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Figure 40. Distribution of Uranium in the Surficial Aquifer; August 2012 Enhanced Characterization



 

 
U.S. Department of Energy 2012 Enhanced Characterization and Monitoring Report—Riverton, Wyoming 
June 2013  Doc. No. S09799 
  Page 69 

 

 

 
 

Figure 41. Original and Updated Site Conceptual Models 
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3.5.1 Original Site Conceptual Model 
 
This section lists the major aspects of the original site conceptual model as described in 
the SOWP. 
 
3.5.1.1 Original Contaminant Sources 

 Groundwater in the surficial aquifer was originally contaminated by downward migration of 
leachates from the former mill tailing pile as a result of transient drainage from tailings and 
from infiltration of precipitation on the pile. 

 Tailings were not considered a source of continuing contamination, as tailings were 
excavated down to 4 feet bgs in 1989. 

 The excavation also included contaminated surface soils outside the site boundary, which 
might have resulted from windblown tailings.  

 All original sources of groundwater contamination were removed. 
 
3.5.1.2 Groundwater 

 Groundwater flows in the surficial aquifer from the Wind River to the Little Wind River. 
Flow direction can change seasonally – east-southeast in March and south in June.  

 The surficial aquifer is unconfined with a geometric mean of saturated hydraulic 
conductivity of 125 ft/day. 

 A discontinuous shale layer separates the sand and gravels of the surficial aquifer from the 
semiconfined aquifer; the two aquifers are hydrologically connected. 

 The surficial aquifer and semiconfined aquifer discharge to the Little Wind River. 

 Both the surficial and semiconfined aquifers have been impacted by site contaminants. 

 The confined aquifer is hydrologically isolated from the other two aquifers and has not been 
impacted by site contaminants. 

 
3.5.1.3 Surface Water 

 The oxbow lake receives discharge of contaminated groundwater from the surficial aquifer. 

 The Little Wind River has not been impacted by site contaminants. 

 Average river flow is 579 ft3/s and average groundwater discharge to the river 0.28 ft3/s. 
 
3.5.1.4 Groundwater Modeling/Natural Flushing Assessment 

 A GANDT probabilistic groundwater model was used to simulate groundwater flow and 
transport of uranium and molybdenum, assuming linear, equilibrium sorption (i.e., a Kd 
approach). 

 All of the transport simulations were based on steady-state flow fields under non-flooding 
conditions.  

 Hydraulic conductivity fields were created using geostatistical simulation techniques; 
hydraulic conductivities were allowed to vary from 1 to 180 ft/day. 

 Modeling predicted that molybdenum and uranium levels would be below standards within 
75 years of the 1998 starting time. 
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3.5.2 Revised Site Conceptual Model 
 
This section lists new major concepts derived from additional data collection and evaluation 
since 2010. These new concepts represent changes and omissions from the original site 
conceptual model. These new concepts will form the basis for new investigations, data 
collection, and evaluations that will be used to test alternative site conceptual models and to 
refine and develop a new site conceptual model. 

 Recalcitrant sources of contamination, or secondary sources, remain in the saturated and/or 
unsaturated zone of the alluvial aquifer. 

 Spikes in groundwater contaminant concentrations occur as a result of hydraulic phenomena 
associated with river flood events that mobilize the secondary sources. 

 Magnitudes of the concentration spikes in groundwater vary depending on the peak river 
flow associated with each high flow event, and may also be dependent on the duration of the 
event. 

 Although the shale layer that separates the sand and gravels of the surficial aquifer from the 
semiconfined aquifer is discontinuous, there are enough fine-grained sediments in the upper 
portion of the Wind River Formation to prevent further downward migration of 
contaminants to more permeable strata within the Wind River Formation. Based on the 
presence of fine-grained sediments and low concentrations of uranium and molybdenum in 
the semiconfined aquifer monitoring wells, the semiconfined aquifer has not been impacted 
by site contaminants. 

