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Chapter 8

REMOVAL OF RADIOACTIVITY BY WATER-TREATMENT
PROCESSES

The waterworks profession has had the most extensive experience of
any group in treating, economically, large volumes of liquid materials
to remove low concentrations of contaminating or polluting materials.
Waterworks operators handle large quantities of chemicals in treat-
ment and are familiar with sludge-disposal problems. In addition,
many have knowledge and experience in removing toxic and other
nuisancelike substances and therefore are in an excellent position to
cope with the newer problems facing them as a result of the introduc-
tion of radioactive materials into surface waters.

It is reasonable therefore to consider the experience of this industry
and to evaluate the various treatment processes for the removal of
small quantities of radioactive materials contained in large volumes
of liquid wastes.

An evaluation of water-treatment processes is important because
much of the low-level liquid waste currently produced is released
directly or through sewerage systems to water environments. Since
many communities use rivers and wells as sources of water supply
and utilize some form of water-treatment process before the water is
consumed by the public, information is needed on how effective these
processes are in the removal of radioactive materials.

This chapter describes laboratory and pilot-plant inv xtigations on
the removal of radioactive materials by conventional water-treatment
processes, by nonconventional processes that could easily be incor-
porated into conventional facilities, and by fullscale facilities,
particularly for the removal of weapons-test debris (fallout).

8-1 CONVENTIONAL PROCESSES

Conventional water-treatment processes of interest in terms of
removal of radioactive materials include chemical coagulation and
sedimentation, filtration, lime and soda-ash softening, and ion
exchange.

Chemical coagulation involves the destabilization, aggregatiun, and
binding together of colloids. These colloids form chemics! floes that
adsorb, entrap, or otherwise bring together suspended matter, more
particularly, finely divided suspended matter! Commenly used

155



156 LOW-LEVEL RALIOACTIVE WASTES

coagulants are alum and iron salts, which precipitate soluble con.
stituents in the water as aluminum and iron hydroxides. Other
coagulants used in the removal of radioactive materials from wastes
will be referred to in subsequent sections. Sedimentation is the
process by which suspended particles heavier than water are removed
by gravitational settling

The overall removal of impurities found in surface waters by
passage of the water through granular materials is known as filtration
Filtration may be at slow rates or high rates. In the former the filters
are cleaned manually by surface removal of entrapped suspended
matter; in the latter, by backwashing at high rates of flow

Water is softened by the addition of lime, which removes carbonate
hardness; soda ash, which removes noncarbonate hardness; or by
ion exchange, which involves an exchange of certain ions during
passage of the water through a bed of resin, notably calcium and
magnesium ions for sodium ions. When the resin bed is exhausted
it 1s regenerated with brine

8-1.1 Coagulation and Settling

Coagulation, in association with settling, for the removal of radio-
activity has been studied extensively at the laboratory and at the
test-model levels. Results *** for the removal of a wide variety of
soluble radionuclides are summarized in Table 8.1. With the excep-
tion of most cations with valences of 3, 4, or 5, including the rare-
earths group, coagulation is ineffective as a method of removing
soluble radioactive materials. It is considerably more effective in
removing particulate-associated radioactivity, as for example, radio-
activity associated with turbidity normally encountered in inost
surface waters. Setter and Russell ” have described laboratory
coagulation studies for the removai of particulate matter from cistern
water (essentially roof-collected rainfall) and radioactivity associated
therewith. Their results showed that 97 to 1009, of the radioactivity
associated with particulate matter and 4 to 819 of the radioactivity
associated with soluble material were removed

Other aata on the removal of radioactive materials are available
from the operating records of water-treatment plants. These results
are reported in Sec. 8-3

(a) Effect of Added Clay. Since coagulation effects the removal of
radioactive material attached to, or adsorbed on, natural turbidity,
the effect of clay added prior to treatment was investigated. The
addition of 100 mg of clay per liter to simulate turbidity increased
removal efficiency as shown in Table 8 2. This increase was due to

the sorption of soluble radioactivity onto the particulate material
present and removal of the particulate-associated radioactivity. In-
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Tasre 8.1 —REMOVAL OF SOLUBLE RADIOACTIVITY BY CHEMICAL COAGULATION
No. Activity range, pH range Removal, %
Chemical Chemical of Coagulant doss,
Naoide form group tests  (min)(ml) Icitial  Floal Av. Range Ref. Coagulsnts used mg/liter
Co'® Pai¥= Ccr 1A n 917,390 1578 6578 s owm 3 AlBOg, FeCl, FeBO:THLO 17,1, 4.2, snd 103
na
Srm CF or NOy HA ™~ 20225980 1.7-2.0 1.540 ] 013 3 AlS0gs, FeCh, FeSO0:THO 17.1, 34.2, and 108
Brw nAa 2 -~ ) 4 Variable smounts of clay added
Sre - MnA 6870 3 28 8 Alum, Fes(SOgs, and other trent- 19 s Fe and as A}
ments
Rate Ly cr Ha = 21,10 7478 7282 W 184 3 Al(SOgs, FeCl, FeBOTH,O 171, 342, and 103
A
4 Q450 7470 6679 W 1% 3 AliSOus, FeCh, FeSO¢7H0O 17.1, 4.2, end 108
u HAe00 7478 1298 8 N 3 AW(80gs, FeCh, PeBOTHO 17.1, 34.2, and 100
Bai® Lain cr LY ¢ 180046200 7778 U= 5 CaCOysnd FeCl or slum 50100
HiaA
Bew cr NA = 6324300 7278 6480 8 2w 3 Ah(80gs, FsCh. FeSO.TH,0 17.1, 34.2, snd 103
n 126-20, 600 76 1038 wu aet 3 Al(800s, FeCl, FeSO¢THO 17.1, 34.2, snd 103
n W00 7570 6082 W et 3 Al(SO4s, FeCl, FeSO04THO 17.1, 4.2, and 103
¥ cr HIA 8 1884106 7578 6076 W w® 3 A(80gs, FeCl, FeS8OTHO 171, 4.2, and 103
81° 38720, %80 81 78102 2 et 3 AW(804s, FeCl, FeSOyTHO 17.1, 34.2, and 103
BI*  NN.40 7880 7684 B BW 3 Al o, FeCly, FeSO.THO 17.1, 34.2, and 108
s! w02 0 78 1881 78 198 3 Albgs, FeCly, PeSO¢THL0O 17.1, 34.2, snd 103
st mnse 7184 74985 T 1w 3 Al(S0gs, Fe'ly, FeB8O047H,0 17.1, M.2, and 108
Zrs-Npw Ozylate IVE ™ 8627200 7476 6479 2.9 3 Al(804y, FeCly, FeSO:THO 17.1, 4.2, snd 103
comples Ve
Zrw Ni» Ouylate Ve ¢ MWNOTH0 8487 L2 8 CaCOsand PeCl or slum 40 40
compley ve
pa PO Ve ® 228-17. 628 16 6478 W st 3 Al(804s, FeCls, Fe8O0¢THO 17.1, 34.2, and 103
pa PO VA 1 9 et B
Cw CF, metsl VIR ™ 5% 0773 8378 . 080 3 AW(SOgs, FeCl, PeSOTH:0 17.1, 34.2, and 103
Mow MoOy VIB ™ 8¢ 10 088 76 1042 W 060 3 Al(S0g,, FeCly, FeS8O0. 7110 17.1, 4.2, and 103
Wis Tungstate VIE ™ WO 1570 AER4 40 196 3 Al804s, FeCla, Fe804-7H;0 17.1, 4.2, and 103
st WS240 8041 7584 o 3 AliSOg, FeCly, FeBO, 71,0 17.1, 34.2, and 103
Keim Metal YR M 9518, 230 7.6 1280 o o 3 A(S0gs, FeCh, FeBOTH 0 17.1, 34.2, and 103
See footnotes at end of table
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Tasie 8.1 —-REMOVAL OF SOLUBLE RADIOACTIVITY BY CHEMICAL

8¢l

COAGULATION—Continued

No. Activity range, PH range Removal, %,
Chemical Chemical of COUNLY Coegulant dose,
Nulide form group tests  (min)imb  Tnitlel  Final Av. Range Ret. Coagulants used mg/liter
e Todide vila bl 23925, 060 ¢ 1218 > 044 3 Al(800y, FeCly, FeSO.7H0 17.1, 34.2, and 108
' Todide Vita 12 i on2 4 Al(S0gs, Fei'ly, FeSO;THO 17.1, 34.2, and 308
) Todide VIIA 4 1300024800 6377 @2 e 5 CaCOyund FeCl; or wlum 50-200
- lodide VIIA " 2, 000t s478 08 o0 6 Varlety of chemirss S
Rus Cr Vil n 196-2¢060 7376 60482 77 439 3 Al(804, FeCh, Fe80,7H,0 17.1, 34.2, and 103 =
Com Ccr vin 2 SN0 W0 7642 18 82 § TaCOyand FeCly or alum 50-100 é
Pre PrsOy Laseries 27 102-12, 050 72 7480 ® 3w 3 Al(SGy, FeCh, FeS80.TH0 17.1, 34.2, and 103
Cetta Prine cr Laseries 27 Me.50 74760 7284 W0 2-9w+ 3 Al(800s, FeCly, FeS80,7H4O 17.1, 34.2, and 108 ﬁ
Cetti 14 Prise Cr La series 4 400035800 7170 “w et 8 CaCOsand FeCls or alum 50200 (3
Pmw cr Laseries 27 13619040 7476 7082 &7 4wt 3 AL(S0gs, FeCly, FeS8OTH,O 17.1, 34.2, and 103 -
Bmw SOy Laseries 84 H8-20.870 7476 3880 0 “ ot 3 AlSO0s, FeCly, FeS80.TH,0 17.1, 34.2, snd 104 >
Pission- Ba 8% 1 2, 200 L w0 3 FeCltCaCO, 170-240 S
product Ce 2 (=]
mixture o 3 2
Ku 3
X 3
TRE wf
Other 3 ‘
Fission Ba 8% 1 22,200 as 8t 5150 5 FaCh+CaCOy 100400
woduct Ce & E
mixture Cs » -
Ru 18 ®
St 0
TRE 0
Other ¢

* Ca(OH)s used as alkaline agent.

‘ NayCOy used as alkuline agent.
Micromicrocuries per milliliter.

