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FORSWORD

The continued advance of tne national atomic energy program 1s, to a
large extent, dspendsnc upcn the hazard-free and controlled ultizate dis-
posal of radicactive wastes. Any radiochemical laborctory or reactor
oreration and development will producs these waste materials in varying
amounts and compositions, constituting e nazard and poceitls lryidivent to
the optimum development of nuclasr energy.

The need for intensive and extended research and developument of
proces3es, equipment, ard systems hes resulted in the estapiishment of
verious projects in practically every ares.

The Atoric Pnergy Commissicn has been concerned with the lctegra-
tion of thess projocts =2ad with the exchanya of informatica so taat
thare will be constructive planaing with e ninimua of duplieation of
effort in future programs. I[n this cornection, on Novem.er 10, 19ky,
at the dirsection cf L.R. Hafstad, Director of HKeactor Davaelupment, a
Waste Processing Cormittes was established. This group is nade up of
individuels from eann overating ccatrmctor's orgaiirzation where vaste
processing razearch srd divelcscent are ndar way. The Cemmities csests
periodicelly for tha purpose of dalining thae activity of each area, the
results to date, end any propesed reseerch ard development,

The first mesting of thu Coz=ittee was held at the Atomic Energy
Commission offices in Hashington. 1t was decided et this meeting that
future on-site meetizgs would b2 divided ivtc twe technical sassicns:
one devoted to a discusaicn of the waste problams of tha site and to
the lccal research ard develiopment work leading to 2 molution of those
prodlens; and the othar dovoted 1o & semirar on a waste processing
method or operaticn of cuommon interest o regresentatives of all sites.

This report surmarizes the first session of the Merch 27-28, 1950,
meating of thy Committee at Brookxhaven Naticamsl Laboratory.

B. Manowite
*Host Chairuan
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GEOLOGICAL SURVIY AT BROCKHAVEN NATIOJAL IABCRATCAY

V. ds Lagua
U.3. Ceological Survey

The Geology Group startsed work ia March, 19k5, on its pia3s of the genarsl
program of environmertal studiea at Brookhzven Naticmal Lzboratcry. The work
is being dons by employeess o tne Jater Resources Nivision, U.S. Geological
Survey, wbo have beer assizned to the lLzooratory. lost of the scientific
direction has come through Survey channeis, rather then frem the Laboratory,
wiile the Laboratory has handled virtually ail of tha contract negotiations
for well drilling and related major expenditures. Tre mzmbaers of ths Group,
howsver, have baen zivan the status of latoratory erployees £or 11l such
routinas, but important, purposss as signing purchase or work ordsrs and use
of the Lesboratory's rany facilitlies and services.

The purpose and scope of the program have never been sst down, and de-
literatoly so, since the vhole question of anvironzental contanination is
nev, complex, and p.oobably full of unexpactad prcblers. It was early de-
cided, however, at a conference which included virtually =11 of the inter-
ested people, that ona need not bs concerned, at least until further word,
with airborre contaaination which might get into suxrface or ground water,
since airborne contamination serious enough to do ihis wculd ba a more ser-
ious proolem in its own right. Tha Gaology Group ues, thercfoce, ceatered
its attention on tha direct contaminstion of the surface or ground water.

Since the nuclear reactor and the waste storaze connected with the
reactor are apperontly to te about as nearly foolproof as science and money
can make them, one has no idea as to what particular event one should te on
guard against; s few, but aot eli, of the Laboratory people concerned, ieel
that more important than the deoager of a real spill is the possibility of
fear, or of legal action, on the prart of the pyblic or of pudblic officials
in this courty. The only safeguard against this is to have alvays avail-
able and always up to date impartial, simple, and clsar-cut evidence that
the water supply of this acea has not beea contaminatad dy the Laboratory.
That is the first goal which the Group has sat.

What has been done so far is this: A good start has been mads on get-
ting together an adequate picturs of the local geology insofar as it in-
fluences the movenent of ground water in this srea. Also, it is known
vhere this picture is weak and will have to be strengthened. Tha major
part has deen completed, at least as far as expense is concernad, of a
network of observation wslls to give the major features of the motion of
the ground water; aud it is known vhere this information is weak. A good
start has also been made toward seitting uv a net of water sampling points,
for both ground water and surfacy water. letailed plans wero made for
completing this work before the reactor starts up and tho need tor the
work arrives. About 90 surface wvater and ground vater sampleas have been
taken and analyzed in detail, both chemically and rndiomatrically. A
good working picture sesus to de avallatle of what the water in tuls area
wao like defors the start of operations. It 13 important, howaver, to
emphasize as strongly as posaidle the inadequacy of eny ground vater
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sampling program to0 insurs that contnminatvion 18 not present and Le act yet-
tirg by the sampling roiats. The Onrvey's exparisnce with ground water cou-
tanination of otrer 7orts has shown hLow er-2tic the 3orend of tie dengar may
be, even Lln aprzarently homogereos materinls, and how {t acy pres by wells
whera 1t shoild show up, aud novw L% does put in a 3udden appearance #hera it
has no business to be at all.

