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VOLUME REDUCTION 
of radioactive waste by 

CARRIER PRECIPITATIO-N 
. r:, 7,/J, 6 <) ~ ,9 

A new waste-scavenging process removes cesium-137 and 
strontium-90 on carrier precipitates, permilling the disposal 
of large volumes of wastes lo ground. The demonstrated 
ability of metal ferrocyanides to remove Cs from aqueous 
wastes suggests their use in a Cs recovery process. 
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A ftcr pile irradiation of uranium 
fuel elements has taken place, it 

is necessary to srparate uranium ::ind 
the plutonium produced and to decon ­
taminate hoth products from fiss ion 
products produced during irradiatio n 
as \\'CII ;is frnm unw;rntcrl compo11cnts 
of the fuel clements. Scver .11 proc­
es ses (at Ilanforrl) acro111plish this 
sep.1 r.1tion :irnl rlccontami nation, all of 
,d1ich g-cncr:1 tc large voh1111rs u f r:id io­
acti ve \\'a~te!:. 

These r:irli0acti,-c prncess wastes 
111ay lie disposed of hy va ri ous means, 
suc h dispos iti on depending- on the 
le,·el of ra.dioactivily contained. Low­
level wastes such as process vessel 
C'noling- water and certain condensates 
may be discharged to or cn areas and 
permitted to seep into the ground. 
!- ntcrn1cdite level wastes which satisfy 
locally established criteria with respect 
to contan1ination of g-round water may 
he disch:1rg-ed to ground directly 
throug-h a "crib." Acidic intermediate 
level w:islcs arc made alkaline and arc 
pas~cd through a "cascade" of set tling­
tanks prior to discharg-c of the super­
natant liquid to cribs. i\Iuch of the 
radioactive material is carried on 
alkaline insoluble materials present in 
the was tes. A typical settling cascade 
is s hown in Figure I. and a typ ical 
underground crib is shown in Figure 
~ . 

'"· 
Intermediate or high-level wastes 

which cannot he cribbed arc s tored i11 
large underground tanks. A cross sec­
tion of a tyrical underground tank is 
shown i11 Figure 3. Thr.se tanks are 
expensive to huild. Although the cx­
pcctccl non11al life of rnd1 tanks is 
long ( perhaps in the range of 100 yr.), 
the possibi li ty always exists of pre­
mature ruptu r e due lo unusual chem­
ical cnvirn11 111ent, carth<1uakes, or 
bombi ng in the event of war. Ob­
viously, any process tll(}(]i(ication or 
addition which reduces the vnlumc of 

• R. E. Burns i, in Hanford loboratori~s 
Operation, M. J . Stedwell i, in Chemical f'roc , 
,ning 0~p,,rtm@nt. 

waste tn he storer! reduces the cost of 
waste handling. 1\l so those process 
changes which rcs11II: in ultimate sto r­
age of high-level wastes as so lids 
1·:ithe r than as liquids reduce the 
h;\zard nf g-ro1111d-watcr co11lami11ation 
in the e,·cnt of s toragc-t;i nk rupture. 
J\s d isc ussed in th e next twn sections, 
considerable prog-ress has hl'cn made 
in acc,m1pli shi11g- hnth these ohjccti \·cs. 

Reduction of Stored-Wa,te Volume 

Seve ral procedures h:ive hec11 dc­
n:Iopcd. inclmling cvapnrat;o11 of i11 -
tcrn1cd iatc and high-level rad if.laclive 
waste$ (3 ) , reu se of slig-htly radio­
:icti n· cl1rn1ica ls ('1), u~e of !tr:i t grn­
crattd liy radiC1active c-o11stit11c11ts 
present lo evaporate stored wastes ( i ) , 
and carrier precip itation tecl111iri11cs 
which prrrnit· discharg-e nf supernatant 
Iiriuids to g-rou11d. 

An e\'aporato r arranged for hatch 
11pcratin11 is s hr,w11 in Figure 4. Cn11-
ti1 111ous operatio n is, of course, pos ­
., ible. For the particular waste proc­
essed in such sys tems, up to iO vol. % 
is rc1110\'al,le in one pass. A fler the 
concentrated waste coo ls an<l settles, 
;ihottt 30 vol. % of the supernatant 
liquid is rcmove<l on a second pass. 

Major reductions in stored waste 
vo lume per unit of uranium processed 
are achieved bv reuse of chemical s. 1n 
two solvent extraction processes, back­
cycling of aqueous raflinates from 
later cycles for use ;is s.1lting agent in 
earlier cycles has reduced the volume 
of waste going to underground s torage 
hy a factor of about three. Even larger 
reductions arc m:iclc in a process 
utili,:ing- an acid as salting ag-ent 
through recO\·cry of most of the acid 
for reuse. 

