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Pro~ress of Liq_11id_'Naste DlsDosal Studies 

rrhe results of three experizrJen ts 3 tudying the use 

of activated slude;es for rer,,ovinr; pl·oJ.tonium from liquid wastes, 

presented ir: LAi/S-823 and LAllS-833 have indica ted that ac ti va ted 

sludges will remove fror:1 90 to 95 per cent of the radioactive 

material fron waste solutions. Also, in LAUS-833, it was re-

ported that ::'reliminary experiments with welgh ting rna terials 

for ac ti va tecl sludges indica ted ability of' inert substances 

to remove nl·,t toniur:1 from lic1uids. 

TLis report contains results of continuation of the 

above work as follows: 

1. A fourt:t-: experiment desigried to obtain relative 

effectiveness of different types of act~~ated sludges in re-

moving pLl. toniur:i from liquids and "to simulate operation of a 

three-stage blologica.l treatnient plant. 

2. i:xpansion of stud.tes of the relative effectiveness 

of inert r•1a terials in rer:1oving plu toniu.r:1 from liquids. 

Exreriment 4 on ac t:t va te.d _slL!_Sigos 

On the basis of ~lutonium removal efficiencies that 

could be expected by the use of activated sludges (90 to 95;'b) 

it was evident thn. t two, and perhaps three, s tap;es of biolor:-ic al 

trea.tnent w011ld be neeessary for producing a final effluent con-

taininf! les fl +:han '70 e oun ts r-·er ninu te per liter of the radio-

active mute~in.l. Likewise, in operation of' a multistage pro-

cess, the a::;r.• 1:, t rlf ~nl utoniur·1 cone en tra ted in the sludges and 



- 3 -

.effluents would decrease frorn a r:axim:.JJ": in the first stage to 

a minimum in the final .s tape of treat::nent.. Approximating 

these conditions, a three-s tr-tge bottle experiment was con due ted 

for a period of three weeks. 

Description of I~xoeril~ie_nt: 

TI1e exoeriment was conducted in 5-gallon carboys 

with a total volume of 16 liters of material. Air was intro-

duced through a carborundut1 ball with just enough volurr.e to 

maintain the sJ.udges in suspe:1sion insurin;; thorough n:ixing 

of the sludge pnrticles in the liquid. Three different sludges 

were studied in parallel. Tl·.:.e types of sludge selected were: 

a. Activated sludge developed using 150 ml of 

screened prir:wr:r solids as the daily nu tr lent. ( 'L'he sewage 

solids contained 50,'; asl1 and so:{ volatile matter). 

b. Synthetic activated sludge maintained with a daily 

feed containJnr,: 

1 gram glucose (On the 11th da:r (12 January) the 

~"'"lucose was increased to 1.'25 grA-ms 

per feed. ) 

0.5 vra.m phenol. (?.tlGnol was introduced tore-

duce in fee tion of ~phRerotil~~;;L, 
----~~-·---.-·~_,..-·,.. 

natans.) 
----, 

o.m~5 grnJ'J. arnrrtonhm sulfate. 

0 .. 0~~ 5 f!I'a.m di potassium pl'ws pha te. 

2 ml cann.ed milk 

c. Synthetic activated sludge c~aintair:ed on forr:!1~la 



no· o h cre""r') T'l:e t'...tfa. a volcar~ic asl1 ave.Ll..able 
G mes.. s · -~ · • ~ 

area, was ·.;sed in an effort to inc rcase t.he 

:~~ttleability of the synthetic slndgeo 
,,, l 

The same daily procec'hre '<vas follo',ved fo::.~ each sludge 

· ~hroughou t the ex per ir'.en t: 

1. Stopped a·3rat1on at ~-;:~.o Jl,}' ancl allov1ed sludr:e to 

settle for -! hour. 

2. 'rwo liters of S'l oerna tan t wi thdra\VL for analyses. 

(22 hour sanple). 

3. Feed and plutoniur?1 spike added. 

4. 'rap wa. ter added to r:1al{e np volu!:';e of' mixture to 

16 liters. 

5. I:lixture aerated u.nt.il ~::oo Pr.: at; whicl:'l ti:me sludr;e 

was allowed to settle 2 }:,our .. 