The use of tracers has been initiatad to follow in detail the movement,
in space and in time, of the pround 4a‘er in tie area. This has served pric-
cipally to chow the serlous iradequrcy of tne older accentad mathods. but it
has nlso led tc new and possitly improved methods whizh should give reliabla
rasulta. It is hopead to make core mwnjor concributions in this dicection;
w2il-laid nlens and hizh horss are on hand, but few resulits, so far.

One xajor part of the work 91a3 not been started at all; that is tha
study of the adsorption of the reactor wacte products by soll materinls.
The Survey in Washington hzs hopes and plans for tis start of a goneral
study of this brsud ond corplex 2isld. In tie mesantine, it would bes desir-
able to have soms riguves, przliminary and empirical gerasps, on ths udsorp-
tion effectis of our owa local mnterials., Such informatior i1e needed, and
neaded now, foi a variety of 1urnosss, not tha least of whick is as a guide
ia tne wetar szmpling prog.am. The rate of travel of anz material in solu-
ticn in tke grounc wnter is oparkedly sffectad ty the dekree and type cf its
adsorptisn. With traceis, for esampls, w3 hava alleady found some travaling
more than twice as fast a3 cothers through the same materizl and at the sama
time because of differane2s in tiheir adsorpticn jsotherms. Further, it secms
not unlikely that scwma ccataiminpants will put in en agpearsnce gradually ot
any given water s~maling »oian*, while ntaers way arrive -amstically arnd with
virtuelly tia maximun concentration th-t they are to attain. For thase voa-
sons, and othars, the ssrvices of a physical chamist wer: sought sacTtl) aftor
the Group =3 astablished hera, nut so far without success. I% 1s intended
to keep on u.ying.

One last question which hsa bean of concern from Lime to tire i3 what
mecsures might be taken in case there were a serious contamination of the
ground weter. Turee lines of attack would be passinla. Th3 first would
ba tn provide new gources of water supply to replace those which had veen
hurt, or which wore ir denger. <he seccnd would be to inject intd the con-
taminated reglon an adsorbant wilch would piel up aud hold an appraciable
portion of tha active meterial. 71he third, and mosc desireble, i3 the
apperent goassibilits of sinking a group of acavenging wells into the con-
taninatad area and pumping out tle Lot water. Thiz invelves, of course,
putting thac water sorewvhare elsa. With this as one of the reascns, two
dosp wells wava been drilled to bedrock in tnls avea. The datails are com-
plex, but wa fnel confident that it will tirn out to bo antirely practical
to pump large Tolumes of contnminated watex luto any one. of savaral daep
lying formntions os a highly desirable alternative to letting it drift
along in the surfece foimwations which swyply both the Leboratory and the
neighborirg communities. Such heroic measuras would only te nacessary in
case of a sovioua accideot, but plaus, and some of the preparations, could
wall be made befovshand if further siudy of methods and policy are favorable.

One lack which is felt hore, and whica the ARC Uaste rrocssailng Cou-
zittee Jay Le abla to nelp us with, is lack or contact with the 3urvey




-—%

S e -

PR = ey -y

groups or other worxers engaged in ground water or surface wator studies at
toe other ACC installavions. While all send in monthly reports to Washing-
ton, thers is no contact with one another, except on rare occaaions and
usually on a purely personal basis. The AEC could, with real profit, mwake
possible an occasional get-togethsr of the various men and groups working
in this field.
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PROGRESS OF THE METZOROLOGICAL CONTROL GROU?

M.E. Smith
Brookhaven National Laboratory

Relatively ccmplete summaries of the BNL meteorological program have
been presented at prior meetings of the AEC Waste Processing Committee and
other groups, and in a number of Laboratory publications. These reports
have all necessarily deslt with tho planning and construction phases of the
program, and, although vacrious segments of metaorological data have dbeen
presented, little information concerning the dispersion of the oil-fog
effluent has been aveilable. Since January, 1949, members of the Metsor-
ology Group have been able to conduct "smoke runs” on a routine basis. In
this same period, full meteorological records from both the 420' and 160'
towers have been available. It is now possible to present a number of
reasonably firm conclusions regarding the atwcsphere waste disposal problem.

