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ABSTRACT 

This study has successfully identified ion exchanger media suitable for 
decontaminating the 5500-gallon organic layer in Tank 241-C-103. Decontamination of 
radionuclides is necessary to meet shipping, incinerator site storage, and incineration feed 
requirements. The exchanger media were identified through a literature search and 
experiments at the Russian Institute for Physical Chemistry. The principal radionuclides 
addressed are Cs-137 and Sr-90. Recommendations for an experimental program plan 
conclude the discussion. The experimental program would provide the data necessary for 
plant design specifications for a column and for ion exchange media to be used in 
decontaminating the organic layer. 
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EXECUTIVE SUMMARY 

This study consists of an analysis of cleanup requirements, a literature search, and 
experimental plan recommendations to identify ion exchange media or sorbents that can 
reduce the level of radioactive components of the 241-C-103 organic layer. The principal 
radioactive contaminants of the organic layer are Cs-137 (4.13E-02 fid/g or 96% of the total 
gamma Ci), Sr-90 (0.55 /xCi/g or 52% of the total beta Ci), and Y-90, contributing most of 
the remaining beta. 

Criteria for suitable exchangers were as follows: The solid ion exchange media or 
sorbent would have to be inorganic and specific to the beta emitters fission products and 
would have to operate in the organic liquid. The organic liquid is known to consist of 74% 
of a TBP:NPH mixture (67:33); the remaining 26% is of unknown composition. The media 
would have to be economically suitable for treating about 5500 gallons of the organic in a 
reasonable time period. It is desirable to find a single medium that is selective to both Cs 
and Sr, but one medium might not decontaminate nearly as well as two in series. Although 
100% activity removal is not feasible, it would be very likely that other radionuclide 
concentrations would be reduced as well. The final decontaminated organic would have to 
be less than 10% of the Low Specific Activity (LSA) requirements for shipping (49 CFR 
173.425). It would also be required to meet possession limits of any incinerator location and 
to meet a reasonable cost of incineration or other form of disposal. 

The C-103 organic is about two times more active (due primarily to beta emitters Sr-
90 and progeny Y-90) than 10% LSA requirements. It is about 20 times more active in total 
Ci than the incinerator possession limits allow. If the above nuclides can be reduced by a 
factor of 37 or treater, the phosphorus content becomes cost limiting. The practical target 
for ion exchange decontamination factor then becomes a range of 30 to 50. 
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Although Cs-137 concentration lies well within specified limits, its reduction is 
desirable to minimize external gamma dose. 

The literature search revealed a number of candidates suitable for further evaluation. 
These candidates include inorganic cation exchangers or sorbents consisting of natural and 
synthetic zeolites, a desiccant (not an ion exchanger), and metal oxides and phosphates. 

The objectives of the experimental plan are to determine the capacity of the candidate 
ion exchangers and the rate at which they adsorb the cations, so an ion exchange bed can be 
designed for decontaminating the 5500 gallons of C-103 organic. The experiments will be 
performed on both an organic simulant and the actual C-103 organic. The simulant would be 
prepared with Cs and Sr to the same mass loadings as the C-103 organic. Radioactive 
tracers will be added to achieve analytical sensitivity. A limited number of batch 
experiments at one temperature with simulant will provide data on the exchangers chosen 
from the literature. A batch test of the three best candidates from the initial testing will be 
performed at three temperatures using the C-103 organic. Flow measurements on these three 
candidates will be performed on a short analytical column at one temperature. Finally, flow 
experiments using a longer column will be performed using the best candidate from the short 
column experiments with the C-103 organic (two flow rates, three temperatures). This will 
complete the experimental program. 

2 
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ION EXCHANGE/SORPTION PROCESSES 

Ion exchangers are insoluble solids that carry exchangeable cations or anions. These 
exchangeable ions can be substituted from solution by other dissolved ions in stoichiometric 
equivalents. Sorption can be either adsorption or absorption. The former is the adhesion of 
a substance to surfaces and the latter implies that the substance dissolves or reacts internally 
with the absorber. For the C-103 organic, the most likely mechanism for removing the 
undesirable radionuclides was expected to be adsorption. The adsorber or sorbent will 
require a large number of active sites to capture the radionuclides; thus, the sorbent would be 
highly porous to achieve a very large surface to volume ratio. 

The effectiveness of both ion exchange and sorption from solution can be quantified 

by an equilibrium constant, Kd, where 

„ _ concentration of sorbed material/g 
concentration of material in solution/cm3 

The units of K<, are usually cm3/g. However, the K,, is not truly constant. Its value 
depends on solute concentration and loading, temperature, and the presence of competing 
solutes. 

Another measure of exchanger/sorbent effectiveness is a bed decontaminator factor 
(DF). For a given exchanger column and component i, 

.p. „ concentration of component i entering the column 
j j r ' j — i • 

concentration of i leaving the column 

The DFjS are strongly dependent on column length and flow rate as well as K .̂ 
Molecular diffusion also plays a large role in the DF. The rate of sorption/exchange depends 
on the rate of diffusion of solute i from solution into the ion exchange particle and on the 
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capture/exchange rate as well as diffusion rate of the exchanged ion leaving the particle. For 
a simple system, if the DF of a column of length x is 10, then the DF of a 2x long column is 
10 x 10 or 100. This simple relationship can be expressed as 

DF = DF 0

( x / x Q ) 

where DF 0 is at XQ length. 

The capacity of a column is determined by breakthrough measurements, i.e., 
measurements of DF for continuous flow through a column until the DF begins to drop, 
indicating that sorption sites are nearly filled or the exchangeable ion is nearly depleted. The 
volume of solvent (VJ fed to the point of initial DF drop (breakthrough) is the capacity of 
the column. The unit capacity of the column bed is Vs /Vb where V b is the packed column 
volume. A ratio of Vs /Vb of 100 or greater is highly desirable, but the ratio depends on the 
input concentration of the sorbing solute. 

The presence of water in C-103 organic (1.3%) might affect the equilibrium K,, as 
well as rates of removal. The potential ions present in the organic would be more soluble in 
the water portion of the solvent. However, the water itself might be sorbed by the ion 
exchanger, and thus the water soluble ions more likely would be sorbed into the water 
enriched exchange pores (Helfferich 1962). The influence of the water and the remaining 
solvent itself on swelling of resin particles is impossible to predict. Only experiments will 
prove out the system. 

