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INTBODUCTION 

,In the laboratory and productio~ operations of the United. States , ., 
, ,I· 

energy program 1 a variety 'of potentially harmfUt:was~e,materials ere atomic 

created which must be ,handled in 'special W8...vs", This problem of wastes is not 

unique to the atomic energy lnduStry. Many large industries are faced with the 
I 

need for dieposing of noxious waste materials created. ~n th~ course of their 

operations. In this respect, 'the atomic energf indus1:fY dif,fers'from other in­

'dustries in that, mim,r oflts wastss before treatment involve relatively large 

amounts of radioactivity, with wh~cb publlc,health offiqers, sanitary engineers' 
. ( . I' i. '. , 

,and others concerned with waste 4lsposal have had litt~e experience in the past. 

Slnce the improper handling of radioactive waste ma.terials 'could en-
• • " J, 

danger the' public health, ,the U. S. Atomic Ener~y Comm~ssion believes that the 

f,acts which relate to this problem should be avallabte to cftizens generally, 

and particularly to those charged. with responsibility fQr health and safety. 

This report describes radioactive waste materIals" their sources/in the 
'" "" , , ..' 

atomic en~rgy program, and ,the methods ue~d in procese1ngand storing or die-
, I ' , , . , 

posing of them at ,atomic energy installations' ,and at laborator1eeand hospitals 

using radioisotopes. The Appendi,ces giVe more precise technical information on 

the research and development Under way to 'bring about even greater safety, and 

lower costs. 

In carrying on its prog~ for safe bandltos; of ra~ioactive wastes, the 
"l- • " , ii, .. , 

Commission reUes heavily upon the individual programs of its prime contractors. 
• • ~ • " ' " > ~ • • t . 

, In a~dition it draws u~on the talents and knowledge of; otheriFederal agencies, of· 
I . 

'State and local health officials ~d sanitary eng1ne~rs, andl of specialized in-

duetria.l consultants trained 1n engineering and health techniques. A numb,er of 

lPOE ~CHIVES " " , 
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I , 
agencies--notably the,U. S. Public Health ServIce, th~ U. sJ Weather Bureau, the ' 

. . , 1 

T~eesee 'valley Authorl ts end the U. s', Geolog1cal Survey-,,:are' already' co- . 

operatIng w1 th the Comml.esion In: the ,solution, of epec iriC 

I. THE ~ING OF lfA])IOACTIVlTY I 
I ' 

problems. -
I 

'Radloact1vemateriale are those materials wh1chreleaseenergy, eIther' 
'I '. , 

, . I ,.' 
In the form of emall,taet-moving nuclear particles, or as energy r81s.s~mllar to 

I
: , I, I' . 

, , 

11ght, The energy and particles ~released by radIoactive materIals is called . " ; I ,I 

_ "radIatIon." 'When 1t . passes ,through other materials, ~uch ~salr, metal. or 
, animal tlseue, radiation has ,the : property of electrifying the materIals along 

• I 

Ita path. This process Is called. "ionization," and. tb~ radlatlonlteelf is then 
\ " .'f·!" ' . I'. ," 

, called "ion1z1ilS radIatIon," In :l1vIng tissues the ioDldnS effect of radiation 
, -, ",' 

18 . related to the injury and death' of oells. IOnizing' racl1~tlcn, therefore, it 
, ,I, , 

applied In amounts large enoush tokil~many cells 'canl do great' harm toa plant, 
, , "{ . 

an animal, or a human being. 

We are familiar wIth three common types ot nuclear ion1z~ radiation: 

alpha parttcles, beta particlea and gamma ra,ys. All three pr,Oduoe ionization 
, , 'I 

.' 1. . 

when passiI,l8 through other materials. The fast-moving parti'cles ea~h bears a . 

posit1ve electx:ic chlU'fte, The particles are the nuclei of o~inarY helium atoms. 
, , ' 

:Bete: particles also'travel at hi8h velocities but in: thiS oaee the Particles-~ 
, . I' . , 

which areelectrons--are'very much lighter and have negative, rather than poel-. . , i 

ti;ve, charge. Gamllla radiation, unlike alpha. and betS. '±-e.ys, 1s pure radiant 
, 1 ! ' , 

energy s,imilar toUght or X-rays, There is no aSSOCiated pu-tl,cle, and the ' , :' ,. I 
, p~ckets of energy, ca.lled photona:, bear no electr1cal bhargel• Even Bunl1ght in . , , , .' , : I . 

sufficient intensity \lUl burn unprotected akin. The tar more energetiC and 
" " . ' ' . . . 1 ' 

,penetrating gamma rays can injure cells deep wi th'ln th~ bodY( OOJE' '7tifCHIVES' ' 
2 ' I ' ,\ 

- - I 
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v, 
Relatively tew of the substancestound.in nature ,are 'radioactive. In' 

the atomic energy program, however, large quantities 9f materials are made . 
,; , J 1 

radioactive. through artificial means. Tbese are the materi~s ,that oreate the 
, " I , 

radiation hazards that are assooiated with the problem of processing and handling , . I 1 ' 
I , , I 

radioactiVe waste., Some idea: of the she of this problem m~ begaiped llY rea':' 

Uz1ns that in an operatins nuclear reactor I ~iatlon: equ1 valent tel several 
',' ,I, ' , ' 

hundred tons of the naturally radioaotiVe element, radium, is generated. ,In cen-·1 ., I 
. 'I' I 

traet, enlY three pounds, 6t radiUm have been, made available iin the whole world 
" ' " Ii" 

, " " • I • 
durins the past 50 years. ' , 'I '\ 

I 
Half-Life. A radioaetive materlal:ls radioactive because its atomic 

I I , 'I I I 
nuc~ei are disintegratins--that ~s, they are undergoing a process ot" radioactive 

" '!' , 
"decay." The iensth of time that a material will remain raa;loa.ctlv'e is measured 

in terms of "half-Ufe," which, Is the period required for one-half of 11:s atomio, 
. . • i 

nuclei to disintegrate. Radioactive mat~rials with vary ehorthalf-lives are 

eaid to be veryullst~ble, whlle"th9se with long half-lives are said to be rela-
, ' , 

tively stable. A completel~ stable material is, of course, non-radioactive~ The 
. : 1 . 

I I 

atomic 'nuclei of unstable'materials centinueto "decay" unti;L all nuclei have· 
, I 

reached a point of nuclear stabil1ty. 'When this point is reached the material 1e 
'/ • I 

no longer radioactive. ''l'li.~ half-Uves ot radioactive materials that can be 
, , . 

, I 

measured range from" less than a ~lll1enth ot a second for one type of radioactive 

,polonium to more than a million mUlien years'for a radioact.1 ve formot the rare 
.- " I 1 ! . i ' 

)" ' I 

metal rhenium.. In the case of an, radioactive material, aft~r s~x ha~-lives have 

elapsed only 1.6 per cent ot the original radioaotivity're~ns. 
. I j ,'. j 

Since radioactivity lnv~lves the nucleus ot atoms;i the rate of decaY' , : . . '.: " I . ' 
cannot be modified by any o¢inary meana. :Even temper~ture'l, ~t least in the 

; i· . 
ranges w1th whioh w,e are most familiar, bas no perceptible effect rm the ha1f'-

. , '. ' I .' ~. ARCHIVES' 
. - 3 - DOE .. ::1 
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• , ' 1 7 US' eM-, .. ;>" E SSf'e e , ",wi ' 

Hfe. Our Inab111tyto change the dec~y rate sharply l1mlt~ the methcds at our 

disposal for controlling and handling radioactive materials. , 

Measurlns Radlation. 'Sclentl~ts use two c~on unlts, 1n 'measuring radi-
, , i", "j '. 

ation. One 1s the II curle, II whlch Indlc~tes ,the number pf radioactive atoms that 
, ,-I 

, " 

decay 1n a glven per10d of tlme. The curle is a conv.enient unit for monitoring 

purposes, slnce it tells how muchiradioactiye materlalis present. One curie is 

arbitrarily taken as 37 btlllon n~clear dlsintegrations~ per second. This 1s 

approximately 'the number of diSintegrations that take place each second in one 
, " ~ ,~ , 

gram of radium. A iDll11eurie is <?ne-thou~aD.dth' of this amount, or 37 million 

disintegratlons per second; and amlcro-curie is 
. :." one millionth· of this amount, 

)' " , ., 
or 37 thousand dislnteg~ations Per second •. 

TO'give some indication of radiatIon's ionizing effect on other , . , 
" , 

materials, scientists use tanother unit' of measurement. ! This' unit 'Is called the 
/ 

"roentgen." The roentgen measures the amount, of energy ·absorbed by material 

being radIated. It is a unIt based on the amount at X-rays or gamma rays re­

quired to produce ions equivalent: to one electrostatlcunlt of charge in'one 
, " I . 

cublc centlmeter of air under standsrdcondi,tlons. Slmilar ~lts have been de-, 
,~eloped'to,measure the amoun~ of energy lost by any type of ~adlatlon In lon1zing, .' ", 

. any other material. These are termed roentgen equivalents. 
, I 

ConversIon from ,one 

to another Is rather compllcated.! 
, , , 

Effects of Radiatlon. Present knowledge oflradiat10n effects' is 

based l~gelY on the observa.t'lonslof SCientIsts at the chang~s tha.t take place in 
, ," '\' . ! 

, " ' , I, , 

the cells of plants and animals eXposed to X-rays and' the samma radlation from 
.' I' I' 

, • , . j 

radium. However,. the damage done to living cells of plants or anImals by all 
i ~ I 

, , " I .' 

type's of radlation':"-a1pha, beta, gamma or X-ray--ls identical. In an examinat10n 
", " , ' ! j.' 

of tissue damaged by radIation, it is usually impossible to tell just what type 
. .. I, 

'.''', ' 'lDOE nCHNE(\l 1 of radia1;.ion caused the damage. ~'_. __ . .,_._ .. ~ 
- 4 - , 
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,r ' 
Indiscussins the amotmts ot radiation that the h~an body can stand, 

, " 'I 

it should be remembered that ever;yone l1vlns on the earth is beins bombeXd,ed ~on-

tinually by ionizlns radiations ip the form of cosmic ~ays. : Persons li'vlng near 
, ! ' 

sea level wll1 probably receive about two roentgens' ofl cosmiC radla.tion durins 
. i " , 

, I 

, the course of their l1te:-t1mes. Persons l1v1ns In '!ihe: mount8.inous areas, on the 
, " '" 'I ' ' 

" ' 

other hand, may receive trom'ten to twenty times a.s much. At high altitudes the 
. ' I'., ! t" . . 

thin blanket of air absorbs only a small amouat of radiation from outer space. 
" I I 

A person can take a much larger dose of radiation ~ina 81 ..... 1e part of , . . I ...:> • I 

his body than he can in his' body as a whole. As an eX~le of theamouat of 
.' I 

. . ' ). 

radiation that can be applied sately to a small. area of the: bod;y, it might be 
, , ' 

I 

pOinted out that a doee of 5000 ,~entgenS : (~euBilQtir1el'red to as 

simply 5000 r) Is not infrequently used to treat a emall skin cancer. There ,will 
./ " ' . . ., I 

, be a scar arter,this type of treatment, but'probably n~ 6erlous or last ins harm 
" . .' I; " ' 
is 40ne. A tenth of that total, ,if siven to thswhole' body,;ln a short time, 

would be enough to cause death 1n most ,humans. 