Befors proceedirg to this portion of the discussion, a brief review of
the smoke m:a procedure is in order. The oil-fog effluent is produced by
an Army -1 smoke generator, at a rate which can be varied from 20 to 100
gallons per hour. Smoke is ejected from a 355' long x 20" diameter steel
pipe mounted within the towe:r structure. The effluent trail is photograrhed
from selected sites with cameras operating synchronously at a speed ranging
between cne frame per second end one frame per five seconds. Significant
features of the dispersion pattern ere obssrved visually and by theodolite
from appropriate vantage points. Concentrations of the effluent which des-
cend to levels near the ground are measured by photometric densitometers
mounted in trucks. Up to ths present, attempts to measurs effluent con-
centrations anloft from aircraft have been relatively unsuccessful, owing to
a number of technical diificulties. A light-weight densitometer has Jjust
been completed for use with balloons, so that reliable measurements of con-
centrations aloft will be available. Data are processed in conjunction with
detailed meteorological data obtained during the same pericd, thus providing
a complete record of all aspects of the dispersion conditions.

The record to date includes 35 processed smoke runs; they were conducted
in such fashion that the dispersion conditions typical of the most common

meteorological regimes would be determined first. As a consequence, the bulk

of the information now avallable generally covers rericds in which rather
ateady lapse, inversion, or neutral (isothermal) temperaturs structwures main-
tained. A number of runs have been conducted during perioda in which a
changeover from lapse to inversion, or vice vecrsa, occurred.

During lapse conditions, when the temperature shows a dscrease vith
height of 0.5°C (or more) per 100 meters, large thermal eddies bring rela-
tively high concentrations of effluent to the ground for bdbrief periods of
time. The smoke trail also shows wide horizontal fluctuations, so that any
single area is affected by the effluent quite intermittently. The region
of maximum concentration is generally on the Laboratory site; few measurable
concentrations have been found at distances of 3 kilometers or more.

J
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A neutral or isothermal condition is defined as one in which the verti-
cal temperature gradient lies between +0.5 and -0.5°C per 100 meters. High
frequency mechanical turbuleace dcainates thne air flow during tuis condition;
the larger, relatively loang-period thermal eddies are conspicucus by their
abgsence. Under neutral conditions, whlch generally occur with moderate winds,
effluent is brought to tke grcund more steadily and over a narrower path than
under lapse conditions. The area of maximum concentration is usually near or
slightly beyond the site boundary; concentrations have bveen rmeasured up to 6
kilometers from the source.

The inversion case, ir which temperature increases with height at a rate
exceeding 0.5°C per 100 msters, i3 rarticularly interesting owing to the un-
usual turbuience pattern encountered. Verticsl fluctuations o7 the effluent
trail are almost complotely suppressed. Although sho:rt term horizon.al fluc-
tuations are also of small magnituls, significant lateral eddies appear over
the period of sn bour or more. Tnus, the eftluent trail assumes the appear-
ance of a nerrow reandering riboon, visiole for great distances. No low
leval concentraticas have beer measurable under inversion conditions, even
at distances of 30 kiloneters from the source. Visual observations have
indicated tha% the bese 92 the trail has reached a level no lower than 300-
350'. Owing to the geography of the area, it has not yet been possibls to
follow an inversion trall to greatsr distances; but it is certainly reason-
able to belisve that no sigaificent giound ievel concentrations occur while
the inversion persists.

The period of change-over fion inversion to lapse, though transitory,
is worthy of consideration. When the lsnse condition builds up to the level
of the inversion truil aloft, appreciable amounts of effluant are brought
quickly to the lower leveis. The development of normal desy-time turbulence
dissipates such concentrations within a short period of time.

In the reverse situation, when a lapse condition changes to an inversion,
it has been found that tha effliuent remains entirely aloft after the inversion
is fully developed; the residual low level concerntrations, usually typical of
the neutral case, gredually dissipete.

With reference to the operating levels agreed upcn for the Brookhaven
area, final conclusions concerning radiation dosage resulting from the reac-
“or operation now await the oreration of tae reactor itself. 'rheoretical
calculations of the ground level dosage undor various conditions have been
made, which show the followiug with reference to operating conditions: Under
lapse conditions mean hourly concentrations in the area of maximum will prob-
ably exceed the off-site opsrating level consistently, although the area oz
maximum will generally be on-site. Under neutral conditions, mean hcurly
concentrations in the area of mnximum should generally equal or exceed the
established operating level. During the dbrief fumigation pericd following
the change-over from iuversion to lapse, instantaueous, low lavel concentra-
tions are expected to reach values in excess of the operating level by sat
least a factor of ten. '

Casual appraissl of these est'mates mizht lead to the belief that it
would be necessary to restrict the oporntion of the reactor a considerable
portion of the time. However, a number of additional factors must be agsessed.
The variability of vind direction and apeed, the normal diurnal fluctuation of
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temporature structure, and the relatively short half-lifs of A"l conspire to
wake it unlikely that a given area will receivo uaximum lcw level sffluent
concentrations for any extenled length of time, or on repeated occasions dur-
ing the T-day period on which the overating level is calculated. Thus, the
early estimates of restriction of reector operation 5% of the time are still
considered reasonable. Thess periods of restriction are expected to occur
vhen a stagnant synoptic weather sicuation causes the detailed pattern of
dispersion to be persistent or repatitive over several days.

