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ITT. INTRODUCTION

A committec consisting of represcntatives from Dow end
HMonsanto Chemicel Companies, Argonne National Laboratory,
and Division of Engincering, AEC, Washington, has bgen
formlated to study the AEC-wide problem of disposing of
process waste solutions. The members are:

S. Lavroski, Argonnec, Chairman

(. 4. Rodger, Argonnc, Alternote)

J. Grebe, Dow Chemical Company

L. A. Mathison, Dow Chemical Company

. Hurschkind, Dow Chemical Compony

M. M. Haring, Honsanto Chomicel Company

F. C. Head, Honsanto Chemicel Company

J., He Hayncr, Division of Ergincering, AEC,
Waghington

(K. Noble, Division of E'lgl-c ering, AZC,
Washington, Altcrnatc)

nu

The committec, in its invastigetion of the problem, plans
to visit thc verious sites which ars confronted with dis-
pouing of nrocass waste zoluticns and which have cxpericnce
in hendling them.

v, PURPCEE OF CONFETTNCE

It is proposed to ascertain the naturc of the waeste disposal
‘problems confronting the Osk Ridge plsnts and to datermine
the scopc and naturc of tho rescarch snd dovelopment ralated
to the problem.
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V. LIGQUID WASTE DISPOSAL SYSTEM

at
Ogk Eidze Hational Laboratory

by

o td

e J. Witkowslki
B, Orr

SUMMARY

This report is divided into two main sections. The first is a general
review of the facilities available for handling ligquid waste solutions with
brief statements of mud and water contaemiration in White Ogk Creek and the
Clinch River. The second part includes a flow chart and a more detailed
dascription of the handling of ligquid waste sclutions,

A. GENERAL

The liquid waste disposal system, commonly known as the Tank
Farm Area, is divided into three sections, as follows:

l. The North Farm - consisting of two, 4400-gallon, and
two, 40,000-g2llon-Gunite tanks,

2. The Scuth Farm - consisting of six, 170,000-gallon-
Gunite tenks; one, 1300-gallon-Gunite
tank connacted to an 800-gallon,
stainless steal tank.

3. Settling Basin Area - consisting of a large earthen-diked
: pond of 1,500,000-gallon capacity and a
smaller, 32,000-zsllon Retention Easin,
Two other ponds are provided for emergency
use only.

All of the Gunite tanks sre of similar construction regardloess
of sizc, The tanks arec constructed of roinforced concrete, five
inches thick, with dome-shaped tops. The insido well is painted
with a water-proofing compound, Jdpproximately six feet of earth
is used as shieclding on top of cach of the tenks, The tanks are sct
on a concreto saucer four feet larger in diameter than the tank.
The saucer is filled with crushed rock to the top of the side wall
of the tank and thus vrovides a Fronch drain which is piped to a
drywall., The drywells of all tanks drain to tho Retontion Pond in
the Scttling Basin Arcs, The Rotontion basin is sempled at four- /

_hour intervals., Any increase in the asctivity dictetes an invosti-/
gation of the individual drywells, To the best of our knowledge,
‘the tank walls are intact,

The Sottling Basin is a dredged pond about 200 feet square and
six feet decp. Tho vaste waters onter the pond through five, cight-
inch lincs te 2 woir box vhich spans the north side of the pond.
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The weter is discharged through = similar weir to White Oz=k Creck,
Betvioen the iniot and exdt veir boxes ars 2 sarias of floeting
surfacc-baffles o insure offective mixing and to prevent algao
grovth Irom drifting into tho exit weir, The Rotention Pond is =
dredged basin about twenty-tfive feot squarc and two feoct decp. It
is usecd merely as a hold-up basin,

In genaral, three tymes of wiastes arc handled in the Tank Farm
Arca:

1. 'Chemical wasto solutions centaining varying amounts
of radioactive szlts 2nd particles., Thase wasto
solations originatc in the Chomistry labs, thc pro-
cessing plents, snd the Pile Building., 4 flow of
about 430,000 gallons a day with an avarage activity
of avproximately one hundred baota counts/min/ce is
‘piped directly %o the Scttling Basin for disposal in/
White Oak Creek. & smallor velume (7,000 gallons/day)/
"with activitica in excess of 25,000 beta counts/min/cc/
“is ccllected in the Gunits tsrnka,and allowed to dacay
‘for thirty to sixty days before being disnosed of
through the Settling Basin to White Oak Creok.

2. (Hetal weste solutions contairing urenium, plutonium,
and fission products are racoived at the rate of
5,300 gallons/month’ for storage in the Gunite tanks,
To conserve tank storzge spacc thase solutions are
treated periodically with ¢ fifty-poercent cauvstic ’
solution to precipitate the Source and Fissicnable |
matorials. The supernstant is then descanted to the l
chenical waste systom for disposel in White Osk Creck. . \

I

'The precipitation treatment rcduces the volume by a .
factor of two, 4t the presont time approximetely Ly
132,460 kg of uranium arc stored in a volume of 540,000
gallons,

3. Misccllamcous wastc solutions from cther AEC installations |
aro roceived in drums and specially-designed, lead-shiclded
pots. Thesc solutions vary in composition. Somo contain
Sourco and TFissionable metcrials which arc handled in the i
motal waste system., Othors arc aqueous fission product i
solutions which arc handled with the chemlcal wastes.
Occasionally solvont solutions arc rccoived in which
casc the solvent is romoved by stean distillation and
the activity is transforred to the tanks.

White Oak Creck is a small stream running along the south’ boundry
of the Scttling Basin, Its flow varics from 0.7 cu. ft. to 24,5 cu,
ft/sccond, depending upon the rainfz1l, About two and 2 half miles
below the Settling Basin is e dam to reterd the flow and eilow further —_
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scttling of radioactive matorizls. The Vhito Oak Creck emptics into
the Clinch Riwver about a half milc downstrcam from the dam,

The amount of activity diseherzed from the Settling Basin to the
White Oak Creck is limited to five curies/Gay. 'This limit is con-
trolled by the flow rate and activity discharged from the Gunite
chemical waste tanks.,

IMud samples taken in tho upper part of the lake formed by the dam
on White Oak Crock range from nincty to 25,000 counts/min/gm of rmud.
The highest detected in the mud of the Clinen River below the mouth
of the White Oak Creck showed 116 counts/min/gm of mud. Watcr flowing
over the White Oak Creck den avorages ten counts/min/ce, while just
aboya the K-25 plant sido on the Clinch River the water measurcs
1,6 counts/min/cc.

B. OPERATICN

1, Chomical HWaste Soluticns:

The following facilitios of the Tank Farm &roa are usod in
handling the chemical wasto solutions:

Tank No. Capacity ' Location

W-1 4,400-Gallon~Gunite North Farm

W=2 4 ,400-Callon-Gunite North Farm

W-5 170,0C0~Gallon~Guniteo South Farm

W-6 170,000-Gallon-Gunite South Farm

W-11 1,300-Gallon=-Gunite South Farn

W-12 800-Gallon Stainless Stocl South Farm

Sottling Basin 1,600,000 Gallons Scttling Basin Arca
“Retontion Pond 32,000 Gallons Settling Basin Arca

For casc in handling, the chemical waste solutions are divided
into two groups:

a. Large volume (avarage of 430,000 gal/day) and low
activity wastos (average of 100 beta counts/min/cc)

e originate from the floor drains, laboratory sinks,

o canal overflow, and the operations in the Rolling

' 811 and Fan Houso, Thesc wasto solutions are for

the most part piped dircetly to the Scttling Basin.

b, Small volume (average of about 7,000 gal/day) and
high activity (in cxcess of 25,000 counts/min/cc
wastes originate in the vorious processing build-
ings, fan scals, stack drains, laboratory hot
sinks, or as shipments from other AEC installations.
These wastes cnter cither the catch tanks (W-l and

emnTeelde e o 2 et ST BRI R o -

el ey hnn, ¢
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W-2) or the divorsicon tenk (W-12), The solutions
collacted in the catch tanks (W-l znd W-2) arc
neutrolized vith sodium carbonate and sampled,

If tho activity is loss than 25,000 counts/min/cc,
the solution is disposed of to the Scttling Basin.
If the activity is in ecxcess of this limit, the
solution is cecllacted in one of the hold-up tanks
(W-5 or W-6), The diversion tank (W-12) is cquipped
with an automatic steam jot which transfers the
waste solution to one of the hold-up tanks (-5

or W-6).