 Original groundwater modeling (which used steady-state flow fields and linear, equilibrium 
sorption, or the Kd approach) was too simplistic. It did not account for the effects of transient 
phenomena, such as changing flow conditions between seasons and the occasional 
mobilization of contaminants induced by river floods. The original modeling also did not 
account for additional transport processes that can greatly impact contaminant fate. Such 
transport phenomena include water chemistry-dependent desorption, rate-limited mass 
transfer from fine-grained to coarser-grained sediments, preferential flow zones, rate-limited 
mass transfer from intragrain porosity, and potential redox reactions in near-river areas. The 
site conceptual model will continue to evolve as these factors are evaluated. 

 Hydraulic parameters used to estimate surficial aquifer properties have been updated based 
on additional site characterization (see Section 3.6 for details). 

 
3.6 Groundwater Modeling 
 
3.6.1 Modeling Approach 
 
Observations in 2010 revealed that the existing numerical groundwater computer modeling did 
not account for the spikes in contaminant concentrations observed in the surficial aquifer 
groundwater after flooding of the Little Wind River. Consequently, the Work Plan specified that 
a new groundwater flow and transport model was needed to better simulate site conditions. 
Initial efforts were conducted to model flow and uranium source term in the unsaturated zone; 
however, the complexities of modeling the unsaturated zone, and the limited data for the 
unsaturated zone, made this impractical. Although this model did not account for additional  
 



 

 
2012 Enhanced Characterization and Monitoring Report—Riverton, Wyoming U.S. Department of Energy 
Doc. No. S09799  June 2013 
Page 72 

uranium source term, there are other aspects of the model that were updated from the original 
SOWP model. These modifications included: 

 Extensive initial groundwater-concentration data generated from the enhanced 
characterization using the Geoprobe. 

 An improved accounting for transient conditions and the influence of the Little Wind River 
flooding on the water levels in the surficial aquifer. 

 An improved calculation of hydraulic conductivities using pilot points and PEST software 
(Doherty 1994). 

 
This new model was intended to be one aspect of assessing the viability of the natural flushing 
compliance strategy, and so it should be viewed in light of other empirical evidence before a 
final decision is made. The new flow and transport model was intended to provide a conservative 
estimate of flushing time because of the following: 

 The new model did not account for any additional source mobilized by flood events; 
therefore, actual flushing time will be longer than predicted by the new model because 
groundwater concentrations are known to increase after significant flood events. 

 The lowest average Kd was selected from the laboratory tests conducted on soils that were 
similar to surficial aquifer materials. If a higher Kd was selected, flushing time predicted by 
the model would increase.  

 
Four flow and transport models were developed. Three steady-state flow and transport models 
were developed to simulate unchanging flow conditions and to assist in development of a fourth 
model, which was a transient flow and transport model that is presented in this section. The 
transient model is considered more representative of the Riverton site because it can represent 
changing flow/stage of the Little Wind River over time.  
 
3.6.2 Input Parameters, Assumptions, and Limitations 
 
Table 9 compares the input parameters in the new flow and transport model with the original 
GANDT model. 
 
Using a groundwater flow and transport model has significant limitations, and the 
transport/forecasting aspect of the model should be viewed as a gross estimate, which should be 
interpreted only in conjunction with other lines of evidence. Data obtained from the enhanced 
characterization of the surficial aquifer revealed that concentrations of uranium were still high 
(1.1 mg/L) on the former mill site in 2012. This data, along with experience at similar sites and 
current literature (Zhu 2003), suggests that groundwater modeling using a linear, equilibrium 
sorption or Kd approach is too simplistic and does not account for fine-grained sediments and 
reducing zones (acting as variable sources/sinks in the aquifer) that make transport of 
contaminants erratic and unpredictable.  
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Table 9. Groundwater Model Inputs 
 