* Trivalent rare earths other than cerfun:
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REMOVAL OF RADIOACTIVITY BY WATER-TREATMENT PROCESSES 159

Tasus 8.2—COAGULATION AND SETTLING RESULTS
(JAR-TEST STUDIES)

Cla lant
.dd«i . added, t Final Removal,

Nuclide mg/liter  grains/gal pH %
Cgi¥-BaitT= 0 1 0-6
100 1 35-65
Se™ 0 1. 5% 6.7-7.8 0-6
100 0. 58 6 7-10.7 0-51
Cds 0 1 40-80
100 1-5 - 60-95
Bal®-Laiw 100 1-6 7.582 28-84
Sce 100 1-8 6582 66-98
™ 0 1 5% 6.87.1 R3-93
100 1-6 7.0-10. 2 3499
Zr“-Nb» 0 1-5 70-98
100 1 9599
| ol 100 0 5-1.5¢ 6.8-88 97-99
Ce#t 100 1-8 7.648 73-98
Wis 100 1-6 7. 584 591
= 100 0. 5-2¢ 6.9-9.0 0-10
Cein 0 1-1. 5% 7.2-7.8 81-94
100 0. 52 5% 7.0-7.8 85-96
Fission-product mixture§ 100 1-3% 7.288 81-84
Fission-product mixturey 0 1-5 4 3-10.2 9-71
100 1-5 43102 12-73
Fission-product mixture®* 0 10 9.9-10.0 46

*Local clay sdded

vcmuhnnncwmmmumcnw.mmnummmmw.w
sodium silicata.

I No sodium silicate added. Where added, sodium silicate equaled 7, of the primary coagulant dose.

flodine dissolver solution.

fSynthetic misture ining fission prod hmmmu-wmdhhomt!dcnwa
an underwater detonation.

**Three-yearold Gssion-product mizture.

creasing the concentration of clay increases removal efficiency (Sec.
8-2.3).

(b) Removal of Iodine. Because of the widespread use of radio-
active iodine in hospitals and the need to find ways of treating wastes
containing it, this nuclide was investigated in detail. Earlier studies
(Table 8.1) showed that alum or iron coagulation alone removes little
radioiodine from the waste when originally present as the iodide.
Straub and coworkers * and Eden and coworkers,® bowever, observed
that the addition of small amounts of copper sulfate, activated
carbon, or silver nitrate increased the removal of this anion to as
high as 96%. Resuits obtained with these suxilisry chemicals are
summarized in Table 8.3

According to Eden and coworkers,® in a typical water containing
20 mg of chloride, 0.050 mg of bromide, and 0.010 mg of iodide per

'.“;;-.k‘] .
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TasrLe 8.3—-REMOVAY OF ' BY AUXILIARY PROCESSES

Dosage, mg/liter

Final characteristics, mg/liter® Removals, %

Coagulation Coagulation,
and settling, and

Turbidity settling centrifuging

Auxiliar
Turbidity Alum NaOH chemica
103 25.7 389 5-15¢
103 25 7 38 9 358
17. 3-274 25. 7 38 9 0 12-3 8§
113. 5 0.013-0. 13§
247 0.13-1. 1§

100. 649 0.13%

o

e o>
POO®N®

*Except for pH

fAuziliary chemical was activated carbon
fAuxiliary chemical was copper sulfate
fAuxiliary chemical was si!ver nitrate
YEither 20 mg/liter as lron or 100.64 mg/liter as Fey (804 9H,O

0-15 64-72 74-78
0 38 56
1-40 42-74 48-76
55-90
90-92
95. 5

091
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YEither 20 mg/liter a3 iron or 100.64 mg/iter as Fey (B0 9H,0

N VReTe sy
0.13-1. 1%

247

100 649

{Auziliary chemicsl was copper sulfate
fAuxiltary chemical was silver nitrate

*Except for pH.
tAuziliary chemical was activated carbon
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liter the silver halides begin to precipitate at concentrations of 0.023,
0.060, and 0.0002 mg of dissolved silver per liter, respectively, when
normal solubility relationships are maintained. If a concentration
of 0.085 mg of silver per liter were added to this solution, 999 of the
iodide would be precipitated at equilibrium. This precipitated silver
iodide could then be removed by flocculation with alum. Thus,
according to theory, if radioiodine also were present either as the
iodide or in a form exchangeable with iodide, 999 of the activity
could be removed in this way. As shown by the analytical data,
however, the proportion removed is less than that calculated. This
may be attributed to incomplete removal of precipitated silver iodide
or to the formation of a suspension of colloidai material. When
charged, such colloidal materials react very similarly to true ions.
Also, it is probable that the various silver halides are actually pre-
cipitated as mixed crystals.

(¢) Removal of Strontium. Since Sr™ is one of the more hazardous
beta-emitting radionuclides, the removal of this element has been of
considerable interest. Data given in Table 8.1 show that coagulation
is unsatisfactory for the removal of strontium. Downing, Wheatland,
and Eden * carried out experiments to determine the effect of the
amount of coagulant used and the effect of pH on the removal of this
radionuclide. Their results showed that strontium removal from a
solution at pH 7.0 increased from about 2 to 739 when the iron-
coagulant dose was increased from 10 to 10,000 mg/liter. Further-
more, in the presence of 500 mg of iron per liter, strontium removals
increased from 20 to 979 as the pH was raised from 7.0 to 11.0.
They concluded ihat there may be a combination of twe effects at
work in alkaline solutions: “. . . enhanced adsorption on the hydrox-
ide floc together with some co-precipitation of strontium with calcium
carbonate.” The adsorption of divalent ions on ferrous hydroxide
was studied by Kurbatov and others.**

Studies "' of the effect of aeration on untreated and phosphate-
treated samples showed that strontium phosphate was more soluble
than carbonate at a comparable pH and that phosphate had a solubiliz-
ing effect during precipitation of the strontium carbonate. This
effect is similar to that reported by Reitemeier and Ayers: ' the pres-
ence of as little as 3 mg of sodium metaphosphate per liter prevented
the precipitation of calcium carbonate.

(d) Removal of Mized Fission Products. The removal by coagula-
tion of activity from a mixture of radionuclides is a function of the
radionuclides present. If the mixture contains an excess of suc..
radionuclides as cesium, strontium, or iodine, the removal efficiency
will be low; if it contains an excess of more easily removed radionu-

892820 0 -84 - 12




162 LOW-LEVEL RADIOACTIVE WASTES

clides, such as the trivalent rare earths, phosphorus, and zirconium-
niobiwn, removal efficiency will be high.

The results * of coagulation and settling treatments on a variety
of mixed waste solutions are summarized in Table 8.4. Removal
efficiencies range from 46 to 89%,.

Tasiz 8.4—REMOVAL OF MIXED-FISSION-PRODUCT NUCLIDES BY
COAGULATION AND SETTLING

Fission-product mixture Removal, %

1* 61-84
3t 46
41 89
54 51-59

*lodine dissolver rolution. clay added.

tlodine dissolver salution sged 30 days.
§Mized-fnsion-product wasie containing Co¥-Ba®= and Ru's-Rh=

8-1.2 Sond Filwation

Except for removal by simple straining or by sorption on biological
life contained in the Schmutzdecke (top layer of material on a filter),
sand filters have not been effective in removing radioactive mate-
rials.“4* Their major function is to remove the radioactivity previ-
ously ir.corporated in floc particles.

(a) Rapid Sand Filters. As shown in Table 8.5, removal of
radioactive materials by high-rate filtration (125 million gal per acre
per day) will vary with the nature of the materials studied.® For
example, scandium, yttrium, and zirconium-niobium, which were
probably present as colloids, were readily removed; other materials,

Tasre 8.5—LABORATORY SAND-FILTRATION RESULTS

Initial

activity, Volume Reraoval, %

counts/ passed, pH of

Nuclide (min) (tul) mi effluent Range Average

Ce'?'-Bai¥= 800 500 83 10-70 50
Be® 2700 750 83 1-13 4
Cdi» 1200 500 81 60-99 95
Ba'e-La'* 1300 750 7.6 30-99 74
Bc 1500 750 83 9499 96
b b 5700 750 7.0 R84-RY 87
Zr*-Nb% 3400 500 78 91-96 93
Wis 2200 750 7.1 3-18 8

‘
|
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FILTRATION RESULTS

Removal, %
pH of
effluent Range Average
83 10-70 50
83 1-13 4
81 60-99 95
7.6 39-99 7
83 94-99 96
7.0 84-89 87
7.8 91-96 93
7.1 3-18 8
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such as strontium, cesium, and possibly tungsten, which were present
in true solution, were not affected by passage through the sand
filters.

(b) Slow Sand Filters. The efficiency of slow sand filters (2 to 8
million gal per acre per day) for the removal of the soluble radio-
nuclides I'", Sr® Ru'®, Ce'*, and Pu®™ was discussed by Eden, Elkins,
and Truesdale.® Their results have been summarized in Fig. 8.1.
Of the nuclides shown, ruthenium appears first in the filter effluent,
followed by Sr*, I'", Pu™, and Ce'; cerium is the most effectively
removed by the sand filter with only 8%, of the influent activity found
in the effluent after 14 days. The dashed lines in Fig. 8.1 are indica-

ACTIVITY OF FILTER EFFLUENT AS A PERCENTAGE OF THE INITIAL ACTIVITY

| | . 1 | |
" L] 1?2 ) 2 ] e
TIME, DAYS

Fig. 8.1—Removal of radionuclides from water by slow sand filtration.

ﬁ



LOW-LEVEL RADIOACTIVE WASTES

tive of the release rate of each nuclide previously sorbed in the filter
bed when clean water was passed through the filter. It can be seen
that the filter continued to release Pu™, I'" and Sr* for some time
after addition of the radionuclide. If initial concentrations were high,
then this slow release from the filter would result in potentially hazard-
ous concentrations in the filtered water.

Subsidiary experiments * showed that over 999, of the strontium
reiained in the filter was associated with the Schmutzdecke and that
this activity could be readily separated from the sand during the
normal process of filter washing.

8-1.3 Combined Treatment: Coagulation, Settling, and Filtration

In the previous sections the decontamination of radioactive solutions
by specific treatment processes has been discussed. These data pro-
vide a basis for evaluating the efficiency of a given process. The total
efficiency resulting from a combination of processes is considered in
this section.

Some of the early work on combined coagulation, settling, and
filtration was carried out at the Oak Ridge Naiional Laboratory, where
pilot-plant facilities were designed and built," and at the Massachu-
setts Institute of Technology.?

