
s,

NUCLEAR RECULATORY CO:!.MBSiON
4

O tt Ed. No.
Docket No. '

in the matter cl __ h OS.pM
-

(N - INIEU
Staff _ _ _

~
_

_
;

E '', r,3 _
Applicar,t _

_ _ _.__ EIlf CIIC -
- -

Intuycner _

[Cct,t's Cit's _ __

s Ar __ ,/_ _. c
Centra: tor - _

-

;4+6

Other
--

- - - -

! ,,,,, b e A 1i
a

i -Low-Level a < 2 u n~ ss s
yfqRadioactivg

j !;k?p '.1

,

i

. Wastes ; ec y
~

% ;o af'

w g# g*
y-

,

.v y
N/M [,:

'

' Their Handling, Treatment, and Disposal
,

(,

o,
By

CONRAD P. STRAUB, M.C.E., Ph.D.
CsI, nani.,u<el n.lts ne.e. ras Actieutua*

Divlska of Rdielenical helth
MII< Welth Service

Robert A. Teft Seniteer beineerins Center
CincinnerI, Obie

s. .
.

Prepared under the avspices of

DIVISION OF TECHNICAL INFORMATION
UNITED STATES ATOMIC ENERGY COMMISSION

I
1 .

i964O '

8411280005 840619'
PDR ADOCK 05000352PDR

. o'

-



_

l
'

r__ -

,

)ACTIVF, WASTES
t

i
%D cod M. W. Finav, Handbook ;

sity I of Public Health and the i

i, Superittendent of Documents, U.S. |

lagton, D.C.,1952. g3 ,

.,
1as o Tracer in the Sorting of Aerosols |

wr., n: 13 (January 1952).
. ~ REMOVAL OF RADIOACTIVITY BY WATER-TREATMENTan, Collection Efficiency J Filter Media

5 to 0.1 Micron, Am. Ind. Hya. Anoe. [
PROCESSES

iel Dust, 2nd ed., McGraw-Hill Book |
- The waterworks profession has had the most extensive experience of

| any group in treating, economically, large volumes of liquid materials
Lir rnd Gas Cleaning for Nuclear Energy to remove low concentrations of contaminating or polluting materials,
actin Wastes, Proendings Conference, Waterworks operators handle large quantities of chemicals in treat-
istional Atomic Energy Agency, Vienna, ment and are familiar with sludge-disposal problems. In addition,

many have knowledge and experience in removing toxic and other8:Lv;aut.x, Dust Co' lectors Tested in ,

May 1954). nuisancelike substances and therefore are in an excellent position to
bmance of Cyclone Dust Separators, cope with the newer problems facing them as a result of the introduc-
),29: 356 (1951). Lion of radioactive materials into surface waters.
Dudin: Progren Report for February I' It is reasonable therefore to consider the experience of this industryRe rt NYO-1581 Harvard University MMM bM kb dd
Ndin Progren Repers fer February 1, small quantities of radioactive materials contained in large volumes
e
leport NYO-1586, Harvard University of liquid wastes.
952. An evaluation of water-treatment processes is important because

D:wnis, M. W. Frasv, and L S Lysa- much of the low-lesel liquid waste currently produced is released
, f Catrifugal Scrubbers, Chem. Eng.;o directly or through sewerage systems to water environments. Since
Fansv c.cd L S Lyrauan, Performance many communities use rivers and wells as sources of water supply
eport of Field Tests), USAEC Report and utilize some form of water-tnatment process before the water is

,

!hool iblic Health, Nov. 2,1953. consumed by the public,information is needed on how effective these'

% F' a of Radioactive Aerosols by processes are in the removal of radioactive materials.
This chapter describes laboratory and pilot-plant inv.xtigations onfr Pollution, in Radiaties Hygiene

hD22-45, McGraw-Hill Book Company, the removal of radioactive materials by conventional water-treatment
| processes, by nonconventional processes that could easily be incor-
P H;ndling Radioactin Materials, Panel porated into conventional facilities, and by full-scale facilities,

t 3, for conference held Nov. 27 and particularly for the removal of weapons-test debris (fallout).
Research Advisory Board, National

s-1 CONVENTIONAL PROCESSESFansv cxd L S Lysawaw, How Dust
p): 196-198 (February 1952). Conventional water-treatment processes of interest in terms of
Annia, cad L 8:LysaMAN, Leberatory removal of radio &Clive materials include chemical coagulation and

YO-
31, 9Qt sedimentation, filtration, lime and soda-ash softening, and ionPub c t,A

exchange.
Chemical coagulation involves the destabilization, aggregation, and

binding together of colloids. These colloids form chemical flocs that
adsorb, entrap, or otherwise bring together suspended matter, more
particularly, finely divided suspended matter.' Commonly used
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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 is regenerated with brine.

8-1.1 Coasulation and Settling
Coagulation, in association with settling, for the removal of radio-

activity has been studied extensive!y at the laboratory and at the
test-model levels. Results -* for the removal of a wide variety of8

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 most
surface waters. Setter and Russell 7 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 100% of the radioactivity
associated with particulate matter and 4 to 81% 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) Et/ect 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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Tasts 8.1-REMOVAL OF SOLUBLE RADIOACTIVITY 'BY CIIEMICAL COAGULATION-Continuert
sNo. Activity range. pIfrange Removal,%Chemical Chemical of countalNullde turm group lents (minhmD Tattlet Final A e. Range Ref. Congutants used Congutant done,

as/ liter
F8e Iodide Vit A 27 239-25,000 7. 6 7. 2-7. 4 20 6-44 3 Ale (SO.)6 FeCla, FeSoc71fs0 17.I,34.2, anJ les

,

? pa lodede VII A 12 3. 9 0-12 4 Als(SOe)a, Iref la. FeSUr73Es0 17.1,34.2, and 103
$ Un Iodide VII A 4 13,000-24.600 & 3-7. 7 42 26 43 8 CACO and Fectsor alum 30-200
'

Um Iodide VII A IS 2, 000I & 4-7.4 48 0-10 4 Varlety of chenrae lsRune Cl VIII 27 196-24.960 7. 3-7. 8 & H.2 77 4H6 3 Als(sos)6 FeCls, Pe80c7Hs0 17.1,34.2, and 103 4Com Cl- VIII 2 43,906 49,400 7. 6-4. 2 IS S-23 4 CaCOs and FeCas or alum 30-800 p'Pree Prsos La series 27 102-12,000 7. 2 7.44 8 96 83-90t 3 Als(36e)a, FeCas, Fe80,7Hs0 17.3,34.2, and 103 PICem-Pr* Cl- La series 27 244-30,880 7.4-7.6 7.24.4 91 26. Utt . 3 Ah(SO )s, FeCan, Fe80c71Is0 17.I 34.2, and 103 h .

Coseau-Pr* Cl- Laseries 4 41.or&&S, e00 7. 3-7. 4 98 sHet & CaCOs and FeCle or alum 30-200 t*
Pm's Cl- Laseries 27 136-10,040 7.4-7.4 70-8.2 87 HDt 3 Ah(SOe)a, FeCis, Fe80 7Hs0 17.l. 34.2, and los

'

Smam SmsOs laserles 84 148-20,870 7.67.0 3.64.0 98 4Het 3 Als(SO.)s, FeCh, Fe80,7Hs0 17.3,34.2, and 104 hFlusion- Ba 8% I 22,200 8. 4 Se & FechtCaCOs 170-240 Oproduct ce 27
misture Cs I O

Ru 3 >
Br 87

TRE440
Other 3

Fission- Ba 4% i 22.200 8. 8 8A it-Se 8 FsCla+CaCOs 100-4006. deduct Ce a
misture Cs 80 '

Ru It g
Sr se cm'

TRE10
Other 4,

*

'
, e Ca(OII): used as alkaline agent.
| Na COs used as alkallne agent.

blicromicrocurles per ralliuiter.
( * trivalent rare earths other than eerium..

| "
'
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REMOVAL OF RADIOACTIVITY BY WATER-TREATMENT PROCESSES 159

TAtt.E 8.2-COAGULATION AND SETTLING RESULTS
(JAR-TEST STUDIES)

Cossu-
Clay tant

added,* added,t Final Resnoval,

Nuclide mg/ liter grains / gal pH %

Csiar-Baar. 0 1 0-6

! 100 1 35-65,

! Sr" 0 1.5% 6.7-7.8 0-6
100 CL5-6 6.7-10.7 0-51 '

Cd'8 0 1 40-60

100 1-5 60-95

Bald-Laia 100 1-6 7.5-8,2 28-84

Sc" 100 1-6 6.5-8,2 66-98

Y" O L 5t 6.8-7.1 83-93

100 1-6 7. 0-10. 2 34-99

Zr"-Nb" 0 1-5 70-98

100 1 9F99

P" 100 OL 5-1. 5% 6. M 8 97-99

Cr* 100 1-6 7. M 8 73-98

U" 100 1-6 7.5-8/4 5-91

I* 100 0,5-2$ 6.9-9.0 0-10

Ce*" 0 1-1.5t 7.2-7.8 81-94

100 0,5-2.5! 7. 0-7. 8 85-96

Fiselon-product mixturei 100 1-3% 7.2-8.8 61-84

Fission-product mixture 1 0 1-5 4.3-10.2 9-71

100 1-5 4. 3-10L 2 12-73

Fiselon-product mixture ** 0 10 9.9-10.0 46 ,

*Iacal clay added.
tecasulant included alum. Irrrous sulfate or errric chloride. lime. soda ash or sodium hydroxide. and

.