Parameter Units 
New MODFLOW Model Original GANDT Model 

Value Source Value Source 
Hydraulic 
Conductivity 

ft/day 6 to 433 Pilot points & PEST 
57 DOE 1995, SNL 1996, 

and model trials 

Recharge ft/day 0.00016 Lasse 1998 
0.0002 Expert judgment and 

general literature 

Porosity 
Decimal 
fraction 

0.3 Lasse 1998 
0.3 DOE 1995 and general 

literature 

Dispersivity ft 500 
Expert judgment and 
general literature 

160–230 Expert judgment and 
general literature 

Kd mL/g 1.04 Laboratory soil testing 
0.1–0.2 DOE 1993 and general 

literature 
Bulk Density g/cm3 2.5149 Lasse 1998 1.8 General literature 
Initial Uranium 
Concentration 

µg/L 
0.81 to 
2,100 

August 2012 enhanced 
characterization 

Not 
reported 

DOE 1995 

Background 
Uranium 
Concentration 

µg/L 5 
Mean from background well 
data 

Not 
reported 

DOE 1995 

µg/L = micrograms per liter 
 
 
3.6.3 Transient Flow Model  
 
The new groundwater flow model is a single-layer, transient flow that was developed using 
MODFLOW 2000. Groundwater Vistas (GV) was used in conjunction with MODFLOW 2000. 
GV is a groundwater modeling environment for Microsoft Windows that couples a powerful 
model design system with comprehensive graphical analysis tools. GV is a model-independent 
graphical design system that can be used with MODFLOW and other similar models.  
 
3.6.3.1 Model Calibration 
 
This groundwater flow model was calibrated using continuous water level data from 2005 and 
2009 obtained from a transducer installed in monitoring well 0707 along with water level data 
obtained from the monitoring well network during routine sampling events in 2004, 2007, 2009, 
2010, and 2011. Model calibration for transducer data is illustrated in Figure 42 and Figure 43 by 
comparing actual water elevations in monitoring well 0707 with simulated water levels generated 
by the groundwater model in 2005 and 2009, respectively. Calibration statistics were generated 
by looking at the difference (residual) between the modeled versus actual water level at 
551 targets, which is a substantial number of targets (Table 10). A good “rule of thumb” for 
model calibration is a sum of squares of residuals per target of 1.0 or less. As shown in Table 10, 
the sum of squares per target is 0.31, which indicates good model calibration. 
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Figure 42. 2005 Water Levels versus Model Simulation: Well 0707 
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Figure 43. 2009 Water Levels versus Model Simulation: Well 0707 
 
 

Table 10. Groundwater Model Calibration Statistics 
 

Calibration Statistic Value 
Residual Mean -0.087 
Absolute Residual Mean 0.254 
Residual Standard Deviation 0.553 
Sum of Squares 172.7 
Number of Targets  551 
Sum of Squares per Target 0.31 
RMS Error  0.560 
Minimum Residual  -2.67 
Maximum Residual  4.31 
Range in Observations  24.15 
Scaled Residual Standard Deviation 0.023 
Scaled Absolute Residual Mean  0.011 
Scaled RMS Error  0.023 
Scaled Residual Mean -0.004 
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Pilot points can be used for several parameters within GV in calibrating a model, including 
horizontal hydraulic conductivity (Kx), vertical hydraulic conductivity (Kz) specific storage (Ss) 
specific yield (Sy) recharge, and porosity. Sensitivity analysis indicated that the model was 
sensitive only to hydraulic conductivity, so pilot points were used for horizontal hydraulic 
conductivity to aid in the calibration of the Riverton model. 
 
In conventional model calibration, the calibration process typically involves assigning one 
overall hydraulic conductivity value (or a separate hydraulic conductivity value to each hydraulic 
conductivity zone, if there are multiple zones), and adjusting this parameter (these parameters) 
until the fit between model-predicted and field-observation values is as good as possible. If the 
fit obtained on the basis of existing zones is not acceptable, then extra zones could be added into 
the model domain at locations where the modeler felt that they would “do the most good,” which 
is arbitrary. This process would continue until the fit between model predicted and observed 
values are acceptable. There are a number of shortcomings associated with this approach, which 
include: 

 The process is labor intensive and slow.  

