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Progress of Liquid Waste Disposal Studies 

A series of exr>eriments was reported in LAMS-863 

on the use of inert materials and coagulants for removing 

plutonium from waste solutions. It was stated that treat-

ment consisting of chemical coagulation, sedimentation and fil-

tration appeared to have attractive possibilities for reducing 

the plutonium concentration in liquid laboratory wastes. It 

was also stated that further study would be necessary to de­

termine the feasibility of the process in the presence of 

plutonium complexing agents. 

Contained in this report are data from the following 

experiments: 

1. Coagulation stndies on Technical Area Waste. 

2. Effect of fl uor:i.aes on plutoniurn removal by 

coagulation. 

3. Study of citratea ns a complicating factor. 

Investigation of Coagulant Efficiencies 

nle primary purpose of these studies is directed to­

ward developing a method o: treating wastes from the Te~hnical 

Area. fuus, to obtain a more representative measure of various 

coagulant efficiencies, a number of daily composite samples 

collected from the Technical Area discharge were combined. 

Analysis of the combined sample showed the following character-

is tics: 

Plutonium concentration - 4500 Colmts/Ninute/Li ter 
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pH - 3.0 

Total Solids - 650 ppm (46~ Ash) 

Acidity - 444 ppm as CaO 

112 a z a 

The experiments performed on the combined sample 

are briefly described in the following paragraphs. 

Use of Ammonia and Ferric Chloride 

Because the use of this combination of chemicals 

might be expected to produce a minimum weight and volume of 

sludge, their use in effecting a carrier precipitation was 

investigated. 

1500 ml samples of the combined wastes previously 

described were treated with ferric chloride (20 ppm FeCl,) 
" 

using ar.unonia to adjust the pH. Samples were stirred about 

10 minutes and filtered through No. 2 Whatrnan fluted filter 

paper. 1000 ml samples were taken for analyses. Floc for­

mation in each case was slight. This treatment was investi-

gated with the pH at three different levels. At pH 5.3 the 

residual plutonium in the filter~d effluent was 1350 C~J/L. 

At pH 8.3 and 9.5 it was 63 and 61 C/M/L respectively. For 

comparison, ammonia alone was ndded to adjust the pH to 9.3. 

Filtered effluent from this treatment showed a residual of 80 

C/M/L. The suspended solids in. the coagulated mixtures varied 

with the pH and ranged from 40 to 85 ppn. These data are 

presented in detail in Table I. 
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Table I 

Coagulation Studies on Combined Technical Area Composite 

Waste Using Ammonium Hydroxide and Ferric Chloride 

Coag & 
Amount Alkali 

Adjusted 
pll 

Pu Concentration 
inClvlL 

. >. :• ., ' .• : . 

.. >.· ... i~ed.Composite None NH40H 9.5 4500 69 65 53.8 

-~,. 

... , 

Technical Area 
Wastes 20ppm 

FeC13 

20 ppm 
FeC13 

20 ppr.1 
FeC13 

NH40H 5.3 

NH40H 8.!3 

HH4 0H 9.5 

4500 1350 40 25.0 

4500 63 83 50.6 

4500 61 85 62.4 

The results obtained indicate fair plutonimn removal 

at pH values of 8.3 and 9.5. The fact that substantially the 

same results were obtained usine: ammonia alone indicates that 

the sample itself must carry material which acts as a suitable 

carrier for Pu at pH values in the vicinity of 9.0. As compared 

to other precipitation processes investigated using the combined 

Technicai Area waste, this procedure was less effective for Pu 

rehloval. Since the primary objective is to secure a highly 

erfective removal of Pu, further investigation of this treatment 

p. has been dropped. Also, as a secondary objective, this method 

is not effective in removing fluorides from solution. 

Use of Lir.1e and Ferric Chloride 

Another series of experirnents on the combined waste 

was conducted using ferric chloride with lime as the alkali. 

• 
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The study procedure was similar to that described for the 

ferric chloride-ammonia work.· In each case a heavy floc was 

formed after only a few minutes stirring. At pH values of 

4 6.1, 8.4 and 9. 9 the plutonium residual in the filtered effluent 

varied from 7 to 31 C/M/L. For cor:1parative values in an experi-

,.,, ment with lime alone, the plutonium residual in the filtered 

effluent was 7 C/M/L. The suspended solids in the flocculated 

mixture varied from 725 to 850 ppm. These data are presented 

in 'rable II. 

