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1.0 Introduction 
 
A uranium and vanadium ore-processing mill operated at a site 2 miles from the city of Riverton, 
Wyoming, from 1958 to 1963 (DOE 2011). Surface restoration, which included removal of the 
mill tailings from the site, was completed in 1989. The milling operation resulted in 
contamination of groundwater with uranium and other constituents. The site is now managed by 
the U.S. Department of Energy Office of Legacy Management (LM). 
 
In June 2010, following a record flooding of the adjacent Little Wind River, uranium 
concentrations in groundwater monitoring well 0707 increased by three times their previous 
values (DOE 2012a). This observation led to the hypothesis that shallow sediments were 
contaminated with uranium, which was released as water from the flooding passed through the 
sediments (DOE 2012b). A workplan was developed to investigate this concept (DOE 2012c). 
As stated by DOE (2012c), the purpose of the investigation was to “obtain additional data to 
further characterize the surficial aquifer. Specific objectives of the investigation were to: 
 

 Provide enhanced definition of contaminant plumes including the location of the centroid of 
each plume and the extent of groundwater contamination for each constituent of 
concern (COC). 

 Provide a detailed distribution of contaminants for input into the updated groundwater 
computer model. 

 Provide data that will guide placement of new monitoring wells outside of the contaminant 
plumes to monitor lateral plume behavior. 

 Provide a detailed and updated baseline of groundwater contamination for tracking plume 
configuration, movement, and size over time. This will be used to assess the progress of 
natural flushing if this study is repeated in the future. 

 Provide information on soil characteristics including leachability of uranium. 

 Estimate the masses of uranium remaining in the unsaturated zone of the surficial aquifer, to 
gather data that can be used to develop appropriate contaminant source terms in the transport 
modeling. The resulting computer model will be capable of simulating the effects of 
periodic flooding of the Little Wind River.” 

 
 
To satisfy a portion of these objectives, core samples from the upper 5 feet (ft) of sediment were 
collected at 34 locations in August 2012 (Figure 1). The core samples were subjected to 
laboratory batch and column testing over the period September through December 2012. LM 
prepared a report that summarizes the coring and groundwater sampling activities conducted 
during the August 2012 field episode, and the subsequent laboratory analysis (DOE 2013). The 
purpose of the current report is to document, in more detail, the methods used and results of the 
laboratory analyses of the core material.  
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2.0 Methods 
 
2.1 Sample Preparation  
 
Samples were collected from August 21 through 28, 2012, by pushing a core barrel vertically to 
5 ft using a Geoprobe drilling rig. Sampling locations were arranged along nine transects denoted 
T01 through T09 (Figure 1). Samples were composited from two intervals, 0 to 2.5 ft and 2.5 to 
5 ft. Core recovery ranged from 2.24 ft (44 percent) to 4.6 ft (92 percent). In borings where core 
recovery was less than the full 5 ft, it was assumed that the bottom portion of the core was lost. 
For example, if the recovered core was 3 ft long, the upper 2.5 ft represented the 0−2.5 ft 
interval, and the lower 0.5 ft represented the 2.5–5 ft interval. Sample numbers are designated by 
the boring location and upper (U) or lower (L) interval; thus, T01-05U and T01-05L are samples 
from the 0–2.5 ft and 2.5–5 ft intervals, respectively, of a boring on transect T01at location 
T01-05. Appendix A contains core descriptions provided by field personnel.  
 
Samples were received at the laboratory on August 30, 2012, in plastic zip-lock bags. Laboratory 
personnel made some additional sample descriptions during sample processing. In particular, it 
was noted that roots were present in many of the samples, particularly in those collected from the 
upper zone. These descriptions are included in Appendix A. Laboratory notes are provided as 
Appendix B. 
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Figure 1. Location Map, Riverton, Wyoming, Site 
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2.2 Loss-on-Drying and Sieving  
 
The sample bags were opened on August 31, 2012, and weighed to the nearest 0.1 gram (g). The 
samples were air dried in aluminum pans (Figure 2) for 17 days. Samples were weighed several 
times during drying to determine the rate of water loss. Because moisture content in a sample can 
be affected by moisture in the air, relative humidity in the drying room was recorded on 7 days 
during drying. Relative humidity was reasonably consistent throughout the drying, averaging 
42 percent with standard deviation 8 percent. No attempt was made to adjust loss-on-drying 
(LOD) results for relative humidity. LOD was calculated by subtracting the weight following the 
drying period from the initial weight.  
 