From the point of view of forecasting dispersion conditions, consider-
able progress hLas 8ls0 been made. It has been found that certain synoptic
weather factors, for the most part routinely observed and forecast, strongly
influence the micrometeorological developments. The most important of these
are cloud cover, gradient wind, air-ground temperature relationship, and the
state ¢ the ground. [iverimental forecasting carried on over the past year
has resulted in a preliminary determination of these factors, which are sum-
marized as a guide in the routine forecasting of local wind, temperature, and
turbulencs. '

Templates depiciing the ground lavel patteins of radiation dosage have
been prerared for a wide variety of weather conditions. These are currently
utilized in a daily practice evaluation and forecast of reactor orerating
corditions.
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ARZA GURVEY AND LOY LSVEL MONITORING

— ——- - - -

P.P. Cowan
Brookhsven National Laboratory

Airborna Activity

1
| S The BNL policy is to design facilities 30 that the disturbance %o thne

! off-site radiation background shall not average more than 13 of the acceptad
whole body exposwre Limit of 300 mr/wk. The function of the mateorslogy pro-
gram in predicting dilutions ror the reactor cooling air has been described
in this rerort by M.B. Smith. The systes of area monitoring staticns, whicl
w#1ll to described here, has Leen set up ©o measure the actual disturbauce of
the natural background at 10 loczticns located strategically within 10 miles
of the sita, as well as at 6 locatiors within the boundaries of tie sita.

The radiation umeasuvements madc at these staiions, the data obtained from

the smwoke runs of the metaorologists, such theoretical msterial as is aveil-
able in regerd to the dispersion of steck gases, and the gross and micro-
meteoroiogical data coilected by the Meteorology Group combine to give a very
excellent picture of radiation conditions in the area and make it possitle to
meet the severe requirements of the atove-mentioned policy. The grea monitor-
ing data and ¥nown characteristics of the reactor cffluent can be used o cor-
;' rect or extend pressnt knowladge of diffusion theory, as well as to check ihe
conclusions made from the smoke runs. The metsorological analysis can be
used for intecpolation beiween the discruet locations of the area monitoring
stations. A close liaison is maintcined betwsen the Meteorolosy Group esnd

\ the Health Thysics Division. Further elaboration of operating procedures is

: to be worked out vwhen reactor oporatiicns have cormenced.

e el b o g

T

The area monitoring station ejuipment includes a variety of G-M counters,
an ionizaticn chumber in combination with a vibrating-reed electromster and
chart recorder, a battery-operated ratemeter to provide datia during power
fallures, and a ccntinucusly-orerated dust collector ond countsr. All o
thess operate continuously. The indicators are located cn a ceutral display
board, which is photograthed automatically once every 6 uinutes. Iata are
analyzed periodically, Iwmedizte records of radiation conditions are avail-
able from the chart recorders of the ionization chamber end the batziery-
operated rateuseter. The dust monitor consists of a strip of filter paper
drawn, at a corstant rate, acrosa a suction head, and then past both alpha
and beta-gamma counters., The equirment for the araa monitoring stations was
develapad by the Slectromtics Tivision; it 1s oparated dy the Heallh Physics

: DPivigion.

T

: The naturally occcurring background radiation in this area amounts to

= adout 0.01 mr/hr. With a atandard Eck and Krebs G-M tubs about 6" long x
3/4" dlameter, the countiny rote is of tho ovde:r of 30 ¢/min. Quite & con-
sidercble variation in backgwund as the .esult of rainfall is noted, with
noaks as much as twice tha normal counting rate., The great bdbulk of the
activity collacted by the duat umonito:r consists cf active deposits of radon
and thoron. Feaks in this ectivity of 3 or b times the nurmal amouat are
aoted as a result of temperaturs inveraions. Durlng such perious, the lower.

|3 layers of air are stable, and vertical mizing dves not occur. Acsordingly,

T
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the activity released from tnm soil i3 not dispersed in the rormal fashion.
Curves for these effects ars given in “Brookhaven National Laboratory Progross
Report,"” July 1 - December 31, 1549 (3ML 39 (AS-3)).