Table II 

Coagulation Studies on Combined Technical Area Composite 

Waste Using Lime and Ferric Chloride 

Material 
Treated 

Mixed Composite 
Technical Area 
Wastes 

Coag & Adjusted 
Arnoun t Alkali pH 

None Lime 9.4 

20 ppm Lime 6.1 
FeC13 

20 ppm 
FeC13 

Lime 8.4 

20 prw:-, Lime 9.9 
FeC..1. 

Pu Concentration 
inC M L 

4500 6 

4500 14 

4500 31 

4500 7 

850 

725 

865 

Table II indicates that the treatment with ferric 

chloride and lime followed by filtration effected uniformly 

satisfactory reduction in the Pu content. Since lime alone 

at pH 9.4 als~ effected a very good Pu removal, the presence 

of heavy rnetctls or other "carrier" materials in the waste is 

again demonstrated. The amounts of precipitate produced were 

Solids 

90.3 

87.4 

87.6 
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relatively high. But the fact that this treatment worked 

well over a wide pH range more than offsets this disadvantage. 

Also, lime is effective in removing excess fluorides from 

solution. 

Use of Lime and Alum 

The same type of experiment was repeated using 43 ppm 

of hydrated alum. Lime was used to adjust the pH of the several 

samples studied. In each case a heavy floc was formed after 

only a few minutes stirring. At pH values of 4.2, 5.9, and 8.8 

the plutonium residual in the filtered effluent varied from 10 

to 16 C/M/L. In one experinent at pH 7.3 the plutonium residual 

was 75 C/M/L. This higher count was probably due to poor fil­

tration or an error in the analysis. The suspended solids in 

the flocculated mixture varied from 660 to 864 ppm. 

Table III 

Coagulation Studies on Cmnbined Technical Area Composite 

Material 
Treated 

Mixed Composite 
Technical Area 
Wastes 

Waste Using Lime and Alum 

Coag.& 
Amount 

43ppm 
Hydr. 

Alum 

43ppm 
Hydr. 
Alum 

43ppm 
Hydr. 
Alum 

Alkali 

Lime 

Lime 

r.:me 

Adjusted 
pH 

5.9 

Untreatedreated 'lot. %Ash 

4500 10 660 8'7.0 

4500 16 6'73 88.4 

4500 75 844 88.0 

43ppm Lime 8.8 4500 10 864 86.8 
Hydr. 
Alum )L___/J ~ • 0 ClASSIF!CAHC-I<l CAI<ICEltHl (C~ (II:Ar.Cifei\ 'e::J?.Q.iiiW".aiif'\: :=/; 
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It will be noted that the alum-lime treatment 

successful over a wide pH range. Solids in the flocculated 

not differ significantly from that produced by the 

-ferric chloride treatment. 

Use of Sodium Hydroxide and Ferric Chloride 

The above experiment was repeated in the same manner 

':using 20 ppmFeCJ 3 as thecoagulant and sodium hydroxide as the 

At pH values of 7.1 and 9.9 the filtered effluent 

.showed 10 C/M/L and 45 C/M/L of plutonium respectively. The 

floc formed was not nearly as voluminous as when lime was used. 

The suspended solids in the mixed liquor was 68 ppm and 138 ppm 

respectively. These data are presented below in Table IV. 

Table IV 

Coagulation Studies on Combined Technical Area Composite 

Waste Using Sodium Hydroxide and Ferric Chloride 

Material 
Treated 

Coag. & 
Amount 

Adjusted 
pH 

PU Concentration Susp.Solids 
in C/M/L After Coag. 