6. Two liters of 3,1pernate.nt withdrawn for analyses. 

(5 hour sample) 

7. Aeration until 8:30 A11 the followinp; day. 

The .five h<mr samples, step ( 6), were not taken on 

weekends. 

Dnra tl on of the experiment was t~u"ee weeks, each week 

xtepresen ting a different eye le, or stage, of treatment. Tll.e 

only variation in the procedure throup;hout the three cycles was 

the amount of plutonium added i:c t:he spike. \;oncentrations of 

plutonium in the spikes were as follo·:us: 

I"irst we13k; 1,000 eo~l!1ts per r::i r1 t.J te :;er ., ....... 
.1.1 ..,er added 

Second week: 9, lOO c OU.ll ts per• ;;"inu te 1'ier liter added 

dH.:tly 

daily 



Ut~e r"!icro-

;:uwover, durin?r, the fina1 days 

Sumn/'3.1' '7 

2. 'l'D.ble •1 shows a surnr:ary of the avera;::·e nlutonium 

residuals sludres. 

Week indieatini= tl:10 first s ta:~e 

t.hird sta.ee of treateent. 
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tabulated in tables 1, 2, and 3. 

indicate that small amounts of suspended 11hotn 

final effluent will ~aterlally decrease the 

treatment. Thus, it follows, that the ~inal 

a biological process could be materially im-

filtration to remove the suspended matter. 

4. A comparison of the average suspended solids 

of sludge) in the mixed liquor shows the following 

the three sludges. 

e Solids 

(weighted) 

Average suspended solids for 
three weeks in mixed liq,:.lor 

Total ppm ~',~ Ash 

9400i* 
880 

2190 

61.1 
15.4 
60.4 

Total volume of sh1dge 
that would be contained 
in 1000 gals. of nixed 
liquor. 
Pounds Founds of Ash 

78.30 
'7.33 

18.24 

47.84 
1.13 

11.02 

ar plutm1hm removal efficiencies were found in previous 

in the mixer: liquor. 
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2020 counts ocr rlnute per liter 

Inspection of the removal efficiencies showed acti.vated 

highly superior to the other materials. Accordingly, 

a series of experirr:entz was performed to eon:pa.re the relative 

ef'ficiencies of different car,bons. 5000 pprn of each ':>f 5 

different carbons were introduced into solutions of distilled 

.water containing 98
1
000 counts per minute per liter of pluton-

ium. The concentrations of plutoniun remaining in solution 

after 15 hours a era t:i on followed b:· fi1 tra tion were: 

rrype of cr~rbon 

Darco G-60 445 cmmts per r1inute ner liter 

Fisher 

Forite SC5 cmmts ~er lTinnte ;Jer liter (?igh count may 
have been due 
to poor filtering) 

lJuchar 288 counts ;:1er rr.inu te rer liter 

:Pellet Size 19,200 cOlmts per minute per liter 

Comparison of Carbon Dosapes 

Of the carbons studied Darco Grade G-60 was of conrser 

grain and much easier to handle. On tl~at basis it was chosen 

for further e:>:perir.,en ta tion. Dosages of 100, 300, 1000, and 

2500 ppm were aerated in distilled water containinc 113,000 

counts per r.ii:r:;ute :~·er liter of plutonimn. Samples were collected 

for Rnalysis a.:'ter 1,.~ iwurs and l"/ hours aeration .. Results of 

a.nalysHs on tl:e filtered superm:tants are tabulated below: 



:Carbon Dosage 1~ hours 
counts/nin/lit.e~ ,a reduction 

1'7 hours 
counts/r-:in/li ter .)~reduction 

100 ppm G4 ,?50 4;~. 
,.., 

15,42C' 86.4 I 

300 ppm ~),225 97.1 1, 62EJ ~"?8. c 
1000 ppm 650 99.4 464 no --~ " , .• t:· 

2500 ppm 325 99. ..., 210 S)~). e I 

Com 0arisen ef C arb•n and 'l'ufa. 

