o
:

Dwé-/4247

ORNL-44772
UC-7( —~ Waste Disposal and Processing

]

RO

\"'

LOW-LEVEL RADIOACTIVE WASTE TREATMENT:

THE WATER RECYCLE #ROCESS

- W. C. Yee
F. Delora ‘
W. E. Shockiey

THIS cmurvsmr

mws;owqﬁf cu;syfmm"
DATm%ﬁ-amm

m

OAK RIDGEZ NATIONAL LASORA ORY
operate.: by
UNION CA1BIDE CORPORATICH
fz; the
U.5. ATOMIC EHERGY COMMISSICH

PGOOO

» PN
[

IS PP »VQSA‘i F \w

i o e ) Bt e e L

e ar u——— ,  pind | s






3
1

N

- Pitated in the Usimnd Stares of America. Amhﬂ- fMme‘hFM
Lsiemtibic and Vacknical lefermation, Botianc! oureaw of Sindads, :
U&Mm*étwnﬂ,iwm\br“-?zﬁ!_ e R
anfmmw«o&évﬂ | R

A ek ol

e i 3 & D § iy s i ] b b s i Bt b B o il Al L

&'m o the Mnhn, o o-pk,m d neﬁ cunnnqﬂ ma, Mn
: M&;mnsmwm'mw ..M-me-mmwm
iwthwkymﬁ)&smbm "

R oo
NRCRROGE '...»...........,..‘.,s;-....
. AR t

D RS e e BRI e Yo S
1 T : . : ‘ ‘ - h
— - - - \ - B #
: ~ R/
- >
.
“« L
- i s .
e e e B T e e
T e T T R 5 .
, g
< ' ;
., L
5
— 5
’ ’
A i ’
., o




B a1 |

e LAY £ MU T RMNITIEST L o INYES T I et R L ol e feny: n.ﬂ.ﬁaﬁsa.ﬁsngdaigiiﬂg!sigﬁg (77 Y LT LT N n




28 §

QRNL-4472

Centract No. W-7405-eng-26

CHEMICAL TECHNOLOGY DIVISION

Chemizai Development Section 8

LOW-LEVEL RADIOACTIVE WASTE TREATMENT: THE WATEP RECYCLE PROCESS

W. C. Yee
F. Detora™
W. E. Shockley

LEGAL NOTICE

N

1 would not infringe privately owned rignts,
L

This repor. was prepared as an account of work
sponsored by the United States Government, Neither |
the United 5t:tes nor ths Unitea States Atomic Energy |
Comrissicn, nor any of their employees, nor any of !
their contractors, subcontractors, or their 2mplovees, |
makses any warranty, express or imniiz-4, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefuiness of znv information, apparatus,
i product or process disclosed, or represents that its use

JULY 19670

r'—y—fr-w«‘—-..—mﬁv—m i
|
|
i
{

*Guest scientist from the Spanish Atomic Energy Commission. Present Address:
Ministerio de Industria, Junta de Eneigia Nuciear, Madrid, Spain.

OAK RIDGec NATIONAL LARORATORY
Oak Ridge, Tennessee
operated by
UNION CARBIDE CORPORATION
for the
U. S. ATOMIC ENERGY COMMISSICN




c——t

LOW=-LEVEL RADIOQACTIVE WASTE TREATMENT: THE WATER RECYCLE PROCESS

W. C. Yee, F. Delorg,* and W. E. Shockley

ABSTRACT

The water recycle process was deve:loped for decontaminating
low='eve! rodioactive aqueous wastes and recycling the purified water
for reuse at ruclear installations. This process was successfully demon-
strated through severa. cycles in a micro-pilct plant, using GRNL
waste that contained iow concenirations of salns and rodicnuclides,
The recycle of water should be ar improvement over present methods
in which the wastes arc cecontaminated and the purified woter is dis-
charged to the environment. The stepe in: the process cre: (1) clar-
ification, using zeta-potential-contrelled oddirions of coagulants such
as alum, coogulant aids, activated silica, ond nonionic organic poly-
electrolyvte; (2) demineralization by cation-anicn exchange; and (3)
treatment with activatad carbon. Ze*a-potential control was shown
to be an excellent method for obteining cptimum clarification condi-
tions. The warer in the micrs -pilot plant was decontaminated from
all major radionuclides by factors (DF's) of 1000 to 19,000 for up to
2400 volumes of water per volur2 of cation resin. The DF s for
cobait (60Co) and ruthenium (]06Ru) were 10% and 103, the highest
obtained in the ORNL waste development program.