1No sodiurn st!leste added. Where added. sodlum stucate equaled 408', of the primary coagulant dose.
' $sodium silicase.

llodine dissolver solution.
1Synthette misture containing fission products in the same ratios assumed to be present 30 days after.

an underwater detonation.
**rhree-yearold osstoo. product mitture.

creasing the concentration of clay increases removal efHelency (Sec.
8-2.3).
- (b) Remotel 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. i
Straub and coworkers * and Eden and coworkers,* bowever, observed *

that the addition of small amounts of copper sulfate, activated
i

carbon, or silver nitrate increased the removal of this anion to as !
high as 96%. Results obtained with these auxiliary chemicals are
summarized in Table 8.3 ;

According to Eden and coworkers,8 in a typical water containing
20 mg of chloride,0.050 mg of bromide, and 0.010 mg of iodide per }

-
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Tass.s S.3--REMOVAL OF Im BY AUXILIARY PROCESSES

Dosage, mg/ liter Final characteristles, mg/ liter * Removals, 7, 5
$

Coagulation Cosgulation /<Auxiliary and settling, and M :Turbidity Alum NaOII chemical pH Alkalinity Turbidity settling centrifuging Ref. d '

t**

103 21 7 3& 9 5-15t & 8-7.I 17-68 G-15 64-72 74-78 8 g103 21 7 3& 9 3e 58 7. I 65 0 38 56 8 617.3-274 25f7 3& 9 0.12-3.85 5.8-7.5 19-74 1-40 42-74 48-76 8 o
113.5 a 013-a 139 & 0-6. 9 55-90 5 >

h
247 0.13-1.Ii 6. 3 90-92 5 i101 641 a l38 E3 91 5 5 a i

*Except br pII.
IA us!!!ary chesnical was acussted carbon.
3Austliary chemleal was copper sulfate. |
lAusillary cheinical was sitver altrate.

tio1Enther 20 angAlter as tron or 100.64 mg/ttter as Fen (80ela. 9H 0.
!

I
- . , . , , ,

# ' ,\f ITC; , y. g g

|
t

_ . _ . _. - _ _ . _ _ .
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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,99% 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,99% of the activity
could be removed in this way. As shown by the analytical data,.

R2 however, the proportion removed is less than that calculated. This

N k ,,, may be attributed to incomplete removal of precipitated silver iodide*
or to the formation of a suspension of colloidal 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.

(c) Remomt 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 73% when the iron-
coagulant dose was increased from 10 to 10,000 mg/ liter. Further-, , , , . ,

dd more, in the presence of 500 mg of iron per liter, strontium removals
increased from 20 to 97% as the pH nas raised from 7.0 to 11.0.

p They concluded that there may be a combination of two effects at

@j 1. h ide floc together with some co-precipitation of strontium with calcimn
| .

- work in alkaline solutions: . . enhanced adsorption on the hydrox-"
.

-d carbonate." The adsorption of divalent ions on ferrous hydroxide2

f ( was studied by Kurbatov and others.' '
! E Studies" of the effect of aeration on untreated and phosphate-
|. ,x, treated sample showed that strontium phosphate was more soluble

j . ,! than carbonate at a comparable pH and that phosphate had a solubiliz-a|

|33, ing effect during precipitation of the strontium carbonate. This| ,

]3iij effect is similar to that reported by Reitemeier and Ayers:!
88 the pres-

({ !j ence of as little as 3 mg of sodium metaphosphate per liter prevented
Mg , j the precipitation of calcium carbonate.
'

x (d) Remoni of Mixed Fission Products. The removal by coagula-~ *

| fjj tion of activity from a mixture of radionuclides is a function of the
134{} radionuclides present. If the mixture contains an excess of suG
hfja radionuclides as cesium, strontium, or iodine, the removal efficiency
Ujjj will be low; if it contains an excess of more easily removed radionu-
L* 5 512'.

803-423 O . se - ,3
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clides, such as the trivalent rare earths, phosphorus, and zirconium-*

g niobitun, removal efficiency will be high.
The resulta ** of coagulation and settling treatments on a variety

of mixed waste solutions are summanzed in Table 8.4. Removal-
*

.

efficiencies range from 46 to 89%.

TAsts 8.4-REMOVAL OF MIXED-FISSION-PRODUCT NUCLIDES BY

K
COAGULATION AND SETTLINOf

1 Fission-product mixture Removal, %
s

I
' 1* 61-84

3t 46

43 89

56 51-59

*1sens essen,w seemisso; ciar added.
frinomysereid assise,nduct stature.
SIndtne disesiver salution seed 30 days.
SW- d *-'== p-edoet wasta esotalning Cs58-Ba*= and Raum-Rhus.

s-1.1 Sami Filmation
Except for removal by simple straining or by sorption on biological

life contained in the Schmutzdecke (top layer of material on a filter),
6 sand filters have not been effective in removing radioactive mate-

rials.**18 Their major function is to remove the radioactivity previ-
ously it.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,

TAsLa 8.5-LABORATORY BAND-FILTRATION RESULTS

Initial
Volume Rer.2 oval, %

activity / passed, pH of
,

counts
Nuclide (min)(ral) mi emuent Range Average

Ce "-Bat 8'= 800 500 8. 3 10-70 50t

Bra 2700 750 8. 3 1-13 4

Cdus 1200 500 86 1 60-99 95

Bat"-Lat" 1300 750 7. 6 39-99 74

Sc" 1500 750 8. 3 94-99 96

Y" 5700 750 7. 0 84-89 87

Zr -Nb" 3400 500 7. 8 91-96 93u

Wa# 2200 750 7.1 3-18 8

.

K
2

4

e

-
5
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B, P horus, and . zirconium-
such as strontium, cesium, and possibly tungsten, which were present

**
in true solution, were not affected by passage through the sand

tments on a variety Sters.
ined in Table 8.4. Removal (b) Stoto Sand Filters. The efficiency of slow sand filters (2 to 8

million gal per acre per day) for the removal of the soluble radio-
:ON-PRODUCT NUCLIDES BY nuclides I'85, Sr", Ru'", Ce'", and Pu " was discussed by Eden, Elkins,8

'
i SETTLING and Truesdale.58 Their results have been summarized in Fig. 8.1.

Of the nuclides shown, ruthenium appears first in the filter effluent,
'

hat, % f 11 wed by Sr", P85, 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-
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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 ",15, and Sr" for some time- ' 8

- 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 997o of the strontium8
,

retained in the filter was associated with the Schmutzdecke and that
this activity could be readily separated from the sand during the

., T normal process of filter washing.

3-1.3 Combined Trechnent: Coosulation, Sdtlins, and Filtration

;;].
. In the previous sections the decontamination of radioactive solutionsJ

' '

by epc-ific treatment processes has been discussed. These data pro-
vide a basis for evaluating the efficiency of a given process. The total

-]j 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 National Laboratory, where
pilot-plant facilities were designed and built," and at the Massachu.
setta Institute of Technology.8r

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 operating pro-

-

cedures. This plant, which included facilities for mixing, coagulation,
settling, and rapid sand filtration, is described in the literature; 8"
a flow sheet is shown in Fig. 8.2.

Operating resulta in the removal of P88,15, and a fission-product
'

mixture 88 are summarized in Tables 8.6 and 8.7. In the case of P88,
857o f the radioactivity was removed during coagulation and settling;o

, 79 to 887o, during filtration. This gave an overall removal of 96 to=

- 987. These findings may be compared with results reported by
Eliassen and coworkers,* which are reproduced in Table 8.8. Their
amovals were somewhat better than those reported by ORNL..,

- As seen in Table 8.6, there was little removal of I"8 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. Its 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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T4sts 8.6.-REMOVAL OF RADIONUCLIDES BY CONVENTIONAL WATER-TREATMENT PROCES8ES* N
IC

Alkali OInitial Sodium g
activity, Dose, silicate, Removal, %

Radio- counts / Turbidity. Alum, grains / grains / Carbon, O
nuclide (min) (mli ag/ liter grains /galt Kind galt galt mg/ liter Settling Filtration Overall

5
P'8 130-160 95-100 0.52-a 85 NaOH 0.50-0.76 85 79-88 96-98 N
,Im 400-500 95 1. 5 Lime 1. 5 O.37 <a4 <0. 4 <0. 4
In: 400-600 100 1. 5 Lime I. 5 0. 42 4. 0 16 11 25

*rmen c. P. straub at . E a. N,..aer rd. In(7): as (Aug. le,3958).
tGrainstgal=17.5 mg/ liter.

E
, Tants 8.7.-REMOVAL OF MIXED FISSION PRODUCTS BY CONVENTIONAL WATER-TREATMENT PROCESSES *,t |

Percent Dose, grains / gal Removal, % N
Radio- of Turbidity, Y
nuclide t mixture mg/ liter Alum IJme Silicate Settling Filtration Overall y

t=1
#Total 100 100 0. 9 0. 8 0. 4 46 44-50 70-73

Rum-Rh* 15.9 75 0-30 75-82
Ce"- Pr* 12. I 55 46-51 76-78
Y'' 17.9 40-41 48-50
Br"-Y" 31 4 61 17-23 68-70 E
Zr"- N b" 14. 5 68 68-78 00-93 0

I Im 4. 2 39 6-53 43-72 O
2

I and ladine pre est aslodide.

'Artivity present eerresponsts to activity prescat e < snenth after the detonation of a nominal nuclear device. $;

1, iFrom C. P. Straub at si, Ema. NeweRarord, IM(7): 38 (Aug.16, 3958).
$ Ruthenium, rhodlusa.reslum, pranredymiuen, yttriusa, and strontium are present la chloride form; alreentum and niobium present as esala e comples in osalle arid solution;s y
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Tant.s 8.8--REMOVAL OF P88 AND P" BY A RAPID-8AND-FILTRATION PILOT PLANT *,t
5

Decontam- :llRemoval, */, ination *

factor NCoagulation Filtration P'8 initial yRun Coagulant, + (av.ofsis Total for eNo. Water mg/ liter settling Alters) plant P88 Anal

EI Cambridge Alum,100 74.5 9& 30 99.57 232
2 Cambridge Alum,100 81. 0 99.62 99.93 1430 03 Cambridge Fe (SO.) , 3(hio 80. 9 99.40 99.89 910s

4 Ohio River (turb.=32 Fe (SO.) , 60 91 7 99.63 09.98 5000s

mg/ liter)
5 Ohio River (turb.=32 Alum, 48-60 67.0 9& 83 99.61 256 :||mg/ liter)

..--r-...-r. .
trro,e R. Eummen st af, J. .t o. H'ater H' arts Asent,43: 618 (1961).