Liquid Waste

Brookhaven Naticnal Laboratory has its own sevage system and sewars pro-
cessing plant, ths affluent from which is discharged into a szall strean whica
is part of the headaters of the Peconic River. The policy in regard to the
release of radicactiviiy from this system 13 a stringent cns dictatsad by ths
lack of massive dilution end the details of ecology of this rezion. This
policy, recently approved by the Atomic Znergy Commission, calls for relaase
of effluent whose activity, averaged over a 3-month period, shall not excead
3 x10°%uc/cc. Feak values of 10 times this concentration will be permis-
sible; the total amount i3 limited to 1.5 c/yr, corresponding %o a flow rate
of 360,000 gal/day at the maximum allowsble average concentration. This con-
centration control will be applied at the point vhere the Imhoff wacste pro-
cessing tank discharges to the filter teds. Since decontamination is to be
expected in passing through the filter beds, tho activity released to the
stream is expecied to te even lower than indicated by the szreed policy.

Some interchange with the ground water 1is to be expected in the filter teds
and along the stream, but this is of secondary importance at these levels
because of the adsorptive characteristiics of the soil end a rumber of other
factors.

In order tO achieve such a policy in a laboralory as extensive as BNL,
it is obviously necessary to control the discharge of activity to the waste
system at the source, and particularly at locations where large =mounts of
activity are being manipulated. The daily quota for the Laboratory arounts
to 3.4 mc. The severity of the problem is brought out if half of this amount
is allocated to the nuclear reactor hot laeboratory complex and the other half
is d!vided among various other facilities, such as the cyclotron, chemistry
laboratory, Chemistry Department senihot isboratory, Biology Department dilu-
tion wing, decontaminaticn laundry, Medical uepartment therapy wing, wasto
concentration laboratory, metallurgy laboratories, hot shop, and numerous
other chemistry, tioloyy, erd medical laboratories vwhich use appreciatle quen-
tities of radiocactive isotopes. With such an allocation, one finds that each
Jaboratory wing or small moup of leboratories can release no mors than 50-

100 jtc/day.

The reactor complex hes heen set up as a self-contaired system, with full
control of its liquid waste; problems cntailed therein ars discussed in this
report Ly P.L. Horn. Orly diluted and monitored wnstas will be discharged to
the laboratory waste systeu. Hold-up tnnks and proportional sampling devices
are being provided for other critical locations, such as the Chemistry Depart-
ment semihot ladoratory, cyclotron chealstry laloratory, and Blology Depart-
mant dilution wing. The intent here is that the held-up waste will normelly
be of lov enough activity that it umay be releussc after an assay has deen
made. If, bLecause of accident or pcor techniqus, tuls id not the case, it
will be transported by means of tank truck to the tank farm associatsd with
the nuclear reactor. Tor some other locations which are less likely to cause
difficulty, proportlonal samplers without Roid-up tanks will de provided.
This will allaw detection of foeli of poor technique which, if not detacted,
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might result in activity lovels et the sevage plant wiich ars too hich.

For other arsas whece actlrity lavals are very low., no conteu) will bn oz
ercised. In sll laooratories, cnizinnrs will Le “rovidou tor coliesilos of
liquids containing spprocictis amounts of aciivity. Treuwo w.li ta tranipcried
poriodically to the <ank farn.

Fxtensiva monitoring fesiliti3s are being provided at the cewrge precass-
ing plant. Taese will cousist of four iastalletisns:

1. A flovw meter ané oroportional sampler at tle axi% of thwo
Imhoff tmnk,

2. A simiiar i{nstallation at tne chlorinsticn rlant, waich is
Jocatad Letiueen tha filter beds and the polnt cf dischargs
to the Pecounic Fiver.

3. A flov mouitcrirg stition upstiean from tha point of dis-
chagn.

4. A 2low monitoring station downsireerm from the roirt cf dis-
charge at tue point wherm the Pe:~ric River crcssus ths
eastern occundas; of the site.

These instalieations s.e jariinlly conplated; “hey will be in oparation in
& fev months., The dats ohiained, u wwdicion to mukiay LIt pos3ille io lmow
Whether or not the agried policy i3 ta1ng met, will yield other in‘er«si‘ug
information, such aa the loss ol activsit, in the filter tcds, the d&llutlon Ly
tne flow of the streem, and the amount of sctizity lsavin, tle louadary of
the site in the vater of tie :trenn.

Some miscellanscus sipects of .rea muniioring ~re aanlysis of vapetation,
soil, and well water. Particular aivtentior w'li be 2uid to ~palysis of watar
and bdiological forms downstresnn along the recunic River. Tacse phcswa of the
progrenm will be alabornted as tha Quaatities of activily ieluased lecoms sppre-
ciable.
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LIQUID WASTE BANDLING AND TREATMENT AT BROOKHAVEE WATIONAL LnEOZATORY

F.L. Bomn
brookhaven Mationai Laboratory

The radiosctive wasto ssstam of the BKL reactor ccmplex i3 nearly cca-
pleted. It is deeigned to handle liquid waaste from thes reactor, reactor
latoratoriec, end hot lzboratory. =Radloactive waste fiom some ciher grou;s
in the laboratory will alsc s stored with recactor waste, but will to handled
in hot pots.

