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LOW-LEVEL RADIOACTIVE WASTE TREATMENT: THE WATER RECVCLE PROCESS 

W. C. Yee, F. DeLor j , * and W. E. Shockley 

ABSTRACT 

The wjter recycle process was developed for decontaminating 
!ow-'eve! nd ioact ive aqueous wastes and recycling the p j r i f ied water 
for reuse at r.'jclear installotions. This process was successfully demon
strated through severa! cycles in a micro-pi lot plant,. us»ng CRNL 
waste that contained iow concenfrations of salts and radionuclides. 
The recycle of water shou'd be an improvement over present methods 
in which the wastes arc decontaminated and the purified water is dis
charged to the environment. The steps v.\ the process are: (1) c lar
i f icat ion, using zeta-potential-control led additions of coagulants such 
as alum, coagulant aids, activated si l ica, arid nonionic organic poly-
electrolyte; (2) demineraiiza f icn by cation-anion exchange; and (3) 
treatment w<th activated carbon. Ze*a-potential control was shown 
to be an excellent method for obtaining optimum clar i f icat ion condi
tions. The water in the micro -c; lot plant was decontaminated from 
al l mafor radionuclides by factors (DF's) of 1000 to 10,000 for up to 
2400 volumes of water per vclun.2 of cation resin. The DF s for 
cobalt ( 6 0 Co) and ruthenium ( 1 0 6 R u ) were 10 4 and 10 3 , the highest 
obtained in the ORNL waste development program. 

1. INTRODUCTION 

Low-ievei raaioactive wasres, consisting or v.arer with low concentrations of 
' Sir 

solts and radionuclide,,, ore produced at most nuclear installations. Conventional 
12 . 

decontamination methods ' include scavenging precipitat ion, ion exchange, or 

d ist i l lat ion, followed by discharge of the purified water to the environment. The 

obje ..ives of the work reported here are: (1) to determine the technical feasibi l i ty 

of recycling ine purified water fcr reuse (e.g., to determine the effects of the 

*Guest scientist from the Spanish Atomic Energy Commission. Present address: 
Ministerio de Industrie, Junta de Energia Nuclear, Madrid, Spain. 
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r ^ncentrations of contaminants in rec; z\ed water; a i* . ^2} to develop improved 

decontamination memoes. Recycle appears desirable since it would eliminate the 

cost of purifying the water that is taken from rivers for use in the nuclear station; 

also, It would allow the nuclear station to become self-contained. Improved de

contamination would, of course, decrease I'he flow of radionuclides to the environ

ment. The radioactive concentrate could be incorporated in asphalt or polyethylene 
3 4 

prior io disoosal in a aovernment buna! ground. 

Some of the solids in the waste are present in the form of col loidal particles. 

Thus, efficient clar i f icat ion is important as the first treatment step. Zeta-ootential 

control was developed as a regulatory method since previous workers had reported 
5 

that it showed considerable promise. 

The second step is demineralization for eff icient removal of soluble salts and 

radionuclides. This portion of the process differs from the previously developed 
6-9 . . . . . . . 

process in which a high degree of decontamination, but only partial demin

eral izat ion, was achieved. The third step is sorption on activated carbon. This 

sorption system was evaluated in on effort to increase the removal of radionuclides, 

such as ruthenium and cobalt, wr ich had proved to be refractory in previous studies. 

The water recycle process is compatible with present public opinion and with 

government policies that encourage the recirculation of waters and the minimization 

of discharge of both rodioactive and nonradioactive salts to the environment. 

This type of process should also be applicable to rhe recycle of nonradioactive indus

trial and urban waste waters that require clar i f icat ion end deminerclizatisn. 

2. PROCESS FLOWSHEET 

The water recycle process, which was developed for the treaiment of low-level 

rodioactive waste having a low salt content (Fig. 1), consists of the following steps: 

coagulation and clari f icat ion, demineralization, and treatment with activated 

carbon. The decontaminated and demineralized water is returned to the nuclear 
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installation for reuse, while the concentrated radioactive waste !s denitrated, if 

necessary, and then incorporated into asphalt and buried. 

