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Table 37. 2010 Total Uranium in QROU Line 1 Wells 

 
Location Line Geologic Unit Uranium (pCi/L) 
MW-1002 1 Kimmswick-Decorah 3.0 2.8 
MW-1004 1 Kimmswick-Decorah 603 548 
MW-1005 1 Kimmswick-Decorah 366 386 
MW-1012 1b Kimmswick-Decorah   
MW-1027 1 Kimmswick-Decorah 21.0 39.0 
MW-1030 1 Kimmswick-Decorah 4.7 6.6 

a Concentrations in bold exceed the target level of 300 picocuries per liter  
b Upgradient location 
pCi/L = picocuries per liter 
 
 

 
 

Figure 31. Average Uranium (pCi/L) in Line 1 Monitoring Wells 
 
 
The results of trend analysis for the Line 1 wells (Table 38) indicate that uranium concentrations 
in recent years have been decreasing in most of the wells as indicated by negative slopes. 
Statistically downward trends have been calculated for MW-1002, MW-1004, MW-1005, and 
MW-1027. If the current decreases in uranium continue in these wells, it is estimated that the 
target level of 300 pCi/L could be reached by 2019, using an exponential curve model. Uranium 
levels in MW-1030 are stable based on the small slope and confidence intervals.  
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Table 38. Trending Analysis for Uranium in Line 1 Groundwater Monitoring Wells (2006–2010) 
 

Location No. of 
Samples Trend Slope 

(pCi/L/yr) 
Confidence Intervals 

Lower Upper
MW-1002 16 Down –0.24 –0.36 –0.09 
MW-1004 16 Down –59.3 –84.7 2.2 
MW-1005 16 Down –85.3 –135 –52.3 
MW-1027 16 Down –38.5 –65.2 –8.4 
MW-1030 16 None 0.09 –0.67 0.40 

pCi/L/yr = picocurie(s) per liter per year 
 
 
Bedrock wells located between the Quarry rim and Femme Osage Slough (Line 2) continue to 
have elevated uranium levels (Table 39). Only one Line 2 bedrock well had uranium levels that 
exceeded the target level of 300 pCi/L. Uranium levels in the Line 2 bedrock wells have 
generally decreased since 2000 (Figure 32). The highest levels of uranium are measured in 
MW-1032, which is beneath the area of highest uranium impact in the overlying alluvium. The 
average levels of uranium in MW-1015, MW-1028, MW-1031, MW-1046, MW-1047, and 
MW-1048 have been less than the target level of 300 pCi/L since 2009. 
 

Table 39. 2010 Total Uranium in QROU Line 2 Bedrock Wells 
 

Location Line Geologic Unit Uranium (pCi/L) 
MW-1013 2 Kimmswick-Decorah 206 237 162 156 
MW-1015 2 Kimmswick-Decorah 122 115 115 115 
MW-1028 2 Plattin 2.0 1.9 1.6 1.7 
MW-1031 2 Plattin 11.4 10.0 9.5 9.5 
MW-1032 2 Kimmswick-Decorah 745 677 582 528
MW-1046 2 Plattin 1.5 1.2 1.3 1.4 
MW-1047 2 Plattin 0.91 0.68 0.65 0.74 
MW-1048 2 Plattin 195 162 135 169 
MW-1049 2 Alluvium 0.04 (J) 0.02 (J) 0.10 0.09 

a Concentrations in bold exceed the target level of 300 picocuries per liter. 
b Upgradient location 
J = estimated value less than the reporting limit; pCi/L = picocurie(s) per liter 
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Figure 32. Average Uranium (pCi/L) in Line 2 Bedrock Wells 

 
 
Results continue to indicate that the highest levels of uranium in groundwater occur in the 
alluvial materials between the Quarry rim and Femme Osage Slough (Table 40). In 2010, six of 
these locations had uranium levels that exceeded the target level of 300 pCi/L. These wells are in 
the center of the area of uranium impact. The average levels of uranium in MW-1009, 
MW-1045, and MW-1049 have remained low during the review period and represent the limits 
of uranium impact in the groundwater. Uranium levels in the Line 2 alluvial wells rebounded 
after a significant decrease was observed in this area in 2006 (Figure 33). From 2006 through 
2010, levels have varied at most locations; however, levels in 2009 and 2010 were similar to 
those measured in 2005. 
 