At ORNL a 250 gal/day (1000 liter/day) water-treatment plant was
built to establish basic criteria for the design of larger pilot plants or
full-scale treatment units and to develop optimum opersting pro-
cedures. This plant, which included facilities for mixing, coagulation,
settling, and rapid sand filtration, is described in the literature; **4
a flow sheet is shown in Fig. 8.2.

Operating results in the removal of P®, [ and a fission-product
mixture "7 are summarized in Tables 8.6 and 8.7. In the case of P%,
85% of the radioactivity was removed during coaguiation and settling ;
79 to 88%, during filtration. This gave an overall removal of 96 to
98%. These findings may be compared with results reported by
Eliassen and coworkers,” which are reproduced in Table 8.8. Their

:movals were somewhat better than those reported by ORNL.

As seen in Table 8.6, there was little removal of I'* by the processes
indicated.

In another series of tests, batch coagulation, sedimentation, and
sand filtration were employed to remove specific radionuclides from a
fission-product mixture. The composition of the initial mixture, of
the various effluents (settled and filtered), and of the sludge are given
in Table 8.9. It should be noted that, even though the composition
of this mixture is somewhat different from that previously reported
(Table 8.7), the overall removal of activity by the various units com-
prising the treatment process are practically identical. This is
believed to be due to chance, inasmuch as removals of individual
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Tasre 86 —~REMOVAL OF RADIONUCLIDES BY CONVENTIONAL WATER-TREATMENT PROCESSES*

Alkali
Initial Sodium
activity, Dose, silicate, Removal, %

Radio- counts/  Turbidity, Alum, grains/ grains/ Carbon,

nucliGe (min) (m"  ag/liter  grains/galt Kind galt galt mg/liter  Settling  Filtration Overall
pn 130160 95-100 0.52-0 85 NaOH 0 50-0.76 85 79-88 9698
[ 400-500 95 1.5 Lime L5 0.37 <0 4 <0 4 <04
[ 400-600 100 LS Lime 1.5 0 42 40 16 11 25

“From C. P Strasub « ol Fng. News Record, WI(7): 38 (Aug. 16, 1981)
fGrains/gal =17 | mg/liter.

Tasie 87 —REMOVAL OF MIXED FISSION PRODUCTS BY CONVENTIONAL WATER-TREATMENT PROCESSES®,{

Percent Dose, grains/gal Removal, %

Radio- of Turbidity,

nuclide § mixture mg liter Alum Lime Silicate Settling  Filtration Overall
Total 100 100 09 08 04 46 44-50 70-73
Ru'e- Rhie 15. 9 75 0-30 75-82
Ce'%-Prin 121 55 46-51 76-78
™ 17. 9 40-41 48-50
Bt Yw 35 4 61 17-23 68-70
Zr*-Nbp» 145 68 68-78 90-93
[ 42 39 6-53 43-72

TActivity present corresponds (o aelivily present ¢ month after the detonation of & nominal nuciear device.

fFrom C. P. Streub of ol, Eng News Record, M1(7): 38 (Aug. 16, 1981).

{Ruthenium, rhodium, cestum . praseod ymium, yttriam snd strontium sre present in chioride furm. eir snd niob pr - complex in oxalic acid solution

and lodine precent as lodide

S$3ASSIO0Hd INTWIVIEIL-HELVA 1€ ALIALLOVOIAVHE 40 TVAORIY
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Tasre 88 —REMOVAL OF P%" AND P® BY A RAPID-SAND-FILTRATION PILOT PLANT®*,{

Decontam- g
Removal, %, ination 2
et SS—— factor -
Coagulation Filtration pu ilxltinl) ;
Run Coagulant, + (av. of six Total for ———— B
No Water mg/liter settling filters) plant P final »
; . i . s BN -y A - <
I Cambridge Alum, 100 74.5 98 30 99 57 232 =4 |
2 Cambridge Alum, 100 81.0 99. 62 99. 93 1430 4 |
3 Cambridge Fex(80,),, 30-i0 80 9 99. 40 99. 89 910 |
4 Ohio River (turb. =32 Fey(8O,),, 60 93 7 99 63 09. 98 5000 ‘
mg/liter) |
§ Ohio River (turb. =32 Alum, 48-60 67.0 98 83 99. 61 256 4 1
z >
i mg/liter) = - X7 -~ (:i ‘
*lattial concentration of P¥ was 0 00 mug/diter (T |

tFrom R Ellssen et al., / tm. Water Worke tasnc . 63 815 (1981)
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Fig. 8.2—Flow diagram of ORNL water-treatment pilot plant. A, primary
mixing tank; B, secondary m xing tank; C, flocculation, or coagulation, tank;
D, settling tenk; E, flow proportioning and sampling tank; F, cverhead orifice
feed tank for feeding 10 filter columns; and G, G-M tube connected to count-
rate meter and recorder. (Figure not to scale.)

nuclides in the mixtures varied considerably for the two tests. Radio-
chemical analyses are necessary to determine the removal of specific
substances and should be performed in all instances.

8-1.4 Lime and Soda-ash Softening

Lime and soda-ash removals reported for a variety of radionuclides
are summarized in Table 8.10. These data show that reasonable
amounts of chemical will provide a 907, or better removal of soluble
Ba'®-La'® Sr® C4' Sc* Y™, and Zr*-Nb* but that much larger
quantities of chemical (up to 48 grains/gal) were ineffective for the
removal of Cs'7-Ba'"" and W'®. [t will also be noted that lime alone
was effective for the removal of Zr*-Nb*® Lime and soda-ach
softening has also been tested for the removal of iodine, but the
results have been negative.*

Treatment with lime and soda ash finds its greatest use in the re-
moval of potentially hazardous strontium. Many studies have been
carried out to define the mechanism involved, namely, the copre-
cipitation of the strontium with the calcium. When stoichiometric
amouncs of chemical are used, a removal efficiency of approximately
65 to 75% of the dissolved strontium can be obtained *'*" As

Fe;(80,),, 60
Al

mg/liter)
*Inttial concentration of P¥ was 0.01 mg/liter

mg/liter)

4 Ohio River (turb. =32
5 Ohio River (turb.=32

fFrom R. Ellnssen et ol /. Am. Water Works Asenc , 63 818 (1081)




Tame 8.9—REMOVAL OF FISSION-PRODUCT ACTIVITY BY

Settled

Raw
Radionuclide water effuent effluent
Cs'V-Ba'V= 27. 2 40 0 17. 6
Se%.Yw 27. 6 46. 5 68 9
TRE?t 3.2 7.9 7.9
Ru'™-_Rhe 39 2 4 35
Cet_.Prin B 7 2.9 20
Totals 08 6 99. 78 99. 91

“Initial concentration of radicactive matertal, 22, 500 counts/(min) (mi)
tTrivalent rare earths other than cerfum
IQuantitailve sos!ytical recoveries currected Lo approzimately 1007,

Concentration, %,
Filtered

- Coagula-
tion +

Sludge settling Filtration
17. 2 21. 2 75.6
20. 1 95 18. 3
53 1 86 3 15. 5

4140 521

91 821 5.3
103. 5 46 3 44 4

COAGULATION, SETTLING, AND FILTRATION®*

Overall

891

SAISVAM FALLOVOIAVE TIATT-MOT




e LAl - - 9 - "
Ce'w-Prin 87 29

<5
2
Totals o8 6 .} 949
*initial concentration of radioactive matertal, 22 500 (ml)

{Trivaient rare earths other than certum
IQuantitative analytical recoveries corrected o approximeately 1007, .

Tasre 8.10—APPROXIMATE MINIMUM COMBINED DOSAGE OF LIME AND SODA ASH TO
GIVE STATED REMOVAL* ™

Chemical dosage (grains/gal) for stated removal

509, 5% 90% 95% 99%
Nuclide Lime Sods Lime Soda Lime Soda Lime Soda Lime Soda
Bale. [ g0 2 2 4 2 6 K
Se™ 4 3 5 5 7 9 20 20
Cd» 2 2 3 3 i 4 4 4 6 4
Sew 3 3 3 3 5 5
yw 2 2 4 + 6 [ 12 6
Ze*-Nbh» 2 0 5 0 12 0 17 0 22 0
Cs'¥- Battt= EL} 48
Win 48 48
*Mini bined & u‘~‘mu.ummmm.mmum;«mumu—chm

per galion of sods ash is & mintmum

SASSIO0Ud INTNIVINL-HILVAM A€ LLIALLOVOIUVH 40 TYAOWIH
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170 LOW-LEVEL RADIOACTIVE WASTES

shown in Table 8.11 increased removals of strontium are obtained
with increased chemical dosages.*'

Coprecipitation may be accomplished by (1) formation of mixed
crystals in which foreign ions are incorporated homogeneously in the
crystal lattice; (2) occlusion of impurities as imperfections scattered
at random throughout the crystal; and (3) surface adsorption of
foreign ions by the precipitate after it has formed. ™

Tasue 8.11—REMOVAL OF STRONTIUM BY LIME AND SODA-ASH

SOFTENING*
Hardness, mg CaCOy/liter Strontium

Run - Lime N, CO; removed, % of
No. Temporary Permanent  added? added! initial content
1 200 0 100 0 67.6

2 200 0 100 0 73.0

3 200 0 100 0 70.5

k) 150 50 100 105 70.0

5 150 50 100 108 7.6

(] 50 150 100 105 80.0

7 50 150 100 105 635

8 200 0 328 9.2

9 200 0 310 89.5

*From A. L. Downing of al., J. Inat.  Vater Engrs., 7' 855 (1980).
1As percentage of that equivalent Lo all the temporary aalcium hardness
LA# peroentage of that equivalent (o the permanent cslefum bardness

Strontium is removed by mixed-crystal formation. Its removal is
directly related to the removal of ealeium. Therefore, for effective
removal of strontium, it is imperative that the calcium hardness be
reduced to a very low value. Such a requirement suggests a con-
siderable excess of soda ash in the water during treatment and an
initial reduction of calcium hardness to & low value. A system of
repeated additions and precipitations of small quantities of calcium
could then be used to reduce the radioactive strontium to & very low
amount. This is the so-called “‘repeated-precipitation’” process ®

Although only 80 to 909, of the strontium can be removed by the
initial softening reaction, a secondary process, which provides for the
addition and elimination of small quantities of caleium in several
steps, removes an equal percentage of activity in each stage For
instance, in & 10-stage plant, each step of which has a removal effi-
ciency of 507, 99.9% of the initial activity is removed. In 15 such
stages, 99.996% of the initial activity is removed. These removals
are ideal; in practice, however, where one treats highly vanable
chemical solutions, it may not be possible to obtain them

In hot-lime and soda-ash softening at temperatures above 90°C, the
addition of enough soda ash to produce a 50 mg/liter excess (as Ca( 'Oy)
over that amount required to react with noncarbonate hardness and
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enough lime to produce a pH of 9.8 to 10.0 af equilibrium resulted in
a reduction of calcium hardness to 5 mg/liter or less and a simul-
taneous reduction of strontium activity by 95% or more. Following
this initial precipitation, 10 equal 5 mg/liter increments of calcium
chloride (as CaCO,;) were added to react with the excess soda ash.
These additions were spaced at 2-min intervals to allow formation
of precipitates between additions. In this way an initial strontium
activity of 200 counts/sec was reduced to the level of natural
background.