All~ali 

20ppm NaOH 7~"1. 4500 10 68 50 

FeC13 

20ppm NaOTI 9.9 4500 45 138 63.8 

FeC13 

It will be noted that the treatment with ferric chloride 

and caustic soda resulted in satisfactory Pu removal and yielded 

less solids than the treat:~1ents using lime. In operation of a 

treatment process caustic soda would also have the advantage 

l 
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because of relative ease in feeding small controlled 

Effect of Fluorides on Treatment 

Portions of the combined composite waste were forti-

with 500 and 1000 ppm of fluoride in the form of sodium 

Each sanple was treated with line and ferric chloride 
pH 7.7 and pH 10.5. The filtered effluents showed very low· 

<,plutonium counts. As could be expected the suspended solids in 

the mixed liquor was higher than without the fluoride, being 900 

,, ··and 1100 at the two pH values. Etching of the porcelain casseroles 

during the analytical procedure was evidence that a considerable 

amount of fluoride remained throughout the treatment process. 

It will be noted also, that the increase in suspended solids 

observed is much less than would have reault6d with complete 

i'luoride removal as calcitl.r.l fluoride. The failure of the pro-

cess to give more complete removal of fluoride may be attributed 

to inadequate amounts of calcium ion to precipitate greater 

amounts of the fluoride. One experiment was conducted using 

ferric chloride and a.rnrnonia at pH 9. 5 on +Ji1e fluoride forti-

fied waste. The plutonium concentration in the filtered ef­

fluent was 125 C/M/L. A smaller amount of floc was formed 

and the suspended solids in the mixed liquor was 250 ppm. 

The results are shown in Table v. 
It was evident from the above experiments that almost 

any flocculation was efficient in removing plutonium from this 

combined composite waste. To determine which flocculant was 
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Table V 

Coagulation Studies on Combined Technical Area Composite 

Waste Fortified with Fluorides 

Susp.Solids :Material Coag.& Adjusted Pu Concentration 
in C/_M~L Treated Amount Alkali pH After Coas;. 

Untreated -reated Tot. zbAsh 

Mixed Composite lOppm Lime 7.7 4500 30 870 89 
Technical Area FeC13 
Wastes plus 500 
ppm Fluoride 

Mixed Composite lOppm Lime 10.7 4500 13 1140 87 
Technical Area FeCl3 
Wastes plus 500 
ppm Fluoride 

., 
Mixed Composite lOppm Lime 7.9 4500 34 942 89.5 
Technical Area 
Wastes plus 1000 

FeC13 

Fluoride 

Mixed Composite lOppm Lime 10.3 4500 14 :1.075 88.3 
Technical Area FeC13 
Wastes plus 1000 
ppm Fluoride 

Mixed Composite 20ppm NH4 0H 9.5 4500 125 249 79.1 
Technical Area FeC13 Wastes plus 1000 
ppm Fluoride 

better, as well as the effective agent in tne removal of 

plutonium, several experiments were run on distilled water 

spiked with about 67,000 C/M/L of plutonium. As was expected 

the formation of floc in distilled water was very difficult 

and in most cases non-existent. From the lim7ted number of 

experiments conducted it can be concluded thd.t a vei'Y definite 

floc formation is necessary before a~preciable amoLmts of 

CLASSIFICATION CANCEllED tm CHA-D} 

BY AUTHORifY OF ......... ~.C..4::..o;Ccf..~;o§::::. .. ~ 
BY.t'J. .. W..: .. ~OSil'ICM •• ~..;. •• ~~-.£ 
DATE ____ $__;(--:!_::_~/ .......... , 
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be removed from the Technical Area waste 

and that higher pH values (above 9.0) are needed 

removals. 

The necessity of a definite floc was evidenced by 

Jupe:riority of ferric chloride over alum and the superiority 
sodium Of. lime overjhydroxide. For comparative purposes, sodium hy-

droxide alone was used without any coagulant in one experiment 

at pH 11.5. Since there was no floc formation a filter aid was 

added before filtration. no reduction of plutonium concentra­

,_ion was found in the filtered effluent. In other cases where 

·• no a~preciable floc was formed and filter aids were used no 

appreciable reductions of plutonium concentr~ion were noted in 

the filtered effluent. 

Some of the above experiments were repeated in tap 

.water with ground tufa added for turbidity. Floc forma tiona 

•ere much better, resulting in significantly better plutonium 

:r;-emovals • Howeverj1igl,J.er pH values were needed for treating 

tap water and distilled water solutions than for treating the 

technical area wastes. 