The nse ef 5ttl ;-Ynm ef fin~l:v greuncl t'.l.fa ( r·assing 

2tl rrccsl'1 screen) vvas cerapared witl: 3e" ppm ef Darco G-61 activated 

carbon. 'l'be rna terials were in trod11C eel in to distilled water con-

Concentration ren~sininv i" filtered supernatant 

Plutonium Spike ::;,ooo p:·rm tufa 300 nnm Activated Carbor 

Counts/min/1 ffer~-c-oll!t t s /rT; in; 1 :iter ;;redn~t 1 r;f~-c-mlr2 t S;'r:in/11 ter }bredu.c-

1,120 
11,200 
11,200 

f--,. ~~ 
3.2 
7.9 

;~69 

3040 

61 I • 5 

'"J') 0 
' t.. ... • wJ 

------------------·-------------

Effect of r.:ec!.a.nic 'll Stirring. 

P6 .. 
13go 
1720 

0r;e ex;Jeriment was performed introduclnf': ~'JOO ppm of 

Darco G-60 activeted carbon into distilled water spiked with 

113,000 counts :Jer r:"l1nute :·.er liter of :lutoniu .. -:l. The nixture 

tion 

n-') ":( 
,._· ,_, . (} 

r~r;·. 6 
84.7 

was stirred for H: hours, fi1 tere\l and analyzed. Tbe ,:,lutord.;.tnt 

concerctration rernFdni,·w in t:,,:: filtered s<ne!'r.atant vvae. ?00 

The T~se of Carhon on l'L1nt .lastes. 

and .TanuartYAJt~c).no~'ElNc~A6-fdR &t~dto1'ra~~~,_:,~n-.9frorr: 
BY AUTHORITY OF .. i)__c:_ __ ~ -~..;?.-::.9 .. d .. .S:::.,.. ...... . 

each cn~·'"()Si Le. 

SY.~<-~~-~POSITIOH .. ~ ....... ff.?./&1,2 
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1'he ~)L was ':tdjusted to n.;s wi tlj li:r:e, ;,soo nnm of Dar•co :}-60 

e arbon was in trod<.:c ed and tL'.:: resulting mixtures aer8 ted f'c!r 

18 hours. ;c},ltcr:iur:t detercinr->t~ons '.V8l'e ;·,erformed on the 

sarr;})les b8 fore trea trr,en t A.r::: on tl:.e fi1 tered eff1uen t af:;er 

treatnent. 
··<'' 

·comrosite 
Plant Waste 

Plntcnium Concentrat1or: in co~mts "")er minute :er 1iteT 

Januar~r 1~! 
.1anuar~.r J '7 

~efore Treatr:;ent After 'l'reatment " reduction 

?~?-00 
s:;::,o 

450 
116 

---------------·-----

93.7 
~?2 .1 
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C oar2:ula tion for rlemovi n£: .?ltl toni um fror" SoltJ U.on 

I>-:: the experir-:ent stud7inr: the eff'ec +,iveness of 

carbon for removing nlu.toniun:. fron: J.ant waste ::1. floc, or 

preci::Jitate, was forr:eG. ir: th<_~ sohJ.tion. Tl1L>~ su.~,::-esi:ed the 

·use of coap;u.lants cor-:r.:onl.'r ic:nO'.'m in the water and sewar~e treat-

ment fields. l'Le follmui:lr" ex:·,erir.ents wer·e · erforned 1Jsint; 

lime and ferric chlorirle: 

of Dist:lllecl ~i· .. 'atl::;r Conta:ie~:.nP: }=nov~:~ :)l1_ltC·rri'U.rr~ s-('il{e~]. ----- ------· . . --- ....,____\ 
TreBtment 

'I'hree sam·'1e~:; of d:ist5.lled wnter were s;,il:ecl ·N~ th \ 

pluton i u.n. ppc of PeCl7 was introduced 
•j 

lnto 

and the pr: was adjusted to about 10.5 witt l ir1 e. 'i'he sclutions 

were stirred until a slipt~t preci.p:l tate furrwd, set:tled, fi.1 ~~ered 

and analyzed for plutoniwn. 

Plutonh.un Coneentration in C.:o;J.nts 
Before Treatment 

100,000 
10,000 

1,000 

~tment of Plant Waste with Liu1e. 

per Iir-n<te per Liter 
After 'Prea.tment 

164 
16 
30 

Three composi t8 dail;r sarwles of pla:tt waste were 

collected. 

