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ABSTRACT 
An integrated approach that utilizes various characterization 
technologies has been developed for the Uranium Soil Integrated 
Demonstration program. The characterization approach was designed to 
obtain basic information relating to soil properties and the nature of 
uranium contamination at the site. Such information is essential for 
developing soil leaching technology and risk assessment/cleanup 
criteria. The Fernald Environmental Restoration Management 
Corporation site near Cincinnati, Ohio, was selected as the host 
facility for this integrated characterization demonstration. 
Characterization of background, untreated contaminated, and treated 
contaminated soils was performed to assess the contamination and the 
effect of treatment efforts to remove of uranium from these soils. 
Carbonate minerals were present in the contaminated soils (added for 
erosion control) but were absent in the nearby background soils. 
Because of the importance of the carbonate anion to uranium 
solubility, the occurrence of carbonate minerals in these soils will 
be an important factor in the development of a successful remediation 
technology. Uranium partitioning data among several particle-size 
fractions indicate that conventional soil washing will be ineffective 
for remediation of these soils and that chemical extraction will be 
necessary to lower the uranium concentration to the target level (52 
mg/kg). Carbonate-based (sodium carbonate/bicarbonate) and acid-based 
(sulfuric and citric acids) lixiviants were employed for the selective 
removal of uranium from these soils. Characterization results have 
identified uranium phosphate minerals as the predominant uranium 
mineral form in both the untreated and treated soils. The low 
solubility associated with phosphate minerals is primarily responsible 
for their occurrence in the posttreated soils. Artificial weathering 
of the treated soils caused by the treatments, particularly acid-based 
lixiviants, was documented by their detrimental effects on several 
physicochemical characteristics of these soils (e.g., soil pH, 
particle-size distribution, and mineralogy). All future remediation 
strategies should be designed to selectively remove uranium phosphate 
minerals such that artificial soil weathering is minimized. 
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INTRODUCTION 
Remediation of uranium-contaminated soils is one of the major problems 
at the U.S. Department of Energy (DOE) facilities, including Fernald 
and other uranium enrichment and processing plants. In response, the 
Uranium Soil Integrated Demonstration (USID) Program has been 
earmarked for the development of effective, efficient, economic, and 
safe development of characterization and remediation technologies by 
the DOE Office of Technology Development. An integrated approach that 
utilizes various specialized characterization technologies has been 
developed to eliminate repetition of characterization analyses among 
principal investigators from Oak Ridge National Laboratory, Argonne 
National Laboratory, and Los Alamos National Laboratory (Fig. 1). The 
Fernald Environmental Restoration Management Corporation (FERMCO) near 
Cincinnati, Ohio, was selected as the host facility, and its uranium-
contaminated soils were chosen for the USID. 
PLACE FIG. 1 HERE 
The objectives of this Physicochemical and Mineralogical 
Characterization Task are (a) preliminary source-term site 
characterization, (b) general physicochemical characterization of both 
uncontaminated background soils and contaminated soils, 
(c) determination of particle-size distribution and uranium 
association with each size fraction before and after chemical 
leaching, (d) mineralogical characterization by X-ray diffraction and 
scanning electron microscopy (SEM) with energy dispersive X-ray 
spectroscopy, and (e) measurement of uranium solubility. The results 
of this and other characterization tasks have provided critical 
information for the development of (a) in situ characterization 
approaches, (b) soil washing/leaching technologies and their 
performance evaluation, (c) soil reclamation and secondary waste 
disposal strategies, and (d) health and environmental risk assessment 
approaches. 
MATERIAL AND METHODS 
After preliminary characterization of five soil areas at the FERMCO 
site (1), two areas that represented the major source terms of the 
contamination were chosen for detailed soil characterization and 
leaching technology development. One of the areas was contaminated 
through the spillage of uranium-bearing effluent from the storage-pad 
(SP) area. The other site was contaminated through airborne deposition 
of particulate uranium ejected from the stacks of an adjacent 
incinerator (IC). In addition, two background soils (Henshaw and 
Fincastle soils), about 20 miles west of the FERMCO site, were sampled 
for determination of the natural uranium content near this site. 
Posttreatment samples were also examined to (a) assess the efficacy of 
each treatment, (b) determine why or why not a particular treatment 
was successful in removing uranium, and (c) evaluate reclamation 
options related to the risk of residual uranium in the treated soils. 
Residues from the following treatments performed by the ORNL 
Treatability Task Group (2) were analyzed: 0.16 M Na2CO3/0.3 4 M NaHJ33, 