Se~ection of Flocculant 

Time does not permit the complete investigation of 

all of the factors involved in flocculation nor does it permit 
the investigation of all of the coagulants available. On the 

basis of the results from the limited amount of precedi~g work 

it was decided to limit the remainder of the work to an investi­

gation of ferric chloride and lime. Ferric chloride was chosen 
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because it appeared to give a heavier, more rapidly settling 

floc than the alum. Lime was chosen because it appeared to 

assist in floc formation as well as removal of fluorides. 

Since fluoride removal is necessary for protection of well 

~~ water supplies in this area, it is planned to insure complete 

precipitation by the addition of more calcium in the form of 

calcium chloride. These two coagulants, it will be noted, 

give the largest amount of sludge but, generally, the best 

removal of plutonium. The large amount of sludge is a dis­

advantage. Some thought was given to a two stage treatment 

by removing the Pu with iron and either sodium hydroxide or 

ammonia followed with lime and calcium chloride for fluoride 

removal. However, since calcium fluoride is a very good carrier 

for the plutonium, the second stage treatment would result in 

a large amount of sludge containing a smaller, but significant 

amount of plutonium. 

It should be emphasized that the selection of ferric 

chloride and lime as the chemicals to be investigated for treat­

ment of Technical Area wastes was not based on any outstanding 

qualities or performance in plutonium removal. The deciding 

factor was the need to treat the waste for fluoride removal as 

well as to remove its plutonium content. With an adequate supply 

of calcium ion present, it would appear possible to simul tanev1sly 

reduce both the plutonium content and the fluoride content of the 

waste to satisfactory levels in one relatively simple treatment 
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process. This possibility is most attractive and indio a ted 

the further investigation of treating Technical Area wastes 

with ferric chloride and lime. 

Treatment of Technical Area Wastes with Lime and , 

Ferric Chloride 

Composite samples of, Technical Area wastes were 

collected during the working hours on eleven different days, 

one sample was composited of the overnight i'low.:fer February 

-17-18, and one sample was collected representing the weekend 

flow ,for February 11-14. A sample of the previously described 

combined Technical Area was tea was included in thls' experiment. 

The mechanics of the experiment included the addition 

of 20 ppm of iron {ferric chloride) to act as the coagulant, 

then adjusting the pH to about 9.5 with lime. The plutonium 

concentrations in the untreated samples varied from 118 C/M/L to . 
5350 C/M/L. After the lime and ~erric chloride treatment, the 

coneent~ation remaining Jn the filtered effluent varied from a 

minimum of 2 C/M/L to a maximum of 37 C/M/L. 

There is always a possibility that these wastes will 

contain a much higher concentration o:f plutonium than was present 

in the samples tested. Accordingly, each of the above samples 

wHs spiked with 63,000 r-/Jir/L of plutonium and the coagulation 

procedure was repeated. The results were, in the main, satis-

factory. One-half of the results obtained were less than 100 

Cj},:jL. The overnight and weekend samples were the least amenable 

C.ASSIF!C/11:)~·! CM,::TLED (OR CHANGEO) ro_,f:!:-x~if-~71 

E i h•,:TI ;.::;;;; i l Of ...... <f).C!.-6: .. -:: ... .;E:f!...,-~~.-::::: ..... . 
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- 13 -

treatment, the results in these cases being 916 C/M/L and 

CIE/L respectively. These samples were treated again with 

ppm of Fe instead of 20 ppm resulting in a residual count 
... ~ . --" .~. .•. .. '" ., 

196 C/M/L and 238 C/M/L., The sample on February 15 and the 

we:t:~ treated with 20 ppm Fe, 200 ppm sodium 

and 200 ppm calcium chloride which treatment considerably 

the residugl .. c.ount •.. ,. ...... ···· 

~------~--------"-------------"-· .. --·~·. 

The above work indicates that serial coagulation may be 

to consistently maintain a plutonium concentration 

than 70 C ;r~~/L in the final effluent. ----·-----·'--- .;. ______ . _ _,., .. 

