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ABSTRACT

The Department of Energy's Feed Materials and Production Center at Fernald, Ohio has over two
million cubic meters of soil contaminated with Uranium which must be cleaned. Soil characterization
studies show that Uranium is unevenly distributed between the clay, sand and silt fractions. This
paper examines the option of using leaching agents to remove Uranium from the soil and the
treatment of secondary wastes. Results of the effects of various leachants in removing Uranium and
the complications of co-leaching minerals/organic matter that are important for maintaining soil
integrity and structure shall be discussed. Candidate leachants must remove the Uranium level below
35pCi/g of soil and produce a secondary waste that is amenable to on-site treatment at reasonable
cost.

INTRODUCTION

The USEPA SITE program (EPA, 1992) recognizes soil washing as a combination of physical and
chemical treatments performed on soil in an aqueous solution. The program now includes soil
washing processes using extraction media ranging from alkaline mixtures of ionic and non-ionic
surfactants and bioremediation agents which act as biosurfactants (Armiran and Wilde, 1992) to acid
extractions for the removal of heavy metals from contaminated soils and solids (Paff, 1992).
Following soil washing, the target contaminant, uranium, in the case of the Fernald soils ends up in
the aqueous phase. Therefore, an equally important part of remediation and environmental
restoration is to be able to remove the target contaminant from the aqueous phase before releasing
the effluent to the environment. In the present study the effluents from four extractants used in a
previous soil washing study (Francis et. al. 1993) were treated to determine what quantities of
uranium could be removed from them.

APPROACH

The leaching of soil with extractants were performed in an independent study (Francis et. al. 1993),
at room temperature (20°C), in a Denver bench-top attrition scrubber (Model # 533000). The
supernatant was then collected after 15 minutes of attrition scrubbing at 2000 rpm. Although the
study by Francis ibid, was comprehensive, this paper focues on four extractants: (1) 0.50 M total
carbonate solution as 0.16 M Na2CO3/0.34 M NaHCO3, (2) 3.13 M citric acid solution (3) 2 N and
5 N H,SO4, and (4) sodium dithionite used with a buffer solution (pH « 7.3) prepard with sodium
citrate and sodium bicarbonate. The supernatant that was collected was acidified to pH of < 2 and
analyzed for uranium by inductively coupleil plasma-mass spectroscopy (ICP-MS) and for metals by
ICP spectroscopy. The results of this analysis is summarized in Table 1. The average quantity of
uranium in the soil was about 500 ppm/gram of air dried soil containing mainly 238U. The last column
in Table 1 shows the residual uranium in the soil following soil washing. Using this data and knowing
the initial quantity of uranium in the soil to be 500ppm, one can easily calciate that the extractants
removed between 75-85 % of the uranium from the soil. The maximun removal was achieved with
sulfuric acid.



Of concern from the point of view of secondary waste is not only the amount of uranium removed
from the soil, but also other cations that are leached from it. This is because these cations interfere
in the process of removing uranium from secondary waste and most likely would require additional
treatment before the quality of the water becomes acceptable for discharge. Of all the cations
besides uranium that appear in secondary waste, iron is especially problematic because of its relative
quantity and difficulties encountered in removing it independently from solution, especially if the
medium is acidic and iron iscomplexed. For this reason, this paper is limited to separating iron from
uranium in secondary wastes.

The relative amounts of iron and uranium leached out from Fernald soils is shown in Figs. 1 and 2.
Although sulfuric acid removes the maximum quantity of iron from soil, it leaches approximately ten
times as much iron as it does uranium. On the other hand, an extractant like sodium
carbonate/bicarbonate removes almost as much uranium as sulfuric acid, but an insignificant amount
of iron. The other two extractants, dithionite and citric acid remove approximately as much iron as
they do uranium.

SECONDARY WASTE TREATMENT METHODS

Seven secondary treatment procedures to treat the secondary wastes generated from soil washing are
discussed. The treatment procedures, described briefly are:

Procedure 1 (PI)

Treatment of Secondary Waste Solutions with Calcium hydroxide followed by Calcium Chloride and
Calcium Oxalate. Removal of Uranium presumably as CaUO4 and/or CaU2O7.