The collceted solutions in the hold-up tanks
(-5 and W~6) arc maintained alkaline by sodium
carbonate. Under nresont conditions 211 sclu-
tions in the held-up tanks are allowed to decay
for approximatcly one menth bofore disposing
of to the Settling Basin, The alkaline condition
of the solution in the hold-up tanks causcs sona
precipitation of the various activitics while
additional docontamination of the wiastao solution
is realized, due to the cerrier action of foraeign
mattor, as thc supernatant is passcd tnrough the
Sottllng Basin,

2. Mctal Wasﬁo Solutionss

The uranium and plutonium wasto solutions originate in the
chenical processing buildings or the laboratories, whilg small
quantities arc rcceived from other AEC sites. Thesc maotal
bearing wastes are stored in the following tankss:

Tank No, Capacity Location
Wie3 40,000-Gallon-Gunite -~ For Al,Pu, U'Wasteq North Farm
WL, 4C,000-Gallon-Gunita) North Farm
W-"7 170,000-Gallon-Gunite) South Farm
W-8 17o,ooo-Ga110n-Gunito)'- For Pu, U iastes South Farm
W-9 170,000-Gallon=-Gunita) South Farn
W10 170,000-Gallon-Gunite) South Farn

When tho Tank Farn Arca was dcsigned-in-1943,—only throe—
Zyoarst _operetion of “the plutonium-pilot plant was- cxpectods :Tha
continuing operation of the Laborztory ond incressod uses of |
uranium indicated that the storago capacity of the metal waste
tanks would be excceded by 1949. To reduce the volume of the
wasto to be stored, the uranium end plutenium is precipitated
in tho Gunitc tanks by the addition of fitty-percont caustic
scda solution. After a settling period, the supernatant liguor
containing about 0.005% U is decanted to the chemicel waste —
systom and t2 Vhite Ok Creck.
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3, Miscellancous Wastec Sclutions:

The liguid waste soluticns rcceeived from other LEC installations
contain cithar Source and Fissionavle nateriul or razdiocactive salts.
They are disposed of by jetting from the shipping container into
the appropriatc system in the Tank Farm Aroa.

NOTE :

Dcveloprment work is procecding on s concontration process for the high
activity chomical wastc solutions., It is axpected that an/ bvnporcto; will
soon be installed in the Tank Farm Arca to treat about 7,000 gallons of
waste/day to roduce tnc volume by z fzetor of *twonty. This concnntratod
solution will then ke stored rather than disposing of the activities through
tho Scttling Basin to White Oal Crock.

The following raports give morce detsiled information about tho disposal
of liquid waste solutions:

1] Increaso in Mud Activity from T. H. J. Burnctt to W. H. Ray,
dated August 5, 1947, Sccrot, (Discussion of faétors-remedics).

(ng Activity of Clinch end Emory Rivors (locations and values) from
T. H. J. Burnctt to W. H. Ray, dated August 11, 1947, Rcstrictod.

3., Water Activity Measurcments Near 7-12 (methods and values) from
T. H. J. Burnctt to Forrecst Western, dated January 14, 1948,
Restricted, Central Files No. 48-1-173.

4. Activity Valucs in the Body of a Wildfowl (location and valuos in
tissues) from T. H. J. Burnott to R. K. Firminhac, dated January 15,
1948, Restricted, Central Files No. 43-1-368,

5, Moasurcmont Method for Whito Osk Dam Discharge Volume (calibration
and interpretation) frem T. H. J. Burnctt to R, H. Firminhac, dated
December 1, 1947, Restricted, Central Files No. 47-12-116,

6. Prcliminary Repert - Efficicney of %hite Osk Creck (docontamination
offocted arca-wise) from'T. H. J. Burnctt to R. H. Firminhaec, dated
Novaember 3, 1947, Restricted, Contral Files MNo. 47-11-554.

7. Viator Activity Comrutations (caleulations and variebles) from
T. He Jo Burnott to E. J. Witkowski, datod January 14, 1948,
Restricted, Central Files Mo, 48-1-175.
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Tanu FARM CAPACITIES:

W=l 4800 GALS. w-9 /65000 Gms.
w-2 8400 N w-i0 /170,000 "
w-3 #4,300 Wit /,70 0 "
w-& 4,200 . W-r2 700 v
w-S (18 000 i E. PaND 193 200 .
L w-6 119 000 - w. Pon D 293 200 ”
{—" w-7 /66, 800 . Rer. PewD 34 600 .
" Roruwe M w-8 /79,000 ” Serriwve 8asw 4,600,000 GALS.
‘ £ SAmpPLInG:
' 1 ROUTINE SAMMES ARG TAKEN EVERY FOUmR WOURS FROM TN
g RETENTION POND, SETTLING BASIN OUTLET WIER AND FNE
SETTLING BASI~v D/VERS/oNn BoOKX.
——— Leaks:
, ONLY TNE DRAINAGE FAom TNE IRY WEiL SYSTEM &OBS
3

INTO e RETENT/ON PaND , PENCE 4 MHIGH A<TVITY
LEVEL /N THE ROUTINE RETENTION PonND SAMPLES

INDICATES B LEAK W ONE oF rwe TANKS OR

VALVE PTs.

OBr- AREA WASTE DISPOSAL:
IMPORTRED 30LUTIONS AAE DISPeSRI OF RS FAOLLoOWS:'

METAL WASTE /S JETTED /NTO W-4 THROUGH TNE
FLEX/IBLE SUCT/ON L/NC.

o

@ RADIVACTIVE AQUEOUS WASTES ARE JETTED /VTOo
W-5 7nROUGN TwNwE FLEKIBLE SUCT/0/ LINE.

(D HEXONGE 1S JETTED I1NT0 THG NETONE STIL AT W-/0.
DISTILLED HEKONE GOES To 7WE DRY WEiL: T W&

RESIDUE 15 DRAINED N TO: w-10. T

/R0 Recovery:

[ Ru'*%is RecoveRED FRoM THe

WASTE /& ANy SUITABLE
TANK By EITRRTMM‘ N D-3. THE WASTE FROM P-3
GOES 70 W-12; 7, (T

PRoDucT SoLJTIONS ARE DRAWN
OFF (NTs D-1 AND sTomEd v ., '

W NITE

% - Sameuine Pont (W)

waip 18-
revissD - WET
g-30-48

Sin

Fo
PN

THg DRAWING HAS BEEW
CLASSIPIED ad
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VI. EFFECTIVENESS (F CUR FRESENT WASTE DISP(SAL FROGRAM
by
' Karl Z. Hlorgan

There are many things that we do not know about the Waste Disposal
Program, ®Recognizing some of the limitatiors of the system ve are using,
the system of maximum dispersion, as contrasted to a system of concen-
tration and control, we have taken some steps to better orient ourselves.
Eighteen months a2go we began efforts to get together a group to studyr our
waste disposal problems. Sometime toward the close of {1947°we got a group
together composed of men from the United States Public Health Service,
Tenressee Valley Authority, United States Weather Bureau, University of
Tannesses, and Vanderbilt University. This group has a nieeting in
Chattanooga today and for the rest of the week, and will not be here to
discuss their plans. Howevaer, Dr, Forrest Western of our Health Physics
Division will discuss the plans of this group with you tomorrow, I under-
stand that T am to discuss what we are doing regarding weste disposal and
how effective tha system is, I did not have a chance to attcond the moeting
this morning, but I will try not to duplicate vwhat I think may have been
discussed.

Wo have three types of rodiocactive waste--liquid, solid, and gascous.
There is not much we can say about solid waste except to remind you that
_51nco 1943 wo have had thrce burizl ~rounda--south, cast, and west. #As
(Fet wo_have not madc a SUudy _of the goology of thia,torrltory,Pélthough
Dr. A. H. Polland ~Jr. has omployed Dr. Stockdale of the Univorsity of
Tennessee, who vlll make a comprehensive study of the geology of this area,
Prcliminary investigation has revealcd many goological faults in the arca;
in fact, ouf burisl ground is in about the worst possible plaéc,-because>
of its” prO}JWltj to a fault@ﬁmSolld vasto-gets -into-ground_viater and may >
~show up manj i los” eway.”