 
 

Figure 2. Air Drying of Samples 
 
 
Dried samples were sieved through a 2 millimeter (mm) (#10) sieve on a Rotap table 
(Gilson model SS-15) for 5 minutes. In some samples, clumps of dirt remained after the Rotap 
agitation; however, no additional effort was made to break these apart. Disaggregating these 
clumps by aggressive actions such as grinding might have broken up intact shale grains and was 
avoided. Therefore, some of the fraction retained by the 2 mm sieve is actually finer grained. 
Splits were weighed to determine the fraction of the sample that was less than 2 mm (<2 mm). 
 
2.3 Preparation of Artificial Site Water  
 
Some of the tests used a water composition containing major ion concentrations similar to those 
in a sample of Little Wind River water collected on June 12, 2012. This artificial site water 
(ASW) was made by adding stock solutions of reagent grade chemicals to laboratory water that 
was deionized to 18.2 megaohms per centimeter (Table 1). Two trials at making the artificial 
Little Wind River water indicated that the solution equilibrated with the atmosphere, and pH 
gradually increased as carbon dioxide (CO2) was lost. Nitric acid (HNO3) was added to maintain 
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pH but resulted in additional CO2 release. As a result, the alkalinity of the ASW was lower than 
the value measured on the Little Wind River sample. Since a goal of this project was to examine 
uranium mobility, and because it is well known that uranium mobility is affected by the 
dissolved carbonate concentration, a third recipe was developed that maintained the dissolved 
carbonate at a level near that of the Little Wind River analysis by adjusting pH with gaseous CO2 
rather than HNO3. The composition of major ions in this ASW is compared to the analysis of the 
Little Wind River sample in Table 2. The slight differences between ASW and the Little Wind 
River analysis are not likely to significantly influence the results of the study. Alkalinity and pH 
of the ASW solutions were checked regularly during the testing to ensure that these parameters 
remained at the desired levels. A chemical analysis was conducted on the ASW solution and 
indicated that all of the constituents had the expected concentrations, verifying the methodology 
and the purity of the source chemicals. 
 

Table 1. Recipe for Artificial Little Wind River Site Water (ASW) 
 

Stock 
Stock 

Concentration 
(g/L) 

Stock 
Volume 
(mL/L) 

K2CO3 10 0.30 
NaHCO3 50 5.0 

CaSO4•2H2O 1.5 140 
MgSO4•7H2O 200 0.04 
MgCl2•6H2O 100 0.11 

g/L = grams per liter 
mL/L = milliliters per liter 

 
 
Table 2. Composition of Artificial Little Wind River Water (ASW) Compared to the June 12, 2012, Analysis 
 

 
Na 

(mg/L) 
K 

(mg/L) 
Ca 

(mg/L) 
Mg 

(mg/L) 
SO4 

(mg/L) 
Cl 

(mg/L) 
C 

(mg/L) 
Alka 

ASW 68.5 1.7 48.9 2.1 120 3.8 36.0 ~130 
Measured 24.0 1.7 48.0 16.0 120 3.8 27.8 116 

mg/L = milligrams per liter 
a alkalinity as CaCO3 (mg/L) 

 
 
2.4 Batch Testing Methods  
 
All batch tests were conducted on dried samples that had been sieved to <2 mm. Care was 
taken to obtain a representative sample by mixing the sample and minimizing gravity separation. 
A weighed mass of sample was placed in a 50 milliliter (mL) plastic centrifuge tube, a known 
volume of ASW was added, and the tubes were agitated on an end-over-end shaker at 
8 revolutions per minute (rpm) (Figure 3). After agitation, samples were centrifuged for 
10 minutes at 3500 rpm, decanted, and syringe filtered through 0.45 micrometer (µm) nylon 
Acrodisk filters. The filtered solutions were brought to 50 mL in a glass volumetric flask by 
adding ASW. They were then acidified with 100 microliters (µL) of concentrated nitric acid 
and analyzed for uranium. 
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Figure 3. End-Over-End Agitation of Batch Test Samples 
 
 
2.5 Column Test Methods  
 
All column tests were conducted on dried samples that had been sieved to <2 mm. A weighed 
mass of sample was placed in an Omnifit glass chromatography column. Care was taken to 
obtain a representative sample by mixing the sample and minimizing gravity separation. 
Sediment was placed in each column in approximately 1 centimeter (cm) lifts with gentle tapping 
between lifts. The volume of the columns is about 21 mL. Volumes of sediment ranged from 
20.68 to 20.85 mL, as determined from the column area (1.7671 cm2) and measured length of the 
sediment column. The pore volume (PV) in each column was determined from the flow rate and 
the length of time required to fill the column with ASW. 
 