If less than a fatal dose of total body radiation is given to an in­

dividual, it will not have the s~e effect it it is spread over several appl1ca-
. I ' , , ,,'., " I 

tions that a single do,ss of the same amouat ,WOUld have; '!'he, rest period between 

dose~ aHows for an appreciable recovery ~' It, Is possl~1e that no deat~s would 

, occu~ if,a group or persons were exposed to ioo 'r'eaC~ day on three successlv$' 
, , I' "I ' 

, " '. '. {. : .. 
'days. The same dose ,In a elngleappl1catlon of 300 r, roUld,probabl;r kill some 

i 
out of a large group of people so irradiated. It Is believed that a,dose of about, . ~', ',," i ", ,~ " " 

, 400 r would kill half the people"exposed to it. This is called 'a 50 per cent 
! , ," • I 

1. >,' . >. : 

lethal doee (LD-50) ,or a dose eUeficient to kl1150 per cent of the population 
, " " I! 

r~ceiving it. ! I 
,'l'hereare'also enormous differences in species. The little animal-, • I 

cules called paramecia that swim 'around in a. green fresh water pond have an LD-50 
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of 300,000r. - In other words, if we were to radiate ai»opulatlon of paramecia, 
/ I" r . 

it would take about -300,000 r to k111 half cit them. In, a' population of the pupal . ,~, ' 

stage of some insects the LD-50 is -about 150,000 r. -rn the rat , it rune some-
I ", , I 

where betw~en 825 and 900 r, 'and lin the e;uInes. pIg, 

animals to radiation, onli about 250 r, and SO on. 

I ' 
o~ of the most,sensitive 

I I 
Plants, lin seneral, are far 

more resistant than an1m8.ls to radiation. " . i . " 
, "I' 

Persons submitting to en ordinary chest X-rq will receive from 0.1t- r 
_: I , 1 1_ 

- ..: : 1 

to 1.0 r during the short course pf their expoeure to the X-r~ machine, while, , ,', -- -, r I ' -

persons, submitting to a complete ~s.9tr<?-lntest1nal serf~s o~ X-r8.1' pictures me;r 
.I It" . '\ 

receive as much as ,40 to 75 r. - Remembering these fact~ helps keep perspecttve in 
, I 

I 
I 

dlecussing radiation problems. 

Permlesible Dose. Me.ny, years ago medical sc1entis~eagreed that a, 
, - , 

normal human could sustal~ ~ con~lnuous day-In-and-da1f0ut ~ole~body external 
. . . ~ 

exposure of 0.1 r per d~ without a.QJ detectableeffeote. Aocordlngly, this ,. \ . " 

ftgure bas com~ to' be know'as the 'ipermlsslb~e dose. It More reoently, ~ exp~rts In 

the field of biolOSY end medicine have found that thls'accepted permlss1bie level 
,,' ,I i I 

" I 
did not have as ,lar~e 'a safety factor alii onoe thousht •• For this reaeo1l', the 

, - , " I 
National 'Committee On Radiation Protection, an advisory o01llm1ttee to the National 

Bureau of Standards; the boo.,i which sets r8.dlatlon standa.rds in the United States, 
• •. " • ,I . _:! .. 

will ,probably recommend In ,!:he ne!U' future that the :pr~sent i'permisslble limit" 

for continuous exposure be reduced to about O.3r per week. 

Eight S~bcommlt~ees of' Fe National COJlllllittee have! been formed to study 
r • ~ -" ; , 

particular problems of radiation protect1on. These groups are trying to formulate 
" .. ' I -

,- - - I - I ' 
Bystemat1c 1 codee of protection recoJlllllendatlons tn each of the eisht fields. Ths 

SubcoJlllllltteeB,are: 
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1. External Permlssl.ble Dose 

2 •. Internal 'PermIssIble Dose 

3. X-r83's up to Two, Million Volte 
. ! 

.' " . I' 

4. Heavy Particles (Neutrons, Protons and Heavier). 
. . ' , I, 

I· . '. 

5. Electrons, Gamma Ra;rsa.D.d X-ra;fs above Two Mll~10n Volts 

6. . Safe Randl1il8 of Bs;dloactiVB Isotopes . , 

7. Moni torins Methods 'and Instruments 
i '. 

8. Decontamination and Waste Disposal . . I 

Subcommittees 2,6,7 and 8 are concerned in part wIth phases ,of the problem of 

'treatln.s _end hendl1ns re41oa.cti va waste's. (The membership of the National' Com-
" ~.., J 

mittee and the ,Subc01lllDittees -are given in AppendiX A, p 30.) 
. . '. I . . I' 

AEO Pra.ctice~ The radIation expo~t\re,of employ~ea. in the atomlc,ener81 

prosrem 1$ generally held milch lower than the stanC.o.rd; permIssIble levels. , In 
. ;', " , 

this connection, the Atomic' Energy commission's Safe·ty ahd Industrial Health 
" '!' \ ' .' . 

Advisory Board reported In 1948: '''History affords no parallel to ,the thoroush 
-. , ' -, 

. . 
study of and protectIon against radiation hazards to workers, from inception of 

" . ' i I 

'the project to, the present. " 

. There w~reonly. two. deaths and,13 injurIes due'to accidents Involvins 

external radIatIon In the Manhat"1en ProJect, the organization which produced ·the 
r • • , 

atomic ,weapOns of W,orld War II, ~n spite of' the fa.ct that the qu~t1tles of 

radiation were ,thousands of tImes sreater than any heretofore encountered, and 
'I . 

" . I 

'th.at tens of thousands of worker,we:r:e employed in, .this ope~atlon •. In contrast, 

more than 70 'deatha of people workln.s in the Manhatten Project were caused by 
. :, 'I ' 

construction accidents end otller,:common IndustrIal hazards. : Even here the rate , ' . .' I' " 
was far below the national average for similar work. 1DOEi 1iRCHI~S 
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, I 
II. TYPES AND SOURCES OF RADIOACTIVE WASTES 

, !' 

There are two main sourcesof'radioactive wastes which must be given 
. I . I l 

special handling to assure safet;: (1) the productionl Plan~s and the reactors 
\. \ , 

operating at 'the installatlons.of, the national atomic ~nerS11prOS~~-Oak Ridge, 
. I 

Be.ziford, Argonne National-Laboratory, ~to.;(2r the la~oratories and hospitals 
, '. \ " I'· 

where radioactive materials are ueed:as research tools or tor medical treatment. 
I • -i,; , I' I' 

. ,I ' , 
':rhe radioactive wastes 9f tJ;l~ operations in the national atomic enerST 

; , I I ' 
program m81 be gases, liquids" or Bolids. ':rhe eu1:lstanc'es in~the cooling air or 

water that carries awa;v tb.eheat generated'inreactore becom~ radioactive as they 
! • • .; , j\ " 

P~Ei ,through. VarYins' ~oUnts of \r~t~act1ve materialel'~mai~til the liquids 

'left from the chemical processes used to separate the plutoniUm from the uranium 
, . , ' ,1' , 

and the ti8siOli products. Metal c(,ntainers, pipes, vsntos, and qther equipment in 
• , " I 

, ' , . ,'. i ' . 
contaot with radiation in th~ plants oVer'long'periods of time mai' piok up 

, radioactive ma.teria.ls and ,become contaminated. 

.' ':rhe radioactive wastes causing disposal problems e:" bosp! tals and 
, .... r' ' 

lS.boratoriesusing radiOisotopes in the main are liquids containing res,ldues,of , 
the' radioactive 'material which has serve4 its purpose in eXpe~lments or treatment 

. " ~ 

of 'patients. Scientists and physicians generally useoniy mlriut~ amounts of' these 

materials.,Wltha few 'exd1lptions, 'notablY'radiooarbon (carpoD: 14), the 1IIaterials 
'I ' ' 

used for these purposes have short half-lives., ':rhe problems of handl1ng:wastes 
" ,'. ': . , . I', ' , 

from these sources are'not nearly so' large as those of handling waStes from tlie . , ',' 'I ',' T '.' 
atomic energY' production installatlone'and'rsactore. i 

. '\ Radioactive Waste Problem 
I 

From the beginning of ,the atomio energy pr~8D\1 It ~as been an 
, I " ',i ! 

operating principle that, workers ,and the public ehould be protected at all times 
, I , 

from external rad1ation--that is to 981, from radiation that strikes only the 
" '. ~ 8 _ . DQ~ lUtC~IVES . 
--50121 
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outer SlU'face.of the body. In handling radioaetive ,tastes; hovever, the princi­

pal problem to guard asainst Is internal' radiation. Rad1oaotl va materials dis-

charged as waste must not be pe:rmitted to find their. ;w~ l~:to the bOdy and sub-

o Ject it to an internal bombardlnent of radiation. I '. 
Among the materials discharged from some atomlco~ergy installations, 

. which might be potentially harmrul to humans if not well controlled are radlo-. 
• I " , 

I ' 

actlvs gases. These are'usual1~d1echk-8ed from-tall, sracks. Normally radiO-

'active gases and particles carried by the gases will be quickly scattered and~ 
" !' . 

very few will be found in ,any, g1ven amoUnt of air. Under unusual' atmospheric 

conditions, however, these ga~esmlghtbe carr1ed rapidly to the sround where 
. . "' . 

, '. i . 1 i 
they could be inhaled 'or the radioactive particles could be deposited on plante . . r . . i .. ' .. 

or on the ~oll. Contaminated vegetation, in turn, m~.ght be' eaten by animals or . , 
. ' . 

humans or fall to the slU'face of the ground in the foi~ of.leaf litter. 
, ' ' ,I. ' , 

Liquid wastes which.find their way into streams are also potential 

hazards for they might be drunk by animals or absorbed by algae or' other micro-

organisms and in turn be consumed by fish. 
• l ' ~., 

In either case,' the hazard would be , i 
similar to that 'from air-borne. wastes. i 

Internal Badlatlon. In an1mals and humane, the effects of 1nternal 

radiation depend largely upon th", partioular material involVed. 'Different' 
. • I 

mater1a.ls are handled by, the bodi in ,different ways. The amount and character 

of/dam~e done by any.spec1fIc ,material Is governed m~inly by four factors: 
,I I , 

1. The quant1 ty of 't!he material that 1s absOrbed in the body., 
.,' , I. -, I , 

One of· thE:\ very'dangerous radioactIve substances 1s plutonium, but 1, 
.. I • I' ' 

plutonium is swallowed; only a ver~ ~ma:ll fraction I' e~erl reIlla1ns in the 
, , , 'r' ,CHIVE2 ' 

body; the bulk of it Is not absorbed. ~~~. ~ . 

.,.9 - i· 
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. . ,I 
2..The point where the material Boes i~ the body. Ita 

small amount of radioao');ive sodium .is svall<w.ed, f.or eX8I!Iple, it , , , 
, I 

will be distributed widely throughou.t the bod;' SO tha.t a sram of 
.' ,i. ':!,', 

shoulder or upper arm mfscle will contain a~9ut as [much as ~gram 

of luns or spleen. On the other hand, radioiodine! is. absorbed 

in hiBhly seleciiye tas~lon, and roushl1 sev~n-elghths ot' it 
. " 

normally 80ee to the tblrold gland. In a l5D-pound man, the 
• ; . \ 1 ! 

thyroid ";'111 proba.bly weigh about ~ an c~ce. [There is not 

only a concentration by: virtue of the,seven-eighths localized there, 
. ' . • I t 

• • \ j 1 j 

but there ie a further ooncentration by virtue of the great dis- . . i '!' . 

p~lty in'size between theth~Old gland and !th~ body as a whole. 
,. . . " . ,': 
Certain other materials, such as'ra~IQstront~Umand plutonium may 

. . !. . 
be deposited in the bOlle, Where they do cons~derable damaSetci the 

radlatlon-sensitive bone marrow, center' of the body's bloOd cell-. \' 

forming processes. 