The flowsheet (Fig. 2) includes: (1) coagulation by zeta-potential-control led 

additions of the coagulant, alum, and fhe coagulant aids; activated si l ica; and a 

nonionic organic polyelectrolyte; (2) c lar i f icat ion by upflow through a f luidized 

bed of sludge (upflow clarl f ier), followed by f i l t rat ion through a bed of anthracite 

coal rod sand; ^3) deminerclization by cation-onion exchange; and (4) sorption of 

the emaining radioactive and nonradioactive contaminants on granular activated 

carbon. Continuous operation of the coagulat ion-clar i f icat ion systen; under optimum 

conditions is -mportant to the maintenance of high decontamination factors (DF's) for 

radionuclides such as cobalt and ruthenium, which, in neutral wastes, exist in sev

eral forms including ionic and nonionic colloids. Efficient removal of these colloids 

depends on the neutralization of their mutually repelling surface charges, that is, 
5 their zeto-potential (ZP). The successive addit ion of activated silica (0.5 ppm 

as S i 0 9 ) and alum [2 to 3 ppm as A L ( S O , ) « ] in the flash mixer increased the 7P 

of synthetic recycle water from -20 mv to +3 mv. Stirring at 1750 rpm effectively 

enmeshed the colloids within the freshly formed aluminum hydroxide f loe. The 

addition of 75 ppb of a nonionic organic polyelectrolyte* at the flocculator en

hanced the growth and settling properties of the floe (Fig. 3) and accomplished the 

desired f i l ter ing action in the upflow clar i f ier (the primary f i l ter ing medium) by 

maintaining a f iuidized bed of sludge. The f ina! ZP was -2 mv. After f i l t rat ion 

through anthracite and sand, rne warer had a ciar i ty comparable to thar of dist i l led 

water, representing a greater than 100-fold decrease in turbidity. The micro-pi lot 

plant components used in these tests are shown in Figs. 4 and 5. 

Demineralization was accomplished by ion exchange, using two separate columns; 

one contained 1.0 cation resin volume (400 ml) of a strong-acid cation resin (Dowex 

50W-X8, 20 tc 50 mesh), and the other contained 1.9 cation resin volumes (750 ml) 

*Purifloc N-12, product of the Dow Chemical Co., Midland, Mich. 
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Fig. 2. Flowsheet for the Water Recycle Process. 



Fig. 3. Coagulation of Suspensoids by Use of Zera-Pcient iai Control, (a) Raw water contains suspended 
particles which have an average zeta potential (ZP) of -20 mv. (b) Alum [2 to 3 ppm A ^ S O ^ o ] and activated 
si l ica (0.5 ppm, as SiC^) are added with rapid stirr ing. Repulsive surface charges are neutralized to a ZP of 
+3 mv, and particles (the "stars") are enmeshed into the freshly formed small aggregates of aluminum hydroxide 
f loe, (c) Floe growth is enhanced by the addit ion of a nonionic organic polyelectrolyre (75 ppb) which lowers 
the ZP to - 2 mv. The water, after f i l t ra t ion, has a clar i ty comparable to that of d ist i l led water. 
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Fig. 4. Micro-P i lo t Plant Used in Tests of the Water Recycle Process: Clar i f icat ion Section. 
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t\g. 5. Micro-PHot Plant Used in Tests of the Water Recycle Process: Qernineralization-Carbon SectK 
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of a s^-cng-base a n i m res;n (Dov/ex I -X t i , 20 to 50 meih^.. The contact times for 

the cat ion ana anion columns were 2.6 end 4.8 min, respecr ively. The fluw j'ufe 

was 150 m l / m i n . A third column, conta in ing act ivated carbon, was used for f ina i 

pol ishing (or c leaning}. A vegetable-based granular, act i .-ated carbon* was used 

in preference to other commercial carbons because of its greater capaci ty for c o 

bal t . The volume of the ac t iva ted-carbon cck<n--n ( i .e . , 1200 ml or 3.0 cat ion resin 

vo' jmes) was maintained at three times that of the cat ion column to obta in the 

optimum residence time of 8 min recommended by Roberts and Abdel -Rczek, 

The water used in the m i c r o - p i l o t p lant eva luat ion of the f lowsheet had to be 

simi lar to water that had been demineral ized and then recontaminaTed through p lant 

use. Consequently, the wa^te used in these exper imental runs was water w i t h a low 

solids content and consisted of: (1) 80%, by volume, o f decontaminated and d e 

minera l ized ORNL-LLW trected v ia the water recyc le process (2) 20% row O R N L -

LLVV, and (3) radioact ive tracers. The speci f ic conductance of the composite waste 

water was 80 to 100 micrcrnhos/cm, on ly one- four th to one - th i rd of that for O R N L -
1 A 6 

LLW. Equal amounts of tracer R'j were added from two sources, namely, an ac id 

solution conta in ing Ru as tne pure isotope, and ORNL in termedia te- ieve l waste 

(pH, 12 to 13) contain ing Ru Coba l t -60 from these two sources was also present. 