2.5 M H2S04, 3.13 M citric acid, and distilled water. 
Soil pH using a combination glass electrode, cation exchange capacity 
(CEC) using ammonium acetate after carbonate removal, and percent base 
saturation were determined on the untreated and treated soil samples. 
Particle-size separations of background, untreated, and treated soil 
samples were performed using wet sieving, elutriation (3), and 
centrifugation (4). Particle-density separations were performed by 
means of the Magstream™ density separator. The sand (2.0 to 0.053 mm) 
and coarse silt (0.053 to 0.015 mm) fractions from the background and 
contaminated soils were used in this separation. Following particle-
size and particle density fractionations, uranium content in each 
fraction was determined by either gamma spectroscopy (5) or neutron 
activation analysis (6). 
SEM used in conjunction with backscattered electron spectroscopy was 
used to discern the nature and association of the contamination in 
both treated and untreated samples. Samples were impregnated with 
epoxy resin, polished, and carbon coated prior to examination by an 
ISI SEM equipped with Tracor Northern image analysis software. The 
image analysis program was utilized to determine the mineral 
distribution in each area scanned. Energy dispersive X-ray (EDX) 
analysis was also used to determine the elemental composition of each 
phase of interest. Transmission electron microscopy (TEM) was also 
employed to examine the effect of the treatments on the clay fraction. 
X-ray diffraction (XRD) analyses were performed on the background, 
untreated, and treated soils to determine both the mineralogy (with 
emphasis on the identification of uranium-bearing minerals) and the 
degree of artificial mineral weathering caused by each treatment. 
All particle size fractions of these samples were analyzed. Standard 
procedures for mineralogical analyses by XRD were followed (7,8). All 
XRD was performed on a Scintag XDS2000 diffractometer equipped with 
CuKa radiation. 
RESULTS AND DISCUSSION 
General Soil Properties and Uranium Association 
The pH of the IC soil and the SP soil is 7.3 and 8.1, respectively. In 
contrast, the two background soils have pH levels of 6.3 (Henshaw) and 
5.4 (Fincastle). The higher pH levels associated with the contaminated 
soils are the result of the addition of carbonate gravels to these 
soils for erosion control. 
CEC of the untreated soils are comparable to those of the background 
soils. The IC soil has a CEC of 8.9 cmolc/kg of soil whereas the SP soil has a CEC of 12.9 cmolc/kg of soil. In comparison, the Henshaw and Fincastle soils have CEC values of 12.7 and 13.4 cmolc/kg of soil, respectively. Calcium and magnesium dominate the exchange complex on 
both the contaminated and background soils. The high base saturation 
of the contaminated soils is expected because of the addition of 
carbonate gravel to these soils during road construction and erosion 
control activities. The high base saturation of the background soils 