3. The rate at which the material 115 excreted. from the body. , . . . I 
, i 

The turnover in sod,1um, tor ~xample, ls very rap1d~' On the other 

hand rad:lostrontiumi plutOnium and some other radioactive substances' 
. ., I ~ 

form~ Inthe.pro~esses:of th~ atomic energylprogram,' it taken i~to 
", I _. , . . I , 

the body, locaHze In the bones andma;r sta;r . there , for considerable' 
\ 

periods of time. 
i' 

, 4. The half-life bt the material. A materiai ~uch as' radlo-
, " . I, ' 

fluorine w,ith a. two-ho\1f ha.lf-life, cannot be in S?1 ordinary 
.. t, If', 

quantities a serious 'radiation hazard, sinceiit lo~es Its radioactivity 
, . '. i 

eoquickly.~ Radiocarbon, however, with a half-life' of over 5,000. '". 

years" r~lne potent for as l~ as it stay~' in tie body,DOE ~(;HlVE§-
,. 'I'" 
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Sources or Radioactive Wootse 

Most ot th~ operations ,in the atomic enel'Q pr~am",of ore dressing and: 

prepariDS feed materIals for the plants that produce U 235 or :Plutonium are not 
- '. . • "'!'. ". ' 

., I, _ , 
associated with any great quantlties at radiation. The largest and most dlfflcult 

., I I 1 ' 

problems of handling radlation sately are those dlreotli assoclated wlth or re-
.' .:' . , 

suitlng trom nuclear reactor operatlons, where the d.esree of radloactivity mB1 , ., I , ' . . I ' 

1 
I ' be enormous. 

, b I I 

The proces's of fission goinS on In operating ~eaCtors creates con-
, , I 

" 'I I 

slderable quantities of heat Wblch:must be dissipated. 'Hanfo~ reactors ere 
. I I ' 

cooled by water;' those at Oak Rids~' and ~rookhaven are 9001ed :by air In 

~odlgiOUB quanti tleS. In both cJes t ·the air or the ~ter i's4-ischarged' from 
. " - 1 . \ ! I " . 

·the reactor building and not re-used. Both are open cycle ,operations. For use 
I 

in power and test react,ore ~ the future other cooleXite jare npw balDS dfleloped, ' 

wlitch will lnvolve closed cycles, and '11111 therefOre greatly cut down the amount 

of radioact1ve.materials dlscharged to the air or the ground and simplify the 
. " 

, problems. 
i 

I 

CoolblS Water. At Bantord, thecooltns water ls ~awn from the 
. . .' 

Columbia RIver, purlfled in the normal manner, pumped 'throush: the reactors; 
. \. . I 

held' in a reteritlon basin to permit the decq of much of the radlatlon ,as ls 
. .' I 

plcked up.by soluble, salts in theiwater tmd then dlscharged back ~!1to the river. 

The e%lt'temperature~ mq'be seve~81 degrees above river water but the temperature 
.• ' ,'I . 1 i , 

.' I I of the rlver as a whole. Is not notlceably chansed. I' , 
I , 

Cooling Air. At Oak Rldge, and at Brookhaven (wheti the reactor goes'. , . , . j. I . " 

into operatlon~ ,iI.1r for cooliDS rea.ctors' ls flltered t9 take lout partlcles before 

anq.' atter .use 'and then discharged,'lnto the atmosphere ~hrousli stacks. Arson and, 
• . f '. ~ \ : 

other rere gases that occur ,in normal air,ln ver" small amourtts become·radloactive 

, - 11 -" ',lllO~MC*~VE~ 
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j 
" f , ' ' ' , ", " 

while 1~ the reactor, but the,half-l1fe of' radloargon ls sllShtl1 less thap two 

hours and the total quantity is small., 
I . . 
I", i· 

At Brookhaven the operation will be 'controll~d accordins to condltione 
, .' 'I'·' 

1n the atmosphere. If the wind 1s risht to dilute 'the I stack! gases and carry . , 

them away, operation will cont1nue at full 'rate. If' the w1nd is, wr~" operat1on 
I ' . . J 

will shut down or will rwi at a r~duoed rate., 
I 

i 

I 

Chem1cal Separat10n Res1dues. At Hanf'ord, . metal cOntain1ng uranium, 
! . I I '. " 

" "I plu.tonium and fission products ejected from the piles 1e allowed to cool to per-
. , . L ,.' I . 

. m1.tthe decay of a: large .amount 01' the short-life actl'~'ity, ~uch as tpat of radlo-
. .'.. J . j; . .' l I ' 

Iodine. Th1s mater1al 1s then chemically processed to! recover the valuable 
. ' , ' I" " ,! " } 

ttse10nable material, plutonium. I It passes through rather conventional pro-

cese1ng steps; such as dissolving:, precipitating and w8.sh1ng~-operationa which 

are'conducted'by remote control beh1nd many teet of c~arete end using special 
'. I. ' , , . 

ventilation. Ventilating air contaminated with .7ad10actlve particles from th1B 

. process passes through scrub traps" ,flltersand out a stack, asain under con-

trOlled. meteorological conditlons,;..-tha~ .1s, d1schar,se of the
l 
contamln~ted a1r 

1s permitted only when the windls risht to permit discharse 1n the upper . ,I .. 
I, '. 

atmosphere. , This'results in h1sh, dllution and safe o~ration. 

During chemical processing, the liquids incrl1lase 1n volume and hence 
" . \ L I 

the radioactivity per gall~ is reduced from step to step. pltlmate11 t~e most 

radioactive wastes are stored in 'tanks underground. Wash wastes are also tanked 
, ,! 

\.. > I t 

but~. after a sufficient period o~ decay, are discharged. TIlts praotice was, 
. . ", , I, 

adopted during the war, but i t i~ belng replaced by betterulethods as' fast as 

they can be 'deve10~ed. .' " ' ';' I· " 
During the .past few months improved processing tec~iques have reduced 

--50121 
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the volume of liquid wa~tes which must.be stored by ,20 per oent, and'it is ex-
+" ' 

pected that the reduction will increase to 50 per c~nt In;the near future. Th&t 

will result in a saving o~ ~he:order of a million do11ars;a year. 
, " ' ,[ . . . 

Soltd Wastes. At allinstallationa 'Where :re410a.otivity is encountered, 
. t, , 

'considerable quantities ot contaminated olothlns are laundered and tested for 
, , 

re-use. Contaminated trash, b~ological epeoim~, etc., arB' disposed of by 

burial or, more recently, In some areas in,closed cycle inclneratore. Some oon-
, '.' I'" ," ' 

taminated scrap metal and dlscSrded equipment such as motors, valves, piping is 
\. - •• < ,i .,' , " 

buri~d. Lead and aluminum shielding blocks used in 'pilot 'plant work are generally 

deoontaminated 'and used again.' Considerable quantities Of other contaminated 
• I 1 / , 

. " - I '1 
metals have been segregated and efforts are being made to see whether they can be 

. !"': . 

decontaminated. to plaoe thsmba.ok into normal commercial channels. '1'0 date, ' 
< • , "." 

luob aocumulatl~8 have, uaua1l.1 been kept on plant at,tea even,thoush the le .... l 

,of activity is quite low. 
. , 

Contaminated buildings also pr~sent a problem. In extreme cases the 

bulldings may be painted t() hol,d the radiation In, and to, protect workers handiing 
, , ' ',' '1' , ' 

them. After painting they are taken apart board by board land the boards buried. 

Hand11ng "Hot" Laboratory Wastes. In "hot" laboratories where radio-

",active materials are used, ventilation, and liquid w~stes are handled ill a number, 

of different ways. No sinsle method stands out tor,general use. Users of 
• , 1".' 

radio1sotopes in tracer work do not as yet run into particularly se~ere'waste 
. ! . 

probleJl)s, becauaeot,the smalliamounts of,activity. I , 
'. 

Development ot:Improved Waste Handling Methods 
: . 1- r ...... 

In brief, gaseous, ,liquid and solid wastes, appe~ at each of the 

various "hot" steps in atomic energy processes'. Ttt~ methOds of e'~e handltng 

, - 13 -DOE UC~I~S 
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, I 

us~ to date have successfully protected workers and the public ~ The ultimate 
, 1 ' 

, , 

goal is to improve the basic des~gn of equipment so as to, c~t'down,waste at the 

" ,sour~e rather ,tbSn to attempt to;de81 with theWastes,r1. SU~h meane as :filters 

and retention basins atter they have been produced. The present steps wlll 
, "', . . I , , , : ! 

still be necessary,' but they will no longer be the first li~e ot defense. The 

storage of "·hot" liquid wa.stes 1~ expensive. It can bt?tol~re.ted for a time at ' 
; ,1 '. j i ' 

one or two locations, but If.the lin!l.l.\stry is to ezpand better Jlleans of ieolatlns, 
. .", : r. i, ! ' 

oon'centratins,' llDmobll1zins and oontrollins wastes will ultimately be required •. 
. i I \, l 

To JIIeet this need, the Commissiori. is currently sponeoriDS r~searoJi ~develoP-
, , ' 'I, ", • 

iIlent of betterwaste,..handl1ns methods at many sites. ! (See Appendix,B, p. 31.) 
" ' ,i " ' l' : ' ' 

, ' ' , , ' ,,' , I , ' 
III. SAFE lIA.NDLING OF RADIOACl'IVE WASTES, IN '1'BE 

j 

ATOMIO ENEmY INDUSTRY : i ' 
Problems in the, Control of Ra4ioactlveWastes 

, In the manufacture of a:l,most any product some wastes Inevitably result. 

,As a g~eral rule, however, the less wasteful, a process m~be the mere ef:f1e1ent 
" , 

Is, the production. Thls Is no less ,true in the atomic energy industr1, and at 
I r i 

Bach ,atomic energy installation, techniCians and enslneers continualll review . .! 

production proeasee's in order toreduee the volume of wastee., Much prosree8 has 
, ',' , . ' 

been made; but improvement in control of wastes requires continued research ,', 
" I" , , , 

,and development work. ' I·, II' , 
Many atomic en~rsy was~es have an unusually t8.rS8 salvase or reclaim 

value,' Some advance has been ~e inreclaimins certain radioactive waste :. i . , 
mater1als" Substant1al IJIIP~vem~nt m~. be expected tr?D' ot~er mettlode now in 

, ' , 
the development or pilot stage.' 'In the meantime, .econom1c as well as safety 

, , . . I ' I 
considerat1ons require that valuable wastes be stored until lad-equate reclamatlon '. . ' ',I' : ' 

, - 14 - . DOE ?ffiC1IVES ' 
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methode are worked out. 

Two distinct basic methods tor handling radIqaCtlV~ waste materiais 

l1re dilutlOn and cone entratlon. Slnce living orgenlsme:do not pIck up radIo-
, I ' I 

, "i,' ", , ,I ' 
aot! 'Ie torms of a chemIcal element in preference to the non-radioactl 'Ie forms, , 

. ',' f, I" !! " , 
dilution of the radloaotive material with the eeme materIal in a'stable form 

I' .' 

! ls ~ exoellent safeguard,< i 
I , " 

, ,I, ' 

In eases where suffloient dIlution is not feasible!lt ls'desirable to 
I " ",' I' 

. .' • I : . ;. I ' 

concentrate the radioactIvIty in as email a volume of ~terI~1 as posslble and 

then store It ln a safe manner. Muoh :researoh and, dev~lopment work now being 

carrIed, on' In the na.tIonalatomio energy prOSralD is devoted to methods for 

concentratlng gaseoue, l1quld, and I sol1d radi~acti va maJerisi~. 
, , ' 

, In the ursaney of maint~lnlng high productIon,' dlscharge standards 
, ' I'" " ,'i', " 

have been set whlch,on ona nand do not serlously hamper productIon and on the 
, ' 1 I , :' 

, , 

other band are at a t:e,te sO low that no 'damaseto ple.lits,anlmals or humans 'has' 

resulted. They are belleved satlsfactory tram the publlc health standpoint. 
, ' . . . \ 

In fact, as ,the long-time effects ioi' radioactive matertalsare Observed ae a 
, ,'1'· 

result Of present research,' the present: standards 'm~ be fomid unnecessarily 
• * , ' I • 

seVere. 

The successful utilizatlon of atomic energy' ona wide scale '11111 take 
, 1 : • , 

" I 

, place only if productlon plants, laboratorIes, and hospItals !carry on their 
" , ,,! . 

Operat1ons, eo, that the'dlscharge of radioactlve wastes does rio 'harm to the sur-
, , ',I ,I i ,,' ' 

reundins community of plants, anI~ls and men. 
, ' , , I, 

The complete ach1e,ement of thls ideal situatlon Wl
l
11 require,muoh . , ' 

research and deve10p~ent work to find new and better ,waste d~sposa1 methods. 