Trras of Slaste

The waste hcs been divided into five trpes, each of vaich is bandled by
a ceporate systew. The dasignatioas, definttions, end expected yeariy vol-
uzes of thess wastes are:

A. Accountable metul vasie containing wrenlum and fissionsbla
meterial.
7,3C0 gal/yr.

B. BHigh activicy chemics) wasie conteining no accouatavle
paterisl.
32,000 gel/fve.

C. Contaminiied golvent weste which canuot go through weste
systen bac':mse of velatile sclvenis or HCl contant.

3,900 gal/ye.

D. Low activity casmicai wnste waich does not require salsiding.
300,000 gulfyr.

P, Normally unconteminated waste which iz wonltored for activity
btefore d.l.spos.-z'l.
Lk, 000, 000 gal/yr.

The volumes given nbove ure rouch estimstes used in deaigniny the system,
and are probebly high. The vcluwes are aiso for full operaiioa, which will
not be attained for & to 1lu wonths.

camun e ©

ALl wacte from dmains at rvenctor facaes, tloor drnins, aud sinks wili run
by gravity to the "F" wuste tenks {u tus hot laboratory. This waste showld
rormally be uncontaminated. After it is zonltored, it will be releasvd to
sevarsga. Tho east win reactor lavoratories have grmvity "F" drains to the
bot laboratory. The wast winz reactocr laboratorles have 'F" drrins to a 2000-
cul hold-up turk, from which the wasty 13 dumoed periodically to the 8000 -mal
hot ladoratory tanks for monitoring. Should eny of tho "F" wvaste be contani-
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nated, that 8000-gal tankful will be pumped to the "D" storsge tanks.

“D¥ waste in eacn of the reactor latorztories will be collected in 5-gal
containers. The containers will be trucked to the hot laboratory and emptied
into the "D" system.

Another source of waste from the reactor ig the canal. The canal will be
emptied when a ruptured slug is ramoved 7rcm the reactor. The 80,000 gal of
canal watar will thex be run to a 100,C00-2al tank reserved for this purpose.

The hot laboratory cold area will also collect ita "D" waste in S-gal
containers to be emptied in the waste treatment area. All "F" waste is con-
ducted by piping to the "F" waste monitoring tanks in the waste treatmant
area.

The hot area of the hot laboratory is the cnly area which is completely
connected to the waste treatment area by piping. The pipes are all welded
stairless steel. The piping is laid in concrete trenches which are painted
wvith Amercocat. If there are any leaks in the piping, the liquid will drain
to the waste treatment area. The trenches have 1' thick concrete covers for
shielding which £it flush with tke floor.

Waste will be collected from three main areas in the hot arsa: the dis-
solver cells, the semi-works area, and the semi-hot cells. The trenchss from
these three arecas have a jJunction roint at the neutralization cell in the
vaste treatment area. The pipes for "A," "B," and spare waste lead into the
neutralization cell in the waste treatmeat arsa. "D" waste lines go into
off-gas separation tanks in the nsutralization csll. Tbe gas will go to the
scrubber cell, and the "D" waste to the "D" cell. "F" waste will continue
through the neutralization cell to a drum trap waich catches largs articles
in the waste. From there, the "F" waste will run into a diversion tank with
a baffle. The baffls causes the waste to flow past a G-M tube which is con-
nected to a counter. Should the count on *F" waste go above a predetermined
level, a magnstic valve at the bottom of tie tank will be actuated, dumping
60 gal to the "D" system. This process ccntinues uatil the “F" line is
flushed out.

All the tanks in the neutralization cell are vented into ths scrutber
off-gas system, causing a flow of ain down.all wasts lines.. The.scmisworks
area has ventilation ducting that passes through the scrubbers. The off-
gas from tanks and semi-works is known as "acid off-gas." It contains acid
and iodine fumes. The caustic scrubbers will reutralize the acid and scrub
iodine from ths gas. The gas will then pass through a roughing filter and a
Chenical Warfare Service filter. A 14" stainless steel duct will carry the
gas to join the off-gas duct from the decontamination area, then to the blower
in the hot laboratory fan house, whinh will send it up the stack.