C-103 ORGANIC CLEANUP REQUIREMENTS 

The 5500 gallons of C-103 organic will be disposed of through combustion in an 
approved incinerator. Only one incinerator facility in the United States appears to have the 
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licensed capability to burn the C-103 liquid. This company, Diversified Scientific Services, 
Inc. (DSSI), is located in Kingston, TN, thus, the organic will have to be shipped. Cleanup 
requirements for the organic are based on shipping limits and DSSI storage and operating 
limits. 

Federal shipping regulations governing radioactivity limits are detailed in 49 CFR 
173.425ii, which states that the cargo tank cannot exceed 10% of LSA (low specific activity 
limits). DSSI has a radioactive material license for possession limits at the incinerator. 
DSSI also has concentration limits on burner feed streams. These feed limits can be met by 
diluting the feed stream with uncontaminated fuel. The cost of burning depends on the 
amount of dilution. 

The analysis of the C-103 organic is reported by Pool and Bean (1994). The organic 
will probably contain a small fraction of aqueous. This aqueous carryover will probably be 
less than 0.1% (SAIC 1994). The radiochemical analyses of the organic, aqueous, and 0.1% 
aqueous organic are presented in Table 1. 

Table 1. Radionuclide Concentrations, /xCi/g 

Organic Aqueous Mixture of 0.1% 
Aqueous in Organic 

Radionuclide 

8.380E-05 4.040E-02 1.241E-04 unspecified alpha 

5.000E-01 1.180E+01 5.113E-01 unspecified beta 

7.450E-04 4.740E-02 7.917E-04 Co-60 

4.130E-02 5.370E+01 9.496E-02 Cs-137 

5.500E-01 0.000E+00 5.495E-01 Sr-90 

9.020E-05 O.OOOE+OO 9.011E-05 Pu-238 

1.940E-04 0.000E+00 1.938E-04 Pu-239+240 

2.110E-04 0.000E+00 2.108E-04 Am-241 
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Table 1. Radionuclide Concentrations, fid/g 

Organic Aqueous Mixture of 0.1% 
Aqueous in Organic 

Radionuclide 

3.170E-04 O.OOOE+00 3.167E-04 Eu-154 

3.140E-04 0.000E+00 3.137E-04 Eu-155 

Total /iCi/g before cleanup = 1.158 

The unspecified beta is virtually all Y-90, which is the decay product of Sr-90 with a 
half-life of 64 hours. Any process removing Sr-90 will also allow rapid decrease of Y-90 by 
decay. Since unspecified beta is about one-half the total activity, an aging period of 2 weeks 
will see the unspecified beta drop to less than 3% of the value after immediate removal of 
precursor Sr-90. 

The cost of burning the C-103 organic will depend on the dilution requirements. The 
DSSI cost formula is 

Destruction price = $ ^ ( Q 6 ? + Q 3 3 x 3 ^ ^ F a c t o r ) 

gallon 

where Blending Factor = ratio of actual concentration of the most limiting contaminant to 
the concentration limits as derived from DSSFs applicable permits and licenses. Table 2 
provides these limits. 
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Table 2. Waste Contaminant Concentration Limits Based Upon 
Feed Rate Limitations 

Constituent Concentration 
Limit 

Units 

Water 20 percent 

Halogen 0.66 weight percent 

Arsenic 5.72 ppm 

Beryllium 11.4 ppm 

Cadmium 15.0 ppm 

Chromium 2.20 ppm 

Lead 224 ppm 

Antimony 30.8 ppm 

Barium 5280 ppm 

Mercury 30.8 ppm 

Silver 308 ppm 

Thallium 30.8 ppm 

Sodium 0.5 weight percent 

Sulfur 0.5 weight percent 

Phosphorus 0.5 weight percent 

Potassium 0.5 weight percent 

Ash Content 2.05 weight percent 

Tritium & 
Carbon-14 

0.05 /iCi/gram 

Other 
radioisotopes 

0.002 /wCi/gram 

The concentration limits for the C-103 organic:0.001 aqueous are the phosphorus 
(7.8%) and the other radioisotopes (1.158 ftCi/g). The Blending Factor for the phosphorus 
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is 7.8/.5 = 15.6 and 1.158/.002 = 579 for the other radionuclides. The cost of destroying 
untreated C-103 organic is $12,500/gallon or $68.81M for 5500 gallons. If the radioisotopes 
are decontaminated by the factor of 579/15.8 = 37.1, then the minimum price of the 
destruction is $379.33/gallon or $2.09M for 5500 gallons. The cost of destroying the 
organic is the larger of $379.33/gallon or 65.2 (0.67 + 0.33(579)/DF)/gal where DF is the 
overall DF of any radioisotope removal process (ion exchange). The curve (Figure 1) below 
shows the total cost vs. DF. There is substantial savings for an even modest DF = 10. 
Because of the phosphorus limit, a DF = 37.1 is the maximum necessary on a cost basis. 
The complete picture on required DF can be made on LSA and DSST possession limits 
(Tables 3 and 4). 

Figure 1. Destruction Cost of 5500 gallons of C-103 at DSSI versus 
Overall Radionuclide Decontamination Factor 
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The LSA limits as compared to untreated organic with 0.1 % aqueous carryover are 

found in Table 3. 

Table 3. C-103 Organic vs. LSA limits 

Concentration* LSA limit* Fraction of LSA Radionuclide 

6.188E-04 0.1 6.188E-03 gross alpha 

1.061E+00 5.0 2.122E-01 gross beta 

7.917E-04 300 2.639E-06 Co-60 

9.496E-02 300 3.165E-04 Cs-137 

5.495E-01 5.0 1.099E-01 Sr-90 

9.011E-05 0.1 9.011E-04 Pu-238 

1.938E-04 0.1 1.938E-03 Pu-239+Pu-240 

2.108E-04 0.1 2.108E-03 Am-241 

3.167E-04 300 1.056E-06 Eu-154 

3.137E-04 300 1.046E-06 Eu-155 

3.009E-04 0.1 3.009E-03 Pu-238+Am-241 

* /xCi/g, 49 CFR 173.435 

The sum of gross alpha and gross beta is 0.218 of LSA and the sum of all isotopes 
(less gross alpha and beta) is 0.118. Both are greater than 10% of LSA. The former is 
more restrictive and requires a DF = 2.18 to meet LSA limits. Sr-90 is the biggest 
contributor (with Y-90) to both the sums. 

