1t to an internal ‘oomba.rd.ment of radia.tion. ! i
| i :
" Among the ma.teria.ls diecha.rged from some atomic energy installatione .

“which might be potentially ha.rmful to humans if not well controlled are radio-.

active gases. These a.re ueua.lly diecharged from: te.ll sjte.cke. Normally radio- -

'active gases and pe.rticles ca.rried by the gases will be quickly acattered and

very few will be found in‘any given amount of air. Under unusual a.tmoepheric

, " conditions , however, these gaees might be carried ra.pidly to the ground where

or on the eoil. _Conta.minated vegetation, in turn, m!.ght be eaten by animale o;'

\
f
b

mumans or fall to the surface of the ground in the fo%'m of leaf iitter. )
Liquid waptes which \f'i,ndf their way into streams are also potential

he.zarde for they u:ig'nt be drunk by animals or absorbed ‘oy algae or:other micro_-‘

‘o‘rganieme end in turn be consumed by fish. In either case,. the hazard would be
| |

|

Internal Re.dia.tion. In anima.la and humans, the effects of intemal .

eimila.r ‘to that from a.ir-bome wagtes.

radie.tion depend largely upon the particular ma.terial ‘involved. Different
) ma.teria.le are ha.ndled by the body in «different waye. The amount and charecter
- of damage done by any epecific naterial ie governed mainly by four factors: '
: 1; The qua.ntity of the materia.l the.t is a.beorbed in the body.

One of the very: dangeroue radioe.ctive substa.ncee ie plutonium, but 1f

co plutonium ie ewallowed only a very sma.ll fraction!ever remains in the

body; the bulk of it ia nob abe;m. @@E ARCHWES
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they could be inhe.led or the radioa.ctive pa.rticles could be deposited on plants . ‘
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Avill be distributed. widely throughout the body so that & gram of S

" only a concentretion by, virtue of the seven-eighths localized there,

but there 1s a further concentration by virtue of the great dis~--

. Certain other me.terials » such as radiostrcntium e.nd plutonium may

The turnover in sodium, for example, is very ra.pid‘ On the other

-period.s of time. ‘ b ‘

fluorine with a two-hour half 1ife, cannot be in any ordinary

:
2. The point where the material goes in the body. If a

small a.mount of radioactive sodium 1s swellowed, for example, it

shoulder or upper arm muscle will contain about astmuch as a grem
of lung or spleen. On the other hand, radioiodine is. absorbed
in highly seleotive fashion, and roughly seven-eighths of it )
normally goes to the thyroid gle.nd. Ina l50-poumii man, the

thyroid will probably weigh about half en ounce. !'I'here is. not

p’e.rity in‘size between Lhe thyroid gland and the body as a whole.

be deposited in the bone, vhere they a6 ccnsid.erable damage to the
radiation-sensitive bone marrov, oenter of the body's blodd cell-. "

forming processes. - ’ R s

3. . The rate at which the ma.terial is excreted from the body.

hand radiostrontium, plutcnium snd some other radioactive substances

formed in the. processes iof the atomic energy‘progra.m, if taken into

the body, localize in the bones a.nd may stay - there for’ considerable
i‘ .
" b, The half-life tf the material. A materie.l such ap’ re.dio— .

quantities a serious radiation haza.rd, since it loses ite radioactivity

80 quickly., Radiocarbon, however, with a half life of over 5,000 : P

' ‘yee.rs, remains potent for as long ag 1t stays in tl‘le body DOE ARCHIVE@
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Sources ot Rad.ios.ctive Wantes l

Moat of the opera.tions in the a.tomic energy program of ore dressing and .
preparing feed ma.teria.ls for the plants that prod.uce U 235 or plutonium are not '
associa.ted. with any grea.t quantities of radiation. ’I‘he largest and. most difficult

A problems of handling radia.tion sa.fely are those directly essooia.ted with or re-
sulting from nuclear reactor opera.il'.ions,‘ vhere the_ (legree ofvrad.ioactivity 'ma.y ]
“beenorvmofxs. : S, ! T ] T

‘The process of flssion goins on in operating r:eaotors creates con-

siderable qua.ntities ‘of heat vhich:must be dipsipated, "fnanfozl'd. reactors are R

E
cooled by water, those at Oek Ridge and Brookhaven are. cooled. by air 1n

'pr.odigious quantities. In both calses, -the alr’ or the waj.ter is discharged from
the rea.otor building.and not re-used.. Both are open cyole ,opere.tions. For use .
in power and test re'a.o’t'ors of the future other ooolohts -\Iere ;mw being developed
which will involve closed. cyoles; and wili therei’bre greatly ’cut d.ownl the amount
Aoi" radioactive ,mat'erials 'discliaxged »to the a.ir or the ground and simplify the
i problems. - Lo . ) ! _
o Cooli% Water. At Henford, the cooling va.ter 1s dﬁra.wn from the
. Coiumbi_a R'i'v_er, purified. in the oormal ma.nner, pumped throughf the reactors,
held' in a retention basin t‘o permit the 'd,ecay of much of the radiation .as ie .
picked up by soluble. salts in the.LHa.ter and then discharged b’ack into the river.
The exit tempera.tures may be severa.l degrees above river water dut the temperature
of the river as a whole is not noticea.bly changed . R IR

|
Cooling Air. At Osk Ridge, and at Brookhaven (when the rea.ctor goes"

‘Into opera.tion) e.ir for cooling reactors'is f1ltered to take*out particles beforer )

o and. ai‘ter use a.nd. then d.ischsrged ‘into the a.tmosphere through stacks. Argon end ‘

’

other rare ga.ses tha.t occur -in normal alr \in very small amounts become radioactive
o o TN D@E ARQHIVE&
'f501é1' '
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© will shut down or will run e.t a reduced rate.. . ]

A .they can be developed . ‘ :

. ==50121

R R B B
while {in the reactor, but the.half—life of readioargon is slightly less than two
hours and the total quantity is smell.- . S

At Brookhaven the operation will be controlléd according to cond1tions
| e
in the -e.tmosphere. If the wind is right to dilute: the!stacki ge.ses and carry

them e.wag-, peration will continue ‘at full re.te. If the win(li is. wrong y opera.tion
|
hemice.l Se‘mtion Residues. At Hanford, mete.l containing urenium,

plutonium and fission products eJected i’rom the piles is e.llowed to cool to per-

‘ mit ‘the decey of & ls.rge amount oi’ the short-life activity, such as that ‘of ‘radic-

'iodine. This material is then chemice.lly processed tozrecover the ve.luable
.fissionable me.teris.l, plutonium. It pesses through re.ther conventional pro-

"cessing steps, such as'dissolving ’ precipite.ting and vashing-‘-opere.tions vhich

are’ oonducted by remote oontrol behind many feet of concrete and using specie.l

'ventilation. Ventilating e.ir contemine.ted with radioactive psrticles from this

" process passes through scrub tre.ps, filters and out a ste.ck, agein under con-‘

trolled meteorologice.l conditions--tha.t is, dischsrge of the conte.mine.ted e.ir
18 permitted only when the wind 18 right to permit discherge in the upper
e.tmosphere. . T‘nis results in high dilution end. safe operetion.