may be the result of liming and fertilizer input from agronomic 
practices. 
Particle-size and uranium partitioning results for the IC and SP soils 
are shown in Fig. 2. Both soils are silty (>50% silt) and contain <25% 
sand (>0.053 mm) . Uranium concentrations for the IC soil were highest 
in the sand (2.0 to 0.053 mm), fine silt (0.005 to 0.002 mm), and clay 
(<0.002 mm) fractions. However, the low percentage of fine silt in 
this soil results in a lower contribution of this fraction relative to 
the other fractions. Thus, the sand and clay fractions are the two 
largest contributors of contamination in this soil. It should be noted 
that if the individual silt fractions were combined as total silt 
(0.053 to 0.002 mm), the total silt fraction would be the largest 
contributor of uranium contamination in this soil (43%). In terms of 
human health risk, the respirable size fraction, operationally defined 
as 0.015 to 0.005 mm for this study, represented 14% of the total 
uranium contamination in this soil. 
PLACE FIG. 2 HERE 
For the SP soil, uranium concentrations were highest in the two 
finest-size fractions (fine silt and clay). This uranium particle-size 
partitioning is appropriate for a soil contaminated through the 
spillage of uranium-laden effluents and solvents. However, the low 
content of fine silt in this soil causes a lower contribution of this 
fraction relative to the clay fraction. As a result, the clay fraction 
is the dominant contributor to the overall uranium contamination of 
this soil. The total silt fraction would account for 30% of the total 
contamination, leaving the sand fraction as the smallest contributor 
to the overall contamination. In terms of human health risk, the 
respirable size fraction represented 10% of the total uranium 
contamination in this soil. 
Overall, the results of the uranium partitioning among the various 
size fractions suggest that conventional soil washing would be 
ineffective in remediating these soils. Chemical extraction will be 
necessary to lower the uranium concentration of these soils to the 
target level (52 mg/kg of soil). 
Effect of Treatments on the Particle Size Distribution and Their 
Uranium Contribution 
Compared with untreated soils, all IC and SP treated soils showed 
noticeable increases in the <0.020-mm fraction at the expense of the 
0.075- to 0.020-mm fraction, except for the sulfuric acid-treated SP 
soil (Table I). The acid treatments of the IC soil affected these two 
fractions the most, probably because of the lower buffering capacity 
of this soil. Because attrition scrubbing is the sole constant among 
these various treatments, this abrasive process is believed to be the 
primary cause of these differences. Ancillary dissolution of the 
0.075- to 0.020-mm particles to sizes <0.020 mm probably also 
occurred, particularly with the acid lixiviants. Data on the effect of 
each treatment on particle size distribution are used in calculating 
posttreatment uranium partitioning, which is a critical element in 



assessing the performance of each treatment. 
For the IC soil, lower overall uranium concentrations were observed 
for the acid-treated and carbonate-treated soil compared with 
untreated soil (Table I). However, the size partitioning of the 
uranium contamination among these treatments changed very little, 
reflecting a proportionate dissolution with each treatment per size 
fraction. Sodium carbonate lowered the contribution of the <0.02 0 mm 
fraction the most, from 7 0% in the untreated to 59% in the treated 
soil. Conversely, sulfuric acid raised the contribution of this 
fraction the most (77%). This increase in the uranium contribution of 
the finest-size fraction by the sulfuric acid treatment is probably 
the result of the physical degradation of larger uranium-bearing 
particles to this size fraction by acid attack. 
For the SP soil, lower overall uranium concentrations were observed 
for the citric acid-treated and carbonate-treated soil compared with 
untreated soil (Table I). Distilled water was not an effective 
extractor of uranium, whereas sulfuric acid was effective only for the 
two coarsest fractions analyzed. The observed increase in the uranium 
concentration of the sulfuric acid-treated 0.075- to 0.020-mm fraction 
and the <0.020-mm fraction is probably the result of the physical 
degradation associated with the acid attack of larger uranium-bearing 
particles, particularly the uranium associated with larger carbonate 
minerals. In terms of uranium contribution, distilled water, sodium 
carbonate, and sulfuric acid did not appreciably affect this 
distribution. Citric acid treatment, however, drastically altered the 
uranium contribution of each examined particle-size fraction. The 
contribution of the <0.020 mm fraction toward the overall uranium 
contamination of this soil decreased from 81% in the untreated soil to 
52% in the citric acid-treated soil. Concomitant increases in the 
other three analyzed fractions resulted from this substantial 
decrease. The increase of the uranium contamination in the coarser 
fractions is probably related to the formation of calcium citrate in 
the coarser fractions of this soil. This by-product of the citric acid 
attack on the carbonate minerals may have incorporated solubilized 
uranium during its formation. 