The DSSI possession limits compared to 5500 gallons of C-103 organic with 0.1% 
aqueous are found in Table 4 (taken from DSSI Radioactive Materials License, Amendment 
17, November 5, 1993). 
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Table 4. DSSI Possession Limits Versus 5500 Gallon C-103 

Isotope Total C-103 /xCi DSSI Possession Limit Fraction of Limit 

Unspecified 
alpha* 

2264 — — 

Unspecified 
beta* 

9.33E+6 — — 

Co-66 14400 1.0E+07 1.44E-03 

Cs-137 1.73E+06 1.0E+07 0.173 

Sr-90* 1.0E+07 — — 

Pu 0.057 grams 100 grams 5.7E-04 

Am-241 3845 5000 0.769 

Eu-154* 5777 — — 

Eu-155* 5722 — — 

All isotopes with * summed together must be below l.E+06 jt Ci. The total * = 1.934 
+ 7 or 19.3 x possession limit. Since the unspecified beta (Y-90) and Sr-90 contribute 
nearly all of the violators of the possession limit, a minimum DF = 20 for Sr-90 with 
aging will reduce the C-103 concentration to meet possession limits. 

In summary, LSA and DSSI limits require a minimum DF of 2.2 and 20, 
respectively. Since 20 is more restrictive, then the absolute minimum DF = 20 is required. 
Since a maximum DF of 37.1 gives no more economic benefit, then an ion exchange 
(sorbent) system should be designed to give an overall DF between 30 (minimum safe 
margin) and 50 (no benefit beyond this). The main target of the system should be Sr-90, but 
Cs-137 (to minimize hard gamma external dose) and Am-241 (close to DSSI possession limit) 
should be monitored in the experimental program and in plant operation. 

10 
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LITERATURE SEARCH 

References from a computer aided search of the literature (111 abstracts), along with 
references noted by Schulz and Navratil in Science and Technology of Tributyl Phosphate. 
Vol. 1 (1984) and information from known experts (including those from Russia) form the 
basis of this discussion. The ideal reference would provide quantitative information on the 
Cs, Sr, and other fission products removed from degraded TBP/NPH mixtures by ion 
exchange with inorganic solids. The quantitative information would include ion exchanger 
equilibria, sorption capacity, and rates of sorption. 

Only one reference from the computer search came close to the ideal. The work 
published by Aggarwal (1989) gave very encouraging results. Here, Cs-137, Sr-90, and Ru-
106 were removed from TBP/kerosene solvent by ion exchange with zeolites, mordenite, 
clinoptilolite, and synthetic type A, X and Y at room temperature. Equilibrium distribution 
coefficients (K,, = Ci/g sorbent/Ci/cc liquid at equilibrium) obtained after one hour of 
contact (necessary time to reach equilibrium) were ranked in order of decreasing K,, (and 
decreasing sorption capability), i.e., Cs-137 > Sr-90 > Ru-196. The K ŝ were independent 
of TBP:kerosene ratios but increased as water/ethanol (up to 10% water) was added to the 
organic. Sorption of Cs-137 on cements was low. Aggarwal did not perform any 
measurements on degraded TBP/kerosene or any flow experiments. 

Table 5 was constructed from bar graphs of Kj versus time (Aggarwal 1989). The 
results listed were obtained after 7 hours of equilibration. No measurements were reported 
beyond 7 hours. Zeolite A appears to be the single best sorbent for both Cs-137 and Sr-90. 
However, Zeolite Y has a slightly better performance for Cs-137. 
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Table 5. Room Temperature Distribution Coefficients (KJ, cm3/g for 
Cs-137 and Sr-90 from TBP:kerosene = 1:1 

(Aggarwal 1989) 

Radionuclid 
e 

Sorbent 
Radionuclid 

e Zeolite A Zeolite X Zeolite Y Clinoptilolite Mordenite 

Cs-137 500 530 640 280 540 

Sr-90 400 60 90 120 120 

Zeolite A: Na12(A10j)12 (Si02)i2 • 27 H 2 0 
Zeolite X: N a ^ A l O ^ (SiO2)106 • 264 H 2 0 
Zeolite Y: N a ^ A l O ^ (Si0 2) 1 3 6 • 264 H 20 
Clinoptilolite: Na6[(A102)6 (SiO2)30] • 24 H 20 
Mordenite: Na87[(A102)g.7 ( S i O ^ J • 24 H 20 

Scientists at the Russian Institute for Physical Chemistry have submitted two reports 
of an experimental program of both ion exchange and electrochemical stripping of 
radionuclides from TBP:dodecane. The electrochemical stripping method was for plutonium 
removal, not fission products removal; no further discussion of their results for plutonium 
will appear here. However, the ion exchange data in the first russian report (see Appendix 
A) consist of IQs for 17 different sorbents, both organic and inorganic, acting on a 2:1 
TBP:dodecane solvent contaminated with Cs-137 and Sr-90. The data on the inorganic 
sorbents are presented in Table 6. Two sorbents, IE-95 (synthetic chabazite) and ISMA-3 
(modified Mn02), have large IQs for both Cs-137 and Sr-90. Both synthetic zeolite As show 
a lower Kd for Sr-90 and have larger IQs for Cs-137 than the zeolite in Table 5. The only 
data on plutonium removal by inorganic sorbent were obtained with FT. The K,,s were 1,400 
for both Pu(TV) and Pu(VI). 

Table 6. Room Temperature Distribution Coefficients (KJ, cmVg for 
Cs-137 and Sr-90 from TBP:dodecane = 2:1 

(Russian Report 1994a - Appendix A) 
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Radionucli 
de 

Sorbent 
Radionucli 

de NGA MGA NaA NaX A-51 IE-95 SKK-3 

Cs-137 9,600 73,000 98,000 66,000 96,000 72,000 400,0 
00 

Sr-90 — — 100 110 200 49,000 <1 

Kl FZ FT ISMA-
3 

Term-5 KG-
13P 

Cs-137 28,000 84,000 68,000 81,000 10,000 — 

Sr-90 <1 <1 <1 6,000 <1 600 

NGA: aluminosilicate-supported nickel ferrocyanide 
MGA: aluminosilicate-supported copper ferrocyanide 
NaA: sodium form of synthetic zeolite A 
NaX: sodium form of synthetic zeolite X 
A-51: synthetic zeolite A 
IE-95: synthetic zeolite of shabazite type 
KI: natural clinoptilolite 
FZ: spherically granulated zirconium phosphate 
FT: spherically granulated titanium phosphate 
ISMA-3: modified manganese dioxide 
Term-5: hydrated titanium dioxide-based adsorbent 
KG-13P: synthetic zeolite of shabazite type 
shabazite: probably chabazite, Ca(A102)2(SiO2)4 • 6 H 2 0 
SKK-3: antimony-silicon cationite 

The second Russian report (Appendix B) provided more Kd data for Cs and Sr, this 
time on irradiated organic simulant and flow DF data on non-irradiated and irradiated 
organic. Irradiation of the organic simulant (TBP:dodecane - 2:1) was carried out for 5 
hours from a Co-60 gamma source at 20,000 Gray/hr, so the absorbed dose was 10s Gray 
(10 Mrad). The irradiation reduced Kds for Cs by one to two orders of magnitude and 
increased Kds for Sr by one to two orders of magnitude as shown in Tables 7 and 8. Two 
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new solvent types were used. The A1203 is a chromatographic grade of aluminum oxide and 

the CaC03 was natural limestone. The grain size of both ranged from 0.25 to 0.5 mm. 