It was pointed out in LAMS-863 that. when working 

spiked distilled water, it was possible to reduce the 

plutonium concentration from 100,000 C/M/L to 125 C/f!!/L with 

only 20 ppm of Fe and lime. In distilled water the amount of &-. 

floc was, comparatively, very small. This work has been re-

peated w1 th essentially the same results. It is not 1mderstood, 

at present, why the results on weekend and overnight samples 

(which contain very little dissolved solids) should have been 

·'·., 
. //' ·,. / 

Table VI shows the characteristics of these wastes 

and the results of the treatment with lime and ferric chloride. 

The data contained in Table VI show the following 

interesting observations: 

1. The averace of suspended solids of the flocculated 

mixtures (372 ppm) is about 25;~ of the average o:f total 

solids (1295 ppn:) contained in the untreated waste. This indi-
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evaporation process for these wastes. It will be noted that 

the total solids of the untreated waste was 8184 ppm and 5094 

ppm on February 4 and 14, respectively. The corresponding sus-

pended solids in the flocculated mixtures was 247 ppm and 485 

ppm. 

2. The data show an average of 20.5 gallons of wet 

sludge produced by coagulation per 1000 gallons of waste, re­

presenting about 3.09 pounds of dry solids per 1000 gallons of 

waste. This is an overall reduction from 8330 pounds of waste 

liquid to 3.09 pounds of dry radioactive solids. 

3. The fluoride content is excessively high from a 

public health standpoint to permit discharge into a receiving 

stream or into the ground. !Adequate lime treatment will pre-

cipi tate the flt1 -::.~.~ides fror.1 solution and may aid in removing 

the plutonium. 

4. During the working hours the pH characteristics 

are predominately in the 2.0 to 4.0 range, whereas the night and 

weekend flows are in the normal range of the water supply 7.8 to 

8.3. The avsrage acidity for the waste in this study was 228 ppm 

in terms of CaO. As expected the acidity was very low during 

the night and weekend flows. 

Citrates as a Complicating Problem 

Citrates are used in may ways at Los Alamos. 

1. The laundry uses up to 7 pounds per day in clean-

ing out tubs and vats. It is estimated that 17,000 gallons per 
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day o;"' waste originate fpom this source. On this basis, a 

daily cor:1posite sample should show approxiMately 50 ppm of 

citra to. Spot discharf~es would be prcdic ted to show a much 

higher figure • 

2. In the Dl) West area 30 pounds of citric acid and 

20 potmds of sodiwn citrate are consuned weekly. 'l'hese materials 

are used in the :;Jreparation of deco:~taminating solutions Gnd find 

their way into the wastes from the area.. It is estimated that 

these wastes might show 200 ppm of citrates. 

Citrates are used because they are an excellent solvent 

end co:nplexins ap;ent for plutonium. Accordinr;ly, it was anti-

cipated thrJ.t ln wastes containint; citrates, difficulties might 

be enco'J.ntered with otherwise satiRfactory plutoniwn removal 

processes. 

To 1nvestir•.at8 th:ls possibility, 100 ;;pm of citric. 

acid was added to four sanples of the Technical Area wastes. 

T'ne ferric chloride-lime proc ipi ta tion procos s vras then A.pplied 

to these sanples. S~ther no precipitate, or a highly unsatisfactory 

precipitate reflultofl. 1~ext, difficulties ivere enc-ountered in 

filtration. It vms found necessary to r•efilter the liquid through 

the same paper several times in order to secure a clear filtrate. 

Finally, as shown by the results r,i ven in ·ruble VII, the removal 

of plutonium was very poor. 

CLASSIFICATION CANCELLED (OR. CHANGED) TO./.~~~ 
BY AUTHCWY OF _____ ,P~-~--:::_£~_..,2_.,S.:= ... -.... t 

::~·-~;-~OSITION __ ~-·-~·-&. J?. 
-----·-·--·----·------..,sr--------
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TABLE VII 

Removal of ?u from Tech \Vastes (FeC13 - Lir'1e treatment) with 

100 ppm Citric Acid Added 

2-15-q .. 9 
2-lG-4-9 
2-17 -l-!-9 
2-18-L!-9 

Initial Pu 
C/i-'/L 

2LJ,.00 
850 

1100 
2030 

Pu Krter Treatment 
C/17/L 

1050 
q .. 60 

1050 
1320 

Removal of citrntes from distilled water and/or tap 

water was studied b~1 various procedures. For the most part 

these data are not too satisfactory. Filter aids were req1J.ired 1 

cornplicatinf the question of ~1ich a~ent was responsible for 

any rer::oval of J!l<J.tonhml noted. In Feneral, extreme difficulty 

was enc otm tered in the production of floc usi.np either ferric 

chloride or alum in the pr•es enc e of citra ~e. This may be 

attributed to the cor:1nlex:'ir:.r• action of the citrate whicl1 either 

partially or completely held the coarulatinp metal ion in solution. 