 Often there is no geological mapping to provide guidance on where to put additional zones, 
which makes the process subjective and non-unique.  

 Characterization of heterogeneity by zones of piecewise uniformity is not consistent with the 
nature of geological material, so that any zonation that is finally decided upon is defensible 
only on the basis that it is better to employ a zonation scheme than to ignore heterogeneity 
altogether. In addition, piecewise uniformity as a method of characterizing heterogeneity 
lacks the flexibility required to explore the effects of small-scale variability on model 
predictive uncertainty. 

 
These problems can be overcome using pilot points and PEST software. PEST is a model-
independent calibration tool from Watermark Computing. PEST uses nonlinear least-squares 
techniques to calibrate virtually any type of model. Special software is included with GV to 
interface PEST with all models supported by GV. 
 
In the transient flow model (i.e., the new model), the distribution of hydraulic conductivity 
within the model domain was described by a set of pilot points. Pilot points were located in the 
model domain, and PEST was used to estimate the hydraulic conductivity of the aquifer at each 
point. These “point hydraulic conductivities” are then spatially interpolated to all the active cells 
within the model domain using kriging. In estimating hydraulic conductivity values at pilot 
points, PEST effectively assigns parameter values to the whole model domain.  
 
A total of 91 pilot points were introduced into the model domain. Pilot points are associated with 
different site activities (pumping and slug tests) or model features (calibration targets), as shown 
in the Table 11. Each pilot point is assigned an initial value and a range to restrict hydraulic 
conductivity to reasonable values. The initial value and range for the pumping and slug tests vary 
by location and are displayed in Table 12. The hydraulic conductivity field generated using pilot 
points and PEST is shown in Figure 44. 
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Table 11. Pilot Points Summary 
 

Parameter 
Number of Pilot 

Points 
Description Initial Value and Range (ft/day)

Pump Tests 3 Pump test locations Varies (see Table 12) 
Slug Tests 5 Slug test locations Varies (see Table 12) 
Calibration 
Targets 

9 Target locations 125.0, 100.0–400.0 

Target 
Triangle 

46 
Center of each calibration 
target triangle 

125.0, 100.0–400.0 

Filler 28 
Placed in cells that do not have 
pilot points within 10 cells 

125.0, 100.0–400.0 

 
 

Table 12. Pilot Points Details 
 

Location Pilot Point Type Initial Value (ft/day) Range (ft/day) 
0100 Pumping 104.0 101.0–400.0 
0737 Pumping 158.0 155.0–400.0 
0738 Pumping 119.0 116.0–400.0 
0724 Slug 5.9 4.9–400.0 
0728 Slug 16.9 11.9–400.0 
0729 Slug 5.4 4.4–400.0 
0783 Slug 128.1 74.1–400.0 
0788 Slug 7.4 12.4–400.0 

 
 

 
 

Figure 44. Hydraulic Conductivity Field Calculated Using Pilot Points and PEST 
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A statistical analysis of annual peak river flows in the Little Wind River was performed to 
develop perspective regarding the frequency with which the river could be expected to flood and 
help release contamination. The analysis, based on a record of annual peak flows extending from 
1941 to 2011, revealed that the peak river discharge in 2010 (13,300 cfs) was likely to be 
equaled or exceeded once every 75 years (i.e., a 75-year return period). In addition, analysis of 
smaller flood events, such as the flood in June of 1965 (peak discharge of 9,550 cfs) had a return 
period for that peak flow of 15 years. These return periods of 15 and 75 years were used in the 
new transient flow model. In this model, the typical or average flow years were combined with a 
higher flow that occurs approximately every 15 years and an extreme flood flow that occurs 
approximately every 75 years. Constant head (representing river elevation) varies, based on 
typical or average flow, the 15-year flood event flow, and the 75-year flood event flow. The 
setup and summary of stress periods using these flood return periods are shown in Table 13 and 
Table 14, respectively.  
 