Table 7. Distribution Coefficients of Cs on Different Sorbents from the Initial and 
Irradiated Organic Simulant 

Organic 
Simulant 

K,, of Cs on Sorbents, cm3g Organic 
Simulant NGA NaA A-51 Kl A1203 CaC03 

initial 960,000 98,000 96,000 28,000 30,000 80,000 

irradiated 3,800 5,400 11,000 10,000 25,000 20,000 

Table 8. Distribution Coefficients of Sr on Different Sorbents from the Initial and 
Irradiated Organic Simulant 

Organic 
Simulant 

Kd of Cs on Sorbents, cm3g Organic 
Simulant NGA NaA A-51 Kl A1203 CaC03 

initial 100 200 <2 6,000 99,000 6,700 

irradiated 3,000 14,000 1,300 14,0000 74,000 60,000 

No americium removal data were submitted by the Russians nor were there any 
americium data in the literature for removal by inorganic sorbent from non-aqueous liquids. 
It is very likely that significant Am-241 in the C-103 liquid will be retained on the inorganic 
sorbents used for Sr. The FT type that worked for plutonium should also work on 
americium, which, like plutonium, is an actinide. 

Flow experiments for Cs and Sr decontamination were carried out on a 6.7-mm 
diameter bed containing 2 cm3 sorbent (5.67 cm = 2.23-in. bed length). Flow rates were 
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maintained at 2 to 3 bed volumes/hr. At this flow rate range and with such a short bed, DFs 
were not high. For Cs, with both irradiated and non-irradiated organic, DFs ranged from 2 
to 60. For Sr, DFs in non-irradiated organics ranged from 1 to 200. ISMA-3 was the best 
performer on Sr, and NGA on Cs. The flow data show breakthroughs for Cs at 200 bed 
volumes with NaA and 400 bed volumes with NGA. No clear breakthroughs were observed 
up to 150 bed volumes for Sr. 

Equivalent breakthrough points can be estimated for the C-103 organic. The Russian 
Cs-137 concentration was 0.0054 /xCi/cc, whereas the C-103 organic (with 0.1% aqueous 
carryover) is 0.00835 /iCi/cc. The equivalent breakthroughs for C-103 are 130 and 260 bed 
volumes for NaA and NGA, respectively. 

T. V. Healy (1976) reported that a wide range of solid absorbents could effectively 
remove Ru, Zr, and Nb from degraded TBP/kerosene mixtures. The two best absorbents 
(highest Kd) that captured fission products were moist TiOj granules and activated hopcalite. 
The performance of these two with consecutive 40 volumes organic: 1 volume solid still 
showed over 90% capture of fission products after the fourth contact and were also 
successful in removing a large fraction of alpha emitting nuclides or radionuclides. The 
performance of the Ti0 2 is shown (Table 9) using part of a table from the reference. 

The Ti0 2 used here was prepared by precipitation from TiCl4 solution as the hydrous 
form and subsequently dried, crushed, washed with dilute alkali and sodium nitrate, and 
finally shaken with dry TBP to remove excess water. 
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Table 9. Batch Removal of Activity from Degraded 20%TBP/kerosene 
using Ti0 2 at 60 °C 

Contaminant 
Bed Volumes 

Contaminant 40 80 120 160 200 

a 99.5% — — — — 

Ru 96.5% 95 93 91 87 

Zr 99.9% 99.6 99 98.5 98 

Nb 99.8% 99.8 98.5 97 97 

Four other adsorbents are powdered alumina granules, eerie oxide powder, ferric 
oxide powder, and organic resin Amberlyst 26. Since the absorbers succeeded on Ru here, 
and since Aggarwal above showed that Ru was the most poorly absorbed of the three (Cs, 
Sr, and Zr), absorbents studied by Healy would safely be expected to also remove Cs and Sr. 

Schulz (1970 and 1972) reported the successful use of the organic resin Amberlyst 26, 
a strong base macroreticular anion exchanger, in removing Ru, Zr, and Nb. He also expects 
(personal communication) that either base and acid or anion and cation macroreticular resin 
would work on Cs and Sr and advised that a simple silica gel drying bed would likely 
remove Cs and Sr, both of which are likely to be associated with the 1.3% water in the 
organic. Other possible media for capturing Cs are nickel ferrocyanide and inorganic 
titanates. 

EXPERIMENTAL PROGRAM 

Both the literature cited and the Russian experimental results provide a sound basis 
for expecting successful ion exchange decontamination of the organic liquid in Tank C-103. 
However, because sorbents of the same kind show Kj variability, and since there are no data 
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on the C-103 organic, an experimental program is needed to get sufficient data to design an 
ion exchange system for decontaminating 5000 gallons of C-103 organic. Design 
recommendations for an appropriate experimental program are made below. 

Westinghouse Hanford Company's Engineering and Environment Demonstration 
Laboratory is uniquely suitable for the experimental program. This laboratory has both the 
equipment, isotopes, and prior ion exchanger experience necessary to obtain the vital data. 

The first step in the experimental program would be to select the best potential 
candidates from the literature and Russian list. A suggested group consists of the following 
seven sorbents: 

Synthetic zeolite A 

Synthetic zeolite X 
Synthetic zeolite Y 
Synthetic chabazite 
Modified manganese dioxide 
Titanium dioxide 
Silica gel desiccant. 

Others that also could be tested are clinoptilolite and mordenite. With over 30 listed 
vendors of ion exchange resins in the USA and the UK vendors that provided Aggarwal's 
sorbents, most or all of the above should be available. The Russians have been asked to 
provide location and preparation details of their sorbents. 