\ 
I 
.! 

' 
' i 
J 

\ 
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---------·--------·---------------·-------- ---· --- -- ------ ------·--·----

Plutor:iur: c-oncentration i:1 cotmts per minute ;1er liter 

Before Treatment After Treatment 

4290 
4660 
3830 

20 '~r)m of ferric cnlorid~. 

244 
116 

rrwo cor:1posite riaily sampl':ls of plant wastes were 

by uach of the three methods. heavy prec i pi tr> tes 

u_pon addition o1' t.be coagulants. 

-~~~:si. _ _l1 Was i::_e ___________ ,Ia n 1l 8 ry 12 \J a ;3_I-"-'i3"-----

l_)u (.:.:or~cerltratior: P\1 ~~~ortcer1tration 

.PL in C /l\/L ~)H in C /!.'/ L 

·----------- --
2.6 3260 ~). 0 P900 
n ? 1680 'Z 'Z. 12?0 
"-• \ .... ). v 

(<. 8 42 ~1. 8 lost 

20pDm 
r' ,. 84 P.7 12 
c~ • ~') 

The ahOIJe ser1.es of ex:r·eri:re nts on the use of inert r;aterials 

coagula1 ts indic~?.te thRt 1)}utonium can '~-,e removed fror;1 

concentrated into tbe inert material or into the 

for1:1ed by the c o,qr:u1R.n ts. 

1~he possibilities of treatment by chemical coagulation are 

.quite attractive. CoaGulation, sedimentation, and filtration 

apparel; t ly <lC c •Jrr.::•lit>h tne :1nr;-•ose of removing pluton i '...l.In from 

Howe'c'er, there is no ossu.rance that chemical treat-

recbce the C')ncentration of other toxic cl,endcals cr 

pl'ltoniu.m. in the r)resence of fluorides, citrates 

ClASSIFICATION CANCELlED (OR CHI.H$10} TO.~ . 

iY AUTHOJmY Of ... ___ R0.L/. ... ~-~ ... ~-- ... • au 

iY~.4J<-~OSITIOI(.~-d.~ J', 
CIA TE ... _.f_::(_..;!..: . .;L.y. .. ·----·-
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evnlsn~e these factors. 

Course 0f' ~<:::Arirr'Jmtal ::-~twUes -----·---·----------
l:ir-r:e 

prove superior +::; tl-P ·:~c.ivA.ted slndr:re n:rocess for thA t.re8t-

sludge process until r;,ore c or:-:ple te lnborfl :.u::-y s t'ldi es are 

made us:i..nv coagulants. Dr. H··J.cLhof~ outlined. the following 

program for this work: 

A. Contin,.led rmal;rs::!.s of' comnosite WHSt 1:> .fro:" '·'cc.b Area. 

;)eterrr"inations of' hnlo;-ens, flnorides, cLlor.:des, S' . .:l-

fates, susnended solids, total solids. 

B. Study nf' the effect!veness of the various cheuical co-

CaO, J,~p,O, sndiu.n sllle0.te, etc. ka%e obsArvations c! 

C. Determine effect o.:' 'l'lri0;1s S!'·':Jeds and times c>f l:tix:t:"lrt. 

S<3lec ted~ 

D. lJe t•jr:ai:1e the q:1a:1 ti tn ti ve yield of the sludge produced 

under tr.e o ptlmurl c or:.di ti o:: s of r-~ixir;g, c c"Jac;nlH tioc. Hn d 

CLASStFIC-'ITII)N CANCE 1HD (OR CHAH~!D) TO.~ 
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settling. 

1£. Dete~r-r.1ino tl1e filterablli.ty C>f tl1e sl11dge Rnd tl1e ftlter 

aids.needed. 

Ji' • G las s t t11J e sand f :i. l t e r s ttl die s for s "tl ·p e rr1 at ar1 t s • 

G. &.::pnnded stud:,r of removal ~ossibilities with activatBd 

carbon treatment. 

Simila:;o studies on DP Area Wastes. 

Studies on lamdry ivaste treat:t~ent. 