For example, it 
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mlss1ble tolerance levels wh~ch:can be withstood by men, animals, and plants 
. ' . i $ ,,' 

. without Inf.luenc1Dg their health, growth and length o~ Ufe. The National Com":' 
'; ; " I : 

mittee on :Radiation Protection is now eDSaeed 111 evaluatiDg and estabUehlDg 

such permissible levels. : I I· i . .'. 
, I , " I 

More information is also needed about the variouS biolosical systems, 

micro-organisms, 'hiaher p~s 8n4 'animals 11vtns 'tn enVironments of low levels 
. . !.. , t 

of radioactivity. Thes'e ,loD8-t~ studies tIiJte tlme_', A numbar are already 

under WIQ' and additional researehwtU ,be UDd.ertaken_r '! ' 
I~ addition, better m~thoda of QoncentratiI18 radl~actlve wastes 1n 

air and water are needed. These ma1 be mechanical, electrical, 

biological alone o~ in; combinat~on. I, ,: 
chemical, or 

~ 
, , 

Metbods for BandllpgGaseoys :Radloactive Wastes 

Several operatlons carried on 'In the Pl~ts'i and Uboratorlesof the 
. . ' ; ' 

. " 
atomic enersy program 'produce radtoactlve'wastes'that might create'a hazard it 

I ' • 

considerable quantltles'ot'them,were's.l1owed to!,wlnto the al~ In, and near the 

1ns1(allat1ons. Operations that produce these gaeeousw,aeteslnclude materlal 
. '" "", ,: ! " ' " 

pr~cesslns, metallursy and machlnlI18i'alr-cooledreactor"op~atlonj chemical 
I , ' , 

, , 

separations, laboratoryresearch,and' tncinerat1on~ , 

Material Processing. MetallurSY and Machiulng. 'Preiimlnary prepara..;. 
.' I ' 

\ tl0~ of u~lum ores requires dr7iIl8, crueh1Il8~ 8rlnd1Il8"e~evlns,and slmUar 

operations.· Dusts from; th~se operations are not h:l.gbiy radioactive 80 that 
, " • , I . ~;! 

ora.inary precaut:l.onary, measures, (u.e adequate~ At thiB stae~ the hazaris from 
/ " .. I 

chemicai,toxicltyare perhaps greater 'than those r~om radlo~tlvlty. Duets 'are , . . ' , ': . ' , . I' " . 
removed 'tram the worklI18, space and the atmosphere. in 11he pl~teby ordl'nary 
"\' . . . ~ .' '. 1, \, 
. industrial types .of mechanical separators, electrostatlc pr~c1p1tators and 

. '.' ! I ," 
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f1lters. Better equipment ie bsitlg installed' in ex:ist~~ plants workins on 

Commission' contracts, and in new plante th~C~lsston ineists On installation 

of equipment capable ()f', removing practlcall;y all contam1inatton. 
. ~. . " 

In the chemical processing of ores,. the fumes, miste and sasss are 
. \ ,. . i)' ' 

I 

scrubbed ~ f1ltered before release to the atmosphere. ' 1'he :radiation hazard 

associated with uranium ores and the refIned metal are riot excessive 10 vlew 
I. ,1 • 

of the low-level radIoactivIty of Ithese products. 

Durins the metallure,ical and maohining operations on uranium ,fume~ 

and'duets of the metallic oxides uIay develop. These are removed by ventllation 
'.. . 

,and filtering In order not tocqntamlnate the work area~ or the outside 
, I 

~tmosphere. I 

Air-Cooled Reactor Operations. AIr used for coo1io8 a nucle~ 

reactor or pile becomes sl1ehtly' radioactiVe. The l)iosthlburi~t component 1s 
" '. 

'. I • • ' , I 

,radioareon(argori. 41), having a half'-:l1fe o1'110 minutes.'Radlocarbon (carbon 

14) is,diecharged but in such emall Bm9uots that.it creates no public health 

problem. Under abnormal. :condition~, uranium oxide and radloaptive fissl,on pro-' 
" : 

ducts may contaminate the cool1tlg'air, but:thesB materiale'are removed, by 

proper "f'ac 111 ties including 'filters.' 

Tlle,only air~cooled reactor now in actual operat1on le at Oak Rldge; 

th1s reactor is equippedwithfllterewhlch treat'the COOling air before It 
, ,.. \ . 

leaves the staCk.Contlnuous air samples and other meaeuremel1ts are taken in· 
, I 

thEi vIcinity of the reactor bulldibg to insure 'that ,1ts operatlon is .malntalned 
, . ,"' . If' 

. '.' . . I 
saf'ely at all tImes. ReadIngs of radioactivlty in alr taken ~lthln a mne of the 

pile stack are about, twice the normal'cosmic ray,background. i It should be noted 
, I 

that making measuremente of such lov levels of ra.dloactlvityls ve~y difficult. 
• 'I '" ;.' I . \ 

Thts does not' represent a danserous condl tion. IDOE ARCHIVES 
~,-. ! 

.. 17- i 
--50121 

'.,' 

. ~: 

" . ~ 
i..' 

, ' 

"f:' .' 

~ ~~.' 

" , 

'. 

. ;', 

.. ~'. 

l· 
~, "f' 

" 

. ~ 'l': . 
", 

.\ 

'.; 

, 

'I 

·1· 
I' 
j .. 

. '\ 

" 



, ' Ii, -' I 

' .. ... --~: ...... ' 
, ' I 

A secon~ air-cooled reactor is now under construction at Brookhaven , ! ' . 
National, Laboratory, Leing' Island.' '!'he. air will be f1ltered before and after 

"~ , , ' : " ' 

delivery to t~~ pile and will be ~lspersed to the atm0iph~rejat ~igh velocity 

through a "stack over 3~0 feet hig~ aeslli'ing ample dllurlon., i Operation of, the 

pUe will be subject to an elaborate system of meteOrological forecasts. The 
f • i 

level "of operations ,will be ad.1us;ted to ,the condlt1ons, tore?ast so 'that, there 
" , I I I ' 

will be rio danger. I 
, , I,"!·, 

Acco~ing to design considerations, atmospb~ic c~tamlnation in the 
, , . I! . 

neighborhood' of the Brookhaven ~actor"at full operat1~willbe considerablY 
, , . ! 'I '.' 

less than thepemlse1ble'l1mit 8nd careful m~itoring of the area will assure 
, ". I,! " 

that a low level 1s maintained. I: 
, I" . 

High-powered reactors of the future probabl~ wll1iemplol closed-clcle 
\ • • 1 • 

cooling 'systems which :will: riot discharge gaseous wastt?s to the atmosphers." 

, Should addi tiona1 ai~-oooled re~tors':be e~hetI'!lcted; !their: design:w1l1 prov~de 
. 1'p1' f1~terlngO:r the cool~'a1r,and operationO'w1l1 be regulated in accord 

, . ' . . 

, with local meteorological condi tionsto-prevent e.nY degree of hazard. 
I 

Meteorological Surveys. "The combined 'effects of a' high stack and 
I 
I 

strong average winds at the Brookhaven site will normalll provide sufficient' 
" I 

dispersal of' the cooling air tc? permit safe and continuous op,eration of the 
\ " ' ._"1";- ~ j . 

reactor a1;; f'ull power~ However, under certain adverse weather conditions; the 
"' I ' : I , 

reactor wl11probably operatE!:a."I! less than fu,ll, power:. The p~obable onset and 
~ 1 ' ' 

duration of' such adverse condltfons can be predicted and the level of rea.etor 
I ,' I',' , " , ' ,. I ' ' 

operations will be governed by ~e predIctions ,Dade bl the ImeteorOl08l group 

of the laboratorl. :' , I" 
I 

MeteorologIcal towers are· equipped wIth measurIng and recording in-, I ' , 

struments which operate continuously. Studies ofatuioBpbe~ic beha.vior made 

, lS-nOE AR~HrhS 
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' , 

, , ' 
, ' I 

, 

. . I , '", ' • 
prIor tp the pile operatIon,' inoludlng the observationlof oil-fog Smoke emi'tted , 
from a 320-f90t tower into the. atmosphere, Show that, m~teoro.logical ~sonnel 

, -, 1" J 

will De able to determine when ttie radioaot:Lve argonta theoool1cg air may be 
.' , .' I 'j ! j • 

insufttciently- dispersed to permit continued operatiO!l~ at .f,\!oll power. 
, :,! I . 

Area Monitorins Program. An extensIve, program o~ area monitoring has 

also been undertaken at 16 selec~ed s.ites in the Vi?init1' ~ Brookhaven. Each 
"' I. , ,', . 

oftha monitoring .stations consi~ts of a frame bui~dI, pr,lded radiation, 

detectIon and'recording equipment. OonStruction and tnstallatian' of faCIlities . '. '. , I I, . 

at these sl'bes' will be ,completed!well before the start of r~aotor operatIons. 
" 'I ' ,. 

Radiation background ~ta on natUrell;y OCCurrIng r~iation levele, ie 

being gathered I'riorto the aetiiatlon of the r~tor'I' Durt;ns, Vbe ,in,itial 
, , - I' " ; 

period of rEjlaotor operation data 'on/radiation condt tions will be gathered at 
. . . i ' 

each statton. During this perIOd health pb;yeics' pereobnel"wlll' maintain close 
. .' '. ' ,I I ' 

cOordinatton with th~ meteorological and'reacto~ operating·groups. 

Once the, reactor Is functioning and the general. nature of the' effects 
,r '. . .' 

produced. haa bE!en established, routine monitoring will· begin. ,Counting and 
, .'" '. I' " 

. I , \ 

iaborator;y fe:clliti~B, a.re belngset up for' routine, enalys1e',of laborator;y 
• ': I' 

• ' I \ ' 

, sewage end of vegetation, soU'' and water lJamples collected at 's~lected points, 

in the. area', served. b1' the'mon,itoricg stations; "'l'hese ,act1v~tles w1'1l provide 

eObtln:uing routine control."data IiUld wUieupplement m'dre'detailed bUrve1's made 
. ,.' " . j 

by biological' survey groups. Tbis eqUipment will be largel1' automat1c and 
~ . '.. I' , 

self'..,record1ng. 

Atraller with batter1"power suppl;y and a limited.jcomPlement of " 
'. I· I'" ' 

mon1toring equipment ,will be available tor spot check and to supplement coverage. 

pr~vided. by the 16 stations. DOE ARCHIvES, I I' 
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" " . The fission:products obtained from , ! . ' Chemical Separation Operations. 

uranium exposed to neutron. bombardment in a reactor are highly radioactive. 
. • ~'l r ' 

, , 

These fisaIon products are separated from unused ure.niUmand: plutonium by a 
I, ., 

• . . i ' '1 

variety of chemical proCesses. The equipment is large17 automatic end operated 
· . ';' ". . . . Ii'... . 

by remote control. Ventilat1ng ~aust air and'd1ssolver ott-gases are d1s-' 
, .' I . 

charged. through stacks 200 to 300ifeet h1gh, BadioactlV~ particles in,the ! . . ! 

dissolver off~ases whlchmtght cyntamtnate the atmos~ere ~e removed by 
. . : " . 'I' . i 
scrubbing and fUtering the dissolver ott-gases before ,they enter the stacks • 

. , ' . . I I 

When.meteorological conditions are unfavorable, dl~~olV1ng operatIons , ' 

are riot '~arrled on~ and elaboratefaoUtties are matnt~lned,i.t the product1on 
. '. '. ' '. : .' .... - I' : . , 

areaS In order to supply the necessary meteorological information. 
, " ,I. ! 