Isom .
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Fig. 8.2-Flow diagram of ORNL water-treatment pilot plant. A, primary
mixing tank; B, secondary mixing ' tank; C, docculation, or coagulation, tank;
D, settling tenk; E, now proportioning and sampling tank; F, overhead oriace
feed tank for feeding 10 Slter columns; and G, G-M tube connected to count-
rate meter and recorder. (Figure not to scale.)g

j i
! nuclides in the mixtures varied considerably for the two tests. Radio-

e. chemical analyses are necessary to determine the removal of specifice

d a, ' ? substances and should be performed in allinstances.
s

8-1.4 Lime and Soda-o.h Softening
g g Lime and soda-ash removals reported for a variety of radionuclides
8 B. i are summarized in Table 8.10. These data show that reasonable
jj %j amounts of chemical will provide a 907o or better removal of soluble=

j])
j. Ba'"-La'", Sr'', Cd"*, Sc", Y", and Zr"-Nb" but that much largere e

UbjEj quantities of chemical (up to 48 grains / gal) were ineffective for the
;

gs! g removal of Cs"7-Ba"'" and W'". It willalso be noted thatlime alone,* )'I- |
was effective for the removal of Zr"-Nb". Lime and soda-aehEjs

I- C 13 - softening has also been tested for the removal of iodine, but thejj results have been negative.', o

g". Treatment with lime and soda ash finds its greatest use in the re-
af moval of potentially hazardous strontium. Many studies have been

}| carried out to define the mechanism involved, namely, the copre-
d ! cipitation of the strontium with the calcium. When stoichiometric

amounos of chemical are used, a removal efficiency of approximately
65 to 757o of the dissolved strontium can be obtained.au.a A,

_ _ _

.f.
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TABI.E 8.9-REMOV AL OF FISSION. PRODUCT ACTIVITY BY COAGULATION, SETTLING, AND FILTRATION * 8
4

Removal, 7. *
Concentration, 7. N

Congula- MRaw Bettled Filtered tion + taRadionuclide water emuent emuent Bludge settling Filtration Overall

Coi"- Ba Ha 27.2 4a 0 17.6 17.2 21.2 75.6 85. 8 gSr"-Y" 27,6 46.5 6& 9 2a I 9. 5 1% 3 26. 0 >TREt 31.2 7. 9 7. 9 53. I 86. 3 15.5 92.5R u i"- Rh i" 3. 9 2. 4 3. 5 4. O S2. I 78.7 i
iCeia-Prm 8. 7 2. 9 2. 0 9. I 82. I 59.3 92.7 LTotals 9& 6 99.78 99.9! 103.5 46.3 44.4 70.I 4

5..,aaw- su .,, e mate,w, no e n.w <.m.
ITrtfalent rare earths ether than eertum. ;l i

IQuantitante analytical ree.vertes currected to approdmately 1095 (A

!

%
, ..

9

..<y. ; , :.* :.

__ -- . _ _ _ . - - _ _ _ _ _ _ _ _ _ _ __ __ _ . __ ._. - - _ _ __ _
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78, y gCa '"- Pr '* 8. 7 2. 9 2. 0 9. I 82.I 59,3 92.7
_Totals 9& 6 [~] 99.93 103.5 46.3 44.4 70.1

'tantal see_uation e,redsonctne matarkt,22 soo es.addt.1). - '

<

Trivai.nt rer. earths .ther thaa .ormun.'

onIQuanutativ. analythm! r.covertes .orvoet.d to apgrostmately SOB 5
4

1

!
.

_ _ _ _
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Tass.s 8.10--APPROXIMATE MINIMUM COMBINED DOSAGE OF LIME AND PODA ASH TO
hOlVE STATED REMOVAL * 88,

Chemical dosage (grains / gal) for stated removal

50 % 75 % 90 % 95 % 99 %

Nuclide Lime Soda Lime Soda Lime Soda Lime Soda Lime Soda
inBa'a-IA'a 2 2 4 2 6 4 *1

&" 4 3 5 5 7 9 M M 4
Cdina 2 2 3 3 4 4 4 4 6 4 h&# 3 3 3 3 5 5 g
Y'a 2 2 4 4 6 6 12 6 .!:Zr -Nha 2 0 5 0 12 0 17 0 22 0 ga

Csin-Daist. 43 4g >-
Wim 48 48
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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.''8'

.r TABl.E 8.11-REMOVAL'OF STRONTIUM BY LIME AND SODA-ASH i

i SOFTENING * |,,

JL . Hardness, mg CaCOs/11ter Strontium i

e removed, % of IRun Lime N Co
No. ' Temporary Permanent addedt ad edt initial content )

,'

1 200 0 100 0 67.6 '

2 200 0 100 0 73.0
3 200 0 100 0 70. 5

4 150 50 100 105 70.0
5 150 50 100 105 71.6
6 50 150 100 105 60. 0

7 50 150 :100 105 63. 5

8 200 0 328 91.2
9 200 0 310 89. 5 1

'From A. L Downing et ed., J. Eng. t Faser Eve., t 888 nesp.

b tAs permataes of that eqWealent to en the temporary skdum hardness.
As parentase of um eqWvehet to the permanent aktum hardnam.

Strontium is removed by mixed-crystal formation. Its removal is
- directly.related to the removal of calcium. Therefore, for effective

removal of strontium,.it is imperative that the calcium hardness be

9 . 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 a low value. A system of
repeated additions and precipitations of small quantities of calcium
could then be used to reduce the radioactive strontium to a very low ,

amount. This is the so-called " repeated-precipitation'' process.88
Although only 80 to 90% of the strontium can be removed by the i

initial softening reaction, a secondary process, which provides for the
addition and elimination of small quantities of calcium in several
steps, removes an equal percentage of activity in each stage. For
instance, in a 10-stage plant, each step of which has a removal effi-
ciency of 50%,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 variable
,,

chemical solutions,it may not be possible to obtain them.
I, 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 CACO )
over that amount required to react with noncarbonate hardness and

.

3
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( enough lime to produce a pH of 9.8 to 10.0 at equilibrium resulted inrol tium are obtained
a reduction of calcium hardness to 5 mg/ liter or less and a simul-

by formation of mixed taneous reduction of strontium activity by 957o or more. Following

> rated homogeneously in the this initial precipitation,10 equal 5 mg/ liter increments of calcium
chloride (as CACO ) were added to react with the excess soda ash.o as imperfections scattered. 3

0 (3) surface adsorption of These additions were spaced at 2-min intervals to allow formation

o formed.'*" of precipitates between additions. In this way an initial strontium
c n as c o e evel of nsMal

CY LIME AND SODA-ASH background.o Equal reductions in strontium activity were obtained with cold-

remo$eI$of
lime and soda-ash softening. The expenmental procedure was

Na,CO
added! initial content similar to that used with hot-process softening. Enough lime was

added to the raw water to produce a pH level of 9.8 to 10.0 af equi-
0 67.6 librium, and 50 to 100 mg of soda ash per liter was added in excess
o 73.0 of that required to react with the noncarbonate hardness. Following0 70.5

105 70.o this initial softening,10 or more increments of calcium chloride were
105 71.6 added to react with the excess soda ash. Equilibrium could be reached

in the cold process, however, only after many hours of reaction time;
105 the addition of 1000 to 2000 mg of preformed calcite crystals per
328 9L 2 liter accelerated the reaction. Rapid stirring was necessary to in-
310 89. 5

crease the reaction rate further and to keep the crystals in suspension.
With the high level of preformed crystals and the vigorous stirring,,

,,oire
the additions of calcium chloride could be spaced at 5-min intervals.*
This treatment resulted in excellent removal of radiostrontium.

al form tion. Its removal is 3-1.5 lenEscimas.um. Therefore, for effective
Ion exchange, usually involving cation or base exchange, is used

Amt the calcium hardness be j also in softening mun cipal water supplies. It has been employedent suggests a con.
ter g treatment and an successfully for the removal of radioactivity from water, either as a

o o low value. A system of 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 (essentially

;f small quantities of calcium deionization), or as a cation bed followed by an anion bed in series.eties strontium to a very low
The resins have been used in columns or as slurries.ed-precipitation" process." Ion exchange may be used most successfully for the removal ofitirm c::n be removed by the

rocess, which provides for the
small amounts of ions from very dilute solutions. In the deionization

ntities cf calcium in several
of water for industrial purposes, all ions in the incoming water are

| replaced by hydrogen and hydroxylions, and the efiluent is compa-activity in each stage. For rable to distilled water. This method is cheaper than distillation
of which has a removal effi- since the ion exchanger acts only on the very minor constituents-the4

.vity la removed. In 15 such
is removed. These removals

impurities-and permits the greater bulk of material-the water-to
o (n2 treats highly variable Pass thr . ugh unchanged.

(a) Column Studies. One of the first applications of ion exchange
le to (btain them. to the removal of radioactive tracers from large amounts of liquid

: temperatures above 90*C, the
a 50 mg/ liter excess (as CACO )

wastes was that reported by Ayres.88 His results are discussed in

b noncarbonate haniness and
Chap.11.

.
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'
Studies have been made in which tap-water solutions containing,

added tracer amounts of soluble W'", Y8', Sc", Sr", Ba'"-14*, Cs"'-
Ba"'", Cd"*, and Zr"-Nb" were passed through various synthetic

k
~

ion-exchange materials. Results are given in Table 8.12. For com-,

TABI.E 8.12-EFFICIENCY OF ION-EXCHANGE. MATERIALS IN1
. REMOVING INDIVIDUAL NUCLIDES

N
d. Removal, %a
'

Cation Antonr Nuclide exchange exchange Mixed bed Greensand
- * -

W888 12-16 97.2-99.2 9& 9 9
YH 86-93. I 94.2-9& 5 97. 6-9& 7 75 i'
Sea 91 7-97.2 9 & 8-99. 0 9& 5-9& 7 9& 4 '

Sr# 99.I-99.8 5-7 99.95-99.97 99.8
Ba H8-Laus gg 3 99. 0 36-42 99.5-99.6 96.3 '

Ca 88'-Ba'87a 99.8 9. 99.8 '

Cd"8 9& 5 0 99.2
Zr -Nb" 58-75 96.4-99.9 90.9-99.4a

parison, results obtained using gr eensand (glauconite) as the exchange
material" are also Included |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 (II+ and

Na+ cycles) and a natural greensand (Na+ cycle); the anion exchangers
included Dowex-1(OH and Cl cycles);and the mixed beds included
IR-120(H+) plus Dowex-1(OII-) and IR-120(Na+) plus Dowex-1 '

(Cl-). In general, the particular regeneration cycle used, i.e., H+
or Na+ regenerated cation-exchange resin or OH or Cl regenerated
anion-exchange resin, did not appreciably influence the results. In
water-treatment practice the effluent pIIis of significance and should
be near neutrality. For the various exchange materials studied, the
range in effluent pH varied as follows: IR-120(H+), 2.8 i . 3.6; IR--
120(Na+), 3.4 to 4.3; Dowex-1(OII-),10.7 to 11.2; Dowex-1(Cl-),
7.2 to 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 capacity
of the cation-exchange resins is much greater.