Gasadus Wasto: The Clinton Pile is air-cooled. We dischargc about
800 curiecs ncr day of argon--fortunately, our bodics have no way of con-
contrating radioactive argon, Therefore, the damage dono by argon is
from the outside 4n, rather then from the lungs out. In the chemical
scparations nrocesscs at Cek Ridge Hational Laborstory we have iodine,
phosphorus, barium, lanthanum, znd possibly a fow other radioisotopes
that have introduced air contamination problems on somc occasions.

In addition, we have a reccent problem that has doveloped in that
we have beeome awarc of the sorious conscquences of small particles
cmitted from the pile duc to ruptured slugs., This condition was first
discovercd in 1944 but was taen thought to be of little consoquence,
Recent measurements indicate that there arc large particles ranging from
1/2 micron up to 400 micrens in diameter which aro dispersed frem the pile
dischargo steck, Somc of the particles scttle upon the arca adjacent to
the stacks. It is notecworthy that if the perticles arc inhaled into the
Ilungs thousands c¢f cells adjacent to the particle will be dostroyod in a
dav, A largs vorticn of the airborne activity ultimatcly finds its way
in the liquid westo basins. I is knovm that more activity is intreduced
to the vaste basins from the air then from the tank farm.
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The romainder of the leeture is to be presented with lantern slides,
as follows:

Slide 1 -~ Table showing maximum nermissible oxposurc to various types of
rzdiation. (Mote: The maximum permissible oxposurc has rocontly
been reduced from 0.5 reps per vieek to 0.3 rems per week.)

Slide 2 -~ X-22 chamber--large pocket meter for measuring gamma and somo
beta activity.

Slido 3 = “Dog houses" - They arc located out to distances of 10 niles
from the Laboratory. They usc Geiger counters for rocording
tha air activity.

Slide 4 - Continuous air monitor, oreceipitator, and metal can for collecting
alr samples.

Slide 5 - Effcctivenoss of neasuring system for mecasuring air activity.
Slido 6 =~ Pilec index and air activity.

Slide 7 - Indicatecs changes in air activity. *In general, thoro arc two
typos of tolerances with vhich we arc concernsd--submersion
tolerance, which is radiation coming in from the fluid outside
the body, and internzl tolcrance levels. Scme activity is
sclectively debositod in thc body. Iodine of course produces

a very high oxposwre tc the thyroid and plutonium to the bone,

o

01}50 8) - Computation of toleranco velucs for ingcstion and submorsion.

Slido 10 - Ratio of activitics from precoding table to tolorance values
for ingestion and submersion,

Slide 11 - Gamreral tolerance levels - we have a factor of safoty cf 100
above these figures.

Slide 12)- o comment.
Slide 13)

31ide 1, - Effectiveness of our settling basin < vhich veriss vith tlwc.
Slidec 15 ~ Map of White Osk Craeck ond Lako,

Slide 16 - Plcturo of ¥Whito Osk Dam end flsh gatas. Vo Weintain that e

person_couig aring it¥e Oak_ TLako_for. 1hs rost>
j;ggﬂkls llfo wlthon‘ damﬂvo _ Thn lovol ‘of activity must bz so.”

~“low that porsons or fish could swiri in ¥eter for rast of life,
raﬁwu+dmmgm

iy

Slide 17 - Mud varics in Whito Osk system. In the light of studics mado
we beliove thet the activity tonds to follow the course of tho
clay. We have made depth measuroments, otc,
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Slide 18 - Grenh sncwing totel readioactivity of Vhite Ozk drainage system.
Lake holds up 70% of the activity,

Slide 19 - lMethods of gamma counting.

Slicde 20 - Alpha counters.

#¢ do not claim that &ur westo dispcsal system is idecal.” Our systcnm
was set up during the var during which owr principal coffert was tc got a
pilot plant into operation. Now ¥Wo recognize its limitetions, Some of tho
necessary changes in our pile arrangement and waste disposal system are
underway. Studies erc being undertaken for concentrating radicactive waste
2t the sourcc cf radiation. It wiil b& Snmé tinme baforc we have_all the™
@nsuers_to our preblens of Fastc dispossin
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VII, BIRIAL GROUMDS FCR SOLID WASTE

by
P. B. Orr

¥aterial handled in the burial ground is separated into two categories.
4lpha and beta-gamma trash are kept separate, and trested differently.

The beta-gamma material criginates here szt Oak Ridge National
Laboratory end consists mainly of trash from the Restricted Area. This is
placed in long, open trenches at the extreme west end of the burisl ground.
These trenches are usually about 20' x 40' x 10' deep. Vhen they have been
filled up to about two feet of the top, they are covered with earth.

About ninety percent of the alvrha contaminated waste is received from
other Atomic Znergy Commission sites. Dayton sends the greatest amount.
Each batch of alpha material is handled sererately, i. e., & hole about
201 x 20" x 10' deep is dug for cach shipment received. As soon as the
waste is in thc trench, a layer of éirt is placed on top snd a layer of
concrote poured on the dirt, The concrete is used to prevent anyone from
digging up the relatively long hslf life alpha materiasl in the future.

A maxdmum tolcrance is maintained for thc weste rcecived from othor
locations., Alpha smears of centainers should not excced 10 counts per
minute, and 200 counts per mimvte for bheta-gemma,

Difficulty is cncountered in the burial of slpha material, cexpecially
in the winter. The location of the alpha burials is not very satisfactory,
~ Some rain water from the side of the hill north of the buriszl ground drains
7fi;>\\“ into the alpha burials, When a shipment is buried, it should be covered
k;//f\\«) with concrcte the same day to prevent any of the waste from floating to
the top of the hole in casc of rains. This has occurred in the past.
L
-~ 77  (Th¢ troatmont of s0lid wastes is wery poor at_besty and it is hoped
that some other method of waste disposal cen be developed in the future.

Quostion: Could the matorial be placed in containers so thet it would not
float out of the ground?

Answer: The material is in containers, but once or tw*cc the containers
have burst and black liquid has floated dut of the ground.”

Question: Would it bo possible in casc of fuburc nced to exhume these
"dead bodizs"?
Answors: It could be done but would rcquire a jack hemmer to do it.

Question: How much concrcte do you uso in covering?
Answer: About 10 imches. (We have had two or three spacial burials,
such as radium, vhich arc marked as to location.)

_zﬂm:\.w
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Question: How much is buricd a veek?
Ansver: fle £111 a beta-gamma trench 30-40' long and 20! wide about cvery

two weeks.

Question: 4 lot of this msterial could be combustible?
Answor: Yes - about 50%. Ve have received quitc a lot of combustible
naterizl reocently,

‘Quéstiony Would it not be beticr to have the burial ground located on a
nill rather than its prescnt location? It secms thet on a hill
if any leaching occurs you would heve morc chance of washing

it out.
Answeér:;  Yos it would, as far as weter soopage into the trenches is
concernced,

“Quostion:’ Is the presont burial ground down to bed rock?
{Ariswers; Yes, it is. Yie have corc-drilled north and west of the present
burial ground and it appcars thot the future burial ground will be
west of the present location.

CQuastion:} Did you find any activity in the scciion you core-drilled?
CAnswers:; We did not check for that,

{DF. Grebey I am rather concorned about going to bed rock. It is limestone,
" isn't it? Tt scems that porcolation would be grecter if it was

not on clay, I heve known of acid being put into an oil well
that was only producing = barrel a day and it affected the wells
as much as six miles away which were only producing tvo or three
barrels s day. It is quits common for an oil well vhich was
treated to show up 40 oot avay bofore it has a chance 1o work
where it was put in. Yet the well was capped so tightly with
clay that the gas pressure was retained.

@Question:; Do you bury much liquid?
“Answer:’” Yes, wo have quite a lot of liquids, mostly alpha, It is very
hot at times, and in that case it gocs to the tank farm rather

than the burial ground,

“ilorgen: ; Onc should point out in passing that tho system we are using

{Dr.

= in disposing of radioisotopes is bocoming morc and morc dangorous
‘beeause of the long lifc hazard,

gﬁ:qsf*65:7 Do you plan to start monitoring as soon as you observc an increase
in background?

~Answcy: When we get thet data it will be considored.

Tiloss we get your support and interest ve eannct make further
~investigntions along the 1linss outlined above,,

D e o, Th)
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VIIT. RELATED RESEARCH ON ION EXCHANGE

by
J. A, Swartout

Introduction:

Although the Chemistry Division of Cak Ridge HNational Laborztory has
done little work directly aimed at the liquid waste disposal proovlem, there has
been considerable research on principles of various extraction procedures and
their application to svecific processes,

In the case of ion-exchange, our back-log of fundamental information
is appreciable. Before exsmining the potentizl arrlicastions of ion-exchange
to the concentration and isolation of radioisotopes from liguid wastes, a few
qualitative principles should be considered.