Room and hood air ventilation for the hot area and waste treatment area
is terwsd "nonacid off-gas." The air will go through ducts to CWS filter units
and blowers. A 42" duet will carry tha air to the hot laboratory fan house
blower, which will send it up the stack.

e S e m——————
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Treatment

"A" waste is accountable. It will be samwpled carefully and nsutralized.
The volums that is jetted to storage will ba recorded. Neutralization will
be accomplished by Jetting waste to tie neutralizer tank, whers caustic or
carbonate will be run in. The solution will be agitated, cooled, and sampled,
Waste will then be jetted to the tank farm fcr stoirage. "B" waste will be
treated similarly. These operations will sll be controlled remotely at a panel
board which is separated from the cell by a 4' thick concrate floor.

"D" waste will be sampled and the proper amount of neutralization solu-
tion added directly to the "D" tenk. "D" waste will then be sampled and
pumped to storage at the tank farm.

As mentioned previously, "F" waste will be monitored daily and pumped
to tha sewer.

Storage

The tank farm is located 1/8 mile north of the waste treatment area.
"A," "B," and "D" liquid westes are stored there. The tank farm is Joined
to the waste traatzent area by means of pipes in a covered concrete trench.
"D" waste is stored in two 100,0C0-gal tanks above ground. A third 100,000-
gal tank is reserved for contaminated canal water.

"A" and "B" waste is stored in six 0C00-gal stainless steel tanks below
ground. Each tank is enclosed in a concrete cubicle. The cubicles have sumps
which will be monitorsd to determine whecher the taniks are leaking.

"C" waste which is collected in pots will be stored in the pots awaiting
further developments.

In general, the waste treatment area is constructed to handle large vol-
umes of waste from the hot laboratory end reactor. Hot wastes are controlled
remotely by the use of steaa Jets. Collection, classification, neutralization,
and storage of radioactive solutions are accomplished. Accountability of
uranium and fission product solution is maintained. Sufficient storage capa-
city of "D" waste is provided for 1 to 2 years, after which concentration of
the waste is expected. "A" and "B" waste storage capacities are sufficient
for 2 to 3 years.
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Figure 3. "D" and "F" waste systems.
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Figure 5. "B" and "spare" waste systems.

Figure 6. Blowers and duct connections for
filter units used in semi.works ventilation.
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Figure 7. Process and instruzent piping to
tanks in neutralization cell.

Figure 3. Two "7" cell tanks w.t upper lavel,
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Figure 5. F
e our caustic s
used in ac scrubbers
1d off-gas system. Figure 1C. Diversion teni
between "T" and "D" tenk connected
: D" systems.
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Figure 12. Tanx in "D" cell, from upper level.

?igure 13. Waste lines in bott-m of Rat call--"A," "3," "D." "spire,” and "F."
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i PERMANENRT DISPOSAL OF RADIOACTIVZ WASTZS

) 4
- G e em—e & .

] W.8. Ginell aud L.P. Hatch
Brookhaven National Laboratory

An invastigation is c:urently inder way at BNL to dsvelop a procedurs
. for tha perraient Glsposal of 1ong-lived radioactive wastes, particularly
.. those which vzcur a3 a rusult of the fission process. In this work, the
basic promise is to achievs assimilation of the wastes by highly stable
naturel materials ia the 3arth rather than resort to such means as the use
.t of storage ccatainers, coatamination of the ocear, ete.

It 1s known that minexals of the montmorillonite group have rronounced
cation exchange properties. Furthe:mo:e, in the temperate regions of the
earth's surface, they are very nearly the end product of the weathering of
volcanic ash, and 80 tiey can te considered highly stable natural materials.
These factors, elong with ths known imperviousness of clay beds to the pas-
sage of water, suggest the use of clays as disposal nmedia. The disposal
process would invclve replocerent of {nactive exchnngeaole cations in the
Clay by radioactive cations. Tie active zlay, sfter suitable processing,
could then te aisvosed uf Ly buriel in scue selected area, possibly in a
daep stratum of siay itselr.

Since ioa exchange renctices, in ceaeral, fcllcw the law of mass action,
one would e:pact a ravercal of ths exchange reacticn in the presence of an
excess of oiber cations, Drasumcbly, thers <rould be some very small movexent
of liquicds containirg dissolved solids throuzh the natural clay beds, so that
the revarss reacticn could cccur to soe degree. ience, it would be necessary
to treat th2 radicastive cley in such a manner that the rate o vhe reverse
reaction would t2 neglimioly szall. In otker words, the radicactive cations
would have i0 Ve fixed in the clay. The imxediate problem, therefore. resolves
itself into two major tasks, namaly:

1. Determination of the cetion exchange capacities of certain clays
as functiorns of the corcentration end nature of the cation,
temperature of the reactants, particle size of the clays, etc.