1. INTROD UCTION

Low-ievel radioaciive wasfes, consisting of water with iow concentrations of

salts and radi cre produced at most nuclear installations. Comventional

. 1,2, . e e
decontaminatior methods '~ include sccvenging precipitation, ion exchange, or

onuclide.,
distillation, followed by discharge of the purified water to the environment. The
obje..ives of the work reported here are: (1) to determine the technical feasibility

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

*Guest scientist from the Spanish Atomic Energy Commission. Present oudress:
Ministerio de Industria, Junta de Energia Nuclear, Madrid, Spain.
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~ .ncentrations of cortaminants in rec: :led water; ain .2, to develon improved
decontamination methocs. 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 woula allow the nuclear station to become self-contained. Improved de-
contamination would, of course, decrease the flow of radionuclides to the environ-
ment. The rodioactive concentrate could be incorporated in asphalt or polyethylere

3,4

pricr io disposal in a government burial ground.

Some of the solids in the waste are present in the form of colloidal particles.
Thus, efficient clarification is important as the first treatment step. Zeta-notential

centrol was developed as a regulatory method since previous workers had reported

5
that it showed considerabie promise.

The second step is demineralization for efficient removal of soluble scits and
radionuciides. This portion of the process differs from the previously developed

.6_9:_..1.:-!_,1-: ! s 2 - . .
srocess in which a high degree of decontamination, but orly partial demin-
eralization, was achieved. The third step is sorption on activated carbon. This
sorption system was evaluated in an effort to increase the removal of radionuclides,

such as ruthenium and cobalt, wi-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 radioactive and nonradioactive salts to the environment.

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

trial and urban waste waters that require clarificotion cad demineic!ization,
2. PROCESS FLOWSHEET

The water recycle process, which was developed for the treaiment of low-level
radioactive waste having a low salt content (Fig. 1), consists of the foliowing steps:
coagulation and clarification, demineralization, and treatment with activated

carbon. The decontaminated and demineralized water is returned to the nuclear
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Fig. 1. Treatment of Low-Level Radioactive Waste and Disposal of Residues.




installation for reuse, while the corcentrated radioactive waste is denitrated, if

necessary, and then incorporated into asphalt and buried.

The flowsheet (Fig. 2) includes: (1) coagulation by zeta-potential-controlled
additions of the coagulant, alum, and rthe coagulant aids; activated silica; and a
nonionic organic polyelectrolyte; (2) clarification by upflow through a fluidized
bed of sludge (upflow clarifier), followed by filtration through a bed of anthracite
coal end sand; (3) deminerclization by cation-anion exchange; and (4) sorption of
the ~emaining rediocctive and nonradioactive contaminants on granular activated
carbon. Continuous operation of the coogulation-clarification systen: under optimum
conditians is important to ine mainienance 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 collcids
depends on the neuiralization of their mutually repelling surface charges, that is,
their zeta~potential (ZP).5 The successive oddition of activated silica (0.5 ppm
as SiO2) and alum {2 to 3 ppm as A|2(SO4)3] 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 floc. The
addition of 75 ppb of a nonionic orgcnic polyelectrolyte* at the flocculator en-
hanced the growth and settling properties of the floc (Fig. 3) und acccmplished the
desired filtering action in the upflow clerifier (the primary filtering medium) by
maintaining o fividized bed of sludge. The fina! ZP was -2 mv. After filtration
thiough anthracite and sand, the water had a ciarity comparabie to that of disfiticd
water, represeriting a grecter than 100-fold decrease in turbidity. The micro-pilot

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 olume (400 ml) of a strong-ucid 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 Chemicol Co., Midland, Mich.
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Fig. 2. Flowsheet for the Water Recycle Fiocess.

l

INYERMEDIATE. -
LEVEL
WALSTE

]



v e T BT T R e .