Effect of Treatments on the Soil Mineralogy 
Results of quantitative XRD showed that, on a whole soil basis, the IC 
soil consisted of 65% quartz, 20% calcite, 2% dolomite, and 13% clay 
(9). Similarly, the SP soil consisted of 46% quartz, 15% calcite, 19% 
dolomite, and 20% clay. Therefore, the SP soil has a greater carbonate 
content (calcite and dolomite) than the IC soil. Some feldspar (both 
sodium plagioclase and potassium feldspar) was also apparent in sand 
and silt particle-size fractions. The clay fraction for both soils 
consisted of illite, vermiculite, chlorite, and kaolinite. Minor 
levels of quartz were also observed in the clay fraction of both 
soils. 
To determine the effect of each treatment on the soil mineralogy, XRD 
analysis of each particle-size fraction was performed for both soils. 



Except for the occurrence of calcium citrate in the citric acid-
treated SP soil, no changes in the mineralogy of the two coarsest 
fractions were observed in any treatment compared with the mineralogy 
of the corresponding untreated fractions (calcite, dolomite, quartz, 
and feldspars)(Table II). SEM examination of the calcium citrate, 
formed from the citric acid and calcite, showed a fibrous, needlelike 
habit (Fig. 3). This phase is relatively insoluble (<1 g/L), and its 
formation must be acknowledged if citric acid is to be used in any 
treatability study of these carbonate-rich soils. In the finer 
fractions, however, carbonate mineral dissolution was observed in the 
two acid treatments of the SP soil, primarily the citric acid. No such 
dissolution caused by either distilled water or sodium carbonate was 
observed in these fractions. For the SP soil, it appears the carbonate 
minerals were preferentially attacked; no silicate mineral, even in 
the clay fraction, was noticeably weathered. The lack of noticeable 
silicate clay mineral weathering in this soil by the acid treatments 
may be the result of the higher poising of the extraction pH caused by 
the greater carbonate content. 
PLACE FIG. 3 HERE 
For the IC soil, carbonate mineral dissolution was observed in the 
acid treatments, again primarily by citric acid (Table III). Neither 
distilled water nor sodium carbonate noticeably attacked carbonate or 
silicate minerals; however, dolomite was observed in the 1.18- to 
0.075-mm and 0.075- to 0.020-mm fractions of these two treatments, 
even though this carbonate mineral was not observed in the 
corresponding fractions of untreated soil. The occurrence of dolomite 
in these treated fractions is believed to be the result of the 
physical degradation of larger-size dolomite caused by the attrition 
scrubbing process. Undoubtedly, this physical degradation of dolomite 
occurs in all treatments; however, in the acid treatments, the 
dolomite was dissolved as it was degrading to these smaller sizes and 
therefore did not exist as a residual mineral in these fractions. In 
terms of layer silicate mineral weathering, chlorite dissolution in 
the clay fraction was observed in both acid treatments. The 
dissolution of chlorite in such strong acids is expected because 
chlorite is typically removed with weaker acids for some soil 
mineralogical analyses (10). Apparently, the lower carbonate content 
of this soil allows the extraction pH to remain low enough for a 
sufficient period of time to cause chlorite dissolution. 

Microscopic examination of the untreated and acid-treated clay 
fractions by TEM indicated a greater weathering of the clay fraction 
in the IC soil (Fig. 4). Morphologically, the coatings in the 
untreated soil were removed by the acid treatments, resulting in 
cleaner, more angular clay particles. Apparently, the acid treatments 
in combination with the attrition scrubbing removed the coatings 
responsible for the roundness of the untreated clay. Also, an increase 
in finer clay particles was evident in the acid-treated clays compared 
with untreated clays. Compositionally, loss of Si, Al, and Fe, as 
measured by EDX spectroscopy was observed in the acid-treated vs 
untreated clays. Dissolution of chlorite or amorphous material may 
account for the loss of these elements in the acid-treated clays. 