When chemical separation oPerations began, 1'Ii was ,)el1eved. that a·com-

bination of high stacks end large volumes of dllutln8~1rwould remove any 
. I!;' 

,hazard from exha~st ventllating:air." However, at later dates; air; ground arid 

vegetation tests indicated a. possible need' for' decontaminating .exhaust, air' 

prior to d1echarge to the-stacks. i This. is now being done;' . I 
. .. . ", ';, . i, 

There.dloactivity e.dd~ to the atmosphere in ,the n~lghborhood of Oak 
" , 

'Ridge National Laboratory' bY"chem~cal separations opera:tlons: an.d 1;he' cooling all' 

from thereactol,' I,'ls of 'the' Order~'of.l/lOO; 000,000 lII1:C~ocurle per cubic foot. 
, . 1 • 

. This should be, compared with 'the natl.\ral radloactlvit:r :in the atmospheretn this 

part of Tennessee which ranges r;om 10'to 100 times' greater than tne adde~ radio-
1 , . ' 

,activity.' The average in the n,e~bi Knoxville area ISabout!300 times greater. 
, , " :.' " "; '. 

In'many-' districts ~ notabl:r in the Colorado mountains, the radiation rna:r. be still 
· , . ,'., I , 

, " . I 
higher by 10 to 20 times. But even there it is insignificant end not: considered 

. ',' I I 
at all harmful. DO~ :ARCHIVES 'I 
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, At Hantord heaith physicists have given,careful consideratiOn to the 

emissIon fr9mchemlcal ~eparation operatIons of ~hort~llv~,gaseoU8 wastes! 

primarily 8.,.day radioiodine (iodine'131), and5.4-day :radiOXenon (xenon 133). I 
, I' 

The absolute amount of such wastes can be regulated by increasinS the cooling 
. ' . , ii' ' 

" pariod 'between the time the sluss are taken from the re'actor 'and: the time that 

metal processing begins. For e~le; by increasing the cooling periOd 60 days 
, , I ' 

(7 hair-lives) the amount ot, rad~oiodine may be'decreased by more than 100 

times. 
, " I , 

. .' . 

At presen? the,radioi04tne'concentration in the'atmosPher~ over 

R1chland; Pasco 'and,KenneW1ck 1s about 1/100,000,000 micrQcur1es per cubic' foot. 
. I , I I ~ • 

.. ',I I' 
As at Oak Ridge, this level ie not a publtoheal,th pr.o~lem. 

At the'present time radioactive metal from the ArgomielNational 
, ,'I 

Laborator.y reactors is not processed locally, nbr is '~uch processi~ contemplated 

in connection with the new r~actor'e.t BrookhavenN'atiorial Laboratory. 

!.e';v)rstor;ir Research. Gl,lses produc~d' 1n Commission research lsbora-

tories have'varying levels of radIoactivIty but fC)r the mOB~ part the activity 
, ' ,i' 

is low level. In new laboratorIes; lUgh-level workinsa.reas are usually desiened 

so, that theY do not connect wIth, low ,level and uncontaml,nated areas. The areas 

are served by ,separate ventUsting facilities usually:arranged so that even in 

, emer~ency the high-level actIvity can never contaminate an 'area of lower level. 

As,a further precautIon, in some laboratories work 1nvolving'rad1o~, 
. .. I • I J 

. - . ! ',.' ',,_ ,.' 'i -

act1vity is done in special sealed boxes eet in ventIlated hoods and manipulat10n 
" ,'I ' 

, I' ' I 
of radioactive ~aterials and eqUipment 1s carried on withprotect1ve gloves or 

,i " I " , 
by remote control; 

" I' , 
At Bome of the older laboratories; especially thos,e where existing 

, ' 
, " 

facilities wer~ adapted for research,on radioactive mater1~s, ~e nature Of the' 

... 

.. 

,'., "',',, _ 21 _ DOE ARCHIVES ;, 
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I 

- i 
facilities has not always permitted complete radioactivedecontam1llatIon, Al-

, though these laboratories did not endanger personnel thljl.1' are, being remodel~ed 

or replaced, The contrast between' the, original state o~ the' older laboratories' 
, ' i ' ! 

< I ' ,. _ I' 1 

and the newer ones is striking and marks a step forward i in th~ progress of 

the industry,'l, ' I 

The new laboratoI'3' bulld~ngs at the Argonne :Na.tional Laborator.:r in 
I 'I ' " , 

, I 
I : ' 

,DuPqe Count.1, nl1nois,are being!bullt on ,a unit prInqiple,;each unit havIng 
, , 

about 100 square feet of spaoe; Each unit w111 be prov~ded with 1lid1vidual 
. . I '. 

, suppl,. and exhaust ducts. Similar: seParation cit areas w111 b~ provided 'in the 
, ' , , 1 ',-. , 

biological and medical laboratories under cOnstruction if or the Rochester Atomic 
, • - ~. I' ! . 

; -" I 'i' 
EnerSl Project, Universitl of Rochester, the new buildi~s at, the Radiation 

. ", . 
. , ~, .: ,: . 

Labor~toI'3'1 University of Californ~aJ and 'the new Knolls At~ic Power Labora-

tory, Schenectady, New ,York. '; 
" ,r 

I 

, Inc ineraUon. BurnIng' of ' radioactIve wastes and,. ,b.1-j;lroductscannot be 

done Unless provision is mad~ to deoontamina.te the produots o~ cblllpl!(rt'i~n. This 

requirement is not a simple 

methods ~re 'in' progress, .' 

one toimeet; but studies forimpr9vlng incineration 
j: I 

I 

stack Gna Problem Worlting Group. In'June'l948, the AEC Division of 

Engineer1ng' appointed an Adv1sor,y !?tack Gas Problem working Group, ,the member-
"", 'i" 

ship of whlcl:llncluded experts tD. industrial health andventtlatlng problems. 

The Working Group has recommended that special research ibe ca.l'ried on in a 
. '1 , .! 

'n~ber of fie1d~ havina to do with limprovemen.t ot. exlstl~ rilt~rs and develop-
, " I 

I 
ment of other tlpsS of equipment for removing radioactlvlt.1 from air, and gases. 

" . .' ,c' 1 ' I ' 
A number of contracts have been let for conducting research and development 

~n these fields.1r)OE 1ffiCHIVES, ' ' : I 
• • I' 
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Safe Handling· otUquid Radioactive' WaStes 

Reactor Cooling Water. EXposure of rea.ctor c!,ol1ng .water to neutron 
. " . ! 

bombardment creates a. slight degree,ot radioactiVity inl the dissolved, soUds , . I ' , '. "I, 
, . 

tha.t the wa.tercarrles. Before being returned to the r'1ver, ;however,' ,the 
, I 

, . I 
oooling water Is held in a' retention basin' tor several hours land monitored to 

• I I 1 

make sure that the level of radt~tlvity is low enough for safety. Also in 
. '.1 1,1 . 

returning the water to the river, :care is taken to prov:ide a ih1gh dearee of 
-' ,! 

mixing with the main stream giving !D8Xlmum dilution. ~hia ~s beeQ very, 
, I 

effective. I 
l . ' 

Llguid Processing Wastes. In the normal reaqtor operation, various 
, "..' 'I, i ' 

'rad.loactive ,elements such as strontium, yttrium, colum~lumJ ~tlJenlum, cesium, 
" , . ; ,. . - , ! 
and cerium are formed., During the, chemical processing lthese radioactive , , ','.' I' ; '. 
m~terlals progress into the process solutions and'subseq~entlY into the wastes ' 

fJ"om the ',various operations •. Material containing orily short half-lived bIotopes, . , ' -' 

, are monitored and store4 for a rela.tlvely short time to permit declV of the 
.' I ! 

radioactivity, ,after whic!!. such wastes are'disposed freely t~ ground or streams. 
, . .. , 1 , , r 

Longer-lived radioactive f1ssionproducts'are'placed~in' sem1ipermanent retention 
, I 

until adequate systems ~e developed for their, isolatlon'or recovery. 
, , ' 

At,Hantord the slow seepage of low-:actlvlty .j,astes; Into the grouDd has 
" I , i 

been safe to'date because of the nature of subsoils. These soils tend to have 
".' : . 

a Chemical) affinity for most of t1he radioact1ve ma.teriUs, elo that they do not 
, . . i ,:' - , 

spread through the soils for great'distances. While this m~thod of, d1sposal , 
. I' ,,' I ' 

has proved a useful and eafe temporary measure, It'ls ~ot aisatistactory dls-', 

:" poeial method for permanent use. Geolos1sts estimate th.at· p~eeent pra~tices ma;r 
. ' . I . 

, • , .' , , I 

continue for many years without creating a public hazard.. In view of present , ! 
res,earch efforts, the 'prac~lce will. undoubtedly be abandone~ long before this 

per10d has ela.psed'.DOE ARCHIVES , ' I . , 
. - 23 - ' 
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'~t Oak Ridge National Laborator;y most of tM fission product liquid 

waste~ are stored in underground tanka to pe~it decay of the short-lived pro-
, 

, ducts which form the bulk of the: r~ioactivity. 'When ithe safety point ia 
I " 

reached, the ~iquid wastes pasa ,Into a drainage system consisting of a large 
, ' , ': . .: , 

holdi~ pond, White Oak Lake, W.hite 'Oak Creek, and ultimately the Clinch River. 

The entire system is' in the Oak Rldge restrloted area $Del careful mea.sure~ents 
. , : I' :,' ' 

are made of the radloacti vi ty ot 1 the waste before i t ~eaves: the c~trolled 

.area. 
" . I ' ' 

:Recent surveys i~dica~ that the mud. in White Oak Creek is bec~ing 

increasingly radioactive. The sit~atlonis not acute~ Rowevar, in' order to' 
\ I , . ~ 

, , I . L' • 
keep it from reaching an acute s~age, a, program is un~erway' to develop method~ 

, 1'· 

for processing,wastes before the;y enter the creek.' 

\ The totalradiatlon level ,in White Oak Lake ~must ,besutficI,ent1ylow. 

. not to harm fIsh In the water. The,concentratlon of radioaotivity from any' 

. , 

combinatlon of radIOisotopes must not exceed an amount which would not harm a 

human being who for his lifetl~e'used, thIs as h1s,only souroe of ,water. In 
\ ".' I . 

. ' I . 

. addlt1on th1s low degree ot radioactlvit;y Is further dl1uted b;y a tactor of 20 

to 1000 on enter1ng the ClInch River. Health physiolsts havs observed that the - . -', . , 

maximum added ~adl0aCl'ivlt;y In the water of"the Clinch River Is about 1/1000 
. \ ; 

microcurie. per gallon. This is corislde~abl;Y lower than the naturai radioactive, 

content of man;y of the most popuiar m1tieral waters drupkinthe United States .. 
I 

Laboratory Wastes. Mo~t Commission inetallatlonsihave laboratory 
. - , . . .' .! .' . 

·facilities in which radioactive materials are uee~. 'rhe degree of activity 
, 'I 

. I.. I 

varies over a wide r$Ilf3e from low level tracer work. to levels' many thousand ., . : -1' . 
-. I 

times h1gher requiring epecial safeguards and "hot" l~boratory tacHi ties. In 
I 

such laboratories research studles are conducted in fundamental chemistry, 
, " 
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ph3'sics, metallurgy, biology.and medlcine, eng~Jleer1ng development. and: ,1n 

some cases comporient and pilot plant testlng. 
, , , 

At the Radiat~on Laboratory. Berkele,., Californla,: concentrated Uquid' 
, " I' , ' , 

, "j ,I' 
wastes are mixed with cemebtand store(!. 1:11 011' drums. ,Later i these materlals 

, !, . , ~ 

are dumped 'some' thlrty mUes out at sea. NoradIoe.ct1ve ma~rials are dumped 

'in the s~ Franoisoo ~e.y ~egion. \' ' , 

Research end Development., '!'he 'princ1pal 'alm 'of, re~ea.roh end develop-

ment' of new methods for handling l1quld wastes 1s ,to c'cincentrate these wastes 
. . , , 

1n smal;!., moreeas111, handled volumes. (See' Appendlx B, p. 32.) At OaklUdge . '. ' 

engineers have des1gned end Inst41ed en evaporator: Wh~ch is 'expected to reduce 
, ' , I ," " r" 

the orlglnal, vf.llumeb,. 95 per cent.' A pilot plant "lvop,orator 1s about to go, In-

to operatlon at Kriolls Atomic Laboratory, Schenecte.d;r! 
, ,i,' 

Mani potentIally valuableradioe.otivEI materials are now, lost in wastes. 