From the results given in Table 8.12, it can be noted that the
strontium, cesium, cadmium, and, to a lesser extent, barium-lantha-
num tracers are present in solution as cations, whereas the tungsten
tracer is in the anion fonn. Yttrium, scandium, and zirconium-
niobium are apparently in colloidal form and, as such, are removed to

4

*
>.
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6p-wa r solutions containing some extent on both cation- and anion-exchange resins. It has been
H, , Ba'"-14 ", Cs "- shown* a a that an appreciable proportion of the radiostrontium in
dt various synthetic the water would continue to be removed by a column that had long
ren in Table 8.12. For com- ceased to remove calcium. This was attributed to a difference in the

affinity of a given exchange material for strontium, as compared with; CHANGE MATERIALS IN
,L NUCLIDES calcium; such differences are said to be greater in rigid, dense ex-

changen, such as the aluminosilicates,' than in the organic exchangers.
"''' I' Further studies by Downing and coworkers * showed that there

appeared to be a slight tendency for the activity in the effluent tog g_g
increase in successive cycles; it was found, however, during several

3 98.9 9 successive cycles that over 97% of the strontium activity initially
9 97.648.7 75 present in the water could be removed. It was also noted that, in
3 d8 fg9j7 'j the first few cycles at least, the proportion of activity appearing in8

9 99
the effluent was less than the normal " leakage" of hardness.99.5-09.6 96.3

99. 8 Friend" carried out a more extended study of the efficiency ofion-
99.2

| exchange procedures for the removal of 15, Sr", and mixtures of the
0 90.9-99.4 two radionuclides. He reporad a decontamination factor (influent

activity / effluent activity) in excess of 108 (greater then 997, removal)
i (glauconite) as the exchange for carrier-free I with IRA-400 resin (OH-) or a combination of
le. Greensand was used in IR-120(Na+ or H+) and IRA-400(Oll-); a decontamination factor

isiva use in water-treatment in excess of 108 (greater than 99.97 removal) for carrier-free Sr"
with IR-120(H+) or a combination of IR-120(H+ or Na+) and IRA-

ted included IR-120 (H+ and 400(OH-); and a decontamination factor in excess of 108 (greater than
cycle); the anion exchangers 99.9 7o removal) for a carrier-free mixture of Sr" and Im with IR-o

and tha mixed beds included 120(H+ or Na+) and IRA-400(OH-) .
flR-120(Ns+) plus Dowex-1 Several parameters having an inf.uence on the removal of hardness
' eration cycle used, i.e., H+ ( and more particularly the removal of Sr" by Amberlite IR-120(H+)n

in cQ or Cl regenerated resin were studied." It was conclinded that increased flow rates de-
hly ( jnce the results. In creased resin capacity and slightl,r decreased the efFeiency of the
I b cf significance and should column for removal of Sr", that resin breakthrough capacity became
yh ngi meterials studied, the greater with increasing length of co;umn, that hardness capacity and
DR-120(H+), 2.8 to 3.6; IR- radiostrontium removal increased w:th decreasing resin particle size,
10.7 to 11.2; Dowex-1(Cl-), that increased feed-water temperature slightly increased removal of
|From tha standpoint of pII, Sr" and resulted in a sharper breakthrough of hardness, and that,
Cuents wire those produced within the pIl range of 2 to 10, the Sr" removal efficiency and hardness
Th2 removal efficiencies ob- | capacity increased slightly with increasing pH.
ignifictntly from the results I (b) Slurry Studies. Lacy and Lindsten" studied the removal M
p;v:r, tha exchange capacity specific radionuclides from tap water by slurrying with ion-excht. age
rester. resin. Typical results are shown in Figs. 8.3 and 8.4. Increased
12, it can be noted that the removal occurs with an increase in slurrying time and concentration
i lesser ext,nt, barium-lantha- of resin, as shown in Fig. 8.3. Considerable difference in rates of

tions, wh:reas the tungsten removal for the various radionuclides is indicated in Fig. 8.4, but a
!, se:ndium, and zirconium-

|
concer.tration of 2700 mg of MB-3 resin per liter slurried for 90 min

( and, as such, are removed to i removed over 987o of all radionuclides tested. The removalof radio-
t
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Fig. 8.3-Esect of increased contact time and concentration of lon4xchange resin
on tbe removal of FMP-2. A,2700 mg/ liter; B,1800 mg/ liter; C,900 mg/ liter;
and D,450 mg/ liter.

6 active contaminanta did not increase proportionally with increasing
resin dosage.''
8-1.6 Solide.consect Solvening

To confirm his laboratory findings on the removal of Sr'' by water-
softening procedures, Hoyt 8 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 upward
toward the efHuent weir, the velocity decreases due to the increased
cross.eectional 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 remaia in equilibrium forming a layer of freely
suspended particulates through which the liquid flowing 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. Iligher
removals were obtained m the pilot plant than in the laboratory tests
with similar levels of chemical dosage. The removal of all suspended

.
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lant than in the laboratory tests bu; D, Ba*I4 a; E. Iu8; F. FPW2; G, P; H, Cdus; and I, Csur.C 8
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176 LOW-LEVEL RAMOACTIVE ~ WASTES ,
'

matter from the precipitation effluent (by centrifugation or sand*

1

filtration) increased the removals of hardness and activity to 87 and'

967o, respectively, when 50 mg of excess lime and soda ash per liter
I . were added.

8-1.7 Repeated precipitation Process
Many; conventional water-treatment plants with separate mi.xing,-

- coagulating,-and settling basins can be modified readily to utilize the
repeated-precipitation process proposed by McCauley and Eliassen.''

I
Saggested flow diagrams for the repeated-precipitation process (either
the straight-line flowtnethod or the upflow reaction or contact basins) i

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. 8.8-Spaulding precipitator.
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mes- nd soda ash per liter --- Cecai, ca Ceci,- - - - - - - - -

t

,____J
,
't plants with separate mixing, ntraarc=

b modified readily to utilize the u'r'o= u= irs
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Sow reaction or contact basins) C o .>,on Ceci,_ _ _ ,, ,, T-~---'e.... ,

esfulcper: tion of each of these ,,, G - ,I I. I

rwCCuLarca sttru=G i acc a onarc.e r,Lt..r o.

. 8.6, a ch-mge in flow pattern g g ,.e __ ___J
,,

p rpHow units should be made,
*CaCl, th uld be added to the

'up60w unit. Fig. 8.6-Representative Sow diagrams for time-soda softening plants.

e,% uooinCArc= ----E =-oRive asorom _____

~]*,- ,_ ,,,a r ' |-* ,

\/ V AtCAROoNArch V RfCAA9omariose
-

FILrmafiose4 No Dia uprLow UNir UPFLow umar

_
g, .__ *
Saupum
Poemt

CecMi, em Coct, Cecopie,, CosoHl o,R Cecrg _._q-m -, ,, ,
etti J 9999 ,

, e

"T*, _ _
' k_,,"* "* ~

\/
I FLoCCULArcN StrruMG !RECAm.i $ranutESS-$7ttL

g FLocCULariops StrrussG g atCA4- rittmarsomomoub g

t.\__a_ctuam patronwta so os___ e._ __ J Lponatore___ \ e _ ____J
somatics

v atrum= **croauto scuos

(D)

; Fig. 8.7-Representative 6ow diagram for excess-Ilme softening plants.
oas _ _ _
>
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ity, 7. ness, 7..._

'''. \,,,/ o a,= Jar Spaulding Jar Spauldingy Treatment test precipitator test precipitator
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\

O 2. For the plant in part (b) of Fig. 8.6, preformed solids should be
*

j
;

I
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-
e

tation in the basin to keep preformed solids from settling. Com-.;

A. 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
recirculated from the settling tanks to the heads of the flocculation
basins, and small quantities of Ca(OH), or CACI, 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 Solds-contact Clarifier, Fig. 8.8).
His results, which show removals for various radionuclides and

6
mixtures of radionuclides ranging from 46 to 937o, are summarized
in Table 8.14.

3-1.8 fon exchoase Sydems

Commercial size (1.8 cu ft) lon-exchange systems were evaluated
by Lacy 8' at ORNL; his results are summarized in Table 8.15. For9 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 897o 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 997o was indicated, but the
throughput was reduced to 1500 gal.

3-1.9 Small-ecole Commerical Unin '

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 diatomaccous earth and
activated carbon,22 g of Nalcite SAR resin, and 22 g of Nalcite liCR
resin; 9 of the 12 units contained, in addition,42 g of powdered iron.
The solution used in these studies had an activity of approximately

-

10,000 counts /(min)(ml) (107, geometry) and had the following
percentage composition: strontium yttrium, 27.6; cerium prase.
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Tasts 8.15-ION-EXCHANGE REMOVAL OF RADIOACTIVITY FROM WATER CONTAINING MIXED FISSION k
PRODUCTS" i

5 '

,

Innuent 4 |Cumulative ,

*

Activity, Hardness, break- Rate, sal / N !Rua Contam- counts / mg CaCOS/ throughe (min)(eq Removal, ;$ |No. Resia Cycle inanti (min)(mn pH liter galt it) % ta j

1 Permutit Q Ns* FP&f-4 5690 10 108 6990 10 70
2 Permutit Q II* FP&f-5 6470 7, 6 106 3500 10 89 53 Ambertite IR-120 Na* FP&t-5 6630 7. 8 108 6600 10 87 >-
4 Amberhte IR-120 11' FP&f-5 7590 7. 6 116 3700 10 82
5 Amberhte &f B-3 (II*-Oll-) FPM-5 5580 7. 8 112 1500 10 96-99

*Unme I A en it. Y'

tFFM-4 by aar=mm of as re ity was 73M emuses and 27M estana; FPM-4 by compeelties of tes retenctivity was ssM estassesad SM essens.v

3Cuomehouve breakthesugh in the esmee used to ammuinnie voluses le desses of headasse twenkthreesh. In ruas I thesuch 3 and In rum 8, beenkthreagh wee deteruttaed
6when eSuset hardness esamedad 2% of the anSeset, and la rue 4, w has It eneweded 95
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Fig. 8.8-Side view of Erdlator Solids-contact Clariner,30 sal / min. f

! ???
|22X Y*
| g g'A Ij odymium,17.4; ruthenium rhodium,3.9; promethium,22.1; samar-"

;
1 lum,1.4; cesium,27.2; and other radionuclides,0.4. The results of |

e

|j the 12 runs are summarized in Table 8.16. It can be noted that the ;
| f- g, percentages of removal were quite variable even under similar test |

4,j| e] conditions. When tap water was used as a diluent, the highest !

| removals observed were 987o. With distilled water initial removals+

]Z: g of 997o were obtained.O

.
I s-2 NONCONVENTIONAL PROCESSES !