Equal reductions in strontium activity were obtained with cold-
lime and soda-ash softening. The experimental procedure was
similar to hat used with hot-process softening. Enough lime was
added to the raw water to produce a pH level of 9.8 to 10.0 at equi-
librium, and 50 to 100 mg of soda ash per liter was added in excess
of that required to react with the noncarbonate hardness. Following
this initial softening, 10 or more increments of calcium chloride were
added to react with the excess soda ash. Equilibrium could be reached
in the cold process, however, only after many hours of reaction time;
the addition of 1000 to 2000 mg of preformed calcite crystals per
liter accelerated the reaction. Rapid stirring was necessary to in-
crease the reaction rate further and to keep the crystals in suspension.
With the high level of preformed crystals and the vigorous stirring,
the additions of calcium chloride could be spaced at 5-min intervals.
This treatment resulted in excellent removal of -adiostrontium.

3-1.5 lon Exchange

Ton exctange, usually involving cation or base exchange, is used
also in softening mur cipal water supplies. It has been employed
successfully for the removal of radioactivity from water, either as a
single bed for the removal of cations, a single bed for the removal of
anions, a mixed bed for the removal of cations and anions (essentia'ly
deionization), or as a cation bed followed by an anion bed in series
The resins have been used in columns or as slurries.

Ion exchange may be used most successfully for the removal of
small amounts of ions from very dilute solutions. In the deionization
of water for industria! purposes, all ions in the incoming water are
replaced by hydrogen and hydroxyl ions, and the effluent is compa-
rable to distilled water. This method is cheaper than distillation
since the ion exchanger acts only on the very minor constituents—the
impurities—and permits the greater bulk of material—the water—to
pass threugh unchanged.

(8) Column Studies. One of the first applications of ion exchange
to the removal of radioactive tracers from large amounts of liquid
wastes was that reported by Ayres.™ His results are discussed in
Chap. 11.
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Studies have been made in which tap-water solutions containing
added tracer amounts of soluble W' Y*! Se% Sp# Ba'¥-Lg'*, ('g'-
Ba'™, Cd'", and Zr*-Nb* were passed through various synthetic
lon-exchange materials. Results are given in Table 8.12. For com-

Tasue 8.12—EFFICIENCY OF ION-EXCHANGE MATERIALS IN
REMOVING INDIVIDUAL NUCLIDES

Removal, %

Cation Anion
Nuclide exchange exchange Mixed bed Greensand
Wis 12-18 97.2-99. 2 98 9 9
™ 86-93 1 94 2-98 5 97.6-98 7 75
Sce 95 7-97.2 98 8-99.0 08 508 7 ve. 4
Nre 09. 1-09. 8 5-7 90. 95-99. 97 99 5
Ba'®-La'e 98 3-99.0 36-42 90. 5-99.6 96 3
Cs!¥V-Bai¥= 99 8 9 9.8
Cdiw 98 5 0 99. 2
Zr%-Nb» 58-75 98 4-90. 9 90. 9-99. 4

parison, results obtained using greensand (glauconite) as the exchange
material * are also ncluded n the table. Greensand was used in
these studies because it has had extensive use in water-treatment
practice

The cation-exchange materials evaluated included IR-120 (H* and
Na* cycles) and a natural greensand (Na* cycle) ; the anion exchangers
included Dowex-1(OH" and C1- eycles) ; and the mixed beds included
IR-120(H*) plus Dowex-1(OH-) and IR-120(Na*) plus Dowex-1
(CI"). In general, the particular regeneration cycle used, ie, H*
or Na* regenerated cation-exchange resin or OH- or (- regenerated
anion-exchange resin, did not appreciably influence the results. In
water-treatiment practice the effluent pH is of significance and should
be near neutrality. For the various exchange materials sindied, the
range in effluent pH varied as follows: TR-120(H*), 2.8 36, IR
120(Na*), 3.4 to 4.3; Dowex-1(OH"), 10.7 to 11.2: Dowex-1(Cl").
7.2 o 8.7; and greensand, 7.1 to 8.0. From the standpoint of pH,
the most satisfactory water-treatment effluents were those produced
with Dowex-1(Cl") and greensand. The removal efficiencies ob-
tained with greensand do not differ significantly from the results
indicated for cation-exchange resins: however, the exchange capacit;
of the cation-exchange resins is much greater

From the results given in Table 8.12, it can be noted that the
strontium, cesiuin, cadmium, and, to a lesser extent, barium-lantha-
num tracers are present in solution as cations, whereas the tungsten
tracer 18 in the anion form. Yttrium, scandium, and zirconium-
niobium are apparently in colloidal form and, as such, are removed to
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some extent on both cation- and anion-exchange resins. It has been
shown® ' that an appreciable proportion of the radiostrontium in
the water would continue to be removed by a column that had long
ceased to remove caleium. This was attributed to a difference in the
affinity of a given exchange material for strontium, as compared with
caleium ; such differences are said to be greater in rigid, dense ex-
changers, such as the aluminosilicates,® than in the organic exchangers.

Further studies by Downing and coworkers® showed that there
appeared to be a slight tendency for the activity in the effluent to
increase in successive cycles; it was found, however, during several
successive cycles that over 97% of the strontium ac‘ivity initially
present in the water could be removed. It was also noted that, in
the first few cycles at least, the proportion of activity appearing in
the effluent was less than the normal “leakage’” of hardness

Friend * carried out a more extended study of the efficiency of ion-
exchange procedures for the removal of I'", Sr*, and mixtures of the
two radionuclides. He repored a decontamination factor (influent
activity/effluent activity) in excess of 10 (greater then 99% removal)
for carrier-free I'" with IRA-400 resin (OH") or a combination of
IR-120(Na* or H*) and TRA-400(0OH"); a decontamination factor
in excess of 10° (greater than 99.9% removal) for carrier-free Sr®
with [R-120(H*) or a combination of IR-120(H* or Na*) and IRA-
400(OH") ; and a decontamination factor in excess of 10° (greater than
99.99 removal) for a carrier-free inixture of Sr*® and I'" with IR~
120(H* or Na*) and IRA-400(OH")

Several parameters having an inf uence on the removal of hardness
and more particularly the removal of Sr® by Amberlive IR-120(H*)
resin were studied.® [t was conchided that increased flow rates de-
creased resin capacity and slightl; decreased the effciency of the
column for removal of Sr*®, that retin breakthrough capacity became
greater with increasing length of co umn, that hardness capacity and
radiostrontium removal increased w th decreasing resin particie size,
that increased feed-water temperature slightly increased removal of
Sr® and resulted in a sharper breakthrough of hardness, and that,
within the pH range of 2 to 10, the Sr*® removal efficiency and hardness
capacity increased slightly with increasing pH.

(b) Sturry Studies. Lacy and Lindsten ¥ studied the removal
specific racionuclides from tap water by slurrying with ion-exchr.age
resin. Typical results are shown in Figs. 8.3 and 84. Increased
removal occurs with an increase in slurrying time and concentration
of resin, as shown in Fig. 8.3. Considerable difference in rates of
removal for the various radionuclides is indicated in Fig. 8.4, but a
concer.tration of 2700 mg of MB-3 resin per liter slurried for 90 min
removed over 989 of all radionuclides tested. The removal of radio-

P s,
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REMOVAL, %

1 A L |
L) 60 ™ 90
TIME SLURRYING, WiN

Fig. 8.3—Efect of increased contact time and concentration of ion-exchange resin
on the removal of FMP-2. A, 2700 mg/liter; B, 1800 mg/liter; C, 900 mg/liter
and D, 450 mg/liter

active contaminants did not increase proportionally with increasing
resin dosage.”

8-1.¢ Solids-contact Softening

To confirm his laboratory findings on the removal of Sr* by water-
softening procedures, Hoyt ' carried out studies on a pilot-plant
scale by employing a 1000 gal/day Spaulding type precipitator unit
In this unit the flow of water is downward through a cone, where the
added chemicals are mixed, and then upward around the outside of
the cone to an outlet weir circling the tank (see Fig. 8.5). As the
water containing the chemicals passes under the cone and upwurd
toward the efluent weir, the velocity decreases due to the incraased
cross-sectional area through which the liquid moves. As a result the
upward velocity of the particulates is balanced by the pull of gravity,
and the particles remain in equilibrium forming a layer of freely
suspended particulates through which the liquid Aowing upward
must pass. This layer provides increased contact with particulates
and some filtration and thus effects a greater degree of removal

The results of the pilot-plant investigation are given in Table 8.13
along with the results of the laboratory jar-test studies. Higler
removals were obtained in the pilot plant than in the laboratory tests
with similar levels of chemical dosage. The removal of all suspended
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6 " L 1 . L
0 %0 900 1350 1890 22% 2700
RESIN CONCENTRATION MG/ TER

Fig. 8 4—Decontamination of radioactively contaminated water by slurrying
with ion-exchange resin MB-3 (90-min contact time). A, Ta'®; B, Ce'*-Pri¢;
C, Zr%-Nb%; D, Ba'®-La®, E [, F, FPM-2; G, P%, H, Cd"¥; and I, Cs¥"~
Baiv'=
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matter from the precipitation effluent (by centrifugation or sand
filtration) increased the removals of hardness and activity to 87 and
96%, respectively, when 50 mg of excess lime and soda ash per liter
were added

8-1.7 Repeated-precipitation Process

Many conventional water-treatment plants with separate miving,
coagulating, and settling basins can be modified readily to utilize the
repeated-precipitation process proposed by McCauley and Eliassen.™
Saggested flow diagrams for the repeated-precipitation process (either
the straight-line flow method or the upflow reaction or contact basins)
are reproduced in Figs. 8.6 and 8.7

Modifications required for the successful operation of each of these
units are:

1. For the plant in part (a) of Fig. 8.6, a change in flow pattern
from parallel to series operation of the upflow units should be made,
and small quantities of Ca(OH); or CaCl, should be added to the
plant flow emerging from the primary upflow unit.
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Fig. 8.5—Spauiding precipitator
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Fig. 8.6—Representative flow diagrams for lime-soda softening plants
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Fig. 8.7—Representative flow diagram for excess-lime softening plants
Tanie 8.13—-REMOVAL OF STRONTIUM: PILOT-PLANT AND JAR-TEST

RESULTS
Removal of activ- Removal of hard-
ity, % ness, %
Jar Spaulding Jar Spaulding
Treatment test precipitator test preecipitator
Required doses 75. 9 79. 5-86. 0 525 50 1-68 |
Plus 50 mg/liter excess* 801 86 8 56 2 76.0
Plus 100 mg/liter excess* 67.3 85 5

“Lime and sodeash excess.