A fraction collector was used to collect column effluent in glass test tubes (Figure 4). A 
Masterflex peristaltic pump with number 13 nylon tubing was used to pump ASW through the 
column from bottom to top. The ASW was kept in a collapsible plastic container to minimize 
exposure to air. Flow rate was set on the pump but was accurately determined from the volume 
collected during each collection period. The actual flow rate was generally within 10 percent of 
the pump setting. Residence time (RT) was calculated as:  
 
RT = (PV/60)/AFR 
 
where 
RT = residence time, hours (h) 
PV = pore volume, mL 
AFR = average flow rate, mL per minute 
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Figure 4. Column with Auto Sampler 
Arrow points to sediment-filled column. In one column (sample T05-02U), flow could not be established 

because the sediment was too fine grained, and this sample was mixed with a 50% volume of high 
silica sand (Unimin Corp. #2075). 

 
 
2.6 CARB Extractions  
 
An extractant solution of sodium bicarbonate (NaHCO3) and sodium carbonate (Na2CO3) was 
developed by Kohler et al. (2004) as an inexpensive method to determine the amount of 
adsorbed and other lightly held uranium (labile uranium) in solid samples. The solution was 
prepared by dissolving 1.2097 g of NaHCO3 and 0.2968 g of NaCO3 in deionized water and 
bringing to a volume of 1 L with deionized water. pH was adjusted to 9.5 with 100 to 150 µL of 
10 N sodium hydroxide (Murray et al. 2012). The solution has a carbonate concentration 
of 17.2 millimol per liter and is referred to here as CARB. 
 
Following each column test, all of the sediment was removed from the column and placed in a 
500 mL glass Erlenmeyer flask. A predetermined volume of CARB solution ranging from 522 to 
547 mL was added to each flask. The CARB volume was selected to approximate a solid-to-
solution ratio of 50 g/L as was used by Kohler et al. (2004); however, volume was limited by the 
flask size, and the actual solid-to-solution ratios ranged from 51.71 to 71.32 g/L. The variations 
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in solid-to-solution ratios should not affect the resulting determination of labile uranium. The 
flasks were stoppered, placed on an orbital shaker table, and agitated for 3 weeks (Figure 5). 
Following the agitation period, a 30 mL sample of the solution was removed by pipette from the 
center of the flask. The sample was syringe filtered through a 0.45 µm nylon Acrodisk filter. The 
samples sometimes had a yellow color after filtering. The filtered samples were acidified to 
pH <2 using 200 µL of concentrated nitric acid (HNO3) and analyzed for uranium. The labile 
uranium fraction was calculated as: 
 
Usolid

labile = (UCARB
labile/1000) × (VCARB/Msolid)  

 
where 
Usolid

labile = labile U in solids, µg/g 
UCARB

labile = labile U measured in the CARB solution, micrograms per liter (µg/L) 
VCARB = volume of the CARB solution, mL 
Msolid = mass of the solids, g  
 

 
 

Figure 5. CARB Extractions on Orbital Shaker Table 
 
 
2.7 Analytical Methods 
 
Alkalinity was determined by titration with 1.6 N sulfuric acid using a Hach model 16900 digital 
titrator. pH was determined with a gel-filled glass electrode (Cole-Parmer model U59001) and 
calibrated with buffer solutions at the same temperature as the samples. Dissolved carbon 
concentrations were estimated from alkalinity and pH using equations in the U.S. Geological 
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Survey Alkalinity Calculator (USGS 2011). Uranium was analyzed by laser-induced kinetic 
phosphorescence on a Chemchek model KPA-11. Standard additions were run on every 
10th sample, and recoveries were generally 95 to 100 percent. 
 
 

3.0 Results 
 
The samples varied considerably in texture, grain size, and visible properties. Many of the 
samples contained roots and other plant matter, particularly in samples collected from the upper 
zone (Appendix A). 
 
3.1 Loss-on-Drying and Sieving 
 
LOD ranged from 0.42 to 20.67 percent (Table 3). Sample weight loss was rapid over the first 
few days and more gradual thereafter (Figure 6). The 17-day period was sufficient to dry the 
samples to near equilibrium with the moisture of the laboratory atmosphere. All weights reported 
in the batch and column testing were the air-dried samples weights. 
 