I gi

!gg] gay &nral methWs for the rernonl of radioactin constituents from I
i-- water which differ somewhat from the conventional processes just
!$$2 * *f ,L discussed have been studied. These nonconventional processes
|3ss include phosphate coagulation, electrodialysis with permselective l*
I g membranes, the addition of metallic dusts, and the addition of clayaf

i 1 j materials. Only those methods that can be utilized in conjunction i

** g with conventional water treatment planta are described here; others !i

i pg are discussed in subsequent chapters (see Chape.10 through 12).
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Tasta 8.16-REMOVAL OF RADIOACTIVITY BY SMALI,8CALE COMMERCIAL UNITS
$Averags w

asmoval
bmoval for various vol. in SrstInBuent umes of throughput, ',' 40 litersactinty, of pH rangs Presencecons.ts/ 20 40 60 80

throuh.h-Series (min)(ml) liters liters liters liters pHof of of visibasput, Flow rate * ineuent efBuent Iron soo Remarks
A 10,970 38 39 39 54 40 0.28 hter/ min 7. 8 & 9-10.O None Distined water 5-

Aushed through Y
unit for Erst 20 E
liters at 3.78 yB 12,260 95 92 77 60 90 8 20 hters at 3.78 liters / 7. 7 7.3-7,7 Much Spiked solution
liters / min ta

min 2 liters at 0.014 g
liter / min,54 liters at Sushed through cr

0.47 liter min units for laitial 5r
5-min period at *

C-1 11,540 98 95 90 84 9& O 20 liters at 3.781sters/ 7. 4 6.8-7.6 Much Spiked solution h
3.78 liters / min

min, remsinder at
0.47 liter; min Bushed through

units for initial 4
5-min period at

' C-2 9,300 94 88 82 91 0 20 liters at 3.78 liters / 7. 4 7.O-7.6 Much Spiked notation
3.78 liters / min ,

min, remainder at
0.47 hter/:nin

Bushed through
units for initial
5-min period at*

C-3 9,100 87 76
81 0 20 liters at 3.78 liters / 7. 4 8. 5-7. I Much Spiked solution

3.78 liters / min
-
-

min, terrander at
.. . .g 0.47 liter / min

dushed through
units for initial

3. . y s ." * * s

_
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3.78 Q jC-1 II,540 98 95 90 84 9& O 20 liters at 3.78 liters / 7. 4 a 8-7.6 Mueh Spiked si" ada, remainder at Bushed th
&47 liter / min 4units for

a 5-amin period at
3.78 liters / minC-2 9,100 94 88 82 93. 0 20 liters at 3.78 liters / 7. 4 7.0-7.6 Much Spiked solution

,

min, remainder at Sushed through
0.47 liter | min units for initial

5. min period at
3.78 liters / min

. E
C-3 9,100 87 76 85. 0 20 liters at 3.78 liters / 7. 4 6.5-7.I Much Spiked solution

min, remainder at Bushed through
0.47 liter / min unite'for initial

5-min period at g
3.78 liters / min jgD-1 9,100 75 51 3& 0 20 liters at 2.78 liters / 7. 4 & 0-7.2 None Unit contained no omin, semainder at
powdered iron >*

0 47 liter / min
[D-2 9,100 84 49 TE O 20 liters at 3.78 liters / 7. 4 6.0-7.2 None Unit contained no '9min, remainder at

powdered iron g0.47 liter / minD-3 5,380 84 48 43 75. 0 20 hters at 0.78 liters / 7. 4 6.2-7.I None Unit contained no y
a

min, remainder at
powdered iron

. 0.47 liter /ada g
. E-1 10,320 54 42 8& O 20 liters at 3.78 liters / 10.0 & 2-9.4 Uttle Influent pretreatedmin, remainder at

by alum coagula-
0.47 liter / min tion and sand $E-2 10,380 62 47 64.0 20 hters at 3.78 liters / 10.0 7.6-& 6 Uttle Influent pretreated f

filtration

min, remainder at
by alum coagula- Q* 0.47 liter / min tion and sand :o

E-3 10,380 54 38 5& 0 20 liters at 3.78 liters / 7. 4 6.2-7.4 Uttle lafluent pretreated E
filtration *1

min, remainder at
by alum coagula- $0.47 liter / min tion and sand

%F 1,790 99 99 99 43 9& 8 20 liters at 3.78 liters / 4. 4 4.9-6.O Dissolved Radioactive material
sitration z'min, remainder at iron diluted with $0.47 liter / min present distilled wster Q

*ldanadmetaser's operating teatrettions ase as terme of gaaens and of penta per udnase; a 7ss hseratta= 3 saWata; 8.473 liter / sata = 3 plat /mata.tg
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O 3-2.1 Pho pfwwe Coopicolon.

Since laboratory findings have indicated that the usual coagulation
procedures employing alum or iron salts with lime have not been too

I
. - satisfactory in the removal of radioactive contaminants, other systems .I have been studied. Lauderdale " investigated phosphate coagulation !I

~
for the removal of radioactivity since many polyvalent cations form

i
relatively insoluble phosphate compounds and since phosphate floc ;
can be formed in solution at high pII. IIe studied the removal of

) individual radionuclides in distilled water by adding either potassium
dihydrogen phosphate or trisodium phosphate and calcium hydroxide.i

hiaximum removals are shown in Table 8.17.

Tami.s 8.17-REMOVAL OF RADIONUCLIDES BY PitOSPilATE
COAGULATION *

Coesulant
dose, Removal,

Nuclide Consulant mg/litec %

Ce8* KII PO. 200 99.8
Na:PO. 120 99.9

Bra KII.PO. 100 81. 3
Ns.PO. 240 97. 8

Yes Kil PO. 100 99.9
6 Sbise KII,PO. 100 66. I .

Na PO. 120 67.4
Zna KII.PO. 50 99.6
Wim KH PO. 200 10,7

Zra KII.PO. 100 99. 8
Nba KII PO. 100 99.2 '

'Fhe a. A. taederdale. Jr, US A sC Bepart o aN tre.2. C at aldge National tabernaary, Jan. st. lest.

Removals of over 99% of the Ce*, Zn", Y'', Nb", and Zr werea

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 pII and coagulant dosages were i
varied. As a result, Sr" was selected for special study. It was i

found that at a pII of 11.3, with a phosphate to esleium ratio greater ;
than 2.2 to I (corresponding to a 467, excess of phosphate), a high
removal of Sr" was effected; above a pil 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 pII of 11.3 or above, maximum hazard ;

reduction could be obtained in the treatment of fission. product mis- -

tures in which radiostrontium is one of the more hazardous constit- )
uen ts. Consequently testa incorporating these conditions were
carried out with a fission product mixture containing the following {
percentage composition of radionuclides: trivalent rare earths,43.5:

|
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**
ica t the usual coagulation i ,,,,,,i i i i

alta with lime have not, been too r- , , , , , ,

'tive contaminants, other systems [ _
-

~

-iovestigated phosphate coagulation
] many polyvalent cations form
sound 3 cnd since phosphate floc
H. Ha studied the removal of

" -
-enter by adding either potassium

''"
hosphate and calcium hydroxide.
ble 8.17.

)NUCLIDES BY PilOSPilATE '

FIONS

begulant
done, Removal, so -

mg/ liter 7, as
-

d

{200 99.8
120 99.9 y
100 81. 3

5
240 97.8
100 99.9 |
IM MI 3 i

120 67.4 eo -
_

50 99.6
200 10,7

100 99. 5
100 99.2

,ns, r s .::. swi.

b, Zn", Y:2, Nb", and Zr" were
* ~ -

% precipitation had little effect
eked differences occurred in the
' li cnd coagulant dosages weret
I ted for special study. It was
maph:te to calcimn ratio greater
To excess of phosphate), a high
h pli of 11.3 the increase in re-

d:ta indicate that,if an excess 'o E ,'s 1 E ,,

a***""ma m'o|1.3 er chove, maximum hazant
* calm:nt of fission product mix- Fig. 8.9--Relation between phosphate-calcium ratio an<l pil in the removal of
i cf the more hazartlous constit- strontium.

irating these conditions were ,

hixture containing the following cenum, 27.0; strontium,17.4; barium, 5.1; ruthenium, 2.0; cesium,
$.es: trie: lent rare earths, 43.5; 1.1; and others, 3.0. This mixture was diluted with tap water, and

the pil was raised to 11.5 to 12.0 with Na0ll. Itemovals in excess
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'

of 99% (99.2 to 99.67o) were obtained through the addition of 100 g i
,

of Na,PO. perliter and 100 mg of clay perliter or through the addition,

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 theI

2

composition of the waste., .

j

scandium, strontium, tungsten, and yttrium radionuclides.Other phosphate-coagulation studies have been carried out " usingt

and the initial pH was adjusted to 11.5 by the addition of Naolfwere diluted with tap water,100 mg of local clay per liter was added
These*

,

51 mg/ liter and the Na PO. dosages to 250 mg/ liter.Some studies were carried out in which the lime dosage was kept at
.

.

removals in percent were Sr", 95.5; W'",11.0; Y'8, 99.5; and Sc"The maximum
99.6; these essentially confirm Lauderdale's findings "

-

,

increasing the pH to 11.5 alone effected removalof 99 27o ftersetiliWith Sc",
.