W10 - 13




178 LOW-LEVEL RADIOACTIVE WASTES

2. For the plant in part (b) of Fig. 8.6, preformed solids should be
recirculated from the settling tank to the mixing basin. and small
quantities of Ca(OH), or CaCl, should be added to the flocculation
basin.

3. For the plant in part (a) of Fig. 8.7, preformed solids should be
added to the recarbonation basin, the CO, feed should be adjusted
to reduce pH levels to the desired values in the tank, small quantities
of lime water should be added, and provision should be made for agi-
tation in the basin to keep preformed solids from settling. Com-
pressed air should prove satisfactory for mixing plant flow with the
added lime water and for preventing the preformed solids from
settling

4. For the plant in part (b) of Fig. 8.7, preformed solids should be
rocirculated from the settling tanks to the heads of the floceulation
basins, and small quantities of Ca(OH), or CaCl, should be added
to these basins. In addition, if the recarbonation basin is to be used
for strontium removal, all modifications required for the plant illus-
trated in part (a) of Fig. 8.7 must be made

Lacy ® evaluated the efficiency of a full-scale Spaulding upflow
precipitator-clarifier (Erdlator Solids-contact Clarifier, Fig. 88
His results, which show removals for various radionuclides and
mixtures of radionuclides ranging from 46 to 93%, are summarized
in Table 8.14

8-1.8 lon-exchange Systems

Commercial size (1.8 eu ft) ion-exchange systems were evaluated
by Lacy ™ at ORNL; his results are summarized in Table 8 15 For
the mixed wastes studied, cation-exchange resins on the Na* cycle
were less effective than those on the H* cycle (67 to 707, as compared
to 82 to 897, removal, respectively). However, the volume of liquid
fed through the units was much greater in the case of the resins on
the Na* cycle than for the resins on the H* cycle. Where a mixed-
bed resin was used, a removal of 98 to 999, was indicated, but the
throughput was reduced to 1500 gal.

8-1.9 Small-scale Commerical Units

Two types of commercial water-purification units were evaluated
with respect to their effectiveness in removing radioactive components
from a solution of fission products. In all, 12 units were tested each
of which contained 36 g of a mixture of diatomaceous earth and
activated carbon, 22 g of Nalcite SAR resin, and 22 g of Nalcite HCR
resin; O of the 12 units contained, in adaition, 42 g of powdered iron
The solution used in these studies had an activity of approximately
10,000 counts/(min)(ml) (109 geometry) and had the following
percentage composition: strontium-yttrium, 27.6; cerium-prase-
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Tasis 815 ION-EXCHANGE REMOVAL OF RADIOACTIVITY FROM WATYER CONTAINING MIXED FISSION

PRODUCTS ™

Influent
———————————————  Cumulative
Activity, Hardness, break- Rate, gal/
Run Contam- counts mg CaCOy through, (min)(sq Removal,
No Resin Cycle inantt (min) (ml) pH hter gal ft) %
i Permutit Q Na® FPM-4 5690 80 108 6990 10 70
2 Permutit Q H* FPM-§ 6470 76 106 3500 10 %]
3 Amberiite IR-120 Na* FPM-5 6630 78 108 H600 10 67
4 Amberiite IR-120 H* FPM-§ 7580 76 116 3700 10 82
S Ambertite MB-3 (H*-OH ) FPM-5 5580 78 112 10 98 99y

1500

*Units i Scuft

1¥FPM 4 by compesition of its radioactivity mrzna-u-—uann-_.nuau-—muany-u-umuonm.o
n‘—w.wm—.muﬂ-mn‘umwn*u“d&““tw is russ ! through 3 and @ rum § bresk hrough wes determined

when efiuen! hardness cscreded ™. of Lhe BBurnt snd s rus 4 - hes it esceeded ¥
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a

10
10
10

7.8
7.6
7.8

6630
7500
5580

FP M- 50y componition of Its redicact! vity was ¥ 5% cetions snd ¢ 5% aalons

] Fig. 8.8—8ide view of Erdlator Solids-contaet Clarifier, 30 gal/min

oY N
é;z | ; odymium, 17.4; ruthenium-rhodium, 3.9; promethium, 22.1; samar-
tum, 1.4; cesium, 27.2; and other radionuclides, 0.4. The results of
the 12 runs are summarized in Table 8.16. It can be noted that the
T percentages of removal were quite variable even under similar test
% conditions. When tap water was used as a diluent, the highest
.z.zz' removals observed were 089,. With distilled water initial removals

of 999, were obtained

-2 NONCONVENTIONAL PROCESSES

Several methods for the removal of radioactive constituents from
water which differ somewhat from the conventional processes just
discussed have been studied. These nonconventional processes
include phosphate coagulation, electrodialysis with permselective
membranes, the addition of metallic dusts, and the addition of clay
materials. Only those methods that ean be utilized in conjunction
with conventional water-treatment plants are described here, others
are discussed in subsequent chapters (see Chaps. 10 through 12

= (e seam used i3 cumuiative volume (o Segree of herduess breat idrough. In runs | through 3 acd in rus 6, breskthrough wes determined

when sBueni hardness escveded M, of Lhe infusnl and e rus ¢ whes It esceeded ¥,

Amberiite MB-3

Amberiite IR-120
Amberiite IR-120

siniive Derwsl

IFPM 4 b) composition of its radiosctivily was 72 ¥,

3
4
5
*Unita iScult
"




Tamz 8§ 16-REMOVAL OF RADIOACTIVITY BY SMALL-SCALE COMMERCIAL UNITS

A verage
removal
Removal for various voi- in first

-

laftuent umes of throughput, 7 40 liters

sctivity, - - — of PH range  Presence

couLla 20 40 60 =0 tl’u’uu’ - pH of of of vistble

min)(ml) liters lters bters liters put, %, Flow rate® influent effluent iron Remarks

10, 970 i 39 9 54 40 0.28 hter min 78 8900 None Distilled water
flushed through
unit for first 20
liters at 3.78
liters/ min
20 Nters at 3.78 liters/ 7.7 73317 Spiked solution
min, 2 liters at 0.014 flushed through
liter/min, 54 liters at units for initial
0.47 liter'min S5-min period at
3.78 hters/min
20 Bters st 3.78 liters Spiked solution
mun, remainder at flushea through
0.47 liter min units for initial
S-mun penod at
3 78 hters/ min
20 lters at 378 liters Spiked solution
min . remesinder at flushed through
0 47 liter mun units for mnitial
5-min perniod at
3. 78 liters/min
85.0 20 lters at 1.78 liters Sprked solution
mun . rema nder at flushed through
0 47 liter/min units for initial
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“7 98.0 20 liters at 3.78 liters/

'menu—od—h-‘dﬂnnw 378 inters/min

C-1 11, 540 ak 8 90 74 68768 Mueh
min, remainder at flushed
‘ 0.47 liter 'min units for
5-min period at
: 3.78 liters/min
C-2 L1000 W™ X 2 93.0 20 liters at 3.78 liters/ 7.4 7078 Much Spiked solution
mun, remsnder at flushed through
0.47 liter min units for initial
5-min period at
3.78 liters/min
Cc-3 8100 & 76 85.0 20 liters at 3.78 liters/ 7.4 4571 Much Spiked solution
min, remasinder at flushed through
0.47 liter, min units for initial
S5-min period at =
3.78 liters/min 4
D-1 .00 75 51 36.0 20 liters at .78 liters/ 74 60-1.2 None Unit contained no 2
man, remainder at . powdered iron F
0 47 liter/min o
D-2 10 M 49 76.0 20 lters at 3.78 liters/ 74 60-7.2 Nooe Unit contained no -
min, remainder at powdered iron g
0.47 liter/min o
D-3 530 ™ 45 43 75.0 20 lters at 278 liters/ 74 6271 None Unit contained no §
mun, remainder at powdered iron q
0.47 liter/min =
E-1 10.380 54 42 880 20Btersat 3.78liters/ 100 8 2-9 4 Little Influent pretreated §
min, remainder at by alum coagula-
0 47 liter/min tion and sand :
=
E-2 10.3% &2 “ S0 20Mersat 378 liters/ 100 7.6-8 6 Littie Influent pretreated >
min, remainder at by alum coagula- = |
0.47 Mter/min tion and sand =
filtration ;
E-3 10,380 54 38 56.0 20 liters st 3.78 liters/ 74 6274 Little Influent pretreated =
min, remainder at by alum coagula- 2
0.47 liter/min tion and sand g
T 3
F LT = % e 98 8 20 liters at 3.78 liters/ 44 4960 Duwssolved Radioactive material
oun, remainder at wron diluted with b
0.47 liter /min present distilled water 2
™
2
bl
"

=1 paifmin; 0.473 er/min ~ | plolmin

£s1
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LOW-LEVEL RADIOACTIVE WASTES

8-2.1 Phosphate Coagulation

Since laboratory findings have indicated that the usual coagulation
procedures employing alum or iron salts with lime have not been too
satisfactory in the removal of radioactive contaminants, other systems
have been studied. Lauderdale ™ investigated phosphate coagulation
for the removal of radioactivity since many polyvalent cations form
relatively insoluble phospbate compounds and since phosphate floc
can be formed in solution at high pH. He studied the removal of
individual radionuclides in distilled water by adding either potassium
dibydrogen phosphate or tnsodium phosphate and caleium hydroxide
Maximum removals are shown in Table 8.17.