The next step would be to develop a simulant organic. A non-degraded mixture of 
7:3 TBP/alkane contaminated by direct contact with tracer levels of Cs-137 and Sr-90 (or 
other Cs and Sr isotopes) in aqueous solution should suffice as a simulant. The levels of 
tracer would have to be at a safe but still detectable level when decontaminated by a factor of 
1000. 
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Batch equilibrium measurements1 using the simulant at one temperature (25°C) are 
needed to obtain an estimated K<, and narrow the ion exchanger candidates to the three best. 
Then these ion exchangers should be measured at three temperatures (10, 25, and 40°C) 
using the C-103 organic2. With these values obtained, a final choice of one exchanger could 
be made. If resources are available, further flow tests should be made on all three since 
batch equilibrium tests do not always perfectly simulate the results from column flow tests. 

Flow tests will consist of breakthrough measurements, i.e., measurements of 
concentration of radionuclide leaving the bottom of an flow ion exchanger column versus 
time until the exchanger fails to remove the radionuclide. Typically these could be around 
100 to 200 bed volumes of organic flow. From tests at one temperature on the C-103 
organic the final exchanger can be made. The capacity of the bed and rate of sorption, as 
well as flow resistance, are factors in the selection process. 

Final flow tests will be performed at three temperatures and at one flow rate followed 
by an additional different flow rate at one of the temperatures. Tests performed on 
anticipated nearly full length, but narrow column would provide final data. A final design 
ion exchanger could then be built. The flow rate and capacity data would allow selection of 
bed length, diameter, and operating conditions (flow rate and temperature) for an operational 
column. 

The anticipated test design from the above discussion is presented in Table 10. An 
important consideration is the anticipated amount of C-103 organic required for the 
experimental program. This requirement is difficult to estimate precisely because of the 
unknown capacity of the exchangers. The organic need could run to 50 liters, which would 

1 Batch equilibrium measurements consist of stirring a specific organic:sorbent ration (20 
cc:0.1 g sorbent) until the organic shows a steady concentration of Cs and Sr. 

2 Am-241 measurements on the C-103 liquid would be useful. 
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be available from retrieved 5500 gal. The test matrix is only tentative. The experimental 
program test may be updated and changed based on the data generated at each stage. 

Table 10. Anticipated Experimental Testing Design 

Fluid 
Ion Exchanger 

Fluid 
1 2 3 4 5 6 7 

Simulant 

(25 °C) Kd Kd Ka Kd Ka Kd Kd 

C-103 organic 

(10°C) 
(25 °G) 
(40°C) 

Kd 

Ka 
Ka 

Ka 
Ka 
Ka 

Kd 

Ka 
Kd 

C-103 organic (10 cc short column) 

(25 °C) Flow Flow Flow 

C-103 organic (50 cc long column) 

(25 °C) 
(10°C) 
(40°C) 

Flow 
Flow 
Flow 

\ One flow rate or AP 

(25°C) Flow (at higher flow rate) 

Note: Kd measurements are for both Cs and Sr. 
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Decontamination of the Organic Layer in Tank C-103 
Progress Report No 1 on the follow-on task 

Introduction 

Organics appears to be one of the components frequently encountered in HLW stored in 
tanks. However, the storage of organics in the presence of other waste components, such as 
nitrates, sul&tes, and other anions is intolerable on account of the possible ignition of the 
organic phase. But removal of organics from the tank solves only the safety issue, and new 
problems appear regarding the Mowing treatment and final disposal of organic radioactive 
waste. Although in the course of. the long term storage of organics in contact with high 
alkaline (up to 4 mole/1 NaOH) solutions few radionuclides are expected to be transferred 
into the organic phase (TBP + /*-paraffines), accumulation of mono- and dibutyiphosphates 
due to the radiation destruction of organics may increase the distribution factors of heavy 
metals and hinder the processes of organic phase further decontamination. 

Among the techniques suitable for effective organics decontamination the following 
procedures are to be considered: 

ion exchange processes capable of removing almost all radionuclides from the 
organics; 

electrochemical processes suitable for removing heavy metals from the organic phase. 

This report contains data on the ion exchange and electrochemical decontamination of 
organic phase (TBP:dodecane=2:l, mono- and dibutylphosphate derivatives not present). 
The distribution factors of Cs, Sr, and Pu on the whole set of sorbents from the simulated 
waste solution are reported. The experimental study has been performed to extend the data 
available right now on the applicability of ion exchange to decontamination of the organic 
radioactive waste retrieved from HLW tanks. 

Experimental 

Distribution factors of 1 3 7Cs, 8 5Sr, and 2 3 9 Pu were determined on the set of different 
sorbents (see Table 1) from the organic phase of the composition, % vol: 66.6% TBP, 
33.4% dodecane through the batch experiments using the above radionuclides as tracers. 
t 3 7 Cs, sssr were analyzed directly in the organic phase using y-anaryzer equipped with N(T1) 
detector. Determination of 2 3 9 Pu in the organic phase was performed according to the 
technique below. 

Organic phase sample of 0.5 cm3 volume was heated up to 70-80°C with 5 cm3 of 
reextracting solution of the following composition: 0.1 mole/1 HNO3, 0.1 mole/1 N2H4HNO3. 
Phases were brought in contact and shaken regularly during 1 hour. Then the aqueous phase 
was separated, S cm3 more of the reextracting solution added to the organics and contacted 
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during 30 min. under the same conditions. Aqueous reextracts were coUected together and 
analyzed using a-spectrometer. 

Results and discussion 

Decontamination by ion exchange 

Distribution actor (K^) values of 1 3 7 C s and ^ S r on different sorbent types from the 
organic mixture TBP+dodecane are given in Table 2, distribution actor values of 2 3 9Pu(TV) 
and ^PuCTV) - in Table 3. 

In batch experiments on determining Kj of 1 3 7 C s and ^Sr the liquidisolid ratio was 
maintained at 250:1, activity of the organic phase was equal to 2.0x105 and 2.3X106 Bk/l with 
respect to 137Cs and ^Sr, respectively. 