'!'he Commlssion is 1nterested in developing I su1table methods tor' salvaging as , 

much as possible of this material-Research work on th1s problem 1e going on at 
. r, f '. 

several Commission laboratorles. i 

1 

The effects of radioactIve mater1als upcnb1olog1c~l organisms and 
" ., , 

, slimes found in drainage s,.stems and'sewage disposal pl~tB 1s of interest to 

sanitarY engine,ers. At New York,Univers'1ty a COmmisSl~-sponeOred research 

projeot haa been established to i.rl.vestigate these eifee,ts, using the unique 

experimental sewage disposal 
, ) 

, , 

'of New York.' , 

plant' and facilitles made :avallable b,. the Ctt,.' 
I' , 

I ': .. I 
, , j 

" , ,,', I ' 
Research workers at Los 'Alamos baveatarted an unusual series ot 

1 , '~ > 

studles to date,rmine whether or not radloac'tlvlty can b,e 'concentrated from 
- j - -

liquid wastes b,. bacterial action. Earl1 exPeriments indlcate that bacteria 
" ,. . \ ~ i " ..' . ' 

normally ,used In activated sludge processeafor treatment of I sewage does con .. 

, - 25 - ' ,J[fOE :ARCHIVES' 
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oentrate' radioaottvity to an unusual desx:ee. AS'BOon BS more. data are avail~ble, 

pilot plant operat1ons will be established for use of biologioal methode on a, 

routine basis. 

than chem10al 

1 

If suocessful, the method will be f'ar ~impler and less costly 
i' \ ' .., I " \ ,I " -

or mechanioal methods,' ~ 'I .1' ," 
I 

IV, SAFE HANDLING OF WASTES RESULTm FROM i 
BADIOISO'l'OPES DISTlIIBU'rION PROORAM 

" " ,I " 
Radioisotopes produoed in the nuclear pile tor researoh'and medioal 

• . I 
, '. \ '. -' . .; ~.' ' 

therapy have been ,called the most important research t~ol d~eloped since the 
- , I ! 

invention of the mlcrosoope~ Because· of their radioaotlvlti:these materials mar' 
.' , I '_ .' ': . . ':; •. : ,", 

be-followed through oomplicated Po/sical 'and biological' reac~ione" such as 
.' . I ' I. . ' . 

digestion, photosyn,!;hesis, blood formation; prooesses fp:r mak1ng gasoline from 

coal, and the like. Previously, scientists lmew what 'went into a reaction and 
. . ",! . , .' 
what came out. From,thi~ evidence theY,would try to piece t~ether ,what 

occurred. W1th radiOisotopes theihave a tool to fo~low these intricate pro­

cesses step':'by-step: 'By the end or 1948 a total of 4,;42 shipments ~f ~adio­
isotopes had been sent from Oak Ridge to more than 1;000 laboratories and· 

. " " I . . t, 
hospitals in the United states. I 

While ~adioisotopeB are. distributed widely, in ~erms of millicuries of 

radloac th'1t1 the amounts distributed are very sDlall .compar~ to the amounts 

produced in the atomio energy production processes. Even SOl certain pre-. , , ' . 
. . 

cautions must be taken to prevent Injury to perspnnel:using the,radioactive 
, I 

materials and.contamination of equipment'and looal drains and: sewage.systems. 
, " . ',' 'I, " . . .! " . 

It should be noted that no large sca1~ shiplIIeI;lts 'of! radioisotopes 
{ ! 

have been made for routine industrial processIng. If and when suoh Industr1a.l 
I 

uses are developed the problems of waste dlsp~sal vill requir~ considerable 
. , 

study in each case. No such shipments will be made until satisfactory techn1ques 
. ,_ 26 _ ~E ~CH,IVES ' 
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for disposing of wa.stes have be~ worked\ out. 

Preca.utions Taken· by Isotopes Division. ,Before an application for 

radioisotopes is approved' and the 'shipment, 1s made, thei Isotopes D1vi,s1on at 

Oak R1dge determlries that the phye'lc1an or reeear,ch worlcerwho w1ll' receive the . ;.' !, -" !. . , 
sh1pment 1s trained in techniques for using radioactive matar

1
lals. Moreover" 

the .laboratol'1 or clinic iil which he works must, be 'provided ~lth adequate 
, , I, .' , 

measuring and protectlvedsvlcss. i Safety, however,dem;mde ~ore than ,equ1pment 
, '.. I 

· , ··1 ' . 

and routIne. Each operation andreach exper1ment lDIlet b~ eval)1&ted 1ndlvlduall.y. 
• I , • I . 

, .'. j • 

Genuine understanding of the nature of radIoactIvIty and its effects on living , •. I' . ! " 

tiseue Is essential. , ' I 
, " .! , " I": ' 

RadIOisotopes dletributeil f~om Oak 111<18e ere ehipped by common, 
, I 1 

carrier--aIrl1ne, raIlroad ~d truck-:--ln speCially constructed containers, whIch 
, , 

range In weIght from less than a pound to a ton, depending upOn'the enerS1 of the. 
, I,. . " 

radiation and the thickness of shielding required to stopradiat1on of that 
, .... / 

enerS1. Low energy'radioisotopes, such ae cerbon,14, PhOBPho:rUB 32, a:!.d eulfur 

35, can be packed In light contaIn~re. ;Sodi~ 24, cobalt 60 fid iodine 131; 

o~ the other hand, require heavler containers, 'the averagewe~inS between 100 
· '. " , 

and 150 pounds. Thls type of' radIOisotope, in its glase or aluminum can, is " . . . r . 
placed in ,e:. steel contaIner surrounded by a le~d shie1diwhlCh,ls supported 

. ~ . ' , I" 
f'1rm11inslde a strong wooden :box.! After packlng, the box. lei checked with a 

sensitive detection InstrUment, and If the radlation r~hlngitha outslde ls 
I ' 

stUl above completely safe l~ite~ the con~isnment le ~paCk~ with a thicker _ 
1 
I 

'I 
shield. ! ' 

During the 13 months,' June 1i 194.1, to July 1, -1948, a total of 166,494 . . , , 
· : " , I 

milllcuries of radIoisotopes ,were shipped from OakRldg~ to research laboratorles,. 

and c11nios •. Of this total lees than 900 millicurles o~ about one-half of one . . .. . -" I ' 

, ' ~ 21 - - DOE 1\RCHIV$S .' . 
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~' 

, " 
per cent c~alated'of radioisotopes, considered very d1ngeroUB because of a com-

" < l , 

blnatlon of long halt-life and e10v rate of turnover in the body~ ,About 77,000 
, " I . ' 1 

mi111curles of phosphorus 32 and about 62;000 ml11icJrles ofiodlne 131 were 
, "" j ,'~;, , 

shipped durln8 this period. These have halt~11vea of, 14 ~s8nd 8 da,s 
, • ~ t • r ! I : 

respectively. Thus, the vast ma30rity of,distr1buted radioisotopes have fairl; 
, , " " ' " I 

Eihort h~-l1Tes or are element. which are not, epectfiCalJ cOncentrated ,in the 
. .. 1 :. ,;":~ , .. • '.~ .' : ", ~ .' • , ,".' • 

I ' ' , 
human body at the dilut10ns enaounte:red after; the ,e:qlertmeJ,\tr:: 

, "I ,~r.' ';'t; i";, ' I"'! ' ' " ' 

D1sposal of Laboratory and, Cl1nlclladlo&9t1ve WasteIF",In almost all 
,I ..' ,x,'!: 

tracer experlments'the radioisotope 'is diluted b7,ad~lng nOn-radioactive isotopes 
- - , • , ~ . ) I " !,. , 

Of the sue element. S1nce bo~ tOl'lllS of the elemen~ behave ,chemically In the 
" I' 'I', • ' . I < , " 

same Way, the chance ofse1ective absOrption or radi?actlv~ty tn wastes by living 

organtsms 1s much,reducei. 
j' ; , , 

In'most medical experim~ts, ~e material Is fUrther 
, " ' I '. , I 

diluted through fatrly uniform dtstrtbution through a l~se organism such'as the 

human body. There 1s also ~Ubsequent dllutton with large amounts of organio I 

matter find water, when the material Ie disposed ot through the orUne.ry sewer 
, , , "i ' 
system.' 

. , I; , 

, ',I " ' 
In $eptember, 1948, a m~etlns:. sponsored by the .l\tomloEnergl ¢om-

, ; 

mission was held In Washington ,to d.1scuss the waste disposal 'ofradioac"ive 
, " . 

materials used by. non-Commission laboratories. The,men attending agreed on the 
, . • 1 

following recOmmendations: 

l.ADy type of radiOisotope, can be buried in the ,earth, if the radlo-
, I" !..,' , \ 

iSotope is uniformlydl1uted with rion-radioactlve'lso'!;ope~ of the ~ame element In 
, ' 'f,' 1 ' ' , 

the same chemical form, provid~ tha.t no more than 4.15 et-ss per grem of element, , .: , ' ' I ' 
'were diss1pated per day, that :the burial Is made only in suitably selected 'areas , 

, : , . " ! I ' ' 
'in possession.of the user" end that the material is.1buried at a minimum depth of 

five feet. DOE, ARCHIVES "r ' 
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2;, Badioiodlne (lOdlne13l)m~ be discharged from.'an instltutlon . 

, .' . . 
Into the maln sewer, provided that to each mq.lieurle.of :radioiodine dlseharge4 

Ii: . , " 
one Bram of potasslum lodide Is added at the tlme of dIsposal, that radio-. . I I 

iOflne will b~ diluted to 10 mleroeuries·per.llter in the~sewage outlet frOm 
. .' I .'. i ' .i. . 

the institution into the main sewer, that ,Mgular surveys 'are made of plumblns 

fixtures, Sod that approprlateieurveis are nade before repairing the plumbing 
. '. . ,I", ,'I, . 

between the disposal outlet ~ the main sew~l'. ' 1.1 . 

3. B~10phOsphorus (phosph()3:'Us 32) mq belcltsO~ed into the sewerj 
. ~ , - ~ . i ' , 

provided that It 1s diluted to 0.lm1croourle per liter ,in the sewage e1stel!l, , 
, • 1 • - L! . 

that each millicurie 1s . diluted with 10 grams of" stable phosphorus .asphosphate ' 
. '. I ' . 'I: " 

. at'the time of dl soharge , that the maximum activity disposed of in an;y one In-
" I - \':, ' I 

stltutlon does not exceed 200, mlllll?urles per week, that appropriate radl~tlon 
• • I"' 1 

w "' • • ,;,., I, 

surveys' are made before repairs are made to the pl~blng ~d disposal outlets 

to the main sewer, end that th", eewagl? 'does, not enter dir~t17 into :fr~sh water 
'I 

,s;yetems. 

4. B8.dlocarbon (carbon 14) m~be exhausted in the all', provided that 
. . '.,: I . ' 

"no persOn ~hall be' exposed to the Inhalation of all' dcinta,11ilng greater, than 0.01 
. . . , .! 