. During chemice.l processing, the liquids incree.se in volume end hence

N

. the re.dioe.ctivity per ge.llon ie reduced from step to step. Ultime.tely the most
' radloactive wastes are stored in tanks underground.» We.sh we.stes ere elso ts.nked

. but, ai‘ter a sufficient period oq decay, are dischsrged 'I'hlis practice was

adopted during the war, but it is being replsced by better mlethods as fast ag

i
)

[
!

During the pe.st few months improved processing techniques have reduced
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the volnme'of 1iquid.nastes vwhich must be stored by120 per cent, and~it to ex-
pected that the reduction will increase to 50 per cent in the near future. That

will result in a saving on the, order of a-million dollars'a yeer.

SOlid Waetes. At all inetallations where'radioactivity is encountered, '

'considerable quantities of contaminated clothing are laundered and tested for

’ re-use. Contaminated trash, biological epecimens, etc., are disposed\of by
. : |

burial or, more recently, in eome areas in cloged cycle incineratora. Some con-

- taminated ecrap metal and discarded equipment such aa motors, ‘valves, piping is

buried. Lead end aluminum ehieldins blooka used in pilot plant work are generally

decontaminated and used again.' Considerable quantitiee of other contaminated
| .

metals have been segregated and efforte are being made to see whether they can be’

deoontaminated to place them back into normal commercial channels. To date, -

euoh acoumulations have, usually been kept on plant aitea even though the level

of activity le quite low. - o S

N

Contamineted buildings also present e problem. In extreme cages the

d buildings may be painted to hold the radiation in, and to protect workers handling

_them. After rainting they are taken apart board by board;and the boards buried.

: Handling “Hot"'Laborator17Waates. In "hot" laboratoriea where radio-

‘”active materials are ueed, ventilation and liquid wastee are handled in a number.

of different ways. No single method stands out for general use, Users of
radioisotopes in trecer work do not as yet run into particularly severe wagte

problems, because of. the emall‘amounts of activity. ) E

Development of . Improved Waete Handling Methode
. : , T

In brief, geseous, liqnid and solid vastes abpear'at each of the

_ varioua "hot" stepe in. atomic energy proceaees. The methods of safe handling .

' -13- DOE ARCHIVES
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. used to date have successfully protected workers and the public. The'-ultimate

_ goal is to- improve the basic design of equiyment so as to cut down wvagte at the

| f

source rather than to attempt to deal with the wastes lby such means as i’ilters

and retention basins after they have been produced. The present steps will

still be necessary, “but they will no longer be the first line of defense. The

i storage of "hot" liquid vastes is expensive. It can be tolerated. for a time at -

one or two locations 'y but if the lindustry ie to ezpand better means of isolatins,

»concentrating ’ immobilizins and oontrolling vastes will ultimately be required.-

To meet this need, the COmmission is currently sponsoring research and. develop—

ment of better waste-handling methods at many sites. (See Appendix B, p. 31. )
: |

‘ II’Lf SAFE HANDLING OF RADIOACTIVE WASTES IN THE S

ST T uomxcmmmrmmsmm o b o |

"/

)

-Problems in the( Control of B_e&i_@lctive; Westes C S

. In the manufacture of almost eny product some wastes {nevitably result

-A8 a general rule, however, the less wasteful a process mey be the more efficient

‘ is_the production. This is no less true in the atomic energy industry, and at

/ |

" each atomic energy installation, techniciens and engineers continually review

production prooesses in order to reduce the volume of wastes.- Much progress has

been pade; 3 but improvement in control oi’ wastes requires continued research

.and 'development work. ' ! o A il |

s N

Many atomic energy wastes have an unusually large salvage or reclaim

[

. value, Some advance has been made in. reclaiming certain radioactive waste

)

o materials. Substantial improvement may be expected from other methode now in

the development or pilot stage. In the meantime, economic als well as sei‘ety
) |

considerations require that valuable wastes be stored until adequate reclamation
-1 - DOE ARCH‘IVES
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methods a.re worked out. : ‘ o R
'I‘vo distinct basic methods for handling ra.dioactive wagte materiale

are dilution and concentration, _Since living orgenisms‘do not pick up radio-

e.cti_ve forms. of a chemica.l ele‘ment' in prei’erence to the non;ri'ediOective 'forms, -
dilution of the radioactive msterial .with the.same material 'in a.._st'a'bl_e fom
is an .exoellent s‘afeguard'. ‘ i ' ' o ! : ] N
In cases where sufficient dilution is not feﬁei'ble‘\it ip deeirable to
- concentre.te the ra.dioe.ctivity in a8 emall - volume of me.teriel a8 poseible and
. then store it in a safe manner. Much -researoh and development work now being )
carried. on- in the nationa.l a.tomio energy program ig devoted to methode for
. concentrating gaseous, liquid a.nd solid redioa.ctive ma.terials. .
e In the urgency of mainte.ining high production, discharge sta’nderds .
‘}/‘l have been set ‘;h'ich, on ons hand do not seriously 'hemp»ex‘i produl\ction and on the
| other hand are at a re,te 80 low that no damage ‘to plarts, anipals or humans has
resulted. = They are 'believed sa.tiefa,ctory from the pu'blic heelth standpoint

In fact, as the long -time effects.of radioactive ma.terie.ls a.re observed as a. _'

‘result of present research, the present eta.nda.rds nay be found unnecesea.rily

gevere,

The successful utiliza.tion of a.tomic energy on a wide scale will take
' place- only it production plants, la.boratories, and hoepite.ls carry on their 4
. Operations 80, that the dische.rge of‘ re.dioactive vagtes Idoee _no ‘harm to the sur-’ )

| ‘

roundine community of plante, animals and mwen., : '{ oy
The complete e.chievement of this ideal. situe.tion wi|ll require much

. regearch e.nd development work to find. new end better waste diepose.l methods.

~ For example, it 18 necessary to have more complete underetanding of the per-
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misaible tolerance ‘levels which cen be withstood by men, enimals, and plants

“without influencing their health, growth and 1ength of life. The National Com-'

under way and additional research vill be und.ertaken |

mittee on Radiation I’rotection ia now ongaged in eve.luatins and establishing

such permissible levels. L o K ‘l

. 1 ’
More information is also needed about the various biological systems, " )
aicro-organisms, higher ple.nts and animala living in environments of lcw levels

of radioactivity. '.l‘hese long-term studies tdke time, -

A number are already

- In eddition; better methoda of ooncentrating redicactive wastes in

air a.mi water a.re needed. 'I'hese may dbe mechanical, electrical, chemical, or
1 .

biological aleone or in combination. . ) ‘ '

i . -

Methods for Handligg Gaeeoge Radioactive Wastes

Several operations carried onin the planteland laboratories of the .

atomio energy program ‘prodtice radioactive waates ‘that might create a haza.rd if

' considerable quantities of" them were ‘ellowed to ‘80" into the air in and near the

-

inatallations. Operations that produce these gaseous - vasteis include material

processing, metallurgy and machining, air-cooled reactor” operation, chemical

séparations, laboratory .resea.rch, and" i'acineration. o P ]

H

i Material Proceseigg, Metallurgy and Machining. ‘Preiiminar; prepara-

- T . . , i

tion of uranium Ores requires drying, crushing, grinding,/sieving and similar
operations.‘ Dusts from these operatione are not highly radioactive g0 that
ordinary precautionary measures a.re adequate. At this stage the hazards from

chemical toxicity are perhaps greater than those from radioactivity. Dusts \are' ’

removed Trom the working space and the atmosphere in the plants by ordina.ry

industrial types of mechanical separators, electrostatic precipitators and

L .- D‘@EARCH{VES
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filters. Better equipment is being installed in existing plants vorking on
: Commiesion contracts, and in new plents the Commission insists on installation ‘
of equipment capable of removing practically all contam}ination.
In the chemical proceesing of ores, the fumes, mists and gases are
scrubbed a.nd filtered before release to the atmosphere. The ;radiation- hazard
assoclated with uranium ores and the refined metal are not excessive in -view "

of the low~level radioactivity of }these products. | I .