On this basis, it seemed apparent that if plutonium 

were to be removed frorr: a wa.' te con taininr:: apDrec iable q'-Ia'1 ti ties 

of citrate, it would be ne0essary to either remove or destroy 

the citrate, or select a 11 carrier" whici1 wo:1}d fu .. nction in the 

presence of citrate. 

Tile removal of citrate seems a very poor possibility. 

It forms no comr:wn high:.7 insoluble salt. Its solubility in 

water is so ~reat, and 1 t c OLPlexes • "--' .... 11• .. Wl~n so nany ~e~a- 1c ions, 
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be a likely procesn. 

The des erne ti on of the material a;):;;ears to be a ~~:ore 

practical step. Citratcs are reA.dily oxidized or s~mthesized 

into cell structure b:-r micro-or;-tanisns. 'l'hey can also be oxi-

dized by cold prer:1anc~ana te or by perman;~ana te and bromine in 

acid sol uti on. 

3:z:periF1ontn.l Study of Citrate Ilernoval by Cher:Jical 

Oxidation 

Preliminary attempts were made to oxidize c :1 t;"'a t,~s. vd th 

chlorine. As gaut:;ed by persistance of the ability to hold iron 

in solution, little or• no citrate oxidation was effected. 1ne 

chlorine oxidation was tried at laboratory temperature over a 

wide pH range with no apparent success. 

Oxidation by per~::a1;~a1·1ate was st11died next. In a low 

pH ran~e with sr·1all amounts of IinS04- added as a catalyst, it 

was imr1ediately apparent that the permanr;anate was attacked. 

}!;anganese dioxide was obviously a product of the oxidation. 

Further the iron sequesterinG ability of the solution was ;":One. 

The possibility of pernanr:anate oxicZ11tior; with or without carrier 

p: .JCipi tntion was accordingly inve~" ;~ir:ated. The tec1mique used 

was as follows: 101,000 C/M of :-'u were added to 1500 ml of 

ta.p water. The permanganate and coagulant to be used were then 

added. Su1fur•ic acid was next added to adjust the p:i to the 

desired level and the mixture stirred for a period of about 

1 hour. Lime slurry was then ar-'.led to adjust the pE of the 

mixture to the level desired for coae~ul!Jtion. The solution w.·1s 



stirred, ::;ettled, fil tored thrO'lf~r: n i'l.'lted )aper' and 

analyzed for pl utoni w:1. Hes ul ts a..'1d conditions of this 

experiDent are reported in Table VIII. 

The type of procossinr req'lired by the treatment with 

perma11ganate :tn acid solution followed by precipitation in alkaline 

solution is not too des h .. ~th: .. H ... However, there is definite in-

dication that the rnethod s!1ould work. F1.trther stud7 of this 

method is indicated, esPecially if other less complicated 

methods do not prove satisfactory. Evaluation of the pH range 

in which the rnethod will fcmction is especially indicated. It 

may be noted that Table VIII indicates thn t the iron furwtloned 

satisfactorily in connection with }Jernanc::anate oxidation, that 

the alurr: was n;nch less efficient, and finally that the preci-

pi tated rilill11;o.11ese dioxide alone a:o9arently did a very poor job 

of carrying the Pu down. 

The use of ca.lciur.:: .fluoride as a carrier in the 

presence of citrate has been investigated. 200 ppm of citrate 

were added to tap water. Val~iable amounts of sodium fluoride 

then added to different po:r•tions of the solution. Calciun 

ch~.oride i.J. q'J.an ti ty ro'J.ghly eq ui valent to :;}·1e fluoride was 

,,,,., ... , .. ,,,,,, ... , ..... added concurrently, 20 p;)m of FeCl3 were then added. Calcium 

hydroxide slurry v;a:::; used to brint': the piT U'iJ to 9.5 and the 

stirred f':·?n tly. for' a ·)prox il:~a tely 3C rninutes. 