This procedure is based on a process developed at ORNL and implemented by Bechtel Corporation
to reduce concentration of Uranium in Bechtel Pond 411 waste water to meet EPA criteria for
discharge into adjacent streams. The size (1.3 x 106 liters), high carbonate content and high pH
(9.85) of this pond made it impossible to use conventional precipitation processes to reduce its
Uranium concentration (190 ppm). High pH and excess carbonate in the waste water are typical of
carbonate/bicarbonate leaching of soils developed for treating Uranium bearing soils at Fernald. It
has been found, however, that adding excess CaCI2 and raising the pH to 11.0 simultaneously breaks
up the U/CO3 complex and precipitates the Uranium as CaUO4 and /or CaU:O7. The supernate
solution generally contains low levels of Uranium.

The increase in pH in procedure 1 is achieved by lNCa(OH)2 addition. The amount added depends
upon the particular leachate (and its quantity) that is being treated. It should be noted that some
of the leachates have good buffering capacity that needs to be overcome before effecting any change
in the pH. For example, in carbonate/bicarbonate leaching, approximately 15mL of IN Ca(OH)2 is
required per lOmL of secondary waste diluted to lOOmL to raise the pH from 9.2 to 11.5. Also,
approximately lOmL of 0.2N CaCU was used to try and break up the U/CO3 complex.

Following Ca(OH), and CaCU additions, the secondary waste solution is filtered. The filter cake is
air dried, weighed, and sent for analysis of Uranium content by gamma spectroscopy.
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Approximately 2g of (NH4)2C2O4.H2O was added to about 115 mL of solution to precipitate the
calcium in the form of insoluble calcium oxalate. The remaining solution is again filtered and the
filter cake air dried, weighed and also sent for analysis of Uranium content by gamma spectroscopy.
The reason for removing calcium as calcium oxalate is to reduce the amount of calcium being sent
to the on-site waste water plant. Calcium oxalate did not filter as easily as CaUO4/CaU7 through
0.45jum filter paper. Another way of removing calcium from water is by addition of oxalic acid instead
of ammonium oxalate, if precluding ammonium is desirable from an environmental standpoint.

Procedure 2 (P2)

It has been reported (Del Cul, et. al., 1991) that Uranium can be precipitated from solutions by
hydrogen peroxide as UO4.2H2O at pH values of 0.5-3.5. Any uranium present in the lower oxidation
states will be oxidized by hydrogen peroxide. The global reaction can be written as

UO2
 + + H,O, + 2H2O - UO4-2H2O + 2H+

If successful, this may represent one possible method of uranium removal. There may be complexing
ions, but it may be possible to reduce this interference to a minimum by keeping the pH low, in the
range of about 0.5-3.5. Of particular concern is Fe(II) and Fe(IH), because there is a strong
possibility that Fe(II) may be oxidized to Fe(III). However, it is hoped that this oxidation may be
prevented by having a low pH environment, allowing selective precipitation of Uranium from
secondary waste solutions. Any excess H;O2 will tend to self-decompose.

Procedure 3 (P3)

This procedure primarily aims at removing Uranium from secondary wastes while keeping the iron
in solution. The reason for doing this is to (i) reduce the volume of solid waste produced during
treatment cf secondary waste solutions and (ii) iron coprecipitation, especially in the form of
hydroxides can produce gelatinous precipitates that is very difficult to precipitate and will certainly
hinder filtration operations.

The solubility of uranyl double phosphates is very low, of the order of 10"24 to 10"27 depending on the
nature of the double phosphates. On the other hand, the solubilities of Fe(II) as, Fe3(PO4)2 and
Fe(III) as FePO4 are relatively orders of magnitude higher in low pH aqueous media. Advantage
can be taken of the differences in solubilities of Uranyl double phosphates and the Iron phosphates
to remove Uranium from secondary waste water without the iron coprecipitating.

In this procedure, the pH of the secondary waste is maintained at approximately 1.8. For sulfuricacid
extractants, the pH is fairly close to this value. For other extractants, the adjustment in pH is made
by adding IN sulfuric acid to the secondary waste. After pH adjustment, NaH2PO4H2O is added to
form uranyl double phosphate precipitates. The secondary waste solution is filtered. The filter cake
is sent for gamma spectroscopy for determining U-235 and U-238 concentrations and the filtrate is
sent for Inductively Coupled Plasma-Mass Spectroscopy for determining the concentration of metals
in solution.



Procedure 4 (P4)

This procedure is essentially the same as procedure 1 except that no ammonium oxalate is added to
remove calcium from aqueous solution.