ITIRARFIN- RN XY

Fig. 3. Coagulation of Suspensoids by Use of Zeta-Poiential Control. (a) Raw water contains suspend.d
particles which have an average zeta potential (ZP) of =20 mv. (b) Alum [2 to 3 ppm A|2(SO4)3] and octivated
silica (0.5 ppm, as SiQO) are added with rapid stirring. Repulsive surface charges are neutralized to a ZP of
+3 mv, and particles (the "stars") are enmeshed into the freshly formed small aggregates of alumir:.um hydroxide
floc. (c¢) Floc growth is enhanced by the addition of a nonionic organic pnlyelectrolyte (75 ppb) which lowers
the ZP to =2 mv. The water, ofter filtration, has a clarity comparable to that of distilied water.
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of a strong-base aniodn resin {Dowex 1-%z, 20 1o 50 mesh!, The contact times for

the caticn and anion columns were 2.6 ond 4.8 min, respeciively. Tne low raie
was 150 ml/min. A third column, coataining activated carbon, was used for finai
polishing {or cleaning}. A vegetotie-based gronular, acti rated carben* was used
in preference to other commerciai carbons becguse of its greater capacity for co-
palt. The vclume of the activated-carbon column (i.e., 1200 mi or 3.0 cation resin

volumes) was maintained at three times that of the cation column to obtain the

11

optimum residence time of 8 min recommended by Roberts and Abdel-Razek.

The water used in the micro-pilst plant evaluction cf the fiowsheet had to be
similar to water that had been demineralized and then recontaminared through plant
use. Consequently, the waste used in these experimental rurs was water with a low
solids content and consisted of: (1) 80%, by volume, of decontaminated ond de-
mineralized ORNL-LLW trected via the water recycle procass, (2) 20% row COXNL-
LLW, and (3) radicactive tracers. The specific conductance of the composite waste

water was 80 to 100 micrcmhos/cm, only one-fourth to one-third cf that for ORNL-
mn
LLW. Equal amounts of tracer "““R were added from +wo sources, namely, an acid

. . . 106, : . . . :
solution containing Ru us tne pure isotorz, and ORNL intermediate-ievel waste

- . o I -~ ’
(pH, 12 to 13) containing Ru. Cobalt-40 from these two sources was also present.
Overall DF's »f 100 tc iC,000 for ali major radiccctive species were obtained for

up to 2400 volumes of wausie treated per bed velume of cation resin; DF's in the

131 lOéR 90

rew-thousand range were achieved for i, u, Sr, and total rare earths, while

DF's of 14,000 and 37,000 wecre achieved for l37Cs and 6OCo respectively, The

, . ] 44 12 9%
concentrations of other radionuclides — ! Ce, 5Sb, and ~Zr-Nb — were reduced

. 106 60
to the analytical limits of defection (Tupie 1). The DF's for Ru and = "Co were

.0 to 000 times higher than those obtained previously in the ORNL waste cevelop-

i2 .o .
ment program. e composition of the product waier met U. S. Public Health

m—

*Nucnair C-190, a product of West Virginia Pulp and Paper Ce., Chemicai Division,
New York, N. Y.
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Toble 1. Product='Woter Analysis f Low=Salt-Content Wuste Treated by the ‘Water Racycle Procass”

A. Overall Deccntamination Factors (DF's) for Rodionuclides

Individual L otope:. Totel Bulk loms
144 60 137 ' 106 125 90 95 hare Gross Gross (specific
Ce Co Cs | Ru Sb Sr Zr ‘Nb Earths Gamina Beto conductance)
Waste analysis, dis min~! 28.0 245 162 277 96 J.4 55.1 1.7 52.0 254 198 BOb
m~! or counts min~!
ml=1
DF's for product water  800° 37,000 14,000 3500 1230 210° 5700 350° 1900 270° 260°¢ 200"
B. Wet Analysis
Total
Dissol ved Total Yotal Calcium
Turbidity Solids Hordness Alkallnity Hardness No Al Si POy 5Oy F Cl NO- C
(JTyd tppm) (ppm CaCO4)  (ppm CoCO,)  (ppm CaCO,4)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (opm)  (ppm) (ppmf (ppm)
- - O
Woste woter 10 e 24 19.6 21 3 <0.1 056 0.7 2 2.2% < 3 38
Product woter <0.05 <1 0.1 <1 01 <0 0.1 <0.1 0.02 2 <0.0? <] <1 <2
USPHS stor dards’ 5 500 0 g 3 g 9 e 01" 250 1 25C 45 \

— ——— . —

Q are . .
Conditions: alum-silica=nonionic polyelectrolyte clarification; cation-anion exchangy; sorption on vegetable—based activated ca bon a1 a firel polishing step. DF values ore
for produ:t water with o specific comiuctonce of less than | micromho/cm.

bTho diinensions of specific corductanca are micromhos/cm.