Tasue 8.17--REMOVAL OF RADIONUCLIDES BY PHOSPHATE
COAGULATION®
Coagulant
dose, Removal,
Nuclide Coagulant mg/liter

O KH,PO, 200

Na, PO, 120
Sre KH, PO, 100

Na, PO, 40
™ KH,PO, 100
Shim KH, PO, 100

Nay PO, 120
Zo% KH,PO, 50
Wim KH,PO, 200
Lr» KH,PO, 100
Nh# KH,PO, 100

“From R. A Lauderdale, Jr, USARC Report ORN L4582, ¢ sk Ridge National Laborstory, Jan. 23, 1981

Removals of over 999 of the Ce'™, Zn*™ Y™, Nb™ and Zr* were
obtained. Although the conditions of precipitation had little effect
on the removal of these nuclides, marked differences occurred in the
removal of Sb'™ and Sr® when the pH and coagulant dosages wers
varied. As a result, Sr™ was selected for special study. It was
found that at a pH of 11.3, with a phosphate to caleium ratio greater
than 2.2 to | (corresponding to a 467 excess of phosphate), a higl
removal of Sr*™ was effected ; above a pH of 11.3 the increase in re
moval was negligible (Fig 8.9 These data indicate that, if an excess
of phosphate were used at a pH of 11.3 or above, maximum hazard
reduction could be obtained in the treatment of fission-product mix
tures in which radiostrontium is one of the more hazardous constit
uents "HHNO‘!]!WH?'\ tests Incorporating these conditions wers
carmied out with a fission-product mixture containing the foilowin
percentage composition of radionuclides . trivalent rare earths, 437
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Fig. 8 9—Relation between phosphate-caleium ratio and pH in the removal of
strontium

cerium, 27.0; strontium, 17 4, barium, 5.1; ruthenium, 2.9; cesium,
1.1, and others, 3.0. This mixture was diluted with tap water, and
the pH was raised to 11.5 to 12.0 with NaOH. Removals in excess
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of 999, (99.2 to 99.6%) were obtained through the addition of 100 ,,,
of Na,PO, per liter and 100 mg of clay per liter or through the additio
of 100 mg of Na,PO, per liter and 100 mg of Ca(OH), per liter. |
should be emphasized that efficiencies of removal depend on (l;
composition of the waste.

Other phospbate-col.gullu'on Studies have been carried out * uging

scandium, Strontium, tungsten, and yinum radionuclides. These

51 mg/liter and the Na,PO, dosages to 250 mg/liter. The maximum
removals in percent were Sr® 955 WS 11.0: Y¥ 99.5: and Sc*
99.6; these essentially confirm Lauderdale’s findings. ® With = "
Inc easing the PH to 11.5 alone effected removal of 99.29% after settling.
Ie Commenting on the use of phosphate coagulation in municipal
water-treatment practice, Nes bitt, Kaufman, Mc(‘o.uley, and Elias-
sen ¥ indicated that to treat Ohio River water with the required 84 g
of PO3? per liter would cost $147 per million gal (at the average 1960
market price of tribasic sodium phosphate, $525 per 100-lb bag)

8-2.2 Metallic Dusts

Lacy * studied the removal of specif.. ~luble radioactive contami.
nants by slurrying various metal dust. in the solution. In these

laboratory éxperiments the radionuclides listed in Table 8.8 were

Tanre 8.18—-REMOVAL OF RADIOACTIVE CONTAMINANTS BY
METALLIC DUSTS*+

Stock Taitial activity, Removal, 9,

solution counts,
Contaminant pH (min) (ml) Iron} Zine  Copper Aluminum
RuM. Rpim 8082 1, 975-3, 950 99. 6 98 4 93 7 92 8
™ 7980 1, 610-3, 230 98 0 98 0
Zr%_ N s 7.283 1, 210-4, 470 99. 1 97. 9 99. 1 99 8
pn 7.88 4 128-12,000 99 X 98 1 842
[ 6 5-8 2 4,288-6,689 37 2 45. 7 42 2 232
Celt1 14_pPrive 7.981 3, 915-4, 491 99 9 99 9 99.5 99 8
Baiw 7982 g4 644-10, 205 94 8 745 65 7 73. 8
Co® $082 L,571-4,792 92 289 47. 8 30 2%
Ca'¥'-Bgiitm 80 13, 085 86
FPM-5ee 20-7.2 2,890-4, 220 55 5 30 8 49 3 82
FPM-GH 7.280 % 730-10, 375 85 8 76.6 92 1 89 4

*From W.J Lacy, J. Am. Weter Works Aseoc., 44 824 (1982)

tMetal dusi, 1000 mg/liter, %0-min contact time, fitered sampie counted

11ron sampies were centrifuge. before they were counted

Metal dust, 500 mg/liter

Y8ixty-minute contact.

“*FPM-5, mized fOssion-produc: waste intalniog mainly CewrBaitre and Ru™-Rhw
PP M4, jodine dissolver solation aged 20 days
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ACTIVE CONTAMINANTS BY
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. RQMOVII. Y%
‘ Iron Zine Copper Aluminum
\
90.6 98 4 93.7 92 8
98 0 98 0
991 97.9 99. 1 990. 8
99 8 98 1 84.2
37.2 45.7 422 23.2
99.9 999 99.5 9.8
94.8 745 65. 7 73.8
92 2§ 47.8 30. 2§
86
55. 5 39.6 49.3 82
85 8 76.6 921 89 4
4 (1982).
d sampie counted.
ed.
oly CoP-Be®= and Ru™-Rhw,

~
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added to Oak Ridge tap water. Various amounts of powdered alu-
minum, copper, iron, and zine, corresponding to 100, 500, 1000, and
2000 mg of powdered metal per liter, were placed in beakers to which
500 ml of the radioactive solutions were added. After stirring periods
of 15, 30, 45, 60, 75, and 90 min, samples of the supernatant were
filtered and counted. In general, it was found that removal ineress-~-
with increased contact time and dust concentrations.

Removals obtained with 1000 mg of the metal dusts per liter alter u
90-min contact time are given in Table 8.18. Under the conditions
reported, removals with iron, with the exceptions of the fission-product
mixtures, iodine, and cesium, were in excess of 90% for the radio-
nuclides studied.

Studies by Lauderdale,® Eliassen ™ and Mead,* utilizing metallic
dusts for the removal of specific radionuclides, are described in Chap.
10.

8-2.3 Clay Treatn _at

The effect of smali additions of clay (100 mg/liter) on the removal of
radionuclides by coagulation and sedimentation is shown in Table 8.2
Additional data heve been reported on the use of this method for
increasing the removal of radioactivity by conventional water-treat-
ment methods.* *-* Some results are given in Table 8.19.  Althougi
the addition of clay materially improves thie removal of radioactivity,
its use creates the problem of handling large volumes of clay both
initially and as a mass of contaminated material. Furthermore, if it
was used in combination with chemical coagulation, still larger
volumes of contaminated sludge wouid have to be disposed of.

TasLe 8.19—REMOVAL OF RADIONUCLIDES BY SLURRYING WITH
LOCAL CLAY

Removal, 9, |
Radionuclide 100 mg/ 750 mg/ 5000 mg

liter* liter liter
Ba'w_[ a1 41 58 85
Cdms 3 30 64
Celt_priv 70-80 86 099+
Csi¥_RBgt¥?=m 38 87 98 19
Sc# 53 9.7 96. 9
Sre 2-12 14-22 49-52
Wis 0 4 49
yn 22-45 56-70 93 6
ZrNh» 93.5 690 98 0
pu 78-82
[ 9-20
Co® 85-99 +

*Local ORNL clay added to produce turbidity.
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CLAY CONCENTRATION, MG/LITER

Fig. 8.10—Decontamination of radioactively contaminated water by slurrying
with clay (90-min contact time). A, CeW.iw-Priw; B Zr-Nb%; C, Ba'%
La': D, Sr-Y®. E, FPM-1; F, FPM-3; G, FPM-2; H, Ru'"-Rk'™; and I,
™
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Results of Lacy’s studies * are summarized in Fig. 8.10, and Tables
8.20 and 8.21. Variable removal efficiencies are indicated in Fig. 8.10,
with the fission-product mixtures, Ru'®-Rh'*, gnd [ showing the
lowest removals. Although removals increased with increases in clay
concentration, the maximum rates of uptake occurred in the added
clay increment 0 to 1000 mg/liter. Above this concentration addi-
tional removals took place ; these higher concentrations, however, were
wasteful of clay, and the benefit derived from the added clay was
nullified by the problems associated with handling increased amounts
of contaminated clay sludges. As shown by the data in Table %.20,
an increase in pH (from 3 to 11) is associated with an increase in
removal efficiency. An increase in calcium concentration from 20 to
200 mg/liter had little, if any, effect on the removal of mixed-fission-
product activity by clay, as shown in Table 8.21.