PLACE FIG. 4 HERE 
Uranium Concentration and Mineral Identification 
Mineralogical examination of the bulk soil and each particle-size 
fraction failed to identify uranium-bearing minerals in these soils. 
Because knowledge of mineral form allows prediction of mineral 
behavior under a variety of conditions (e.g., solubility in water, 
acid, and base), the probability of uranium mineral identification 
should be enhanced by concentrating the uranium contaminants. 
Comparison of the mineral identification from both the pretreatment 
and posttreatment samples will allow the USID Characterization Task 
Groups to assess (1) the uranium mineral solubilized by each 
treatment, (2) the uranium mineral resistant to each treatment, and 
(3) the performance of each treatment for solubilizing tetravalent vs 
hexavalent uranium-bearing minerals. 
In the past, density fractionations were performed by using lithium 
metatungstate (p = 3.0 g/cm3) to concentrate the uranium-bearing 
particles based on the fact that the specific gravity of uranium is 
higher than that of the common elements that comprise most soil 
minerals (e.g., Ca, Al, Si, and K). However, uranium mineral 
identification was still difficult because the density of the lithium 
metatungstate was very similar to that of the carbonate minerals 
(-2.7 to 2.9 g/cm3) in the soils. Mineralogical analysis of the 
density fractions identified uraninite (U02) and xanthoxenite (ideally Ca4Fe2(P04)4(OH)2»3H20) in only the heavy nonmagnetic sand fraction. No other uranium mineral was identified in these density fractions. In an 
effort to enhance the concentration of the uranium contaminants in 
high-density fractions, the Magstream™ density separator was employed. 
The Magstream™ density separator is capable of the gravimetric and 
magnetic separation of particles having densities of 1.5 to 21 g/cm3. 
Because any split-point density can be chosen within this density 
range, use of a density slightly higher than that of lithium 
metatungstate should yield a higher-quality concentrate. Results of 
the density fractionations revealed that the light fraction remained 
the dominant density fraction in terms of weight percentage; however, 
weight percentages from 1 to 20% were observed in the medium- and 
heavy-density fractions. Uranium levels in each of the three density 
fractions revealed a definite concentration of the uranium 
contaminants in the medium- to heavy-density fractions for all samples 
(Table IV). Because the Magstream™ density separator effectively 
concentrated the uranium in the medium and heavy fractions of all the 
samples fractionated, mineralogical analyses (XRD, SEM with EDX, and 
microprobe spectroscopy) were performed to identify the uranium 
minerals in these fractions. 
Identification of uranium minerals by microprobe analysis revealed 
that uranium-bearing phosphate minerals were the dominant uranium 
mineral form in these soils. In decreasing order of relative 
abundance, the following phases were observed: U,Ca-phosphate; U-
phosphate or phosphite; uraninite; uranium precipitation on carbonate 



minerals; uranium associated with iron oxides; and uranium 
silicate/silicide. These results are important because they show that 
the more insoluble forms of uranium minerals (uranium phosphates) 
dominate over the more soluble forms. These results probably explain 
the difficulty encountered by the treatment task group in reducing the 
uranium concentration in the treated soils (particularly, the IC soil) 
to the proposed cleanup level of 52 mg/kg soil. The heavy-density 
fractions were sent to other characterization task group members at 
Argonne National Laboratory for selected area electron diffraction and 
at Los Alamos National Laboratory for uranium speciation (oxidation 
states) (11). 
XRD results revealed uraninite in the medium- and heavy-density 
fractions of the SP sand. No other uranium minerals were identified in 
the density fractions. However, a sample has been sent to Brookhaven 
National Laboratory for mineralogical analysis in which high energy 
XRD from a synchrotron source will be used. 
Uranium abundance can also be determined by means of color-enhanced 
SEM imaging. In this technigue, each elemental assemblage is 
associated with a unique gray scale. Because differing mineral groups 
have different elemental assemblages, mineral groups can be 
discriminated by using this technique. Spectral analysis of each gray 
scale within a given area was performed by using a histogram, and the 
percentages of each gray scale within that area were calculated. In 
one example, four gray scales responsible for four mineral groups 
having different elemental assemblages were observed in the heavy-sand 
fraction of the IC soil (Table V). EDX chemical analysis revealed the 
following chemistry associated with each of these four colors: (1) 
gray scale 1 was associated with the lighter elements (Al, Si, and K) 
associated with common soil minerals (e.g., feldspars and quartz), (2) 
gray scale 2 was associated with Fe, Mg, and Si (e.g., pyroxenes), (3) 
gray scale 3 was associated with Ti and Fe (e.g., ilmenite, rutile, 
and iron oxides), and (4) gray scale 4 was associated with uranium-
bearing minerals. Once the percentages of the mineral groups were 
known, thorough EDX analysis of each shade of gray belonging to each 
of the four broad gray scales permitted identification and abundance 
of specific minerals in each mineral group. By knowing these volume 
percentages as well as the particle-size and density fractionation 
percentages for each sample, we were able to calculate volumetric 
mineral percentages on a whole-soil basis. For this example, the sand 
fraction of the A-ll soil represented 10% of the total sample, and the 
heavy sand fraction represented 3% of the total sand fraction. 
Therefore, the uranium contamination represented 2.2% of the whole 
soil, based on this imaged SEM area. Similar analysis on more areas 
would be needed to more accurately predict the contamination level on 
a whole-soil basis. Comparison of pretreatment and posttreatment 
samples analyzed by this method will contribute yet another measure 
with which to assess the performance of each treatment in terms of 
uranium removal and artificial mineral weathering. 