“These ars min' sum values, since all of the radioactiviiy in the waste water was reduced to the anal itical limits of Jetection (rackground).

dJocluon tubidity unit. Turbidities measured on low~angle turbidity meter. Ref: A. P. Black ond S. A. Harnah, J. Am. Water Wark assoc. 57, 901 (1965,
®Not dererinined.

‘U. S. Pblic Hea'th Service Drinking Watar Standards, 1962.

“No linits piven,

h .
No limit given. This figure is considerec! 1. represent the sofe toleranca level in drinking water for mar, Ref: T. R. Camp, Watar onci It Impuritios, p. 93,
Roinhold, INew York, 1963. v s,
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Service specifications regarding permissible concentrations of redioactive elements

(i.e., < 2% of the MPC for a 168-hr week if ]311 is excluded; < 10% of the MPC if
A
]3]I is included) os well as nciradioactive elemems.] The salt content of the

product waier was reduced to less than 2 ppm, i.e., greater than o 20-fold redu=tion.

In the demineralization-carbon system, specific conductance was a simple indicator

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

breckthroi1h of the radiocelements (F;g_ é)_ lon exchcnge ¢
- . LA : n P . - 1 . .

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

‘o obtain high DF 's for cobalt and ruthenivm. The DF  for demineralization, as

indicared by specific conducicrce measurements (Table 1), was 200.

The regereration of the cotion exchange column required six resir volumes of
4 M HNO3 to reduce the activity 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 octivity were diverted to intermediate-level wasie, whilz rhe lcst three
BV’ were retained for a subsequent regeneration. In similor fashion, 8 BV 's of
2 M NaOH were required 1o reduce the concentrations of the radicelements on the
anion exchange coiumn o 1% of the original., Cobalt=60 was removed from the
activatea-carbon column b, using 0.5 M HNO3 as the eluent; 4 BV's were required

tc reduce the activity resuliing from this radionuclide to 0.1% of that originaliy

oresent,

Important parameters that could significantly 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 in-
creased amounts of contaminants thot may accumulate during recycle. The pH of the
row waste must be in the range of 7 to 8 prior to coogulation-clarification treatment.
This aliows proper alum floz formation, which is essential to optimum removal of the
radiocolioids, especially ]%Ru and 60Co. The required aium dose is more dependent
o ine specitic conductance of the waste than on the turbidity of the waste; ORNL-

LLW with o specific conducrance of 250 to 300 micromhos,/cm and about 15 Jackson

ekl e

s . et At ddian
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rurbidity uni’s (JTU) required 20 ppm A|2(SO4)3, while recycle waste with a
specific conductance of 50 to &0 micromhos/cm and turbidities ranging from 5 to
25 JTU required cniy Z fo 3 ppm Ai2(504)3 (i.e., about one~tenth of the dose
required for ORNL-LLW). Wher large concentrations of synthetic detergent
(syndets) ore present in waste, the addirion of o medium-long=chain cotionic poly-
electrolyte may be necessary in order to optimize clorification. This polyelectroiyte
serves to decrease the negative ZP of the suspended particles sufficiently to permit
alum and activated silica to neutralize the surface charges. |n one micro-pilot
plont run, 10-ppm quantities of tripolyphosphate {TP) ond alkylbenzenesulfonate
(ABS) were added to the recycle waste; the combined concentration of these com-
pounds is comparable to the ma<imum syndet conceniration in secondary effluent
water, as reported by the U.S. %ublic Health Service.‘5 In the coogulction step,
approximately 20 ppm of Primafloc C-3,* approximctely 15 ppm of A|2(SO4)3, and
0.2 ppm of activated silicu (as SiCz) were odded. The oddition of larger quantities
of coagulants and coagulant aids significantly increased the total dissolved solids
present in the waste and resulred in the reduction of the ion exchange capacity for
treating the waste by 33% (i.=., to about 1900 BV''s).

3. LABOKATCRY DEVELOPMENT OF 1HE 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 row wastes on a continuous basis, since the removal
of the ionic radicactive contaminants could be readily occomplished via cation-

cnion exchcnge methods.