Overa l l DF's ^f 100 *o iC,000 for a i i major rad ioact ive species were obtained for 

up to 2400 volumes of waste treated per bed volume of cat ion resin; DF's in the 

few-thousar.cJ range were achieved for i, Ru, Sr, and tota l rare earths, whi le 

DF's of 14,000 and 37,000 were ach ieved for Cs and Co respect ively. The 
144 125 95 

concentrations of other radionucl ides — Ce, Sb, and Z r - N b — were reduced 

to the ana ly t i ca l l imits of detect ion (Toole 1). The DF's for ' Ru and Co were 

• 0 to "000 times higher than those obta ined previously in the O R N L waste c e v e l o p -
12 

ment program. The composit ion o f the product waier met U. S* Public Health 

Nucnar C-190. a product of West V i rg in ia Pulp and Paper C c , Chemical Div is ion, 
New York, N- Y. 



Toble 1. Product-Wot*" Analysis cf l.ow-Salt-Con>ent Woste Treated by the Water Rocycle Proceii 

A. Overall Decontamination Factor* (Dp's) for Radionuclides 

I.idlvidual k ot jpe< 

, 2 5 S b 
90. 

5r 

Total 

144-Ce 6°Co 137-Cs • 3 , | 106 
Ru 

, 2 5 S b 
90. 

5r 
95 
V°Zr Nb 

hare 
Ea'tlis 

Waste analysis, dis m i n - ' 
ml" ' or counts min"' 
ml" 1 

28.0 245 162 277 96 3.4 55.1 1.7 52.0 

Bo Ik Ions 
Gross Gross (specific 

254 198 8 0 b 

DF's for product wate. 800° 37,000 14,000 3500 1230 210° 5700 350° 1900 270° 260° 200 h 

B. Wet Analysis 

Total 
Dissolved Total Total Calcium 

Turbidity Solid* Hordnes* Alkalinity Hardner.s No Al SI PO4 SO4 F CI N O 3 C 
(JTU) d '.uprn) (ppm CaCCX.) (ppm C a C O J {ppm CaCO^) (ppm) (ppm) (ppm) (f»pm) >Ppnr|) (ipm) (ppm) (ppm) (ppm) 

Waste wat«T 10 e 24 19.6 21 3 <:0.1 0.56 0 17 :2 02'> <l 3 38 

Product wo tor <0.05 <1 0.1 <1 '0 .1 <o 1 <0.1 <0.1 0.02 <2 <0.0? <1 < 1 <2 

USPWS ita^Jards* 5 500 9 8 i 9 3 g 0 . 1 h 250 1 25C 45 1 

Condition): aium-silica-nonionic polyelectrolyte clarification; cation-oolon exchan<i<>; sorption on vegetable-bated actlvatod ccrbon « a flrcl polishing step. DF values art 
for product water with o specific conductance of lass than 1 micromho/cm. 

The dimensions o( specific corxJuctance are micromhon/cm. 

These urs min' ,-.um valuas, sinew all of the radioactivity in the waste water was reduced to the analytical limits of Selection (xickground). 

Jackson turbidity unit. Turbiditlti measured on low-angle turbidity meter. Ref: A. P. Black ond S. A. Hannah, J. Am. Water Work <ASSOC. 57, 90 ' (1965). 

Not aV-ermined. 

U. S. Public Health Service Drinking Water Standards, 1962. 

No lirr its ulven. 

No limit given. This figure is consider' to represent the safe tolerance level in drinking w i tw for man Ref: T. R. Camp, WJtwr anci Iti, ImpurltUu, t>. 93, 
Reinhold, I slew York, 1963. ' 
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13 Service specifications regarding permissible concentrations of radioactive elements 

( i .e . , < 2% of the MPC for a 168-hr week if 1 3 1 | is excluded; < 10% of the MPC if 

I is included) as well as ricrradioactive elements. The salt content of the 

product v.cter was reduced to less than 2 ppm, i.e., greater than a 20-fold reduction. 

In the dem'neralization-carbon system, specific conductance was a simple indicator 

of resin-bed exhaustion, since the breakthrough of bulk ions has been found to precede 

breakthrough of the radioelements (Pig, 6), ion exchange treatment aicne removed 
137 90 

most of the Cs and Sr, but sorption on activated carbon was required in order 

Jo obtain high DF's for cobalt and ruthenium. The DF for demineralization, as 

indicated by specific conductance measurements (Table 1), was 200. 

