
i

Centimeter
1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 mm

,,,,I , I''"1''"1'"'1""1''"1''"1''"1''"1""1'"'1
1 2 3 4 5

Inches IIIII,.o 2--.8
. ,_oIltll_,o, I I_ illlll'" _ 11112------__8

IIIIl_nlll''-4IlUL'._

]

_ :_ Ob MIqNUFI::ICTURED TO IqlIM STI:::INDIqRDS /_%_,x__ t,_,_*e_

BY RPPLIED IMRGE, INC. < "



=

I

tt

i



TREATMENT OF RADIOACTIVE WASTES FROM
DOE UNDERGROUND STORAGE TANKS

J. L. Collins

B. Z. Egan
B. B. Spencer
C. W. Chase

K. K. Anderson
J. T. Bell

Chemical Technology Division

Oak Ridge National Laboratory
Post Office Box 2008

Oak Ridge, Tennessee 37831-6223

To be published in the proceedings of
SPECTRUM '94:

International Nuclear and Hazardous Waste Management Topical Meeting
Atlanta, Georgia

August 14-18, 1994

DISCLAIMER

This repert was prepared as an account of work sponsored by an agency of the Unhed States
Government. Neither the United States Governmentnor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.

*Research sponsored by U.S. Department of Energy under contract DE-ACO5-84OR21400 with the

Martin Marietta Energy Systems, Inc. _,:,_/_ (,_ .'_'_ _,



TREATMENT OF RADIOACTIVE WASTES FROM
DOE UNDERGROUND STORAGE TANKS

J. L. Collins, B. Z. Egan, B. B. Spencer, C. W. Chase,
K. K. Anderson, and J. T. Bell

ABSTRACT

Bench-scale batch tests have been conducted with sludge and supemate tank waste from the Melton Valley

Storage Tank (MVST) Facility at Oak Ridge National Laboratory (ORNL) to evaluate separation technology
processes for use in a comprehensive sludge processing flow sheet as a means of concentrating the radionuclides and
reducing the volumes of storage tank waste at national sites for final disposal. This paper discusses the separation
of the sludge solids and supemate, the basic washing of the sludge solids, the acidic dissolution of the sludge solids,
and the removal of the radionuclides from the supemate.

I. INTRODUCTION

At several national sites, USDOE is responsible for radioactive and hazardous wastes that are stored in tanks
and which must be retrieved, treated, and disposed. To accomplish this, it is necessary to minimize the amount of
wastes to avoid further costs and continued management of the wastes. Separation technology provides one

approach to reducing the large volumes of storage tank wastes to smaller volumes of more concentrated and well-
defined wastes. Two major components of tank wastes are supematants (also referred to as supemates) and sludge
(solids).

Previous and ongoing experimental work at several locations has identified a number of processes that will

partition specific components in the sludges and supernates. 'a'3 Many of these processes have not been tested on an
actual tank waste, and the optimal subset of these processes has not been selected and shown to work together. This

paper addresses the separation of the solids and supernate, the washing of the solids, the acid dissolution of the solids,
the partitioning of the transuranic (TRU) components from the acid solutions, and the removal of the radionuclides
from the supernate solutions. The bench-scale testing of the known processes in hot tests on actual wastes is the best
way to ensure that the individual process technologies will achieve the required degree of performance in an
integrated system.

Our approach is first to separate the supernate and the sludge to obtain a partial separation of the fission
products and the TRU components. The soluble radionuclides will be removed from the supernate using ion
exchangers or sorbents, leaving a low-level liquid waste (LLLW). The sludge solids will then be dissolved in
appropriate acidic solutions, and the TRU components will be separated from other remaining radionuclides and
nonradioactive waste components by solvent extraction.

II. SLUDGE CHARACTERISTICS

Samples of sludge and supernate (-5 L total) were retrieved from tank W-25 at the MVST facility at ORNL
and transferred to a stainless steel tank for mixing and storage in a hot cell. After a thorough mixing for 18 h and
then while mixing continued, two samples of the equilibrated stock sludge were poured into 250-mL polypropylene
bottles to be characterized and to be used in a leaching study. The samples were centrifuged for 30 rain at 4450 x

g to separate the sludge liquid and the wet sludge solids. The sludge liquid was a deep yellow color, and (he wet
sludge solids were light brown.

