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PROBLEM: 
• Saline Arkansas River water flows from southeast 

Colorado into southwest Kansas. 

• The river water is high in dissolved uranium and has 
contaminated groundwater in the High Plains aquifer. 

• The groundwater is used for drinking water, as well as 
for stock, irrigation, and industry. 

• The river is now essentially a closed basin, so salinity 
and uranium concentrations continue to accumulate. 

 
QUESTIONS: 
• What are the current concentration distributions and 

controls on the fate of the salinity and uranium? 



• SOURCE OF SALINITY AND URANIUM IN RIVER 
 

Main natural source:  Weathering of marine Cretaceous  
     shales containing gypsum and sulfides in Colorado. 
 

Human sources:  Insignificant. 

 
• CAUSE OF HIGH SALINITY AND URANIUM LEVELS 
 

Human:  Concentration of dissolved salts by  
     consumption of water by evapotranspiration  
     associated with extensive irrigated agriculture and  
     shallow reservoirs. 
 

Natural:  In absence of human activities, salinity and  
     uranium concentration would be 3 to 4 times lower. 

Presenter
Presentation Notes
The source of the salinity in the Arkansas River water in southeastern Colorado and entering Kansas is primarily natural weathering of marine Cretaceous shales containing gypsum and sulfide minerals east of the Rocky Mountain front. The primary source of the uranium is weathering of sulfides and other minerals in the shales, although some uranium in the river originates within drainages in the Rocky Mountains. However, the cause of the high level of salinity and uranium concentration is not natural but due to human activities.  Consumption of water by evapotranspiration associated with irrigation and shallow reservoirs in eastern Colorado has substantially increased the concentration of dissolved salts left behind in the residual water. The uranium stays in solution during this concentration of dissolved salts. In the absence of human activities, the salinity and uranium concentration would be three to four times lower.





Presenter
Presentation Notes
After flowing across an alluvial aquifer and paleovalley, the Arkansas River in southwest Kansas passes through an alluvial aquifer underlain by the High Plains aquifer (HPA). Groundwater levels have declined substantially in the HPA as a result of irrigation pumping. As a result, the river water now seeps into the alluvial aquifer and underlying HPA.




Presenter
Presentation Notes
These graphs show average values for sulfate and uranium concentrations at sites along the Arkansas River in Colorado in green for the last three decades.  The Kansas data in blue are for averages for samples collected by the KGS and KDHE during 2009 and 2010.  The sulfate and uranium concentrations increase in the Arkansas River from the Rocky Mountain front, the left side of the graph, to the Colorado-Kansas line.  The sulfate and uranium remain high in the river where it flows before disappearing into the High Plains aquifer.  The sulfate and uranium concentrations are much lower downstream where the flow begins again near Kinsley as a result of greater precipitation leading to stream runoff and recharge that dilutes saline water. Note that the uranium concentration exceeds the limit for public supplies of drinking water below John Martin Reservoir down to where the river disappears past Deerfield.



Presenter
Presentation Notes
Sulfate concentration in the Arkansas River at the Colorado-Kansas state line since 1980. Although the sulfate concentration generally decreases with increasing flow, the river is nearly always saline. The upper sulfate concentration is limited by the precipitation of gypsum.




      Arkansas River near Colorado-Kansas Line 
          1963-2010 for all data except 2009-2010 for U 
 

 Flow 
ft3/sec 

TDS 
mg/L 

SO4 
mg/L 

Cl 
mg/L 

U 
µg/L 

Gross 
α 

pCi/L 

Average 244 3,260 1,960 137 63.5 57.6 

Number of 
samples 554 486 553 551 27 36 

Drinking water 
standard, 
MCL or 
(recommended) 

- (500) (250) (250) 30 15 

 

Presenter
Presentation Notes
The average total dissolved solids concentrations are over 3,000 mg/L and the sulfate concentration around 2,000 mg/L in the Arkansas River at the USGS gaging station near the Colorado-Kansas state line.  The water is primarily calcium, sodium – sulfate in chemical type, with an average sulfate concentration 15 times that of chloride.  The uranium concentration during 2009-2010 averaged over twice the drinking water MCL for uranium.  Gross alpha radioactivity determined by KDHE is also high enough to be of concern.



Presenter
Presentation Notes
Arkansas River flow at Dodge City in southwestern Kansas was close to that at Syracuse before 1970; irrigation diversions between the locations was a main reason for the flow decrease. In the mid-1970s, groundwater levels dropped below the alluvial aquifer such that the river became dry before reaching Dodge City except for years of especially high flow.