The regeneration of the cation exchange column required six resin volumes of 

4 M^ HNCX to reduce the act iv i ty level of the radioelements on the resin to 0 . 1 % 

of the level of the sorption cycle; the first three bed volumes (BV's) containing the 

bulk of the act iv i ty were diverted to intermediate-1 eve I waste, whi ls the lest three 

BV's rvere retained for a subsequent regeneration. In similar fashion, 8 BV's of 

2 M NaOH were required to reduce *he concentrations of the radioelements on the 

anion exchange column to 1% of the or iginal. Cobalt-60 was removed from the 

activated-carbon column by using 0.5 M^ HNO~ as the eluent; 4 BV's were required 

to reduce the act iv i ty resulting from this radionuclide to 0 1% of thot original ly 

present. 

Important parameters that could signif icantly affect the process operation in 

recycle water treatment include the pH of the raw waste, the specific conductance 

of this waste, the synthetic-detergent content of the waste, and the effect of i n 

creased amounts of contaminants that may accumulate during recycle. The pH of the 

raw waste must be in the range of 7 to 8 prior to cooguiat ion-clari f icat ion treatment. 

This allows proper alum floe formation, which is essential to optimum removal of the 

radiocolloids, especially Ru and Co. The required alum dose is more dependent 

on fhe specific conductance of the waste than on the turbidity of the waste; ORNL-

LLW with a specific conductance of 250 to 300 micronhos/cm and about 15 Jackson 
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13 

rurbidity uni!s (JTU) required 20 ppm AL(SO J - , while recycle waste with a 

specific conductance of 50 to 60 micromhos/cm and turbidities ranging from 5 to 

25 JTli required only 2 to 3 pom A i „ ( S O j „ ( i .e . , about one-tenth of the dose 
z f o 

required for ORNL-LLW). Wher large concentrations of synthetic detergent 

(syndets) are present in waste, the addition of a medium-long-chain cationic poly

electrolyte may be necessary in order to optimize clarification. This polyelectro'yte 

serves to decrease the negative 2? of the suspended particles sufficiently to permit 

alum and activated silica to neutralize the surface charges. In one micro-pilot 

plant run, 10-ppm quantities of tripo I y phosphate (TP) and alkylbenzenesulfonate 

(ABS) were added to the recycle waste; the combined concentration of these com

pounds is comparable to the maximum syndet concentration in secondary effluent 

water, as reported by the U.S. ^bl ic Health Service. In the coagulation step, 

approximately 20 ppm of Primafloc C-3 , * approximately 15 ppm of AL(SO, )~ , and 

0.2 ppm of octivated silica (as SiC«) were added. The addition of larger quantities 

of coagulants and coagulant aids significantly increased the total dissolved solids 

present in the waste and resulted in the reduction of the ion exchange capacity for 

treating the waste by 33% (i.-5., to about 1900 BV's). 

3. LABORATORY DEVELOPMENT OF I HE PROCESS 

Much of the laboratory work connected with the development of the water 

recycle process was devoted to a careful examination of the conditions necessary to 

achieve optimum clarification of raw wastes on a continuous basis, since the removal 

of the ionic radioactive contaminants could be readily accomplished via cation-

cnion exchcnge methods. 

One of the most significant and controlling factors in the clarification of 

vsste waters is 2? control. Although several other foctors must also be taken 

"A medium-long-chain polyamine of the cationic type, with a molecular weight 
of 10,000 to 20,000; product of Rohm and Haas Co., Philadelphia, Fa. 
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into account, it is essential to neutralize the mutual repelling forces (ZP) of the 

colloids since they keep the particles in suspension and hinder or prevent agglom

eration. Coagulation is achieved when a sufficient quart.iry of alum and other 

coagulants aids is added to encapsulate all the colloidal particles in hydrated 

aluminum oxide. Zero ZP (with a tolerance of ± 5 mv) is attained when the ampho

teric aluminum oxide floe is at r. pH near the isoelectric point. 

Exploratory jar (or beaker) tests were made with ORNL-LLW to identify the 

optimum conditions needed to clarify waste water, using ZP control. Each test 

consisted of the following steps: (1) 2 min of flash mixing (1750 rpm) of the waste 

water after alum was added; (2) 15 min of floccuiatioo at 60 rpm, followed by 15 

min of mixing at 20 rpm; and (3) 20 min of settling time. Electrophoretic mobility 

measurements were made, immediately after the flesh-mixing step, with the use 

of a Zeta-Meter;* these measurements were subsequently converted to ZP values. 