Tase 8.20—-EFFECT OF pH ON REMOVAL OF MIXED FISSION
PRODUCTS BY CLAY SLURRY*

Removal, %, following indicated slurry times

PH 15min 30mio 45min 60 min 75 min 90 min 90 mint

Initial activity, 2730 counts/(min)(ml)

3 49 2 50. 9 50. 1 51.6 51. 4 52.9 55.3
5 64. 6 66. 6 72.6 740 75. 2 76. 2 75. 9
7 64 0 66. 7 72.9 749 78.2 78. 7 78. 6
9 64. 2 67.5 73.5 76.3 79.5 80. 4 80. 5
11 80 3 80.1 81. 1 817 82 2 82.6 83. 4
Initial activity, 3400 counts/(min)(ml) }
4 490.6 51.3 52.3 52.9 54.9 55. 2 54.0
6 66. 4 68 5 743 76. 1 75.9 76.0 76.2
7 85.5 60. 0 75.7 76.7 78.7 78. 8 78.5
8 70. 6 74.1 91 79.2 7.5 80 8 81.0
10 76. & 77.1 79 4 79.1 78. 8 70. 2 78.9

*Radioactive contaminant FPM-3; concentration of clay, 1000 mgliter. (See Table 8.4 for description
of FPM-3)

tAll removal figures, ., are based on Bltered samples exrept this column, which is for centrifuged samples
iNo correction has been made for counter efficiency (approximately 10°7)

8-2.4 Diatomaceous Earth

Diatomaceous-earth filters have been used for the removal of
radioactivity. Studies with P* described by Baumann, Zobel, and
Babbitt ® indicated that diatomaceous earth alone is ineffective for
the removal of radiopnosphorus, particularly in the presence of
increased concentrations of stable phosphorus. Removals varied
greatly, the highest, as indicated in Table 8.22, being obtained with
activated cerbon and s proprietary diatomite.
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Tasiz 8.21—EFFECT OF CALCIUM-ION CONCENTRATION ON RE-
MOVAL OF MIXED FISSION PRODUCTS BY CLAY SLURRY*

Removal, %, following indicated slurry times

Ca, —
mg/liter pH I15min 30 min 45min 60 min 75 min 90 min 90 mint

Initial activity, 3590 counts/(min) (ml),{ Ca added as Ca(OH),

20 7.20 71.9 72.8 749 75.5 76.0 7.2 76.6
40 7.35 72.8 73. 9 780 78 2 78. 8 79.9 79.2
60 7.45 72.6 75. 2 77.7 78 0 78. ¢ 789 785
100 7.70 72.2 74.3 78 2 78. 3 78 9 79.2 79.3
200 7.9 72.9 75.0 78. 1 785 78 4 788 791
Initial activity, 2680 counts/(min) (ml), Ca added as CaCi,
40 7.056 7.3 7.9 75.0 741 747 7%5.2 753
L 7.15 71.0 73. 1 75.3 8.7 75.3 5.8 756
120 7.00 70.0 7.2 72.9 73.2 74.7 75.2 75. 4
150 7.20 69. 7 72. 4 73. 5 73.7 74 4 7.0 750

*Radioactive contaminant FPM-3; concentrstion of ciay, 1000 mg/liter. (See Tabie 8.4 for description
of FPM-3.)

AL removal figurss, %. are based oo fitered sampies except this columan, which is for centrifuged sam ples

mommh-b-.-bhmcﬂdnq(mx-mly 10%)

Studies with a standard military diatomite filter were reported by
the Engineer Research and Development Laboratories.® This unit
has a capacity of 15 gal/min. The equipment treats 500 gal of water
per batch. In these studies the contaminant was a three-year-old
fission-product mixture that contained approximately 409, Ce'%-
Pr'%, 20% Pm', 18% Sr®-Y™, 14% Cs™-Ba™» 6% Ru'™-Rh'*
and 29, other radionuclides.

The contaminated water was pretreated with powdered iron,
local-clay slurry, or by ferric chloride-limestone coagulation, and was
then allowed to settle. The supernatant was coagulated with ferric
chloride and calcium carbonate. After settling, the supernatant
liquid was passed through a diatomite filter; the effluent contained the
activity levels indicated in Table 8.23. These data show that diato-
mite filters do not materially aid removal of radioactive materials
from solutions containing mixed fission products.

8-3 REMOVAL OF NUCLEAR.TEST DEBRIS (FALLOUT) FROM
WATER

The removal of fission products from a natural environment poses
problems that are quite different irom those encountered in the re-
moval of reactor-produced or reactor-separated radionuclides from
laboratory solutions. The debris from a nuclear detonation contains
radioactivity in soluble form as well as in association with particu-




10 CENTRATION ON RE-
D BY CLAY SLURRY*

indicated slurry times
in 60 min 75 min 90 min 90 mint

(ml),$ Ca added as Ca(OH),

75.5 76.0 77.2 76.6
78.2 78.8 7.9 792
7 780 78.6 789 785
2 78.3 789 .2 793
1 785 78.4 788 79.1

n) (ml),} Ca added as CaCl,

0 74.1 47 7.2 753
3 73.7 75.3 7.8 75.6
9 73.2 747 7.2 75.4
5 73.7 744 7%.0 750

slay, 1000 mg/liter. (See Tuble 8.4 for description
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Tasre 822—EFFECT OF DIATOMACEOUS-EARTH FILTERS ON THE
REMOVAL OF RADIOACTIVE PHOSPHORUS FROM WATER »

Removal
Weight  Rate, of radio-
Test  Precoat Filter apparatus of coat, gal/(min) aectivity,
No. medium and notes Ib/sqft (sqft) %
1 JM535 Complete precoat; 1 12.3
filter water recir-
culated 15 min
before sampling
2 D4200 1 17. 9
3 JMs35 Buchner filter 1 0.16 93.0
apparatus
4 Crystal Flo Buchner filter i 0 58 88 4
apparatus
5 JM535 Buchner filter 1 0. 58 52. 4
apparatus
6 D4200 Buchner filter 1 0.39 72.4
apparatus
7  Everpure* Buchner filter 1 0.29 100
apparatus
S8a JM535 Buchnper filter 1 1.20 52.2
apparatus
8b JM535 Buchner filter 1 0 39 51.7
apparatus
8¢ JM535 Buchoer filter 1 0 08 85. 6
apparatus
8d JM535 Buchner fiiter 1 0 29 45. 8
apparatus
9 Sparkler pad; Pad contained silver 0. 80 69.3
gravity flow
through filter
10 Sparkler pad; Pad contaiped 0. 80 745
gravity flow finely divided
through filter silver
11 Sparkler pad; Pad contained 0. 80 100
gravity flow activated carbon
through filter
12 Everpure* Commercial filter 0.15 0.70 97. 3
12a Everpure* Uncontaminated No radioactivity
water through carried to filter
cake of 12 from pad
13  Everpure* i mole of stable 0.15 0. 70 64 6
phosphate added
to stock solution
14  Everpure* 1 mole of stable 0 34 070 81.7
phosphate added

to stock solution

*Contains activated carbon.




Tasre 8.23—EVALUATION OF DIATOMITE FILTER SET NO. 2

Initial conditions

Treatment

Final conditions

Activity, Coagulation Activity,t Activit
Run Alkalinity, ecounts/ and Alkalinity, counts/ remove L
No pH mg/liter  (min)(ml) Pretreatment* filtration pH mg/liter  (min)(ml) %
1 76 80 2780 335g of powdered iron 335g of FeCl,, 456g of 56 15 1079 60
CaCO,
2 7.4 82 2781 1890g of powdered clay 335g of FeCl,, 900g of 62 32 810 71
CaCO,
3 7.8 81 2722 First coagulation: 335g Second coagulation: 335g 5 7 21 1060 61

of

of FeCl; and
CaCoO,

FeCly and 900g of 1350g of

CaCoO,

*Pretreatment with powdered iron removed 5%
of the activity
1 Uncorrected for geometry and coincidence

7. of the activity; pretreatmen® with powdered clay removed 607

of the activity. pretreatment by cosguistion removed 537,

61
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*Pretreatment with powdered iron removed 557 of the activity, pretrestment with powdered clay removed 807, of the activity; pretreatment by coaguistion removed 53%

of the activity

1060

L1}

78

tUncorrected for geometry and coincidence.
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late matter. This latter form cannot be investigated easily in the
laboratory with simulated waters; it is necessary to collect rainfall
and stream samples to differentiate between the amounts of radio-
activity associated with the suspended solids and that in solution.
Activity present in rainfall is a potential contaminant for any medium
with which the rain comes in contact. As rain falls, it comes in con-
tact with vegetation and soil, and some of the radioactive materials
are deposited, adsorbed, or exchanged. Thus the amount of radio-
activity contained in rainfall that reaches a stream is reduced
markedly.

Estimates have been made of decontamination due to decay and
natural agents by comparing rainfall activity levels with activity
levels in Ohio streams. Decontamination factors (ie., rainfall
activity/stream activity) ranged from 6 to 90 in 1956, and shov ad
& value as high as 170 in 1957 These data, plotted in Fig. 8.11,
showed that the higher activity rainfalls occurring immediately after
nuclear tests are easily decontaminated; i.e., since shorter-lived
materials are involved, loss by decay is greater, and removal by
natural agents is more marked. The easily removed materials are
taken out by adsorption or ion exchange on soils, by deposition on
vegetation and soil surfaces, and by filtration of particulate matter,
whereas the hard-to-remove materials are carried with runoff into the
streams.

Where streams used as water-supply sources receive this runoff
containing the radioactive materials not removed by the natural
agents referred to above, it is not surprising that water-treatment
plants employing conventional processes are not particularly effective
in the removal of these residual activities.

Studies of fallout in surface waters by Thomas and coworkers
showed that fallout disappeared more rapidly than can be accounted
for by nuclear decay alone. Thus other factors, such as sedimenta-
tion, surface adsorption, and biological uptake, were operative in
removing radicactive materials. Activity levels of samples collected
at varions points in the Lawrence Water Treatment Plant and dis-
tribution system on Nov. 6, 1951, are reproduced in Table 8.24.
These data show overall removals of 84%.

Further studies “ showed that removal efficiencies for three full-
scale water-filtration plants (Cambridge and Lawrence, Mass., and
Rochester, N.Y.) were lower than those reported by Straub ' for the
removal of reactor-produced fission products. Some of the results,
reproduced in Table 8.25, indicate overall removal of 13 to 75% by
roagulation and filtration, whereas slow sand filtration without
chemical coagulation was ineffactive at times

$92-623 O - 84 - 14
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TasiLs 8.24—ACTIVITY IN SAMPLES FROM THE LAWRENCE WATER
TREATMENT PLANT, NOV. 6, 1951

Activity, Decontam-
Sampie counts/ Removal, ination
(min) (liter) % factor*
Raw water at intake 400
Coagulated and settled water 320 20 1.2
Rapid-sand-filter effiuent 120 70 3.3
Distribution system t 65 84 6 2

*Decontamination faetor is equal to raw-water activity/efuent activity
fAverage of two samples at different locations.

Comparable removal of radioactivity from reservoirs in the Troy-
Albany area was reported by Kilcawley and coworkers Reservoir
radioactivity levels of 4 to 246 uuc/liter were reduced to 6 to 24 puc/
liter in Troy tap water; the overall level was reduced an average of
61% by coagulation and filtration. Over the period May 18 to July
13, 1953, the Albany reservoir activity levels ranged from 5 to 84 uuc
liter, with an average of 36 uuc/liter. In the aeration, chemical
coagulstion, and filtration of this water, the overall reduction
amounted to 28.7% (see Table 8.25).

These data compare with laboratory results reported by Setter and
Russell 7 for removal of activity from rain, cistern, and surface waters
by coagulation (Table 8.26). Calculations show that all the activity
associated with suspended matter a-d from 0 to 589, (average 28) of
the dissolved activity was removed. Removal by natural agents
(surface adsorption and subsidence) left those radioactive constituents
that are most difficult to remove by chemical coagulation and
filtration.