Dualitative Principles:

The extent of removal of radioisotopes from solutions by a given
1on-excbanger is dependent upon (1) the state of the radlowootope and (2) the
ture of the solutions.

1. State of Radioisotomne.

a) Since a cation exchanger exhibits a high capmacity only for
cations, a lowsr and irregular capacity for colloids and no capacity for
anions, the state of the radioisotope in solution is of prime importance.

b) The extent of exchange incrcases with increasing ionic charge,
i. e., 4t 23t 50 S 1+,

c) TFor ions of equal charge the axtent of exchange increases with
decreasing hydrated ionic radins. This is strikingly indicated in the data

on raro earths separations which follow,

2., Neture of the Solution.

a) The extent of oxche nge of an ion present zs a minor constituent 1is
highly . dependent upon the type cud COnCCntrqtlon of the bulk ion, in accordance
with the exchange rcaction, nx™ 4 myR, nXm+R 4+ myPt,

b) The prescence of complexing agents in the solution may greatly
alter the extent of cxchange by changing the offective ionic charge and/or
radius.

Examination of spocific waste solutions will illustrate the cffceet
of thesc factors. TFor 2 detailed and queantitative disoussion of principles,
reference is made to a series of pavers in the lovamber, 1947, Journesl of the
American Chemical Society.

s o\ SR e e .

B s o T 4 3T UV AR LD el .




— " Page 21

GRIL-163
Specific Fotential Applications:

The non-metal eontaining waste solutions prrescnting the groatest
source of fission zectivities szre the supcrnate from the first product
procivitate a2t Hanford and the raffinate (IAW) from the proposad Redox
nrocess. 1n the case of the first by-product step at Hanford the sctivities
arc concentrated on a precipitate whose disposal should be reletively simpla.

1. First Product Precipitetion Supornato {Hanford).

a) Composition - 0.6 M H3PO,
1 MO,
0.02 MFo

0.05 11 (NH,)251F¢

with ~~ 1% of the originel fission rare earths,
Berium »nd strontium, —~ 0.2% of ruthcnium, .~~~ 0,05% of zirconium end columbium,
(sce CN-2876).

b) Possibilitics = Since the zirconium cnd columbium src strongly
complexcs by SiFg=, the obvious applicetion of ion-axchange is for the concen-
tration and separation of tho rarc carths and possibly the alkaline earths.

- The rarc carths will Be considered in detail by ifr. Ketelle.

2. Redox Raffinate (I4W).

a) Composition - 0.7 M A41(N03)3 or 4 M NHyNO3
0.6 M HNO3

0,05 M NagCrpOny
with cssentially 211 of the fission products.

b) Possibilitics - Preliminary laborstory cxporiments have indi-
cated that Zr and Cb may be adsorbed from this solution on charcoal, then
cluted with (NH,)oSiFg. This behavior is to he cxpected since Zr and Cb are
both probably present as cclloids which sre physicelly edsorbed by the char--
coal. The strong complexing action of the SiFg= ion with both Zr snd Cb permits
their removal. The indications of these oxploratory cxporiments that pure
Zr »nd Cb =2re thus produced requirc confirmation in more quantitative tests.
Other adsorbents and ion-cxchangers such 2s sea sand, glass wocl znd Dowex 5C,
proved to be definitely inferior.

Sincc more of the fission products arc present as catwons which
must compete with the very high concentrrtion of Al ¥3 or 1wt ions, thec pro-
spects for direct ly adsorbing these on an ¢on-cxcnnngnr are not cncouraging. i
Proforential comploxing of the bulk ion, i.c., Al 3 by fluoride, or the use S
of vory large beds to adsorb 2ll of the bulk ion and the fission ions fol-
lowed by nreforential clution arc the altornetes. The latter approach will ’
be deoseribed by the Tochnical Division.

Scparation of Radioisotopes:

Proccdurcs are now available end in usc for saperating and isolating
ncarly 11 of the fission products by ion-oxchsange teckniques. The cffieieney v
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with vhich very similar ions may be scparated will bo indicated in the

discussion of the rare carths. It is to be cmohasizcd that in our radioisotope
sopereticns the feed solutions are es nesrly ideal for ion-exchange separstion

as possitle, i.c., low bulk ion and with the radioisotopc in trece concentrations.,
In 2ddition, tho actual adsorption snd desorption procosscs sare conductcd et

noar oquilibrium conditions requiring long contact times.

Scparation of Trans-Uranic Elements:

In addition to the fission products, the coursn of the trans-uranie
alements in 2 sevarsticns process must be ceonsiderad. In the Roedox procass
small amounts of plutonium nnd of amoricium vill bs in the raffineta as o
result of tho incomplete axtrzction of Pu and the failurc of Am(III) to
axtract, Deponding upon the history of the m=torizl, some Np may be prasont.
The amounts of curium cen probably bc negleceiod.

Exporiments nn tho scoeration of thesce from cach other have boen
conductod st Ork Ridge Nationzl Lsboratory snd at Berkeloy. After adsorption
of the trsns-uranic clements on Dowex 50, clution with 5% citric 2cid at
pH = 3 removes consccutively Pu(IV), Cu(III), Am(III), Pu(III) =nd Np(III).

In sumnmary, ion-oxchange is best sulted to the concentrestion of
trace ions from dilute solutions ~nd to the sopar=tion of ionic specics ofter
intorforing bulk ions and complexing agents have boon climineted.
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IX. RAKE EARTH SEPARLTIONS STUDIES

by
B. H. Kectelle

J. 4. Swertout hzs outlined 2Bova the basic principlas underlying
tre usc of ion oxchsnger columns end has indiceted some of tha apoplications
to dccontemination. The separstion of rerc sarth fission preducts from onc
ancther will be discussad in seme detzil now,

The strongth of bonding of ions by an cxchanger is rolated to the
ionic chonge and hydrated icn size. &s Dr. Swartout indiested the order of
deercasing bond strength as 2 functinn of change is 4 322 >1,_ _Tho order
of adsorbability of fission products would be zrV '}'rLza]f >-BaII > cel,
Study of the rolative binding of 2 sories of cquivelent icns has shown that
other factors being oqual the hydratod ion with the smeliest radius will be
the most tightly held by an cxcharger. Evidence obtained from activity
coofficicnt moasurcments indicates that the hydreted ion radii incrcase with
incrcasing atomic numbar so we predict, and it is confirmed by cxporiment,
that the order of binding of the light rarc carths fission nroducts should be
La>Co»Pr>Nd >61»Sm>Eu)Gd. This diffcrence in adsorbebility is in-
sufficiont to yicld good secparstions by simple displaccment rcactions,

-~

It is known that rarec cerths form complex ions with acid citrate
ions and that the stability of thesc complex ions incrasses vith decroasing
crystal redius. 4 slidc was projected showing the relative srystal radii
of the rarc cerths, This showed tho well knovm decresse of ion size with
incrcasing stomic number. Thus, if 2z column of cxchanger holding a mixturc
of rars carths is treeted with 2 huffor soluticn of eitric zcid and ammonium
citrate, the rarn earth of hizhest atomic number will bc eluted first sinece
it i1s not only held the leest tightly by the cxchenger, but it is zlso bound
the most strongly by the citrate ions of tho solution. By this process it is
found that rarc carth scperrtion con be sccomplished.

Two types of column oparaticn ars used, In what may be roferred
to as brecak through oporation, a solution conteining ions of type X is
pesscd through the column. It displaeas ions of type Y from the exchanger
until the column anproaches cquilibrium with rospact te the retic of
activitics of ions X and Y in the foeod salution., As cquilibrium is approsched,
the concentration of ion X in the effluznt solution will incrossc. This
typ: of operation hes not Been found te give satisfectery scparation of
rarc carth fission products. In the seecnd mede of ~peretion, known es
chromatographic scparstion, a2 nerrow band cof the meteriels to be scparated
is adscrbad at the top of the column. This singlc bend scparztes inte its
soveral components as the develsping solution flows through the columm bocause
of the differcnces in the adsorbabilitics and stsbility of the citrato complexes.