F urther reduction in the volume of 
high radiation-level s tored w:iste is 
made possible thro11gh evaporation in 
the stor;igc tanb IJ\· the use o f hcnt 
g-cneratcti hy radioa~t ive decay of fis­
sion products (7). · for a sol­
\·ent extraction process utili,:ing a 

Volume Rr.ductton by Carrier 
Pr<?dpltatlon 

In order to 11nderstand why certain 
moderately hit;"h le"cl r;idi oacti ve solu­
tions can he s:i fch· disc:han::-cd to 
ground at the 11.anforol s ite, it is neces­
s:1ry to consirlcr briefly the climate and 
geology o f th,· area. 

The cl inrntc is , cmi:irid; rainfall av~r­
agcs aho11t i i11 ./yr .. most of which occurs 
in the winter mn11ths. ~111nmcrs arc ho t 
and dn·. Tims . rnrfa,c conditions a!Tect 
soil coi1ditions to a depth of only a few 
feet. 

The 5itc was at one time a large in-
1:inrl lake wh ich h:is been filled subse­
quently with :illuvi:il ,and and ·gravel to 
a dep th of 250-.100 ft. abO\'C the water 
table. fn some pl:iccs. remnants of a fine 
,ilt lavcr deposi ted while the region was 
covered with w:itcr remain above the 
present water tahlc and :.ct as a harrier 
toward movcmrnt of surface water to 
i;round water. Data derive<! from num­
crnu~ IC'~ts .show tlmt the motion of 
/?round w:itcr tnw:i rd the Columbia River 
is slow. Travel time, dependinJ; nn the 
direction of now. from the point where 
wa~tcs arc di5,h:iri;:cd to the Columbia 
River h:i,·e hecn es timate,! to range from 
50 to 1,500 yr . Other studies have shown 
that the clay fr:ictinn of the ~oil h:i~ 
!!C>nd ion cxch:ini;:c propcrticg and th:it 
cation! of hi'?h ch:irgc (> II) arc held 
ti'?hth· hv the , nil ( 6 ). Cations of low 
ch:irttc. . :ilthnnch adsorl>C'rl. are less 
tightly held / 5). Tints, wastes disch:irgcci 
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Table 1.-Typical Aqueous Waste 
Composition 

Constituent 

Concentrotion 
range, moles/ 

liter 

No' .... . · •••••.••.. ... . 2.5 to 8.0 
H' .. .... ...• . ..• . .. . ... Up to 3 
NO,- . •. . ......•. . . ..... 4 to 7 
PO / ..••..•.•..... ..... 0.05 to 0.25 
Fe•++ . .......... . . ... .. Up to 0.02 
cs= . .. . ..•. ........... l O 10100 µe/ ml. 
Sr'" ...... .... ... ....... l to 100 µe/ml. 

near the surface of the ground must pass 
through a long (200-250 ft.) ion ex­
change column to reach groun<l water 
an<l_ then make a several-mile journey, 
ta~an!:' many years to reach the Columbia 
R!ver where they can come in contact 
with plants or animals. Under these 
con<litions, radioactive constituen ts of 
short half-life ( < 3 years) are of little 
concern. 

C 
~;;11011g- th,;, lo!1g-l!ved is~topcs, only 

s and Sr exist Ill solutwn as low­
charged cations. If radioactive wastes 
arc clischar~cd in such manner that 
!lellhcr Cs'" nor Sr'° reach ground water 
m. hazardous amounts, the sy.stem is safe 
wit.Ii respect to other loug--lived nuciides. 
Soil col umn tests have shown that if the 
concentration of c;:s'" .and Sr00 in 'a high 
salt content rad1oact1ve waste is low 
( < 0.1 mc./ ml.), three to six column 
volumes of th~ waste can be passed 
through the so il hefore either of these 
isotopes appea rs in the effiuent in an 
amount n:ccedini;- 0.1 rnaxi111urn drinking 
water: c_oncentrat1011 ( M.P.C.-maximum 
P_er1111ss1bl.e drinking w;i ter concen tra-
11011). 1t .1s a .locally eslablishcd objective 
tkit racl1c,ac t1ve wasks shall be dis­
chaq;ccl in such r11a1111er that the ground 
water wdl not be contaminated in any 
plan: .to greate r than 0.1 M.P.C. in any 
loni:;--l1vecl (> 3 years) radionuclide. 