Table 3. Loss-on-Drying (LOD) and <2 mm Fractions 
 

LOD <2mm LOD <2mm LOD <2mm 

Sample % % Sample % % Sample % % 

T01-05U 2.28 46.14 T04-10L 0.76 32.91 T07-03U 1.18 65.14 

T01-05L 2.55 23.40 T04-11U 11.82 79.80 T07-03L 0.68 30.56 

T01-06U 1.40 55.21 T04-11L 9.48 83.14 T07-04U 1.35 54.11 

T01-06L 4.47 26.99 T04-12U 10.09 78.81 T07-04L 0.40 22.72 

T01-07U 9.36 76.07 T05-01U 2.88 97.35 T07-05U 2.23 70.94 

T02-07U 1.16 50.69 T05-01L 1.68 99.57 T07-05L 0.97 27.00 

T02-07L 1.58 25.13 T05-02U 16.03 99.79 T07-06U 2.90 83.61 

T02-08U 10.84 70.79 T05-02L 2.77 22.75 T07-06L 0.87 33.45 

T02-08L 20.67 91.31 T05-03U 6.59 92.63 T07-07U 1.15 47.51 

T02-09U 3.48 99.67 T05-03L 10.61 89.50 T07-07L 1.68 25.36 

T02-09L 1.70 47.83 T06-08U 0.85 47.45 T08-02U 14.83 67.37 

T03-10U 6.24 80.39 T06-08L 0.95 26.62 T08-03U 6.18 95.80 

T03-10L 9.78 74.15 T06-09U 0.83 56.76 T08-03L 3.99 99.95 

T03-11U 2.40 79.47 T06-09L 0.42 20.95 T08-04U 5.91 86.26 

T03-11L 0.57 25.51 T06-10U 0.96 51.55 T08-04L 0.90 55.61 

T03-12U 8.38 78.43 T06-10L 1.30 27.89 T08-05U 6.06 81.26 

T03-12L 11.95 71.05 T06-11U 10.04 90.10 T08-05L 1.21 36.79 

T04-08U 3.36 99.98 T06-11L 3.50 93.28 T08-06U 6.96 86.65 

T04-08L 1.04 51.70 T06-12U 7.67 66.60 T08-06L 3.46 70.15 

T04-09U 7.30 92.77 T06-12L 0.78 27.44 T09-08U 4.98 97.69 

T04-09L 2.96 55.18 T06-13U 3.08 98.41 T09-08L 9.71 92.99 

T04-10U 3.21 66.43 T06-13L 1.55 83.90 
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Figure 6. Rate of Loss-on-Drying in Percent of Sample Weight per Day (Average of 65 Samples) 
 
 
Moisture content varied spatially but did not noticeably correlate with distance along the 
sampled profile (Figure 7). Within a single boring, both upper and lower samples usually had 
similar relative moisture contents, as seen by comparing paired samples in Figure 7.  
 

 
 

Figure 7. Distribution of Moisture Content from NW (near the Former Mill) to the SE 
(near the Little Wind River). Values for the upper zone samples are in red and the lower zone in blue. 

Arrows indicate missing samples. 
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The grain-size distribution varied substantially among the samples, with the <2 mm fractions 
comprising 20.95 to 99.98 percent of the sample (Table 3). Figure 8 shows a histogram 
indicating that the distribution of the <2 mm fraction is not a normal distribution. Instead, the 
distribution is broad based with peaks at about 27 and 98 percent <2 mm fraction. The cluster 
around the 27 percent peak is dominated by sandy gravel textures, and every sample with a 
<2 mm fraction of less than 40 percent contained pebbles with diameters more than 1 inch. The 
group of samples with <2 mm fractions of more than 90 percent had a powdery consistency and 
contained more roots than the coarser samples. 
 

 
Figure 8. Distribution of Grain Size (percent of sample that is <2 mm) 

 
 
3.2 Batch Test Results  
 
Batch tests using variable agitation times were conducted to determine the length of time 
required for uranium to reach a steady-state, solid-phase concentration. Eight samples from 
locations throughout the study area were agitated for 10 different time periods (0.08, 0.25, 0.50, 
1, 2, 4, 8, 16, 48, and 96 hours). In all tests, uranium concentrations increased relatively fast for 
about the first 24 hours, after which less increase was observed (Figure 9). Based on these 
results, a 24-hour agitation time was used to determine the distribution of uranium removal 
by ASW.  
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Figure 9. Effect of Agitation Time on Batch Test Results 
 
 
The concentrations of uranium in the <2 mm sediments that was removed by a 24-hour agitation 
with ASW were variable, ranging from 0.04 to 4.8 µg/g with an average of 1.5 µg/g and 
standard deviation of 1.4 µg/g (Figure 10). The concentrations were generally higher in the 
offsite (transects 04 through 08) samples than in the onsite (transects 01 through 03) samples 
(Figure 11). Removable uranium concentrations were low in the upper (0.49 µg/g) and lower 
(0.3 µg/g) samples collected at location T09-08. In nearly all paired samples, the upper sample 
had a higher concentration of removable uranium than the lower sample (Figure 11). 
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Figure 10. Distribution of Solid-Phase Uranium in Upper Zone (0 – 2.5 ft) vs. Lower Zone (2.5 – 5 ft) 