CONCLUSIONS 
The following conclusions were derived from this work: 



1. Acid-based treatments had a greater effect on several soil 
properties (pH, carbonate and clay mineralogy, particle-size 
distributions, and uranium partitioning) than carbonate-based 
treatments. 
2. Carbonate minerals in the Fernald soils will play an important role 
in selecting a decontamination technology as well as the process 
optimization of the technology. 
3. The Magstream™ density separator concentrated U-bearing minerals 
for soil mineralogical characterization and indigenous mineral 
distribution in soils. 
4. The sequence for uranium mineral abundance, as determined by 
microprobe analyses, is U,Ca-phosphates > U-phosphate or phosphite > 
uraninite > U associated with the carbonate minerals > U-
silicate/silicide. 
FUTURE WORK 
The following is a list of the future work planned for the USID: 
1. Support treatment technology development and performance evaluation 
at the USID pilot plant. 
2. Simulate solubility of uranium in pretreated and posttreated soils 
by using water, dilute acid, and synthetic lung serum. These results 
will be made available to the risk/performance assessment task groups. 
3. Provide leachate chemistry and uranium speciation to the secondary 
waste treatment and disposal task group. The secondary waste form 
produced by the secondary waste treatment technologies will be 
character i z ed. 
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Fig. 3. SEM micrograph of calcium 
citrate, a by-product of 
citric acid attack on the 
carbonate minerals of the 
storage pad area soil. 
Sample was taken from the 
4.75- to 2.0-mm fraction. 
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Fig. 4. TEM micrographs of (a) untreated IC soil, (b) citric 
acid-treated IC soil, (c) sulfuric acid-treated IC soil, 
(d) untreated SP soil, (e) citric acid-treated SP soil, 
and (f) sulfuric acid-treated SP soil. The scale bar 
shown in all micrographs represents one micron. 



TABLE I 
Effec t of Treatment on Uranium-Size P a r t i t i o n i n g for both FEMP s o i l s . 

I n c i n e r a t o r s o i l Storage pad s o i l 

Treatment Particle 
size 

Size 
distrib. 

U 
concen. 

U 
contrib. 

Size 
distrib. 

U 
concen. 

U 
contrib. 

(mm) (%) (mg/kg) (%) (%) (mg/kg) (%) 
Untreated 

Water 

Na,CO, 

H,SO. 

Citric Acid 

4.75-1.18 
1.18-0.075 

0.075-0.02 
<0.020 
4.75-1.18 
1.18-0.075 

0.075-0.02 
<0.020 
4.75-1.18 
1.18-0.075 

0.075-0.02 
<0.020 
4.75-1.18 
1.18-0.075 

0.075-0.02 
<0.020 
4.75-1.18 
1.18-0.075 

0.075-0.02 
<0.020 

3 
6 
35 
56 
1 
6 
34 
59 
2 
6 
33 
59 
1. 
4 
29 
66 
1 
4 
30 
65 

nd' 
1341 
179 
579 
nd 
1941 
178 
753 
nd 
494 
97 
146 
nd 
148 
36 
85 
nd 
351 
69 
109 