In commenting on the use of phosphate coagulation in municipal
. a ng.

water-treatment practice, Nesbitt, Kaufman, McCauley, and Elias

of poi perliter would cost 8147 per million gal (at the average 1960sen 88 indicated that to treat Ohio River water with the required 84 mg
-.

$

market price of tribasic sodium phosphate,55.25 per 100-lb bag).
3-2.2 Metallic Deses

Iacy ** studied the removal of speciC, slable radioactive contami-
nanta by slurrying various metal dusts in the solution.b

laboratory experiments the radionuclides listed in Table 8.18 wereIn these

TABI.a 8.18-REMOVAL OF RADIOACTIVE CONTAMINANTS BY
METALLIC DUSTS *.t

Stock Initial setivity, Removal, T.
t

j solution
| - Contaminant pH (min) (ml) Iron! Zine Copper ' Aluminum-

counts /

; Runa-Rhia & 0-& 2 1,975-3,950 99.6 9& 4 93.7 92,8YH
_

! 7.9-& 0 1,610-3, 230 9& O 9& 0! Zr*Nb88 7. 2-& 3 1,210-4,470 99. 1 97.9 99. 1 99.8
P'8

i 7.8-& 4 128-12,000 99.8 91 1'
p88

& 5-& 2 4,288-6,689 37.2 41 7 42,2 21 2
84. 2'

Cem.8A Pr 8 7.9-& 1 3,915-4,491 99.9 99.9 99.5 99.8

a ,

Baia 7. 9-& 2 4,644-10,205 94.8 74. 5 61 7 73.8Com & 0-& 2 1,571-4,792 92. 2H 47.8 30.21Ca ?-Bauraa,

&0 13,085 &6
'

FPM-5" 2.0-7.2 2,890-4,220 55. 5 30.6 49.3 &2FPM-6 t t 7. 2-& 0 8,730-10,375 81 8 76.6 92. 1 89.4
errom w.s.14er,J.am, was, weh Ana,44: saa on2).tuetes dast. acco mg
ftron aamp:ee were ce/ister. eSmin eoniact ume. sitered sample eoi.nted.
IMetal dust. ago mg/ liter.ntrifused before they were counted.
1ststyetnote ecstact.

" RPM-4.nassed Ass 6an-prodnet weste actalning mainly Ca'88 Ba**
ftrPM-c. endine dissolver sotation aged 20 days.

-

and Ro88 Rhm.

i
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ied h the addition of 100 mg added to Oak Ridge tap water. Various amounts of powdered alu- I

1

my r or through the addition minum, copper, iron, and zinc, corresponding to 100, 500,1000, and
100 mg cf Ca(OH), per liter. It 2000 mg of powdered metal per liter, were placed in beakers to which
ncies cf removal depend on, the 500 mlof the radioactive solutions were added. After stirring periods j

!

of 15, 30, 45, 60, 75, and 90 mm, samples of the supernatant were
dies h ve been carried out 8' using IIItend and counted. In general,it was found that removalincre>' 8

!

i

id yttrium radionuclides. These with mcreased contact time and dust concentrations.
.

g cf local clay per liter was added, Removals obtamed with 1000 mg of the metal dusts per liter after a
;

11.5 by the addition of NaOH. 90-mm contact time are given in Table 8.18. Under the conditions) ,

hich tha lime dosage was kept at reported, mmovals with iron, with the exceptions of the fission-product
i to 250 mg/ liter. The maximum mixtures, todme, and cesium, were in excess of 907o for the radio-

i; W5"keb findings "11.0; Y" 99.5; and Sc"'
nuclides studied.

uderda . With Sc" Studies by Lauderdale,88 Eliassen,8' and Mead," utiliziag metallic
ed remcralof 99.27,aftersettling. dusts for the removal of specific radionuclides, are described in Chap.
asphate coagulation in municipal 10.

K ufm:n, McCauley, and Elias- 8-2.3 Clay Tret
v;r water with the required 84 mg

The effect of small additions of clay (100 mg/ liter) on the removal ofr million gal (at the average 1960
radionuclides by coagulation and sedimentation is shown in Table 8.2.Eph .t2, $5.25 per 100-lb bag).
Additional data br.ve been reported on the use of this method for
increasing the removal of radioactivity by conventional water-treat-

cific soluble radioactive contami- ment methods.a. m-u Some results are given in Table 8.19. Although
dusts in the solution. In these .the addition of clay materially improves the removal of radioactivity,
iclides lhted in Table 8.18 were its use creates the problem of bandling large volumes of clay both

initially and as a mass of contaminated material. Furthermore, if it' ACTIVE CONTAMINANTS BY
DUSTS * t was used in combination with chemical coagulation, still larger

volumes of contaminated sludge would have to be disposed of.
'"'**I' %

TABLE 8.19-REMOVAL OF RADIONUCLIDES BY SLURRY!NG WITIIIron Zine Copper Aluminum
LOCAL CLAY

99.6 9& 4 91 7 92.8 Removal. %9& O 9& O Itadionuelide 100 mg/ 750 mg/ 5000 mg/99. I 97.9 99. I 99. 8 liter * liter liter
< 99.8 9& 1 84.2

37.2 45.7 42.2 21 2 Ba'a-Lasa 41 58 85
99.9 99.9 99m 5 99.8 Cdus 3 30 64
94.8 74.5 6567 73.8 Ce8a-Pr'a 70-80 86 99 +
92.251 47.8 30L 26 Cam-Baisr= 38 87 9& O
&6 Sea 53 91. 7 96.9

55.5 39.6 49.3 &2 Bra 2-1.! !4-22 49-52
85.8 7& 6 92. I 89.4 gnu o 4 49yet 22-45 56-70 93. 6,

Zr -Nbes 93. 5 99. 0 D& 0!Ocom. a
10 annipnoaan" pu
d 78-82

Issi 9-20
Com 85-99 +'aly Combe *= sad Ro*Rh'n. ,

*iacm3 oRNL elay added to produe turbiditF.

l
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CLAY CONCC18TRAfloss, esG/ LITER

[ Fig. 8.10-Decontamination of radioactively contaminated water by slurrying ,

_
with clay (90-min contact time). A, Cet'L8'Pri"; B, Zr -Nba; C, Ba'"-a

La'"; D, Sr"-Y"; E, FPM-1; F, FPM-3; G, FPM-2; H, Ru=-Rhi"; and I, g
m
-

15 ]

.

E,,_' '

?
'

f. . . ' .
_

..

.V

7

e.



._ _

AcrIVE WANTE8
REMOYAL OF RADIOACTIVITY BT WATER-TREATMENT PROCESSES 1891

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", and Im 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-

i
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 8.20,

o e an increase in pH (from 3 to 11) is associated with an increase in
- removal efficiency. An increase in calcium concentration from 20 to

I 200 mg/ liter had little, if any, effect on the removal of mixed. fission-
product activity by clay, as shown in Table 8.21.

"
"

lp
- Tant.z 8.20-EFFECT OF pH ON REMOVAL OF MIXED FISSION

PRODUCTS BY CLAY SLURRY *

Removal, 7,, following indicated slurry times

pH 15 min 30 min 45 min 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 74. 0 75.2 76.2 75.9
7 64. 0 66.7 72.9 74.9 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 81.7 82.2 82.6 83.4

-

Initial activity,3400 counts /(min)(ml):

4 49.6 51. 3 52.3 52.9 54.9 55.2 54.O\
6 06. 4 68.5 74.3 76. 1 75.9 76. 0 76.2
7 65.5 60.0 75.7 76.7 78.7 78.8 78.5
8 7a 6 74.1 7J.1 79.2 79.5 80.8 81. 0

-. 10 76.6 77.I 79.4 79. I 78.8 7a 2 78.9

'Radlamefire contaminant FPM-3; concentration of clay,1000 mg.11ter. (see Table S.4 he description
et FPM-3.)

TAU removal Ogures.*'. are based on 8ttered samples enrept this column. wbleh is br erntrifuged samples.
.

,

, $No correction has b*eo made for counter etBelency (approximately 10r')..

L, 8-2.4 Diatomaceous Earth
'--

Diatomaceous-earth filters have been used for the removal of
radioactivity. Studies with P82 described by Baumann, Zobel, and, i

= = =," Babbitt " indicated that diatomaceous earth alone is ineffective for"
the removal of radiopnosphorus, particularly in the presence of

317 contaminated water by slurrying increased concentrations of stable phosphorus. Removals variedm; B, Zr -Nb"; C, Bam-hm.m-.Pr u

3; G FPM-2; H, Rum-Rh*; and I, greatly, the highest, as indicated in Table 8.22, being obtained with
activated carbon and a proprietary diatomite.

,
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,

TABt.m 8.21-EFFECT OF CALCIUM-ION CONCENTRATION ON RE-
MOVAL OF MIXED FISSION PRODUCTS BY CLAY SLURRY *,

Removal, % following indicated slurry times

mg/ liter pH 15 min 30 min 45 min 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 74.9 75.5 76. 0 77.2 76.6
40 7.35 72.8 73.9 7& O 7& 2 78.8 79.9 79.2
60 7.45 72.6 75.2 77.7 7& 0 7& 6 7& 9 7& 5

100 7.70 72.2 71 3 7& 2 78.3 78.9 79.2 79.3 .

200 7.90 72.9 75. 0 78.I 78.5 7& 4 78.8 79.I !

Initial activity,2680 counts /(min) (ml),3 Ca added as CaC;

40 7.05 71. 3 71.9 75. 0 74. I 71 7 75,2 75.3
80 7.15 71. 0 73. 1 75.3 73.7 75.3 75.8 75.6

120 7.00 70. 0 71.2 72.9 73.2 71 7 75.2 75.4
150 7.20 69.7 72.4 73.5 73.7 71 4 75. 0 75. 0

*n dww osatassammat Fru.a; anecentrasson er east scoo es.ister. (see vable s.4 sur description
of FrM-a.)

fall rennevel agurgs.% are based on sitared samphs except this column, which is Air centrifuged samples.
$No currection has been amade ser sounter edBelener (apprestansel 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 40% Ce "-
Pr'", 20% Pm''',18% Sr"-Y",14% Cam-Ba*=, 6% Ru'"-Rh'", ,

and 2% 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. '

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

.

The removal of fission products from a natural environment poses
pn>blems 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

I
radioactivity in soluble form as well as in association with particu-

,.

.
.