011e unit at Hanford produces large 
volumes of moderately high-level 
radioactive waste. Table I shows con­
centration ranges of significant con­
stituents of the waste. The process 
adopted uses coprecipitation, followed 
by sett ling, to concen trate CsI37 and 

Sr00 in n sludge, leaving- the wnste 
s,) l11tin11s below crihuing- li111its . Eco-
110111ic and timing considerations re­
qui red that the process: 

(o) Be inexpensive, with co>t for treatment 
and disposal less ihon 20 cents / gal. 

(b) Uso existing plant equipment. 

(c) Be an operation in which necessary 
chemicals could bo added to tlie waste as it 
is produced, tho precipitates formed to settle 
in existing underground tanks. 

{d) Have a final pH of 7.5 or greater la 
prevent corrosion, since the tanks have mild 
slcel liners. 

(e) Have Cs and Sr decontominolion fac!ors 
as high as 1,000. 

(I) Pormit precipitole& lo settle rapidly and 
cleanly, hove a small settled volume, and bo 
pumpoble as a slurry. 

These wastt:s contai n ferri c ion. 
\Vhc11 a lkaline, the ferric hydroxide 

and phosphate mixture which precipi• 
tates carries most of the strontium 
present, particularly if the pH is high 
(>11). However, little cesium is car• 
ried. Nickel ferrocyanide is the car­
rier precipitate for cesium which gives 
the high decontamination factors re­
quired; it performs satisfactorily to a 
pH of 10, and at low cost. 

Table 2 shows typical Cs removal 
efficiency of nickel ferrocyanide at 
various pH. High decontamination 
factors (>1,000), obtained at pH be­
low 10 · and ~ the abrupt decrease in 
carrying pH above 10, a re apparent. 

Additional strontium decontamina- · 
tion is obtainable by addition of cal­
cium or strontium 11itrale to the waste, 
with calcium or strontium sulfate and/ 
or phosphate precipitation believed re­
spons ible. Table 3 gives typical stron­
tium cleco11ta111ination data obtained 
with and without supplemen t.al scav­
enging. Table 4 shows the depend­
ence of ~tronti um decontamination 
upon the p 11 with supplemental scav­
enging-. 

A schematic flow diagram (Figure 
5) shows how the process is carried 
out in the plant. Sodium ferrocyanicle 
and strontium nitrate are added to 
the acidic waste as prodnced. Sodium 
hydroxide and nickel sulfate are added 
continuously to the waste as it enters 
a large mixing and holdup tank. A 
conti nuous pH recorder-controller 
monitors the pH and controls the 
caustic addition rate to maintain the 
pH at about 9.5. Because the waste 
is not buffered in the limi ted opera ting­
('H range (7.5 to 10), close control 
of caustic addition is reqnircd. Con­
tinuous monitoring has proved a satis-

Table 2.-Effect of pH on Nickol 
Ferrocyanide Scavenging of Cosium 

Cs,.. in 

pH 
,upernatont 

liquid µe./ml. 
Before scavenging 

{ranoe) {avg.) 20 to 100 

7 • •....... • .. . . .. . . 

8 ••......•..•. ... .. 

9 • ••..•...••.•. . .•. 

10 

11 ........... . ..... . 
12 ........•......... 

0.033 

0.043 

0.055 

0.10 

24.0 

34.0 

factory means to obtain control of pH 
to ±0.5 units routinely. in the plant, 

The alkaline waste is then trans­
ferred to large underground tanks 
where the precipitates settle out. After 
settling, the supernatant liquid is 
sampled and analyzed for Cs137, Srgo, 
and other constituents of special in­
te rest in the cribbing program. Soil 
column tests are made to determine 
adsorption of Cs187 and Sr00 remain­
i~g in the supernatant liquid. Recom­
mendations based on these data then 
are made on the volume of the scav­
enged waste which may be discharged 
per unit area of crib. 

Supernatant liquids satisfactory for 
discharge to ground are decanted with 
a . floating suction pump. Since the 
sludge is also pumpable, a gamma 
sensing device which will stop the 
pump if a sharp rise in gamma ac­
tivity occurs is mounted on the dis­
charge end of the pump. Extra large 
cribs are designed to handle the large 
volumes of liquid involved in this 
process. To insure that the entire area 
of a crib is covered whenever liquid 
i~ discharged to it ( to prevent chan­
neling of liquid in the soi l ) , a flush 
tank similar to the flush tank on a 
toilet is installed in the line. This 
tank alternately fills at the regular 
pumping rate and then discharges to 
the crib at a rate many times the 
pumping ra-te. 

Future Use of Process 

So far , several million ~allons of 
waste have been decontaminated suc­
cessfully by this procedure a nd dis­
charged to ground . An over-all savi11g 

Table 4.-Effect of pH on Scavenging of 
Strontium by Addition of Nonradioactive 

Calcium or Strontium 

pH 

Sr00 in supernatant 
liquid, µc./ml, . 