Analyses showed that the specific gravities of the sludge, the centrifuged wet sludge solids, and the decanted
sludge liquid were 1.362, 1.53, and 1.206 g/mL, respectively. Samples of sludge and centrifuged wet sludge solids

were air dried to constant weights to determine the total solids contents; they were 0.464 and 0.590 g/g, respectively.
The average total solids content for the sludge liquid samples was 0.285 g/g; this was determined by drying samples



of sludge liquid to constant weights in a drying oven at 95°C. The average volume ratio of the decanted sludge
liquid to the wet sludge solids was i'!. The pH of the sludge liquid was 13.

Air dried samplesof centrifuged w,:tsludge were analyzedto determine theconcentrationsof radionuclidesand
other metals. The results are provided in Table 1. Similar analyses of sludge samples takenfrom tank W-25 in
1989, which was reported by Sears, et. ai.,4 are also provided for comparison. The concentrations of the
radionuclides were corrected for 4.5 y decay to make the results comparable. The values obtained for both the
radionuclidesandthe other metals in the currentstudywere larger than those obtainedin the Sears'study, especially
the aluminum, thorium, and uranium. The anionconcentrations are in process of being determinedin the present
study.

Ill. BASIC AND ACIDIC SLUDGE LEACHING RESULTS

A sequential washing and leaching test series was conducted to determine the removal of radionuclides by
caustic washing and acid leaching of the solids. The results are given in Table 2. A 44.0-g sample of the
centrifuged wet sludge solids, containing970 _tCi137Cs(3.6 × 107Bq), 92 _tCi IS4Eu (3.4 x 106Bq), and 119 _tCi
C°Co(4.4 x 106Bq), was washed twice with 100mL of 0.16 M sodium hydroxide. (The wet sludge solids contained
about 26 g of air dried solids.) The mixing times were 5 and 23 h, respectively, on a rotator in the hot ceil.
Together, the dilute caustic washes removed only 54.4 gCi of the 137Csfromthe wet sludge solids with about81%
of this being removed in the first wash. Only trace amounts of the _S4Euand 6°Co were removed. The lack of
europium and cobaltremoval fromthe pH 13.2 washes was expected becausethese elementswould likely be present
as precipitated forms. On the other hand, the lack of cesium removal was unexpected because most cesium
compounds are soluble in aqueoussolutions. The percentageof the initial mCs removed was only 5.6%. Most of
the cesium that was removed was probably present in the interstitial sludge liquid thatwas not physically removed
by centrifugation. The cesium that remained after the caustic washes was presumably bound in the matrix of the
solids. The mass of the wet sludge solids decreased from 44.0 g to 42.0 g and then to 41.8 g aRer these two washes.
A portion of the weight loss resulted from the replacement of the high salt content interstitial liquid with 0.16 M
NaOH leachant.

The washed, centrifuged, sludge solids were then leached by mixing for 5.6 h with 100 mL of 0.5 M nitric acid.
The pH of the resulting solution was 7.56. This dilute acid leach removed about 12 _tCiof _37Csand trace amounts
of cobalt and europium. The mass of the decanted wet sludge was 39.6 g.

i

In the next two leaching steps, the wet sludge solids were subsequently leached with 3 M nitric acid (100 mL
each) for mixing periods of 70 and 50 h, respectively. The nitric acid concentration of the acid solution after the
first leach was 1.3 M_,and 2.68 M after the second leach. Of the 39.6 g of wet sludge solids, about 28.1 g remained
after the first leach, and about 18.5 g remained after the second leach. The first leach removed 158 _tCiof mCs,
and the second leach removed 239 _tCi of 137Cs,leaving 508 _tCiin the remaining wet sludge solids. Over 80% of
the 6°Co and 154Euwas removed from the solids by the first 3 M acid leach, and less than 10% remained after the
second leach. It was noted that a gelatinous precipitate appeared in the leachate from the first 3 M nitric acid wash
after the solution stood for several days. This gelatinous material was postulated to be some form of silicic acid.

The remaining sludge solids from these leaches were mixed with 100 mL of 6 M nitric acid for 18days. After
mixing, the nitric acid concentration of the leachatewas 5.69 M. This leaching step removed an additional 294 laCi
of _37Cs,along with 1.6 I_Ciof _54Euand 4.0 _tCiof 6°Co. The amount of mCs remaining in the sludge solids at
this stage of the leaching process was 213 laCi. The mass of the centrifuged wet sludge solids was 20.4 g, which
was 1.9 g more than was obtained for the previous leaching step. These solids were less rigid than those observed
in the previous leaching steps and contained more liquid that could not be removed by an additional centrifugation
and decantation step.