! ' It is apparcnt thet ¢ ll factors w%ich ffoet the width of the band
when it is initially adsorbed ot the top of the column will contribute to tho
final tend width as it is eluted sinee = brapd band cennot contrzct on moving

) down the column. Specificelly high coneon t”“t;ﬂﬂsﬁf tulk isn such as aluminum
ar iron ¥ill cesusc the init171 band te be brosd and the saparsations to be poor.

LA A A I

e s rva e L S I T T

o} e - - ' T e e S

- el e [ T S SR URE TN




Page T3
CREL-167

Idcally thesc bands would have sharp boundsrics “ecsuse in practice

the leading end trailing cdges of thn 2ffluent perks are sigmoidal as shown
in the fimure, The successive bands tond to overlap and sive cross contaminetion,
—
7N
Effluent | P
[ \
ion + }
/ \
Concentration \
/ \
A
time

Tha scveral factors which contribute to this non-idoal bohaviour
arc rclatod to onc ancthor in tho following ecquation which comos from the
mass transfor thecory of column operation.

oA ()

roar, £

whoro Dl is the diffusion constant of the ion through the film of golution
of thickncss Ar, which surrounds the perticle of radiug ry. The fractional !
void spacc is ronrﬂsontcd by £, the eoclumn length by X end the linesr
veloeity of flow of soluticn by V. The parsmetor Y is usced to deseribe
the sharpnass of tho boundarics of the band. Any change vhich increases
the value of Y will sharpen the band. Those factors which cen be con-
trolled are D1, r,, X, V. According to theory the band will be sharpcned
by increesing the diffusion constent, “decreasing the particle size of the 4
exchanger, increasing the length of the column or Acereasing the sclution I
flow rate. ZExperiments have confercd the thesery for cach verisble, The
increase of diffusion constant is ohtainad by elevsting the tempersturc of
the column. Typicel opereting conditions for gord rare coarth separation
arc the use of a columm of 270-325 nesh cxcnﬂnger » moter long 2t a2 tompera- |
‘ture of 100°C at a flow ratc of 1 mi/em?/min. |

Several slides wors shown to indicato typical scparations obtained :
of both hecavy and light rarc carths. (Sec next page.) i

The f2llowing axample indicetes tho degres of sepmaraticn vwhich i
is possible. 4 sample of orbium from vhich edjacent rare carths h?d heaen i\
removod by the ion axchange mothed was irradiated with neutrens in the f
pile. After irradiation, the sample was subjccted to & scecond scpzration ;
on a column. Thc amount of nct1v1tv scparstod in tho peall corresponding to
thulium is # meesurce of the inactive thulium prescent Juring irradiation.
Thus, it was possible tc doterminc that the originsal metorial contained only
0.0012 of thliunm.

I—
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Such scparations are possible only undar esrafully controllad

ATS
conditicns. &s has hoen indicstod, the presonca of high concentraticns of
tulk icns or cven nasderste concentrztions of ions of high change mekes
such scraraticns impossible. Therefore, in decontaminating scluticns which
contain inactiva bulk ions, it wonld te ncenssery :ither te selectively
coreert such ions tc poorly adsorbed complex ions ¢r te preferentiszlly
scoarnte the active ions by some other process. Such overations will bo
discuss2d later by Mfr. Higgins ond [fr. Blanco,
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X, PPECIPITATION AND SCAVEXGER TECLHNIQUES
by

R. Vi, Stoughton

These methods in generel are loss pradictable and lass understood
then certein adsorption 2nd solvent extraction mothods,

£

A. Carrier Mechanigms. :
1
1) Cclleidel particles are usurlly carried by cntrainment.

2) Adsorption (surfscc or innar).
An exenmple of carrying by surface adsorption is the carrying of
Bat* and Zr(IV) by lenthanum fluoride, LaF 5.

\
% AN
tracor
earriod \\\\\‘-~__-‘»

concantration of added inzctive Bett or Zr(FV)—é-

Hero the carrying is due to surfocc adsorption and hence only
that fraction of thc Baé+ or Zr(IV) in sclution is carried which will
approximately cover the surfacoe of the precipitsta,

3. "Hixed Crystel" Carrving.

a) Isomornhous carrring {trzcer and carrier have seme crystalline
form) example: carrying of Pu(III) by 5iPQ;.

b) Truc mixed crystal formeticn (herc we actuaslly get a new sub-
stance, a double salt, being formed) exemples: cerrying of Pu(IV) by
lanthanum fluoride and bismuth oxslata.

Herc carrying is usually good up %o seme ntomic ratio, "tracer"/
carrior, of small whola numbers.

¢} Occlusion -~ on exampla is the well known coprecipitetion of
smell rmounts of KpS0; with BaSOy.

L. Heolocular fdsorbers (as Charcoal, Siliez, Alumins, TiO, Zeolites).
Thas2 secavangars remove S21ts from solutisn., 4 disadvantage for
our work is that ususlly & large amcunt of materinl is needed,also in work

on the Hanford vrocsss decontenination factors of only sbout 2 to 5 vere
obtained with the metel wasic solutinn,

5. #nOp = This substence is knetm to be 2 goncrel scavenger ot low
acid concentration s2nd hacomes more spacific 2s the =cidity is raised; the

a
pw]
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mcchanism of cerrying is not known. 4% 10 ¥ HNO3 this material is quite
speeific, carrying only Cb(V), Ta(V) and Pa(V).

B. Hathematical Formulas vhich hold for scme types of carrying.

The first two hold for cortain cases ef ecsrrying by crystelling
precipitates and the third is more gonerel.

1. Berthelot-Nernst cquation (holds fer some cases of rapid preecipitation;
cquilibrium not stteined continuously as precipitation cccurs):

X =
a - X —e e
b..y
or .4 = D a =X
y b~y
where: x is the amount of tracer in the precipitate.
Y is the amount of carrier in the precipitata.

is the amount of tracer criginally in soluticn.;

is tho amount of carrier originally in solution,

x) is thc amount of tracer in the solution after precipitation.

b - y) is tho amount of carrier in the solution after procipitetion.
is a constant.

IU/\E\!O“'Q
t

2., If wo have a very slow prececipitation, then this occurs as a
differcntial process. (Equilibrium sttsined continuously between surface layer
of pracipitate and solution). In thet casc we get the so-called Deerncr-Hoskins

couavion:
log <_£_ z N log (b
Gl b=y )

where A is a constant simply related to D.

3. Another cquation which is almost universally valid snd is attributed
to C. D. Coryoll;

ol B

= 1 - g*k(b-solutility of carricr)

whoro k is an cxperimentally dotermined constant, snd the
other symhols have tho above meaning,

This cquation is derived on the assumption that the rate of "pre-
cipitation" of t racor is propertional to its own concontration times tho
rate of precinitntion of cerrior.
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%

carricd

(%)

Ya b —

\ solubility of carrier

C. Somo Goneral Stotoments,

A fow gaoncralizations can be made concerning this method of con-
ducting chemical scparntions ond thesc may be used to someo extent as work-
ing hypcthcses, providing onc always hoers in mind thet any conclusions
must be checked experimentally before they are taken soriously.

In gaeneral, hydroxido preeipitates will cerry any tracer undor
conditions where the tracor e¢lement wonld itsclf precipitete if it were
prascnt in macroscopic amount. .

Todate preeipitates soem to carry any treco clemonts which form
"insolublo" icdatcs in macroscopic amounts, Differcnces in valences betwecn
carrior and tracer seem to he of littls importance in this casc,

In generszl, amorphous pracipitates make better scevengers =nd
aro less spoecific in thoir carrying then crystalline precipitates.

It can be said thet if the tracer clement and the carrier form
isomorphous sclids and the trrear viould precipitste if it werc presont in
macroscopic amounts, then the trecer will definitely bhe carried. In this
case if the trsco clecment forms » loss soluble compound vith the precipi-
tating agent then dees tiz carrier zlement, then a grester percont of the
tracor than of the carrier will he found in the precipitete; if the trace
alement forms 2 more soluble cempound, thern th: ravorse is true.

Ono objection to this mothed for general usc in corncction with
fission preduct waste soluticns is theot in crder to remove most of these
substances, a nutber of differcnt corricr precipitates must be used, pro-
viding it is dcsireble to lcave the solution acidie, If the solution can
he made basic ond a hydroxide precipitate used, most of the long-lived
fission procducts will be carricd from solution; howevor, ceven under these
conditions eesium should not be carricd.
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XI. SULMRY OF TECHNICAL DIVISION ON LIQUID VASTE DISPCSAL FROBIE!B

by
F. L. Steahly

Two general types of ligquid process waste at Oak Ridge National
Laboratory arc: (1) Motal vaste, =zné (2) Chomical waste.