The average ZP (using the above method) of samples of ORNL-LLW taken o/er 

a six-month period voried from -12 to -18 mv (Fig. 7); this range is slightly less 

negative than that for suspensoids in raw water (reported to be -16 to -22 rcv). 

Test objectives included the determination of: (1) the amount of alum needed to 

bring the ZP of the waste to zero, (2) the influence of other cooguiont oids on zeta 

potential when they were added along with alum, and (3) the effect of speeci C*J 

flash mixing. Figure 8 shows that 10 to 20 pom of alum is needed to neutralize 

the negative ZP for colloids (in waste) that have initio! ZP values ranging from 

-11 t o - 1 8 mv. 

The effects of coagulant aids on ZP (Table 2) are as follows: 

1. Grundite clay, which can be added to give bulk to the light alum floe 

an6 tc decrease subsequent settling time for c I or? fleet ion, fends ro 

decrease the amount of alum subsequently needed to attain zero ZP. 

(The ZP of Grundite clay in tap water is about -10.8 mv, which is 

less negative than the overage ZP of the suspensoids in ORNL-LLW.) 

•Product of Zeta-Ateter, Inc., New York, N. Y. 
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Fig. 8. A W Coagulation of LLW, Using Zeta-Potentiai Control. 



Table 2. Changes in Zeta Potential When Coagulant Aids Are Uoad in Conjunction with Alum Clar i f icat ion 

Dart 
ORNL-LLW 

Sa.iple 

Coagulant A id 
A l u n 
Cone. 

Zeta 
Potential 

Dart 
ORNL-LLW 

Sa.iple Cone. 
A l u n 
Cone. 

Zeta 
Potential 

Was Taken 

Grand?te clay 

Purpose (ppm) 

0 

(ppm) 

0 

(mv) 

7-13-64 Grand?te clay To densify alum floe 

(ppm) 

0 

(ppm) 

0 -16.2 
0 13 0 

10 13 0 
20 12 0 
40 11 0 
80 10 0 

11-6-64 Act ivated si l ica To toughen fragi le alum floe 0 0 -14.8 
0 24 +5.2 
0.5 24 +2.2 
1.0 24 -2,3 
2.0 24 -5 .8 
5.0 24 - W . 2 

10.0 24 -12.0 
15.0 24 -14.2 

7-13-c4 Primafloc C-3 To aid in agglomeration during 0 7 -5.7 
f locculat ion 0 7 b -8.0 

0.5 -7b +3.1 
1.0 7 K +8.2 
1.5 / b \ 11.2 
2.0 7 b + 12.7 

A cat ionic, medium-length-chain polyamine wi th a molecular weight of 10,000 to 20,000; product of Rohm and Hoas 
Co., Philadelphia, Pa. 

7 ppm of alum and 40 ppm of Grundite clay. 
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2. Ac t i va ted s i l i ca , which can be added to toughen the f rag i le alum 

f l oe , increases the amount of alum subsequently needed to a t ta in 

zero ZP. (The ZP of ac t iva ted s i l i ca in tap water is about -15 mv, 

wh ich is about the same as that of the suspensoids in ORNL-LLW. ) 

3. Addi t ions of small amounts of organic polyv lectro'.ytes such as 

Primafloc C - 3 , wh ich can be added to the waste water after the 

f lash-mix ing step to assist in f loe agglomerat ion, produce greater 

changes in ZP than inorganic coagulants such cs aium; for example , 

on ly 0.5 pom of Primafloc C -3 shifted the ZP of the suspended 

j a h i c l e s in LLW fr:>m about - 6 to +3 mv (Table 2). 

Microscopic examinat ion of the aluminum hydroxide f loe showed that f lash 

mix ing at 1750 rpm caused the alum to be distr ibuted more rap id ly and more u n i 

formly, and resulted in a more-complete enmeshing of the suspensoids, than mix ing 

at 200 to 300 rpm (assuming that 300 rpm is the maximum speed obta inable w i th a 
18 

standard laboratory st irrer). This result agrees w i t h the work of Riddick, who 

reported that, in the f irst one-thousandth of a second fo l low ing the add i t ion of 

a lum, the hydrous oxide polymer ei ther encapsu'ates a co l lo id or unites w i t h another 

alum polymer. The latrer act ion results in useless f loe format ion. 