.

k
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10 CENTRATION ON RE. TABI.s 8.22-EFFECT OF DIATOMACEOUS-EARTII FILTERS ON TIIE
OD CY CLAY SLURRY * REMOVAL OF RADIOACTIVE PHOSPHORUS FROM WATER a

ellowing indicated alurry times Rem
g,

D 60 min 75 min 90 min 90' mint Test Precoat Filter apparatus of coat, gal /(min) activity,
No. medium and notes Ib/sq ft (sq ft) %

(ml),3 Ca cdded as Ca(OH),
1 JM535 Complete precoat; 1 12.3

) 75.5 76.0 77.2 76.6 Siter water recir-
) 7& 2 7& 8 79.9 79.2 culated 15 min
7 71 0 78.6 7& 9 7& 5 before sampling
9 7& 3 7& 9 79.2 79.3 2 D4200 1 17.9
0 7& 5 7& 4 7& 8 79. 1 3 JM535 Buchner 61ter 1 0.16 93. O

e) (ml),t C2 added as CaC1'
4 Crystal Flo Buch r ter 1 0.58 8& 4

G) 74. I 74.7 75.2 75.3 apparatus
D 73.7 75.3 75.8 75.6 5 JM535 Buchner alter 1 0.58 52.4
0 73.2 74.7 75.2 75.4 apparatus
0 73.7 74.4 75. 0 75. 0 6 D4200 Buchner 61ter 1 0.39 72.4

apparatus
sar,isso maluter. (s Tabis to er descripuos 7 Everpure * Buchner Elter 1 0.29 100

mpt thh salumn. wheb h tw esotrWused ana" 8a JM535 Bucha r r 1 1.20 52.2apresumately 30%.
,

8b JM535 Buchner Elter 1 0.39 51.7Siatomite filter were reported by
imint Laboratories." This unit 8e JM535 Buch er r 1 0. 08 85.6
quipmtnt treats 500 gal of water apparatus
ntamin:nt was a three-year-old 8d JM535 Buchner 61ter 1 OL 29 45.8
ined cpproximately 40% Ce'"- 8pparatus

t 9 Sparkler pad; Pad contained silver 0. 80 60. 3% Bam", 6% Ru "-Rh" ,
gravity flow
through 61ter

iret with powdered iron, 10 sparkler paa; pad contained O. 80 74.5
elimestons coagulation, and was gravity flow onely divided
blant was coagulated with ferric through filter silver

Il Sparkler pad; Pad contained O. 80 100Miter settling, the supernatant
v e bon0 filter; th3 effluent contained the gh Elter

3. These data show that diato- 12 Everpure * Commercial filter 0.15 0. 70 97.3
cm*,vLI of radioactive materials 12a Everpure* Uncontaminated No radioactivity
)n products. water through carried to filter

cake of 12 from pad
13 Everpure* I mole of stable 0.15 0. 70 64.6IST DEBRIS (FALLOUT) FROM

;R phosphate added
*

to stock solution
om a natural environment poses 14 Everpure* 1 mole of stable 0.34 0. 70 81.7

>m those (ncountered in the re. phosphate added
'* ' * * " "cr-separated radionuclides from

m n nucletr detonation contains *Contains activated 4arbon.
I as in association with particu-

===
.__.
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TABI,E 8.23-EVALUATION OF DIATOMITE FILTER SET NO. 2 g
Initial conditions Treatment Final conditions Y

NActivity, Coagulation Activity,t ActiviRun Alkalinity, counts / and Alkalinity, counts / remove M
|

<
No. pII mg/ liter (min)(ml) Pretreatment* altration pH mg/ liter (min)(ml) % " '

; I 7. 6 80 2780 335g of powdered Iron 335g of FeCl, 450g of 5. 6 15 1079 60 $-

! CACO.
e ;

82 7. 4 82 2781 1890g of powdered clay 335g of FeCI., 900g of 6. 2 32 810 71 >
CaCOs

3 7. 8 81 2722 First coagulation: 335g Second coagulation: 335g 5, 7 21 1060 61of FeCI and 900g of of FeCI and 1350g of
CACO, CACO, Y

'Pretreatnwat with pondered iron removed 56 of the actietty;pretreatmen? with pow & red clay removed 8087, of the activity;pretreatment bycoagulationremoved 50%of the activity.
1 Uncorrected for geometry and coincidence. CA

4u Q T' r .(
,.~ 2

r* ~ v , A ,h. e
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( late matter. This latter form cannot be investigated easily in the,j } laboratory with simulated waters; it is necessary to collect rainfalla
' '

g and stream samples to differentiate between the amounts of radio-
y activity associated with the suspended solids and that in solution.

@g
. 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 :
B ; markedly.

!! Estimates have been made of decontamination due to decay and
E natural agents by comparing rainfall activity levels with activity
$ levels in Ohio streams. Decontamination factors (i.e., rainfallO e-

O d .

3 activity / stream activity) ranged from 6 to 90 in 1956,'' and shot ed
'8

a value as high as 170 in 1957.** These data, plotted in Fig. 8.11,gg
N3 g showed that the higher activity rainfalls occurring immediately after;;5 l nuclear tests are easily decontaminated; i.e., since shorter-liveds

8" ! materials are involved, loss by decay is greater, and removal by
"

-j y natural agents is more marked. The easily removed materials are

6 {]'d
3 j taken out by adsorption or ion exchange on soils, by deposition on

"'

vegetation and soil surfaces, and by filtration of particulate matter,ag

y$, j g}yE whereas the hard-to-remove materials are carried with runoff into the
i streams.
s Where streams used as water-supply sources receive this runoff

} #3 ) containing the radioactive materials not removed by the natural
( N I- agents referred to above, it is not surprising that water-treatmentg

jE Il plants employing conventional processes are not particularly effective
E in the removal of these residual activities.

E i Studies of fallout in surface waters by Thomas and coworkers *8
9 f ! showed that fallout disappeared more rapidly than can be accounted,,,

-p 4, for by nuclear decay alone. Thus other factors, such as sedimenta-
. h.1 2 tion, surface adsorption, and biological uptake, were operative in -

}j removing radioactive materials. Activity levels of samples collected
3 g [3 at various points in the Lawrence Water Treatment Plant and dis-
;; Si j j tribution system on Nov. 6,1951, are reproduced in Table 8.24.

; j ; These data show overall removals of 84%.4 5 Further studies showed that removal efficiencies for three full-a

@ Gil E. I ecale water-filtration plants (Cambridge and Lawrence, Mass., and
i I. Rochester, N.Y.) were lower than those reported by Straub " for the
$3 removal of reactor-produced fission products. Some of the results,j ,; reproduced in Table 8.25, indicate overall removal of 13 to 75% by# =

" ji coagulation and filtration, whereas slow sand filtration without
i !!o chemical coagulation was ineffective at times.

' , .

W !-n
3 4,3 639 0 64. le

! .

'^
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..
v.

-[

.?
~

, _ _-,__.,_._-._-__,,,_.--_-_,w .,.w..__y, , --, _ , , , . , _ , , ,,_.,__---.g._.,,,,.m.,,..---,...,,e,--, - , , . -



_ _ _ . . - _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.

+

194,

LOW-LEVEL RADIOACTIVE WASTES
~

, Tast.m 8.24--ACTIVITY IN SAMPLES FROM THE LAWRENCE WATER
TREATMENT PLANT, NOV. 6, 1951 88

1 :.

Sample Activity, Decontam-
countal Removal, ination1 (min) (liter) % factor *'

Raw water at intake 400
Congulated and settled water 320 20 1. 2Rapid. sand-Siter emuent

120 70 3. 3Distribution systemt 65 84 6. 2

'Docesraminarian sneter is equal to raw. water activity /elBoent activity.
tAverage of two saanples at diferent h'h

Comparable removal of radioactivity from reservoirs in the Troy-
Albany area was reported by Kilcawley and coworkers." Reservoir
radioactivity levels of 4 to 246 pue/ liter were reduced to 6 to 24 ggc/
liter in Troy tap water; the overall level was reduced an average of
61S/o by coagulation and filtration. Over the period May 18 to July
13,1953, the Albany reservoir activity levels ranged from 5 to 84 gue/
liter, with an average of 36 c/ liter. In the aeration, chemical
coagulation, and filtration of this water, the overall reduction

t' amounted to 28.7% (see Table 8.25).
These data compare with laboratory results reported by Setter and

Russell' 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 and from 0 to 58% (average 28) of

,the dissolved activity was removed. Removal by natural agents 1

(surface adsorption and subsidence) left those radioactive constituents
that are most difficult to remove by chemical coagulation and
filtration.

'
Alexander, Nusbaum, and MacDonald 8' 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,
and 8.13.

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
P 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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Tast.m 8.25-REMOVAL OF GROSS ACTIVITY BY WATER-TREATMENT PLANTS a a
_

4 ';
i

i 0
! No. of tests Removals, % -

i during period Coagulation Overall Overall '4
is

Plant ~
.

indicated Date of sampling and settling Filtration treatment tap water * ss
>'

Cambridge, Mass. 3 Apr. 8 to July 3, l'953 2a 5-37.2 13.5-23.3 33.9-51.8 23.7-84.Oi Lawrence, Mass. 4 Nov. 6,1951 to June 30,1953 I& 4-56.2 0-67.4 12.7-71 0 da 4-80.8 4
! Rochester, N.Y. 11 Mar.16,1951 to June 12,1953 0-62.3t 0-64.8 0-6& 1 g
j Albany, N.Y.

8 May 18 to July 13,1953 23.56 6. 8 28.7 >
* samples taken noen distribution system instead et from treatment plant. Numberof taat

1, . t_snotindicatedlaortsinalreport.,._..d .,t.. t

.
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196 LOW-LEVEL RADIOACTIVE WASTES

TABLs I,26--RE310 VAL OF GROSS ACTIVITY FRO 31 RAIN, CISTERN, * '

~,

s AND SURFACE WATERS BY COAGULATION * I
:

Removals, %
Dissolved Coagulat-

Total beta ing chemi. Total Dissolved- Type of solids, activity, cals added, pH beta beta
.

sample Ing/ liter uc/ liter mg/ liter r . re (range) (range) '

' <
Rain 41-151 185-1630 13-90 5.3-8.2 71-84 0-35
Rain 24-94 1300-9600 13-56 5.2-9.8 62-86 0-63
Cistern 65 !!80 13-67 4.3-10.6 54-72 4-42
Cistern 43 1910 20-73 4.9-10.7 45-81 8-68 I

Cistern 77-188 120-1430 20-100 4.9-10.2 34-95 0-81
.