Hesul ts of this seri cs of tests are shown .in Table 

citrates, caJ.cin.u fLwPid.e fJl:ows some ~Jro:nisG. ·'owevor, 



Citrate by ID~O~ Oxidation, followed by Coagulation 

and F'll tra tlon 

Vaterial Treated 

1500 ~1 tnp water, 
1 (''' 0 00 "/~' of ? .L _ J. ..- ~) J '--· [• U, 
';>~'" ,--.--~-., ., "'1 2SO.,..,.n ~-~~ ~j' ·.1:. t1 e~....~ 3, ,.t~ ~J. m 
'·' J.-.,-,~ ' i.d 2 rr·'' 0 0'01 

'·-·· l. , , -'- C RC , J ... _ ~ ,o 
"fi ,...., 

~:t) .:J 
··, 

Tlr.1e of pH of 
Ki•t.n0

4 
Stirring Oxidation 

o.82g 1.5 hrs. 2.3 

pH of 
C oagu- C oag­

Allmli lation ulant 

(' ( ('"' ) _;[l J:; 2 9.9 FeClJ 

Res Pu 
Catalyst C/M/L 

2 dro·os 50 
0 0·:/ ~-~- C' 0 
!-J _,,., 1\';nv 1, 

+ 

1500 ml tap wRter, o.82g 1. 5 r~rs • !?.2 c ( (J'T) a ~--, ') 9-5 Al2 (SO . :- , 
' t 

do 6,730 

' '"' -oo C /" 1~ ";)u j_ l.j _! , l..J J J ~'.. 0 ..!.. , 

t' 

L -c, ~-, :!r:: Aln ( S 0" ) 3 ..... ~ c... .....r 

:L;SCJC; ::;~,~ te~}; vta ter, 
'ij''';i noo c·j:· of' T'-l 
-'- ~ ~- ' "' '" •. .:. l ' 

0 • 82rr u 
1.5 hrs. 0 t) 

( . ., • t:,., C a ( OH) ;_? 28,900 9.5 none do 

.. ::.50 ~'lJrr, Citric acid, 
~·) ..., .:·t c)r ·/ r c 0 
'-' ~•!,.J t.:.rU.O ,.~._,')0 lf 

t_.. '---r 
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the precipitates obtained settled very poorly and the super-

natants were left turbid. Filtration was slow and difficult. 

Several passes through one fluted filter :)aper were required in 

order to sec' . .lre a clear• filtrate. It is possible that calciwn 

fluoride might be a 8atisfactory carrier. However, practical 

difficulties in connection with its use are indicated to be 

very considerable. Acco!'dingly, the further investir:ation of 

calciut1 fluoride as a plutoniwn caPrier in the presence of 

citrate is being held in abeyance. 

'rABLE IX 

Removal of Pu added to Tap Water (6f',OOO C/I./L)Using a Calcium 

Fluoride Carrier (1/2 hour stirring, filtration through paper 

in all cases) 

An alternative carrier contemplated is tribasic 

phosphate. Only· one check of this material to be 

. scribed later, has been ~mdertaken. The number of carriers 

investigated is almost U..'1limi ted. However, from 

standpoint of material cost, only a limited number 0i: materials 

be given serious consideration. It is pla.>"lned to investigate 
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the possible use of 9. nu:-:her of netals suc!1 as lead, bis:ruth, 

::'hese r;:etals n:r~esumably would 

be tested as carPiers in the form of the pr>ecipi tnte r>es,ll tine 

from alkaline hydrolysis. 

Destruction of Citrates by Biolo~ical Arents 

Bioloeical oxidation has shown some indications tllat 

it may prove adequate as a citrate removal process. Some very 

good activated sludges have been produced and maintained in 

the lab ora tory us inr; citric acid as the principal organic food .. 

Specific tests, to be described later, l1ave indicated some pre-

liminary promise that biolof~ical oxidation may prove adequate 

for citrate removal, either as a treatment or as a preliminary 

citrate reduction step applied before chemical precipitation. 