Table 40. 2010 Total Uranium in QROU Line 2 Alluvial Wells 
 

Location Line Geologic Unit Uranium (pCi/L) 
MW-1006 2 Alluvium 1354 1219 812 1151
MW-1007 2 Alluvium 309 94.8 67.7 40.0 
MW-1008 2 Alluvium 2837 2370 1760 1422
MW-1009 2 Alluvium 1.2 0.74 1.7 1.6 
MW-1014 2 Alluvium 1198 1219 812 1016
MW-1016 2 Alluvium 127 156 162 142 
MW-1045 2 Alluvium 2.0 1.9 3.2 1.2 
MW-1049 2 Alluvium 0.04 (J) 0.02 (J) 0.10 0.09 
MW-1051 2 Alluvium 968 880 677 812
MW-1052 2 Alluvium 1469 1016 880 1016

a Concentrations in bold exceed the target level of 300 picocuries per liter. 
b Upgradient location 
J = estimated value less than the reporting limit; pCi/L = picocurie(s) per liter 
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Figure 33. Average Uranium (pCi/L) in Line 2 Alluvial Wells 

 
 
Increasing uranium levels were reported in alluvial wells MW-1006, MW-1008, MW-1014, 
MW-1051, and MW-1052 starting in 2007. These alluvial wells are screened primarily in the 
oxidized portion of the groundwater where changes in groundwater elevations have typically 
affected the uranium levels measured in the wells (Figure 34). Prior to 2006, this correlation 
between uranium levels and groundwater levels was generally consistent. In 2006, water levels 
were extremely low due to drought conditions in the Quarry area that continued into early 2008. 
Uranium levels have varied since 2007, with a significant increase in uranium levels after a large 
increase in groundwater levels in 2007 and another increase in 2008. Geochemical data from 
these wells support the presence of dissolved uranium in the groundwater. The geochemistry of 
the groundwater in this area exhibits high ORP (oxidation-reduction [redox] potential) values 
and sulfate concentrations and low dissolved iron concentrations, indicators of an oxidizing 
environment. Sulfate concentrations in wells MW-1051 and MW-1052 have increased over 
recent years. 
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Figure 34. Uranium Levels MW-1006, MW-1008, MW-1014 MW-1051, and MW-1052 

and Groundwater Levels 
 
 
The significant uranium increase in alluvial well MW-1007, which is screened in the reduced 
portion of the groundwater north of the slough, was evaluated. During 2007 and 2008, uranium 
levels in this well became remarkably high, coinciding with significant increases in groundwater 
levels. Changes in groundwater elevation historically have not affected the uranium levels 
measured in this well because the reducing conditions are more prevalent. The geochemical data 
from MW-1007 does not support the presence of elevated uranium in groundwater. The 
geochemistry in this well exhibits high dissolved iron concentrations and low ORP values, 
indicators of a reducing environment. However, sulfate concentrations, which are typically low 
in reducing environments, increased coincident with the increases in uranium levels. The 
evaluation of filtered and unfiltered data indicated no significant difference between the filtered 
and unfiltered samples, even though the turbidity in the well had increased. Well MW-1007 was 
redeveloped in August 2009 because of continued high turbidity; however, subsequent data were 
not different from previous data. Overall, data from 2009 and 2010 indicate a decrease in both 
uranium levels and sulfate concentrations in this well. Although elevated uranium levels are 
reported along the northern boundary of the reduction zone, Line 3 data indicate no migration of 
uranium south of the Femme Osage Slough into the Missouri River Alluvium. 
 
Trending results for the Line 2 wells (Table 41), which are screened in the saturated alluvium or 
bedrock between the Quarry Rim and the Femme Osage Slough, show decreases in uranium 
levels in this area, as indicated by negative slopes. Downward trends were identified in all of the 
bedrock wells in Line 2. Well MW-1032 is the only bedrock well with uranium levels above the 
target level of 300 pCi/L. If the current decreases continue in MW-1032, it is estimated that the 
target level could be reached by 2017, using an exponential curve model. 
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Table 41. Trending Analysis for Uranium in Line 2 Groundwater Monitoring Wells (2006–2010) 

 