Alexander, Nusbaum, and MacDonald * have reported on the
removal of stable strontium by municipal water-treatment plants.
Their data are summarized in Table 8.27 and may be compared with
removals of radiostrontium reported in Tables 8.1, 8.2, 8.5, 8.9, 8.10,

Small-scale laboratory studies using radioactively contaminated
rainfall diluted with demineralized Water were described by Eliassen
and Lauderdale * Their reported removals for gross activity and
strontium are summarized in Table 8.28

All data reported in this section show that conventional water-
treatment processes are not very effective for the hard-to-remove
radioactive materials in surface waters. Natural processes remove
the bulk of the easy-to-remove radioactivity, but the longer-lived
more-hazardous radionuclides remain.
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Tasie 8.25—-REMOVAL OF GROSS ACTIVITY BY WATER-TREATMENT PLANTS «.#

*Ssmples taken from distribution
18low sand fiter resuits.

Plant
Cambridge, Mass.
Lawrence, Mass.
Rochester, N.Y.
Albany, N.Y.
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Tasre # 26—REMOVAL OF GROSS ACTIVITY FROM RAIN, CISTERN
AND SURFACE WATERS BY COAGULATION®*

Removals, %
Dissolved Coagulat- — —
Total beta ing chemi- Total Dissolved
Type of solids, activity, cals added, pH beta beta
sample mg/liter wue/liter mg/liter e (range) (range)
Rain 41-151 185-1630 13-90 5 3-82 71-84 0-35
Rain 24-94 1300-9600 13-56 52-9 8 62-86 0-863
Cistern 65 1180 13-67 4.3-10.6 54-72 4-42
Cistern 43 1910 20-73 4 910 7 45-81 R-68
Cistern 77-188 1201430 20-100 4 9-10. 2 34-95 0-81
Surface water 200-474 50-2460 43-125 6. 6-10. 1 30-76 0-48

*From L. R. Setter and H. H. Russell, J. Am. Water Works Aasoc.. 50 590 (1958

Tasrx 8.27—STRONTIUM REMOVAL BY CHEMICAL TREATMENT®

Strontium removal, No
— e of
Type of treatment Average Range cities
Alum or ferrous sulfate 12 10-31 7
Alum or ferrous sulfate plus lime 37 10-75 11
Alum or ferrous sulfate plus lime and soda ash 54 10-85 3
Alum or ferrous sulfate plus lime and phoshate 42 10-70 5
Softening only (phosphate, ion exchanger) 7 69-76 2
None (except chlorine, fluoride, carbon, or
ammonia) 10 R

*From G. V. Alexander o al, J. Am. Water Works Assoc., 48 643 (1954)

Tasue 8.28—REMOVAL OF GROSS ACTIVITY AND STRONTIUM FROM
FALLOUT BY WATER-TREATMENT PROCESSES %

Removal, 9

Treatment process Gross beta Strontium
Coagulation; iron and alum salts 30-70 35-80
Coagulation; calcium phosphate, pH 11.0t0 11.5 85-95 65-95
Two-stage lime and soda softening 75 75
Demineralization; cacion and anion exchangers 99 95

8-3.1 Filter Backwash-water Activity

The activity levels in slow-sand-filter backwash water (Rochester.
N.Y., water-treatment plant) reported vy Bell snd coworiers are
summarized in Table 8.29. Backwash-water activity levels varied,
but in all cases the activity levels were approximately five or more
times greater than those in raw water. If high raw-water activities
are encountered, it may be necessary to consider the safe disposal
of contaminated wasb waters and the release of activity from the
backwash-water solids.




WASTES

v FROM RAIN, CISTERN,
nv‘uunos-
Removals, %
Total Dissoived
pH beta beta
range (range) (range)

5.3-82 71-84  0-35
5.2-9.8 62-86 0-63
4.3-10.6 54-72 442
49-10.7 45-81 8-68
4.9-10.2 34-95 0-81
125 6.6-10.1 30-76 0-48

‘orks Assoc., 50 590 (1958)

BY CHEMICAL TREATMENT*

Strontium removal, 7% Noc;.
Average Range cities
12 10-31 7
37 10-75 11
h 54 10-85 3
te 42 10-70 5
7 69-76 2
or
10 8

soc., #6: 643 (1954)

PIVITLAND STRONTIUM FROM
TM‘R()CESSES "

Removal, %

Gross beta Strontium
30-70 35-80
2115 85-95 65-95
75 75
rers 99 95

ter backwash water (Rochester,
ted by Bell and coworkers are
wsh-water activity levels varied,
rere appreximately five or more
sr.  If high raw-water activities
'y to consider the safe disposal
he release of activity from the

REMOVAL OF RADIOACTIVITY BY WATER-TREATMEN [ PROCESSES 197

Tasie 8.20—SLOW-SAND-FILTER BACKWASH ACTIVITY LEVELS IN
ROCHESTER, N.Y.“

Activity, counts/

(min) (liter)
Coneen-
No. of Raw Backwash tration
Period samples*  water water factort
Mar. 16 to Oct. 31, 1951 39,37 0.70 375 5 35
Nov. 1 to Nov. 15, 1951 12;12 12.3 205 16. 6
Nov. 186, 1951 to Jan. 1, 1952 31,30 0. 89 221 247
Jan. 2 to June 3, 1952 8181 0 44 320 7.28
June 4 to Juge 20, 1952 15;14 372 48 8 13. 1
June 21 to July 20, 1952 7.7 1.29 13. 8 10. 6
July 21 to Nov. 1, 1952 29;29 0. 352 2.4 6. 82
Nov. 2, 1952 to Feb. 1, 1953 2620 0.26 2.25 8 70
Feb. 3 to Mar. 20, 1953 14,14 0. 54 2 60 4 82
Jan. 2 to May 12, 1953 3737 0. 398 253 6. 35
May 15 to June 12, 1953 89 0.53 7.62 14. 4

“Number of tasts on raw water and backwash water, respectively
tConcentration Mctor 8 equal Lo backwash-waler sctivity/Taw water activity.

8-3.2 Sludge Activity

Where chemical treatment is employed in the removal of radio-
activicy, activity associated with the settled or precipitated sludge
is accumulated, and thus considerable care must be exercised in the
disposal of this contaminated sludge. Sludge activity levels en-
countered in the Rochester, N.Y., water-treatment plant* are sum-
marized in Table 8.30. Sludge concentration factors ranging from
25 to 114 times the raw-water activity levels are indicated.

8-4 SUMMARY

Highly variable decontamination factors are possible with the
many water-treatment processes used for the removal of low-level
radioactivity from liquids. Generally, higher decontamination levels
may be possible for some particular radionuclides than are indicated
for mixtures of radioactive materials. Most of the data reported
previously have been summarized in Table 8.31. The conventional
process offering most promise is ion exchange, particularly where
mixed-bed cation- and anion-exchange resins are used. Of the non-
conventional processes phosphate coagulation and metallic dusts show
decontamination factors as high as 1000.

In general, it can be stated that water-treatment piocesses can
provide decontamination factors as high as 10 with slightly higher
results obtainable with modified methods. This means that for mix-
tures of radioactive materials where the total activity exceeds the
MPC by a factor of 10 water-treatment processes are ineffective for
reducing radioactivity. In some instances, however, if the radioac-

P
£
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tivity is associated with a specific radionuclide, it may be possible
to obtain decontamination factors higher than 10.

Tasre 8.30—SLUDGE ACTIVITY LEVELS AT THE ROCHESTER, N.Y,,

WATER TREATMENT PLANT“

Activity,
counts/(min) (liter) Concen-
No. of tration
Period samples® Raw water Sludge factor]
Mas. 16 to Oct. 51, 1951 39,37 070 3.5 45. 0
Nov. 1 to Nov. 15, 1951 12;11 12.3 1390 114
Nov. 16, 1951 to Jan. 1, 1952 31,24 0. 89 65. 0 73.0
Jan. 2 to June 3, 1952 81,58 0. 44 24.2 55.0
June 4 to June 20, 1952 15;11 37 387 104
June 21 to July 20, 1952 786 1.29 63. 8 49.5
July 21 to Nov. 1, 1952 29;25 0. 352 20 4 57.9
Nov. 2, 1952 to Feb. 1, 1953 26,23 0. 26 22.0 85.0
Feb. 3 to Mar. 20, 1953 i4;14 0. 54 21.2 39.2
Jan. 2 to May 12, 1953 37,36 0. 398 10. 2 25. 6
May 15 to June 12, 1953 88 0. 53 40. 1 75.6
*Number of tests on raw water and sludge. respectively.
tConcantration factor is equal to sludge activity/raw-wal s setivity.
1 | T I | | 1 1 0
150 p~ -~
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Fig. 8.11—The decontamination of rain by natural agencies.
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Tasuz 831—SUMMARY OF REMOVAL OF ACTIVITY BY WATER-
TREATMENT PROCESSES

Decontamination factors

Mixed
Individual fission Source
Process radionuclides  products of data
Counventional \

Coagulation and settling 0-100+ 2-9.1 Tabie 8.1
Clay addition, coagulation,

and settling 0-100 i1.1-6.2 Table 8.2
Coaguiation and settling 2691 Table 8.4
Sand filtration 1-100 Table 8.5
Coagulation, settling, and fil-

tration 1-50 Table 86.
Coagulation, settling, and fil-

tration 1. 814 3.3-37 Table 8.7
Coagulation, settling, and fil-

tration 1.4-13. 3 Table 8.9
Lime-soda ash softening 2-100 Tables 8.10

and 8.11
Ion exchange, cation 1. 1-500 Table 8.12
Ion exchange, anion 0-125 Table 8.12
Ion exchange, mixed bed 11-3300 Table 8.12
Solids-contact clarifier 1.9-15 2.0-6.1 Table 8.14
Ion exchange, cation 3.0-9.1 Table 8.15
Ion exchange, mixed bed 50-100 Table 8.15
Nonconventional
Ion exchange 2.3-19 Table 8.16
Phosphate 1. 2-1000 125-250 Table 8.17 and
: Sec. 8-2.1
Metallic dusts 1. 1-1000 1.1-8.6  Tuible 8.18
Clay treatment 0-100+ Table 8.19
2.0-6.0 Tables 8.20 and
8.21
Diatomaceous earth 1 l-=» Table 8.22
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