Inert Inert 
,trontium calcium 

Before scavengln11 
{range) 20 to 100 . 20 to 100 

7 . ......... 0.54 1.8 
8 .. ........ 0.15 1.2 
9 . .. .. ..... 0.09 O.JS 

10 .......... 0.05 0.1 5 
11 I 0.08 0.15 ······ .. .. 

Table 3,-Comparison of Scavenging Methods Plant Experionce 

pH 8 to 10 

Mothod 

Ni,Fe(CN)• . •••• • •••••. •••.•.•.•. . . ..• •...•• . •• • . 
Ni, Fe(CN). + Ca,{PO,)1 • ••• •• •• • •••• ••••••••••• • •• 

Ni,Fe(CN). + Sr_, (PO.), or SrSO, ••••• •••••• .• ... ••. . 

Avg. rosiduol radioactivity in 
supernatant liquid, µe./ml. 

Cs,..., 

0 .057 
0.026 
0.016 

Sr'° 

0.82 
0.22 
0.0-46 
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of more than $500,000 has been realized 
lo date on the process. It is antici­
pated that the process will be us~d. 
with modifications to account for local 
conditions, for the treatment an<l dis­
posal of several more millions of gal­
lons of waste, some yet to be produced 
and some already produced and stored 
before the process was developed. 

limitations 

It should be pointed out that the 
process has definite limitations both 
as to the sites where it may be used 
and to the waste solutions for which 
it is applicable. The wastes after treat­
ment still cont;tin relatively large 
amounts · of short-lived radionuclides, · 
particularl y ruthenium and zirconium 
isotopes. Also the ;,.mounts of Cstn7 

and Sr0o (0.1 µc. / ml.) left a fter treat-
111ent :tre g-re;i tly in excess of the 
tl l.P.C. for the se isotopes ( 1.5 X 10- 3 

and 8 X 10-7 µc / 1111., r espccti i ely ) 
( 2). There fo re, the treated wastes 
woul d not be sati s factory for discharge 
to ground unless the combination 
cxi,ts o f a long- soil column rnpable 
of absorbin g Cs, Sr, and other long• 
lived nuclides present and a long reten ­
tion time in the ground water prior to 
any po, si ble u.,e of the ground water 
by plants or animals. 

Use o f mild steel tanks as settling 
basi ns ( practiced at Hanford) limits · 
the useful f>l-I range for the process 

_ to from 7.5 to 10. Consequently, the 
· pror ess is not applicable without modi­

fi cations t o hi gh salt solutions wherein . 
the salt cation is insoluble in this pH 
range. 

Other U1e 

The ;i bility nf metal ferrocyanides 
to remove cesi11111 from radioactive 
wastes could easil y be the starting 
point fo r an actual cesium recovery 
process. W. H. I3urgus and I-I. W . 
Miller ha ve reported at least one such 
process ( 1 ) . 
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TOP VIEW . CROSS SECTION GROUND SURFACE 

Fill OR ·r--~~~ 
OVERFLOW . LIQUID LEVEL 

14" DIA. LINE LINE 

FROM FLUSH TANK 

Fig. 2. Cross uction and Fig . 3 . Cross section of 
underground storagit . tank 

. . ,. pH 

arrangement of a crib 

EVAPORATOR 

UNDERGROUND 
SUPPLY TANKS 

CONDENSER ,----, 
I r+( _____ ..,...,) 

> ;,, ~ ""'° l 
TOWER 1 

L__ Oto __ 
CATCH 
TANKS 

L.-f-J 
CONDENSATE TO CRIB 

RADIOACTIVE HIGH LEVEL ----- RADIOACTIVE LOW LEVEL 

Fig. 4. Botch waste evaporator 

'----7 . 
N04fe (CNls Sr(N03l2 

NEUTRALlitNG 6 P 
J. 

ADJUSTMENT TANK 

·'7•• 
' ' . ~' 
: ; ',\ 

FLOATING SUCTION 
PUMP 

-i 
t 

.'T.'?. ~ .... "':"'.~ , ~:::~~.•.i:-.• : GAMMA i 
SETTLING a DECANT I r-B I 
TANK J !MONITOR: 

• ~ {TI.USHt 
1 TANK I 

I 
t 

t 
I 

SETTLING 
HIGH LEVEL RADIOACTIVE WASTE TANK 

@ 
LOW LEVEL RADIOACTIVE WASTE 

Fig._5. Schematic flow diagram for scavenging 
of e~sium and strontium 

CHEMICAL ENGINEERING PROGRESS, Febru•ry 19S7 (Vol. 53, No. 2) • 95-F 