Samples. Batch test data using ASW and 24-hour agitation time.
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Figure 11. Distribution of Solid-Phase Uranium Concentrations Removed by 24-Hour Batch Tests with ASW 
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Solid-phase uranium concentrations in contaminated sediments are often higher in the fine-
grained fraction than in the coarse-grained fraction. This relationship is thought to occur largely 
because uranium is complexed at grain surfaces, and fine-grained sediment has more surface area 
per unit weight than does coarse sediment. A positive correlation appears to exist between the 
abundance of fine-grained sediment (<2 mm) and the solid-phase uranium concentrations of the 
Riverton sample (Figure 12). All samples with solid-phase uranium concentrations of more than 
3 µg/g have more than 78 percent of the sample in the <2 mm size fraction (Figure 12). 
 

 
 

Figure 12. Relationship of Solid-Phase Uranium Removed by ASW to the Percent of <2 mm Grain Size 
for Offsite (Transects 04 Through 08) Samples 

 
 
3.3 Column Test Results 
 
Column tests were conducted on samples from one location in each of the eight transects. Two 
tests were run for each location, one each from the upper and lower sediment samples. Column 
properties were relatively constant for each test; Table 4 provides specifications for each 
column test.  
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Table 4. Column Properties 
 

Sample 
Sediment 
Volume 

(mL) 

Sediment 
Dry 

Weight 
(g) 

Pore 
Volume 

(mL) 

Average 
Flow  
Rate 

(mL/min) 

Residence 
Time 
(h) 

Pore- 
Water 

Velocity 
(cm/d) 

Typea 

T01-05U 20.85 33.62 5.7 0.0831 1.14 247.7 A 
T01-05L 20.85 35.99 5.1 0.0948 0.90 315.9 A 
T02-07U 20.85 33.89 5.6 0.0900 1.04 273.1 A 
T02-07L 20.85 35.14 4.5 0.0732 1.02 276.4 A 
T03-10U 20.85 30.52 6.6 0.0900 1.22 231.7 B 
T03-10L 20.85 30.16 6.7 0.0950 1.18 240.9 B 
T04-10U 20.85 30.28 8.0 0.0901 1.48 191.4 C 
T04-10L 20.85 37.94 4.5 0.0951 0.79 359.1 B 
T05-02Ub 20.32 34.75 5.8 0.0735 1.32 209.9 A 
T05-02L 20.85 32.14 6.0 0.0899 1.11 254.6 B 
T06-10U 20.85 32.17 6.2 0.0897 1.15 245.8 A 
T06-10L 20.85 37.42 8.1 0.0900 1.50 188.8 A 
T07-04U 20.85 31.98 8.4 0.0917 1.53 185.5 C 
T07-04L 20.85 36.35 5.3 0.0960 0.92 307.8 A 
T08-03U 20.68 27.51 8.6 0.0932 1.54 182.6 C 
T08-03L 20.85 29.28 7.9 0.0906 1.45 194.9 C 

h = hours 
cm/d = centimeters per day 
a Curve type (see text). 
b 50% sand mix 

 
 
3.3.1 Effluent Uranium Concentrations 
 
Effluent uranium concentrations were variable among the columns. With exceptions of the 
unanticipated fluctuations in the early stages, the uranium concentrations demonstrated a 
monotonic decrease throughout the tests. The uranium concentrations displayed three distinct 
profiles in the early stages, referred to as profile types A, B, and C, described as follows 
(Figure 13): 
 
Type A: Uranium concentrations have a monotonic decrease throughout the test. 
 
Type B: Uranium concentrations are low initially, then increase before finally having a 
monotonic decrease. 
 
Type C: Uranium concentrations are initially high, then decrease, then increase again before 
finally having a monotonic decrease. 
 
All four profiles from the two farthest upgradient transects (T01 and T02) were Type A and had 
relatively low effluent uranium concentrations (Figure 13). In contrast, three of the four samples 
from the two farthest downgradient transects (T07 and T08) had Type C profiles. Samples from 
the intermediate transects (T03, T04, T05, and T06) had mostly Type A and Type B profiles. 
Both samples from the T05-02 location had the highest peak uranium concentrations of any of 
the samples.  
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Figure 13. Uranium Concentrations in Column Effluents Arranged by Profile Type 
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Figure 13 (continued). Uranium Concentrations in Column Effluents Arranged by Profile Type 
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The first effluent samples from many of the columns had a pale yellow to deep yellow-brown 
color that may be caused by dissolved organic acids. As indicated by descriptions in the 
laboratory notes (Appendix B), coloration in the Type C effluents was the deepest yellow-brown 
of all column effluents. Organics may be derived from the roots or other organic matter 
contained in the sediment. The first effluent samples from the columns may also be affected by 
the initial wetting of the column. As the columns wet up, water gradually seeps into immobile 
pores and as the pores become saturated, outward diffusion rates of uranium may increase.  
 