Table 13. Stress-Period Setup for the Transient Flow Model 
 

Year Type 
Number of  

Stress-Periods 
Stress-Period Length 

(days) 
Cumulative Length 

(days) 

Typical Year 
1 90 90 

14 10 230 
1 135 365 

15-Year Flood Event 
1 125 125 

16 5 205 
1 160 365 

75-Year Flood Event 
1 125 125 

17 5 210 
1 155 365 

 
 

Table 14. Transient Flow Model Stress-Period Summary 
 

Flow Type 
Number of 

Years 
Date Range

Number of 
Stress-Periods 

per Year 

Beginning 
Stress-Period

Ending 
Stress-Period 

Typical 13 2012-2024 16 1 208 
15 Yr. Flood 1 2025 18 209 226 
Typical 14 2026-2039 16 227 450 
15 Yr. Flood 1 2040 18 451 468 
Typical 14 2041-2054 16 469 692 
15 Yr. Flood 1 2055 18 693 710 
Typical 14 2056-2069 16 711 934 
15 Yr. Flood 1 2070 18 935 952 
Typical 14 2071-2084 16 953 1176 
75 Yr. Flood 1 2085 19 1177 1195 
Typical 14 2086- 2099 16 1196 1419 
15 Yr. Flood 1 2100 18 1420 1437 
Typical 14 2101-2114 16 1438 1661 
15 Yr. Flood 1 2115 18 1662 1679 
Typical 14 2116-2129 16 1680 1903 
Total 118 Total  
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3.6.4 Transport Modeling and Forecasting 
 
Transport simulations were conducted using MT3DMS software. Results of the new flow and 
transport model are presented below. This model was run for 118 years starting in 2012. Results 
indicate that the location of higher concentration is further east (downgradient) with increased 
river elevations during flood events. With higher river elevations, the gradient from the 
processing area toward the river in the vicinity of well 0707 is decreased. The flow direction 
likely shifts more to the southeast during 15-year flood and 75-year flood events, causing 
spreading of contamination in this direction. The change is clearly evident during a 75-year flood 
event. The initial concentration and transport simulations for 50-year and 100-year time frames 
are shown in Figure 45, Figure 46, and Figure 47, respectively. As shown in those figures, 
uranium concentrations are estimated to be above the standard after 100 years (in 2112). That 
will be 114 years since the Groundwater Compliance Action Plan (GCAP) was finalized in 1998. 
The GCAP predicted that natural flushing and other natural attenuation processes would reduce 
contaminant concentrations to MCL or background levels by the year 2098. 
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Figure 45. Initial Uranium Concentrations (µg/L) in the Surficial Aquifer from the Enhanced Characterization – August 2012 
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Figure 46. Simulated Uranium Concentrations (µg/L) after 50 Years (i.e., in 2062) 
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Figure 47. Simulated Uranium Concentrations (µg/L) after 100 Years (i.e., in 2112) 
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4.0 Compliance Strategy Assessment 
 
After surface remediation was completed, groundwater numerical modeling in 1998 predicted 
that the alluvial aquifer will naturally flush contaminants to levels below applicable standards 
within the 100-year regulatory time frame. This modeling formed the basis for the natural 
flushing strategy that was approved in the Final Ground Water Compliance Action Plan for the 
Riverton, Wyoming, Title I UMTRA Project Site (DOE 1998a) in 1998. In previous years, the 
progress of natural flushing was assessed using three tools: comparison to hydrogeologic 
modeling predictions, trend analysis, and curve matching/interpolation techniques applied to 
temporal plots of contaminant concentrations at individual locations. These techniques were 
based on a site conceptual model of gradually declining contaminant concentrations after surface 
remediation of source material on the former mill site. Prior to 2010, these techniques indicated 
that natural flushing of the surficial aquifer was progressing toward applicable standards. 
 