HMotal waste is waste which contains uranium obtained primarily from
pile slugz dissolution. This waste is being stored in underground tanks 2nd is
not of concern for us here,

Chcmicel waste sonlutions are derived from various procass operations
as thc solvont oxtrsction pilot pnlant, tho Rala process, the isotopes pro=-
ccssing, and the voricus chemistry rescarch projects. Due to its high Al
concentration, the sclvent oxtrsction waste is stored scmarately,

These wastes contain chemical salts and considerable fission
activity; thercofore, disnosal presents a problem of considerable dimension..

Two lings of attack have been followed by the Technical Division:

(1) GEvaporation,

The volume rcoduction obtained by cveaporation is limited by the
amount of zalt in solution. GChemical wastes, oxclusive of the solvent ax-
traction waste, do not contain much salt of =ny kind. Therafore, these
wastes may be coneentrated vwith some suceess, The maximum concentration
factor is ca. 40, 4 facter of 20 hss been scleceted for the current
evaporstion design. The degontamination factor obtained by evaporation
is cstimated to he 103 - 104, :

(2) Chemical Troatment.

The best chemical treatment developed at X-10 to dste utilizes
the following two tochnigues:

(2) Scavenging with Fos07°nE,0 and MnO,°nk,0,
2¥3 Dhp 2 Tt
(b) ZIon Exchange.

The chemicel waste has bacn dacentaminastod by & factor of ca, 500
with a volume rcduction of 1000:1.

Of particular interest is the high flux pile wsste preblem. The
ursnium in the pile fuel asscmblies is rocoverced in 2 solvent extraction
process, The raffinatc from the oxtraction celumns is o 1.34 A1(NO )3
solution plus fission activity. The goneral purpose of the chcmicai treatment

is to separate the ulk Al from the fission products. Three advantages for
such a process arc:

(a) Ro~use of tho =luminum..
() Cheapor stornge of the fission zctivity.
(c) & promenont method for disposing of the bulk (aluminum)

of the weste.
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Using the chemical treatment mentioned ahova, the X-1C "25" pilot plant
waste has been docontaminated by z factor ca. 1000 with an attondant reduction
by a factor of 50-100 in the volume nceded for "hot" liguid storage.

XII. ION EXCEANGE DEVELOPMENT IN TEE TECHNICAL DIVISION

== e ——

by
R. E. Blanco and I. R. Higgins

A, 1"25" Aluminum Wastc Treatmont. - R, E. Blanco

The "25" aluminum waste as raccived from the pilot plant consists
of a solution 1.3M Al(NO3)3 containing all the fission products., It was
originally plerne¢ to cvaporate this solution to a slurry (maximum volume
reduction of 3:1) for storsre in stainloss stcel tanks. The cost of such
a tank farm is cstimated tc bo ca. $2,000,000 for a 10 year operation of tho
high flux pile., 4 process has becn developed to scparate the aluminum from
the fission products, resulting in a reduction in the volume nceded for "hot"
liquid storage by a factor of 50-100. If tho 41 ecan be decontaminated to an
acceolable lovel it can be discherged into 2 stream. If not, it could be
stored cheaply. In either cvent, the Al could be recycled in the solvent
cxtraction processes. The steps in the Al decontaminztion procoss are
as follows:

(1) Secavenzing, Dilute the waste solution to C.5M Al, bring to
a boil, and add 0.01% Fo as Fo(203)3°12 EpO crystals to preeipitete colloidal
Fcp03+nHp0 end 0.006% (It as ¥n(N02)p snd 0.004% in as KMnOj to precipitate
MnO°nHy0. The Fep037nlixd carriss up to 9% of the Ru while the MnOp*nHo0
carrios somc Zr and almost quantitative amounts of Cb. The MOy also offectively
carrios the colloidal Fc so that after contrifugation or filtration a clecar
solution is obtained. The precipitate is dried and stored. The use of this
scavenging technique results in docontaminetion factors of 1.5 for beta and
7-13 for gamma.

(2) The filtrate or contrifuzste is diluted to 0,1 Al 2nd 0.2
HxC204°2 HpO0 and passed through an ion exchango column containing Dowex
"50" resin. After washing with 3 column volumes of 0.2% HpCpQy*2HoC, tho Al is
cluted with 5% HC0p04°2H20, The clutrate is acidified vith oxcoss HNOB and
boiled dovn to A1(103)3 for roeyele or to dryncss for storage or permanont
disposal by dumning. The overall decontaminzticon factor for the two staps
is 103; &1 rocovery is 98-9%, The rosin is reactivated with 6N HNO3. (Sce
Pagae 31. )
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B, Chemical Vaste - I. R. Riggins

Considerable research has besen conducted, using ion exchangs techniques,
for removing fission activity from hot waste solutiocns a2t X-10. Dowex 50 resin
has been found to be superior to other resins tried due to its high capacity and
stability. We have found Dowex 50 to he stable in 6N HMNO, so thet this reagent
may be used to reactivate the raesin rather than 6N HC1 thils avoiding the corrosiva
action of the latter. Scouting runs in both evaporation =nd ion exchange indicate
that grestar concentration and decontamination are nossible by tresting the waste
before neutralization rather than afterwards., 4n ion oxzchange and precipitation
procedure gave dacontamination of about 20 for the ncutralized waste compared to
20C~1000 for the acid waste. By evaporation of the neuttralizod waste a volume
reduction factor of sbout 10 is possible. ERvenoration of the acid waate mekes
possiblc the fuming of the volatile acids leeving only sulfuric acid to be
neutralized and stored. Zvaporation snd ion exchenge may be used in conjunction
with cach other according to two schemes, 4 and B,

A. 1. ZEveporation and fuming of the =2cid wastec tc concentrated
HxSO,+D.F. = 102

2. Ion Exchange and Fe(OH)3 precinitation of the condensate.
D.Fl : IOL - 1031

The total D.F. is 107 - 106 and tha total volume raduction is determined
largely by the amount of SO, present. The questicnable factor is the material
of conetruction of an ¢vaporstor thet will resist the sction of boiling HNOs3,
HoSQO4, HC1l, and possibly HF.

B. 1. TIon exchange end Fo{GH)3 procipitstion of the zcid waste.
D.F. = 10° - 103,

2. Evaporstion of the HNO3 regeneration acid.

The total D.F. is 102 to 103, yot s greater volume roduction is possible
because the only acid to be cvsporated is HIO3. ZEZvaporator corrosion is eliminated
sincc only HNO3 is present. A decision between scheme 4 or B will be determined
by (1) a satisfactory corrosion rosistant matorial in tho casc of “A", or
(2) 102 to 103 being sufficicnt decontamination in the caso of "B",

The chamiczl waste solutions ware analysed aos follows:

- Tank We6 Tank Wel?2

Ion mg/ml ne/

u 0.05 - 0.2 0.0006 - 0.2

Na 2.7 - 10,3 0,08 - 5.0

Ca <3,01 - 1,65 <0,001 - 0.02

Al 0,02 - 0,19 G.003 - 0,02

Feo 2,005 - 0,01 0.001 - 0.01

cl 0.1 - 0,02 0.4 - 0.5

F - .04 0.002 -~ 0,003

Cos 133 - 6.5 0.42 - 1.9

Scy, 2,5 0.2 =-90.6

POA 0.0002 - 0,006 0.C01 - 0,004

N03 3,82 - 12,0 ‘ ,.Oién e b o s
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Schematic Diagram of Jon Exchange Process
for Deceontamination of Al Wastes
Filtration from Scavenging Step
n25" Feed Wash Elutriant
- .
0.1 M AL i i 5 % 1
. 0.2 % " . 2H.0. . 0,
! 0.2 % HyC,0, + 2H0 l HC,0,, ,0 HyC00, + 2H, |
' _\\ * ‘ // v
, - III
\ \L »
‘ Sr
Dowex "50" Resin Cs
T.R.E.