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

. - , 16 . .
v oste woters is 2P zonirol.  Alithough several other tactors must also be taken

*A medium-long-chain polyomine of the cationic type, with a molecular weight
of 10,000 to 20,000; product of Rohm and Haas Co., Philadelphia, Fo.

et b ARGy s
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info account, it is essential to neutralize the mutual repelling forces (ZP) of the
colloids since they keep the porticles in susperzion ond hinder or prevent agglom-
eration. Coogulation is ochieved when o sufiicient quan.ity of alum and other
coagulants aids is odded to encopsulate all the colloidal particles in hydrated
aluminum oxide. Zero ZP (with a tolerance of £ 5 mv) is attained when the ampho-

teric aluminum oxide floc is at ¢ pH neor the isoelectric point.

Exploratory jor (or beaker) tests were made with ORNL-LLW to identify the
optimum conditions needed to clorify waste water, using ZP control. Each test
consisred of the following steps: (1) 2 min of flash mixing (1750 rpom) of the waste
water after alum was odded; (2) 15 min of flocculation at &0 rpm, followed by 15
min of mixing ot 20 rpm; oand (3) 30 min of settling iim2. Electrophoretic mobility
measurements were made, immediately ofter the flosh-mixing step, with the use

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

The avzroge ZP (using the above method) of samples of ORNL-LLW taken over
a six-month period varied from -12 to -18 mv (Fig. 7); this range is slightly less
negative than that for suspensoids in row woter (rept:wted]7 to be =16 to =22 rv).
Test objectives included the determination of: (1) the emount of alum reeded to
bring the ZP of the waste to zero, (2) the influence of other cooguloni cids an zeta
potential when they were added along with aium, and (3) the effect of speexi ¢
flash mixing. Figure 8 shows thot 10 to 2G ppm of alum is needed to neutralize
the negative ZP for colloids (in waste) that have initial ZP values ronging from

=31 to -18 mv.
The effects of coagulant oids on ZP (Table 2) are as follows:

1. Grundite cloy, which can be added to give bulk to the lignt alum floc
and tc decrease subsequent settling time for clarificction, rends 10
decrease the amount of alum subsequentiy needed to uttain zero ZP.
(The ZP of Grundite clay in tap water is about =10.8 mv, which is
less negative than the averoge ZP of the suspemsoids in ORNL-LLW.)
*Product of Zeta~Meter, Inc., New York, N. Y.
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Table 2. Changes in Zeta Potential When Coagulant Aids Are Usad in Conjunction with Alum Clarification

wane

Date .
ORNL-LLW Coagulant Ald Alum Zeta
Sa.aple Conc. Conc. Potential
Was Taken Type ) Purpose (ppm) (ppm) (mv)
7-13-64 CGrundite clay To densify alur floc 0 0 -16.2
0 13 0
10 13 0
20 12 0
40 11 0
80 10 0
11-6-64 Activated silica To toughen fragile alum floc 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 -10.2
10.0 24 ~12.9
15.0 24 ~-14.?
7=13=-¢4 Primafloc C=3° To aid in agglomeration during 0 7 -5.7
flocculation 0 7P -8.0
0.5 7P 13,1
1.0 7b 18.2
1.5 /P 1.2
2.0 7b 112.7

A cationic, medium-length~chain polyamine with a molecular weight of 10,000 to 20,000; product of Rohm and Haas
Co., Philade!phia, Pa.

b, ppm of alum and 40 ppm of Grundite clay.

VA
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2. Activated silica, which can be added to toughen the fragile alum
floc, increases the amount of alum subsequently needed to attain
zero ZP. (The ZP of activated silica in tap water is about =15 myv,

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

3. Additions of small amounts of organic poly..ectrolytes such as
Primaflioc C-3, which can be added to the waste water ofter the
flash-mixing step to assist in floc agglomeration, produce greater
changes in ZP than innrganic coaguiants such <5 aium; for exampie,
only 0.5 pom of Primafloc C-3 shifted the ZP of the suspended

sarticles in LLW from cbout =6 to +3 mv (Table 2).