During the metallurgical ahd machining operations on uranium fumes
. and'dusts of the metallic oxides may develop. These are removed by ventilation
" end filtering in order not to contaminate the work areas or the outside
!
I

: 1
e . ! .
'

. ‘atmosphere.
Alr-Cooled Reactor Operationg. Air used for cooling a nuclear

reactor or plle becomes slightly' radioactive. The mosti‘abundant component is .
’ ,rad‘ioargon -(argon hl)/,' having a half-life of -llo minutes‘.- Radiocarbon (ca.rbon
lh) 18 discharged but in such small amounts that 1t creates no public health :
problem. Under abnormal conditions, uranium oxide and ra.dioactive fission pro--
' ducts may contaminate ‘the cooling air, but :these materials ‘are removed by
proper “facilities including filters. o e
The , only air—cooled reactor now in aotual operation is at Oak Ridge, ;
this reactor is equipped with filters which treat the cooling air before it

v

ledves the stack. Continuous air pamples and other measurements are taken in. ‘.
the vicinity of the reactor building to insure ‘that its operation ise maintained
 gafely at all times. Readings of radioactivity in air taken within a mile of the
pile stack are about, twice the normal coamlc ray . background. | It should be noted
‘ that making measurements of such low levels of radioactivity is very difficult. ,.
This does not represent a dangerous condition. DOE ARCHIVES
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. that a low level is maintained. “ AT B

T

A second air-cooled reactor 1g now under construction at Brookhaven
National I.aboratory s Long Isla.nd. The air will be filtered. before and ai’ter

delivery to the pile end will be dispersed to the atmosphere at high velocity '

through a -ptack over. 300 feet high assurins ample d.ilution. Operation of . the -

pile will be subject to an elaborate system of meteorologice,l forecasts. The

1eve1 ‘of operations will be ad.Justed. to the oonditions forec[ast 80 that there
t !
will be no danger, S S S E
According to design considera.tions, a.tmospheric contamination in the
| )

'neighborhood of the Brookhaven rea.ctor at full operation will be. considerably '

less than the permissible limit and. careful monitoring of the area will assure

I
!
i

High-powered. rea.ctors of the future probably will | employ closed-cycle

cooling systems which will not d.ischarge gaseous vastes to the atmosphere.

" Should add.itional air-oooled reactors be constructed, !their design will provid.e

’ for filtering of the cooling airi and operations- will be regulated in accord

:with local meteorological cond.itions to ‘prevent any d.egree of hazard

' Meteorolo&cal Surveys. The combined effects of |a. ‘high stack and

strong average winds at the Brookhaven site will normally provide suﬁ‘icient

dispersal of the cooling air to permit safe and continuous operation of the

reactor at full power. However, under certain adverse weather conditions, the -
reactor will probably operate at less than full. power. The probable oxiset and

duration of such adverse conditions can be predicted and the level of reactor

operations will be governed by the pred.ictions mede by the meteorology group

'
"

of the laboratory. _ B l

Meteoroiogical tovers are- equipped. with measuring ‘and record.ing in-
f
struments which operate continuously. Studies of atmospheric behavior mede

o -8 "DOE ARCHIWS
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prior to the pile opera.tion, including the observatiom of oil-fog smoke emitted )

i. from a 320—foot tower into the. a.tmosphere ’ shov that. meteorologica.l personnel

-

will be a.ble to determine when the ra.dioa.ctive a.rgon in the cooling air. may be
insufficiently dispersed to permit continued. operations a.t full power. E “
Area Monitorix_lg Proggam. _An. extensive program of} area monitoring has
- a.lso been undertaken -at 16 selected sites in the vicinity of| Brookheven. Eax:h ‘
of the monitoring stations consis[ts of a frame building provided radiation .
detection and recording equipment. Construction and installation of fa.cilities
. a.t these sites’ will be completed well before the atart of re'a.ctor opera.tions.

Rs.dia.tion ba.ckground da.ta. on ne.tura.ll.v occurring radie.tion levels is

being ga.thered prior to the a.ctiv‘ra.tion ‘of the reactor.

period of rea.ctor opere.tion data: on/ra.dia.tion conditions will be ga.thered at

During the initia.l

each sta.tion. During this period hea,lth physics perso‘nnel will- ma.inta.in close
coordina.tion with the meteorologica.l and- rea.ctor opere.ting groups. S

Once- the rea.ctor is functioning and ‘the genera.l ne.ture of the effects )
. ; :

produced ha.e been este.blished, routine monitoring will begin. Counting end
la.bora.tory fa.cilities are being set up for’ routine a.ne.lysis 1of la.bora.tory

sewage and- of vegeta.tion, ‘goil;- a.nd water samplee collected a.t Belected points

;

in the a.rea. served by the"monitoring‘ eta.tions‘. ‘Thes®e" e.ctivities will provide '

1

cohtinuing routine control: da.te. a.nd will supplement more dete.iled Burveys made

by biologice.l survey. groups._ This’ equipment will be largely automatic and-
o
| Lo _ » | 3

' se]_f-recording. e o ‘ ,

A tra.iler with be.ttery power supply a.nd a limited complement of

{ .
- monitoring equipment will be a.va.ile.ble for spot check -and tfla supplement coverege

provided by the 16 ste.tions. DOE ARCHIVES
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Chemical Sepe.ration gmati&. 'I‘he fission .products obtained from
uranium exposed to neutron bombardment ina reactor a.re highly radioactive.‘
Thege fission products are eepe.rated from unused urenium and|p1utonium by a
variety of chemical processes.. The equipment is la.rgelly automatic and operated
by remote control. Ventilating exhaust alr and dissolver off-sases are dis--
charged through stacks 200 to 300 feet high. Radioactive particles infthe
diseolver off-gases vwhich might contaminate the atmosphere are removed. by
ecrubbing and filtering the digsolver off-gages before |they enter the stacks: ‘

_ When meteorological conditions are unfavorable, dissolving operations
‘ are not ce.rried on, and elaborate faoilities are maintained at the production

1
_areas in’ order to supply the necesea.ry meteorological information.

When chemical separation operations began, it vasg believed that a-com=- . - ‘I
bination of high stacks and large volumes of diluting air Would remove- any
-hazard from exhaust ventilating ‘air,” However, at later dates , alr; ground. end
vegetation tests indicated a possible need for decontaminating exhaust; air
prior to discharge to the- stacks.. This is nov being done. . \ -

The’ radioactivity added to the atmosphere n the ne‘ighborhood. of Oak
Ridge National Laboratory by chemical separations operations Eand the cooling air
from the ‘reactor, "1s of" the order of- 1/100 000,000 microcurie per cubic foot.
"I‘his should. be. compa.red uith the natural radioactivity Iin the atmosphere in this
part of Tennessee which ranges from 10° to 100 times greater then the added radio- ”
.a.ctivity. The average in the nee.rby Knoxville area is about 300 times greater. )
In- many districts, notably in the Colorado mountains » the radiation may . be ‘st1ll

higher by 10 to 20 times. But even there it is insignificant and not. considered

‘at all’ harmful. E)()IS !iIk(:IiIKfISS S o
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- At Hanford health phyeiciete have given careful coneideration to “the
.emission from. chemical eeparation operatione of ehort-lived gaeeoua waetee,

primarily 8-day radioiodine (iodine l3l), and 5 h-daytradioxenon (xenon 133).