Procedure 5 (P5)

In this procedure, Uranium is precipitated independently of Fe(II) and Fe(III) from acidic secondary
wastes (pH < 1.8) using ammonium phosphate (NH4)PO4. This procedure is similar to Procedure
3, except that at low pH's (NH4)PO4 is better suited to remove Uranium as UO2HPO4 (Ksp =2 .14
x 10"") or as UO2NH4PO4 (Ksp = 4,36 x 10'27). If the presence of ammonium ion in solution is of
particular concern to waste water treatment plant operators, then alternatively, KPO4 can be used
instead of (NH4)PO4 to form UO;,KPO4 (Ksp = 7.76 x 10'24). Potassium may be preferable than
ammonium or sodium in waste water discharge.

Procedure 6 (P6)

This procedure is the simplest to implement and has yielded encouraging results for the sodium
carbonate/bicarbonate, dithionite, sulfiiric acid and the citric acid extractions. Here, the pH of the
secondary waste solution is raised between 10.5- 11.0 by addition of IN NaOH solution and then
excess CaCU is added to precipitate the Uranium. This treatment is very successful with the
carbonate/bicarbonate extractants because this extractant does not remove iron from the soil to any
appreciable degree and therefore the precipitation of Fe(OH)2 and/or Fe(OH)3 does not occur at
those high pH's. The filtration of the secondary waste solution is easily accomplished. For the other
extractants, this method is also very effective in removing Uranium especially if a little iron is present,
because it helps in Uranium removal.

Procedure 7 P7)

Precipitate Uranium and other metals from secondary waste solution by adjusting the pH between
10.0-1 l.Oby IN KOH solution and then adding CaCl2.

PRELIMINARY RESULTS OF SECONDARY WASTE TREATMENT METHODS

Each soil washing extractant, viz. dithionite (D), sulfuric acid (U), carbonate/bicarbonate (X), and
citric acid (Y) was treated with one or more of the above treatment procedures to determine which
treatment option removed the greatest quantity of uranium from the aqueous secondary waste. These
results are summarized in Table 2. The shaded boxes refer to treatment procedures that are
considered to be successful in removing most of the uranium from the secondary waste. For example,
consider the Treatment/Procedure column with BX-15-T20P1 as an entry. Here, the B stands for the
B-Soil samples from Fernald; 15 stands for fifteen minutes of soil washing with the bench-scale
attrition scrubber; T20 indicates that the soil washing was maintained at 20°C for the entire 15-
minute period; and cakes 1 & 2 are the filter cakes from the first and second filtration steps. An



aliquot of 10 mL of secondary waste from the carbonate/bicarbonate extractant (X) containing on the
average, 409.72 mg/L of uranium was taken for treatment. The total amount of uranium in the
aliquot is therefore 4.097 mg. This appears in row 1 column 6 in Table 2. After following treatment
procedure I ( indicated as PI), the amount of uranium in the treated water is 0.1109 mg and the
amount of uranium in the filter cake is 3.6118 mg. These numbers indicate that, (i) 97.3% of the
uranium was removed from the carbonate/bicarbonate secondary waste with procedure 1 and (ii)
material accountability (uranium mass balance) between the amount of uranium originally present in
the secondary waste (4.0972 mg) is reasonably well accounted for because 3.6118 mg appear in the
filter cake and 0.110909 mg appears in the treated water. One must note that gamma spectroscopy
used to determine uranium concentration in the filter cake is not as accurate as NAA. At counts less
than for 100 hours, the accuracy is no better than ±30%. Since these are preliminary screening tests,
the accuracy and cost of gamma spectroscopy is suited for our purpose. When the treatment methods
become fully mature and refined, then more attention will be paid towards accuracy of the results.
A comparison of the pre- and post treament uranium concentrations in secondary waste is shown
in Fig. 3. The same figure shows that upto 97 % of the uranium present in secondary wastes from
carbonate/bicarbonate, dithionite and sulfuric acid extractants can be removed. Preliminary results
with citric acid indicates that the above treatments did not appear to be able to break the iron or
uranium complexes sufficiently enough to enable either one them to precipitate. More work needs
to be done on precipitation before drawing definitive conclusions. The difficulty of removing uranium
by precipitation while leaving iron in solution can be appreciated by examining Figure 4. For sulfuric
.citric acid and dithionite extractions, most of the iron is coprecipitated along with the uranium and
therefore very little iron remains in the treated secondary waste. Only in the case of the
carbonate/bicarbonate extractions is iron co-precipitation not a problem because there is very little
iron that is leached out from the soil using this extractant.