However, based on observations made in 2010 in context with historical data, the site 
conceptual model and groundwater computer modeling were too simplistic to account for the 
spikes in contaminant concentrations in the surficial aquifer groundwater. Spikes in 
contaminant concentrations are attributed to flooding of the Little Wind River in June 2010, 
which mobilized contaminants into the saturated zone of the surficial aquifer. Cross correlation 
of flood events in the Little Wind River with monitoring data reveal that uranium 
concentrations spiked in monitoring well 0707 in 1991, 1995, and 2010, which followed floods 
of Little Wind River (Figure 48).  
 
Although the 2010 flood of the Little Wind River caused significant spikes in contaminant 
concentrations in the surficial aquifer, contaminant concentrations continue to decline and are 
generally approaching pre-flood levels, as shown in Table 15. Figure 49 shows the average 
uranium concentration in surficial aquifer wells with a long history that have always been above 
the MCL (0707, 0716, 0718, and 0722/0722R). As shown in this Figure, the average uranium 
concentration in these wells was below pre-flood levels in 2012. These data indicate that the 
effects of 2010 flood are relatively short-lived in context of the 100-year regulatory time frame. 
 

Table 15. Comparison of Pre-Flood, 2010 Flood, and 2012 Results 
 

Well 
Molybdenuma Uraniuma  Sulfatea 

Pre-Floodb 
2010 

Floodc 
2012d 

Pre-Flood Post-
Flood 

2012 
Pre-

Flood 
2010 
Flood 

2012 

0707 0.68 1.6 0.85 0.84 2.7 0.85 1900 7000 3000 
0788 0.024 0.023 0.022 0.034 0.1 0.048 630 4500 1500 
0789 0.56 0.51 0.66 1.5 2.5 2 3900 9400 5300 
0826 0.023 0.046 0.021 0.041 0.08 0.048 580 2400 2000 

a Units are in mg/L. 
b Pre-flood results are from the November 2009 sampling event. 
c 2010 flood results from the June 2010 sampling event. 
d 2012 results are from the December 2012 sampling event.  

 



 

 

 2012 E
nhanced C

haracterization and M
onitoring R

eport—
R

iverton, W
yom

ing 
U

.S
. D

epartm
ent of E

nergy 
D

oc. N
o. S

09799 
 

June 2013 
P

age 84 

 
Figure 48. Uranium Concentrations and Maximum Little Wind River Stage 
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Figure 49. Average Uranium Concentration in Plume Wells 

 
 
Overall, natural flushing (contaminant movement and removal via groundwater flow) in the 
surficial aquifer is occurring; however, the rate of flushing does not currently appear to be fast 
enough to restore the aquifer within the 100-year regulatory time requirement. Several lines of 
evidence indicate that the natural flushing compliance strategy may not meet the 2089 target 
date. These include: 

 Current plume configurations and magnitude developed from the 2012 enhanced 
characterization. 

 Uranium concentrations of 1.1 mg/L still exist on the former mill site, which indicates 
contaminant plume movement is retarded by aquifer properties and/or influenced by 
additional source. 

 Uranium concentrations in the center of the plume adjacent to the Little Wind River 
are greater than 2 mg/L, which is very high compared to the uranium standard of 
0.044 mg/L.  

 Recently completed groundwater modeling indicates aquifer restoration will take longer 
than 100 years from the present. 

 Other UMTRCA former uranium mill-sites with similar geology and contaminants are not 
cleaning up as predicted by groundwater modeling done to support a natural flushing 
compliance strategy. 
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 Time versus concentration graphs for average concentrations and for individual wells show 
that concentrations of contaminants are not declining as rapidly as in the past and/or have 
leveled out. 

 Future flooding of the Little Wind River will likely cause an increase in contaminant 
concentrations in groundwater, even if the increase is relatively short-lived. 