‘The absolute amount of euch waetee can be regulated by increaeing the cooling
|

_period between the time the slugs are taken from the reactor and the- time that

"metal processing begine. For example, by increaeing the'cooling period 60 days

(7 half- lives) the amount of radioiodine may ‘be decreased by more than 100
1 ‘ 5

t1imes. . . o - } o

At present the. radioiodine concentration in the atmosphere over
Richland, Pasco and Kennewick ie about l/lO0,000,000 microcuriee per cublce foot.
Ae at Oak Ridge thie level ie not a public health prohlem. ‘ ‘

At the preeent time radioactive metal from the Argonne National

- Laboratory reactors ie not proceeeed locally, ‘nor 1s euch proceeeing contemplated

- in’ connection with the new redctor at Brookhaven National Laboratory.

En\oratorv Reeearch. Gases produced_in Comnission research labora;

toriee have varying levels of radicactivity but for the moﬁt part the activity

is low level. In new laboratoriee;'high-level working.areae are usually deaigned‘

.

‘eolthat they do notfconnect'with.low\level'and uncontaminated'areae. The areas
are gerved hx.eeparate ventilating facilitiee ueuallylarranged 80 thatveven in
,emergency the high-level activity cen never‘contaminate an:area of iower level.'
| | Ae a further precaution, in some laboratoriee work involving radio-..
activity 1s done in epecial eealed boxes eet in ventilated hoode and manipulation

l
of radioactive materiale and equipment is carried on with protective gloves or

by remote control. S . T i )

At some of the older laboratoriee; eepecially thoee vhere exieting :

facilities were adapted for regearch on radioactive materiale, the nature of the’

-2 _IDOE ARCHIVES’
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facilities has not alvaye permitted complete radicactive decontamina.tion. Al-

V though these le.bora.toriee did not endanger personnel they are. being remodelled -

i

or. repla.ced The contrast between' the. origine.l state of the ‘older la.boratoriee

a.nd the newer ones ie striking and ma.rke a step forwa.rd\in th[e progress of

the industry. B - \

'I‘he new la.boratory buildinge at the Argonne Na.tional La.boratory in

: .DuPage County, Illinois, are being\ built cn a unit principle, each unit he.vins
"about 100 equare feet of space, Ee.ch unit will be provided with individual

'A eupply and exha.net ducts. Simila.r eepe.ra.tion of areas will 'be provided ‘in the

- biologica.l and medical la‘boratories under conetruction‘i’or the Rocheeter Atomic
Energy ProJect, Univereity of Roch]eeter, the new buildinga a.t the Radia.tion
Laboratory, Univereity of Ca.lifornie., and the newv Knolle Atomic Power Le.bora.— |
tory, Schenecte.dy, New York.: - S l ST

Incinere.tion. Burning of radioactive waetee and by-products cannot be

done u'.nleee provieion is ma.de to decontamina.te the producte of combuo‘*ion. This
requirement 18 not a eimple one to meet 5 but studiee/ for improving incinere.tion
methode are- in progress. ' i ' )

' Stack Gas Problem Workigg Group. In"June" l§1&8" the ‘AEC.Divisio’n of

Engineering appointed an Advieory stack Gas Problem WOrking Group, -the member-
ship of vhich. included experts in industrie.l health and ventile.ting probleme.
The Working Group has recommended tha.t epecia.l research pae ca.rried on in a
"number of fielde he.ving to do with limprovement of. exieting filtere and develop-'
| ment of other types of equipment for removing re,dioa.ctivity from air and gases.

!

A number of contra.cte ha.ve been let for conducting resea.rch and ‘develcpment

in these fields. JDOE A‘RCHIVES | ‘
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af'e Handlix_ig -of Liguid Radioactive Wastes

Reactor Cooling Water. Exposure of reactor cooling water to neutron

bombardment createe a elight degree of radioactivity inf the dieeolved golids .

that the water -carriee. _Before being returned to the river, ‘however, the-
| f
coolina water is held in a retention basin for several houre zand monitored to
, ‘

make sure that the 1eve1 of radioactivity is low enough for eai’ety. Also in
J .
returning the water to the river, .care ig taken to provide aihigh degree of

nixing with the main stream giving waximm dilution. '.lfhie he|.e been very a
effective. , . S " ’. E . ,

Liquid' Proceeein_g Waeteé; In the normal reactor operation, varioue 3

. radioactive elemente such as etrontium, yttrium, columbium, ruthenium, cesiunm,
and cerium are formed., Du)ring."the‘chemic_al proceeeing :theelevradioactive_
materiale progreee into the proceee eolutione and 'eubee!cuentiy into the .w_aetee'.
from t‘he:vario'ue operatione., Material containing only short half'-lived ie.otc.pee.‘

. are monitored and etored for a relatively ehort time to permit decay of the

: radioactivity, after whic‘i such waetee are’ diepoeed freely to ground or streams,
Longer-lived radioactive fission producte are placed in eemi-permanent retention
until adequate eyeteme are.developed for their ieolation or recovery. »

"At, Hanford the elow eeepage of low-activity waeteel into the ground has
been eafe to date becauee of the nature of subsolils. Theee eoile tend to have
a chemical af‘finity for most of the radioactive materiale, 80 that they do not
epread through the solls for greJt dietancee. While this method of diepoeal
hes proved a ueeful and safe temporary measure, it‘ ie not a eatiefactory die~"

: poe‘al method for permanent use. Geologiete estimate that szeeent practicee may

continue for many yeare without creating a public hazard Ijn view of preeent

research efforte, the practice will undoubtedly be abandoned long before thie :

period has elapeed DOE ARCHIVES
--50120 - "-2‘3~ - ‘

Lo

|
N
|
R
!

T




.!

‘facilitiee in which redioactive materials are used.

'timee higher requiring epecia.l ee.fegue.rds and "hot" lebore.tory fecilitiee.

.
[y

At Oak Ridge National Le.bore.tory inoet of the fieeion product liquid
waetee are stored in underground tanke to permit decay of the ehort -lived pro-

" ducts which form the bulk of the:redioactivity. When the safety point is

l

reached, the liquid wastes pass into a drainage system coneietins of a large ‘
: holding pond, White Oek La.ke N White Oak Creek, and ultimately the Clinch River.

The entire eyetem is in the Oek Ridge restricted. eree. and ce.reful meeeurements

. are made of the radioactivity of the veete before it leeves the controlled

. N . 7
‘,area.." _ Co : . . . . ’

i
[ BT .
Recent eurveye indica.te that the mud in White Oak Creek is becoming .

increasingly redioective. 'I'he eitue.tion ie not a.cute. However, in-order to

N

keep 1t from reaching an ecute etege, a progrem is underway to develop methode

i

for proceeeing weetee before they enter the creek . J"

The totel ra.diation ‘level in White Oe.k Lake’ muet be eufficiently low.

not to harm figh in the water. The concentre.tion of ra.dioectivity from any -

combinetion of radioieotopee muet not exceed an amount which vould not harm e.

human being who for his lifetime ueed thie as his only eource of water. —

In
\

' eddition thie low degree of radioactivity 18 further diluted by a fector of 20

%o 1000 on entering the Clinch River. ,Eee.lth phyeiciets heve obeerved that the

maximum a.dded redioectivity in the.water of .the Clinch River ie about l/lOOO

microcurie per gellon. This ie coneiderably lower than the netural radioa.ctive

content of meny of the most populer minere.l waters drunk in the United States.