. '. 

mlcrocurie per litsr,and that partlculate matter Is filtered from the e~~uet 
, ., '1 '. ' ; 

·air.1DOE ,aReIliVES, : . i " ~' .' - ..... 
; .. r 1 . 
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. APPJmDIX A 

AEC. ADVISORY COMMITTEEs ON DEALING WlTB 
PROBIEM3 OF HANDLING RADIOAC'l'IVE WASTES , , 

1. Advisory COllllJlitt~e for BiolOSi' fmd.Medictne 

\' I This committee, app91nt~ in .September, 1947, cond~ctB continuing 

studies and makes recommendations. to the Co~ission about ba1iC'policies 

relatinS to the medical, biOlOSiCk 8114 health pbJsics aspec~s' of' the atomic 
. r· :: . 

sners1 program. Amona the problema aensidereel .b1 the ¥v1sOf1 Committee are 
, "I.. , 'j '; f ' " ' 

those relating to the evaluation of' present and proposed metliods of' handling 
" ;. ' 

radioactive wastes. The Committee aleo reviews proposed research projects 
I . . 

pertaining to the biological and medical aspeots of handling waste., The mem~ 
, I .' I' .. , .. . I ~" 

bers of the Advisor1 Committee are: Dr. Alan Gregg,.Chalrm~, Director for , 
, I 

Medical SCiences,Rockefeller Foundation, Be", York Cit,; Dr.; Ernest W. \ 
,. " " . 1, ," 
, Goodpasture, Vice-Chairman, Dean of the School of Medicine and Professor of 

/ 

Pathology, Vanderbilt Universit" Nashville, Tennessee; Dr. Detlav W. Bronk, 
\ 

President, Johns Hopkins Un1Ter~1ty, Baltimore, Maryland, and Chairlna.n of 
• I '. 

the National ,Research CO\Ulcll; Dr. G. W',' Beadle, Division OfiBiOlOBY1 Californi~ 

Institute -of' TechnoloBJ", Pasadena, California; Dr. A: Baird Hastings, Professor 

of Biochemistry, Harvard Medlc.al School, Boston, Massachusetts; Dr. E. Ct 

stakm~, Division of Plant Pathology and Botany,· University of Minnesota, st. 
I " ,·1 

Paui, Minnesota; Dr. Joseph T. Vee.:ril, Dean of the School of'Mediclne,and 
, " 

Profeseor of'Medicine, Weetern,R~serve Unlverslty, Cleveland, Ohio. 
, " I I 

I 

2:' 'staCk GaS Probleme Working G~OUp j 

I 
I , 

In Junel948, the AEC ~ivle1on of Engineering apP9lnted, an advieor~ 
, ,I . 

Stack Gas Problem Workine;Group. The memb~r8 of this group ia.re: Abel Wolman, 
I 

Johns Hopkins University" Chairman; Philip Drinker, Harvard ~chool of Public 
, ' , I ' 

Health; Lyle G1lbertson, Air Reduction Sales Compan;r La.bora~ory; George R. Rill, . 

- 30- .. DOE 1.tRC~IVES 
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. American Smelting and Retinlng Company; H. F.Jolmstone, 'Unlverslt, of !lUnota; 
! 

Earl P. Bteven,son, A. D.' Little" Inc.,~d W. P. Yant, Mine, Saf'ety Appl1aiices. 
I ' ' 

'The group has held ,~wo m~etlngS ;1n' Washington, one IniHan:f'O~ and one In 
I I ' ' 

Oak Ridge. I i 
1 I 

,The Staok Gae Probl~ Working Group has reo()lm!J,ended that specIal' , 

research be carried out on the ~ol,lowing Ust of problema and contracts are 

being made to l'mplement thiS prdgram: " I, I ' 
, I , 

1. Research and development of filters'to ~eet the various ne~s 01" 
. !' I ' 

atoml0 enerSl produotion and research plants. i I 
, ' ,I 1 . . " 

2. Development ot equipment tor recoVering' radioactive iodine and 
I ': II ',' , t i \ 

, " 1 ' ' 
some olthe rare gases by fractlona~ion aildlow tempe,ratur~ cutting. 

, , I' 

, 3. Developmenif and desien of an inclnerato,r hav1ngminimal radiation 
, I ' 

, , 

characteristics.' ,I 
'i 

4. Research in the theorl Of diffusion of gases and, aerosols in the 
/ ' , 

atmosphere, the deposition of aerosol particles' from the atmosphere, the effect 

of the nature of the particles On, '!;heir' d'isposltlon,and the development of new 

methode for removing s~si,ended partIcles from 8~ streams. I ' 
5. study of commerciall1 avaI1~ble dust 9011ectins equipment, euch 
. ,,' ,I 

a~ electrostatic, precipitators, : cyclo~es, rotoclOries~eto., and of new methods 
'.' . l ' < / ,i '! ' ,~ 

of, collection of dusts in supersonic chembers. Evaluation of the effect bl 
, , I ' 

which the sudden, expansIon and cooling of super-saturated water vaporwlll 
" ' ' I, ' 'I I' 
prod~ce a heaV1 mist and ~u~ pbsslbll entrain partioles 'Of submicrqn size. 

t ~ , I 
, , ' "I ' 

6. EXperimentation81ll1 research on abeCl%'ption by vesetatlon of 
, " l ",' , 1 ' 

radioactive, gaseous oontamlrui.nts. , I " I 
j , , 

, 1 
7. Development and standardization ot better e~ling techniques 

. I I 
' I, ! 

and methods for determining the concentratIon, sIze, and distribution of particles 
, ' I 

.j 
~~ 
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v ."", I 
: 'I ' 

and from the ventilated air etre!jm in buildings handling 
. '. ' .' I • /" I 

In stack and oft-gases 

radloaotlve materials. 

3. Committee on Liguid Process Waste Disposal and Recl~ation 

In ,June 1948, the AEC Dlhotor of E~lneering' apPoi~ted' an advisory 
, I : ,. 

, , I, '" 
committee to survey liquid waste disposal andrecle.mation problams at Com-

• • I • • ! ' 
mission sites and to make recomm~atione tor'a program:totmprove present I ' , 

practices. Members of this c,ommlttee are: S. Iawroski, 'Argoime National 
, !, I I" 

Laboratol'1; ChalrmanJ ~. J. Orebe,' Dow ChemiOal company;; L.~. ,Matheson,' Dow ' 
I ! ' 

ObemlcalC~IIlpEm7J M., M. Barlns.,M~fle.ntCl Cheliilca1 OomP~J '.1 C. Meade, Jr.; 
. ' ' , I,: ( \ 'I 

Monsanto Chemical comPEm7. and W. A. Rodger, Argonne ,Na;t1onal Laboratory. 

" 'Meetings have been ,held at ,Argonni Na~lona.l Laboratory, I Knoils' Atomic Power 
: I 

• Laboratou, Hanford Works, Oak Ri4se NatiOnal Laboratory, and Mounds Laboratory., 
, ' ' . . 

Following its initial ,survey the oommittee p~epare4a list of,gene;al 
" I, ., 

principles applying to handling ,of l1quid radioactive waste. It also made a 

number. of specific rec:omm'3ndatione in regard to a long-term research end de­

, velopment program. 

The seneral principles are: 

1. _ In so tar as ~ossible methods of disposal should depend primarily 
\'. , ,I 

on the physical and chemical properties ,Of the waste l~eelf aDd not on special 
I ' 

site conditions such as soil types, community environm~t· and olimate. 
, , 

2. Tolerances must be realistic and based on experlmental evidence •. 
, I . ' 

, However, 'in operation the goal stt;ould be to reduce contami~tion to natural , ~ i 
, , 

background levels. 

3· Potential waste dis'p.0sal dift~culties ehpuld ~e considered at' 
, ,,',::, OE' I\DCHIVES 

in the research and'deslgn of operations proces~esI) .~~ every stege 
I " 'I, 

. . - 32 - ·1 
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! 
I ,. I 

I~I 

4. HIgh prIorIty should be given 'to resear~h and! development of 

new methods of decontaminatlngand recycling chemlt::als, solvents and' other 

operations p~ocess liquids. I I 
, ' I ' 

I 5. Wherever pose1ble standard 'Industria.l'equlpmep.t and praytlcee 
," '" I 

should be adopted in setting up waste disposal processes, 

6~ Extensive, dilutio~ in a disposal. process is permissible only if 
I ' • " , i • , I. 

1 t yields highly decontam,lnat~ leffluent not otherwise Obt~lnable. 
, . " '-", I,: , ' 

\ The COllllllI'b'b~' reo~.Xl4'4. Iploltl0 re.earOhj\programa on evaporation, 

,carrIer preolpitatiOn, B&'ld tlltratlon, ion ezobaaser~, el~otro-41al7s1e" 
metallic dis:placement, differentialvolatll1ty, electrol..·;'·t1,C separati,on, solvent 

~ j. t 

extraction end biolOgical processes. To implement this rosearch program ,the 
I I . 

committee made th~ foliowing recommendations: 

1. A long-ra.~3 research and development, program in 'liquid waste 
• ."1. I I 

disposal shOuld be established and given a hig~er priority si.~ce ~aBte di~posal . 

is a l1miting.f.actor in the full.development of the national atomic energy 

program. 

2! Th1e progr!:"JD should inc lude fundamentai stud1es of, the chemist17' 

of waste disposal, development of new methods throUgh the pilot plant stage and 
! ( . ' , 

assisting In the design and con~truotlon of full s~ale plants at various sttes, 

and resea.rch into. better' methodl' for recovering eeparatIng: and pac~ins radio­

Isotopes aDd valuable reagents. -

3· 
I ';"' 

Every, considera~ion should be-given to'enco~age cooperation be-
I ," '. 

tween the Commission end its :c~tractors, and public health, geolog1cal" 
t . . ',' - I . 

oceanographical, meteo~ologlcal: and water, supp1r agencl~s,! both riationalll and 

. locally. 

4. TheCommiselon sllou1d encourage eveE BItec~ crttlca+1y , . ' DO AR i . . . , 
. - 33- . . .' I . 
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\' I 
~~ ,:'0' 

, ' I 
.' '. \ ! 

present practices with ,a dew to reduclDS even 11' onlll to asma~l extent the, 
, i 

volume,oT waste produced. 

A surveY' oT area facillties, personnel and F.ograms Is completed, 
, \, I, ' , . ,I 

whlch will serve as basis for estab;Lishlng the coord,il¥'ted Programs. ,In, 
, . ii' . 

particular this program w111 assist th~se areas where ~,aste idls~oSalproDlems 

are critical or where no facl1itiesnow exist for proper waste disposal. As 
- 1 ' . 

" i ' , ' " , 
improvements in operat1ils technlques are ,m84e~ ,the tntprmatlon will be sent 

, 'I "I I ' 
~o all Interested facUlties, 80 !that maximum lmedlat. uee lot these develop· 

menta ,,111 be efteoted. , 
,,', II I ' 

L I 

4. Subcommittee on Waste,Dlsposal and Decontamination s>f thellational Committee 
I' 
I I, on Radiation Protection. I 

The National Comm~ttee ,on Radls:t;ion Protecti,?n estab l:t shed under the 

auspices of the Natio~.l Bure~ O!-stendards ,i~ concexjned with the setting up 

of radiation standSrds in 'th~ United states and determination ofpe:mlss1ble 

limltsand tolerances. 'i'he recently established Subcommittee on WaEr!:e Disposal 
• ·t. . ' , 

and Contamination is interested primarily ,in establlshiDS permissible limite 
" ,',' : I ' ' 

for disposal of radioactive waste materials. To' datsthe latter group has 
, " 'I 

made no specific r~commendatlC?Ds~ but as' soon as' such rec~endatlons are 
, , . , ' " i 

aval~able theY' m83 supersede,some of the permissible 11mlts 1that have been' 
I :, 

,," ,1 I 

adopted on a p,.'ovl,slonal basis at national atomic enersY' ln~tallations. 

The members of the Ir.ain committee are: L. S. T~lor, National 
I' I 'i 

Bureau of Standards, Chairman; Hj L. Andrews and E.G: Will~ams, United states 
, "I" 

Public Health Service; Shields Warren and K. Z. Morgan, Atomic Energy Com-
I ' 'I ' 

mission; L. F.Curtis, National :Bureau of standards; E. E. Charlton and , , I 
: i ~ 

L. L. Call, National Electrical Manufacturers ASSOCiation; H. B; Williams, 
\ I ' ' 

Amerioan Medical ASSOCiation; R. S. , , ' 

I 
Stone and G. Fa1l1a,Radiological Societ;r 

'I ' ' 
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ot North AlIierlca; B. B. Newe~l and J. L. Weatherwax, ~erlcan Boentgen Bay 

'Society; EdIth QuImby and J. E. WIrth; AmerIcan Badl~ Socl~ty. 