Sulfate Concentration in the Alluvial Aquifer of 
the Arkansas River in Southwest Kansas 



Historic Ditch Irrigation Service Areas 
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Presenter
Presentation Notes
This is a satellite photo of the Arkansas River corridor from the Colorado state line through Finney County on which are colored circles for well water samples indicating uranium concentration range. All red, purple, and orange circles represent ground water with greater than the uranium drinking-water standard of 30 µg/L. Values greater than 30 µg/L have been found down through Finney County. In general, the uranium concentrations in Hamilton and Kearny counties are greater north of the river than south of the river.
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Presenter
Presentation Notes
This view shows the municipal well field of Lakin that is north of the city. Note that four of the five wells yielded water with uranium above the MCL of 30 ug/L. These wells are close to the Amazon canal that diverts Arkansas River water for irrigation. Lakin is now having an expensive RO treatment plant constructed to reduce the uranium concentration, which will also reduce the salinity of their public water supply.
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Presenter
Presentation Notes
Sand Hills well field of Garden City located south of the city and south of the Arkansas River.  The front of saline ground water has passed the location of wells 5 and 6 that are less than 2 miles south of the river, and is arriving at well 1 that is 2.3 miles south of the river.



Multi-level well sites in Arkansas River valley 
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Presenter
Presentation Notes
Seepage of saline water into the aquifer underlying the Arkansas River valley.  The Garden City USGS and KGS sites were about the same distance south of the Ark R (~1/4 mile) and less than about a half-mile distance from each other.  



Arkansas River Water 
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Arkansas River and High Plains Aquifer Groundwater 
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Arkansas River and High Plains Aquifer Groundwater 
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Arkansas River and High Plains Aquifer Groundwater 
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Predicted Migration of Saline Groundwater in the High Plains 
Aquifer from 2000 to 2040 Based on Average 1990s Use 
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STUDY OF FATE OF URANIUM IN CROPS 

• Concentration in irrigation waters 
• Concentration in total soil and water and acid 

extracts of soil 
• Concentration in different crops (corn, milo, 

soybean, alfalfa) 
• Concentration in different parts of crops (roots, 

above ground nongrain, grain) 

Presenter
Presentation Notes
What are the implications of the fact that most of the uranium load in the Arkansas River entering Kansas remains within the southwest Kansas part of the Upper Arkansas basin due to seepage from the river into the High Plains aquifer and diversion of river water for irrigation?  I calculated the area of a 200 ft zone of saturated thickness in the High Plains aquifer that could be contaminated to the drinking water MCL for uranium by the infiltrating river water, assuming a background concentration of 5 µg/L in the uncontaminated aquifer.  The result is an area of over 100 square miles for the last decade and about 250 square miles for the last three and a-half decades since water levels in the aquifer dropped substantially below the river level adjacent to the river.  Although not all of the uranium load for mid-1999 to October 2010 remained in the area because the Arkansas River did flow out of the area during much of 1999 to part of 2001, the value of 5 µg/L for the background uranium concentration is exceeded in much of the aquifer, meaning that less river water would have been needed to bring the uranium concentration to 30 µg/L.  Also, the water that flowed out of southwest Kansas had a lower uranium concentration than the average for the period.  Thus, the approximate areas of 100 square miles of aquifer contaminated to 30 µg/L for the 1999 to present period and 250 square miles since the mid-1970s are appropriate estimates.
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CONCLUSIONS 
• Salinity and uranium are accumulating within the High 

Plains aquifer in the now essentially closed basin of 
the upper Arkansas River corridor. 

• The areal and vertical distributions of salinity and 
uranium concentrations are related to the location of 
the river channel, irrigation canals, and ditch irrigation 
areas, and the lithology of the aquifer. 

• Uranium concentrations exceed the maximum 
contaminant level for public supplies of drinking water 
in many areas of the High Plains aquifer. 

• Uranium in crops in areas of saline groundwaters is 
highest in roots and lowest in grain, with nongrain 
above ground material between these parts. 
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QUESTIONS ? 
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Presenter
Presentation Notes
Graph showing drop in groundwater levels in the HPA in a north-south cross section across the Arkansas River corridor. Declines are much greater to the south than to the north of the river. More river water is diverted for irrigation into the area north of the river than into the area south of the river.
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