 Additional contaminants in the saturated and/or unsaturated zone may be acting as 
additional contaminant sources for elevated concentrations in groundwater. 

 
Although the completion of natural flushing within the 100-year regulatory time frame is 
uncertain, additional information will be required to make a definitive decision on the natural 
flushing compliance strategy. A better understanding of the Riverton site, including aquifer 
properties, geochemistry, and potential additional contaminant sources, will be needed to support 
the natural flushing compliance strategy or to select a new compliance strategy. Some of this 
potential future work and information are identified in the Summary and Recommendations 
Section.  
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5.0 Summary and Recommendations 
 
Verification monitoring results from 2012 verify that mill-related groundwater contamination 
continues to impact the surficial aquifer and oxbow lake, but institutional controls are in place 
and functioning as intended to protect human health and the environment from the groundwater 
contamination. In addition, verification monitoring results continue to verify that mill-related 
contamination has not impacted any potable domestic wells within the IC boundary, the 
semiconfined aquifer, the confined aquifer, the Little Wind River, gravel pit ponds, or the 
AWSS. Results from the AWSS flushing program provide evidence that the flushing program is 
effective in controlling the buildup of natural occurring radionuclides found in the source wells 
for the system.  
 
The enhanced characterization conducted in 2012 resulted in a better understanding of uranium 
concentrations in the unsaturated zone soils and groundwater contaminant distributions. Uranium 
is present in higher concentrations in the unsaturated zone soils overlying the uranium plume 
than in the unsaturated zone soils overlying areas outside the contaminant plume. Although 
higher in the plume area, the range of labile uranium concentrations measured in the unsaturated 
soil are comparable to abundances of uranium in sedimentary rocks that make up the crust of the 
earth and may not be high enough to cause the increases that were observed in groundwater 
contaminant concentrations after the 2010 flood of the Little Wind River. Enhanced definition of 
groundwater plumes was obtained from the enhanced characterization effort, which also 
provided (1) evidence of the influence of the sulfuric acid plant discharge on the sulfate plume 
and (2) higher-than-expected uranium concentrations in the surficial aquifer on the south edge of 
the former tailings pile and in an area southwest of the primary uranium plume. 
 
Although still above their respective MCLs, molybdenum and uranium concentrations in the 
surficial aquifer groundwater have returned to their pre-flood levels after spiking following the 
2010 flood of the Little Wind River. However, numerous lines of evidence, including updated 
groundwater modeling, indicate that the rate of natural flushing is not rapid enough to meet the 
100-year regulatory limit.  
 
Although DOE obtained a better understanding of the site conceptual model, contaminant 
distributions, and properties of the unsaturated zone of the surficial aquifer at the Riverton site in 
2012, additional work is needed to further define the conceptual model, to better understand 
geochemical processes that control contaminant fate and transport, to identify additional sources 
of uranium that are liberated during flood events, and to understand why uranium concentrations 
decline relatively quickly after flood events. This additional information will assist in making 
decisions for a path-forward compliance strategy. Recommendations for potential future work 
are listed in Table 16. DOE will prioritize the potential future work, will add medium- and high-
effort work to future budgets, and will schedule the work. Low-effort work will be conducted 
under the current budget.  
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Table 16. Recommendations for Potential Future Work 
 

Work Scope Efforta Purpose Comments 
Field Investigation 

Field observation of seeps.  Low 
Assess groundwater discharge to the Little Wind 
River in accordance with the current site 
conceptual model. 

Conduct during routine sampling. 

Vertical measurements in wells and 
assessment of screened interval in the 
monitoring network. 

Low 

Determine if vertical contamination stratification 
exists and, if so, what are the impacts to the 
current understanding of the surficial aquifer 
contamination. 

Vertical measurements of specific conductance 
can be conducted during routine sampling,  

Additional water-level data loggers.  Low 
Estimate irrigation infiltration impacts on 
groundwater flow and contaminant migration. 