To determine how much 137Cs, 154EH, and 6°Co were present in the interstitial liquid associated with the
remaining wet sludge solids after centrifugation, the wet sludge solids were rinsed with two 50-mL volumes of 6
M nitric acid. Each time, the sample was mixed for 10 min on a Vortex mixer prior to centrifuging. The composite
rinses removed an additional 56 laCi j37Cs,0.3 _tCi154Eu,and 0.7 laCi 6°Co. The remaining solids contained 157 _tCi



_37Cs,0.3 0Ci _S4Eu,and2 0Ci 6°Co. The weight of the centrifugedwet solids was 19.1 g. A portion of these solids
was air-driedto aconstantweight, yielding a solid contentof 0.2503 g/g. Based uponthis value, the calculatedfinal
mass of air dried solids was 4.8 g.

The longer mixing time in the 6 M HNO3 leachings step probably resulted in the formation of silicic acid gel
which stayed with the solids during centrifugation, causing the solids to retain more of the leachate. Based upon
the mass of air-driedsludge solids at the beginning (26 g) andat the end (4.8 g) of the sequentialbasic andacidic
leaching test series, about 81.5% of the initial air-dried solids was dissolved.

In summary(see Figure 1), the basic washes and acidic leachesremoved83.8%, 99.7%,and 98.5% of the _37Cs,
_54Eu,and 6°Co, respectively. The leachability of cesium from the centrifuged wet solids appearsto be directly
relatedto the dissolution of the solids. The europium and cobaltwere readily dissolved. Only the first 3 M HNO3
leachatedeveloped a gel and only afterseveral days after decantation. Gel formationalso seems to have occurred
during the mixing step with 6 M HNO3which complicatedthe interpretationof the solids dissolution results.

Sludge dissolution studies are continuing to optimize the conditions for dissolving the sludge solids prior to
separation of the TRU componentsusing TRUEX solvent extraction.

IV. ION EXCHANGE REMOVAL OF CESIUM FROM SUPERNATE

Approximately one liter of supernate that was separately retrieved from the supemate layer above the sludge
layer in tank W-25 of the MVST facility was used in adsorption studies to evaluate various ion exchangers for
removing certain radionuclides,especially _37Cs.The specific gravity of the supematewas 1.232 g/mL; the pH was
12.62. Gamma counting revealed that the supernate contained6.2 p.Ci/mL Z37Cs,0.003 _tCi/mL _S4Eu,and 0.17
p.Ci/mL 6°Co. The concentrationof _37Csin the supematewas a factor of 1.8 larger than the concentrationof _37Cs
in the sludge liquid. Analyses of the supemate showed that it was composedprimarily of sodium and potassium
nitrate, 3.39 M Na. and 0.44 M__K..

Batch tests were used to measure the distribution coefficients (Ds) and percentageremovals (%Rs) of cesium
from MVST supemate with several ion-exchange materials. See Table 3. The D was calculatedas follows:

D = [(Ci - Cf)/Cf)[V/m] (units are mL/g).

The D for cesium is an expression of the ratio of the mass of Cs. ions sorbed on a gram of ion exchanger to the
mass of Cs. remaining in the supemateafter a specifiedmixing time. The intiaiandfinal concentration137Cs in the
supernateare given as C_and Ct, respectively. The ion exchangerstested includedDuoliteCS-100 (Rohm & Haas),
formaldehyde/resorcinolresin(SRR) from Boulder Scientific Company, crystallinesilicotitanate(CST) from Sandia
National Laboratories,and granular potassiumcobalt hexacyanoferratewhich waspreparedatORNL using the Prout
procedure,s In these experiments, 10 mL of supemate was mixed with 50 mg of exchanger in polypropylene
centrifuge tubes for periods of 2, 24, 72, and 144 h. After mixing, samplesof the supemate were centrifugedtwice
and filtered with 0.2 _tmfiters before gamma counting. The Ds for cesium ra_ged from 35 to 44 mL/g (%R = 15
to 22) for the CS-100, from 641 to 764 mL/g (%R = 78.7 to 79.5) for the formaldehyde/resorcinolresin, 662 to 958
mL/g (%R = 77.4 to 83.8) for the crystalline silicotitanate, andfrom 26,000 to 46,200 mL/g (%R = 99.3 to 99.6)
for granular potassium cobalt hexacyanoferrate(35 to 28 mesh). The distributioncoefficientschanged only slightly
or not at all over the 144-htime period measured for each of the exchangers. The pH was measuredafter each test
and there was little change from the initialpH of 12.6. Controltests were also run in which no ehcangerwas added
to the supemate; there was no loss of cesium from the supemate.