Le.bora.torv Weetee. Moet Commiseion inetelle.tions have laboratory

|
The degree of a.ctivit_v

varies over a wide range from low level tre.cer vork to levele me.ny thousend

. In n
such 1ebora.toriee reeeerch etudiee are conducted in funde.meqtel chemistry, v

., . DOE ARCHIVES
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physics, metallurgy , blology. and medicine, engineering development, snd in

some cases component and pilot plant testing. ; :
At the Radiation Laboratory y Berkeley, Califo‘rnia, concentrated liquid’
j i
wastes are mixed with cement and stored in oil- drums. 'Laterithese materiale

are dumped some thirty miles out at sea. No radicactive materialsare dumped

i

in the San Francisco Bay region. E _
Research and Development. The '-principal ‘alm -‘of research and develop-

ment of new methods for handling liquid vastes ie Yo concentrate these wastes

" in small, more easily handled volumes. (See Appendix B, p. 32 ) At Oak Ridge

engineere have designed and installed an evaporator which is expected to reduce

the original volume by 95 per cent. A pilot plant avapore.tor is about to go in-
to operation at Knolls Atomic Laboratory, Schenecta.dy. ‘ !

Many potentially valueble radioactive materials are now lost in wastes.
The Commission is interested in developing suite.ble methods for salvaging as

much as possible of this material. Research ‘work on( this problem is going on at

1

several Commission laboratories. ’: ‘ ‘ R |

1
-l

The effects of radioactive materials upon biological organisms and
: slimes found in drainage systems and sewage disposal plants is of interest to
senitary engine.ers. At New York University a Commission-sponsored research _
project has teen‘established to investigate these effecte s using the unique
experimental gewage disposal plant ‘and facilities made available by the City )
‘of New York. ' B | ’ , R i

- . |

Research workers at Los Alamos have started an ‘unns:nal peries of

studies to determine whether or not radioac.tivity cen be conc'entrated‘from
. N ]

liquid wastes dy bacterial- action. Early experiments indicate that bacteria

. normally used in activated sludge processes for treatment oi’ sewage does con-

s

"B 'ID@E ARCHIVES

--50121

[
V-

v

M

t




i
|

centrate radioactivity to an unusual degree. As’soon a‘e more. data are avallgble,

pilot plant operations will bve eetabliehed for use of biological methods on a.
routine baeie. If eucceeeful, the method will be fer simpler e.nd leee coetly
\ - l

than chemica.l or mechenica.l methods. . I
: s .

IV, SAFE HANDLING OF WASTES RESULTING FROM‘\
RADIOIS()TOPEB DISTRIBUTION PROGRAM : B

Ra.dioisotopes produced 1n the nuclear pile for reeele.rch a.nd medical

therapy have been called the moet important reeee.rch tool developed eince the ,
‘ invention of the mieroeoope. Bece.uee of their radioa.ctivity these materials LRy
be- followed through complica.ted physicel and biological rea.ctione, such as
digeetion, photosynthesis, vbl_ood iiometion, procesaee for mal;ieg gasoline from
. coal, and the like. Previodsly, sclentiste knew what 'went idto a ree.'ction‘ and

..wha.t came out From thie evidence they would try to piece together what

.occurred With radioieotOpee they have a tool to follow theee intrioe.te pro-
 cesses etep-‘oy-—etep "By the end of 1948 a total of 4, 5h2 shipments of radio-
_ieotopee had been eent from Oa.k Ridge to more than 1,000 lebore.tories and -
hospitals in the United States. ~ , - l ’
While re.dioieotopee are distributed widely, in terms of millicuries of
_re.dioe.c tivity the amounts dietributed are very small _compared-to the amounts
produced in the atomic energy production pz".oceeaee. ' Even so,i'certe.in pre-
ee.utione'muet be taken to pi'event inJuz"y to pereonnel‘ ueing the. radi'oe.ctive e
/materiale and. contamine.tion of equipment and loce.l dra.ine e.ndl eewege eyeteme. )

- It should be noted tha.t no le.rge scale ehipmente of!radioieotopee

have been made for xjoutine induetrial processing. If and .whez; such industria’.l-

. uses are developed the problems of waste dieposal vill req_uir’e considersble

study in each case. No euch ehipmente will be made until eetiefa.ctory techniques

@QE ARCH&IVES
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for disposing of wastes have been worked, out. o ‘ . _
. Preca.utione Taken« by Igotopes Divigion. Before an application for
radioieotopee ie epproved'e.nd. the Iehipine\mt ie‘mmie, the’i Isotopes Divieion at-
Oak Ridge determinee that the physician or resgearch worker who will- receive the
shipment is trained in techniquee for using red.ioective me.terie.le. Moreover, \'
the laboratory or clinio in which he works muet be provided. with edeque.te N
meeeurins and protective d.evicee. |Sefety, hovever, demand.e more than equipment
end routine. Each operation and ea.ch experiment mpt be evelueted individually
Genuine underetanding ot‘ the nature of re.d.ioe.ctivity and. ite effecte on living

T !
.tieeue is eeeentiel. o L : o ‘

; .
Re.dioieotopee dietributed from Oak Ridge are lehipped by common . .

ca.rrier--airline ’ re.ilroa.d and truck—-in specially conetructed containere s which

range in weight from leee than a pound to a ton, depending upon the energy of the.

re.d.ie.tion and the thickneee of ehielding required to etop re.die.tion of that

energy. I.ow energy radiol eotopee, uch as carbon.lh, phoephorue 32, end. sulfur _

I 35, can be pe.cked. in 1ight containere. ‘Sodium alt cobe,lt 60 Iend iodine 131 A . (

on the other hand, require heevier conte.inere » 'the average. weighing between 100

and 150 pounde. This type of re.dioieotope, in ite glaee or e.%luminum can, 1s

pleced in a, eteel contalner eurrounded by a leed. shield. which s eupported.

|
I
firmly ineide a etrong wooden hox. After packing, the boz, isi checked.v with a

eeneitive detection inetrument, and. if the re.dietion reé.(‘.hingthe ‘oﬁte'id.e is
. etill above completely ee.fe limiteL the coneignment ie repecked with a thicker
‘ehield. o S T E R .

PR

During the 13 monthe, June 1, 1947, to July 1, 191&8, a total of 166 h9ll

. millicuriee of radioieotopee -were shipped from Oe.k Ridge to reeeuch laboretoriee

and clinice. Of thie total less than 900 millicuriee or a.bout one-half of one '
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: per cent consisted  of ra.dioisotopes considered very dangerous because of a com~

‘ bination of long half-1ife and slow rate of turnover in the body. About 77,000

. millicuries of phosphorus 32 and about 62, ,000 millicuries of fodine 131 were

- shipped during this period. These have half-1ives of| b da.ys ‘and 8 dsys '
respectively. Thus, the vast me.:)ority of ~distributed redioisotopes have feirlj
short half-lives or are elements vhich a.re not specifica..ly concentra.ted in the

‘ human body at the dilutions enccuntered a.fter the experime;lxt. "

| isposal of La.'boratorx end Clinic gediosctive Westes. ™ In almost all
tra.cer experiments the radioisotope is diluted by e.dding non—ra.dioactive isotopes

' of the same element. Since both rorms of the element behave chemically in the

|
- seme way, the cha.nce of selectilre s'bsorption or re.dioactivity in wa.stes by living .