2. Development of a process for fixing the radioactive cations in
the clay.

Three clays are currently under investigation at BNL: a low volatile
matter fullers earth (Attapulgus Clay Co.), and two types of pure montmoril-
lonite (Filtrol Corp.). Preliminary experimeuts are being conducted using
radicactive strontium 89 (half-life = Sk days) obtained from Oak Ridge in
the form of (SrN04),. The material is purified by precipitation of SrCO
with (KEy)2C0,, tgﬁo\nd by filtration, washing, and dissolution of the solid
in an excess 3f HCl. The resulting solution is evaporated down to half its
voluno, to eéxpel COp, and then neutralized to pH 6.3 with an inactive solu-

‘ tion of Sr(0R),, using a Beckman pR weter. The resulting stock solution is
analyzed for Sr by a graviwetric procedure involving precipitation of SrsSoy
from 504 alcohol. The specific activiiy of the solution is determined by
diluting an eliquot of the stock solution to a convenient volume and counting
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the resulting solution in an annular jacketed thin-wall glass G-M tube.

In the determination of exchange capacities, weighed clay samples, pre-
treated by drying at 110°C, are transferred to 100-ml glass stoppered flasks.
To these are added Xnown volumes of the strontium chloride solution. The
flasks are placed on a wrist-action mechanical shaker and agitatsad. Aliquots
are withdrawn at intervals for counting. Kaowing the specific activities of
the original and final solutions, it is possible to calculate ths capacity
of the clay in millicquivalents of stroatium per gram of clay (me/gm). After
equilibrium has been established, the clay is centrifuged, wasned, and dried
at 116°C. A weighed sample of the strontium-saturated material thus obtained
is digested with coacentrated HNO3 to decompose the clay. The resulting
solution is thsn counted. This serves as a check on the previously deter-
mined exchange capacity. The figures in Table 1 give the values of the ex-
change capacities of the clays under investigation in terms of milliequiva-
lents of strontium per gram of oven-dried clay.

Table 1 i
Exchange Capacities
T |
‘ Capacity ,
- —
Clay 1 2 3 '
|
Attapulgus Fullers Earth 0.31 0.32 0.30 !
Filtrol Montmorillonite R-2532 0.48 0.k6 | 0.46 i
L1"1.:!.1:rol Montmorillonite R-2472 ——-- 0.78 | 0.73 .
1. 10 gm clay + 225 ml of 0.05M SrClp. '

i
! 2. BNO, extraction of saturated clay from 1. '
3. O.ja BaCl, extraction of saturated clay from 1. |

The saturated clays are then subjected to a series of heat treatments
designed to determine the amount of activity which can be fixed in the clay.
Weighed amounts are placed in Vycor dishes and heated in a muffle furnace
for periods of the order of 24 hours. Thus far, temperatures in the range
300-G00°C have been tried. After removal from the oven and cooling, the
clays are transferred to 100-ml flasks, treated with a large excess of
BaCl, solution, and shaken for long periods. Aliquots of the supernatant
solution are withdrawn at intervals for counting. Tests have shown that
barium repiacement is 100% couplets in the case of unheated saturated clays;
thersfore, this technijue serves as a measure of the degree of fixation
achisved by heating. Figures 1%, 15, and 16 show the cbserved fixation as
a function of temperature.

The montmorillonite minerals are known to have a crystal lattice whose
¢ dimension is a function of the water content of the mineral. EXxpansion
and contraction of the lattice layers is reversidble if the clay 1is main-
tained at low temperatures. However, it was found by other workers that
heating the clay to 400-3009C causes a loas of swelling capacity when the
clay is placed in water. Since the uxchangeable cations are located between
the lattice layers for the moat part, the loss of swelling ability should
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also be assoclated with a lcwering of the éxchange capecity. This effect
can be seen rordily in Figwe Lk und, %o a lessor degree, in Figure 15; a
marked decrease in exchangs capacity (or increase in yerzent fixed) i3 ob-~
served tetwsen 400 and J00°C. Adova this tewperature range, the ctructuire
of the ciay is probably altered Ly the losa of the elements of watar from
vithin tte lattice laysrs. At temueratures around 80CYC, the exchangeavle
cations appear to be fixed t9 a very great extent. In addition to the ex-
tralattice exchangeahbls cations, some axchange nresumbly occurs with cations
formally within the lattice but vhich had been exposed as a result of broken

a crystals. Such caticns could also e replaced. If, however, the clay wero
heated to 1 temparature at which sintering occurs, the number of such ex-
vosed cations would be greatly reduced, It seems prouveble that this could

. be 9ne explanation for the ralatively slow decresse in exchange capacity in

the temperature rsnge 500-900°C. In the case of montmorillonite R-2532
vhich was heated to 875°C, sintering was actually observad.

-

Futurs experirents will te conducted along these lines, using mixed
fission products and possibly other clays. We hope to be able to study,
07 means of X-ray diff-action techniques, the actual changes in the clay
structure brought about by heating.
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