100 - 200 mesh

:

Wash

Ru/I/ ‘

Combine I, II and III
and boil down for
"hot" liquid storage.

o §

6n1
Hn0; |

Resin Reactivation

3 and Y D.F. Ca. 1000

98 - 99 % Al

Product
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XIII. DEVELOPMENT CF AN EVAPORATION SYSTEH FOR OAK EIDGE

NATTONAL LABCRATORY LIQUID WASTE DISPOBAL

by
C. E. Winters

The Engineering Development Section of the Technieal Division has not
been invelved very long in the waste disposal problem. So far we have been
involved only in the planning and investigstion aspects, and no laboratory
work has heen done., (Note figurs vresented with Mr. VWitkowski's portion of
this report.) 'e belisve that in the tank farm opsrations 95 percent to 99
percent of the activity in Vhite Ozk Creek originates from tanks W-5 and W-b,
Tanks W-5 and W-6, therefore, will be first point of attack, Some waste
solutions sent to these tanks are quite scid. ¥astes from the D-Building runs
have an excess of alkali; howsver, the long term aversge is alkslin., W-l and
W-2 waste, which has very low activity most of the time, is tsually decented to
Settling Basin. When the activity is high it goes to W-5. All of the activity
gnd volume of W-12 go to W-5 and V-6, The present hold up time in W-5 and W-6
is of the order of ons or +two months, after which the solution is decanted
to the Settling Basin,

During a 21-week test period the minimum weekly flow into W-5 and Weé
was around 3600 gallons; maximum weekly flow was around 57,500 gallons; average
was 30,600 gallons (¥ 7,000), Approximately 50,000 gallons per week is
considered as neccessary capaclty of dosign cquipment.

Two prineipsl objectives at presont are:

1) Immediate short torm solution to oroblom,
2) Long term solution to the ehemical waste problem,

1) Immediate Short Term Solntion to Froblem,

o—

Evaporation 1s on¢y meens at our dispesal at prescnt which has a roason-
able chance of success without an oxtensive development program.

It is planned for the evaporator to handl: =1l "concentrated"™ chomical
vaste snd to provide dats on acallng, cntralnment, for the design of any future
cntrainmont scparators, '

In this ovaporator wa hopc to attain a 20:1 volume recduction rztio--and
a 103 to 10% deccontanination factor for the condonsate.

The concontrate is to be cither stored for deeay or, as we are now
planning, dryed, probably with a spray dryer, If stored in W-6 the storage
snace vould last -

4 verts st maximum outrut of cvaporator
.1 yoars st cxpecied output of cvaporator

o -~
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2) Longor Range Plans.

Investigate ontrainment separators to raise decontamination factor.

~

]

b) Investigate submerged combustion type of evaporation whers there is
no scalc formation and thus maintsin easc of decontaminstion.

c) Investigate dryers. No detsiled comsideration has boen given to
drycrs at prescnt.

d) Invastigate crystsllizetion as meczns of scparation of inactive szlts
from activa salts.

XIV. DECIGH CF AN ZVAPCORATION SYSTZ!! FR OAK RIDGE

NATTONAL LABORATORY LIQUID VASTE DISPCSAL

by
F. L. Culler, Jr.

A rcecent survey on the amount of radioactive materizls being discharged
to and adsorbecd in @White 07k Creek—indiczte "th#tthe--creck mud is rapidly
capproaching -its—saturation point,-and thst considerablae activityis—being
discharged-to-the-Clinch River, In_order to-zlleviate- this situation, several
proposals have boen madc for processing all plant non-alpha emitting radio-
active wastas prior to discherge to the crock. The processes studies include

evaporation, ion axchango, ~nd soivent extraction,

Evaporation was choscn as an immadiately availeble method of reducing
tho amount of rsdioactive waste te be discarded. Plans are now being formulated
to insts11l simple evaporation equipment which will pormit & 20:1 concentration
of radioactive wastes for storage and vhich will providec a dceontamination
factor of approximatoly 103 in the conderssto which is dische rged into White Oak
Croek., Tt is.recdgnized_that this anproach is only a temporary solution to-the >
waste. problem. By the timo that storage fzeilitics aro again ronchlns ng tho point
of cxhaustion, additional methods for oroceossing hot, non-metal-bearing wastcs

will heve been developod.

The Onk Ridge National Iaboratory is now producing an average of 30,000
gallong of active liquid wastc nor weck vwith 2 peak load of 43,000 gallone per
wook (99,9 percent assurance). Prosent plens eall for the ercction of an
avaporator system vith sufficicnt capzcity to cvaporate a maximum of 300 gallons
of water an hour or 50,000 gallons a waek if run ccntinuously. It is felt thet
the 65 percont excess capacity is warranted for sevoral reasons; first, to
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"got s2head" of the cxisting liquid waste now stored as well as to kcep up with
prosent production; second, to permit a certain amount of down time while the
ovaporator is being operated on an exporimontal basis; eond last, to hendle any
unforsceon surges in wastc production or additional sources of liquid wastes.

The loecastion of the cvaporator w1th ¢espect to tank farm tanks is shown sche-

matically on Page 37.

In so far as possible, existing equipment now in the Osk Ridge area
will be used for the cvaporator and its auxiliarics. Three tanks from the Osk
g Ridge National Laboratory burial ground and scverzl ccndensors from the Midway
’ Warehousc No. 8 are to be used. Items which will be fabricasted or purchased
include a cyclonc scparator and a vacuum jet znd condensor. The tanks on hand
are all Type No. 309 S Cb stainless staeel; the condensers are Type 347 stainless
steel.

The three tanks will be used zs cvaporator foed tank, pot evaporator,
and condensate cetch tank, respactively. The foed tank has a capacity of
2150 gallons snd will bo run at etmospherie pressurc. The cveporator and catch
tank each have 2350 gallon capacity, snd will be run under 24 inches Hg vacuum,
The cyclone scparator for reduction of cntrainment will be fabriceted, and will
bo 15 inches in diamoter by 5!'6" tall. Eight condensers will be used in parallcl
with two more used as after coolers for cach bank four condonsers. The vacuum
jet to be purchased will have sufficiont capacity to hold the cvaporator system
under a 24 inch vacuum during opecration. :
Page & shows a schematic flowsheet for the evaporator system.

A The vacuum facilitiaes were added for evaporation because it was
found that entrainment and the tendency toward scaling are both reduced when
evaporation is conducted under vacuum.

Calculations on the cyclone separator indicate that under vacuum
all particles larger than 140 microns in diameter will be removed. The
pressure drop across the cyclone at 24" vacuum will be 5 inches of water.
At the design inlet vapor velocity of 150' per second, & centrifugal force
of 600 g will be produced in the entrainment separator.




[ YOS

il T T

i Ho

LA




Drawing # 6093

Basin

g
3
2
8

K _.z

>

Auxiliaries

for Recyocle

osed

Prop

Concentrate to -t

W8 for 8torage

Eorﬂﬂost Cerner of Tank Farm -

G

| Maxisnm EvaporaSer Capacity - 300 Gel./hr.

"1l looatien -

L e e )

ST LER T N e R - s o
spatpnt b e e s L SR SR e u%}... Jl'n“tfw&wj}. lﬂ..ulrm.mm.ne\?l\.whsl.nuuwtrhu ....w_h..l Vi




(RNL-163 Page 39

XV. THEE WASTE DISPOSAL PRCOGRAM UNDERTAKEN BY THE HEALTH PHYSICS DIVISION -

13

By Forrest Western

In trying to present our weste disposal studies to you, I am sure that I

o will make statements that are repetitions of things that you have already been
told. I do so more or less consciously because I would like to make fairly clear
our underlying philosophy in conducting these studies.

I am told that early plans for Oak Ridge Natlonzl Laboratory called for
operation for only a brief pericd of time and for the retention in storage of
P substantially all of the liquid radiocactive wastes. ZEarly changes in chemical
e processes required quantities of process liquids which could not be stored re-

. sulting in the adoption of an operating policy which provided for the dumping of
e quantlties of radioactive wastes into the drainage system of the Clinch River at
- "safe" rates.

+ ] The maximum rates that were considered safe were arrived at by consultation
HE between Dr. Simon Cantril, formerly medical advisor for this laeboratory, Dr. JG.
Hamilton of the University of California Radiztion Laboratory and Dr. R S. Stone,
% at that time in charge of the radicactive wastes of the project. As a result of

' thls _policy, a number of devices have been used to keep the average rate of
dumplng well below the established maximum value.

. With the development under the AEC of continued interest in operation at this
site and with relief from wartime urgencies and more widespread knowledge of the
nature of our operations there resulted increas=sd tendenciesto question the wisdom
of continued”dumpingzof significant quantities of resdioactive wastes into the
river.