3.3.2 Labile Fractions 
 
The easily removable mass of uranium from a sediment is called the labile fraction. The labile 
fraction is generally considered to be the mass that is weakly sorbed to mineral surfaces and is 
the fraction that most readily participates in interactions with groundwater. Isotope exchange 
methods are used to provide a rigorous assessment of the uranium in the labile fraction; however, 
Kohler et al. (2004) developed an extraction technique that is simpler to perform and provides 
estimates of the uranium labile fraction that are comparable to isotopic exchange methods. The 
Kohler et al. (2004) method, which was used in this study, uses a carbonate solution (CARB) as 
the extraction medium.  
 
The labile fractions were determined as the sum of the uranium mass removed by ASW during 
column operation and the mass subsequently removed by CARB extraction on the column 
sediment. The labile fractions in the Riverton sediment samples used for column testing ranged 
from 0.055 to 3.761 µg/g (Table 5). ASW removed between 58 and 87 percent of the labile 
fraction during column operation (Table 5). The concentrations of labile uranium are comparable 
to abundances of uranium in sedimentary rocks that make up the crust of the earth. For example, 
Rogers and Adams (1974) provide a compilation of data on average uranium concentrations in 
common sedimentary rocks as follows: sandstone (0.5 to 3.2 µg/g), shale (2 to 8 µg/g), Mancos 
Shale (3.7 µg/g), black shale (8 µg/g), bentonite (5 µg/g), and limestone (0.4 to 2.3 µg/g). 
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Table 5. Uranium Removed by ASW and by Subsequent CARB Digestion. 
The total labile fraction is the sum of the ASW and CARB extractions 

 

Sample 
ASW 

Removed 
(µg/g) (%)a 

CARB 
Removed 

(µg/g) 

Total 
Labile 
(µg/g) 

T01-05U 0.473 (72 %) 0.184 0.657 

T01-05L 0.039 (71 %) 0.016 0.055 

T02-07U 0.056 (58 %) 0.040 0.096 

T02-07L 0.085 (63 %) 0.051 0.136 

T03-10U 0.145 (70 %) 0.062 0.207 

T03-10L 0.580 (81 %) 0.135 0.715 

T04-10U 2.840 (76 %) 0.921 3.761 

T04-10L 0.579 (79 %) 0.150 0.729 

T05-02U 1.325 (43 %) 1.758 3.083 

T05-02L 1.677 (87 %) 0.244 1.921 

T06-10U 1.523 (75 %) 0.510 2.033 

T06-10L 0.218 (66 %) 0.111 0.329 

T07-04U 0.968 (77 %) 0.294 1.262 

T07-04L 0.239 (77 %) 0.073 0.312 

T08-03U 1.959 (86 %) 0.306 2.265 

T08-03L 2.301 (85 %) 0.415 2.716 
a Percent of labile fraction removed by ASW. 
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Location 
Core  

Recovery 
(%) 

Depth 
Interval 

(ft.) 
Core Description 

T01-05 70 
0-2.5 Pale yellowish-brown silt with rock fragments; dry. Roots in sample.  

2.5-3.5 Brownish-gray sand and gravel (5YR 4/1); moist (not wet). 

T01-06 72 
0-2.5 

0–1 feet, pale yellowish-brown silt grades to light gray sand and gravel; dry. 
A few roots in sample. 

2.5-3.6 Medium dark gray (N4) sand and gravel; very wet. 

T01-07 44 0-2.2 
Pale yellowish-brown (10YR 6/2) silt; dry, well consolidated core. Abundant 
roots in sample. 

T02-07 66 
0-2.5 

Moderate yellowish-brown (10YR 5/4) silt with roots. At 1.5 feet grades to 
sand and gravel—light gray (N7); dry. Abundant roots in sample. 

2.5-3.3 
Well-rounded to angular rock fragments up to 1 inch and smaller pebbles 
and sand. Increase in moisture content 2.5-3.3 feet. 

T02-08 82 
0-2.5 

Top 6 inches root fragments in silt becomes partially saturated from 2.4 to 
2.7 feet (inside core); core well consolidated, moderate yellowish-brown 
(10YR 5/4). Abundant roots in sample. 