Table 1. Sorbents studied for removal o f 1 3 7 C s and ^Sr from organic phase. 
m trademark, 

acronym 
sorbent nature analogs 

1 KU-2x8 strong acid sulfocationite Dowex 50x8 
2 AMKB-2 aminocarboxylic ampholite Dowex Al, 

Chelex-100 
^ i AV-17 strong basic anionite Amber3teIRA-4G0 
4 SF-5 phosphorous acidic cationhe 
5 Kl natural clinoptilolhe, "Krasnokamenskoe" 

deposit (Chita, Russia) 
6 NaA.NaX sodium forms of syntheoc AandXasoEtetype 
7 KG-13P synthetic zeolite of shabazhe type 
8 IE-95, A-51 syrtheocasofiteofshabazaeandAtype 
9 SKK-3 • ^ ?. , , i* , 9 SKK-3 anmeny-ancon caaome or the onjtto4anua 

Sb^Os x nSiO? x mMeO x kH 9 0 
10 ISMA-3 modified manganese dioxide 
11 Termoxid-5 hydrated titanium dioxide-based adsorbent 
12 FTandFZ spherically granulated titanium and 

zirconium phosphates 
13 MGA, NGA alumosilicate-supported copper and nickel 

ferrocyanides 
14 FS-2 composse copper ferocyaride-based adsorbent 
15 SKNO nitrogen containing coal ampholite 
16 BAU charcoal adsorbent 
17 Chitin natural chitin 
18 CBK chitin-albumin complex (26% (Ca, Mg)CC>3, 

POi, 70% chitin, 4% albumin) 
19 Chitozan chitin-based sorbent; 12-16% P 
20 FOP phosphorylated wood 
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In batch experiments on determining K4 of 2 3 9Pu the liquidrsolid ratio was maintained at 
1:70, activity of the organic phase was equal to 1.8-1.9X105 Bk/L In all the experiments 
sorbent grain size was within the range of 0.25-0.5 mm, phase contact time was equal to 40 
hrs. 

Table 2. Distribution coefficients of U 7 Cs and "'Sr from die organic mixture 
TBP:dodecane=2:l. 

rad. 
nucl 

Distribution i actors of m C s and "Sr on sorbents, cnrVg rad. 
nucl NGA MGA FS-2 NaA NaX A-51 IE« KI F2 
»Cs 9<fi£3S 7±3-E4 2ifl510* 9M32EA 6&L1EA 9ftf?8F4 77+7 5F» 13i£).7E4 &4±22E4 
M Sr - - - 1±0.3E2 LB&1E2 IQtaiEZ 4MX4E1 <1 <1 

FT KD2 SKK3 EMA3 Tenn-5 SKNO BAU KG-13P 
*>Cs 

4 
92±32E4 4±2E5 8.1+2.7E4 LU&4E4 5&UL7E3 4M)£E2 -

M Sr <1 <1 <1 6£k±D.SE3 <1 <1 L2a3JE3 S±1E2 

Table 3. Distribution coefficients of 3 9 P u from the organic mixture TBP:dodecane=2:l. 
radio
nuclide 

Distribution factors of ̂ PuOV and VT)on sorbents, aa?/z radio
nuclide SF-5 Chitin CBK Chhozan FOP FZ 
^PudV) 2.6±L1E3 8.2i2.8E2 3.0i0.8E3 1.4JDJE2 9.4±l.6E3 1.8d0.9E3 

^PufVT) 2.5±L8E3 5.9±1.9E2 8.9i3.6E2 8.4±2.0E2 8.<H2.SE3 L5dQ.6E2 

FT AV-17 ANKB-2 KU-2 SKNO BAU 
2 3 9 P U < T V ) 1.4ifl.7E3 1.2i0.4E2 &J±UE3 5.6i2.9El 2.8±1.1E3 2.940.7E2 
^'PurvT) 1.4±D.8E3 l.ldfl.3E2 3.8±l.4E3 3J±1.2E2 1.8i0.4E3 1.9iD.6E2 

The data reported show that for decontamination of organic phase from , 3 7 C s the whole 
number of sorbents could be used, namely, ferrocyanides, hydroxides, phosphate based 
sorbents, zeolites, ion exchange resins. For decontamination from ̂ Sr modified manganese 
dioxide based ISMA-3 sorbent and activated charcoal seem to be the most efficient ones. 

Sorption of Pu species from the organic phase occurs most completely on phosphorous 
containing sorbents SF-5, FOP, FT, FZ, as well as on ampholites of ANKB-2 and SKNO 
type. 

Decontamination of organics from 2 3 S Pu by electrochemical technique 

Electrochemical properties of Pu in alkaline solutions such as thermodynamic properties, 
formal oxidation potentials and stability, reduction on mercury electrode, and applied 
techniques for electrodeposition of Pu have been studied over die last years. 
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Electrodeposition of Pu(V,VT) in tracer amounts from alkaline solutions was found to 
occur in 1-4 mole/1 NaOH solutions. Conversion of up to 95-98% of soluble Pu(V,vT) into 
insoluble Pu(OH)4 or Pu0 2xH 20 tightly deposited onto a stainless steel cathode has been 
achieved during 40-60 mm. at the current densities of 150 mA/cm2. 

The technique for mixed aqueous-organic phase electrolysis (TBP — 1-4 mole/1 NaOH) has 
been applied for stripping uranium from TBP coupled with uranium electrodeposition onto a 
a stainless steel electrode. This procedure has been recommended for preparation of a-
emitter samples for a-spectrometry. Therefore, the electrodeposition of Pu seems to be a 
powerful tool for plutonium recovery from alkaline wastes where it is encountered in trace 
concentrations.. 
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Fig.2. Electrodeposition of Pu from TBP — dodecane — 2 mole/1 NaOH onto stainless steel 
surface at different current. 

Curves in Figs.l and 2 show the influence of different electrolysis parameters on the 
completeness of piutonium recovery and on the kinetics of stripping-deposhion process. The 
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data illustrate that the electrolysis of aqueous-organics system of TBP — dodecane — NaOH 
solution at [NaOH}>2 moled and volume ratio [TBP]:[NaOH]<2.67 efficiently removes Pu 
from the system. Power consumption of the dectrochemicai cell is about 0.1 Wt/cm2, 
evolving rate of hydrogen is approximately 100 cm3/cm2/hr. 

The parameters determined show applicability of the technique for removal of Pu from the 
organic phase retrieved from the Tank 203-C. 

Conclusions 

The results obtained in the batch studies performed indicate that both ion exchange material 
and dectrochemicai technique might be applied to decontamination of the organic phase from 
Tank 203-C. However, the results were obtained on simulated waste without consideration 
of possible presence of mono- and dibutyiphosphate derivatives. 