Surface water 200-474 50-2460 43-125 6.6-10.I 30-76 0-48

'From L R. Setter and H.H. Russen.J. Am. Water n' arts Assoc Is: Soo(19M).

TAs t. 8.27--STRONTIU31 RE3! OVAL BY CHE3!! CAL TREAT 31ENT*

Strontium removal, % No. .

ofType of treatment Average Range cities

Alum or ferrous sulfate 12 10-31 76 Alum or ferrous sulfate plus time 37 10-75 11 :
,

Alum or ferrous sulfate plus time and soda ash 54 10-85 3 !
Alum or ferrous sulfate plus time and phoshate 42 10-70 5 '

Softening only (phosphate, ion exchanger) 73 69-76 2
None (except chlorine, fluoride, carbon, or

ammonia) 10 8

*From o. v. Alexander d al J. Am. Water Works Assoc 44: 64 (19H).

TABLs 8.28--RE3f0 VAL OF GROSS ACTIVITY AND STRONTIU31 FRO 3!
FALLOUT BY WATER-TREAT 3fENT PROCESSES ** .

Removal, %
Treatment process Gross beta Strontium

Coagulation; iron and alum salta 30-70 35-80
Coagulation; calcium phosphate, pII 11.0 to 11.5 85-95 65-95
Two-stage time and soda softening 75 75
Demineralization; cation and anion exchangers 99 95

8-3.1 Filter Bacicwasli-water Activity

The activity levels in slow-sand-filter backwash water (Rochester,
N.Y., water-treatment plant) reported 'oy Bell and coworkers 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 wash waters and the release of activity from the
backwash-water solids.

,
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WIV FROM RAIN, CISTERN, Tast.s 8.29-SLOW-SAND-FILTER BACKWASH A':TIVITY LEVELS IN
BY ULATION* ROCHESTER, N.Y.*

Removals, %
o*6ulat- Activit '(liter)

counts /

t chemi- Total Dissolved (mi
aadded, pH beta beta Concen-

No. of Raw Backwasb trationng/ liter range (ranire) (range) Period samples * water water factort

h3-90 ~
5.2-9.8 62-86 0-63 Nov. I to Nov. 15,1951 12;12 12.3 205 16.6
5.3-8.2 71-84 0-35 Mar.16 to Oct. 31,1951 39;37 OL 70 3.75 5.35

I3-56
j3-67 4.3-10.6 54-72 4-42 Nov.16,1951 to Jan.1,1952 31;30 0. 89 22. I 24.7
20-73 4.9-10.7 45-81 8-68 Jan. 2 to June 3,1952 81;81 0. 44 3.20 7.28
20-100 4.9-10.2 34-95 0-81 June 4 to June 20,1952 15;14 3.72 4& 8 13. 1
i3-125 6.6-10.1 30-76 0-48 June 21 to July 20,1952 7;7 1.29 13.6 10,6

July 21 to Nov. I,1952 29;29 0.352 2.40 6.82
*** A"ar D " "*)- Nov 2,1952 to Feb.1,1953 26;2G OL26 2.25 8.70

Feb. 3 to Mar. 20,1953 14;14 0,54 2.60 4.82BY CHEMICAL TREATMENT * - Jan. 2 to May 12,1953 37;37 0.398 2.53 6.35
Strontium removal, % No. May 15 to June 12,1953 8;9 0.53 7.62 14.4

of
Average Range cities * Number of tests on raw water and backwesh water. respectively.

tConematratloa aneter is equal to backwesh water activityNaw. water activitF.

N iN3 S-3.2 %ds Activity
'

i
[h 54 10-85 3 Where chemical treatment is employed in the removal of radio-
Ste 42 10-70 5 activity, activity associated with the settled or precipitated sludge

73 6M6 2 is accumulated, and thus considerable care must be exercised in the
10 8 disposal of this contaminated sludge. Sludge activity levels en-

countered in the Rochester, N.Y., water-treatment plant ** are sum-
N''*"*'- marized in Table 8.30. Sludge concentration factors ranging from

VITXAND STRONTIUM FROM 25 to 114 times the raw-water activity levels are indicated.
Mr '?ROCESSES ai' '

8-4 SUMMARYU Removal, %
| Highly variable decontamination factors are possible with the
; Gr es kta Strontium many water-treatment processes used for the removal of low-level

30-70 35-80 radioactivity from liquids. Generally, higher decontamination levels
a 11.5 85-95 65-95 may be possible for some particular radionuclides than are indicated

75 75 for mixtures of radioactive materials. Most of the data reported
Gr5 " 95 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-
lter backwash water (Rochester, conventional processes phosphate coagulation and metallic dusta show
hed by Bell and coworkers are decontamination factors as high as 1000.
bh-water cetivity levels varied, In general, it can be stated that water-treatment piecesses can
vere cpproximately five or more provide decontamination factors as high as 10 with slightly highersr. If high raw-water activities

results obtainable with modified methods. This means that for mix-y to consider the safe disposal tures of radioactive materials where the total activity exceeds theRe rel:ase of activity from the MPC by a factor of 10 water-treatment processes are ineffective for
reducing radioactivity. In some instances, however, if the radioac-

!
|
|

|

menu - _ . . . - -

_

. g.

..p
n

.s

.A
<



-

,1+
4

fe

.

% < _._

u unsa

198 Low-LEVEL RADIOACTIVE '7ASTES REMOVAL OF RADIOACTIVITY BY

tivity is associated with a specific radionuclide, it may be possible Tast.m 8.31--8UMMARY OF RI
to obtain decontamination factors higher than 10. TREATM1

TAar.z 8.30-SLUDGE ACTIVITY LEVELS AT THE ROCHESTER, N.Y.,
WATER TREATMENT PLANTA ;

j Process re
Activity,

counts /(min)(liter) n en- gg
Period samples * Raw water Sludge factort Coagulation and settling

Clay addition, coagulation,
Mar.16 to Oct. 31,1951 39;37 0. 70 31.5 45.O and settling
Nov. I to Nov. 15,1951 12;11 12.3 1390 114 Coagulation and settling
Nov.16,1951 to Jan.1,1952 31;24 0.89 65. 0 73. O Sand Stration
Jan. 2 to June 3,1952 81;58 0.44 24.2 55. O Coagulation, settling, and M-
June 4 to June 20,1952 15;11 3.72 387 104 tration
June 21 to July 20,1952 7;6 1. 29 63.8 49.5 Coagulation, settilng, and M-
July 21 to Nov.1,1952 29;25 O.352 20.4 57.9 tration
Nov. 2,1952 to Feb.1,1953 26;23 a 26 22. 0 85.O Coagulation, settling, and M-
Feb. 3 to Mar. 20,1953 14;14 0.54 21.2 39.2 tration
Jan. 2 to May 12,1953 37;36 0.398 10.2 25.6 Lime. soda ash softening
May 15 to June 12,1953 8;8 OL $3 4a 1 75.6

Ion exchange, cation
%mber of tests on raw water and studse.respecuvely. Ion exchange, anion,

\ tConcentration inesor is eques to studse mecavitynw aus scurity. Ion exchange, mixed bed
Solids. contact clariSer

|
I i i i I 6 6 | o Ion exchange, cation

! 'M - - Ion exchange, mixed bed
Nonconventional

o s,%ce eme.ies7 Ion exchange -

O s<mce ame L.=ds. iese Phosphate,

i *

| Metallie duats
'

CI y treatmentg
;,too - _

2

{ Diatomaceous earth

!
5 R1

. 5
| 3 1. G. M. Fata and J. C. GzT
|

M -
,

- John Wiley & Sons, Inc., Ne
1 2. C. P. StaAUB, Water DeConti

| meeting of the American So
i Report of the Joint Progran a
'

Waters, USAEC Report OR

e o tory and Robert A.Taft Sa
n o 3. R. Euissss, W. J. KAUFMAN

o' d b *o I ' ' I I I on Radioisotope Remwal t
" * " '" 3* ** 'e m as m Werks Assoc.,43: t,45 (1951'

nacioacimtv er nam, pren

[
Fig. 8.11-The decontamination of rain by natural agencies. Water Sewage Works,100: 4
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r clide, it may be possible
Tast.m 8.31-SUMMARY OF REMOVAL OF ACTIVITY BY WATER-higher than 10. TREATMENT PROCESSES

iTEIE AT THE ROCHESTER, 'N.Y., Decontamination factors
(ENT PLANTA

Individual o Source
Process radionuelides products of datag

cou .ta/(min)hiter) Concen.

lee $ Raw water Sludge factort Cosgulation and settling 0-100 + 2-9.1 Table 8.1
Clay addition, coagulation,

17 0.70 31.5 45.0 and settling 0-100 1.1-E 2 Table 8.2l1 12.3 1390 114 Coagulation and settling 2.6-9.1 Table 8.414 0 89 65. 0 73. O Sand Citration 1-100 Table 8.5
18 0. 44 24.2 55. O Coagulation, settling, and 61-
11 3.72 387 104 tration 1-50 Table 86.I 1.29 63.8 49.5 Coagulation, settling, and al-
15 0.352 20.4 57.9 tration 1.8-14 3.3-3.7 Table 8.7:3 a 26 22.0 85.0 Coagulation, settling, and 61-
4 0.54 21.2 39,2 tration 1.4-13.3 Table 8.9;6 0.398 10.2 25.6 IJme. coda ash softening 2-100 Tables 8.10t a 53 4a 1 75.6

and 8.11
- Ian exchange, cation 1.1-500 Table 8.12

17 Ion exchange, anion 0-125 Table 8.12'''''**F- Ion exchange, mixed bed 11-3300 Table 8.12
Solide-contact clariSer 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 8.16p Phosphate 1.2-1000 125-250 Table 8.17 and

V;g
Sec.8-2.1,

Metanic duats 1.1-1000 1.1-& 6 T 2ble 8.18
Clay treatment 0-100 + Table 8.19

2. 0-6. O Tables 8.20 and
8.21

Diatomaceous earth 1.1-= Table 8.22
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