The possibilities of anaerobic des ti, 1.1C tion should also he in-

ves tir.a ted. 

Investiration of DP West Wastes 

A n 1.unber of preliminary invGstigations were carried 

out on samples or prepared solutions into which citrate was 

intror:luced. However, it was deemed that r~ore value would be 

obtained from wor!: with some of the n.c tually occurrinr citrate 

wastes· Ace ordine;ly, steps '.Vere taken to secure waste 

from the DP West Area. 

The first sample secured ·.vas taken February 23, and 

of a series of small grab portions composited over 

15 minute period. This sample contained larr:e nJClounts of 

On the bn.sls of subsequent behavior ru1d 
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citrates was inferred. 

A brief surrunary of some of the d1arac teris t:tcs and 

behavior of this waste is given below. 

I. Appearance and superficial examination: Waste 

was an opalescent cloudy solution with little suspended matter. 

It was obviously heavily laden with a synthetic detergent .. 

(Suds formed on slight agitation and persisted in acid or 

limed solution.) 

II. Analytical Values 

pH - 7 ·3 B.O.D. - 2:so ppm 
Total solids - 828 ppm; Ash 30·6~ 
?u - 22,000 C/H/L 

III. Results of Several Pu Removal Procedures. 

(1) 

(2) 

( 3) 

(5) 

(6) 

FeC11 and lime. 1To formation of floc observed 
up to pE 9.5 Analysis not attempted. 

2000 pp~ of activated carbon added, stirred 
for 3 1/2 ho'~rs, filtered. Residual Plutoniwn 
concentration was 23LJ..0 C/M/L. · 

Chlorination (600 ppm) for 1 hr. contact period. 
100 ppm Fec1

3 
plus lime slurry. Ho floc or ppt. 

formed. 300 ppm NaF and CaCl2, 50 ppm alum, 
pH adjusted to 9.5 with lime. Residual plutonium 
concentration in filtered effluent was 2000 C/M/L. 

2/3 grams per liter KMn0t.p 20 ppm FeC1.11 H2SOLi. 
added to bring pH down to 2.5. Stirred for 1-1/2 
bra. Lime slurry added to raise pH to 9.5, 
settled and filtered. Residual plutonium con­
centration was 28 C/M/L. 

200 ppm of PO added as Na1POt,V A small amount 
of lime added4-to raise pH to ro.o. Solution was 
stirred 30 minutes and filtered through paper. 
Residual plutonium concentration was 1550 C/M/L. 

~ liters of sample was added to 1 liter of 
citrate specialized activated sl,ldr;e and 
aerated for 21~ hours. 'I'he activated sludr;e was 
allowed to settle fro:1 the mixture. One portion 
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of the suoernatant was filtered and analyzed 
for plutonium. 'l'he residual plutonium con­

centration was 1090 C/M/L. A second po:'t::.o· ·- ,. ::ht 

supernatant was flocculated with 20 ppn PeCl3 
and line at pH 9.5. The residual plutonium 
concentration was GLJ-7 C/r-1/L. 

In order to prevent misunderstanding of the relative value 

of the several treatments tried some comments appear to be in 

order• 

(1) 1be precipitates resulting in steps 3 and 

5 were extremely difficult to filter. In terms of plant 

operation such prec ipi ta tes would be almost unmanar;eable • 

(2) The fact that the waste was treated with 

sludge does not mean that an activated sludge process 

contenplated in connection with such a waste. The 

of the waste to forr;1 large arnoun ts of foam on a era ti on 

:would preclude Buch a possibility. T.he sludge treatment was 

taken to get an index of the sort of results which might 

the use of trickling filters. No attempt was 

to remedy possible lack of nutritional elements in the 

In spite of this fact a very considerable reduction 

citrates must have occurred, as evidenced by the +:'act that 

the biological treatment a good floc was readily obtained 

iron and lime. 

This group of citrate studies has represented only 

ary exploratory work. Further work is in progress. 

lines of ,attack indicated for the immediate future are: 

(1) Further study of the characteristics of 

was tJes. 
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this waste. 

(3) Further study of citrate oxidation by 

perma.ngana.te. 

(~) Continued search for a carrier which will 

satisfactorily in the presence of citrates• 
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