Wells 0826 and 0722R. 

In situ measurements of groundwater flow 
direction. 

Medium 
Estimate flow direction in the surficial aquifer 
based on in situ measurements, and compare that 
with the flow direction based on water levels. 

Research and purchase of equipment needed. 

Install stilling well on the Little Wind River 
adjacent to well 0789. 

Medium 
Assess groundwater discharge to the Little Wind 
River in accordance with the current site 
conceptual model. 

 

Install stilling well on the Wind River with an 
adjacent monitoring well. 

Medium 
Evaluate interaction between the Wind River and 
the surficial aquifer. 

 

Additional field characterization with the 
Geoprobe; additional groundwater sampling 
around hot spots and the Little Wind River. 

High 
Better define the extent of groundwater 
contamination. 

Work Plan required to define specific activities, 
objectives, and scope. 

Additional field characterization with a drill rig, 
including soil/alluvial aquifer sampling below 
5 ft, sampling of the clay/shale layer at the 
base of the alluvium. Perform lab experiments 
on samples. 

High 

Estimate the location of the sources of uranium 
and molybdenum that are mobilized during flood 
events. Determine the distribution of contaminants 
in saturated and unsaturated zone sediments.  

Work Plan required to define specific activities, 
objectives, and scope. 

Pilot tests or feasibility studies based on 
potential compliance strategy. 

High 
Determine feasibility of potential compliance 
strategies (if active remediation). 

Work Plan required to define specific activities, 
objectives, and scope. 

Laboratory Analyses 
Additional groundwater analyses: major 
cations/anions, total organic carbon, sulfide, 
and chloride. 

Low 
Better understand geochemical properties of the 
aquifers. 

Can be conducted during routine sampling; 
analytical costs only. 

Additional lab experiments on fine and coarse 
sediments in unsaturated zone. 

Medium 
Estimate source distribution in the 
unsaturated zone. 

Perform tests on soil samples from 2012. 

Assessment of sulfate in the semiconfined 
aquifer, including sulfur isotope analysis, 
additional chemical analyses. 

Medium 
Evaluate whether sulfate in the semiconfined 
aquifer is mill related. 

Could be a High effort, depending upon the 
number and types of analyses. 



Table 16 (continued). Recommendations for Potential Future Work 
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Work Scope Efforta Purpose Comments 

X-ray diffraction tests. Medium 
Identify clay and mineral types to assist in 
geochemical modeling, identifying contaminant 
sources, and assessing contaminant mobility.  

Perform tests on soil samples from 2012.  

Backscatter electron imaging and 
spectroscopy for mineralization analysis. 

Medium 
Identify mineral types to assist in geochemical 
modeling, identifying contaminant sources, and 
assessing contaminant mobility. 

Perform tests on soil samples from 2012. 

Data Evaluation 
Flood frequency analysis of Wind River. Low Predict future flooding of the Wind River.  
Assessment of chloride concentrations in 
groundwater as a conservative tracer. 

Low 
Estimate irrigation infiltration impact on 
groundwater flow and contaminant migration. 

 

White Paper detailing compliance 
strategy options. 

Medium 

Present feasibility, requirements, and data gaps 
for each compliance strategy option under 
UMTRCA to enhance communications with NRC 
and stakeholders. 

Budgeted in 2013. 

Geochemical and reaction path modeling. High 
Better understand geochemical processes that 
control fate and transport of site contaminants. 

Work Plan required to define specific activities, 
objectives, and scope. 

Additional groundwater modeling, coupled 
with geochemical modeling.  

High 
Better understand groundwater contaminant 
transport that includes groundwater flow and 
geochemical aspects. 

Work Plan required to define specific activities, 
objectives, and scope. 

a Low = less than 40 hours of labor or less than $1,000 of cost. Medium = between 40 and 160 hours of labor or less than $10,000 of cost.  
High = greater than 160 hours of labor or greater than $10,000 cost. 
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