Opt imum c la r i f i ca t i on coryJitioro were established by deiermining the amount 

of solid that remains suspended in the supernate in the jar tests. Af ter a set t l ing 

time of 30 min, 250 ml of the supernate in each far wes f i ^ e r e d through a 0.45-M 

M i i l i po re f i l t e r , and the par t icu late concentrat ion on the f i l t e r was determined. 

Best results were obtained when A L ( S O > ) and S i C 0 were addsd successively to 

g ive respective concentrat ions of 20-30 and 0.5 ppm (F ig . 9) . In this co*e, the 

average ZP of the suspended solids in the waste increased from an o r ig ina l =-14 to 

-17 rnv to +2.5 mv. Af ter th's trearment, on ly 20 part ic les were found to be present 

per square centimeter of membrane f i l t e r area pQr n i l h u l e r of c l a r i f i ed waste, as 

compared w i th 300 part ic les for the raw waste. 
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The clari f ication of recycle waste water containing a low concentration of 

total dissolved solids ( i .e. , a specific conductance of ~ 50 micromhos/cm) had to 

be rreated differently from LLW; this water required only about one-fif th to one-

ten.h cf the quantity of aium used in the treatment cf ORNL-LLW having a con-

cc i t ra t ion of tote! d i»oived solids similar to that of tap water ( i .e . , G specific 

conductance cf ~ 300 micromhos/cm). Both activated sil ica and a ncnionic poly-

e'ectrolyte were needed as coagulant aids in order to improve the settling charac

teristics of the alum fioc formed. Neither the addition of a polyelectrclyte nor 

an alum-activated c i ! : r ; j treatment alone produced a clari f ied product of .he 

quali ty obtained by using the activated sil ica and polyelectrolyte in come ination 

as coagulant aids. 

Ja- tests at pH 7, which is the optimum pH for alum floe formation, demonstrated 

tha f , in .vhe presence of a polyphosphate (a constituent of syndets), alum f locculat icn 

and clar i f icat ion are d i f f icu l t . This is particularly true for water having a low c a l 

cium content (e.g., recycle water). The formation of alum floe was studied in 

dist i l led water containing 25 to 30 ppm of ortho-, pyro-, t r ipo ly- . or hexameta-1 

3-phosphate (as PO . ). Alum floe was formed «r. orthophosphote so! j t ior* bom in 

the presence and in the absence of ce'eium, and c-t'nophosphate was removed ( r i g . 

10). In polyphosphate so!i;nuns containing 60 ppm of A L ( S O . ) « , no floe was formed 

in the absence of calcium. With Jne addition of 30 ppm of Car , an alum floe was 

formed immediateiy, and 80 to 95% of each of the polyphosphates was removed. 

Results of detailed column sorption tests with activated alumina, which is dehydrated 

alum floe (with less surface area), indicate that polyphosphate sorption was s igni 

f icant ly higher when the calcium/phosphate mole ratio was 1.0 or higher; jar tests 

were made under conditions where these ratios varied from 0 to 3.0. Thus, when 

polyphosphates are present in recycle water, the calcium/phosphate mole ratio 

should probably be at least 1.0 in order to achieve optimum clar i f icat ion with a 

minimum amount of alum. 
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4. CONCLUSIONS 

Micro-pilot plant rests of a water recycle process demonstrated the feasibility 

of using a closed-cycle method to treat low-level radioactive waste having a low 

salt content. This process would allow the return of demineraiized, well-decon

taminated recycle water to a nuclear insrallaiion for reuse. It represents an improve

ment over the traditional "treat and discharge" methods of treatment. The flcccu'ation-

clarification treatment reduced the solids content (turbidity) of ORNL-LLWfrom 10 

to less than 0.05 JTU, a l^vel that is comparable to that of high-quality distilled 

water. Overall decontamination factors of 10C0 to 10,000 were obtained for all 

major radioactive species up to 2400 volumes of waste treated per bed volume of 

cation resin. The product water met U. S. Public Heahh Service standards for the 

radioactive elements dererrtvned (i .e., ie»s than 2% of the MPC for a 168-hr week 
'31 131 

if I is exchxied; < 10% of the MPC if I is included). Specific conductance 

can be used as a simple indicator of resin-bed exhaustion since the breakthrough of 

bulk ions has been found to precede breakthrough of radioelements. Before break

through, i^e DF for demineralization was 200. 
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