Batch data on the decontamination of irradiated simulated organics along with the results 
on decontamination of simulated and real organic phase in flow mode will be given in the 
next reports. 
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Decontamination of the Organic Layer in Tank C-103 
Progress Report No2 on the follow-on task 

Introduction 
In this report new experimental data on the decontamination of organic layer retrieved from 

the Hanford Tank C-103 are given and discussed, namely, the data on the ion exchange and 
electrochemical decontamination of the irradiated organic simulant and the data on the 
decontamination of real HLW tank organics using some of the sorbents investigated in the 
bench scale. 
Experimental 

To perform the set of experiments reported below the organic simulant (see Report No 1) 
was subjected to irradiation on the "Co y-source. Irradiation was conducted for 5 hr at the 
source power of 210 4 Gray/hr. The total absorbed dose amounted MO5 Gray which caused 
the formation of 1-2% wt. of mono- and di-butylphosphorous acids according to the data 
reported in literature. 
Sorption techniques 

The experiments on ion exchange decontamination of the organic simulant were performed 
both in the batch and flow modes according to the technique described earlier (see Rep. Nol). 
In addition to the materials tested before we've studied two more sorbent types, namely, 
aluminum oxide of chromatographic grade (Russia, commercially available material) and 
calcium carbonate (natural limestone). The grain size of both was within the range of 0.25-0.5 
mm. Comparison of data for non-irradiated and irradiated organic simulant spiked with l 3 7Cs 
and **Sr tracers is given in Tables 1,2. 

Table 1. Distribution coefficients of 1 3 7Cs on different sorbents from the initial and irradiated 
organic simulant. 

organic 
simulant 

Krf of 1 3 7Cs on sorbents, cm3/g organic 
simulant NGA NaA A-51 Kl AL,0, CaCO, 

initial 9.610 s 9.810 4 9.6-104 2.8-104 3.0-104 8.0-10* 
irradiated 3.810 3 5.4-103 1.110* 1.0-10* 2.5-10* 2.0-104 

Table 2. Distribution coefficients of 8 3Sr on different sorbents from the initial and irradiated 
organic simulant. 

organic 
simulant 

K, of M Sr on sorbents, cmVg organic 
simulant NGA A-51 Kl ISMA-3 Ai,0, CaCO, 

initial 1.0-10* 2.0-102 <2 6.0-103 9,9-104 6.7-103 

irradiated 3.0103 1.4-104 1.3-10* 1.4-104 7.4-104 6.010* 
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From the above data one can see the regularity of Kj for 1 3 7Cs being 1-2 order of magnitude 
lower and K,, for "Sr being 1-2 order of magnitude higher for irradiated simulant than for the 
initial one. It occurs probably on account of more stable complexes of Cs and less stable 
complexes of Sr with mono- and dibutyl derivatives as compared to pure TBP. The regularity 
said is not true for A l ^ sorbent due to non-ion exchange nature of Cs and Sr sorption on the 
latter. 

Decontamination of the simulant in flow mode was performed by feeding the simulant into 
chromatographic column of 6.7 mm in diameter loaded with the sorbent bed of 2 cm3 volume at 
the flow rate of 2-3 bv/hr (bed volumes per hour). Emerging filtrate was fractionated and 
analyzed for I 3 7Cs and MSr. Output curves of sorption plotted as decontamination factor (Dj) 
against feed simulant volume (bv) are shown in Figs. 1-3. 
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Fig.2. Sorption of Sr from initial simulant. 
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Fig.3. Sorption of Sr from irradiated simulant. 
The above data show the ISMA-3 being the most efficient material for decontamination of 

mono- and dibutylphosphorous acid-free organics from Sr, the D f values reach 100-300 at not 
less than 200 bv of organics passed through a column. D f values for KU-23 (macroporous 
sulfocationite) and NaA are markedly less and are equal to 6-8 and 3-6, respectively. For BAU 
those values are the lowest (DJFI.5-2). 

When treating the irradiated simulant the D f values for KU-23 and NaA remains within the 
range of 5-10 whereas for ISMA-3 those values abruptly decrease to 4-5 which may be 
attributed to the slower kinetics in this case. To prove the supposition, kinetics of Sr sorption 
from the initial and irradiated simulant on ISMA-3 sorbent has been studied. The experiments 
were performed using the limited volume technique by contacting 0.5 g of sorbent with 200 
cm3 of the simulant under permanent agitation accompanied with the regular sampling of the 
fluid phase. 

The obtained data showed the half-exchange time to be increased for the irradiated simulant 
as compared to the initial one by a factor of 2 ( T W appeared to be 6.0 min. and 3,1 min., 
respectively) which proved the slower kinetics to be the controlling factor in the case.. 

D f values with respect to Sr for A^Oj and CaC03 from the irradiated organics were 3-5 and 
2-3, respectively. 

The results on decontamination of organics from 1 3 7Cs showed about the same efficiency of 
NGA and NaA for both initial and irradiated simulant (D f > 10 at the throughput T > 600 bv). 
A^Oj and CaC0 3 revealed the D f values within the range of 3-6. 

To raise the efficiency of ALfi3 we've modified it by means of successive treating the initial 
material with nickel and potassium ferrocyanide salts to have a layer of nickel ferrocyanide 
formed within the pores of Aifi-j. The modified sorbent is reported as Al^-CFN. The tests 
performed proved high efficiency of A^Oj-CFN for decontaminating organics from 1 3 7Cs (D f= 
20-30 at the T> 200 bv). 
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Electrochemical technique 
Extraction of Pu(IV and VI) into the irradiated simulant from 4 mole/1 HN0 3 solution (when 

spiking the simulant with Pu tracer) resulted in the increase of Kd for both Pu(TV) and Pu(VI) 
species (see Table 3). 

Table 3. K,j of Pu(TV) and Pu(VI) between the simulant and 4 mole/1 HN0 3 solution. 
Concentration of Pu in the feed equals 10 Bq/cm3. 

chemical 
species 

KH of Pu species between the simulant and 4 mole/1 HNO, chemical 
species initial simulant irradiated simulant 
Pu(TV) 18.5 33.2 
Pu(VI) 27.5 28.1 

The effect of electric current density on the plutonium yield when removing Pu from the 
organics by the electrochemical technique with the stainless steel cathode is given in Table 4. 

Table 4. Electrochemical removal of Pu from the 2-phase system of irradiated simulant — 1-4 
mole/1 NaOH solution. [Pu] - 10 Bq/cm3, T - 2 hr. 

current denary j , 
mA/cm2 

ratio simulant: 
NaOH sol. 