. orge.nisms 1s much reduced. In most medical experiments, the materisl 18 further' T L
diluted through fairly uniform digtribution through a lerge organism such as the ' o

j hupen body. There 18 a.lso subsequent dilution with la.rge emounte of orge.nic .
| - metter end we.ter, vhen the material is disposed oi’ through the ordi“ery sewer ' RPN i
I . : - SR

system.’ I L L ' : I

In September, 1948, a meeting sponsored by. the Atomic Energy Com-

. ) migesion was held in Washington 'to discuss the vaste disposal of 'radios.ctive'

materials used by non—Commission laboratories. The men attending agreed on the -

following rec cmmendations :

-l. .Any type of redioisotope can ‘be buried in the ea.rth, if the ra.dio-
; -
: isotope is uniformly diluted with non-rsdioactive isotopes of the same element in :
f / | L. . : 4‘

* the geme chemicel form, provided that no more than 4. 15 ergs per gram oi’ element . - e v

'were dissipated per day, that the burial’ is made cnly in suita.bly selected areas

in possession of the user, and that the materia.l 1§ Iburiecll at a minimum depth of L ;

S )

. . five feet. DOE A.RCHIVES . . A ! ‘"
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2.. Radiolodine (iodine 131) may‘ be discherged from en institixtion ’

into the msin sever, provided tha.t to each millicurie of radioiodine discharged

[N

one gram of potassium iodide is added at the time ot‘i disposal, that radio-

icdine will be diluted to 10 microcuries per. liter in theisewege outlet from

Rl

the institution into the main sewer, ths.t regulsr surveys ‘are made of plumbing

fixtures , and that appropria.te Esurveys are made before repa.iring the plumbing
o .
| i
N
3. Ra.diophosphorus (phosphorus 32) nay ’be‘l discha.rged into the sewer, :

between the disposal outlet and the main gewer. - \

provided tha.t it 1s diluted to 0 1l microcurie per liter in the sewage system,

that each millicurie is diluted with 10 grams of ' ste.ble phosphorus as phosphate

. e.t the time of discharge, that the muimum activity disposed of in any one in-

' stitution does not exceed 200 milliouries per week, thet appropria.te ra.dia.tion

survey_s are me.de before ropairs are mede to the plum‘oing and disposel outlets

' to the main sewer, =nd that the sewege does.mot enter direotly into fresh wster

. "
systems.

h._ Radiocarbon (cs.rbon 14) mey be exhausted in the air, provided that

no person sha.ll be’ exposed to the inhalation of air containing grea.terv thsn 0 (o)

microcurie per liter and that pa.rticulste matter is filtered from the e;xheust

alr. P @E ARCHIVES . - \
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APPENDIX A “

AEC. ADVISORY COMMITI‘EES ON DEALING WI‘I‘H
PROBLED:B OF EANDLING RADIOACTIVE WASTES

1. Advisory Committee for 3101951 end Mediclne | .'}

This committee, appointed in September, 19!&7, conducts continuing

studies and makes recommendations to the Commission about basic policies

relating to the wedical, biological snd health physics. aspects “of the atomic .
energy program. Anong the proble:lns considered by the Advisory Committee are

' those relating to the evaluation of present and proposed methods of handling
radioactive vastes.' The Committee algo reviews proposed research proJects ‘
pertaining to the biological and medical e.speots of handling waste.. The mem—

, bers of the Advisory Committee are: Dr. Alan Gregg,,Chairman, Director for
Medical Sciences; Rockefeller Foundation, New York City; Dr.:Ernest w0
,‘cbodpasture, Vice-Chairman, Dean of the School of Medicine and Professor of

; Pathology, Vanderbilt University, Nashville, Tennessee, Dr. Detlev W. Bronk,
President » Johne HOpkins University, Baltimore, Maryle.nd, and Chaizma.n of ,
\_the National Research Council, Dr. G. w Beadle, Division of Biology, California
Institute -of Technology, Pasadena, California, Dr. A/ Baird Hastings, Professor
of Biochemistry, Harvard Medical School , Boeston, Massachusetts, Dr. E c,
Stakman, Division of Plent Pathology snd Botany, University of Minnesota, st.
Paul, Minnesota, Dr. Joseph T. Wearn, Dean od’ the School of Medicine, and

Proi’essor of Medicine, Western Reserve University, Cleveland Ohio.

2. stack Gas Pr Problems Working Group o 3 ;

| :
in June 1948, the AEC Division of Engineering appointed an advisory
' Stack Gas Prohlem WOrking Group. The members of this group are. Abel Wolman,.

|
Johns Hopkins University, Chairmsn, Philip Drinker, Harvard School of Public

Health, Iyle Gilbertson, Alr Reduction Sales Company La'boratory, George R. Hill, -

: 30 DOE ARCHWES
-50121 .

i
|
i
f




_56-.

i .American Smelting and Refining Company; H. F. Johnetone, Univereity of Illinois,

Earl P. Stevenson, A. D. Little, Inc., and W. P. Ya.nt, Mine Sefety Applia.ncee.

"The group hee held two meetinge in Wa.ehineton, one in|Ke.n:t‘ord e.nd one in ‘

| -
Oak Ridge. ) - - Co oo i

K i . |
i ]

i ' _ The Stack Gas Problem WOrking Group has recommended that epecial

' research be carried out on the following list of problems and contractse are -

’

being made to implement thie progre.m.

N

1. Research end development of filtera to meet the various needs of

I
atomic energy produotion and reeearch plente. . :;

2. Development of equipment for reoovering re.dioeotive iodine end -
!

1
. eome of the rare gases by fractionation and . low tempera.ture cutting.

- 3. Deve10pment and deeign of an incinera.tor having minimel re.die.tion :

S

characterietics. 0 . ‘ - \ A

3 o - k. Research in the theory of diffusion of gases e.nd'aeroeole_ in the
'e.tmosphere, the deposition of e.eroedl p’articlee’fr‘om the atmoephere s the-ei’fect :
. of the nature of the pa.rticlee on their diepoeition, and the development of new -

‘ .

i methods for removing euepended particlee from ges etreame.’