- )

= In addition to a reluctance to raise the natural radioactive background by
the accunulation of long life isotopes, our uncertainties involve such questions
us poss1ble Dhysica¢ and blolngtc g concentrations and effects of _even existing™

e (ww—»w‘.«\‘_‘_\_”_h’/ e

Unfortunately, as in mony other cases, involving hazards from radiocactive

! materials, we have Mo adegi~te information.upon which to base a good evaluation

of the hazards involved. The Health Physics Division of this laboratory has long
been convinced of the desircbility of an extensive, systematic study of the/behavious
cof _radioactive materials relensed . into thedrzinhage system which-when combined with
’the résults_of needéd biochemical. reseurch /would provide us with 2 much better basi:
57 such evaluation. Not too long ago we c“n51dered that such a program might be
necessary to determine the extent to which cur present waste disposel practices

should be inmproved.

More recently, plans to expand operations in the atomic energy fileld, to-
gether with eXpressions by—the-AEC of 4 cautious attitude with respect to radio=
~active waste disposal, have led tc rather w1despread feellng that new construction
“here =nd elsewhere should include provisions for the rather complete removal of;
§n3§“wastes Acceptance of this view by technical groups planning new installations

>
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has partly relieved the urgency for 2 progranm of study in our own drainage systen
as far as 1local needs are concerned. However, we feel that at least two 2dditiona:
considerctions mszke such = program very important to the AEC and to the country

es 2 whole. These additional considerations are:

"(1): The fact that most AEC installations are planned for regions of dense
population and frequently involve higher levels of activity.

“(2) ' In the event of war involving the military use of radioactive materials,
we may be confronted with problems a2rising from the dumping of large
quantities of radiocactive materials in heavily populated districts.

This "is’an ideal place to-carry-on-such a program since.through our current
practices of waste disposal, we have during the past four years established in
White Oak Creek, the Clinch River and possibly, the Tennessee River, radioactive

conditions which may aid us in obtaining answars to many of our questions.

It is with these considerations in mind that, in cooperation with the Office

of the Medical Advisor for ORDO, we have brought together a technical group from
related fields for a concerted attack on the problem.

This group consists of the following personnel:

Roy J. Morton, Sanitary Engineer, Vanderbilt University, ieader of the
waste disposal group.

L. Sctter, Tennessee Valley Authority, Stream Sanitation Engineer.

0. R. Placak, and C. P. Straub assigned to us by the U. S. Public Heelth
Service.

Paris Stockdzle, Consultant tco AEC, Professor of Geology, University of
Tennessee.

J. Z. Holland of the U. 5. Weather Burezu - Cocnsultant to AEC.
In trying to outline the program for the Central Coordinating Committee and
some of the things that they plan to undertake I will first mention some of the

things Prof.{Stockdale sintends to do in the field of geology.

1. A determination of the generzl geclogical characteristics of the
area, through coredrilling, sampling, etc.

2. A study of subterranean water flow within = radius of 40 to 50 miles.

3. Deternminotion of 2 safe location for a radioactive burial ground in the
Oak Ridge Arca.




The meteorology program with J. Z. Holland is not yet formulated.

The following outline is currently used as the basis for planning
waste disposal studies in the Division of Health Physics, ORNL,
expected that the Health Physics group will be primarily concerned with
items listed in Column A., although it is planned to take advantage of
opportunities to apply knowledge so obtained to items listed in Column
B, so far as manpower and facilities permit,
pated that Item I will be done largely by technical design groups, and )
that Item VI may receive the attention of medical and biochemical groups i

elsewhere.

“Waste-Disposal-Problem »

ORNL-163

In Column B, it is antici-

Page.Z?

It is

B AL M M AP YRR TN ¥ 39

Fundamental FResearch to obtain
detailed knowledge of behaviour
of radicactive materials in

1) air, 2) water, 2) soil, 4)
plants, 5) animals, 6) man.

I. Meteorological (J. Z. Holland, etc.)

II, Geological (P. Stockdale, etc,)

I1I. Gross behavior of radiocactive
materials in a) drainage systems,
b) soil, c¢) plant life under con-
ditions of discharge from ORNL
and similar plants.

This includes & study of water
filtration plants and sanitary
sewage dispcosal plartis,

IV, Specific behaviours peculiar to
individual elements:
a) Certain g-Y's, Pu, Po, U, etc.
L' Effects of radioactive materials

on fish and animal life,

B.

Development of Methods of i
Preventing radicactive materials f
from producing damage to a)

Man, b) Animal or Plant Life.

Methods of control at source.
At ORNL it is anticipated that
the technical problems involved
will be attacked principally by
the Technical Division.

The following problems are of

current importance principally because
of military possibilities.

II.

III.

Iv.

Methods of removal from water
supply.

Methods of removal from air by
use of masks, filters, etc.

iiethods of decontamination of
a; persons, b) clothing,
c) eqguipment and buildings.

Methods of detection and survey
under conditions of warfare.

Methods of purging from interior
of bedy.
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IMMEDIATE PROGRAM FOR-ORNL ‘GROUP™ 2

1) Critical review of present routine waste monitoring operations to
select or make available data of fundamental interest.

2) Program with TVA - Game and Wildlife Branch
Stream Sanitation Branch

This fall - preliminary sampling for =lgae, plankton, sediment, and
water &t stations from Ncrris to Watts Bar Dam.

Large scele study of fish from 3 or 4 embayments of
about 2 acres each. The fish in these embayments are
to be immobilized and somples taken for study by both
TVA and ORNL. '
On the basis of this preliminary study, it is anticipated
that 2 more complete cooperative program of stream studies
may be planned for next year.
3) Water System and Sewage Plants

a) Studies in connection with existing plants here and elsewhere.

b) Cooperation with design engineers for new sewage plant to
incorperate facilities for experimental study.

c) Pilot or large scale laboratory studies.
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XVI. PROPGSBAL FCR A CENTRAL BURIAL GROUND FOR OAK RIDGE OPEPATIONS
by J. Deal

The question of burial as @ means of disposing of radioactive waste
has been investigated recently by the Atomic Energy Commission,

Some of the unknown factors involved in Burial Grounds are:
1) The Geology of the area, 2) Amount of radioactive material retained
by the soil or the amount of waste material leached from the soil, 3) The
biological concentration factors that may exist.

The. commities investigating the status of burial grounds and methods
used in disposing of radioactive scrap material found that scrap is retained
in storage if it has any possiblc use or value even though it is only slightly
radioactive. This is necessary beecause of tho present policy of not allowing
any material to go into the opcn market that hes a dotectable amount of
radioactivity on it. Burial grounds arec now being used primarily as a means
of disvosing of all radioactive garbage, regsrdless of the sctivity level,
and secondarily, as s means of discvosing of a small amount of meterial that
is active to a degree thst would erezte a health hazard.

The committee undertook to doterming how much surplus radioactive
material is now in Osk Ridge. For the purposc of the survey, the information
was broken down into three general parts which ware in turn brokon down into
five sub-divisions. Thaey are as follovs:

A. Matorials that are gbove tho present allowable limits for reolease
to industry. ‘

B, Materials that are below the health tolerance, but a2bove any limit
that may be roleascd to industry, even if the present sllowable
limits are reised by several orders of magnitude.

C. Matorisls that orc above the =21lowable health toleranca.

The five sub-divisions aroc:

1. Scrviceable cquipment.

2. Ferrous metal scrap,

3. Non-farrous metal scrano,
4. Combustible matcrials.,

5. Non-combustible matcrials,

It vas found that thorc is a total of sbout scven thousand tons of
conteminatad materials now being stored within the Ok Ridge Operations. It
was 2lso pointad out that the problem of disposel of scrap is chronic rather.
then acute, but thet some 2ction will be nceessary within the next year or so.

Sinece thore aro throc plants vhich are disposing of materials in Osk
Ridge, it is proposad to give this »roblem to onc eeontrsl group for study =nd
action. It is proposed thet this group have a laboreztory, sn ineincrator, a
small smelter a2nd permanent storage for those items thet cannot be rclcased:
or docontaminated.

It is further proposed thmt some research group be rotazined to cenvas

industry to advisec the Commission 2s to what levols of radioactivity industry
can tolerate. Tha functions and results of this research group vwould probably

be-coordirnated-2nd—put- 1ntomuspubym%hnsaronescd~centreilzcd~®1sposel Group.~~ Qe

ey
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