nd 
16 
14 
70 
nd 
18 
10 
72 
nd 
19 
22 
59 
nd 
8 
15 
77 
nd 
16 
16 
68 

6 98 1 
16 112 10 
24 65 8 
54 283 81 
3 281 2 
15 96 5 
22 77 6 
60 405 87 
4 20 0 
15 21 5 
20 16 5 
61 102 90 
7 28 0 
18 87 6 
20 117 9 
55 403 85 
6 46 4 
17 25 16 
19 38 28 
58 23 52 

3nd not determined due to low size percentage. 



TABLE II 
Effect of treatment on the mineralogy of the Storage Pad soil. 

4.75-2.0 
2.0-1.18 
1.18-0.075 

Untreated8 

Effect of Treatment on Mineralogy 
Size 

fraction 
(mm) 

Untreated8 Water Sodium Sulfuric Citric 
carbonate acid acid 

Cc,Dm,Qz,Fd 
Dm,Qz,Cc,Fd 
Qz,Fd,Dm,Cc 

0.075-0.020 QZ,Dm,Fd,Cc 

0.020-0.002 Qz,Dm,Fd,Cc 

<0.002 Il,Vm,Ch,Kl,Qz 

nc 
nc 
nc 

nc 

nc 

nc 

nc 
nc 
nc 

nc 

nc 

nc 

nc nc 
nc nc 
nc Cc 

absent 
Cc Cc,Dm 
trace absent 
Cc Cc,Dm 

absent absent 

nc nc 

aCc = calcite, Dm = dolomite, Fd = feldspars, Qz = quartz, 
II = illite, Vm = vermiculite, Ch = chlorite, Kl = kaolinite, 
nc=no change. 



TABLE III 
Effect of treatment on the mineralogy of the Incinerator soil. 

Untreated8 

Effect of Treatment on Mineralogy 
Size Untreated8 Water Sodium Sulfuric Citric 

fraction carbonate acid acid 
(mm) 

4.75-2.0 Qz,Dirt,Cc,Fd nc nc nc Cc,Dm 
absent 

2.0-1.18 Qz,Dm,Cc,Fd nc nc nc Cc,Dm 
absent 

1.18-0.075 Qz,Cc,Fd Dm Dm Cc Cc 
present present trace absent 

0.075-0.020 Qz,Fd,Cc Dm 
present 

nc nc Cc 
absent 

0.020-0.002 Qz,Fd nc nc nc nc 
<0.002 Il,Vm,Ch,Kl,Qz nc nc Ch 

absent 
Ch 

absent 

aCc = calcite, Dm = dolomite, Fd = feldspars, Qz = quartz, 
II = illite, Vm = vermiculite, Ch = chlorite, Kl = kaolinite, 
nc=no change. 



TABLE IV 
Uranium Partitioning Among Density Fractions of Both Background 

and Contaminated Soils. 

<Densi •ty (g/ cm3) Separat* 2S> 

Sample 
Size 

fraction 
Light 
<2.8 

Medium 
2.8-3.2 

U/kg soil 

Heavy 
>3.2 

Medium 
2.8-3.2 

U/kg soil 

Henshaw Sand 4 11 29 
Silt 2 4 27 

Fincastle Sand 4 19 87 
Silt 2 4 14 

IC Sand 2790 2726 6140 
Silt 49 46 214 

SP Sand 78 125 120 
Silt 27 26 44 



TABLE V 
Uranium Abundance in SEM Micrograph can be used to Calculate 

Uranium Abundance in the Whole Soil. 

Gray 
scale 

Color 
abundance 

Mineral Mineral 
Abundance 

% % 

70.4 K-feldspar 17.8 
Quartz 22.5 

Plagioclase 1.5 
Pyroxene 27.1 

Miscellaneous 1.5 

16.9 Fe-pyroxene 16.9 

11.9 Ilmenite 1.9 
Fe-Oxide 9.0 

Miscellaneous 1.0 

0.8 U-bearing 0.8 