:5» Stud}' of commercially availeble dust collecting equipment, euch

ag electroetatic precipitetore, cyclonee, rotoclonee, eto., ‘and of new methode
of collection of dusts in eupereonic chambera. Evaluetion oi’ the effect by

which the eudden expe.neion and cooling of euper-eature.ted we.ter ve.por will

Yy

C. produce a heavy miet and thue poeeibly entrain pnrticlee of submicron size, -

6. Experimente.tion and reeearch on abeorption by vegete.tion of

ra.dioactive gaseous contamine.nte. o I 1

T. Development and eta.nd.ardiza.tion of better eempling techniquee o

a.nd methode for determining the concentration, eize, end dietribution of particloe

. | 3 (EE RWAWTVES
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An stack and off—gases and from the ventilated air stream in buildings handling :

-~ i ’

radioactive materials. L R

3. Committee on Liguid Process Waste Disposal snd Reclamation T s

|

In June 1948, the AEC Director of Engineering appointed an advisory
commlttes to survey liquid wagte disposal and reclamation problems at Com-~
mission sites and to make recommendations for a progra.mw o improve present
practices. Members of this committee are., 8. Lawroski , Argo}nne National
Laboratory, Chairman, J, J. Grebe, Dow' Chemical Conpany, L. A. Mathescn, Dow

' Chemical Company; M. M. Haring,

0. Meade, Jr.,
Monsanto Chemical Company, and W A. Rodger, Argonne National Laboratory. o

Meetings have been held at Argonne National Laboratory, Knolls Atomic Power -

Laboratory, Hanford Works , Oak Ridge National Laboratory, and Mounds Laboratory. :
Following its initial survey the committee px}epared a list of. general

principles applying to handling of liquid radioactive waste. It also made a

number of specific recommendations in regard to a long ~term research e.nd de- :
! v" velopment program. \ /:
| " The general principles are: | : R )

1. In 80 far as possible methods‘of disposal should depen.d primarily
on the physical s.nd chemical properties of the waste itself and not on special )
site’conditions such as soil typés, community environment a.nd climate.

V 2, Tolerances: muet be realistic end baged on experimental evidence.

However N in operation the goal should be to reduce contamina,tion to natural

background levels. ’ B} 5 "g - S ' . o
o .

3: Potential vaste disposal difficulties should be considered at’

) every stage in the research and ‘design of operations ptrocessesDOE ARCHIVES

b
!

, -32- '
-50121 - A » ,

i
-
\ L
: !
|
|




- . ' .
5 ! . ' R . [ . . -
. . .

-h, _High priority should be given ‘to research and’ development of S e

nev methods of decontaminating and recycling chemicals, solvents and’ other an ,;g!
j . BT '

: . 1
! | (

, 5. Wherever possible standard industrial e&uipment and practices

operations process liquids.

ghould be adOpted in setting up vaste disposal processee. 1

6. Extensive dilution in a disposal process is permissible only if

1t ylelds highly decontaminated effluent not otherwisf obtainable.A i

) The committee reoommended peoirio researoh'progrems on evaporation,

I\

~carrier precipitation, sand filtration, ion exohangers, electro-dialystise, -

~

Ametallio displacement, differential volatility, electrolvtic separation, solvent

: extradtion end biological processes. To implement tmis rosearch program. the .

' committee mede the following recommendati ons: o o A,
1. A long—range research and development program in liquid waste '

R disposal should be established and given a higher priority since waste disposal.

is a limiting factor in the full development of the national atomic energy l

program. S A ‘ ) . ‘
‘ ‘ 2, This program should include fundamental studies of the chemistry i{gfif. m:‘
of waste disposal development of new methods through the pilot plant stage and o
assisting in the design and construction of full soale plents at various sites,
and repearch into better methods for recovering separating and packaging radio-.
isotopes and valuable reagents.

" 3. BEvery considerati?n should be- given to encourage cooperation be-‘

tween the Commission and ite contractors, and public healt?, geological,
oceenographical, meteorological and water supply agencies,‘both nationally and -
- I i . S R

‘ locally. - ‘ S s D - : : S L

L. The -Conmiseion should enoourage eveig sit cﬁ}iifm%ﬁ? critically
S : : . _33_, . . ’ " * '

'
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preeent practicea with a view to red.ucing even 1f only, to a ‘emall extent the

- ! C
. volume of waete produced.

v
|

A survey of area facilities, persommel and progra.me ie completed,
which will serve as basis ‘for eetabliehing the coordim‘ated programs. \In .
particular this program will aeeiet thoee areas where \waete :diepoeal probleme
are critical or where no facilities nov exiat for proper vaete diepoaal. As
improvemente in operating techniques are made, ,the inflomation will be eent
: to all interested facilitiea, so that maximum immediate e use lof these develop-

- ments will be efrected._ \ i S !‘ o

lt. Subcommittee on Waste. Diemeal and Decontamination of the National COmmittee

~on Radiation Protection .

‘The National c:wmmittee;on ‘Radiation Pmotecti:on eeta'hliehed-under' the
ausplces of the Rationel Bui'eau_ of -Standards ,i‘e 'concez%ned with the setting up
of radiation etamdarde in ‘the United States and detemination of »pe:"mieeible
limite.-and tolera.ncee. The recemtly eetabliehed Subcommittee on Waste )Diepoeal
and Contamination is intereeted primarily in establishing pe]rmiesible limita
for diepoeal of radioactive waete materiale. To date the latter group hae
made no epecific recommendations, but as soon as such reccmmendationa are
avallable they may eupereede eome of the pemieeible l‘imite lthat have been’
adopted on a provieional basis at national atomic energy inetallatione. ‘

 The members 6f the rain comnittee are: L. 8. Taylor, National
Bureau of Standards, Chairman, HT L. Andrews and E, G Williams, United States ‘
‘Public Health Service, Shielde Warren and K. Z. Morgan, Atomic Energy COm-
mieeion, L. F. Curtia, National Bureau of Stand.ards, E E. Charlton and
L. L Call, National Electrical ‘Manufacturers Aeeociation, H. B.. Hilliame, :

» Americen Medical Aeeociation, R s. Stone and. G. Failla, Ra.diological Society
) SREE @@E ARCHWES
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~of North America, R R. Newell and: J L. Weatherwe.x, American Roentgen Ray
'Society, Edith Quimby and J. E. Wirth, American Radium Society.

The members of the eubcommittee a:re. Ma.rviz|1 M. D Williams » ‘Mayo
Clinic; J ohn c. Geyer, Johne Hopkine Univereity: Roy 0verstreet, University

of California (Berkeley); Oliver Placak, Oak Ridge Na.tional Labora.tory

) (U.s.P.H.S.); Edith Quimby, Columbia University, c. ¢l Ruchhoft, Sanitary

Engineer, Cincinnati g Ohio, Nathan H. woodruff, Atomic Energy Commission,

Q .
Oak Rid.ge; Bergi Feitelberg, Mt Sina.i Hospital, New !ork, N. Y. Jameg E. .

. Jmsgn, Atomio Energy COmnission, Wushington. 'D'@E 'A CHIVES
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g L " APPENDIX B { 1

0 e

WASTE DISPOSAL RESEARCH AND DEVEIDPMENT SUPPORTED
’ BY THE‘ATOMIC ‘ENERGY commxssgow 5
: VEEG) |
1
Pl

In April 1947 , the Oe.k Ridge Operations Office requested the Chemical

1.  Filter a.nd Duet Collection Methode

')Corpe Technical Command , Edgevood Areenal, to determine the efficiency and
T operetionel cha.recterietice of etand.ard filter papere in removing radioactive
' 'e.irborne conte.mination. From thie Joint effort a filter unit wae d.eveloped

_ which subsequently has been- inetelled +in many of the IICOmmieeicn areas: .
A second oooperetive prosrem between AEC, the Chemicel COrpe, U. 8.
: Army, and Carbide and Carbon Ch{emica.le Corporation, Oa.k Ridge ) 18 ‘goon to ‘

be initieted for the development of more efficient filtere' and edgorbents to

-remqve red.ioa.ctive perti"lee. The development of longer-life filtere end -
i better methode of replecing unite will be inveetigated. ,/ St '

A ‘ S :

A eupplementa.ry program for deeign and etudy of epecie.l typee of

" filters ie being conducted for rthe Commission by the A. D.l Little Co., Ca.inbrid.ge,
Maeea.chueette . Commercial ma.nufecturere of potentially ueeful filter medie.