The lI!embers . of the s~bc omml ttee are:' NervI? M. D " Wlll1ams ,Mayo 
I ' I 

ClInIc; John C. Geyer, Johns HopklnsUnlvereltYJ Boy 9verstreet, UnIversity 

cD,:' CalifornIa (Berkeley); Oliveri Placak, Oak BI~e Na~lonall Laboratory' ' 

(U.S.P;H.S.); EdIth Quimby, ColWobla Unrv~slt1; C~ ci BUChhoft, SanItary 
L - ; '. ' 

Enstneer, Cinclimatl, Ohlo; Ne.t~ Hi Woodruff, AtomIc Eners;r Commission, 
f . i.',. : l . 

Oak BlqeJ Sersl. Feitelbers, Nt.' Sinai Hospital, New York .. N. Y., James H. 

Jensen, Atomt,O, EnerS7 'OOllllDle"lon~' Wuhlnaton. " &O~, 7fiCHlvES' 
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APPENDIX B 

WASTE DISpoSAL RESEABCll AND DEVEIDPMENT SUPPORTED , , ! 
, ' 

BY THE 'ATOMIC ENE'RGY COMMISSION 
, I I 

,.,' ' , I I 
L' Filter and Duet Collection Methods j, 

, i I 
In April 1947, the Oak Ridae Operat1onsOff1ce ~quested the, Chemical 

,Corps Technical Command, EdgewoOd Arsenal, to determine the eff10iency and 
\ " I . . ' ' ' 

, .' . 

, operational character1stics of standard filter papers in relliov1n8 radioactive 
, ,:. j, I 

• , ' .' < I !! . ' 

airborne contamination. FrOlll this ~o1nt effort a filter UJilit waa ,,-eveloped , , , .. ,I J ' 

whicb subsequent~;r has been "instaued)1' in man;r of ,thei Commisslonareaa. ' , , ' 

A ssoond coopC'atlve program between AlC, 
j i . . 

the'Chemioal Corps, U. s. 
I 

. . i ; • , Arm" and Carbide and Carbon Ch,amicals Corporatlon, 9ak Rldge, is soon to 
, ,.' :. .., I ! . ' 

be ~nitiated tor the development of more eff'tcient filters: and adsorbents to 

remqve rad1oe.otive pa.~ticles. The developmen~ ,of l~er-~1fe' filters and 
, \ ' . , ' ' , " ' 

better methods of replacing units will be lnv~stisated. 
} '.' , 

A supplementary program for design and stud;r ofsp~c1al types of 

'. fUters 1s b~lng c,onducted forlthe Commission by the. A. D'
I 

L1 ttle Co.,! CaiDbr1dge, 

Massachusetts.. Commercial iDanufacturers 'at potential1;r u~eful fUter med1a . , , I 
, .' '. ' 

are takinSpart in this 'work. :These include the ,Owens Corning Fiberglas Co., , , ' i 
American Air FilterCo.,and,~thers. ' 

" The Air Reduction Saies ,COIIIpan;r has cOIIIpleted r~search and development 

work on methods and equipment for capturlngradioactlve iodine frOlll process' 
.. I' I I I 

• ·of •• " • J .. ,; . • 

sases. Further. stud1eS,on th1s, SUbJect are underway at Hanford on a full-plant 
. ' " " , 1 ' 

, I ' ",!., 
scale~The AIr Reduction SalesCompan;r 1s also engaged in development work for 

, " ' ' ; , I (, , 
the'des1gn and constructIon of' azi. incinerator having minimal 'radiatIon charaoter-

" i . I ' 
istios. 
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, , I ' 
supersonic ,chambers in the collection of duets ,end on ~e use of sudden 

cooling ,of super-saturated air to produce a heavy mist to entrain particles 
, , 

of' submlcron size. I 
I' 

, 

i 
I ' I 2. Concentration of LiguidWastes

j 
• - 1 • . ' j 

Several Commission laboratories are' conducting evaporation studies 
; : I 

leading to the desIgn of equipmentifor reducing liquid waste volumse. SInce 
.. ' • !" '.'. , I' I 

the chemical composition of 1lQuid!wastes varles,cansldBfable:from'sl~e to eite, 
, " ' : I 
the eqUipment requirements var,v according17. A pilot plant evaporator having 

~ ',' , ' I: ! ; 
a capaclty: of 450 to 600 Ballons p~r hour ts ,about 1;OB9 lnto joperatlon at 

, , ! " I' ! ' 
, the Knolls Atomic Power Laborator7, Schenecte.d.,r. Prel1mllU1l7reeul ts indicate 

" I I" ' th~t ~e volume r~uction ma;r r~!S-ch ,98 pe~ent. ' '; , ' , " 
, " 

.-- • • .' ".. I • .' i 

Similar studies will be started at Argonne National Laboratory as 
• f ' , ' , " ",' II. .: 

BOon as facUities are a-,a,llable at the new DuPese, County e1t~. An experimeptal 

evaporation unit at Oak IUdge 'is weli along in the design stage. Completion 

of this plant will providEi additi~ ,waste storage capa?lty~ , Such ple.nts are 
, 'I \' ' : ' 

expected to find use at other atomic energy sites. Tests at Oak Bidge have 
, ' "I ' 

: I ' 

indicated, that commer'cially avaUable types ot spr81 '~lers aIld other evaporators 
, '." , .' 

do notrequlre considerable modification in order to be useful,for specific 
, '. I I ' 

, !' .. ,;, 1 

problems encountered in the atomic energy program. I' : 
, I ' 

, Studies of ion exchange methods fOr, remoVing f'~sBion products from 

liquid wastes are carried ,on at, Kno;lls, 'HanfOrd,' Argonne1 Br~okhe.ven and Oak 

Bidge'l~boratorles. 'A~SOrptlon_ ch~acteristice oilocal; sOlls1~e ,under. study 

at Hanford, Loe Alamos, and Brookha~en. Other chemical meth~b for cODcentra-, 
. i ; ". I,' 

• . ' ,J 

ting low-8Qtivity'me.terle.le from liquid wastes are also Under investigation 
. ' -, DOE ARCHIVES ,,' : I 

at various sitee. ,----- - , " , , I I _ 
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3. Biolog1cal Concentration Processes 

At Los Alamoe the use ofact1vated sludge,for concentrating certain 
, ' 

. : . t '. • 

types of radioactivity from waste, liquids appears prom~s1ng.: The U. S. Pu~l1e 
I ' , ' , , i 

Health Service and the Universityiof California'are cooperating in thie study. 
, " , ! j 

4. Effects of Radioaotivity on Sewase SYstems i 
, .' I 

The Department of Sanitary Engineering, New York University, has a 
• 1 • 

I , 

research contract to study the effecte of, radiophosphorus, 'r8dioiodine, 
, .' I, I'·) 

, ' " " i i 
radiocar1;lon, and uranium on sewese treatment processes. ~ese studies are 

, . " , I', 
I' " ' 

being conducted' to determine the conoentration of wastes which can be dls-
• , 1- • I' 

, ' ' I" I ' , 
cha.rged safely into sewase systems. Approx1lDate1y 100jooO, gallons of aewese' 

, , " , , ',_ .. ' I ' ,,' , 

per dl!q can be treated in thesew~e p1antassocle.ted i1th the laboratory. 

Duz:ing the course of ,this, study sn investigation will be made of 

biological ani mechanical , cOncentrations of radioactivity in: soil pipes, traps, \ 
. . " i· 

digestionta...'lks, etc. The Sari.itary Engineering Department; Johns Hopkins 
" , 

University, iestudying the effects of rad1~ctlv1ty onbacterial,allmes , ' 

encountered ineewer pipee, arid sYliltems. ,Oak Ridge National Laboratory 1s, 
, , ,I 

working on a similar project wi th 'the oooperation of the, U. ~. Public Health 
, ' ,,' I 

Service and the,Sanitary'Engineering Department, Tennessee Valley Authority. 

5. 'Monitoring Techniques 

InstrUDient "shops at Oak l:R1dge, Hanford end Brookhaven are developing 
" 

new types of. mon! toring equipment 'for routine measurement of acti vi t;' in liquid J 
, .,' ! 

gaseous and so11d samples. At tM ,Rochest~r AtomIc Energy P1'o.1ect methods for 

makIng more accurate counts of airborne particles b7 size h~ve b~en developed. 
, . " : ~ , -, - I· , . 

\ The Mine Safety Appliance Co. has a ,contract for the dS,veloPI\lent of sampling 

techniques 'for .st~ck gas particles. '60it 1\RCIUV~S I, 
. .. 38 - I 
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6. Decontamination Methods 

At Oak Ridge and other laboratories the development' of better methods 
!, , , , 

of decontaminating'building, equipment and general ar.ea~ is under investigation. 
: i ' i i 

This work will be useful not only lin the atomIc enersy program but aleo to the 
,I ' 

armed forces in developing m~ane of decontaminating equipment in combat zones. 
I 

• J . 

Progress is reported On development, of etrippa.ble films which can be used to 
. " . ~ I, , ' I': i' ' , , 

c,over contaminated apparatus i and,. if, neoessary, be pl~ed 'by remote control. 
, ' ' ' I ! ' 
At Arsonne, and. the ,Radiation Labo~tory simllar coatings hav~been developed 

" 

tor palntl12S hot laboratorleli F~om time to tl~e the contaminated paints can , " 

I 

be removed, and the laboratOry -11' do Dot become ~elentlY C,ontamlnated. 

7. Biolosical and Medical Aspects of Radioactive Wast~s I 

, ' ' 

In '1:he last an~J,YB1e the evaluation of waetedlspoeal math'ods, and 
" , 'I ':" " 

the establ1ehr~ent of per::nleslble ~lmits d,epends upon kriO'!:ledge of the, effects 

of radioactive ~betances upon living thinge--plants, animals ,and human belogs. 
" 

For this reason mBny oft~le Commission's research contr~ts in the fields of 
> • I ". I 

biology'and medicine have real application In the practi~al'prOblems of 

,di~posal' of radloacti ve wastes. it. list of research contract6rs and the subJects 

of ' their investigation follows: 

American SmeltinS & Refining Company. Research on' absorption of 
1 ' " ' 

staok gas ,cont~inants by vegetation. 

California IDstitute oflTechnolosy~ Invsstigation;of the genetio' 
,I i 

effects of radiation on biological systems using molds, fruit flies and Ind1an 

. corn as ~eBt material. .. . . ; '. 'I ' 
'I 

Un1versity of Californi~. Investigation of the effects of irradiation 
" i 

on animal tissue •. DOlE M.CH~YES :' 
, , ' 
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. . ~,.!'; ~ ~ I _:. • • •• u I'~ 
I . 

Johns Hopl,tns Univers'ity'. 
' .. I 

Investigation of .the absorption and' 

assimilation of radioactive materials by surface slimes. 
I 

UniverAity of Kansas'., Studies on the biological effects of ionization, 
, I ' 

with emphasis upon localized c~llular damage. 

!'IassEtchusetts Institute of Techn0!2sl. S~udies; on the removal of 

radioactive materials by standard water purification systems . .-
!.. . 

North Carolina· State: College / Studies of! them?vement of ions 
, 

through so11s systems. , !, 

Sou,thern Research Instrtute. Studies of b~dy retent.1~n of radioactive 

oarbon. , , , 
I ,I.' 

Univers1,ty of Texas.1 Research on the upt~ke of various 'radioactive 

materials by various species of algae. 

Uni ted· sta'!;es Department of Agricultu;,~. I (Plsnt Industry Station, 
, 

Beltsv11ie, Md.) Study of the movement, fixation and release of vari~usradio-

active substances in various'soii types. Alsostudiee are ,in progress of the 

uptake and deposition of radi~active materials by various crop,plants. 
, 'I 

,I • 

. !lashington Ste.te College. Studies on the absorption, translocation, 

and disposition of various elements in plante. DOE ARCHIVES 
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