SUMMARY

An assessment of the results of secondary waste treatment so far shows that: (i) upto 97% of the
uranium in secondary wastes from carbonate/bicarbonate, dithionite and sulfuric acid extractants can
be removed by simple treatment methods; (ii) the complications of separating uranium from iron
in secondary waste can be avoided by selecting the carbonate/bicarbonate extractant which selectively
removes uranium from soils, but does not leach out the iron; (iii) the volumes of solutions used in
the treatment procedures need to be reduced to lower the total volume of treated waste water. This
can easily be done by using anhydrous (or hydrated) chdnicals rather than making solutions of
specific strengths. Although most of the emphasis has been towards determining cation
concentrations in the secondary waste solutions, it will be necessary from the point of view of the
NPDES permits to determine the anions also. This has an impact on the choice of extractants.
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Table 2. PRELIMINARY DATA FROM TREATMENT OF SECONDARY WASTES

U-23B concentrations in cake ug/g values were determined by taking the repotted concentrations. pCi/g. and multiplying by 3 03 tu convert to units ppm This was done because the spike Jor Pa- 234 was used to determine
the U-23B activity in the cake

MDA denoies Minimum Detectable Activity

Treatment/Procedure Son'n Soil
mL g

Betore Trealme
Sec Waste Vol U

mL mg/L
Total U U in Water Filtrate Vol

mg/L ml

Alter Tieaimenl
• 238 in cake' U - 235 in cak

pCi/unit pCi/unit
8 in cake
pCi/g

1954 1
MDA
MDA
MDA

7272 5
7265 4
6602
637 9
3258
MDA
39 39
625 9
S43 2
1039

U-238incake
ug/g

5920 9
MDA
MDA
MDA

22036
22014
2000 4
19328

9871 740
MDA
119 35
1896.5
1645.9
3148.Z

U in Cake
mg

asm " '
MDA
MDA
MDA

1.7629
2 6618
2.2605
3.6S31

009872
MDA

0 065933
13275
1 1686
2 7704

Cake
g

0 61
0 07
0 02
0 49
oca
0 13
1 13
1 89
0 01
0 33
0 72
0 7
0 71
O6E

BX-15-T20P1 Cakei Jul-16-93 08.10
BX-15-T20P1 Cake2 Jul-16-93 08 10
BY10-15-T20P1 Cakei Aug-11-93 10 1
BY1O-15-T2OP1 Cake2Aug-1!-93 10 1
BU-15-T20P2Cake1 Jul-22-93 08 10
BU-15-T20P2Cake1A Jut-22-93 06 10
BU-15-T20P5Cakel Aug-06-93 08:10
BU-15-T20P5Cake2 Aug-06-93 08 10
BX-15-T20P6 Aug-13-93 08 10
BD-15-T20P7Coko1 Aug-12-93 08 10
BD-15-T20P7Cake2 Aug-12-93 08 10
BU-15-T20P7Cake1 Aug-12-93 08 10
6U-15-r20P7Cake2 Aug-12-93 08 10
BU-15-T20P7Cake3 Aug-12-93 08 10

10

10

10

10

10
10

409 7233(4 097233 1

14 4133 [ 444133 [

518 1733 | 5.181733 |

518 1733 | 5181733 |

40972331 2 7409 7233
335350

518 1733 I 5 181733 I

096 j 115 53 ( _ oTliWOSj 1192
N/A

2 6 J 125 28 [ 0.325728 J MM
*" ' N/A

S81 8
944 5
N/A
N/A
N/A

MDA
N/A
N/A
N/A
N/A

33

0.9?

112 [ 0 3696 ]

115 3 [/ 0.114147J

41
1 59
MDA
MDA
25 51
49 67
31 74
27 22
MDA
S 121
4 653
8774
24 86
37 98



Fig. 1. LEACHED QUANTITIES OF IRON AND URANIUM
IN SECONDARY WASTE EFFLUENTS
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Fig. 2. LEACHED QUANTITIES OF IRON AND URANIUM
IN SECONDARY WASTE EFFLUENTS
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REMOVAL OF URANIUM FROM SECONDARY WASTES BY PRECIPATION
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Figure 3. Uranium Reductions in Treated Secondary Wastewaters



CO-PRECIPITATION OF IRON WITH URANIUM IS DIFFICULT TO
OVERCOME IN ACID EXTRACTANTS
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