2.5-4.1 
Very moist silt (no sand or clay observed); core stuck inside tube; difficult to 
remove. Dark yellowish brown (10YR 4/2); no rock fragments. 

T02-09 78 
0-2.5 

Pale yellowish-brown (10YR 6/2) silt (no sand, clay, or rock); very dry. Some 
roots in sample. 

2.5-3.9 Light-gray sand and gravel; very dry; rock fragments up to 0.2 feet. 

T03-10 78 
0-2.5 

Moderate yellowish-brown (10YR 5/4) silt (no sand and clay). Root 
in sample. 

2.5-3.9 
Grades into dark yellow-brown (10YR 4/2) silty clay with orange (oxidized) 
minerals; dry to slightly moist.  

T03-11 72 
0-2.5 

Pale yellow-brown (10YR 6/2) silt becomes rocky fill fragments at 2 feet. 
Angular to rounded rocks up to 1 inch; dry. Abundant roots in sample. 

2.5-3.6 Very light gray (N8) rock fragments and sand—fill material; dry. 

T03-12 82 

0-2.5 
0–3 inches, roots; pale yellowish brown (10YR 6/2) pure silt, no sand or 
clay; dry. Occasional orange oxidized grains. A few roots in sample. 

2.5-4.1 
Increasing clay content with depth and color change at 32 inches to dark 
yellowish brown; mottled clay with black-gray zones. No alluvium observed, 
slightly moist. 

T04-08 86 

0-2.5 Pale yellowish-brown silt; dry. Abundant roots in sample. 

2.5-4.3 
2.5–2.8 feet, silt as above. 2.8–4.0 feet, pale brown (10YR 5/2) medium 
grained sand and gravel. 4.0–4.3 feet, light-medium gray/black medium 
grain sand and gravel. A few roots in sample. 

T04-09 76 
0-2.5 Pale yellowish silt; dry. 

2.5-3.8 
2.5–3.0 feet, silt, gray sand and gravel; dry. 3.0–3.8 feet, light gray-black 
sand and gravel; dry. 

T04-10 62 
0-2.5 0–1.4 feet, silt (as above); dry. 1.4–2.5 feet, light gray sand and gravel; dry. 

2.5-3.1 
2.5–3.1 feet, light gray sand and gravel, pebbles well rounded to 
angular; dry. 

T04-11 74 
0-2.5 

0–1.7 feet, pale yellowish-brown silt (soft); dry. 1.7–2.5 feet, moderate 
brown (5YR 4/4) silt (hard); dry. Abundant roots in sample. 

2.5-3.7 
2.5–3.5 feet, same as above. 3.5–3.7 feet, coarse sand (light gray) with 
subrounded pebbles. Abundant roots in sample. 

T04-12 50 0-2.5 
0–0.9 feet, pale yellowish-brown (10YR 6/2) silt; dry. 0.9-2.5 feet, dark 
yellowish brown (10YR 4/2); slightly moist, rocky at 2.4-2.5 feet. Abundant 
roots in sample. 

T05-01 76 
0-2.5 Pale yellowish-brown silt; dry. Abundant roots in sample. 

2.5-3.8 Pale yellowish-brown silt; dry. A few roots in sample. 
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Location 
Core  

Recovery 
(%) 

Depth 
Interval 

(ft.) 
Core Description 

T05-02 58 
0-2.5 

0–1.4 feet, moderate yellowish brown silt; dry. 1.4–2.4 feet, moderate 
yellowish-brown clayey silt; moist. Many roots in sample. 

2.5-2.9 
2.4–2.9 feet, light gray gravel and dark yellowish brown (10YR 4/2) sand, 
fine-grained; dry. 

T05-03 92 
0-2.5 

0–2.5 feet, pale yellowish brown silt; dry. Top 0.5 feet, crusty/hard, 
weathered; dry. 0.5–2.5 feet, soft silt; dry. Abundant roots in sample. 

2.5-4.6 
2.4–4.4 feet, soft silt; dry. 4.4–4.6 feet, silty sand, pale yellowish-brown; dry. 
Some roots in sample. 

T06-08 62 
0-2.5 

0–0.8 feet, pale yellowish-brown silt; dry. 0.8–2.5 feet, gravel and sand, light 
gray and black. Some roots in sample. 

2.5-3.1 2.5–3.1 feet, gravel and sand, light gray and black. 

T06-09 68 
0-2.5 

0–0.5 feet, pale yellowish-brown silt; dry. 0.5–2.5 feet, gravel with minor 
sand, light gray; dry. Some roots in sample. 