‘are te.king part in this work Theee include the 0wene Corning Fiberglae Co.,
‘ \ - American Air Filter Co., and others. . O L f [
' The Alr Reduction Salee Company has completed research and development
: vork on methode a.nd equipment for capturing radioe.ctive iodine from procees .
gases, Further etudiee on thie eubJect are underwe.y at Henford on a full~pla.nt
ecele‘. The Air Reduction Selee Compnny is also engeged it|1 development vork for

the design and conetruction of an incinerator heving minimel re.die.tion chare.cter-
" 1stics. o o o T ] _
e co

The Harvard School of Public Health is working on the application of
-36.- DOE ARCHIVES.
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supersonic chambers in the collection of dusts end on the uee of pudden ¢
cooling -of euper-saturated air to produce a heavy pist to entrain particlee

of submicron s»ize. o - : o \l o
2. Concentration of Liquid Waetee1 " b 1\

. Several Comnission laboratories ‘are’ conducting evaporation etudiee
leading to the design of equipment \for reducing liquid waste volumee. Since
Vthe chemical compoeition of liquid [waetes variee coneidetrable lfrom eite to site,
the equipment requirements vary accordingly. A pilot plant evaporator having
a capacity ot h50 to 600 gallens per hour ie about to so into (operation at
,the Knolls Atomic Power Laboratory, Gchenectadq Preliminary reeulte indicate

‘that the volume reduction may reach 98 percent. . 'i

_ Similar etudiee will be eterted at Arsonne National Laboratory as '
" goon as facilitiee are a*raila‘ble at the new DuPege Count‘y eite. An experimental ’
evaporation unit at Osk Rldge is well along in the deeign etage Completion
- of this plant will provide additional wagte etorage capacity. i Such plents are
: expected to find uee at other atomic energy eites. Tests at Oiak Ridse have
A 'indicated that commercially available typea of’ epray driers and other evaporators

do not require conaiderable modification in order to ve useful for epecific

; l
ol . i
~

problens encountered. in the atomic energy program.

o

N v I -
Studiee of ion exchange methods for removing fission producte from

’

.liquid wastee are carried. on at Knolle, Henford, A::'gonnel Brookhaven and Oak
1

: ‘Ridge laboratoriee. Adeorption cha‘racteristics of local soils are under etudy

at Hanford, Los Alamoe ’ and Brookhaven. Other chemical methods for concentra--

ting low-activity materials from 1liquid wastes ere also under inveetigation

DOE ARCHIVES

at various eites. ) . I
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3. Biological Concentration Processes ) t , .
' At Log Alamos the uee of activated eludge for concentrating certain
types of radioactivity from waste liquide appeare promising. ' The U. S. Public
Health Service and the Univereityx of California. are cooperatling in thie study.

4. Effects of Radtoadtivity on Sewage Systems = .

The Depa.rtment of Sanitary Engineering ’ New York University, has a
reeearch contract to study the effects of radiophoephorue ’ radioiodine ,
radiocarbon, and uranium on eewege treatment p:roceeces.| Theee studiee are

' being conducted- to determine the concentration of waetee vhich ca.n be dis-
charged eafely into sewage eysteme. Approximately 100 000 gallons of sewage |
per day cen be treated in the sewege ‘plant aeecciated *ith the laboratory.

During the course of thie etudy an investigation will be made of

biological and mechanical,concentrations of ra.dioactivi ty in;soll pipes, traps, .

v digestion"tenke, etc. ’The Sanitary Engineering Department  Johns Hopkins
. '{-Univereity, is etudying the effecte of radioactivity on. bacterial elimes
encountered in sewer pipee and eyeteme._ ‘Oak Ridge National Le.boratory ie

: working on a gimilar pro,ject with the cooperation of the U. S Public Health

Service and_ the .S_a.nitary Engineering Department, Tenneesee Valley Aunthority.

i

5. 'MonitorinLTechniguee R v
. v Inetrument ehops at Oa.klRidge, Hanford and Brookhaven e.re developing
new typee of monitoring equipment for routine meaeurement of. aotivity in liquid,

gaseous and solid eamples. At the Rochester Atomic Energy I’ro,jeot metheds for:

making more accurate counts of airborne particlee by size hz{ave been developed.
l

The Mine Sai‘ety Applianoe Co. has a contract for the development of eampling

tech for st X 1cles. ‘JEBS

tec niques or etack gas part cles ‘D OF ARCHX ! o |
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6. Dec ontamination Methods

At Oak Ridge and other laboratories the development of better methods
-of deconteminating building, equipment and general ar.ea:s is uinder investigation.
This work will be nseful not\only in the atcmic enez'gy lprogram but also to the
armed forces in developing meane of decontaminating equipment in combat zones.
Progress is reported on development of strippable films which can be used to
cover contaminated apparatus; e.mi.,| if, necessary, be placed by remote control.
' At Argonne and the Radiation Laboratory similar coatings have been developed
for painting hot laboratories; From time to time the contaminated paints can

be removed, and the laboratory wa]|.ls do not become permianently contaminated.

: 7.. BioLogical ‘4nd Medical Aspects of Radioactive Wastee '

In ¢ ‘1e last anelysis the evaluation of vwaste disposal methods and

the establish.\..enu of permlgeible limits depends upon k:nm 1edge of the effects
‘ of radioactive subetances upon 1iving thinge—-plants,»animale and human beings. ,
For this reason many of t.1e Commission 8 research contracts in the fields of (

t

biology and medicine have real application in the practical problems of

dispoeal ‘of radioactive wastes.' A ligt of research contractors and the sub:]ects o

of ‘their investigation follows. o - o

American Smelting & Refining Compm Research on’ abeorption of

i

stack gas contsmina.nts by vegetation. N

California Institute of Technologv. Investigation of the genetic
|

effects of radiation -on biological eyetems using molds, fruit flies and Indian

. corn as test material. : ,' t

Ay
University of California. Inveetigation of the effects of irradiation

DOE ARCHIVES o ]
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on animal tissue.
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~ . Johne Hopking Universitz;, Investigation of the absorption and ‘ A iyu

assimilation of radioactive materials by surface slimes.

University of Kaneas.. Studies on the biological effects of ionization,

i
|
i - ~

‘with emphasis upon localized cellular damage. \ ‘

N

Massachusetts Institute of Technologz._bstudiesjon the removal of

radioactive materials by standerd water purification systems. -

North Carolina State College.’ Studies of!the'movenent of ions
- SR P . ‘ ‘ R
through soils systems. = o . e '%, : o o -

Southern Research Ingtitute. Studies of body rEtention of radioactive
carbon. - - 8 .

‘ |
‘University of Texas.| Research on the uptake of various’ radioactive

'; materials by various species of algae. o

United States Pupartment of Agriculture. J(Plant Industry Station, B . ) »

N \ I
Beltsville, Md ) Study of the movement, fixation and release of various radio-
active substances in various’ soil types. Also studies are in progress of the

uptake and deposition of radioactive materials by va.rious crop. plants.

Washington Stete College. Studies on the absorption, translocation,

and disposition of various elements in plants. I)()IE~[\I{(:I11‘IIES : ib

‘ . . - !
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