Location Unit No. of 
Samples Trend Slope 

(pCi/L/yr) 
Confidence Intervals 
Lower Upper

MW-1006 Alluvium 21 None 10.5 –83.1 110 
MW-1007 Alluvium 21 None –133 –364 66.3 
MW-1008 Alluvium 21 None 13.6 –369 341 
MW-1009 Alluvium 21 None 0 –0.48 0.28 
MW-1013 Bedrock 20 Down –41.4 –61.7 –16.5 
MW-1014 Alluvium 20 Up 126 29.9 239 
MW-1015 Bedrock 20 Down –9.6 –14.0 –6.7 
MW-1016 Alluvium 20 Up 15.8 8.2 20.8 
MW-1028 Bedrock 14 None 0.05 –0.15 0.21 
MW-1031 Bedrock 20 Down –0.57 –1.1 –0.07 
MW-1032 Bedrock 20 Down –90.6 –109 –61.3 
MW-1045 Alluvium 20 Down –0.52 –1.8 –0.14 
MW-1046 Bedrock 20 Down –0.10 –0.22 0 
MW-1047 Bedrock 20 Down –0.08 –0.17 –0.02 
MW-1048 Bedrock 20 Down –39.8 –56.2 –26.2 
MW-1049 Alluvium 20 None –0.02 –0.04 0 
MW-1051 Alluvium 20 None 127 –53.6 240 
MW-1052 Alluvium 20 Up 258 11.3 432 

pCi/L = picocurie(s) per liter 
 
 
Increasing uranium levels are reported in alluvial wells MW-1006, MW-1008, MW-1014, 
MW-1016, MW-1051, and MW-1052, as indicated by positive slopes. Statistically upward 
trends were calculated for MW-1014, MW-1016, and MW-1052. Decreasing or stable uranium 
levels and no statistical trends in the data were calculated for MW-1017, MW-1019, and 
MW-1049, all screened in the reduced portion of the aquifer which is not conducive to the 
presence of uranium. 
 
The attainment objective for the long-term monitoring of uranium in groundwater north of the 
slough is that the 90th percentile of the data within a monitoring year is below the target level of 
300 pCi/L (DOE 2000b). The average uranium levels in eight wells north of the slough exceeded 
the target level in 2010. The 90th percentile associated with the data from the Line 1 and 2 wells 
was 1,193 pCi/L. This value is slightly lower than that determined for 2007, 2008, and 2009, 
which were higher than in previous years (Figure 35). Looking at the 90th percentile for Lines 1 
and 2 separately indicates that the increased metric was the result of changes in uranium levels in 
the Line 2 wells, primarily the uranium levels measured in the Line 2 alluvial wells. The changes 
in the Line 2 bedrock wells mirror those seen in the Line 1 wells. In general, the levels in Line 1 
and the Line 2 bedrock have decreased, whereas the levels in Line 2 alluvium have increased. 
 



 

 
U.S. Department of Energy Weldon Spring Site Environmental Report for Calendar Year 2010 
August 2011 Doc. No. S07817 
 Page 73 

 
 

Figure 35. 90th Percentile of Uranium in Line 1 and 2 Wells (2000–2010) 
 
 
Overall, the decreasing uranium levels in the quarry rim and area north of the Femme Osage 
Slough are the result of bulk waste removal and restoration activities in the quarry proper. 
Remedial activities in the Quarry have reduced and possibly prevented infiltration of 
precipitation and storm water into the residually contaminated fracture system in the Quarry 
proper. Uranium does not bind as readily to the bedrock as it does to the alluvial materials; 
therefore, decreases should occur more readily in the bedrock as groundwater flushes through the 
system. The distribution of uranium in groundwater is still predominantly controlled by the 
precipitation of uranium along the oxidizing/reducing front north of the Femme Osage Slough. 
Although uranium levels have increased in some of the alluvial wells north of the slough, levels 
are far below historical highs. Monitoring in wells screened in the reducing portion of the area 
north of the slough indicate that uranium levels continue to remain low. 
 
Nitroaromatic Compounds  
 
In 2010, samples from eight monitoring wells were analyzed for the nitroaromatic compound 
2,4-DNT (Table 42). These monitoring wells are those that have historically been impacted by 
nitroaromatic compounds along the Quarry rim or between the Quarry and Femme Osage 
Slough. The concentration of 2,4-DNT during the second half of 2010 was above the Missouri 
Water Quality Standard of 0.11 μg/L in MW-1027. 
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Table 42. 2010 2,4-DNT Concentrations for the QROU Monitoring Locations 
 