Additional testing ofsorbents is continuing to determinethe best materials and optimal conditions for removing
radioactive cesium from the supemate solutions in undergroundstoragetanks atOak Ridge, Hanford,and otherDOE
sites.
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Table !. Analytical data for MVST W-25 sludge solids'

Sears b CDSSPW

Radionuclides (Bq/g) (Bq/g)

137Cs 3.8e-t4)5 1.4e+06

6°Co 4. Ie+04 ! .3e+05

154Eu 6.6e+04 !.7e+05

9°Sr 2.8e+06 1.6e+07

244Cm 5.3e+04 3. Ie+05

239/24°pu 5.5e+03 2.4e+04

23Spu 1.4e+03 7.5e+04

Other metals (mg/g) (mg/g)

Ai 5.3 25.8

Bad 0.1 0.4

Ca 71.6 91.5

Cdd 0.02 0.05

Crd 0.I 0.6

Fe 1.8 8.6

Hg d 0.08 BDL

K 17.3 14.0

Mg II.I 13.5

Mn BDL e 0.7

Na 124.0 110.0

Nid 0.06 0.4

Pb d 0.4 2.0

Sr 0.3 5.6

Th 7.3 57.4

U 9.0 21.1

'Analytical results were based upon samples of air dried sludge solids that were dissolved
in concentrated nitric acid by microwave digestion.

bThe Sears' data _ for the radionuclides were corrected for 4.5 y decay.

cCDSSPP = Comprehensive Demonstration of Sludge and Supernate Processing Program.
dRCRA metals.
eBDL = below detection limit.



Table 2. Sequential leaching data of MVST W-25 sludge'

Radionuclide Content of Remaining
Solids

Leaching Steps Solids Mixing Time _37Cs 6°Co IS4Eu
(g) (h) (_Ci) (_Ci) (_Ci)

W-25 Sludge Sample (80.0) (1062) (119) (92.3)

Centrifuge b 44.0 970 118 92.2

0.16 M NaOH Leach 42.0 5 926 118 92.2

0.16 M NaOH Leach 41.9 22 916 118 92.2

0.5 M HNO 3 Leach 39.6 6 904 118 92.2

3 M HNO 3 Leach 28.1 70 746 24.3 16.4

3 M HNO 3 Leach 18.5 50 508 6.5 2.2

.

6 M HNO 3 Leach 20.4 432 213 2.5 0.6

6 M HNO 3 Rinses 19.1 20 157 1.8 0.3

'Procedure: 100 mL of indicated leachants were added to sludge solids and mixed

at room temperature.
_The W-25 MVST sludge sample was centrifuged to separate the sludge solids from

the sludge liquid.



Table 3. Batch adsorption data showing the effect of mixing time on the removal of cesium from MVST W-25

supernate. °

Mixing Timc

(2 h) (24 h) (72 h) (144 h)

Sample t' D %R D %R D %R D %R

CS-100 35 20.0 34 !5.0 42 20.0 44 22.0

SRS 763 79.3 736 79.5 764 79,2 641 78.7

CST 662 77.4 672 77.5 672 77.7 958 83.8

KCoFCC(Gr.) 46200 99.6 36900 99.5 36300 99.5 26000 99.3

Blank tube 0 0 0

"Each batch test was conducted by mixing 50 mg of adsorber with 10mL of MVST W-25 supemate for the mixing times
indicated. D = distribution coefficient in (mL/g) and %R = percentage removal.
bSRS - resorcinol-formaldehyde resin (425 - 595 _tm); CST - crystalline silicotitanate (fine powder); and KCoFC - granular
potassium cobalt hexacyanoferrate (250 to 595 lain).
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