2.5-3.4 
2.5–3.0 feet, gravel and light gravelly sand, angular gravel. 3.0–3.4 feet, 
black sand and light gray gravel. 

T06-10 70 
0-2.5 

0–0.9 feet, pale yellowish-brown silt; dry. 0.9–2.5 feet, brown sand 
(10YR 6/2) and pebbles, rounded. Abundant roots in sample. 

2.5-3.5 
2.5–3.5 feet, brown sand and gravel grading to light gray sand and 
gravel; dry. 

T06-11 76 
0-2.5 

0–2.5 feet, moderate brown (10YR 4/4) silt; dry and hard. Abundant roots 
in sample. 

2.5-3.8 
2.5–2.7 feet, same as above; dry. 2.7–3.8 feet, silt and very fine grained 
sand (no gravel). A few roots in sample. 

T06-12 66 
0-2.5 

0–2.1 feet, moderate brown silt; dry and hard. 2.1–2.5 feet, light gray sand 
and gravel; dry. Some roots in sample. 

2.5-3.3 2.5–3.3 feet, light gray sand and gravel; dry. 

T06-13 82 
0-2.5 Pale yellowish-brown silt; dry and soft. Abundant roots in sample.  

2.5-4.1 
2.5–3.8 feet, same as above. 3.8–4.1 feet, light gray sand and gravel; dry. A 
few roots in sample. 

T07-03 72 
0-2.5 

0–2.2 feet, pale yellowish-brown silt; dry. 2.2 to 2.5 feet, sand and 
gravel; dry. 

2.5-3.6 
2.5–3.6 feet, sand and gravel, light gray, pebbles and gravel subangular to 
round, fine to medium grain sand; dry. Abundant roots in sample. 

T07-04 62 
0-2.5 

0–1.5 feet, pale yellowish-brown silt; dry. 1.5–2.5 feet, sand and gravel, light 
gray; dry. Some roots in sample. 

2.5-3.1 1.5–3.1 feet, sand and gravel, light gray; dry. 

T07-05 72 
0-2.5 

0–2.0 feet, pale yellowish-brown silt; dry. 2.0–2.5 feet, sand and gravel, 
poorly sorted, light gray; dry. Abundant roots in sample. 

2.5-3.6 
2.5–3.6 feet, sand and gravel, light gray and black pebbles and sand, 
subangular gravel; dry. 

T07-06 80 
0-2.5 

0–2.3 feet, pale yellowish-brown silt; dry. 2.3–2.5 feet, light gray-black fine 
to medium grained sand and well rounded pebbles. Abundant roots 
in sample. 

2.5-4 Same as above to 4.0 feet. 

T07-07 58 
0-2.5 

0–1.0 feet, pale yellowish-brown silt; dry. 1.0–1.7 feet, light gray sand and 
well rounded pebbles, very fine grained sand. 

2.5-2.9 
1.7–2.9 feet, dark gray medium grained sand and gray gravel (angular) and 
well rounded black pebbles. Abundant roots in sample. 

T08-02 48 0-2.4 Pale yellowish-brown silt; dry. A few roots in sample. 

T08-03 86 
0-2.5 Pale yellowish-brown silt; dry. Many roots in sample. Organic sediment. 

2.5-4.3 
2.5–4.3 feet, pale yellowish-brown silt; dry with roots observed to bottom 
of core. 
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Location 
Core  

Recovery 
(%) 

Depth 
Interval 

(ft.) 
Core Description 

T08-04 80 
0-2.5 

0–2.0 feet, pale yellowish-brown silt. 2.0–2.5 feet, grades to river sand 
and gravel. Many roots in sample. A few roots in sample. 

2.5-4.0 
2.5–4.0 feet, river sand, medium light gray (N6) with well-rounded 
pebbles/gravel. 

T08-05 86 
0-2.5 Pale yellowish-brown silt; dry to 2.8 feet. Abundant roots in sample. 

2.5-4.3 
2.8–4.3 feet, river sand and gravel, medium light gray; dry. Some roots 
in sample. 

T08-06 82 
0-2.5 Pale yellowish-brown silt; dry. Abundant roots in sample. 

2.5-4.1 
2.5–3.3 feet, same as above. 3.3–4.1 feet, river sand and gravel; dry. Some 
roots in sample. 

T09-08 82 

0-2.5 Pale yellowish-brown silt; dry. Abundant roots in sample. 

2.5-4.1 
2.5–3.3 feet, same as above. 3.3–3.5 feet, light gray fine sand; dry. 
3.5−4.1 feet, moderate brown clay and silt; dry. (Additional location that was 
not in the plan.) Abundant roots in sample. 
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Copies of Laboratory Notes 
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