Location Line Geologic Unit Average Concentration (μg/L) 
MW-1002 1 Kimmswick-Decorah ND (< 0.019) ND (< 0.018) 
MW-1004 1 Kimmswick-Decorah ND (< 0.019) ND (< 0.018) 
MW-1005 1 Kimmswick-Decorah ND (< 0.019) ND (< 0.018) 
MW-1006 2 Alluvium ND (< 0.019) ND (< 0.018) ND (< 0.018) ND (< 0.019) 
MW-1027 1 Kimmswick-Decorah ND (< 0.019) 0.83 
MW-1032 2 Kimmswick-Decorah ND (< 0.020) ND (< 0.019) ND (< 0.018) ND (< 0.019) 
MW-1045 2 Alluvium ND (< 0.020) ND (< 0.018) ND (< 0.019) ND (< 0.019) 
MW-1049 2 Alluvium ND (< 0.019) ND (< 0.019) ND (< 0.018) ND (< 0.018) 

Concentrations in bold exceed the Missouri Water Quality Standard of 0.11 μg/L for 2,4-DNT. 
μg/L = microgram per liter; ND = analyte not detected above method detection limit indicated in parentheses 
 
 
The concentrations of 2,4-DNT in MW-1006 and MW-1027 have fluctuated since bulk waste 
removal was completed in the Quarry (Figure 36). Increased concentrations were observed in 
wells MW-1006 and MW-1027 during 2005, and the concentrations fluctuated significantly after 
that time. A correlation between water level and 2,4-DNT concentration has not been 
determined. Concentrations less than the detection limit have historically been reported in 
MW-1045 and MW-1049, which are the downgradient most wells in the vicinity of well 
MW-1006 and MW-1027. 
 
 

  
Figure 36. Average 2,4-DNT (μg/L) in Long-Term Wells 
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Trend analyses for 2,4-DNT were performed for wells MW-1006 and MW-1027 (Table 43), as 
these are the only locations that had detectable concentrations in the last 5 years. Overall, the 
concentrations of 2,4-DNT are decreasing at these two locations, as indicated by negative slopes. 
No statistical trends were calculated for either well, using data from 2006 through 2010.  
 

Table 43. Trending Analysis for 2,4-DNT in Selected Quarry Groundwater Monitoring Wells 
(2006–2010) 

 

Location No. of 
Samples Trend Slope 

(μg/L/yr) 
Confidence Intervals 

Lower Upper 
MW-1006 16 None –0.046 –0.134 0.049 
MW-1027 16 None –0.099 –1.29 0 

µg/L/yr = microgram(s) per liter per year 
 
 
The attainment objective for the long-term monitoring of 2,4-DNT in groundwater north of the 
slough is that the 90th percentile of the data within a monitoring year is below the target level of 
0.11 μg/L (DOE 2000b). The eight monitoring wells that have been selected for continued long-
term monitoring were used to calculate this metric. The 90th percentile associated with the data 
from the eight wells was 0.02 μg/L, using data collected in 2010. This value is significantly 
lower than those measured in previous years (Figure 35).  
 
Overall, 2,4-DNT impact in groundwater is located within two discrete areas. Concentrations, 
although variable, have generally decreased since the removal of the bulk wastes in the quarry. 
Present concentrations in groundwater pose little potential impact to the groundwater in the 
Missouri River Alluvium. 
 
Geochemical Parameters 
 
The geochemistry of the shallow aquifer is monitored to verify the presence of the reduction 
zone and to confirm that the reduction zone is capable of the ongoing attenuation of uranium in 
groundwater. Groundwater is analyzed for sulfate, dissolved iron, ferrous iron, and Eh. Sulfate is 
monitored as an indicator of redox conditions in the groundwater in the vicinity of the Quarry. 
Higher sulfate concentrations are generally observed in an oxidizing environment. Iron (total 
dissolved and ferrous) is also monitored as an indicator of redox conditions in the groundwater. 
Iron concentrations generally increase in a reducing environment. These results generally 
correlate with observed uranium concentrations upgradient and downgradient of the reduction 
zone, as uranium is typically more mobile in an oxidizing environment and precipitates in a 
reducing environment. A summary of the geochemical parameters for each monitoring location 
is presented in Table 44.  
 