Yield of Pu, % at NaOH concentration of current denary j , 
mA/cm2 

ratio simulant: 
NaOH sol. 1 mole/1 2 mole/1 4 mole/1 

32.7 78.1 60.2 72.4 
82.0 81.0 91.2 84.6 
164.0 96.4 90.5 88.8 
246.0 100 96.1 91.3 
328.0 100 98 92.3 

When increasing the simulant:NaOH solution ratio reduced efficiency of Pu removal similar 
to the treatment of non-irradiated simulant has been observed (see Table 5). 

It is necessary to mention that at the higher (>1) ratios h is very difficult to maintain the 
constant current density, and evaporation of up to 20% of the initial diluent volume is observed 
due to increased heating of the solution. Sufficient removal of Pu (above 60%) is achieved only 
at the current density above 300 mA/cm2 but yield value also decreases at the increased 
organicsraqueous phase ratios (see Table 6). 

Table 5. Electrochemical yield of Pu species at different simulant:NaOH solution ratios, j = 82 
mA/cm2, [NaOH] -• 4 mole/1; x = 3 hr. 

organic:aqueous phase ratio Pu yield, % 
7/3 93.9 
8/2 82.0 
9/1 52.6 
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Table 6. Electrochemical yield of Pu species at different simulant:NaOH solution ratios, j = 328 
mA/cm2, [NaOHj« 4 mole/1; T » 2 hr. 

organic:aqueous phase ratio Pu yield, % 
1/1 89.2 
7/3 85.0 
8/2 68.3 
9/1 41.2 

The data reported show that the electrochemical technique is applicable to remove tracer Pu 
amounts from the simulant At the organic.aqueous phase ratio of 1/1 and current density 
above 250 mA/cm2 more than 90% of Pu is deposited onto the cathode. 1-2 mole/1 NaOH 
solutions may be recommended as the aqueous phase. However, the presence of CO32* ions in 
concentration above 0.5 mole/1 may markedly reduce the efficiency of electrodeposition 
process. 

Decontamination of extractant from the Purei process 

The primary goal of experiments on decontamination of spent organic phase was to determine 
whether the hydrodynamic parameters of the spent extractant may be restored for reuse. 
Hydrodynamic properties of the treated extractant were compared with the operational 
parameters required, and D f values with respect to radionuclides were also evaluated. 

Both pure AljOj and AI2O3 modified with nickel and manganese cations with grain size of 
0.4-0.6 mm as well as CaC03 with grain size of 0.25-0.5 mm and MgC0 3 with grain size of 
0.25-0.5 mm were tested for the purpose. The experiments were performed in flow mode at the 
residence time of 30 min. 

Efficiency of sorption for chemical impurities (carboxylic acids, mono- and dibutylphosphoric 
acids) was evaluated through the measurement of exfluence of the treated organic phase with 
5% NajCOj solution and by direct measurement of contaminants. For the optimal conditions of 
decontamination from chemicals the D f values for radionuclides were also determined. Below a 
number of examples on decontamination of spent extractant (30% TBP in /i-paraffines) on 
A^Oj, CaC03, and MgC0 3 is given. 

From the technological considerations the volume of extractant to be decontaminated in 1 
cycle was chosen within the range of 100-110 bv. On Al203 the total radioactivity of the 
extractant was reduced from 1.2I0-3 to 3.5-10-7 uR/s/1 or by a factor of 100. The data on 
decontamination from chemical species are given in Table 7. 

The mechanism of decontamination from carboxylic and alkylphosphoric acids is supposed to 
be the following: all the mentioned acids form insoluble Ca and Mg salts and are co-
precipitated on the sorbent bed with fine suspension particles, the radionuclides being 
complexed with the species thereof and also adsorbed. 

100 bv of spent extractant containing 30% TBP, 73 mg/I DBP, 7 mg/1 MBP, 31 mmole/1 of 
carboxylic acids, 1.2% wt. of solid phase with initial radioactivity of 310*2 uR/s/1 was filtered 
through grained layers of CaC03 and MgC0 3 (see Tables 8, 9). Average D f value on MgC0 3 

reached about 1000. As far as only the parameters of technological interest were determined no 
evaluation of sorbent capacity and radionuclide yield as well as spent sorbent quality was done. 
However, one can expect about 99% of radionuclides to be adsorbed under the experimental 
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conditions said. Natural dolomite material may be recommended as an alternative to CaCO 
and MgC0 3 . 

Table 7. Restoring spent extractant hydrodynamic properties by sorption on AljOj. Initial 
exfluence for the water/oil emulsion was equal to 0.1 mm/s. 

sorbent exfluence, mm/s for water/oil emulsion as a function of feed passed sorbent 
20 bv 70 bv HObv 160 bv 180 bv 

Al,0,(Ni) 1.4/0.6 1.4/0.5 1.0/0.5 0.8/0.5 0.7/0.2 
AL,0,(Mn) 1.3/1.0 0.7/0.6 0.5/0.4 0.5/0.3 0.4/0.2 

Note: exfluence expressed in terms of exfluence of organic phase/exfluence of aqueous phase. 

Table 8. Decontamination of spent extractant from chemical contaminants. 

sorbent 
content of contaminants as a function of feed passed 

sorbent 50 bv 100 bv sorbent 
DBP, mg/1 RCOOH, 

mmole/1 
DBP, mg/1 RCOOH, 

mmole/1 
CaCO, <3 <1 6 2.5 
MgCO, <3 <1 11 2.0 

Table 9. Decontamination of spent extractant from radionuclides on MgC0 3 . 

radionuclide 
Dose power, uR/s/1 

radionuclide before treatment, *\(P after treatment, "lO6 

i44c e 0.8 not detected 
1 2 3 Sb 2.0 not detected 
«Co 0.5 0.2 
«*Ru 20.0 3.0 
1 3 7 C s 16.0 not detected 
13<Cs 4.0 not detected 
»°As 2.0 0.2 

Conclusions 
The experiments performed show the reasonable efficiency of different sorbent types for 

decontamination of the organic layer from the Tank C-103. Ferrocyanide containing 
composites, as expected, reveal the best performance with respect to decontamination from 
i34,i37cs xhg advantage of Alj0 3 modified with nickel ferrocyanide (AI2O3-CFN) is evident as 
this material also possesses relatively good sorption characteristics with respect to Sr. 
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The use of Ca and Mg carbonates for decontamination of organics seems to be promising but 
it is difiScult to predict behavior of the latter in the long run on account of low chemical stability 
thereof. 

Handling of exhausted sorbent material could be performed either by dissolving them in nitric 
acid followed by vitrification of the solution obtained (especially for carbonates) or by direct 
embedding of the material into the cement matrix (suitable for NGA, NaA, AI2O3, AI2O3-CFN). 
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