Microscopic examination of the aluminum hydroxide floc showed that flash
mixing at 1750 rpm caused the alum to be distributed more rapidly and more uni-
formly, and resulted in a more-complete enmeshing of the suspenscids, than mixing
at 200 to 300 rpm (assuming that 300 rpm is the maximum speed obtainable with a
<tzudard laboratory stirrer). This result ogrees with the work of Riddick,]8 who
reported that, in the first ore~thousandth of a second following the oddition of

alum, the hydrous oxide pelymer either encapsulates o colloid or unites with another

alum polymer. The latier action results in useless floc formation.

Optimum clarification conditicis were estabiished by deiermining the cmount
of solid that remairs suspended in the supernate in the jar tests. After a settling
time of 30 min, 250 ml of the supernate in each jar was filteved through s U.45
Millipore filter, und the particulate concentratior on the fiiter was determined.
give respeciive concentrations of 28-30 and 0.5 ppm (Fig. 9). In this case, the
average ZP of the suspended selids in the waste incressed from an original ~14 to
-17 v to +2.5 mv. After this treaiment, only 20 particles were found to be present
per squaie centimeter of membrane filter area per riilliiiter of clarified waste, as

compared with 300 particles for the raw waste.

e et s i ek, smarei
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The clarification of recycle waste weter containing @ low ccncentration of
total dissolved solids (i.e., o specific conductance of ~ 50 micromhos/cm) had to
Le rreated differently from LLW; this water required only about one-fifth to cne-
tenih cf the quantity of alum used in the treatment of GRNL-LLW havirg a con-
cetration of total dissoived <olids similar to that of tap water (i.e., a specific
cenductance cf ~ 300 micromhos/cm). Both activated silica and a ncaionic poly-
e'ectrolyte were needed as coagulant aids in order to improve the set:ling charac-
teristics of the alum floc formed. Neither the oddition of a polyelectrclyte nor
an alum=-activated zii*=: trectment clone produced ¢ clarified product of ihe
quality obtained by using the aciivated silica and polyelectrolyte in com:ination

as coogulant aids.

Ja- tests ot pH 7, which is the optimum pH for alum floc formation, d2monstrated
that, in the presence of a polyphosphate (a constituent of syndets), alum flccculaticn
and clarification are difficult. This is particularly true for water having a low cal-
cium content (e.g., recycle water). The formation of alum floc was studied in
distilled water containing 25 to 30 ppm of ortho-, pyro-, tripcly~-. or hexametc=
phosphate (as PO43-). Alum floz was formed in orthophosphote soiutione Loin in
the presence and in the dbsence of ccicium, and z-itophosphate was removed (Fig.
10). In porlyphosphate soluiions containing 60 pom of A|2(SO4)3, no floc was formed
in ihe absence of calcium. Witk ine addition of 30 ppm of Ca?*, cn alum floc was
forrned immediateiy, and 80 to 95% of each of the polyphosphates was removed.
Results of detailed coiumn sorption tests with activated alumina. which is dehydrated
alum floc (with less surface area), indicate that polyphosphate sorption was signi-
ficantly higher when the calcium/phosphate mole ratio was 1.0 or higher; jar tests
were made under conditions where these ratios aried from 0 to 3.0. Thus, when
polyphosphates are present in recycle water, the calcium/phosphate mole ratic
shouid probably be at least 1.0 in oraer to achieve optimum clarification with a

minimum amount of alum.
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4. CONCLUSIONS

Mizro-pilot plant :ests of o water rec:.cle process demonstrated the feasibility
of using o closed-zycle method to treat low-level radicactive waste having a low

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

taminated recycle water to a nuclear installation for reuse. It repretents an improve-

ment over the traditional "treat and discharge " methods of treatment. The flccculation-

clorification treat:nent reduced the solids content (turbidity) of ORNL-LLW from 10
to less thon 0.C5 JTU, a level that is comparable to that of high-quality distilled
water. Overall decontamination vactors of 1C00 s 10,000 were obtained for all
major radioactive species up to 2400 volumes of waste rreated per bed volume of
cation resin. The product water met U. S. Public Health Service stondords for the
radioactive eiements datermined (i.e., iess than 2% of the MPC for o 168-hr week
if I'3l| is excluoed; < 10 of the MPC if ‘3II is included). Specific conductance
can be vs2d as a simple indicator of resin-bed exhaustion since the breokthrough of
bulk ions has been found to precede breakthrough of radioelements.  Before breck-

through, e DF for demineralization was 200.
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