A review of the 2010 geochemical data indicates that although the area of highest impact has an 
oxidizing environment, reducing conditions are prevalent along the northern edge of the slough, 
as shown by data in wells MW-1007, MW-1009, and MW-1049. This is consistent with the 
uranium data where low levels are detected, especially in MW-1049, where very low sulfate and 
high dissolved iron concentrations are also observed. The location of this reduction area has been 
consistent, and the attenuation of uranium in this area continues.  
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Table 44. Average Values for Geochemical Parameters at the Weldon Spring Quarry in 2010 
 

Location Line Geologic Unit 
Average Values 

Sulfate 
(mg/L) 

Dissolved 
Iron (μg/L) 

Ferrous Iron 
(μg/L) 

ORPa 
(mV) 

MW-1002 1 Kimmswick-Decorah 85.5 ND (< 22.0) 10 164 
MW-1004 1 Kimmswick-Decorah 110 605 480 41 
MW-1005 1 Kimmswick-Decorah 81.5 53.0 (J) 80 101 
MW-1012 1 Kimmswick-Decorah 55.5 ND (< 22.0) 20 193 
MW-1027 1 Kimmswick-Decorah 72.5 23.5 (J) 10 128 
MW-1030 1 Kimmswick-Decorah 86.0 6,650 1,580 - 56 
MW-1006 2 Alluvium 55.5 1,488 810 18 
MW-1007 2 Alluvium 29.6 52,650 1,980 - 129 
MW-1008 2 Alluvium 79.5 ND (< 30.0) 10 99 
MW-1009 2 Alluvium 33.6 24,050 2,050 - 109 
MW-1013 2 Kimmswick-Decorah 68.9 3,322 1,440 - 38 
MW-1014 2 Alluvium 96.8 294 160 46 
MW-1015 2 Kimmswick-Decorah 64.6 46.9 60 84 
MW-1016 2 Alluvium 87.9 ND (< 30.0) 10 134 
MW-1028 2 Plattin 22.0 ND (< 22.0) 40 92 
MW-1031 2 Alluvium 32.8 ND (< 30.0) 10 126 
MW-1032 2 Kimmswick-Decorah 104 192 130 43 
MW-1045 2 Alluvium 25.8 23.8 (J) 0 103 
MW-1046 2 Plattin 69.9 ND (< 30.0) 20 165 
MW-1047 2 Plattin 83.3 ND (< 30.0) 10 100 
MW-1048 2 Plattin 66.6 858 610 17 
MW-1049 2 Alluvium 0.31 (J) 50,750 14,000 - 150 
MW-1051 2 Alluvium 100 448 150 60 
MW-1052 2 Alluvium 63.1 4,695 3,030 - 39 

a Convert oxidation-reduction potential to Eh by adding 200 mV to the ORP value. 
J = estimated value less than the reporting limit; mg/L = milligrams per liter; mV = millivolts; 
μg/L = micrograms per liter; ND = analyte not detected above method detection limit included in parentheses; 
ORP = oxidation-reduction potential 
 
 
3.1.2.5 Monitoring Results for the Missouri River Alluvium 
 
Groundwater quality in the Missouri River alluvium is monitored using 10 wells screened in the 
alluvial materials. These wells are sampled for uranium and geochemical parameters to ensure 
that water quality remains protective of human health.  
 
Uranium  
 
The six monitoring wells immediately south of the slough (Line 3) and the four RMW-series 
wells (Line 4) were sampled for uranium during 2010 (Table 45) to verify that levels 
remain within the range of its natural variation in Missouri River alluvium. The results indicate 
that uranium levels were less than the statistical background value in the alluvium (Table 36). 
None of the locations south of the slough have uranium levels that exceed the drinking water 
standard of 20 pCi/L. 
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Figure 39. Surface Water Monitoring Locations at the Chemical Plant Area of the Weldon Spring, 
Missouri, Site 
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Figure 40. Uranium Levels in the Femme Osage Slough 
 
 
3.3 Leachate Collection and Removal System 
 
The LCRS collects leachate from the disposal cell. The leachate continued to be sampled in 
accordance with the Disposal Cell Groundwater Monitoring Plan in Appendix K of the LTS&M 
Plan (DOE 2008). The leachate analytical data for 2010 were discussed previously in 
Section 3.1.3.2 and are shown in Table 50. 
 
As needed, the leachate is pumped from the sump, pretreated, and then transported to MSD for 
final treatment in their Bissell Point Plant wastewater treatment facility. A sample of leachate is 
collected and analyzed in accordance with MSD requirements for each hauling event. MSD 
requirements for the leachate are discussed in Section 2.1.3.3. 
 
Uranium concentrations in untreated leachate during 2010 averaged approximately 16 pCi/L. 
The uranium concentrations data have decreased slightly since 2009, when uranium levels were 
near 20 pCi/L. A high uranium concentration of 20.8 pCi/l was observed in January 2010. The 
actual uranium concentrations in the untreated leachate are shown in Figure 41.  


